Chemistry2710Spring2001Assignmen®
Solutions

1. (a) Thegraphbelov shavs the dataalongwith the line of bestfit of all

six points:
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Thereis anohbvioussystemati@eviation of thepointsfrom theline, so
not all pointsarein theinitial rateregion. How mary of thesepoints
defineaninitial rateis partly a matterof taste.To my eye, thereis still
somedetectablecunatureif | take the first four points, but the first
threereasonablyit aline:
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(b) Theslope(obtainedby linearregressionpasednthefirst threepoints

is 9 ~ —9.05x 10~*molL~1s~1. Therateof the reaction(by con-
lda __

vention)is thereforev = —3 ¢ = 4.53x 10 *molL s™1.

(a) The rate doesnot dependon [l2] (experimentsl and2). Whenthe
concentratiorof ketoneincreasedy afactorof 2.5,therateincreases
by afactorof 2.43a 2.5 (experimentsl and3). Thus,it seemdikely
that the reactionis of the first orderwith respecto ketone. Finally,
whenthe hydrogenion concentrationncreasedy a factorof 3.2,the
rateincrease®y a similar factor(experiments3 and4). Theratelaw
is therefore

v = k[ketoné[H™].

(b) k= v/([ketond[H*]). Becausehe dataare not perfect(the ratio of
ratesl and3isn't exactlythesameastheratio of theketoneconcentra-
tions)| calculatedherateconstanfrom eachof thefour experiments:

Experiment 1 2 3 4
k(Lmol~s™1) 0.035 0.035 0.034 0.034

In eachcasewe getavalueof about0.035L mol~1s~1.



3. Becausdhereare mary points, our bestalternatve is to usevan't Hoff’s
method.We thereforeplot Invvsina:
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Theplot shavs obviouscurvature,sothedatado notfit a simpleratelaw.

4. (a) 3A— 2C

(b)
da 2
g = —laatkab®—leab+k o
%J = 2kia—2k_1b? —koab+k_oc
dc
i koab —k_oC

(c) Usingtheprincipleof detailedoalancewe canobtainequilibriumcon-
stantsfor eachof thetwo steps:
kia=k_1b?  andkoab = k_oc.
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Theoverall equilibriumconstanK = ¢?/a%. Notethat

b2 c2 c2
2 _
Kiks = (E) (W) T a3 K.

kyk2

SK = .
K_1k2,

(d) This questionis perhapsslightly harderthanfirst appears.The first

stepis ratedeterminingwith ratekia. This stepproducegwo units of
B sothattwo equialentsof C areformedfor every A consumedn the
first step.In otherwords,

dc

— =~ 2kia

at =~ 7t
However, the rate of the reactionis v = %g—f (from the stoichiometry
of theoverallreaction)sothatv = kja.

ki[H][Br2] = k_1[HBr][Br].

[HBr][Br] kg
oK —_— ==
[H][Brz] k1
. ki 2.09%x 10°Lmol-1s?
el T KT 1.5 x 1028

= 14x10%°Lmol st



