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CHEMISTRY 

 Course ID : 11412  Course Code :  SHCHE/102/C-2(T) 

Course Title: Physical Chemistry I 

  Time:  1 Hour 15 Minutes  Full Marks:  25 

The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Answer any five questions: 1×5=5 

  (a) Draw Andrew’s isotherms for CO  at T > T 	and	T < T .  

  (b) Write the relation between Boyle temperature and Inversion temperature of a gas. 

  (c) State the spontaneity criteria for an isolated system in terms of entropy. 

  (d) At 27 °C for equal volume of N ,O  and CO , which one has the maximum average velocity? 

  (e) For two 1st order reactions with rate constants k  and k 	(k > k ), plot concentration of 

reactant vs. time in a single graph.  

   (f) How is the first law of thermodynamics applicable in Hess’s law? 

  (g) ‘Arrhenius A factor always have the same unit as the rate constant’ — Comment. 

  (h) Whether Joule–Thomson expansion is a reversible or irreversible process? 

 2. Answer any two of the following: 5×2=10 

  (a)  (i) Establish the relation between mean free path of the gas molecules with T and P. 2 

    (ii) Calculate the root mean square deviation for O 	at	27	°C. 3 

  (b)  (i) Deduce the rate law for the following reaction mechanism: 2 

       

    (ii) Prove that for an ideal gas = . 2 

   (iii)  State the standard state for Iodine. 1 
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  (c)  (i) The heat of neutralization of HCN by NaOH is 2900 Cal. Calculate the heat of ionization 

of 1 mole of HCN; given that heat of reaction of +
2H +OH =H O  is 13800 Cal. 2  

    (ii) The rate constant of a reaction is given by ln = − + ln  where A, B, C are 
constants. Find the value of Activation energy for the reaction. 2 

    (iii) Find the dimension of reaction rate. 1 

  (d)  (i) Transform van der Waal’s equation of state into cubic form. Plot van der Waal’s equation 
in a P vs. V diagram for a fixed temperature. 2+1=3 

    (ii) Define turn-over number. 2 

 3. Answer any one question: 10×1=10 

  (a)  (i) Show the equivalence of Clausius and Planck-Kelvin statement. 4 

    (ii) Consider the parallel reaction 3 

       

      Here both the reactions are of 1st order and = 3 . 

      If 60% decomposition of A takes place in 20 minutes find  and . 
     

    (iii) Transform 3-dimensional Maxwell’s speed distribution into kinetic energy distribution. 3 

  (b)  (i) Write the thermodynamic equation of state involving Helmhlotz free energy. Derive the 
corresponding Maxwell’s relation from that equation. 1+2=3  

    (ii) Calculate the average energy of N O molecule using Equipartition Principle at high 
temperature. 3  

    (iii) Convert van der Waal’s equation of state into Virial form. 2 

    (iv) Find the  of a zero order reaction. 2 

__________ 
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øé¬Ì õ∂±ôL√¶ö ¸—‡…±&ø˘ √õ∂Àùüı˛ ¬Û”Ì«˜±ÀÚı˛ øÚÀ«˙fl¬/
¬Ûı˛œé¬±Ô«œÀı˛ ˚Ô±¸y¬ı øÚÀÊı˛ ˆ¬±¯∏±˚˛ Î¬◊Mı˛ øÀÓ¬ ˝Àı/

1. Answer any five questions: 1×5=5

Œ˚ Œfl¬±ÀÚ± ¬Û“±‰¬øÈ¬ √õ∂Àùüı˛ ¸—øé¬l Î¬◊Mı˛ ±› –

(a) Compare C–H bond length of C2H2 and C2H4.

C2H2 ¤ı— C2H4 Œ˚ÃÀ·ı˛ C–H ıg¬ÀÚı˛ Δ‚…« Ó≈¬˘Ú± fl¬Àı˛±/

(b) NH3 is Pyramidal but BCl3 is planar. —Explain.

NH3 ø¬Ûı˛±ø˜Î¬ ’±fl‘¬øÓ¬ı˛ øfl¬c BCl3 ¸˜Ó¬˘œ˚˛/—ı…±‡…± fl¬Àı˛±/

(c) State the oxidation numbers of the two chlorine atoms in Ca(OCl)Cl.

Ca(OCl)Cl Œ˚ÃÀ· Œflv¬±øı˛Ú ¬Ûı˛˜±Ì≈ ≈øÈ¬ı˛ Ê±ı˛Ì ¸—‡…± øÚÀ«˙ fl¬Àı˛±/

(d) What is ‘Asymmetric C-atom’?

’√õ∂øÓ¬¸˜ C- Ûı˛˜±Ì≈ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑

(e) Write down the structure of (R) Lactic Acid in Fischer Projection formula.

øÙ¬˙±ı˛ Œ√õ∂±ÀÊfl¬˙Ú Ù¬˜«≈˘±ÀÓ¬ (R) ˘…±fl¬øÈ¬fl¬ ’…±ø¸ÀÎ¬ı˛ ·Í¬Ú Œ˘À‡±/

(f) “Electron affinities of noble gases are poor”.—Why?

øÚø©ç¬˚˛ ·…±¸¸˜”À˝ı˛ ˝◊À˘fl¬È¬™Ú ’±¸øMê Ú·Ú… Œfl¬Ú∑

(g) Write down the electronic configuration of Fe3+ ion.

Fe3+ ’±˚˛Ú-¤ı˛ ˝◊À˘fl¬È¬™Ú øıÚ…±¸ Œ˘À‡±/

(h) Describe Pauli exclusion principle.

¬Û±Î¬◊ø˘ı˛ ’¬ÛıÊ«Ú ÚœøÓ¬øÈ¬ øıı‘Ó¬ fl¬Àı˛±/
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2. Answer any two questions: 5×2=10

Œ˚ Œfl¬±ÀÚ± ≈øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

(a) Define ionisation potential. Why is second ionisation potential value of an element greater

than the first? 2+3=5

’±˚˛Ú˚˛Ú øıˆ¬Àıı˛ ¸—:± ±›/ Œfl¬±ÀÚ± Œ˜ÃÀ˘ı˛ øZÓ¬œ˚˛ ’±˚˛Ú˚˛Ú øıˆ¬ı √õ∂Ô˜ ’±˚˛Ú˚˛Ú øıˆ¬ı ’À¬Ûé¬± Œı˙œ
Œfl¬Ú∑

(b) (i) Draw all possible stereo isomers of Tartaric acid and mention their stereochemical

relationship. 2+1=3

È¬±ı˛È¬±øı˛fl¬ ’…±ø¸ÀÎ¬ı˛ ¸y¬±ı… øS˜±øSfl¬ ¸˜±ı˚˛ı&ø˘ı˛ ·Í¬Ú Œ˘À‡± › ¤Àı˛ ˜ÀÒ… øS˜±øSfl¬ ¸•Ûfl«¬&ø˘
Î¬◊À{°‡ fl¬Àı˛±/

(ii) Designate the following compounds as E or Z. 2

øÚ•ßø˘ø‡Ó¬ Œ˚Ã·&ø˘ı˛ ‘E’ ¤ı— ‘Z’ Ú±˜fl¬ı˛Ì fl¬Àı˛±/

(c) Write notes on the following (any two): 2½×2=5

Œ˚ Œfl¬±ÀÚ± ≈øÈ¬ øı¯∏À˚˛ı˛ Î¬◊¬Ûı˛ È¬œfl¬± Œ˘À‡± –

(i) HSAB theory

ïHSAB ÚœøÓ¬ó

(ii) d-Block element

ïd-ıvfl¬ Œ˜Ã˘ó

(iii) Hund’s rule

ïUÀ`¬ı˛ ¸”Só

(iv) Buffer solution

ïı±Ù¬±ı˛ ^ıÌó

(d) (i) Why nitromethane is more acidic than methane? 2

ø˜ÀÔÚ ’À¬Ûé¬± Ú±˝◊ÀÈ¬™±ø˜ÀÔÚ ’øÒfl¬ ’±ø•°fl¬ Œfl¬Ú∑

(ii) Balance the following chemical equation by ion electron method: 3

øÚ•ßø˘ø‡Ó¬ ¸˜œfl¬ı˛ÌøÈ¬ı˛ ’±˚˛Ú ˝◊À˘fl¬È¬™Ú ¬ÛX¬øÓ¬ÀÓ¬ ¸˜Ó¬± øıÒ±Ú fl¬Àı˛±–

K2Cr2O7 + H2SO4 + KI  I2 + Cr2(SO4)3 + K2SO4 + H2O

H

Cl

Br

Cl

H

CH3

CN

OH



3. Answer any one question: 10×1=10

Œ˚ Œfl¬±ÀÚ± ¤fl¬øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

(a) (i) What led Sommerfield to modify Bohr’s theory? What was his modifications?

2+2=4

¸˜±ı˛øÙ¬ã Œı±ı˛-Ó¬MWÀfl¬ ¸—À˙±ÒÚ fl¬Àı˛øÂÀ˘Ú Œfl¬Ú∑ Ó“¬±ı˛ ¸—À˙±ÒÚœ&ø˘ fl¬œ fl¬œ∑

(ii) Describe the change of ionization potential along a period and down a group in the

periodic table. 3

¬Û˚«±˚˛ ¸±ı˛ÌœÀÓ¬ ¬Û˚«±˚˛ › Œ|Ìœ ıı˛±ıı˛ ’±˚˛Ú±˚˛Ú øıˆ¬Àıı˛ ¬Ûøı˛ıÓ«¬Ú ¸—Àé¬À¬Û ıÌ«Ú± fl¬Àı˛±/

(iii) Indicating reason arrange HCl, HF, HBr and HI in order of their decreasing acidity.

3

HCl, HF, HBr and HI-’…±ø¸Î¬&ø˘ı˛ ’±ø•°fl¬Ó¬±ı˛ Sê˜ Œ˘À‡± ¤ı— fl¬±ı˛Ì ı…±‡…± fl¬Àı˛±/

(b) Carry out the following conversions (any five): 2×5=10

øÚ•ßø˘ø‡Ó¬ ¬Ûøı˛ıÓ«¬Ú&ø˘ ¸•Ûiß fl¬Àı˛± ïŒ˚ Œfl¬±ÀÚ± ¬Û“±‰¬øÈ¬ó–

(i) Acetylene to Acetone

’…±ø¸øÈ¬ø˘Ú ŒÔÀfl¬ ’…±ø¸ÀÈ¬±Ú

(ii) Propene to 1-Propanol

Œ√õ∂±ø¬ÛÚ ŒÔÀfl¬ 1-Œ√õ∂±¬Û±Ú˘

(iii) Ethylene to Acetylene

˝◊øÔø˘Ú ŒÔÀfl¬ ’…±ø¸øÈ¬ø˘Ú

(iv) 1-Butene to 2-Butene

1-øıÎ¬◊øÈ¬Ú ŒÔÀfl¬ 2-øıÎ¬◊øÈ¬Ú

(v) Propene to 1-Bromo propane

Œ√õ∂±ø¬ÛÚ ŒÔÀfl¬ 1-ŒıË±À˜± Œ√õ∂±À¬ÛÚ

(vi) Acetylene to Propyne

’…±ø¸øÈ¬ø˘Ú ŒÔÀfl¬ Œ√õ∂±¬Û±˝◊Ú

(vii) Ethane to n-Butane

˝◊ÀÔÚ ŒÔÀfl¬ n-øıÎ¬◊ÀÈ¬Ú

ñññññ
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øé¬Ì õ∂±ôL√¶ö ¸—‡…±&ø˘ √õ∂Àùüı˛ ¬Û”Ì«˜±ÀÚı˛ øÚÀ«˙fl¬/
¬Ûı˛œé¬±Ô«œÀı˛ ˚Ô±¸y¬ı øÚÀÊı˛ ˆ¬±¯∏±˚˛ Î¬◊Mı˛ øÀÓ¬ ˝Àı/

1. Answer any five questions: 1×5=5

Œ˚ Œfl¬±ÀÚ± ¬Û“±‰¬øÈ¬ı˛ Î¬◊Mı˛ ±› –

(a) Write down the electronic configuration of Co2+.

Co2+ ’±˚˛ÀÚı˛ ˝◊À˘fl¬È¬™Ú øıÚ…±¸&ø˘ Œ˘À‡±/

(b) Compare the acidity of benzoic acid and p-nitrobenzoic acid.

ŒıÚÀÊ±ø˚˛fl¬ ’…±ø¸Î¬ › ¬Û…±ı˛± Ú±˝◊ÀÈ¬™±ÀıÚÀÊ±ø˚˛fl¬ ’…±ø¸ÀÎ¬ı˛ ’•°ÀQı˛ Ó≈¬˘Ú± fl¬Àı˛±/

(c) Why the ionisation potential of Li+ is higher than He?

Li+-¤ı˛ ’±˚˛Úœˆ¬ıÚ øıˆ¬ı He-¤ı˛ Ó≈¬˘Ú±˚˛ Œıø˙ Œfl¬Ú∑

(d) What are the conjugate acid and base of 2–
4HPO ?

2–
4HPO  ’±˚˛ÀÚı˛ ’Ú≈ıg¬œ ’…±ø¸Î¬ › ’Ú≈ıg¬œ é¬±ı˛fl¬ Œ˘À‡±/

(e) Which one is more active towards SN1reaction and why? — CH3OCH2Cl and CH3CH2CH2Cl

SN øıøSê˚˛±˚˛ Œfl¬±ÚøÈ¬ Œıø˙ ¸øSê˚˛ ¤ı— Œfl¬Ú∑ — CH3OCH2Cl ¤ı— CH3CH2CH2Cl

(f) What is the oxidation number of ‘S’ in Na2S2O3?

Na2S2O3 ŒÓ¬ ‘S’ ¤ı˛ Ê±ı˛Ì ¸—‡…± fl¬Ó¬∑

(g) Explain, why the electron affinity of Cl is higher than that of F?

Cl-¤ı˛ ◊̋À˘fl¬È¬™Ú ’±¸øMê F ’À¬Ûé¬± Œıø˙ Œfl¬Ú∑

(h) [Co(H2O)6]
2+ is less acidic than [Co(H2O)6]

3+ — explain.

[Co(H2O)6]
2+-¤ı˛ Ó≈¬˘Ú±˚˛ [Co(H2O)6]

3+ Œıø˙ ’±ø•°fl¬ ñ ı…±‡…± fl¬Àı˛±/
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2. Answer any two questions: 5×2=5

Œ˚ Œfl¬±ÀÚ± ¬≈øÈ¬ı˛˛ Î¬◊Mı˛ ±› –

(a) (i) Which one is more stable and why?

CH2 CH CH2CH3  ¤ı— 
H3C

H3C
C CH2

Œfl¬±ÚøÈ¬ Œıø˙ ¶ö±˚˛œ ¤ı— Œfl¬Ú∑

CH2 CH CH2CH3 ¤ı— 
H3C

H3C
C CH2

(ii) Trifluoroacetic acid behaves like H2SO4 — explain.

È¬™±˝◊Ùv≈¬Àı˛±’…±À¸øÈ¬fl¬ ’…±ø¸Î¬, H2SO4-¤ı˛ ˜ÀÓ¬± ’±‰¬ı˛Ì fl¬Àı˛ñ ı…±‡…± fl¬Àı˛±/

(iii) What is the hybridization of ‘C’ in CH3? 2+2+1=5

CH3-¤ fl¬±ı«ÀÚı˛ ¸—fl¬ı˛±˚˛Ì fl¬œ∑

(b) Give an example of enantiomer and diastereomer. Write a short note on tautomerism.

Write down the Hund’s rule.

Fill in the gap: H2C CH2 H2C

O

CH2 2+2+1=5

¤fl¬øÈ¬ fl¬Àı˛ enantiomer ¤ı— diastereomer-¤ı˛ Î¬◊±˝ı˛Ì ±›/ UÀ`¬ı˛ ¸”SøÈ¬ ı…±‡…± fl¬Àı˛±/

˙”Ú…¶ö±Ú ¬Û”ı˛Ì fl¬Àı˛±– H2C CH2 H2C

O

CH2

(c) Write down the properties of d-block elements. What do you mean by diagonal relationship?

3+2=5

d-ıvfl¬ Œ˜ÃÀ˘ı˛ Δıø˙©Ü…&ø˘ Œ˘À‡±/ Œfl¬ÃøÌfl¬ ¸•Ûfl«¬ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑

(d) Arrange in increasing acidity order of the followings: 3+2=5

H3PO3, H3PO2, H3PO4

Cis-1, 2-dichloroethane is more polar than trans-1,2-dichloroethane— explain.

’±ø•°fl¬Ó¬±ı˛ Sêı˜Ò«˜±Ú Sê˜ ’Ú≈¸±Àı˛ ¸±Ê±› –
H3PO3, H3PO2, H3PO4

È¬™±k-1, 2-Î¬±˝◊Àflv¬±Àı˛±˝◊ÀÔÚ ’À¬Ûé¬± ø¸¸ƒ-1, 2-Î¬±˝◊Àflv¬±Àı˛±˝◊ÀÔÚ ’Ì≈ Œıø˙ ÒËnıœ˚˛ ñ ı…±‡…± fl¬Àı˛±/

?

?



3. Answer any one question: 10×1=10

Œ˚ Œfl¬±ÀÚ± ¤fl¬øÈ¬ı˛ ±› –

(a) (i) Write down the products [A] and [B] in the reaction:

øÚ•ßø˘ø‡Ó¬ ¬Ûøı˛ıÓ«¬ÀÚı˛ ¸y¬±ı… Î¬◊»¬Ûiß ¬Û±Ô«&ø˘ [A] ¤ı— [B] fl¬œ∑

(ii) What is cracking? Write short note on meso compound. Arrange the increasing order

of basisity of the following: CH3NH2, C2H5N, CH3CN 2+(2+3+3)=10

Sê…±øfl¬— fl¬œ∑ È¬œfl¬± Œ˘À‡±ñ Œ˜À¸± Œ˚Ã·/ é¬±ı˛fl¬œ˚˛Ó¬±ı˛ Sê˜ıÒ«˜±Ú Sê˜ ’Ú≈¸±Àı˛ ¸±Ê±› –

CH3NH2, C2H5N, CH3CN

(b) Calculate the radius of 2nd Bohr orbit of a H-atom. What are the differences between

electron affinity and electronegativity? What are the hybridization of central element in

PCl3 and PCl5. Explain racemization with example. 3+3+2+2=10

¤fl¬øÈ¬ H-¬Ûı̨˜±Ì≈ı̨ øZÓ¬œ˚̨ Œı±ı̨ fl¬Àé¬ı̨ ı…±¸±Ò« øÚÌ«̊  ̨ fl¬Àı̨±/ ◊̋À˘fl¬È¬™Ú ’±¸øMê ¤ı— ◊̋À˘fl¬ÀÈ¬™±ÀÚÀ·øÈ¬øˆ¬øÈ¬-ı̨
˜ÀÒ… ¬Û±Ô«fl¬…&ø˘ Œ˘À‡±/ PCl3 › PCl5-¤ı˛ Œfl¬fœ˚˛ Œ˜ÃÀ˘ı˛ ¸—fl¬ı˛±˚˛Ì fl¬œ∑ Î¬◊±˝ı˛Ì¸˝ Œı˛ø¸˜±˝◊ÀÊ˙Ú
ı…±‡…± fl¬Àı˛±/

ñññññ
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 1. Answer any five questions: 1×5=5 

  (a) Why Carbon-Carbon bond length in tetrafluoroethylene is less than that in ethylene?  

  (b) Which is the smallest aromatic substance? 

  (c) Draw Frost diagram for benzene. 

  (d) What is the basic difference between epimer and enantiomer? 

  (e) Which of the following species behave both as nucleophile(s) and electrophile(s)? 

     

   (f) Which carbocation is more stable and why? 

     

  (g) Draw the structure of (E)–oxime of acetophenone. 

  (h) Draw the threo–form of 3-bromo-2-butanol in Fischer Projection formula. 

 2. Answer any two of the following: 5×2=10 

  (a)  (i) What is Molecular rotation? Mention the factors affecting specific rotation of organic 

compounds. 

    (ii) A sample of 2-methyl-1-butanol has a sp. rotation, = +1·5°. What is the 

% enantiomeric excess of the sample? What enantiomer is in excess, the R(+)/S(–)? 

      [For (R)–(+)-2-methyl-1-butanol, = +	5 · 76°]   
    (iii) Draw the M.O. picture of LUMO for 1,3-butadiene. 2+2+1=5 

  (b)  (i) Why the m.pt. of sulphanilic acid is so high? 
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    (ii) Label the C-3 centres of the following molecules as stereogenic, non-stereogenic and 

chirotopic/achirotopic. Justify your answer. 

 
       

   (iii)  What is the state of hybridization in each of the following carbanions? 2+2+1=5 

 

  (c)  (i) Classify the following molecule/ion into aromatic, non-aromatic and anti-aromatic. Give  
      reason. 
       

 

Ph

PhPh

Ph

+ +

 

(I) (II) (III) 

    (ii) Designate R/S descriptors in the following molecules. 
       

 

(I) (II) 

       3+2=5 
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  (d)  (i) Define with example(s): Radical reaction and pericyclic reaction 

    (ii) Calculate the formal charge on oxygen atom in methoxide ion. 

    (iii) Compare the dipole moment of the following compounds: 

 

       2+1+2=5 

 3. Answer any one of the following questions: 10×1=10 

  (a) Give the product(s) of the following reactions: 

     

(i) 
 

 

    Give the structure(s) and comment on the stabilities of the product formed in the above 
reactions. 

    (ii) Depict the symmetry elements present in NH  molecule and indicate its point group. 

    (iii)  Draw the structures of 

        

    (iv) Compare the b. pt. of isomeric pentones with reason. 

    (v) What are the structural features required for the generation of carbanions? Explain with 
example. 3+2+1+2+2=10 

  (b)  (i) Give the intermediate(s) and product(s) of the following reactions, and comment on the 
optical properties of the product(s). 

       

(p) 
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(q) 

    (ii) Rank the following carbanion in order of decreasing stability and explain the order. 

       

    (iii) Discuss the principle of resolution of a racemic mixture of 2-ethyl hexanoic acid. 

    (iv) Give example of an organic molecule having only C  element of symmetry. 

    (v) In the following reaction identity the substrate, nucleophile and leaving group. Mention 
the type of reaction. 

      CH3 I + CH3 CH2 ONa CH3 OCH2 CH3 + NaI   3+2+2+1+2=10 

__________ 
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