Chemistry2000Spring2002Midterm Examination
Solutions

1. (a) Theconcentrationgn experimentsl and?2 arein a 3:1ratio, asaretherates. Thisis
thereforeafirst-orderreactionwith ratelaw

V= k[(CHgN)z].

Therateconstantanbe determinedrom eitherexperiment:

v 6.0x 10 % molL1s1
k= = =25x10%s .
[(CHaN)2] ~  2.4x 10-2mol/L XS
(b)
d[CoHe| N A[CoHg]
dt A
A ACoHgl 10~*mol/L B
A= T T e 0% 10emolL—TsL 1S

2. If it safirst-orderreactionagraphof In(percent vst shouldbea straightline of slope—k.
In this casewe have

t(min) 221 516 13.26 22.84 40.52 60.41
In(%bp) 4.55 4.42 417 378 3.14 230

My graphis showvn in Fig. 1. The datafit a straightline reasonablywell, which confirms
thatthedecompositiorof bpis afirst-orderprocessTherateconstants foundby takingthe
slopeof theline. Theline passeshroughthe points(0,4.65) and(70,1.98) (estimatedrom
thegraph).Theslopeis therefore

Ay 465-198 -
slope_AX_ 0—70min 0.0381min™-.

Sincetheslopeis —k, thismeanghatk = 0.0381min™.
3. (a)
k = koe E/(RT)

= (12x 101 mol s Y exp ( _17.5% 16°J/mol )

(8.314472JK1mol-1)(24315K)
= 2.09x10°Lmol 1s 1.
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Figurel: Plotof In(%bp) vst from the dataof question?.

(0 9O — _KOH[CRCHOCHR
(c) If theinitial concentrationsre equal,thenby stoichiometrythe two concentrations
remainequalfor all time. Thus@ — —k[OH]?, which is a simple second-order

reaction.
(d) Accordingto the second-ordeintegratedratelaw,

1 1 1
£ = R(ﬁ‘@)'
[R] = 0.10[R], = 0.00405mol/L.

1 1 1
o 2.09% 106Lmol 1s 1 <0.00405m0I/L 0.0405moI/L)
= 1.06x 10 %s.

0= (apci)(aci,) _ (0-223)(0.111)
apCi 0.177

This meanghatthe amountsof productswill have to increaseo reachequilibrium, which
in turn meanghatthereactionis spontaneouaswritten.

=0.140< K.
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5. Potassiunmydroxideis a strongbase Accordingly, [OH] = 1.3 x 10~*mol/L. SinceK,, =
(an+) (aoH-),

Ky 29x101®
aH+ e =

aon- 1.3x104
S.pH = —logjpaq+ = 10.65.

=22x10 1

2 02
P _ :
6. K= %r _ (Per/P") . We needto know the equilibrium pressuresf bromineatomsand

aBI'Z PBrz/Po ier . . ..
molecules.The numberof molesof Br;, at equilibriumis 100— 1.20%= 98.8% of theini-

tial numberi.e. (0.988)(1.05mol) = 1.0374mol. The numberof moleculesdissociateds
(0.0120(1.05mol) = 0.0126mol. Thenumberof bromineatomsproduceds twice aslarge
(by stoichiometry)song, = 0.0252mol. Thevolumeof theflaskis (0.980L)/(1000L /m3) =
9.80x 10~*m?3. Thetemperaturés 1600+ 27315K = 1873K. Thepressuresf thereactant
andproductaretherefore

nBrzRT
Y]
(1.0374mol)(8.314472JK~1mol~1)(1873K)
9.80x 10~4m3
= 1.65x 10’Pa= 163atm
nBrRT
Par = V;
(0.0252mol)(8.314472JK~1mol~1)(1873K)
9.80x 10~4m3
= 4.00x 10°Pa= 3.95atm
3.95

_ 299 —2
= 1a3 9.60x 10 ~.

PBI'Z =

7. In theseproblems,we only ever needto worry aboutthe first proton. By Le Chateliers
principle, we know that the acidic ervironmentcreatedby the first protonwill inhibit the
dissociatiorof the secondoroton. Therelevantequilibriumis thus

CzO4H2(aq) = CzO4H@q) + H?;q)

for whichwe have
Ky = (aczo4H—)(aH+)_
ac,04H,
TheKj is quitelarge. It seemsextremelylik ely thatwe will beableto ignoretheautoioniza-
tion of water However, we probablyshouldnottreatthis equilibriumasif little dissociation
occurredbecaus®f the sizeof the equilibriumconstant.Supposehatthe amountof oxalic

acidwhichdissociatesgexpressedn termsof actwities, is x. Then
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‘ ac,04H, ‘ ac,04H ‘ A+
Initial 0.043 0 0
X
X

Change —X X
Final 0.043—x X

TheK, expressiorbecomes

2

2 X
6.5x 1072 = S043—%
0 = X*+65%x10%—2.795% 10 3.
SX = % <—6.5 x 1072+ \/(6.5 x 10-2)2 — 4(—2.795x% 10—3))
= 296x10°2
cags = 2.96x 102
~pH = —logpay+ = —l0g;o(2.96x 1072) = 1.53.



