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NATIONAL UNIVERSITY OF SINGAPORE 

DEPARTMENT OF CHEMISTRY 

ADVANCED PLACEMENT TEST 
(SAMPLE) 

CM1131      PHYSICAL CHEMISTRY 1 

MMM--YYYY ---- Time Allowed: 2 hours 

INSTRUCTIONS TO CANDIDATES 

1. This paper contains FOUR (4) questions and comprises SIX (6) printed pages 

including this cover page.

2. This is a CLOSED BOOK test.

3. Only non-programmable and non-graphing calculators without remote 
communication function may be used.

4. The Periodic Table is provided on the last page.

5. Answer ALL 4 questions.

6. Answer each question beginning on a FRESH page of the answer booklet. 
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 Question 1 

(a) In the morning, a driver inflates the tyres of her car to a recommended pressure of 

3.21 x 105 Pa at a temperature of -5 °C. She then drives a few hours to the beach, 

where the temperature is 28 °C and the volume of tyres increases by 3%. What is 

the final pressure of the tyres? Does it exceed the manufacturer’s recommendation 

of less than 10% increase in pressure? 

(7 marks) 

 

(b) Which isothermal expansion of n = 2 moles of ideal gas would you expect to yield 

more work? 

Pi = 25 atm; Vi = 4.5 L  to  Pf = 4.5 atm. 

(i) reversible expansion or 

 (ii) a single step expansion. 

  

(6 marks) 

 

(c)  Calculate ∆G at 800 K for the dissociation of Cl2 (g) to 2Cl (g), where PCl2 = 

0.154 Torr and PCl = 13.2 Torr.  

Given ∆G°f at 298 K: Cl2 (g) = 0 kJmol-1 and Cl (g) = 105.7 kJmol-1; and ∆H° f at 

298 K: Cl2 (g) = 0 kJmol-1 and Cl (g) = 121.3 kJmol-1. Use Kp rather than Kc for 

these calculations. 

(12 marks) 
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Question 2 

(a) 1 M of the chemical warfare agent phosgene, COCl2, is introduced into a cylinder 

at 633 K and allowed to decompose to CO and Cl2, where Kc = 8.3 x 10-4. In order 

to aid the decomposition process, the volume of the cylinder is changed by 50%, 

find the concentration of phosgene.  

   (10 marks)  

 

(b)  Calculate the pH when 50 mL of 0.2 M acetic acid is added to 20 mL of 0.5 M 

NaOH. Ka of acetic acid = 1.8 x 10-5.  

(5 marks) 

 

(c)  Calculate the pH of 0.1 M citric acid at 25 °C given that Kb1 = 1.35 x 10-11,  

Kb2 = 5.88 x 10-10 and Kb3 = 2.5 x 10-8. 

(5 marks) 

 

(d) For the Zn/Cu voltaic cell, the potential is 1.10 V. Calculate the equilibrium 

constant for the cell. 

(5 marks) 
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Question 3 

(a) 2NH3 (g) ⇋ N2 (g) + 3H2 (g)   K = 1.5 x 10-6 at 298 K  
            ΔH°f, 298 K = -11.0 kcal/mol for NH3(g)  

            What is K for the above reaction at 350 K? 

(8 marks) 
 
 
(b) The experimental data was collected for the hydrolysis of an ester: 
 

 
Calculate the collision frequency factor of the reaction. 
  

          (7 marks) 

 

(c)  Calculate ∆H for the process where 5.4 moles of liquid water at 18 ºC is heated to 

70 ºC. The entire process takes place at 1 atm.  

(5 marks) 
 

 
(d)  Describe the apparatus used to measure ∆U and the procedure used.  
 

(5 marks) 
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Question 4 

(a)  Ag+(aq)  +  e-  →  Ag(s)   E°red = 0.80 V 

Al3+(aq)  +  3e-  →  Al(s)   E°red = -1.66 V 

An electrochemist requires 2.5 V to light a bulb. She has a silver and aluminium 

rod and 0.05 M AgNO3 solution. Find the concentration of Al(NO3)3 she needs to 

prepare to obtain the required voltage at 298 K.   

 (8 marks) 

 

(b) Suppose a particular cell reaction is limited by the amount of Au3+ present in the 

cathode electrolyte. If the electrolyte solution has a volume of 300 mL and is 0.35 

M in Au3+, how long (in hours) will this cell be able to deliver a current of 30 

milliamperes (mA)? 

(10 marks) 

 

(c) The sublimed CO2 gas from 33.0 g of dry ice (CO2 (s)) is collected in a perfectly 

elastic balloon at 735 Torr and 21.0 °C. Calculate the work done by the gas in 

calories, neglecting the volume occupied by the dry ice and assuming ideal gas 

behavior. 

(7 marks) 

 

 

END OF PAPER 
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