Chemistry 2710 Spring 2001 Test 2 Solutions

(&) The high-energy intermediate gEH,O* should be highly reactive so we should apply
the SSA to this species.

% —  ke[CHsCH,O][He] — k_1[HE[CHaCHs0"] — ko[ CHaCHo0"] ~ 0.
. [CH3CH,0"] k1[CHsCHoO]Hel

lL]_[HE] + ko
The overall reaction is C§#H,O — CH>0O + CHs so the rate of reaction is

d[CH0] N kik2[CH3CH,OJ[He]
dt  —  k_1[He +ke

(b) If the pressure of helium is sufficiently low, we can igadhe termk_1[He] in the
denominator of the rate expression. The rate becomes

. Kike[CHaCHOl[He] _

K kl[HE][CH;gCHzO].
2

Since the helium concentration is constadjiHe|dt = O in this mechanism), the ob-
served rate at low helium pressure wouldvze kj [CHzCH,O] wherek; = ki[He].

(c) Thisis a gas-phase reaction, so we need the rate comstamts compatible with the
standard state of 1 bar. From the ideal gas law,

n P
vV RT

100000 P#bar
(8.314510JK Imol-1)(44315K)
= 27.14molm 3part
= 0.02714molL tbar?.

ko = 5.4x10"parlst

We also needn*. In order to transfer energy to the ethoxy radical, a helitomawill
have to make close contact. | would therefore guesstitatvould be about-1. The
entropy change is then

_ hke, —+
AS = R[In (—T) —1+An }
6.626069<10-34J/Hz)(5.4x 10 bar 1s1)

_ 1oL (
= (8.314510JK"mol ") [I” ( (1.380658<10 23 J/K) (44315K) ) —-1- 1}
= —40JK 'mol™L.




The entropy change is not quite as large as would be the ctmetiinsition state were
a single molecule. It might therefore make more sense td\gSe- 0. Repeating the
above calculation, we find

. 1, -1 (6.626069<10-34J/Hz)(5.4x 10 bar 1s71)
AS = (8.314510JK mol )[In( B e >—1+o}

— —32JKImol L

2. Aplot of Inkg vs v/1 should be a straight line. Here is a plot of the data:
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The data clearly do not fit a straight line so that BrgnstegH8jm theory is not adequate in
this case. Brgnsted-Bjerrum theory is based on Debye-glitbkory, which assumes that
charged particles in solution organize in a certain way. dftangement may however be
substantially different for large polymeric particleshais for smaller solutes.

3. Here, it's a simple matter of doing a regression df\s 1/T.

1000r 1 (k1) 3.1934 3.0017 2.8723
Ink —7.2788 —5.6268 —0.8440

Although the graph is unnecessary, | like to look at the daddyere’s my plot:
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With only three points, it's impossible to say whether thatsar is just scatter, or whether
there’s something else going on. | would guess that it isgoatter. After all, working with
hot, concentrated acids is quite difficult so one has to exedatively large error bars on the
measurements. The slope and intercept of the plot are,atidsgdg, —19 169K and 53.35.
The activation energy and preexponential factor are tbezef

Ea = —(8314510JKmol 1)(-19169K) = 159k¥mol.
ko = €3%°=15x10Lmol s,

. In competitive inhibitionymax (the intercept) is independent of the inhibitor conceidrat
In this case, all four curves have different intercepts, asan see by drawing lines through
the data:
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Some of the points look like they were subject to significamqtegimental errors. However,
even if we discard some of the points, thgy values can’t be brought into correspondence
so this isnot a competitive inhibitor. The use of a Lineweaver-Burk plothis case encour-
aged an unwarranted conclusion about the data.



