Chemistry 271, Section 22xx Your Name: \(6‘4
Prof. Jason Kahn
University of Maryland, College Park Your SID #:

General Chemistry and Energetics Your Section #:
Exam I (100 points total) February 29, 2012

N= [35+3= |g§

You have 50 minutes for this exam.
Exams written in pencil or erasable ink will not be re-graded under any circumstances.

Explanations should be concise and clear. I have given you more space than you should need. There is extra
space on the last page if you need it.

You will need a calculator for this exam. No other study aids or materials are permitted.

Partial credit will be given, i.e., if you don’t know, guess.

Useful Equations:

K,=[H"][AT]/[HA] pH = —log([H"]) K, = [BH'|[HO/|B]
F=ma "+1=0 PV = nRT
K,=[H][HO] = 10" pH = pK, + log([A")/[HA])  pH (e.p.) = (pK,, + pK,,)/2
R=008206 Latm/mole K~ 0°C=273.15K pK, = —log(K,)

K, = K.(RT)* Pla’ = 472IMG x="22Y ;’: — dac

Honor Pledee: At the end of the examination time, please write out the following sentence and sign it. or
talk to me about it:

“I pledge on my honor that I have not given or received any unauthorized assistance on this examination.”
P

+1 point extra credit for filling in this box
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1. (30 pts) Short Answer @

")z
(a; 2 pts) pH of 0.1 M HC| 1 —-(v( o J=

(b: 2 pts) pOH of 0.001 M naow_ 3 &2 ’(‘9(""3) =3 (or Mo 2 W tio ‘)

(c; 4 pts) The water self-dissociation equilibrium is 2 H, 0 = H%O F o+ HO ™ its equilibrium

@ &2
constant is symbolized by , and the numerical value of € equilibrium constant at
-y
25°C is | 0 é )
(or 3xj0 -6
-6

(d; 2 pts) [H'] at pH5.5_10" 3.7¥% ’0 (in scientific Notation).

.d\(_lo.?) - =33

jd

(e; 2 pts) [OH ] at pH 10.3 10 (in scientific notation).

=2,0x10% G2) (orzww™)  Hr3
. . . .-_—_-'—-'. -
(f; 4 pts) Write down Q in terms of partial pressures for the reaction C (5) + H,O (g) = CC@+ H, (g):

-P
@ Q - PCO “2_; O:-" - DHL [{‘FYO\A e, We
¥

P y
‘00
f+LFlen [Js +| fo~ any atbryt |

(g; 4 pts) We can use the Henderson—Hasselbach relatlonshlp as a shortcut for calculating pH if and only if

fla Oktah{'m{\)nj % }AM/?‘[Q,,,( ]_/47 arc  >2 Th* awl[bro]

“ are (a
@Gf " fu. oo @ A o AHA oliua tf aa?‘ :Z u::,mm,\

(h; 3 pts) The pl is equal to the pH at the equwalence point of polyprotlc aud titration for whi
B +L IF o watn, /] “ave

Ale avwaq,e Churge an tle Sﬁcms/ kot (S 2%,
[@Fﬂf quL\-_ m&a»»& sgtﬂq'{' hwe i G .e/ed(az. ﬁe&l"j

(i; 2 pts) At equilibrium the rates of the forward and reverse reactions are

(circle one): Zero unrelated

(j; 5 pts) Circle the correct choice in each pair: Real gases approach ideal behavior as the temperature goes

(ug } down and the

interactions are { minimized

formula for the ideal gas Taw is ‘) \\/: 4! PQT T
) Lol

essure goes U down / because under these conditions intermolecular

stabilized and the total excluded volume is larger The

Score for the page 30
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2. (45 pts) Acid-Base Equilibria and Titrations H

Consider a titration of the diprotic acid glycine, with pKa’s of 2.36 and 9.78.
The structure of the fully protonated form as the chloride salt is given at 51?3 | 236
the right. We are starting with a C, =75 mM solution of this form. "HaN——C——COOH

(a; 10 pts) Calculate the initial pH assuming “x” is small relative to C,. o ‘ -
Physically, why does this turns out to be a fairly lousy assumption? The H = 6‘/},@

actual pH is 1.79.

64 = Gyt 1t B é @
o = 10" 2% = LCowIlnt] ¢ K-X ~ i}
v @ [GIY@J (’75m‘1 ~x) 0.075”

a fu-ﬂf/( b
K= \/0 O?«Yx Y. %f?‘la = (869 xte” @ hgjj

pH= “(g(:k.) =m@ L. pow

——%G[Ymﬂ, 5 w&fwvgiﬂg; weale acih o ~ Tl.f "’25 AJroc M fe A

(b; 12 pts) What is the pH after addition of NaOH to 50 mM, ignoring dilution? At this pH, what fraction of
the —NH;" groups are found in the -NH, form? Why is the precise numerical value of the second pK,
(i.e.9.78 as opposed to ~8 or ~11) irrelevant to the pH at this point in the titration?

[G[Y 2 hy}"“\c = SO mm atle~ adhm %N’dﬁﬂ

[c\“'{©j c@f.—SU)WJM 2 25 mm

2 (0 o F53 e~ o Fers™)
esgentiRlly '
- amu? wrndd b Cm}yﬁ/a/(pmi'mk«{ af any ,,q

Score for the page
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(c; 11 pts) Draw the dominant ionic form of glycine at the second equivalence point, i.e. after the addition of
NaOH to 150 mM. Calculate the K, for this relatively strong weak base. Write down but do not
evaluate the quadratic formula for the concentration of hydroxide at this equivalence point. The actual

His 11.32. @ ~1Y
P K

W o L0 ~Ho2e P
Mo S0 = e, =y SR = 6.0xlo

E
’JQ"‘ éé/\(‘oz@ @ @
@ G‘Y o < G( + Ho®
GiJDwJ [wo] 6D
“D By L A

1

D6 TS L 1 + .cxfa’f) 2-.« Y ob%

[w7] 35
[ne]™ s [ho](Ks) ~ Kul003m) =0 ——

1 e
) e U

(d; 12 pts) Sketch the titration curve Titration Of 75 mM Glycine

for 75 mM glycine on the axes at

the right, ignoring dilution. 14 ! '
Label the two half-equivalence 13 @,\g) é’r &C("" ,J'.‘ : X
points, the pl, and the part of the 12 ] o o @
%3)1% @2 | \
curve where we are just “adding 11 Y] \
o{lﬂ'”"dqm g %
base to salt.” Ata pH just below 10 LA L;.! » I e
the pl, draw the second most 9 oA o) /fzs‘ lfr PARYS ‘{I‘W T
abundant form of glycine below. 8 yr | ﬂ - \ P 1 # sedf-
\.S'\' roeltnce poat pH ’ /ﬁf; { 6 g il
%u ¢ 6 QPSS D uF=p TN | s lef
q= 2:364478 _ (0¥ = oT. : | Nt ¥
& P ——— =0T Fp | T - £ 0?1
Porttf e o # here, A 4 I r :’ | z};ﬂ
WA 3 \ | wr.
(’M o ilaalobas é\/’% | | S r——r
=14 +1,2 (o.038)= 1053 (P st eq = | L > 1GKE -
NS OVS I N
2k magt abundand form 375 75 1125 150 1875
@ A lY@ G i Gl
af pH 6 - +/\;_f’ mM NaOH added

H3 N oo Score for the page
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4. (25 pts) Chemical Equilibrium (Problem adapted from Oxtob
The equilibrium constant for the reaction H2 (g) o= Iz (s) = 2 HI (g) at 25 °Ciis K, = 0.345 at257=

(a:; 8 pts) If the partial pressure of H, is P, = 1.00 atm and solid iodine is present, what is the equilibrium
partial pressure of HI at 25 °C?

Kp - Pus So @H;': KP ‘Ph),

Pup = | Ko P = 0345 Loo = 0:587 atm
@ >

(b; 9 pts) An excess of solid 1, is added to a container mnitially filled with 4.00 atm of H, at 25 °C. Calculate
the partial pressures of H, and HI reached at equilibrium.

T, K. kL Pu, = 3.44 atm | €2
L xs)  Hoo0 o

Pup = @28 otm 6D

ar . - y
PR () Yeo-x  2X Cheler PR LT e
P, 34
) (2x)" .
0,345 = —— (D h 4

YT = 0345 (4-%x)= .30 ~03%x L{?\Tz'fro.?vﬂr ~{.2F0 = ¢y
=X 5 <

bt fotbe _ —0.345 /o3t Y138

- = B, 5Y5¢&
Ty 8 ““

Score for the page
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(c: 4 pts) If the volume of the container is increased at constant temperature, which way will the equilibrium
shift and why?
-P L .

Pﬁz_ +2
shitt b fe v doymi A2 K o h

)
respamk P te Shreg 7 Hocrand  prefsuce 56; r%cran?_
e Gou foesiun ( Le Letelrer),
N

(d; 4 pts) Why might Hilary Clinton be excited about the prospect of a hydrogen economy? In other words,

describe a geopolitical consequence of running the cars in the US on hydrogen.
""‘% H‘{O(ffféén Clnn l.x }orw&xaﬂ afmegl—{‘ ﬁ“mn-\_
—————————

@ e_a.«( ] mﬁuwﬂ 545} o~ {% ofler~ Souvrces,

o7 So we @l clhuoge whith Lrololenry g fle Wm(pfé
@ Zast B ded wH- refie, fan -’:»eu; held e

o oarvd foﬁ o~ need & r ovl

Page Score
1 /1
2 /30
3 122
4 123
5 117
6 /8
Total /101
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