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CHEMISTRY (13

SYLLABUS : lonic equilibrium (lonisation of weak electrolyte, Arrhenius theory, Bronsted-Lowry concept, lonic
Product of Water, pH Scale, Hydrolysis)

Max. Marks : 120 Time : 60 min.

GENERAL INSTRUCTIONS

» The Daily Practice Problem Sheet contains 30 MCQ's. For each question only one option is correct. Darken the correct circle/
bubble in the Response Grid provided on each page.

» You have to evaluase your Response Grids yourself with the help of solution booklet.

e Each correct answer willget you 4 marks and 1 mark shall be deduced for each incorrect answer. No mark will be given/ deducted
if no bubble is filled. Keep a timer in front of you and ssop immediately at the end of 60 min.

» The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that syllabus.
Refer syllabus sheet in the starting of the book for the syllabus of all the DPP sheets.

e After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time to
analyse your performance and revise the areas which emerge out as weak in your evaluation.

DIRECTIONS (Q.1-Q.21) : There are 21 multiple choice Q.3 The degree of ionization of a compound depends on

questions. Each question has 4 choices (a), (b), (c) and (d), (a) sizc of solutc

out of which ONLY ONE choice is correct. (b) naturc of solutc

Q.1 A certain weak acid has K,=1.0x10-*. Calculatc the (¢) naturcofl vessel
equilibrium constant for its rcaction with a strong base - (d) quantity of clcctricity passed
(a) 10° (b) 10'® Q.4 BacCl, solution is always ncutral in naturc. Becausc -
(c) 10V @ 1072 (a) Number of barium ion = nunber of chloride ion

> calaul Hof luti h 100 e {b) Numberof bariumion is justdouble than chloride ions
Q. dEH AL B ORSS I ainase HE ST (c) Number of chloride ions are just half than Ba*?Z ions
NaOH dissolved in it - - - ;

3 16.699 (b) 11.699 (d) Number ofBa“™ ions isjust halfthat of C1™ ions

@ e 3 Q.5 Theacid with maximum sirength has pK, value equal to

(c) 12.699 (d) 13.699 @ 10 ®) 45 () 1.0 () 2.0
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Q.6 Thc conjugatc basc of H,SOy in the following rcaction is -

H,SO, +H,0 = H,0*+HSO;

(a) H,0 (b) H;0"
(c) HSO4 (d) SO?
Q.7 Which one of the following can act as Bronsted acid as
well as Bronsted base ?
(a) CH,COO0~ (by CO?
(c) HPO: (d) H;PO,

Q.8

What will be the hydroxyl ion concentration in a 0.175 M
solution of HCI?

(a) S.7>10014™m
(c) 5.75x10"10m

(b) 6.75=10r12 M
(d) 675> 10714 M

Q.9 What will be the hydrogen ion concentration of a 0.01 M
solution of Ca(Ol—I)2 ?
(@ Sxl1o~3™M (b) Sx10716
(c) 5x10719 (d) None

Q.10Thc ionization constant for water is 1x10-13-6 a1 37°C. What
will bc H;O" and OH™ concentration at that tcmperature ?

(a) 3.75x 108 (b) 175108
(c) 1.58 =107 (d) 1.85x 1078

Q.11 A 0.01 M solution of HCN 1s 0.01% ionised. The ionisation
constant of the acid is -
(a) 1074 (b) 1076
(c) 10-te (d) 1078

Q.12 What will bc the pH of an aqucous solution of 1.0 M
ammonium formate, assuming complete dissociation?
(pK, of formic acid = 3.8 and pK, of ammonia = 4.8)
(a) 8.5 (b) 6.5
(¢) 9.5 (d) S.5

Q.13 What isthe pH of 0.10 M CH;COONa solution. Hydrolysis
constant of sodium acetate is 5.6 > 107107
(a) 8.874 (b) 88.74
(c) 887.4 (d) 0.88
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Q.14 ThepH 0f0.1 M NH,Cl solution is 5.13. What will be the
dissociation constant of NH,OH
(a) 1.8x1077 (b) 1.8x107°
(c) 1.8x10°3 (d) Nonc

Q.15 Which one of the following ionic species has the greatest
proton alfinity to form stable compound?
(@ [ (b) HS™

(c) NH; d) F

Q.16 The pereentage dissociation 0of 0.02 M CH;COOH solution
(K- 1.8 %1073 )is
@ 3% (b) 0.03%
(c) 2% (d) 0.02%

Q.17Thc dissociation constant of CH;COOH is 1.8 x 1075

Determine the H' ion concentration of0.01 M solution of
acetic acid at 25°C.

(@) 5.5» 103 (b) 1.8 107
(c) 424 x ]0-4 (d) 1.01 x 10-#

Q.18 How many hydrogen ions are present in | m1l of a solution
of pH =13 ?

(a) 6.02 x 1013 (b) 6.02 x 10!2
(c) 6.02 > 107 (d) 6.02 x 103

Q.19 Which of the followrng is not a lcwis basc ?
(a) Ag" (b) H,O
(c) CN- (d) NH;

Q.20 What is thc maximum concentration of Ni2* ions in water
(at 25°C) that is saturatcd with HZS (0.IM at 25°C) and
maintaincd at pH 3 with HCI . K, of NiS is 3 x 10-2L H,S
dissociates in twosteps, each with an equilibrium constant
given below:

H?.S r—i H++ HS Kal =91 x 10—8

HS _\—:\H‘*'-FS’2 Kaz =1.1x10"12
(a) 3x1077M (b) 4x10-7M
(c) 5x107M (d) 6x10-7™M
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Q.21 Suppose the change HC,03 +Cl,— CO%~ +Cl-istobe

carricd out in basic solution. Starting with 0.1 molc of

OH~, 0.1 molc of HC, O and 0.05 molc of Cl,, how many

molcs of CI™ would be cxpected to be in the final solution ?

(a) 3.04 (b) 204 (c¢) 104 (d) 0.04
DIRECTIONS (Q.22-Q.24) : In the following qucstions,
more than one of the answers given are correct. Select the

correct answers and mark it according to the following
codes:

Codes :
(a) 1,2 and 3 arc corrcct (b) 1and 2 arc corrcct
(¢) 2 and 4 are correct (d) 1 and 3 are correct

Q.22The pH valucs of 8.1 M and 0.01 M NH,Cl arc 5.128 and
5.628 respectively. Choose the correct statements from
the following—

(1) If dilution is the only factor, the pH should be 6.128
instead of 5.628

(2) The given value suggests that NH} ion dissociates
morc¢ in a more¢ dilutc solution

(3) The degree of hydrolysis of NHj ion is about 1000
times less for the dilute solution

(4) A 0.01 M solution of NH,Cl is Icss acidic than 0.1 M
solution

Q.23 A 1 litre solution of pH = | was diluted upto 10 times.

What volume of a solution with pH= 2 should be added in
diluted solution so that pH docs not change ?

(1 (2)
(3) 100 litre (4) Nonc of these

| litre 10 litre

Q.24 Which of the following statements are correct?

(1) The conjugate base of H, PO, is HPO i_
(2) ThepHof 1.0 x 10~8M solution of HCl is 8

(3) Autoprotolysis constant of water incrcascs with
temperature

{(4) When a solution of a weak monoprotic acid is titrated
against a strong basc, at hall-ncutralisation point

pH=(1/2) pK

DIRECTIONS (Q.25-Q.27) : Read the passage given below
and ansyer the questions that follows :

According to Ostwald’s dilution. law.

"For a weak clectrolyte, the degree of ionisation is inverscly
proportional to the squarc root of molar concentration or dircctly
proportional to the square root of volume containing one mole
of the solute.”

Hcencee we have
a=,K,V
Q.25 The dissociation constant of a monobasic acid which is

N
3.5% dissociated in 0 sotution at 20°C is -

(a) 3.5 x 102 (b) 5x103
(¢) 634 %107 (d) 675 x 102
Q.26 The dissociation constant of wcak acid HA is 4.9x 108,
Aficr making the nccessary approximations, calculate pH
in0.1 M acid —
(a) 1.155 (b) 2.155 (c) 3.155 (d) 4.155
Q.27 The dissociation constants for aniline, acetic acid and water
at 25°C are 4 x 1019, 2 > 10> and 10! respectively.
Calculate degree of hydrolysis of aniline acetate in a
decinonnal solution—

(& 0.025 (b) 0.0I5S (c) 0.035 (d) 0.045
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DIRECTIONS (Q. 28-Q.30) : Each ofthese questions contains Q.28 Statement1 HNO; is a sironger acid than HNO,
two statements: Statement-1 (Assertion) and Statement-2 Statement 2 : In HNO; there are two nitrogen-to-oxygen

(Reasen). Each ef these questions has feur alternative cheices,

bonds whereas in HNO, there is only one.

only one of which is the correct answer. You have to select the Q.29 Statement 1 : pH of hydrochloric acid solution is Icss than

correct choice.

that of acctic acid solution of the same concentration.

(a) Statement-1 is True, Statement-2 is True; Statement-2 is a

corrcct explanation for Statement-1.

Statement 2 : [n equimolar solutions, the number of titrable
protons present in hydrochloric acid is less than that persent
in accetic acid.

(b) Statement-l is True, Statement-2 is True; Statement-2 isNOT Q.30 Statement 1 : The degree of ionization of watcr is small at
a correct explanation for Statement-1.

{(¢) Statcment -1 is Falsc, Statcment-2 is Trug.

(d) Statcment -1 is True, Statcrent-2 is Falsc.

25°C, only about one of every 107 molecules in pure water
is ionized at any instant.

Statement 2 : In pure walcr at 25°C, the molar
concentration of water is ¢sscntially constant.
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HA + BOH = BA + H,0
wcak strong
or HA+B*+OH- = B*+A +H,0
or HA +OH"= A~ + H,0
A] .
= [—]_ |H,O] remains constant
[IIA][OII ]
-. 1t can be neglected}
Also for weak acid HA

HA = H' + A"

HT(AT]
% = (HT][A ]
e [HA]
K, —,.  Kge 05 L
qu or K = K 10_r4—|0

100 ml solution of NaOH contains = 0.2 gm NaOH
. 1000 mt solution of NaOH contains = 2 gm NaOH

2
Normalityofsolution = 0 =0.05N

T4
. lH+J: 10

0.05

-14

H=-log [H*

=—[-14+2-0.6990]1=12.699

For strong electrolyte a =~ 100%, for weak electrolyte
a = | —10%, at the same concentration.

Magnitude of opposite charges are equal m solution
that’s why solution is ncutral in naturc.

BaCl, = Ba*? + 2CI-

Acidic strength o K o L

PK,
A pair of acid and its con jugate base differs by a proton
only, 1.e.
Acid
For H,S0,,H,S0,

acid

10
s —log[H*] = —]Og{

Conjugate base+ H*

HSO; +H*
conjugale base
According to Bronsted - lowry concept, an acid is a
substance which has a tendency to give a proton
(H") and a base is a substance which has a tendency
to accept a proton. Now,
CH;COO~ can only accept a H' and is . a Bronsted
base
COf can only accept H' andis .. a Bronsted base
H,PO, can only donatc H' and is .. a Bronsted acid

only

8 @

9 @

(10) (©

(1) ()

(12) O

(13

HPO? can accept as well as donate H to act as a
Bronsted acid as well as a Bronsted base, i.e.,

—H' +H'

TR 2- =
POy Bronsted HEO, Bronsted Ha PO;
acid base
Ky =[H"||OH] (D
given [HCI]|=0.175 M.
HClis astrong acid. Thus,
[HH=0.175M
Substituting in (1),
Ky 107H
[OH |=—Y =2 s mnt® M
[H*] 0.175
KW=[H+‘| [OH]
Ca(OH), —, Ca®" + 20H"-
before 0.0l 0 0
alicr [ ] 001 2x0.0l
. [OH ]=0.02M
1 0™
A[HET= -=5x103M

Ky =[Ht||OH]= 1 »x 10-136
(H']=[0H )= | X0 P6 =1.58% 107

According to Ostwald’s dilution Law
K = % = C
TS 7 §

K, = lonisation constant
a = Degree of dissociation
C = Molar concentration
ForHCN,C=0.01M

HCN —— H'+CN

(whena <<1)

before 0.0l 0 0
after 0.0l-a o o
0.0l
0.01% ionization means o= —=10*
100
Loa=104

S K, =107 (0.01) = 1010

The pH of salt HCOONH, (a salt of wcak acid +wcak
base) Is given by-

HCOONH, + H,0 — HCOOH+ NH,OH

For salt of a weak acid and a wcak basc.

pH = /2 [log K, —log K —logK,]

- pH = 112 [pK, + pK, —pK,]
pH=1/2[38+14-4.8]=6.5



(13)

(14)

@)

or

Hydrolysis of the salt may be represented as
CH,COO™+Na*+H,0+= CH,COOH +Na* +OH"
(CH,CO0™ +H,0 = CH;COOH+OH"

Al1=0 & 0 0

Atcquilibrium C(l — )

(c)

(15) (o)

(16)

17

@)

©

Ca Cox

K= O =Ca? wh << |
W C(l—a,_ a” whetn a

[OH] =Ca=0.10x75x 10"

pOH =-log (7.5%x10%)=5126

pH = 14-pOH= 14-5.126 = 8874

NH, Cl is salt of wcak basc and strong acid, formula
for pH of its hydrolysis may be calculated as,

1
pH= 2 [pKy—pK,,—logC]

where pH=5.13
pKy = —log Ky = —log 10-1% = 14
logC=1log0.1=-1

Substituting the valucs in cquation ¢ 1) we get —

I
5.03 = = (14-pKy+ 1]

10.26=15-pK,
pK, = 474
—logK, = pK =474
o antilog (-4.74)

K, =1.8x10"3
Strongcst proton allinity will be for the specics which
is the strongest basc or whosc conjugalc acid is the
wcakest. The conjugalc acid of NH, ™ is NH, which is
the weakest acid out of HI, H, S, NH, and HF.

[Ka _fl.s o™
o= —— —_——
C 0.02 o

Percentage dissociation =0.03 x 100 =3%
We know that

CH,COOH — CH, COO™ +H'

Atoquilibrium  C(l -a) Ca Co

H'=aC anda = /-2
=& anaa = C

K
H*= ,’Ta xC= K, XC
Given C=0.0l MandK =1.8x 105

H*= 1.8 X0 X072 =/1a X0~
=424x%x10"

(18)

(19)

(20)

(21)

(22)

(]

(a)

@@

@

)

~log |H*|=13

or[H']= 10" moyL-!

[H*]in 1 ml=10"'° molcs

1 mole H* contains 6.023 x 1023 H* ions

10~1® moles of HT ions contain =6.023x1023x](-16
=6.023 %107

Agtionis a Lewis acid because itcan accept a pair of

clecirons.

The overall dissociation of H,S will be the product of

Kal alld Ka: .

Kaz Kal * KaZ
=(9.1 x 10°8)x (1. 1x10712)=1 x 1019

Saturated H,S is approximately0.1 M and dissociation

ofH,S is very slight ic. H,S == 2H*+ 82~

+12 (02—
Ku:[H ] IS I
[H,S]
o, [H2[ST]=1=101?x10-1=10-2¢
Sincce, pHis 3, [H'] =107 M
From(l),

L Ku[H8] 10%
[HP 1%

Since NiS will precipitate, ifthe S.P. is exceeded, the
highestvaluc which [Ni*2]can have is:
73|

= 10-14m

=3x107M

[

The cquation for this rcaction is

INi?*|= —107

HC, 0; + Cl,+50H —2C1™ +(0,% +3H,0

Here, OH isthe limiting reagent and will be used up
campletely.

Since, 5 moles of OH produce 2 moles of C1™

= 0.l mol ofOH will produce 0.04 moleof Cl

= Moles of CI" in the final solution = 0.04

Between 0.1 M and 0.01 M thereis adilution factor of
10. 1f this is the only change that happens, then the
[H*|should have gone down by a factor of 1 and pH
would goupbyoncunitic., 5.128 106.128. Actually it
is 0.f'5.628 which is less and would thus corrcspond
to a more acidic solution than expected. This means
that the acid NH4+ ion dissociates more in a more
dilutc solution.

The degree of hydrolysis for 0.1 M and 0.01 M solution
can be shown to be 7.5 x 102 and 2.4 x 10~%
respectively.
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(23)

(24)

(25)

(26)

(a)

@

()

(@)

] 33

After dilution [H'] =102 = pH=2
Let V litre solution of pH = 2 is added in original
solution so that pHremains fixed.

_102x+Vx10?
= 10+V

This resultis independent of volume taken.

pH of 1 x 10-8 M is below 7 because it is an acid.
H,P®; +H,0 ——=HPO; +H;0"

H,0+H,0 == OH +H;0"

K (Autoprotolysis constant of water i.e. ionic product

of walcr) incrcascs with temperature. For half
ncutralisation ola weak acid by a weak basc,

| ,[Salt]
pH=pK_ + %m

[Salt]=[Acid], . pH=pK,

- [Hl] =102

N
Concentration ofacid = i =0.05N

Out of 100 molcculcs, 3.5 moleculcs have been
dissociated
~. Out of | molecules theno. ofdissociated molecules

3.5
==—==0.035=x

100

« _ CQ _0.05X%0.038)°
a gL  170.035
=6.34x%107

Forweak acid K - al C

’K, ’ 5
C 0.1

pH =-logH*=-log . C
=_log 7x1074x]0°!
=4.1549 = 4 155

(27) (c)
(28) @
29) @
(30) ()

|
Anilinium ion+ Acelate ion + H,0
= | +Acelicacid
Before hydrolysis | 1 0 0
Afier hydrolysis I-h  1-h h h
Let concen. of saltbe C mol L™

Ch .Ch h?
K= cany . can = g2
h —| Ky
I—h \K,.K,
_J ¥ v
2x10™ % 4x10710
h=0.035

Among oxoacids, theacidic characler increases with
increasein oxidation state of the central atom.
O.S.of NinHNO;=+5

0O.S.ofNin HNO, =+3

thus HNOj, stronger than HNO,. Hence asscrtion is
COrrect.

Structure of HNO, : 1 =0 =N=0);

/o

\O

Thestatement | is true but the statement 2 is wrong
as can be clearly scen from the above structures.
HCl is a strong clectrolyic since it will produce more
H* in comparison to that of CH;COOH. Hence
statcment | is truc but statement 2 is falsc.

Degrec ol ionization ol H,O is small because H,O is a
very weak clectrolyte.

Structurc of HNOy : H=0=N
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