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SOLUTIONS

Module - 2 / JEE-2022

Stoichiometry - Il

IN-CHAPTER EXERCISES Chemistry (Redox Reactions)

[ EXERCISE-A ]

1. () HCIO,:(+D)x1+(x)x1+(-2)x4=0 = x=+7
@ii) Ba(ClOy),: (+2) x 1 +(x) x2+(2)x6=0 = x=+5
(iii) CrO,Cl, : Chromyl chloride : In chlorides, 0.5 of Clis always—1. (iv)  CLO;: (x) X2+ (-2)x7=0 = x=+7

2. () CN- —— N, +HCO; and OCI" ——Cl”
(Both Cand N are oxidised) (Reduced)

() 0, —>0, and C¢H;OH —> CO,

Reduced Oxidised
(iii) I’ — L, and O; — O, @iv) szoﬁ‘ ——> HSO; and Cl, —— CI”
Oxidised Reduced Oxidised Reduced

(vy C—— CO and ZnO —— Zn
Oxidised Reduced

3. (@) Te(s)+NOj(aq.) ——> TeO,(s) + NO(g)
Oxidation : Te(s) + 2H,0 — TeO,(s) + 4H" + 4e~ ; Reduction: NO3 (aq.) + 4H" +3¢” —— NO(g) + 2H,0
(i) H,0,(aq.) + Fe*" (ag.)—— Fe’* (aq.) + H,O(/)
Oxidation : Fe’* (aq) —> Fe** (aq.) + e~ ; Reduction : H,0,(aq.) + 2H" + 2¢” —— 2H,0(/)
(iii) Mn(s) + NOj (aq.) —> Mn*" (aq.)+ NO, (g)
Oxidation : Mn(s) —> Mn**(aq.) + 2¢~  ; Reduction: NOj (aq.) +2H" +1le~ —— NO,(g) + H,0(?)
(iv) Mn>" (aq.) ——> MnO, (s) + Mn2+(aq.) (Disproportionation Rx".)
Oxidation: Mn** (aq.) + 2H,0 —> MnO,(s) + 4H" + ¢~ ;  Reduction : Mn**(aq.) + e —— Mn**(aq.)
4. () VO*(aq) —> V" (aq) = VO*'(aq)+2H"+e — V*'(aq.) + H,0
(i) NOj3(ag) —> NO,(g) = NOj(aq.)+2H" +e~ —> NO, + H,0
(iii) 103 (aq)——> I3(aq) = 3103 + 18H" +18¢” — > I3 + 9H,0
5. (i) CrOj (ag) —> Cr(OH);(aq) = CrO3 (aq.) + 4H,0 + 3¢” —> Cr(OH); + 40H"
(i) Bi**(aq) —> BiOj(aq) = Bi**(aq.) + 60H —— BiO5 (aq.) + 3H,0 + 2¢”

(i) CI0™(aq) —— Cl (aq) = ClO (aq.) + H,0 + 2¢” —> Cl (aq.) + 20H"
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(i) MnOy,(aq.) + 105 (aq.) ——> MnO,(s) + 104 (aq.)

Reduction: MnOy (aq) + 2H,0 + 3¢ ——> MnO,(s) + 40H"™
Oxidation : 105 (aq.) + 20H™ —— 10, (aq.) +H,0 + 2e~

2MnOj + 3105 + H,0 —— 2MnO, + 3107 + 20H"
(i) Cu(OH),(s) + N,H,(aq.) —> Cu(s) + N, (g)

Oxidation : N,H,(aq.) + 4OH™ —— N, (g)+ 4H,0 + 4e”
Reduction : Cu(OH),(s) + 2H,O0 + 20H™ + 2e” —— Cu(s) + 4OH™ + 2H,0

2Cu(OH), (s) + N,H,(aq.)—> 2Cu(s) + N, (g)+4H,0
(iii) Fe(OH),(s) + CrO3™ (aq.) ——> Fe(OH)5(s) + Cr(OH); (aq.)

Oxidation : Fe(OH),(s) + OH™ —— Fe(OH);(s) + e~
Reduction : CrOi_ (aq.) + 4H,0 + 3¢e- —— Cr(OH); + 40H"

3Fe(OH), + CrO2~(aq.)+4H,0 —> 3Fe(OH); + Cr(OH); + OH™
() H,0,(aq.) + ClO; (aq.) ——> ClO5(aq.) + O,(g)

Oxidation : H,0,(aq.) + 20H™ —— 0O,(g) + 2H,0 + 2e”
Reduction : ClOy4 (aq.) + 2H,0 +4e” —— ClO; (aq.) + 40H™

2H,0,(aq.) + ClOg (aq.) ——> 20, (g) + ClO;(aq.)+2H,0
(i) H,0,(aq.) + Cr,03 (aq.) — Cr’*(aq.) + O, (g)

Oxidation: H,0,(aq.) —> O,(g) + 2H" + 2¢~
Reduction : Cr,03™ (aq.) + 14H" + 6e” —— 2Cr**(aq.) + 7H,0

Cr,03 (aq.) + 3H,0, + 8H" —— 2Cr*" + 30, + 7H,0
(i) H,0,(aq.) + Mn>"(aq.) ——> MnO,(s) + H,O

Oxidation : Mn** (aq.) + 4OH —— MnO,(s) + 2H,0 + 2¢"
Reduction: H,0,(aq.) + 2e” —— + 20H"

Mn?* (aq.) + H,05(aq.) + 20H™ —— MnO, + 2H,0
(iii) Sn**(aq.) + 103 (aq.) —> 1" (aq.) + Sn*" (aq.)

Oxidation : Sn**(aq.) —— Sn*" (aq.) + 2¢~
Reduction: 10, (aq.)+ 8H" +8¢~ —— 17 (aq.) + 4H,0

4Sn** (aq.) + 105 (aq.) + 8H" —> 4Sn*"(aq.) + I” + 4H,0
(i¥) MnOj(aq.) + SO? (aq.) ——> MnO3 (aq) + SO3 (aq.)

Oxidation : SO3™(aq.)+20H™ —— SO3 (aq.) +H,0 + 2¢~
Reduction : MnOy (aq.) + ¢~ —>Mn042‘_(aq.)

SO3 ™ (aq.) +2MnOj (aq.) + 20H" —> SO7 (aq.) + 2MnO3 (aq.) + H,O
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™ Cr,02 (aq.) + Hl(agq.) ——> Crl3(aq.) + I,(g) +KI

Oxidation :2HI(aq.)—> I,(aq) + 2H" + 2e~
Reduction : Cr,037(aq.) + 14H" + 6 — 2Cr*" + 7H,0

Cr,03 (aq.) + 6HI(aq.) + 8H" ——> 2Cr**(aq.) + 31,(g) + 7H,0

8. (i) CuO + NH3 —> N2 + Cu + H20

Oxidation : 2NH; —> N, +6H" +6e”
Reduction:CuO + 2H" + 2~ —— Cu + H,0

3CuO+2NH; —— 3Cu+N, +3H,0
(i) HI+ HNO; —— I, +NO + H,0

Oxidation : 2HI —— I, +2H" + 2¢~
Reduction : HNO; + 3H" + 3¢ ——> NO + 2H,0

6HI + 2HNO; —> 31, + 2NO + 4H,0

(iii) P,+ H,0 —> PH; + H,PO; + H"

Oxidation : P, + 8H,0 —> 4H,PO; + 8H" + 4e”
Reduction:P, + 12H" +12¢” —> 4PH,

4P, + 24H,0 —— 4PH, + 12H,PO; + 12H"
(ivy  H,S+S0O, ——> S+ H,0

Oxidation : H,S ——> S+2H" +2e~
Reduction: SO, + 4H" + 4¢” —— S+ 2H,0

2H,S + SO, —— 35S + 2H,0
®» CN + MnO; + H,O —— MnO, + CNO™ +OH"™

Oxidation : CN™ + 20H™ —— CNO™ +H,0 + 2e”
Reduction: MnO, + 2H,0 + 3¢ —— MnO, + 40H"

3CN™ +2MnO; + H,0 — 3CNO™ + 2MnO, + 20H™
(V) [Fe(CN)¢IP™ + N,H, + OH™ ——> [Fe(CN)¢]*” + N, +H,0

Reduction:[Fe(CN)6]3_ +e ——> [Fe(CN)6]4_
Oxidation :N,H, +40H™ —— N, +4H,0 +4e”

A[Fe(CN)]>" +N,H, + 40H™ — > 4[Fe(CN)4]*" +N, +4H,0
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(vii) C,H;OH + MnO; ——> CH,COO™ + MnO, + H,0 + OH~

Oxidation : C,bHsOH + SOH™ —— CH3COO™ + 4H,0 + 4e”
Reduction : MnO,4 + 2H,0 + 3e” —— MnO, + 40H™

3C,HsOH + 4MnO; ——> 3CH;COO™ + 4MnO, + 4H,0 + OH~
(viii) P, + H" +NOj3 (dil) + H,0 ——> H,PO; + NO

Oxidation : P, + 16H,0 — > 4H,PO; + 24H" + 20e”
Reduction : NO3 + 4H" +3¢” —— NO + 2H,0

3P, + 20NO; + 8H,0 + 8H" —— 12H,PO; + 20NO
(ix) HS™ + HSO; —> S,03 + H,0

Oxidation : HS™ +3H,0 —>8,02™ +8H" +8¢~
Reduction : 2HSO3 + 4H* +4e” —> S$,03” + 3H,0

2HS™ +4HSO; —> 35,03 + 3H,0
(x) Fe’* +NH,OH—> Fe** +N,0+H"

Oxidation : 2NH,0OH —— N,0 + H,0 + 4H"+4e”
Reduction: Fe**+e” — Fe?*

4Fe® + 2NH,OH —> 4Fe*" + N,0 + H,0 + 4H*
(xi) 0; + H,0 — OH™ +0,

Oxidation : O ——> O, + e~
Reduction:O; +2H,0+3e” —— 40H™

405 +2H,0 —> 30, + 40H"
(xii) 107 + HSO; —— 1" + H' + SO;"

Oxidation : HSO3 + H,0 ——> SO +3H" +2¢”
Reduction: I05 + 6H" +6e” —— 1" +3H,0

105 +3HSO; — 3803 + " +3H"
(xiii) I” +10; + H* ——1, + H,0

Oxidation : 2I” —— I, + 2e~
Reduction: 2105 +12H* + 106" —— I, + 6H,0

105 + 51" + 6H" ——> 31, + 3H,0
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(XiV) Fezs3 + Hzo + 02 Em— Fe(OH)3 + S

Oxidation : > —> S + 2¢~
Reduction:0, +2H,0 + 4¢- —— 40H"

0, + 28* + 2H,0 —> 28 + 40H"

= 2Fe,S; + 30, + 6H,0 — > 4Fe(OH); + 6S

(xv) IBr + BrO; + H,0 ——> 105 + Br™ + H*

Oxidation : I" +3H,0 —— 105 + 6H" + 4~
Reduction: BrO3 + 6H" +6e” ——>Br~ +3H,0

31" +2BrO; +3H,0 —— 3105 +2Br~ + 6H"

= 3IBr+2BrOj3 +3H,0 —> 3105 + 5Br~ + 6H"

(xvi) Crly + H,0, + OH™ —— CrO; + 105 + H,0

Oxidation : Crl; +320H™ —)CrOi_ + 3104 +16H,0 + 27¢~
Reduction: H,O, +2¢” ——20H"

2Crl; +27H,0, + 100H™ —> 2CrO3” + 6105 + 32H,0
(xvii) H,0, + Fe’" +H* ——H,0 + Fe**
22 2

Oxidation : Fe>*— Fe’" +e~
Reduction: H,0, +2H" +2¢” — 2H,0

2Fe’* +H,0, +2H" —— 2Fe’" +2H,0
(xviii) As,S; + MnO; + H,0 + H" —— H3AsO, + Mn*" + S

Oxidation : As,S; + 8H,0 ——> 2H;AsO, + 3S+ 10H" + 10e”
Reduction: MnOj + 8H* +5¢” —> Mn** + 4H,0

As,S; + 2MnOj + 6H" —— 2H;AsO, + 3S + 2Mn**

+6 +7
9. (i)(B) (A) CrO2~ ——s Cr,0% (Oxidation) B  Bro; — Bro- (Reduction)
+3 +5 +3 +3
(C) H; AsO; ——> HAsOF (oxidation) D) A1(OH); ——> A1(OH);
(i) ) CN™ + H,0 ——> CNO™ +2H" +2¢~
i D)  (A) CaCO; —> Ca*" +CO, B) CrO2™ — > Cr,02"
(©) Cr,02” —— Cro}~ ®  Cu,0—> Cu’ +Cu
(iv) (C) Ba(H,PO,),=Ba?" +2H,PO," D) x2+(x)x 1 +(2)x2=-1 = x=+1
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(v)(B) 2NOj +16H" + 14¢e- —— N,H, + 6H,0 No. of €7s per mole of NO3 =%=7
(vi)(B) SO,:Sis+4 ; H,SO,:Sis+6 ; Na,S,05:Sis+2  ;  Na,S,04: Sis ?
-1 -1 -2 s
(vii) (C) (A) H, 02 : H, 0, — H, 0 B) H,S: S ——> §° X
-1 0 It can only increase
H2 02 —> 02 4
+4 +3 +5
(©) SO, : SO, —> §° D) HNO, : HNO, ——> HNO;,4
+4 +6 By +3 +2
SO, —> SOy ¥ HNO, —> NO 4
(vii) (D) SO, — > S0>™ = (#6)x 1 +(-2)xx=-2 = x=4
(ix) (A) Cr,02™ + 14H" + 66" —> 2Cr’** + 7H,0
Ni —— Ni** +2e”
Cr,03” +3Ni + 14H" —— 2Cr*" +3Ni** +7H,0
[ EXERCISE-B ]
- +
C,0% +2Mn0o; — 2 2c0, + MnO2- ; 5C,02" + 2MnO; — 5 CO, + Mn?*
nMnog/H+ :2_/5 _ 02
n . 2/1
MnOj /OH
- HT
MHO4 + Fe(HC204)2 E—
MnOj + 8H" + 5¢7 —— Mn** +4H,0 N 6))
Fe’" —— Fe’' +e”
(HC,03 ——>2CO, +H" +2¢7)x2 R (1))
MnOj + Fe(HC,0,), + 6H" —— Mn** +Fe** +4C0, +4H,0
Imol Fe(HC,0,),=1mol MnO,~
Ca(OH)2 +F3(HC204 )2 —>
Typical neutralisation HC,0O} is monobasic acid as well as monoacidic base
= 1 mol Fe(HC,0,4),=2 x 1 =2 gm eq =2 X moles of Ca(OH), = moles Ca (OH),=1
V,0,+ 10H +6¢ —> 2V +5H,0  ; V4L, —— Vi ear
10 gm L v

20
Moles V2" =2 Moles V,05= 2 Molesl, = MolesI,=10/91
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Cr,03” +14H" +6e~ —> 2Cr** +7H,0 and 21" ——I, +2¢~ 3584
4. ; Moles HI = ——— = 0.028
K,Cr,05 + 14HI —— 2KI + 2Crl; + 31, + 7H,0
94 . .
@ Moles of K,Cr,0,= ﬁ=0.32 =  Moles of HI required =14 % 0.32 <moles HI available.
= HIis the limiting reagent. = Moles K,Cr,0, consumed = ﬁ x 0.028 =0.002
0.318
= MolesK,Cr,0; Left=0.32-0.002=0318 = % of K,Crp0; = === 99.375%
(b) Moleof I, = % x moles HI =0.006 = V), = 0.0821 x 5146 x0.006 _ »68.96 ml
5. 0.02M KMnO, + 40 ml,0.IMFeSO, —*
(= 4mmole)
MnOj + 8H* + 5¢- —— Mn*" + 4H,0
Fe?* — > Fe*t +e”
MnOj + 5Fe** + 8H" —— Mn?" +5Fe’" + 4H,0
= 2KMHO4 + 10FGSO4 + 8H2804 E— 2MnSO4 + 5F€2(SO4)3 +K2804 +8H20
= Immol KMnO, =5 mmol FeSO, = 4 mmol FeSO,= % mmol KMnO,= 0.02x Viyo, = Viemino, =40ml
6. MnOj; + NO; — NOj + MnO,
= MnOj + 3¢ —— MnO, + 40H"
and NOj + 20H™ —— NOj + H,0 + 2¢”
3NO; + 2MnOj + H,0 —— 3NOj3 + 2MnO, + 20H~
= 2mol MnOy =3mol NO, = 1molMnO, =1.5molNO,
+
7. 40 ml KMnO, +0.8g Na,C,0,. 2H,0 —1—
2MnOj + 5C,03 + 16H" —— 2Mn** +10CO, +8H,0
_ 08 80 _ 80 2
mmol C,02™ = —— x1000 = — = mmol MnO; = —x—==40x M
274 7170 17 7177 KMnO4
) N = 5M _ 4 N 0235N i Strength = NE = 0235 x 125 743 ¢/L
)] kwnoz ~ “Mikmno, =7 N =0. (i) reng =0. x < -7 g
8. C,H;sOH + 2Cr,03” + 16H" —— 2CO, + 4Cr** +11H,0

Moles of Cr,0,> =8.76 x 0.05 = mmoles C,H;OH= % x 8.76 x 0.05 = 0.219mmol C,H;OH = 0.01gC,H;OH

= % of alcohol level = % x 100 =0.1%
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_ 066 10
9. (i)(D) mmoles 05 = x 1000 = —
37198 3
_ _ o 5 _ 10
105 + 3HSO; —— " +3H" +3S0} mmoles HSO3 =3 x = =10
= amount of NaHSO,; =10 x 107 x 104 = 1.04 gm
(ii) (C) 41" + Hg** —— Hgl}~
I mol 1mol
1 1 .
- 1_Z ZmOI = 0.25 mol Hgl,
[ EXERCISE-C ]
1. KI+H,0,— L+ H,0
20 ml

|—»15 ml, 0.4N Na,$,0,

6 6
Meq Na,S,0;=0.4x15=6=Meq. I, = Meq. H;0,=20 x Ny o, = Ny,0, = 20> Vol. Strength of H,0, = 20 5.6=1.68

"
2. Cu — Cus0, —ELs 1+ Cuyl,
0.4gm
0.248 gm Na,S,0,.5H,0
0.248 1 HY - 2
Mmoles Na,S,0,.5H,0 = g x 1000 =1 = Mmoles I, =1x 3 [1, +2Na,S,0; —— I + 5,05 ]

2Cu** +4I" —— 1, +Cu, 1,

= Immol I, =2 mmol Cu** = Mmoles Cu?*= 2 x %z 1 =MmolesCu = g, =107 x 63.5 = 0.0635

%Cu = 0.0635 x 100% = 15.87%
3. N32C204 + K2C204 + 004N, 125ml KMI]O4
X gm
0.367gm
= Meq. O.A.=Meq. RA. = 0.04x125 =| — 4 9367=X 11600 =  x=02gm
134/2 166/2
0.2
= %Na,Cpy0, =——— x 100% = 54.7%
0.367
0.158

4. Meq. KMnO, =(0.1 % 5)x V = Meq. Na;$,0, = 1= <1000 =V = 2m
5, FGSO4.7H20+F€2 (SO4)39H20 = 541’1’11, 01NKM1’104

(Only FeSOy is oxidised)
5.5¢
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0.54 x 278
= Megq. FeSO,. TH,O0=0.1 x54=0.54 = =——=0.15
€q. FesU,. 7H, EFeS04.7H,0 1000
5.35 ;4
2 4)3-702 562
B . . ) - 234
6. Fe(HC,0,),: M =234 (i) Acid :2H" = n-factor=2 = E-= - 117
234 HC,0; —> 2CO, + H* + 2¢~
(i) R.A. : n-factor=5 = E= = =46.8 Fe2* P 4o
7. 355gm  Ca(ClO), + H,O
& 100 ml — 25 ml + KI —2» 1, = Na,S.0,
2 (20 ml, 0.125 N)
Meq Na,$,0,=0.125 x 20=2.5=Meq Cl(in 25 ml) = MeqCl,=2.5x4=10
(in 100 ml)
. 0.355
= x 1000 =10 = g=0.355 = % ofavailable Cl, = —— x 100% = 10%
71/2 3.55
= Br, + 120H™ —— 2BrO3; + 6H,0 + 10e™
8. (i) MnO} —— MnO, + MnO; (ii) Cl,+ OH"——> CI” + CIO;
2— _
Ml’loéz‘_ +4H" + 26_ —)_ Ml’l02 + 2H20 Clz +2¢ — 3 2CI” ....(i)
MnO;” —— MnOj + e Cl, + 8OH™ —> 2Cl0; + 4H,0 + 6e” +o..(i)
2— + _
MO 47— MmO, + 2MnO; + 20,0 4Cl, +80H™ ——>2C1 +2ClO; +4H,0
=2 =2 - 4
= E—zMMnOi, —2><119—1785 — E€X71=4733
(iiiy HCuCl, ——> Cu + Cu** + 4CI” + 2H"
HCuCl, + e~ —— Cu+ 2Cl” + H* voe(i)
HCuCl, —> Cu®" + 2CI” + H" +¢~ e (i)
2HCuCl, — Cu + Cu®" + 4CI”+2H"
2xM
= E E$=271
9. (H®B) Meq KMnO, =Meq H,0, = 10x 10 =% 21000 = g =0.563gm
5.6 158/5
(i) (D) 28,03 —— S,0F +2¢” = n—factor=1
(iii) (C) CrO2™ — > Cr(OH);®[n—factorof CrO3"=3] ;  $,057 ——> SO3 [n—factorof $,03™ = 8]
BN (0.1x3) x V=(025x8) x40 = v:gogml
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52
(iv) (B) I" + H,SO, —— I, + H,S
= 2T ——> 1, +2 and  H,SO,+8H" +8 —— H,S+4H,0
8KI + 5H,S0, —> 41, + H,S+4H,0 + 4K,SO,
3.4
Moles H,S = Vi 0. = MolesH,80,=0.1x5=02xV = V=25L
0.46 5
) (B) Meq As,03 = T08/2 1000 [As;03 ——> AsOy ] =Meq KMnO, = (5 x M) x 25 = M=0.074
(vi) (A) Sn** —— Sn** +2¢7 = 2gmeq. (=1 mol)=gmeq. K,Cr,0,=6 xmoles = Moles K,Cr,0,=1/3
.. 1
(vii) (D) Meq. KMnO, = 10 x 056 =10 x Ny,0, = x= 5.6 x Niu,0, = 10
(viii)(D)  H3PO, ——> PH; + H;PO;
H;PO, + 4H" +4¢”——> PH; + 2H,0
H3P02 + Hzo E— H3PO3 +2H+ +2e_
3My,po
= Enspo, = #
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