
I. Multiple choice: ( ) (2.5 points each, total: 75 points) 
1. Which among the following represent a set of isotopes  Atomic nuclei containing: 

I. 20 protons and 20 neutrons. 
II. 21 protons and 19 neutrons. 
III. 22 neutrons and 18 protons. 
IV. 20 protons and 22 neutrons. 
V. 21 protons and 20 neutrons. 
a) I, II, III 
b) III, IV 
c) I, V 
d) I, IV and II, V 
e) No isotopes are indicated.

2. What is the correct formula for barium phosphate  
a) BaPO4

b) Ba3(PO4)2

c) Ba2(PO4)3

d) Ba2PO4

e) Ba3PO4

3. Indium has atomic number 49 and atomic mass 114.8 g. Naturally occurring indium contains a 
mixture of indium-112 and indium-115, respectively, in an atomic ratio of approximately 

a) 6/ 94. 
b) 25/ 75. 
c) 50/ 50. 
d) 75/ 25. 
e) 94/ 6.

4. Which of the following solutions contains the greatest total ion concentration  
a) One mole of potassium chloride dissolved in 1.0 L of solution. 
b) One mole of iron(II) nitrate dissolved in 1.0 L of solution. 
c) One mole of potassium hydroxide dissolved in 1.0 L of solution. 
d) One mole of sodium phosphate dissolved in 1.0 L of solution. 
e) At least two of the above solutions have an equal number of ions, and these 
contain the greatest total ion concentration.



5. A solution contains the ions Ag+, Pb2+, and Ni2+. Dilute solutions of NaCl, Na2SO4, and Na2S are 
available to separate the positive ions from each other. In order to effect separation, the solutions 
should be added in which order  

a) Na2SO4, NaCl, Na2S
b) Na2SO4, Na2S, NaCl 
c) Na2S, NaCl, Na2SO4

d) NaCl, Na2S, Na2SO4

e) NaCl, Na2SO4, Na2S

6. A balloon contains 10.0 g neon gas. While keeping the temperature constant, 10.0 g of argon gas 
is added. What happens  

a) The balloon doubles in volume. 
b) The volume of the balloon expands by more than 2 times. 
c) The volume of the balloon expands by less than 2 times. 
d) The balloon stays the same size but the pressure increases. 
e) none of these

7. For the reaction 2H2(g) + O2(g) 2H2O(g), what is the relationship between K and Kp at
temperature T  

a) K = Kp

b) K = Kp(RT)2

c) Kp = K(RT)2

d) K = Kp(RT)
e) Kp = K(RT)

8. The value of the equilibrium constant , K, is dependent on 
I. The temperature of the system. 
II. The nature of the reactants and products. 
III. The concentration of the reactants. 
IV. The concentration of the products. 
a) I, II 
b) II, III 
c) III, IV 
d) It is dependent on three of the above choices. 



e) It is not dependent on any of the above choices.

9. Nitrogen gas (N2) reacts with hydrogen gas (H2) to form ammonia (NH3). At 200 C in a closed 
container, 1.0 atm of nitrogen gas is mixed with 2.0 atm of hydrogen gas. At equilibrium, the total 
pressure is 2.0 atm. Calculate the partial pressure of hydrogen gas at equilibrium. 

a) 2.0 atm 
b) 0.50 atm 
c) 1.5 atm 
d) 0.0 atm 
e) none of these

10. According to the Bronsted-Lowry definition, an acid is 
a) a substance that increases the hydroxide concentration ion concentration in a solution. 
b) a substance that increases the hydrogen ion concentration ion concentration in a solution. 
c) a substance that can accept a proton from another species in solution. 
d) a substance that can donate a proton to another species. 
e) an electron pair acceptor. 

11. Calculate the pH of a solution that contains 3.25 M HCN (Ka = 6.2 x 10-10), 1.00 M NaOH and 
1.50 M NaCN. 

a) 9.25 
b) 8.86 
c) 8.28 
d) 7.46 
e) none of these

12. Calculate the concentration of chromate ion, CrO42 , in a saturated solution of CaCrO4. (Ksp =
7.1 10 4)

a) 0.027 M 
b) 5.0 10 7 M
c) 7.1 10 4 M
d) 3.5 10 4 M
e) 3.5 10 2 M

13. Which of the following statements is (are) true  



a) Enthalpy is a state function. 
b) In exothermic reactions, the reactants are lower in potential energy than the products. 
c) A chemist takes the surroundings point of view when determining the sign for work or 
heat.
d) The heat of reaction and change in enthalpy can always be used interchangeably. 
e) At least two of the above statements are true.

14. A 100-mL sample of water is placed in a coffee cup calorimeter. When 1.0 g of an ionic solid is 
added, the temperature decreases from 21.5蚓  to 20.8蚓  as the solid dissolves. For the dissolving of 
the solid 

a) H > 0 
b) Suniv > 0 
c) Ssys< 0 
d) Ssurr > 0 
e) none of these

15. The reaction below occurs in basic solution. In the balanced equation, what is the sum of the 
coefficients  

Zn + NO3 Zn(OH)42 + NH3

a) 12 
b) 15 
c) 19 
d) 23 
e) 27 

16. For a reaction in a voltaic cell both H and S are positive. Which of the following statements 
is true  

a) E cell will increase with an increase in temperature. 
b) E cell will decrease with an increase in temperature. 
c) E cell will not change when the temperature increases. 
d) G > 0 for all temperatures. 
e) None of the above statements is true.

17. An atom of fluorine contains 9 electrons. How many of these electrons are in s orbitals  
a) 2 



b) 4 
c) 6 
d) 8 
e) none

18. Choose the compound with the most ionic bond. 
a) LiCl 
b) KF 
c) NaCl 
d) LiF 
e) KCl

19. As indicated by Lewis structures, which of the following species could probably not exist as a 
stable molecule  

a) NH3

b) N2H2

c) N2H4

d) N2H6

e) N2O4

20. What is the hybridization of Cl in the molecule ClF3 
a) sp 
b) sp2

c) sp3

d) dsp3

e) d2sp3

21. Which of the following statements is true  
a) Electrons are never found in an antibonding MO. 
b) All antibonding MOs are higher in energy than the atomic orbitals of which they are 
composed.
c) Antibonding MOs have electron density mainly outside the space between he two nuclei. 
d) None of the above is true. 
e) Two of the above statements are true.



22. The rate constant k is dependent on 
a) the concentration of the reactant. 
b) the concentration of the product. 
c) the temperature. 
d) the order of the reaction. 
e) none of these

23. At a particular temperature the half-life of a zero-order reaction is 20.0 min. How long will it 
take for the reactant concentration to be depleted by a factor of 8  

a) 20.0 min 
b) 35.0 min 
c) 60.0 min 
d) 140 min 
e) 160 min 

24. Which of the following statements is true about p-type silicon  
a) It is produced by doping Si with P or As. 
b) Electrons are the mobile charge carriers. 
c) It does not conduct electricity as well as pure Si. 
d) All are true. 
e) None is true.

25. An aqueous solution contains 45.0 g KNO3 in 250.0 mL solution. The molarity of the solution is 
a) 0.455 M KNO3

b) 1.78 M KNO3

c) 2.25 M KNO3

d) 8.99 M KNO3

e) none of these

26. Which elements have chemical properties determined by the valence-level s and p electrons 
a) representative elements 
b) transition metals 
c) lanthanides 
d) actinides 
e) none of these



27. Choose the element that is the strongest reducing agent in aqueous solution. 
a) Li 
b) Na 
c) K 
d) Rb 
e) Cs

28. Choose the species with the smallest hydration energy (absolute value). 
a) F 

b) Cl 

c) Br 

d) I 

e) all the same

29. Which of the following coordination compounds will form a precipitate when treated with an 
aqueous solution of AgNO3 

a) [Cr(NH3)3Cl3]
b) [Cr(NH3)6]Cl3
c) [Cr(NH3)Cl]SO4

d) Na3[Cr(CN)6]
e) Na3[CrCl6]

30. The product of ethane undergoing dehydrogenation is called 
a) propene 
b) methene 
c) ethene 
d) propane 
e) none of these

II. Provide a concise but thorough explanation of the following: (
) (5 points each, total: 25 points) 

31. Chelating ligand 
32. Enthalpy 
33. The three laws of thermodynamics 



34. Heisenberg uncertainty principle 
35. Mole 





Physics 
1. In order to jump off the floor, the floor must exert a force on you 

a) in the direction of and equal to your weight.  
b) opposite to and equal to your weight. 
c) in the direction of and less than your weight. 
d) opposite to and less than your weight. 

e) opposite to and greater than your weight. 
2. A 2.0-kg body moving along the x axis has a velocity vx = 5.0 m/ s at x = 0. The only force acting on the 
object is given by Fx = ( 4.0x) N, where x is in m. For what value of x will this object first come (momentarily) 
to rest  

a) 4.2 m  b) 3.5 m  c) 5.3 m  d) 6.4 m  e) 5.0 m 

3. A 2.0-kg object moving 5.0 m/ s collides with and sticks to an 8.0-kg object initially at rest. Determine the 
kinetic energy lost by the system as a result of this collision. 

a) 20 J  b) 15 J  c) 30 J  d) 25 J  e) 5.0 J 

4. A solid sphere, spherical shell, solid cylinder and a cylindrical shell all have the same mass m and radius R.
If they are all released from rest at the same elevation and roll without slipping, which reaches the bottom of 
an inclined plane first  

a) solid sphere   b) spherical shell   c) solid cylinder 

d) cylindrical shell  e) all take the same time 

5. Three pendulums with strings of the same length and bobs of the same mass are pulled out to angles 1, 2
and 3 respectively and released. The approximation sin  =  holds for all three angles, with 3 > 2 > 1.
How do the angular frequencies of the three pendulums compare  

a) 3 > 2 > 1   b) Need to know amplitudes to answer this question. 

c) Need to know Lg/  to answer this question.   

d) 1 > 2 > 3   e) 1 = 2 = 3

6. A box contains about 5.0  1021 hydrogen atoms at room temperature (21 C). Determine the thermal 
energy of these atoms. 

a) 10 J  b) 20 J  c) 30 J  d) 5.0 J  e) 1.0 J 
7. Which of the following is an almost reversible process  

a) The explosion of hydrogen and oxygen to form water. 
b) Heat transfer through thick insulation. 
c) The adiabatic free expansion of a gas. 
d) A slow isothermal compression of a gas. 
e) A slow leakage of gas into an empty chamber through a small hole in a membrane. 



8. Three point charges are positioned on the x axis. If the charges and corresponding positions are +32 µC at 
x = 0, +20 µC at x = 40 cm, and  60 µC at x = 60 cm, what is the magnitude of the electrostatic force on the 
+32-µC charge  

a) 84 N  b) 12 N  c) 36 N  d) 50 N  e) 48 N 
9. A particle (charge = +2.0 mC) moving in a region where only electric forces act on it has a kinetic energy of 
5.0 J at point A. The particle subsequently passes through point B which has an electric potential of +1.5 kV 
relative to point A. Determine the kinetic energy of the particle as it moves through point B. 

a) 3.0 J  b) 2.0 J  c) 5.0 J  d) 8.0 J  e) 10.0 J 
10. A circular loop (area = 0.20 m2) turns in a uniform magnetic field with B = 0.13 T. At an instant when the 
angle between the magnetic field and the normal to the plane of the loop is ( ) rads and is decreasing at the 
rate of 0.50 rad/ s, what is the magnitude of the emf induced in the loop  

a) zero  b) 13 mV  c) 26 mV  d) 20 mV  e) 18 mV 

Calculus

1. Evaluate        xdxex sin

2. Find 22 ax
dx

where 0a

3. Evaluate  where C is upper half of the unit circle 1dsyxC
22 22 yx

4. Find xdxx 25 cossin

5. The curvature of the curve )(xf  is given as 2/32)(1

)(
)(

xf

xf
x  .  Find the curvature of the parabola 

2xy  at the points (0,0), (1,1), and (2,4) 


