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) (4pts) For water in an AMD site. it is often the case that pH = 2. Predict the following:
a. [HAsO,] in pH=2 water is (circle one)

larger than, smaller than, the same as  that in pH=7 water.
b. [HyAsO,] in pH=2 water is (circle one)

larger than, smaller than, the same as  that in pH=7 water.
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h) (2 pts) One strategy environmental engineers employ to remedy waters that have been acidified by AMD is to treat
the water with a limestone (CaCO3) slurry. Lime neutralization plants use CaCOj to raise the pH of AMD water
from pH =2 to pH = 9. What is the predominate form of H,CO; at pH = 9? (circle one)

H,CO; HCO; co,*
Useful information:

H,C03(aq) + H,0 = H;0* (aq) + HCO5™(aq) Koy = 4.5x1077
HCO3™(aq) + Hy0 = H30*(aq) + C05>(aq) Kqp = 48x10711




image9.png
Thermal paper is typically used to print airplane boarding passes and cash register receipts by a light-
weighted ink-less thermal printer. The surface of the paper is coated with a solid-state mixture of a dye and a
suitable matrix. When the matrix is heated above its melting point, the dye can come to contact with an acid
nearby and shift to its colored form, which is then conserved when the matrix quickly solidifies back. That is
why a heating source like flame can color the paper. or a fingernail swiped quickly across the paper also
generates enough heat from friction to produce a black mark. (Feel free to give it a try on a shopping
receipt!)

The reactant acid in thermal paper is often bisphenol A (BPA). Its reaction with the dye is shown below:
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If we use HA” and A to represent protonated and deprotonated forms of the fluoran dye, and use HB and B
to represent BPA and deprotonated BPA. Reaction 1 can be re-written as:

A + HB= HA" + B —()
(colorless) (black)
a) (2pts) What type of reaction is Reaction 1 (circle one)
strong acid & strong base strong acid & weak base
‘weak acid & strong base ‘weak acid & weak base
) (4 pts) The acid dissociation constant for the protonated fluoran dye (HA”)is K, and the acid

dissociation constant for BPA (HB) is K5. Write the expression for the equilibrium constant X for
Reaction 1 using K, , Kz, and other constants if needed.
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©) (2 pts) Because the structure of BPA mimics that of a messenger molecule (i.e. hormone) called estradiol
in human body, BPA can disrupt normal development and hormonal balance in the body. Thermal paper
that is high in BPA makes its way into the recycling stream, causing BPA mixed into the recycled paper.
If we want to choose another molecule to replace BPA in Reaction 1, in order for the modified Reaction
1 to be spontaneous, the criterion for the acid dissociation constant K, of the candidate molecule is:
(circle one)

Ko > Kl K, <Kl K, =Kl Ko>—5
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(10 pts) Fill in the hybridization for the five atoms marked out by arrows in Reaction 1 on the first page
of this question.

(2 pts) What is the molecular shape around the carbon marked out by the
arrow in the deprotonated BPA?

(3 pts) The deprotonated fluoran dye is black. What type of light do you expect it absorb? (circle one)
only UV light portion of the visible light spectrum

all of the visible light spectrum only IR light
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) (3pts) Protonated fluoran dye has a much longer conjugated 1 system than deprotonated fluoran dye.
Mhmwnmsmmmgmmmwmfm
electronic transitions? (circle one)

Protonated fluoran dye Deprotonated fluoran dye

1) (3pts) Based on your conclusion in part f) and g), what type of light do you expect the protonated fluoran
dye absorb? I this consistent with the fact that the protonated fluoran dye s colorless? Explain briefly
‘why this is consistent or not.
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Acid mine drainage (AMD) is a serious environmental problem: water that naturally flows back into a mine shaft after
it's been abandoned becomes highly acidified. This occurs because the newly exposed rock reacts with the oxygen
dissolved in the water via a redox reaction. A primary component of the rock is pyrite, FeS,. This inorganic chemical
contains a persulfide fon, which means the each of the sulfur atoms has an oxidation state of -1. The unbalanced
reaction is shown below.

FeSy(s) +05(g) — Fe?*(aq) + S0,°™ (aq)

) (4pts) Write the balanced half reactions for the above reaction in acid. [Hint see Prelab #5]
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b) (2 pts) Write the complete balanced redox reaction.
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©) (10 pts) Calculate AG®, for your reaction in part b at 10°C. Refer to Appendix A in the textbook and the fact that,
for FeS,, AG = -166.9 kJ/mol and AH% = -178.2 kl/mol at 25°C.
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One detrimental effect of acid mine drainage is that the highly acidic natural water increases the mobility of toxic
metals found in sediment. The reaction below shows one example of this. ALAsO,(s) in sediment reacts with the acidic

water and releases toxic HAs0,?™ (aq) into water.

AlAsO,(s) + H30* (ag) = AP*(aq) + HAsO,* (aq) + H,0(1) K.q =2.0-10"°

d) (5 pts) Draw the best Lewis structure for HAsO,2 ion (include all non-zero formal charges and resonance
structures).
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We are going to explore the effect of this reaction on neutral water (pH =7) in part e) and f), and water affected by
AMD (pH in part

€) (4 pts) For a typical natural water body unaffected by AMD, pH = 7. Calculate [HAsO,*] according to the reaction
given above for a water body with pH = 7. Assume the only source of AI3* (aq) and HAs0,™ (aq) is from the
reaction between AlAsO,(s) and H;0* (aq). Assume the pH of the water body is constant at 7.




image6.png
) (4 pts) Based on the value of [HAsO*] you obtained from part (). calculate [H,AsO4] in equilibrium with
HAsO4” in the water body described in part (¢). Assume the value of [HAsO4*] from part (¢) is the equilibrium
concentration of HAsO,> in the water body.

For HyAs04(aq): Koy = 5.8 1073, Kgp = 1.5- 1077, Ko = 3.2+ 10712,
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