Chemistry2000BSpring2002Assignmen® Solutions

1. If 95%hasdecayed5%  remainsj.e. x/Xo = 0.05. For afirst-orderreaction,
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2. (a) Wecancalculatetherateconstanfrom the half-life by k = In2/t; ,. Theresultsatthe
two temperatureareasfollows:

TCC) T((K) k(min1
140 413.15 0.0154
180 453.15 0.0347

Accordingto the Arrheniusequationk = k.e~5/(RT) Therefore
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= 31.6kJ/mol.

To getthepreexponentiafactor werearrangeheArrheniusequatiorto k,, = keFa/(RT).
We canuseeitherof the datapoints. For instance,

31.6 x 10°J/mol
(8.314510JK—1mol-1)(45315K)

keo = 0.0347min"texp ( ) = 150minL.



(b) Thisis averysimilar exerciseto questionl:

| n(dpe)
=ty2 Irr]1((xl//x20)) = (20mm)% = 74min.

Meatfried at 180°C for 74min would look, smell, feel andtastelik e shoeleather so
this isn't a really practicalway to getthe benzylpenicillinlevels down to acceptable
levels.

3. At equilibriumfor this reaction,

ki[A] = k[BJ.

B ke
A =
—1
ke Ky 13s — 1.0x 1072 mol-ts~1,

K~ 1.3x 108mol/L

4. First,we haveto calculatethe pressuresf all thereactantandproductsusingtheidealgas
law. For instance,

209

= — =2 —055mol
HCl = 354606g/mol mo
. _ nRT _ (0.55mol)(8.314510JK ~'mol~1)(67315K) _
o e val 5% 103me = 1.5x 10°Pa= 15atm

Theactity of HCl is thereforeayc) = 15atm/1atm= 15. Proceedingimilarly, we get

n(mol) P (Pa) a
O, 0.25 7.0x10° 6.9
Cl, 0.85 24x10Ff 23
H,O 0.67 19x10° 18

Theequilibriumconstants therefore

_ (ac)?(ar,0)* _ (23%(18)°

= @o)iao,) (19969 -t

5. (@) Undertheseconditions,

a2, a, 0300
=_—H___TH _ =T 225
Q (an,)(a,) ay, 0.400

SinceQ < K, thereactiormustproceedrom left to right (hydrogerandiodinecombine
into hydrogeniodide)to reachequilibrium.
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(b) Letxtheamountof Hy usedgxpressedsanactvity (proportionalto pressuren atm).

| an, a|
Initial 0.400 0.300
Final | 0.400—x 0.3004+ 2x

Theequilibriumconditionbecomes

2 2
ag,  (0.300+ 2x)
035 5 0.400—x

.0.352(0.400—x) = (0.300+ 2x)% = 0.0900+ 1.20x+ 4x.
-0 = 4x®+1.552—0.0508

This lastequations solvedusingthe quadraticequation:

‘e —1.552+ /1552 — 4(4)(—0.0508  —1.552+1.795
- 2(4) - 8 ‘

We know thatx, theamountof H, used hasto be positive. Thereforewe musttake the
positive signin theabove equation:

—1.552+1.795
X= 3

Thefinal pressuresf thetwo gasesaretherefore

= 0.030.

Py, = 0.4-0.030atm= 0.370atm,
andPy = 0.3+ 2(0.030)atm= 0.361latm

6. Thereactionis N204g) = 2NOyg). Theequilibriumconstants thereforeK = aﬁoz/aNzo4.
We needto find the pressuresf the reactantand productto solve this problem. We know
theinitial numberof molesof N2Og:

B 2.339 _
, S ——
P(') _ (0.0253mol)(8.314510JK~"mol~)(296.05K) _ 4.81x 10*Pa= 0.475atm
N204 1296cme
(100cm/m)3

The (total) equilibriumpressuréP) is 441mmHg, whichis 0.580atm. Thetotal pressures
thesumof the partial pressures:

P = Pn,o, + Pho,-

Now let x be the amount(expressedisa a pressuran atm) of NoO,4 reactedandconsider
thefollowing table:



‘ I:)|\|204 (atm) PNOZ (atm)
Initial 0.475 0
Final 0.475—x 2X

Thefinal pressurdin atm)is therefore

P = (0.475—x)+ 2x= 0.475+ x = 0.580atm
o.x = 0.106atm
~.Pn0, = 0.475—0.106atm= 0.369atm
andPyo, = 2(0.106atm) = 0.211atm
0.217

K= 0.369 =0.121




