





SARASWATI CHEMISTRY

Q-1 pafipe environmental chemistry,

Sol. Environmental chemistry deals with the chemical phenomenon occurting in our environment, Le, study
of the origin, transporr, reactions, effects and fates of chemical species in the environmen;.

Which gases are responsible for green house effect? List some of thgm

Sol. Green house gases namely carbon dioxide, methane, nitrous oxide (N ,0), 0zone and chlorofluorocarbons

(CFC's) are responsible for green house effect, i.c, for maintaining temperature of the earth as these absorh
the outgoing radiations from the cartlys sutface,

Q-2 Carbon monoxide gas is more dangerous than carbon dioxide gas, why?

Sol. Carbon monoxide gas is a poisonous gas. Iebinds to haemoglobin of the blood toform carboxyhaemoglobin
. complex which is 300 times more stable than oxyhaemoglobin complex.

When concentration of carboxyhaemoglobin reaches about 3-4%, the OXygen cartying capacity of blood is
greatly reduced. This sesults into headache, nervousness and cardiovascular disorder,

€O, gas does not corbine with haemoglobin so itis fess harmful as a pollutane. Its increased amouncin air -
is mainly responsible for global watming.

Q-3 What would haye happe

ned if the green house gases were totally Missing in the earths
atmosphere? Discngs,

Sol. Carbon dioxide, methane, wager vapours,

aitrous oxide, CECs afy
B tap some of the hear radiaced by the

d 0zone are green house gases. These
€atth’s object near the oy

tth's surface and keep it warm,
Q-4 Statues and Monuments in Indj

——

a are affected by acig rain. How?

contributors go a¢id ain,

2804{g) + Qg+ 2 H00) — 5 H2304 {aq)
4NO, (g) + 0:(g) + 2H,0(y) T 4HNO, (4)
This acid rain reseqs with marble of stapyes and monumens causing damage 1 thege,
CaCOy () + H

2504lag) — Cas0, () 4 H00) + Coy(

)




Q-5 (i) What are the reactions involved in removing 50, from the atmosphere by passing it
through a solution containing citrate ions?. '

(if) What is the most important sink of CO pollutant? :
{iit) How are flue gases from industries freed from oxides of nitrogen and sulphur?
Sol. () $0,(g) + H,0() == HSOj{ag) + H* (ag)

HSO; +H,Cit™— (H80; ‘H,Cy™ ¢
‘ {Complex)
(i1} Soil microozganismns

{iif) By scrubbing them with conc. H,50, or with alkaline solutions like Ca{OH}, and Mg(OH),.

Q-6+ What are the harmful effects of photochemical smog and how can they be controlled?

Sol. Photochc.mical smog consists 0f O3, NO, acrolein, formaldehyde and PAN. 05 and NO irritate the nose .

and throatand their high concentration causes headache, chest pain, dryness of throat, cough, difficulty i
breathing. Aldehydes and PAN cause irritation in eyes. PAN is highly toxic substance 1o plants and causcs
bronzing of tender leaves. Orzone also affects the rubber articles and causes cracking and ageing.

Control of photochemical smog If primary precursoss of photochemical smog such as hydrocasbons and
NQ, are controlled, the secondary precursors such as Oy and PAN will automatically be reduced. In
automabiles, catalytic converters ar¢ used to prevent the release of nitrogen oxide and hydrocarbons to the

atmosphere.

Q-7 How can domestic waste be used as manure?

Sol. Domestic wastes are collected in omall bins and carried to the disposable site. At the site garbage is soreed out and separated into
biodegradable and non-biodegradable wastes. Biodegradable wastes such as vegetable anc_l fruits waste, animal waste, etc., ate
deposited in land fils and are convetted into manure. )

Q-8 . A large number of fish are suddenty found floating dead ona take. There is no evidence of toxic -
dumping but you find an abundance of phytoplankton. Suggest a reason for the fish kill.

Sol. Large quantities of phosphates and nitcates increase the growth of phytoplanktons. These phytoplankeon
use so much oxygen thatitis not sufficiently available for other organisms to use in respitation. Moreover, 2 ‘
" large population of bacteria decomposes organic matter such as leaves, grass, etc., in water. During this
process, they consume the oxygen dissolved in water. Microorganisms may become so abundant that they
form 2 mat covering on the water surface and preventing sunlight from penetrating the surface and thereby
preventing photosyn thesis. In all these processes concentration of dissolved oxygen inswater decreases.
When the concentration of dissolved oxygen of water is below 6 ppm, the growth of fish gets inhibited and
they cannot survive.

Q-9 . For your agricultural field or garden, you have developed acompaost producing pit. Discuss the
process in the light of bad odour, flies and recycling of wastes for a good produce.

Sol. The compost producing pit should be set up at 2 suitable place to protect ourselves from bad odour and
flies. Biodegradable domestic wastes ¢.Z., used tea leaves, vegetable and fruits waste are put in the compost
pit and jt is covered with a fiedle sand. After some time, itis converted into compost by the action of heat
and bacteria. Compost pit should be kept covered so that flies cannot make entry into it and the foul odour
is minimise, Non-biodegradable domestic waste such as plastic, glass, metal scraps, polythene bags, etc., are
sent for recycling. Recycling converts waste into wealth.
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Q-1, Why do the C—C bonds rather than C—H bonds break during cracking of atkanes?

Sol. Since, the bond dissoeiationcncrgy of C—Cbonds{348 kf mol™
of C—H bonds {414 k] mol ), th

l) is lowe

r than bond dissociation energy
erefore, during cracking of alkanes,

C—-Cbondsbreak more easily chan
C—H bonds.
Q-2 Convert 1-bromopropane to 2-bromopropane,
. . Br
KOH {alc) HBr I
Lbromopropane Propene

2-bromopropane

Q-3 Write structural formulae of the following compounds.
{) 3, 4, 4, 5-tetramethylheptane {t) 2, 5-dimethylhexane

CH,

3 |45 6 7

CH, CH,
1 2
Sol. (3 CH3-—CH2—~CH—{[3—(IJH—CH2CH3

1 2} 3 4 51 6

H;C  CH,CH;

Q-4 - Why is Wurtz reaction not preferred for the preparation of atkanes tontaining odd nureber of
carbon atoms? Hiustrate your answer by taking one example. :

Sol. For the preparation of alkancslcontaining

taken and two different alkyl halides can

produced, e. ¢.,

odd number of cacbon atoms, two different alkyl halides are
react in three different ways. Therefore, 2 mixture of alkanes is

Dry ether
— 2, e, —cH, +CH;CH,CH; + CH,CH,CH,CH, +6Nal
Ethane Propane - Bumne.

That's why this method {Wurtz reaction) is not suitable for the preparation of odd number alkanes.

3’CH31 ""GNQ +3C2H51

Q-5 Write [UPAC names of the following compounds

{1) {CH 3) ;CCH ,C{CH,) {if) {CH;),0(C,H,),
(itl) Tetra-tert-butyimethane

Sol. The expanded structures of these alkanes are

2 1
L2l s s sl 4 s
6 CH3——(|>-CH2—(II——CH3 (@) CH3—<[:_CHZCH3
CH;  CH, CH,
22,4, 4-terramethplpentane 3, 3-dimethylpentane
CH,

l
H,C  CH—C—CH, CH,
1 2 3 il s
) C,I»I._,?)—C—“c__~(|:_CH3
1
CHQ




Q-6 What are pesticides and herbicides? Explain giving examples.

Sol. Pesticides These are the substances that are used to kill o block the reproductive processes of pests. These
are basically synchetic toxic chemicals with ecological repercussions. Their accumulation in higher animals
{through food chain) causes serious metabolic and physiological disorders. DDT, aldrin, dicldrin,

otganophosphates and carbamates are some examples of pesticides.
Herbicides These are weed killess, e.g, sodium chlorate {NaClO,;) and sodium arsenite (Na3 AsO; ).

These are toxic to mammals. Some herbicides cause birth defects. Now a days triazines, better herbicides
are used for the corn fields.

Q-7 Have you ever observed any water potlution in your area? What measures muld you_suggest

to control it?

Sol. Yes, poﬁuted water is the water whose quality has been
chemical efffuencs, metal residues, sewage, oil, fertilisers, detergents,
 methods

{7) Industeial waste discharge from paper, :
should not be allowed to get mixed in water bodies such as river, lakes, ecc.

degraded by the addidion of substances such as
etc. It can be controlled by the following

fertilisers, pesticides, detergents, drugs industries and refineries

{#) Non-biodegradable decergents should be avoided and only biodegradable detergents should be used

for cleaning of clothes.
(i) The pH of water should be checked.
{iv) Excessive use of fertilisers should be prevented.
() Oit spills should be avoided as much as possible.
(#3) Dorestic waste water should be properly discharged and treated.
(vii} Avoid the use of DD'T, malathion at home.

(wiis) Waste water should be treated in sewage treatment plant.

Q-8 ‘Do you observe any soil pollution in your neighbourhood? What efforts will you make for
controlling the soil pollution?
Sol. Yes, it can be controlled by the following methods
(#) Insecticides, pesticides which are used for the protection of our crops cause soil pollution. Herbicides
{weed killers) also cause soil potlution. Thesefore, there is a need for their judicious use.
(i) After the World War-II DDT was put to use in agriculture to control the damages caused by insects,
rodents, weeds and various crop discases. However, due to adverse effects, its use has beent banned in
India. Pesticides such as aldrin and dieldrin are organic toxins. These arc water insoluble and
non-biodegradable. These causes Serious metabolic and physiological disorders in animals. Now a
days organophosphates and carbamates ate also used as pesticides. These ate more biodegradable but
these chemicals are severe netve toxins and hence, more harmful to humans.
Therefore, chemicals like fertilisers, detergents, pesticides, polymers, should be used oaly when
necessary. A
(i#7) Biodegradable domestic waste should be deposited in land fills.
{#») Non-biodegradable waste should be recycled.
(1) Use of polythene should be avoided. |
{#7) Houschold waste, biological waste and chemical waste is often incinerated. Incineration gready
reduces the waste volume.



3,3-di(1, I-dimcd}ﬂcthy[)—Z,2,4,4—tetramelhylpml:ane
or3,3-bis (1, 1 -dimcthyicth)d)-z,2,4,4-:ctramcthylpemmc

Q-9 In the alkane H3CCH2-C(CH3)2—-—CHECH(CH3)2,identify 1°,2¢,3°

carbon atoms and give the
number of H-atoms bonded to each one of these.

“.I"' ) . ‘ . .

14" The carbon which is attached with only 1 or no other carban atom, is called 1°
with 2, 3 or 4 other carbon alomsiscalled2®, 3°, or 4°
With1°;2° or 3° carbon atoms are cal

carbon. Similarly, carbon attached
Carbon aloms fespectively. Similarly, hydrogens attached
led 1°, 22 or 3° hydrogens respectively,

Sol.

3w G
O e
HOH CHy H o,

L2

H H
1

15 H-bonded 1o five 1°C-aroms
4 H-bonded to two 2°C-atoms
1 H-bonded to one 3°C-atom

Q-10 Analkane( gHyg is obtained as the only product on

Sol. Since, allane CH

18 On monobromination yields a single isomer of tertiary bromide, therefore alkane

st contain tertiary hydrogen. This is possible jf primary aliy! halide (which undergoes Wiz reaction)
has a tertiary hydrogen.
CH, CH,

- CH; —CH—CH,—X + 2Na+ X—CH,—CH—CH, — %27 2MaX

l-halo-Z—merhyIpropanc Wurrz rgaion

CH,

6 I 5 4 3 ) , 1 Bty by | :
CH; —CH—CH,—CH,— CH—CH; —27, CHs——C——CHz-—CHZ-—-CHhCH3
2,5-dimethylhexane (atkane)’ -HBe . I 2 3 4 5 € ;
B
Z{bromo—2,5-dimethylhcxanc
(3° bromide)

tive than alkeneg toward addition of By,.

g bromonium jo formed from the alkyne {4) has 5 fij .
stable than the one from the alkene { BZ 252 full double bond causing it 1o
HC ===y

| ,' HZQ::'_“_‘:CHz

membered rin
be more stained and Jess

, + /" Less stable thap % )
Br Br

%) (8

Also, the carbor’s of (A4 that ., .

maling (4 st (;)'are part of the bromonium jog have more scharacter than (B), further

Q-12 » Write chemical equation for the combustion of hexyne,

1 H
Sol. CgHy, (g) +?702(g) —5600,(g)+ SH,0(g)




Q-13 Write structures of different isomeric atkyl groups corresponding to the molecular formula CH,,. Write IUPAC
names of alcohols obtained by attachment of —OH groups at different carbons of the chain.

Sol. ¢
Structures of — GH,, group Corresponding alcohols Name of alcohol
@ CHy—CH,—CH,—CH,—CH,— | CHy—CH,—CH,—CH,—CH,—0H Pentan-1-ol
(i) CH3—_(]7 H—CH,—CH,—CHj CHy —CH—CH,—CH,—CH, Pentan-2-ol
*- Lo )
i) C_HE—-—CHE—(I‘H—CHQ—-CH;, CHy-—CH, —(I3H—CH2—CH3 " Pentan-3-o!
OH
{iv) CH, CHg ~ 3-methyibutan-1-o!
CH, —g)H—CHé——CHz-— CHy —CH—CH,—CH, —OH
) CH; CH,4 2-methylbutan-1-ol
CHy~—CHy ~=CH-—CHy— CHy—CH, —CH—CH, —OH |
{vi) CHy CH, 2-methylbutan-2-o0l
CHa—Ei—CHQ—CHa CHy —C~—CH,—CH,
b (I)H
{wii) CH, CH; 22-dimethyl propan-1-ol
CHy, —CI:——CHz— CHy—C— CH,OH
' CI:Ha | {]:H3
{viil} CH; CHy . OH 3-methylbutan-2-of
' CH, —CH—(I:H_GH3 CH, —CH—CH—CH,

Q-14 Draw the cis- and trans- stiuctures of hex-2-ene. mch
isomer will have higher boilirig point and why?

Sol.

Q-15 Propanal and pentan-3-one are the ozonolyéis
" products of an alkene. What is the structural
formula of the alkene? '

Hex-2-ene is CH3;—CH —CH,—CH == CH—CH,.

The structures of cis- and #rans- isomers of hex-2-ene are 2 1
321 3 /CH2CH3
HsC o, CH,CH,CH, Sol. CH,CH, CH=-0+0=C
. >CmC< . Propanal 4 5
H H CH,CH,
Cis-form Pentan-3-one
21
CH,CH
H 6 5 4 3 2 CH,
H3C>C=C< — CH3CH2CH=_C<
H, N CH,CH,CT, CH,CH,
Trans-form 3-ethylhex -3-ene

Cis- form is more polar than trans-form i.e., ¢is-form has

higher dipole moment than #rans-form. Thus, the boiling Q-16
point of cis-isomer is greater than that of trens-isomer
because of the greater dipole-dipole interactions beeween

the molecules in it. further more #rans-isomer of hex-2-ene

is almost non-polar.

An atkene (molecular weight = 56) on reaction with

trioxygen followed by zinc/CH,C00H gave only
ethanal. Jdentify the structure of the alkere.



Sol. First of all we wil] derive the molecylar formula of alkene, Q-17 An’ alkene 4 on ozonolysis gives a mixture of

C.H,, 7 - ethanal ang pentan-3-one. Write structure and
120+ 2n=5¢ TUPAC name of 4.
of 14n =36 1 2
e n=4 , ] CH_’,"_CHZ\:S P ' H
Thus, the molecular formula of alkene isC 4Hy. Sol. 5 P / C?QTE%E;;C ’
Asit is' giving only ethanal on seaction with O; followed by CH;—CH,
reduction, the alkene i symmettical and ies seruceyge js Pentan-3-one
5 4
? T‘ - CHy—CHp , ,
H“C"’—C:C—C-—H o /C =( :H—CHE,
Pl CH; —CH,
HHHY 3-cthylpent-2-ene
2-butene (A

+ Q-18, For the following compounds, write structural formul.ae 'and IUPAC names for all possible
| isomers having the number of double or triple bond as mt}mated
(1) C,Hg (one double bond) (i1)CsHy {one triple bond)
‘@' Isomers have the same molecutar formula but different structure, so draw all the possible structures or
CHg(CHap)andC g (i.e..C jHpy o)

Sol. () somers of C 4Hg having one double bond are

4 1
CH3\3 2 /CH;

4 3 2 1 .
But-l-ene
Cis-but-2-enc
1
- CH H
© S\C=C< (& CH, —C ==CH,
H/ CH,4 2-methylprop--ene
Trans-but-2-ene . )

C—CH, {9 CH; —CH—C=CH

5 4 3 2 S04 3
(i) (4} CH3CH,CH,C=CH {#) CH,; CH, 3-methylbucd-yne

Pent-1-yne Pent-2-yne

Q-19, An alkene ‘4’ contains three C—Co-bonds, eight C—H 6-bonds and one {—C n-bond. ‘4" on
ozonolysis gives two moles of an aldehyde of molar mass 44 1. Write IUPAC name of 4"

Sol. An aldehyde having molar mass 44 y is ethanal, CH,CHO. White the structures of two molecules of
cthanal in such a way thar their OXygen atoms pointing towards each other. Join the two ends theough the
double bond with the removal of both of the oxygen atoms to obtain alkene 4,

CH;CH-L0+ OSCHCH, «— CH;—CH =CH--CH,

Eithanal Ethanpal {A) But-2-ene
HH H H _
e b o
HECSC_(o oy
A
H H
o Hence, alkene { A} is but-2-ene which contains three C—C, €ight C—H, 6-bonds and one C—C w-bond
: {as given in the question),




' SARASWATI CHEMISTRY

Q-20 Write IUPAC names of the products obtained by the ozonolysis of the following compounds.
{t) Pent-2-ene -. '

(ti) 3,4-dimethylhept-3-ene .

(iit) 2-ethylbut-1-ene
{iv) l-phenﬁhut-l-ene

Sol. Solveas before.

{3} propanal + cthanal

(i1} pentan-2-one + butan-2-one

{#if} pentan-2-one + methanal

* (i) propanal + benzaldehyde
Q-21 Write the IUPAC nameé of the following compounds.
(i) (CH),CH—CH==CHCH, CH==CH—CHCH,
CoHs
OVAYAYAVA
(i) CH, =C(CH,CH,CH),
(iv) CHy—CH,CH,CH, CHZCH3[IIH3

CH,—CH—CH=CCH,—CH—Cli

- Also calculate the number of ¢ and n-bonds.

Sol. () 2, 8-dimethy!deca—3, G-diene (#f) Octa-1,3,5, 7-tetraene
o-bonds =33, w-bonds =2 . o-bonds=17, n-bonds =4
(i) 2-propylpent-1-ene (i) 4-cthyl-2, 6-dimethyldec-4-ene
o-bonds = 23, n-bonds =1 &-bonds = 41, T-bonds =1

Q-22 Analkyl halide CgH,Bx(A) reacts with ethanolic KOH to give an alkene ‘B, which reacts with-
Br, to give a compound ", which on dehydrobromination gives an alkyne D% On treatment
with sodium metal in liquid ammonia, one mole of ‘D’ gives one mole of the sodium salt of '
and half a mole of hydrogen gas. Complete hydrogenation of ‘D" yields a straight chain alkane.
Identify A, B, C and D. Give the reactions involved.

Sol. 1mole of alkyne D gives 1 mole of sodium alkynide and-;- mole of H ,. Further more D gives straight chain

alkane on hydrogenation, and is obtained from.five membered compound therefore, D must be five
membered straight chain terminal alkyne, 7.¢., 1-pentyne. Since, alkene B on reaction with Br, forms a
compound ‘C’ - which on dchydrohalogenation, gives 1-pentyne, therefore, ‘C’ must be
1,2-dibromopentane and alkene ‘B’ must be 1-pentene. -

Since, alkene ‘B’ is obtained by dehydrohalogenation of alkyl halide, therefore, alkyl balide A must be

1-bromopentane. Reactions are as follows

Alc. KOH, A Br, in CS,
CH;CHchza{zCHzBr _— CHaCHzCHzcl'{ﬁ CHz —_—
— Hbr 1-pentene (B)
2 1 Alc. KOH. A
CH3CH2CI'12—CHB1‘—CHZBI e CH3CH1CHZCZ—CH
- 2HBr 1-pentyne (D)

1-bromopentane { A)

1, 2-dibromopentane {C)

Nain fig. NH, )
—_—— CH3CH2C:H2C:——=C-N3+ +—2‘ Hz

Sodium 1-pentynide
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Q-23, Suggest the name of a Lewis acid other

: e na than anhydrous aluminium chloride which can be used
during ethjlation of benzene. |

Sol.In this reaction, anhydrous FeCl; or SnC] gcan beused in place of anhydrous AlCl; a5 a caralyst,

Q

Q-24 Why does benzene undergo electro
substitutions with difficulty?

Sol, Dueto the presence of delocalised 6r-electrons,
electrophilic reagent (electron deficient species)

philic substitution reactions easity and nucleophilic

benzene acks as a rich source of electrons. So, it attracts the
towards itself but repels the nucleophilic reagents.

That’s why benzene gives clectrophilic substitution reactions easily and nucleophilic substirution reaction

with difficuley.

Q-25 Write chemicat equation for combustion reaction of toluene.

Sol. C;H,{g)+90,(g)—4s 700, +4H,0(y)

Q-26 Amange benzene, n-hexane and ethyne in decreasing order of acidic behaviour. Also give
reason for this behaviour,

Higher the s-character, higher is the acidity, so first find hybridisation of all the given compounds and then
compare their acidity.

Sol. The hybridisation state of carbon in the given compounds is .

; CHy— (CHy)y—CHj3 H—C=C-—H

Benzene n-hexane Erhyne
Type of hybridisation ~ sp? sp° sp
s-character 33.33% 25% 50%

Acidic character increases with increase in s-characeer of the orbital. Hence, decreasing osrder of acidic,

behaviour of ethyne > benzene > hexane

Q-27. Qut of benzene, m-dinitrobenzene and toluene which will undergo nitration most easity and

why?

Nitration is an electrophilic substitution reaction and reactivity of benzene nucleus towards £* decreases in the
© presence of electron withdrawing group while increases in the presence of eleciron releasing group.

Sol. Nitration of benzene is an electrophilic substitution reaction. Presence of electron releasing group such

i : as —CHj activates the benzene nucleus towards electrophilic substitution while presence of electron

' withdrawing group such as —NO, deactivates the benzene nucleus towards electrophilic substitution.
Therefore, the ease of nitration decreases in the order

Toluene > benzene > m-dinitrobenzene

Thus, toluene will undergo nitration most <asily.




Q-28 Explain why the following systems are not aromatic ? Q-29. 7-bromo-1, 3, 5-cycloheptatrigne exists as an ion

(i} @

Non-aromatic

» O

Non-atomatic

i [ ==
Non-aromatic

For a molecule to be aromatic. Jt should be planari.e.,all
the carbons are sp® hybridised. it contains (4n+ 2} &

electron.

Sol. () The molecule is non-planar because of the presence of
.g) hybridised carbon atom. It contains six T-electrons
but its m-electron cloud does not surround all the
carbon atoms of the ring. Therefore, it is not an
aromatic compound.

(i) The molecule is not planar because of the presence of
s> hybridised carbon atom Moreover, it contains only

4n-electrons. Thus the molecule is not aromatic as it

does not contain planar cyclic electron cloud, having

{4+ 2) m-electrons.
(##3) Cyclo octacetraene is non-planar with 87t-electrons and
hence, 1t is not aromatic,

Q-30.. How will you convert benzene into
{i) p-nitrobromobenzene
(ifi) p-nitrotoluene

Sol.

whereas 5-bromo-1, 3-cyclopentadiene does not
form an ion even in presence of Ag”. Explain.

7-bromo-1, 3, S-cycloheptateiene, on ionisation, gives
tropylium ion. Since, tropylium jon contains G -electrons
which are compieteiy delocalised, therefore, according to
Huckel rule, it is aromatic and hence stable. Being h]g‘ﬂ
stablc, itis casﬂ)r formed.

7 +
1 lonisation _
5 2 ? + Br
4§73

Tropylitrm ion
(6n-electrons, aromatic,

highly stable)

<§ O o
No reaction

1, 3ydopentadienyl cation
{4x-electrons, aromaric,
highly stable}

7-bremo-1, 3, 5-
cyclohepratriene

5-bromo— 1, 3-
cyclopentadiene

In contrast, 5-bromo-1,3- cyclopentadiene, on ionisation, -
will give 1, 3- cycIopentadlenyl cation which conrains
41E—clccr.rons and hence, is anti-aromatic. Being,
anti-aromatic, it is highly unstable and hence is not formfid :
even in the presence of Ag ion which otherwise facilitates
ionisation.

{it) m-nitrochlorobenzene
{iv) acetophenone?

Sol. () Since, the two substituents in the benzene ring are present at p-position, therefore, the Rrst

substituent in the benzene ring should beano, -dlrcctmg group

Conc. HNQ3 +
B Anhyd FeBry Conc, H;SOg,
+ B0 A Brominasion. A, Bromination Nlt{‘atlon
Benzene Bﬂ)mnbenzene

Br
@NO

Irbromenitrobenzene
{minor}

5

NO,
p-bromonitrobenzene
{major)

{7) Since, the two substituents in the benzene fing ate present at m-positions, therefore, the first
substituent in the benzene ring should be m—direcung.

Conc. HNO; +
Cone. H;SO;.
(Nm*mon
Benzene Nitfobenzcne

Ch, anhyd AlCh, A

Chlormauon

-1,

m-chloronitro-
benzepe
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CH;
CH,ClL, Dil. HNO; + I
i anhyd3A1C13 Dil. _Dil. Hp$0; I\OZ - !
H A Nitration N

Benzene Toluene o-nitrotoluene

{miner)
pniroroluzne
{major)

{iv} Acetophenone can be prepared by Friedel Crafes acylation.
COCH;,

. |
. + CH;C0C éﬂi%ﬁﬁﬁ+ +HCl
Acetyl chloride

Benzene Acetophencne

COCH,

{CH3CO)20, A.l‘lhyd. A.[Clg
. A T + CH3COOH
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and Techniques

Q-1 Structures and TUPAC names of some hydrocarbons are given below. Explain
why the names given in the parentheses are incorrect.
[
CH, CH, CH, -
2,5,6- trimethylocatane
{and not 3,4,7-trimethyloctane]

(i) CH;—CH, —CH—CH, ——(IiH—CHz —CH,

CH,CH;, CH,
3-ethyl-5-methylheptane
fand not 5~eﬁ1yl-3~methy1heptane]

Solution
(¥) Because loc_am number, 2, 5, 6 is{ower than 3, 4, 7,

w A2 3 4 5 6 7 (Comect) .
(#) CH;CH,CH—CH,CH—CH,CH,
. 7 . [ 5 4 3 2 i (] ﬂCOl‘rﬁC[)
CH,CH; CH,
Since, substituents are in equivalent posicion so lower number is glven o ethyl which comes ﬁm in
the name according to alphabetical order.
Q- 4 ‘Which of the followmg represents the correct TUPAC
name for the compounds concerned?
(i) 2,2-dimethylpentane oz 2-dimethylpentane
{ii) 2,4,7-trimethyloctane or 2,5,7- trimethyloctane
3 (iiif) 2-choloro-4-methylpentane or
(7)) 5" hybridised carbon — tetrahedral : 4-chloro-2-methylpentane

{715} sp hybridised carbon —— lincar ' {iv) But -3-yn-1-ol or But-4-ol-1-yne

Q-2 What is the shape of the following compounds

() HL=0 (i) CH3F (i) HC=N
Sol. (5)'sp® hybridised carbon — trigonal plapar

Sol (N2 2~d:methyipcntane {because for the two alkyl groups o

Q-3- What are primary and secondary suffixes as applied"
' the same catbon, its locant is repeated twice)

to TUPAC nomenclature?
Sol. The primary suffix indicates whether the carbon chain is

saturated or unsaturated while the secondary suffic
indicates the functional group present in the mofecule.

(#) 2, 4, 7-trimethyloctane (because 2, 4, 7-locant set is lowe
than 2,5, 7). h
{#i) 2-chloro-4-methylpentane.  {Alphabetical ~ order -
substituents) {iv) But-3-yn-1-ol {becausé lower locant fc

the principal functional group, Le., alcohol).

12
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Q-5 Indicate the o- and n-bonds in the following molecules. C Y, C

6H12-‘ CHzclz, CHZ:CZ(:Hz,,
CH,NO,, HCONHCH,

Single bonds are only o bonds, double bondconfains

one ¢ and one m bond and Iriple bond containg one g ang
wo = bonds. Mark o and x bonds on this basis.

Sol.

{60, 2x) {6a, in) {8, 1x)

Q-6 Write bond-line formulas for : Iso-propyl alcohol, 2,3-dimethylbutanal, “heptan-4-one.

" To draw the bond Bine formulae of the

givencompounds, first draw the complete structure of each compound and
then convert it into bond line formul

a in which joint represent the carbon atoms. In such a struciure, H-atoms

remain hidden.
Sol. OH O o
/K 3 [ s 2
a4 I .
Jso-propyl alcohol 2 "7 5 o3 !
2,3-dimethylbucznal Heptan-4-one

Q-7 Give condensed and bond line structural formulae
present, if any, for '

{1) 2,2,4-trimethylpentane
(17) 2-hydroxy-1,2,3-propanetricarboxylic acid
{iii} Hexanedial.
Sol.

5.

No Condensed formula Bond line formula

0 | (CHy)CCHOHICHy), W - _

Functional groups

i) | HOOCCH,C{OH{COOH)CH,COOH 0 oH o §
A4 A3 —C—OH {carboxyl} and —OH
H™ "N M| pycro
" {il) | OHC(CH,),CHO 0 -
Ho o2 4 I
~—G—H {aldehyde)

and identify the functional. group(s)

i
|
b
!
i
g




Q-8 What are hybridisation states of each carbon atom in the following compounds?
CH, =C=0,CH CH=CH,, (CH,),C0, CH, ==CHCN, C;H,

B Hybridisation depends upon the number of ¢ bond formed by an atom. lf number of o bonds is 2, hybridisation s
sp,if3,5p%,if 4, sp* and s0 on. So count the number of 6 bonds and find the hybridisation.

Sol H H . H 0 H
‘ c? 2 P AP oy o oy
H—CZC50,H=C—C5CsH, —C—5—-C—5C—H
o "o of "¢ o
H H H H
, g -
ooy : -
HT(I:?GB{"?‘ s In benzene, cachCis;;az-hybridised
43 g .
H H

Q-9 Consider structures I to VII and answer following the questions (I} to {I0).

I. CH;—CH,—CH,—CH,—0H 0. CH, —CHz—mllZH—-CH3
CH,

| OH
i CH3—-?—CH3 ' ' Iv. CH3—(|IH—— CH,—CH,—0H

OH
VL. CH3-—0—-LI‘.H—{!H3

CH,
VL. CH,—0—CH,—CH,—CH,

CH,

(i) Which of the above compounds form metamer's pairs?
(i7) Identify the pairs of compounds which are functional group isomers.
{iit) Identify the pairs of compounds that represent position isomerism.,
(iv} Identify the pairs of compounds that represent chain isomerism.
Sol. () Y and Vlor V and VII form a pair of metamers since th
the cither side fo the functional group, i.e., O-atom.

(i) Tand V, T and VI, I and VII; 11 and V, If and VI; 1T and VI ; Il and VII ; IIIvar.xd V, 1l and Vi; Hland
VH; IV and V5 IV and V1 and IV and V11 are all functional group isomers.

{##) Land I, 111 and IV and, VI and VII fepresent position isomerism.
(i) Tand T, T and TV, Il and §11 and 1l and IV represent chain isomerism,

ey differ in the number of carbon atoms on

Q-10 Classify the following reactions in one of the reaction type studied in this unit,
: (i) CH3CH2B}? + HS— —— CHacstH + Bl’"
(i) (CH3),C=<CH, + HCl -—{CH,),CCl—CH,
(111) CH3CH,Br + HO™ ——s CH,==CH, + H,0 4 Br™
(iv) (CH3)3C—CH,0H + HBr —' (CH, ),CBICH,CH, + H,0

+ Anucleophile Br)is substituted by other nucleophile (HS).
+ HClis added to the double bond (C=C)

+ Hand Br are eliminated from successive carbon atoms.

+ Nucleophile (OH") is substituted by Br™.

Sol. {9} Nucleophilic substitution reaction (73 Electrophilic addition reaction -

-
(i#9) B-elimination reaction (#) Nudeophilic substitution reaction wich rearrangement.

1A
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Q-11 For the fol!.owiné bo}lddeavages use curved-arrows to show the electron flow and cla§si:1y
each as homolysis or heterolysis. Identify reactive intermediate produced as free radical,
carbocation and carbanion.

(i) CHy0—0CH;—~CH,D + OCH; (i) >:0 FOH Y040

£
& : :
(i) gy — A ar {MO E %Q

Free radicals are the result of homolysis while ions {carbanian or carbocation) afe formed when reactant
undergaes heterolysis.

Y (y=0._ \
: . s . Heterolysis 0+H,0
V\/\l Homofysls CH-0 + 0CH3 (11) HO «+ H% —_—
Sol (1) CH3 o CH3 Frcsc radicals H H Carbanion

‘ E
Heterolysis A - . Py Heterolysis .
+ e e .
{iif) /}3[ etenoyss L +Br (i) .
. Carbocation

Carbocation

x40,
Solution Percentage of carhon = 1_2_“0_128-)@9

= 21.95%
44 %0246 %

2x0.1014 x 100
Percentage of hydro o= "V 58Y%
e ot fydrog 18 %0246 )

Solution Volume of nitrogén collected at 300 K and

715 mm pressure =50 mL.
Actual pressure =715 ~15=700 mm :

Volume of nj trogen at STP = w
300 x 760
22,400 mL of N, ar STP weighs = 28 g

=41.9mL

. ) 28x 419
41.9 mL of nitro en weiphs =
5 gh 22400 8

. 28X 41.9 x 100
Pcfcentage Ofru[{ogcn mee T Y
22400 % 0.3

=1746%

Q-14 : During estimation of nitrogen present in an organic compound by Kjeldahl's
method, the ammonia evolved from 0.5 g of the compound in Kjeldahl's estimation of

nitrogen, neutralized 10 mLof 1 M H,50;. Find out the percentage of nitrogen in the
compound,




Solution 1 Mof 10 mLH,$0, =1 M of 20 mL NH, Q-17 Name a suitable tec_hnique of sgparation of the
components from a mixture of calcium sulphate and

1600 mL of I M ammonia containg nitrogen =14 ¢ camphor.
L . 14x20 _
20 mL of t M ammonia will contain nitrogen = g “Camphor is a suplimate while CaSO, is not. A sublimate
1000 from a non-sublimate is separated by sublimation.
Percentage of nitrogen = M 0. 56.0%
o 8 1000x0.5 Sol. A mixture of CaSO, and camphor can be separtated by

sublimation. Because camphor is sublimable burCaS0; is
not therefore, sublimation of the mixture gives camphor on
the sides of funnel while CaSO 4 1 left in the China dish.

Kjeldohl's method is not applicable to compounds containing
nitrogen in nitro ond ozo groups ond nitrogen present in the
ring, os nitrogen of these compounds fs not quantitatively
converted into ammonium sulphate, ‘
: Q-18 Explain the reason for the fusion of an organic

Q15 In carius method of estimation of compound with metallic sodium for testing
halogen, 0.15 g of an organic compound gave 0.12 of - nitrogen, sulphur and halogens.
AgBr. Find out the percentage of bromine in the

Sol. Nitrogen, sulphur and halogens are present in an organic

compound. compound in covalent form so their detection is not easy.

.of AeBrx100
Solution 80 X —“—PMf—g'r—m—-—

188wt of compound Q-19, Lassaigne’s test is not shown by diazonium salts,
. 80%0.12x100 though they contain nitrogen. Why?
Percentag of bromine = 188x0.15 34.04% Sol. Diazonium salts(CgHs N3 X~ ) readily lose N, onheating
e : - - before reacting with fused sodium metal. Therefore, these
Q-16 - In sulphur estimation, 0.157 g of an do not give positive Lassaigne’s test for nitrogen.

organic compound gave 0.4813¢g of barium

sulphate. What is the percentage of sulphur in the Q—20_"Wiﬂ CCl, give white precipitate of AgCl on heating

z N . .
compound 2 it with silver nitrate? Give reason for your answer.

Solution Percentage of sulphur
_ 32 mass of BaSO X100 32X 0.4813 X 00

233X mass of compound 233 x0.157

"~ CCl, is a covalent compound and does not give Clions.

Sol. CCl will not give a white ppc of AgCl with AgNO,
= 42.10% - solution because CCl; is a-covalent compound. It does not
' ionise to give CI™ ions required for the formation of AgC!

precipitate.

Q-21, Suggest methods for the separation of the following mixtures
{i) a mixture of liquid 4 (bp 365K} and liquid B {bp 355K)
(i} a mixture of liquid C (bp 348 X) and liquid D {bp 478 X).
Sol. () Fractional distillation because the boiling points of the two fiquids differ by only 10°.
(#2) Simple distillation because the boiling points of the two liquids differ much.

Q-22 ' Why is it necessary to use acetic acid and not sulphuric acid for acidification of sodium extract
for testing sulphur by lead acetate test?

Sol. IfH,S0, is used, lead acetate icself will reace with HZSO 4 to form white ppr. of lead sulphate.
Pb(OCOCH3), +H,S0, — PbSO, !+ 2CH,COOH
Lead acetate White ppt

Hence, white precipitate of PbSO ; will interfere with the following test of sulphur.

Pb(CI1;CO0), +Na,$ — PbS! + 2CH,COONa
Black ppt

However, if acetic acid is used, it does not react wich lead acerare, so does not interfere in the test.

Q-23 Why is a solution of potassium hydroxide used to absorb carbon dioxide evolved during the
estimation of carbon present in an organic compound?

£



Sol. CO, isslightly acidicin nature, therefore, it reacts with the strong base KOH to form K 7C0O; and from the
weight of the CO, obtained, percentage of carbon in the organic compound is calculated.

The increase in the weight of U-tube containing KOH gives the weight of CO, produced and from the
weight of the CO, obtained, percentange of carbon in the osganic compound is calculated as,

12 « weight of CO, formed

44 weight of substance taken

% of carbon =

x 100

+ Q-24 Iy the estimation of sulphur by Carius method, 0.468 g of an organic sulphur compound
afforded 0.668 g of barium sulphate. Find the percentage of sulphur in the given compound.

Sol. % of sulphar = 32 mass of BaSO, formed

233 mass of substance taken

=—3@-xmx 100= 19.60%
233 0468

Q-25 + 0.3780 g of an organic chloro compound gave 0.5740 g of silver chloride in Carius estimation,
Calculate the percentage of chlorine present in the compound.

Sol. % of chlorine = 355 x s of AgCl formed 35.5 X0-5740

X 100==2 2070
143.5  mass of substance taken 1435 0.3780

100

X 100= 37.566%

Q26 A sample of 0.50 g of an organic compound was Q-27 An organic compound contains 69% carbon and
treated according to Kjeldahls method. The

| 4.8% hydrogen, the remainder being oxygen.
ammonia evolved was absorbed in 50 ml of 0.5 M Calculate the masses of carbon dioxide and water
Hz50,. The residual acid required 60 mL of 0.5 M produced when 0.20 g of this substance is subjected
solution of NaOH for neutralisation. Find the ° to complete combustion.
ercentage composition of nitrogen in the
gompoungd ’ Sol.  op=12y Messof CO, formed o
) 44 Mass of substance taken
+ Caleulale the volume of the 1,80, used to neutralise 12 _ Mass of CO, formed
NaOH. =% = X 100
+ Calculate percentage of nirogen by using the | .69x 44% 0.2 -
_lax W ' s Mass of CO, formed === 222" = 0:506 ¢
formula e, = o 2 lomm 12 100 &
Sol. Volume of the acid taken = 50 mL of 0.5 M H, SO, o :3 e Mass of H,0 formed x 100
¢ H0 18 Mass of substance taken
- =25mlof1.OMH; 4 2 _ Mass of H,O formed
Volume of alkali used for neutralisation of excess acid 4.8= " X 02 % 100
=60 mL of 0.5 M NaOH '
=30 mL of 1.0 M N2OH ~. Mass ofH,0 formed=é§;(—1§~6>:)£2—= 0.0864 ¢
. < .

I mole of H,SO = 2 moles of NaOH
Hence, 30 mLof 1L.OM NaOH =15 mLof 1.0M H,504

-~ Volume of acid used by ammonia = 25 — 15=10 mL

% of nitrogen = LAXN| X vol. of acid used

w

(where, N} =normality of acid and w=mass of the
organic compound taken)

14x2x 10 3
0.5

Y% of nitrogen =

56.0




SARASWATI CHEMISTRY

- Standard electrode potential values, E° @-¢ Why does boron trifluoride behave as 2 Lewis acid?

Q1

for AB*/ Al is —1.66 V and that of TI**/ T) i5 4+ 1.26 V.

Predict about the formation of M* iop iy solution Iéﬁzcwﬁoic ﬁ.g:zf # fendeny 1o acocpt dectons, ., they a2
and compare the electropositive character of the two :
metals. Sol. BE; ‘bcin.g electron deficient, is a strong Lewis acid. It reacts with
Solution Since, E° values ate more v n camof Al 8 Lewis bases easily to complete the oceet 2round boron.
it.has higher tendency to form AI** (a9) ions, whereas TI>* is BB + INH; ——FBe NH,
highly unstable in aqueous solution and aces g5 a good Lewisacid  Lewis base

oxidising agent. It readily reduces to more stable T+ jon. AI** '
- . . . n. —7- ‘ i i i i
being sable, exiss inthis form and hee AlKi)s ot Q-7, Atom‘lc. fadius of gattium (135 pm) is less than that of
electropositive as compared to T aluminium (143 pm).
Sol. It is due to poor shielding effect of 34-electrons due to which
effective nuclear charge increases in Ga, therefore, it is smaller

than AL

Q2 ) ‘Why is boric acid considered as a weak
acid?
Solution Botic acid is incapable to release H' ions by its
own. It only receives OH™ ions from water molecule 1©
complete its octet and in turn releases H* ions. That's why it is
considered as a weak acid.

Q-3 s boric acid a protic acid? Explain.
Sol. 1tis not a protic acid because it daes not ionise in H
] . . A
electrons from a hydroxyl ion of water and in turn releasesH™ ions.

B(OH); +HOH— (B(OH) (1 +H"

,Orto give a proton. It actsasa Lewis acid by accepring

Q-4 How can you explain higher stability of BCl; as compared to TiCl,?

Sol. Boron exhibits only +3 oxidation state. So, it forms BCl; , a stable compound. On maving down the group,

the inext pair effect becomes more and more pronounced therefore, in challium +1oxidation state is more
stable than +3 oxidation state. That's why BCl, is more stable than TICl;.

Q-5 Discuss the pattern of variation in the oxidation states of B to Tl.

Sol. Element b B Al Ga In Ti

Oxidation state| +3 | +3 [+3+1} +3+1] +

Boron and aluminium show an oxidation statc of 43 only because they do not exhiibit inert pair effect due
to the absence of d or f-electrons. Elements from Ga to Tl show two oxidation states, 7.e., +]-and +3. The

tendency to show +1 oxidation state increases down the group due to the inabilicy of ns® electrons of
valence shell to participate in bonding which is called inest pair effect.

Therefore, TI* is moré stable than TI3* .

\e



)-8 1f B—(l bond has a dipole moment, explain why
BCl; molecule has zero dipole moment?

.Sol. Boron in BCl; is sp? hybridised, due to this the shape of
BCl; molecule is trigonal planar. It is symmetrical in shape,
The net dipole moment for symmetrical molecule s zero
(because individual dipole moments cancel out due to the
symmetry of the molecule).

Cl
Ci==B%1
gy
p=0
Thus, dipole momeat of B(l; is zero.
Q-9 Which one is more soluble in diethyl ether,
anhydrous AlCL; or hydrated AlCL,? Explain in terms
of bonding. '

Anhydrous AlCl; is an electron-deficient compound while

hydrated AlCl; is not. Therefore, anhydrous AICl; is more
soluble in diethyl ether because the oxygen atom of ether
donates a pair of electrons to the vacant p-orbital on the Al
atom in AlCI; forminga coordinate bond,

‘ Sol.

c <l ch_ <l
Al H >A1
Cl> *. ?/ Cts 1 \(l)_H
CHs H

In case of hydrated AICl5, Alis not electron deficient since
H,O has already donated a pair of electrons to it.

- Q-10 Give reasons

(i) Conc. HNO; can be transported in aluminium
container,

{i1) A mixture of dilute NaOH and aluminium pieces
is used to open drain.

Sol. (§) Al reacts with conc. HNO; to form a protective 1:1)&.[
of aluminium oxide on its surface which prevents it
from further reaction.

2Al(s) + 6HNO, {conc.) — Alz_O3 (5)
(xprsve panecive )
+6 N0, (g)+3H,00)
Therefore, Al becomes passive thads why

aluminium containers can be used to transport

conc. HNO3 .

(##) NaOH reacts with Al to evolve dihydrogen gas, The
pressure of the hydrogen gas can be used to open
drains.

2A1(5) + 2NaOB(ag) + 2H,00) ~—
2N2A10, (ag) + 2H,(g)

Q-11 Describe the shapes of BF; and [BH, . Assign the
hybridisation of boron in these species.

Sol. In BE;, boron is sp*-hybeidised as it contains three
bond pairs and, therefore, BF; molecule is trigonal
planar in shape.

On the other hand, in [BE;]™ boron s spB -hybridised
because of the presence of four bond pairs and hence
{BE, 1" species is tetrahedeal in shape.

O/Empty porbil 0T
F

|

B—F B

> A
3 N
BF; s> hybridised {BH,I™, p2hybridised
Trigonal planar shape Tetrahedral shape

Q-12

In some of the reactions, thallium resembles
aluminium, whereas in others it resembles with'
group I metals. Support this statement by giving
some evidences. 1

Sol. Thallium and aluminium both the elements belong

togroup 13. Their general elecuonic configuration
for the valence shell is #s%p’ . Aluminium shows only
+3 oxidation state.

Like Al, thallium also shows 43 oxidadion state in some
compounds like 11,04, TICl;, ete. Like aluminium,
thallium also Forms octahedral fons like [AiFG]BW and

[TIE P

Like group-I alkali metals, challiurn shows +1 oxidation
state due 1o inert pair effect in some compounds like TIC],
T1,0, etc., Like alkali metal hydroxides, TIOH is water
soluble and its aqueous solution is strongly alkaline,
T1,50; also forms alums like alkali metal sulphates.
TI,CO; is soluble in water like alkali metal carbonates.

Q-13 What are electron deficient compounds? Are BCl 3
and SiCl, electron deficient species? Explain.

Sol, Electron deficient compounds are those in which the octet

of all the atoms is not complete .e., all the elements present
in the compound do not have 8¢ in their outer shell,

In trivalent stace, the number of electrous around the central
atom B in BCl; is six.
Cl
by Cl
Cl:B: (:1_.B<Cl

Such {electron deficient) molecules have 2 tendency 1o
accept  pair of electrons to achieve stability and hence,

behave as Lewis acids.
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Q-14 Aluminium trifluoride is insoluble in anhydroii_s{ HE but dissolves on addition of NaF.
Aluminium trifluoride precipitates out of the resulting solution when gaseous BF, is bubbled
through. Give reasons, ‘

Sol. (3 Anhydrous HF is a covalent compound and is strongly H-bonded. Therefore, it does not give F ™~ ions
and hence AlF; does not dissolve in HE NaF is an ionic compound. It contains F~ ions which

cornbine with electron dcﬁcipnt AlF; to form the soluble complex.

3NaF + Alf; — Na, {AlF]
Sodium hexafluoroaluminate {f11)
_ (soluble complex) ‘
{#) Boron due to its small size and higher electronegativity has greater tendency to form complexes than
aluminium. Hence, precipitation of AlF; takes place when BE, is passed through Na, [AlF] solution.

Nas (AlF]+3BF; ——  3Na*{BF,]” +AIF (g
Sodium tetraflucroborate {111
{soluble complex}

Q-15 Suggest reason why the B—F bond lengths in BF; (130 pm) and BF; (143 pm) differ?

Sol. inBF;, boron is sp* hybridised. It has as vacant 2 p-orbital. Each fluorine in BF; has completely filled
unutilised 2 p-orbitals. Since, both of these orbitals belong to same encigy level so p-p back bonding
occurs in which a fone pair of electrons is transferted from unuilised completely filled 2 p-otbital of F to
vacant 2p-orbital of B. This type of bond formation is known as back bonding. Therefore, B—F bond
has some double bond character. Tha's why all the three boron-fluotine bonds are shorter than the wsual
single boron-fluorine bond. In [BE 417 ion, boron is p>hybridised. It does not have empty 2p-orbital so

there is no back bonding. In[BF, ] ™ ion, all the four BF bonds are purely single bonds and double bonds
are shorter than single bonds. Therefore, B—F bond fength in BE; is shorter (130 pm) than B—F bond _

length (143 pm) in {BE - :
| F @26
>B—~—F-
e

Back bonding in
BF; molecule

Q-16 Explain the following. ' . .
(i) Aluminium alloys are used to make aircraft @17 A non-metallic element of group 13, used in making
body. | bulletproof vests is extremely hard solid of black

colour. It can exist in many allotropic forms and has

i} Aluminium utensils should not be kept i . . .
(i) €ptin water unusually high melting point. Its triflnoride acts as

overnight. .
- o . Lewis acid towards ammonia. T ibi
- {ifi) Alﬁmmmm wire 15 used to make transmission maximum covalency of four Idtigg,mf}l:: :ﬁ;];ﬁz
cables, i ; £
© o and write the reaction of its trifluoride with
Sol. (i) AJummfum alloys such as duralumin is light, tough ammonia. Explain why does the triflucride act as a
and resistant to corrosion and hence, it is used in Lewis acid?
making aircraft body.
fig atrcrait body. Sol. The only non-metallic element of group 13 is boron. It is

(##) Because aluminium reacts with water and oxygen
(dissolved in) to form a thin layer of toxic aluminium
oxide on the surface of urensils.

an extremely hard black substance and is used in making
bulletproof vests. It exists in many allotropic forms and has
usually high melting point. Since, B has only s and

2AKs) + O, {g) + H,O() — p-orbitals but no -orbitals, therefore, at the maximum it
Al O3 (s} +H,(g) can exhibit a covalency of four.
(i) Aluminium possesses high electrical conductivity, 7\
Therefore, it is used in making transmission cables. H3N + B, —> H;N— BE,

Further on weight to weight basis conductivity of

AR Since, B in BE; has only six electrons in i
aluminium is twioe as G 3 y six e s in its valence sheli,

therefore, it needs two more electrons to complete its octet,
Thus, BF; acts as a Lewis acid. ‘



Q-18 Write balanced equations for

(O0BF ¢LH — (i) BH; + B0 —y (6) NazB,0; +7H;,0 ——; o
; - + 4H,B
(i) NaHl + BHy — (i) H,B0, —2, , ﬁikgfd
; (b) Na,B,0; -10H,0 ——s Na2,B,0,
(v} Al + NaOH — {vi) B,H; + NH, — 2%4 ( ;) 2 Anbydeno e
Sol. (:) 2BF, + 6LiH — B,H, +6LiF - whice mass)
Diborane +10H,0
@BH¢+6H,0 — 2H.BO, + g1, NasB,0, —25 2Nao), +B,0,
. Oahoboric acid
: Glassy bead, ¥
() 2NaH + B, H g > 2Na'(BH, |- Glassy material ¥ consists of sodium metaborate and
’ Sodium borohydride . .
boric anhydride,
A . .
(i) HsBO; —0——y HBO, + H,0 (i#i) Na B, Q7 -10H,0+ H,804 — 4H3393_
Orthobosicacid 370K Moetaboric acid ] (X} . Orr.hoE&r;c acid ,
A A .

Metboricacid ~ ~HyO  pepoic ooy

2B,0; + H,0 Q-20 1 te starting material for the manufacture of

Boron trioxide silicones is RSiCl,, write {he structure of the
(#) 2A14+2N2OH +6H,0 —» product formed, |
Na*[AK OH), 1™ + 3, Sol. Hydrolysif of alkylerichiorosilanes followed by
Sodium ctraby - condensation polymerisation gives cross-linked silicones,
droxoaluminate ({11) JF
}
{vd) () B,H, + 2NHy —— 2BH, 'NH§ nCl—-Si—Cl +3 H,0——_ nHO_;sii__OH
Borane-ammonia ' —3n HC| ,
complex {Adduct) R
d _ OH
or [BH,(NH;),1* (BH )" ' ;
(6)3B,H + 6NH; — ff f ?
. A O SiO b .
SBHNHy ), 1" BH, I - o ] OO
Polymerisation O O I
2B,N;H,  + 12H, Do ¢
Borazine '“—O—-—Si—-O—Si——O—-SihR
: (Inorganic benzene) - i | I

A certain salt ¥, gives the following results. . Cross-inked sificone "
{1) Its aqueous solutign Is alkaline to litmus, Q-21 Suggest o
(i) It swelis Up to a glassy materia] Y on strong et areasonas to why €0 s pomg nots?

i
hgitmg. Sol. Carbon monoxide reacts wich, haemoglobiy, and form
(i) When conc. H,$0, is added to a hot solution of stable compound <arboxyheamogobin,
X, white crystals of an acid 7 separate out. Catbosyheamoglobin g 300 times more grap than
Write equations for all the above reactionsand . ©¥haemoglobin.  Formyeion of carboxyhaemoglopy,
identify X, Yand 7. reduces the oxygen CATYINg capacity of the blood, as 4 resy
| of this suffocation takes place, Low level Posoning regy i ;
Boraxswells up to 2 glassy mass on strong heating. headache and drowsiness, high Jevel N

Sol. {3) Aqueous solution of sal Xis aﬂéa'iine. It indicaces that
‘X s the salt of 3 strong base and a weak acid,

(i} On swong heating, the salt ‘X" swells up t a glassy
material Y. It indicates that the salt * x° is borax.

(4%) Hot aqueous solution of borax on reaction with cone,
- H,50; gives crystals of orthoboric acid.

The equations for the reactions imvolved in the question
are as follows

2




Explain why is there a phenomenal decrease in
Q22 =P y P CCl4 is an electron precise molecule having absence of

ionisation enthalpy from carbon to silicon?
d-otbitals in C atom and hence, it neither accepts nor

donates a pair of electrons. Thus, CCl 4 does not undergo

Sol. As we move from carbon to silicon atomic size increases,
hydrolysis in warer,

i, the distance berween the outermost electron and
nucleus increases. Thus, this electron experience very small

attraction from the nucleus and hence, easy to remove.  Q-25 {arbon monoxide Is readily absorbed by ammoniacg

Since, the size of Si atom is larger, the outer electron Cuprous chloride solution but carbon dioxide is not,
experience lesser attraction and hence, its ionisation - Explain.
enthalpy {energy required to remove an eleceron) is smaller, Sol. Due to the presence of a lne pair of electrons on carbon
. . ) CO, it acts as a Lewis base (or ligand) and thus forms
(-23 Write the resonance structures of C03” and HCO3. soluble complex with ammoniacal <uprous chloride
: solution,
Z&f Draw all the possible structures which differ only in the o CuCl+NH; + }CO-—s [CW{CONH; )*CI”
arrangement of electrons. Soluble complex

. On the other hand, CO, does not act 2s 2 Lewis base since ;

Sol. Resonance structures of CO32" ion X
" does not have a lone pair of electrons on the carbon atom

X . 7 T and hence, does not dissolve in ammoniacal cu
. (Y)/)—— C% e - 6--(1(\/:% .- chloride solution. Pmui‘
o¢:_ . 6:"" : .- . : .
0 .‘:._ 0-26 -‘How 15 .excessive content of (0, responsible for
e B Ve - global warming? '
< \0. . Sol. CO, is a greenhouse gas. About 75% of the solar energy

teaching the earth is absorbed by the earths surface, The -
rest of the heat radiates back to the aunosphere. Bu the
heat radiated by the heated sutface cannot pass freely into

O H j the space because excessive CO, in th h
Al L e - ¢ 2 1 the atmosphere absorb
.-Q=C<“ ok .Q,—C/ . v more heat. This results in increase in the average
OH OH . temperature of the acmosphere. This is known as globa]
warming. ' '

Q-24 Consider the compounds, BCl; and CCl, .How will

they behave with water? Justify.

Sol. BCl; is an electron deficient molecule. It easily accepts a
pair of electrons from water and hence, BCl; undergoes

hydrolysis to form boric acid (H 3B0;) and HCL
‘Q-27 . Explain the difference in properties of diamond and graphite on the basis of their structures,

Sol. 5. No. Diamond Graphite
1. Cis sp° hybridised. C is sp* hybridised.
2. Three dimensional, tetrahedral structure. Two dimensional, sheet like (ayer like struciure).
3. Crystalline, transparent with extra brilllance Crystalling, opaque and shiny substance,

{due to high refractive index).
4, Hardest substance with high density and high | Soft having soapy touch with low density and

meiting point. high melting point.
5. Bad conductor of heat and electricity Good conductor of heat and electricity (fourth
{no free electron). glectron is free).

6. It is used in glass cutling and jewellery and as | It is used as a lubricating agent, in making
abrasive. electrodes, in pencils, crucibles {due to high

melting point). :

()-28 (1) Classify the following oxides as neutral, acidic, basic or amphoteric
€0, B,0,, Si0,, C0,, AL,0,, Pb0,, T,0;.
(if) Write suitable chemical equations to show their nature,



Sol. (5) Neutral oxides : CO; Acidic oxides : B 203, §i0, and CO,
Basic oxide : T1,0;;
Amphoteric oxides : Al,0; and PbO,
(i0) () Being acidic B,0;, Si0y and CO, react with alkalis to form salts,

BjO; + 2NaOH — ° 2NaBO, + H,0
Boric Sedium metaborate
anhydride

S0, + 2MaOH 25 Na,S5i0, +H,0

Silica

Sodium silicate
COZ + ZNQ.OH —_> Na 2CO3 + Hzo
Carbon dioxide Sodium cachonate

(6) Being amphotetic, Al 203 2nd PbO, react with both acids and bases,

F
ALO; +2NaOH —2¢,
Alumina

2NaAlO,

Sedium metaaluminace

+H,0

5 59 o ) . 1 Q-31 Explain the following reactions. .
. Q ia:;(t)ircl)z;l;se the given statements and give chemlgal (i) Silicon is heated with methyl chloride at high

(i) Lead (II) chloride reacts with (1, to give PbCL,.

(1) Lead (IV) chloride is highly unstable towards
heat.

temperature in the presence of copper.
(1) Siticon  dioxide is treated with hydrogen
fluoride.

(itf) €O is heated with Zn0.
Sol. (5) When Si is heated with CH;Cl at high temperature in
the presence of Cu a5 a catalyst, 2 mixture of mono-, di-

~ and uimethylchlorosilanes along with a small amount
of tetramethylsilane is formed.

(iif) Lead is known not to form an iodide, PhI,,.

Pb2* is more stable than Pb** due to inert pair effect,

Sol. {5 Due to inert pair ef.ﬁﬁct, Pb is mote stable in + 2 state
than in + 4 oxidation stare. Therefore, lead (I1) chloride
does not react with CI, 1o give lead (IV) chloride.

(i) Lead (IV) chloride on heating decomposes to give lead
(ID) chlotide and Cl, because lead in + 2 oxidation state
is more stable than in + 4 oxidation state.

PCl () — PbCl,(5)+Cl,(g)
(%) Due to strong oxidising power of Pb** jon and
reducing power of 1™ ion, PbI 4 does not exist.
wi Q-30 Account for the following.

(1) €O is used in the extraction of metals,
(t7) €O is poisonous.
(i) €0, is used in referigeration.

Cu powd
CH;Cl  + § ——bower

Methyl chloride 57.0
+{CH, ), SiCl, + (CHy ); SiCl+ (CH, ),
{i{) When SiO, reacts with HE silicon tetrafluoride is
formed which dissolves in HF to from
hydrofluorosilicic acid.
Si0, +4HF — SiF, +2H,0
SiFy + 2HF — H,SiF,
(i) CO is a strong reducing agent bur it cannot reduce
ZnO a5 for CO—CO, A,G° is always higher than
that of ZnO. Thus, no reaction takes place.

CH; Sicl,

e

. _32-‘ . . 3e s
Sol. (3} CO being a good reducing agent, reduces several metal N 0 is a stronger odising agent than 510
oxides (except allali and alkaline earth metal oxides) .
into crude meral. Thar's why it is used in the extraction
of metals.
(i) CO  forms carboxy—hacmoglobin complex  with

haemoglobin {the red pigment which carries oxygen) of is a stronger oxidising agent
blood which is about 300 times more stable than

: than S0 ®* because inert pair effect increases down the
oxygen-haemoglobin complex and thus, it stops the group.
supply of oxygen and hence, leads to death of the
s person.
(i) Solid CO,, produce cooling and sublimes directly into
vapour state. That's why it is used for refrigeration.

Sol. Pb** is less stable than Pb%*, due o inert pair effect
therefore, Pb** salts act as strong oxidising agent. Sn2* is
also less stable, than Sn“, thus Sn#
oxidising agent. Bur Ph**

+
can alse act as an

03




Q-33 .When metal X is treated with sodium hydroxide, a white precipitate (4) is obtained, which is
soluble in excess of NaQH to give soluble complex (B). Compound (4) is sotuble in dilute HCl to
form compound (C). The compound (4) when heated strongly gives (D), which is used to

extract metal. Identify {X)}, (4),(B), (€} and (D) Write suitable equations to support their
identities.

Sol. Since, metal X on treatment with sodium hydroxide gives white precipitate which dissolves in excess of
‘NaOH 1o give soluble complex (B), therefore, the metal X is AL
‘Al +3NaOH — AOH); 4 +3Na*

{X0 White ppr.
oA
Al{OH); + NaOH —> 2Na* [AI(OH) il
(A {Excess) Sodium tetrahydioxozluminate (TIT)

(B)

AJ(OH) 5 +3HCHag)—> AICl; +3H,0
- (%)

| JAIOH), -4 ALO, +3H,0

(4 (D)

Q-34 (1) What happens when .
(a)borax is heated strongly?
(c) aluminium is treated with dilute NaOH?
(1) How does NaBH, react w1th iodine?:

Sol & (a2 ‘When borax is heated stronsly, 2 ¢ : i i am |
b anhdede cated it g.y, rarfsparcn.t glassy bead which consists of sodium metsborate and

{b) boric acid is added to water?
(d) BE, is reacted with ammonia?

-
—

N12B4O7 '10H20 '—;cf—) NazB407 + IOHzo
Borax - Anbydrous swollen ’
; ] . _ white mass

: Heac
NazB.iO? ‘—) 2N&B02 + B203
C Sodlum menbotate  Boric anhydride
Transpasent ghassy bead

(4) Boric acid is sparingly soluble in cold water, but fairly soluble in hot water, It acts as a weak
nmonobasic acid. It is not a protomc acid but it acts as a Lewis acid by accepting 2 hydroxide ion of
water and releasing a proton into thé solution.

H—OH + BOH); ~ [B(OH), )~ +H*
(¢) When aluminium is treated with dilute NaOH, dihydrogen is evolved.
© 2A1(s)+ 2NaOH{ag) + 6H,0() —— 2Na* [AHOH) 1™ (ag) + 3H,(g)
{&) BEy being a Lewis acid accepts a pair of electrons from NH to form the corrcspondmg complex.

FB -+ 3 NH, — F,B« NH,
Lewis acid Lcwxsbase_ . Complex

{#7) In this reaction, diborane is obtaincd

Dibogane
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1. Why are alkay; metals not found in nature?

—_—
Alkali metats are hi
fonisation enargy.

Sol. Due to high chemical reactivi
free in natuge, They aze fou
form of halide, sulphate,

ores, etc,,

ty atkali metals do oy occur
nd in the earch crust in the
carbonate, silicate, borate, oxide

2. Explain WhY is sodium less reactive than potassium?

— :
Reactivity depends upon the jenization enthalpy and
elecirode potentiaf {E°). As the size increases, ionization
enthalpy decreases,

Sol. The fonization enbalpy (A ; 7, ) of potassium (4191 mol ™)

is less than that of sodium{496 1] mol ™Y and the standard °

electrode potential {(£°) of potassium {-- 2,925 V}is more
negative than that of sodiurm (~2.714V) thars why

potassium is more reactive than sodium,

3. Sodium fire in the laboratory should not he
extinguished by pouring water, Why?

Sol. This is because sodium produce hydrogen pas with water
which catches fire because of the exothermic nature of the
reaction.

Pt
o

- NOTE To extinguish sodium fire

{or such fires) pyrene, CCl,
or sand is used.

4. Why are potassium and caesium, rather than lithium
used in photoelectric cells?

" Metals having very high tendency to lose elections are
used in photoelectric cells, Lower the ionization energy,
higher is the tendency to lose electrons.

Sol. Potassium and cacsium have much fower ionization
enthalpy than that of lithjum. Therefore, these metals on
exposure to light emit electrons easily but lithium does nor.
Thats why K and Cs rather than Li are used in

photoelectric cells,

ghly reactive because of thejr very low

SARASWATI CHEMISTRY

6. Find out the oxidation state of sodium in Na,0,.

Sol. Letxbe the oxidation state of Nain Na 20,.

Na,0, contains 2 peroxide finkage in which O has ag
oxidation state of — 1,
xr -1

Nazoz or
Thus,

2x+2{-D=Dorx =141
the oxidation state of sodium inNa,0, is+1

7. How woulg you explain Lil is more soluble than Kl in
ethanol?

Sol. Lil is mote covalent because Li* is smafles and polarised

anion{I” }to maximum extent, 5o it is more soluble than K[
in ethanol,

8. Why is LiF almost insoluble in water whereas LiCl is
soluble not only in water but alsg in acetone?

Sol. LiF is almost insoluble in water due to it high lani,
energy. Bue LiCl is soluble in water due 1o high hydratig,
energy of Li* fon. LiCl is also soluble in acetone due g its
predominandly covalent nature, (Because  covaley,
character increases with increase in the size of anjon.

LiF< LiCl< LiBr< Li)

9. Why is 1i,£0, decomposed at a lower t

emperatyga
whereas Na,C0; at higher temperature?

Sol. Lithium being very small in size polarises a farge CO; ion
leading to the formation of more stableLi, O and CO,. Al
the carbonates of alkali mecals {except lithium carbonae)
are thermally quite seable, That's why Li,CO;

dccomposed at a lower temperature whereas Na 2CO; at
higher temperacure,

10. State as to why a solution of Na,C0, is alkaline?
Sol. Na,CO, isasalt of 2 weak acid{(H,CO; }and a strong base

(NaOH) therefore, it undergoes hydrolysis to produce
strong base, NaOH and hence, it aqueous solution js
alkaline in nature. 7
Na,CO, () +H,O) — 2NaOH(ag) + H,C0; (9) .
Strong base Weak acd

2%




11. What is light soda ash? Why is it called so?

Sol. Light soda ash is anhydrous Na,CO; . Itis called so because

it is fluffy solid with a low packing density of abour
0.5gem >,
Q-12 Comment on each of the following observations
(i} The mobilities of the alkali metal ions in
aqueous solution are
Li* <Na* <K* <Rb* <(s*.
(f1) Lithium is the only alkali metal which forms
nitride directly.

Sol. {#) Smaller the size of the ion, more highly it is hydrated
and greater the hydration of the ion, lower is its fonic
mobility, Since, the extent of hydration decreases in the
order ‘

Li* >Na* > K" >Rb* > Cs*
Therefore, jonic mobility increases in the reverse order -
Li* «<Na* <K* <Rb* <Cs*
Q-13 (i) State asto why
~ {o)alkali metals are prepared by electrolysis of
their fused chlorides?
{b)sodium is found o be more useful than
potassium?
(ii) Explain what happens whenfused sodium metal
reacts with ammonia?

+ £°of hydrogen is lesser than of Na, so H., will liberate,
instead of Na if aquecus sodium chioride is used.

+ Sodium Is & highly reactive metal but less reactive than
potassium.

Sol. (5 () 1. Alkali metals are strong reducing agents, hence
cannot be extracted by reduction of their oxides and
other compounds. -

IL Being highly positive in nature it is not possible to
displace them from their salt solutions by any other
element.

HI. Alkali metals cannot be obtained by the elecerolysis of
- the aqueous soffition of their salts because H, is
liberated at <athode instead of alkali metal. That's
why alkali metals are prepared by clectrolysis of their

fused chloride, -

Fusion
NaCl—— Na™ +CI™
During electrolysis

. Atanode 247 — ) + 267

At cathode 2Na¥ +2:™ — 3 2 Na

{&) Sodium is found to be more useful than potassium as it
is highly reactive but not as reactive as potassium.

Sodium is used

1. as a coolant in nuclear reactor.

IL in the manufactuse of tetraethy! lead an anti-knock
additive for petrol.

4C,H;Cl+4Na~Pb —>
(C,Hq)4Pb +3Pb+ 4NaCl
1. In sodium vapour discharge lamps.
IV. As a laboratory reagent for organic analysis.
(#) Na+NH; — NaNH, +H,

Q-14:Jons of an element of group 1 participate in the

transmission of nerve signals and transport of
sugars and amino acids into cells. This element
imparts yellow colour to the flame in flame test and
forms an oxide and a peroxide with oxygen, Identify
the element and write chemical reaction to show the
formation of its peroxide. Why does the element
impart colour to the flame?

Sol. Yellow colour flame in flame test indicates that the aleali

metal must be sodium, Tt reacts wich O o form a mixture
of sodium peroxide, Na 0O, and sodium oxide, Na ;0.

A
. Na+ 0, —5 2N3,0
L . ~ {Minog)
A
2N320+ Oz —_ 2N3.202
(Major}
A .

lonisation enthalpy of sodiura is low: When sodium metal
orits salt is heated in Bunsen flame, the flame energy causes
an excitation of the outermost electron which on reverting
back o its initial position gives out the absorbed energy as

visible light. That’s why sodium imparts yellow-colour to

the flame.

- Q-15 (i) Which colour is Imparted to flame by sodium?

{if) Why are lithium salts commonly hydrated and-

- those of the other alkali metal ions usially
anhydrous? ’

{iti) Out of XOH and NaOH, which is a stronger base
and why?

Smafler the size, higher is the hydration enthalpy and size of
alkali metal jons increases on moving down the-group.

Sol. {i) Sodium imparts 2 golden yellow colour to the fame,

{#) Because of its smallest size among alkali metals. Li* has
the maximum degree of hydration. Thats why lithium
salts are commonly hydrated and: those of other abcali
metal ions usually anhydrous.

Li*>Na*>K*>Rb*> G5t

AH} dcation in decreasing order ]
{#) KOH is a swonger base than NaOH. Due to large size
of K, K—O bond is weaker than Na—0 bond. KOH

has more concentration of OH than NaOH, hence, is a
stronger base than NaOH,

24



SARASWATI CHEMISTRY

Q-16. What happens when
{{) sodium metal is dropped in water?

{it) sodium peroxide dissolves in water?
Sol. (

(i) sodium metal is heated in free supply of air?

) Hy gas is evolved which catches fire due to the liberation of extreme heat in the reaction.
2Na{s}+ 2H,0() — 2N20H {aq) + H,(g)
{#) N2, 0, along with a small amount of Na,Ois formed.

4Na(s)+0, (g)—s 2 Na,0(s)
. {Minor)

Na,O(s)+ lOl(.f) — Na 0, ()
2 (Major)
(i) H,0, is formed when sodium peroxide is dissolved in water.

N2;03 () + 2H,0() — 2 NaOH (29) + H,0, ()

Q- 17 Write the balanced equations for the reactions between
(i) Na,0, and water (i) KO, and water (iif) Na,0 and €0,.
Sol, (1) Na,O,(s)+2 H,0() — 2NaOH (ag) + H,0,(2g)
(i) 2KO,(s)+ 2H,0() — 2 KOH (ag) + H,0, (ag) + 0,(¢)
or 4KO,(s)+ 2H,0() — 4KOH(a5)+30,(¢)
(i) N2,0+C0, ~—s Na,CO,

Q-18 ' (i) Name the groups which constitute s-block elements.

{if) Why cannot sodium and potassium be prepared by the electrolysis of their aqueous
solutions? _ .

(i1t} Why is the density of pdtassium less than sodium?
(iv) Why are alkali metals soft and have low melting points?
{v) What happens when X burns in air? Give chemical equation.

Sol. {i) s-block contains only two groups; group 1 (alkali metals) and group 2 (alkaline carth metals),
(i) The electrode potential, i.e., reduction potential of Na{-2.71 V) or K {-2.92) is much fower than

that of H,O(~ 0.83V), therefore, upon clectrolysis, water gets reduced in preference 1o N+ or Kt
ions.

In other words, sodium and potassium cannot be obtained b

y electrolytic reduction of Ng* and K*
ions in aqueous solution. .
{(iif) This is due to abnormal increase in the atomic size of potassium,
{i) Alkali metals have only one valence electron

metal fons in the close-packed metal lattices
points.

per metal atom. As g result, the binding energy of allal;
are weak. Therefore these are soft and have oy melting

{#} K+ 0, -5 KO,, potassium superoxide will be formed.

Q19 Explain why can alkali and at
methods?

Sol. (i) Alkali and alkaline earth mecals ate themselves strong reducing agents. Therefore, these merals cannot
be obtained by chemical reduction of their oxides and other compounds.
(7) These metals arc highly electropositive in natuce, So,
solutions of their salgs by other metals.

kaline earth metals not be obtained by chemical reduction

these cannot be displaced from the aqueous

Al




Q-20 What happens when (i) magnesium is burat in
air (if) quick lime is heated with silica?

Sol. () 2Mg(s}+0,(g) — 2MgO(s)

(i) Ca0(s) +Si0,(s) 25 CaSiO, (5)

Q-21 How would you explain
{1) BeO is insoluble but BeSQ, is soluble in
water?
(it} Be{OH), dissolves in NaOH but Mg{OH), does
not? ‘ _
Sol. (i) Lattice energy of BeO is greater than its hydration
encfgy s, it is insoluble in water while in case of
BeSOy, hydration energy is greater than lartice
energy, so it is readily soluble in water.
(#2) Be(OH), is amphoteric and therefore, it dissolves
in NaOH forming sodium beryllate
Be(OH), + 2 NaOH — Na,BeO, + 2H,0
On the otherhand, Mg (OH), is basic and does
not dissolve in NaOH.

Q-22 The hydroxides and carbonates of sodium and potassium

' are easily soluble in water while the corresponding satts
of magnesium and calcium are sparingly soluble in
water, Explain.

High hydration energy and low lattice energy are the favourable
conditions for a salt to be soluble in water,

Sol. The solubility of a salt in water depends upon the lattice energy -

and hydration energy.
A, soluzion = A lattice energy +4H, hydsation energy

More -negative is AH 400, mote is the solubility of
compounds.

For sodium and potassium hydroxides and carbonates, hydration
energy is more thari that of their lattice energy. Therefore, they
are soluble in water. For magnesium and calcium hydroxides and
carbonates, lattice energy is greater than that of their hydration
energy. Therefore, these are sparingly soluble in water.

Q-23. Compare the alkali metals and alkaline earth metals
with respect to
(1) ionization enthalpy
(i) basicity of oxides .
(111} solubility of hydroxides.
Sol. (i) Ionization enthalpies The first ionization enthalpies of

the alkaline earth merals are higher than those of the

corresponding atkali metals. This is due to their small
size as compared to the corresponding alkali metals.

But second ionization enthalpies of the alkaline earth
metals are smaller than those of the corresponding

alkali metals.

(%) Basicity of oxides The oxides of the alkali and
alkaline earth metals dissolves in water to form basic
hydroxides. The alkafine earch metal hydroxides are
however less basic and less stable than alkal; metal
hydroxides.

() SqubﬂE.{y of hydroxides The solubility of hydroxides
of alkaline earth metals i relatively less than their
corresponding alkali metal hydroxides,

Q-24 Compare the solubility and thermal stability of the

following compounds of the alkali metals with thoge
of alkaline earth metals, SR

(f) Nitrates (if) Carbonates (i) Sulphates

Sol. (5) Nitrates of alkali metals and alkaline earth metals

(@) Alkcali metal and alkaline earth megsl nitrates are

highly soluble in water.

(6} Alkali metal nitrates on strong heating decompose to
nitrites {except LiNQ, ).
On heating further at higher temperature, the
products are oxides,

300°C
2NaNQ; == 2NaNO, + 0,

800°C
2LINO; — 14,0+ 2N0, + L o,
2

_{\Jkaﬁne earth metal nitrates on heating decompose
into their corresponding oxide with the evolution of
mixture of NO, and O, (except Be(NO, ) ).

MENO, ), -5 2M50+ 4NO, + O,

(i) Carbonates of allcal metals and alkaline earth metals

() Allali metal catbonates are thermally quite stable
upto 1273 K; above which they melt and then
converted into oxides, -

A>1273 K
Na,COj ———— Na,0 + CO,

Li,CO; is considerably less stable and decompoge
readily,

. A
leco_a — Lizo + COE

All ;.dka]inc earth metal carbonates decomposes og
heating o give CO, and metal oxide.

GaCO, 25 Ca0+ o,

Thermal stability of alkaline earth metal carbonates
increases down the group. BeCOy; is least stable,

{6) All the alkali metal catbonates are generally soluble i
water and their solubility increases down the group
because their larrice encrgy decreases more readily
than the hydration energy.

{\Ikaline earth metal carbonates are spatingly soluble
in water and their solubility decreases down the
group. However, these are more soluble in the_

presence of CO,.

2%
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{##1) Sulphates of alkal; and alkaline earth metals
(@ Sulphates of alkali metas ate thermally quite seable
except LipSO; while sulphates of alkaline earth

metals are decomposed on heating, Their thegmal
stability increases down the group,

LizSO, — 1,04 50, +% 0,

A

(6) The alkali mera sulphates age soluble in water {except
Li;8O,). The solubility of alkaline earth metal
sulphates in water decreases down the group. BeSO,
and MgSO, are faity soluble while BaSO, is

completely insoluble.
Q-25 What happens when
(i} magnesium is burnt in air
(i) quicklime is heated with silica
(ifi) chlorine reacts with slaked lime
{iv) calcium nitrate is heated
{v) lime is heated with coke?

Sol. (3 ZMg{s}+ O, (g) ——é-—:* 2MgO (5)

A i B sk

A
and 3Mg(s)+ N, (g) — Mgy N, (s)

(i) CaO(s) +5i0,4(s) 5 CaSi, (5)
Quickdime  Sjfigy - Calcium silicare

(i3) It seacts with Cly to form calcium hypochlorite,
Ca(OC), :

2Ca(OH), + 2C1, - CaCl, + Ca{OCh), +2H ;0
Slaked lime
Bleaching powder

A
(i) 2CNOy ), (5) ~ 2Ca0(s)+ 4NO,(g)+ Oy
{#) Lime is reduced to calcium carbide. '
CO0+3C— GG,

Calcium carhide

+CO




SARASWATI CHEMISTRY

Q-1 Describe the bulk preparation of hydrogen by
electrolytic method. What is the role of an
electrolyte in this process? )

Sol. Electrolysis of acidified water using platinum electrodes
gives hydrogen.

Electrolysis

2H ;040 2H, (g} +O,(g)

P A
Traces of acid fbase

~ Here, the role of an electrolyre is to make water
conducting.

Q-2 . Why does hydrogen occur in a diatomic form rather than
in a monoatomic form under normal conditions?

Sol. Hydrogen atom has only one electron in its 15-orbital. So, to
achieve stable inert gas configuration of helium, it exists as
diatomic molecule and is cafled dihydrogen.

Q-3 «Why does
temperatures?

hydrogen react mostly at higher

or

. Discuss the consequences of high enthalpy of H—H
* bond’in terms of chemical reactivity of dihydrogen.

Sol. Due to high bond dissociation enthalpy of H—H bond,
~ hydrogen is relatively unreactive at room temperature.

However, ac high temperatures or in the presence of catalysts, it

. combines with many metals and non-metals to form hydrides.

Q-4 Why is dihydrogen not preferred in balloons these days?

Sol. Dihydrogen is highly combustible and hence, is likely to catch
fire in the presence of excess of air. That's why it is not preferred
in balloons now a days.

Q-5:+ Write the names of isotopes of hydrogen. What is
the mass ratio of these isotopes?

Sol. Protium }H, deutedum 12H or D, tritium ?H or T. The

mass ratio protium: deuterium : tritium=1:2:3.
Q-6 (i) Complete the following reactions, .
A
(a) Hyg) + Mp0,(s) —

(b)CO{g) +H,{g) E;t—:ly—st’

A #
(c) C3Hg{g) +3H,0(q) Gatalyst
' Heat
- {d) Zn(s) + NaOH (ag) ———>

(i} What do you understand by the term ‘syn gas’?

Sol.

Sol. () (@Hy(g)+ M,,0, (5)—s mM(s)+1L,00)

A
(6) CO(g)+ Hylg) a;l-v? CH;OH®)

Ni, 12720 K

(4 Z(s)+ NaOH (gg)-tet_, Na, 700 ,{ag)
Sodwim zincaze
L § . +H2(g)
{#) Syn gas Mixture of C.IO and H, is-known as synthesis
§3s of syn gas. Reaction of steam on hydrocarbons or
coke at high temperatures in the presence of catalyst
yields syn gas, e.g,,
. 12
CH{g)+ Hi0(g) —2500(g) +3H, (g)

Now a-days syn gas is produced from sewage, saw-dust,
scrapwood, news papers, etc. The process of production
of syn gas from coal is called coal gasification.
Cls)+ H,0(g) iz:—KéCO(g)+H2(g)
‘What characteristics do you expect from an
electron-deficient hydride with respect to its
structure and chemical reactions?

These hydrides do not have sufficient number of electrons
10 form normal covalent bonds, e. g B in BF; has 6
electrons in its valence shell. These hydrides are trigonal
planar in shape. -

~F
F—B NF
Trigonal planar
(Bf;)

These hydrides act as Lewis acids, i.e., electron pair acceptor
e.g. '

T LT
St
F H FH
Lewis acid Lewis base

To make up the deficiency of electrons, these hydrides exist
in polymeric forms, e.g., BjHg, B,H,,, etc. Electron
deficient hydrides are very reactive. These react with metals
and non-metals and their compounds readily, e. .,

Q-8 Do ybu expect the carbon hydrides of the type

(CaHa, 4 ») to act as Lewis acid or base? Justify your
answer,



Sol.
09
' _’scz.

110

Catbon  hydrides of the type {C,H,,,,) are
electron-precise hydrides. They have exace number of
electrons required to form covalent bonds, Therefore, they
neither act as Lewis acids nor Lewis bases.

Among NH;, H,0 and HF, which would you-expect of

have highest magnitude of hydrogen bonding and
why? _

Since, electroncgativity of ¥ is the highest, therefore,
magnitude of the positive charge on hydrogen and negative

chacge on F is the highest in HF and hence, electrostatic
ateraction of the H-bonding is che strongese in H—F,

How do you expect the metallic hydrides to be
useful for hydrogen storage? Explain

" Sol. Tn meallic hydrides, hydrogen is adsorbed a5 H-atoms.

¢ Q11

This property of adsorption of hydrogen on transicion
metals is widely used as it stotage media. So
metals such as Pd, Pt can accommodate 2 vety large volume
of hydrogen. This property has high potential for hydtogen
storage and as a source of enetgy. Metallic hydrides on

heating decompose to form hydrogen and very finely
divided metal.

. What is meant by ‘deminera{ised water' and how can
it be obtained? '

me of the

. * Sol. Water which is free from all soluble minerals salts is called

demineralised water. Demineratised water is obtained by
passing water successively through a cation exchange and
an  anton exchangc resins, In  cation exch’:mgcr,

Ca™, Mg, Na* and other cations present in water are
removed by exchanging them with TI* ions while in anion
* exchanger, CI™
removed by exchanging them with OH ™ jons,

H' + on- —H,0

(Releasedin ~ {Released in
cation anion
exchanger). exchanger}

:::i‘;Q-I 2 What is the difference between the terms

‘hydrolysis” and ‘hydration®?

~ Sol. Interaction of H* and OH™ ions of H,O with the anion

and the cation of a salt respectively to yield the original acid
and the original base is called hydrolysis.
f.g., N32C03 + 2H20—‘_) ZNHOH +H2C03

Salr Base Acid

Hydration, on the other hand, means addition of H »Oto
ions or molecules to form hydrated fons or hydrated sales.
eg,

KCH(s) +H,0() — KH{ag) + Tl (ay)
Sale

CuSO,{s) + 5H,0() — CuSOy -SH,0O{s)
{Colourless) {Blue)

Sol. AICl; is a salt of weak base, Al{OH),

» HCO;, SOZ—, eiC., present in water are

Sol. The first element of the periodic table is H and

0-13 , Do you except different produycts in solution when

aluminium (I} chloride ang potassium chloride are
treated  separately with (1) mormal water
(it) acidified water, and (i) alkaline water? Wrte
equations wherever necessary. ‘
and 2 strong acid,
HCI. Therefore, in normal wager, it undergoes hydrolysis.
AlCL (5)+ 3H,0 () —— Al(OH), (5)

+3H " (ag)+ 3C1 (ag)

Its aqueous solution is acidic in nature,

In acidified water, H* jons react with A{OH), o produce
APt {ag)ions and H 20. Therefore, in acidified water AlCl,
exists as AP '*(aq) and Cl™{ag) ions.

In alkaline water AIC) 3 yields following products

AICH (5) Al acer, AIOH); (eg) + 3C1™(ag)
AlOHI —— AIO; (ag) + 2H,0)

KClis the salt of 3 strong acid and a strong base. Tr does not
undergo hydrolysis in normal water,

It only dissociates in
wate v K+(sq) and Cl™ (ag} ion.

KCIs) 2205 K+ ()4 ™ (ag)

Aqueous solution of KCI i neutral. Hence, in acidified
water or in alkaline water, the jons do not reace fusther,

Q_ﬂ;When the first element of the ‘periodic table i

treated with dioxygen, it gives a compound whose
solid state floats on its liquid state. This compoungd
has an ability to act ag an acid as well as a base,:
~ What products will be formed when this compound
undergoes auto-ionisation?
its
molecular form is dihydrogen {H,). When dihydragen
- feacts with dioxygen, water is formed.

Water is a fiquid at room temperatuce, When liquid water

freezes, itexpands to form ice. [ other words, density ofice
is lower than thar of liquid water and hence, jce floats over
water. Water is amphoteric in fature, 7.¢., it acts as an acid

in presence of strong bases and as a base in the presence of
strong acids,

H0 (04 NH; (ag) — NH(ag) + OH ™ (ag)

Acid, Base, Acd, Base,

120 ()+H5S (a)— Hy0* (ag) + HS ™ (ag)
Base Acid, Acid, Base,

Due to amphotesic chatacrer,
ionisation as shown below
-H,0 {H+H,0 (base) == H3O+(m§r) + OH  (ag)
Acid, Base, Acid Base,
(Conjugate acid) (Conjugare base}
The self jonisation of warer is called auto

water undergoes sclf

-protolysis.
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Q-15. Considér the reaction of water with F, and suggest, in terms of oxidation and reduction, which
species are oxidised/reduced?

Fluorine being more electronegative removes oxygen from water and itself gets reduced io fluoride fon.

Sol.. 2F,(g)+2H,0 (h— O,(g)+ 4H*(ag)+ 4F(ag)
Oxidant  Reducrant

3F,{g) +3H,0 {)—> O3 (g)+6H ' (ag) + 6F " (ag)
Oxidant  Reductant

In these reactions, warer aces as reducing agent and hence, itself gets oxidised to either oxygen or ozone.
Fluorine acts as an oxidising agent and hence, iself reduced to ¥~ ion.

Q-16. Anionic hydride of an alkali metal has significant covalent character and is almost unreactive

towards oxygen and chlorine. This is used in the synthesis of other useful hydrides. Write the
formula of this hydride. Write its reaction with ALCl.

Sol. Itis LiH becanse it has significant covalent character due to the smallest alkali metal Li. LiH is very stable.
It is almost unreactive towards oxygen and chlorine,
It reacts with Al,Cl 1o form lithium aluminium hydride.

8LiH + Al,Cly — 2LiAIH,, + 6LiCl

Q-17 what properties of water make it useful as a solvent? What type of compounds can it
(i) dissolve ‘
{if} hydrolyse?

Sol. High dipole moment and high dielectric constant, these are the two properties of water which make i :
useful as a solvent. '

(9) It can dissolve both ionic compounds as well as those covalent compounds which ‘can form hydrogen
bonds with water such as ethy! alcohol, sugar, glucose, etc.

(i) Water can hydrolyse many metallic and non-metallic oxides, hydrides, phosphides and other salts
e.g., '

P4Oy(s) + 6H 00} — 4H; PO, (ag)

Q-18 pescribe the industrial applications of hydrogen dependent on
{1) the heat liberated when its atoms are made to combine on the surface of a metal.
{i1) its effect on the unsaturated organic systems in the presence of a catalyst.
(iii) its ability to combine with nitrogen inder specific conditions,
Sol. () Due to this properey hydrogen is used in atomic hydrogen welding/cutting rorch.

{7) Due to this property hydrogen is used for the manufacture of vanaspati ghee from edible oils such as
cotton-seed oil, soyabean oil, corn ol erc.

Unsatutated oil + H,{g) —ﬁlﬂ[—; Vanaspati ghee -

(i) Due to this property dihydrogen is used for the manufacture of ammona,

N, )+ 3H, (9 P20, o

{Haber’s process)

comparison to other iquids hesa i essential compound for the survival of al] life forms, In
» Water has a hugh specific heat, thermal wi : :
. . mal conductivity, su
moment, dielectric constant, etc, ’ ty, surface tension, dipole



Q-20 (i) What is hydrolith? How is it prepared? o
{1} Knowing the properties of H,0 and D,0, do you think that D,0 can be used for drinking
purposes?
{iit) Explain why HClis a gas and HF a liquid?
Sol. (i) Calcium hydride is also known as hydrolith. It is obtained by treating calcium wich hydrogen;

Ca+ Hy -2 CaH, (hydrolich)
i) No, because heavy water is injutious

to human beings as rate of biochemical reactions decreases in
heavy water.

{#17) F 1s smaller and more cif:ctronegative than C, so it forms stronger H-bonds as compared to Cl. Thars

why HEF is liquid and HCl is a gas. _

H Q-21 Statues coated with white lead on long exposuze to -22 Write.chemical reatztions to just%fg.( .that hydrogan

atmosphere turn black and the original colour can peroxide can function as an oxidising as well as
be restored on treatment with H,0,. Why? reducing agent.

Sol. On long exposure 1o atmosphee, white lead is converted S0 H,0, can act as an oxidisin
into black PbS due o the action of H,S present in the
atmosphere. As a result, statues turn black,

g 25 well as 4 reducing agent
both in acidic and basic media, e.g,

{9 Oxidising apent in acidic medium
On ueatment of these blackened statues wich H 20,, the 34 ;
black PbS$ gets oxidised to white PbSOy and the colour is 2Fe (a4 2H,0 ()
restored. {#) Oxidising agent in basic medium
PbS +4H,0, —s PbSO, + 4H,0 Mn™ (a9)+ H,0,(ag) —

LQ23(h Why is hydrated barium
. preparation O:f hydroge_n peroxide instead of (i) H,80; acts as a catalyse for decomposition of H,0,. f
) anhydrous barium peroxide? _ Therefore, some weaker acids such as H;PO,, H,CO, |
(@) Phosphoric acid is are preferred over H,80, for preparing H
In preparin peroxides. x
2 i
_ Why: _ 380, +2H;P0; — Ba,y (PO, ), +3H,0,
(iti) Hydrogen peroxide acts both as an oxidising {Insoluble} }
agent as well as a reducing agent in alkaline 79) Oxidisi
solution towards certain first row transition {6 Oidising agen

metal ions. Illustrate both these properties of 2Cr{OR); + 4NaOH + 3H 207 —
H,0, using chemical equations, 2Na,CrO; +8H 20
Here, Cr3* gets oxidised to Cr*
Reducing agent
2K;{Fe(CN)¢ 1+ 2KOH + H,0, —
2K 4 [Fe(CN) )+ 2H,0+0,
: ‘ Here, Fe* gers reduced to Fe?*.
Q-24 {i) Arrange the following.
h {a) CaH,, Bell, and TiH,

/) 4+ —_
peroxide used in the : Mn " (ag)+ 20H" (ag)

preferred over sulphuric acid

20, from
g hydrogen peroxide from peroxides.

Sol (i) Anhydrous BaO; is not used becayse the BaSO,
formed during che feaction forms a protective laye

around unreacted B20, and the reaction Stops after
sometime,

in the order of increasing electrical conductance,
{b) LiH, NaH and CsH in the order of increasing ionic character,

{¢) B—H,D —Dand F—Fin the order of increasing bond dissociation enthalpy.
(d) NaH, MgH, and H,0in order of increasing reducing property,

Sol. (3 () Elf:mct.u with Z=15, belongs to p-block. It forms covalent hydride, PH;.

{6} Element with Z=19 belongs to s-block. It forms ionic or saline hydride, KH.
(@) Element with Z=23 belongs to Z-bl
It is non-stoichiomerric hydride.

() Element with Z=44 belongs to 2-block and 8¢h

ock and Vth geoup elemens, It forms interstitial hydride, VH L6

group elements. It is ruchinium, It does not forin any
hydride because metals of group 7, 8and 9 do not form hydride (hydride gap). Only ionic hydtide, KH
reacts violently with warer producing dihydrogen gas. ‘

KH (s)+ H,0 (ag)— KOH(ag) + H,(g)
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Q-1 The compound AgF, is a unstable compound.
~ However, if formed, the compound acts as a very
strong oxidising agent. Why?

+ Due w0 the presence of ‘completely  filled
configuration Ag* is more stable than Ag2*.

+ Anoxidising agent has a greaf tendency of acecepting
electron,

Sol. In AgEy, Agisin + 2 oxidation stace, It js highly unstable

so it readily accepts an electron to steain + 1 oxidation state

which is more stable,
A +e” — agt
That'’s why AgF, actsasa strong oxidising agent.

Q-2 pssign oxidation number tg the ﬁnderlined
elements in each of the following species.

(N NaHEEO‘; _
{v) KZI_@4
{vit) H,5,0,

(i) NaHSO, (i) B0,

() €0, (i) NapH,

{vill) KAYSD, ), -128,0

| {carry one mark_each)
Sol. () NaH,po, -

Let the oxidation number of P be x. Writing the

oxidation number of each atom above its symbol, we
Fltix-2

get NaH,PQ,
Q-3 The compound YBa,(u0;,  which  shows

superconductivity, has copper in x oxidation state.
Assume that the rare earth element yttrium i in its
usual +3 oxidation state. Predict the value of x.

SoLIX{+3)+ 2% (+2)+3x + 7x (- 2)=0
~or 34 443x-14=0
or . 3x = 7
x="
3
Q-4 Why does fluorine not show disproportionation
reaction?

Sol.

In a disproportionation reaction, the same species is
simultanebug}y oxidised as well as reduccfi. There.fore, for
such a redoX reaction to occur, the reacting specw:s m.uSt
contain ‘an element which has atleasF three oxidation

states.

The element, in reacting species, is present in an

intermediate state while lower and higher oxidation States
are available for reduction and  oxidatjon t0 occur

{respectively). Fluorine is the strongest oxidising agent. J¢
does not show positive oxidation state. That's why fluorine
does not show disprqportionation reaction.
Q-5 Huorine reacts with jce and results in the change
H0 (s) +E,{g) — HK(g) + HOF (g)

Justify that this reaction is 3 redox reaction,

Redox reactions involve oxidation and reduction as its fwo
-+ hatfreactions. So, find the oxidation state of gach slement
given in the equation to find which substance is oxidising !
- and which is reducing, then tell, is the given reaction redoy
reaction?

+1-2+

I FE 1
2(g) —— HF(g) + HOF (£)

Sol. H,O(:}+F
: +1-1 412 4249
— HF +H,0+ OF,
Oxidation number of F decreases from zero (in F,} t0
—1{in HF) and of O increases from —2 to +2{in
OF,). This shows thar F, is reduced. It is not 2
‘disproportionation reaction, but only a redox
reaction. In a dispmportibnation reaction, an-element
"~ in one oxidation stage i simultaneously reduced and
oxidised.
Q-6 (Consider the reactions,
25,037(ag) +1; {s) —— 5,08 (ag) + 21" (ag)

$,037(ag) + 2Br, (1) + 5H,0 ) ——
Zsoi‘(aq) +4Br (ag) + 10H (ag)

Why does the same reductant, “thiosulphate react
differently with iodine and bromine?

Bromine is a stronger oxidising agent than iodine.

+2-2 /] 25-2 9 _
Sol. 25,07 (ag) +T2(s) — 5,0 o (a9)+21(ag)
+2-2 0
8,03 (aq) + 2B, 1)+ SH,0(1)—>
+6-2

2 SO;"(aq) +4 Br™(ag) +IOH+(aq)

Bromine is a stronger oxidising agent in comparison tol 2 Ie
. g 3= . P, . -
oxidises S of $,03 ™ 10 2 higher oxidation state +6in SO i

aH
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While I, oxidises § of320§ ~ to alower oxidation state 2.5

in §; Oé_. That's why same reducrant, thiosulphate react

differently with bromine and iodine,

Q-7 Why does the following reaction occur?

KeOé “{ag) + 2F {aq) + 6H+(aq) —

Xe03(g) + E,(g) + 31,0 0)
What conclusion about the compound Na,XeO;

(of which Xe{)é‘" is a part) can be drawn from the
reaction? '

+3 =1
Sol. XeOF (ag)+2F " (ag) FOH" (2g) —
+6 0
XeO3(g) + F, + 3H,0(/)

In the above reaction, oxidation number of Xe in XeO*~
decreases from + 8 to 4 §in XeOj and oxidation number of
F increases from — 1 {in F7) to zero (inF,).

: )-8 Ca‘t‘culaté&fhe oxidation number of sulphur,

chromium and nitrogen in H,S05, €r,02~ and No;.

Suggest the structure of these compounds., Count
for the faltacy.

.- Sol. (i) Oxidation number of S inH,50; is

20+ +5(-2)=0 or x=+8
But oxidation number of S cannot be more than 6

because § has only 6 valence electrons, This fallacy is

removed by calculating oxidation number of § by
chemical bonding method.

Let us consider the structure of H,80,
-2

Q

2 ]
H—O0—§$—0—0—H
+1 1T n

(O Peroxide linkage
-2

InH, 805, two oxygen atoms are in - 1 oxidation state.
Let the oxidation number of S be x.

2(+1)+ 3(-2) +x=2{(-1)=0
{for H)  (for theee O) {for 00}

2X (=6} +x +{~2)=0
x=+6
Therefore, the oxidation number of § in H,80; is +0.
(#1) Oxidation number of Cr in Cr,0% is
et (- 7==2
2 =+12,
x=+6

CHEMISTRY

Let us consider the structure oFCrZO%h ion

-2 -2

O\cr/o\cr/ ©

vy ~C
O/ \b 0
-2

-2
Let the oxidation number of each £r avem be x.
=D+ (- +1(-D+2x=0
~8-2-242x=p
=412, x=+6
Oxidation number of Cr in Cry0F issame ive, +6
whether it is calcylated by

conventional method or by
chemical bonding metho

d. Hence, thereis no fallacy.
(i5i) Oxidation number of N'in NOJ is
+5[x+3(=2=~1 o x=+7]

Let us consider the structure of NOJ ion

-2

. 0
0N,

=t 9

Let the oxidation number of N be x.
L= 1)+x+1 (-2)+1 -2)=0
(forQ) {for=0) (for— O)
x=+%5
Oxidation number of N i NO;

whether it is calculared b
chemical bonding metho

fon is same, 7.2, + 5

Y conventional method or by
d. Hence, there is no fallacy.

Q-9 How does Cu,0 act as both oxidant and reductant?

Explain with proper reactions showing the change of
oxidation numbers in each example,

Sol. Cy* undergoes disproportiona(ion to form Cu 2t am—i'Cu.

2Cu+(aq) — Cu® {ag) + Cu ()
Thus, Cu*

reductant.

or Cuy0 acts both as an oxidant as well zs

{t) When heated in air, Cu,0is oxidised to CuQ,
#l=2 4 o +2-2
CU 2 0 + ‘2‘ 02 _*'} 2 Cu O

.., Cu Oacts as a reductant and reduces O, 0 0?~,

(i) When heated with Cy 25, it oxidises §% ¢o 50, and
hence, Cu ;O acts as an oxidant.
H -2 4= 0 +4
2Cu,0+Cuy § — 6 Cu+50,

a5

i
{
:
!
!
!
{
;
!
H
b
!
i
3
;
:
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H
!
i
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H
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Q-10 Why do the following reactions proceed differently?
Pb30; + 8HCl— 3PbCL, + €1, + 4H,0 and
Pb30, + 4HNO; — 2Pb(NO;), + Pb0, + 2H,0

Sol. Pb; O is actually a stoichiometric mixture of 2 moles of

PO and 1 mole of PhO,. In PbO,, lead is present in + 4
oxidation state, whereas the stable oxidarion state of lead in
PbO is + 2. PbO, thus can act as an oxidant (oxidising
agent) and therefore, can oxidise CI™ ion of HCI into
chlorine. We may also keep in mind that PbO is 2 basic
oxide. Therefore, the reaction
Pb;O; + 8HC—s 3PbCl, + Cl, +4H,0

can be splitted into two reactions namely;

2PbO+ 4 HCl——s 2 PbCl, + 2H,0

(acid-base reaction)

0
Cl, +2H,0

+§ 1 2
PbO2 + 4HCl — PbCl, +

. 4 (redox reaction)
Since HNQ; itself is an oxidising agent, therefore it is
unlikely that the reaction may occur between PbO, and
HNO;. However, the acid-base reaction occurs between
PbO and HNO, as '

2PbO+ 4 HNO; —» 2Pb{NO ), + 2H,0

Itis the passive nature of PbO, against HNO; that makes
the reaction different from the one that follows wich HCL

Q-1 Whenever a reaction between an oxidising agent and -
- areducing agent is carried out, a compound of tower _

oxidation state is formed if the reducing agent is in
excess and a compound of higher oxidation state is
formed if the oxidising agent is in excass. Justify
this statement giving three illustrations. '

" Sol. (3 Pyis a reducing agent and Cl,, is an oxidising agent.
+3
4 PCl,

Lower oxidation
state of P

(]
(@) T (s)+6C22(g) —_—
Excess

+5
4 PCl;
Higher oxidacion state of P

. -
(&) P (2) +10C1, ——
Excess

Therefore, when P (reducing agent) is in excess, PCl,

is formed in which oxidation state of P is + 3 and ifct, -

- {oxidising agent) is in excess, PCl; is formed in which
oxidation state of P is + 5, Other two examples are
(i) Cisa reducing agent while O, is an oxidising agent.

0 2
{2) 2E§3(:)+02{g) -y 260 {g)

0 +4
B Ci)+ 0 — CO:{g)

Excess

Q-2 Consider the elements : Cs, Ne,Iand F

{i) Identify the element that exhibits only negative
oxidation state, .

{{i) Identify the element that exhibits only positive
oxidation state.

(iif) Identify the element that exhibits both positive
and negative oxidation states.

{iv) Identify the element which exhibits neither the
negative nor does the positive oxidation state.

Sol. {) E exhibits only negative oxidation state because it is the
' most electronegative element, -

(i) Cs exhibits only positive oxidation state because it js
the most electropositive element.

{dif) I exhibis both pasitive and negative oxidation states.
lodine exhibits ~1,0, +1, 3,45 and +7 oxidadon
states (+3, +5 and + 7 oxidation states are exhibited by
I due to the presence of vacant d-orbitals).

{i2) Ne is an inerc gas, so it neither exhibics negative nor
positive oxidation states, :

Q-13"Write formulae for the following compounds.

(i) Mercury {II) chloride(ii) Nickel (II) sulphate
(iif) Tin{IV) oxide {iv) Thallium (I) sulphate
(v) Iron (I1I) sulphate
(vi) Chromium {I11) oxide

+ While writing the formula of a compound, oxidation
state {or valency) of cation is written as the subscript
of anion and valency of anion is written as the
subscript of cation.

+ Valency of chioride {CI”) , sulphate (SOZ ™) and oxide
{0%")are —1, -2 and - 2 respectively. Valencies of

- metals are givenin brackets.

Sol. () Hg () Cl,
(i $0 IV) O,
(o) Fe, (I}S0, ),

(i Ni (1D SO,
(i) Th,(I) SO,
() Cr,(IIT) O,

Q-14. While sulphur dioxide and hydrogen peroxide can

act as oxidising as well as reducing agents in their

reactions, ozone and nitric acid act only as oxidants.

Why? ’ :

Sol. {3 In SO,,S is in +4 oxidaton state. It can have
minimum oxidation number -2 and maximum
~ oxidation number + 6, ‘Therefore, § in SO can <ither

decrease or increase its oxidation number. So, SO, can
act both as oxidising as well as reducing agent.



(#) In Hy04,0 is in —1 oxidation stace, It can haye

. o Q-17 The Mn® ion is unstable in solution and undergoes
minimum oxidation number -2 and maximur

idat; b (+1 and +2 4 b disproportionation to give Mn,”* Mn0, and H' jons.
oxidation number zero {+1 and + so0 possible in . L ; i Hon.
O,F; and OF, respecrively). Therefore, O in H,0, Write a balanced ionic equation for the reac

can either decrease or increase its oxidation number, L
$6, H,0, can act both as oxidising as well as reducing Sol. The skeletal equanion is, : .
agent. ',Mn5+{aq) _— an*(dq)‘P MnO,(s) +H" (a9}
(711 In 04,0 Is in zero oxidation stace, It Cannot increase i
oxidation .number, it can only decrease its oxidation

’ 3y " M 2+
number from zero to — 1 or —2. So, ozone can ace only as 2Ma™ (ag) + 2H1,00) T .
an oxidising agent. +MnO,(s) + 4H" (ag)
{Ib’) In HNO?’, the oxidation number of N is +5. It Q—18 Balance the fou_owring equat_ions in bas;c medjum bY :
maxigum. So, N in HNO; can only decrease i ion electron and oxidation number methods and
Ox‘idauon number. So, it can act as an oxidising agen: identify the oxidising agent and the reducing agent.
only. A _
Q-15" One mole of N,H, loses 10 moles electrons to form a () P{s)+ O™ (ag) — PH,{g) + H,P0; {aq)
sh. new con_lpound Y. Assuming that a}l the nftrogen (i) N H, )+ Q03 {aq) —s NO{(g) + CL™{(g)
appears in the new compound, what is the oxidation N
nuraber of N in ¥? There is no change in oxidation (1) CL.0,{g) + Hy0,(aq) — (103 {ag) +0,(g)
. stateofH. . (Each carries 2 Marks)
~ Sol. Suppose the oxidation number of N in ¥ is x Sol. (1) On solving as in Q. No. 3 and 4, we get following
N*), — (2NY 10" balanced equarions )
Therefore, 2x--10=— 4, which gives x=+3. Hence ‘ +3H PO (24)

oxidation number of Nin ¥ =3, " ) 3NGH () + 4CIO; (ag) —— 6NO (g)
16 [Permanganate ion reacts with bromide ion in basic

. + 4CI (ag) +6 1,04/
medium to give manganese dioxide and bromate B ) B

ion. Write the balanced ionic equation for the (i) Cly,0; {g)+4H,0, (aq)+ 2011 {ag) —
reaction. ‘

. _ 2C0; (ag)+5SH,O() +40,(g)
Sol. Step 1 The skeletal ionic equation is

MnOy{ag)+ Br {aq) — MnQ, (s} + BrO; (aq)

Step 2 Assign oxidation numbers for Mn and Br {CM),{g) + 20H"(aq) — N (ag)
- -1 - .

+7 +H4 - +5
Mn Oy (ag)+Br~ (ag) — Ma O, () + BrO; (aq)

Q-1% What short of informations can you draw from the
following reaction?

+ (N0~ {aq) + H,0({)
this indicates that permanganate jon is the oxidant and ~ S0L (CN){g)+ 20H" (29) —
bromide ion is the reductant. ‘

- CN7(ag) + CNO ™ {ag)+ H,O{)
Step 3 Calculate the increase and decrease of oxi ation Let the oxidar; .
{ d :
number, and make the increase equal to the decrease. (9 Let the oxidation pumber of C n{CN), be x.
- 5 p ; 2x:2(-3V=0 or x=+3
2Mn Oy (ag)+Br ™ (ag) — 2MnO, (5)+BrOj (aq) {ii} Let the oxidation number of C in CN™ bex.
Step 4 As the reaction occurs in the basic medium and the *HED=-1 o x=42

ionic charges are not equal on both sides, add 20H jons
on the right to make ionic charges equal.

2MnO7(ag) + Br(ag) —» 2MnO, (s)

+BrO; (ag)+20H " (aq) ‘
Step 5 Finally, count the hydrogen atoms and add ON decreases . +H,00

{#ii) Let the oxidzsron number of C in CNO™ be x.
xH=3)+(-2=-1 o x=+4

+3 + +4 '
{CN),(9 + 20H(eg) —— CZN“(aq} + CNO(ag)

appropriate number of water molecules (.e., one H,0 ON increases
molectile) on the left side to achieve balanced redox change). o . ’
2MoOJ (ag) + Br™(ag) + H,O() —s The following information we can drawn from the above

reaction. '

2MnO,{s)+BrO;3 (ag) + 20H ™ (aq)

On solving similar 0 Q. No. 3. : i

27




{#) Decomposition of cyanogen in the cyanide ion {CN™)
and cyanate ion {CNO™) occurs in basic medium.

(#1) Cyanogen {CN), acts as both reducing agent as well as
oxidising agent. .

(7i) The reaction. is an example of disproportionation
reaction {a special type of redox teaction).

(#v) Cyanogen {CN), is called pseudohalogen while CN™,

CNO™ ions are called pseudohalide ions.

Q-20 Chiorine is used to purify drinking water. Excess of

chlorine is harmful. The excess of chlorine is

- removed by treating with sulphur dioxide. Present a
balanced equation for this redox.change taking
place in water.

Sol. o +4 -1 +6 2
Cly{ag) + SOy{aq) + H,O{)— Cl -(fq) + 804 (ag)
| .

ON decreases by 1 per Cl atom

ON increases by 2 per S acom

{b) 2Cu+(aq) — Cu 2+(aq)+C0u(:)
{0 3Gaf(a.q) — Ga® +(mir)+ 2(?2(:)

-

{d) 3Inf(aq) — In3+(dq)+ 21((]1(5)

Q-22 Copper dissolves in ditute nitric acid but mot in

dilute HCL. Explain.

Sol. Since, E° of Cu* /Cu electrode (+ 0.34 V) is higher than

that of HWHZ electrode (0-0 V), therefore, H' ions
cannot oxidise Cut to Cu?* ions and hence, Cu does not

dissolve in dil. HCL.

Q-23  Depict the gatvanic cell in which the reaction,

In(s)+ 2Ag* (ag) — In™{ag)+ 2Ag(s)
takes place, further show
{1) which of the electrode is negatively charged?
(i) the carriers of the current in the cell.
(#1f) individual reaction at each electrode.

Multiply CI™ by 2 because in Cl,, there ase two chiorine  Sol. The given redox reaction for the galvanic cell is

atoms.
Cly{ag)+ SO5(ag) + H,0() = 2C1 (ag)+ SO (ag)

Balance: firse charge by adding 4H* to RHS and they
multiply H,Oby 2.
Cly(ag)+ SO,{ag)+ 2H,00) —> 201 (ag)
' + 507 +4H*
This reprcse:n‘ts the balanced redox reaction. ‘
Q-21 Refer to the periodic table given in your book and
answer the following questions.
{i} Select the possible non-metals that can show
disproportionation reaction. .
(ii) Select  three metals that <an show
disproportionation reaction.

Sol. (i} Phosphorus, chlorine and sulphur are the tion-megals
that can show disproportionation reaction.

(@) Py(s)+ 30H (2g) + 3H,0() —>
PH;{(g)+ 3H,P0; (ag)
&) Cly(g)+ 20H {ag) —
Cl{ag)+ QIO {ag)+ H,0() {cold)
3Cl,{g)+60H (ag) —>
SCL ™ (ag)+ C1O; (ag) + 3H,0() (hot)
{0 Sgls)+ 120H™ ~—s 457 (4g)
| + 25,03 (ag) + 6H,0()

(i) Manganese, copper, gallium and indium are the merals
that can show disproportionation reaction.

4
{a) 2Mn3+(aq)+ 2H0() —s M;Oz(s)

+ Mn?*(ag)+ 4H*

Znls)+ 2Ag+(aq) — Zn 2+(aq)+ 2Ag(s)

At anode, Zn is oxidised to Zn 2" ions and at cathode, Ag”

ions are reduced to Ag metal. Thus, galvanic cell for the
above ‘redox reaction may be depiced s _

Zn|Zn*(ag) || Ag*(ag) | Ag
{) Zn electrode is negatively charged because of the

oxidation of Zn to Zn%* ioms, clectrons are
accumulated on zinc electrode.

{#) Thc fons carry current in the cell. Current flows from
Ag electrode 1o Zn electrode. While electrons flow
from Zn electrode to Ag electrode.

(#i1) Individual reaction at each flectrodes
Anode Zn —> Zn* + 27

Cathode Ag™(aq)+e” —— Ag(s)



Q-24 pless. Suggest a scheme of cla
) Na(g) + Oplg) ~— 2NO (g)

(i) 2Pb(NO;}(s) — 26b0 () + 2N02(g)+2102(g)

(iii) NaH(s} + HO () —s NaOH
{iv) 2NO,(g) + 20H(aq) —»NO;(

Solution {7} Since,
combination reaction.

{ag)+ Hy{g)

the two molecy]

(i2) Since, the compound splits up
form, thus, ir is classified as dec

(#) NaH (s) + H0{) —s NaOH(g) +H,(g)
The ionic form of the reaction is H™ (s)+ H

Here, H™ (hydride jon)

redox reaction.

Oxidation )
4

+ _ 43 +5
{iv) 2NO,(g) + 20H (ag) —> NO, (ag) + NO3(¢zq)
Reduction

+ Hy0()

€ same’

Since, in the above teaction, th
example of disproportionation reaction

of their salts. Al ¢y, Fe, Mg and Zn
Q Q
Sol. EN3+]AJ =- 1.66VJEC112+1CU = 0.34 Y,

[+]

EFcz+ch =-- 0.44 V, E
and EZn“iZn =-0.76V
A meral with more negative value of £
positive value of E:d - Therefore, Mg can displace all the
<an displace al] metals except Mg from their ag
aqueous sale solutions and Fe can displace on|

Hence, the order in which they can displace cach other

Mg, Al, Zp, Fe, Cu
Q-26 Write the net ionic equation for the reaction of potassium
dichromate (v1), KoCo0; with sodium sulphite,

Na, 803, in an acid solution to give chromium (I1l) jon
and the sulphate ion,

Step ¥ Following steps are invo
such problems.
Writing skeleton ionic equation.
€g. Cr074ag)+s02(ag) — - ¢

Ived in order to solve out

{aq) + 502 ~(aq)

Step2 Assigning oxidation number to each element and
balancing atoms other thanHand O,
% 2 -2 3 + -2
G207 (20) +505 (ag)— ¢ (ag)+ S 07 (a)

aq} + NO;z(ag) + O

into several simpler substances
omposition redox reaction,

displaces hydrogen from wager molecule, so it js an examp

element undergoes oxidation as well a reduction,

M2t s 230V

from the so]

ssification of the following redoy reactions.

& arc combining 1o give 5 single product, so it is ag example of

, out of which O, isin the elemeny

200) — OH™(ag) + H, (g)

le of displacemen;

-
T

50 it {5 2n

ed 152 stronger reducin & 2gent than those which haye less negative or

given metals from thejr Aqueous salt solucions, Al
ucous salt solutions. Zinc ¢

y Cufrom its aqueous sal g

an displace Fe and Cy from their
olution,

ution of their sales is as {ollows

Step 3 Finding change in oxidation number and equalise it
‘ChangeinON =6-4=2x3 1

o Fa-2, +3 +6-2 2
7 (aq) +3505 (ag) - 200 aq) + 3505 (ag)
0f Cr ajoms
ChangeinON =§-3 = 3 per atom
ord x.2 =6 net change (as two Cr ajoms are involving)

Toequalise the increase i oxidation state of S with

decrease in oxidation state of Cr, we have to multiply it with

3. thus we have to also multiply S03" and SO with 3.

a9

i
3
i
i
|
i
i
{
H
I
H
i
H
H
;
I
B




Step4 Balancing jonic charge

Since, the medium is acidic, so we can use onlyH* ions to Therefore, on electrolysis of aqueous AgNO; solution

balance the charge with silver electrodes, Ag From sifver anode dissolves
€r,07{aq) + 350% (ag) — 20 *(ag) + 3503 7(aq) while Ag+(aq) ions present in the solution gets reduced
-2 jB(— 2x3) fo @x3+ (-2x 3 and deposited atcathode.

{#) An aqueous solution of AgNO; with platinum
electrodes. Platinum is an inert dectrode 50 at anode
oxidation of water takes place. As a resulr of this, 0,is
released at anode according to equation (b) [as in (i)].
At cathode reduction of Ag* ions takes place.

So, o balance -8 charge, we have to add 8H* jons at the
reactant side. Thus, the reaction becomes
Cr{0F(ag) + 3503 {aq) + 8H'{aq) —>
203 {ag)+ 350 (ag)

Step 5 Bafancing of H and O atoms
Now count the total number of H atoms on both the sides
and add H,0 motecule to equalise thern.
In the above reaction, there are 8H atoms towards the
reactant side, so in order to balance them, we add 4H,0
towards the product side.
Cr,07{aq) + 3502 {aq) + 8H'(aq) — 205" (ag)+ 3502{ag)
+ 44,0
Now, we check the number.of O atoms. Since, the number
of O atoms are already balanced, so the equation is a
balanced chemical equation. :
’ ty - .o ‘
-27 . L. 2H {aq)+ 2 —H,{g); E°= 00V
Q .- Predict the products of electrolysis in 7 . £ =
each of the following. ZH Olaq)+ 2~ ~— H, (g) + 20H (4g);

Therefore, on electrolysis of aqueous AgNO; solution
with platinum electrodes, O, is released ar anode and

Ag" fons from solution gets deposited at cathode.
{ii7) A dilute solution of H,50 4 with platinum electrodes.
H,S0; (ag)==2H" + 30}~
When current is passed, cicher H ions or H,0

molecules are reduced at cathode.

() An aqueous solution of AgNO; with silver
electrodes. '

(i} An aqueous solution of AgNO; with platinum
electrodes.

(i) A dilute solution of LSO, with platinum
electrodes.

{iv} An aqueous solution of CuCl, with platinum
electrodes.

* + Higher the oxidation potential of an element, more readily
it gets oxidised,

* In case of aqueous solution, H* and-OH- fons are also
present, so compare the oxidation potential of the
elements/ions with that of the H* and OH to decide the
product,

Solution () An aqueous solution of AgNO; with silver
electrodes.

Two oxidation and two reduction half reactions must be
considered,

Oxidation {at anode)
@ Ag(s) — Ag*lag)+e; E°=-080V
(O2H,00) — 0,(¢) + 4H*(ag) +4e™; Eo=—-123V

Reduction (at cathode)
O Ag'lapre — ngl);
D 2H,0 () +27 —, H,(g)+ 20H (aq);

E°=-083V

By E° values of (2) and (b), it appears that at anode, silver of
silver anode gets oxidised more readily because oxidation
potential of Ag is greater than that of H;0molecule. Similarly
by E° values of {c) and (d), it appears that at cathode,
reduction potential of Ag *ions higher than that of H,0
molecules,

E°=+080V

£°=-083V
Atcathode, H jons gets reduced fiest because reduction
potential of H jons is greater than H,O molecules.

Similarly, on passing current either. SOE_ ions or H,0
molecules are oxidised at anode. SO:" ions are
resistant to oxidation and are not discharged at anade.
So, at anode, H,0 moleules are oxidised to release O,
gas. '
H O00) — Oy(g)+ 41 (ag) + 4e™;

‘ E°=-123V
Therefore, an electrolysis of an aqueous solution of
H,50y, only electrolysis of water occurs releasing H,
at cathode and O, at anode,

(i} An aqueous solution of CuCl; with platinum

electrodes.
CuCly{ag) == Cu® + 201 (ag);
{ionisation of CuCl 2 in water)

Two oxidation and two reduction half reactions tmust
be considered.

Oxidation {at anode)
@ 201 {aq) —> Cyg)+ 2 ; E°=—-136V
() 2H)O0) — Oy(g) +4H* (ag)+4e ™

| CE°=-123V
Reduction {at cathode)

Q) Cu™* (ag)+2e™ ~—> Culs); E°=+034V
aq

4o



SARASWATI CHEMISTRY

o+ Q-1 Atank is full of water, Water is coming in as well ag

going out at same rate. What wil| happen to level of
water in a tank ? What is name given to such state?

Sol. Irwill remain the same becayse tate of inflow is equal ro rare
of outflow. The state is called stace of ‘equilibrium’.

Q2. Explain, why pure liquids and solids can be ignored
o while writing the equilibrium constant expression?

Sol. Molar concentration of 2 pure sol

constant {(i.¢., independent of the amount presenr). That's
why pure liquids and solids can be ignored while writing
the equitibrium constanc expression.

id or liquid (if in excess) is

o Q3 The equilibrinm constant sx

pression for 2 gas
reaction is,

_ (ML} [0,)°

(N0} H,0)°

Write the balanced chemical equation
corresponding to this expression,

Sol. The expression shows that 4NO and 6 H

reactants and 4 NH; and 30, molecules ace products,
Thus, the balanced chemical equation is

4NO+6H,0—s 4NH, +50,

K

20 molecules are

Predict which of the fo]
appreciable
products?

(i) Clo{g) == 201(g),

(7)) Clo{g) + 2NO(g) = 2NOCU(g); K, =3.7 x 108
(70) Cla() + 2N0,(g) =—s 2NO,Cig): K, = 1.8
~ Q-5L. Write the cop;

Jugate acids for the fy
bases NH; NH; and HCoo -,

owing reaction will haye
Concentration of feactants  apq

K. =5x107%

Base +H* === Conjugate acig

Sol. The conjugate acid sh

and therefore fhye correspondin

NH;, NH; and HCOOH respectively,

llowing Bronsteti

ould have ope €xua proton in each case

8 conjugate acid ape

Q-6 . Which of the following are Lewis acids?
H,0, BF;, H*, NH;

lewis acids have a tendency to accept elections.

Electron deficient or positively charged species hays
such tendency.

Sol, BE;, H"L_and NH; act as Lewis acids.

Q-7 What wilt be the conjugate bases for the following
Bronsted acids HF, H,50 ; and HCO3?

Acid === Conjugate base + H*

Sol. The conjugace bases should have onc proton Jess in each case

and therefore the corresponding conjugate bases areF”, SO}
and CO;~ respectively.

| Q-8 Whatis ¥ ¢ for the following equilibrium when the

equilibrium concentration of each substance is

[50,] =0.60M,{0,] =0.82 M and [S0;]=190M7

250,(g) + 0y{g) == 250,(g)

Sol. Equiiibrii{m constant,

Y _ (190M)?
byl [S0,12-10,] (0.60M) (0.52 )
=12.23 M

9 One mole of H,0 and one mole of €0 are taken in 0L

vessel and heated to 725 K. At equilibrium, 40% of

water (by mass) reacts with C0 according to the
equation,

H,0{g) + CO{g) = H,(g) +€0,(g)
Calculate the equilibrium constant for the reaction.

Q

Sol, H,0(g) + CO(g) == H,(g)+COy(g)

Initial conc. i 1

0 0
Equili. conc. (1 —x} (1-x) x x
HyOreacted = 40% of 1 mole of H0=0.4 mol

x=0.4 mol
RE %) =1-04 =06 mol
x _IHLI1C0,] 04x04

[H,01{CO] ~ 0.6%0.6

=0.444

Al




Q-10 A sample of pure PCl, was introduced into an

evacuated vessel at 473 K. After equilibrium was
attained, concentration of PCly was found to be
0.5 107" mot L™, If value of X, is8.3 x 10~%, what .

are the concentration of PCl; and Cl, at equilibrium ?

Sol, PCIS(g)”v:——‘PCl3(g)+Ciz(g)
Arequili 05x107'M
- _[PCL1{CL,]

[PCl ]

X

X,

2
-3 . X
83x10 —BE{bccause[PClﬂ:[CIz])

x* =0415%10™ = 415194
x=2.04%107% o[ !
(PCly 1= [Cly]=2.04 X102 mol 71

or-

Hence,

Q11 qp, value of K, for the reaction,

30,(9) = 203(g) is 2.0 x 107 4t 2500, t the
foncentration of 0, in air at 25°¢C i

equilibrium,

1.6x 107, what is the concentration of 0,7

Sol. 30,(g) == 204 (g)
[0,7
05 =yX, 1'0;_;]3'

O3]=2.86x }0—28 mol L}

Kl‘

or
BN

Q-12 oy the following equilibrium, X, =6.3x 1% at

1000 X
i NOg)+05(g) == NO,(g)+0,(g)

Both the forward and reverse reactions in the
equilibrium are elementary bimolecular reactions.
What is K, for the reverse Teaction? S

Sol. For the reaction,
NO(g) +0,(g) s NO,(g) +0,(g)

(&, =6.3x 10% 201000 K)

&, =N, 1(0]

_ 14 :
[NO}[O3 ] 6.3 x10 )
qu reverse reaction, -
NO,(g) +0,(g) == NO(g) + O3 (g}
,  [NOJO, ]
[{r :___i_ i)
INO,J[0,]

From Egs. (1) and (i1}, we get

Ki=1.__1
Kc‘ 6.3)( IOM
= 1.587x 10715

Q-13, Neutral solutions have PH=7at 298 K. A sample of
pure water is found to have pH < 7. Does it mean
that it is acidic ? Explain. '

Sol. pH< 7 for pure H,0 shows that warter is at a

temperature higher than 298 K. Tt is neutral ar all
temperatures. At higher temperature, H,0 dissociates

. . . + . -
more to give large concentrations of H ions and OH

ions. Hence, pH < 7. However, [H*]=[OH ] ar all

temperarures.

Q-14 . Ionic product of water at 310 Kis 2.7 x 10~%. What

is the pH of neutral water at this temperature?

Sol. K, ={H;0*] -{OH"]=27x 107 310K
H,0 +H,0 — {H;0"]{OH"]
[H;0%1={0H"]
Therefore, {H;0*] = y2.7x 10~
= 1.643x 1077 M
pH =~ log [H;0*}=—log 1.643x 10~
pH=7+ (- 0.2156)= 67844 _

Q-15, The pH of a sample of viﬁegar 1s 3.76. Calculate the
- concentration of hydrogen ion in it.

Sol. pH. = log [H*]= 3.76
log {H*] =~ 376

{Before taking antilog add -1 in characrciistic (—3)and +1
in mantissa{0.76), i.e., ~ 3.76- 1+ | = 4,24]

log{H+] =4240r [H*)= antilog 4.24
[H*] antilog(3.76) = 1.738x 1074 M

Q-16, At 450 K, X p =2.0x10®/bar for the given

reaction at equilibrium,
. 230,(g) +0,{g) = 250,(g)
What is K, at this temperature?

Sol. 250,(g) +0,(g) +— 2505(¢) |

Ang=2—3=—1
KP _ KP
2y P
(RT)™s  (RT)
K, =K, xRT
= 2.0 x10" x0.0831 x 450

=7.479%10" L mol ™!

Fl



SARASWATT CHEMISTRY

Q17 Following data is given for the reaction,

€al0,(s) ——s Cad(s) + C0,{g); Sol. Amount of SO, in atmospheres =10 ppm = 110—06 =107
ApH°{Ca0(s)] = —635.1kImol - Molar conc. of SO, in pressure of water
ArH[00,{g)] = —393.5 kImol =amount of SO, X solubiliry of SO, in water ¢
L 13052 1S
Afﬂo{cacos{s)} - —'1206_9 k:_!moinl H2803 dISSOClafCS a5 = 1.36)3)(10
- —_— + -
Predict the effect of temperature on the equilibrium ' H,80;, = H'+ Hs0; :
constant of the above reaction. - i, . 13653 x 107 0 o
Sol, CaCO3 {s) -‘——_—*CaO(;) +C02 (g) . Molar conc, of equiv. {1.3653 x 107° - x) x x
(2] (a3 2
ArH= A HO{CaO(s)] + A HO[CO,(g)] K, = * =
—A fH°[CaCO; (s)) (1.3653 X107 ~ x)
AfHo=- 635.14(~393.5) - (~1206.9) PK, =192
=4+178.3 k] mol ! ~log X, =1.92
Because AH value ;s positive, 50 the reaction s or K, =12x107
endo.the.rmic. Hence, according to Le-Chatelier's principle, 2
reaction will proceed in forward direction on increasing Substitucing1.2x107 =— ¥
temperature. (13653 %107 ~ &)
Q18 The ionisation constant of HE, HCOOH and HCN at or x* =12x107 (13653 x 107 - )

298 K are 6.8x 107, 1.8 x10™ and 4.8 x 10°°

Tespectively. Caleulate the ionisation constants of =
the corresponding conjugate hase. o x* =1.3664 x10

On solving, we get

: pH=-log (1.364 x 107> ) = 4865
* TJo find K, of a conjugate bgse, use the formula
K -14 . .
Ka-Ky =K, =1x307. ‘ Q-20 The pH of 0.005 M codeine (C,5H,;NO,) solution
+ Conjugate bases of HF, HCOOH and HCN are its ionisation constant and nk. .
F~, HCOO" andCN- respectively, 9.95. Calculate its ionisat Py

Sol. IfX_ is the ionisation constantof a weak acid (HA) and & 5

e As codeine is a weak base, its ionisation constant is

is the ionisation constant of its conjugate base (A7) then related to OH™ as

Kﬂ 'Kb =K

g = K o IOHT
b= -
K 1x 1014 {Codeine]
Ké Fl=—n 77 | : "1 OH with the help of the formul
K (HF 4 + Calculate [OH™}irom pOH with the 8 d
a ( J ”6.8x ].0 pOHS—log[OH—]
= L47x 10 * pKy = ~logk,
_ X, 1x10™ . [,0=CodeincH* + OH*
K& (HCOO )2—“*"*—-:"-*-* SOL CodCIHC(C18H21N03)+ Hzo Ogeine +
K, (HCOOH) gy 09~

pH =995
; pOH = 14— 9.95= 4.05
-14 Again, from pOH =~ log {OH™]
K, (CN-):JL=&L=2_OSXIO-G e 4053
K, (HCN) 48x 107 log [OH™ ] =~ 4.05=5.95
[OH™ = aniilog 5.95 = 8.913% 1073

[codeine H*] [OH] _ [OH "}
K& =

=5.56x 1071

- Q-19 The average concentration of 50, in atmosphere over
B a city on a certain day is 10 ppm, when the average

.- [codeine] - [codeine]
temperature is 298 K. Given that the solubility of dine H']— {OH])
50, in water at 298 K is 1.3653 mol/L and the pk o Of : (because [codeine H¥]=
132503 is 1.92, estimate the pH of acid rain on that K, - (8.913% 1073)? - Lssix 10

ay. —————

0.005




From, pXj -—-—log{f(é]:—log [1.588x 10_6]

pK, =6+ (~ 0.2009)= 5.7991
~ 5.80

It has been found that the pH of 2 0.01 M solution of
an orgamic acid is 4.15. Calculate the concentration
of the anion, the ionisation constant of the acid and
itspk . '

Q-21.

+ Organic acids are weak acids, so dissociate as
=W+ A and their K, is calculated 25,
Fir e
K, = HTJIAT)
HA]
+ Tocaleulate K;, H* Jand {A™}are required. Calculate
(H*} by using the formula, pH = —tog H*] and
calculate  [AT] by wusing the equation
HA=—=H ¢+ 4™,
+ Then, caleulate K,
o+ -
K, = H AT
HA]

by using the formula,

~ {CH;C007) = {1, 0* 1=/ &, -[CH,Co0N]

Given, X, =1.74x 1075, [CH;COOH] = 0.05 M

* [CH3000™] = (H,0*) =1 74% 107 % 005
(CH;C00™] = [H;0* =y17.4x 106 x 5.0 107

=9.33x 104 M
Again, from [CH,COO™ ] = H;0"1=Ca
(1,0')
C

Degree of dissociation, ¢ =

_9.33x 107
0.05

pH =~ log [H,0*]

pH =~ log [9.33x 10~4)
4-0.9699=4- 0.97=303

= 1.86x 1072

+ Calculate pK, by using the formuta pk,, = ~log K~ Q-23. The degree of ionisation of a 0.1 M bromoacetic acid

Sol. HA=H"+ 4"

pH=-log[H*]=4.15

log {H*]=—4.15
log IH*)=5.85 or [H] = antilog 5.85
=7.079% 107
H*] =[47]=7.079% 107 M
_HTMa)
[HA]

_(7.079x 107) (7.079% 107°)
0.01
=5011.22x10"1° = 5.0% 1077

Thus, K,

PKa :—log Kct
=-log [5.0x 107 ]
=—{.699 +7=6.301

. From,

Q-22 The ionisation constant of acetic acid is 1.74 x 107>,
Calculate the degree of dissociation of acetic acid in
its 0.05 M solution. Calculate the concentration of
acetate ion in the solution and its pH.

CH3COOI + H,0 =2 CH,CO0™ +H,0"
0 0
C-Cax o Ca

- [CH;C007] [H,07]
a {CH;COOH]

[cH3c00“] =(H,0")

Sol.
Initially
At time ¢

solution is 0.132. Calculate the pH of the solution
and the pX, of bromoacetic acid. 3

~+ Find K, by using the formuia Ka =C-0? {for weak
acid),
+ FindpK,, by using the formuta PKa =~log K.
* Tofind pH of the solution, find (0] concentration,
by using the relation [H,0* ] = Cq,

Initial conc, € 0 ]
Equili. conc. €~ Ca- Cor
Cll-)

¥ - [CH,(Br)COO™][H,0%)
[CH, (Br)COOH]
_Cou-Co  ca?.
G- (-0
K, =Ca? {For weak acid (1 - ¢r) = ]
K, =0.1x(0.132)* = 0.00174
~1.74x 1073
From pK, =—Iogf(4
P, =-log [1.74x 1073
=~0.2405+3 = 2.7595
From fH;0') = Ce=0. 1x 0.132=0.0132
pH=~log {H,0"]
pH=-log[1.32x 1072
pH= - 0.1206 +2
= 1.879%4 ~ 1.88

din
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g 9‘24 Calculate the pH of the resultant mixtures

(i) 10 L of 0.2 M Ca(OH), + 25 mL of 0.1 M K}

(1) 10 mL of 0.01 M H,50, + 10 mL of 0.01 ¥
Ca{OH),

(i) 10 mLof 0.1 M H,50, +10 mL of 0.1 M Ko

* Sol. () Millimoles of base, Ca (OH), = A1,y

T =2x02x%10=4
Miilimoles of acid, HC} = MV, =0.1x25= 25
4>25 .
ie., MV} > M,V, hence, solution is basic.
MV, - M,V
{OH =11 7272
Vi +V,
:En_%é.x 0.043 M
10+ 25

pOH =—log [4.3x 162)
= - 0.6335+2 = 1.3665
pH=14-pOH
= 14— 1.3665= 12.6335 = 12.63
() Millimoles of acid, H,80, = MV}
=2x0.01x10=0.2
Millimoles of base, Ca(OH,) = M,V
. o =2x0.01x10=0.2
. MVy = M,V,, hence solution is neutral.
. pH=7
(i7) Millimoles of acid, H,S0, =MV} = 2x0.1x10=2
Millimoles of base, KOH = M,V, =0.1x10=1
251
ie, MV, > MV,
ie, MY > M,V,, hence solution is acidic,
[H* ] = Mllfl HM2V2
i+,
_ {0.2x10)-10.1x10) 21
) 10+10 20

=0.05M

pH=- log [0.05] =~ log {5.0x 1072]
=1.301=1.30

Q‘ZS., The pH of 0.1M solution of cyanic acid {HCNO) is
: 2.34. Calculate the ionisation constant of the acid
and its degree of ionisation in the solution.

As we have pH, find H,0* Jto calculate K 5 andao
.

C
Sol. HONO+ H,0 = H,0* + CNO™

pH =—log [H;0%]=2.34
log [H;0%1=—2.34 = 5.66
© [H;0%] = antilog 3.66
=4571% 107°M

+ -
Ionisation constant, K, = w
[HCNO]

_4571x 107 x 4,571 x 1973
- 0.1
=2.089x 1074
[H;0%]
C
_4.571x 107
T o
=4571x 1072

Degree of fonisation, ot =

o

Q-26 The solubility of St(G ), a* 298 K is 19.23 g/L of

solution. Calculate the concentrations of strontiyy
+ and hydroxyl ions and the pH of the solution,

+ First find concantration of S{OH), solution in mol oer
litre as concentration is givening/l.

+ We have the {OH™], so find (H*¥%on concentration
with the help of [H JIOH ™} = 10714,

+ Find pH of the salution from {H*}.
Sol. Solubility of SH{OH), = 19.23 g/L{at 298 K)
 [Molar mass of Sr{OH), = 876+ 2{16+ 1)

=121.6 g mol ']

Molarity, . M:lz?{%ﬁ
L Xl

M =0.1581 mol 1!

SHOH), — &2 4+ 204"
0.1581 M 0.1581M 2% 0.1581 M
Here, [Sr2+] = (L1581 M

[OH™]= 03162 M
From, [H*} {OH"]= 107"
{H*]:ﬁ—i =316x 107"
0.3162
pH = log [H*]
=~ log (3.16x 10~

pH= ~0.4997 +14
= 13.5003= 135

ks
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Q-27 If 0.561 g of KOH is dissolved in water to give 200 L of solution at 298 K, calculate the
' concentrations of potassium, hydrogen and hydroxyl ions. What is its pH? -

Sol. Molarity of KOH, M = mass of KOH (g)x 1000 = ag= 0361% 1000
molar mass (KOH) xVolume of solution {in ml.) 56200

(Molar mass of KOH =39 +16 +1=56 g mol ') =M =0.05 mol L™' ,
KOH - K' + oH"

o K*}]=0.05M and [OH ]=005M

From, [H']-[OH™]=K, =1.0x 107"

_Lox107™

[H*] =20x 107% M=20x 107°M

pH=—log[H*]=-logf2.0x 107 |=- 03010+ 13=127
Q-28 The jonisation constant of dimethylamine is 5.4 x 107, Calculate its degree of ionisation in

its 0.02 M solution. What percentage of dimethylamine is ionised if the solution is also 0.1 M
in NaOH?

Sol. Given, K; for dimethylamine = 5.4 x10~, C for dimethylamine =0.02M

— -
a=yK, 1 =J%L= 164x 107" = 0.164

In the presence of 0.1 M NaOH,
. L .
(CH, ), NH + H,0 = {CH, ), NH, + OH"

Initial conc. 0.02 M 0 . 0
Equili conc. (0.02 - Cor) S Cot 0.1
' =002 . - = 0.1
(0.1 from 0.1 M NaOH)

[(CH;), N H,] {OH™]
"~ [{CH,),NH]
ot = 00201
0.02 A
o = 4% 107 x 0.02
0.02 X0.1
o =0.54% '

5.4 1

=54x 107 =5.4x 107

Q-29 For the reaction, N,(g) + 3H,(g) —= 2NH;(g). the partial pressures of N, and H, are 0.8

and 0.40 atmosphere respectively at equilibrium. The total ressur i
( . re of thé system
2,80 atmosphere. What is ¥ p for the ahove reaction? ’ ’ *

-8Sol, .szg) +3H,(g) == 2NH,; (g}

Given, at equifibrium, Pn, =0.80atmosphere, py, =0.40 atmosphere
PNZ +PH2 +PNH3 =2.80 atmosphc;f_-
Pnn, = 2.80 ~(0.80 +0.40) =1.60 atmospheres

2 2

PN, XY 080x(040)

Iﬂ
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Q-30 4 sample of HI{g} is placed in flask at a Pressure of 0.2 atm, At equilibrium, the partial

pressure of Hi(g) is 0.04 atm. What is ¢ p for the given equilibrium?
2HI(g) == H,(g) +1,(g)
Sol. 2HI(g) == H,(g) +1,(g)
Initial pressure 0.2 a¢m 0 0

Equili, pressure 004atm  0.082em  0.08 2tm

{Decrease in pressure of H =0.2 — 0.04 =0.16 atrn; so equilibtium pressure of 1 ; is %é =0.08 atm, and

forl, is -2116 =008 atm 25 two moles of H og dissociation gives 1 mole H, and I mole] 2)

x —PHix P, 008 x0.08 B
Y e
P {004) .

€0(g) + H,0(g) == €0, (g) + Hy{g)
If a reaction vessel at 400°C is charged with an

equimolar mixture of g and steam such that
Peo =Py,0 = 4.0 bar, what will be the partial

pressure of H, at equilibriym? g p =10.1at
400°C,
Sol, CO(g) + H,0g) === CO, (4) + Hy(g)
Inidal pressure 4.0 40 0 0
At equili, (40~ p) 40-p) F 2
% _Pco, P, _ 2-p
PcoPuo (d-p)-(4-p)
2
10.1= 4 3
(4~ p)
On solving, 1271 3.04 bar
4,17
Hence, 2u, =3.04bar
g Q32

. The pH of 0.004 M
constant K, and pK,

hydrazine solution is 9.7, Calculate its jonisation
Solution Hydrazine undergoes ionisation in the following manner.
NH,NH, +H,O==NH,NH} +OH"
H) = andilog (- PH) = antilog (~9.7) = 1 67 x 1910
- 1x 107
(OH)= Ze LU0
fH') 1.67x10™!

&, = NHNHITOHT) (50810752 =8.96 107
=t BIOHT soexaoy
ENH2NH2 ] 0.004

=5.98x10" =[NH,NH; ]

pK; =~ log Ky =— log {8.96 x 10_7)=6.04

43




Q-33:
Solution pH=-log[H*}=~1log107® =8

Calculate the pH of 10~ M HCl solution.

But chis is not true because an acidic solution cannothave pH greater than 7. In this condition, [H* ] of water

cannot be neglected.

Therefore, [H ] ={H" Ty +H' Ty, =107 +107 =100 (1 +10) =11 x 107

Now from,

Q_'34 What is meant by the conjugate acid-base pair? Find
the conjugate acid/base for the following species.

HNO,, CN~, HClO,, ¥, OH™, C0% and $*

Acid- H* —— Conjugate base
Base + H* ——— Conjugate acid

Sol. An acid-base pair differ by a proton is known as conjugate
acid-base pair.

Conjugate bases for HNO,, HCIO and OH™ are
NO;, Oy and o* respectively conjugate acids, for
CN™,F,0H",COZ" and S$%ae HCN, HE,
H,0,HCO; and HS respectively.

Q“35_ Classify the following species into Lewis acids and

-Lewis bases and show how these act as Lewis

acid/hase? B
() o~ (i) E~
(iii) H* (1v) BCL,

- Lewis acids have a fendency to accepl electrons and Lewis
bases have a tendency to donate electrons.

Sol. OH™ and F™ are electron rich species and can donate
electron paie. Hence, these act as Lewis base.
:OH +H' — H,0
e [\
‘FL +BF —— [BF;]

H* and BCl; ate electron deficient species and can accept

electron pait. Hence, these act as Lewis acid.
H;N§ + H" —— NH}
-
H;N{ +BCl; —— H;N— BCl

Q-36 What is the maximum concentration of equimolar
solutions of ferrous sutphate and sodium sulphide
so that when mixed in equal volumes, there is no
precipitation of iron sulphide? (For iron sulphide,
Ky =63x107%)

pH = - log [H* ]=~log (11 x107* )= log 11~ log 10" =6.958

Sol. Fe§ is at the point of precipitation when
] [S*)=K,,

{Fe®*1=15""]= K, = \f'6.3 x10718

(Fe¥* ) = [s*]=251x107° M

Since, equimolar solutions are to be mixed, hence on
mixing concentration is halved. Thus, in original solution

{FeSO, 1= [Na,S)=2x2.51x1077
- M =502x107M

Q-37) What is the minimum volume of water required to

dissolved 1g of calcium sulphate at 298 K?
(For calcium sulphate, K, i59.1x 107%).

Sol. CaSO; w=> Ca¥ 450X K,y =9.Ix 107
s s s .

where s is the solubility of CaSO.
K, =[G 180] 1= 5e5=5"
s= [, =y9.1%10° =s=3017x 107 M
.- Solubility of CaSO; =3.017x 10 mol L = -
=3017x 102 x 136 g L™!

(Molar mass of CaSO, = 136 g mol 1)
 =4103x107 gL
4103% 10" g CaSO, is dissolved in=11.
) ix1
4103x 1072
=2437L

lgCé304 is dissolved in =

Q-38: The concentration of sulphide ion in 0.1 M HCl
solution saturated with hydrogen sulphide is
1.0 x 107 M. If 10 L of this is added to 5 mL of 0.04
M solution of the following FeSO,, MnCl,, ZnCl, and
CdCl,, in which of these solutions precipitation will

take place?

4R



{Given, K of Fe§=6.3 x 1078,
K of MnS = 2.5 x 10753
Ko of 208 = 1.6 X 107, K of CdS = 8.0 x 1072

—_—

For precipitatin, ionic product > solubility product, so calculate
ionie product of each salt and compare it with solubility product,

Sol. $*1=1x 107 M

10 mL of $% is mixed with 5 mL of 0.04 M solution of
different solutes so that final volume of solution is 15 mL.

- 1 -19 . _ -
5 o =200 1070 iy

[M2+]= 5 x0.04

=1.33%1072 M

where,  [M?*}=Fe?* Mn B Zn®™ or C4?
M8 12133 X 1072 x6.67 x 102

Le,  ionic product of [M2*](S*"] =8.87 x 102

Since, jonic product of [M2*][$2" > K, of ZnSand CdS.

So, these (CACl, and ZnCl 2) are precipitated as CdS and
ZnS.

o ,.'0‘39 Equal volumes of 0.002 M solutions of sodium iodate

and cupric chlorate are mixed together. Will it lead
precipitation of copper iodate? '

(For cupric jodate ¥ sp = 14X 107%)

+ Tor precipitation, ionic product > K 50 first find
concentration, {mol L) ofCu?* ions and 103 ions in

mixture and then ionic product of{Cu?* Jand {1051
+ If ionic peoduct > Ksp. precipitation of Cu(l0g), will
take place, otherwise not.
Sol. 2NalO; + Cu(ClO; ), — 2N2CiO, + Cul0; ),
Copper iodate

[Cu™] =°—'(;E:0.001M

0.002
(05 ) e :._%9_= 0.001M

(Due to mixing of equal volumes, molar concentrations -

of each species is halved.)
Cull0;); == Cu™+2105
Cu{lOy), is prmipiﬁted iffCu). 10;1* > K, "
[Cu® {105 *={1.0% 107 )x (1.0x 1073)2
=1x107°

Tonic product < K,
.. There will be no precipitation.

Sol. Ag,CrO; —= 245" + GO K,

Q-41 The ionisation constant of benzoic acid

Q-40, The solubility product constant of Ag,0r0, ang

AgBrare 1.1x 1072 apd 5 4 x 1078

Calculate the ratip of the molarit
saturated solutions,

Tespectively,
les of their

= LIx 10712
$ 25 5
(Solubility of Ag ,Cr0, is 5 mol 1! )
Ko =[Ag"(COT]

Ksp ‘_"(7-5)2 -5 = i

K -2
or !3Fi:I.IX10
4 4
=0.275x10712
2 =275x10713

3logs=log2.75 x10™13
3log s=0.4393-13=~ 12.5607

—-12.560
log s =~—3§J:— 4.1869

=5.813]

s = antilog 5.8131 = 6.503 x 105 M
Thus, solubility of{Ag;,Cr0, 1 =6.503% 1075 M

AgBr —— Ag™+ B K 2501070
¥ s 5

(Solubility of AgBr is s mol L™
Ko =[Ag"J(Br]=s.s=42

or 5= 1Ky =y50x10713
=4/50 x10714

s=7.07x107 M

Ratio of their solubilities
s(Ag,Cr04) _650%107° M
s(AgB)  7.07x107 M
Therefore, Ag,CrQ, is 92 times more soluble than AgBr.

=91.93= 92

is
646% 10 and £ o for silver benzonate is
2.5% 107" How many times is silver benzoate more
soluble in a buffer of PH3.19 compared to its
solubility in pure water?
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Sol. CgH;COOAg(s)== CH;C00™ +Ag; K, =
CgHsCOO™ +H' ==CH,CO0H; X, =K—
CgH;COOAg(s) + H" ==C H;COOH + Ag*;
. K - -
K= “‘Xi

a

[CsHsCOOHJAg*]

X =
’ [H']

where, s is the solubility of C ;H; COOA.
In a buffer of pH = 3.19,

log (H*]=~3.19=4.81
=  {H")=antlog 4.81=6.46x10~

2 K

» Ky x[H']
H")

K, X,
. ‘/2.5 x1072 x 6,46 10~

or §% =

646 %107>

:=\/2.5 x1072 x10

= s=L6x1075 M {in buffey)
Inaqueous solution, solubitity of C HsCOO0Ag
K, =[CHsCOO | [Ag* )= 5552

;:\/prmfz.s x1078 =5x107 M

5(C5H5C00Ag) in buffer B 1.6x 10-—-6

5(C4H5COO0Ag) In aqueoussolution 5% 1077

CeHs COOAg is 3.2 times more soluble in buffer than in

pure water.

Q-42,, Calculate the degree of ionisation of 0.05 M acetic

acid if its pX ;value is 4.74. How is the degree of

dissociation affected when its solution also contains
{i) 0.01 M (i) 0.1 M in HCI?

+ aisrelatedto K, ase = K, /C, sofirst find K, from
pK, aspK, =—log {K,)and then calculate .

+ Tofindainthe presence of 0.01 M HClor0.1 MHC!, .

calculate Co for acetate ions by taking {H'] ion
concentrations 001Mor 0.1 M.

Sol. pK, =—log X,
4.74=-log K,
or K, =andlog 5.26=1.82x 107

From, az,/K,_, /1C

CHEMISTRY .

11.82x 10‘5
a= YT =v0.364x 107 =/3.64x 10~
0=1.908x 1072

() In ther presence of 0.01 M H*
CH;COOH «=CH,C00™ + H*

Initial conc, Q.05 M i} 0
Equili. conc. .05 - Cg Ca ({Co +0.01)
= (.05 = .01

[CH;COOH is aweak acid and HCl s 2 strong acid, so
we can assume that (Cot + 0.01) ~ 0, 01]

[CH;CO0™) IHY)
[CH,COO0H]
1.82x 1975 = £ X001
© 005

1.82x 107° x 0.05
0.01

K =

“ta

or Co=

or 0.05xax=9.1%10""

_91x107

005
{#9) In the presence of 0.1 M HC{
_[CH;COO™J[H"]

=1.82% 1072

Similady, K, =
[CH,COOH]
1821075 == 2EX01
0.05-

((H™] ={Ca +0.1M) = 0.1°M)
(becau_se 0.1 MHCl =0.1MH" ions)
1.82x107% x 0.05

Ca= =0.91x 1073
0.1
-5
a=X10 7 e 10
0.05

Ini the presence of strong acid, dissociation of weak acid Z.e.,
CH3COOH decreases due to common ion effect.

Q-43 What is the pH of 0.001 M aniline solution? The

ionisation constant of aniline is 4.27 x 107

Calculate the degree of ionisation of aniline in the
solution. Also calculate the ionisation constant of
the conjugate acid of aniline.

"+ Find [OH Jion concentration by using the formula
[OH}= JK.C.
+ To find pH of the solution first find pOH and then pH
from pH+ pOH =14
« Find « by using the formula ¢ = JI_(b_/C {for weak
base).

+ Find K, by using the formuta K, - K, = K, = 107"

R



S0l CgH, NH; + H0= *C(H,NH] + OH-
ko _CHNH; T oH
=265V 1 10H ]
C T CH, N,
__[OH"P
[CHNH,] -

[OH")= K, 'C =427% 10-10 & 0.001

[OH™)=6.534x 1077
POH =-log [OH™ = - log [6.534 x 10~ ]
POH = - 0.8152 +7=¢6.13
From, pH+pOH =14
PH=14-618=738)

CeHsNH, + H,0 CeHsNH; + OH-
Initia cone. C 4 0
o Bquili conc. ¢~y Ca Cor
Ky = Co.- Co {1~ a)=1for weak base]
Cll-q) >
K& = CCC 2

ot u=K,IC

Degree of ionisation,

-0
o= fﬂlﬂ_ =6.53x 1074
0.001

K, of conjugate acid of anifine,
' . ~14
K, = K -
Ky 427% 1070
=234x 107

O-44 e first ionisation constant of H,8is 9.1x 1078,

Calculate the concentration of HS™ ion in its 0.1

affected if the solution is 0.1 M in HCl also? If

o = Q-45 The ionisation
the second dissociation constant of H,S is

1.2x 167, calculate the concentration of §2-
under hoth conditions,

* HS being a weak acid, dissociates ag
HS +HO HO" + Hg-
K, <071 HS]
¥} ___“——‘—-——-—'
(HS]

* HCl being a strong acid diss

ociateg completely,
so calculate [HS Tinthe presence of 0.1 MHCI by

laking [H*] concentration as 0.1 M.

* Caleulate [S*7 ion concentration by using the
equation, HS™ + HO o= HO* 4 g2~

+ Calculate [§2-

1 ion concenteation in the presence
of 0.1 MHCI.

Sol. CHyCH,COOH + H,0

Sol. (3 H,5+ H:0 — H;0"+Hs

{H_,,O*] [HS™]
K = _ V1
“ [H,S]

tH;0)= (Hs™) = JE. - C

[ ~ '
SVIIXT07® 5 01 = 954% 395 M
{i1) Tn the presence of 0.1 M HC)J

[H;0%1 =01 M
[H;0%] [Hs)
o iy
9.1x 1078 =m[0'l] [HS ]
fo.1)
= [HST)=9.1x107
Hence, concentration of [HS™

presence of 0.1M HCl due to co
(#9) For second dissociation constant,

1 is decreased in the
mmonion effect,

HS™ + H,0 =y, 0% 4 g2

(In absence of HCl
(HS"HH;0% = 9541075

+ 2~
Now, I{az = M
[HS™]
e
H;0*=1s ]H,/f(,,2 -C
=1.2% 10713 & 9.54x 1975

=3.38% 107\
{i#) In the presence of 0.1 M HCY,
2- -
K, - {H;0% {57 _ oy 57y

——

{HS™) 1% 107
[5%1= 1.092x 10790

_= CHjCH:,!COO_‘!" H30+;
Propanoic acid

(0.05 - Cu)
From Ostwald’s dilution faw,

f -5
- = ’KIIC: I—:‘}onﬁugo_ﬁ

0=0.016248
(H;0%] = Ca =0.05 x 0.016248

Co Cao

=0.0008124 = 8. 124 10~

Ki




log {H;0% ) =— log (8.124x 10™4)
=3,0902 = 3.09

When the solution contains 0.01 M HCl

_ [CH;CH,CO0™} [H;0%]

From, pH=—

¢ CH;CH,COOH -
132 1075 = X001
- {0.05-Co)

([H;0*] = 0-01 M from HCI. In the presence of 0.01 M
HCl, dissociation of propanoic acid decreases).
1.32% 107 x (0.05~ Cot)
0.01
_1.32x107> x0.05
C 001
or 0.05X e =6.60x 107
_660%107
= __—@5
=132% 107

Ca =

[as (0.05 - Co)) = 0.05]

'Q-46 The pH of milk, black coffee, tomato juice, lemon
juice and egg white are 6.8, 5.0, 4.2, 2.2 and 7.8
respectwely Calculate the corresponding hydrogen
ion concentration in each.

Sol. (i} pH of milk = 6.8
+log {H*]=-6.8=7.20
H']= antilog 7.20 = 1.585% 107/ M
(i) pH of black coffee = 5.0
' log {H*1=~5.0
H*'I=10"M
{éi#) pH of lemon juice = 2.2
log [H*]=-22=38
[H*] =antilog 3.8=6.310x 107°M
(i) pH of tomato juice = 4.2 '
log (H*]=—4.2=5.80
{H"]= antilog5.80= 6.310x 10°M_
(#) pH of egg white = 7.8
dog [H 1=-7.8=8.20
[H* 1= antilog §.20
= 1.585x IO'SM

Q-47 Calculate the pH of the following solutions.

{1) 2 g of TIOH dlssolved In water to give 2 [

solution,

(i) 0.3 g of CaOH), dissolved in water to give

500 mL solution,

(iii) 0.3 g of NaOH dissolved in water to give 200 m],
of solution.

“(iv) 1 mL of 13.6 M HCl is dituted with water to give
1 L of solution.

Sol. (i) Molecular mass of TIOH = 204 +16 +1=221 gmol !

Conc. in mol L™ (molarity)
- mass of TIOH (g)

" molar mass of TIOH X volume of solurion {L}

= 0.00452= 452 %107 M

21%2
pOH =- log {OH ]
—log [452x107%] =2.344
From,  pH+pOH =14

pH=14-2334 =11.656 = 1166
(i) Molccular mass of Ca(OH),
=40+ {16 +1)x 2] = 74 g mol !
Molarity, M
mass of Ca(OH), (g) x 1000

moIar mass of Ca(OH}), xvolume of solution {mL}
_ 0.3x 1000
~ 74x500

One mole of Ca(OH), gives 2 moles of OH ™.

={0.0081

So, [OH™] =2x0.0081=0.0162 M
pOH=—log {OH]=-log [0.0162)
=1.7905=1.79
From, pH+ pOH= 14
or pH=14-179=12.21
Q-48 Reaction between N, and 0, takes place as follows
2N,(g) +0,{g) = 2N,0(q)

If a mixture of 0.482 mole N, and 0.933 mole 0,1is
placed in'a 10 L reaction vessel and allowed to form
N,0 at a temperature for which K, =2.0x 107,

determine the composition of equilibrium mixture,

+ Find the equilibrium concentrations of reactants and
products in the given equation by assuming 2x mole
0fN, and xmole of O, are disappeared and2 xmole of

N,Oare appeared.
+ Find the value of x to determine the concentration of
reaction mixture.
Initial cone. 0.482 0.933 [t}
Equilibrium conc.  (0.482~22) (0.933 — x) 2x
Active mass
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ligible amounts of -50+ Bromine monochloride,
N, and O, react.

K, is very very small, which means neg
[N,],, = —___0'4830" x {Lif_z =0.0482
Similarly, [0, ], = 0‘93; z ~*= 919—? =0.0933
PO 22012
N, 1°{0,]
=20x107
o
100
) 0.0482)% (0.0933)
ot x% =10.837 x 1040
or x=3292 x1072

2x3292 19720
[NZO] :_Zj = ) .
10 10
=6.58 %1072 mol L7

49 :At 700 K, equilibrium constant for the reaction,

o Sol.

H,(g) +1,(g) ==2HI(q)is 54.8.

If 0.5 mol L™* of HI(g) is present at equilibritim at
700 K, what are the concentration of H,(g)andT,(g)

~assuming that we initially started with HI(g) and

allowed it to reach equilibrium at 700 K?

Aswe started the reaction with HI, so equilibriL{m congtant
for the dissociation of Hi RHl == H, + L)is requnrg:d.
Thus, calculate equilibrium constant for backward reaction

(Ko ')(K °= é] and then caleulate [H, ] and {l,].

Hy(g)+1,(g) == 2HI(g); K, =548
2Hl(g) v=— H,(g)+1,(g);

+ {Hy] [IzlzLI_
Ke= [HI? 548

Given, (HI = 0.5 mol L™
According to equation, | H,l=[1,]=1x]
x.x 1 2 [05)°
= or

—_— X =——= 000456
[05P 548 54.8

x=0.0675M
Hence, [Hyl={I,]1=x=0.0675 M

again,

Q

BrCl  decomposes into
broming and chlorine and reaches the equilibrium,

2Brll{g) — Br,(g) +Cl,{g)
for which X, =32 at 500 . If initially pure BrCl is
present at a concentration of 3,3 107 mol L,

what is its molar concentration‘in the mixture at
equilibrium? e

+ First, find equilibrium concentr,
and products given in the e
xmole of BrCt decomposes.

alion for all reactanis
Quation by assuming

* Find x by the expression of K, and then fing
(BN aquiricn.
Sol. 2BrCl(g) == Br,(g) +ClL(g)
Initial cone,  330% 1073 0 0
Equili. conc, (3.30x1072 —x) ud d
2 2 ‘
(K, =32at500 K} .
. X X X .
_Br][Cl] 272
K, S = -—ﬁ—ﬁ_z =32
(BeClj (330x107% — )
or x = 005732 =3032 %1073 mol 1,1
12.312

[BeCll g, = (3.30x 107 3,032 1972 )mol L™

=2.68% 1074 ol 1.1

-SL. Find out the value of ¥ ¢ Tor each of the following
equilibria from the value of x

b
(7) 2NOCl{g) —-~ 2N0{g) +C1, (g); ,
K, =18x 1072 at 500 K
{if) CaC04 {s) == Ca0(s) +£0, (g);
, K, =167at 1073%

First, find an, by subtracting the moles of gasaous
feactanis from the moles of ‘Gaseous products for each
equation, as Ky and K are relatad as K, = K, (HT}MQ .
Then, calcutate K, in each case.

Sol. {0 ZNOCI(g) —_ ZNO(g) + Clz(g);
K,=18x107 ac500 K
Ang =np—np=3-7=1
X 18% 1072
P A% 10
K, = =_ 28X
k7Y™ 0.0821x 500

<) CaCO; (5) == CaO(s )+CO, (g);
Kp =167 at 1073 K

=438x 1074

Ang =np —np=1
Kp i67

K‘.= & S e— =
(RTY™ " 0.0821x 1073

1.89
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Q-52 | At 1127 K and 1 atm pressure, a gaseous mixture of
€0 and (0, in equilibrium with solid carbon has

90.55% €0 by mass.
€(s) +C0,(g) —= 200(q)

Calculate K, for this reaction at the ~above Sol
tefaperature.

+ Since, the percentage by mass is given, so calculate
the number of moles of CO and CO, to calculate their
mole fractions.

+ Then, caleulate the partial pressures of CO and CO,
by using the formula g, = x, - Protal

2
+ Calculate K, by using the formula, K, = P20 ang
Aco,

K. by using the formula, K, = K_(RT)% | f

t

Sol. 90.55% CO by mass means 90.55 gCOand 9.45¢CO,
‘ |

are present in 100 g mixeure. ;

Number of moles of CO, oo = 29282 =3.234 mol

H
t

{Molar mass of CO = 28 gmol 1) 0-54
' 4
Number of moles of CO,, oo, = 94—;1 =0.215 mol

(Molar mass of COy=44gmol™)

Partial prcésurc of CO, prg =xcp " Proul
3.234

T334 0015
Pco =0.938X 1=0.938 atm

Similady, Pco, =%co, *Proul
0215 T
3.234 +0.215
Pco, =0.062X 1=0.062 atm
C(s) +C0, (g) wms 2C0(g)

2 2
Fco. = (0.938) = 14,19

KP :PCO2 0.062
Ang :2_—1=1 .
K, =K, (RT)"*
K :ﬁ { An"g, =1
CORT
ko= M1 o saso0iss

" 0.0821% 1127
Q-53 + Equilibrium constant, X, for the reaction,
N,(g) + 3H,(g)=== 2NH; (g) at 500 K is 0.061.

At a particular time, the analysis shows t}:
composition of the reaction mixture is 3.0 mol L

Sol,

N2 2.0 mol L™ H, and 0.5 o) 11 NH,. Is the

Teaction at equilibrium? If not in, which direction
does the reaction tend to proceed to reach
equilibrium?

« Plan Find (), and compare it with K. If Q, =K, the

Teaction is in equilibrium, if Q. <K, the reaction will go
in forward direction and if Q. > K, the reaction will goin

backward direction, :
Nz(g)+3H2(g):“— 2NH; (¢); K, =0061ac500K
Given, {N 21=30 mol L_I, [H 21=20mol L]
and {NH3] =05 mol L™ 3t time r
INH; 12 52
IN;JH, P~ Bojop

Because Q. #+K ¢» equilibrium has noe been actained,

Because Q. <K, (0.0104 < 0.061), the reaction will
proceed from [ef to right, i.e., towards formation of more

S0,Q, = =00104

One of the reaction that takes place in producing
steel from iron ore is the reduction of iron(II) oxide
by carbon monoxide to give iron metal and C0,.
FeO(s) +Co (g)~==Te (s)+C0, (9);

I(p =0.265 atm at 1050

What are the equilibriym partial pressures of €0 ang
€0, at 1050 K if the initial partial pressures are:
Pgo= 1.4 atm and Pep, = 0.80 atm?

+ First find Q, by lhe given initial partial pressures o
- [COland[CO,).

¢+ CompareQ, and X, to find the equilibrium-partiy -

pressure of [COJ and [CO,}.

EeOQ(s) + CO (g} == Fe(s) + CO,(gx
0.80 atm .
{KP =0.265at 1050 k)

Initial pressure 1.4 arm

Q=20 080 o s FeO ate solids]
PCO 14

Q, > K ,, the reaction will g0 in reverse direction. Dye 1o
this, pressure of CO, will decrease and that of CO wjj

increase to attain equilibrium,
Suppose p is the decrease in pressure of CO, and p is the

- Increase in pressure of CO, Hence, Pco, =(0.80 - p)and

PCO :-(14 + p)

Now, from K 5= £~CO—2
2co

(0.80 - p)
{Ld+p)
0.429

=—— =10,339 aym
1.265

0.265=
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Hence, at equilibrium,

? co, = 0.80~ 0.339= 0.461 atm
and Poo =14+ 0.339= 1739 am

- 2-55 « Does the number of moles of reaction products
- Increase, decrease or remain same when each of the
foltowing equilibria Is- subjected to a decrease in
pressure by increasing the volume?
(1) PCLs{g}=—PCl3(9) + L, {g)
(i) Ca0(s) +€0,{g)~—=Cat0 3(s)
(iir) 3Pe{s) + dH,0(g)—=Fe;0,(s) + 4H,{g)

- Sol. According to Le-Chatelier's principle, on decreasing
pressurc equilibeium shifts in that dicection where pressure
increases {7.e,, number of moles in gaseous state are more).
Therefore, number of moles of reaction products in (a)

increases (7) decreases {71) remains the sa
there is no effect of change in pressure).

Q-56 . (i) Describe the effect of
e (a) addition of H,
(b) addition of CH,0H
(c) removal of CO

(d) removal of CH,0H on the equilibrium of the

reaction,
2H,(g) + CO(g) — CH,0H(g)

{1i) What happens to an equilibrium in a reversible
reaction if a catalyst is added to it?

| Sol. () 2H,(g)+ COg) = CH,OH(g)

According to Le-Chaceljer’s principle,

(2} addition of H; f(increase in concentration of

- reactants) shifts the equitibrium in forward direction
(more product is formed).

(&) addition of CH;OH (increase in concentration of

product) shifis the equilibium in backward

direction.

{9 removal of CO also shifis the equilibrium  in
backward direction,

{d) removal of CH;0H shifis the equilibrium in
forward direction. )

() When catalyst is added, the state of equilibrium is not

distutbed but equilibrium is attained quickly. This is

because the catalyst increases the race of forward and
backward reaction 1o the same extent,

‘ Q-57 , Which of the following reactions will get affected by

increasing the pressure? Also, mention whether

change will cause the reaction t0 go into forward or
backward direction,

{1) C0CL,(g) ==c0(g) + Cl,(g)
(10) CH, (g)+ 25,(g) === 5,(g) + 21,5(g)
{ii) €0 {g) + C(s) ==2c0(g)

(iv) 2H,(g) + CO(g) == (H;0H(g)
{v} CaCl4(s) == Ca0(s) + €0,(g)
(vi) 4XH3(9) + 50,(g) =— 4 NO(g) + 6H,0(g)

According to Le-Chalelier's principle, increase in pressure
shifis the equilirium in the direction where pressura
decreases {ie., number of moles are less). Furthermore, if

Ay # 1, , thechange in pressure affects the equilibrium,

Sol. (hn » > 7, the reaction will go in backward direction.

(i) n 5 =1, the reaction will not be affected by

increasing
pressure.

(it} n ', > 1, the reacrion will go in backward direction.

(i) n, <n,, the reaction will go in forward direction.
{v) n > 1, the reaction will go in backward ditection,

(v) n » > 1y, the reaction will go in backward direction.

me. {If An, =0, 'Q_'SS + Determine the solubilities of silver chromate,

barium chromate, ferric hydroxide, lead chloride and

mercurous iodide at 298 ¥ from their solubility
product constants, . i

(0 [Kp{Ag;Cr0, )= 1.1x 10722
(1) K p(BaCr0,) = 1.2x 10710
(i) K {Fe(OH);]= 1.0x 1078,
{iv) K (PBCL,) = 1.6 % 1075

() Kyp{HalL,) = 4.5% 10729

Determine also the molarities of individual ions,

Sol. (z')Agz(’ZrO4 = 245" +COT K, =1.1x10712

25 5

Ko =lAg" - (GO

K
Ko =125 [s)=45, 3 ==
11x1p712
or 3 :-4l_=0.275x1,0"12

On solving 5 =6.503% 1075 M
Ag"1=2s=2x6503x10-
=13.006 %107 =13x 107 M -
and  [CrOZ )=s= 6,503 10~ M

() BaCrO; = By +CO; K, =12 10710
. N ! 5

(Solubility of BaCr0 g ssmol L™
Ko =125 107 = (B>} [Ci0? )= 2

s=4/1.2% 10719 =L1x 1077 M

[Ba™] = {Croﬁ‘]z L1X 1070 M

o' -




(i) Fe {OH); we= Fot 43 OQH; K,y =1.0x 1078
L 5

5

(Solubility of Fe(OH)5 is s mol L™)
Ko =[F* ] [OH™ P

. - K
KSP =530 22754 or =%
27
-38
o IOXI0T ) 037 1073

27
s=1387x 107", 5~1.39% 1071
{FS )= 139% 1070 M
[OH }=3s=3x 139x 107 = 4.17x 10710 M
(i) PbCl, == Pb™ +2CI7; K, =1.6x 107

s $ 2s

(Solubilicy of PbCI, is 5 mol L™
DL 2F -2
Ko =[Pb™ ] [CI7)
Ky = s(25)% = 43

3 K _16x107
4

I

=0.4%107°

On solving s =1.585x 1072 =1.59x 10”2 M

. Solubility of PbCl, = 1.59x 1072 M
Pb2* 1= 1.59x 102 M
[T ]=2x 159 102 M=3.18% 102 M

- —29
() Hg,ly — Hg2t 4 2215 s K, =4.5%10
L) 5

(Solubility of Hg,1, iss molL™")
Ky =Hgd P, K, =5-(297 =42

)4 -29
53 =-4i=-4:5i;0_~= 1.125% 1072

s=2241x 107 M
Solubility of Hg,l, = 2.241x 10710 M
He¥ 1= 2241x 107°M
{IM1=2x2241x W00 M
= 4482 x10710M

On solving

Q-59 -  Nitric oxide reacts with Br, and gives
nitrosyl bromide as per reaction given below
2NO(g) + Brylg) — 2NOBr{g)

When 0.087 mole of NO and 0.0437 mole of Br, are
mixed in a closed container at constant
temperature, 0.0518 mole of NOBr is obtained at
equilibrium. Calculate the equilibrium amount of

SARASWATI
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Solution In order 10 solve such problems, following steps are
involved '

Step 1 Set up a balance sheet using symbols for the
expected equilibrium amounts of reactants and products.

QNO + B[2 — ZNOBI‘
it mols  0.087 0.0437 ¢ fsoo
Aequilibrim (0.087-2)  {0.0437 -2 2 ey
moles oo

[Remember ! multiply the value of x with the stoichiometric
coefficient of the molecule].

~ Step 11 Compare with the given information
Given equilibrium moles of NOBr= 0.0518

0.0518

2x=0.0518 =0.0259

and x=

Step Tl Put the value of x to obrained equilibriyy,
concentration of other species.

Moles of NO at equilibrium = {0.087 — 2x)
=0.087~0.0518 = 0.0352 mol

Moles of 'Brz at equilibrium = (0.0437 - x)
=0.0437 - 0.0259 = 0.0178 mol

"~ The value of K p for the reaction,
CO; {g) + C ()= 2CO(g)
is 3.0 at 1000 K. If initially Pco, = 0.48 bar and

Pco =0 bar and pure graphite is present, calculate
the equilibrium partial pressures of CO and CO,,.

Solution For the reaction, let ¢ be the decrease in pressure
of CO,, then

CO,(g} + C{s)+=2C0(g)

Initial pressure 0.48 bar 0
Ar equilibrium (0.48 - %) bar 2x bar
. — o,
Kk =2Fc0
Fco,

K, =(2x)* /(048 ~x)=3

4x* =3(048 — x)or dx® +3x—1.44 =0
a=4b=3c=—1.44

(_MM]

2z
x=266/8=0.33
The equilibrium partial pressures are,
oo =2x=2x0.33=0.66 bar
Peo, =048—x=0.48-0.33=0.15 bar

By applying  x=

CHEMISTRY
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Q-61 . The value of K, for the reaction
"2A==BR4(C is 2x1073, At a given time, the
_ composition of reaction mixture is
“{Al={B] = [C]=3 %107 M. In which direction the

reaction well proceed?

Solution For the reaction the reaction quoticnt,
Q. =(B1{C]/ 4]
(4] =[B]={C]=3x10"%Mm
T Q. =03x107%) Bx1g-4 M3 x107)2 4y
As Q. > K, so the reaction will

direction.

Q62

proceed in the reverse

A mixture of 1.57 moles of N,,
_ 1.92moles of I, and 8.13 moles of NHj is introduced
“Into a 20 L reaction vessel at 500 K. At this
_ temperature, the equilibrium constant, K, for the
““reaction, Ny (@) +3H,(g) —. 2NH.{g) is 1.7x 102,
;. Predict the direction of the reaction.

Solution No(g)+ 3H,(g) == 2NH3.7(.g.)
_ INH, )2
N, I, P

Given,

NH, ]:%i M= 0.4065 M

N23=127 M 0,075 15 14, 1 192 M=0.096 M
20 20

[0.4065 M)
— BAlo M)
[0.0785 M1[0.096 M]?

Q. #K,, so the reaction mixtuce s not in equiibtium.

Q. > K., it indicates that the reaction will proceed in the
direction of reactants.

5 Q-63

=2.379% 10° M2

For the equilibrium,
2NOCl{g) ==2N0O {9)+C1, (g)
& the value of the equilibrium constant, K, is
o, 3.17><10_€'_ at 1069 K. Calculate the K, for the
- reaction at this temperature?

Solution We Know thar, KP =K, {RT)Mg
For the above reaction,
Ang ={24+D-2=1
K, =375 X107 (0.0831 x1069)
K, =0.033x107

Q64 Write the expression for the equilibrium
constant, K, for each of the following reactions.

{) 2NOCQI(g) == 2NO{g)+ CL{g)

{ii) 2Cu(NO, ) (s) ==2Cu0(s) +4NO,(g)+ 0,(g)
i) CHyCOOC,Hylaq) + H0()) ==

' CH"0OOCH (aq) + C,H;OH(ag)

v} Fe¥ag)+ 3OH (aq) === Fe(OH),(s)

v Lis)+ SE{g) == 2IF(g)

2
Solution () K, = M
[INOCI}?

(@) K, =INO,}* [0,]

(because molar concenteations of pure solids are
comstant)
(i) K. = [CHSCOOH(ag)}{'CEHSOH(aq)]
" {CH;CO0C Hy (ag)] (H,00)
WK=—e 1
{Be™ (ag))-[OH (aq)]
bccause{Fe(OH)3 {s)=1)

, 2
(WK, = E[EZ]—([)ec:;tuse:[I2(.v) = l])
[F,P

Q-65} The ionisation constant of 0.05 M
solution of phenol is 1.0 x1071°. What is the

concentration of phenolate ion in 0.05 M solution of
phenol. What will be its degree of ionisation if the
solution is also 0.01 M in solution phenolate?

Solution The equation of the dissociation of phenol is as
By Ostwald dilution law, {CH;07] = [H,0"]

=JK, C=y1.10x107 x0.05 =224 10 M

When mixtuee contains 0.05 M phenol and 0.01 M- phenolate
ion {from sodium phenolate) then

_CH;071[H,0%]

K
o {C4H;0H]
Lox10-10 = 001 X[H;0")
’ {0.05]
i 0’+] _ 0.05x1.0x307" =5 %1071 )
3 0.01
H;0"=C-a=5x10""
' 5x10710
0=
or C
-10
CL:SX“) =1X10_3
0.05 |
Q-66 - The ionisation constant of HF is

3.2x107%, Calculate the degree of dissociation of HF
in its 0.02 M solution. Calculate the concentration of
all species present(IL,0*, F~ and HF)in the solution
and its pH.

Solution Step 1 HF is 2 Bronsted acid and water is a base
here.

Step 11 The following proton transfer reactions ase possible

() HF +H,0==H,0" +F; K, =32 x10~*




.;.,_x + -, =1 10—14
(i H,0+H,0==H;0" +OH"; K, =10

Step Il As K, >> K, [1] is the principle reaction.
4 . -
Step IV HF +H,0 == H;0" + F
0 0
il conc. (M) 0.02
gﬁ:ngg?l:ﬁc) - -0.02e +0.02 + ((])((3)."; i
Equili. conc. (M) 0.02-0020 0.02¢ .
Step V Equilibrium constant,
_ {0020)°
‘7 {002-0.020)
2
S 3 %10
(-

_.2 ’
or Ql+1.6x107%a-1.6%x107% =0

b b —da
2a
we get o=+0.12 and ~0.12

The negative root is not acceptable and hence, 0 =0.12

using x=

StepV1 o [H30%]={F7]=Ca=0.02x0.12
=24x107° M
[HF]=C{—-0)=0.02(1-0.12)
=176%107 M
Step VI pH=—log{H"]
=—log (24x107%) =262
Q-67- " The pH of 0.1 M monobasic acid is

ion of species ', A™
4.50. Calculate the concentration o : )
and HA at equilibriuvm. Also, determine the valge of |

K, and pK, of the monobasic acid.
Solution
‘pH =~ log[H*] |
H ) =1x10 =1 x10™%0 =316 x107°

- ~5
Since, {H']=[A"]=3.16x10

and K, =[H*]{4"1/{HA]
{H'A]cquilibfium =0.1- (316 X 10_5 )
: 532
K L BAEXI0T) 61 1 0x10°®
¥4 0.1
pK, =—log(107)=8
Q-69 - Calculate the molar solubility of

product of Ni(OH), is 2.0 x1075.
Solution Ni(OH), ~—= Ni* + 20H"

Smol/L Smol/L  2Smol/L
NaOH — Na* + OH~
010 M 010M 010M

{OH ] ey ={(25 +0.10)

Q-68%v > . The species H,0, HCO;3, HSO] ang
NHj can act both as Bronsted acids and bases. For

each case give the corresponding conjugate acid ang
conjugate base.

Solution A conjugate acid is obtained by adding a proton tq
the species and 2 conjugate base is obtained by removing 2
proton from the given species. Thus, the corresponding
conjugate acid and base for the given species are as follows

Specfes Conjugate acid Conjugate base
H0 HO* OH
HCO; H,CO, coi-
HSO; H,50, S03-
NH; NH} NH;
Lewis Acids and Bases

According to this concept, a base is a substance that have
a tendency to donate an electron pair to form 2
coordinate bond and an acid is a substance that aceepts
the electron’ pair donated by the Lewis base. Thus, a
Lewis acid is an electrophile or electron deficient species.

eg, AlCl3,Co™ ,Mg2* erc., whereas 2 Lewis base is a
nucleophile or electron rich species '

g H,0,NHy, OH, NO, COetc.

According to Lewis, a general acid-base reaction can be
expressed in the following manner.

A+B— A B
Acid + Base -—— Complex
H" +J0H —S H e« 0H
It is also interesting to note thar all Bronsted-Lowry

bases also act as Lewis bases because of the presence of
lone pairs on all the bases.

But all Bronsted Lowry acids do not behave as Lewis
acids because of the absence of proton as in BE; which

because of its electron deficiency acts as Lewis acid but
not as Bronsted acid {due to the absence of proton).

Ni(OH), in 0.10 M NaOH. The ionic

§s



Kp=20x107" =[Nj2 [OH™ )2 =($)(0.10 + 25)?

As Koy is small, 25 <<0.10, dhus, (0,10 + 25) = 0,10

20x1075 = 5(0.10)% = §=20x19"13 M =[Ni%]

Q76 (N K p =0.04 atm at 899 ¥ for the equilibrium shown below, What js the equilibriyg,
concentration of C,Hg when it is placed in a flask at 4.0 atm pressure and atlowed to Comg
- to equilibrium?

. CoHe{g)==C,H,(g) + H,(g)
{i) At a certain temperature and total pressure of 10°Pa

+ iodine vapour contains 40% by
volume of I atoms,

L{g) = 21(g)
Calculate X p for the equilibrium.

Sol, (1 CoHy(g) == CoHy (g)+H,(g)

Initial pressure 4.0 atm it

0
Equili. pressure (4.0 - p)atm F ?
PoHPHy,  pxp
KP == "2
Pgﬂs 4.0 =2

PZ
0.04:-4T_ or 0.16-0.04p = p?
—
0016 ~ 4 (~0,
— 0,04 4 ¥00016 24( 0.16)

2

-0.04£0.80 ’
P:—__G_z_ﬁg;];:ﬁ_ﬁg

Hence, Poyn, =40-038=3.62 am
(z't)_ Given, Lg)s== 21{g)

(by taking positive valuc) |

Atoms in iodine vapours = 40% by volume *

So, iodine vapours of 15 molecules = 609 -by volume

Partial pressure of iodine atoms, p; = 14—0 x10° =0.40 x 109 Pa

Similarly, partial pressure of iodine molecude (I,) p, = %% X 10° =0.60 x 105 P
2 5 py2 '
According to equation, X 5= P—] = -—~—-—-——(O'40 X107 Pa)

P )=0.2666x105Paz2.67x104Pa
21, 0.60 x10° Py




SARASWATI CHEMISTRY

Q-1 . Although heat is path function but heat absorbed

by the system under certain specific conditions is

--independent of path. What are those conditions?
Explain. -

Sol. The two conditions under which heat becomes
independent of parh are
(#) when volume remains constant,
(72} when pressure remains constant.

{4) At constant volume By first law of thermodynarics,
AU=g+W or g=AU~W. But W=~ pAV.
Hence, 4= AU + pAV. But as volume remains
constant, AV =0, '

S gy = AU.Bur AU is state function, Hence, gy is
state function,

{b) At constant pressure g, = AU+ pAV.

But AU + pAV = AH.

- 4, = AH. As AH is a state function, therefore, 4,
1s a state funcrion.

Q-2 . Calculate the number of kJ of heat necessary to raise
the temperature of 60.0 g of aluminium from 35°C to
55°C. Molar heat capacity of Al is 24 J mol™! £~1.
Molar mass of Al = 27 g mol

Sol. Given, mass of Al= 60.0 g
Molar mass of Al= 27 g mol ™!
Molar heat capacity, C = 24 ] mol™! K
AT =55°C-35°C=20°C or 20K
Heat, g=n-C-AT
g=-6—0- x 24 Jmol ' K™ x 20K (nz 80 mof)
27 27
= 1066.66 ]= 1.067 kJ

Q-3 + Determine the value of A and A for the reversible
isothermal evaporation of 90.9 g of water at 100°C.
Assume that water vapour behave as an ideal gas
and heat of evaporation of water i 540 cal.

(R=20cal mol ™ k1)
Sol. AH =90.0 X540 = 48600 cal
AH =AU+ pAV = AU+ pV,, ~Vi,)

Volume of fiquid is negligible as compared to volume of
vapour, ’ .

Q4

AH=AU+pV,,,
AH =AU +aRT ot AU=AH-nRT

=48600~5’9x2x373(n=9—0)
18 18

= 48600 - 3730+ 44870 cal

10moles of an ideal gas expand isothermally and
reversibly from a pressure of 5 atm to 1 atm at 300 X,
What is the largest mass that can be lifted through a

height of 1 m by this expansion?
W =—2.303nRT log 2L = ~2.303 (10mol)
P2

X (8.314 JK " mol ™ )(300 K}iog? =—40.15x 10%]

Sol.

If M is the mass that can be lifted by this work through a
height of 1 m, then work done = Meh

40.15%10° =M x981xms™ X1m
_40.15x10% kg m %
981ms 2 x1m

{ J=kgm5s‘2)

or M

= 4092.76 ke

Q-%S .‘Calculate the enthalpy change on freezing of
‘1.0 mole of water at 10.0°C to ice at —-10.0°C.
A gl = 603kImol ™! at 0°C.
' C,[HO00] =753 Imol ™ K7

€, [H,0(s)] =36.8J mol’j K

+ Converfsion of 1 mole of water at 10°C toice at-10°C
involves the following steps
1 mol H0(f) at 10°C ——> 1 mal H0() at 0°C
AH‘= CPHZO(D X AT
1 mol H,0) at 0°C — 1 mol H,O(s) at 0°C
' AH,= AHireezing
1 mol H,0{s) at 0°C — 1 mot H,Ofs) at 10°C
AFly=Chypg X AT,
AT =10K and we know that according to Hess's law,
total enthalpy change, AH = H, + H, + H, so first
calculate AH,, AH,, AH,; and then AH.

*

*

L ]

*

ho
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Sol. Enthalpy change for the conversion of 1 mole liquid water

at 10°Cinto 1 mole liquid water 2t 0°C, - =81+ (3 x-393)) 9.7+ Bx-110) K
Ay =G XAT =-753] mol™ K~ x 10K =777k =-778)
=- It . :
Enthal fzj_J mZH Al A Q-8, Given that the enthalpy of formation of H,0is
ARy ottusion, AHy = Ally = y fusion ~ 68 keal/mol. Calculate the enthalpy of formation
= 6.03 k] mol of OH™ jons.
Enthalpy change for th ion of 1 mole of ice ar 0°C L
'tonl msfy:: ofa;::iztn)lrﬁoct’_’converiilon ot 1 mole ol ice Sol. For newtzalisarion reaction, we know thar
AH, = CszO(’) XAT .
=368 mol ™ K™ x 10K =-368 ] mol~! HY+OH™ — 14,04 o= ~13.7 keal
AH o =~0.753 4603 ~ 0.368) kj mol ™! A=A L (H,0) (A FHe(HY)
=-7.151 kJ mof ™! | +A H (OH™))
NOTE Heat is evolved in the process of cooling (freezing) so Le, ~137 = 6810+ Af H° (OH~ 3]
each step will have a negative sign with AH, _
[ +A HQ(H+):0] '
Q-6 . A swimmer coming out from a pool is d

covered with a film of water weighing about 18 g, o AfH(OH )=-68+137
How much heat must be supplied to evaporate this

= - -1
water at 298 K? Calculate the internal energy of 343 keal mol
vaporisation at 100°C 2 ‘

Q-9 Calculate the enthalpy change for the process
AvapH © for water at 373 X = 40,66 k3 mol ! R

Ul (9) — Clg) + 4Ci(g)
Solution The process of evaporation can be represented as - and calculate the bond enthalpy of C_TC{ in{Cl, ()
vaporisation A\rapHD {€C1;) =30.5 kJ mol
P800 ——— 185H,0(p) ApH® (CC,) = - 135.5 kI mal !
Number of moles in 18 gH,O)= 18g =1mgol AH® (€)= 7150 kJ ﬁlol-1_

-1
18 mol where, A H°is enthalpy of atomisation,

AGHC (€)= 242 k3 mol ™

and A, 5 s the amount of heat requited to vaporisc 1 mole
of a substance, Thus, 40.66 IJ mol™ heat is required for )
evaporation of 18 g of water. Sol. Given,

Further, we know thar (i) CCly () — CCL, (g); A o H® = +30.5 k] mol ™!
AU =8, H® — pAV = AypH® ~A, RT (@) Cls) + 2Cl,(g) — CCl,, () l
(assuming steam behaving as an ideal gas). ‘ ApH==13551 mol

" Bl =40.65 1 mol ™ ~ (1)(8.314 JE? mol ™) (i) Cs) — Clgh A, H° = 715.0 & mol ™

B73K) (1073) (@) Cly(g) —> 2CU(g) &, H® = 2421 mol™
Brapl/ ™ = 40.66 1] mol ™' 3.10 K mol~ = 37,561 ol Multiplying Eq. (iv) by 2, we ger

: : @) 2Cl,(g) — 4Cig); A, HO = 484.0 1] mol ™"
<~ Q-7 . Enthalpies of formation of C0(g), C0,(g), N,0(g) am% Adding Egs. (iii) and (v}, we et
- N0ilg) are -110,-393, 81 and 9.7 kImol~ (v) CLs) + 21, (g) — Clg) + 4CH(g)
respectively. Find the value of A, H for the reaction. AH =1199 1 mol !
N;04(g) +3C0(g) — N,0(g) +300,(q) Reversing Eqs. (i) and (ii), we get

_ (wif) CClLy () ~— CClLe (0 AH == 30.5 f mol~!
Sol. Hear of reaction,

°=FAH° TA A H° (vit) CCl (1) — Cls) + 201, (g)s AH = +135.5 k) mol ™!
AH iszHop(I;ducg) o fHofzz:moﬂ“)] Adding Egs. (i), {vii) and {viii), we get
" 2 (A Hf (N,0 ;+ 34 £ H(CO)) CCly (g) — Clg)+4CH(g); AH =1304 1 mol™
Tar M4

b1




Bond enthalpy of C—Ci bond iq

i
cal, =34l4=326k1 mol

T
( There ate four C—Cl bonds in CCl, A eT%C!.)

cl

Q-10. Water can be lifted into the water tank at the top of
the house with the help of a pump. Then why is it
not considered to be spontaneous?

Sol. A spontaneous process should occur coutinuously by itself

after initiation. Bur chis is not so in the given case because
water will go up so long as che pump s working.

Q-11, Comment on the thermodynamic stability of NO(g),
given

1 1
2 N,(g) +502(g) —NO{g); A, H® =90 kJ mol !

1
NO(g) +502(g) = NO, (g% A, H® =~74 kI mol !

Sol. NO(g) is unstable because for-mation of NO s

endothermic (energy is absorbed), bur NO,(g) is formed
because irs formarion is exothermic (energy is released),
Therefore, unstable NO{g) converts into stable NO, (g).

Q-12 For the reaction, 2(1(g)
signs of AH and AS ? _

Sol. Inthe given reaction, a molecule of Cl, is formed from its
fwo gascous atoms and the <nergy is released with the
formation of bond. Hence, AH is —ve, In this reaction,
randomness {entropy) also decreases because 2 mole

atoms of Cl have more randomness than. one mole
molecule of chlorine. Heace, AS is —ve.

— (,(g), what are the

%

Q-13; Under what condition, the heat evolved or absorbed
In a reaction is equal to its free energy changg?

Sol. AsAG = AH - TAS. Thus, AG = AH only when either the
reaction is carried out at 0K or the reacdon is not
accompanied by any entropy change, i.¢., AS =0.

Q-14 ., For the reaction at 298 K, 24 +B—— €
AH = 400kJmol ' and AS =0.2 kJX ™ mol ™

At what temperature will the reaction be;ome
spontaneous considering AH and AS to be constant
over the temperature range?

“ For a reaclion to be spontaneous, AG € .0. So, calcu!ate
the temperature at which AG = 0 by using the relation,
AG = AH ~ TAS
Sol. Gibbs frec energy,
AG=AH-TAS
0=400 K mol™ ~T x0.2 KK ' mol™

400 I mol™!
021gK " mol !

Temperature, T = = 2000K

Therefore, above 2000 K, the reaction will become °
SPOntanCOLIS.

NOTE if AG <0, the process is spontaneous and if AG> 0,
the process is hon-spontaneous.

Q-15 , The equilibirum constant for a reaction is 1(1). Whait
will be the value of AG°? R=8.314JK "mol™,
T =300K. ’

Sol. AG°=-2303RTlog K,
Given, R=8.314 JK™ mol™ T = 300K, X, =10
AG® =—2.303 x 8.314 JK "mol ™" x 300K x log 10

{log10=1)=~5744.14 ] mol ™!

Q-16, Calculate the free energj] change when 1 mole of

NaCl is dissolved in water at 298 K. {Given, lattice
energy of NaCl = - 777.8 kI mol ~?, hydraticn energy

=-774.1kImol™" and AS =0.043kI K 'mol? at
208K)..
Sol. AH = hydration energy — lattice energy
AH =- 77411 mol ™ ~ (- 777.8 K mol 1)
=37 k] mol !
AG=AH —TAS = +3.7 - 298 X 0.043 = +3.7 ~12.81
 AG=-9.111J mol ™!

Q-17; For the reaction, 24(g) + B{g) -— 2D(g);

AY° =—10.5 kJand AS® =-- 44.1JK 7,
Calculate AG® for the reaction and predict whether
the reaction may occur spontaneously.

(R=8314x107° KIK"mol ™!, T = 208K)

+ We know that AG® = AH® - TAS® sg first find AH® by
using the formula, AH = AU + AngRT and then AG® by
putting the values of AH®, T and AS®.

¢ Fora spontaneous reaction AG < 0.

Sol. 24(g)+ B(g)-—— 20{g);

An, =n,—n, =2-3=-]

AH° = AU® + An  RT

AH®=-105 k]

+H-1x8314x107 I K" mol ™ x 298K)

=-12.977 k] mol ™!

AG® = AH°—TASS;

AG°=12.977 K mol ™!

—(298K x ~ 44.1x107% WK ' mol ™)

=+0.1165 kJmol ™

The reaction will no occur spontaneously because AG® is
positive.



Q-18 Calculate the standard enthalpy of formation of CH30H () from the following dat
a

_ 3
(1) CH;0HQ) + > 0209) — C0,4(9) + 2 H,0(); ALH = - 726 1) oy -1

(i) C(graphite) +0,(g) — C0x(g); A H° =~ 393 kJ mol

1
(iit) H,(g) + Eoz(g) > H0 () ApH® =~ 286 1) ol

Sol. Required reaction for the formation of methanol is as follows
C(s) + 2H,(g) + % 0y(g) — CHyOH() A e =?
Muldiplying Eq. {iii} by 2
() 2,(g) +Oy(g) — 2H,0 () A (H® = =572k mol ™

Summingup the Eqs. (ii) and (iv), we get
(i) Cls) + 2H{g) + 20,(g) — CO,(g) + 2H, 0} A FH?==965K mol™ _
Reversing Eq. (i), we get

(i) CO,(g) + 2H,0 (g) —— CH,OH() + %02{ gy A, H® =726 I mol ™

Adding Eqs. (v) and (vi) we get the required equation

Cls) + 2H, (g) + % Oy(g)— CH3OH({) A r H° =965+ 726 = — 239 k] mol ™!

Q-19 mple 13. For oxidation of iron, 4Fe(s) +30,(g) - —s 2Fe)04{s} entropy change g |
~549.4JK 'mol ™" at 298 K. Inspite of negative entropy chan

ge of this reaction, why is the i
reaction spontaneous? {

A, H® for this reaction is —1648x10%J mo] -2 )
Solution The sponeancity of the reaction is decided by considering AS, | (ASy + A, ). At temperature

= |
T, entropy change of the surroundings,

2]
AS AH

curs 7 {at conseant pressure) =

(1648 10° Jmol ™)
298 K

=5530 JK ' mol
Thus, total entropy change for this reaction

AS o =5530JK ™ mol ™ + (~549.4 JK " mol ™! )= 4950.6 JK ol
Positive value of S, shows that che aboye reaction is spontaneous.
Q-20:-Why standard entropy of an elementary

substance is not zero whereas standard enthalpy of
" formation is taken as zero? '

Sol. A substance has a perfectly ordered arrangement of its constituent particles only at absolute zero. Hence,
entropy is zera only at absolute zero, En thalpy of formarion is the heat change invol
one mole of the substance from its elements. An el

AfHUZO. >

ed in the formation of
ement formed from itself means no hear change, i.c.,

Q-Z»i Air contains about 99% of N, and 0, gases. Why do not they combine to form NO under the standard conditions?
Standard Gibbs energy of formation of NO (g) is 86.7 ¥ mol %,

Sol. For the-combination of N 2 and O, to form NO, the standard Gibbs energy of formarion,
% N,(g) + 1EOZ(g) — NO(g)is +ve (+86.7 IJ mol ™)

Therefore, this reaction is non-spontaneous under the standard conditions and hence N, and O, do not combine.

&




Q-22 " A man takes a diet equivalent to 10000 k per day and does Wark, in expending his .ehergj in
all forms equivalent to 12500 kJ per day. What is change in internal energy per day? If the
energy lost was stored as sucrose (1632 kJ per 100 g), how many days should it take to lose

2 kg of his weight? (Ignore water loss)
Sol. Energy taken by a man = 10000 kJ

Change in internal energy per day = 12500 - 10000 = 2500 k]

3

The energy is lost by the man as he expands more energy than he takes

Now 100 g of sugar corresponds to energy = 1632 K] loss in energy

2000 g of sugar corresponds to energy =

1632 x 2000

=32640k]

32640

. Number of days requited to lose 2000 g of weight or 32640 kJ of energy = 2—— =13 days
2500

Q-23. Calculate the entropy change in surroundin
1.00 mole of H,0()

conditions. A¢H° =- 286 kI mol™,

gs when Q-24 .» For an isolated system AU =0, what wﬂl be AS?

is formed under standard

Sol. For an isolated system, AU =0 and for a spontaneous

Sol. Enchalpy change for the formation of  mole of H,0(),

Hztg)+%oztg)——aﬂzo(1);

A H® =~ 286 k] mol™

Energy released in the above reaction, is absorbed by the

surroundings.
It means Fourr =+ 286 k] mol~!
AS o Jurr _ +286k] mol™!
: T 298K
=0.9597 k] K ' mol ™!
=959.7 JK " ol 7!,

process, total entropy change must be positive. For
example, consider the diffusion of two gases A and B iato
each other in a closed container which is isolated from the
surroundings.

The two gases A and B are separated by a movable partition.
When partition is removed, the gases begin to diffuse into
each other and the system becomes more disordesed. It
shows that AS >0 and AU = 0 for this process.

Morever, AS o AH
T T
AU+ pAV  pAV
- Py _2 C( AU=0)
T - T
pe., TAS or AS>0

Q-25. Enthalpy of combustion of carbon to C0, is — 393.5 k) mol . Calculate the heat released upon
formation of 35.2 g of €0, from carbon and dioxygen gas. (Molar mass of €0, = 44 g mol ™).

Sol. The reaction for the combustion of carbon into CO, is

C{s)+0,(g) —— CO, (g} AH = —393.5 k] mol !

d4g

Heat released in the formation of 44 g CO, =393.5k]

". Heat released in the formation of 35.2 g CO, =

44¢

BB
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of r

take to distribute ope Thus, at ~273°C, volume of a gas bécomes zero and below

Q-1 How much time would it
Avegadro number of wheat grains if 10" grains are

distributed each secong ?

¢ Ty =6.022 x 10% where, N, =Avogado's number,

* Converl time into years

Sol- Time required = total grains *‘***-6. 022x10%
. = '“_"—n—.—_‘_ =
‘ grains disteibuted 10%

= 6.022x10 5= 6.022x 107
=6. = 20eeX 107

365 % 24X 60x 60
=1.909 106 y

Q-2 Explain why Boyle's law can
the volume of 3 1eal
its initial state to

final state by an adiabatic
" eXpansion,

Sol. During adiabatic cxpansion, temperature js lowered and

therefore, Boyle’s faw <annot be applied,

Q-3 Boyle's law states that at constant temperature, if
Pressure is increased on a 9as, volume decreases and
vice—versa. But when we £ll air in a bailoon, volume
as well as pressure increage, Why? L

Sol. The law is applicable only for a dgﬁ_giwgg,,m“qglsug_ﬁ the gas. As
we Bl air inco the balloon, we are

introducing more and
more air into the balloon, ' !

Thus, we are increasing
law is not applicable.

Q-4 What would be the

SI unit for the quantity
pV2re /a2 )

Sor. 217 _(Nm %) ()2 g2
LT ) w)?
” mol

=Nm? K2 ol

Q-5 In terms of Charles’ lay explain why +273°C is the
lowest possible temperatyye?

Sol. According to Charley law,

T
R T
Atf=_273°C)
K:Vb}—-%}:ﬂ
273

not be used to calculate
gas when it is converted frop, !

this temperarure the volume becomes negative, which s
raeaningless,

Q-6 . What will be the minimum Pressure required to
compress 500 dm> of air at 1 bar to 200 dm? at
30°C?

Bf Apply Boyle's law p¥=pV, to caloulate P> as
temperature remains constant,

Sol. py =1bar, p, =2,V =500 dm?, ¥, =200 dm>

Vi 1barx500 dm?

Vi = p.V- r =
N =p, or py 200 don?

=2.5 bar
2

+ A vessel of 120 mL capacity contains a certain
amount of gas at 35°C and 1.2 bar pressure. The gas
is transferred to another vessa] of volume 180 mL, at-
35°C. What would be itg pressure?

pi¥ F, v,
Sol. Solve as Q. 2 [Ans. P2 =0.8 bar] -‘jTr[“’j’ =% 7
X ‘ =
% + A balloon filled with an ideal gas is taken from the
™ surface of the sea deep to a depth of 100 m. What
will be its volume in terms of it original volume?

Sol. Pressure at the surface = 76 cm =76X13.6 cm Hg RS

=1033.6 cm of Hg=10.3 m of Hg

¥R

iy

)
QY RN o
, o Pressure ac 100 m depth =100+ 103 m = 1103 m '
the mass of air.inside. Hence, the i LN

APPYINg 2y (accuntc) = 22V5, (ac 100 depet) he s,
10.3xV = “0.3XV2 "\ v, {)‘31’2‘

o V) =0.093V=93%of v VI

ERRC - N ._____—-_-%

Qé + Calculate the number of electrons presentin14 gof > o3

 dinitrogen gas.

+ Convert the given mass into mole with the help of the

mass
formuta, moles=
molecular mass

*+ Tmole=6.022x 102 molecule
14
SOI. nNZ = ‘2'E=0.05 mOl_

1 mol =6.022 x 103 molecules
0.05 mol = 0.05 x 6,022 x 19%

=0.3011x10% molecules

4%

3

R



1 molecule of N, contains =14 electrons
o 0.3011x10% molecules will contain

=0.3011x10% x14

= 42154 X107 elecurdns

Q),ﬂ/- Caleulate the temperature of 4.0 moles of a gas
occupying 5 dmat 3.32 bar.

| (R =0.083bardm’® K" mol ),
Sol. Apply ideal gas equation, pV =nRT

o2V 332 barx 5 dm?>
Rn 0,083 bar dm?® K™ mol™ % 4 mol
T=5K ’

9‘“/-34.05 L of phesphorus vapour weighs 0.0625 g at
546°C and 0.1 bar pressure. What is the molar mass

of phosphorus?

Sol. pv =nRT = "KL
M

(= mass of phosphorus {g)and
M =molar mass of phosphorus)

2220625 £x 0.0821 Laum K™ mol ™ x 819 K
0.1% 0.987 atmx 0.03405 L
M= 12504 g mol

9}2;

Sol.

Caiculafe the volume occupied by 8.8 g of €0, at
31.1°Cand 1 bar pressure, R =0.083barLK ™! mol 1.

4
PY =nRT or pl/'::‘-”;-RT [(,({i'

Volume occupied by 8.8 g of Co,, :
= MRT _8.85x0.083 bar L K™ mol ™ x 304.1 K
20 1 barx 44 'g mol ™
V=50481
Q-13 . Using the equation of state pV =nRT; show that at a

given temperature, density of a gas is proportional
to gas pressure p,

Sol. pV =nRT
PV:.ﬁRT HzE-:%mESS Ofgas(g)

M M molar mass of gas

or p= —?E]E = ﬂ ( Density, d = f)
VAL M vV
M

or =
RT

IfT = constant, d < p

Q-14, At 0°C, the density of a certain oxide of a gas at
2 bar is same as that of dinitrogen at 5 bar. What is

the molecular mass of the oxide?

M
Sol. Density, 4= 2
- RT
When T and 4 are same and R is constant, then nM,
(gaseous oxide) = p, M, (nitrogen).

oo, 2barxX My =5barx28u {Molar mass of N, =28 u)

pressure contains 20% by weight of dihydrogen,
Calculate the partial pressure of dihydrogen.

~+ Tocaleulate the partial pressure, lotat pressure and
mole fraction of hydrogen is required, so first
calculate number of moles of H, and O, in the given
mixture and mole fraction of hydrogen.

+ Then, calculate Py, by using the formula
Pa = Potal X X4

Sol. A mixture of H, and O, contains 20% by weight of H,
meansHy =20 gand0,=80¢

Moles of hydrogen, g , = % =10 mol

Moles of oxygen, ng, =:§§ = 2.5 mol

Mole fraction of hydrogen,

10

M
B =08
my, thg, 10+25

xH2=

Partial pressure of H,, PH, = Proct X Xh,
PHZ =1bar x0.8
PHZ =0.8 IJQI

QI6¢ " A palloon is filled with hydrogen at
Toom temperature. It will burst if pressure exceeds
0.2 bar. If at 1 bar pressure the gas occupies 2.27 L
volume, upto what volume can the balloon be
expanded? ' '

Solution According to Boyle's law, v =p
1barx 227 L=0.2bar x V,

or ‘/2 = M =1 1_35 L

0.2 bar vt
Since, balloon bursts ac 0.2 bar pressuze, the volume of balloon
should be less than 11.35 L.

<

mixture of dihydregen and dioxygen at one bar



Q-17 /The drain cleaner, Drainex contains sm.

* produce dihydrogen. What volume of di
of aluminium reacts?

all bits of aluminium which re act with caustic soda to
hydrogen at 20°C and 1 bar will be releaséd when 0,154

+ To find the volume of dihydrogen, by using the equation pV = nAT, number of moles of hydrogen
produced are required, so wrile a batanced chemical reaction between Al and NaOH and find ‘the AL

4O
number of moles of H, produced from 0.15 gAl ~
+ Find{, by using the refation pV = nAT. . ’ Y GY.M ol &
Sol. 2Al42N:OH+2H,0 —> 2MaAlO, +3H, | No Oy
2x27g 3 mol 5
015x3 - JAL 4 Nab y —— naM b, ¥ 3,
0.15¢ =0.00833 mol .
2 %27 ., -t N
— !
PV =uRT % Y Y g Al _
0.00833 molx 0.0821 dm? atm K™! mol™ x 293 K : Fonet
Ya, = ( 1bar=0.987atm) R ;.
1% 0.987 atm L ﬁ
r 3 1S T 3 ‘
Vi, =0.203 =203 mL dm |

Q-18 (Calculate the total pféésﬁre In a mixture of 8 g of Sol. Unknown gas; H, gas Pvin r /
dioxygen and 4 g of dihydrogen confined in a vesse| - |

RT, mRG  1x v g |
3 _ 3 - -1 =L Vy === |
of 1dm3 at 270¢, (R =0083bardm?® K mol ) ¥ M P_z 2T M, 4%
" To calculate the totgl Pressire exerted by a mixture of Vi =pVs
gasesﬁ{sl find total number of moles of gas and then apply . M = w )
the refation, pV = nAT. M, M, . ‘
Sol. Moles of O, », = =2 025 mol v ZIBXRXHBK 0184 5xRx 290K
. mol.wt. 32 - M, 2g mol™
{mol. wt, of O, =16 x 2= 37 -

Molat mass of unknown gas,

\ -1
M, _295x 368K X 2 g mol

Moles of H,, ny, =§= 2.0 mol

=40 g mol ™!
{mo[.wt. OFHZ:IXZZZ] 0.184g>< 290K g
Total numb = . .
Ote! number of moles HO.?.S +2.0 Q-20.-What will be the pressure exerted by a mixture of
: RT = 2.25 mol _ ~" 3.2g of methane and 4.4 g of carbon dioxide
Pressure, p = EV— SAA Rl contained in a9 dm? flask at 270¢2

‘ ‘ mass of CH
_ 2:25 molx 0,083 bar dm? k! mol ' x300K Sl Moles of CH, 7o, = molar mass of CH,
- K
1 dm? 3.2
2 =56.025 bar | | 3

=0.2 mol o

Q-k9f2.9' g of a gas at 95°C occupied the same volume as

Similarly, moles OFCOZ;HCOZ SA4 0.1 mol
0.184 g of dihydrogen at 17°C, at the same pressure. 4

What is the molar mass of the gas? . Total moles =0.2+0.1=0.3 mol
pY =nRT
¢ Since, two gases are given wite two Separate nRT
~ equations (for unknown gas and for H,) by using the Pressure, p = v
refation, pv = P gy,
M

_ 03 mol X 0.0821 dm? acm K™ mol~ x 300 K
*+ To calculate the molar mass of unknown gas T

9 dm?
compare both the equations at the same volure and s
pressure. =0.821atm =8.314 x 107 Py

P




Q-21, What will be the pressure of the gaseous mixture
when 05 L of H, at 0.8 bar and 2.0 L of dioxygen at
0.7 bar are introducedina 1, vessel at 270~

Sol. pV =urT
[ -]
. v _
Moles QFHZSHH :f_zw _—_w
1 RT RT RT
Similarly, moles of 0y, ny, = _’E = M = if_
YORT O ORT RT
Total number of moles = 0~4—0 + 1_4_ 18
B T RT  RT PRT
KT 18xRT
Total pressure, =2 . =18
Proul =7y = =1 8am

Q-22 Pressure of 1 g of an ideal gas 4 at 27°C is found to be
2 bar. When 2 g of another ideal gas Bis introduced
in the same flask at same temperature, the pressure
becomes 3 bar. Find a relationship between their

molecular masses.

Sol. pV =nRT
For gas 4, P4V =n,RT (i)
Similarly for gas 3, _ PV =ngRT {i1)

Number of moles of gasAin, = 1
: ’ A

(M 4 =molar mass of gas A)

Number of moles of g B; ny = 2 ’

(M p =molar mass of gas B)

Pressure of gas A4, p 4 = 2 bar
Total pressute, p .y = p 4 + pp =3 bar
Pressute of gas, pp=p, .1 — pa=3-2=1bar
V, Rand T are same for both the gases.
Hence, from Egs. (i) and {ii},
Pa_ng _1xXMp

ps nmp Myx2
I N L L YRy
My pg

Q-jj Density of a gas is found to be 5.46 g/dm> at 27°¢
and 2 bar pressure, What will be its density at STP?

STP mean at 1 bar and 273 K so comparé the density_ at
© 27°C and 2 bar with the density at STP by using the refation
d =pM{RT.

Sol. Density, d = pM | RT

Q24

For same gas at different temperacures and pres;urcs
% _ bl
4 ply
4 24 _1x300%5.46
U oaT 1x273

=3gdm™

« On a ship sailing in pacific ocean
where tempertature is 23.4°C, a balloon is filled with
2 L air. What will be the volume of the balloon whe.n
the ship reaches Indian ocean, where temperature is
26.1°C2
Solution Given, V; =2L;V, =?
Ty =(261+273)K=299.1K
T, =(234+273)K=2964 K

According to Charles’ law,

V—'=ﬁ or V, z-Lsz
nn 4
On substituting the corresponding values, we get
- . 2Lx299.1K
= 27 2964K

=2.018L

Q257 . 1500 mL fask-contains 400 mg O, and

60 mg H, at 100°C. What is the total pressure in the
flask?

Solution Step I Number of moles of 0,
_w_400x107
m 32

=0.0125

Number of moles of Hy=e—=—0C" =003
m 2
From pV =#RT, p=$ _

Partial pressure of 0, = 0.0125x 0.0821x 373
: 1500% 1073

Partial pressute osz _ 0.03x 0.0821 x 373
1500% 1073

Step  Total pressure = 0.255+ 0.612 = 0.867 atm

={0.255 atm

=0.612 atm

Fafi
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Q-26 . {1) Pay load is defined as the difference between the mass of displaced air and the masg of the

balloon. Calculate the pay load when a balloon of radius 10 m, mass 100 kg is fitled with
.. helium at 1.66 bar at 27°C.{Density of air=1.2 kgm™ an i

| d& =0083bardm’ K~ mol )
- (i) A mixture in which the mole ratio of H, and 0,1is 2 : 1, is used to prepare water by the
" reaction :

2Hy(g) +0,{g) -— 2H,0(g)
The total pressure in the container is 0.8 atm at 20°C before the reaction. Calculate the
final pressure at 120°C after reaction assuming 80% yield of water.
Sol. (i) Radivs, Ry, =10m

3

4
Vbatloon = 3 nr

L
A, (10)° = 4190.476
3 7 M
Vi)a.lloon = Vd.isp!accd air (by balloon} bolles .
Mass of displaced air = Vdisplaced air X density of air M S d=M
Mdisplaced 2ic = 4190476 m> x 1.2 kg m™ /OW\ ’ -\_/ . b
m=502857 kg ’ ¢ 2 = H

~ . VM mRT) I

Mass of He filied in balloon, =—|pV=""1 3

ass of He filled in balloon, my,, RT(P v -‘é—ﬂr{ _

= 1:66 barx 4190.476x 10° dm’ x 4x 1073 g ol ™!

0.083 bar dm® K™ mol™ x 300k
My, =1117 .46 kg

Mpatioon = mtass of balloon + mass of He filled in the balioon Pv » nK r

My

P) = 6D +
ME NS o |
Total mass of filled balloon,

Migloon =100 kg +1117.46kg =1217. 46 kg, U, x 1aRe fediv |
Pay load = mass of displaced air — mass of balloon 3 w3go
_ = 502857 kg ~1217.46 kg =3811.11 kg . _' el
(i2) ZHy(g) + Oy(g)-—2H,0(g) _
Initial moles 2 1 0 o :{ A ‘ :;
Moles at equiv. 2-1.6 1--0.8 1.6 ‘ .‘j-;_'% o
_ =04 =02 ' A \
Total moles afeer reaction =0.4+0.2 +1.6= 2.2 S

Let the initial pressure at 20°C = 2 _ E
Pressure a6120°C = p,
According to Gay-Lussac’s law
T . 0,
AL or %:39—3 or py= 8X393=1.073atm
I Py 393 293

inicial moles initial pressure

NOW, —= . :
moles after equiv.  pressure after equiv. ' f
3._ 1073 | L
- S i
2.2 chuiv. o f ?
1.073x 2.2
or equiv. =—————— =0.787 atm
qury. }
3 : i
S
g i
.»"4:_‘_ 3
(“\ b fo i ;
SRR |
I
; i
S A i

» I ‘ li

v

L



SARASWATI

CHEMISTRY

Q-1 '+ Explain why BeH, molecule has a zero dipole
moment although the Be—H bonds are polar7

Sol. BeH, molecule is linear. The two equal bond dipoles
point in opposite directions and cancel the effect of

each other. That's why its dipole moment is zero.
1807

H--Be+H

-
BeH, molecule, it = 0

Q-2 The skeletal structure of CH,COOH as shown
below is correct, but some of the bonds are
shown incorrectly, Write the correct Lems
structure for acetic acid.

Ili 0

H=(—~(—0—H

H

Sol. The correct Lewis structure for acetic acid is
H o:
[0
HwCl-—C——O—H.
H

Q 3 How do you express the bond strength in terms
of bond order? : 2

Sol. With increase in bond order, bond enthalpy
increases. Therefore, greater the bond order,
higher is the bond strength, i.¢., bond strength =

bond order.

Q-4 \"Why is NaCl harder than sodium metal?

Sol Th1s is because in NaCl, there is strong ionic bond between Na*

and Cl™ whereas in Na metal, there is weak metallic bond.

» Write Lewis dot symbols for atoms of the following
elements Mg, Na, B, 0, N, Br.

Sol. 12Mg =282 Lewis symbot = Mg
nNa =281 Lewis symbol=Na
B=23 ) .
Lewis symbol =«B
30 = 2. 6 N iy
Lewis symbaol =0
358r=2, 8, 18,7 . hibd
Lewis symbol = «8r)

Q-6 Write the Lewis structure for the following atoms
and i fons: S and §*°; Al and AU*; Hand H-

Sol. | .5=2 86 -
Lewis symbol = 18}
2~ = (16 + 2} electrons [..T7
Lewis symbal =[:S : J
13AI=2,83 Lewis symbol = Af,
AP =(13-3)=10electrons | Lewis symbol = [AlP*
H=1 Lewis symbol =H
= {1+ 1) =2 elecirons Lewis symbol = {;-I.]‘

Q-7 Use Lewis symbols to show electron transfer
between the following atoms to form cations and
anions.

() Kand S (i) Caand O (iii) Al and N

- Metals lose electrons to complete their octet while
non-metals gain electrons to complete octet. So, write
the Lewis symbol i.e., symbols with valence eleclrons
to show the transier of electron from metal to

non-metal,
2_
:] ;K 23

“e

S

+ S

2,8,6

Sel. 2 K*

—3 2KY |
2,8.8,1

;

01

LR

() Cat +0 7 — Ca?*

-
} ;G0
2’8,8,2 *e
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Q-8, Arrange the bonds in order of increasing jonic
character in the molecules; LiF, K;0,N,, S0, and
CIE,.

Sol. Tonic character o lattice energy

Q-11

o

occharge on ion,
size of ion

A non-polar molecule fike N, has almost negligible ionic
character.

~ The order of ionic character is

Q9 Define electronegativify. How does it differ frop
 electron gain enthalpy?
- Sol.

X(g)

Newrral gaseous atom

te —y X_(g);AH=AegH

Anton

; _’\_-IO‘:Write the signiﬁcance/appﬁcations of dipole
moment.

" S0l The applications of dipole moment are
() The dipole moment helps to predice whether

(i) The percentage of ionic character can be caleulated a5

. . p
Percentage of jonijc characier = 2 ebserved

X100
jonic
(#) Symmetrical molecules have zero dipole momen;
although they have two o more polar bond;
(In determination of symmerey).

(i) It helps 1o distinguish between cis-and trans-isomers,

Usually cis-isomer has higher dipole moment than
trans-isomer,

(o) It helps to distinguish between orths, meta and
para-isomers. Dipole moment of para-isomer is zerq,

Dipole moment of ortho-isomer is preater than thar of
metg-isomer.

1 Sol.

Q-12 Apart from tetrahedral

Sol. According o VSEPR

Indicate the type of bonds Present in NH,NO, and
state the mode of hybridisation of o N-atoms in it.

+ -

H 0
o
H/}{ \H 0/ \O

NH ion contains covalent and dative bonds. (It is formed

4 . +
by donation of lone pair of electrons on N in NH; woH
ion). NO3 ion also contains covalent and dative bonds.
Bond between NH; and NOJ ions is ionic.

Nof NH{ fonis sp> hybridised and is tetrahedral.

N of NOj ion is gp 2 hybridised and is planar,

geometry, another possible
geometry for CH, is square Planar with the foyr

H-atoms at the corners of the square and the ¢ atom
at its centre, Explain, why cy 4 1s not square planar?

Sol. Electronic configuration of carbon

In ground stace ¢C—1s2, 2,2, 2pl, 2});,
In excited stateIs?, 251, 2pl, 2}9)',, P_pzl

2 -hybridised

In CH; molecyle, carbon is g hybridised, so it ;

tettahedral in shape. For square planar, dip? hybridisation

is requited which is nog possible in carbon dye to the
absence of d-obirals, Furthermore according to VSEPR
theory, the four bonded electron pairs around carbon atom
arranged themselves iq 4 regulac tecrahedral geometry,

For tetahedral structure, the bond angle is 109°,28" while i5
square planar structure, the bopd angle is 90°, Therefore in
tetrahedral strucure repulsions between bonded electron
Pairs is less than that of the square planar,

Q-13 Discuss the shape of the following molecules using

VSEPR model
Belly, BLly, Sict,, Ask,, 1, PH,

theory, the shape of 2 molecule
depends upon the number of vafeqce shell electron pairs
(bonded or non-bonded) around the central aom, Pairs of

electrons in the valence shell tepel each other. The order of
their repulsions is 25 follows
b=b>hp—tp>tp-4,
{5 BeC!z Cl: Be?
2 valence electrons which are bonded 1o Cl, s there are

lone pairs. It is of the type
AB; and hence, the shape is linear,




P
() BCI 3 Cl—-B\ or CIB
Cl :Cl
The central atom B has only 3 valence electrons which
are bonded with three CI atoms, so it contains only 3

bond paits and no lone pait. It is of the type AB; and
hence, the shape is tigonal planar.

(]3‘ a
i) SiCl, C£~—'lSi_Cl or ClISitCl
i Cl

Similarly, the central acom $i has only 4 bond pairs ang
no lone pair. It is of the type AB; and hence, the shape
is tetrahedral,

. E ge F

(i0) AsF, >As——F or AsSE
] pe oo
F F

The central atom As has only 5 bond pairs and no loge
pair. It is of the type ABs and hence, the shape js
trigonal bipyramidal. :

St
(v) HpS Qsﬁ or H I
H/ \H

The central atom S has 6 valence electrons. Our of
these only two are used in bond formation with two
-atoms  while four (two pairs) remains g
non-bonding electrons (i, lone pais). So, it contains
2 bond pairs and 2 lonc pairs. It is of the type AB,E,
and hence, the shape is bent or V- shaped, ‘

(v} PH;3 /PQH or H-'}!;‘-H

H n

The central atom P has 5 valence electrons. Out of
which three are urilised in bonding with H atonis and
one pair remains as lone pait. So, it contains 3 bond
pairs and one lone pair. It is of the type AB3 F and
hence the shape is pyramidal,

Q-14 It is possible to isclate compounds
_comtaining the O cation, the O; (superoxide) anion,
or the O%“ (peroxide) anion. By considering their

molecular orbital energy level diagrams, place these
jons in order of increasing O—O bond length.

- 1

"To predict the relative values of the bond iengths, first
calcutate the bond orders for the different ons, Use the
molscular orbital configuration to caleutate bond order.

Solution O (8+8-1=15)=
| cﬂsz,6132,02:2,62:2,02pf,nzpf ~n2p?, w2p!
Ny-N, 10-5

=—=25

2 2

Bond order =
0; (8+8+1=17)=
61:2,(}1;2, 02:2,&2:2, Gpr, ‘:‘E2pf

=n2pl,m,2p2 = ft2pj,

07" (8+8+2=18)=0a12, 612, 62,2,

6 22,6252, n2pl = n2p2 %2p2 = 1*:2;)?

po=10-8_ I
2
1 .
Bond length o
Bond order (BO

. The order of increasing bond length is 03<0;< 07,

Q-15 Write the significance of a plus and a minus sign shown in representing the orbitals.

Sol. Ocbirals are repeesented by wave functions. A plus sign in an orbital fepresents 2 positivewave function
and a minus sign represents a negative wave fanction. Combination of rwo wave functionhaving similar
sign gave bonding molecular orbitals while that having opposite sign pave antibonding molecular orbitals.

Q-16 , yse molecular orbital theory to explain why the Be, molecule does not exist?

Sol. Electronic configuration of Be, molecule (4 + 4 = 8) oL, & 15,6252, 6 242

Bondordcr——-%[Nb ~Na]=§:(4—4):o

Since bond order is zero, so Be, does not exist,

73



Q-17 Account for the following.

The experimentally determined N—F
covalent radii of N and F.

Sol. Thisis because both N and F ae small and hence, have high electron density. So, they repel the bond pairs
thereby making the N—F bond fength larger.

bond length in NF; is greater than the sum of the single

Q-18+ What do you understand by bond
example of each type.

Sal. Covalent bond is formed by mutual sharing of electrons. The shared

bonded atoms are called bond pairs of electrons and unshared pair (
lone pairs of electrons. £.£, ammonia,

CH contains only 4 bond pairs.

pairs and {one pairs of electrons? Miustrate by giving one.

pair of clectrons present berween the

non-bonding) electrons are called the
NH, conains 3 bond pairs and 1 lone pair of electrons, wheres

H

o.. L] - ..‘:\LOHC pair
H .C «H H H . N . H Bond oai
e L] ‘\_/ on palr
H
(CHy—46p)  (NH, —1{p and 34p)

Q s« Although geometries of NH, and H,0 molecules are dis
is less than that of ammonia. Discuss.

» 0w

torted tetrahedral, bond angle in water

NH H,0
bp=3 bp=2
=1 b=

InH,Omolecule, there islone pait-lone
in NH; molecule there found only lone
one is more stronger and hence, the bon

pair repulsion due the presence of rwo lone pairs of electrons while
pair-bond pair repulsion. According to VSEPR theory, the former
d angle i water is less than that of ammonia (NH;)

structures 1 and 2 shown below, Can
f the resonance hybrid representing H

Q-20+ H3P0,4 cart be represented by
taken as the canonical forms 0
for the same.

these two structures be
3P0,? If not give Teason

H .
HOITIOTH WD
10 ; 10
o @
Resonating structures or canonical form

s difer only in the arrangement of electrons, but not in the positions of
atorns,

Sol. No, these two structures cannor be take

nt as the canonical forms of the resonance hybrid because position
of the atoms have been changed. '

Q-21 . Describe the change in hybridisation (if any) of the Al atom in the foliowing reaction.
AlCl; +C17 -— A0

Sol. Electronic configutation of Al _
In ground state ;5 Al = 1s%, 2%, 2p%, 352, 3p! ‘
In excited scate =152, 242, 2})6,35l 3ps, 3});,
In the formation of AlCL;,
formation of AIC1, Al undergoes 5> hybridisation.

le means empry 3 orbital also involved in hybridisation. Thus, the shape of AlCI, fon is tetrahedral.

Al undergoes sp *hybridisation and it is trigonal planar in shape. While in the -

23




@ there any change in the hybridisation of B and N atoms as a result of the reaction?

Find the number of lone pairs and bond pairs on the central atom to find hybridisation.

Sol. InBF;, there are 3 bond pairs 0 fone pair, so boron is p® hybridised and in NH;, there ate 3 bond pairs

and 1 lone pair, so nittogen issp° hybridised. After the reaction hybridisation of boron changes to sp° but
hybridisation of nitrogen semains the same because N shares jts lone pair with electron deficient B.

Q-23° ¢ . Wiite the Lewis dot structure of CO molecule.
Solution

* Step 1 The valence shell configurations of carbon and axygen atoms are 2522 p2 and 2522 p4 s
respectively, Therefore, the valence electrons available are 4 4-6 =10.
Step2 The skeletal structure-of CO can be written as C O.

Step3 JoinCand O by a single bond (one shared electron pan’) and complete thﬁ octeton O, the remaining
two electrons are the lone pair of C.

C00 or 1C—O:

..

(The molecule contains only 2 atoms, so step 4 is not required whereas we can consider C as the
central atom because of its less electronegativity).

Step 4 Still the octer on carbon is incomplete so we have to resort to muttiple bonding (in this case a triple
bond) berween C and O atoms which satisfies the octet rule condition for both the atoms.

G o) om
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SARASWATI CHEMISTRY
Classification of

ganisation in the periodic
and chemical properties of all the clements and

ta.bie is to simplify and Systematise the study of physical
their innumerable compounds,

Q-2 Which properties of the
which do not?

Sol. Chemical and many physical properties of the elemen
atoms, whereas the nuclear properties do not, ‘

elements depend on the electronic configuration of the atoms and

ts depend on the electronic configuration of the -

o
e
g

Q-3 Write the number designation of a group that has 2 electrons beyond a noble gas

configuraticn. Write the number designation of a group with 12 electrons beyond a noble gas
configuration.

Q-4 Which element do you think would have been named by
() Lawrence Berkeley taboratory
(if) Seaborg’s group
Sol. (5 Lawrencium (Z=103) and Berkelium (Z=97)
(i) Seaborgium (7= 106)

Q-5 Would you expect the first ionisation enthalpies for two isotopes of the same element to be
the same or different? Justify your answer,
Sol. First ionisation enthalpies of two isotopes of the same element are expected to be same because ionisation

. enthalpy depends upon the electronc configuration and effective nuclear charge. Isotopes of an element
have same electronic configuration and thus, the same nuclear charge.

Q-6. Why do elements in the Same group have similar Q-7 In terms of electronic configuration, what the
physical and chemical properties? elements of a given period and a group have in
common? '

Sol. For elements in a period the number of shelfs is equal
and for elements in 2 group the number of electrons in
the outermost shell (valence shell) is the same.

Sol. Same group elemenes have similyy valence shell
electronic configuration therefore,

have similar *
physical and chemical properties,

15




Q-8 rite the atomic number of the element present

in the third period and seventeenth group of the
periodic table,

Sol. General configuration for 17¢h group clements is
ns” np’. In the third period, the principal quantum
number for valence shell is three, so the electronic
configuration of valence shell for the given element js
35,3 p5; Third period starts from atomic nuniber,
Z=11and end ar Z =18. Hence, the atomic number
of the given element is10 + 7 =17.

Sol.

Q-9 How would you react to the | statement that the
electronegativity of N on Pauting scale is 3.0 in all the
nitrogen compounds? '

Sol. The statement that electronegativity of N on Pauling scale is 3.0
in all the nitrogen compounds is wrong because electronegativity

of any given element is not constant. It varies depending on the
element to which it is bound.

It increases as the oxidation state of the element increases or ;
percentage of s-character of hybrid orbital increases,

Q-10 What is the basic difference between the terms electron Sol.
gain enthalpy and electronegativity?

Sol. Electron gain enthalpy is the tendency of an isofated gaseous
atom to accept an exira electon to form a gaseous anion while .
electronegativity is the tendency of an atom of an element to Q-15
attrace the shared pair of electrons towards itself in 2 covalent
bond. Unlike electron gain enthalpy, clectronegaiivity is not a

measurable quantity. Sol.

Q-11 Predict the periods and blocks to which each of the
following elements belong? g

(i) 1Al (1) o6Cr (i) 9Cu (i) yNa
Write electronic configuration and then predict period and
block.

Sol () 13 Al =152, 252, 25,352, 3!

[Third period and p-block]

(i) 24Cr=1s%,2s%,20%,35%, 355, 451, 34°
{Fourth period and d-block]

() 3oCu=1s% 252, 2p%,35%,3p5, 45", 3410
[Fourth period and d-block]

(i) 1yNa=1s2, 252, 2p6,351

~ [Third period and s«block]_

Q-16,

Sol.

Q-12 An element X belongs to the third period of the p-block

elements. It has 4 electrons in the outermost shell. Name
the element.

Sol. The outer configuration of the element is 3523 ch Thus, the

complete configuration is 152,262 255, 352352 So the
p g P 4

_atomic number is 2 + 8 + 4 =14. Hence, the element is silicon.

Q-13 In terms of period and group where would you locate the
element with 7 =114?

First write electronic configuration of the given element.
Highest vaiue of n shows the period of element and group
number = 10 + number of electrons inns and no shells.

1144 = golRa) 752,571, 64", 7

In the periodic table, the element with 7 =114 is located in
p-block (as last electron enters in p-subshell).

Period-7th {asn = 7 for valence shell)

Group-14th  {for p-block elements, group rumber
=10 + number of electrons in valence shell).

Q-14 (i) How do the electronic configurations of the

elements with Z =107-109 differ from one
another?

(f)) Rn {Z =86) is the last noble gas discovered. .

Predict what will be the atomic number of the
next noble gas to be discovered. Write its
symbol.

(9) Element with Z =107 has five, Z =108 has six while
Z =109 has seven Gd-electrons. Thus, these elements
differ in the number of electrons in the 64-subshell.

() 118, Uuo

‘On the basis of quantum numbers, justify that sixth

period of the periodic table should have
32 elements. '

In the modern periodic table, each period starts with the
filling of a new principal energy level. Sixth period begins
with filling of principal quantum number, » =6.

According to aufbau principle, in the ground state of the
atoms, the orbitals are filled in order of their increasing
energies. Therefore, in sixth period, electrons enter in
65,4f,54 and 6p subshells. Total 16 orbirals
{24745 +3 respectively) are presenc in these subshells.

According to Pauli's exclusion principle, each orbital can
accomodate maximum two electrons, therefore 16 orbitals
can have 32 electrons and hence, Gth period have 32
clements.

How many elements can be accommodated in the
present set up of the long form of the periodic table?
Explain.

In the present set up of the long form of the petiodic table,
we have seven periods (i.e., principal quantum number,

n = 7)and four blocks (s, p, dand f-block efements).

Therefore, the maximum number of elements which can be
accommodated in the present set up of the long form of the
periodic table in accordance with aufbau principle is

152,22, 2p%,35%,3p5, 452, 34", 4p°, 552, 44"°,
558,652, 4F1,54%°,6p8,7:%,5£1,64, 7% =118,



Q-17 What is the basic difference in approach between the Q-21What do you understand by isoelectronic species?
Mendeleev's periodic law and the modern periodic

law? .'

Sol. Mendeleev's periodic faw It states that the properties of the

Q-8

clements are 2 periodic function of their atomic weights,

Modern periodic law It states thar the propesties of the
elements are a periodic function of their atomic numbers,
thus, change in the base of classification of elements from
atomic weight to atomic number is the basic difference

berween Mendeleev's periodic law and the modern periodic
Jaw.

. Which important property did Mendeleev use to

classify the elements in his periodic table and did he
stick to that?

Sol. Mendeleey used acomic weight as the basis of classification

" Q-19 Consider the following species -

of elements in the periodic table. He arranged 63 elements
known at that time'in the periodic table on the basis of the -
order of their increasing atomic weight. At some places he
ignored the increasing order of atomic weights to place the
elements having similar properties together,

N*7, 0%, F7, Na*, Mg?* and A1
(1) What is common in them?

{if) Arrange them in the order of increasing ionic
radii, -

Name a species that will be isoelectronic with each
of the following atoms or ions.

MF (i) Ar
(i) Mg** (iv) Rb*

Sol. Isoelectronic species have the same number of electrons but

different nuclear charges. In case of isoclectronic species as
the nuclear charge increases, their size deceeases.

(1) F™ has 10 electrons {9 +1).

{8y Ar has 18 electrons. ] _

(7ii) Mg?* has 10 clectcons (12-2) and

(i) Rb™ has 36 electrons (37-1). 7
N7, 0%, Ne, Na* and AP* are some species which are
isoelectronic with F~ and Mg 2

P7, 8%, 07, K and Ca?* are some species which are

isoclectronic to Ar. .
Similarly, Br™, Krand St are isoclectronic with Rb*.

Q-22 Among the second period elements the actual

lonisation enthalpies are in the order
Li<B<Be<C<0<N<F<Ne
Explain why
(i) Be has higher A;H than B?
{it} 0 has lower A;H than N and F?

Sol. () All the piven species have same number of electrons Sol. (i) Be has higher A,/ (jonisarion enthalpy) than boron.

on

Sol.

{L0¢™ ). Therefore, all are isoelectronic.

{é#) The ionic radii of isoelecrronic species decreases with |

increase in atomic number (as magnitude of the
nuclear charge increases with increase in atomic
number).

Therefore, their ionic radii increase in the order
APY <Mg2+<Na+<F- <O N
Z=13 12 I 9 8 7

The first ionisation enthalpy values (in kJ mol !} of
group 13 elements are :
s TR AE

-
B Al Ga n q
801 517 579 558 580

_—M‘_'—_.HA—-_,__—“"

How would you explain this deviation from the
general trend? '
In gencral, On movin

g down the group (13th group) from
B 1o Al the jonisatio

o enthalpy decreases with increase in
aromic size and screening effect ag expected. But IE, of Ga

is slightly higher {only 2k mol ™1y than IE, of AL Itis due

to imperfect shielding of the valence electrons by
3d-electrons. As a result of this, effective nuclear charge in
Gais slightly more than that of AL Thacs why (IE, ) A, H, |
of Ga is slightly more than that of Al ‘

On moving from In to Tl, A iy of Tl is farger than thar of
In. Yt is due to the fact thar cffective nuclear charge

outweighs the shielding effect of all the electrons present in
4f and Sd-electrons.

In both the cases, the electron o be removed belongs to
the same principal shell. In ¢Be= (152, 2:2), it is
2s-electron while in boron 5B=(1s?', 252, Zpl) it is
2p-electron.

The penetration of a 2s-electron to the nucleus is more
than that of a 2p-electron. It means 2s-electrons are

more strongly attracted by the nucleus than
2p-electrons.

Therefore, higher amount of energy is required to
remove a 2s-¢lectron than 2 2 p-electron. Hence, Be has
higher A; H than B. :
{#) O has lower A, H than N and E
sN=1s%, 2:2,)2}‘;}(, 2p;,_2p:
g0=1s%,2:2, 2p2, Zp;, 2p}
25252 ,.2
oF=1%25%, 2p2, 292, 21

Across a period ionisation enthalpy increases as we move
from left to right due to decrease in atomic size.

But A ;H of nitrogen is greater than oxygen. It is becasue of
the more stable electronic configuration (exacly half-filled
orbitals are more stable) of nitrogen, so it is difficult to
remove an electron from nitrogen than from oxygen, That’s

why oxygen has lower ionisation enthalpy than nitrogen
and fluorine.
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Q-23 Give the name and atomic number of the mert gas
atom in which the total number of d-electrons is
equal to the difference in numbers of total 4 and s
electrons. .

Sol.

The first inert gas which contains  electrons is krypton. Irs
aromic pumber is 36 and its electronic configuration is
152, 242, 2p6, 352, 3]’6, 340, 452, 4p6

Total number of d-clectrons =10

Tortal number of p-clectrons=6+6+6=18

Total number of s-electrons =2+ 2+ 2+ 2 =: 8

<. Difference in total number of p and 5 electrons
=18-8=10
Thus, the inert gas is keypton.

Q-24.Can an element with atomic number 126, if
discovered, be accommodated in the present set up
of the long form of periodic table?

Sol. No, the maximum number of elements which can be
accommodated in the present set up of the long form of the
periodic table is 118. Thereafter, filling of 8s-orbital shall
begin which will accommodate only two electrons. After
8s-orbitals, the filling of 5 g-orbitals will begin. Since we do
not have any provision for g-block elements in the presen; -
set up of the long form of periodic wble, therefore, an
element with 2tomic number 126, if discovered, cannot be
accommodated in the present set up of the long form of
periodic table.

25 How would you explain the fact that the first ionisation
enthalpy of sodium is lower than that of magnesium but its
second ionisation enthalpy is hlghef than that of
magnesinm?

First ionisation enthalpy of sodium (Na=152, 252, 2p6,3:l) is

lower than that of magnesium (Mg = 152,252 2 pé, 357) because heQ

ol.

electron to be removed in both the «cases is from 3s-orbital but the
nuclear charge is lower in the Na than that of magnesium

( IE o —L‘—}
atomic s1ze

After the removal of first electron Na" acquires inert gas (Ne)
configuration (Nat = 152, 22,2 ps)and hence, removal of second -
electron from sodium is difficule. While in case of magnesium, after
the removal of first electron, the electronic configuration of Mg™ is
152, 2;2, 2})6, 35,

In this case, 3s* electron is easy to remove in comparison to remove

an electron from inegt gas configuration. Thetefore, IE ; of Na is
higher than that of Mg

Q-26 Use the penodlc table to answer the following
questions.

(i) Identify an element with five electrons in
the outer subshell.

{ii) Identify an element that would tend to
lose two electrons,

(i1i) Identify an element that would tend to
gain two electrons.

(iv) Identify the group having ~metal,
non-metal, liquid as well as gas at the
room temperature,

Sol. (5) General electronic configuration of elements
having five electrons in the outer sub shell is

ns? np® . This configucation belongs to halogen
family, 7.e., E Cl, Br, I, At.

(7)) Elemenss of second group are known as alkaline
earth metals {Mg, Cs, St, Ba, etc). Their general
electronic configuration for valence shell is 752,
These elements form dipositive cations by the
lose of two electrons easily.

(é1) 16th group elements such as O, §, Se, etc., have
a tendency to aceept two electrons because by
the gain of two electrons they attzin noble gas
configuration.  Their gcncral electronic
configusation for valence shell is ns*np*.

(i) Group 1 or 17 of the periodic table contains
metal, non-metal, liquid as well as gas ar the
room teinperatuse, €. g., H 5 is a non-metal and
in gaseous state at room temperature, Al other
elements of this group are metals. Cs is a liquid’
meal. Simifarly, Br is 2 liquid non-metal while
other clements of this group are gaseous
non-metals. lodine can form I so it has some
what metallic properties.

_37 Energy of an electron in the ground state of the hydrogei
atom is — 2.18x 1072 J. Calculate the ionisation enthalpy ~

atomic hydrogen in terms of J mol 3,

.8ol. Tonisation energy is the amount of energy required to remove th

electron from the ground state (£, ) to infinity (E.,, ).
E=-218x 107 J; E, =0
AE=E -E, |
=0-(-2.18x 107" J)
=218x107"% |
Ionisarion enthalpy per hydrogen atom = 2.18 x 1078 ]

. Ionisation enchalpy per mole of hydrogen atoms
=2.18x 1078 x 6022 10

= 13.12x 10° Jmol ™!



Q-28. Assign the position of the element having outer electronic configuration.
(i} ns® np* forn =3

(@) (n ~1) @* ns® forn = 4and |

(i) (1~ 2) £7 (1~ 1) d* ns? forn =6, in the periodic table. f

Sol. O’ np? forn=3 _

#=3 means element belongs to third period. Since, last electron cnters in the #-orbital, it belongs 10

p-block. For p-block elements, the gtoup number =10 + valence shell clectrons =10+ (2 + 4) =1,
Hence, the element belongs to 16th group.

(D (n—10d? 5 forn=4

n=4 means the element belongs to fourth period. Since, last electron enters in d-orbital, the given
clement belongs to d-black. For d-block clements, group number = number of d-electrons + number
of nselectrons =2+ 2= 4

Hence, the element belongs to 4th group.

() (n— 2)f7 (n—l) d' nstforn=6
n =6 means, the element belongs to sixch period.
Since, last electron enters in f-orbital, the given
clement belongs to f-block and all f-block elements

are the members of third group. Hence, the efement
belongs to third group, -

({0orF {ify Forcl
Sol. {) Oxygen and fuorine both belong 0 second period

Flghte —o ¥F7(y)
2,7 2,8 .

Therefore, electron gain enthalpy of fluotine is much more negative (328 kJ mol™) than that of
oxygen {~141 kJ mol ™), ' :

(i1} Wichin 1 group, electron gain enthalpy becomes less negative down 2 group. But clectron gain
enthalpy of chlorine is more negative (— 349 kJ mol ™ ) than that of the fiuorine (~ 328 kJ mol ™),

This is due to small size of fluotine as the electron-clectron repulsions in relatively compact 2 p-orbital

is greater than that in the larger 3p-orbital and hence, the incoming electron fecls greater repulsion in
fluorine than in the chlorine. That’s why chlorine have more negative electron gain enthalpy chan that
of fluorine.

i Q-SQ. The first ionisation enthalpy (A;H) values of the third period elements, Na, Mg
~ and Siare Tespectively 496, 737 and 786 kJ mol Predict whether the first A i1 value for Al
< will be more close to 575 or 760 kJ mol ™12 Justify your answer.

 Solution We know tha the first ionisation enthalpy generally increases from left o right along a period bue
- * the ionisation enthalpy of elements of group 2 {i.e., Mg) is higher than that of the corresponding element of

group 13 (i.e., Al) due to the more penctrating power and less shielding of ns-electron, Thus, the correct order
of ionisation enthalpy is

Na<Al« Mg < 5i
We know 496 <? <737 <786

. The ionisation enthalpy of Al must be lower than thar of the Mg, 50 its value will be close to 575.(Which is
less than 737)

79



Q‘-315 ) Using the periodic table, predict the formulae of compounds which might be
formed by the following pairs of elements: (i) silicon and bromine {if} aluminium and
sulphur, .

Solution (i) Silicon (Si} being 2 member of group 14 have four valence electrons, 7.c., its valency is 4.
Bromine is a member of halogen family and hence, its valence is 1. When these combine, the formula of the

4 I
compound formed would be s (g or SiBr;.
i y £

() Aluminium being a member of group 13 contains chree valence electrons so its valency is 3. Sulphur,
on the other hands, belongs 1o group 16 and has 6 valence clectrons, so jts valency is8~6=2. When

3 2
these combine, the formula of the compound formed would be = Al }f s or AlL,S;.

Q-32 The first (ZfH 1) and the second {4;H,) ionisation enthalpies (in kJ mol™!) and the (A
electron gain enthalpy (in kI mol ™) of a few elements are given below

Elements AH, AH, A H
[ 520 7300 ~60
I 419 .| 3051 -48
i 1681 3374 -328
v 1008 1846 - 285
v 2372 5251 +48
Vi 738 | 1451 —4p

Which of the aboye elements is likely to be
(1) the least reactive element?
(i1) the most reactive metal? _
(iii) the most reactive non-metal?
(iv) the least reactive non-metal?
(v) the metal which can form a stable binary halide of the formula MX,(X =halogen)?
{vi) the metal which can form a predominantly stable covalent hatide of the formyla
MX (X = halogen)?

Sol. (3} The least reactive element is element (V) because it has highest A; H, (first jonisation enthalpy) and
posttive electron gain enchalpy (AegH). The ¢lement (V) is an inert gas because inert gases have
positive electron gain enthalpy. The given values for element (V) match wich He.

() The most reactive metal is element (I1) because it has the leas; A; Hy (first ionisation enthalpy) and
low negative clectron gain enthalpy (A o H)- The given values for element I match with K.

{##1) The most reactive non-metal is element (III) because it has high A H, {first ionisation enthalpy) and
2 very high negarive electron gain enthalpy (A eg £7)- The given values for element I1] match with F,

(0) The least reactive non-metal js element {IV). The element {IV) has not so high A ;4 but it has high

negative electron gain enthalpy (A egH). The given values for element {1V} match widh ().

(#) The metal which can form a stable binary halide of the formula MX, is element {VI). Element (V1) is
alkaline carth metal because it has Jow A;H} but higher than that of alkal; metals. Moreover, the
difference between A 1y and A H, s very less. The given values for element (VI) match with Mg.

{vi) Element (I) has low A iy bur a very high A iy It has less negative electron gain enthalpy. So,
element (I} is alkal; metal. The given values for element (I) match with Li. Lichium forms
predominandy stable covalent halide of the formula MX.

Q-33. Predict the formulae of the stable binary compounds that would be formed by the
combination of the following pairs of elements,

() Lithium and o0xygen (i) Magnesium and nitrogen
(i71) Aluminium and jodine (iv) Silicon and oxygen
(v) Phosphorus and fluorine S (vi) Element 71 and fluorine
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Sol. Element n({i::lt)lgr EIectror:;sh Lr;lvalence Valency Forn;t;lra:l; :li; Il‘)cilnary
(i) Lithium Group 1 1 1 Li O
Oxygen Group 16 s 6 B-6=2
{ii) Magnesium Group 2 2 2 Mg,i,
Nitrogen Group 15 5 8-5=3
{iii} Aluminium Group 13 3 3 | Ally
lodine Group 17 7 8-7 =1
{iv) Silicon Group 14 4 4 Si0,
Oxygen Group 16 6 8-6=2
(V) Phosphorus Group 15 5 3ors Py or PR
Fluerine Group 17 7 8-7=1
{vi) Blement 71, Group 3 3 3 : Luf,
{Lutetium) :
Fluarine Group 17 7 8-7=1
Q-34

least negative? (p, s, Cl, F) Explain your answer.

Solution As, we know the negative value of electron gain
enthalpy increases along 2 period and decreases on moving
down the group but the elements of sccond period like F have
lesser electron gain enchalpy than the corresponding element
of third petiod. This is because of the smaller size and hence
greater repulsion in case of F as compared to Cl Thus, the
order of electron gain enthalpy is P < S < F < Cl. je., the
electron gain enthalpy is most negative for chlorine and fess
negative for phosphorus. ' '

Which of the following will have the @5
nost negative electron gain enthalpy and which the have the

Mg' Mg2+' Al,. A13+'

Which of the following species will
largest and the smallest size?

Solution Mg and Al belongs to same period (i.e., third

petiod) and along a period atomic radii decreases. Thus, the
order of size of Mg and Al is

Al<Mg

Further, the size of a cation is always smaller than irs parent

atom and in case of isoelectronic species, size decreases as the -

nuclear charge increases.

Thus, the size of Mg ?* > AI*
7. The correct order of size is A% < Al< Mg? < Mg.

Thus, Mg is the largest atom and AI* is the smallest jon.

£
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Q-1 The magnitude of charge on the electron IS4.8x 1010 g, What is the charge on the nucleus
- of a helium atgyy?

charge on the nucleus of a heljum atom is (+ 2)x 4.8 10790, 96x 10710 o, -

Q-2 What is the difference between atomic mass and mags Mumber2. -» £+
Sol. Mass number js a whole number becayse it is the sum of number of
whereas atomic mas jg fractional becayse j¢ is the average relarive mass of its acom as o paredwith mass of
anatom of C-12 isotope taken a5 12

Q-3 Neutrons can be found in all atomje huclei except in one cage, Which s this atomgc nucleus
and what does it consist of ?

Sol. In case of hydrogen atom, there js 10 neutron, It consiges of only one proron,

Q_;“?."-\In Millikan's experiment, static electric charge on the ojl drops has been obtained by shining
' - X-rays. If the static electric charge o the oil drop s ~1.28p 107% ¢ caleulate the number of
electrons present on it.‘ '

2 in of -1.282x 10718 -
Sol. Number of electrons, 7 = rotaf charge in oil drop e ¢

=0.800x 10=8.¢ electrons
charge on 1 clectron 1.6022x 107¢

“ Mass of 1 mole of electrons
=941x 107 % 6,027 193
=54.86x 108
=5.486X 1077 fy ! s
Charge og | electron = L602x 1079
- Charge on | mole of electropg
=1.602x 107 x 6,029 1923
=9.647x10%C
Q-5, Arrange the following type of radiations in increasing
order of frequency. ' i
{i) Radiation from microwave oven
{i1) Amber light frop traffic signal < b
(7%7) Radiation frorm FM ragiy - ., B
(fv) Cosmic rays from oyter spaceand '~
(V) X-rays |

Q-6+ What is the maximym number of emission. lines when the
excited electron of 3 H-atominn = drops to the ground
state?

Sol. Number of lines produced when electron from 1 th shelj drops to

-1).
ground state = E%J :



When # =6, number of lines produced

...6___(6"1)-;6_)3_5.:15

Q7 Explainsehy the uncertainty princi
: the macroscopic objects?

momentum of the subatomic particle, However,

‘. Q-8, Calc::llate the wavelength of ap electron
-moving with velocity of 2,05 % 197 ms2,

Sol. We know that mass of an electron, ! s 7
m=9.11x 10 kg,

: h
APPI)'mg, A= —=35x 1071
v

'Q-9 Dual behaviour of matter proposed by de-Broglie led to the
discovery of electron microscope often used for the highly
magnified images of biclogical molecules and other type of
materials. If the velocity of the electron in this MICToscope
is 1.6x10°ms™, calculate de-Broglie wavelength
associated with this electron. '

= Sol. Using de-Broglic wavelength, A = A we get
)

A =455 pm

Q10 Similar to electron diffraction, neutron diffraction
microscope is also used for the determination of the

. Sol. F A
structure of molecules. If the wavelength used heve is 800 requendy,

pm, calculate the characteristic velocity associated with
the neutron (mass of neutron = 1.675x10™% kg).

.. Sol. Wavelength, A = 52 A N
: ml‘
6.626% 107 kg m %!
1.675% 107 kgx 800% 1072 1
=0.494x 10’ ms™ ='4.94x 10? ms™

or

- Q11 Nitrogen laser produces a radiation at a wavelength
' of 337.1 nm. If the number of photons emitted is
5.6% 10%, calculate the power of this laser.

if n photons are emitied by a laser, the {otal energy of the
photons ernitted is equal to the power of the laser.

Sol. Energy of 1 photon, E:%

_6.626x 107 Jsx 3.0x.10% ms™!

337.1x 107 m
=0.05896x 1077 ]

{1 nm=10" m)

¥ principle is significant only for the motion of subatomic particles but is negligible

the energy is insufficient to disur

Q-12

Sol. Suppose the transition akes placebetween fevels n

for

certainty in the measurement of position and
ba macroscopic object.

Energy of 5.6x 102 photons
=0.05896x 1077 x 5.6 1%
=0.3302x 107 J= 3302 10y

Ll

The velocity associated with a proton moving in a
potential difference of 1000 Vis 4,37 x 10° ms™. If
the hockey ball of mass 0.1 kg is moving with this

velodity, calculate the wavelength associated with
this velocity. -

Sol. Wavelength associated with the velocity of hockey ball
Ao b 6626x107H kg m !
' my 0.1kgx 4.37x 10’ ms™!
= 15.16x 10 m = 1516x 10

Q-13 Calculate the wavelength, frequency and wave

number of a light wave whose period is 2.0 x 107, _'

1
time period T 20x 1071%

=5% 10%!

[ |
Wavelength, = £ = 0X 10" ms
voosx10? s

=06x107'm
=6.0% 10%m

1
60%x107% m
=16.66m !

- 1
Wave number, V= = =

Q-14 Calculate the wavelength of the spectral line

obtained in the spectrum of ;%

transition takes place between two le
is 4 and the difference is 2.

ion when the
vels whose sum

andz,.
Then, tny=4 and ny—nm =2

Solving these cquations, we getm =1, 7, =3 N




Qs

Sol,

Q16

represented  as v =3.29 x10% (Hz)[ > —?J
2l 3

1_ f1 1Y L,
o =109677 cm (F_a_z)xs
1] .
=109677 X[~~~ %9 cm
19
. =109677 X8 em !

or l=~t—m_:1.l4x 1076 cm
109677 X § cm !

Emission transitions in the Paschen series end at
owbit n=3 and start from orbit n and can he
1 1
n
Calculate the value of if the transition is observed
at 1285 nm. Find the region of the spectrum.

I 1

Given, frequency, vefo 3.29x% 10%° Hz[— -
A 32 n®
8 -1
y=2000 T e 108 Hz(lm-l—)
1285x 1072 9 2
3.0% 10% ms™! ‘-‘(1 1)
1285% 107 mx 3.29% 105 [, |9 n®

1
= =0.1111 - 0.6709
n

= nzz-?j or =5

Sol.

Q-18

Sol.

*+ Theelectrons jump fromn = 5 195 = 3i.e., the transitions -

occurs in Paschen seties and Jies jn wnfrared region.

Moreover, the radiation 1285 nm lies i the infrared region. -

The electron energy in hydrogen atom is given by

En=(-2.18x10") /n%). Caledlate the energy
required to remove an electron completely from the
n =2 orbit, What is the longest wavelength of light

+

m cm that can be used to cause this transition?

Sol. Energy required to shift an electron fromn=2ton=o,

22
=545% 10" J atom !

~18 -1
AE:E”_szo_(_z.wxlo J atom ]

Wavelength, A, == E =3.647X 1077 ¢m
_ AE

Q-17 How much enerqy is required to ionise a H-atom if

the electron occupies =5 orbit? Compare your
answer with the ionisation enthalpy of H-atom
(energy required to remove the electron fromn =1
orbit).  n o

o .
& AN

Energy change, AE = E - E;

n" ﬂf

11
18
AE=218x 10 J[—z—wz—}

When n; =5andn, = os,
AE=218x 10*‘31(;13-—1J=0.0372x 10718

When n; :landnf = o9,
I
AE =2.18x 10“'8J[if—)
I

o]

AE =2.18x 107"#].
CAET_ 218x107%
AE  0.0872x 10718

Hence, energy required to remove an electron from firsc
orbit is 25 times than that required to remove an electron

from fifth orbit.

‘What is the energy in joules, Tequired to shift the

electron of the hydrogen atom from the first Bohy
orbit to the fifth Bohr orbit and what is the
wavelength of the light emitted when the electron
returns te the ground state? The ground state
electron energy is - 2.18x 10 lerg,;

AE=F; - F,=218x 107! (—1?——];] erg

fl‘- ﬂf
(f?i =landnf =5)
AE=218x 19071 11 erg
1> 5t
AE=2.18x 107" xi-:=2.0928x 107 erg

=2.0928x 107*]

When electron returns to

( leg=107"))

ground state, it emits energy

equals to AE hence,

Q-19

ag=%
)

- he 6.626)( 1073 Jsx 3.0% 108 ms™!
AE 2:0928x 107185
=9.498% 107 m=949.8x 10710 m = 949.8 A

or

The angular momentum of an electron in Bohr's
orbit of H-atom is 3.02 x103¢ kgm’s~, Calculate
the wavelength of the spectral line emitted when
the electron jumps from this level to the next lower
level,

gl
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Sol. Angular momer;turﬂ {mmvr)

a2 -3 2 -1 Q-22. An atom of an element contains 29 electrons and
o SO2X 107 kg’ 35 neutrons. Deduce
a2 302%107% x 2 % 3.14 (¥) the number of protons ‘
7=302 x 107 x === = =3 (i1} the electronic configuration of the element.
6.3x 107 j
When the electron jumps from 2=3 (0 n=2, the Sol. (i} For a neutral atom,
wavelength of spectral line, Number of electrons = number of protons
L 1L_11. 1 1 29 electrons = 29 protons.
e 109677(,1—;—;13]—— 109677[52—— ?)
) 5 . () 2902 =1c22572p53,23 563,410 41
—=109677 X —=15232.9 cm ™! The elemen :
'y 36 {The element is copper.)
A= -656x10 cm™! ; ; :
= - =0:36X107" em Q-23 - The unpaired electrons in Al and Si are present i
152329 cm . . . -
o : 3p-orbital. Which electrons will experience more
. ,
Q20 1 H-atom, the energy of electron in the nth ozbit is effective muclear charge from the naclens?
- . 13.6
givenas E,, :"_;E_ eV. Sol.  3Al=1:%,25%, 28,352 3p!
136 2 Si=1s%, 257, 2p5,3:2 32
Show that Eg,,4~E, = 3 eV for large =N A 297 35730
n? Si (+ 4) has greater nuclear charge than aluminium (+3).
values of n. Hence, 3p unpaired elections of §i experience greater
: effective nuclear chacge than Al
Sol. E, .\ —E, =~ J_-”_G_z - (_. 1_3?61) .
(n+1) /) 1Q-24 jf;"The quantum numbers of six electrons are given
136l S T, D - p2 o ?felow. A;range them in order of increasing energies,
=13, | n-z— 1) =13 %nz 1) any of these combmatmn(s) has/have the same

_ energy lsts :
_136xQn+1) 136x2n 136

et e D? e r)?

(i)n:4,l:2,mlz_2'ms_ 1

2

_136x2 136 Tn=3l=am =1y =yl -
nln+1)?  n(n+1)? 2
Asnislargc,vn+lin.‘ (Hi)n:4_—l=1,ml‘:.0’ms':+}. o
Hence, E,,, —E, =136X2, 136 _136x2 ‘ z

‘ nxn®  n? xn? n - (zv)nz3'122'ml=—2,Ms=*‘
2

(N:fglccting s_ccond term bc_causc ntis very large.) —~ n=31=, m=—1m, = +3
o Using s, p, d notations, describe the orbital with the

following quantum numbers. () n= 4, 11,m; =, m; =+ !

(n=11=0 (Hn=31=1 ——— 2
(HI) n=41=2 ‘(fV)H w4123, & _ \ '. N Qu_a“t_tfm nymb_ef' _ ' \ Subshell '--n+ f\
s L e e N "‘.‘;’“-‘ E ﬂOfaliﬂn B T
f1 represents the main shell ang 01,23 . vauesaf/* =4 !m +2 = ‘.
fepresentthe s, p,d, f . orbitals reépectively. 0 o oM = 2 tre=s
{i) n:3,l:2,m‘,:1,ms:+i ) 3+2=5
: 2
Subshell
Sol. n i notation (i) n=41=1m=0m, =4 2I a4 | 441=5
(& 1
' 0 ) ls (N) n=3ll-_—2,mf_—_._2lms=._.l kel 3+2—‘-‘5
(1) 3 1 3p 2
e = = = 1 -
(i 4 2 4d N A B R
(i) 4 3 4f vi) n=4.l:1.m,=0,m5=+% | 4 |4+1=5
i
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Q-25 Which of the following sets of orbitals are degenerate and why?

(i) s, 2s and 35 in Mg atom,
(i) 2p,, 2p,.and 2p, in C atom.
(it} 35, 3p, and 3d orbitals in H atom,

Sol. (8 Is, 25 and 35 orbitals in Mg atom are not degenerate because these have diffesent values of n.

() 2p,,2p y and 2p orbitals in C atom are degenerate because these belong to same subshell,
(4 35,3 2, and 34 orbitals in H atom are degenerate because for H atom, the subshells having same value

of whave same energics.

Q-26 Explain, giving reasons which of the fotlowing sets
of quantum numbers are not possible?

n=0lsom=0m =+1/2

s 1
(”) n=111=0,m! :Ofms :-—-—E

’ T
Win=4l=1m=0,m, =+~ M
( ) 1’ [{ § ‘2q\

. 1
()n=21=1,m =0,m, = -5

1
()nr=3l=3m =3 m, =+ *

. 1
(M)n=31=4m =0 m, =+

* Ralways be a positive integer.
LI FY

Sol. {3} is not possible as 15 2 0
{#) is possible(] 5) . )
(#) is not possible because if 7 = Li=0only{/+1)
(i) s possible (2,)
{2} is not possible because i€ = 3,/=0,1and 2{/ #3)
(#4) Is possible 3p)

Sol Total length = 2.4 cm
Number of carbon aroms along the Jength = 2 x 10°

. Diameter of 1 carbon atom
_ 24cm

—— =12x 107"
2x 10

-8
Radius of 1 carbon atom = 4 :Mﬂ

2 2x 108
=0.060 cm

Q-28 The diameter of zinc atom is 2.6 A. Calculate

(i) radius of zinc atom in pm and {ii) number of
atoms present in a length of 1.6 cm if the zinc atoms
are arranged side by side lengthwise. .

Sol. (3} Diameter of Zn acom = 26A=26x10""

~10
Radtus of Zn atom = 26x 107" m

=130 pm

(@) Given, length = 1.6 cm= 16x 1072 ;m
Number of Zn atomns in1.6x 1072 m
_L6x107% m

5 = 6.154x 107 acoms
26x 107% m

2-27 If the diameter of a carbon atom is 0.15 nm, ‘Q-29' In Ruthetford's experiment, generally the thin foil

calculate the number of carbon atoms which can be ©
placed side by side in a straight line across length of

scale of length 20 cm long. ‘
Sol. Diameter of a carbon atom = 0.15nm=0.15x 107 m

Length along which atoms are
=0cm=02m

Number of carbon atom which can be placed in the given

length

0.2m

_ _0.2x10°
0.15% 10 m

0.15m

=1.33% 10° atoms

5.2x10° atoms of carbon are arranged side by side,
Calculate the radius of carbon atom 1f the length of

this arrangement is 2.4 cm. N

&

of heavy atoms, like gold, platinum, etc., haye been
used o be bombarded by the o -particles. If the thin
foil of light atoms [ike aluminium, etc., i used,
what difference would be observed from the above
results?

to be placed goy Heavy atoms such as gold, platinum have heavy nucleys,

Heavy nucleus congains latge amount of positive charge.
When a beam of 2 ¢ -particles is shot at 4 thin gold foil,
most of them pass th rough without much effec,

Some however, are deflected back or by smaif angles due 1o
enormous repulsive force of beavy nudleus. If J; che
aluminium foil is used, the number of; C-particles deflected
back or those dcﬂccr::d by small angles will he negligible,



0-30 . Symbols 12Br and °Br can be written, whereas

Q-34 Give the number of electrons in the species Hf, H

symbols 73Br and **Br are not acceptable. Answer

Sol. The composition of any atom can be represented by using

' the normal element symbol ( X) with superscript on the lefe
hand side as'the mass number (4) and subscript (Z) on the

left hand side as the atomic number, i.e., 4 X. Hence, the

symbols 37',59 Brand ** Br are not acceptable.
NOTE Atomic number is always written as subscript and

mass number as superscript. However, both of these can be
written on left or right side of the symbol.

and 0. h

+ Count the fotal number of electrpns by adding
electrons present in each atom of a molecule.

+ Then remove or add electrons according to charge
{positive or negative) io count the eleclrons inanion.

13 =2-1=l¢
0;=40+30=8+8=16¢"
0} =16—1=15¢"

Q-35.."_;An ion with mass number 56 contains 3 units of

- Q-31 Calculate the approximate charge in coulomb and

approximate mass in kilogram of the nucleus of
lithium-7 isotope.

Sol. Nucleus of Li atom has 3 protons and 4 neurrons. Chacge

positive charge and 30.4% more neutrons than the
electrons. Assign the symbol to this jon.

Sol. Let the number of electrons in an ion = x

on one proton = 1.60 % 1_()_19 Coulombs.
~. Charge on 3 protons {i.e., charge on nucleus)
=3x% L60x 107°C
=480x 107" C
Mass of proton =~ mass of neutron =1.67x 107 kg
Mass of nucleus = 7x 1.67x 107 kg
=11.69% 107 kg

. Q,32N\An element with mass .;mmber 81 contains 31.7%

more neutrons as compared to protons. Assign the

2 Number of neutrons=x + %ﬁ x =1.304 x

{ Number of neutrons are 30.4% more than the number
of electrons).

In the netural atom, number of electrons = x 4 3

. { Theion carries+ 3 charge)

So, number of protons = x + 3

we know that, mass number = 1+ P
=L304x+x+3=56

Qq35_Which of the following are isoeiectronic species,

atomic symbol. _ .
Sol. We know thar mass number of the element,

A=p+n=81

i.e., those having the same number of electrons?
Na‘, K*, Mg®, Ca®, 8%, Ar

i) . Sol. Tsoclectronic species have the same number of electrons but

Let the number of protons, p = x
Then, number of neutrons,

n=x+31—'7x=1.317x
100

(As number of néutrons ace 31.7% more than the protons.)
Hence, from Eq. (i)

x+1317 x =81

x = 134958 =35
7

Thetefore, number of protons = 35 and the symbol is -;?51 Br. ().37 Prove that density of the nucleus is constant. .

{(Number of protons = Atomic number)

different aromic numbers.(Number of positive charge
shows the number of elecerons lost and number of negative
charges shows number of electrons gained by an atom.

Calculation of numberof electrons have been shown below.
nMNa = 11-1=10¢7, | (K*=19-1=18¢",

2Mg™ = 124221067, ,,Ca% = 20~ 2= 18¢",
1687 =16+2=18,", | Ar=18¢"

Hence, isoelectronic species are

() Na™ and Mg2+ (#HK*, Ca®, $% and Ar

N

8ol. Radius of the nucleus = 1.33% 107! x A3

Q-33 Write the complete symbol for the atom with the
given atomic nurmber (Z) and atomic mass (4). - ;.2 .
()Z=17,A=35 (i) Z=92,A=233 . ¢  ©°

(M) Z=4,4A=9

See the symbols of aloms having atomic number 17, 92
and 4 respeclively in the periodic table as the atomici
number is a fundamental property of an element, ie.,
certain for each element.

Sol. () HCI ) U (i) ) Be

Density of nucleus=— > #2> Mo . CY sk ¢

volume Meuhor
AX1.66x 1077 |y

gxn x (1.33% 1071 x 41733

_ 166x1077 x 3
4% 3.14x (1.33x 10711y}

= constant

kg /m®




Ve~

Thus, density of nucleus is constant, independent of the
element under consideration.

Q-38 The ejection of the photoelectron from the silver
metal in the photoelectric effect experiment can be
stopped by applying the voltage of 0.35 V when the
radiation of 256.7 nm is used. Calculabs the work

function for silver metal. 3
Sol. Energy of incident radiation, Av = vy +KE s

d‘é\gl )9V:é€.=6'626x10—34.]5x3.0)(108 s
(oW 2567x 1077 m

M‘\wﬁ:" \

W

\ -9y 774x107¥y
\ {S Q)/ QN. S}%_—_ _7{fx 10 lgjz_—ﬁ‘—_;)_- .
WEMT g TR 1.602x 10
Y VS Shgsey
p\!"‘ vt > o L ‘
3 \};}?’b ;Apa{gd potential gives kinetic energy (o the electron, ie.,
e v
\}w V"‘J €V9=~1—myl‘3m.—_K_E
2 =%m0,fm =16x 107" x 0,35
=0.56x 1019] =0.35 eV
KE=0.35¢v
Work function, Wy or

bvy =y —rKE =483e¢V-035eV = 448 ey

Q-39 The longest  wavelength  douplet absorption
- lransition is observed at 589 and 5896 nm.
Calculate the frequency of each transition and
energy difference between two excited states.

Sol. (1) Given, wavelength
Ay =589nm=589x10"° m
A3 =589.6 nm= 5896 10=
Frequency of wavelength 589 nm
¢ _30x108 ms!
M 589% 1070
=5.093x 104571
Prequency of wavelength 589.6 nm
£ 3.0x10% ms !
A2 589.6x10m
=5.088 x10M 51 .
(i) Energy difference berween two excited stares,
AE=}v, — by, =h(v; —v,)
AE=6.626x 107 Js (5.093x 1914~
~5.088x 10" 571y
AE=6.626x 10 Jsx 0.005x 1914 4!
AE=331x 1072

V1=

Vz'—"'w

3. Neon gas is generally used in sign boards. If it emifs
strongly at 616 nm, caleulate

(7) the frequency of emission,
» (i) distance travelled by this radiation is 305,
(ifi) energy of quantum.
(i) number of quanta present if it produces 2 J of
‘energy.

Sol.‘ {1 Frequency, v :i

= 30%10% ms’!

5 —=4870x 10" &
66X 107 m

{#) Distance travelled = speed X time
=3.0x10° ms™ x 305
C=90x10" m
(i) Energy of quantum (or photon),
E=hv=6626x 107 J5x4.870% 104!
=32.268x 1072

(iv) Number of quanca present
. _ total energy produced

energy of I quanta
2]
32.27% 10720

=6.2x 10" quanta

#

'Q-40. If the photon of the wavelength 150 pm strikes an

atom and one of its inner bound electrons is ejected
out with a velocity of 1.5 x 107 57}, calculate the
energy with which it is bound to the nueleus.

. The energy (hv, ) with which an electron is bound to
the nucleus is calculated by wsing the formula
" fv=hvy + KE, o first find v of incident radiation

and KE of electron by using the formuta KE = 51" mv2.

¢ Then substitute the values of iy and KE to find hv,
{fe. energy with which electron is bound to the
nucleus),

Sol. Energy of incident radiation v = by + ~2{ mu’

E=pyo e _6626X 107 Jsx3.0% 108
A 150x 1072 o
( 1pm=10""n)
E=1325x 1071 ]

KE of ejected electron = % mo?

:-;-x 9.11x 107" kg X (15x 107 ms™)?2

R



_ 6
KE =1.025x% 10 J + Then, calculate the number of photons by using the

1 5 forrnula
Wo =hvy =hv— 2 my® oy N totalenergy
, ) energy of one photon
=13.25x 107" J— 1025 10716 L \
Y -1

=12.225% 10716 ] u) Sol. Encrgy, _llc_=6.626>< 10 ]sxi.() X ms

_12225x 10716 N 4000 10™m )

1602x 107 { 1pm=10""m)
=763% 10% v . | =49695x 107V §
Q41 The Vividh Bharati Station of Al Indii Radio, Delki, Number of photons
‘ Broadcasts on a frequency of 1368 kHz (kilohertz), N 1)

Calculate the wavelength of the electromagnetic
Tadiation emitted by transmitter. Which part of the
electromagnetic spectrum does it belong to?

49695 x 107V |
=2.0122x10" photons

\bulb emits monochromatic yellow light of

: h0.57pum. Caleulate the rate of emission of
quanta per second.

Sol. 25 ware=25 s (warr = s

“° Sl Frequency, v =i_

8 -1
1368 x 10° Hz;iﬁ[’l_@_

1x 108 Solve as Q. 5.

or A= X 0" ms T [Ans. number of photons = 7.169 x 10!? photons]

1368x 10° ‘
=219.3 m , radiowave (Q-45 « Eleciromagnetic radiation of wavelength 242 nm is

9442 Yellow gt ) ' ' just sufficient to ionise the sodium atom. Calculate
: W ught emitted from a sodium lamp has a the ionisation energy of sodium in k3 mol 2,

wavelengh (A) of 580 nm. Calculate the frquency (v) A

and wave number (V) of the yettow light. he

Sol. Enecgy, E=pv = n
Sel. B = £ ‘
Fequency, v _6626x 107 Jsx 30 10° ms™!

I nm= 10> m : 242x107% m
580 nm=580% 107" m E=0.0821% 1077 ] facom
=580% 107 cm

_3.0x10% ms™!
580x 107 m

v =5.17x 10" 51

This energy is sufficient for ionisation of one Na atom, so it
o ) _ . L2 £ Na
(Velocity of light =3x 10° ms™ is the ionisation energy of Na

! i E=6.02%10% x 0.0821x 10 J/ mol
Wave number, V= —=— 2. - ]
A 580% 107 cm E=4.945% 10 J/ mol

=1.724% 10% em ™ = £.945 102K}/ mol

3 Q 43 - What is the number of photons of light ;\;th 4 Q-46 The mass of an electron is 9.1% 1073 kq. If its KE
wavelength of 4000 pm that provide 1J of energy? (kinetic energy) is 3x 107 J then calculate its
’ velocity.

« Number of photons is calculated by dividing totat 1,
energy by energy of 1 photon, so first calculate the S0k KE= o™

: ing £= 1 , 112
energy-of 1 photon by applying, £ = T [ 2 KE)”E 1% 3% 1075 kg m 22
or v= = T
m 9.1x 107 ke
=8.12x 10% ms™




Q-47 The work function’ (y) of some metals is listed Q-50 What is the wavelength of Iigjht emitted when the

below. Count the number of metals which will show

photoelectric effect when light of 300 nm-

wavelength falls qn the metal,
L [Na] K [mg ] cu
24[2322 3.7'4.8_J

[ P

G.ii 475

Metal Fe

W, (eV)

Ag
43

47

Sol. Given that wavelength is
X =300nnm =3x107
Therefore, energy is
~3 8
‘E=;,v=19£:6'6“° X3 x 10 -
3x 107 x1.6x107"

- For ametal to show photoclectric effect, its work function
"% has o be less than or equal to 4.1 eV So, the number of

" ‘metals having work function less than 4.1 eV s 4, Le, Li,
. Na,Kand Mg,

4.1eV

Q-48 Electrons are emitted with zero velocity from a
metal surface when it is exposed to radiation of
wavelength 6800 A. Calculate threshold frequency
{vo) and work function (W, ) of the metat.

Sol. Threshold wavelength,
Ao =6800 A=6800x1071° 1

Threshold frequency,
e 30X10% !
VO _— e
Ao 6800x 10710
Work function, W, = bv,
=6.626x 107 Jox 4.41x 10 ¢

=2922x 107§

=441x% 10M 5

2-49 . What transition in the hyd}ogen spectrum .would
have the same wavelength as the Balmer transition
n=4ton=2ofHe spectrum? Yo

e T

Sol. Wave number, V= 72 R L and V = L R
le n% 5 l E: £

ForHe* spectrum {for Balmer transition)
pe

= 2 ]_ 1. vOF - a7

v=Rx{2) (2—2 25) \\5 P

V=Rx4x2=3 L
16 4

For H-spectrum, v = £ x 12 L .

oy

3 I 1 3 1 I

“R=R|—-—| 2211

4 (ﬂf ’122J 4 nl

Hence, m =1 and #y,=21In H-spectrum, the transition
from n=2 to 7 =1 have same wavelength as the Balmer

.. -+
transition from =3 to =2 of He* spectrum.

electron in a hydrogen atom undergoes transition
from an energy level withn =4 to an energy level
withn =27

1 _ ! 1 -1
SOI. _}: = 109677 (; - '4—2) ot
or A =486 om

The colour corresponding to this wavelength is blue,

Q-51 Lifetimes of the molecules in the excited states are

often measured by using pulsed radiation source of
duration nearly in the nanosecond range, If the
radiation source has the duration of 2 ns and the
number of photons emitted during the pulse source
is2.5% 10%, calculate the energy of the sonrce.

S S
Period  2ns 2 197%
=05x 107

Energy of the source = Energy of 1 photon

Sol. Frequency, v=

X number of photons produced
Lpuree = IVX N
=6626% 107 Jsx 0.5% 10% x 2.5x 101
=828x 10710 '

Q-52. The jonisation energy of H-atom (in the ground

state) is xkJ. Find the energy required for an
electron to jump from second to third energy level.

X x

Sol. Energy in second energy level, £y=- = =7
Energy in third energy level,
ot x x
j—i ty’/b E3 :—;;:—-—5
% -0 s
By wEym X X%
P Ty %

Q-53, Calculate the energy required for the process
He'(g) — He®'(g)+e"
The ionisation energy for the H-atom in the ground
state s 2.18x 10 % Jatom ™!, .
Sol. Energy of electron in unielectron atomic system,
—2n% m7 2t
£, = Y
n'h
For H-atom, ionisation energy (IE) = £,, ~ E
IE=0- (— —n-——z";:’;:ﬁ)
(where, Z =1and » =1 for H-atom)
IE=2.18x 10" J atom !

hid
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o opl 2.2
ForHe*,IE=E,_ ~ £ =q|Z2%me’2?
1*(h%)
21t2me4

=4X 2 =4 x218x 10_'8Jatom_l

=8.72% 107¥ ] 400 !
- The energy required for the process
He' — 5 He? 4. 8.72X 1078 ] arom !

Q-54 (i) The €nergy associated with the first orbit in the
hydrogen atom is - 2.18x 10718 3 atom 1 What
is the energy associated with the fifth orbit?

{if) Calculate the radius of Bohr's fifth orbit for
hydrogen atom,

-18
Sol. () Energy in mth otbit, £, = _—2&2&-— J
E n
Energy in fifth orbit,
- -18
E =—_2;]8“x,£_ =—872% 1072
52 ,
(##) For H-atom, radius of n th orbit, 7, =0.529x »? A

< Radius of 5th Bohr arbir,

75 =0.529 x5 =13.225 & =1.3225

- Q55 It the velocity of the electron in Bohr's

first orbitis2.19x 10° ms™}, calculate the de-Broglie
wavelength associated with it '

Solution We know that, mass of electron
=9.01x 107! kg
h=6626x 10 ]
Wavelength, A, = —/J—

my
6.626X 107 kg %1
911x 1070 kgx 2.19% 10° x ms!
A=332x10""m = 332 pm
Q-56.
~ Bohr orbit for

- Multiple of the
with the electron

Show that the circumference of the

the hydrogen atom in an integral
de-Broglie wavelength associated
revolving around the orbit.

Solution According to Bohr model for H-atom, the
angular momentum of an electron in 2 given stationary stare,

nh nh
mur=—- or Qynr=_"7
¥ mu

From de-Broglic equarion wavelengh, A, = b

my
" Hence, § 2T = 5\,

Therefore, the circumference (217) of the Bohr orbit for

H-atom is an integral multiple of de—Brogfic wavelength,
{Here 2= number of waves in #th orbit).

) A golf ball has a mass of 40 g and a
speed of 45 m/s. If the speed can be measured within

accuracy of 2%, calculate the uncertainty in the
position, '

Solution Uncertainty in velocity Ay =-4ix-2- =0.9 ms™!
100
From Heisenberg’s pririciple,
- Ave b o 6.6x 107 kgm%!
nmAv 4314 40% 103 kgx 0.9

=1.46x 1073

value,

Solution Ax=0.002 m = 2,00 10712
From Heisenberg's uncertainty principle,

AxxAPZ—'i
i

AP=_F  _ 6.626x 107 kg m %!
A 4% 3 14x 2.00% 10712 g
AP=2638x 1078 kg !
Actual momentum = 5
41 x 0.05 nm
= 1055% 107 fg 51
It cannot be defined a5
smaller than uncertainty,

the actual valye of momentum is

o




'SARASWATT CHEMISTRY.
Some Basic Concepts

of

Q-1 Suppose a length had been reported to be 31.24 cm. Q-7, What is
the SI unit of ? ?
What is the minimum uncertainty implied in this mass: How 15 it defined?

measurement? Sol. SI unic of mass is kilogram (kg) Teis equal to the mass of
Sol. The minimum uncerrainty implies in this measurement is international prototype of the kilogram.
T 0.01cm.

| A Q-8, Match the following with their multiples.
Q2 1 ke speed of light is 3.0x 108 ms™, caleulate the '

distance covered by light in 2.00 ns. Prefixes Multiples
Sol. 2.00 ns=2 .00x 1075 { 1ns= 107 5) ()] miceo 108
Distance covered =speed X time (i) deca 10°
=3.0x 10 ms? x200x 107 s=06m (i) mega 107
| ' 7 ) | dioa 107
Q-3 What is the difference between 5.0 gand 5.00 g? v} femto .10

Sol. Though the two values seem to be! equivalent but . Sol. Micro =107%, deca =19, mega =10°, giga =107 and
scientifically they are different. 5.0 g has two sign?-ﬁca-nt ' femto =107,
figures and hence, its precision is 0.1 partin 3, £.¢., 20 ppt.
5.00 has three significant figures and hence, its precision is
0.01 parts in 5 , Z.e., 2 ppt. Hence, 5.00 g is more precise
measurement than 5.0.g. |

Q-9 Pressure is determined as force per unit area of the-
surface. The SI unit of pressure, pascal is as shown
below.

Q-4 \Why is the law of Gay Lussa’s not obeyed if any TPa=1Nm™

reactant or product is not a gas? . '
P J If the mass of air at sea level is 1034 gcm™,

Sol. If any reactant or product is 2 liquid or solid, che volume calculate the pressure in pascal.

occupied by them is extremely smalf as compared to thegas
and hence, the law is not obeyed. Sol. Pressure is the force or weight per unit area.

(-5 How can you prove that red oxide of copper is not an 1034 gx 9.8 ms™>

Pressure =
element? om?
Sol. On heating red oxide of copper in the presence of 1034 kgx 100X 100x 9.8 ms™
hydrogen, its mass decreases and it forms shining metallic - 1000 m 2
copper which is chemically different from the original m
compound. =1013320Nm™2 ( IN=1 kg ms2)
Cu,0+H, — 2Ca+H0 = 1.01332x 10° Pa
Q-6 T2 L of N, is mixed with 2 1 of H, at a constant Q-10, Round up the followmg up to three significant
temperature and pressure, then what will be the figures. _
volume of NH formed ? (i) 34.216 (i) 10.4107
Sol. N,(g)+ 3H, () — 2 NH, (g (i) 0.04597 {iv) 2808

1 LofN, reacts with 3 Lof H,,. :
N2 2 ,» Toround up anumber, left the last digit as such, if the digit

- 2L of N, will react with 6 L of H, but we have only 2 L ~ nexttoitis less than 5 and increase it by 1, if the next digit
of H,, thercfore, H, is the limiting reactant. is greater than 5.
i FNH, . |
3 LofH, gives 2L of NH; Sol. (#34.2 ()104 (i) 0.0460 (iz) 2810

2
2L ofH, gives =-3—>< 2=§:.1.33 Lof NH,



O-11.If ten volume of dihydrogen gas react with five

volume of dioxygen gas, how many volume of water
vapour would be produced?

3ol 2Hy(g)+0, () — 2H,0(y)
¢ 2V v . 2V

°

According w0 Gay Lussacs law of gaseous volumes,
2 volume of dihydrogen react with 1 volume of 0, w
produce 2 volume of water vapour. Therefore, 10 volume

of dihydrogen on reaction with 5 volume of dioxygen will
produce 10 volume of water vapour.

212 (Calculate the atomic mass {average) of chlorine
"~ using the following data.

% natural

Isotope abundance Molar mass
v 75.77 34.9689
37 2423 36.9659

Sol. Averageatomic mass is the sum of the products of fractional

abundances (f;) of the isotopes and their corresponding
mass number (4; ).

Average atomic mass,
AT f Ay = fi XA+ f, XAy +......
Average atomic mass,
A= 07577 % 34.9689+ 0.2423X 36.9659
= 26.4959 + 8.9568 = 35.4527

- What 1s the molecular mass of a substance each
molecule of which contains 9 atoms of carbon,

13 atoms of hydrogen and 2.33x10%g other

- component? -
Sol. Mass of 9 atoms of carbon =9 12 amu =108 u

3 Mass of 13 atoms of hydrogen =13 x 1 amu =13 u

Mass 0f2.33 X107 ¢ of other component

L (2:33x107% ¢)
{66107 )

=14.04u
Molecutar mass of the substance

=108 +13 +14.04) u =135.04u

={lu)

Chlorophyll, the green colouring matter of plants
contains 2.68% magnesium by weight. Calculate the
number of magnesium atoms in 2.00 g of chlorophyll
(Atomic mass of Mg = 24). '

Mass of chlorophylf = 2.0 ¢

B Q-I4

Sol.

Percentage of Mg =2.68 ¢

. 2,
Mass of Mg in 2.0 g of chlogophyll = 268x20 0.054 ¢

Q-17 How are 0.50 mole Na,C0, and 0.50 M Na

Q-18 In thyee moles of ethape (

6.022% 10% aroms of magnesium= 24 g

24 g of Mg contains 6.022 x 10% acoms

23
5 0.054 gof Mg conrains 6—(%;& x 0.054

=1.3x 10?2 atoms

Q-15 Calculate the number of moles in the following
masses

(i) 1.46 metric ton of Al (1 metric ton =10° kqg)
(i) 7.9 mg of Ca ’
Sol. (1) 1.46 metric ton of Al=1.46x 107 x 10° gofAl

= 146x 10% g
Atomic mass of Al=27

Moles of Al = _Passof Al _1.46x 10°

aromic mass 27
= 5.41% 10% mol
(#) 7.9 mg of Ca= 79x1073 gofCa

Atomic mass of Ca= 4.1

Moles of Ca = ™ 0fCa _ 79 x 107
Atomic mass 40.1
= 1.97x 10 1ol

Q-16 How much copper.can be ob
copper sulphate {Cus0,)?
Sol. Molar mass of CuSO, =

tained from 100 g of

63:54+ 32.06+ (4x 16)

= 159.6 ¢ mol~ !
159.6 g CuSO 4 contains 63.54 ¢ Cy

1g CuSO, will comain-é%‘sj, g Cu
159.6
=100 g CuSO, will coneain w

=39,
1596 >>8lgCu

L0,
different?

Sol. Molar mass of N2,CO, = (2x 2299+ 12.01 + (3x 16)

_ =105.99= 106 g mol
050 mole  Na,CO; =0.50x 106 = 53 gNa,CO,

0.50 M Na,CO; means 53

g Na,CO; is presentin 1 L of
the solution.

C,Hy), calculate the
following. '

{t) Number of moles of carbons atoms,
{ii) Number of moles of hydrogen atoms,
({i1) Number of molecules of ethane,
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Sol. (i) 1 mole of C,H contains 2 moles of carbon atoms.

< Number of moles of carbon atoms in 3 moles of
CH,=2x3=4¢
(%) 1 mole of C,H contains 6 moles of hydrogen atoms.
- Number of moles of hydrogen atoms in 3 moles of
CHy =3x6=18.

MV, = M3V,
24.781x V] =0.25% 2.5
V= 025x25 £.02522 L
24.781
=25.22mL

{##1) 1 mole of C;H; conuins 6.022% 107 molecules of @-21 Caleulate the concentration of nitric acid in mol per

ethane,

*. Number Vof ethane molecules in 3 moles of
C,Hg = 3% 6.023% 107

= 1.8069x 10%

Q-19 The average molar mass of a mixture of methane
(CH, ) and ethane (C,H, ) present in the fatio ofa: b
is found to be 20.0 g mol™ . If the ratio were

reversed, what would be the molar mass of the
mixtuie?

Sol. Molar mass of CH, = 16 g mol !
Molar mass 0fC2H4 =28¢g mol ™

When they are present in the 4 : 4, their average molar
aX16+5x 28

mass = =20 g mol” (Gwen)
ath 8
i, 16+ 286 = 20(a + §)
or - 4a+7b=5(a+b)
or a=25
or £ =E =2:1
b 1
If the ratio is reversed, now the ratio
a:b=1;2
N Ix1642x28
. Average molar mass = ~— = "0
1+2
=24g mc.:}l"l

Q-20 If the density of methanol is 0.793 kgL, what is .

its volume needed for making 2 5L of its 0.25 M
solution?

Sol. Given, 4=0793 kg L1 = 0.793x 10 g1~
Final volume, ¥V, =25L
Final molarity, M, =0.25 M
Molarity of initial solution A, =?
Inicial volume V; =2

Molar mass of methanol,

CH,;O0H={1x 12.01) 4 {4 1.0079)+ 16.00
=32.0416=32¢g mol ™!

0.793x 10> gL
3ng01"1

Molarity= =24.781 mol L™

Sol. Molarity =

litre in a sample which has a density 1.41gmL™*and
the mass per cent of nitric acid in it being 69%.

50 in order 1o

+ We know that molarity = wxw‘?o
X

calculate molarity we require mass and molar mass .
of solute and volume of the solution. To calculate
mass convert mass per centinto gram.

+ Calculate, molar mass of nitric acid by adding atomic
masses of different atoms and volume of solution by

using the formula,d = %
+ Nowput these values in the formula of molarity.

%1000

m X volume of solution {ml)

Given, 4 =141g L™, mass % of HNO; =69%
69% HNO; means 100 g of its solution contains 69 g
HNO, {nitric acid).
Hence, mass of HNO; (solute)=69¢
Molar mass of nitric acid,

HNO,; =1.0079+14.0067+ (3 x16.00)

=630146¢ mol ™!
100

Densicy, d=2 ofV=£K#==---£—g%l

4 4 14lgmL

w X 1000

m X volume of solution (mL)

_ 691000 x1.41
63.0146 X100
=15.44 M

Mola:ity =

Q-22, Chlorine is prepared in the laboratory by treating

manganese  dioxide (Mn0,) with
hydrochloric acid according to the reaction,
4 HCl{aq) + Mn0,(s) — 2H,0 (1) )

+ MnCl,{ag) + Qy{g)
How many gram of HCl reacts with 5.0 g of
manganese dioxide?

aqueous

.SOL 4HCl (ag) +Mn02{s) —3 2H,0{)

4% 365 87¢g

+MnCl, (ag)+ Cly(g)
According to the balanced chemical equation,
87 g of MnO, reacts with 4% 36.5 g HCl

5 g of MnO, will react with
4% 36.5% 5

87

=839 g HCI
s



a

Q-23. Calculate the molecular mass of the following.
{i) H,0 (i) €O, (i) CH,
Sol. () Molecular mass of H,0 = 2 atomic mass of hydrogen +1 x atomic mass of oxygen
=2X L0079 u+ 1x 16.00 u= 18.0158 u
(#7) Molecular mass of CO, = 1 X atomic mass of mrbqn + 2 X atomic mass of oxygen
= IX 1201 u+ 2Xx16.00 u=44.01 y

{##7) Molecular mass of CH 4 =1 X atomic mass of carbon

+ 4 X atomic mass of hydrogen
=1%12.01 u+4x1.0079u

=16.0416

1205) molecule.
Or

P at end of a sentence has a mass of about one attogram.
e up of carbon, calculate the approximate number of carbon

A black dot used as a full sto

atoms present in the dot ?

Sol. Molecular mass ofglucosc(CGH1205) =6(12.011u)+12(1.008 u}+6{(16.00 u)

=(72.066 u) +{12.096 u} +{96.00 u)
=180.162 u

Or
g

i.e., 12 g of carbon containg 6.027 x 1023

Mass of carbon in the dog =1 attogram =101

Gram atomic mass of carbon =12 g, atoms of carbon.

3
- . 2L -
= 107 g of carbon will conzain carbon atoms = GE%Z_IL x107'8

= 5.02x 104 atoms
Q-25 Calculate the amount of carh
() 1 mole of carbon is burnt in air,
(£) 1 mole of carbon is bumnt in 16 g of dioxygen,
(m’) 2 moles of carbon are burnt in 16 g of dioxygen.

Sol. C(s)+02(g)—-——>CO

z(g)
i mo I mol 1 mol
32g 44g

(1) According to the cquation when 1 mole of carbon s burne completely, CO, produced is 44 g.
(i1) l'mole of. carbor} r::c-luires 32 g dioxygen from the reaction. But we have only 16 g dioxygen. Hence
dioxygen is the limiting reagent. So, the amount of CO, produced by 16 g dioxygen is 22 & '
(i) In this case again, dio .

Xygen is the limiting reagent. 16 g dioxygen can react op ith .
- carbon and produce 22 §CO,. ' 8 TR DS mo{é “

Q-26 Dinitrogen ang dihy:
following chemical equation, N,(g) + 3H

' 2{9) — 2NH;(g).
(i) Calculate the mass of ammonia produced if 2.00 x 10°
of dihydrogen.

(i) Will any of the two reactants remain unreacted?
(ifd) If yes, which one and what would be its mass?
Sol. )Ny (g) + 3H,(g) —s 2NH, ()

1 mol 3 mol 2 mol

28 g N, reacts with 6 gH,.

a5
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.1 g N will react with 56-— g H,.

= 42857 g H,

. ., 2000x 6
. 2000 g N, will react with >

Hence, N is the limiting reagent and Hy is in excess. N
limits the amount of ammonia produced.

28 g N, produces 34 g NH,
and 1gN, produccs% g NH;

. 2000 g N, will produce %%x 2000 = 2428.57 g NH;

(4) H, is in excess so it will remain unreacted.

(i}) Amount of H, remain unreacted
=1000- 428.57 =57143 ¢

Q-27, Describe what you need to do in the laboratory to test (i) the law of consetvation of mass,
(if) the law of definite proportion and (fii) the law of multiple proportions.

Sol. (5) To test the law of conservation of mass, a reaction would have to be carried out in which the mass of
the reactants and the mass of the products are weighed and shown to be the same.

(#1) The law of definite proportions could be shown by demonstrating that no matter how a compound is
obtained, the reactants remain at the same proportions by mass. This can be done by decomposing a
compound and showing that the masses of the elements present are always in the same ratio.

(#ii) To test the law of multiple proportions, two different compounds made up of the same elements would
-~ have to be decomposed. If the mass of one of the clements is kept constant the masses of other elements
combining with that of the element in different samples would have to be in the small whole number
. rado, _ _:
Q-28 10 mL of H, combine with 5 mL 6f 0, to form water. When 200 mL of H, at STP is passed over
heated Cu0, the Cu0loses 0.144 g of its weight. Does the above data correspond to the law of
constant composition?

Sol. In the second experiment 0.144 g weight is lost from CuO. This is due to the reducrion of CuQ into Cu.
In other words, 0.144 g oxygen combined with 200 mLH,, =

32 g oxygen occupies 22400 mL volume at STR

. 0.144 g oxygen will occupy = 22400)(0;%— 100.8mLO,

It means the ratio of H, and O, in water is 200 : 100.8 = 2 : 1. The same ratio is in first case (10 : 5 0 2:1).
Thus, the law of constant composition is proved.

Q-29 A 0.005 cm thick coating of copper is deposited on a plate of 0.5 m? total area. Galculate the
number of copper atoms deposited on the plate {density of copper= 7.2 g e,

atomic mass = 63.5).
Sol. Aceaof plate =0.5m? =0.5 x 10% cm?®
Thickness of coating=0.005cm
Volume of coppet deposited = 0.5 10% x 0005 = 25 cm®
Mass of copper deposited =25 X 7.2=180 ¢
Now, 63.5 g of copper contains atoms =6.022 x 103

23
- 180 g of copper will contain atoms =§-'9%0— x 180 = 1.71x 10* atoms



Q-30:
calculations?

@ 0.02856x 298.15x 0.112

(il} 5% 5.364
0.5785

Solution

() Least precise number of the calculation 150.112.

Number of significant figures in the answer =
number =3, '

{i#) Least precise number of calculation = 5.364.
Number of significant figures in the answer =

{¢#1) Since, the least number of decimal places in ea
answer is also 4.

- Q-31, _ - Calculate the number of atoms in each
of the following,

{i) 52 mole of Ar
(i} 52 of He
(iii) 52 g of He

Solution (5 1 mole of Ar contains”6.022 x 10 atoms

52 moles of Ar will concain 6.022x 103 x 52
, =3.13% 10%° atoms
(i) 4duofHe=1 ato;.n

524 ofHez%xSZZ =13 atoms

{i1)) 4 g of He conains 6.022X10% aroms

6.022x10% %52
4

=7.83x10% atoms

52 g of He will contain

© Q32 Boron eccurs in nature in the form of
two isotopes having atomic mass 10and 11. Whatare

the percentage abundances of two isotopes in a

sample of boron having average atomic mass 10.82
Solution  Let the % abundance of 1°p isotope = x

Then % abundance of I'B isotope = 100 - x

The average atomic mass = w

10
But, average atomic mass =10.8
X X10+{100 - x) x 11 _
T_
or 10x -+ 1100 -11x=10.8 X100
or —¥=-1100 + 1080

or x=20

Thus, peccentage abundance,

0B=20,"3=g0

- How many significant figures should be presezft in the answer of the--fo}_lowing

{iii) 0.0125+ 0.7864 4 0.0215

Number of significant figures in the Jeasc precise

Number of significant figures in 5.364 = 4,

ch term is four, the number of significant figures in the

Q-33 Calculate the number of moles in the
following. '

{iy 7.85gofiron
(i) 65.6 g of carbon

(ii) 4.68 mg of silicon

. . mass of iron
Solution {) Moles of iron = ————e
ATOMmic mass

=E= 0.141 mol
55.8

(i) Moles of silicon = 25 of silicon 4.68x 1973
if) Mole e

atomic mass 28.1
= 166X 10”4 mol

f carb
(#i)) Moles of carbon = w
atomic mass

_65.6x 107
- 12
=547 X 107¢ mol

Q-34- The cost of table salt (NaCl) and table
sugar {Cy5Hy,04) is T2 per kg and 76 per kg,
respectively. Calculate their costs per mol.

Solution_ One mole of NaCl = 58.5 g
2
Cost of NaCl l=——%585=70.117
st of NaCl per mo o000 .

=11.7 paise or 12 paise
One mole of sugar (C,,H,,0,,)= 342 g

6
Cost of l=——x342=%205 .
st of sugar per mo 1000

Q-35 Two oxides of a metal contain 27.6% atid 30.0% of

pxygen respectively. If the formula of the first oxide
is M;0,, find that of the second.

Sol. 1n the first oxide, oxygen = 27.6
Metal =100~ 27.6= 72.4 pars by mass.




As the formula of the oxide is M0 4 it means

724 parts by mass of metal = 3 atoms of metal and

4 atoms of oxygen = 27.6 parts by mass.

In the second oxide, oxygen = 30.0 parts by mass and
metal = 100~ 30 = 70 parts by mass. ‘

But 724 pares by mass of metal =3 atoms of metal.

-+ 70 parts by mass of metal =-7_j—4 X 70 atoms of megal

= 2.90atoms of metal

Also, 27.6 part by mass of oxygen = 4 atoms of oxygen.
= 30 part by.mass of oxygen = 5;% X 30 atoms of oxygen

= 4.35 atoms of oxygen. '

Hence, ratio of M : Oin the second oxide
=290:435=1:150r2:3
_ -~ Formula of the other metal oxide is A7 20;.

Q36 . m a reaction, A+B, —> AB,
identify the limiting reagent if any in the following
reaction mixtures
(/) 300 atoms of A + 200 molecules of B

(i) 2 moles of A +3 moles of B

{iii) 100 atoms of A +100 molecules of B

{iv)] 5moles of A + 2.5 moles of B

(v} 2.5 moles of A +5 moles of B

Solution The given equation shows that 1 mole of A reacts .

with I mole of B, and 1 atom of A reacts with 1 molecule of B,

() B is the limiting reagent because 200 molecules of By

will react with 200 atoms of 4 and 100 atoms of A will
be left in excess.

(i2) Ais the limiting reagent because 2 moles of A will react
with 2 moles of B and 1 moles of B will be left jn
excess, ‘

(ii7) Both will react completely because it is stoichiometric
mixture. No limiting reagent.

{#v) 2.5 moles of B will react with 2.5 moles of A, hence B
is the limiting reagent, '

(v} 2.5 moles of A will react with 2.5 moles of B. Hence A
is the limiting reagent.

Q-37 (i) A sample of drinking water was found to be
severely contaminated with chloroform, CHCL,,
supposed to be carcinogenic in nature. The level
of contamination was 15 ppm (by mass).

(@) Express this in per cent by mass.
(b) Determine the molarity of chloroform in the
water sample. ’
(ii) Calculate the molarity of a solution of ethanol
in' water in which the mole fraction of ethanol is
-0.040.

Sol. {#) (@) 15 ppm means 15 parts in one million (10)6 parts.

15x100
10
(6) Molar fnass of CHCl, =119 g mol™
15% 107°% means 1.5 1072 ‘g chloroform s

present in 100 g sample.

Molarity, M = w X1000
m X volume of sample

Therefore, % by mass = =1.5x107%%

(For water, density = 1 gcm =3, 50 mass = volume)
2¢ < L5X107% 1000 |
119x100

{1} Molarity is defined as the moles of solute {ethanol) in
1L of he solution.

LL of ethanol solution {as it is diluted) = 1L of water

Number of moles of H ,0= % =55.55 mol l

=1.26x107* M

*H,0 =l =X 1,01
*1,0 =1~ 0.040= 0.96

By,0
tzO =
14,0 T, H,0H
096 5555
5355+ nc, 1 on
or e, HOH = :)629262 = 2.3145 mol

Q-38 .The following data are obtained when dinitrogen

and dioxygen react together to form different

compounds.
Mass of dinitrogen | Mass of dioxygen
(i 144 16g
(i 149 32g
(i) - 28g 324
) 28 g 80g

() Which law of chemical combination is obeyed
by the above experimental data? Give
statement.

{ii) Fillin the blanks in the following conversion.
(@1km=..mm=...pm
(b) 1mg=...kg=...ng
()1ml=.. L= dm?

Sol. (7) On fixing the mass of dinitrogen as 28 g, the magres of
dioxygen combined are 32, 64, 32 and 80 in the given
four oxides. These are in the simple whole number
ratio f.e., 2 : 4 : 2+ 5, Hence, the given data obey the
law of multiple proportions.

Law of mukiple proportions Refer to text.
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(i) (&) 1km =1 ;UHXMXMXM
1 km I m

tem
=10% mm
lkm=1 kmxwxﬁn-l—z 10" pm
Lkm 4072

~1km =10 pm= 101 pm

(6) lmgzlmgx-—lg‘x»l—k'g_=10'6kg
1000 mg " 1000 g
1

Iig=1mgx— 8 , 1ng =105ng

1000 mg " 399 ,
- Lmg=107% kg= 105

() I'mL=]mLx 1L
1000 ml,
imL:lcm3=1cm5>< ldmx 1 dmx 1 dm
10 emX 10 emx 10 cm
=107 dm?
ImL=107L = 1073 43

=107

2-39 welding fuel gas contains carbon and hydrogen

only. Burning a small sample of it in oxygen gives
3.38 g carbon dioxide, 0,690 g of water and no other
products. A volume 10.0 1. (measured at STP) of this
welding gas is found to weigh 11.6 g. Calculate

(1) empirical formula (i7) molar mass of the gas and
{it) molecular formula,

"= Sol. ()44 §C0O, = 12g cartbon
3.38gCO, :;—EX 3.38g =0.9218 g carbon

18gH,0=2¢ hydrogen

0.690 g H,0 =IZE X 0.690 g = 0.0767 ¢ hydrogen
Total mass of compound = 0.9218+ 0.0767= 0.9985 g
(because  com

pound conuins only carbon and
hydrogen)

% of Cin the compound = 0.9218
- 0.9985

X 100= 9232

—

% of H in the compound =E0—7§ZX 100 = 7.68
0.9985

CHEMISTRY

Calculation for Empirical Formula

——

—
.| Relative number .
Element i’)er cent | Atomic of moles of Slmples§
Y mass | mass molar ratio
elements
C. | %23 | 12 | %32 7.69 769 _
12 7.68
H 7.68 1 88 s 8,
1 7.68
—_ ]

Hence, empirical formula = CH
() Caleulation for mofar mass of the gas

0.0 L of the given gas ar STP weigh=11.6g
<+ 22.4 L of the given gas ar STP will weigh

_ 1.6x 22.4 = 25984
. 10

Molar mass = 25,984 = 26g mol~},
{#5#) Empirical formula mass (CH)= 12+ 1= 13

s molecular mass
empirical formula mass
:E;_ =72
13

Hence, molecular formula
' =nxXxCH=2x CH =C,H,

Q-40A compound made up of two elements 4 and B has

=10%, B = 30%. Their relative number of moles in
the compound are 1.25 and 1.83. Calcutate

(i) atomic masses of the elements Aand B
(i) molecular formula of the compound, if its
motecular mass is found to be 160,
. % of the element
Sol. Relative number of moles of an element = —— = “CIENL
atomic mass

) % of element
Of aromic mass =

relative number of moles

Atomic mass of 4 =£ =56 -
1.25
. 30
and  Artomic massof B=—0 = 16
1.88

Calculation of Empirical Formula

i ber  Simplest
Element Relative numbe p

Simplest whole

of moles molar ratio number molar ratic
A 125 125, 2
- 1.25
, 8 1.88 1.88 15 3.
1.25
.. Empirical formula = 4, By
Calculation of molecular formuta
Empirical formula mass = 2 X 56 +3 x 16 = 160
molecular mass 160

empirical formula mass 160

Molecular formula = A8,

Fo T8
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Environmental Chemistry

Q-1 Which of the following statements about photochemical smog is wrong?
(@) It has high concentration o_f“:_b‘x'idising,agehts ' '
(b} It has low concentration of oxidising agent
{c} It can be controlled by controlling the'release of NO,, hydrocarbons, ozone etc
- {d) Plantation of some plants like pinus helps in controlling photochemical smog
Ans. (b) Photochemical smog or Los Angles smog was, first observed in Los Angles in 1950 It
is formed due to photochemical reactions taking ‘blace ‘when ‘aif contai NO, and

hydrocarbons: . - U wg
- The concentrations of O, PAN, RCHO and R
compounds produce irritation in the eyes, Ph
of oxidants such as Os, organic oxidant etc,

Q-2 Acid rain is known to contain some acids. Name these acids and where
~from they come in rain? SRR
Ans. Acid rain contains H,CO,, HNO, and H,50,.H
the air in which the water vapour present. .
| | | CO, +H,0 -~ H,CO, |
Forest fire and lightning are the natural source of nitric oxide (NO}
- proguced by combustion engines, aircraft, furnaces, incinerators,
Nitric oxide sioWIy'reacts"Ewith almospheric-air and produce NO3,
formHNO,. Lo T e

2CO builds up in the atmosphere. These
otochemical smog has high concentration

2CO; is formed by the dissolution of CO, of

- Nitrogen oxides are also -
industrial plants. o
NO, dissolves in water to .

~ 3NO, +H,0 ==22HNO, + NO :
Sulphur oxidesar_e-produ‘ge_d by the burning of.fossil fuels and in extraction of metals from
thgi_r}:g.g[phigg-_gres& etc. Sulphur dioxide also prodyggs gu_iphg.riic..%cid .in:the'similag way.
: 802 F 02 + Hzo 'Soot—g'arficles" )HESO4 i [O]

Metal oxide .
Q-3 : 0zone ‘is ‘a toxic gasand ‘is a strong oxidising agent even ‘then its
' presence in‘the stratosphere is very important. Explain what would
happen if ozone from this region is‘completely removed?
Ans. The ozone layer in the stratosphere is.a natural feature of the ‘arth's. environment. The
0zone layer exists between 20 to 35 km above the earth surface layer. This layer protects
the earth from the harmful effects of the ultraviplet radiation of the'sun,

A depletion _of::éibne_ layer.is considered as a serious threat to all forms of fife on the earth,
A 5% decrease in 0zone concentration could increases the incidence. of skin cancer by 20%.
Ultraviolet radiation is also the factor for disease of eye, inolu_dingcataract:_fpr_mation.

ft can cause genetic mutations and destroy crops aricj other forms of vegetation. Aquatic
animals and aquatic plants are generally affected by vafagiiation.-

'Q~_4; On the basis of chemical ‘areéttio‘ns‘ involved,

chlorofluorocarbons cause thinning of ozone tayer in stratosphere?

Ans. Chlorofluorocarboris are introduced into the atmosphere from aerosol sprays in which they

function as propeliants and from refrigerating equipments in which they act as coolants. It
is also used as solvents. :

“explain ~how do
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it has véry long life and siay in étmo'sphére' for years and uttimately reach the upper !ayér of
atmosphere (stratosphere) where Ait__,’,decompose-;i‘n_.‘p_ggsen‘ce of UV-radiation of the sun. On
account of decomposition, it forms chlorine atom or free radicals. o
CR,Cl, —— *CF,Cl+ CI*
The active chlorine atoms then destroy the ozone layer.
C*+0; — CI0" + 0,
CO"+0 —CI"+0,

. Ithas been found that one molecule of chﬂoroﬂuoiocar’bon €an destroy one thousand ozone
molecules in the stratosphere. ' '

Q-5 :.-What is the importance of .meaéuri-ng:BOD of a water body?"

Kns, Bioiogical Oxygen Demand (BOD) is the measure of level of pollution caused by organic
biodegradable material. These biodegradable materials are decomposed by microorganism
(bacteria) consuming dissolved oxygen. R ‘ _ 7 .

'\Lowwva!ue.of.BOD-,i,nd_icat_es that water contains less biodegradable material.

Q-6 From where does ozone come in the photochemical smog?
Ans, Sunlight cause: photochemical decomposition of NO, into NO and O.
' | NO, — 5 NO+ {0}
Atomic oxygen is a-highly reactive. species. It combines'with diatomic oxygen and forms
ozone. - ‘ -
: O, +0+M — Oy +M _ _
_ - where, M is inert gas such as nitrogen. This, Qs is formed during the formation Of;Sm‘dg. :

- Q-7. Some time ago formation Qf_;.p'o‘l_,ai" stratospheric clouds was reported over
Antarctica. Why were these formed? What happens when such clouds -

- breakup by warmth of sunlight?
Ans. In summer season, nitrogen dioxide and methane react with chlorine monoxide and

chlorine atoms forming chiorine -sinks, preventing much ozone depletion, whereas in
winter, special type of clouds called polar stratospheric clouds are formed over Antarctica.

These polar stratospheric clouds provide. surface on which. chlorine nitrate gets hydrolysed
to form hypochlorous acid. It also reacts with hydrogen chloride to give molecular,chlorine.

. CI0°(@)+NO,(g) — CIONO,(g)

Chloring nifrate

1
'

. OF@)+CHy(g) — "CHy(9)+ HCI(g)
CIONO,(g)+ Ha0(g) —2M ., piocig)+ HNO,(g)
- CIONO,(g)+ HCI(g) — Cl(g) + HNO,(g) L
When sunlight returns to the Antarctica in the spring, the sun's warmth breaks up the clouds
and HOCI, Cl, are photolysed by sunlight. e !
R - CHOCHG) —™s O'H(@)+ CITg) - & -

: o Chig—sacrg o o

The.chlorine radicals. thus formed; initiate the ctigin reaction for ozone depletion.
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Hydrocarbons

Q.1 Arrange the following-in decreasing order of the
 A.n—-butane .

B. 2-methylbutane
C. n —pentane
D. 2, 2-dimethylpropane
@A>B>C>p
@D>C>B> A

Ans, (d) Asthe number of'cérbOn atom increases

Boiling point decreases with branching
2, 2 -dimethyi propane, 1 pentane,

ir boiling points.

b)B>C>D> A
DC>B>D> A

» boiling point increases.

2-methyi butane

CH, _ |
Hac—é —CH, HyC—CH,—CH,—CH, —CH, H,C—H,C—HC—CH,

bpt = 309.1K
H, | CH,
b.pt = 282 5K b.Pt = 301K
n-butane ‘
H3C—HQC_CH2—CH3
bpt = 273K

(4 carbon atoms with no branching)

Q. 2 Arrange the halogensF,. Cl,, Br, I
with alkanes.
@ I, <Br, <Cl, <k
(€l F <Cly <Br, <,

Ans. (a) Rate of reaction of alkanes with halogens

». in order of their increasing reactivity

(b)Br, <Cl, <F, < L
(B, <L <Cl, < K
isF,> Cl,> Br,>1,

Alkane react with F, is vigorously and with I,

catalyst. It is because of high electronegativi
decrease in electronegativity and electronega

the reaction is too slow that it requires a
ty of fluorine. Reactivity decreases with
tivity decreases down the group

Q-3 ! The correct TUPAC name of the following alkane is
HSC—-CHZ—(IZH——CHg—«CHz—«_CH—ﬁCHz—CHg

CH CH,
/N |

. CH CHy CH,

(a) 3,6-diethyl-2-methyloctane

- (b} 5-isopropyl -3-ethyloctane
{c) 3-ethyl-5-isopropyloctane

{d) 3-isopropyl-6-ethyloctane

—CHt-CH—CHy—CHp—CH— Gt corp.!

AT R A ko it
, 1

S 2CH CH, =

\.CHy / CHy CHs
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'Longest chain - SC atom alkane = octane
Branch on 2, 3, 6 follows lowest sum rule,
Branchof2- G- methyl; 3, 6, C atom-ethyl.
Ethyl comes afphabetically before methyl.
Hence 3,6-diethyl 2—me*nyi octane

Feactivity with propene,
@ HCl > HMBr > HI () HBr > HI> HCI
(QHI>HBr >HC M HCI >HI>HBr

Ans. (¢) Bond energy of Hl is 296.8 kd/mol, HBr is 36.7 kd/moland HCl'is
430.5 kd/mol. Hence, HI> HBr > HCl is the order of reactivity with propene.

Q-4 Arrange the followirg hydrogen halides in order of their decreasmg

Q-5 ' Arrange the following carbanions in order of their decreasing stability.

A H,C—C=("

B.H—C=C~

C. HyC—CH,

@A>B>C b)B>A>C
AC>B>A . dC>A>8

- Ans. (b) + I-effect decreases the stability of carban anion, Since, (CH,) group has + I-effect,
therefor_e, it intensifies the negative charge and hence destabilises (A) relative to (B).

sp hybridised carbanion is more stabilised than sps‘ '
CH=(C" >CH, —C=(C ~>CH, -—CH,
3% . w® © oy
~ Hence, B> A>C
Q-6 Which of the following alkenes on ozonolysis give a mixture of ketones
' only? :
(a) CH; —CH = CH—CH, (b) CH3——(,3—-— CH= CH,
CH, oH
: CH; _ AL
{) >~"—~=C< {d) (CHa), =C<
CH;3 CHj
Ans. (c, d)

Alkenes which have two substrtuents on each carbon atam of the double bond, give mixture
of ketones on ozonolyszs Thus, option (c) and (d) give mixture of ketones.

(C)' } () 0s/CCl 196K 04 O':C CHa
\CH {iy ZnH, 0 \CHa

e

S CH,
s 3 ) 0s/CClL 196 K
(d) (CH3),C==C >(CH3)sC=0 + QO=C
\CH {i). Zr/H, O

On the other hand, alkenes ( a) and (b) give a mixture of two aldehydes.



04/CCl,, 196K

g CHCH=0+0 —cHcH,

(@) CHCH —CH—CHy —— ”

03/CCl,, 196K .
e, > CHy—CH — CH=0+ 0 —cH,
Zn/HK ' I
CH,

| CH,

Q-7 - For an electrophilic substitution re
atom in the benzere ring

(@} deactivates the ring by inductive effect
(b) deactivates the ring by reasonance

{c) increases the charge density at ortho and Para position relative to meta position
by resonance.

action, the presence of 3 halogen

-------------

electron Le.,~I-ef

halide, Moderately deaotivating group. But due g resenance th
and para position is greater than |

€ electron density on ortho
N mela position,

L 3} @
2Ole Cl:
H g E
The last structure coninbutes more to the orientation and-
Pp-directors. '

Q-8 . Four structures are given in options (a) to (d). Examine them and select
the aromatic structyres,

ca>D+ '(b)' _(c) “UD:'

c) Aromaticity requires following condition
{ Planarity

Ans, (a,

(i) complete delocalisation of 7 electrons in the ring .
(i) presence of {41 + 2)m electrons in the ring.

g
+
| e D
{a) A (b) . | {©)
planar \ 8

= planar
n electrons = Planar = not integer
it electrong = . T electrons _
. = notinteger : 2)= &
n=0 © n= not planar (@n +2)=
in each ring
n=1




Q-9

- In an electrophilic substitution reaction of nitrobenzene, the presence
of nitro group..........
(@) deactivates the ring by inductive effect
(b) activates the ring by inductive effect

(c) decreases the charge density at ortho and para position of the ring relative to
meta position by resonance

(d) increases the charge density at meta position relative to the ortho and para
positions of the ring by resonance _

Ans. (a: c)

R

Nitro group by virtue of ~I-effect withdraw electrons from the ring and increase the charge

+ and destabilises carbocation.

para

NO,

meta @ @ .
H - H o H

£ E ' po E

in 'on‘f_zo, para-attack of electrophile on nitrobenzené, we are getting two structures (4)

and (B) in-which positive charge is appearing on the carbon atom directly attached to
the nitro group.

As nitro group is electron withdrawing by nature, it decreases the stability of such
product- and hence meta attack is more feasible when electron withdrawing
. Substituents are attached, ' S

:Q—IO . Rotation around carbon-carbon single bond of ethane is not completely

Ans.

free. Justify the statement. :

The infinite number of momentary arrangements of the atoms in space which resuft
through rotation about g single bond are called conformations.

In ethane, if one carbon atom is kept stationary and other rotated around C— C axis,
we have eclipsed, skew and staggered conformation.

Alkanes can have infinite number of conformations by rotation around C—¢ single bonds.
This rotation around a C—-C single bond is hindered by a small energy barrier of 1-20 kJ

Hence, minimum repulsive force. In eclipsed electron cloud of carbon-hydrogen become

close resulting in increase in electron cloud repulsion. This repulsion affects stablity of a
“conformer. : )



SARASWATI CHEMISTRY

In all the confdfmations of etﬁane the staggered form has least torsional strain and the
eclipsed form has the maximum torsional strain, Hence, rotation around C—C bond in
ethtane is not completely free. . : »

H H H " .
! 4 angte of rotation
H~_ -H
H H
1
H
Eclipsed Staggered

Newman's projection of ethane

and why ?
Ans, .
H K
H .
H HEH oy o,
A / Yoy
H H : %
H H.. 4 0050
H H H--
H H H ; H
H H H H H H
Eclipsad Staggered Eclipsed Staggered

Sawhogse projections of ethane Newman projections of ethane

{ alion: e in eclipsed conformation, they cover or

ethse each other in Space. Thus, in staggered form, there is minimum repulsive forces,

_ Minimum energy and maximum stability of the moleculs,

Q-12 How will you convert benzene into (a)  p-nitrobromobenzene
(b) m-nitrobromobenzene

Ans. Halogens attached to

benzene ring is ortho and para directing where as nitro group is rneta
directing. '

Bl’gAnh}"d.
I/\ FeBr;
\)O Bromination)

Br Br

I Conc. HNQ,/

Conc, H,50, O
—-*—_,__+.
Heat (Nitration) -
Benzene Bromobenzene

NQ,
p-broma nitro benzene
h (méjor'p'roduct)'

{a)

(Bromination)

b

| NG, o N0y
Cone. HNOy/ ) ‘ .
b Conc. H,80, Bra, Anhyd. FeBr, :
B —— —_— >
(b) Heat {Bromination) O
{Nitration) : By

Benzene Nitrobenzerie m-bromo

. nitrobenzene




Q-137 Arrange the following set of compounds in the order of their decreasing
relative reactivity with-an electrophile, Give reason.

Ans. The methoxy group (~OCH,) is electron releasing group. it increases the electron density
in benzene nucleus due to resonance effect (+ R-effect). Hence, it makeg anisole more
reactive than benzene towg ds efectrophile. : : o :

I G R W e
- - b H (,
Anisol {(+ R-effecty . . -

: - Nitrobejnzene,

(-R and—Leffect)
N S

Chlorobenzene

1 _ (L-effect) . L ‘ _

In case of alkyi halides, halogens are moderately deactivating because of their strong — 1

effect. Thus, overall electron density on benzene rng decreases. It makes further
substitution difficutr. o _ : R

~NO, group is electron withdrawing group.-it decreases the electron density in benzene

nucleus due to itg strong - R - effect and strong — effect. Hence, it makeg nitrobenzene legs'

reactive. Therefore, overall reactivity of these three compounds towards electrophiles
decreases in the following order :

Ci NO,
7 - ; N \/ - )
- I >
_ Chilorobenzene Nitrobenzene

and: names of products obtained in the reactions of
- sodium with-a mixture of 1-iodo~2-methylpr0pane and 2-jodopropane.

“This question is based upon Wurtz reaction, Wurtz reaction }epresent that two atkyl
groups can be coupled by reacting alky! hafide with

| - 2RX+2Ng 8 R—R-+2Nax
. : . © diyether . :




. A
Ans. G cn, CHCH, I + 2Na.+ ICHE———(]?H ~CH, —
l
CHg . CH

‘ i 3 -
1-]0do-2-me!hyi propane

CH; — ?H—h (CH,), — t{:Hm CH, + 2Nal

e CH, CH

2, Sdirriethyl hexane

(i) CHy — CH—T + 2Na + [ ?Hﬁ CH, —2

wyere CHa —CH—CH-—CH, + oNaj
. diy ether I . l
CH, CH, ‘ CH, CH3 .
2-!6do propane . 2, 3-dimethyl butane

>
dry ether

(i) CHy — CH—CH, - T + 2Na + Im—(fiH—HCHS
o L |
CH, _ CH,

1 —Ioddé—methyl prdpﬁéne 2-lodopropane

CH, ~(13H—'CH2 —CIDH—CH3 +2Nal

CH, CH,
2, 4-dimethyt pentane
Q-15 An alkane CsHyg is obtained as the o,

tertiary bromide,

.Ans. From Wurtz reaction of an alkyl halide gives an alkane with double the number.of carbopy
atoms present in the alky! halide. Here, Wurtz reaction of g primary alkyl hatide gives an
alkane- (C H, a). therefore, the alky! halide muyst contain four car
possible primary alkyl halides having four corbon atoms each are land |l

‘ N i

Since?, alkane CgHyg on monobromination yields a single isomer of tertiary alkyl halide,
therefore, the alkane must contain tertiary hydrogen. This s Possible, only if primary alky!
halide (which undergoes Wurtz_ reaction) has g tertiary hydrogan.

CH3 CH3

l : I
CHy —. CH—CH, X +2Na X +CH, — CH_ CH;
?-haloﬁ:?—methyl :pro_pane .

2-bromo-2, 5 dimethy! hexane
(3 bromide)

bon atoms:Now the two _




Q-16 Analkyl halide C,H,, (4) reacts with ethanolic KOH to give an alkene 5",

which reacts with Br, to give: a compound ¢, which on
: de‘h'ydrob‘ro-mirfation-‘give_s an alkyne 0" On treatment with sodium metal.
in liquid ammonia, one mole of D’ gives one mole of té sodium salt of
D" and half a’mole of hydrogen gas. Com plete hydrogenation of D yields
‘a straight chain alkane, Identify A, 8, .C and D. Give the reactions

_ involved. C e T
Ans. The reaction scheme involved in the problem.is :
: iy s ACKOH L, BralCs, gy AlEKOH Hy 7
(A) @ R (R
. Alkyl halide | Alken . Dibromo alkana , Allyne
-," .‘:’._ ' C . ! ,I.Na_ R o 2 1 ’ B -
by — CgHy Na* + _H

Co T (straight chain atkang) - ,
Hydrogenation of alkyne (D} gives straight chain alkane hence all the compounds (4), (B},
(C) and (D) must be straight ‘chain compounds. Atkyne (D) form sodium salt which proves
that it is terminal alkyne. Involved reactions are as follows ' ' :

| CHyCH,CH,CH,CH,fr AckoH & -
© ic Tbromapentane (4) ‘ ~HBr
S e - ) sziﬂCSz
- CHCH,CH,CH=CH, 2%
S ‘_"1_-penlené (B} ' .

B Br

| g
CHg—CHo—GHy—CH—CHH, J;%M—*

1, 2-dibromo§§nt_aﬂa-(CJ
s - ) ) H ' : 7
CH3—CHp —CHy—C = CH ——2» CH3CH,CHoCHoCH,
T-pentene ()
NafiqgNH, - o
— s CHYCHCH,C =G i +LH,

It is important point that alkyl halide {4).can not be- 2-bromopentane because
dehydrobromination  of (A} would have given 2-pentene as the major “product in
accordanc;e with Markownikoff’s_ rute. . ’ LT

Q- 17 896 mL vapour of a hydrocarbon 4* having carbon 87.80% and hydrogen
12.19% weighs 3.28 9 at STP. -Hydrogenation of %’ gives
2-methylpentane. Also 4" on hydration in the presence of-H,S0, and

HgS0, gives a ketone 8" having molecular formula C;H 1,0. The ketone %" -
gives a positive iodoform test. Find the structure of A" and give the

reactions involved.

Ans. To determine the molecular mass of hydrocarbon (A).896 mL. vapour of C ;Hy (A) weighs
3.28 g at STP - :

22700 mLvapour of C,H, (A) weighs 328_;‘%?0_0 g/mol at STP
I 3 =831g/mol | T

. Hence, molecular mass of C.H, (A)=83.1g m_olf‘.' To determine the empirical formuta of
hydrocarbon (a). '

jo
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Element - % Atomic mass | Relative ratio —Relé_t_ive no.-|Simplest ratio
: _of atoms
T, T — 2 aems :
C a8z78 512 _ 731 () 3
H C1219 L i 12.19 166 4985
Thus, Empirical formula of Ais G H,. " .
Empirical formula mass = 36+ 5=41. '
n = Molecutar mass. _..831_ 202~2

Empirical formulamass 41 .
Molecular mass is double of

-~ Molecular formula is CeHig _ L
To determine the structure of compounds {A) and (8)

empirical formula mass, o

. : . CH
Gty —s 2 -methyl pentane [ 3\OH

® CHy
Hence, hydrogenation of hydrocafbon {A) requires 2 moles. of hydrogen to form
2-methyipentane. Therefore, hydrocarbon(A) is. g

-an alkyne having five carbon atoms in a
staight chain and a methyi substituent at positio
alkyne (A) are | and §i. :

CHy ™ - CHN
CH—C = CH CH—C = C—CH
CH3 / - CH3/ . "3

—CH, —CH, —CHaJ
n 2. Thus, th'e*poSgible structures for the

Since, addition of H,0 to alkyne (4) in prese » give a ketone which gives positive
iodoform test, therefore, ketone (B) must be g methyl ketone, /.e., it must contain a COCH,
“group,

nce of Hg?*

“Now addition of H,0 to alkyne (i) shouid
-pentan -3 one {minor) and 4-methylpenta

gi‘ue a mixture of two ketones in which 2- methyl
test) predominates.

n -2-one ketone (B) (which shows +ve iodoform

CHy N _ POM"  CHy 1y . CHag
oy PO OO SR o=, 000t S0

B :Methyipentan 2.0me 2:hjlelhylpeﬁlan 3-ché (minor}

In contrast. addition-of H,0 to alkyne (1) wil

give only one ketore, ie., 4- methylpentan-2-
one which gives iodoformtest. - _ ST . ' ‘
CH—CH =CH ——y CH—CH,—C—CH..
CH,~ e—C=CH g2~ CH,~ 2 8

Thus. hydrocabon C
iodoform test)

Hy (A) is 4-methyipent ~1-yne. 4. methylpentan -2 one (gives + ve

Q-18: ap unsaturated hydro:carbon"‘A’ adds two molecules of H; and on
reductive ozonolysis gives hutane-1, 4:diat, ethanal and propanone.
Give the structure of 4’, write its JUPAC name and explain th

e Teactions
Cinvolved. _
Ah"s-_'The!s’ché'me of reébtidn"is T _ .
. Reduchve I ’ l ’ |
Compound (A) ———, CH, .G =0 40 =C-—CH,—CH, —C=0+ 0= C—CH,
o Ozonolysis - aethans! Butane 1, 4 dial Propanonc
“Thus. structure of A may be given as
| | ' i
.- I .
. CH, —C TC-CH2 —CH, —CH=C—CH —_,

_ 2-methyt octa-2, 6 diene - -
8 7 6 5 4 3 2 .1




The reactrons involved in the questzon

CHs o cCly
CH,CH — CH — CH;——CHZ—— HC —é /o

196-200 K
: Oy) \ CH
- &G _zumyo
o _--CHst NoH— CHchg—— I—~) S,
!

1 | \CH:;

- 0—-0

o CHa
O = CHCHy + O — GH—CH,CH,— CH = 0 + >c
Ethanol Butane-1, 2,-dial Propanone CHj

0 propene takes place

acco,rdrng to anti Markowmkoff's rule but peroxrde effect is not seen in

theiease of HCl and HI. Explain.

Peroxide
—— CH; —CH,CH.Br
' n-propyl bromide -

propene
The mechanism of the reaction is

LUg ﬂsﬁ‘ﬂ-» ROH + Br

. CHy—H-_ CHgBr + H 4 ﬁﬂ—‘»’oerg' ;'on — CHLBF + Br '
o Propene . 1-Bromoprapane

n prooylo{xorrude ) - _
Peroside effect is effective only in the’ case of HBr arjd'rj_dt:eeer) r‘n t'he"'ca'se o'f _H,Cl'end'HI'f"
Thrs is due to the fouowrng reasons. : B T -

(1) H— Cl bond (1 03 kca!/rnol) is. stronger than H —-—Br bond (87 kca /mo!)

H —CI bond is not decomposed by the- peroxide free radical whereas the H —I bond
: IS weaker (71 koal/mol) form rodlne free radroals :

(u) Iodrne free radzoal (I°) formed asH

~I bond rs weaker but rodrne
comblne with’ each other to form rod

free radrcals readrly
ine mMolecules rather atfa'oking the double bond,

1
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Urganic Chemistry : Some

Basic Principles and
Techniques

' What 1S the correct order of decreasmg stability of the followmg cations?
. CH, —~—CH—CH- CH, ——CH~—OCH
I I

Q-1

D
CHy; — CH— CH, — OCH,
111 |
@i>r>n (b)li‘>lii>l )ll|>!>i[ (d)l>l]>l||
Ans, (a) Stability of the given cations can be understood by the following structures

CHy—> CH%——CH, - CHy — CH O—Cfy ; CHy— OH —CH,——>OCH,4
o 3 I m

Weak + Leffect of Strong + R-effect of

~I-effect of —OCH,
the two methyl groups —OCH, group stabilises group destabilises ihe
- stabilises carbocation (fy carbocation (11} carbocation ()
Hence, the stability of carbocation decreases
H>1>111 -
Q=2 Correct TUPAC name for H,C—cH —ci —CH; 75 oo, .
. CZH 5 CZH 5 .
(@ 2-ethyl-3-methylpentane - {b) 3, 4dimethylhexane
{¢) 2-sec-butylbutane : (d) 2, 3-dimethylbutane
Ans. (b) '

a3
H3C+CH-—CH 4-CH,4
7

I |

(|3H2 2 C!:Hg

CHa| 1|CH,
3, 4-dimethylhexane

Q-3 In which of the following compounds the carbon marked with astensk is .

expected to have greatest positive charge?

(a) *CH,—CH,—Cl (b)*CH,—CH,—Mg*CI-
© *CH3—~—CH2—Br (d)*CH;—CH,—CH, -

L2l

[=2]

13




When a more electronegative atom is attached to carbon, the shared bair of electron
Mmoves towards more electronegative atom. Carbon has less electron density and gains

partial positive charge.
Ans. (a) Electronegativity of CI, Br, C and Mg follows the orderCl> 8> C > Mg
. *CHy > CH, — Gl | (~I-effect)
*CHy« CH,~— Mg'Gi-
*CH; = CH, - Br (—I-effect)
*CH;—CH,—CH, (+ I-effect)

~leffect of Cl > Br.
Hence, CH;—CH,—Cl has the greatest positive charge.

Q-4 Electrophilic addition reactions proceed in two steps. The first step
involves the addition of an electrophile. Name the type of intermediate
formed in the first step of the following * addition reaction.
HyC—HC=CH, + H* — ?

{a) 2° carbanion (b} 1° carbocation
{€) 2° carbocation ‘ {d) 1° carbanion

‘Ans. (¢) When electrophile attacks CH,—CH =CH, delocalisation of electrons can take
place, in two possible ways -

® -

CH; —CH @H*' —3 CH; —CH—CH,’ (2° carbocation) -
e | |

CH, —CH, —CH, (1° carbocation)

As 2° carbocation is more stable than 1° carbocation thus first addition is more feasible.
Note Stability of carbocations is the basis of Markownikoff's rufe.

Q-5 - Covalent bond can undergo fission in two different ways; The correct
' representation involving a heterolytic fission of CH ;—Bris

(@) c';g\-sr —= EH_% + Br® (b) CH, ﬁsr — &y Br®
(c) CH; —/-\I‘Sr — 8H3 +Br® (ch) C@—Qr — CH, +Br

Ans. (b) Arrow denotes the direction of movement of'electrons

(@) CHy; —Br — C%;Ha +Br® (b) CH, —[‘Br —_ 6!—13 +Br,
(c) CHy —[Er — ((?H3 +Br~ (d) C';I}—/??w — éH3 +Br (homolytic)

Since, Bris more electronegative than carbon, hence heterolytic fission occurs in such

a way that CH, gets the positive charge and Br gets the negative charge. Thus, option
(b) is correct, :

Q-6,  Which of the following compounds“contain all the carbon atoms in the
same hybridisation state? :
@H—C=C—C=C—H {b) CH;—C= C—CH,

(c) CH;=C=CH, {d) CH, = CH—CH =CH,



Ans. (a) d)
Hybridlisation of carbon atoms in different compound's is shown below

@ HC =C—C=CH (b)CH3—C—_~—C~—CH3
P e w ®w
{c) CH22 = (C =CH, (d)CH, = CH--CH = = CH,
sp®  sp spE. sp? sp? gp? sp
in options (a) and (d), all carbon atoms are in idisati
same hybrid e, i '
n op Satlon . ybridisation state i.e., in sp and sp?

Q-7. Electrophlles are electron seeki
contain only electrophiles?
(@) BR;, NH;, H,0 -

(© NO3, CHy, CH; —C*=0

ng species. Which of the following groups

(b) AICK;, SO, NO?
d) CH5, CGoHy, O

’ C 3

Di
Irection (Q.Nos. 19-20) Con31der rhe following four compounds,

(0 CH3 —CH, ‘_CH2‘CH2—(”) —H

0
(1) CH 3——CH,—CH, __{H\ —CH,
(il CH, _CH2~%__CH —on,

0
(V) CH3—CH —CH, —C —p

CH, g

Q-8 ' Nucleophile is a species that should have

~ () a pair of electrons to donate (b) positive charge
(c) negative charge {d) electron deficient species
Ans. (a, c)

Nucleophile (nucleus-loving) is a chemical species that donates an electron pair to an
electrophile (electron-loving). Hence, a nucleophile should have either a negalive charge or
an electron palr to donate. Thus, option (@) and {c) are correct.

Q-9 Hyperconjugation involves delocalisation of ......... .

{a) electrons of carbon-hydrogen o bond of an alky! group directly attached to an
atom of unsaturated system.

(b) electrons of carbon-hydrogen ¢ bond of alkyl group directly attached to the

positively charged carbon atom.
() m-electrons of carbon-carbon bond
(d) lone pair of electrons.
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Ans, (a, b) |
I;Iyp_ercogjugation is the delocalisation of sigma electron also known as sigma-pi
conjugation. Presence of a—H with- respect to double bond, triple bond or carbon
containing positive charge (in carbonium ion} or unpaired electron {in free radical) is a
condition |j!or hyperconjugation. ‘

. H

é : H | s

H—G—CH = Cify & H—C — CH—CH, & H® C = CH—&H, o
: |
H H H

H
. C
—C=cH—8h,

Q-10- For-testing halogens in an organic compound with AgNO, solution,
sodium extract (Lassaigne’s test) is acidified with dilute HNO,. What will

happen if a student acidifies the extract with dilute H,S0, in place of
dilute HNO,?

Nitrogen, sulphur,‘ halogens and phosphorous present in an organic compound are
gietfectea‘ by Lassaigne’s test. The elements in compound are converted from covalent to
ionic form fused with sodium metal. : '

Ans, On gdging dilute H28(_34 for testing halogens in an organic compound with AgNO,, white
precipitate of Ag,S0, Is formed. This will inlerfere with the test of chlorine and this Ag,SO,

may be mistaken for white precipitate of chlorine as AgCl. Hence, dilute HNQ, is used -

instead of dilute H,S0,.

Q_II‘;_ Explain, how is the electronegativity of carbon atoms related to their

+ state of hybridisation in an organic compound?

Ans. Eléctronegativity of carbon atom, also depends on the hybridisation of the carbon atom.

Since, s-electrons are more strongiy attracted by the nucleus than p-efectrons, thus,
electronegativity increases with increase in s-character of the hybridised orbital i.e.,

25% 33.3% 50%

sp? < sp? < sp  Hybridisation

Increasing order
of % s-character

Increasing order
of electronegativity

Thus, sp-hybridised carbon is the most electronegative carbon.,

'Q-llf: Match the terms me,ritioned in Column I with the terms in Column II.

Columnl : Column i

A. Carbocation 1. Cyclohexane and 1- hexene

B. Nucleophile 2. Conjugation of electrons of C—Ho bond with
empty p-orbital present at adjacent positively
charged carbon _

C. Hyperconjugation | 3.  sp? hybridised carbon with empty p-orbital

D. Isomers " | 4. Ethyne

E.  sp-hybridisation 5. Species that can receive a pair of electrons

F Electrophile 6.  Species that can supply a pair of electrons.

Ié



Ans. A.=@) B.-(®6) Co5@ Do E»{4) Fo()

Column Column I Explanation
A Carbocation . | sp-hybridised carbon with H,C* is carbocation.
: empty p-orbital Loss of e"makes its
: | porbitals empty
{sp?-hybridised carbon)
B.  Nucleophile 'Species that can supply a Nucleys loving ie,
pair of electron having negative charge

Or excess of electrons
C. Hyperconjugation Conjugation of electrons
of C—H o bond with
empty porbital present at
adiacent positively
charged carbon

0. somers | Cyclohexane and 1-hexene | Same molecular formula
— but different structures
E. sp-hybridisation Ethyne . HC = CH
{sp-hybridisation)
F.  Eléctrophile Species that recejve a pair | Electron loving i.e,
of electron positive charge or lack

of electrons

Q-13  Give three points of diffe

rences between inductive effect and resonance
effect.

Ans. Diference between inductive effect and résonance effect is as follows

Inductive effect Resonance effect. -

tinvolves it - electrons or lone
pair of efectrons and occurs only

in unsaturated and conjugated
system.

Inductive effect involves

G — electrons displacement and
occurs only in saturated
compounds,

Inductive effect can move upto

Itis applicable ali along the length
3 --carbon atoms.

of conjugated system,

In inductive effect, there is a slight | In fesonance effect, there is
displacement of electrons and complete transfer of electrons
thus only partial positive and and thus full positive and
negative charges appear. . negative charges appear,
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SA RASWATI CHEMISTRY

The p-BIock Elements

Q 1} Which of the following is a Lewis acid? _
) @) AlCl, (b)MgCl, (0) CaCl, () BaCl,

Lewis acid represent those substances in which octet remains mcomplete act as electron
acceptors. . :

Ans. (a) Alkaline earth metals form ionic chloride whereas aluminium: chioride is covalent.
Despite of sharing electrons with chloring, the octet of aluminium is incomplete. To
complete the octet, it needs electrons anc thus, acts as a Lewis acid.

I
Cl—AI—Cl
T

Octet incomplete

Q-2 'The qeometry of a complex species can be understood from the knowledge
of type of hybridisation of orbitals of central atom. The hybridisation of
~orbitals of central atom in [B(OH,)] ™ and the geometry of the complex .
are respectively : |

(@) sp®, tetrahedral o s (b) sp?, square planar
(c) sp’d?, octahedral .. (d) dsp?, square planar

Hybridisation and geometry of a complex can be found by counting number of bond
* pairs and lone pairs present in a central atom.
Ans, (a) Structure of B(OH); is :
‘ _ ?H
HO —?"WOH '
OH
_ 4 bond pair + 0lone pair
Hybridisation — sp° :

Geometry — Tetrahedral

Q 3 i Boric acid is an acid because its moiecule
_ {a) contains replaceable H" io
(b) gives up a proton
() accepts OH from water releasing proton
(d) combines with proton from water molecule

18



"+ Ans. (c) Silicon has a strong tendency

Ans. (¢) Lewis acids are substances whose octet is incom
Boric acid is a monobasic weak acid. It does not
fromOH™ ion i.e., hehaves as Lewis acid.

HyBO,; + HO0 — BOH); + H*

B(OH), + 2H,0— [(B(OH),I” +H,0"

The structure of H,BO, is

plete and accepts electrons.
liberate M fon but accepts electrons

or,

as shown below, where the octet of boron in HBO

. R 5 IS
mncompiete.
M=
O
|
B —- Incomplete
7\ octet
O 0
|
H H

Q-4 | Silicon has a strong tendency to form polymers like silicones. The chain
| length of siliconé polymer can be controlled by adding -
(a) MeSiCl, (b) Me,SiCl, (c) Me;SiCl (d) Me,Si

“to form polymers like silicones. The chain length of
sificon polymer can be controlled by adding MeSiC! which block the ends as shown -

below '
o
n(HO — Si— OH>+-H0 — Si-—-CHs
o -
. CHy ! CH,

—Ha0 | Polymerisation

(I3H3 '([3H3
wO{Si_O}Si—CHa
_ | nf
CHj CHa
Silicane '

Q-5 Tonisation enthalpy (A;H kI mol™) for the elements of group 13 follows - ".

the ordery
@B>Al>Ga>In>Ti bB<Al<Ga<in<T
@B<Al>Ga<in>Tl dB>Al<Ga>In<Tl

lonisation enthalpy (A.H) s the energy required to remove a valence electron. On moving

down the group 13, there is decrease in first ionisation enthalpy due to an increase in
atomic size and screening effect. . '

Ans. (d) On moving from B to Al all the ienisation enthalpies decreases as expected and this
decrease is due to an increase in‘atomic size and shielding effect.

On moving from Al to Ga, the ionisation enthalpy increases slightly, because on moving
from Al to Ga, both nuclear charge and shielding effect increase but due to poor
shielding by d-electron in Ga, effective nuclear charge on valence electron increases
resufting in d-block contraction, that's why ionisation enthalpies increase.

iq




On moving from Ga to in, again theré is slight decrease in ionisation enthalpies due to
increased shielding effect by additional ten 4d electrons, which outweighs the effect of
increased nuclear charge,

On moving from In to T, ionisation enthalpies show-the increase again because
fourteen 4f electrons shield valence electron poorely (order of shielding effect

- s> p>d>f and so effective nuclear charge increases, consequently ionisation

Q-6 |

Ans. (b)

Ans. (a) () Reaction of ammonia with diborane gives initially BHg - 2NH, whichis fermulated

enthalpies increase.

In the structure of diborane,

(a) All hydrogen atoms lie in one .plane and boron atoms lie in a plane
perpendicular to this plane

(b) 2 boron atoms and 4 terminal hydrogen atoms lie in the same plane and
2 bridging hydrogen atoms lie in the perpendicular plane

(©) 4 bridging hydrogen atoms and boron atoms lie in one plane and two terminal
hydrogen atoms lie in a plane perpendicular to this plane

{d) All the atoms are in the same plane

Boron-is trivalent, we would expect a simple hydride BH,. However BH, is not stable.

The boron possess incomplete octet and BH, drmerrses to form B,Hg molecu!e with

covalent and three centre 2-electron bond. The srmplest boron hydride is diborane
BaHs.

As seen from the structure drawn, 6 electrons are required for the formation of

conventional covalent bond structure by B-atom, whereas in diborane, there are 12
valence electrons, three from each boron atoms and six from the six hydrogen atoms.

The geometry of BoHg can be represented as

C?%)

Bondrng an dlborane

The four terminal hydrogen atoms and two boron atoms lie one plane. Above and
below the plane, there are two bridging nydrogén atoms. Each boron atom forms four
bonds even though it has only three electrons. The term_inai B—H bonds are regular
bonds but the bridge B—HM bonds are different.

Each bridge hydrogen is bonded to the two boron atoms only by sharing of two
electrons. Such covalent bond is called t hree centre electron pair bond or a mult
centre bond or banana bond. '

A compound X, of boron reacts with NH, on heating to give another

compound Y which is called inorganic benzene. The compound X can be

prepared by treating BF; with lithium aluminium hydride. The

compounds X and Y are represented by the formulas. - 3
(@) BH,, BNH, (0 B0y, BNH,  (OBF, BNyHs  (d) ByNyHg, BHq

as [BHy({NH,;),1+ {BH,] further heating gives borazme BaNsHg also called

borazole,
38,Hg -+ 6NH, —2K 5 2B N:Hg + 12H,
Drb&z;me SV (B%razo!ey. .
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 SARASWATI CHEMISTRY

Borazole hegs cycliq structure and is isoelectronic and isosteric with benzene and
thus called inorganic benzene or triborine triammine or borazine.

{ii) _Dibqrane can be prepared by the reduction of BF, with lithium alurminium hydride
in diethyt ether.

4BF, + 3LIAIH, ~— 2B,H, + 3AIF, + 3LF
(X

Q-8° The reason for small radius of Ga compared to Al is
{a) poor screening effect of d and f-orhitals
(b) increase in nuclear charge
{c) presence of higher orbitals
(d) higher atomic numbeér

Ans. (a, b)

On moving down the group from Al to Ga, atomic radius decrease (éxoeption) due to poor

shielding by d-electrons. On moving from Al to Ga, shielding effect in d-electrons is unable
to compensate increased nuclear charge.

Hence, successive increase of atomic radius as expected is not observed.

'Q-9‘ Me,SiCl is used during polymerisation of organo silicones because
(@) chain length of organo silicone polymers can be controlled by adding Me,SiCl
{b) Me; SiCl blocks the end terminal of silicone polymer
(c) Me;SiClimproves the quality and yield of the polymer
{d) Me,SiClacts as a catalyst during polymerisation
Ans. (a, b) |

The chain length of the polymer can be controlled by adding (CH3)5 SICH which blocks the
ends as shown below '

CH, CH, CHs CH;
l . i . Polymerisation | . I .
nHO—S:—OH%—HO—-St—CHaW —O—S8i— 0+ Si—CHj
l i e I |
CH, - CH, _ CH, CHj
SHlicone

Q-10 Which of the following statements are correct? Answer on the basis of

given figure.
_ /@\ :
v \Qg .

(@) The two bridged hydrogen atoms and the two boron atoms lie in one plane

{b) Out of six B—H bohds two bonds can be described in terms of 3 centre 2
electron bonds :

G

(©) Out of six B— H bonds four B— H bonds can be described in terms of 3 centre
2 electron bonds :

. {d) The four terminal B— H bonds are two centre-two electron regular bonds

s




AnS. (a) b’ d) }
The bonding and structure of the boranes are of great interest. They are different from all
other hydrides as they are electron deficient. o

In diborane, there are 12 valene electrons, three from each B-atom and six from H-atoms.
Electron structure shown in figure. :

H’,// H \\\.H
7 2N S
&

&

HS H

The two bridging H-atoms are in a piane perpendicutar to the rest of the molecule and
prevent rotation between the two B-atoms. o

Thg t'ermina! B-—H distances are the same as the bond lengths measured in non-giectron
deficient compounds. These are assumed to be normal covalent bonds, with two elecirons
shared between two atoms. We can describe these bonds are two centre two electron bond
{2c—2e). : S
Obviously, they are abnormal bonds as the two bridges involve only one electron each from

one of the boron atoms and hydrogen atoms, making a total of four electrons.

- According to molecutar orbital theory, each B-atomn uses sp3-hybrid orbitals for bonding.
Out of the four sp>-hybrid orbitals on-each B-atomn, one is with out an electron shown in-
broken lines. ' :

The terminal B—H bonds are normal 2 centre—2 electron bonds but the two bridge bonds

are 3 centre—2 electron bonds. The 3 - centre-—-2 electron bridge bonds are also called
banana bonds. ,

IS
B ;B
<7 o7
Bonding in diborane

Q-11 Explain the nature of boric acid as a Lewis acid in water.

Ans, Orthoboric acid is less soluble in cold water but highly soluble in hot water, It is a
monobasic acid. It does not liberate H* ion but accepts OH™ from water, behaving as a
Lewis acid. : '
The structure of H,80, is H—0—8 0
e structure — 0
structure of H,BO, is _ NO K

Octet of boron remains incomplete. Oxygen atom contains lone pair of electrons in water
molecule. Hence, instead of donating proton {H*), boric acid accepts OH™ from water

forming B{(OH}; to complete octet.
Since, electron acceptor substance behaves as Lewis acid, therefore, boric acid acts as a
Lewis acid in water. ‘

QQ-12 . Draw the structure of boric acid showing hydrogen bonding. Which
species is present in water ? What is the hybridisation of boron in this

species ?



Ans. Orthoboric acid H,;BO,

: ,in solid state possesses a layer structure made up of B{OH), units
forming hexagonal rin ‘

gs of H-bonding as given below
O—H-

\\\ l '
H B . . e

Each H-atom acts as a bridge between two oxygen atoms of different Bog-

Boric acid when dissolved in water, acts as Lewis acid forming B(OH);
= HyB0; + H,0 B(OH); + H*
The hybridisation of boron iNB(OHY; is sp°.

(Q-13 Give reasons for the following |
(a) CCl, is immiscible in water, whereas SiCl, is easily hydrolysed.
(b) Carbon has a strong tendency for catenation compared to silicon.

Ans. (a) Carbon tetrachioride (CCl,) is a covalent compound while H
CCl, does not form H-bond with water molecule. Hence, it is immiscible in water.
Further more, CCJ 4 18 not hydrolysed by water because of the absence of d-orbitals in
carbon while SiCl, is readity hydrolysed by water. :

SiCly + 4H,0 ~— Si(OH), + 4HCI

Sificic acid

units.

The hydrolysis of SiCt, oceurs due to coordinat

ion of OH™ with empty 3d orbitals in silicon
atom of SiCl, molecule. '

Cil CII . C!l
.o H H o
/sm;o< —>  Si—o( 2 g
A H 7N H /1IN
ci Gl Cl g Ci Cl ¢y OH
+3H20
- 3HCI
?H
Si
<IN
HA |
Ho OH

{b) Carbon atoms have the tendenc
form chains and rings. This prop
are very strong.

y to link with one ancther through covalent bonds to
erty is called catenation. This is because C—C bonds

Down the group, the size increases and electrone
tendency to show catenation decreases, Th
* Catenation as compared to silicon.

Qalivity decreases and thereby,
us, carbon has a strong tendency for

.0 is a polar compound..
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Q-14 " Explain the following.
(a) €0, is a gas whereas Si0, is a solid.
(b) Silicon forms SiF®" fon whereas corresponding fluoro compound of
carbon is not known, | ’

Ans. () CO, has alinear structure. Its dipole moment is zero. It is believed that CO, molecule is
a resonance hybrid has the following structures.
_ O0=C=00-C=0"0"=Cc—0"
The CO, molecules are held together by weak van der Waals’ forces and thus, it exists as
gas. InSi0,, due to large electronegative difference between Si and 4, the Si—O bonds
have considerable ionic nature.

Therefore, silica has three dimensional network like structure in which Si-atom is
tetrahedrally bonded to four oxygen atoms and each oxygen atom is bonded to two
silicon atoms by covalent bonds. .

l |

—S]i——-O—Sii-——
0 0
! 5
—&i—0— Si—

There is no discrete SiO, molecule. It is a network solid with octahedral coordination.

(b) In silicon, vacant 3d orbitals are available due to which it can accomodate electrons

from 6 fluorine atoms, thereby forming Si FZ™ ion. However, in case of C only 202 filled
orbitals are available thus, it cannot expand their covalency more than 4. Thus, CCIZ is
not known. o

T

QQ-15: When BCL, is treated-with water, it hydrolyses and forms [B[OH],]™ only
whereas AlCl; in acidified aqueous solution forms [Al[H,0]]**
ion. Explain what is the hybridisation of boron and aluminitni in these
species? . o

Ans, intrivalent sfa?e, most of the compounds being covalent are hydrolysed in wéte?. e.g., BCly

on hydrolysis in water form [B(OH), I species, the hybridisation state of B is sp™.

| BCl+ 3H,0 —s B(OH), + 3HC! o

~ B(OH)y+ H,0 — [B(OH),]” + H¥ :
AlCl, in acidified agueous solution form octahedral [AI(H,0) c]1°*ion. In this complex, the
3d orbitals of Al are involved and the hybridisation state of Al is sp’d®

AlCl; + H0~ 5 [AIH,0),1%" + 3CI™ (aq)

Electronic Is 25 20 3 3 3d
szﬁs%uraﬁon HERRIERENN
of Al

Formation of

[Al(H,0)g)%* (X XXX XX T 1]
Sr——

: spd? hybridisation

Q-16 Explain the following.

' (a) Gallium has higher ionisation enthalpy than aluminium.

(b) Boron does not exist as B>* ion.

() Aluminium forms [AF,]>~ ion but boron does not form .[BF5]3‘ jon.
(d) PbX, is more stable than PbX,. - '
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e) Pb%* acts as an oxidising agent but Sn®* acts as 3 reducing agent.
9 ng ag

(f) Electron gain enthalpy of chlorine is more ‘negative as compared to
" fluorine. 1 '

(g) TL(NO5), acts as an oxidising agent.

(h) Carbon’shows catenation property but lead does not." -

(i) BF; does not hydrolyse. C

(G) Why does the element silicon, not form
whereas carbon does?

Ans. (@) In gallium, due to poor shielding of valence electrons by the intervening 3d electrons.
The nuclear charge becomes effective, thus, atomic radius decreases and hence, the
ionisation enthalpy of gallium is higher than that of aluminium.

(b) Due to small size of boron, the sum of i
This prevent it to form +3 ions and force
boron does not exist as B3 ion,

{€) Aluminium forms [AlFg] %= jon because of the presence of vacant d-orbitals so it can
expand its coordination number from 4 to 6. In this complex, Al undergoes sps?
hybridisation. : :

On the other hand, boron does not form [BFs]®~ ion, because of the unavailability of

d-orbitals as it cannot expand its coordination number beyond four. Hence, it can form
[BF, ] ion {(sp® hybridisation)

a graphite like structure

ts first three ionisation enthalpies is very high. -
it to form only covalent compound. That's why

(d) Due to inert pair effect, Pb in -+2 oxidation state is more
stale hence PbX,, is more stable than PbX 4

(e) Due to inert pair effect, tendency to form +2 ions increase
Pb®* is more stable than Pb** . That's why Pb**
less stable than Sn** and hence Sn2*

.S

Sr —— 8™ 4+ 2e”
Reducing agent

stable than in +4 oxidation

s down the group, hence
acts as an' oxidising agent while Sn2* is
acls as areducing agent.

Po* 4 26" — Pp2*
Oxidising agent

(f) Electron gain enthalpy of Cl is more negative than electron gain enthalpy of fluorine -
because when an electron is added to F, the a

dded electron goes to the smaller n =2
quantum level and suffers significant repulsion from other electrons present in this level.

Q- 17, Match the species given in Column I with the hybridisation given in

Cotumn II.

Column Column )i
A, Boronin{BOH,)" 1. sp?
B.  Aluminium in {A!(HzO)6]3+ 2. sp?
C. BoroninB,H, - 3. spid?
D.  Carboninbuckminster fullerene
E SiliconinSiO4~
F. Germanium in [GeCl) 2=
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Ans. A.-»(2 B.-(3) C.o @ D.—>(1) E-@® F-o (3)
A. Boronin[B(OH),]~ sp® hybridised.
B. Aluminium in [AI(H,0)5 1+ s0%02 hybridised,
C. Boron inB,H, sp® hybridised.
D. Carbon in Buckminsterfullerene sp? hybridised.
E. Silicon in S0}~ sp® hybridised.
R Germanium in [GeC 1, 12~ 5% hybridised.

Q-18: Account for the following observations.
' (a) AlCL; is a Lewis acid,

(b) Though fluorine is more electronegative than chlorine yet BF, is 3
weaker Lewis acid than (1,. :

(c) PbO, is a stronger oxidising agent than Sn0,.
(d) The +1 oxidation state of thallium is more stable than its+3 state,

Ans. (a) In AICI,, Al has only six electrons in its valence shell. It is an electron deficient species,
Therefore, it acts as a Lewis;acid {electron acceptor).

: (b) InBF, boron has a vacant Zp-orbital and fiuorine has o}ie 2p-completely filled unutilised
orbital. Both of these orbitals belong to same energy level therefore, they can overlap

effectively and form PR—pr  bond. Thig type of bond formation is known as back
bonding. '

While back bonding is not possible in BCl;, because there is no effective overlapping '
between the 2p-orbital of boron and 3p-orbital of chlorine. Therefore, electron -

- - deficiency of B is higher in BCl; than that of BF;. That's why BF; Is a weaker Lewis-acid
thanBCl,. ‘

Zp orbital  2p orbital
(Vacani) {Completely fited)

(€) In PbO, and ShOz, both lead and tin are present in + 4 oxidation state. Bul due to
stronger inert pair effect, Pb* ion is more stable than Sn?*ion. In other words, Pb** ions
e, PbO,is more easily reduced to Pb** ions than Sn* ions reduced to Sn’* jons.

Thus, PbO, acts as a stronger oxidising agent than Sn0,.
() TI* is more stable than T13* because of inert pair effect.

Q-l9 Boron fluoride exists as BF; but boron hydride doesn’t exist as BH;. Give
reason. In which form does it exist ? Explain its structure,
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Struciure of diborane

Due to absence of jone pair of electrons on H

BH;. in other words, electron deficiency of B stays ang hence to reduce its electron
deficiency, BH, dimerises to formB,H;.

In B,H, four terminal hydrogen atoms and two boron atoms fie in one plane. Above ang

below this plane there are two bridging H-atoms. The four terminal B—H bonds are regular
while the two bridge (B —H —B}bonds are three centre- two electron bonds.

Q-20

(a) What are silicones? State the u

(b) What are boranes ?
diborane.

Ans, (2) Silicones are a group of organosilicon polymers, which have (R,Si0)as a repeating unit,
These may be linear stlicones, cyclic silicones and cross-linked silicones.

derivatives of SiCI, ke

ses of silicones, |
Give chemical equation for the preparation of

3, R:S1ICl, and R

aryl hydroxy derivatives
obtained by hydrolysis, ‘
+ Gu powder ; Hydrolysis CH.).Si OH
2CHLCl + 8 bowder, (o sic, e .( 2)2Si{OH),
CHg . GHs (|3H3 ?Hs ‘
HO—Si—HO + HO—SI—OH ﬂ’%?@_*‘o Si—O-}- Si—GHy
l | | 2 [ ]
CH3 . CH3 : CH3 CH3
Siticone

Uses

These are used as sealant, greases, electrical insulato
fabrics. These are also used in sur

(b) Boron forms a number of covalent hydrides with ge

B, H,, ¢ These are called boranes. B,Hs and B,H,
of the two series respectively.

Preparation of Diborane

gical and cosmetic plants.

neral formulae B, H,,, and
are the representative compounds

Itis prepared by treating boron triffuoride with LIAIH, in diethyl ether.
4BF, + SLIAIH, — 2B.Hs -+ 3LIF + AN,

strial scale it is prepared by the reaction of BF; with sodium hydridle.
2BF; + 6NaH 450K, B,Hg + 6NaF

Onindy

s and for water proofing of
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(Q-1. Metal carbonates decompose on heating to give metal oxide and carbon
dioxide. Which of the metal carbonates is most stable thermally?
(@) MgCO; (b) CaCO, (©) StCO, " (d) BaCO,

i the alkaline earth metals form carbonates having general formula MCQO;. These
carbonates decompose on heating to form metal oxide and carbon dioxide.
MCO; =——1 MO + CO, fM= Be, Mg, Ca, Sr, Ba}

Thermal stability of carbonates increases with increase in atomic number, ie, on
moving down the group

BeCO, <MgCO; < CaCO, < SrCO, <BaCO,,
Ans. (d) BaCO, is thermally most stable because of the small size of resulting oxide ion. With

the increase in atomic number the size of the metal ion, the stability of the metal ion
decreases and, hence that of carbonate increases (rnax:mdm in case of BaCQO,).

Therefore, the increasing size of cation destabilizes the oxides and hence does not
favour the decompaosition of heavier alkaline earth metal carbonates like BaCO,.

Q-2 The solubility of metal halides depends on their nature, lattice enthalpy
and hydration enthalpy of the individual ions. Amongst fluorides of
alkali metals, the lowest solubility of LiF in water is due to

{a) ionic nature of lithium fluoride

(b} high lattice enthalpy

(¢) high hydration enthalpy for lithium ion
(d) low ionisdtion enthalpy of lithium atom

Ans. (. b) Solubilities of alkali metal halides in water can be explained in terms of lattice enthalpy

and hydration enthalpy. - Lower lattice enthalples and higher hydration enthalples
favour dissolution.

Among fluorides, the order of solubility is LiF < NaF < KF < RbF < CsF. Low solubility

of LiF is due to very high lattice energy. On moving down in the group LiF to CsF,
solubility increases because lattice energy decreases.

Except LiF, other halides of fithium are higbly soluble in water.

fQ-3 In the synthesis of sodium carbonate, the recovery of ammonia is done by

treating NH,Cl with Ca(OH),. The by-product obtained in this process is
(a) CaCl, (b) NaCl (c) NaOH ~ {d)NaHCO,
Ans. (a) Sodium carbonate is synthesised by Solvay ammonia soda proceés.
The reactions involved are
NHy + H,0+ CO,—  NH,HCO,

Amrmonium bicarbonate

NaCl+ NHHCO, —s NaHCO, L+’ NHCI
Sodium bicarbonate '

2NaHCO,; -2 Na,CO, + M0+ CO,

Sodium carbonate



NHj is recovered from NH,HCO, and NH,Cl formed during the reaction.

NH,HCO, ™% NH, + H,0+ CO,
2NHLCl  + Ca(OH), — oNH; +  CaCl,  + 2H,0

Ammonium chloride Ammonia  Calcium chloride

Q-4 When sodium is dissolved in liquid ammania, a solution of deep blue

colour is obtained. The colour of the solution is due to
(@) ammoniated electron (b) sodium ion
{c) sodium amide (d) ammioniated sodium ion
Ans. (e} Al alkali metal dissolve in liquid NH; giving highly conducting deep blue solution.
Na+ (x+y) NHy — [Na (NH,x]* + e(NH, ) -

Ammaniated cation Ammoniated electron

When light fall on these solutions, the ammoniated electrons excite in higher ener
level by absorbing red wavelengths and so transmitted light is blue.

ay
Q-5 By adding gypsum to cement
(@) setting time of cement becomes less
(b) setting time of cement increases
(e} colour of cement becomes light
(d) shining surface is obtained
Ans. (b) Raw materials for cement-limestone, clay, gypsum. Cement is a dirty greyish heavy
powder containing calcium aluminates and silicates.

Gypsum (CaS0, - 5H,0) is added to the components to increase th_é setting time of

cement so that it gets sufficiently hardened. Setting of cement is an exothermic process
and involves hydration of calcium aluminates and silicates.

Q-¢ How do you account for +
solution?
Ans. Strong reducing power of lithi
electrode potential. Electrod

e Sublimation |, ,
(l) L (S) Enthalpy L (g)

tonisation

(i) Li (g) “Enany? L@ +e”

Q-7 * Lithium resembles ma ium i i
such properties and give reasons for this resem

Ans. Lithium resembles with ma ' ' ' ioi
- Ut _ gnesium as its charge size ratio is Closer to Mg. Its
with Mg is known as diagonal relationship. % e resemblance

- Generally, the periodic

Properties. Mention two
blance.

he strong reducing power of lithium in aqueous -
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Period Group | Group If

2 Li \ Be

3 Na Mg
Following characteristics can be noted

(i) Due to covalent nature, chiorides of Li and Mg are deliquescent and soluble in alcohol
“and pyridine. : _
(i) Carbonates of Li and Mg decompose on heating and liberate CO,
' Li,CO3 — Li,O + CO,
MgCO; — MgQO + CO,

Q-8 Name an element from group 2 which forms an amphoteric oxide and a
water soluble sulphate. _ ' ,
Ans. Anelement from ‘gfoup 2 which forms an amphoteric oxide and a water soluble sulphate is
beryliium. . ‘

Beryllium forms oxides of formula BeO. All other alkaline earth metal oxides are basic in
nature. BeO is amphoteric in nature /.e., it reacts with acids and bases both.

AlO; + 2NaOH —s 2NaAl0, + H,0
A, O3 + 6HCl —.2A1Cl, + 3H,0 :
Sulphate of beryllium is a white solid which crystallises as hydrated salts {BeSO, - 4H,0).
BeS0,, is fairly soluble in water due to highest hydration energy in the group (small size).
For BeSO,, hydration energy is more than lattice energy and so, they are readily soluble.

Q-9  Discuss the trend of the following ,
(i) Thermal stability of carbonates of Group 2 elements.
(i) The solubility and the nature of oxides of Group 2 elements.

Ans. (i) All the alkaline earth melals form carbonates (MCO3). All these carbonates decompose
on heating to give CO, and metal oxide. The thermal stability of these carbonates
increases down the group i.e., from Be to Ba.

BeCO; < MgCO; < CaCO, < SCO,; < BaCO,

BéCOS is unstable to the extent that it is stable only in atmosphere of CO,. These
carbonates however show reversible decompasition in closed container.

BeCO,; == BeO + CO,
Hence, more is the stability of oxiée formed, less will be stability of carbonates. Stability of
oxides decreases down the group is beryllium oxide ie., high stable making BeCO,
unstable. ' ‘

(i) Ali the alkaline earth metals form oxides of formula MO. The oxides are very stable due
to high lattice energy and are used as refractory material.

Except BeO (predominantly covalent) all other oxides are ionic and their lattice energy
decreases as the size of cation increases.

Q-101 Why are 8850-4 and MgSO:,+ readily soluble in water while CaS0,, SiS0,
~ andBaSO0, are insoluble?

Ans. The lattice energy of alkaline earth metal sulphates is almost constant due to large size of
: sulphate ion. Thus, their solubility is decided by hydration energy which decreases on
moving down the group. ’ o
The greater hydration enthalpies of Be®* and Mg®* ions overcome the lattice enthalpy
* factor and therefore, their sulphates are soluble in water.

H_owever. hydration enthalpy is low for Ca®*, Sr3* ions and cannot overcome the lattice
energy factor. Hence, these are insoluble.



Q-11 why do beryllium and ma
flame test?

Ans. All alkaline earth metals
flame. The different colo
and de-excitation.

Be and Mg atoms due to their smafl siz
higher effective nuclear charge). Hence,
by the energy of the flame with the result

gnesium not impart colour to the flame in the

(except Be and Mg) impart a characteristic colour to the Bunsen
urs arise due to different energies required for electronic excitation

e, bind their electrons more strongly {because of
require high excitation energy and are not excited
that no flame colour is shown by them.

Q-12 What is the structure of BeCl, molecule in gaseous and solid state?

Ans. Bervlium chioride has different structures
in the form of polymeric chain st

* chlorine atoms having two of the

- coordinate bonds. The resulting b

in solid and vapour state. In solid state, it exists
ucture in which each Be-atom is surrounded by four
chlorine atoms covalently bonded while the other two by
ridge structure contains infinite chains.
P € e.{ P Be\ - e\
cl > cte” Cl
Structure of BeCl, in solid state

In vapour state, above 1200 K, i

t exists as a monomer haVing linear structure and zero
dipole moment. But below 1200 K

it exists as dimer structure even in vapour state.

1 Ct
Cr—Be—Cl cr8e? Be—Cl
- Above 1200 K ™~ Cl v -
Monormer Below 1200 K
Dimer

observations were obtained |
(a) Blue solution was obtained initially. |
(b) On Concentrati_n,g the solution, blue colour changed to bronze colour..
How do you account for the blue colour of the solution? Give the name
of the product formed on keeping the solution for some time.
Ans. (a) The reaction that takes place when alkali metal is dissolved in liquid ammonia is
| M+ (x +y) NHy —— (M (NH,),] " + [(NHy, ) e

The blue colour of the solution is due to the presence of am’rnonia’t’e;d electron whioh
‘absorb energy inthe visible-region-of light and thus, im part.blue colour to the solution.

Q‘13; When a metal of group 1 was dissolved in liquid ammonia, the following

(b} In concentrated solution, the blue colour changes to bronze colour due to the formation

of metal ion clusters. The blue solution on keeping for some time liberate hydrogen
slowly with the formation of amide. 1

M* 4e” + NH; — MNH, +H,
Ammoniacal Amide 2

Q-14 The stability of peroxide and superoxide of alkali metals increase as we
go down to group. Explain giving reason.




Ans. The stability of peroxide or superoxide increases as the size of metal ion increases i.e.,
KO, <Rb0, <Cs0,

- The reactivity of alkali metals toward oxygen to form different oxides is due to strong positive
field around each alkali metal cation. Li* is the smallest, it does not allow 0% ion to react
with O, further. Na* is larger than Li, its positive field is weaker than Lit. It cannot prevent
the conversion of 0*~ into O, -

The'largestK* ,Rb™ and Cs* ions permit 02‘ ion to react with O, forming superomde ion G5,
02' y 0% > 20;
Oxide . Perox1d° Superoxide
Futhermore, increased stability of the peroxide or superoxide with increase in the size of metal
ion is due to the stabifisation of farge anions by iarger cations through lattice energy effect.

Q-15' When water is added to compound (A) of caleium, solution of compound
(B) is formed. When carbon dioxide is passed into the solution, it turns
milky due to the formation of compound (). If excess of carbon dioxide
is passed into the solution milkiness disappears due to the formation of
compound (D). Identify the compounds A, B8, C and D. Explain why the
mitkiness disappears in the last step.

Ans. Appearance of milkiness on passing CQO, in the solution- of compound B indicates that
compound Bis lime water and compound C is CaC0;. Since, compound Bis obtained by
adding H,0 to compound A, therefore, compound Ads quicklime, CaO

The reactions are as follows

(0 €a0 + H,0—> CaiOH),
Calcium Lime water
oxide hk
(in) Ca(CH), + CO, — CaCO0,; = +H,0
{B) Calcium carbonate {C)
{Mitkiness)

(iii) When excess of CQ, is passed milkiness disappears due to the formation of soluble
calcium bicarbonate {D).

CaCOj; + CO, + H,0—— Ca(HCO,),
Milkiness Calciumn bicarbonate
{C) -(Solub(rs?:l i)ﬂ Hz0)

- Q-16! Lithium hydride can be used to prepare other useful hydrides. Beryllium
hydride is one of them, Suggest a route for the preparation of beryllium
hydnde starting from lithium hydride. Write chemical equations involved
in the process.

Ans. BeH, can be prepared from the correspondmg halides by the reduction with complex alkali
metal hydrides such as lithium aluminium hydride LiAIH,,. :

8LiH + AlClg — 2LIAIH, + BL!CI
2BeCl, + LiAH; — 2BeH, + LiCl+ AlCI,
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Hydrogen

Q-1 Metat hydrides- are ionic, covalent or molecular in nature. Among LiH, .
NaH, KH, RbH, CsH, the correct order of increasing jonic character is
(@) LiH > NaH > CsH-> KH > RbH
(b} LiH < NaH < KH < RbH < CsH
(c) RbH > CsH > NaH > KH > LiH
{d) NaH > CsH > RbH > LiH > KH

Ans. (b) Metal hydrides are ionic, covalent or molecular in nature. lonic character increases as

the size of the atom increases or the electronegativity of the atom decreases. The
correct order of increasing ionic character is

, ) LiH < NaH < KH < RbH < CsH
Q-2 - Consider the reactions
(i1) HOCL+ H,0, — H,0" + CL™ + 0,
Which of the following statements is correct about H,0, with reference to
these reactions? Hydrogen peroxide is
(a) an oxidising agent in both (i} and (if)
(b) an oxidising agent in (i) and reducing agent in (ii)

(c) a reducing agent in (i) and oxidising agent in (i)
(d) a reducing agent in both (i) and (ii)

(1) Reducing agents are those substance (atoms, ions 6r molecules) which can readily
lose electrons to other substance.

(i) Oxidising agents are those substance (atoms, ions or molecules) which can readily
accept electrons from other substance.

Ans, (b)

! , Reduction ¥
() HO5 +2HI ey T + 2H,02
| Qxidation l

Thus, here H,0, oxidises HI into T, hence, it behaves as oxidising agent.

Reduction R
(i) HOCI' + Hy07' > H0" + Clm+ H,08

I Oxidat.ion T

Here, H,0, reduces HOCI to CI™, thus, it acts as reducing agent.

Q-3 Which of the following reactions increases production of dihydrogen
from synthesis gas? '

() CH,(g) + H,0(g) —22X 5 CO(g) + 3H,(g)

Ni

(b) C(9) + H,0(g) —2%% CO(g) + Hy(g)
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(©) CO(g) + H,0(g) -é% CO,(g) + Hylg)

(d) CHg + 2Hzo——’-27:?—“> 2CO + 5H,
a ' .

Ans. (c) The process of producing syn gas or synthesis gas from coal is called ‘coal
‘ gasification’'. '

C(s) +H,0(g)—¥2X 5 CO(g) + H,{g)

Coal Stean . Ni W
The production of hydrogen can be increased by' reacting carbon monoxide of the syh
gas with steam in the presence of iron chromate as a catalyst at 673 K. ’

COfg) + H,0(g) —==2E5; CO,(g) + Hylg)
CO, is removed by scrubbing with a solution of sodium arsenite.

Q-4 Which of the following compounds is used for water softening?
() Cay(POy), bINaPO, . - (ONagO; . . (d)Na,HPO,
Ans. {¢) Forwater softening, sodium hexametaphosphate is used. The chemical formula is
Nay[Na ,(PO5)]= Na gFO,5. The trade name is calgén..--
2CaCl, + Na,[Na ,(POy)s]— Na,[Ca,(PO,) ]+ 4NaCl

{Frornhard Sodium Complex salt (soluble)
water) hexametaphosphate

Q-5 Dihydrogen can be prepared on commercial scate by differer_lt methods.,
- In its preparation by the action of steam on hydrocarbons, a mixture of

CO and H, gas is formed. It is known as ......... . , ‘
| (@) water gas ~ (b) syn gas - . (o producergas  (d) industrial gas
Ans; (a: b) |

Dihydrogen can be prepared on Com'merciaf scale by different methods. Reaction of steam’
on hydrocarbons or coke at high températures in the presence of catalyst yield hydrogen.
 CpHop g o +0H,0+2 —‘E’T?K_mcoz + (20 + 1)H,
i

9. CH,(g) + H,0(g) —Z2K CO(g) + 3Hy(g)
. - t

The mixture of CO and H, is called water gas. As this mixture of CO and H, i¢ used for the
synthesis of methanol and a number of hydrocarbons, it is aisc called synthesis gas or
‘syn gas'. ' '

Q-6 What are metallic/interstitial hydrides? How do they differ from

molecular hydrides?

Ans. Metallic/interstitial hydrides are formed by many d-block and ftiock elements. These
hydrides conduct heat and electricity.

Unlike saline hydride, they are almost always non-stoichiometi.c, being deficient in
hydrogen. e.g., Lat, g7, YOH, g5, TiH, 514 ZH 5 VHys6: NiHg 607 PdHy 6.5 etc. In
such hydrides, the law of constant composition does not hoid good.
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- Comparision berwesn molecular and metallic hydrides

Melecular hydrides

Metallic hydrides

Thesa are mainly formed by p-block
elements and scme s-block elements
{Be and Mg).

Those are usually volatile compounds
having low melting and boiling point.

it conduct electricity,

_These are formed by group 3, 4, 5 (%c, T,V Y, 7,
Nb, La, Hf, Ta, Ac etc.) 10, 11,12 (Pd, Cu, Zn etc )

I and fblock elerments {Ce, Eu, Yb, Th, U etc)

These are hard, have a metallic lustre,

These do not conduct electricity,

Q-7 . Give reasons

(i) Lakes freeze from top tewards bottom.

(1) Ice floats on water.

Ans, (i) Density of ice is less than that
lake water keeps on decreasing. Sinc
. lowards bottom of the lake and warm

of liquid water. During severe winter, the temperature of

e, cold water is heavier, therefore, it moves
water from the bottom moves towards surface.

This process continues. The-density ofwater-is-maximum at 277 K.

Therefore, any further decrease in temperatu
density. The temperature of sutface water Keeps on decreasing and ultimately

Thus, the ice layer at lower te

e of the surface water will decrease in
it freezes.”

mperature floats over the water below it, Due to this, freezing.

of water into ice takes place continuously from top lowards bottom.
(it} Density of ice is less ithan that of liquid water, so it floats over water.

Q-8 Discuss briefly de-mineralisatio
Ans. Water which is free from aj “solub)
Demineralised water js obtained by passi

and an anion exchange resins.
In cation exchanger, Ca 2 Mg

H+

*, Na* and other cations
exchanging them with H* ions while in anion exchanger

water are removed by exchanging them with O~ ions.’

n of water by ion exchange resin.

& minerals salts is called demineralised water.
ng water successively through a cafion exchange

present in water are removed by
- €I, HCOj, 803, efc., present in

+ OH~ — H,0

(Relezsed in cation exchanger) (Released in anion exchanger)

Synthetic ion exchange resins are of two types.

Cation exchange- resins contain large organic molecule with 80
soluble. It is changed to ANa by treating it with NaCl. The resin R
Ca?* jons present in hard water to make the water soft.

sH group and are water
Na exchanges Mg2* and

2BNa(s)+ M** (ag) — AaM(S)+ 2Na*(ag) (M = Ca2* o Mg?*)

The resin can be regenerated by passin

Pure-demineralised (deionised)
cation exchange and anion exc

water is obtained by passin
hange resins. in the cation exchange process,

g NaCl (aqueous solution) in it.
g water Successively through a

2RH(S)+ M** (ag) =2 MR, (s}+ 2H* (ag)

H™ exchanges for Ca?* Mg?*

This process results in proto
exchange process

{Cation exchange
resinin the H* form)

and other cations present in water.
n release and thus, makes the waler acidic. in the anion

35




ANH,(s)+ H,0())

== RN H, -OH~(s)
H;-OH is substituted ammon;

RN um hydroxide anion e2xchange resin.
N +
AN Hy - O(s) 4 X@q)== AN H, x5 OH(aq)

Q-9 Calculate the strength of 5 volumes H,0, solution,
| Ans. By definition, 5 oy

umes H,0, solution megn
decomposiﬁon prod

S a1 Lol this 1,0, sotion on
Uces S Lof0, at sTp
ex349 —, 2271 g STP

F22.7 L0, at STP Wi be obtained from H,0,
~5LotD

=68¢
2 2 STP wil be obtained from 4,0, =%%"$ 9= 1498 = 154
2 Solution = 15 g | -1 |

Percentage strength of H,0 =1.5%

-~ Strength of H

=

205 In 5 volume H, O

> Solution =—1—5_x 100
1000
Therefore, strength of H,0, in 5 volume H;O
Q-10;

~ phase are given below

(i) H,0Q, is better oxidising agen

(a) H,0, oxidises an aci
starch solution butH,0

tthan water as discusseqd below
dified solution of K

T'to give 1

2 Which gives piye col
does not.

our with

5 [Ums black PbS to whi}

PS+4H,0, - Pbso, + 4H,0,

Q-11 - Explain why HC[ is 3 gas and HF is 3 liquid?

Ans. Fis smaller ang More eleotronegative than C!,'so it fo
to Cl. As the consequence

TS stronger H-bonds as compareq
» More energy is heeded to break
and hence the boiling point of

reax the H-bonds in HF than HCy
HF is higher than that of HCI.
That's why HF i liquid and HC} js 5 gas, '



Q-12 _ Give reasons why hydrogen resembles alkali metals?

Ans. Hydrogen resembles alkali metals, i.e., Li,
< {able in the following respacts
(i) Like alkali metals, hydrogen al
and exhibit +1 oxidation state.
(i) Like alkali metals, h
{proton).

(iti) Like alkali metals, hydrogen combines with electronegative elements (non-metals) such

as oxygen, halogens and sulphur forming their oxides, halides and su!phides.
respectively. - '

SO contain one electron in its outermost {valence) shell

<

ydrogen ailso loses its only electron to form hydrogen ion, je., H*

(iv) Like alkali metals, hydrogen also acts as a strong reducing agent.

Q-13. Why is water molecule polar?

Ans, Oxygen is more electronegative (EN=3.5) than hydrogen (EN = 2.0 hence, 0 — H bond is
polar. In the water molecule, two poiar O — ‘

an angle of 104.5°. Due to the resultant of » water molecule is polar and
‘has an dipole moment of 1.84 Debye.

Q-14 Why is hydrogen peroxide stored

Ans. Hydrogen peroxide is decom
and light to form H,0 and O,.

in wax {ined .b;ottl'es?

2H,0, —s 2H,0 + O,

To prevent this decomposition, hydrogen peroxide is usually stored in paraffin wax coated
plastic or teflon bottles,

Q-15; Why does hard water not form lather with soap?

Ans. Hard water contains salts of calcium and magnesium ion
with soap and forms scum/precipitate with soap. S
(C47H3:CO0ONa) reacts with hard water to precipitate out

s. Hard water does not give lather

as Ca/Mg stearate.
2C,;H;.CO0Na (ag) + M2+ (aq) — (CWH%COO)?_M 1+ 2Na* (aq)

{where, M is Ca/Mg)
Itis therefore, unsuitable for laundry. ‘

Q-16 (i) Give a method for the manufacture of hydrogen peroxide and explain
the reactions involved therein.
(1) lustrate oxidising, reducin
peroxide with equations.
Ans. (i) H,0, is industrially manufactured by the a

0, /(ai)
2-ethylanthraquinol :_ﬁ H,0, + Oxidised product
. 27 F . .

g and acidic properties of hydrogen

uto-oxidation of 2alkylanthraquinols

In this case, 1% H,0, is formed.
mass) by distillation under reduc
careful distillation under low pre
pure H,0,.

Itis extracted with water and concentrated to ~ 30% (by
ed pressure. It can be further concentrated tg ~ 85% by
ssure. The remaining water can be frozen out to obtain

Na, K, Rb, Cs and Fr of group | of the periodic

posed by rough surfaces of glass, alkali oxides present in it

©ap containing sodium stearate -
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(i} H,0, acts as an oxidising as well as reducing agent in both acidic
Following reactions are described below

(a)' Oxidising action in acidic medium 7
2Fe®* (ag) + 2H" (ag) + H0, {aq) — 2Fe* (ag) + 2H,0 ()
(b} Reducing action in acidic medium .
2MnOy + 6H" + 5H,0, — 2Mn®* + 8H,0 + 50,

{c) Oxidising action in basic medium

2Fe® + H,0, — 2Fe3* 4+ 20H-

Mn®* 4 H,0, —s Mn** + 20H-
(d) Reducing action in basic medium

2MnQ, + 3H,0, —s 2MnO, + 30, + 2H,0 + 20H"

and alkaline media,

[ Y



‘Redox Reactions

Q-11Which of the following arrangements represent increasing oxidation
number of the central atom ?

- @ Cr0g, CIO3, CroZ™, Mno; (b) CI03, Cr0%-, MnO;, Cro;
(© CrO3. Cl03, MO, Cro2- (d) GrO%", MnO3, Cros3, ClOo;

Ans. (a) Writing the oxidation number (O.N.} of Cr, C!
o ions, then,

L +3 45 _ +6 o KT
(&) Cr0;,CIo;, CrO;™, MnO;

SARASWATI CHEMISTRY

and Mn on each species in the fowr set of

+5 16 +7 +3.
(b) GO, CroZ~, Mno;,, CrO;
+3 +5 +7 +85 +6 +7 +3 +5
(€) CrOz, €103, MnOy3, Cro2- (d) CrO§™, MnO;, Croy, Clod-

Only in the arrangement (a). the O.N. of central atom increases from left io right,
therefore, option (a)is correct, . o :

Q-2 The largest oxidation number ekhibited by an element depends on its

outer electronic configuration. With which of the following outer
electronic configurations the element will exhibit largest oxidation
number? S : '

(@) 3d"45? (b) 3% 452
Ans, (d) Highest oxidation nu

Therefore, large the
oxidation number,

(a) 3d'4s? = 3
(© 3d°4s' =54+ 1= gand
Thus, option (d) is correct,

(¢) 3d°4s! - (d) 3d°452

mber of any transition element -

(n-1d electrons + ns electrons.
number of electrons in th

e Jd-orbitals, higher is the maximum

) 3%45® =34+ 2= 5
(d) 30°4s2 =54 2 =7

Q-3 Identify disproportionation reaction
(@) CH, + 20, — CO, + 2H,O0-
(b) CH, + 4l —— Ccl, + aHCy
(€) 2F) + 20H" — 2F~ 4 OF + H,0
(d)2NO, + 20H" ——, NO; + NOj + H,0

Ans. (d) Reactions in which the same substance is oxidised as well as reduced are called
disproportionation reactions. Writing the O.N., of each element above jtg symbol in the
given reactions

=44 °

42 +1 -2
(@ CHs4 +202-—, CO2 + 2H2Q
~4.49 0 +4 -1 +1-1
by CH4 + 4Cl, — CCl, + 4HC
C 0 ~2+1 e g
{c) 2F + 20H——= 2F*+'OF2‘ +H20
442 -2 +3-2; +5 =2 11 -2
(d) 52N02 + 20H —— NO> +NOZ +H20

Thus, in reaction {d), N is both oxidised as well as reduced since the O.N. of N
increases from +4in NO, to +5inNO3-and decieases from+4in NO, to#3inNO;—~
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Q-50 Which of the following elements does not show disproportionation
tendency ? ‘ '

(@ Cl (b) Br _(OF I

Ans. (c) Being the most electronegative element, F can only be reduced and henpe it always .
. shows an oxidation number of —1. Further, due to the absence of d-orbitals it cannot be .
oxidised and hence it does not show positive oxidation numbers.

In other words, F cannot be oxidised as well as reduced simultaneously and hence
does not show disproportionation reactions.

Q-6 1

dentify the correct statements with reference to the
_ Py +30H” +3H,0 — PH; + 3H,P0;
(a) Phosphorus is undergoing reduction only
(b) Phosphorus is undergoing oxidation only
() Phosphorus is undergoing oxidation
(d) Hydrogen is undergoing neither oxi
Ans. (¢, d)
Write the O.N. of each element above jts symbol, then
Fg4 + 362;;1 + Sﬁz(_)z-a E’Slt;s -+ 3_?‘112 T:JO;
In this reaction, O.N. of Pincreasesfrom 0 in P, to +1in H,PO: and decreases to — 3i PH
A oS 14 N . n e,
‘tN reor[?gfjo;i,dPoggggr(%?tiassCtzﬁ;gxndahon as well as reduct:o:j. Thus, options (8 and (b} are

Further, O.N. of H remains +1in all the com ' ' ' : i
_ r, _ S pounds, i.e., H neither underao ati
reduction. Thus, option {d) is correct. 9968 oxidaton nor

given reaction

as well as reduction
dation por reduction

Q-7  Which of the followi ng electrodes wi

- tact as anodes, which ect '
Standard Hydrogen Electrade ? . hch connected to

@ Al/ AP+ % =-166

(b) Fe/Fe?* F° = _0,44

{©) Cu/Cu? E°=+034

@F, &)/ 2F (aq) £°=0287
Ans. (a, b)

All electrodes which have negative electrode potentials are stronger reducing agents than

H, gas and hence acts as anodes when connected to standard hydrogen electrode. Thus,
AP /AL (E® = - 166V) and Fe?* /Fe (EE® = — 0.44 V) act as anode.

Q-8 The reaction Cl,(g) + 20H™ (ag)~> ClO™(ag) + CL™ (ag) + H,0(!)
represents the process of bleaching. Identify and name the species that
bleaches-the substances due to its oxidising action.

| Writé the oxidation number of each element above its symbol. and then identify the
bleaching reagent by observing the change in oxidation number.

0 - 1 -2 - +1 -2
Ans, Clz2(g) + 20H (aq) > ClIO™(aq) +Cl (ag) +H2 O()
" Inthis reaction, O.N. of Clincreases from € (inCl,) to 1 (inClO™) as well as dgcyeases from 0
(in Cié) to -1 (inCI"). So, it acts both reducing as well as ogidising agent. This is an example
of disproportionation reaction. In this reaction, ClIO™ species bleaghes .the ‘substances due
to its oxidising action. [In hypochlorite ion (CIO™) Cl can decrease its oxidation number from
+1t0 0 or -1]

L



Note Disproportionation reactions are a special type of redox reactions. In which an .

element in one oxidation state is simultaneously oxidised and reduced.

Q-9 . .MnOi’,undergoes disproportionation reac
does not. Give reason,
Ans. In Mnoﬁi the oxidation number of Mn is +6. it canincrease its oxidation number {to + 7)or

decrease its oxidation number (to+4,+3, +2 0).
Hence, it undergoes disproporticnation react

tion in acidic medium but MnO;

ion in acidic medium.

+6 7o 4
Sl\fll_n04 +4H" —— 3MnO; + MnQ, +2H,0
A

ON.increases by 1 per atom (oxidation)
ON. decreases by 2 per atorn {reduction)

fn MnQO7, Mn is in its highest oxidation state, i.e., +7. It can only decrease its oxidation
nurnber. Hence, it cannot undergo disproportionation reacticn.

Q-10  php ang Pb0, react with H(| according to following chemical equations

2Pb0 + 4HCl— 2PbCl, + 2H,0
PbO, + 4HCl— PbCl, + Cl,+ 2H,0
Why do these compounds differ in their reactivity ?

Ans, Writing the oxidation number of each element above it

11 -2 -1 +1 -p
@ 2Pb0 +4ﬁ§l-_;2r5bcaz +2H,0
C3

Basic oxide

in this reaction, oxidation number of each el

ement remains same hence, it is not a redox
reaction. In fact, it is an example of acid-ba

se reaction,
+4 -2 +1-1 +

2 1 0 +1 2
(0) PbO2 + 4HCl— 5PbCl, +Clz2+ 2H20

InPbO,, Pb is in +4 oxidation state. Due 1o inert pair effect Pb in +2 oxidation state is
more stable. So, Pb in +4 oxidation stale (Pb0O,) acts as an oxidising agent.
It oxiaises CI™ to Cl, and itself gets reduced to Pb2*

+4 -2 +1-1 +2-1 0 +1 -2
Pb0O, + AHCl~—>-PbCl, + Cl, + 2H,0
loa. Ra.

ON. decreases byl2 per atom
O,Nf'i.ncreases by 1 per atom

Q-11: write balanced chemical equation for the following reactions.
(@) Permanganate ion (Mn07) reacts with sulphur dioxide gas 1n acidic
medium to produce Mn**and hydrogen sulphate ion. '
(Balance by joni electron method) | ‘
{b) Reaction of liquid hydrazine (N,H,) with chlorate fon (ClO3) in basic

medium produces nitric-oxide gas and chloride ion in gaseous state.
(Balance by oxidation number method)

(c) Dichlorine heptaoxide (C1,0,) in gaseous state combipes with an
aqueous solution of hydrogen peroxide in acidic medium to give
chlorite ion {Cl0;) and oxygen gas.

(Balance by ian electron method)




Ans, (a) lon electron method Write the skeleton equation for the ai i
_ s : ‘ 2 given. reaction.
MnOj (aq)+ 8O,{g) — Mn**(ag) + HSO; (aq)

Find out the elements which undergo change in O.N.

] _ ON.of Mn decreases by 5 }

+7 . +4 24. ) +6
2Mn0; (ag) + SOz (g) — - Mn (aq) + HSO; (aqg)

QO.N. of Sincreases by 2
Divide the given skeleton into two half equations.
Reduction half equation : MnO; (aq) — Mn?* (aq)
Oxidation half equation : SO, (g) — HSO; (aq)
To balance reduction half equation
In acidic medium, balance H and O-atoms
MOy (aq) + 8H' (aq) + 56~ —» Mn*(ag) + H,0 ()

To balance the complete reaction
2MNO, (aq) +16H* (aq)+10e™— Mn?*(aq) + 81,0 ()
550, (g)+ 10 H,0() —> SHSO (aq) + 15H" (ag) +10e”
2MNnO; (aq) + 550,(g) +2H,0() +H' (aq) — 2Mn?* (aq) +5HS0;(aq)

{by Qxidation number method Write the skeleton equation for the given reaction.
NoH, (9)+ ClO3 (ag) —> NO(g) + CI™ (g)
O.N. increases by 4 per N-atom

2 +5 +2 -1
NoHq() + ?105 {ag)——»NO{g) + C‘;L Tag)

O.N. decreases by 6 per Cl-atom
Muttiply NO by 2 because in N,H, there are 2N atoms
N,H, {5 +ClO3(ag) —— 2NO(g)+CI™(aq)
Total increase in O.N. ofN =2 x 4 =8 (8e" lost)

Total decrease in O.N. of Cl =1 x 6 = 6 (6™ gain)

Therefore, to balance increase or decrease in Q. N multiply N,H, by 3, 2NO by 3 and
ClO;,Cl" by 4
‘ 3N2H4(l)+4CIOg(aq) —— 6NO(g) +4.Cl" (aq)

Balance O and H-atoms by adding 6H,0 to RHS
3N,H, () + 4CI03(aq)— 6NO(g) + 4CI (ag) + 6H,O)
{c) lon electron method Write the skeleton equation for the given reaction.
- CIZOT(Q) +H202(aq) — ClO3(ag)+0,{g)
Find out the elements which undergo a change in O.N.

i Q. N. of Ci decreases by 4 per Cl-atom + ;
+7 -7 +1 =1 +3-2
Cl04(g) + Hx05 (aq) — ClOz(aq) + Oz (9)
| ON. of Oincreases by 1per O-atom4d

Divide the given skeleton equation into two haif equations.
Reduction half equation : Cl,0, — CIO;
Oxidation half equation : H,0, — O,
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To balance the reduction half equation

CloO4g)+ 6H" (ag)+ 8e™ ~— 2CI0; (aq )+ 3H,0(0)
To balance the oxidation half equation

H,0,(aq) — O,(g)+2H* +2e"
- To balance the complete reaction
CLO; {g}+ 6H (ag)+ 8¢~ — 2CI05(ag) + 3H,0 (1) -
4H,0,(aq) — 40,(g) + 8H' (ag) + 8e-

G107 (9)+ 41,0, (aq) — 20105 (ag) + 3H,0 () + 40
This represents the balanced redox reaction.

2g)+ 2H" + {aq)

Q-12 Calculate the oxidation number of phosphorus in the following species.

(a) HPO?Y (b) PO3-
Ans, (a) Suppose that the O.N. of P in HPO3 be x.
Then, T4+ x4+ 3(-2)=-2
or, xT+1-6=-2
or, - x=+3
(b) Suppose that the O.N. of P i PO be x.
Then, x4+ 4(=2)=-3
or, x—-—8=-3
or, XxX=+5

Q-13" Calculate the oxidation number of e

ach sﬁlphur atom in the following |
compounds. ' '

(a) Na,$,0, B)NaS,0s  (ONas0,
The oxidation number of each sulphur atom in the following Compo
(a) Na,$,0, Let us consider the structure of Na ,S,0,.

S

(d)Na, SO,
unds are given below

Ans.

1
Na*tQ™ — ISI — O Nat

0

There is a coordinate bond betwee

acceptor S-atom is —2. Let, the oxidation number of other S-atom be .

2+ + 3x(-2) + x + 1(-2)=0
ForNa  For O—aloms For coordinate S -atom
X=+6
Therefore, the two sulphur atoms in Na 3,0, have
(b) Na,S, 0, Let us consider the structure of Na 8,0,

O

~2 and +6 oxidation number.

O
I o o | :
Na*O-—S—5 g —i*—O“Na‘“‘
0
phur atoms have zero oxidation number because electron
main in the centre. Let, the oxidation number of {remaining

In this structure, two central sut
pair forming the S—S bond re
S-atoms) S-atom be x.

N two sulphur atoms. The oxidation number of-

b3




2 (+1)+6(-2)+ 2x+ 2 (=0
For Na ForO 0
1

2-12+2x=00rx=+~§.=+5

Therefore, the two central S-atoms have zero oxidation state and two terminal S-atorns
have +5 oxidation state each.

{c) Na,S0; Let the oxidation number of S in Na,SO, be x.
2N+ x+ 3(-2)=00rx =+ 4
(d) Na,S0, Let the oxidation number of S be x.
2+ N+x+4(-2)=00rx=+86

Q-14 gatance the following equations by the oxidation number method.
| (a) Fe?* + H* +(r,0;%7 — " + Fe™ + H,0
(b) I, + NO3 —— NO, +I0;
(c) I, + 5,05 —— 17 +5,0¢
(d) Mn0, + C,05 — Mn®* + (O,

Ans. Oxidation number method

(a) 2+ +6 +3 +3
Fe?*+ H*+ Cr,07 —2C3*+ Fedt+ Hy0
I +

Q.M. decreases by 3 per Cr-atom
" [@3x2=6e gain)

O.N. increases by 1 per Fe-atom {1 &7 lose] |

(Multiply Cr®* by 2 because there are 2Cr atoms in Crzoﬁ‘ jon.).

Balance increase and decrease in oxidation number.
6Fe®* +H"+Cr,0%" —— 2Cr%* +6Fe® +H,0
Balance charge by multiplying H" by 14.
BFe* +14H" +Cr,02 —— 20"+ 6Fe® +H,0
Balance M and O-atoms by multiplying H,0 by 7.
_ 6Fe?t + 14H' + Cr,02 — 20 + 6Fe™ + 7H,0
This represents a balanced redox reaction.

(b) o 45 +4 +5
I, + NO; —> NO, + 2103

Q.N. decreases by
1 per N-atom (1 € gain)

O.N, increases by 5 per I-atom
(2 x & electrons lose)

Balance increase and decrease in oxidation number
L, +10NO7 — 10NO, +210;

Balance charge by writing 8H" in LHS of the equation.

L, +10NO; + 8H — 10NO, +2103
Balance H-atormns by writing 4H,0 in RHS of the equation.

L, + 10NOj3 + BH" — 10NO, + 2107 + 4H,0 -

Oxygen atoms are automatically balanced.
This represents a balanced redox reaction.



(©) 0 12 5 -1 25

Iz + 28203 — 217+ 84026_
L

O.N. decreases by 1 per

Latom 2 x 1¢” gain)

" ON. increases by 0.5 per S-atom °
(4x05=2¢ fose) :

This represents a balanced redox reaction.

(d)

+4 +3 o_ +4
EHOQ +CQO4 i M|12+ + 2002

ON. decreases by
2 per Mn-atorn (2 e gain)

OMN. increases by 1 per C-atom
(2x1=2¢ lose)

Increase and decrease in oxidation number is already balanced.
Add 4H" towards LHS of the equation to balance charge.
MnO, + C,0% + 4H' —s Mn®* +2C0,
Add 2H,0 towards RHS of the equation to balance H-atoms
MnO, + C,07 + 4H" — Mn?* +2C0, + 24,0
This represents a balanced redox reaction.

Q-15  Identify the redox reaction out of the following reactions and identify
the oxidising and reducing agents in them.

(a) 3HClag) + HNO;(ag)—— Cl,(g) + NOCl(g) + 2H,0()
(b) HgCl,(aq) + 2KI(ag) —s Hgl, (s) + 2KCl{aq)
| (c) Fe,05(s) + 3C0{g) —2— 2Fe(s) + 3C0,(g)
(d) PCLy(0) + 3H,0()—> 3HCl(aq) + H,P0 (aq)
(e) 4NH4(aq) + 30,(9)— 2N,(g) + 6H,0(g)

Ans. (a) Writing the O.N. on each atom above its symbol, then
+1-1 145 0 +3-2 1 +1 -2
3HClaq)+HN Os(aq)— Cl2(g)+ NOC! (g)+2H20 (}
Here, the O.N. of Cl increases from —1 in HCl to O in Cl,, therefore, CI™ is oxidised and
hence HCl acts as the reducing agent.

The O.N. of N decreases from +5 in HNOé to +3 in NOCI, therefore, HNO, acts as the
oxidising agent.

Thus, this reaction is a redox reaction.

(b) Writing the O.N. of each atom above its symbol, we have,
o2 A +1 1

1-1 2 -1
HoCl,(aq)+2K T(ag)—> Ha Te(s) + 2K 01 (aq)

Here, the O.N. of none of the atoms under
redox reaction.
+3 -2 +2 -2 . 0 +4 -2

(¢) Fe, Oa(s)+3C O(g)—2—2Fe(s)+ 3C O2(g)

go a ehange, therefore, this reaction is not a




Here, O.N. of Fe decreases from +3 in Fe,05 to 0 in Fe, therefore, Fe, 0, acts as an
oxidising agent. Further, O.N. of C increases from +2 in CO t6 +4 in CO,, therefore, CO

acts as a reducing agent.
Thus, this reaction is an example of redox reaction.
(d) Writing the O.N. of each atom above its symbol, then
+3 -1 +1 2 +1 -1' +1 +3-2
P Cl3{f)+3H20(f) —» 3HClag) + H, PO ,(aq) _
Here, O.N. of none of the atoms undergo a change, therefore, this reaction is not a redox
reaction. ) :
{e) Writing the O.N. of each atom above its symbol, then
-3 +1 o 0- 1 -2
4NH y(aq) + 302(g)— 2Na{g) + 612 O()
Here, O.N. of N increases from -3 10 0 in N,, therefore, NH, acts as a reducing agent.

Further, O.N. of O decreases from 0 in 0, t0 -2 in H,0, therefore, O, acts as a oxidising-;
agent. Thus, this reaction is a redox reaction. : i

(Q-16 + Balance the following ionic equations.
(@) Cr05 + H* +I" —— O™ +1, + H,0

(b) €05 + Fe?* + H*— Cr** +Fe®* 4 H,0
(c) Mn0Z +503" +H" — Mn® +502" + 1,0
(d) MnOy + H* + Br™ — Mn® +Br, + H,0

- Ans. (a) Write the O. N. of all atoms above their respective symbols.
O. N. decreases by, 3 per Cr-atom

i OMN. ¢ by 3 per Cratom ¥
+I6 N acreases by 3 per Cr-a onlg 0 412
Cre07 + H'+ = Cr + L+H,0

I O.N. increases by 'f
1 per I-atom

Divide the given equation into two half reactions
Reduction half reaction : Cr,0, — Cr®*

Oxidation half reaction : 1~ — I,
To balance reduction half reaction.
-Cr0%™ +14H* + 6™ ——2Cr%* +7H,0
To balance oxidation half reaction
' 2I'— L, +2e”
To balance the reaction by electrons gained and lost
Cr07" +14H" + 6e™— 2Cr%* +7H,0
6" — 31, + 6e” ‘

CrO7™ + 14H" + 61" — 2Cr* +31, + 7H,0
This gives the final balanced ionic equations.
(k) Write the skeletal equation of the given reaction
Cr,0%(aq) +Fe?*(ag)—> Cr** (aq) +Fe®* (aq)



Writé the O. N. of all the elements above their respective symbols.

l O.N. decreases by 3 per Cratom 1 .
6 -2
Crdr (a) + Fe*(ag) —» C* (ag) + Fe™* ag)
I QO.N. increases by 1 per Fe-atom
Divide the given'- equation into two half reactions

Oxidation half reaction : Fe?*(aq)-- Fe®* (aq)

a

reduction half reaction : Cr,02 (aq) - Cr¥*(ag)
To balance oxidation half reaction
Fe?*(aq)— Fe% (ag)+e~
To balance reduction half reaction
Cr,0% (aq)+ 6™ —s 2Cr** (aqg)

Balance charge by adding H* icns.

Cr,05 (aq) +14H* (8q)+ 6™ —— 2Cr3* (aq)
Balance O atoms by adding H,0 molecules

Cr,0%" (aq) + 14H* (@ag) + 6™ — 203+

{ag) -+ THzo {
To balance the reaction

6Fe?t(ag) —y 6Fe®*(ag) 4 66~
' Cr,0% (aqg) + 144 (aq) + 66~ —— 2Cr* (aq) + 7H,0(])
— T2 MH/T I ag)+Ge

Cr0¥ (aq) + 6Fe®* (aq) -+ 14H* (aq)—— 2Cr** (ag) + 7H0(0) + 6Fe (aq)

(c) Write the O. N. of all atoms above their respect

O.N. decreases by
f 5 per Mn-atom ,
+7 -2 +4--2 +6-2
MNnO; + SO%-— 5 Mn2+ ¢ SO+ H,0
N
L Ofparmasesty 1
Divide the skeleton equation into two half-
Reduction half reaction: MnO

ive symbols.

reactions.
a— Mn?t |
Oxidation half reaction : 502~ —, S02-
To balance reduction half reaction
MnO7 +8H* + 5™ — 5 Mn2* 4 4H,0
To balance oxidation half reaction
S0 S0%™ + 2e~
Balance charge by addingH* ions.
 SO5™ —5 S0 4 2H* 4 pe-
Balance O-atoms by adding H,0 molecules " .
SO§™ + H,0 —5 SOF™ +2H* + e~
To balance the reaction 7
2MnOZ +16H* +10e™ —, oMn* 4 8H,0
5503 + 5H,0—s 5502~ + 101+ 4 10e”
2MnO} + 5803~ + 6H* — 2Mn** + 5502~
This represents the correct balanced redox equation.

+ 3H,0
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(d) Write the O. N. of all the atoms above their respective symbols.

| O.N. decreases by
+7-2 S per Mn-atom $91
MHO4 + HY + Br —_ Mn2++ BFQ -+ H2O

Q. N increases by
1 per Braiom

Divide skeleton equation into two half reactions
Reduction half reaction MnO; — Mn?*
Oxidation half reaction Br — B,
To balance reduction half reactiqn
MnOF +8H"™ + 56— Mn?* + 4H,0

To balance oxidation half reaction
2Br —- Br, +2e”

To balance the reaction _
2MnO; +16H* + 106~ —— 2Mn?* +8H,0

10Br~—— 5Br, +10e™
2MnOj +10Br™ + 16H* — 2Mn®* + 5Br, + 8H,0
This represents the correct balanced ionic equation.

Q- 17 Match Column I with Colurnn II for the oxidation states of the central

atoms
. Columnl| Columnli
A G L 43
‘B MnOp 2 44
C Vo 30 45
- D Fefr |5 46
' 6.  +7

Ans. A. - (4) B.—(5) . C.»(@ D.- (1)
Suppose that x be the oxidation states of central atoms.

A. Oxidation number of Cr in Cr,02-

2x+7 (""2) =2
2x =14==2
2x =+12
x=+8
B. Oxidation number of Mnin MnOj;
x+ 4(-2)=-1
x—8=-1
x=47
C. Oxidation number of V in VO3
x+ 3{(-2)=-1
x—6=-1

x=+5
D. Oxidation number of Fe in FeF? '
X+ 6(-1)=-3
_ x~6=-3
or ) x=+23



Q-18. On the basis of standard electrode potential values, suggest which of the
following reactions would take place? (Consult the book for £° value)
() Cu+ Zn®™ — Qu®* 4+ 7n '
(b) Mg+ Fe®™ — Mg®* + Fe
() Br, + 201" —— Cl, +2Br~
(d) Fe+Cd® —s (d + Fe?*
Ans. Aswe know that, '

EOCuz*'ICu = Q'34 v, E0202+ Fzn —0.76 v,

EcMg Himg T —2.37V, EoFe 2 g = 074V,

Eoapynm =+ 108VE, = 4136V
Eyer oy == 0.44 V

@ E e, o, =+ 034V and E® 2,5 =076V

CU +Zn*" — 5 C?* 47
n, Culs oxidised to Cy2+
is reduced to Zn, therefore, Zn2*/ 7,

Ee E

celt =

Inthe given cell reactin  therefore, Cu2t/cy couple acts as anode
and Zn?+

couple acts as cathode,
ocathode - annode
’ Eoce" = _0.76 - (+O.34) = —1 B 1 OV
wen indicates that the reaction will not ocour.
(b) Mg-+Fe?* ;5 Mg?+ 1 gq

Negative value of

EoMgz.éfMg = “-2.37\/ aﬂd EOFE 2+/FE = —‘0.?4 V
In the given cell reaction, Mg is oxidised t
and Fe?* is reduced 1o Fe hence, Fe2+

0 Mg®*hence, Mg?*/ Mg couple acts as anode:
/ Fe couple acts as cathode. : ;

Ecan=E “cathode £ “anode
Eean==0.74 - (-2.37) = +1.63y
Positive vatue of E°ca5 indicates that the reaction will occur,
() Br, +2Cm Cl, +28r~
EDB:“} B, =+ 1.08 Vand E"CI_ roi, = +1.36 Vv

In the given cell reaction, CI” is oxidised
Br, is reduced to B hence; Br~ / Br,

- E® E

cell =
E

o Cl, hence, CI-/ Cl,
couple acts as cathode

Couple acts as anode and

Q []
cathode ™ 13 anade

"ol = +1.08~(+ 1.36) = 028 v
Negative value of £ “ce Indlicates that the reaction will oceur,
() | Fe +Cd?* -, g 4 Fe?+
B eze p, = —0.74 V. and B ger g = ~0.44V

In the given cell reaction, Fe'is

oxidised to Fe?* hence, Fe2
and Cg2+

is reduced to Cd hence, Cd®*/ Cd o

o] — [+] o]
E cel] £ cathode ™ E anade

E e =~0.44—(-0.74) = 10 30 V.
Positive value £ “cenr Indicates that the reaction will occur,

" / Fe couple acts as anode
Ouple acts as cathode.




Q-19 Why does fluorine not show disproportionation reaction?

Ans. In a disproportionation reaction, the same species is simultaneously oxidised as well as
reduced. Therefore, for such a redox reaction to occur, the reacting species must contain
an element which has atleast three oxidation states.

The element, in reacting species, is present in an intermediate state while lower and higher
oxidation states are available for reduction and oxidation to occur (respectively).

Fluorine is the strongest oxidising agent. It does not show positive oxidation state. That's
why fluorine does not show diéproportionation reaction,

Q-20 Find out the oxidation number of chlorine in the following compounds
and arrange them in increasing order of oxidation number of chlorine..
NaCl0,, NaClo;, NaClo, KClo,, CL,0,, €10;, C1,0, NaCl, CL,, Clo,.

‘Which oxidation state is not present in any of the above compounds?

Ans, Suppose that the oxidation number of chlorine in these compdunds be x.
ON.ofCiinNaCIO, . +1+x+4(-2)=0or, x=+7
ON.ofClinNaCIO; =, +1+x+3(-2)=0or,x=+5
ON.ofClinNaCIO . + 1+ x+1 2)=0o0rx=+1
O.N. of Ci iNnKCIO, =~ +1+x +2(-2)=00rnx=+3

ONofClinCl,O0, -~ +2x+7 (-2)=0orx=+7
O.N. of Clin ClO;  x+3(2)=0or,x=+6
ON.ofClinCLLO - 2x+1(-2)=0or, x =+ 1
O.N.ofClinNaCl .. +1+x=0o0rx=-
CO.N.ofClinGCl, ~ = 2x=0orz=0
O.N.ofClinClIO, -~ x+2(=2)=0o0rx=+4

None of these compounds have an oxidation number of +2.

increésing order of oxidation number of chiorine is * —1 V0, +1, 43, +4, 45, 46, +7

Therefore, the increasing order of oxidation number of Cl in compounds is _
NaCl < Cl, <NaClO <KCIO, < Cl0, < NaClO, < CIO,; < C1,0,

Q-21; Which method can be used to find out strength of reductant/oxidant in
a solution? Explain with an example.
Ans. Measure the electrode potential of the given species by connecting the redox couple of the

given species with standard hydrogen electrode. If it is positive, the electrode of the given
species acts as reductant and if it is negative, it acts as an oxidant. .

Find the electrode potentials of the other given species in the same way, compare the
values and determine their comparative strength as an reductant or oxidant.



€.g.. measurement of standard electrode

potential of Zn
reference electrode.

Voltmeter

1M ZnSO

The EMF of the cell comes outtobe 0.76 V. (
acts as anode and SHE acts as cathode.

Ece“ =0.76= Ecuathode - E;node
0.76=0-~£"

anode

Eonoge =—0.76 V

1 MHC)

Ezn2+ /70 = _0.76\/.

&'/ Zn electrode using SHE as

reading of voltmeter is 0.76V). Zn

a

1 atm (Cathode}

®* [ Zncouple




' SARASWATI CHEMISTRY
Equilibrium
Q. 1. We know that the're@ationship between K, and K, is

» =K. (RT)A"
‘What would be.the value of An for the reaction?

’ 'NH4C[(S)V = NH3 (9) + HI{g)
(ay 1 o (b)os {015
Ans. (d) The refationshib between Ky and K, is.

‘Kp = Kc (R T)An

(d)2

where, An.:':"(nu‘mber of moles of gaseous products) - (number of moles of

. _ .. .. gaseous reactants)
For the reaction,

NHLCI(s) == NHy(g) + HCI ()

: M=2-0=2 '
Q-2 Which of the following is n
~ involving physical processes?
(@ Equilibrium is possible on!
(b) Al measurable properties

ot a general characteristic of equilibria

Yy in a closed system at a given tlemperature
of the system remain constant

() All the physical processes stop at equilibrium

(d) The opposin ccu

g processes occur at thé same rate and there is dynamic but stable
condition :

Q-3:PCl;, PCLy and Cl, are at equilibrium at 500 K in a closed containizr and
their concentrations are 0-8 x 10~ mol L™, 1.2x10molL™? and
1.2 x 107 mol L™, respectively. The value of K, for the reaction

PCL;(g) ==PCL;(g) + CL, (g) will be

(@) 1.8 x10° mol L (b)1.8 x 1073
(€)1.8x103 mol' L (d)0.55 x104
Ans, (b) For the reaction, PCly==PCl, + CI,

AL 500 Kiin a closed container, [PCI;) = 0.8x 1078 mol L

[PCl,] = 1.2% 1072 mol L
[Cl,] = 1.2x 10 mol L~
k. = IPCT [CL]_(12x 107%) % (1.2x 1079
¢ [PCI,] ©.8x 107%)
=18x 1073 '

Q-4 Koo Ko, and K, are the respe&i’ve ionisation constants for the following
reactions. ' )
H,S <==H" +HS
HS™ ==H* + 5=
HS = 2H" + 5%
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The correct relationship between Koy Kayr Ky, s
@ K, =K, xK,, b K,y =K, +K,,
(@©K,, =K, K, | DK, =K, /K,

To find out the correct relationship  between three ionisation constants
X aKa, andKas) this must be keep in mind that when two reactions are added, their
equilibrium constants are multiplied.

Q"S_ What will be the value of

PH of 0.01 mol dm™ CH,COOH
(Ko =174 x107%)? B

{a) 3.4 (b) 3.6 {039 (d) 3.0
Ans. (a) Given that, K, =174%10°
Concentration of CH;COOH = 0.01 mol dm™ 3
H"]=JK,-C
= 17410 % 001 = 4.17x 107
pH =—log [H*}

=~ log (4.17x 10*)=3. 4

Q-6 K, for CH,CO0H is 1.8 x 107 and K, for NH,OH is 1.8 x 107>, The pH of
ammonium acetate will be -
(a) 7.005 (b) 4.75 (© 7.0
Ans. (¢) Given that, Ko for CH;COOH = 1.8x 1078

K, for NH,OH = 1.8x 1075

Ammonium acetate is a salt of weak acid and wesak base. For such salts
pH = 7 + Pa—PKy
: 2
—7 4 210918 x107°] — [~log 18 x 10°5]

(d) Between 6 and 7

2.
=?+4_‘7.f‘;_4lﬂ=7_00 I

Q-7 Which of the following options will be correct for
completion of the reaction A =— g?
(8) AG® =0 (b) AG® >0 (€) AG® <0
Ans. (a) As we know that

the stage of half
(d)_AGE’:—RTEnK

AG®=-RTInK
At the stage of half cornpletion of the ‘reaction,
- A= B[Al=]8]
Therefore, £=1
Thus, AG® =0
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Q-8 0n iflcreasing the pressure, in which direction will the gas phase
~ reaction proceed to re-establish equilibrium, is predicted by applying
the Le-Chatelier’s principle. Consider the reaction, .

Ny(g) + 3H, (g) ==2NH, (g)

Which of the following is comect, if the total pressure at which the
equilibrium is established, is increased without changing the temperature?
{a) K will remain sazme
(b) K will decrease
{cj K will increase
{d) K will increase initially and decrease when pressure is very high

Ans. {a) In the reaction, No(@) + BH,(g)== 2NH,(9)

If the total pressure at which the equilibrium is established, is increased without changing
the temperature, K will remain same. K changes only with change in temperature.

Q-9 At 500 K, equilibrium constant, K, for the following reaction is 5.
' 1 1 o
> Ha(9) +-'2“Iz (9) ==HI(g)

What would be the equilibrium constant K, for the reacﬁo_n?

| 2HI (g) ===H,(g} + L (9)
(2) 0.04 (b) 0.4 (©) 25 (d) 2.5

" Ans. (a) Forthe reactioﬁ, 21 H.(g) +-;-I2(g) = HI(g)
[HY

Thus, for the reaction, Z2HI(g) ¥~ H,(qg) + I-‘z(g)

2 2 ‘
oty (KJ (5) 25

Cc

Q-10 For the reaction N,0, (9) == 2NO0, (g), the value of K is 50 at 400 K and
1700 at 500 K. Which of the following option(s) is/are correct?
(a) The reaction is endothermic
(b) The reaction is exothermic

- (A 1 NO, (g) and N,O,(g) are mixed at 400 K at partial pressures 20 bar and 2 bar
respectively, more N,O,(g) will be formed

(d) The entropy of the system increases
Ans. (a, c, d)

For the reaction, N,O4{g)== 2NO, (g)
At 400K, K = 50 : :
At 500K, K = 1700

(@} As the value of K increase with increase of temperature 'and K= % this means that K;
b R

~increases, i.e., forward reaction is favoured. Hence, reaction is endothermic.
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N,O,{g)will be obtained, if Foroduct > Reactant -
(d) As reaction is accompanied b

Y increase in the number of moles, entropy increases.

Q-11 The jonisation of hydrochloric 3
HCL (ag) + H,0 () ==H
Label two conjugate ac

!-* Adds proton j '

Ans. HOIaq)+ H,00) === H,0%(aq) + CI"(aq)

Base Conjugats asid Conjugate base
l\tose proton \J

Note |f Bronsted acid is g strong acid then its conjugate base is a weak base and vice-
Generally, the conjugate acid h

as one extra proton and each conjugate base has o
proton,

cid in water js given below
30" (ag) + (U™ (ag)

id-base pairs in this ionisation.

versa.
ne less

OH™, RO~ CH;C007, ¢c1-
Ans. Conjugate acid of the

: given bases are H,0, ROH,CH,COOH and HC. Order of their acidic
strength is '

ACI > CH,COOH > H,0 > ROH
of basic strength of thair Conjugate bases is

CI™< CH,CO0™ < O < RO~
Q-13 Arange the following in increasing order of pH.

| KNO; (aq), CH;COONa (ag) NH,CL (aq), CHCOONH,, (ag)
| Ans. (i) KNO, is a salt of stron

Hence, order

g acid (MNO,) strong base {KOHY), hence its aqueous solution is
neutral; pH= 7. '
(i} CH;COONa is a salt of weak acid (CH,COOH) and strong base (NaOH), hence, its
aqueous solution is basic; pH> 7.
(iii) NH,Clis a salt of stron

g acid (HCl) and weak base (NH

OH) hence, its agqueous solution -
is acidic; pH< 7,

(iv) CgHCOONH, is a salt of weak acid, CH
slightly stronger than CgH:COOH. Hence, pH is slightly > 7.
Therefore, increasing order of pH of the given salts is,

NH,Cl < CH.COONH, > KNO, < CH,COONa

sCOOH and weak base, NH,OH ButNH,OH s

c Q-14; The value of K. for the reaction ZHI{g)===H,(qg) + L(g)is1x 5_10"4. At
2 a given time, the composition of reaction mixture is [HI] =2x107°
mol, [H,]=1x 107 mo! and [1,]
the reaction proceed? |

Ans. Giventhat, (HI] = 2% 10° mol

Hy] = 1% 107 moi
L] =1x10%mol
At a given time, the reaction quotient Q for the reaction will
Q= ML)
[HI}?

be given by the expression:

=1x 10~ mol. In which direction will -




_1x10®° x1x 10

T @ex109)

=025=25x107"
As the value of reaction quotient is greater than the value of K. ie., 1x107* the reaction wil
proceed in the reverse reaction.

=]
4

- Q-15 0n the basis of the equatiOh pH =-log [H*], the pH of 10”8 mol dm ™

solution of HCl should be 8. However, it is obhserved to be less than 7.0.

Explain the reason.

Ans. Concentration 10° mol dmi® indicates that the solution is very dilute. So, we cannot
neglect the contribution of H,0" ions produced from H,O in the solution. Total
[H,07} = 107 -+ 107 M. From this we get the value of pH close to 7 but less than 7
because the sotution is acidic. '

From calculation, it is found that pH 0f 10" mol drri™ solution of HCJ is equal to 6.96.

Q-16, pH of a solution of a strong acid is 5.0. What will be the pH of the .

solution obtained after dituting the given solution a 100 times?
Ans. Given that, pH=5 :
[H*] = 10™° moi L

' -5
On diluting the solution 100 times [H*] = '11%6 =107 mol -

On'calculating the pH using the equation pH = — log [H"], value of pH comes out to be 7. It
is not possible. This indicates that solution is very dilute. .

Hence, TotalH" ion concentration = H* ions from acid + H* ion from water
- (H'1 =107+ 107=2x 107 M
pH = —log [2x 107]
pH = 7-0.3010 = 6.699

Q-17 A sparingly soluble salt gets precipitated only when the product of :
concentration of its jons in the solution (Qy;) becomes greater than its
solubility product. If the solubility ofBaSO0, in water is 8 x 10 mol dm S,
Calculate its solubility in 0.01 mol dm 3 of H,S0, .

Ans. BaSO,(s) == Ba?*(aq) + 807 (aq)-
o Kep forBaSO, = [Ba?*] [SO? ] =sxs=352
But $=8x10"* moldm=2

Ksp =(8x 107" =64 x 1078
i'ln the presence of 0.01 MH, SO,, the expression for Ksp will be
' : Ky = [Ba®*] [SO27) o
Kep =(SMs +001)  (0.01 M SO2" ions from 0.01 M H,50,)

64x10% =5 (s + 0.01)
$2+001s -~ 64%x108 =0 o
s =~ 001+ OO + (4% 64 x 109)
‘ ‘ 2 ...
_=001% 107* + 256 10°®)
p .
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_ 001+ 101 4 256 x 1074

2
= 7001+ 107 /15 00255 107211 1.012719)
= P 10714 1.012719) .
| 2 - 2

=5x10° (14 1012719) = 6.4 105 mol dm =3

Note' s <<<0.01,50, 5+ 0.01=0.07 ang 64 X107 =5 % 0.07

4 %1078
= 541077 =64%x10"°
0.01

'Q-18 pH of 0.08 mol dm-

> Hoct solution is 2.85. Calculate its iOn_isation
constant. ' '

To solve this problem, we use two steps
Step ! Find out the concentration of hydrogen ion [H*)
—pH =log [H"]

Step It Afterward, calcudate the K « Of HOCl which is weak moncaasic acid by using the
+12

through the formula

ormulag K _ = [——~— where, Cis concentration of the solution
¢

Ans. pPH of HOCI = 2 85

) But, ~PH = log [H*]
: —2.85= log [H*)
= 315= log [H*]
=

(H']1=1.413x 10
For weak monobasic acid [H‘.‘}:,/Ka xC

+92 ~342
- K, =M F _(1.413x 109
- C 0.0

=24.957 x 10® =2.4957 x 105

Ans. pH of solution A = ¢, Hence, [H*}= 1076

mol L™
PH of solution B = 4, Hence, [H*

1=107* mol L .
Oni mixing 1L of each so:'ution, molar concentration of total H*

is halved,
-6 —4
Total, [Hf) =10+ 107"

mol L7

, |
[H*]= 101 z 10§05 10 mgf =

[H"]1=5.0% 107% mol |-F.

pH = - log [H*-} - = pH=- log (5.0x 10"5)
PH = -[log 5+ (- 5log 10 = pH = log 5+ 5

PH=5-log5=5 —0.6990 = pH =43010~43
Thus, the pH of resulting solution is 4.3.
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Q-29. The solubility product of Al(OH); is 2.7 x 1
g L™ and also find out pH of this solution
ili (OH), . .
Ans. Let S be the solubility of Al{O ‘);{I OH), = ,g\r“ a) + 3{(});—1‘ )
! as
1-§ S

07, Calculate its'sdlubility in
- (Atomic mass of Al = 27 )

- Concentration of species at¢ = 0 o
Concentration of various species at equilibrium

Ksp =IAP]{OH™ 1% = (5) (35)° = 27§ 4
se Ko _27 x40

27 27
S = 1% 107 mol L'

=1x 1072

(i) Solubility of A{OH),
Molar mass of Al{OH), is 78 g._Therefore, o
Solubility of AOH), in gL™! = 1x 103 x 78 gl=78x10% g

=78x107 g |
oo T }
(i) pH of the solution S =1x10" mol L. B
[OH]=35=3x1x 10° = 3x 10
’ POH = 3-log 3

et eopH.= 14~pOH = 1L+ log3=11.4771
Q-2t Calculate the

volume of water required to dissolve 0.1 g lead (I1)
chloride to get a saturated solution, : : '

(Ksp of PhCl, = 3.2 107, atomic mass of pp—. 207u)

2 in water is s mof (=1

PbCl,(s) == pp2+ (@) +2CI(aqg)
(1~3) 5 2s

Kep = [Pb?], [C1P2 o

Ksp =[s] [os]? = 450
32 x 1078 = 443

Ans. Suppose, solubility of Ph(y

—8
s? =§2~’;-9-=o. 8x 107
s%=80x109 -
PbCl,, 5= 2x 103

PbCl, in gL~

Solubility of

mol 71
Solubility of

=278x2x 1073 = ¢.556 gL

- - (- Molar mass ofPbC, = 2074 (o5 35.5)= 27)

0.556 g of PbCl,, dissalve in 1L of water. .

~ O gof PbCl, wil di’ssofve in=1x01 L of water
. 055

= 0.1798 L

To make a Saturated solution, dissolution of 0.1g PbCl,

in0.1798 [ ~ 0.2 L of water will be
required,



Q22 A reaction between ammonia and boron trifluoride is given below,

Identify the acid ang base in this reaction. Which theory explains it
What is the hybridisation of B and N '

in the reactants?
Ans. Although BF, does not hawv

€ a proton but acts as Lewis acid as it is an electron deficient
compound. It reacts with NH, by accepting the lone pairof electrons from NH, and
complete its octet, The reaction can be represented by

Lewis electronic theory of acids &

- Following data is given for the reaction CaCo
ApH® [Ca0(s)] =— 635.1k] mo( !
AfH° €0, (g)] =— 393.5k] mol~?

AfH® [CaC0,(s)] =— 1206.9k3 mol

Predict the effect of temperature on the equilibrium constant of the
above reaction. -

Ans. Given that,

3{5) —— Ca0(s) +00, (g)

- AH [Cal(s)] = - 635.1kJ mol’
A% [COL(g)] =~ 393.5¢) mol™!
AH® [CaCOy(s)] = - 1206.0Ky mo!™!

Q-24 ‘ For the reaction, N,(g) + 3H,(g) == 2NH,4 (g)
. [NH,T?
Equilibrium constant, K =
NI )

Some reactions are written belo
constants in terms of K, are wri
reactions with the corresponding

w in Column I and their equilibrium

tten in Column II. Match the following
equilibrium constant.

Column | Columnil
(Reaction) (Equilibrium constant)

2N, @)+ 6H, (gle==24NH, (g) | 1, 2K,
INH; (@)===2N, (g}+ 3H,(q) | 2. K2

N o o>

1
b0+ =g |3 L

4. K2

Ans. A (4 B.5(3) C.-5.(2) - |
For the reaction, N,{g)+ 3H2(g)ﬁ2NH3(g )

2
Equilibrium constant K, = ﬂﬂ@?
[N T [H,)
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A. The given reaction 2N, (g) + 6H,(g) == 4NH,(g)] is twice the above reaction.
Hence, K = K2

B. The reaction [2NH,(g) = Nz (g)+ 3H,(g)]is reverse of the above reaction.

Hence, K = —]—

C

C. The reaction [%Nz )+ S-Hz(g): NH3(g)} is half of the above reaction..
o _
Hence, K = (K, =K2.

Q-25  Match standard free energy of the reaction with the corresponding
equilibrium constant.

A AGTS0 |1 K>
B. AG°<0 |2 K=1
C AG°=0 3. K=0

| 4. K<

Ans. A.— (4) B.- (1) C.-» (2

" As we know that, AG® = <RT InK
A IfAG® > 0.ie., AG®is positive, then InKis negative f.e, K < 1.
B. FAG® < 0 i.e., AG®is negative then In K is positive i.e., K> 1.
C IfAGE’—OInK 0ie,K=1

Q-26j How can you predict the followmg stages of a reaction by comparing the
- value of K_ and Q_?
(i) Net reaction proceeds in the forward direction.
{ii) Net reaction proceeds in the backward direction.
(ii1) No net reaction occurs.
Ans. Frediction of the foﬁowmg stages of a reaction by comparing the value of K, and Q. are
(i} IfQ, < K, the reaction will proceed in the direction of the products (forward reaction).
(i) Q. > K, the reaction will proceed in the direction of reactants {reverse reacnon)
(i) Q. =K, the reaction mixture is already at equilibrium,

0Q-27 - On the basis of Le-Chatelier prmmple explam how temperature and
pressure can be adjusted to increase the vield of ammonia in the
following reaction. | |
Ny(g) + 3H,(g) ====2NH,(g) AH =~ 92.38 kJ mor1

What wiil be the effect of addition of argon to the above reaction mixture
at constant volume?

Ans. Ny{g} + 3H,(g)==22NH,(g); AH = — 92.38 kJ mol™!

ltis ar: exothermic process as A is negative.

Effect of temperature According to Le-Chatelier's principle, low temperature is favourable
for high yield of ammonia, but praciically very low temperatures slow down the reaction. So,
optimum ternperature 700 K is favourable in attainment of equilibrium.
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Effect of pressure Sinilarly, high pressure about 200 atm is favourable for high yieid of

ammonia. On incredsing pressure, reaction goes in the forward directioq because the
Aumber of moles decreases in the forward direction.

Addition of argon At constant volume addition of argon does not affect tﬁe equilil?rium
because it does not change the partial pressures of the reactants or products involved in the
reaction and the equilibrium rmains undisiutbed.

Q-28]

Ans.. A sparingly soluble salt having general for

mula AZ* B~ Its mofar solubility is S mol 1.
Then, A ee

= 24" (ag) + yBI~ (aq)

S moles of A8, dissolve to give x moles of A™ and y mojes of B9~

Therefore, solubility product Ksp) =A™ (B9~
= [xST [ySY

— xxyy Sx+y
Q29 Write a relation between
and answer the fotlowing.

(@) Why a reaction proceeds forward when @ <K and no net reaction
occurs when Q@ = k7 ' '
{(b) Explain the effact of Increase
~ For the reaction, CO(g) + 3H
Ans, The relation between AG and Qis
AG = AG® + RTInQ -

AG =change in free energy as the reac
AG® = standard free energy
Q =ireaction quotient
R = gas constant
I =absolute temperature in K

AG and @ and define the meaning of each term .

in pressure in terms of reaction quotient a.
2(9) =="CH, (g) +H,0(g)

tion proceeds.

(a) Since, AG® =—RTInk
. AG=-RTInK + RTInQ
AG=RTIMQ
K
Q< K, AG will be negative and

the reaction proceeds

in the forward direction.
TQ=K, AG =0 reaction is in equilibrium and there is no net reaction,
(b) COO) + 8Hy() == CH,(g) + H,0g) -
K, =[CHa) [0
[CO1 {H,]

On increasing pressure, voluime

decreases. If we deubled the pressure, volurne will be
nalved but the molar concentrati

ons wilt be doubled. Then,
Q, = 2[CH]- 2[H,0] _1{CH,] H,0] 1
A a2 iV

2(CO] {2[H,]1° 4 [CO) [, P 7€

Therefore, Q, is Jess than K. 50 Q, will tend to increase to re-establish equilibrium and
the reaction will go in forwaird direction.
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SARASWATT CHEMISTRY
‘Thermodynamics

Q-1 ' During complete combustion of one mole of butane, 2658 kJ of heat is
released. The thermochemical reaction for above change is

(@ 2C ho(g) + 130,(g)—> BCO,(g) + 10H,0(1); A H = —2658.0k) mol-"
© B Co (@) + 220, (g) > 4COLg)+ 5HO(Q; A H = - 1329.04 mol *

(© CyHyg (g)+ 1;1 O(8) — 4CO,(g) + 5H,0(1); A H =~ 2658.0k] mol”
(d) CHyy (@) + 1?3 O, (g) — 4CO,(g)+ 5H,0(); AH =+ 2658.0K mol-'

Ans. (c) Given that, the complete combustion of one mole of butane is represented By
thermochemical reaction as - ‘ ‘

o

We have to take the combustion of ohe mole 0fC4Hie and A, H should be negative and
have a value of 2658 kJ mol ™. ' .

Q-2 A LU°0f formation of CH,(g) at certain temperature is~393 kJ mol ™. The
value of A (H © is ' -

(@) zero h) < AU N
(©)>aU° (d) equal to A U°
Ans, (b) Thereaction is CH, (9)+ 20,(g) —CO,(g}+ 2H,0()
Aty=(n,—n )y =1-3=—2
A = AU® 5 any R
As Ang =-2 |
: AHT<AL®

Q-3 i The pressure~voltlﬁme work for an ideal gas can be calculated by using the

f
expression W=~ Jpexd'/. The work can also be calculated from the pl/-plot
¥

by using the area under the curve within the specified limits. When an
ideal gas is compressed (a) reversibly or (b) irreversibly from volume V; to
V¢. Choose the correct option.

(a) W (reversible) =W (irreversible)

(b) W (reversible) <W (irreversible)

(c) W (reversible) = W (irreversible)

(d) W (reversible) =W (irreversible) + p,,.AV -

£3



Ans. ( b) The correct option is W {reversible} < W (irreversible).
. curve is always more in irreversible compression as ¢

Jo , P

©

V; ~ Volume (V) V;

PV-plot when pressure is not constant
and changes in finite steps during
compreassion from initial volume, V; to
finat volume, V. Work done on the gas

Is represented by the shaded area.

v Volume (v) v,

PV-plot when pressure is not constant
and changes in infinite steps
{reversible conditions} during
compression from initial volume, Vi to

finat volume, V,. Work done on the gas

This is because area under the
an be seen from given figure.

is represented by the shaded area,

&quations (1), (2) and (3), find out

. ips given in Options (a) to (d) is correct
1. C(graphite) + 0, (g)— €0z (9) ;A H=1xk] mot-1

] 1
2. C (graph1te)+5 0, (9)— Co (g) ‘A H=ykd mol~1-

1
3. €0 (g)+502 (9)> €0, (9) ;A H=213 mol 71

(a)z=:_c+y (b)x:y—z_

{ c); The algebraic relatioqshfps of the given re
" equation (a) ~&quation (b) = equation (©)
(a) C (graphite) + O, (g

@Dx=y+ dy=27z—«
action is

Ans.

)= CO, (9) A, H=xkJ mol-!
L
(b) C (graphlte)+§ 0, (g)— CcO (@) A H=ykJ mol-!

D S

CO (g) +§' Oz ()= CO, (9) ; A, H= 2k d mor~"

'Hen'_ce,x-y=_z Nx=y+ 7

0-s

in two -separate -

experiments, The €Xpansion is carried out at 300 K and at 600 K

respectively. Choose the correct option.

(a) Work done at 600 K'is 20 times the work done at 300 K
.5 Work done at 300 K is twi

(@ Work done at 600 K




Given that, the work of reversible expansion under isothernal condition can be calcutated by o
using the expression :

W= — nRTin Y
i/
v, =10y
T, = 600K
I, = 300K
Putling these values in above expression
_ 10

WBOOK:1xRxBOOK!nT

Wik = 1x R x 300 Kln%g
1x R x 600K In'2

Ratio = VVVVSOOK = M——.__‘.!% :E@:
- Maoo T Rx300Kin == 300

For isothermal expansion of ideal gases, AlJ = 0. Since, temperature is constant this means
there is no change in internal energy: Therefore,-Als =0

Q-6 - 18.0 g of water completely vaporises at 100°C and 1 bar pressure and
the enthalpy change in the process is 40.79 kJ mol™ . What will be

the enthalpy change for vaporising two moles of water under the
same conditions? What is the standard enthalpy of vaporisation for

water?

Ans. Given that, quahtity of water = 180¢, pressure = 1 bar
As we know that, 18.0 gH,O= 1moie A0
Enthalpy change for vaporising 1 mole of H,0 = 4079kJ mol~!

Enthalpy change for vaporising 2 moles of HyO =2 x40.79 ki~ 81.358‘kdi
Standard enthalpy of vaporisation at 100°C and 1 bar pressure, A,,,H" =+ 40.79kJ mol~'

Q-7 Use the following data to calculate Alatﬁ;eﬁe for NaBr. A H® for

sodium metal =108.4 kI mol™, jonisation enthalpyA of sodijum
. =496 kd mol™, . electron gain enthalpy of bromine =375 kI mol ™,
bond dissociation enthalpy of bromine = 192 |3 mol 2, AfH® for

NaBr(s)=~ 360. 1 k3 mol 2

This question is based upon the concept of Born-Haber cycle as well as Hess's faw.
Following steps are used to solye this problem.

(i) Na (99— Na @ A, 1°

(1)) Na (@) — Na* (g)+ e~ () IE

(i) %Brz © Br (gh Ay, H®

(V) Br (@) + e~(g)— Brgh AH®

(v) Applying Hess's law AHE = Ay HO + Tet Ag Ho+ A HO + U

éy



Ans, Given that, A, H° for Na metal = 1084k J mo}™'

IE of Na= 496 kJ mol™, Ay H® of Br=~ 325 kJ mol™, Az, H® of Br= 192 kJ moi-". Ay H®
for NaBr=~ 3860.1 kJ mol™
Born-Haber cycle for the formation of NaBr is as

AfH® = — 3601 kJ
Nt g AT,
A

lasung = 108.4 kJ moi™! lﬁdissH © =922k
Na(g) Brl(g)

IE = 496 kJ mol™" lAegHe = —325 kJ mof™"
Na*(g) | Brig)

(. A

' ~U (Lattice enthalpy)

Q-8 1he standard molar entropy ofH0 (1) is 70 IK™ mol 2, Will the standard

: ~1
molar entropy of H,0(s) be more, or less than 70 3K mol ~*?
Ans. The standard molar entropy of H,O (%) is 70 JK! mol™!
- molecules ofH,0 are less random than in liquid wate;

Thus, molar entropy of H,O (s)< molar entropy of H;0O (4. The standard molar entropy of
H,0 (s)is less than 70 J K~ mol™. ol | |

- The solid form of H,0 is ice. In ice,

Q-9, . Which quantity out of A,G and A, G®

Ans. Gibbs energy for a reaction in which all reactants and products are in standard state. A,G®
is related to the equilibrium constant of the reaction as follows
A,G=A,G®+ RT nK
At equilibrium, : 0=AG°+RTInK
or AG®=-RTInK
‘ ‘ A,G® =0when K =1
For ali other values of K, A,G® will be non-zero.

will be zero at equilibrium?

- Q-10 Although heat is a path function

certain specific conditions is j
conditions? Explain.

Ans. The two conditions under which heat be
( when volume remains constant
(i) when pressure remains constant
Explanation

but heat absorbed by the system under
ndependent of path., What are those

comes independent of path are

{i) At constant volume By first law of thermodynamics, Al =q+W org=AU-W. But
W. = - pAY Hence, g = AU + PAV. But as volume remains constant AY = 0
1 q, = AVbut AU is a state function,

Hence, g, is a state function.

(i} At constant pressure As we know, qp #L\'_U + PAY. But AU + pAV = AH.

" Qp = AH As AHis a state function therefore, g, is a state function.
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Q;_H; Heat capacity (C,) is an extensive properfy but specific heat (c) is

intensive property. What will be the relation between (,andc for 1 mole
of water?

Ans. For water, molar heat capacity, C, =18 x Specific heat, ¢
C, =18 x ¢ Specific heat

c =418 Jg7 K™ (for water)
- Heat capacity, C, =18x 418 JK'mol™
' =753 JK~'mol™

Q~12 . The difference between Cp and €, can be derived using the empirical

.xl

10 moles of an ideal gas.

Ans. G:ven that, C, =heat capacity at constant volume,
C, =heat capacity at constant pressure
Difierence between C, andC, is equai to gas constant (R).
Co-C,=nR ' - {where, n =no. of moles)
=10x 4184 J
=4184J
Q-13, The net enthalpy change of a reaction is the amount of energy required
to break all the bonds in reactant molecules minus amount of energy
required to form alil the bonds in the product molecules. What will be the
. enthalpy change for the following reaction? H, (g )+ Br,(g)— 2HBr(g)
* Given that, bond energy of Hz,Br2 and HBr is 435 k3 mol™

192 kJ mol ™ and 368 kJ mo{ -1 respectwely

To, calculate the enthalpy change, use the foﬂowmg formu!a when the reactants, and
products are in gas phase as

A,H® =X bond energy (reactants) —X bond energy (products)

Ans. Given that, bond energy of H, =435 kJ mol™
bond energy of Br, = 192 kJ mol™

bond energy of HBr = 368 kJ moi™’
For the reaction

Ha(g)+ Br,(@)— 2HBr(g)
A H® = XBE (Reactants) — ZBE (Products)
= BE (H,)}+ BE(Br,)— 2BE (HBr)
= 4354192~ (2% 368) kJ mol™
=—109 kJ mol™

Q-14 The enthalpy of vaporisation of CCl, is-30.5 kI mol™ . Calculate the
- heat required for the vaporisation of 284 g of CCL, at constant pressure.
_. (Molar mass of CCL, = 154 g mol™?)

v relation H = U + pV. Calculate the difference between €, and C, for

&4



Ans. Giventhat, 1molofCCl, =154 ¢
Aygp Hior 154 gCCl, = 30. 5 kJ

A e Hior 284 gCCl, =@.’%?_8ﬂ k)= 56. 25 kJ

Q-15. The enthalpy of reaction for the reaction |
" 2H,(9)+ 0,(g)— 2H,0()is A, H® =— 572 kJ mol~?

What will be standard enthalpy of formation of H,0 ({)?
-Ans. Given that,

-

2 H;(Q)Jr OQ(QH 2 H,0(D), A, H°® = — 572 kJ mol™

- Enthalpy of formation is the enthalpy change of the reaction when 1 mole of the compound
is formed from its elements then

1 e
Ho(g)+ —2'-02(g) = H0D,AH =7
This can bé Obtained by aividing the given equ1ation by 2.
) o I~ -
Therefore, AH (HO)= —Ezg—k;jﬂo—m:-— 286 kJ mo!™

Q-16- Represent .the potential ener
processes graphically.
(a) Throwing a stone from the ground to roof,

(0) ; Hylg)

gy/enthalpy change in the following

1 —_ & y |
3 Cla(9) ==HClg) A,H° =— 92.32 | mol
In which of the processes potential ener
factor to the spontaneity?
Ans. Representation of potentiaf energy/enthalpy change
(a) Throwing a stone from the ground (o roof.

Roat leve! (Fina point)

in the following processes

Energy
supplied
to stone

Energy —»

Ground feve {Starting point)

. Distance from ground —»

(b) % Hy(g)+ %Cig(g) == HOl(g); A, H° = - 92.32 kJ mol~!

HR)-=---=-- rr “““““““““
Ay | A = H(P) - 1 (R)
= = negative
£ = Heat given to the
i surroundings
HAPY ===
Product (HCH

Reaction coordinate—-

ay/enthalpy change is contributing




Energy increases in (a) and it decreases in (b} process. Hence, in process {b),’en{hafpy
change is the contributing factor to the spontaneity,

.Q;l% 1.0 mol of a monoatonic ideal gas is expanded from state (1) to state
-(2) as shown in figure. Calculate the work done for the expansion of gas
from state (1) to state (2) at 298 K.

+.
2-0"“.8&8 {1)
A 1
Lro
B
0 '
el
1.0F---1
H
22.

V(L) —

Ans, The given diagram represent that the process is carried out in infinite steps, hence it is
isothermal reversible expansion of the ideal gas from pressure 2.0 atmto 1.0 atm 298 K. -

W =~2303nRTlog L
‘ ' P2

W = - 2303 x Tmol x 8314 JK-mol"! x 208 Klog2 (-.-B_ =3J

W =-2303x1x 8314 x298 x 03010 .J
W=—-1717.46 J

Q-18!An ideal gas is allowed to expand against a constant pressure of 2 bar
- from 10 L to 50 L in one step. Calculate the amount of work done by the
gas. If the same expansion were carried out reversibly, will the work
done be higher or lower than the earlier case?
(Given that, 1 L bar = 100 J)

Ans. Inthe first case, as the expansion is against constant external pressure
W=-pg, (, -V)=- 2barx (50-10) L
=—80L bar (1L bar=100J)
=-80x100J
=—8kJ :
If the given expansion was carried out reversibly, the internal pressure of the gas should be
greater than the external pressure at every stage. Hence, the work done will be more.

-
-

Q-19 Derive the relationship between AH and AU for anideal gas. Explain
each term involved in the equation. B ' |
Ans. From the first law of thermodynamics, -q=AU + pAV
If the process carried out at constant volume, AV =0
Hence, L LGy =AU ,
[Here, q, = Heat absorbed at constant volume, AU = change in internal energy]
Similarly, ' qp, = Ao
Here, J, =heat absorbed at constant pressure
AH = enthalpy change of the system..
‘Enthalpy change of a system is equal to the heat absorbed or evolved by the system at
constant pressure. '
As we know that at constant pressure, AH = AU + pAV



where, AVis the change in volume.
This equation can be rewritten as AH = AU +

on Y~ V) =AU + (pV, - pV) ' )
where, ¥, =initial volume of the system V, = final volurrrle of the sysiefm r K
But for the ideal gases, pVY = nRT

So that pY, = nRT :
and - PVy = n,RT

where, n; = number of moies of the gasecus reactants
7l = number of moles of the gaseous products, -

Substituting these values in Eq. (i), we get
‘ AH = AU + (n,RT — n,RT)
AH =AU + (n, — n)RT
or AH = AU + Ang RT

where, An, =n, —n; is the difference between the number of moles of the gaseous
products and gaseous reactants.

Putting the values of AH and AU we get
Qp = Gy + An RT
Note Conditions under which q, = g, or AH =AU

(1} When reaction is carried out in a closed vessel so that volume remains constant
ie, AV =0

(i) When reaction involves only solids or liquids or solutions but no gaseous reactant or
product. This is because the volume changes of the solids and liquids during a
chemical reaction are negligible.

* (iii} When reaction involves gaseous reactants and products but their number of moles
_areequal (ie, n, = n Jeg,
Hy(g) + Ch(g)—- 2HCI(g)
Cl9)+0,(g)—> CO,(g)

Since, q,, is different from q, only in those reactions which involves gaseous reactants
‘and products and (n,) gdsecus #(n, ) gaseous.

(Q-20 Extensive prqpertiesmdep'éhd on the quantity of matter but intensive

properties do not. Explain whether the following properties are
extensive or intensive. -

Mass, internal energy, pressure, heat capacity, molar heat capacity,
density, mole fraction, specific heat, temperature and molarity.
Ans. Extensive properties Those properties whose value depends_ on the quantity or size of

matter present in the system is known as extensive properties. -
e.g., mass, internal energy, heat capacity. '

Intensive properties Those properties which do not depend on the quantity or size of
matter present are known as intensive properties. e.g., pressure, molar heat capacity,
density, mole fraction, specific heat, temperature and molarity.

Mole fraction or molarity of a solution is same whether we take a small amount of the
solution or large amount of the solution. '

Ratio of two extensive properties is always intensiva.
Extensive

Extensive
S0, mole fraction and molarity are intensive properties.

= Intensive

e.q., mole fraction = Moles of the component _ Extensive
Total no. of moles Extensive
and molarity = _Mole__ Extensive

Volume Extensive

‘c




Q. 51 Match the following.

 ListI List IT
. A, Adiabatic process- 1. Heat |
B. Isolated systeén 2. - Atconstant volume
€ Isothermal chénge 3. Firstlaw of thermodynamics
B, Path function - 4. No exchange of energy and matter

E.  State function 5. Notransfer of heat

F. AU=q 6. Constant temperatie

G Law of conservation of energy 7. Internal enezrg‘;y

H.  Reversible process 8. Pugmo

I Free expansion 9.  Atconstant pressuré

J. AH=g 10.  Infinitely slow process which |
proceeds through a series of
equilibrium states.

K. Intensive property 1. Entropy

L. Extensive property 12, Pressure

13 Speciﬁc heat

Ans. A. 5 () B.>(4) C.>(6) D.—()
L@ J-© Ko, 12 13)

E.-> (7,11, 12) F=() G- H.-(10)
L.— (7,11)

Q. 60 The lattice enthalpy of an ionic compound is the enthalpy when one
mole of an ionic compound present in its gaseous state, dissociates into
its fons. It is impossible to determine it directly by experiment. Suggest
and explain an indirect method to measure lattice enthalpy of NaCi(s).

Ans. The lattice enthalpy of an ionic compound is the enthalpy change which occurs when one
mole of an ionic compound dissociates into its ions in gaseous state. For the reaction

Na*Cl™(s)— Na*(g)+ CI™ (@), Apyes H° =+ 788 k J mol™

Since, it is impossible to determine lattice enthalpies directly by experiment, we use an
indirect method where we construct an enthalpy diagram called a Born-Haber cycle.

Let us now calculate the fattice enthalpy of Na™Ci™ (s) by following steps given below
{) Na™ (s)— Na(g) Sublimation of sodium metal, A, H° = 108.4 kJ mol™
(i) Na (g) - Na*{g)+e™ (g) The ionisation of sodium atoms, ionisation enthalpy
A; H® = 496 k) mol™ ' ' '
- {iii) 1 Cl, {g}— Cl (g} The dissociation of c_:h!orine,‘the reaction enthalpy is half the bond

d[ssoc;at:on enthalpy — Abond He =121kJmol™ |

(iv) Cl{g)+e(g)— CI” (g) electron gained by chlorme atoms The e[ectron gain enthalpy
AegH® =~ 348.6 kJ mol™



Na'(g) + CI” (g)

+

& + 4958 k) mor & 121 kJ mol”

A

+ 108.4
& ki mol

- 4112
kJ mo!”

+

>
>

o
-

112 A H®

i

. =348 kJ mol™.

(@) + 1/2 Ci(g)

+

=
8
S

AH®

oy + 172 Clz(gj

A, H®

s) + 1/2 Cl{g)

AH?

»)

Y.

+ Cr(g)

Zsla'iti:.e H

NaCl(s)

Enthalp!y:d'i‘agram for lattice enthalpy of NaCl

(v) Na*{g)+CI(g) —> Na*Ci(s)

The sequence of steps is shown in given figure and is known as B
impoitance of the cycle is thét, the sum of the enthal

Applying Hess's law, we get

orn-Haber cycle. The
py changes round a cycle is zero.

Biaice M = 4112 + 1084 + 121 + 496 — 3486

lamCﬂ H

=4 788 kS
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SARASWATI CHEMISTRY
States of Matter

Q-1 A plot of volume (V) versus temperatyre

Temperature (K)— '

@ p>py>p>p, (

b) p =P2=py=p,
{c} p SPy<p;<p,

{d). Pr<Pr=py <p,

Q

2 What is ST unit of viscosity coefficie
_ ' {a) Pascal {(b) Nsm™2
Ans., (b) The 51 unit of viscosit

nt(m)?
) kn? s () Nm™=2

y coefficient (n)is Nni2 g or Nsmi2,

As we know that, f=nq A
dx
where, f =force

N = Viscosity coefficient

L velocity gradient
dx
Substitute SI units of f =

Nodx=m A=m?angy =ms™
in above €quation, to get

[

- Nxm
TI = ﬁ:Nm-ZS
..M xms

Hence, the si unit of N=is nsm2

If 1 g of each of the following gases are taken at STP, which of the gases
will occupy (a) greatest volume and (b) smallest volume? .
CO, H,0, CH,, NO v
Ans, From Avogadra's law, we know that e

Volume of 1 moie of the 943 = graw molecular mass = 22 4 [ at STP -
Volume occupied by 28 g CO (1 mol CO)=22.4 at STP

{-Molar mass of CO::; 12+ 16= 28 g mol™)
Volume occupied by 1 g CO :2—%:—1 L at STP '

Similarly,  volume occupied by 1 gH,0 = %‘?8_4 LatSTP

(- Molar mass of H,0 = (2% 1) + 16 = 18 g mol™)

-ﬁrl
S
A



228 | atsTp
16 1
(-Molar mass of CHy = 12+ (4% 1)=18gmol™)

Volume occupied by 1gNO :%2'05 LatSTP

Volume occupied by 1g CH, =

(- Molar mass ofNO= 14+ 16=30 g mol™")

Thus, 1 g CH, will cceupy maximum volume while 1 g of NO will OCcupy minimum volume é't._;
STP. =

Stronger intermolecular forces result in higher boiling point.,

Strength of London forces increases with the num

ber of electrons in the
molecule.

Boiling point of HF, HCL, HBr and HI are 293 K, 189 K, 206.K and 238 K

~ respectively.

(a) Which type of intermolecular forces are'present
HCL, HBr and HI? ‘

. (b} Looking at the trend

| of dipole-dipole int
predominant here.

(c) Why is boiling point of hydro

hydrogen chloride lowest? ¢ A

n fhe mo[eéules HF,

of boiling points of HCL, HBr and HI, explain out
eraction and London -i_nte_raction, which one s

gen fluoride highest while that of

Cl>Br>1

Therefore, dipole moment should decrease from HCI
interaction shouyld decrease from MCIto HI But boiling poi
HCI'to HT This means that London forces are predominant

This is so because London forces increases as
increases and in this case number of electrons i

to HI Thus, dipole—dipole
ntincreases on moving from

the number of electrons in a molecule
S increasing from HCl towards HI

Q-S - What will be the molar volume of nitrogen and argon at 273.15 K and
1 atm? !

Ans. When temperature and pressure of a gas is 273.15 K (or 0 °C) and 1 atm {or _1.bar or 10°

: pascal), such conditions are cailed standard temperature and pressure condsti_ons (STP).
Under these condttions, the volume occupied by 1 mole of each and every gasis 22.4L,
Hence, the moler volume of N, and Ar al 273.15 K and 1 atrm is 22.4L.

13
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Q-6 Compressibility factor, 7 of 3 gas is given as 7 = e

(i) What is the value of Z for an ideal gas? '
(ii) For real gas what will be the effect on value of Z above Boyle's
: temperature?
Ans. (i) Forideal gas, compressibility factor, Z =1.
(i) Above Boyle's temperature',- real gases show positive deviation.
So, Z>1

- - o _pV
Note foliowing important pgmts come out from the compre;s;b;hty factor, Z = pre=

(i} For ideal gas Z =1at alf temperatures and pressures because p\'/ =nRT.

(i) At very fow pressure alf gases shown have 7 ™1 and behavf as ideal gas.
(15} At high pressure, all the gases have 7 >1 These are more difficult to compress.
{iv) At intermediate pressures most gases have 7 <1

Q"7 .. For real gases the relation between p.VandT is given by van der Waals’

equation
2

p+gl-;— V —nb) = nkr
where, “a’ and 'b* are van der Waals’ constants, ‘np’ is approximately
equal to the total volume of the molecules of 3 gas. ‘a” is the measure of
magnitude of intermolecular attraction. | | ‘_
(1) Arrange the following gases in the increasing order of  p. Give reason,
o | 0,, €0,, H,, He | .
’ih\:f(Jii“)f'*gArrange the following gases in the decréasing order of magnitude of

. Give reason.

Ans, (i) Molar volurse occupied by the gas molecules « size of the molecules and van der Waalis'
. Gonstant*b’ représents moliar volume of the gas molecules. Hence, value of ‘b increases
inthe following order :

Hy <He<0,<cCo,

- (it .van der Waals’ constant 'a’ is the measure of magnitude of intermolecular attraction,

. The magnitude of int_ermofecul}arm_a_t_t,rgggjpﬂgm jnwgggﬂgs@e_smwj_t&bwmg(ease in size of electron

cloud in a molecule. Hence, for the given gases magnitude of ‘& decreases in the
following order

Greater the size of electron cloud, greater is the polarisability of the molecule and
greater is the dispersion forces or London forges.

Q-8 The relation between pressure exerted by an ideal 93 (Pigeq; ) and
observed pressure (Prear ) is given by the equation, |
- \ 2

: an
Pideal = Preal V2



(i) If pressure is taken in Nm~2
calculate the unit of ‘",

(i1) What will be the unit of ‘g’ when
indm®?

+ number of moles in mol and volume in m?,
pressure is in atmosphere and volume

) an?
_AnS- Given that, Pideal = Beay + —-
2

V2
M a=L"" it units of p=Nm>2,
S
units of V =m3, units of n = mol

2, 3.9
then, units of a = M
{moly?

(it} If units of p = atm, units of V = dr®, units of 1 = mo|

=Nm* mot=

2 312
then, units of g = 2V~ . atm. (dm®)?

> = atm dm® mol=2
2
n (mol)

Q-9  The variation of pressure with volume of the gas
| at different temperatures can be graphically
represented as shown in figure. On the basis of

this graph answer the following questions.

(i) How will the volume of a gas change if its

o Pressure (bar)——

pressure  is  increased at constant 4§giK5
‘ ?
- temperature? - 200 K
(i) At a constant pressure, how will the volume :

3 :
of a gas change if the temperature is Volume (dm?)—-
increased from 200 K to 400 K?

Ans.. () In accordance to Bovle's law,

pressure of a gas is inversly proportional to its volume if
temperature is kept constant. Thus, the volume of a gas will decrease if the pressure on

the gas is increased keeping the temperature constant. €.9., at 200 K when pressure _
increases from p, to p,, volume of the gas decreases, V, < V. '

(i) In accordance to Iharles law, volume of a
pressure is kept constant.

Thus, on increasing terhperature. the volu
constant. '

gas is directly proportional to its temperature if

me of a gas will increase if pressure is kept

At constant pwhen we increase ihe tem
gas increases, V, > .
fo,

P2

P (constant)
) e

perature from 200 K to 400 K, the volume of the

qs



V;_‘Q—IO /Pressure versus volume graph for a real gas and an ideal gas are shown in
- .. figure. Answer the following questions on the basis of this graph.

-y

; /
o «—Real gas
- T —— Ideal gas
feh]
| =N
s |
o @
Q
T
o
0]

Volume—»

(i) Interpret the behaviour of real gas with respect to ideal gas at low
pressure.

(i1) Interpret the behaviour of real gas with respect to ideal gas at high
pressure.

(iii) Mark the pressure and volume by drawing a line at the point where real
.gas behaves as an ideal gas. |

Ans. (i) Atlow pressure, the real gas shows very small deviation from ideal behaviour because
the two curves almost coincide at low pressure.

(i} At high pressure, the real gas show large deviations from ideal behaviour as the curves ‘
are far apart.

(iii) At point ‘A, both the curves intersect each other. At this point real gas peha\{es as an
ideal gas. p, and V; are the pressure and volume which corresponds to this point A.

Pressure —»

&

Volume—»

Q-11 Match the following gas laws with the equation representing them.

g

A BOVIE’S laW"»-._.,‘ _‘,«;’// 1. Veenatconstant T and p

B. Charle's Iaw({/ \‘\_“ f}“"Z. .
NN

3

PTow = P+ By + Py +...at constant T,V

R
C. Dalton's law.- Al fT_Vzconstant

f

D. Avogadro'slaw | % VeT at constantn and p

i

Des & atconstantnand 7

16



Ans. A. - (5 B.— (4) C.- (@ D.— (1)

A. Boyle's law, p < % at constant T and n.

B. Charle’s law, V « T at constant pand n.

C. Dalton's law, pyyy = o + p, + p; + ... atconstant 7, V.
D. Avogadro's law, V =< n at constant T and D.

Q-123 Match the following graphs of ideal gas with their coordinates

-

Graphical representation Xand Y coordinates
A, 4 LoopVws v
B. 4 2. pvsV
i E - ‘\\
T 1
C 4 3 VS —
P v
e

Ans. A. - (9) B. — (3) C.-(1n

r
r

Vs s p—

Q-13 | Isotherms of carbon dioxi
figure. Answer the follow;

[

de at various temperatures are represented in
ng questions based on this figure.

Pressure —
P

0

C
Volume —»

() In which state will cQ
_ temperature 7,?

(i) At what point wilt CO
(i#) At what point wilt (o,
(iv), Will condensation tak

{v) - What portion of the i
equilibdum?___

2 exist between the points ¢ and b at

2 start liquefying when temperature is Tﬁ?
be completely liquefied when temperature is 7,?
e place when the temperature is 75?

sotherm at 7, represent liquid and gaseous €O, at

7




Ans. () In gaseous state, CO, will exist between the points a and b at temperature 7.
(ii) At point b, the plot becomes linear, this shows the phase transition, i.e., liquification of
CO, starts and at point ¢, it gets completely liquified. ‘ '
(i) Similarly, at temperature 75, g is the point at which CO, wilbe comb!etefy liquified.
(iv) Condensation will not take place at T, temperature because Iy > T (critical temperature).
(v} Between b and ¢, liquid and gaseous CO, are in equilibrium,

(Q-14 Explain the term laminar flow. Is the velocity of molecules same in all
the layers in laminar flow? Explain your answer.

Ans. When a liquid flows over a fixed surface, the layer of molecules in the immediate contact of
surface is stationary. The velocily of the upper layers increases as the distance of layers
from the fixed layer increases. '

This type of flow in which there is a regular gradation of velocity in passing from one layer to
the next is called laminar flow. :

Area of 74U+ du
plate A U

) ‘4—u—du
dz }
dz §

Gradation of velocity in the laminar flow

In laminar flow, the velocily of molecules is not same in all the layers because every layer
- offers some resistance or friction to the layer immediately below it.

28



SARA?WATI CHEMISTRY
Chemical Bonding

Molecular Structure

Q_'l . Which of the following statement is not correct from the view point of
molecular orbital theory?

{a) Be, is not a stable molecule
{b) He, is not stable but He} is expected to exist.

() Bond strength of N is maximum amongst the homonuclear diatomic molecules
belonging to the second period.

{d) The order of energies of molecular orbitals in N, molecule is
025 <025 < 02p, < (W2, = 72p,) < (x"2p,= 7'2p,) <5 "2p,

Ans. (d) Existance of molecule, bonding nature and energy order of molecular orbitals can be
explained on the basis of molecular orbital theory as follows

() Molecules having zero bond order never exists while molecuar having non-zero
bond order is either exists or expected to exist,

(i} Higher the value of bond order, higher will be its bond strength.

Electrons present in bonding molecular orbital are known as bonding electrons

(Np) and electrons present on anti-bonding molecular orbital are known as
anti-bonding electrons (M

») and half of their difference is known as bond order
ie.,
(@ Be,(4+4=28)=0515? ¢"15% 515? 5 252

Bond order (BO)= ;-

[Number of bonding electrons (Vo) = Number of anti-bonding electrons N,]
: ' 4-4

=27%.9

. 2
Here, bond order of Be, is zero. Thus, it does not exist.
(B) He, 2 +2=4)=01s?, ¢"1s?

BO=2"2_p%
2

Hefe. bond order of Be, is zero. Hence, it does not exist. -
Hey @ +2 —1=3)= o152, 6" 15!
Bo=2"T.g5
_ 7 2
. Since, the bond order is not zero, this molecule is expected to exist,
L 8 Ny 7+ 7 =14) = 615%, 67152, 6252, 67252, n2pf = n2pf, 62p7

4

Bo =104 _
Thus, dinitrogen (N,) molecule contain triple bond.and no any molecule of
second period have more than double bond: Hence, bond strength of N, is

maximum amongst the-homonuclear diatomic molecules belonging to the
second period.

7




(d) !t is incorrect. The correct order of energies of molecular orbitals in N,
molecule is

G25<o*2s<(n2p, = nZp)<o2p, <n* 2p, = rc*_épy <o*2p,

o

Q-2 Which of the following statements are not correct?

(@) NaCl being an ionic compound is a good conductor of electricity in the solid
state '
{b) In canonical structure there is a difference in the arrangement of atoms

(c) Hybrid orbitals form stronger bonds than pure orbitals

- (d) VSEPR theory can explain the square planar geometry of XeF,

Ans. (a, b)
{a) NaClis a bad conductor of electricity in solid due to the absence of free ions:

{b) Canonical structures differ in the arrangement of electrons, nbt in the arrangement of
atoms. , e

Q-3 Explain the non-linear shape of H,S and rno_n-[:;[anka'r shépe of PCL, - using
valence shell electron pair repulsion theory.

ARns. Central atom of H, is S. There are 6 electrons in- its valence shell (5S =2, 8 6). Two
electrons are shared with two H-atoms and the remaining four electrens are present as two

tone pairs.
NV
/N

Hence, totai pairé of electrons are four (2 bond pairs and 2 lone pairs). Due to the presence
of 2 lone pairs the shape becomes distorted tetrahedral or angular or bent (non-linear).

@

P
o N
i

PCl,-Central atom is phosphorus. There are § electrons in its valence shell (, ;P =2, 8 5),
Three electrons are shared with three Cl-atoms and the remaining two electrons are present
as one lone pair. ' ‘

Hence, total pairs of electrons are four (1 lone pair and 3 bond pairs). Due to the presence

of one lone pair, the shape becomes pyramidal {non-planar).

Q‘4f Explain the shape of BrFs.

Ans. The central atom Br has seven electrons in the valence shell. Five of these will form bonds
with five fluorine atoms and the remaining two electrons are present as one lone pair.

F &Y

-

Hence, iotal pairs of electrons are six (5 bond pairs and 1 lone pair). To minimize repulsion
between lone pairs and bond pairs, the shape becomes-square-pyramidal ...

8¢



Q_~5 - Structures of molecules of two compounds are given below,

ﬁ N
‘ N. ’
\ ~
off “m
- o

OH

have intermolecular “hydrogen
mpound is expected to show intramolecular

(a) Which of the two compounds will
bonding and which co
hydrogen bonding?

pends on, among other things, the

is basis explain which of the above
two compounds will show higher melting point?

(¢} Solubility of compounds in water depends on power to form hydrogen
bonds with water. Which of the above compounds will form _hydrogen
bond with easily and be more soluble in it?

Ans. {a) Compound {l) will form intramolecular H-
when H-atom, in between the two
same molecule. In ortho-nitro

bonding. Intrémoleou!ar H-bonding is formed
highly electron

O

I
N\ B

0 — H-bond
o

Compound (I forms intermolecular H-bonding. In para-nitrophenot (Il) there is a gan

between NO,, and OH group. So, H-bond exists betwaen H-atom of one molecule and
- O-atom of another molecule as depicted below.

0.

AN N .
AN
{in : l H
=
0 N
\H O/ 0

{b) Compound (i will have higher melting point because large number of molecules are

joined together by H-bonds.

(c) Due to intramo!ecuiar'r H-bonding, compound (1) is not able to form H-bond with water,
so it is less solubie in water. While molecules of compound |l form H-bonding with H,0
easily, so it is soluble in water, _

egative atoms, is present within the
phenoi {compound 1}, H-atom is in between the two -
oxygen atoms.’

1




Q-6 Why does type of overlap given in the following figure not result in bond
' formation?

P ¥

Ans. inthe figure (i}, area of ++ overlap is equal to + — overlap, so net overlap is zero, while in
- figure {1}, there is no overlap due to different symmetry.

Q-7 * Explain why PCL is trigonal bipyramidal whereas IF4 is square pyramidal.

Ans. PCl;—~The ground state and the excited state outer electronic configurations of phosphorus
(Z = 15)are represented below T

P{ground state) ‘|L _ 1 1 ‘]
3s 3p - 3d
1

P(excited state)

p—-ClI

Cl 4
Cl

InPClg, Pis sp°d hybridised, thefefqre, its shape is trigonal bipyramidal.

IF-The ground state and the excited state outer electronic configurations of iodine (Z = 53)
are represented below, o

I(ground state) u 1!« 1L 1 i
5s ‘ 5p B 5d
I{excited state} ﬂ 1 1 1 1 1,
| Spac}g |

F\@ -

/ | N

£ F

F

In IF,, Lis spd? hybridised, therefore, shape of IF; is square pyramidal.

%2



Q-8 The energy of 62p, molecular orbital is greater than m2p_ and n?py'

molecular orbitals in nitrogen molecule. Write the complete sequence of

energy levels in the increasing order of energy in the molecule. Compare

the relative stability and the magnetic behaviour of the following
species. o

No N3 NG, NG

Ans, Electronic configuration of N-atom (Z =7)is 1s%2s

present in N, molecule is 14, 7 from each N-at
of molecular orbitals, the electronic configurati

*2pi2p2pL. Total number of electrons

om. From the view of various rules for filling'
on of N, malecute will be

0182.6*132,0282,0*232.1t2p§ = m2p5,62p2
Cormnparative study of the relative stability and the magnetic behaviour of th
(i) N, molecule 0132,0*82.0232,0'232,ﬂp§ = 12pf,02p2 ‘
Here, N, =10, N, = 4.
Hence, Bond order = %(Nb - N, )=

e following species

(10-4)=3

N

Hence, presence of no unpaired electron indicatss it to be diamagnetic.
(i} NS ions 0132,6‘132,0232.0*282,n2pf =~ 12p7,02p)

Here, N, =9 N, =4sothatBO= 19~ 4= 505
b a o

Further, as N} ion has one unpaired electron
paramagnetic in nature.

(i} NS ions 0132,0*82,6232,0*232,n2p2 ~ M2 P2, 0202,
2 £ Y ¢4

in the o(2p,} orbital, therefore, it is
n*2pl
F@mJ%=1QMﬁﬂﬁommBO:%ﬂU—Q:E:QS

Again, as it has one uhp'aired electron in the n*(pr)o_rbital, therefore, it is paramagnetic.

(iv) N2* ions 0132,6*13?,G2§,2,0*232,ﬁ2pf = n2p?
Here, Ny = 8.0, =4 Honce, BO= (5 - g2
Presence of no unpaired electron indicates it to be diamagnetic in nature.

As bond dissociation energ

les are directly proportional to the bond orders, therefore, the
dissociation energies of th

ese molecular species in the order,
- _ hIt 2+
Np> N7 =N3> N3

As greater the bond dissociation ener

gy, greater is the stability, the stability of these
species is also in the above order. i -

Q-9 Give reason for the following.

(a) Covalent bonds are directional bonds while
non-directional. '

(b) Water-molecul
linear,

(c) Ethyne moleculeis linear.

ionic "honds are

e-has bent structure whereas carbon dioxide molecule is




Ans.(a) A covalent bond is formed by the overlap of atomic orbitals. The direction of

overlapping gives the direction of bond. In ionic bond, the electrostatic field of an ion is
non-directional.

!Eac_h positive ion is surrounded by a number of anions in any direction depending Ljpon
Its size and viceversa. That's why covalent bonds are ditectional bonds swhile ionic
bonds are non-directional. : '

(b) In H,O, oxygen atom is sp® hybridised with tWo lone pairs. The four sp® hybridised
2 P

orbitals acquire a tetrahedral geometry with two corners occupied by hydrogen atoms
while other two by the lone pairs.

The bond angle is reduced to 104.5° from 109.5° due to greater repulsive forces between
fo—~Ipand the molecule thus acquires a V-shape or bent structure {(angular structure).

QX
AN

H Y0a50 X
In CO, molecule, carbon atom is sp-hybridised. The two sp hybrid orbitals are oriented
in opposite direction forming an angle of 180°.

0Z&cLo
g [+

That's why H,0 molecule has bent structure whereas CQ, molecule is linear.

{¢) In ethyne molecule, both the carbon atoms are sp hybridised, having two unhybridised
orbitals, /.e., 2p, and 2p,. The two sp hybrid orbitals of both the carbon atoms are
oriented in opposite direction forming an angle of 180°.

- H—CcZCc—H
2n-bond
* That's why ethyne maolecule isfinear.

Q-10: What is an ionic bond? With two suitable examples the difference
between an ionic and a covalent bond?

Ans.. 1onic bond The bond formed, as a resutt of the electrostatic attraction between the positive
and negative ions was terméd as the electrovalent bond or ionic bond. e.g., the formation
of NaCl from sodium and chlorine can be explained as o )

Na ——Nat+e™

[Nejas! {Nej.
Cl +e— Cl- _
[Nel3s23p3 {Ne]3s23p6 or [A)

Na® + CI" —— NaCl or Na*CI-
Similarly, the formation of CalF, may be shown as

Ca —Ca% + 2e-
A4 52 [Ar]

F +em ——
[He} 2522,05 {He] 25220 o {Nej
Ca®" + 2F" —— CaF, or Ca2*(F"), |
Covalent bond The bond formed between the two atoms by mutual sharing of electrons
between them is called covalent bond. e.g., the formation of chlorine molecule can be
explained as
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Eeet —~+ oo
2,87 2,87

' Shared pair
Similarly, in the formation of HC!

Heb oG, o Hoi
1 2.8,7

Q-11) Al the C—0 bonds in carbonate ion (CO5") are equal in length. Explain.

To explain the reason of equal in length of C—O bonds, it should keep in mind about
the resonance. As a result of resonance, the bond length in @ molecule become equal.

Ans. Carbonate ion (CO3™)=3 bond pair + 1 fone pair = trigonal planar
O: o) on )
o ] = |

C C C C e
— na_ / \ o .

Due to resonance all C—O bond length are equal.

Q-12' What is meant by the term average bond enthalpy? Why is there
difference in bond enthalpy of 0—H bond in ethanol (CH;0H) and
water? :

Ans, All the similar bonds in a molecule do not have the same bon
HO(H — Q — H) molecuie after the breaking of first O—H bond, the second O—H bond
- undergoes some change because of changed chemical environment.

Therefore, in polyatomic molecules the term mean or average bond enthalpy is used. it is
obtained by dividing total bond dissociation enthalpy by the number of bonds broken.

eg., - HO(9) — H(g)+ OH(g)
A aHy =502 ki mol™ OH(g) —> H+ O(g);

A ,H; = 427 &kJ mol™
Average O—H bond enthalpy = 50—2-%4_27: = 464.5 kJ mol™

The bond enthalpies of O—H bond in CHsOHand H,0 are different because of the different
chemical (electronic) environment around oxygen atom.

|1
H_cfH —0—H, H—0O—H
[
(C,HOH) (H,0)
Q-13 (a) Discuss the significance/applications of dipole moment.

(b) Represent diagrammatically the hond

[ moments and the resultant
dipole moment in CO, , NF; and CHCL,.

d enthalpies. e.g., in

g5




Ans. (a) The applications of dipole moment are

i i i is polar or non-polar. As
The dipole moment helps to predict whether a moleculg is pol: :

0 nL=q f d, greater is the magnitude of dipole moment, hlgher will be the polarity of
the bond. For non-polar molecules, t_he dipole moment is zero,

(i) The percentage of ionic character can be ca!cufated as

Percentage of lonic character =Eiw x 100
ionic

(i) Symmetrical molecules have zero dipole moment although they have tyvo or more
polar bonds (in determination of symmetry).

(iv} It helps to distinguish between cis and frans isomers. Usuallv cis-isomer has higher
dipole moment than frans isomer. :

{v) It helps to distinguish between ortho, meta and‘pafa isomers. Dipole momgnt of para
isomer is zero. Dipole moment of ortho-isomer is greater than that of meta isomer.

(0) Oi Tt
| 0ZCcEQ N

m=0 | £ @F' C?C)@CI
F Cl

m=024D m="103D0

Q-14 ;BrieﬂyKdescribé't%ﬁéfvalence bond theory of covalent bond formation by
taking an example of hydrogen. How can you interpret energy changes

taking place in the formation of dihydrogen?

- Ans. Vaience bond theory (VBT) was introduced by Heitler and London (1927) and developed

further by Pauling and other, VBT is based on the knowledge of atomic orbitals, electronic
configurations of elements, the overlap criteria of atomic orbitals, the hybridisation of
atomic orbitals and the Principles of variation and Superposition.

Consider two hydrogen atoms A and B approaching each other having nuclei N, and Ny
and electrons present in them are fepresented by e, and e,. When the two atoms are at
large distance from each other, there is no interaction between them.

As these two atoms approach each other, new atiractive and repulsive fo'rces'begi'n to
Operate. :

Aftractive forces arise between ,
(i) nucleus of one atom and its own electron

le., ‘ N, —e, and Ng —ep
(i) nucleus of one atom and electron of other atom
J.e., NA —eB, NB -*BA

Simitarly, repulsive forces arise betwsen
(i) efectrons of two atonijs likee, ~eg
(i) nuctei of two atoms tike Ay, ~

Attractive forces tend to-bring the two atoms close to each _bthér whereas repuisive forces
tend to push them apart. T R h
Experimentally, we have been found that the magnitude of new atiractive force is more than

the new repuisive forces. As a result two atoms approach each other and potential energy
decreases, ' ‘

Hence, a stage is reached where the net force of attraction balances the force of repuision
and system

VS acquires minimum energy. At this stage, two H-atoms are said to be honded
together to form a stable molecule having the bond length of 74 pm.

26
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(e,
. Be,
HB AL BB~
,’, HA HB
————— old forces Res
i new forces -

Repulsive forces
Attractive forces

Forces of attraction and repulsion during the formation of H, molecule

Since, the energy géts released when the bond is formed betwe
_hydrogen molecule is more stable than that of isotated hydroge

Q-15. Use the motecular orbital energy level diagram to show that N, would be
expected to have a triple bond. F,, a single bond and Ne,, no bond.

Ans, Formation of N, molecuie Electronic configuration of N- atomn N

N, molecule = 612,06 * 152,0252 g * 2s®,m2p.% = m2p,?,

en two hydrogen atoms, the
n atoms.

=1s%,2s%,2p}, 20}, 2p%
02,o§

,;': \3:\
b “ 12p, = igp}, ?
2p N . 2p

2s S 2
c2s
,,', ols \\\ I 1L I
Atomic ,/ Atomic
. orbital ) orbitals
of F-atom of F-atom
: gls
Molecular orbitals

of F» molecule

el N

Alomic . " Atomic
orbitals - orbitals
of N-atom of N-atom

o

Molecular orbitals
of Na molecule

Bond order = %[Nb ~N,]= _21(10— f=3

Bond order value of 3 means that N, contains a triple bond.




The energy so released is called as bond enthalpy, which is corresponding to minimum in

the curve depicted in the given figure. Conversely 435.8 kJ of energy is required to
dissociate one mole of H, molecule.

Ha(g)+ 435.8kd mol™ —— H(g)+ H(g)

=) 19 e o
£ P |
E : t 1
= ! 1 i
> - ; i
20 ; : . >
2 i Distance of
n : separation
t 1 1/ ~Bond energy
435.8 Bond length internuctear —
74 pm distance

The potential energy curve for the formation of H, molecule as a function of intermuctear
distance of the H-atoms. The minimum in th(_a curve corresponds to the most stable state or Hy. -

Formation of F, molecule, ¢F = 1s%,25%,202, 27, 21}
F, molecule = o1s%,0 * 1s%,625% 6 * 25%,62p,%, n2p,% = n2p . m* 2p2x = n*2p%

P o tep,

r
2p 7 2p
b

02D;
.

I,”,} ’//' o285 \\\
2s o os
o258
[:]:—]_/’/ ols \; B
Atomic " Atomic
orbital ‘\——F " orbitals
of F-atom 1%'_’ of F-atom
G

Molecular orbitals
of Fo» molecule

To-g)=1

2
Bond order value 1 means thatF, contains single bond.

Formation of Ne, molecule ,Ne = 1s%,2s%, 2%, 22, 2%

Bond order = %[Nb “N,]=

Ne,molecule = o1s?,6 * 15?625, 0 * 2s% 62p,%, m2p,° = n2p,°. n* 2p% -
| = n*2p%.0*2p,°
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A f20s=i2p, N LLIAITL]
2p

2 ™ e
PR o

25
~

LN

ts hS e

o . ~ Atomic
tomic ~ ’ orbitals

orbitals of Ne-atom
of Ne-atom ols

. Molecular orbitals of Ne» moleculs

Bond order = %[Nb _N]= %(10 ~10)=0

Bond order value zero means that there is no formation of bond between two Ne-atoms.
Hence, Ne, molecule does not exist. :

Q-16 Describe hybridisation in the case of PCL; and SF,. The axial bonds are'_
longer as compared to equatorial bonds in PCl; whereas in SF¢ both axial

bonds and equatorial bonds have the same bond length. Explain.
Ans. Formation of PCL, '

Electronic configuration - _

of 15P(ground state) ) I 1 Igpl T' L I 130,' | ] :
Electronic configuration 1111141001 ‘

of 5P (excited state) l | 1 1

A ~.sp3d hybridisation :
In PCls, phosphorus is sp’d hybridised to produce a set of five sp°d hybrid orbitals which
are directed towards the five corners of a trigonal bipyramidal. These five sp°d hybrid
orbitals overlap with singly occupied p-orbitals of Cl-atoms to form five P—Cl sigma-bonds.
Cl

c
N
01/T o

Cl
{Trigonal bipyramidal)
: - PClg

Three P—Cl bonds lie in one plane and make an angle of 120° with each other. These
bonds are called equatorial bonds. The remaining two P—Cl bonds one lying above and
other lying below the plane make an angle of 90° with the equatorial ptane.

These bonds are called axial bonds. Axial bonds are slightly longer than equatorial bonds
because axial bond pairs suffer more repulsive interaction from the equatorial bond pairs.

-7




Formation of S

Electronic configuration HEEIRN [ ]
of 158(9round state) 3s 3p 3d

S(excitedstate)|']|1]11|’1I'1] 1]

sp3d 2 hybridisation

-In'SFs. sulphur is sp®0® hybridised to produce a set of six sp%? hybrid orbitals which are
directed towards the six corners of a regular oclahedron. These six sp°d2 hybrid orbitals

overtap with singly occupied orbitals of fluorine atoms to form six S—F sigma bonds.
- Thus, SF; molecule has a regular octahedral geometry and all S—F bonds have same bond

Q-17 fithich of the following molecular orbitals has maximum number of nodat

planes?
(a) o 1s (b)o 2p,
(c) m2p, (d) m2p,

Ans. (d) Nodal planeare o' 1s =16 2p, =1, m2p, =1, ' 2p, =2

o* (1s) .
Anti-bonding molecular orbital

The molecular orbitals whose number of nodal planes are as

L By subtraction
Nodal plane

90
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88*”} Ve

Nodat
20, By
aoy subtraction Planes

= {20)
Q-18 Which of the fo{towmg pair is EXpected tg Nave the same bond order?
(a) 0,, N, (b) 0}, n;
(c) 07, N (d) 07, Ny
Ans, (b) On the bageg of molecy

BO=Jpw _ ALY
2 h
Molecutar Orbitaj electronic Configuration

(MOEQ) of N, s
ols? g * 152, 0252 5« 2s° w2pE 12,()5,0? 32
Sond orday ofN, = (10-4)=3
MOEC of g+ 1s? g * 15°, 0252 g « 252 anf:nQDy,GQp
B0 < Lo gy 0,
MOEC ofpy - TIs% o5 ¥ 152 0552 g * 5% 2 ~T2P5, 628 2pl g 2p,
BO of 1)1(10%5)—5%
MOEC 010, = ¢152 5 152 025 g * 0g2 525 m2pSnop 2 n*2p1.f-rc*2,o}
4000, = Lg_g
- 2 2 2 . 2 2 < % 2 * A
MOEC 0f0; = o5 L o 0728, 627 Jrsz:n?py T 2prn 2p,
BO of 0; =£_(1o—7)= 15
MOEC of 0% = ols? g * 15%, 6252, ¢ » 2s%,627 7{2,ofmn2py, T 2p2 g 2R,
BO 0f0} =21(10~5):2.5

(@) Bond order ofQ, and N

(b} Bond order of bothOF ang N are 2.5,
(c) Bong order of 03 and Ny are 1.5 and 2.5, respectively,
(d} Bond order of O3 ang 2ae15and o5 fespectively,

2@fe 2and 3, Tespectively,







SARASWATI CHEMISTRY POINT
[CLASS - X1] .
CHEMISTRY (THEORY)

: [SAMPI;_E PAPER-I]}
Time Allowed: 3 hrs szt '

‘ s M.M.: 70
-, General Instruction: T

(i All questions are compulsory o
(i) Marks for each question are indicated againStit..,
(i) Question numbers 1 to 8 are very short ansvéggr_ gﬁgﬁéstions and carry | marks each.
(iv) Question numbers 9 to 18 are short answer qﬁ%-tigns and carry 2 marks each.

(v} Question numbers 19 to 27 are also short an%ﬁ%?’%uestions and carry 3 marks each.
(vi) Question numbers 28 to 30 are long answer questions and carry 5 mark each.

(vii) Use log tables if necessary. Use of calculatcir“ﬁ“sig":ﬁot allowed.

5 Q: 1.The following set of quanfum number ié‘;notwpossible. Explain, Why?
n=2,1=3 m=-3, m=+% -

Q: 2.Name a species which is isoelectronic With{he following ions: §
Mg, N°=, 0%~

.

Q: 3.For an isolated system AU = 0, what willbeAS?

ésxaswﬁ

B . R g . 3
 Q: 4.Explain the structure of CO, in terms of resonance. . :
S “ﬁi % ,

R

deviate from ideality.

Frh

Q: 5.What are the conditions under which geiée‘

e

: Q: 6.Justify that the following reaction is a regoﬁ;reaction:
. Gy o
Ha0 (s) + F2 () ~ HF (g) + HOF (g) afe

PITAM PURA & ROHINI SUDHIR PANWAR 9871621367 / 9213145146 [ 9899899326
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Q: 7.Write the [UPAC name of followmg
CH,=CH-C=CH

Q: 8. What 1s the oxidation state of K in K02: _x

. - - ’_g SR, !
Q: 9.Write balanced equation for the reaction*between?

(a)Na,0, and water i;?{ff
(b)Ca metal with HCI Fassbost

Describe the hybridization in case of PCI WﬂWhy are the axial bonds longer as compared
to equatorial bonds?

Q: 10.(a)Use molecular orbital theory to expiam Why Be, molecular does not exist,
(b)Explain the formation of ¢ and = bondS”‘m C,Hy with the help of diagram. Mention the

hybrid state of two carbon atoms. &, M

oo

Q: 11.Calculate the mass of a photon with wa‘vdength 3.6 A.(h=6.26 x107JS) Sl
!W A(:”E . k"(l - ~’5‘] ? S : _,g
KU iﬁ— = 6. L«=i=..=—.—~ o %

f”?‘f AT 3()1(("@9(‘}{\@? g Ap -
WL s
Q: 12 Predict the products of electrolysis of anhaqileous solution of AgNO; with silver R
electrodes. Write_reaction that occure ats ei'adh electrode. <.0f A Ky
@ A4 M mﬂﬁiﬁ b+ Ek‘:h’o” ng.bVl.@'L
e Ou™ g(w:\@\r\;ﬁ” &W’%& ke ok
-SDI.I JN 0
PITAM PURA & ROHINI SUDHIR PANWAR 9871621367 / 9213145146 / 9899899326
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- Q: 13.Write all the reactions invol

ved in the preparation of sodium carbonate from sodium
chloride in Solvay process. '

- Q: 14.Complete the following equations:
() Al + NaOH + H,0—

(bH;BO,—22 A L, p

Q: 15.A polluted water sample has been foui?d%stoffilave 15 ppm CHCL in it.
() Express this value in percent by mass
(b) Determine the molality of chloroforr

;t'he water sample.

Q: 16.An alkene ‘A’ on ozonolysis gives a mi
structure and [UPAC name of A. :

e

Q: 17.What is the basic principle involved i
(a) Partition chromato graphy

(b)Distillation under reduced pressure

né:fh?ﬁ“following process:

Q: 18.(a)Explain why Be and Mg do not givgareo,l%)ur to the flame whereas other alkaline earth

metals do.
(b)Why alkali and alkaline earth metals-capnot be prepared by chemical reduction
methods? T
PITAM PURA & ROHINI SUDHIR PANWAR

9871621367 / 9213145146 / 6899899326
[www.saraswatichemistrvnoint.com) (3)
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‘‘‘‘‘‘

Q: 19 (a)Calculate the concentration of mtrlc acid in moles per in 2 sample which has density

1.41 gmL™" and the mass percent Ofﬁo in it being 69%.

(b)How many atoms are present in 48u0£.C?
P

H ¥

Q: 20.(a) What are degenerate orbitals? Give%ﬁ%ffg;nple
(b)Show that the circumference of theJBgﬂ:r’s orbit for H atom is an integral multiple of
de Broglie’s wavelength associate w;? “the electron revolving around the orbit,

Swvasinnd
&“:-*-mmt
M‘«f‘x““
Frrmmze )§:

4 ?
3

‘*ﬁ(ﬁ)r,
{(a)Mention the difference between eleptrorﬁagnetlc wave theory and Planck’s quantum
theory.
(b)How many electrons can have quan;%z‘;l;number valuen=4, mg=%.

.g,;x‘«&_;
ety
&’“““m
g.-ﬁ FW‘

3 ""‘3; i

?w,?'é‘;

o

F
Q: 21.(a)Write the general outer electronic c;nﬁgurat:on of f-block elements.
(b)Predict the formula of a compound form;ed between silicon and oxygen.
(¢)N has higher ionisation enthalpy thﬁ;@:ﬁ and why?

PITAM PURA & ROHINI SUDHIR PANWAR 9871621367 / 9213145146 [ 9899899326

(www.saraswatichemistrypoint.com) {4)
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Q: 22.(a)Calculate the total pressure in a mixture of 8 g O, and 4 g H,

volume 1 dm® at 27° C.(R = 0.083 bar dm =3 g -1 mol™1),
{(b)In terms of Charle’s law explain why -273.15°

confined in a vessel of

C is the lowest possible temperature.

give the corresponding conjugate ag‘d? nd conjugate base.
(b)What will be the pH of 0.002 M HC7*

e,

Q: 24.(a)How the expression for Kp for the {ollowing reaction:
CHa (2) + H,0 (g) = CO (g) + 3H, (g) o
(b)How will the value of K and compensatio

(, ,s
mriof equilibrium mixture be affected by:

(i) Increasing the pressure
(ii)Using a catalyst

Y

i
%,
&

Q: 25.(a)Out of NH;, H,0 and HF Which W(;)iufa you expect to have highest magnitude of
hydrogen bonding and why? o,

Sl
(b)Write chemical equation to Justify thatH,0; can act as an oxidising agent as well as
o d
reducing agent.
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SARASWATI CHEMISTRY POINT

Q: 26.Give reasons:
(a) Why CO is a poisonous gas?
(b)Lead (IV) chloride is highest unstable toward heat.
-.(¢) Boric acid is not protic acid.

Q: 27.Explain the following terms:
(a) Ozone hole
(b)BOD
(¢) Green chemistry

a
s
57

g
Q: 28.(a)Drive the relationship between Cp ﬁnﬁ gv for an ideal gas.
(b)Given N, (g) + 3Ha () ~ 2NH; (g) cesecH] = 92.4 kI/mol.
What is the standard enthalpy of foi’manon of NHj gas?
(c)The equilibrium constant for a react;on Is 10. What will be sign of AG? Will this
reaction be spontaneous?

(a) Compare the thermodynamic stablhties of NO and NO, from the following data:
N + 502 ~NO(g) AH?=90kj mol’ wm
NO (g) +0, ~ NOy(g) 4, H® =74kImol M‘“ )

(b) Write the Born Haber Cycle for the {¢tmation of CaCl, (s). -
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SARASWATI CHEMISTRY POINT

(¢)For the ieaction at 298 K : 2A + B — ¢
AH = 400 kJ mol" and AS = 0.2 kKJK™! mo]”

Determine the temperature at which the reaction would be spontaneous

Q 29.(a)Give the reactions involved in the estimation of N and Cl by Lassiagene’s test.
(b)Explain the following with examplé:

(1) Electrophiles
(if) Nucleophiles
(iit) Inductive effect

~Or
i ;ms::;;ﬁ
(a) Explain why:

(1) (CH;);C* is more stable than CH}CH‘ and CH 15 the least stable cation.

(1) On adding AgNO; to CCly Solutlon, wh1te pre(:1p1tate of AgCl is not obtained.

(m)Nm tc acid is added to sodium extrac before adding AgNO; for testing halogens.

(b)Whatis the relatlonsth between the nhmbers of the following pairs of structures?
(1)

L
P k!

“ad

“emgg

i

S, ~?’-f£

b H

S S

® B
o

2) D H
e e

H/ \D D
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SARASWATI CHEMISTRY POINT

Q: 30.how will you convert:
() Benzene to acetophenone
(1i) Benzene to p-nitrophenone

(iif) Ethanoic acid to methane E«w-mﬁ%
(b)Write IUPAC name of the product obt? m}fd by addition reaction of BBr to hex-1-ene in
the presence of peroxide. ol
_ (c)Hydrogen atoms of ethyne are acidic i m'-*nature why?
ftﬁ‘q@l:s
(a) Complete the following: iw’;g“mj '
(i) S
ety e
(Fumning) 4 é
(ii) CaC, + Hs0 — e
(i) CH; = CHy + 1,0 + 0-LLKMRD,
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SARASWATI CHEMISTRY POINT

[CLASS - XIj

CHEMISTRY (THEORY)

. [SAMPLE PAPER-IT]
Time Allowed: 3 hrs

General Insfruction:

M.M.: 70

(i) All questions are compulsory
(11} Marks for each question are indicated against
(iii) Question numbers 1 to 8 are very short answer questions and carry 1 marks each.
(1v) Question numbers 9 to 18 are short answer qu tions and carry 2 marks each.

(v} Question numbers 19 to 27 are also short an%’i‘f\i’éf*ﬁuestions and carry 3 marks each.
(vi) Question numbers 28 to 30 are long answer questions and carry 5 mark each. .
(vil) Use log tables if necessary. Use of calculato:_ns"’:i"s'“'ﬁot allowed.

Q: 1.Write the electronic configuration of C Ve Z
Q: 2.State modern periodic law.
Q: 3.Give one example of intensive property

Q: 4. What would you observe when HCI gasﬂ__}‘ié:‘i:g_&_@ssed into the saturated solution of NaCl?

E .
e
E B

Q: 5.Calculate oxidation state of Mn in K, MG,

Q: 6.Draw the structure of CZH;.

Q: 7.Which reactive intermediate is formed Whgnéthe covalent bond in CH;- Li undergoes
hetrolytic cleavage? o
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SARASWATI CHEMISTRY POINT

Q: 8.Pridict the alkene as a major product obtaim::d by the dehydrohalogenation of:

Be CH,

CH; ~ CH, _}]; o

. CH;CH; ?M
gfm@:a

Q: 9.A sample of NaOH weighing 0.38 gis cﬁ-ﬁé?ﬁived in the water and solution is made 50.0
mlL in a volumetric flask. Calculate the molatity of the resulting solution, {(Molar mass of
NaOH = 40 g mol™) b

w#ﬁnﬁ%

.f“‘*:ﬁ%»'ff“é
g:*_zémaé
-

ey

A
Q: 10.Electromegnetic radiation of wavelength.6f 242 nm is just sufficient to jonise sodium
atom. Calculate the ionization enthalpf”3f§bdium in kJ/mo..

;ﬂm fﬁé}:’zfé%

SRR
¥

-

.
LW S

gt
@&ﬁwéz
¥ .
Q: 11.Draw the energy level diagram of moleealar orbitals in N> molecule.

*‘(m{

b,
Q: 12.0n the basic of kinetic theory of gaseség;gﬁl?in why:
(i) Gases exert pressure - o
(i) The volume of fixed .amount of gasﬁgégpstant pressure increase with the rise in
temperature. v

e
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SARASWATT CHEMISTRY POINT

Q: 13.A student forget to add the reaction mixture to a flask at 27° C and placed on the flame
and heated it to 477° C. What fraction of air has been expelled out?

T —

Q: 14.State Le Chatelier principle. Predict the-diréction of the reaction:
280, (g) + 0, (g) = 2S04(s) £
When noble gas is added to the reactionmixture at constant pressure.

Q: 15.Balance the following chemical equatiigri 1 alkaline medium;
I + MnO, — 10} + MnO, '

Q: 16.Contrast the action of heart on the fol
(l) N32C03 and C&CO3
(1) Ca(NO;); and NaNO,

Q: 17.Write the chemical equation for the folfowmg reactions:
(i) Markownikov’s rule e
(ii)Friedel-Crafts reaction

Explain the following technique of sepg.raﬁ@a of organic compounds with suitable
examples: i
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SARASWATI CHEMISTRY POINT

(i) Chromato graphy
(i) Differential extraction

"”'%at ﬁé&

Q: 18.(a)Why is fusion of organic compound 1th sodxum metal is essential before performing
tests for detectlon of extra elementsm

Q: 19.State Gay-Lussac’s law combing volui?ﬁ"e; of gas and Avogadro’s law. Standard molar

LAkt
volume of any ideal gas 1s 22.7 L. Give“th'ewaiue of standard temperature and pressure.

Q: 20.(a)State Pauli’s exclusion principle. ¢
(b)Which rule will be disobeyed b the f@llowmg electronic configurations?

;ﬁ’
(i) 2s° (if) 257 2p 2p 2p°“*ﬁ”

Q: 21.Account the following: :
(i) Lionization enthalpy of nitrogen (ZF”?) 1s more than that of oxygen (Z = 8).
(ii)Electron gain enthalpy of chlorine (Z ml 7) is more negative than that of fluorine

(7 =9). -
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SARASWATI CHEMISTRY POINT

(iif) Noble gases have high positive value of electron gain enthalpy

Q: 22.(a)How many sigma (c) and pi (Tt) bon
CH,= CH - CH = CH?s {*

(1)Using VSEPR model to predict the” gesinetrical shapes of the following species:
(i) CIF; (ii) XeF,

LQ:23 «(a)If water molecules were linear mstea of angular, Would water (H,0) be a good
solvent as it is? Why or why not?

(b)How is H,O, prepared by hydratedfbar\_ﬂm peroxide? Show by chemical reactions that
H,0O; acts both as oxidising and reducmg agent.

(i) Lithium is only alkali metal to form mitride directly.

(iii) Alkaline earth metals are herder thar: alkalz metals.
£, o
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SARASWATI CHEMISTRY POINT

Or
What happened when? .
(i) Sodium metal is dropped in water. s,fw
(ii) Sodium metal is heated in free supgly

(iii) Sodium peroxide dissolved in watetm=s
5

=

@k é
ey
Q: 25.Write the [IUPAC name of the followmg&rganw compounds:
) CH3CH CH- CH-CH >
| 7P
' CH; mm'
(i) - CH,CH; ""m
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SARASWATI CHEMISTRY POINT

- Q: 26.K, for an acid (HA) is 5 106, What is the pH of 0.2 M Solution of HA? Find al

so the
molar concentration of4™.

Q: 27.Write the use of green chemistry in thé'f
~ in pollution:
(i) Dry cleaning of clothes
(ii) Bleaching of paper
(iii) Synthesis of chemicals

s st:w.&‘

Q: 28.(a) Caleulate A, G® for conversation of oxygen to ozone:
3/20,(g) ~ 032t 298K
K, for this conversation is 2.47 x10729_

spontaneity of a process?
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SARASWATI CHEMISTRY POINT

Or
(a) Define Gibbs energy. ) .
(b)Predict the direction in which a rever31b]e reaction will move when AG = +ve
(¢) Using the data given below, calculate ttle?value of A, G2 and K, for the following

reaction at 298 K: Er;‘-mw,,
3CH=CH (g) = C¢H; (g) P

’A

Assuming tdeal gas behaviour, A;GO [G:H CH (g)] = 2.09 x 10° J mol™1. A,GO [CeH,
()] =124 x10° Tmol ' andR = 8314JK mol™1.

EN v
_{4 xﬂM‘\

mz‘

&
3
msﬁmaww‘
ﬁ

g
T P I
KN

#&.&r ﬁ.v-ea

et ,ssﬁm:é

&J’ i u::m’

FaN
{ ]
o,
et

s
v

Q: 29.(a)Draw the structure of diborane, - ¥

e M,ﬂ%

(b)Define the term inter pair effect. E)éplalg; your answer with the help of lead chlorides.
(¢)(iYWhich is more ionic SnCl, or Sn(‘fﬁmand why?

(i))PbO, is a strong oxidising agent;gé?ﬁsugn a reason for this.
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a) Account for the following:
() AICL is-a Lewis acid.
(i) CO, is a gas while silicon dioxide is a solid.
(iif) Carbon shows catenation prope'rtf‘?gﬁ? Pb does not.
b) Write the balanced chemical equatiot;i;;f{)‘:?{;the following reactions:
(i) NaH + B,H; — A

(i) BF;+ LiH —

Q: 30.(a)Make the following conversations:
(1) Propene to propanal
(if)2-Beromopropane from Propene joes _

(b)A hydrocarbon ‘A’ Adds one mole k{féhﬁdrogen in presence of Pt catalyst to from n-
hexane. When ‘A’ is oxidised with %gtanO;; solution (alkaline), a single carboxylic
acid containing three carbon atomsi_{i%glated. Give the structure of ‘A’

. . . . ; %
chemical equation of reactions involved.

el

and write
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SARASWATI CHEMISTRY POINT

Or
a) Give on chemical test to distinguish the following pairs:
(i) Ethene and Ethyne ) :
(it)Ethane and Ethene -

b)An alkene C;4H, 4 on ozonolysis frogyozomde which on hydrolysis with Zn dust from

an aldehyde an pentan-2-one as produets; Draw the structures of alkene and write the
chemical reaction involved. 7

nmring
203

RS
;""faé

gy
i é\i
S

.
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SARASWATTI CHEMISTRY POINT

[CLASS - X1)

CHEMISTRY (THEORY)

[SAMPLE PAPER-III]

I

~ Time Allowed: 3 hrs

General Instruction:

M.M.: 70

(1) Al questions are compulsory pr
(i) Marks for each question are indicated againé;;ﬁi&ﬂ}
(iff) Question numbers 1 to § are very short answerquestions and carry | marks each.

. . Bsdongd
(iv) Question numbers 9 to 18 are short answer qiestions and carry 2 marks each,

(v} Question numbers 19 to 27 are also short answer questions and carry 3 marks each.
(v} Question numbers 28 to 30 are long answer nﬁégfifons and carry 5 mark each.

(vii) Use log tables if necessary. Use of calculatq_r“s%@sfﬁot allowed.

Q: 1.Define Avogadro’s Law.

b

Q: 2.Write the electronic configuration of Cr gkt:no 24).

Pl 4

N

Q: 3.Give the TUPAC name of the followino ;

CHy- CH —~ CH - CH - CH, bt
CH; CH; -

A
im ¢

. o
ﬂ&’mw_
F

g & I
o
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SARASWATI CHEMISTRY POINT

Q: 5.The equ111br1um constant of the followmg reaction is K.
Predict the equilibrium constant of the reverse reaction.

s
H ;
’r"fd‘l':‘l.*'_"'_.‘;--,
-mmu? W

Q: 6.Productof the smg of AS for the foIlowmg' reaction.

;“J"g& .r-til.-

CaCO3 (S)"‘—“" CaCO (S) + COZ (g) qsf:‘

Q: 7.Can we store CuSQy, in Zinc vessel?
Given: E° cwrrcu =0.34 V;
E°® 2070 =-0.76 V

Q: 9.What do you understand by state functlenszrl\l either q nor w is a state function but g + w is

a state function. Explain. —
11

Fhoe
o
ﬂ"f" .
=]

;:ﬁ*“” o

Q: 10.(a)Draw the shape of B,H, molecule. Whag} is the hybridization of B-atoms.

(b)Why two different B-H bond 1ength&\are observed for molecule?

i

=
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SARASWATI CHEMISTRY POINT

Q: 11.Which of the following wil
have the least value?
P, §,Cl, F.

I'have the most negative electron gain enthalpy and which wil]

- Q12 Ba ance the following reaction in bas@medxum 1
Al+NO, — Al (OH), + NH; {“ = '

S

(i) An aqueous solution of AgNO; with le:ér electrodes.
(i) A dilute solution of H,S80, with P1 >

Q: 13.What happens when:
(l) Sodium metal is dropped in water.

i ‘ﬂwﬂ
Funsdeag
Q: 14.Which method of separation of componer‘!i’fé of a mixture should be used for the following
mixtures: o
(1) Mixture if 0-and p-nitrophenol
PITAM PURA & ROHIN! SUDHIR PANWAR 9871621367 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

(ii)A mixture containing two compounds with different solubilities in water.

Q: 15.There are four elements named A, B,
respectively. B is a noble gas. Predict: s :
(1) Which element possesses the lowest.fitst:;ionisation enthalpy?
(if) Which element possesses the highest electronegativity?

4

Q: 16.Explain the following: _ i
(1) NF; has lowest dipole moment than that.
(i) O, is paramagnetic is nature. :

W&z;ta’ef

Q: 17.Complete the following reactions:
(i) CH; - CH=CH, A8,

roxide
. Ale. KOH
(ii)CH; — CH,Br ——ﬁ—uﬂ
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SARASWATI CHEMISTRY POINT

Q: 18.(a)Categorise the fol]
SO,, OH,

(b)Write the resonation structure of CH;COOQ ion.

owing as electrophile or nucleophile:

- Q: 19.(a)Calculate the bond order of the followm
behaviour:

Nz, N »?;‘ . aw.:_a’

Q: 20.(a) Write Van der Waal’s equatlon for 1 me.le of a gas. '
(b)Pressure of 1 g of an ideal gas at 27‘”'(3"{3 found to be 2bar. When 2 g of another ideal
gas B 1s introduced in the same ﬂask'at’same temperature, the pressure beco

me 3bar.
Find a relationship between their moleefular masses.

. N
- WS&’{"}}.".‘.‘{‘
-
; ,
e
: i
B,

:f-"f;
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SARASWATI CHEMISTRY POINT

(a)Calculate the temperature of 4.0 mol of a

bar dm’ K~ mol ™), .

gas occupying 5dm’ at 3.32bar. (R=10.083

(b) The Van der Waal’s constant of two gases A and B are:
' Gas a(atm L2 mol?) b (L mo!")fzww-.—,{

A 1.6 0.03
B 3.7 0.05

b2 pvr
gy
Sl

Which of the two gases is more easisiyﬂﬁlsiéueﬁed?

Q: 21.(a)For an isolated system AU = 0, wham;i be AS?

(b)Calculate the standard enthalpy of

AH® = .726 kJ mol™

Cg)+0:(g) ~ CO:(g)
AH® =393 kJ mol™

H2 (9)+, 02 (&) = H0 ()
. AH® = 286 kJ mol™!

L]

4
s
& 3-’3'9:;2

—

T

Yk,

I

iy

R ad £

ey

e

i
-3
Sugd?

e
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Q 22.Complete the following reactions:
(i) PbS +H,0, —
(i) K4[Fe(CN)g] + H,SO, + H,O, —
(i) KMnO, + H,0, + H,O0S 4~

Q: 23.Arrange the following in increasing order pf property indicated against each:
(i) BaSO,, SrSO,, CaS0, (solubxhty 19 water )

(i) Li*, Na*, K*, Rb* (lonic mobility)+#
(m)LlCl NaCl KCl, RbClI (Ionic chara er)

Q: 24.Explain the following;
(i) Graphite is used as a lubricant. . o
(i) [SiFe]™ is known but [SiCl]* is not
(iii) Ga has smaller atomic radius than ‘A.

T
i
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SARASWATI CHEMISTRY POINT

5_911:‘;";7:‘.-‘:‘;’%
B
o

Q: 25.A welding fuel gas contains carbon anahydrogen only. Burning a small sample of it in

oxygen gives 3.38 g C0,. 0.690 ¢ HZO‘ffh%fffgno other products. A volume of 10.0L
{measured at STP) of this welding gas ﬁ?égnd to weigh 11.6g. Calculate:

(i) Empirical formula of welding gas ™
(ii) Molar mass of the gas ?’:;;jmg,
(iii}Its molecular formula o

"

by

5.
W 4

g

Yot

rel

Q: 26.(a)Why 3° Carbocation is more stable @2" carbocation?
{(b) 0.3780 g of an organic chlorocom%%gg gave 0.5740 g of silver chloride in Carius
estimation. Calculate the percentagg of chiorine present in the compound. (at, Mass of
Ag =108u, at. Mass of Cl = 35.5u) i '

s
e

ki

%‘%.W

o
. p
vy
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SARASWATI CHEMISTRY POINT

Q: 27.(a)What is the cause of acid rain?
(b)Define Eutrophication.

5

Q: 28.(a)Carry out the following conversation:
(1) Ethanoic acid to Methane
| (ii)Benzene to Acetophenone i
(b)Why is Wurtz reaction not preferred: g

carbon atoms? i
(c)Complete the following reaction:

H,50,
(Fuming

+
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SARASWATI CHEMISTRY POINT

() Give one example of: L
(i) Nucleophilic substitution reaction 7.
(ii)Electrophilic aromatic substitution £, a—

(b)Out of staggard and eclipsed confonnafﬁomgn n-butane, which is more stable and why?

(¢) A hydrocarbon ‘X adds one mole of hyd;;ggen 1n presence of Pi catalyst to form n-
hexane. When ‘X’ is oxidised with KML@ﬁ A single carbonxylic acid Y containing three
carbon atoms is obtained identify X and Y"

~ w#”

Pg;»-_-.‘m s

Q: 29.(a)Hydrogen gas is obtained from the naztpral gas by the partial oxidation of natural gas
by steam. The reaction is endothenmc aﬁd can be represented as:
CHa(g) + HyO(g) = CO(g) +3H, (g) s

PITAM PURA & ROHINI SUDHIR PANWAR 9871621367 / 9213145146 / 9899899326
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How wil] the compaosition of equilibrium mixture affected by:
(i) Increase in pressure

(ii) Increase in temperature
(iii) Using a catalyst e :

(b)Equal volume of 0.002 M solution of NaC’fand AgNO; are mixed. Will it lead to the
precipitation of AgCl? (K, of AgCl is *‘/""ﬁj 10%)

%,?.S”'%ufv‘n{c'ﬂ%
{7

%WY *

bosmaend

~  Or |
 S——
(a)Classity the following species as Lewis acid or Lewis base:
(i) OH” *‘%
(ii) NI e
(b)A solution of 0.2 M sodium nitric is basic*ifi nature. Give reasons for this observation.

(¢) A 0.2 M solution of formic acid is 3.2"@3@15%. What is its ionisation constant?
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P N

%‘*-’ﬁf&*"f
#5%
H i ¥

ey

b,
Q: 30.(a)List the quantum number(m and 1) for ei;ectronic m electrons in 3d orbitals?
(b)Write the rule due to which the follﬁ?\fﬁﬁlg electronic configuration for nitrogen is not

possible: A
—

ls 2s 2p - g7
][] [u %ﬁ

(c)An electron is moving with kinetic é’i"}’?fﬁ‘y 0f2.275 x 10 J. Calculate its de Broglie
wavelength. (h=6.626 x 107 JS; m

[

0.1 x 107 kg)

P

]
.«;%&

u
#

I
%&W/ " Mg,_

i

ATI

uuuu
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(a)How many sub-shells are associated with n = 47

(b)Give the boundary surface diagrams for the following orbitals:
dx*- y?, d7? - e

(¢) Calculate the wavelength of a photo emitted during a transition from n = 5 state to the
n == 2 state in the hydrogen atom. Théground state electron energy for H atom is 2.18

-18 5 :
x 10 8J/atom.

PITAM PURA & ROHINI SUDHIR PANWAR 9871621367 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

[CLASS - X1}

CHEMISTRY (THEORY)
[SAMPLE PAPER-1V]

Time Allowed: 3 hrs

1. How many helium atoms are present in 52 u He?
2. Write the electronic configuration of ,Fe¥,
3. Which of the following ion is unlikely to exist and why?

4. Predict the hybridization of ¢ in CH,. (1)

5. What is the sign of AS for the following%(@zt%on?

2H,(g) + O,(g) — 2H,0(1) @ (1)

6. Write the relation betwee%’;molar solubility (S) and K, for AlLSs(s). | (1)

7. What is the IUP@%Qme of (CHy)3 € CH,C{CH5),CH; (1)

<

"‘é;e@

the following reaction.

8. Complet _

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 f 9899899326
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SARASWATI CHEMISTRY POINT

9. Chlorophyll, the green colouring matter of plants responsible for photosynthesis

contains 2.68 % of magnesium by mass. Calculate the ny

mber of magnesium atoms in o,
2.00g chlorophyill. '

Ky

o Ay
10. The kinetic energy of a subatomic particle is 5.65 x 102 . Caiculatéj{@%requency of
the particle wave. (h=6.62x10% Js) - -

f%f (2)
&
11. Give four points to distinguish between sigma %@’E@nds. (2}
v

N

& y )
12. (a) How many antibonding electr;gm%%}se present in O,molecule and how many are
unpaired? %
{b) Predict the hybridization _o’?\gkvgen in H;0". What is the shape of H30%ion?  {2)

A

>

13. (a) At wga’ztemperature will the hydrogen molecules have the same kine
nitrogeapolecules at 35°C?

tics energy as

(b)Under what condition, the real gas behaves ideally? (2)
s
aéamgﬁ
'PITAM PURA & ROHINI SUDHIR PANWAR
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SARASWATI CHEMISTRY POINT

14.Pressure of 1g of an ideal gas A at 27°C s found to be 2 bar. When 2g of another 7
gas B is introduced in the same flask at the same temperature, the pressure bet i Y
bar Find the relationship between their molecular masses,

" (2)

15.Determine the solubility of barium sulphate in 0. 05 "

{Ksp of BaS0, = 1.1x 10" % - (2)

ﬁb
\"‘d""ﬁf

16.Comment on each of the fo!lomg servatlons

(a) Lithium is the only alkali platalito form nitrides

(b} BeSO, is soluble in wateg, While BaSQ, is insoluble. (2)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEIVIISTRY POINT

18. Explain the following:
(i) Wurtz reaction
(ii} Markovnikov’s rule.

19. (i) Calculate the number of radial nodes in 3s.
(i) State Hund’s rule of maximum multiplicity.

(i) What is the significance of y? {3}

20. Account for the following;

{i) First ionisation enthalpy of magne:;t%gn is greater than that of aluminium.
{ii) Lithium ad magnesium show %lk%&p‘ity in their chemical properties.
(iii) Oxygen has a lower eEectroQ @1}1 enthalpy that sulphur. (3)

- 21.0ne n%ﬂlg;gf H,0 and one mole of CO are taken in a 10L vessel and heated to 725 K. At

equ iliblum, 40% of water by mass reacts with CO according to the equation H,0{g) +
C@(’“ Halg) + CO,(g) Calculate the equilibrium constant for the reaction. (3)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

22. (a) What is the oxidation state of sulphur in each compound?
Na25203, 5042_
(b) Balance the following redox reaction:

Cr07 + 17+ H = Cr¥* 4 1, + H,0 (3)

23. (a) What happens when ionic f@f' s are treated with water?
(b) What happens when watg

24. (a) Arrag 4 carbonates of group 2 in order of increasing thermal stability.

(b) €omplete the following equation:

aHco, eat heat

«wotassium forms KO,, while Na forms Nagoz. Explain. (3)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9895899326
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SARASWATI CHEMISTRY POINT

25. (a) Give the structure of 2, 3-dibromo-3- -ethylheptane.
(b) Write the IUPAC name of

0
e K

{c} Why is CH3CHCH2CH2CH3 more stable carbocafion.than CH_:,CHZC HCH,CH,4 (3)
w

J Jg‘%‘v‘

‘“‘*%’f ‘%y
po

i Zf)g’d nucleophiles? Give two examples of each. {3)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

27. (a) What do you understand by Eutrophication? How does it threatens the
development of fish?

{b) Name the two gases which cause greenhouse effect.

28.(a) Write an equation when ethyne is passed throggh@';ﬁ and hot tube.
- (b) Write a short note on Friedel-Craft alkylation. %
(c) Convert benzene into acetophenone. ' m

Py,
(d} Complete the equation.
H;0 / H,50, % g
CH; C=CH >
. HgSO4. %
(e) Alkene (X) on oxidation gives péopa“'ﬁ)o’&c acid and propanone. What is the structure
and the IUPAC name of X? %{ (5)

PITAM PURA 8 ROHINI SUDHIR PANWAR 011-27316087 f 9213145146 / 9899299326
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SARASWATI CHEMISTRY POINT

29. (a) Account for the following:

(i} CO;isa gas while Si0; is a solid at room temperature. ﬁ@

(i) Aluminium sulphide gives a foul odour when it becomes damp. @
{iii) Elemental siicon does not exist in graphite-like structure. Qg)
(b) What kappens when aluminium is added to strong NaOH solution?

]
(c) Cforms CF, but Si forms (SiF)2. Explain.

N (5)
Y

30.(a) Define free@nergy. : ' !
(b} For@acﬁon
AZB(s) = 2Ag(s) + % O,g
H% =40 ld/mol and AS®, = + 110 JK1 mol-1

= above this temperature?

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

(c) Calculate the heat evolved in the following reaction:
CHa(g) + 20,(g) — COy{g) - 2H,0(l)

Given:
DH® CH, = - 72 kI/mol :
DH®CO0; = - 393 kI/mol _ @
DHH20 = - 286 ki/mol

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

[CLASS - XI]

CHEMISTRY (THEORY)

[SAMPLE PAPER-V)]
Time Allowed: 3 hrs ‘

u 7 70
e
1. Write the structure of the product formed when propylene reacts with h %é”n
bromide in the presence of organic peroxide. o (1)
2. What s the effect of i Increasing temperature on the position of following
equilibrium: N(g) + 3H,( g) = 2NH,(g) + 92 kI. (1)
_ "
3. Write an equation relating DH and DU. Y (1)
4. Define molarity. (1)
3. State Heisenberg’s uncertainty px}nc@f'e (1)
J
6. Write the IUPAC name ollowmg compound
CH; CHZ CH(OH) CH, (EOOH (1)
%_
o
@
7. Whyis mz"iﬁgular nitrogen chemically unreactive? (1)
8. Whyis Cl” larger in size than CI? (1)

Ay,

PITAM PURA & ROHINI
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SARASWATI CHEMISTRY POINT

9. The absolute isotope abundance ratio of chlorine *Ci/*’Cl is 3.1272. Calculate the

atomic mass of chlorine. The mass of *Cland ¥l are 34.96885 and 36, 96590u,
respectively.

itk ayd ogen atom jumps
from its first excited state to the third excited states. (Ca%x;;lc} m/s, h 6.62 x 10% Js)

;_ @ (2)

10. Calculate the wavelength of the photon absorbed when i{ /\

13. 34, ' | Of phosphorous vapours weighs 0.0625 g at 546°C and 1 bar pressure. What is
thém! Iecularformula of phosphorous? (R = 0.083 L bar mol™* K?) (2}

PITAM PURA & ROHIN! SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

ﬁa T
14. A mixture of hydrogen and OXygen at one bar pressure contains 20% (by i)
hydrogen. Calculate the partial pressure of hydrogen.

15. A gas absorbs 200 J of heat and expands its volume frog
Calculate the change in internal energy. %

(2)

cﬁ "‘-’

16. Write the structure of the major Qrgag:cgproduct formed in the following reactions:
(a) CHs — CH,— CH, — CH, —Cl| hot/Gig.

G
— CHy = CHs — CH. — g S50
(b) CH; — CH, - CH, —CH, ) 170°C (2)
17. How is bo’éi alid prepared? What happens when boric acid is
)0 water
gangly heated? (2)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326

{www.saraswatichemistrypoint.com) 3




SARASWATI CHEMISTRY POINT

18. What are carbides? How are they classified? Give two examples of each?

19. (a} State Pauli exclusion principle.

(b) How man electrons in 17C1™ have n + /value equals to 37 .

(c) Draw the shape of 2s orbital. (3)

20. (a) Write the symbol and IUPAC namé%%*%?‘élement with atomic number 129.
(b) Why is Li smaller in size than Na?

(¢} Cl has higher e- gain enthalp
Explain. :

%gﬁ'while F has higher Electronegativity than Cl
' (3)

21. Calculate the a the following reaction at 27°C:

3 G (¢) ~ @he)

Given:
AG% Cels
(O3H; = - 1.5 x 10° J mol™

sGmpredict whether we recommend this process on the commercial scale or not? (3)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 f 9899899326
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SARASWATI CHEMISTRY POINT

22. {a) Balance the following redox reaction in basic medium:
Mn04_ +7 Mn02 + 103_

(b) Can we store AgNO; solution in a nickel container or not?
Given:

EoNE;/Ni =- 0.25 V;
EOAQ+/AQ = +0.80 V

23, (

{b) Draw the structure %ﬁﬁ%& in the gas phase,
(c) Why do we store ﬁﬁgﬁn black wax coated bottles?

(3)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

24. (a) Why can’t we store sodium hydroxide in aluminium containers?

(b) SiCl, hydrolyse very readily whereas CCl, is inert towards water. Explain.

{c)State two anomalous behaviours of boron.

25. (a) What do you understand by hyperconjugation? Using thj
more stable than {CHs),CH".

names.

26. (a) Draw al poi gj{l

{b) Draw, - e structure of 2-hydroxy but-3-enoic acid. (3)

PITAM PURA & ROHINI SUBDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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27. (a) What are thé harmful effects of carbon monoxide? @

) e
{b) How are sulphur and nitrogen oxides produced in the atmosphere? % Measures
should we take to minimize their emission into the air? ®

(3)

Z

28. (a) The ph of a 0.05 M monobasic acidﬁi‘l‘%ﬁ%ﬁﬁl.w. Calculate the concentration of the
various species present at equjlibra@;g,

(b) State Le-Chatelier’s Pfincip!e.cq"uss the effect of the following factor on the
‘s% !
equilibrium: 250,(g) + Oa(gl f”ﬁa(g)

AH® = -182 kJ E; |
(i} Increasing pressy

(ii) !ncreasingter@éature
(i} Addition offinart gas

' dition’ef,a catalyst 5
(iv) Ad li%;e%gca alys (5)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 f 9859899326

(www.saraswatichemistrypoint.com) 7




SARASWATI CHEMISTRY POINT

29. (a) account for the following:
(i)

(ii)

(iii}

(b) How will you prepare sodium hydroxide comgergflly? : . (5)

30. (a) Explazrﬁgri@del—Craft acetylation.
(b} Hg\ | you convert benzene into ethyl benzene? |
)@"i h of the followmg compounds are aromatic and why?

Sl gee

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

(d) Complete the following equations:

Br CH, CH — CH, CH, —21 5.
l

dust
Br

(e) Alkane (A) with MW = 72 4 gives onl

and sunlight. What is the structure and IUPAC name of (A)?

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 /9899899326
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SARASWATI CHEMISTRY POINT

[CLASS - XI]

CHEMISTRY (THEORY)

ISAMPLE PAPER-VI]
Time Allowed: 3 hrs '

1. Predict the position of the elements in the periodic table satisfying the ele)&%rﬁc
configuration {n — 1}d* ns* for n = 4. g D

2. Define the term Avogadro’s number.

(1)

e spontaneity of a process?

3. Why the charge in enthalpy cannot the sole criter*l"o
(1)

A

4. Arrange the following metal in the order in v Q%;%hey displace each other from the
solution of their salts: Al Cu, Fe, Mg and,j_’"’ » (1)

(1)

5. What are fullerenes?

6. Define the term emplr rmula and molecular formula. (1)

N " e

7. Calculate t}{e néjfmber of protons, neutrons and electrons in 80358Br. (1)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 f 9213145146 / 9859899326
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SARASWATI CHEMISTRY POINT

8. Write the main features of the long form of periodic table.

9. Write structural formulas of the following compounds:
(i) 3,4, 4, 5Tetra methylheptane
(i) 2, 5-Dimethylhexane.

A,

10. 0.3780 g of an organic compound gave 0.5740 g of silver ¢ ‘fﬁt}"ie ir{carius estimation.

Calculate the percentage of chlorine present in the congo.ﬁg}d. i

In the estimation of sulphuréb@{?r;ius method 0.468 g of an organic sulphur compound
afforded 0.668 of barium sﬁjﬁﬁéte.

compound. e

(2)
i

Find out the percentage of sulphur in the given

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899859326
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SARASWATI CHEMISTRY POINT

11. Diamond is covalent, yet it has high melting point, Why?

(2)

12. Draw the structure of Cgy, Buckminsterfullerene. Why is it called a
Buckminsterfullerene?

&%

13. The enthalpy of formation of hypothetical Ca;g(@v\eoretically found to be — 188 kJ
mol* and AH® for CaClz (s) is -795 k] mol-}é@y ate the AH° for the

disproportionation reaction. . (2)

@ i
v i
,%%
E{%@ “%y’

&

14. Density of a gas is fo%o be 5.46 g dm™at 27°C at 2 bar pressure. What will be its
density at STP7 (2)

o\ °

i
,

e

PITAM PURA & ROHIN! SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

15.What sorts of information can youdraw from the following reaction?
(CN)z2 (g) + 201" (ag) —~ CN-(aq} + CNO- (aq) + H20())

16. What are the harmful effects of photochemical smog and ho‘ NEA
controlled?

water in which the mole fraction of

}%@fﬁ (2)
%

&
%» 3

. gﬂ:}
17. Calculate the molarity of a solution of etha 311}9"
othanol is 0.040.0. é ;

18. Give the significan&%gcprincipal quantum number.
P !
&

(2)

S

19§§_\why does the benzene undergo electrophilic substitution reactions easily and
nucleophilic substitutions with difficulty?

PITAM PURA & ROHINI " SUDHIR PANWAR 011—27316087_/ 3213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

(b} Arrange the following'compounds according to their increasing boiling points:
Hexane, heptanes, 2-Methylpentane, 2-2-Dimethylpentane

Or
Calculate number of sigma and pi bonds in the given

U S AN N

(i)  CHy=C{CH,CH,CHs),
(i) CH3CH2CH2—(IZH2 CH,CH, @

— CHCH = CICHZ il e
. f‘@

(3)

+ Na +H3CCHZBrM>

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 f 9213145146 / 9893899326
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SARASWATI CHEMISTRY POINT

MgBr
(i) + HyC — CH — CH, —Sther |
. 873 K
(i} CH;-C=cCH W
P
,
21. Emission transitions in the Paschen s%ﬁ‘e;%’hd atorbit n = 3 and start from orbit n and

can be represented as n = 3.2 x 10?55u£ff?’Calculate the value of n if the transition is :
observed at 1285 nm. Find the ;gﬁ%mfﬂf the spectrum. 7 , | (3)

KN |
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SARASWATI CHEMISTRY POINT

22. What are the various factors due to which the ionisation enthalpy of the main group
elements tends to decrease down a group? (3} £

Ad (A) is soluble

which is soluble in excess of NaOH to give soluble comp!ex (B)? Co@
rongiy gives (D)

in dilute HCl to form compound {C). The compound (A} when hea‘*-
which is used to extract metal. Identify (X), (A), {B), {C) and
to support their identities. B,

(3)

ii
A
Q‘% 4
et

Ay
24. Explain the following reactions: %‘;@% .

(i)  Silicon is heated with meér&céioride at high temperature in the presence of

copper. AY
(i)  Silicon dioxide is treag,e ith hydrogen fluoride.

(iii) Hydrated alumma@yeated with aqueous NaOH solution. (3)

Lod

PITAM PURA & ROHINt SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

25. When an alkali metal dissolves in liquid ammonia the solution can acquire different
colours. Explain the reason for this type of colour change.

e ’“«,,
26. Discuss the principle and method of softening of hard water by sy@tl’ ion-exchange
resins. . ‘

(3)

27, At 700 K, equilibrium constant for the reaction:a}-‘éﬁ%@*}% l2{g} = 2HI (g) is 54.8. If 0.5 mol
L of Hi 7

g) is present at equilibrium at 700 LR h%,t are the concentration of Hi(g} and I,
{g) assuming that we initially started with I;Ih{f{_gf)}and allowed it to reach equilibrium at
700 K. _ ’%g %

. (3}
)
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SARASWATI CHEMISTRY POINT

28. (a) For each of the following compounds, write a condensed formula and also their
~bond line formula.
(i)  HOCH,CH,CH,CH{CH:}CH(CH5)CH,
OH

|
{ii} N=C-C-CH-C=N
(b) Give the wedge and dash representation of CH,.
(c) Arrange the following alkyl radicals in increasing order of their £faF

+ + + +

CHs, CH,CHg, CH{CHs),, C{CH3)

(a) Name the met %%used for the quantitative estlmatlon of carbon and hydrogen in an
organic copapolnd.

~ {b)How can yous€onfirm the purity of a compound?
(

c) Strucjcu&e%s and IUPAC na mes of some hydrocarbons are given below. Explain, why
dmes given in parentheses are incorrect? (5)

PITAM PURA & ROHiNf SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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29. (a) Two litres of an ideal gasata pressure of 1 atm ey PNk isothermally into a vacuum
until its total volume is 10 fitres. How much heat i is E’fbmr ed and how much work is
done in the expansion. P

{b) Derive a refationship between heat of reacﬁ’é@%%

t constant pressure and constant
volume e.g., AH = AU + AnyRT. Qfﬁ

PITAM PURA & ROHINI
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SARASWATI CHEMISTRY POINT

(a) A swimmer coming out from a pool is covered with a film of water w

eighing about
18 g. How much heat must be supplied to evaporate this water at 298 K? Calculate, %
the internat energy of Vapourisation at 100°c.

AypH® for water at 373 K = 4066k) mol™
(b) Derive a relationship between Cp and Cv foran ideal gas.

5

30.(a) What is meant by the conjugate ao{@?& pair? Find the conjugate acid/base for the
following species: %
(b) The ionisation constant of% 2007 is 1.0 x 10%°. What js the concentration of

phenolate ion in 0.05M solutidn & phenol? What will be its degree of ionization if the
solution is also 0.01 M in UM phenate. ' '

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

2

OR

(a) The first ionisation constant of H2S is 9.1 x 10,4 and second dissociation constantff@ i

HpSis 1.2 x 107, Calculate the concentration of HS™ ion in its 0.1 M solution a%’ﬁ*‘l‘m

wilt this concentration be effected if the solution is 0.1 M in HCI also. Calculdter |
concentration of $°. :

. Y, e
{b) The ionisation constant of acetic acid is 1.74 x 10™. Calculate the deg %é‘ﬁ

dissociation of acetic acid in its 0.05 M solution. Calculate the coﬁce%%r:@-tion of
acetate ion in the solution and its pH.

(5)

PITAM PURA & ROHINt SUDHIR PANWAR
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SARASWATI CHEMISTRY POINT

[CLASS - XJ]

CHEMISTRY (THEORY)

_ ISAMPLE PAPER—VH]
Time Allowed: 3 hrs

1. How many elements can be accommodated in the present set up of the Id%g@p?m of the
periodic table? : (1)

(1)
(1)

(1)

(1)

6. The equahbrtum cog ?é??ofa reaction at 27°C and 127°C are 1.52 x 10" and 1.26 x 107

respectively. Is tQ“"@g 3ction exothermic or endothermic? (1}
‘fh‘\i
&
PITAM PURA & ROHIN! SUDHIRPANWAR  011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

7. The enthalpy change for the reaction: 2NH; (

gl ~ N, (g) + 3H, (g) is 92.2 k1. What is the
“enthalpy of formation of ammonia?

(1) 4
4

;"

8. What would be the S| units for the quantity pvT?/n?

9. Give molecular electronic configuration of peroxide iomg
the two has larger bond length? o

(2)

73
- By f® Co
10. How would you explain the fact that th@fjggﬁomzatlon enthalpy of sodium is lower
than that of magnesium but its segond_io@gation enthalpy is higher than that of
Bl

5 %

magnesium? \%‘{%? (2)

A~

£ T,
oo LR
i L

11. Calculate the wave[gﬁ??ip?gf an electron having mass = 9.1 x 103! kg and kinetic

25 pb R
energy =3.0 x 10&,5 ?%{

(2)

PITAM PURA & ROHIN! SUDHIR PANWAR 011-27316087 / 9213145146 /9899899326

(www.saraswatichemistrypoint.com) 2



SARASWATI CHEMISTRY POINT

12.1f20.0 g of CaCO; is treated with 20.0 of HCl, how many grams of CO, can be produced
according to the reaction: CaCOs(s) + 2HCl(ag) — CaCly(aq) + H0(l) + CO,(g) (2) 7

13. Explain the following:

(i} Uiquids like acetone and ether are kept at cold places.
(i) Hydrogen and helium are not liquefied at room temp&rat

14. For the water gas reaction: @
C(s).‘+ H,O (g) — CO (g} + H,(g) the stan%%%bbs energy for the reaction at 1000 K is
-8.1 kl mol™. Calculate its equilibrigm ‘ez;gstant. (2)

i
B

oy
A

15. What is Le Ch{;‘@?ir’s principles. With the help of this explain: ice melts when pressure
is applied &g ite : (2)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

16. Calculate the strength in volumes of 3 solution containing 30.36 g/l of H,0,.

17.

&
18. Give the basic difference between Duma’s method’%@ngjeldahl’s method for the
estimation of nitrogen. M

f Y (2)

D

Ty
&@m:f
k4

ag@%: omers of molecular formula C;H,0. (3)

19. Draw structures of cyclic and

#

@

20. (a) wmﬁ%\ft

he two: O,N CH,CH,0™ or CH3CH,0" is expected to be more stable and
?

(b{é’w 1y alkyl groups act as electron donors when attached to a p-system.
AelWhich of the following carbocation is more stable:

(i) (CHa)3 CCHy'

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326

{www.saraswatichemistrypoint.com) 4




SARASWATI CHEMISTRY POI NT

(”) CH3 o HzCH3
(i) CHsCH,CH,"

21. (a) How will you convert:

(i) Ethane to butane %@%‘

(i) Ethane to ethyne o w
(iii) Ethyne to methane

{b) What effect does branching@% Ifane change has on its boiling into.
(c) Draw cis and trans isom hofsHex-2-ene. Which isomer will have higher boiling
point? (3)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 f 9899899326
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SARASWATI CHEMISTRY POINT

22. {a) Write down the products of ozonolysis of 1, 2-Dimethylbenzene. How do t@su[ts
support the Kekute structure of benzene?

{b) Why is benzene extra ordinarily stable though it contains three douh| }%“

%:;ﬁ?is? {3)

%)
oy
23. Giye the reasons: w

(i) Aluminium wires are used to makéitratismission cables.
.e . . . ,"4@; b
(i) Diamond is used as an abrasiver,

(i)} Aluminium utensils should*@\,

‘b;,e-'yl'%ept inwater overnight, {3)

24, Ciﬁplete the following reactions:
4/{{) Cashy s) + H0 () ——
(i M0, + H' +H,0,—

PITAM PURA & ROHINI

SUDHIR PANWAR 011-27316087 / 9213145145/9899899325
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SARASWATI CHEMISTRY POINT

(m) b+ H0,+0H —,

25. (a) The Mn™ ion is unstable in solution and undergoes diSpropgg?tunatton to give Min™*
MnO, and H" ion. Write a balance ionic equation fort g ?J:%;
(b} Predict the product of electrolysis of an aqueous soly I@(;}/Of AgNO; with Ag
electrodes. : { (3}

26. (a) The waveﬁ‘ﬁ%’iﬁ of first spectral line in the Balmer series is 6561 A. Calculate the
wavele agtﬁ of the second spectral line in Balmer series.

(b} Houeany electrons in a given atom can have the following guantum number

values:n=4,1=2, m=1 (3)
Aé&
f%
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27. Commercially available sulphuric acid contains 93% acid by mass
1.84 g mL™. Calculate (i) the molarity of the solution {ii) volume 16}
required to prepare 2.5 L of 0.50 M H,S0,. &

&

- ﬂ§ a density of
.Goncentrated acid

L4

’ %,:__%l (3)
A3
28. (a) On the basis of VSERﬁ;theory, explain the shapes of following:
H;0 and NH, moléﬁé%ggf
{b) Draw resona nce&’;ﬁ!‘s;cﬁ&itures for SO; and CO, molecules.
(¢) Which out ofﬁ@ﬁ%nd NF3 has higher dipole moment and why? (5)

PITAM PURA & ROHIN) SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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29. (a) What is solubility product? How is it different from ionic producf,
{b) Calculate the molar solubility of Ni{OH}), in 0.10 M and NaOH.
Kep Of Ni{OH);=2.0x 107,
{c) What are acidic buffers? Give on example.
(d) Calculate the pH of 10® M HCI solution.

D

Assign structures for the following:
i) Analkyne (X} has molecular formula CsHg. It reacts neither with sodamide nor
. with amoniacal cuprous chloride.

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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(i} Ahydrocarbon ‘v’ decolourises bromine water, On ozonolysis it gives 3-Methyl

butanal and formaldehyde. Give the name of the compound.
(i) A hydrocarbon {7)

has molecular formula CgHio. It does not decolourise &
bromine water and is oxidised to benzoic acid on heating with K,Cr,0,. if can’

also have three other isomers A, B and C. Write the structures of Z, * C.
{(b) What effect does branching of an alkane chain has on its boiling poing?

&
{c) Draw cis and trans isomers of hex-2-ene. Which isomer will have hi%‘éiiing
(S

point? @ &%
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[CLASS - X1]

CHEMISTRY (THEORY)
[SAMPLE PAPER-VIII]

Tinre Allowed: 3 hrs

—(pKa = 4.74)
B— (pKzg..— 5.43)
C-(pKa = 6.73)
w’“’%%*
4, Ple out the cation which will have“t@e highest and lowest hydration energy.
Mg2+ 52t : (1)

5. Give the formula of / |g’?,lc benzene’. (1)
%
%’ -
6. Give the numBérdfa-carbons in the following molecules?
- CH, ,\CH CHs '
(1)
PITAM PURA & ROHINI SUDHIR PANWAR  011-27316087 / 9213145146 / 9899899326
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SARASWATTI CHEMISTRY POINT

7. Identify non-aromatic compound form the following:

(a)

o) [ |

:X.r ly! O
CH3—CH~—CEC—C//

CH, \H

8. Which hybrid orbitals are used by ‘C" atoms Iai:‘% X" and ‘y
‘*‘%f

(1)

7
i,

. (a) Which out of NH, g&jﬂ\lF 3 has high dipole moment and why?
(b) Distinguish between's and 1 bonds in terms of extent of overlap and rotation

along the in e% %ear axis. ' (2)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 f 9213145146 / 9899899326
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SARASWATI CHEMISTRY POINT

10. (a) Give two properties to show simila rity between Li and Mg.
(b} BaO in soluble but BaS0, is insoluble in water. Explain.

Or
(2) Give reason for anomalous behaviour of Li.

(b} Caesium and Potassium are used in photo electric effect. Explaide

11. (a) What is inert pair effect?
(b} What is the effect of heat on orthoboric a\g;id%y . | (2)

&)

,éé"»m 27 %
%
i

@?,gsr'

R
F
2
;

,!&1:
!"

I

n

)
s

P

12. Give the [UPAC name of the foiiowf"‘
(i) CH; CH, CH{OH) CH, COOH&\

P,

{ii} (CH3)s C CHzc(CHz,)zCHaéa - (2)

%;

. {(a) For an |soiat"“d system AU = 0, What will be AS?

{b) Given g4 + 3H,(g) — 2NH;(g) ArH® = -92.4 kJ mol™
%tandard enthalpy of formation of NH,? (2)

PITAM PURA & ROHINI . SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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14. The foilowing reaction hos ~**=ined equilibrium CO(g) + 2H,{g) = CH30H(g) AH =97
What will happen if,

{a) Volume of the reaction vessel is suddenly reduced
(b} Partial pressure of H;, is suddenly doubled?

e

15. {a) Classify the following <zecies as Lewis Acid & LeWé;;?‘S’e
(i) BCl, (i) F j
(b} The ionisation constant of HCOOH is 1.8 X 1 %*aiculate the ionisation constant of
the corresponding conjugzte base. %” (2)
16. Balance the fo!lowmg redox reaction in Acidic medium —
H,0, (aq) + Fe,’ (EQ) “Fey (ag) + H0()) (2)

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 /9899899326
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17. Balance the following redox reaction in Basic medium -
MnO7 {ag) +1” {ag) —~ MnO,(s} + I,(s)

@D 57] C-

18. Arrange the following in the i zreasing order of the property mengﬁiﬁ:ﬁ?‘ﬁa

(@) CH; CHy, (CH3)s €, (CHs), €' [stability)
y O
(b)Cl— CHy— CHy—C= 7
N
O
(Acidic strength)
/O o ‘.k ?
/ z 4_ b
CH3—CH;—C
3 2 \ s '%,
OH 3
| 0 Aoy
CHy — CH~ 7 f@’;%’
Cl oH ?“‘% (2)
é:ﬁ%?ﬁ ¢%€
,é& b i’gf?}
PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899325
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19. How will you convert (Give equations)
(a) Ethyne to Benzene
(b} Acetylene to Acetophencne
_{c}) Methane Ethane

20. {a) Give the structure of 4-Methylcyclohexene
(b) Explain metamerism with 1 suitable example.

R,

(c) Draw ali the canonical forms of benzylic carbanion shigjf%le %ron displacement

by suitable arrows.

(3)

21.(a) C—C bond length in propene’s | ttle shorter {1.49 A) than C~ C bond length (1.54 A)
in ethane. Why? LN

iz,

e

{b) Which type of isomerism s ‘Vexhibited by the following pairs.

0 Con |
() VV@d /\)K
i ’ Ci W

I £ H
SNIRY o G
{ii) Gz and C= C\
HO o’ O

(d)Whaf‘dT"’“the minimum number of carbon atom that an alkane must contain to have

chain isomers? (3)
&
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22. (a) Using Molecular orbital theory. Explain that 0, molecule can exist a %,
paramagnetic. (At. No. =8) %,

(b) Draw the Lewis dot diagram of O; and find out the formal charg®o each O atom,

(3)

23. (a) State Hess's law of constant heat sukbm%lon
{b) Calculate the change in Enthat,py for}th'?reactlon
HC=CH,; (g) + 30, () — 2 C@z m)?* 2H,0(1)
Given Bond energy: %
(C—H) 414 kJ mole™, (0 4
(C=C) 619 kI mole™,

(0—H) 460 kI mol.,4

’99 kI mole™
724 kJ mol™(2)

(3)

PITANM PURA & ROHINI SUDHIR PANWAR 011-27316087 /9213145146 / 9899899326
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24. {a) K, for the reaction 250, (g} + O, (g) = 2505 {g) is 16 at a certain temperature.

Calculate the value of Kp at the same temperature for the reaction
503 (g} = 50, (g) + 0, (e)

(b} One mole of H,0 and one mole of CO are taken in a 10 litre vessel and heatedfio® j

725 k. At equilibrium, 40% of water (by mass) reacts with CO according to eﬁﬁl‘l n:
H,0 (g) + CO (g) = Hyfg) + CO, (g) N

. &
Calculate the equilibrium constant for the reaction. ﬁ%
S

e 4
Y

(3)

‘?.'ZM ’V?}
G
25, (a) What will be the effect of the aqu s g;s solution of the following salt on blue litmus
paper. Yt
(i) NH,NO; i({g)lgaCi
(b) Equal volume of 0.002 %ﬁﬁld‘t‘fon of sodium iodate and cupric chlorate are mixed
together. Will it lead t@i@?’iﬁ)recipitation of copper iodate?

Ksp [Cu(l03),] = 7.4 '@ofﬁ.
@

4o | (3)
<Y

$

’,%:\ -

PITAM PURA & ROHIN} SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326

(www.saraswatichemistrypoint.com) 8




SARASWATI CHEMISTRY POINT

26. (3) Kaz << Kal for H2504 Why?

(c) Calculate the pH of the resultant mixture when 10 ml of 0.2 M Ca(OH)

2 is mixed
25 mlof 0.1 M HCI. '

Or ‘?"&&%

. 6
(a) NH,Cl is added before adding NHAOH for the quah@%nalyws of 3 gp cation.
Explain.

Y

(b) The ionisation constant of phenolis 1 x 107 \f}%“t is the concentration of phenate

ion in 0.05 M solution of Pheno!? What w (Ul be the degree of ionization lf solution is

also 0.01 M i sodium phenate? (3
;Qﬁf‘% . )

27. (a) Give the m-ééhanism of nitration of benzene,
{(h) Write the following reactions:
i) Friedal Craft Alkylation .
i} Wurtz reaction ) (3}

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 f 9213145146 / 9899899326
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2y

&
28. (a) An Alkene ‘A’ gives 2-Methyl propanal and 2, 2-Dimethyl butar!-a‘f%n eductive
ozonolysis. Identify ‘A’ and write the equation.
(b) Complete the following reaction: A

y
. 3 Peroxide
(i) CH; — CH = CH, + HBr _L8r0XIde |

e,

&
. Hg2+/H+ . %
HCH;~C=CH + H,0 Ty
() CHa T o Gy
{c) Terminal alkynes are acidic in nature. Explain, &, >

: or -
(a) isopr%@ a"fzohol on dehydration with conc., H,50,4 gave ‘A’ which on reaction with
HBAindark formed ‘B’ as major product. Identify ‘A’
é&{@tion.
Eé;ﬁzi"%w would you distinguish between Propane and propene? Give equation.

[
L

P :Benzene undergo electrophilic substitution reaction easily. Explain. (3)

and ‘B’ and give chemical

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 /9899899326
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o

29. (a) When an alkali metal dissolves in liquid NH;, Qe

colors. Explain the reasons giving relevant equatio n%
(b) Give reasons:

(i) Lil is more soluble than Kl in alcohol. @

(i) Be and Mg do not give colour to flam@awhereas other members give.
(m) LI forms oxide but Na* form pe?@%and superoxide.

Or

. reasons for the foliowing:

e3(i) First LE. of alkaline earth metals are higher than those of the corresponding group
| metals.
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(i) Li,CO; decomposes at lower temperatureowhereas Na,CO; at higher
temperature.

(ifi) Alkaline earth metals have higher M.P. than alkali metals. (5@@

30. (a) What happens when: ,f“’?s
(i) Silicon is heated with methyl{ghlqr{i&; )

(i) SiClsis hydrolysed in water. }r"%{?

(b) Explain the following giving re;_asofg;i;g

(i) Boric acid is not a protic ac'r_%g;w
(i) Boron is unable to form igi"a@mé
}

(i) Atomic radius of Galfiﬁg&%fss than Aluminium
e '
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(a) Explain the structure of diborane.
{b) Give reasons for the following:
(i) [SiFe]* is known whereas [CF]? not.

(i) Ingroup 14, there is considerable increased in covalent radius from C s"'
small increases from Si to Pb.

-
(iii) B~ Cl bond has a dipole moment but BCl; has zero dipole momen;

PITAM PURA & ROHINI SUDHIR PANWAR 011-27316087 / 9213145146 / 9899899326
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