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 Attempt ALL the questions. Q.1 – Q.10 Multiple Choice Question 

(MCQ), carry TWO marks each (for each wrong answer: –0.66). 

1. The most polar compound among the following is: 

(a) SF4                    (b) BF3                     (c) XeF4                        (d) SO3 

2. Which one of the following order of the carbonates is CORRECT for their 

decomposition temperature? 

(a) BaCO3 > CaCO3 > SrCO3 > MgCO3 

(b) BaCO3 > SrCO3 > CaCO3 > MgCO3 

(c) MgCO3 > CaCO3 > SrCO3 > BaCO3 

(d) MgCO3 > CaCO3 > BaCO3 > SrCO3 
 

3. The CORRECT order of CO vibrational stretching frequency in the following 

complexes is 

(𝐏𝐅𝟑)𝟑𝐌𝐨(𝐂𝐎)𝟑 (𝐏𝐂𝐥𝟑)𝟑𝐌𝐨(𝐂𝐎)𝟑 {𝐏(𝐎𝐌𝐞)𝟑}𝟑𝐌𝐨(𝐂𝐎)𝟑 

I II III 

 

(a) I < II < III       (b) III < II < I 

(c) II < I < III       (d) III < I < II 
 

4. Among the following, the ligand that BEST stabilizes low oxidation state of 

tungsten (W) is 

(a) H2O                             (b) NH3                             (c) CO                             (d) F− 

5. The function 𝐲 = 𝐱 𝐞𝐱𝐩 (−𝐱𝟐) has a minimum at 𝐱 = −
𝟏

√𝟐
. The second derivative 

of the function at the minimum is 

(a) 2√2 exp (−
1

2
)             (b) −2√2 exp (−

1

2
)             (c) 0            (d) −√2 exp (−

1

2
) 

6. For a particular reaction at constant temperature, a plot of inverse of reactant 

concentration (
𝟏

[𝐀]
) versus time is a straight line with a slope of 𝟒. 𝟎 ×

𝟏𝟎−𝟐 𝐋 𝐦𝐨𝐥−𝟏 𝐬−𝟏. The time required (in seconds) for 𝟏. 𝟎 M of reactant to 

decrease to 𝟎. 𝟐𝟓 𝐌 is: 

(a) 18.8                           (b) 34.7                            (c) 75.0                           (d) 187.5 

7. For a physisorption process, which one of the following statements is NOT 

correct? 

(a) There are van der Waals interactions between the adsorbate and the adsorbent. 

(b) The process predominates at low temperature. 
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(c) The process cannot proceed beyond a monolayer 

(d) The process is reversible. 

8. The product of the following reaction is 

 

(a) 

 

 (b) 

 

 (c) 

 

 (d) 

 
 

9. The CORRECT order of stability of the following carbonium ions is 

   

I II III 

 

(a) II > I > III      (b) III > II > I 

(c) I > III > II      (d) II > III > I 
 

10. Which one of the following statements is CORRECT? 

(a) Naturally occurring DNA has B-configuration. 

(b) Nucleic acids are derived from proteins. 

(c) Proteins store genetic information 

(d) Vitamins generally act as enzymes. 

 Attempt ALL the questions. Q.11 – Q.20 (fill in the blank questions) 

carry three marks each (No Negative Mark). 

11. The reaction of anhydrous 𝐅𝐞𝐂𝐥𝟐 with sodium-pentadienyl in ether gives an air-

stable diamagnetic orange solid, which on oxidation gives an air-sensitive 

paramagnetic blue-green compound in solution. The blue- green compound is __ 

12. CaO, VO and MnO have octahedral coordination of the metal ions in a rock-salt 

structure. The correct increasing order of their lattice enthalpies is ________ 

13. The shape of the inter-halide 𝐈𝐅𝟖
− is ___________ 

14. The vapour pressures of solid and liquid chlorine are given by   

𝐥𝐨𝐠𝐞 𝐏𝐬𝐨𝐥𝐢𝐝 = 𝟐𝟒 −
𝟑𝟗𝟎𝟎

𝐓
 𝐚𝐧𝐝 𝐥𝐨𝐠𝐞 𝐏𝐥𝐢𝐪 = 𝟏𝟖 −

𝟐𝟔𝟎𝟎

𝐓
, 

Where 𝐏𝐬𝐨𝐥𝐢𝐝 𝐚𝐧𝐝 𝐏𝐥𝐢𝐪 are the vapour pressures (in Torr) of solid and liquid 

chlorine near the triple point, respectively and T is the absolute temperature. 
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The ratio of the slope of the solid-gas curve to the slope of the liquid gas curve at 

the triple point in the P-T diagram is __________ 

15. For unnormalized wave-function, 

𝛗(𝐫, 𝛉, 𝛟) = 𝐬𝐢𝐧 𝛉 𝐜𝐨𝐬 𝛟 (
𝟐𝐫

𝐚𝟎
− (

𝐫

𝐚𝟎
)

𝟐
) 𝐞𝐱𝐩 (−

𝐫

𝐚𝟎
), 

the number of radial node(s) is __________ 

16. A hypothetical element (𝐚𝐭𝐨𝐦𝐢𝐜 𝐰𝐞𝐢𝐠𝐡𝐭 = 𝟑𝟎𝟎) crystallizes in a simple cubic 

lattice. For this crystal, the first order X-ray diffraction with wavelength of 𝟓 Å 

appears at an angle of 𝟑𝟎°. The density of the crystal is _________  𝐠 𝐜𝐦−𝟑.  

[Avogadro number, 𝐍𝐀 = 𝟔. 𝟎𝟐 × 𝟏𝟎𝟐𝟑] 

17. 𝐌𝐧𝐎𝟒
−(𝐚𝐪) + 𝐙𝐧(𝐬) + 𝐇𝟑𝐎+(𝐚𝐪) ⟶ 𝐌𝐧𝟐+(𝐚𝐪) + 𝐙𝐧𝟐+(𝐚𝐪) + 𝐇𝟐𝐎 () 

For the above reaction if the equilibrium constant at 𝟐𝟗𝟖 𝐊 is represented by 

𝟏𝟎𝐗, then the value of X is _________ 

[Given: The standard cell potential 𝐄𝟎 = 𝟐. 𝟒 𝐕 𝐚𝐧𝐝 
𝟐.𝟑𝟎𝟑𝐑𝐓

𝐅
= 𝟎. 𝟎𝟔𝐕 𝐚𝐭 𝟐𝟗𝟖 𝐊] 

18. The rotational energy barrier between the most stable and the least stable 

conformations of 𝟐, 𝟑-dimethylbutane along 𝐂𝟐–𝐂𝟑 bond is _______ 𝐤𝐜𝐚𝐥 𝐦𝐨𝐥−𝟏. 

[Given: The energies (𝐤𝐜𝐚𝐥 𝐦𝐨𝐥−𝟏) for 𝐇/𝐂𝐇𝟑 𝐞𝐜𝐥𝐢𝐩𝐬𝐢𝐧𝐠 = 𝟏. 𝟖, 𝐂𝐇𝟑/𝐂𝐇𝟑 

𝐞𝐜𝐥𝐢𝐩𝐬𝐢𝐧𝐠 = 𝟐. 𝟗 and 𝐂𝐇𝟑/𝐂𝐇𝟑 𝐠𝐚𝐮𝐜𝐡𝐞 = 𝟎. 𝟗] 

19. The number of peaks or signals in 1H-NMR of N,N-dimethylformamide (DMF) 

at 𝟐𝟓 ℃ is ________ 

20. 

 

calixene 

Calixene is a polar hydrocarbon with a high dipole moment. The most stable 

dipolar canonical structure is ___________ 

 Attempt ALL the questions. Questions 21 – 30 (subjective 

questions) carry five marks each. 

21. A mixture of 𝐂𝟑𝐇𝟖 and oxygen in 𝟏𝐋 closed vessel has an internal pressure of 

𝟒 𝐚𝐭𝐦 𝐚𝐭 𝟏𝟎𝟎 ℃. When the mixture is ignited, the reaction produces 𝐂𝐎𝟐(g) and 

𝐇𝟐𝐎 (g) until all oxygen is consumed. After the reaction, pressure of the vessel is 

𝟒. 𝟐 𝐚𝐭𝐦 at the same temperature. Calculate the weight of oxygen present before 

the reaction. 

[Gas constant, 𝐑 = 𝟎. 𝟎𝟖𝟐 𝐋 𝐚𝐭𝐦 𝐦𝐨𝐥−𝟏𝐊−𝟏]. 
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22. The following reaction is carried out at 𝟏 atm and 𝟑𝟎𝟎 𝐊.  

𝟐𝐇𝟐(𝐠) + 𝐎𝟐(𝐠) ⟶ 𝟐𝐇𝟐𝐎() 

∆𝐔 for the above reaction is 𝟓𝟓𝟎 𝐤𝐉. Assuming ideal gas behaviour for 𝐇𝟐 and 

𝐎𝟐, calculate the value of ∆𝐇.  

[Given: The value of gas constant, 𝐑 = 𝟎. 𝟎𝟖𝟐 𝐋 𝐚𝐭𝐦 𝐦𝐨𝐥−𝟏 𝐊−𝟏 =

𝟖. 𝟑𝟏𝟒 𝐦𝐨𝐥−𝟏𝐊−𝟏. The volume of 𝟏 mole of liquid water is 𝟏𝟖 𝐦𝐋 under the 

above reaction condition] 

23. At 𝟐𝟗𝟖𝐊, calculate the solubility of metal sulfide, MS(s), in a saturated solution 

of 𝐇𝟐𝐒 where the concentration of 𝐇𝟐𝐒 and pH are maintained at 𝟎. 𝟏 𝐌 and 

𝟑. 𝟎, respectively 

Given at 𝟐𝟗𝟖 𝐊, 

𝐇𝟐𝐒(𝐚𝐪) + 𝐇𝟐𝐎(𝐥𝐢𝐪) ⇋ 𝐇𝟑𝐎+(𝐚𝐪) + 𝐇𝐒−(𝐚𝐪)                         𝐊 = 𝟏𝟎−𝟕 

𝐌𝐒(𝐬) + 𝐇𝟐𝐎(𝐥𝐢𝐪) ⇋ 𝐌𝟐+(𝐚𝐪) + 𝐇𝐒−(𝐚𝐪) +-OH (aq)            𝐊 = 𝟓 × 𝟏𝟎−𝟏𝟗 

24. For each of the following metallo-proteins identify the metal-ion at the active-site 

and the function of the proteins: deoxy-hemoglobin, deoxy-myoglobin, oxy-

hemocyanin, cytochrome-C and carbonic anhydrase. 

25. A solution containing 𝟐𝟓𝟎 ppm of 𝐂𝐮𝐒𝐎𝟒. 𝟓𝐇𝟐𝐎 (𝐟𝐨𝐫𝐦𝐮𝐥𝐚 𝐰𝐞𝐢𝐠𝐡𝐭 = 𝟐𝟓𝟎) has 

an absorbance of 𝟎. 𝟏 measured in 𝟏 cm cell at 𝟔𝟎𝟎 𝐧𝐦. Calculate the molar 

absorptivity (𝛆) of 𝐂𝐮𝐒𝐎𝟒. 𝟓𝐇𝟐𝐎 in 𝐋 𝐌−𝟏𝐜𝐦−𝟏. When 𝟐𝟓 mL of the above 

solution is titrated against 𝐍𝐚𝟐𝐄𝐃𝐓𝐀 (aq) solution, it consumes 𝟓𝟎 𝐦𝐋 of 

𝐍𝐚𝟐𝐄𝐃𝐓𝐀 (aq) solution. Calculate the concentration of 𝐍𝐚𝟐𝐄𝐃𝐓𝐀 (aq) solution 

in moles 𝐋−𝟏. 

26. Assume the complex [Ni(𝐏𝐏𝐡𝟑)𝟐(𝐒𝐂𝐍)𝟐] is paramagnetic. The analogous 

complex of Pd(II) is diamagnetic. Draw all the probable isomers for both the 

complexes considering 𝐒𝐂𝐍− is an ambidentate ligand. 

27. Write the structures of A to E in the following reaction sequence: 
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28. Write the structures of F to J in the following reaction scheme: 

 

29. Propose a mechanism for the following reaction. Show stepwise correct reactive 

intermediates. 

 

30. Complete the following reaction sequence and write structures of K to O. 

 

Answer Key 

Q.No Ans  Q.No Ans 

1. a  11. Ferricinium cation 

2. b  12. VO > MnO > CaO 

3. b  13. Square antiprismatic 

4. c  14. 3:2 

5. a  15. 2 

6. c  16. 3.985 g cm−3 

7. c  17. 400 

8. d  18. 4.7 Kcal/mol 

9. d  19. Three 

10. a  20. 
 

 

© No Part of this Question Paper shall be reproduced, reprinted or Translated 
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for any purpose whatsoever without prior permission of AJ Chem Academy.   

© Inspite of best efforts taken to present this Work without mistakes, some 

mistakes may have inadvertently crept in. So, we do not take any legal 

responsibility for them. If they are brought to our notice, corrections will be 

done in next edition.   

© இந்த வினாத்தாளின் எந்தப் பகுதியும் ஏஜே கெம் அொடமியின் முன் அனுமதியின்றி எந்த 

ஜ ாக்ெத்திற்ொெவும் மீண்டும் உருவாக்ெப்படஜவா, மறுபதிப்பு கெய்யஜவா அல்லது 

கமாழிகபயர்க்ெஜவா கூடாது. 

© இந்த படடப்டப பிடையின்றி வைங்குவதற்கு சிறந்த முயற்சிெள் எடுக்ெப்பட்டாலும், சில 

தவறுெள் ெவனக்குடறவாெ ஊடுருவியிருக்ெலாம். எனஜவ அவற்றிற்கு  ாங்ெள் எந்த ெட்டப் 

கபாறுப்டபயும் ஏற்ெவில்டல. அவற்டற எங்ெள் ெவனத்திற்கு கொண்டு வந்தால், அடுத்த பதிப்பில் 

திருத்தங்ெள் கெய்யப்படும். 
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