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Chemistry 301 - MIDTERM EXAM #2

Wednesday, November 9, 2011, 9:00 am
Only the standard UBC Science calculator (Sharp 510B) is permitted.
Worth 27 points (20% of course)
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PART I (multiple choice — 11 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. In a low nutrient, anoxic oceanic region, what do you expect to be the primary oxidant used in
the breakdown of organic matter?

a) MnOz
C b))S0Os*
¢) NOy
d) CO,
¢) FeOOH

2. During nitrate assimilation, is converted into _

(a) JNOy, organic N
b) Organic N, NOy
¢) NOy, NO,

d) NH,;", NO;-
e) NOj, NH,"

3. Colloids aggregatc at ionic strength due to

_a) higher, increased attractive forces
(_ b)/ higher, decreased repulsive forces
) higher, both increased attractive and decreased repulsive forces
d) lower, increased attractive forces
¢) lower, decreased repulsive forces
f) lower, both increased attractive and decreased repulsive forces

4. What is the most likely reason for methanogenesis to occur?

a) it is more energetically favorable than the reaction with oxygen
'b) it is more efficient because it uses CO,, which is always present
(_c) organic matter is still present, when all other oxidants arc used up
d) the bacteria present in this environment prefer this process
e) it produces products needed for organic matter formation



Using this reaction, answer the following two questions:
1/8 COy + H +¢ = 1/8CH, + 1/4H,0  (pe® = 2.86)
5. What species is being reduced in this reaction?
(a) C
b) O

¢) H (attached to C)
d) H (attached to O)

6. If pCO, = 100[pCH4] and pH = 7.86, what is the pe of an environment controlled by this redox
pair?

a) -3.0
(b)) -4.75
¢) -5.0
d) -5.25
e) -7.0

7. Why are clay minerals often slightly negatively charged in the aqueous environment?

a) van der Waals forces
b) electric double layer formation
("c)) charge generation from ion substitution
d) polarity of surrounding water molecules
e) oxidation/reduction reactions of surface atoms

8. Acid mine drainage has large environmental impact due to:

a) The oxidation of S releasing excess sulfur species such as yellowboy
b) The release of high concentrations of metals
¢) The formation of H,SO4
(d)/bandc
e) All of the above

9. On a pe-pH diagram, which of the following transitions will change based on the total
concentration set for the diagram?

a) HSOy4 to SO4*

b) SO to HS

¢) HS(aq) to SO4*
(_dy HsS(aq) to S(s)

¢) H,StoHS

10. Why is treating acid mine drainage with CaCOj3 not as helpful as it could be?

a) the carbonate dissolves too quickly to be effective

b) the pH in the environment is too low for CO;* to be a prevalent species
C ¢)) Fe(OH); forms on its surface, lowering its effectiveness

d) SO4” s produced in the reaction, which is a harmful byproduct

¢) Limestone is not readily available to use for treatment
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11. The process of denitrification can be represented on a pe/pH diagram by an arrow pointing:

a) from the bottom to the top

b) from the top to the bottom

c¢) from the bottom to the middle
(_d)) from the top to the middle

e) from the left to the right

f) from the right to the left

g) from the left to the middle

h) from the right to the middle

PART II (short answer — 16 pts)

12. A 50g sediment sample was equilibrated with NH," ions, which were later displaced by Na" for
analysis. A total of 24 x 10™ moles of NH;" was measured after the addition of Na®.
a) (1pt) Explain CEC in words. _
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b) (1pt) What is the CEC of the above sample in meq/100g?
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¢) (Ipt) The sediment sample above was found to contain the following cations (in mmoles)

Ca®: 3.5 Mg**: 2.7
Na": 5.2 K" 0.8

H" concentration was not directly measured. Calculate the H* ECS in meq/100g.
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13. (2 pts) Given the data in the table below, over what time period is the bacterial growth in log
phase? What is the generation time for this population of bacteria during log phase growth?
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14. (2 pts) Discuss the properties and structure revealed by the following clay mineral formula:
(Na'.nH,0)(Mg3 K, )Sia(OH)40s
<\

a) Is thiséi:i jbr a 2:1 clay?

b) What generates charge in this mineral?
< oS \ \l A \ \dv~ O ( \«/ & O \\f’l'\('\

c) Does the charge generation occur in the tetrahedral layer or t}\ﬁ/octahedre‘il\,layer ?

d) What is the counter ion?

N o
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15. Using the pe/pH diagram for Cr shown here, answer the questions that follow:
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pe vs. pH diagram for Cr. Total dissolved Cr = 107 M  25°C, :
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a) (1 pt) When converting between Cr,O; and CIOZ2 5 do you expect an electron transfer?
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b) (1 pt) What is the oxidation state of Cr in Cr,07” (not shown in figure)? )
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¢) (1 pt) If you add some Cr,O7* '> a swamp, do you cxpect a change in the Cr oxidation state?
Why? If yes, what will the oxidation state change to? S
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d) (1 pt) If you add some Cr,0;* to oxygenated surface water do you expect a change in the Cr
oxidation state? Why? If yes, what will the oxidation state change to?
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16. Using both the pe/pH diagram on the previous page and the data below from Saanich Inlet, a
seasonally anoxic fjord on Vancouver Island, answer the questions that follow:
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a) (2 pts) Propose an explanation as to why the total dissolved Cr concentration is lower in the

deeper waters than in the surface waters. : k
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b) (Ipt) What limits can you set f01 the pH of the deep waters in Saanich Inlet, based on the Cr
data above? 4
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17. (2 pts) From the measured concentration of Al in a river, after accounting for dilution, you
come up with a prediction of the levels of Al you expect to find in seawater off the coast where
this river enters the ocean. If the observed concentration of Alin the seawater is much lower

than you predicted, what explanation can you provide for this observation? What process do
you think is occurring? Why? _
i ey : Ny C O \(\N oe vl -'5‘\ '\/5 < \\ﬁ -‘-c'\r'f\ . (DAY RVAN r\k
\w \\\ Ty s \L (.')r’(lk‘\)(‘:\\‘ i ‘\(M\-\C S\\(‘C'I\{% \
. . 21 el A E o =
.{.-\\)y { '\,;,({\‘,', WK E D | . S l’(_ﬂ{(,, " (ivk‘k(wt\("k
@aseS 4 '\,'\c\ ““\\“ (AS 0 A
\ ACATE . - % . - (‘l 7
U ~\J Q ("&\“(/ \,)L o \
(\\ JOOW \\ i &
AWXS \\ ¢ { ‘i ST W (l'\ ol S0
\,\ \(?Ck.l‘_l) 2 FAR ¢ VAN 3 - )

’ ol o | ) |
W \ )e»c o sake \ | O , \‘.\ \c \\ R o \\\ ( Ok \\ 3 "i‘}
i\\ e L\<\ bHe N et \

A g oW
[ fnnccd oX Y ) 6

y T > O \s \\
(e T \\\ T S| . 5 A ) (\\.\“: v \ "L(\‘(V('\' \ \ .

NV LO

( [ \‘\'\wf.: Vil %< D*



