Chemistry2710Spring2001Assignmenb
Solutions

1. [Thefollowing is asampleansweronly. Many otherapproacheto answer
ing this questionareequallyvalid.]

In the pressurgump method,a changein pressurecausesa changein the Word count:228
equilibriumconstantBy following thereturnof the systenbackto equilib-
rium, we getarelaxationtime which canberelatedto therateconstants.

Oneof the betterwaysto createa pressurgump is to usethe rupture-disk
method. In this method the reactionvesselis pressurizedA suddendrop
in pressureresultswhenthe disk is broken. Pressurechangesf 50atm
or morecanbe obtainedin ~ 60us by this method. This methodhastwo
adwantagesFirst, it is very fast. Secondthefinal pressures 1atmsothat
the datacanbe combinedwith otherdataobtainedat 1 atm. However, only
very smallchangesn the equilibriumconstantareobtainedof orderafew
percentwhichmeanghatthedetectiormethodusedmustbeverysensitve.

Therelaxationtime is measuredby following the exponentialdecayof one
of the speciedackto equilibrium. The datatreatmenthendepend®nthe
mechanism.Supposedhatwe have a simplereversiblefirst-orderreaction
(A = B). Thentherelaxationtime is relatedto k; andk_ by 1 = (k; +

k_)~L. Theequilibriumconstanfor thereactionis K =k, /k_. If we know

bothK andt, we cancalculatek; andk .

2. Definea smalldisturbancdrom equilibriumb by

By stoichiometry
a = Agq— 20b.
Therateequationfor b is
db
e Kapa” — Kpab.
Notethat db  d d(5b)

1



d(—éb) = kab(aeq—25b)2—kba(beq+5b)

dt
= kabagq — Kpabeq— 0b (4kapBeq+ Kna) + Akqp(3b)2.
At equilibriumdb/dt = kabaéq— kbalbeq = 0. Also, sinceonly small dis-

placementsre considered(b)? is very small, sowe neglectthe lastterm
in thedifferentialequation We get

GO0 — 8 (akaptt + ko)

Therelaxationtime is theinverseof thequantitywhich behaeslik etherate
constanfor thisfirst-orderprocess:

T= (4Kab2eq+ Koa) -

. The (average)massof a potassiurmatomis

39.098g/mol
6.022142x 1023mol1

mK = = 6.4924x 10 23g = 6.4924x 10 2°kg.

Similarly, the massof abrominemoleculeis
mer, = 2.6537x 10 2°kg.

Thereducednassof thereactantss

1
L= (m;1+ Mg ) — 5.2162x 10 25kg.

Therelative speedat 600K is

= 636m/s.

o _ . |8(1.380658x 10-23J/K)(600K)
e 11(5.2162x 10—26kQ)

To usethe equationrelatingthe cross-sectioro the preexponentialfactog
we mustcorvertthe prexponentiafactorto Sl units:

_ 10*2Lmol~1s7!

_ 3 11
Koo = T000L /P =10°m3mol s 1,




Thecross-sectiors therefore

Koo
o=

= 2 —261x1018m2
VrNA

This correspondgo a disk of radiusrag = /0/1Tt= 9.12 x 10 1%m or

9.12A. Thisis avery large radius. For comparisonthe radiusof a potas-
sium atomis 2.20A. The bondlengthin the brominemoleculeis 2.29A.

If we addthesetogetherwe getanrag whichis lessthanhalf of thevalue
computedrom thecross-sectionThecross-sectiooalculatedchereis there-
fore not dueto a simplecollisional process.In fact, the large differencen

electrongatvity of K andBr leadsto a transferof chage from the atom
to the moleculeat large distances. The cation (K*) andanion(Br;) are
thenattractedo eachotherby electrostatidorces,which enhancesherate
of reaction. This processs called“harpooning”. (The potassiumatomis
imaginedo useits electromasaharpoonwhichit usego reelin thebromine
molecule.) The rag calculatedfrom the cross-sectiortorrespondgo the
meandistanceat which this harpooningorocessoccurs.



