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ABSTRACT
Equilibrium constants have been measured for the reactions,
3-methylhexane = 2-methylhexane, and 2,3-dimethylpentane =
2,4-dimethylpentane. The values were determined by direct
equiiibration employing sulf—i.-~ acid at 60°, chlorosul-
fonic acid at =33.4° and an equimolar mixture of the two

at 0°,

The results are:

3xn = 24 2P = 24MD
: o eq o *q °
4 emp. Xowy K AF Xomi K Ar
60 0.595 1i.47 -255 0.596 1.48 =260
0 0628 1.69 -285 «706 2.40 =475
"’33 04 ° 655 1 090 -306 0728 2 ° 68 -470
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Sulfuric acid and chlorosulfonic acid specifically interconvert

2.8 .4
methylalkanes, " °’ Change of chain branching as in the ccnversion

(2) R.L. Burwell, Jr. and G.S. Gordeng IIly Jo Am.-Sham.:Socy, 70,
3128 (1948); Gordaon and Burwell, ihigpg 71, 2365 (1949).

(3) R.L. Burwell, Jr., Robert B, Scott. Lucien G. Maury and
Allen S, Russey, Techrical Report No, 2 of this project.

(4) R.L. Burwell, Jr., Lucien G. Ma.~’ and Rotert B, Scott, Technical
Report No. 4 of this projecte
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of the 2- and 3--methylhexane pair to the 2,3- and 2,4-dimethylpentane
pair occurs mch more slowly. It, thus, seemed desirable to test the
applicability of this discovery toc the determi.ation of the equili-
brium ccnstants of the following two reactions by direct equilibra-
tion.
3-Methylhexane ¥= 2-Methylhexane (1)
2,3-Dimethylpentane = 2,4-Dimethylpentane (2)

s
voor’chnijsen determined the equilibrium constants of these

(5) J.J.B. Voorthuijsen. Rec. trav. chim., 66. 323 (1947).

reactions by direct aquilibration of all heptanes by aluminum
chloride at 20°. The more specific nature of the reaction with sul-
furic acid offered hope of increased assuracy. The equilibrium con-

stants have accordingly been measured at 60°, 0° and ~33.4°,

The preparation of the hydrocarbons has been describod.' The
infrare? absorption spectra were indistinguishable from those of the
Bureau of Standards standard samples and no ultraviolet absorption
was exhidited at wave lengths longer than 2200 A.

As isomerizing agents, 96.04% sulfuric acid was employed at 60°,
an equimolar mixture of this acid and freshly distilled Eastman Kodsk
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Fractical Grade Chlorosulfonic acid was employed at 0¢, ana the
chlorosulfcnic acid alone was employed at =-33.4°. Thermostating was
by a water bath at 60°, b, .a ice-vwater mixture at 0° and by reflux-
ing ammonia at -33.4°.

The value ¢f the equilibrium cor .*ant was first approximated
from ihe 1elatave jnitial rates oi . acrization of the twc hydro-
carbons involved by *he relation K = k,/k.,- Mixtures of known
compositicn on either side cf tne estimatea eguilibrium compc3ition
were prepared and subjectel to the iscmeriz!ne (zndait:ons. Accord-
ing to the observed changes in composition; tne estimated equilibrium
composition was reviced and new mixtures prepared. These were ithnen
subjected to isomerizing ccnditions. By thi- means, 1t was possible
to employ short times of contact and relatively m:.id condition and,
thus, 7 wninimize side reacticns,

Reaction flasks and stirring procedures have been describod.a
To avoid preferential vapor loss of one component, ratics of gas to
liquid volume were kept iow, never exceeding 15 to 1.

The flask and acid were brought to temperature before the hydro-
carbon mixture was added. After "emuisification" by magnetic stir-
ring for the desired time, stirring was stopped and a sample of the
hydrocarbon layer was pipetted into a cold 30% sclution of potassium
hydroxide. The hydrocarbon layer was then removed ana stored  ver
solid potassium hydroxide before analysis. Precautions were taken
throughout to prevent change in composition of the hydrocarbon sample
after removal from the thermostated reactor either by isomerization

or preferential vapor loss.
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Anclysis.~ An infrared spectrometric technigue was euployed using
NP A

& pair of matched cells and substitution aga:nst a standardéd mixturs,
As appropriate, this was 59.18 mole% 2-methylhexane and 40.82 mole$
3-methylhexane or 62,13 mole¥ 2,4-dimethylpentane and 37.87 mole%
2,3-dimethylpentane, 1In the first sys  ¢m. measurements were made at
7.43, 8,63, 10,43, 11.09 and 12,98 . ons: in the second, at 8,68,
9.02, 9,96, 10,46, 12,38 and 12,78,

In the methylhexane system, a plot of log % transmission ys.
%2-methylhexane was prepared at each of the fi:e wave lengths. The
standard mixture was always in Cell A and the transmission was
Rlwayz adinsied to resd 100€ with Cel
wore prepared from readings with the various syntiatic mixtures pre-
pared for i1somerization runs in Cell B. Average deviations from
smooth sitrves was less then 0.,19. Analyses could be performed on
synthetiz mixtures giving agr=eing results tc this accuracy at all
wave lengths. With products of isomerization runs, particularly
those extending over longer periods of time, there was some spread

in the values determined for each wave length cwing to side reactions.

Results and Piscussion
By expoeing mixtures of hydrocarbons in the vicinity of the
equilibrium mixture to isomerizing conditions for relatively short
times, the position of the steady state has been located with minimum
interference by side reactions, We feel that the position of the
steady state, so located, is accurate to within a few tenths of 1%.
The experimental data are shown in Tables I and II.

6
However, as Bates has pointed out, in the presence of side

(6) J.R. Bates, J. Am. Cham, Soc,, 68, 511 (1946).
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The 2-Mgthylhexape-3-Methylliexane Fgulllbriug

Temp. ® ] Reac¢tion Tirze,

=]

——

Reactant Mixture,i?roduct Mixture,| Average
| Hours £ 2-Methylhexane { Av. % 2MH Deviation%
60 1,00 56, 58.0 0.4
1.00 60.4 60,0 o3
S0 59.2 59.5 ol
050 59.8 59.6 3
0 067 65.6 64 .6 «8
=33 63.5 €28 o2
025 62.7 62,8 o2
«33.4 «67 60.5 62,00 4
1.00 65.3 6505 o7
«S0 65,7 6545 3
1.00 65.4 65,5 o2
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Table II
The 2,3-’inetiwlnentane-2.4-Dietiviventane Equilibriuy
Temp. © Reaction Time, Reactant Mixture, Product Mixture, Average
Hours %2,4-Direthylpentane Av. ¥ 2,4MH ~ Deviation®¥

60. «16 60.2 60.0 0.1

016 59,5 59.6 2

016 59.8 59,7 o2

O. 016 7005 7046 el

016 70.8 7006 el

016 7006 70.6 ol

=334 °16 74.2 7300 o2

016 71.4 7202 o2

016 727 72,8 ol

016 7361 72,9 ol

reactions, the steady state do0es not necessarily correspond to the
equilibrium composition. Since the interconversion of 2- and 3-
methylhexane proceeds about 10 times as fast as the formation of
dimethylpentanes,a the error introduced into the equilibrium constant
is snall.° Furthermore, at 60°, at any rate, if the mechanism
advantcda 4s correet, no error is introduced. The.-small spread in
the analyses at different wave lengths (Tables I and II) would
indigate that no serious error was introduced by side reactions.
Computed equilibrium compositions and constants are presented in

s
Table III where they are compared with the values of Voorthwl jsen,



-

rar

WP

I DIPNR T O e 0 Yy

- -
-7
Tahle I1I
Equilibriuc Resulic
:iun = 2193‘? R RN ﬁ

eq o eq o

Temp. ° X, v K %a% S K AF
60% 0.595 1,47 -255 o596 1,48 -260
0% ,628 1,69 -285 +706 2,40 ~475
~33.4% «655 1.90 =306 728 2,68 -470
2s¢ 1.35 -180 1.90 -380
2o® 1.63 -284 1,50 -236
60% 1,05 ~29 025 +921
6% 1.27 -130 ) +668
-33.4Y 1.49 -191 032 +525

\’2113 and 3MH are 2- and 3-methylhexane, respectivelye.

%3)[1’ and 24MP are 2,3- and 2,4-dimethylpentane, respectively.

\giiesults of this investigation.
\9Voorthuijsen (ref. 5).
SRoebuck and Evering (ref. 7).
JRossini, et al. (ref. 8).

7

the recent values of Roebuck and Evering, and the computed values

(7) A.K. Roebuck and B.L. Bvering, ibid., 75, 1631 (1953). These
values were obtained by direct equilibration with sulfuric acid.
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of Rossini.

(8) American Petroleum Institute, Research Project 44 at the
National Bureau of Standards, "Selected Vaiues cf Properties of
Hydrocarbons." F.R. Rossini, E.J.KProsen and K.S. Pitzer

gzib Bureau of Standards. 27, 529 (1941). The values

for the vapor state were corrected by the Antoine
Equation from the first cited reference to the liquid state
assuming Raoult's Law,

In terms of the experimental procedures employed, the experi-
mental results of previous investigators should not be taken as
diverging sariously from our results since the deviation in K
corresponds to a deviation in X®d of but a few ¥. Similarly the
computed resuits ol Russ 1318 may7 bBs %aksn as in guite satisfactory
agreement for the equilibrium between the methylhexanes. The dis-
crepancy in the case of the dimethylpentanes 1is larger and amounts
to about 1000 cal. in terms of A _Ifoo

Yo within the accuracy of the data, the values of A Eo for
the methylhexane reaction are representable by A go =z ~436 cal,
and A g°

The rate of change of 43‘§° with temperature is too large to

+0.,55 cal./deg. Standard states are the pure ligquids.

permit an accurate computation of values of A E® and AS°® from
the data for the dimethylpentanes, Zﬁﬁo changes sign in the
vicinity of 0° at which temperature A g° has a value of about
=475 cal.

Eyanaton, Illinolis
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