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BACHELOR OF SCIENCE (GENERAL) 

(BSCG)  

Term-End Examination 

December, 2022 
 

BCHCT-133 : CHEMICAL ENERGETICS, EQUILIBRIA 

AND FUNCTIONAL GROUP ORGANIC CHEMISTRY-I 

 

Time : 2 hours Maximum Marks : 50 

Note :   

(i) This question paper contains two parts.  

(ii) Students have to answer both the parts in two 

separate answer books. Write your Enrolment 

number, Course code and Part title clearly on each of 

the two answer books.  

(iii) Marks are indicated against each question. 

 

                                       PART A    (Maximum Marks : 25) 

Chemical Energetics and Equilibria 

Answer any five questions from questions no. 1 to 7.  

1. (a) What are extensive variables ? Identify 

extensive variable(s) from the list given 

below :  

  Refractive index, temperature, volume 2 

OR 
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  Calculate the amount of heat required to 

increase the temperature of 2·0 moles of 

Helium gas from a temperature of 300 K to 

500 K under isochoric conditions.  2 

  [Given : CV,m = 12·48 JK–1 mol–1]  

(b) Define and differentiate between state 

functions and path functions giving suitable 

examples.   3 

 

2. (a) What do you understand by entropy of a 

system ? Give its units and write the 

general expression for the entropy change 

for a process involving reversible 

isothermal expansion of an ideal gas. 2 

OR 

 Elemental sulphur undergoes a phase 

transition from orthorhombic form to 

monoclinic form at 363 K. If the molar 

enthalpy of the transition is – 402 J mol–1, 

calculate the entropy of transition. 2 

(b) State Hess’s Law of Constant Heat 

Summation and calculate the value of H 

for the following reaction at 298 K. 3 

  C (graphite) + 
2

1
 O2 (g)  CO (g)  
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 You may use the following thermochemical 

equations : 

 C (graphite) + O2 (g)  CO2 (g)  

H = – 393·5 kJ mol–1 

 CO (g) +  
2

1
 O2 (g)  CO2 (g)  

  H = – 283·5 kJ mol–1  

3. (a) Define spontaneity. Can the decrease in 

enthalpy act as a criterion for spontaneity ? 

Justify your answer.  2 

(b) The standard enthalpies of formation of 

C2H5OH (l), CO2 (g) and H2O (l) are  

– 277·0, – 393·5 and – 285·5 kJ mol–1 

respectively. Calculate the standard 

enthalpy change for the following reaction :  3 

 C2H5OH (l) + 3 O2 (g)  2 CO2 (g) + 3 H2O (l) 

4. (a) Chemical equilibrium is a dynamic process. 

Explain.    2 

(b) State Le-Chatelier’s principle and explain 

the effects of  

(i) decrease in pressure, and  

(ii) increase in temperature   

 on the following reaction : 3 

 2 SO2 (g) + O2 (g)  2 SO3 (g),  

                                     rH = – 194 kJ mol–1. 
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5. (a) State any two limitations of Arrhenius 

theory of acids and bases.  2 

(b) How are Kp and Kc related for a reaction 

involving gaseous reactants and/or  

products ? If the value of Kp for the following 

reaction     

  2 NO2 (g)  N2O4 (g)  

 at 303 K is 7·14  10–5 Pa, calculate the 

value of Kc at this temperature.  3 

OR 

 Calculate the degree of ionisation of formic 

acid in its 0·01 M aqueous solution. 3 

 (Given : Ka (HCOOH) = 1  10–4)  

6. (a) Calculate the hydroxide ion concentration 

of an aqueous solution having a pH = 4·0. 2 

OR 

 What are buffer solutions ? Give an example 

of buffer solution.  2 

(b) Arrange propanoic acid, ethanoic acid and  

2-chloroethanoic acid in the increasing order 

of their acidities giving reasons.   3 
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7. (a) What is meant by ‘salting out’ of soap ? 2 

OR 

 If the value of Ksp for sparingly soluble salt, 

PbCl2 is 1·6  10–5, calculate its solubility in 

water.  2 

(b) Define salt hydrolysis and calculate the 

degree of hydrolysis of ammonium ions in 

0·001 M aqueous solution of ammonium 

chloride at 298 K.  3 

 (Given : Kb (NH4OH) = 1·8  10–5 at 298 K) 
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                                       PART B    (Maximum Marks : 25) 

Functional Group Organic Chemistry-I 

Attempt any five questions from questions no. 8 to 14.  

8. (a) 1,3,5-cycloheptatrienyl cation is aromatic 

whereas 1,3,5-cycloheptatriene is not. 

Explain.   2 

(b) Complete any three of the following 

reactions : 3 

 

9. Halogen groups are electron withdrawing yet 

ortho, para directing in electrophilic substitution 

reactions. Explain.   5 

10. (a) Explain the mechanism of SN1 reaction 

with the help of a suitable example.   3 

(b) Complete the following reactions : 2 
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11. (a) The dipole moment of chlorobenzene is 

lower than that of chloro-cyclohexane. 

Explain. 2 

(b) How can the following conversions be carried 

out ? Answer any three. 3 

(i) 1-Propene to 1,2-Dibromopropane  

(ii) Aniline to Chlorobenzene   

(iii) 1-Chloro-4-Nitrobenzene to 4-Nitroaniline   

(iv) Benzene to 1-Bromo-4-Nitrobenzene 

12. Give the mechanism of any two of the following : 5  

(i) p-Chlorotoluene  4-Methylaniline +  

3-Methylaniline    

(ii) 1-Chloro-4-Nitrobenzene  p-Nitrophenol 

(iii) 2-Bromopropane  Propene  

13. Give chemical equations for any five of the 

following named reactions :  5 

(i) Rosenmund reduction 

(ii) Houben-Hoesch reaction 

(iii) Reimer-Tiemann reaction 

(iv) Benzoin condensation 

(v) Friedel-Crafts acylation  

(vi) Gattermann-Koch formylation  

(vii) Perkin reaction  
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14. Complete any five of the following reactions : 5 
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 ~r.gr.EM.gr.Q>r.-133  

 

{dkmZ ñZmVH$ (gm_mÝ`) 
(~r.Eg.gr.Or.)  

gÌm§V narjm 
{Xgå~a,  2022 

 

~r.gr.EM.gr.Q>r.-133 : amgm`{ZH$ Am¡{O©H$s, gmå` Am¡a 
A{^bjH$s` g_yh H$m~©{ZH$ agm`Z-I 

 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> : 
(i) Bg àíZ-nÌ Ho$ Xmo ^mJ h¢ &  
(ii) N>mÌm| H$mo XmoZm| ^mJm| Ho$ CÎma Xmo AbJ-AbJ CÎma-nwpñVH$mAm| 

_| XoZo h¢ & XmoZm| CÎma-nwpñVH$mAm| na AnZm AZwH«$_m§H$, 
nmR>çH«$_ H$moS> Am¡a ^mJ H$m erf©H$ gm\$-gm\$ {b{IE & 

(iii) àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE h¢ & 

                                     ^mJ H$          (A{YH$V_ A§H$ : 25) 

amgm`{ZH$ Am¡{O©H$s Am¡a gmå` 
àíZ g§»`m 1 go  7 ‘| go {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE & 

1. (H$) {dñVmamË_H$ Ma Š`m hmoVo h¢ ? ZrMo Xr JB© gyMr _| 
go {dñVmamË_H$ Mam| H$mo nhMm{ZE : 2 

  AndV©Zm§H$, Vmn_mZ, Am`VZ   
AWdm 
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 g_-Am`V{ZH$ n[apñW{V`m| _| 2·0 _mob hr{b`_ J¡g 

Ho$ Vmn_mZ H$mo 300 K go 500 K VH$ ~‹T>mZo Ho$ {bE 

Amdí`H$ D$î_m H$s _mÌm H$m n[aH$bZ H$s{OE &  2 

 [ {X`m J`m h¡ : CV,m = 12·48 JK–1 mol–1] 

(I) Cn`wº$ CXmhaUm| Ûmam AdñWm \$bZm| VWm nW \$bZm| 

H$mo n[a^m{fV H$s{OE Am¡a CZ_| A§Va ñnï> H$s{OE &  3 

 

2. (H$) {H$gr V§Ì H$s EÝQ´>m°nr go Amn Š`m g_PVo h¢ ? BgHo$ 

_mÌH$ ~VmBE VWm {H$gr AmXe© J¡g Ho$ CËH«$_Ur` 

g_Vmnr àgma go g§~Õ àH«$_ Ho$ EÝQ´>m°nr n[adV©Z Ho$ 

{bE gm_mÝ` ì`§OH$ {b{IE &  2 

AWdm 

 VÎdr` gë\$a 363 K na {df_b§~mj ê$n go 

EH$ZVmj ê$n _| g§H«${_V hmoVm h¡ & `{X AdñWm 

g§H«$_U Ho$ {bE _moba EÝW¡ënr H$m _mZ  

– 402 J mol–1 h¡, Vmo g§H«$_U Ho$ {bE EÝQ´>m°nr 

n[aH${bV H$s{OE &  2 

(I) hog H$m pñWa D$î_m g§H$bZ H$m {Z`_ ~VmBE VWm 
298 K na {ZåZ{b{IV A{^{H«$`m Ho$ {bE H H$m 
_mZ n[aH${bV H$s{OE &   3 

  C (J«o\$mBQ>) + 
2

1
O2 (g)  CO (g) 
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 BgHo$ {bE Amn {ZåZ{b{IV D$î_amgm`{ZH$ 
g_rH$aUm| H$m Cn`moJ H$a gH$Vo h¢ : 

 C (J«o\$mBQ>) + O2 (g)  CO2 (g)  

H = – 393·5 kJ mol–1  

 CO (g) + 
2

1
O2 (g)  CO2 (g)  

H = – 283·5 kJ mol–1 

3. (H$) ñdV:àd{V©Vm H$mo n[a^m{fV H$s{OE & Š`m EÝW¡ënr 

_| H$_r ñdV:àd{V©Vm H$m _mnXÊS> hmo gH$Vr h¡ ? 

AnZo CÎma H$m gË`mnZ H$s{OE &  2  

(I) C2H5OH (l), CO2 (g) VWm H2O (l) Ho$ {bE 

{daMZ H$s _mZH$ EÝW¡pën`m| Ho$ _mZ H«$_e: – 277·0, 

– 393·5 VWm – 285·5 kJ mol–1 h¢ & {ZåZ{b{IV 

A{^{H«$`m Ho$ {bE _mZH$ EÝW¡ënr n[adV©Z H$m _mZ 

n[aH${bV H$s{OE :  3 

 C2H5OH (l) + 3 O2 (g)  2 CO2 (g) + 3 H2O (l)  

4. (H$) amgm`{ZH$ gmå` EH$ J{VH$ àH«$_ h¡ & ì`m»`m 
H$s{OE &  2 

(I) bm-emV¡{bE H$m {Z`_ ~VmBE VWm {ZåZ{b{IV 
A{^{H«$`m   
2 SO2 (g) + O2 (g)  2 SO3 (g),  

rH = – 194 kJ mol–1 

 na {ZåZ{b{IV Ho$ à^md H$s ì`m»`m H$s{OE : 3 

(i) Xm~ _| H$_r, VWm   

(ii) Vmn _| ~‹T>moVar  
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5. (H$) Aåbm| d jmaH$m| Ho$ Amao{Z`g {gÕm§V H$s H$moB© Xmo 

H${_`m± ~VmBE &  2 

 

(I) J¡gr` A{^H$maH$m| VWm/AWdm CËnmXm| dmbr 
A{^{H«$`m Ho$ {bE Kp VWm Kc {H$g àH$ma g§~§{YV  

h¢ ? `{X {ZåZ{b{IV A{^{H«$`m     

   2 NO2 (g)  N2O4 (g) 

 Ho$ {bE 303 K na Kp H$m _mZ 7·14  10–5 Pa h¡, 
Vmo Bg Vmn na Kc H$m _mZ n[aH${bV H$s{OE & 3  

AWdm 
 0·01 M Obr` {db`Z _| \$m°{_©H$ Aåb H$s Am`ZZ 

H$s _mÌm n[aH${bV H$s{OE & 3  

 ({X`m J`m h¡ : Ka (HCOOH) = 1  10–4)  
 

6. (H$) pH = 4·0 Ho$ Obr` {db`Z _| hmBS´>m°ŠgmBS> 

Am`Zm| H$s gm§ÐVm n[aH${bV H$s{OE &   2 

AWdm 

  C^` à{VamoYr {db`Z Š`m hmoVo h¢ ? C^` à{VamoYr 

{db`Z H$m EH$ CXmhaU Xr{OE & 2 

(I) H$maU ~VmVo hþE àmonoZm°BH$ Aåb, EWoZm°BH$ Aåb 

VWm 2-ŠbmoamoEWoZm°BH$ Aåb H$mo CZH$s AåbVm Ho$ 

~‹T>Vo hþE H«$_ _| ì`dpñWV H$s{OE &     3   
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7. (H$) gm~wZ Ho$ ‘bdU jonU’ go Š`m VmËn`© h¡ ?  2 

AWdm 

  `{X Aën {dbo` bdU PbCl2 Ho$ {bE Ksp H$m 
_mZ 1·6  10–5 h¡, Vmo Ob _| BgH$s {dbo`Vm 
n[aH${bV H$s{OE &  2 

 

(I) bdU ObmnKQ>Z H$mo n[a^m{fV H$s{OE VWm 
A_mo{Z`_ ŠbmoamBS> Ho$ 0·001 M Obr` {db`Z _| 
A_mo{Z`_ Am`Zm| Ho$ {bE Ob-AnKQ>Zm§H$ H$m _mZ 
n[aH${bV H$s{OE &    3 

 ({X`m J`m h¡ : Kb (NH4OH) = 1·8  10–5; 298 K na)  
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                                     ^mJ I          (A{YH$V_ A§H$ : 25) 
A{^bjH$s` g_yh H$m~©{ZH$ agm`Z-I 

àíZ g§»`m 8 go  14 ‘| go {H$Ýht nm±M àíZm| Ho$ CÎma Xr{OE & 
8. (H$) 1,3,5-gmBŠbmohoßQ>mQ´>mBB©{Zb YZm`Z Eoamo_¡{Q>H$ hmoVm 

h¡ O~{H$ 1,3,5-gmBŠbmohoßQ>mQ´>mBB©Z Eoamo_¡{Q>H$ Zht 
hmoVm h¡ & ì`m»`m H$s{OE &   2 

(I) {ZåZ{b{IV _| go {H$Ýht VrZ A{^{H«$`mAm| H$mo nyU© 
H$s{OE :   3 

 
9. h¡bmoOZ g_yhm| H$s BboŠQ´>m°Z AnZ`Zr àd¥{Îm hmoVr h¡ {\$a 

^r  BboŠQ´>m°ZñZohr à{VñWmnZ A{^{H«$`mAm| _| `o Am°Wm} d 
n¡am {ZX}er hmoVo h¢ & ì`m»`m H$s{OE &   5 

10. (H$) Cn`wº$ CXmhaU H$s ghm`Vm go SN1 A{^{H«$`mAm| 
H$s {H«$`m{d{Y H$s ì`m»`m H$s{OE & 3  

(I) {ZåZ{b{IV A{^{H«$`mAm| H$mo nyU© H$s{OE : 2 
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11. (H$) Šbmoamo~oÝµOrZ H$m {ÛY«wd AmKyU © Šbmoamo-gmBŠbmoh¡ŠgoZ 

H$s VwbZm _| H$_ hmoVm h¡ & ì`m»`m H$s{OE & 2 

(I) {ZåZ{b{IV ê$nm§VaUm| H$mo {H$g àH$ma {H$`m Om 

gH$Vm h¡ ? {H$Ýht VrZ Ho$ CÎma Xr{OE &  3 

(i) 1-àmonrZ go 1,2-S>mB~«mo_moàmonoZ  

(ii) Eo{ZbrZ go Šbmoamo~oÝµOrZ 

(iii) 1-Šbmoamo-4-ZmBQ´>mo~oÝµOrZ go 4-ZmBQ´>moEo{ZbrZ  

(iv) ~oÝµOrZ go 1-~«mo_mo-4-ZmBQ>́mo~oÝµOrZ 

12. {ZåZ{b{IV _| go {H$Ýht Xmo  H$s {H«$`m{d{Y ~VmBE :  5 

(i) p-ŠbmoamoQ>mbyB©Z  4-_o{WbEo{ZbrZ + 3-_o{WbEo{ZbrZ 

(ii) 1-Šbmoamo-4-ZmBQ´>mo~oÝµOrZ  p-ZmBQ>́mo\$sZm°b  

(iii) 2-~«mo_moàmonoZ  àmonrZ  

13. {ZåZ{b{IV _| go {H$Ýht nm±M  Zm{_V A{^{H«$`mAm| Ho$ 
{bE amgm`{ZH$ g_rH$aU {b{IE :  5 

(i) amoµOoZ_wÝS> AnM`Z  

(ii) hÿ~oZ-hmoBe A{^{H«$`m 

(iii) amB_a-Q>r_mZ A{^{H«$`m 

(iv) ~oÝµOmoBZ g§KZZ 

(v) \«$sS>ob-H«$mâQ²>g Eogr{bH$aU  

(vi) JmQ>a_mZ-H$moI \$m°{_©brH$aU  

(vii) n{H©$Z A{^{H«$`m  
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14. {ZåZ{b{IV _| go {H$Ýht nm±M A{^{H«$`mAm| H$mo nyU© 
H$s{OE :  5 

 


