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Mass of electron:  9.11 x 10-31kg, Mass of proton=1.67 x 10-27kg, R=0.08206 L 
atm mol-1K-1, 8.3145 J K-1 mol-1, Vsphere=4/3πr3,  

h = 6.626 x 10-34 J s or 6.626 x 10-34 kg m2/s, Neutron mass=1.67 x 10-27 kg; λ=h/mν; ΔE = energy level of 

nfinal- energy level ninitial; E = -2.178 x 10-18 J (Z2/n2); C = ν λ; E = hc/ λ; KE electron=1/2 mv2; Δx ·Δp ≥ ħ/2   

ħ=h/2π:  F=96485 C, Cr mass=52.00 g/mol, Electron mass= 9.10939 x 10 -31kg 

 
Directions: Select the best answer. 
 
1.  Which of the following is not determined by the principal quantum number, n, of the electron 
in a hydrogen atom? 
a) the energy of the electron 
b) the minimum wavelength of the light needed to remove the electron from the 
atom. 
c) the size of the corresponding atomic orbital(s) 
d) the shape of the corresponding atomic orbital(s) 
e) All of the above are determined by n. 
 
2.  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. 
 
3.  For which of the following compound(s) are cis and trans isomers possible? 
a) 2,3-dimethyl-2-butene    b) 3-methyl-2-pentene  
c) 4,4-dimethylcyclohexanol   d) ortho-chlorotoluene 
e) All can exhibit cis/trans isomers. 
 
4.  How many electrons can be described by the quantum numbers n = 3, l = 3, ml = 1? 
a) 0  b) 2  c) 6  d) 10 e) 14 
 
5.  The net number of face-centered atoms contained in a face-centered cubic unit cell is 
a) 1  b) 3  c) 4  d) 6  e) none of these 
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6.  Which of the following molecules has a dipole moment? 
a) CF4    b) SF4    c) XeF4   
d) All of the above have a dipole moment. 
e) None of the above (a-c) has a dipole moment. 
 
7.  The first electron affinity value for oxygen is _______ and the second electron affinity value is 
________. 
a) unfavorable (endothermic), favorable (exothermic) 
b) unfavorable (endothermic), unfavorable (endothermic) 
c) favorable (exothermic), favorable (exothermic) 
d) favorable (exothermic), unfavorable (endothermic) 
e) More information is needed. 
 
8.  How many electrons are transferred in the following reaction? 

2Cr2O7
2- + 14H+ + 6Cl– → 2Cr3+ + 3Cl2 + 7H2O  

a) 2  b) 4  c) 6  d) 8  e) none of these 
 
9.  In which of the following cases must E be equal to zero? 
a) In any cell at equilibrium.    b) In a concentration cell. 
c) E can never be equal to zero.   d) Choices a and b are both correct. 
e) Choices a, b and c are all correct. 
 
10.  For a spontaneous endothermic process, which conditions must hold? 

1)  wmax = ΔG     2) ΔSsurr > 0   
3) ΔS cannot be negative.   4) ΔS is positive. 
 

a) All are true.  b) None are true.  c) 1 and 3  d) 1, 2, and 4 
e) 3 and 4 
 
11.  What is the most abundant element found in the human body? 
a) carbon  b) hydrogen c) calcium d) oxygen e) water 
 
12.  What is the advantage of a nickel-cadmium or a lead-acid battery? 
a) They have high output voltages   b) They are rechargeable 
c) They provide high charge to mass ratios  d) They are easily disposed of 
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e) All are true. 
 
13.  Which form of electromagnetic radiation has the shortest wavelengths? 
a) gamma rays    b) microwaves    c) radio waves  
d) infrared radiation   e) x-rays 
 
14.  Which of the following is optically active? 
a) HN(CH3)2    b) CH2Cl2   c) 2-chloropropane 
d) 2-chlorobutane   e) 3-chloropentane 
 
15.  Teflon is an example of a 
a) copolymer    b) homopolymer  c) dimer 
d) two of these    e) none of these 
 
16.  The Haber process 
a) is used to manufacture ammonia. 
b) transforms nitrogen to other nitrogen-containing compounds. 
c) is used to recover sulfur from underground deposits. 
d) is used to produce nitric acid. 
e) none of these 
 
17.  When a metal complex ion forms in solution, what are the metal ion and ligands acting as? 
a) The metal ion acts as a Lewis base, and the ligand acts as a Lewis acid. 
b) The metal ion is a Lewis acid, and the ligand is its conjugate base. 
c) The ligand is a Lewis base, and the metal ion is its conjugate acid. 
d) The metal ion acts as a Lewis acid, and the ligand acts as a Lewis base. 
e) None of these 
 
18.  Which of the following is paramagnetic? 
a) H2 b) B2 c) C2 d) N2 e) At least two of the above are paramagnetic. 
 
19.  What is the hybridization of Cl in the molecule ClF3? 
a) sp   b) sp2  c) sp3  d) dsp3  e) d2sp3
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20.  Why would the  
be likely to be radioactive? 
a) The nucleus has an unusually light nucleus and is unstable. 
b) The nucleus is an unusually heavy nucleus and is unstable. 
c) The nucleus has an odd number of both protons and neutrons. 
d) The nucleus has too many neutrons based on the number of protons. 
e) The nucleus does not have a magic number of either protons or neutrons. 
 
21.  What is the shape of the ICl5 molecule? 
a) square pyramid   b) trigonal bipyramid   c) octahedral 
d) see-saw    e) none of these 
 
22.  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

 
23.  Which of the following statements is true? 
a) The exact location of an electron can be determined if we know its energy. 
b) An electron in a 2s orbital can have the same n, l, and ml quantum numbers as an 
electron in a 3s orbital. 
c) Ni has 2 unpaired electrons in its 3d orbitals. 
d) In the buildup of atoms, electrons occupy the 4f orbitals before the 6s orbitals. 
e) Only three quantum numbers are needed to uniquely describe an electron. 
 
24.  Which of the following statements is (are) true? 
I. An excited atom can return to its ground state by absorbing electromagnetic radiation. 
II. The energy of an atom is increased when electromagnetic radiation is emitted from it. 
III. The energy of electromagnetic radiation increases as its frequency increases. 
IV. An electron in the n = 4 state in the hydrogen atom can go to the n = 2 state by emitting 
electromagnetic radiation at the appropriate frequency. 
V. The frequency and wavelength of electromagnetic radiation are inversely proportional to each 
other. 
a) I, II, III b) II, III, IV c) I, II, IV  d) III, V  e) III, IV, V  
 
25.  For which of the following diatomic molecules would the bond order become greater if an 
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electron is removed, i.e., if the molecule is converted to the positive ion in its ground state? 
a) B2  b) C2  c) F2   d) Na2  e) P2

 
26.  The complex ion NiCl4

2– is tetrahedral. The number of unpaired electrons in the 
complex is:  
a) 0   b) 1   c) 2   d) 3   e) 4 
 
27.  What is the density of a hydrogen atom? Assume the radius of the hydrogen atom is 5.0 x10-9 
m. 

A.  0.4 g/cm3

B.  0.40 g/cm3

C.  3.2 g/cm3 

D.  3.2 x 10-6 g/cm3 

E.  3.2 x 10-2  g/cm3  

 
 
28.  Which one is the correct systematic name for NaOCl? 

A. Sodium perchlorate 
B. Sodium chlorate 
C. Sodium chloric acid 
D. Sodium hypochlorate 
E. Sodium hypochorite 
 
 

29.  Which compound(s) have the wrong formula? 

1 sodium oxide NaO 
2 sodium 

peroxide 
NaO2

3 diphosphorus 
pentoxide 

P2O5

4 copper(II) 
nitrate 

Cu(NO3)2

5 silicon 
tetrachloride 

SiCl4
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6 lead(II) oxide PbO2

7 copper(I) 
chloride 

CuCl 

8 gallium 
arsenide 

Ga2As2

9 cadmium 
selenide 

CdSe 

10 zinc sulfide ZnS2

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A.  All are correct 
B.  All are incorrect 
C. 1,2,6,8 are incorrect 
D. 1,2,6,8,10 are incorrect 
E.  1,2,3,6,7,8,10 are incorrect 
 

30.  A single molecule has a mass of 7.31 x 10-23 g.  Select an example from the list below of a 
molecule that can have this mass.  
 
A.  HF 
B.  N2O 
C.  O2

D.  HCN 
E.  HCl 
 

31.  An element X has five major isotopes, which are listed below with their natural abundances. 
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Identify the element. 
 

Isotope Percent 
Natural 
Abundance 

Mass 
(amu) 

46X 8.00% 45.95269 
47X 7.3% 46.951764
48X 73.8% 47.947947
49X 5.5% 48.947841
50X 5.4% 49.944792

 
A. Sn 
B. In 
C. Cd 
D. Cr 
E. Ti 
 
 

32.  Chloral hydrate = (C2H3Cl3O2) is a drug formerly used as a sedative and hypnotic. What mass 
of chloral hydrate would contain 1 g Cl? 
A. 165.39 g 
B. 3.023 g 
C. 5.5 x 1022 g 
D. 1.6 g 
E. 1.373 x 10-19 g 
 

33.  Calculate the percent composition by mass of C20H29FO3.   
A. C:  71.40 %, H:  8.689%, F= 5.684%, O=14.27 % 
B. C:  8.689%, %, H:  71.40 %, F= 5.684%, O=14.27 % 
C. C:  71.40 %, H:  5.684%, F=8.689%, O=14.27 % 
D. C:  14.27 %, H:  5.684%, F= 5.684%, O=71.40 % 
E. C:  71.40 %, H:  8.689%, F= 14.27 %, O=5.684% 
 

34.  Natural rubidium has the average mass of 85.4678 and is composed of isotopes 85Rb 
(mass=84.9117) and 87Rb.  The ratio of 85Rb/87Rb in natural rubidium is  2.591. Calculate the 
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mass of 87Rb. 
A. 85.47 amu 
B. 86.92 amu 
C. 84.91 amu 
D. 85.47 amu 
E. 85.18 amu 
 

35.  A sample of a hydrocarbon contains 4.26 x 1023 atoms of hydrogen and is 36.95% hydrogen 
by mass. If the molecular mass of the hydrocarbon is between 55 and 65 g/mol, what is the mass of 
the sample? 

A. 2.50 g 
B. 2.25 g 
C. 41.1 g 
D. 29.1 g 
E. 40.9 g 

 
36.  A 9.780 g gaseous mixture contains ethane (C2H6) and propane (C3H8). Complete combustion 
to form carbon dioxide and water requires 1.120 mol of oxygen. Calculate the mass percent of 
ethane in the original mixture given. 

 
A.  8% 
B.  18% 
C.  28% 
D.  38% 
E.  58% 

 
37.  A mixture contains only sodium chloride and potassium chloride.  A 0.3568 g sample of the 
mixture was dissolved in water.  It took 46.55 mL of 0.1100 M AgNO3 to completely precipitate 
all the chloride present.  What is the composition (by mass percent) of the mixture? 

A. 67.5 % KCl ,  32.5 % NaCl  
B. 74.8 % KCl ,  25.2 % NaCl 
C. 89.5 % KCl ,  10.5% NaCl 
D. 50 % KCl ,  50 % NaCl 
E. 55 % KCl ,  45 % NaCl 
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38.  A mixture contains only NaCl and Al2(SO4)3.  A 1.45 g sample of the mixture is dissolved in 
water and an excess of NaOH is added, producing a precipitate of Al(OH)3.  The precipitate is 
filtered, dried, and weighed.  The mass of the precipitate is 0.107 g.  What is the mass of 
Al2(SO4)3 in the sample?(Al2(SO4)3= 342.17 g/mol) 

A.  0.699 g 
B. 0.245 g 
C. 0.231 g 
D. 0.123 g 
E. 0.235 g 

 
39.  Reaction of 19.0 g of zinc with excess silver nitrite to produce silver metal and zinc nitrite. 
The reaction is stopped before all the zinc metal has reacted and 29.0 g of solid metal is present.  
Calculate the mass of each metal in the 29.0 g mixture. 

A.  11.6 g Zn, 10.4 g Ag 
B.  12.6 g Zn, 11.4 g Ag 
C.  13.6 g Zn, 12.4 g Ag 
D.  14.6 g Zn, 14.4 g Ag 
E.  15.6 g Zn, 13.4 g Ag 

 
 
40.  What is the correct name for what is in the picture below/ 

 
A. a manometer  
B. a torricellian barometer 
C. a torr meter 
D. a mecury tube 
E. a Galileo thermometer 
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41.  Use the following diagrams to select the best answer to the following question.  
In the figure V vs T, why is each gas at a different volume? 

 

 
A. because the gases are at different pressures 
B. because the gases are at different temperatures 
C. because of Boyles law 
D. because of Charles’s law 
E. because of Avogadro’s law 

 
42.  In a mixture of the two gases, the partial pressures of CH4(g) and O2(g) are 0.225 atm and 
0.320 atm, respectively. Calculate the number of grams of O2 in the mixture. When T=70 C, 
Volume=13.5 L 

A. 4.90 g O2

B. 3.90 g O2

C. 3.03 g O2

D. 3.20 g O2

E. 5.21 g O2 

 

43.  A compound contains only nitrogen and hydrogen and is 87.4% nitrogen by mass. A gaseous 
sample of the compound has a density of 0.857 g/L at 690 torr and 100 °C. What is the empirical 
formula of the compound? 

A. N2H4

B. NH2

C. NH 
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D. N4H8

E. N8H16 

 

44.  A flask has two sides separated by a stopcock. What is the total pressure (in torr) in the flask 
when the stopcock is opened? One side of the flask contains 2.00 L H2 at 475 torr, and the other 
side of the flask contains 1.00 L N2 at 0.200 atm. 
A. 0.333 torr 
B. 368 torr 
C. 568 torr 
D. 669 torr 
E. 421 torr 

 
45.  1 mole of oxygen gas and 2 moles of ammonia are placed in a container and allowed to react 
at 850 degrees Celsius according to the equation: 
 
4NH3(g) + 5O2(g) -->4NO(g) + 6H2O(g) 
 
If the total pressure in the container is 5.00 atm, what are the partial pressures for 
the three gases remaining? 

A. PNH3= 1.875 atm, PNO= 1.25 atm, PH2O= 1.875 atm 
B. PNH3= 3.875 atm, PNO= 2.25 atm, PH2O= 1.875 atm 
C. PNH3= 6.875 atm, PNO= 1.25 atm, PH2O= 1.875 atm 
D. PNH3= 1.875 atm, PNO= 6.875 atm, PH2O= 1.875 atm 
E. PNH3= 4.875 atm, PNO= 1.25 atm, PH2O= 5.00 atm 
 
 

46.  A sample of methane (CH4) gas contains a small amount of helium. Calculate the volume 
percentage of helium if the density of the sample is .7092 g/L at 0.0 °C and 1.000 atm.  
A.  98.84% CH4,  1.16% He 
B.  97.84% CH4,  2.16% He 
C.  96.84% CH4,  3.16% He 
D.  95.84% CH4,  4.16% He 
E.  99.84% CH4,  0.16% He 
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47.  Methanol can be produced by the following reaction 
CO(g) + 2H2(g) →CH3OH(g) 

Hydrogen at STP flows into a reactor at a rate of 16.0 L/min. Carbon monoxide at STP flow into the 
reactor at a rate of 25.0 L/min. If 5.30 g of methanol is produced per minute, what is the percent 
yield of the reaction? 

A.  40.5% 
B.  41.5% 
C.  42.5% 
D.  43.5% 
E.  46.5% 
 
 

48.  An electron in a one-dimensional box requires a wavelength of 280 nm to excite an electron from the 

n=2 to the n=3 energy level. Calculate the length of this box. 

A.  100.5 nm 

B.  39.5 nm 

C.  0.65 nm  

D.  3.50 nm 

E.  0.25 nm 

 

49.  Which of the following sets of quantum numbers are not allowed in the hydrogen atom? 
I.   n=3, L=2, mL=2 
II.  n=4, L=3, mL=4 
III. n=0, L=0, mL=0 
IV. n=2, L=-1, mL=1 
 

A.) I and II 
B.) II and III and IV 
C.) I and IV 
D.) I only 
E.) None are allowed 
 

50.  Suppose we have a pink solution containing an unknown concentration of Co2+(aq) ions. A 
sample of this solution is placed into a spectrophotometer, and the absorbance is measured at a 
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wavelength where ε for Co2+ (aq) is known to be 12 L mol-1cm-1. The absorbance A is found to be 
0.60. The width of the sample tube is 1.0 cm. Calculate the concentration of Co2+ in the unknown 
pink solution. 

A. 7.2 mol/L 
B. 0.030 mol/L 
C. 0.050 mol/L 
D. 2.6 mol/L 
E. 20 mol/L 
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