
Chemistry2710Spring2001Assignment5
Solutions

1. [Thefollowing is asampleansweronly. Many otherapproachesto answer-
ing thisquestionareequallyvalid.]

In the pressurejump method,a changein pressurecausesa changein the Wordcount:228
equilibriumconstant.By following thereturnof thesystembackto equilib-
rium, wegeta relaxationtimewhichcanberelatedto therateconstants.

Oneof thebetterwaysto createa pressurejump is to usetherupture-disk
method.In this method,the reactionvesselis pressurized.A suddendrop
in pressureresultswhen the disk is broken. Pressurechangesof 50atm
or morecanbeobtainedin � 60µs by this method.This methodhastwo
advantages:First, it is very fast.Second,thefinal pressureis 1atmsothat
thedatacanbecombinedwith otherdataobtainedat 1atm. However, only
verysmallchangesin theequilibriumconstantareobtained(of ordera few
percent)whichmeansthatthedetectionmethodusedmustbeverysensitive.

Therelaxationtime is measuredby following theexponentialdecayof one
of thespeciesbackto equilibrium. Thedatatreatmentthendependson the
mechanism.Supposethat we have a simplereversiblefirst-orderreaction
(A � B). Thenthe relaxationtime is relatedto k� andk� by τ � � k���
k �	� � 1. Theequilibriumconstantfor thereactionis K � k��
 k � . If weknow
bothK andτ, wecancalculatek� andk� .

2. Definea smalldisturbancefrom equilibriumδb by

b � beq � δb�
By stoichiometry,

a � aeq  2δb�
Therateequationfor b is
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At equilibrium db
 dt � kaba2
eq  kbabeq � 0. Also, sinceonly small dis-

placementsareconsidered,
�
δb� 2 is very small,sowe neglectthelast term

in thedifferentialequation.Weget

d
�
δb�
dt

�  δb � 4kabaeq � kba� �
Therelaxationtimeis theinverseof thequantitywhichbehavesliketherate
constantfor thisfirst-orderprocess:

τ ��� 4kabaeq � kba� � 1 �
3. The(average)massof apotassiumatomis

mK � 39� 098g
 mol

6 � 022142 � 1023mol� 1 � 6 � 4924 � 10
� 23g � 6 � 4924 � 10

� 26kg �
Similarly, themassof abrominemoleculeis

mBr2 � 2 � 6537 � 10
� 25kg �

Thereducedmassof thereactantsis

µ ��� m� 1
K � m

� 1
Br2 � � 1 � 5 � 2162 � 10

� 26kg �
Therelativespeedat600K is

v̄r � 8
�
1 � 380658 � 10� 23J
 K � � 600K �

π
�
5 � 2162 � 10� 26kg� � 636m
 s�

To usethe equationrelatingthe cross-sectionto thepreexponentialfactor,
wemustconvert thepreexponentialfactorto SI units:

k∞ � 1012L mol � 1s� 1

1000L 
 m3 � 109m3mol
� 1s
� 1 �
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Thecross-sectionis therefore

σ � k∞
v̄rNA

� 2 � 61 � 10
� 18m2 �

This correspondsto a disk of radius rAB ��� σ 
 π � 9 � 12 � 10� 10m or
9 � 12Å. This is a very large radius.For comparison,the radiusof a potas-
sium atomis 2.20Å. The bondlengthin the brominemoleculeis 2.29Å.
If we addthesetogether, we getanrAB which is lessthanhalf of thevalue
computedfrom thecross-section.Thecross-sectioncalculatedhereis there-
fore not dueto a simplecollisionalprocess.In fact,the largedifferencein
electronegativity of K andBr leadsto a transferof charge from the atom
to the moleculeat large distances.The cation(K � ) andanion(Br

�
2 ) are

thenattractedto eachotherby electrostaticforces,which enhancestherate
of reaction. This processis called“harpooning”. (The potassiumatomis
imaginedto useits electronasaharpoonwhichit usesto reelin thebromine
molecule.) The rAB calculatedfrom the cross-sectioncorrespondsto the
meandistanceatwhich thisharpooningprocessoccurs.
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