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CHEMISTRY 101  
PRACTICE EXAM #1 (2007) 

  

SOLUTIONS 
 

    page 1 (18 pts.) 

 
    page 2 (29 pts.) 

 
    page 3 (18 pts.) 

 
    page 4 (20 pts.) 

 
    page 5 (15 pts.) 

 

    TOTAL SCORE (100 pts.) 

 

 
DO NOT OPEN THE EXAM UNTIL 11 AM!! 

¥ You must turn in your exam by 11:50 AM. 

¥ This is a closed book, closed notes exam.  All of the information you will need is 
provided with the question or can be found on the LAST PAGE of the exam. 

¥ The use of preprogrammed functions or information on your calculator is NOT allowed. 

¥ SHOW YOUR WORK!!  Partial credit will be given for calculations only where I can 
follow what you have done. 
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1.  (12 pts.)  CIRCLE THE BEST ANSWER: 

a) Smallest atom Li Na F 

b) Daughter product of ! -decay of 251Cf 

!  

96
247Cm 

!  

97
251Bk 

!  

99
251Es 

c) Daughter product of electron capture 
decay of 177Ta 

!  

73
178Ta 

!  

72
177Hf  

!  

74
177W 

d) Highest energy orbital Li 2s N 2p F 2p 

 
MULTIPLE CHOICE (3 pts. each).  Write your answer on the line to the left of each question.   

             There is only ONE correct choice for each question. 

     D     2.  Select the arrangement of electromagnetic radiation that starts with the lowest 
frequency and increases to highest frequency. 

A)  radio, infrared, microwave, X-rays 

B)  gamma rays, infrared, visible, ultraviolet 

C)  X-rays, ultraviolet, infrared, microwave 

D)  radio, microwave, visible, ultraviolet 

     A   3.  Based on the graph below, which metal will emit the photoelectron with the highest 
kinetic energy when a photon with a wavelength of 650 nm is incident on the 
metal?  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

A)  metal a 

B)  metal b 

C)  metal c 

D)  metal d 

E)  None of these metals will emit photoelectrons under these conditions. 
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     D   4.  (3 pts.)  Suppose a beam of light is made brighter.  Which of the following describes 
the change? 

A)  The frequency of the light has increased. 

B)  The wavelength of the light has increased. 

C)  The photons are moving faster, thus increasing their kinetic energy. 

D)  There are more photons. 

SHORT ANSWER. 

5.  (4 pts.)  Circle the correct choice in each of the following sentences. 

Spectral lines of Si+ are strongest in   Class A  or  Class B  stars. 

Spectral lines of Si2+ are strongest in   Class A  or  Class B  stars. 

 

6.  (4 pts.)  What kind of decay particle is emitted from a nucleus of low to intermediate atomic 
number but a relatively high neutron : proton ratio? 

" – particle (an electron) 

 

7.  (9 pts.)  Predict whether #m is positive or negative for the following reactions. 

(a)  " -decay of 60Co     Negative   

(b)  12C + 4He  !  16O      Negative   

(c)    
56Fe + 209Bi  !   264Mt + 1n    Positive   

 

8.  (4 pts.)  The atoms of the yet-to-be-discovered ÒhypotransitionÓ elements, starting at Z = 121, 
will have electrons in the g orbitals, which are the next type of orbital after the f orbitals. 

a) What is the principal quantum number of the lowest energy g orbital?  n = 5 
b) How many electrons will it take to fill up a complete set of ng orbitals? 18 

 

9.  (5 pts.)  Write the electron configuration of Sn (Z = 50). 

[Kr] 5s2 4d10 5p2 
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10.  (8 pts.)  The following is a prediction of the blackbody spectrum for earth, which has a 
radiative temperature of 255 K.   

 
a)  On the same plot sketch the predicted blackbody spectrum for Mercury, with a radiative 

temperature of 441 K. 
 

 
 

b) Is the above spectrum an Absorption or Refl ectance or Emission spectrum?  (Circle one) 

 
11.  (10 pts.)  The energy level of the 1s orbital in hydrogen is represented in the diagram below.   

(a) Draw in the energy levels for the 2s and 2p orbitals in hydrogen. 

(b) Draw in the energy levels for the 1s, 2s and 2p orbitals in helium on the right, keeping 
the same relative energy scale as for hydrogen. 
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H atom He atom 

Main differences: 
Hotter temperature leads 
to greater intensity at the 
peak and a peak 
wavelength that is smaller. 
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2s 
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CALCULATIONS.  Show your work including all units!  Partial credit will be given for correct 
process. 

12.  (8 pts.)  60Co is a radioactive isotope used to treat cancers of the brain and other tissues.  A 
gammaÐray emitted by an atom of this isotope has an energy of 1.33 MeV.  Calculate the 
wavelength (in meters) of this gamma ray. 

(1.33 MeV)

! 

1"106 eV
1 MeV

# 

$ 
% 

& 

' 
( 

1.602"10)19 J
1 eV

# 

$ 
% 

& 

' 
(   =  2.13 x 10-13 J 

Ephoton  =  h$  $  =  

! 

h
Ephoton

 

$  =  

!  

2.13" 10#13 J
6.626" 10-34  J s

$ 

% 
& 

'  

( 
)   =  3.22 x 1020 s-1 

%$  =  c ! =
c
"

 

%  =

!  

2.998 " 10
8
 m s

-1

3.22 " 10
20

 s
-1

# 

$ 
% 

& 

'  
(   =  9.31 x 10-13 m 

13.  (12 pts.)  Calculate the longest wavelength  (in nm) emitted in the Balmer series of the 
hydrogen atom spectrum. 

The Balmer series is the set of electronic transitions where the electron ends in nfinal  =  2. 

The longest wavelength corresponds to the lowest energy transition:  ninitial = 3 ÐÐ> nfinal  =  2. 

E3  =  (-2.178 x 10-18 J)

!  

Z2

n2

" 

# 
$ 

% 

& 
'    =  (-2.178 x 10-18 J)

!  

1
9

" 

# 
$ 

% 

& 
'    =  Ð2.42 x 10-19 J 

E2  =  (-2.178 x 10-18 J)

!  

1
4

" 

# 
$ 

% 

& 
'    =  Ð5.445 x 10-19 J 

#E  =  Efinal Ð Einitial  =  E2  Ð  E3  =  Ð3.025 x 10-19 J 

Ephoton  =  |#E|  =  3.025 x 10-19 J  =  

!  

hc
"

   

%  =  

!  

hc
Ephoton

  =  

!  

6.626" 10-34J s( ) 2.998" 108m s-1( )
3.025" 10-19J( )

  =  6.57 x 10-7 m 

%  =  (6.57 x 10-7 m)

!  

1 nm
1" 10-9 m

# 

$ 
% 

& 

'  
(   =  657 nm 



page 5 of 5 

14.  (15 pts.) Which nucleus is more stable 4He or 6Li?  Support your answer with calculations of 
nuclear binding energies.  Show your work. 

 
mass 1p  =  1.007276 amu   mass 1H  =  1.007825 amu 
mass 1n  =  1.008665 amu   mass 4He =  4.002603 amu 
mass e-  =  0.000549 amu   mass 6Li =  6.015122 amu 

 

!  

2
4He  "  #  "    2 1

1H  +   2 0
1n  #E  =  binding energy 

#m  =  mass products Ð mass reactants   

#m  =  2(1.007825 amu)  +  2(1.008665 amu)  Ð  4.002603 amu  =  0.030377 amu 

#E  =  #mc2  =  (0.030377 amu)(931.9 MeV/amu)  =  28.308 MeV 

 

!  

3
6Li  "  #  "    3 1

1H  +   3 0
1n  #E  =  binding energy 

#m  =  mass products Ð mass reactants   

#m  =  3(1.007825 amu)  +  3(1.008665 amu)  Ð  6.015122 amu  =  0.034348 amu 

#E  =  #mc2  =  (0.034348 amu)(931.9 MeV/amu)  =  32.009 MeV 

 

These calculations indicate that it takes more energy to blow apart the lithium nucleus into 
the component particles as compared to the helium nucleus.  However, this is naturally 
biased by the fact that there are more particles in the lithium nucleus.  Thus, the true 
comparison should be on a binding energy per nucleon basis. 

4He:  

!  

28.308 MeV
4 nucleons

  =  7.077 MeV/nucleon 

6Li:  

!  

32.009 MeV
6 nucleons

  =  5.335 MeV/nucleon 

Since the 4He nucleus has a higher binding energy per nucleon than the 6Li nucleus, the 4He 
nucleus is more stable. 

 



 

USEFUL INFORMATION:   
 
 % $  =  c     c  =  2.998 x 108 m s-1 

 Ephoton  =  h $    h  =  6.626 x 10-34 J s 

 Ephoton  =  Eo  +  KEelectron   1 eV  =  1.602 x 10-19 J 

 #E  =  #mc2    c2  =  931.9 MeV/amu 

 

!  

T =
2.898 mm K( )

" max

   1 amu  =  1.661 x 10-27 kg 

    

!  

En =
" 2.178#10" 18 J( ) Z2( )

n2   

    1 mol  =  6.022 x 1023 particles 

 
 

1 
H 

1.0079 

 2 
He 

4.0026 
3 

Li 
6.94 

4 
Be 
9.01 

 5 
B 

10.81 

6 
C 

12.011 

7 
N 

14.01 

8 
O 

16.00 

9 
F 

19.00 

10 
Ne 
20.18 

11 
Na 
22.99 

12 
Mg 
24.31 

 13 
Al 
26.98 

14 
Si 

28.09 

15 
P 

30.97 

16 
S 

32.06 

17 
Cl 
35.45 

18 
Ar 
39.95 

19 
K 

39.10 

20 
Ca 
40.08 

21 
Sc 
44.96 

22 
Ti 

47.88 

23 
V 

50.94 

24 
Cr 
52.00 

25 
Mn 
54.94 

26 
Fe 
55.85 

27 
Co 
58.93 

28 
Ni 
58.71 

29 
Cu 
63.54 

30 
Zn 
65.31 

31 
Ga 
69.72 

32 
Ge 
72.59 

33 
As 
74.92 

34 
Se 
78.96 

35 
Br 
79.91 

36 
Kr 

83.80 
37 

Rb 
85.47 

38 
Sr 
87.62 

39 
Y 

88.91 

40 
Zr 
91.22 

41 
Nb 
92.91 

42 
Mo 
95.94 

43 
Tc 
98.91 

44 
Ru 

101.07 

45 
Rh 

102.91 

46 
Pd 
106.4 

47 
Ag 

107.87 

48 
Cd 

112.40 

49 
In 

114.82 

50 
Sn 

118.69 

51 
Sb 

121.75 

52 
Te 

127.60 

53 
I 

126.90 

54 
Xe 

131.30 
55 
Cs 

132.91 

56 
Ba 

137.34 

71 
Lu 

174.97 

72 
Hf 

178.49 

73 
Ta 

180.95 

74 
W 

183.85 

75 
Re 
186.2 

76 
Os 
190.2 

77 
Ir 

192.2 

78 
Pt 

195.09 

79 
Au 

196.97 

80 
Hg 

200.59 

81 
Tl 

204.37 

82 
Pb 

207.19 

83 
Bi 

208.98 

84 
Po 
210 

85 
At 
210 

86 
Rn 

222 
87 
Fr 
223 

88 
Ra 

226.03 

103 
Lr 
262.1 

104 
Rf 

261.11 

105 
Db 

262.11 

106 
Sg 

263.12 

107 
Bh 

262.12 

108 
Hs 
265 

109 
Mt 
266 

 
 57 

La 
138.91 

58 
Ce 

140.12 

59 
Pr 

140.91 

60 
Nd 

144.24 

61 
Pm 
146.92 

62 
Sm 
150.35 

63 
Eu 

151.96 

64 
Gd 
157.25 

65 
Tb 

158.92 

66 
Dy 

162.50 

67 
Ho 

164.93 

68 
Er 

167.26 

69 
Tm 
168.93 

70 
Yb 

173.04 
 89 

Ac 
227.03 

90 
Th 

232.04 

91 
Pa 

231.04 

92 
U 

238.03 

93 
Np 

237.05 

94 
Pu 

239.05 

95 
Am 
241.06 

96 
Cm 
247.07 

97 
Bk 

249.08 

98 
Cf 

251.08 

99 
Es 

254.09 

100 
Fm 
257.10 

101 
Md 
258.10 

102 
No 
255 

 

 


