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                  c = 2.998×108 m.s-1   g = 9.8 m.s-2    h = 6.626×10-34 J.s RH = 2.179×10-18 J 0 °C = 273.15 K

                  NA = 6.02×1023    1 cal = 4.184 J    1 m = 109 nm = 1010  = 1012 pm 1 g = 103 mg = 106 g

                  1 atm   =   760 mmHg  =   760 torr   =  101325 Pa  = 101.325 kPa   =  1.01325 bar
                  R = 0.08206 L atm mol-1K-1 = 0.08314 L bar mol-1K-1  = 8.314 J mol-1K-1 = 8.314 L kPa mol-1 K-1

                  For water:  c = 4.184 J g-1 K-1 Kf = 1.86 K kg mol-1 Kb = 0.512 K kg mol-1

                  1 Newton (N) = 1 kg m s-2 1 Joule (J) = 1 N m = 1 kg m2 s-2 1 Watt (W)  = 1 J s-1

1) A balloon filled with 39.1 moles of helium has a volume of 876 L at 0.0 °C and 1.00 atm pressure. The temperature of
the balloon is increased to 38.0 °C as it expands to a volume of 998 L, the pressure remaining constant. What is the

U for the helium in the balloon?
(The molar heat capacity for helium gas is 20.8 J K-1 mol-1)

A) 19.2 kJ B) 37.0 kJ C) 9.1 kJ D) 18.5 kJ E) 21.3 kJ

2) An alloy sample was prepared  using 5.00 g aluminum (specific heat capacity = 0.89 J /K g) and 10.00 g iron (specific
heat capacity = 0.45 J /K g). Then the sample was heated to 100.0 °C. The alloy sample was then dropped into 97.3 g
water at 22.0 °C. Calculate the final temperature of the alloy and water system, assuming no heat loss to the
surroundings.

A) 21.3 °C B) 35.5 °C C) 23.7 °C D) 14.5 °C E) 47.4 °C

3) Considering below reaction calculate the final temperature when 100.0 mL of 0.500 M HCl is mixed with 300.0 mL of
0.100 M Ba(OH)2 in a coffee cup calorimeter. Assuming that the temperature of all solutions was initially 25.0 °C,

densities are 1.00 g/mL, specific heat capacities of 4.18 J/ K g, and no heat is lost to the surroundings.
2 HCl(aq) + Ba(OH)2(aq)  BaCl2(aq)  + 2 H2O(l)                 H = -118 kJ

A) 26.8 °C B) 19.6 °C C) 13.9 °C D) 53.6 °C E) 36.2 °C
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4) 2 NH3(g) + 3 N2O(g)   4 N2(g)   + 3 H2O(l) H = -1010 kJ

   N2O(g) + 3 H2(g)    N2H4(l) +   H2O(l) H =   -317 kJ
2 NH3(g) + ½ O2(g)    N2H4(l) +   H2O(l) H =   -143 kJ
   H2(g)    + ½ O2(g)    H2O(l)             H =   -286 kJ
According to the given data calculate H for the following reaction
N2H4(l) + O2(g)  N2(g)  + 2 H2O(l)

A) -2490 kJ B) +2490 kJ C) 1245 kJ D) -623 kJ E) +9960 kJ

5) Which of the following could be the atom X in the following neutral (uncharged) molecule?

A) Cl B) F C) C D) N E) O

6) Which of the following has a square planar shape?
A) IO4¯ B) SO42- C) BH4¯ D) ClO4¯ E) BrCl4¯

7) Which of the following species is not paired correctly with its VSEPR Notation?
A) CH4  AX4
B) SF4   AX4E
C) BrF5   AX5E
D) ICl3   AX3
E) ICl4  AX4E2

8) Which of the following species has sp3d hybridization type?
A) PF6¯ B) COS C) SiCl4 D) NO3¯ E) AsF5

9) According to the molecular orbital theory (MO), which one of the following species is paramagnetic?
A) C2 B) N22- C) Ne22+ D) B22- E) O22-

10) How many -bonds and -bonds, respectively, are there in the acetonitrile (CH3CN)?
A) 6 , 1 B) 4 , 3 C) 5 , 0 D) 5 , 2 E) 5 , 1 

11) Which of the following facts regarding bond order is not true?
A) Bond order is the number of bonds between two atoms in a molecule.
B) As the bond order increases, the bond length decreases.
C) Isoelectronic molecules and ions have identical bond orders.
D) The higher the bond order, the higher the bond energy.
E) With decrease in bond order, bond strength increases.

12) A compound alloy of gold (Au) and copper (Cu) crystallizes in a cubic lattice in which Cu atoms occupy the lattice
points at the corners of a cube and  Au atoms occupy the centers of each of the cube edges and the cubic space. What
would be the formula of this compund?

A) AuCu3 B) Au3Cu C) Au4Cu D) AuCu4 E) AuCu

13) Flask A has a volume of 0.5 L and contains 500 g of a volatile liquid. Flask B has a volume of 1 L and contains 125 g
of the same liquid. Both flasks are stoppered and both are at 30 °C. What is the ratio of the vapor pressure of the liquid
in Flask A to that in Flask B  (PA:PB)?

A) 2 B) 0.5 C) 1 D) 4 E) 0.25
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14) The vapor pressure of methyl alcohol (CH4O) is 40 mmHg at 5 °C, and normal boiling point is 66 °C. Estimate how

much heat is required to evaporate 319 g of methyl alcohol.
A) 725 kJ B) 216 kJ C) 993 kJ D) 377 kJ E) 686 kJ

15) Which of the following compound(s) can be liquified by applying pressure at 35 °C?
Substance Pcritical (atm) Tciritical (°C) Ptriple (atm) Ttriple(°C)

I Nitrous oxide (N2O) 71.4 36.4 0.87 -90.8
II Ethylene (C2H4) 50.0 9.4 0.001 -169.2
III Hydrogen Chloride  (HCl) 81.6 51.6 0.14 -114.2
IV Carbon dioxide (CO2) 72.8 31.2 5.10 -56.6

A) I B) I, III C) III, IV D) II, IV E) I, II, III

16) What is the mole percent of ethylene glycol  (C2H6O2, d = 1.1132 g mL-1) in a solution composed of ethylene glycol

and water (d = 1.0000 g mL-1) which has a density of 1.0816 g mL-1?
A) 42.8 % B) 87.9 % C) 2.6 % D) 39.7 % E) 7.8 %

17) Normal boiling point of water is 100 °C. What is the vapor pressure of an aqueous solution at 100 °C containing
15.1% ethylene glycol (C2H6O2) by mass?

A) 372 mmHg B) 723 mmHg C) 377 mmHg D) 389 mmHg E) 702 mmHg

18) How much glucose (a nonelectrolyte, C6H12O6) is required to prepare a solution which has the same osmotic pressure
of the blood as 7.65 atm at 37 °C?

A) 10.6 g L-1 B) 21.2 g L-1 C) 54.2 g L-1 D) 102.4 g L-1 E) 61.5 g L-1

19) The average volume of fatty tissue in a human brain is around 1200 cm3. When the partial pressure of N2(g) is 2 atm
(at a depth of 1.5 m below sea level), the amount of dissolved N2(g) in a human brain is 134.5 mg. Regarding that,
what is the Henry’s constant for N2 in fatty tissue?

A) 8 × 10-3 mol L-1 atm-1

B) 6 × 10-3 mol L-1 atm-1

C) 4 × 10-4 mol L-1 atm-1

D) 7 × 10-4 mol L-1 atm-1

E) 2 × 10-3 mol L-1 atm-1

20) The boiling point of a solution prepared by dissolving a 4.95 g of a nonelectrolyte volatile substance in 84.2 g of water
at 760 mmHg is 100.2 °C. What is the molar mass of this substance?

A) 230 g mol-1 B) 94 g mol-1 C) 106 g mol-1 D) 30 g mol-1 E) 150 g mol-1
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1) D
2) C
3) A
4) D
5) E
6) E
7) D
8) E
9) B

10) D
11) E
12) C
13) C
14) D
15) B
16) A
17) B
18) C
19) E
20) E
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