Chem 5 Exam #2 Fall 2005
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General instructions:

1. Don’t panic! Write down what you know and what you need to figure out. Think about all
relevant equalities. Make sure to keep track of units. Check your answer and see if it makes
sense! Some questions are easier than others, so make sure you look all the questions over.

2. Remember the honor system. No notes, books, stored information in calculators, or
external help is allowed.

3. Use the space provided for answers. The back of pages can be used as scrap paper.
Show work for partial credit! Write legibly!

4. There are 120 total points on this exam. Questions are numbered and parts of questions
are lettered. Numbers in parentheses indicate the point value of the question. If you can not
get an answer to a prior part of a question, make up a number and carry on with it. You will
not be penalized twice for an incorrect answer.

5. Use significant figures where appropriate.

6. This exam has 14 pages. If you are missing a page, now would be a good time to tell me
about it.

The last two pages have useful information on them!
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1. (5) Rank the following in order of increasing base strength:
CN’, HSO:, SO,%, H;0, HPO,4™, OCI
\¢y,
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2. (10 points) In order to study an enzyme from an alien life form that has acidic blood, you
prepare 1.0 liter of a 100.0 mM acetate buffer at pH 5.0.

A) What is the pH following the addition of 50.0 ml of 0.50 M NaOH?
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B) What is the pH following the addition of 50.0 ml of 0.50 M HCI?
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3. (15 points) From the acid spraying nasal organ of the same alien, you isolate an unknown
strong acid that appears to be diprotic (assume the formula HxX). You determine that K;1 for this
acid is “really large” and that K, for the acid is 1.7 x 10, In order to study this acid, you titrate
1.0 liter of it (this is a really big alien!) with 100.0 mM NaOH. If the pH of the acid is initially 1.3,
determine the pH after adding the following volumes of NaOH:
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G) Sketch the titration curve for the experiment above. Indicate the important points on the
curve.

4. (15 points) Determine the pH of the following solutions:
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5. (5) What is the pH of 50.0 mM NaH,PO,? How is the pH affected by increasing the
concentration to 500.0 mM? Explain your answer.
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6. (5) Write down the chemical equilibrium equation for a generic weak acid (HA) and a generic
base (A"). Now, show how the K; expression for the first reaction and the K, expression for the
second reaction can be combined to form an expression for K.
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7. (5) When NHsCH3COO is dissolved in water, what is the dominant equilibrium reaction taking
place and what is its equilibrium constant (K)?

4 -~
pld, CU (e T2 Bt Qoo

pll_.l* ey — b, F Ct{BC,ctsLL

o TR
(o -
C“’ ”‘11]

C\ otk ~ = w4  Cllcs /. . C\*’fjfcmcc?Jj

oY == KT+ sl
- 2
('pu Q {u& ccrdH] K l f’@lc bOdJ
) |-fl(4‘*
<p l(*—‘hq}%wj ) w ( (’> Page 7 of 14

Tous Tk i 3 WG

[\



8. (5) Show how one obtains the Henderson-Hasselbalch equation from the expression for K,?

9. (10) Zn(OH); is only slightly soluble (Ks, = 1.8 x 10"} in pure water.

A) What is the solubility of Zn(OH),? What is the solubility of Zn(OH), in a solution buffered at
pH 6.0?
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B) Explain why the solubility of Zn(OH), increases upon addition of either a strong acid or a
strong base.
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10. (5) If the Kgp for Cu(OH), is 1.6 x 107° and the K for the reaction shown below is 1.6 x 10°®,
what is the K for the formation of the complex ion Cu(NHz)4*".

Cu(OH), + 4 NH; = Cu(NH;),>* +2 OH’
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11. (10) If 0.50 moles of an ideal gas at 1.00 atm and 273 K expands against an external

pressure of 0.10 atm until the gas pressure reaches 0.20 atm and the temperature reaches
210 K, calculate the work, heat change, AE and AH of the process

s

DomAa L - n-= Oy w—Se LR e i W = S-S
?_ = l_u«.)a‘&"\ P'\:: 0.2 cd,y
2T o.~ﬂ(.m ?.dc»)(fn

L e ety T

et ¢ \
¢S BN

o '““Tj = W2 =
c@y’

P“ﬁ& = e BN = (O lo)(q’s mt2) = = 3T Qb <323 . 5
AE = n G, AT Q)g\) Q>R> 2 HB> -393 5 ('?’i\
P
At - ‘\CPAT - (GS D/’(L>('(°3> SR AY WY (*a.au.*‘i\

AE TG o+ AE o = —3%2'5~(-2z:+m)

AT EZ o -0

. . , ~034Y £
12. (5) Draw a PV diagram for the process described above. Now, draw a hypothetical pathwa;L

that returns the system to its initial state but requires no work. Describe the substeps of this
return pathway.
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13. (10) Like anything containing carbon, both graphite and diamond can be burned in the
presence of oxygen as shown below:

C(diamond) + Ox(g) > COx(g) AH =-395.4 kdJ mol™
C(graphite) + Ox(g) » COxg)  AH=-393.5kJ mol™

A) Given these data, is the conversion of graphite to diamond endothermic or exothermic?
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B) What is the standard molar enthalpy of formation of diamond and of graphite?
Compick 15 STAYSARD  STATE sy =

Cormme s - AWE = 150y ™

14. (5) Explain why AH and AE are equal for the phase transition (at constant T) of H,O(s) to
H20 (1) and not equal for the constant T phase transition of H;O (I) to H2O (g).
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15. (10) The exothermic reaction that forms NaCl is Na(s) + 1/2 Clx(g) = NaCl(s). If this is done
in the presence of water, the water will heat up. If we use this reaction in a portable water heater
that needs to heat 250.0 ml of water from 70°F (21°C) to 200°F (93°C), how many moles of
Na(s) and Cly(g) should be used? For NaCl(s), AHP® =-411.15 kJ mol™', and the molar heat
capacity of liquid water is Cp = 75.3 J K™ mol™.
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