Indian National Chemistry Olympiad 2018 Roll No

Problem 1 20 Marks

Lead Acid Batteries

Part A: Electrochemical processes in a lead acid cell

11 | Reaction at Cathode: PbOy) + SO4% aq) + 4 H'(ag) + 26> PbSOy4 + 2 H20)
Reaction at Anode: Pby+ SO4* (ag > PbSOy) + 26
Overall discharge reaction: Pbg+ PbOxs) + 2 SO (aq) + 4 H'(ag) > 2 PbSOy + 2H20¢)

gL, =205V
(1.5 marks)
1.2 | AHe,, = 315.7 kI mol™
AG®, = — 395.6 kJ mol™
(2.5 marks)
1.3 a) 79.9KJImol* (1 mark)
b) Fraction obtained from the surrounding = 0.2 (or 1/5 or 20%) (1 mark)
2
L4 o BT Ls;0] _po R Lﬂz
ZF [asﬂi_} [ah"]‘; F [asﬂi—][ah"]
(0.5 mark)
1.5 | Dropin EMF: 0.16 V
(1.5 marks)
1.6 i i (2 marks)
Correct Incorrect Correct Incorrect
1.7  a) X d)
X
b) X e) X
C) X (2.5 marks)
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1.8 Cathodic: PbOZ(S) +4 H+(aq) +2e > Pb2+(aq) +2 H20(|)
Anodic: Pbgy > Pb* g + 2€°
Overall Discharge reaction: Pby + PbOy + 4 H' 2y 2 2 Pb* (o) + 2 H,0

Potential difference (open circuit voltage or EMF) = £2,,, = 1.50V

(1.5 marks)
1.9 True False
a. X
b X
C. 1.5 marks
X ( )
1.10

PbO, plate: 2 PbO, e T 4 CH;SO3H (aq) > 2 Pb(CHgSOg)z @) T Oz(g) + 2H20(|)
(andlor: Pb(s) + PbO, e T 4 CH;SO3H (aq) 2> 2 Pb(CHgSOg)z @) T 2H20(|))
Pb plate: Pb + 2 CH3;SO3H (55 2 PB(CH3S03), (ag) + Hag)

(2 marks)
1.11 | A:(NH4),CO3 B: PbCO; (1 mark)
1121 pMw of € = 60 g.mol™
C: CHCOOH (1 mark)
1.13 | X: Pbl, (0.5 mark)
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Problem 2 25 marks

When Rain meets the Soil

Part I: The fragrance of soil

2.1 | Amountof C=0.359 ¢
Percentage of C = 79% (1 mark)
2.2 | Empirical formula: Cy;H,,0 (3 marks)

2.3
OH COOH
MgCl =
O (o) Cl (o)
0
E
(3 marks)
2.4
\o o]
D C (2 marks)
2.5
OH
OH
(2 mark)
2.6
OH OH
. A (2 marks)
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2.7

G forms an anhydride easily on heating

COOH

COOH

G

2.8

2.9

2.10

211

2.12

2.13

i. Ca(OH),, excess
i A -
i. MeMgl
ii. H,0*
OH

a) pH =9-7; 5-3

b) 63.3 mL of 0.03 M H,SO4

c)i) | X

pH = 9.86

Vol of 0.03 M H,SO, = 0.45 mL

b X

b X

i) | Na,COs
i) | Na,COs
ill)| caco;
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(1.5 marks)

(1 mark)

(Imark)
(0.5 mark)

(3 marks)

(3.5 marks)
(0.5 mark)

(0.5 mark)

(1.5 marks)
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Problem 3 21 Marks
Hydrogen Bonding and Water of Crystallization
Part 1
31 (@] 23
©)] 14 (1.5 marks)
3.2
(1 mark)
3.3 In unit cell (3 marks)
p - quinol molecules =9
Xe atoms = 3 atoms
34 | Density=1,778 kg m™®
(3 marks)
35 | Volume =93.1cm?® (2.5 marks)
36 ()| X (1 mark)
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3.7
Framework Reason/s for impossible
framework wherever
applicable
Similarly, there would be
H,0 molecules in the back
plane. l
_— CI_ — CI_
CI.I2+ — cu2+
- cr
cr cr
cu2+ - cu2+
Cl_/ * \H CI_-.CI-/ +
|’J\ \ ,’ CU2+ (1)
/[ H v VaRe
H al_ M
;’ /C*l” N 4 - Ccl-
L TR |
H\0 [ H \ b |-|\0 }EI" z ;
24 H =
c¥2+ s . \\ c+ 2+/ - X
u X u
a-— a-—
cu2+ cr CU2+ | “
Cu® cr- Cu®
cr Cu?* cr
- Cu?* cl-
Cu?* - ——Cu?
Cu® cl- Cu®
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CFr—Cu®—CI- C— Cu*— I |
/ . /
- — cuz*—ar- C-— Cu?*—CI-
|
cu2+
cr- ‘
| o
cu2+
a—cu—-cr CF— cu®*—qr-
cl- /
- — Cu* — ¢ Cr— Cu*—(r
cl- 1
|
o — ¥ — F ———————— Cu?
cr- / |
/ a | cr
o —cu—0a —— | Cu®
Cu2+ |
Cl- | cr
a | i
cl
| Cu?*
. (o Cr—Cu*—rI-
c o
D
u*— r—cu¥—I
|
a-
(6 marks)
3.8 | AHg = 37.55 kd/mol (2 marks)
3.9 | 21.36 kg anhydrous CuCl, (1 mark)
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Problem 4

19 Marks

Lignin

4.1 In the above structure of lignin, identify the functional groups present. (Mark X against the

correct option/s)

a) | X by | X c) | X f)| X (1 mark)
4.2
EtO_ _O N
oM
e HO o HO
OFEt OMe R
0/\[]/ OMe
o)
OMe OMe
OMe OMe
B C D
(2.5 marks)
4.3
HO
0
0
OMe
OMe (1 mark)
OMe
E (CigH004)
4.4
H (@) H. _O
Y h¢
0O O
O
R || ek
o) OMe OMe
OMe OMe
OMe OMe
F G (CygHz007)
(2 mark)
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4.5
Plot 1 Plot 2
100
100
— ~ 80'
S g
= £ 60;
2 2
: £ 4]
20
e % 0
—_— — 0 40 80 120 160 200 240 280 320
0 80 160 240 320 i i
Time (min)
Time (min)
(2 marks)
46 iv) | X (1 mark)
47 b) | X c) | X (1.5 marks)
4.8
0]
O
Oy o
OMe HO
OMe
OMe SMe OMe
OMe
H C;gH,¢O5 I Cy1Hp04 J
(3 marks)
49 b) | X C) X (2 marks)
4.10
CHO
©\(|) (0.5 mark)
_O
L
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411
CHO CHO
OH o~
_0 OH
(1 mark)
K M
4.12
COOEt
N\ COOH
X
o~ o~ o~
o) o~
o)
P Q
(2.5 marks)
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Problem 5

22 marks

Keto-Enol Tautomerism: Kinetics and Thermodynamics

5.1 on on
o) OH (Imark)
5.2 ﬁ ﬁ ?H |O|
C C C\ /C\ /\
o ey O—CH.CH, cfs  cH ©
(Keto form) (Enol 1- Most Stable)
™o i
C
C C< ~ Can™ Do N
e Dors o CH; CH
(Enol 3) (Enol 2)
(2.5 marks)
5.3 OH O ﬁ
CHS—é:CH—g—OCQH5 + 82 — ~ cHy—C—CHB—rcC + HBr
OCzHs
(1 mark)
54 i) X (1 mark)
55 o o\ y
\\C—CHBr—C + H 4 2] — \C——CHZ—C\ + > + Br-
chy” OCoHs CHy OC;Hs
(1 mark)
56 | l2+2NaxS;03 — 2Nal + NayS40¢ (0.5 mark)
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5.7 Flask A: Moles of ketone = 2.69 x 10~ mol

Flasks C: Moles of ketone =2.66 x 10~ mol

Flasks B: Moles of ketone = 2.68 x 107 mol (3 marks)

5.8

5.936

5.934

5.932

5.930

5.928

5.926

5.924

o
5.922

= 5.920 —

5.918 N

5.916

5.914

5912

5.910

50 75 100
t(s)

a. Order=1
b. Keg=0.06911

5.9 | AS®=_0.0348 kJ mol 1 K*
AH® = -3.69 kJ mol™

510 (i) | X

511 | t=1.08hr
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(4 marks)
(3 marks)

(0.5 mark)

(4.5 marks)

12



