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Chemistry 301 - MIDTERM EXAM #1 
 

Friday, October 7, 2011, 9:00 am 
Only the standard UBC Science calculator (Sharp 510B) is permitted. 
Worth 31 points (20% of course) 
 

PART I  (multiple choice – 15 points)   
One point for each correct answer, no penalty for wrong answers - if you don’t know, then guess.  
There is only one best answer for each question.   

 
1.  What is the classification used when a body of water is very high in nutrients and clogged 

with plant life? 
A. Eutrophic 
B. Autotrophic 
C. Dystrophic 
D. Oligotrophic 
E. Heterotrophic 

 
2. Residence time is defined as: 

A. inputs / outputs 
B. (input or output) / inventory 
C. inventory / (input or output) 
D. inventory * (input or output) 
E. outputs / inputs 

 
3.  Why is water’s boiling point so high compared to its molecular weight? 

A. Hydrogen bonding 
B. Large amount of dissolved ions 
C. pH 
D. Polarity 
E. Specific heat 

 
4. Which of the following water conditions would offer the highest gas solubility in water? 

A. high salinity, high temperature, high pressure 
B. high salinity, low temperature, high pressure 
C. low salinity, low temperature, high pressure 
D. low salinity, high temperature, low pressure 
E. high salinity, low temperature, low pressure 

 
5. In a high pH environment, compared to a low pH environment, assuming equilibrium with 

Al(OH)3, [Al3+] is: 
A. more likely to precipitate  
B. less likely to precipitate  
C. equally likely to precipitate  
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6. When can you ignore [CO3
2-] in the total CO2 equation? 

A. when the pH is high 
B. when the pH is low 
C. when the water is in equilibrium with the atmosphere 
D. in an anoxic environment 
E. in the marine environment 

 
7. Why does soap scum form? 

A. Soap complexes with calcium ions. 
B. Soap kills bacteria and forms a complex. 
C. Soap complexes with dissolved CO2 in the water. 
D. Soap complexes with phosphate. 
E. Soap complexes with hydroxide in water. 

 
8. Compared to other ligands, why do chelates hold metals more strongly? 

A. Chelating ligands have less steric hindrance. 
B. Chelating functional groups are much stronger. 
C. Chelating ligands have stronger interactions with d-orbitals. 
D. Chelating ligand attach at multiple sites. 
E. Chelating ligands aren’t as affected by pH. 

 
9. What makes a contaminant different than a pollutant? 

A. A contaminant is only a radioactive species released into the environment. 
B. A contaminant is at a comparatively low concentration in the environment. 
C. A contaminant is a one-time occurrence in the environment. 
D. A contaminant is not known to be a problem in the environment. 
E. A contaminant is a species that never existed in nature before human input. 

 
10. Given the following pKa’s for H3NTA: 

pKa1 = 1.66 
pKa2 = 2.95 
pKa3 = 10.28 

At what pH do you expect HNTA2- to be dominant? 
A. pH < 1.66 
B. 1.66 < pH < 2.95 
C. 2.95 < pH < 10.28 
D. pH > 10.28 

 
11. For Fe2+, when you change from high pH (pH = 10) to low pH (pH = 3), what hydrolysis 

reaction do you expect? 
A. aqua to hydroxo 
B. hydroxo to aqua 
C. oxo to hydroxo 
D. hydroxo to oxo 
E. aqua to oxo 

 
12. Humic substances are divided into three groups. What are the three groups based on? 

A. ionic strength 
B. weight 
C. solubility 
D. functional groups present (N vs. O) 
E. electronegativity 
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13. If pH = pKa - 1, what is the ratio of the two dominant species in solution? 

A. 100:1  
B. 2:1 
C. 3:2 
D. 1:1 
E. 10:1 

 
14. Water hardness is a measure of: 

A. the carbonate in solution 
B. solids in solution 
C. cations in solution 
D. basicity of a solution 
E. the soap scum in a solution 

 
15.  Total CO2 is: 

A. All of the CO2 gas dissolved in water 
B. The CO2 gas plus the HCO3

- dissolved in water 
C. The CO2 gas plus the CO3

2- dissolved in water 
D. The CO2 gas plus the HCO3

- and the CO3
2- dissolved in water 

E. All of the carbon in all forms dissolved in water 
 
 
PART II  (short answer – 10 pts)   
 
16. (3 pts) 

a) Define carbonate alkalinity in an equation and in words.  

b) What makes CO3
2- different compared to other contributors to this equation?  Why? 

c) What determines the alkalinity of natural waters? 
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17.  (4 pts) 
a) Explain the three major factors which contribute to the occurrence of limnic eruptions. 

b) Which of these factors ensures that Canadian lakes are at a low risk for limnic eruptions? 

 
18. (2 pts)  On the periodic table below, circle and label: 

a) the primary region where you find A-type metals.   
b) the region where you find the ligand atoms A-type metals prefer to bind with. 

1

H
hydrogen

[1.007; 1.009]

1 18 

3

Li
lithium

[6.938; 6.997]

4

Be
beryllium

9.012

11

Na
sodium

22.99

12

Mg
magnesium

24.31

19

K
potassium

39.10

20

Ca
calcium

40.08

37

Rb
rubidium

85.47

38

Sr
strontium

87.62

38

Sr
strontium

87.62

55

Cs
caesium

132.9

55

Cs
caesium

132.9

56

Ba
barium

137.3

87

Fr
francium

88

Ra
radium

5

B
boron

[10.80; 10.83]

13

Al
aluminium

26.98

31

Ga
gallium

69.72

49

In
indium
114.8

81

Tl
thallium

[204.3; 204.4]

6

C
carbon

[12.00; 12.02]

14

Si
silicon

[28.08; 28.09]

32

Ge
germanium

72.63

50

Sn
tin

118.7

82

Pb
lead
207.2

7

N
nitrogen

[14.00; 14.01]

15

P
phosphorus

30.97

33

As
arsenic

74.92

51

Sb
antimony

121.8

83

Bi
bismuth

209.0

8

O
oxygen

[15.99; 16.00]

16

S
sulfur

[32.05; 32.08]

34

Se
selenium
78.96(3)

52

Te
tellurium

127.6

84

Po
polonium

9

F
fluorine

19.00

17

Cl
chlorine

[35.44; 35.46]

35

Br
bromine

79.90

53

I
iodine
126.9

85

At
astatine

10

Ne
neon
20.18

2

He
helium
4.003

18

Ar
argon
39.95

36

Kr
krypton

83.80

54

Xe
xenon
131.3

86

Rn
radon

22

Ti
titanium

47.87

22

Ti
titanium

47.87

40

Zr
zirconium

91.22

72

Hf
hafnium

178.5

104

Rf
rutherfordium

  

23

V
vanadium

50.94

41

Nb
niobium

92.91

73

Ta
tantalum

180.9

105

Db
dubnium

24

Cr
chromium

52.00

24

Cr
chromium

52.00

42

Mo
molybdenum

95.96(2)

74

W
tungsten

183.8

106

Sg
seaborgium

25

Mn
manganese

54.94

43

Tc
technetium

75

Re
rhenium

186.2

107

Bh
bohrium

26

Fe
iron
55.85

44

Ru
ruthenium

101.1

76

Os
osmium

190.2

108

Hs
hassium

27

Co
cobalt
58.93

45

Rh
rhodium

102.9

77

Ir
iridium
192.2

109

Mt
meitnerium

28

Ni
nickel
58.69

46

Pd
palladium

106.4

78

Pt
platinum

195.1

110

Ds
darmstadtium

29

Cu
copper
63.55

47

Ag
silver
107.9

79

Au
gold
197.0

30

Zn
zinc

65.38(2)

48

Cd
cadmium
112.4

80

Hg
mercury
200.6

111

Rg
roentgenium

112

Cn
copernicium

57

La
lanthanum

138.9

89

Ac
actinium

58

Ce
cerium
140.1

90

Th
thorium
232.0

59

Pr
praseodymium

140.9

91

Pa
protactinium

231.0

60

Nd
neodymium

144.2

92

U
uranium
238.0

61

Pm
promethium

93

Np
neptunium

62

Sm
samarium
150.4

94

Pu
plutonium

63

Eu
europium

152.0

95

Am
americium

64

Gd
gadolinium

157.3

96

Cm
curium

65

Tb
terbium

158.9

97

Bk
berkelium

66

Dy
dysprosium

162.5

98

Cf
californium

67

Ho
holmium

164.9

99

Es
einsteinium

68

Er
erbium

167.3

100

Fm
fermium

69

Tm
thulium

168.9

101

Md
mendelevium

70

Yb
ytterbium

173.1

102

No
nobelium

71

Lu
lutetium

175.0

103

Lr
lawrencium

21

Sc
scandium

44.96

39

Y
yttrium
88.91

57-71 
 

lanthanoids 

89-103 
 

actinoids 

atomic number 
 Symbol 
 
 

standard atomic weight 

2 13 14 15 16 17 Key: 

3 4 5 6 7 8 9 10 11 12 

name 
 
 

For updates to this table, see iupac.org/reports/periodic_table/. This version is dated 21 January 2011.
Copyright © 2011 IUPAC, the International Union of Pure and Applied Chemistry.

Notes
- IUPAC 2009 Standard atomic weights abridged to four significant digits (Table 4 published in Pure Appl. Chem. 83, 359-396 (2011);   
 doi:10.1351/PAC-REP-10-09-14). The uncertainty in the last digit of the standard atomic weight value is listed in parentheses following the value.  
 In the absence of parentheses, the uncertainty is one in that last digit. An interval in square brackets provides the lower and upper bounds of the  
 standard atomic weight for that element. No values are listed for elements with no stable isotopes. See PAC for more details. 

- “Aluminum” and “cesium” are commonly used alternative spellings for “aluminium” and “caesium.”

IUPAC Periodic Table of the Elements

 
 
19. (1pt)  Why can we ignore the concentration of PbNTA- in a total NTA equation when NTA 

>>> Pb2+? 
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PART III  (calculations – 6 pts) 
 
4) For a lake where pH = 8 and the carbonate concentration is determined to be 0.1 mM, answer 

the following questions.  (If you are doing this without a calculator, you may round off all 
pK’s to the nearest whole number, and round off other numbers as needed.) 

 
(a) (2 points) Calculate the expected [Pb2+] based on equilibrium with Pb(OH)2(s). 

(b) (2 points) Calculate the expected [Pb2+] based on equilibrium with Pb(CO3)(s). 

(c)  (2 points) If the measured concentration of dissolved Pb in this lake is 10-10M, do you 
expect that Pb will be precipitating in this lake?  Why?  If yes, what precipitate will be 
forming?  
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