Chemistry2710Spring2001Test1 Solutions

do  Ab_ 1.4x10“*mol/L

=4.0x10°molL"1s?

a = At 3.5s
SV = 1db ~13x10 °molL"1s1
3dt

2. (a) N204(g) — ZNOZ(g)
(b) v=ki[N204]?

(c) Theempiricalequilibriumconstanfor theoverall reaction(expressedn termsof con-
centrations)s

_ [N02]2
[N2O4]’
Accordingto the principleof detailedbalanceatequilibrium,

kl[N204]2 = k—l[N204][NZOZ]
andkz[NZOZ] = k_z[NOZ]Z

Theseequationcanberearrangedo

N2Oa) - ko
[N204] k_1
INO,J? ko
and = —
[N207] k-2

If we multiply theseequationgogetherwe get

[N02]2 K= kiko

[N2O4] ko1k o’

3. Sincewe have severalpoints,it is probablybestto usevan't Hoff’'s method.In vant Hoff’s
methodwe plot Inv againsina.

Ina 0.300 0.399 0.846 1.037 1.112
Inv 2.754 2.803 3.025 3.122 3.157
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Theplotis nicely linearsothereactiondoeshave a simpleratelaw. Theslopeof theplotis
0.50,sotheorderof thereactionis 3.

4. (a) Wefirst needto calculatex asafunctionof t: Theamountof Z produceds twice the
amountof X usedj.e.z= 2(xo—X) or x= %o — 3z Thuswe have

t (min) 0 3.22 6.58 10.02 13.91
x (mol/L) 0.0400 0.0335 0.0287 0.0250 0.0218

If thereactionis seconddrderin X, aplot of 1/x vst shouldbe linear, which indeedit
is:
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If thereactionwerethird order a plot of 1/x? vst would belinear:
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The dataclearly dont fit a line when plottedin this form, so we can eliminatethe
possibilitythatthereactionis third orderin x.



Theslopeof thesecond-ordeplot is therateconstant:
k= 1.50L mol~*min~2.

(b) We canrearrangehe second-ordeintegratedratelaw to theform

In this case,

1 1 1
— — = 6.7 x 10°min.
1.50Lmol—1s—1<10—6mol/L O.2mol/L> xmin

Thisis overayear sothis probablywon’t be practicalasit stands.

5. First,rearrangehe equationto theform

[B] [Blo
2k _ D] _ [Plo '
1-14 -1,

We would wantto measuréD to L ratiosfor a particularaminoacidfrom a setof biological
samplesof known ages.ldeally, thesesamplesvould be chemicallysimilar to thosewhose
ageswe would eventuallywant to analyse(e.g. we would useeye lensesto calibratethe
methodfor datingothereye lenses) Sincerateconstantslepencdntemperaturethethermal
historiesof the calibrationandanalyticalsamplesvould also,ideally, be similar. We could

thenplott asafunctionof
[D]
x=In (“ [M])
~HE
1=m

Theslopeof this plot shouldbe 1/(2k).




