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Synthesis and Physical Properties of n-Heptane and
2,2,4-Trimethylpentane

Philip Pomerantz

High-purity samples of n=heptene pnd 2,2 4=trimethylpentane have been
purifiad by fractional distillation for usa A2 standarda in

R,\:nthetin raethoda an

repared by
t].:}lm certifiea-

tion of primary reference fuels. One lot of sn-heptane was used to prepare standerd samples

for the comparison of precision hest-ca

ity calorimeters, The detgils of the syntheses

are prepented, and the phyaical proparties of thoese eompounda are reported,

1. Introduction

The primary standards for the knock rating of
gagolines are normal heptane and 2,2 d-trimethyl-
pentane. These standards were adopted in 1930,
pure n-heptane being arhitrarily assigned the value
of zero octane number and 2,2 4-trimethylpentane
designaied as 100 octene number., The octane
numbers of solutions of 2,2 4-trimethylpentane in
n-heptane are defined by the volume percentage of
2,2 A-trmethylpentane. The wr-heptane and 2,2.4-
trimethylpentane used =22 primary refersnce fuels
BTE duced commercially and submiited to the
National Bureau of Standards for test= ond the
Ameriean Society for Testing Materials cortification
of the samples is based on the Burean’s deta, These
tests comprise the determination of certain physical
properties and the comparizon of their detonation
characterizstics with those of hich-purity n-heptane
snd 2.2 4-trimethvlpentane, 'in  accordance with
specifications Rmmu]gatad by the American Society
or Testing Materinls [1]1Y These specificetions
provide mazximum tolerances for impurities, such
that certified materials will kave an octans number
of 100 0.1 for 2,2 4-trimethylpentane and 0 +0.2
for n-heptane,

In the early part of 1his cooperative program, the

| Flgtirés ih hraskets fulicats tha Hilerature peferencen st the end of thi= paper.

batches of n-hegt&ne were prepared by chemical
trestment wnd distillation from the resin of the
Jeffrey pine, whereas batches of 2.24-trimethyl-
pentane were prepared synthetfeally. So long as
there were no significant changes in the methods of
preparation, the physical propertics of muccessive
batches correctly indicated their relative detonation
characteristics [2],

In recent yoars, however, new methods of anu-
factvia of the reference fuels were devised, and con-
sequently, the nature and quantitiss of Impurities
were changed.  This madre necessary o new appraisal
of the methods of testing referencs fuels. If was
found 1hat the suitability of reference fuels could
best be ascertained by comparisen with very high
purity compounds, and fn this conpection it was
decided that the National Bureau of Siandarde
should maintain » supply of high-purity #-heptans
and 2,2 4-trimethylpentane. ‘These materinlz would
gerve for use in comparison tests of ASTM prim
reference fuels, The purpose of the present wor
was to prepare relatively large quasntitics of those
compounds with a purity as high as practicable.
Theze are des n,tedp gs stendard reference fuels.

A portien of the n-heptane prepared was further
purified for use g5 & standard 1o the comparison of
low-temperature calorimeters. This material ie dis-
tribirted a8 & hegt-capacity stendard hy the Bureau
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Lo those participating in the Conference on Calorim-
etry [17].

tmeurrently, the present work afforded samples
of n-heptane and 2,2,4-trimethylpentane of known
high purity for the determinetion of their lphrsical
constants, These date o turm enabled caleulation
of the {reezing-point values for “104%, pure" ma-
terial with greater acouracy. Table } lists the physi-
cal constants messured en the purest samples of
n-heptane and 2,2 4trimethylpentzne obtained in
this work, along with values reported in the literature.

2. Preparation of Materials
2.). n-Heptane (Synthetic)

_ The preparation of n-heptane involved three chem-
ical steps: Catalytic reduction of purified 2-hepts-
none to Z-heptanol; debydration of the 2-heptanol
to a mixture of n-heptenes; snd hydrogenation of
theze heptenes to n-heptane. In each step, purifica-
tion was effectad by fractional distillation. The
fractionating columns vszed have heen described {9],
but for convenience, the saliant features of each are

iven in table 2. A cherge of 52 gal of 2-heptanone
E—.‘)htained from Carbide & Carbon Chemicals Corp.)
was fractionated in still 12, This distillation was
carried gut gt an initial reflux ratio of 50 to 1, but as=
the distillaiion progressed, it was found that the
distilled 2-heptanone contemed & considerable quan-
tity of water. This moisture is believed o have
comea from the dehydretion of the aldols of 2-hepta-
none, which were formed under the influence of
metallic oxide= in the atill pot. The presence of
water was noted early in the distillation of the ketone
fraction, and the take-off rate was subsequently
incrensed so that the reflux ratio was about 20 to 1.
From thiz diatillation, 30 gal of 2-heptanons, which

boiled in the range 1507 to 1517 , was obtained.

When a small sample of the 2-heptancne, as received,
was fraclionsted in an all-glags still, no water or
material boiling over 200° ' was obtained, as in the
case of the large-scale distillation.

The disiilled Z-heptanone was dried over nnhy-
drons sodivm sulfate nnd catalytic&]q]% hjrd;zfanated
in several batches to 2-heptanol. ese reductions
wepe carried out in & 5-gal high-pressure autoclave
at temperatures of 160° to 180° C and a hydrogen

rassure of 1,000 to 1,300 Ibfin?, using nickel-on-

iepelguhr catalyet. Thereaction proceaded smoothly
and the product wae tested for the presence of
ketone by shaking o sample with a saturated soluiion
of 2 4-dinitrophenylhydrazine in 2 & hydrochleric
acid [10]. Each batch of 2-heptanone was hydroge-
nated 1ntil a negative test for ketone was obtained.

The catalyst wes removed by filiration and the
filtrate distilled in colomn 11 in severnl chargea.
From these distillabions there were oblained 28.3
gl of Zhaptanol (bp 159.6° to 150.7° C). The

t distillation of thie seriés yielded & considerabla
uantity of 2-heptancne in addition to the aleohol.
he presence of ketone in the diztillate was atbributed

to the action of very finaly divided hydrogenstion
calelyst not removed by filtration, The high distil-
lation tempersture and prolonged boiling apparently
caused opprecinble dehydrogenation.  The rest of
the carbinel was subjected to a simple, fast distilla-
tion to remove the catalyst, before it was fractionally
distilled. No difficuliy was experienced in frac-
tionating the material treated in this way. The
properties of 2.heptanone, 2-heptanol, and other
intermediates obtamed in this work are given in
table 3. )

The carbinol was dehydrated according to the
method of Henne and Matuszak [7]. The distilled
2-heptanol (26.3 gel) was refluxed with 19 Ik of
concentrated sulfunic acid for 1.5 hr in & 50-gal glass-
lined reaction kettle. At the end of thia time the
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crude heptenes were distilled from the reaction
kettle. Dwuring the distillation, the condenser water
wis maintained st 90° to 95° C, and the reflux
temperature vaned from 80° to 105° C. The
distillation wae continued aotil sulfur-diexide fures
became quite strong snd the temperature in the
kettle began o rize rapidly. The organic distillate
was washed first with 3-percent aquegus sodium-
carbonate, then with water, and finelly dried over
anhydrous sodium carbonate,

A charge of about 22 gal of dried organic distiliate
was fractionated in still 21 i1 order to separata the
olefin from carbiool, which had steam-distilled.
About 18 EPénﬂf olefin boiling below 100° C was
obtained. e regidue (¢ pal), coneisting mostly of
carbinol, was dehydrated, nsing 2 1b of concentrated
solfuric acid, and from this resction about 2.6
additional gaj of alefin was recovered. This material
was dried, combiaed with the larger batch, and the
entire cha fractionated m column 28. The
diatillation ts showed that the olefin mixture
consisted primarily of l-heptene and the ¢is and
trans isomers of 2- and 3-heptane, As all of these
hydrogenate to w-heptane, the main fracticn of
mixed olefina {14.5 pal boiling in the range 93.35°
to 97.78° O) was b genated st 1507 O and 1,063
Ib/in®, using nic]{e]-onakiaaelguhr catalyat. The
“crude’” n-heptane was percolated through silica gel
and fractionated in colunn 11, Relractive-index
determinations were made on each iraction, and
freezing points [12] were taken on selected samplea.
These data are shown i firure 1. The material
indicated as cat 1-H ia figure 1 (about 20 liters)
wag reserved for preperation of celorimetric com-
parigen atandards.

2.2, n-Heptane {lrom Commercial Products)

The gquantity of high-purity »-heptane prepared
b{ aynthesis waa sugmented by fractionsl distillation
of & commercial product. erude selested was
“batch 28 n-heptane” from the West Virginia
Chlorine Producta Co. (now the Westraco Chemical
Division of the Food Machinery Corp.). This
Bruduct had previcusly been certified by the National

uresu of Standards for use az & primary reference
fuel and had s purity of 99.71 mole percent. A
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charge of 45 pul of thia material was distilled in
several rung in stills 11 and 28§ at a reflux ratic of
100 to 1. The distillate feactions were lated
through silica gel befora determination of physical
?mpgrt.mp. The {reczing points and relative re-
ractive indicea wers measured by the techhiques
previously deseribed [12). Differences in refractive
index between a selected sample and esch of the
other samples were measured by means of a Ravleigh
interferometer. The results of one of thesa distilla-
tions e ﬁiven in figure 2. The middle portion,
desipnated as eut 2-H (17 gal), was reserved for
preparation of standard w-heptaoe reference fuel.

2.3. Trimethylpentane

The 2,2 4-trimethylpentane was prepared in two
stepa: the isolation of high-prrity 2 4 d-trimethyl-i-
pentene by fractional distillation of commercial
diisobutylens, and the hydrogenation of this ssmpla
to 2 2 4-trimethylpeatane.

The quantities of 24 4-tritnethyl-1-pentena
necessary jor this syathesis and for other work woera
obtained by {mctionation of commercial diisohuty-
lene obizined from the Standard Aleohol Clo.  This
fraclionation was carried out in & manner similiar
to that described previeusly [9]. ijpmximate]y
680 gal of diispbutylena was separated into three
main concentrates, designated Bz ruts A to C, by
bateh distillation 1. columne 12 and 13 at & reflux
ratie of 15 to 1. The dats on these fractivastions
are summerized in table 4.

Although hoth of the major isomera of diizobuty-
lene may be bydrogennted to 2,2 4-trimethylpentane,
the lower-boiling compound was chozen for this
Eurpuse hecanae it could be obtained purer and in

rger guantities. About 250 gal of cut B, Ip
—94.17° !, was redistilled i column 12 at a reflox
ratin of 100 to 1. From Lhis distillation there wae
ohtained 61 gal of material freezing above —03.57°
(. This freezing point corresponds to a purity of
89,7+ mole percent.

For the final distillation of olefin the 61 gal of
00.7+ mole percent 2,4.4-trimethyl-1-pentena was
divided into two portions of 15 and 46 gal, respec-
tively. The 46-gal portion was distilled at a reflux
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ratio of 150 to 1 in altill 28. The 15-gal portion,
however, waz zubjected to an azeotropic distilla-
tion with 4 gal of methyl cellosolve [11] &t a reflux
ratio of 100 to 1 in siill 11. Both distillations
vielded center-cut Fmducts of the same purity,
which together totalled 2% gal. This material had a
freezing point of —83.52° C, which corresponds to
a purity of 99.8 mole pereent. ]
The combined product of %9 .8-mole-percent panty
wis catalytically hydrogenated at 160° C and 2,000
Ibfin?. The hydrogensted product wes tested for
unsaturation [16] and whan completely hvdrogenated
wie pereolated through silica pel and distilled in

rolunn 28 at a reflux ratio of 150 to 1. One-guart
fractions wera collected and passed through silica
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%el bafore the measurement of pl}lhvsica.l properties.
“he data from the distillation are shown in figure 3.
The portion marked 3-0 in figure 3 was reserved for
preparstion of standard 2,2 4-trimethylpentane. The
prhysical constents listed in table 1 for this com-
pound wore messured on materipl from this distilla-
tion having the highest freezing point.

3. Determination of Purity

The mest common methad of determining the
putity of a substauce is by comparing its freezing
point with ihe freezing point of the substanee con-
taining zero impurity; from the depre=sion of the
freczing point and tho cryoseopic constants, the
purity of the material may be caleulated. In order
to apply this method, however, the freezing point
for zero impyrity must be pecurately known, The
latter value may be calculzted [14], iut such caleu-
Iatione are subject to error. To svoid the uneer-
tainty in the determination of purity by cryoescopic
measurements, recourse was made to purty de-
lerminations by celorimetric mesns [B].

The Thermodynemics Section of tha Bareau his
used a low-temperature calorimeter for determining
with high accuracy Lhe puarities of various materiala
IF 15). G. T. Furpkawa and P, F. Wacker of thae

fmrmod;fnamms Section wsed this inatrument to
determine the purity of several of the n-heptane
and Z2.4-trimethylpontane samples obtained in
this work. The mole percentage of a-heptane n
cut 1-H, prepared synthetically was found to be
99.983. A poriion of cut 1-H wes recrystallized
three times by R. T. Lealie and W, E. Kuper, of the
Pure Sobstances Section of the Bureau, to give a
product of 09.9984 mole percent. The physical
constents listed in table 1 for n-heptane were
measured on this materisl. Cut 2-H had & purity of
00.085 mole pereent. A portion of cut 2-H was
recrystallized, also by RB. T. Leslie, to yield a product
of 99.997% mole percent punty.

The purity of the aynithetic 2,2 d-trimethylpen-
tane, obtained by distillation alone (cut 3-{}}, was
found to be 90904 mole percent; the middle portion
of this cut was 99,995 mole percent.  Ag this purity
was sufhciently high for theigur}mcs at hand, no
further purification was congidered necessary,

4. Analysis of Diisobutylene

FProvigus work on diisebutylene [9, 18] has shown
that this commercial olefin mixture consists
predominantly of 24 4-trimethyl-1-pentene and
% 4 d-trimethyl-2-pantene, with lesser mmounis of
otlier isomers. present work hads extended this
analysis to identify three other isomers present in
very smazll amounts,

gi the cuta Listed in table 4 of the prchiminary
distillation of diisobutylens, only eut C was further
investipated.  About 150 gal of thiz material waa
redistilled in several batches in column 13. From
these fracticnations, two portions designetad as
4-C1 and 4-C2 were obtained. These are shown
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in figure 4, in which the data of onc of tho re-

distillations of cut ©C are illvatrated. Cut 401,

100 gal, was high- un‘? 2,4 4-trimethyl-2-pentene
{80.3 mole pe:mant?. ha properties of the best
sampie of this material are given in table 3.

_ Cut 4-C2 appeared to be & complex mixture;
it was analyzed by the ozonclysis of a 0.5-mole
sample. The techmgue B;lnﬂoya for this ozonolysia
hes been deacribed {131. Both formaldehyde and
acatone were found in the aqueous layer, and
acetaldehyde was found in tho ether trap. Form-
aldehyde was identified I::gr means of ita dimethone
derivative, mp 1887 to 189° C; acctone was identified
ag dibenzalacetone, mp 111% to 112% O; and acct-
pldehyde was identified by meane of the aldehyde-
ammonia complex, mp 85° te 87° C. The oil
from hydrolyms of the ozonide was fractionated
in still 9. ¢ properties and methods of ideati-
fieation of the several fractions are shown in table 5.
The last two derivatives listed werc quite impure,
but the faet that admixiure of the known substance
raised the melting puint of each was considered &

fair indication that the ketone was correctly identified.
The latter consideraton is st thened by the
fact that admixture of derivatives of 1someric katones
lowerad the 1':14&1111;.in§ﬂﬂ int in each ease. The
ketones and aldehy identified by this mepns
indicate that the major components of eut 402
were (1) 24,4 trimethyl-2-pentene, {2} 5,56 dimethy] .
2-hexene, (3 2,3,4-trimethyl-1-pentene, and {4)
2 3,5-trimethyl-1-pentena. ere were undoubtedly
amaller quantities of other hydroesrbons present,
but the=e were oot identified, Tho remdue from

1.1 the distillation of cut C was fractionatad in eolumn

9 and found fo eontain enly 3,4, 4-trimethyl 2-pentenes
and 2,3.4-trimethyl-2-pentene.

The analysis of the diisobutylene is given in table
6 and is based primarily upon distillation data.
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5. Conclusions and Discussion of Regulis

Over 22 gal of n-heptans and 12 gal of 2,2,4-tri-
meth},rlf)entane have been prepared in wery high
purity for use a3 calorimatric standards and standard
reference fuels.

The purcst sample of n-heplane was prepared by
crystallization of the distilled product. is ma-
terinl was percolated through silica gel befors making
the purity memsurements eand found to have a
freezing point of —900.604 1+0.005°C and a purity
of 99.9984 mole percent by calorimetric measure-
ments. Using the freezing point-depression of 0.20
deg C/mole percent [2], the freezing point of a-hep-
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tane containing zero mpurity in eir at l-atm pressure
is 0.0003 deg C higher. However, this figure is
insignificant s the precision of measurement of the
freezing point (+3.005 deg C) is 1 by an order
of itunde. The freczmg point of *100- t-
pure” wn-haptane, therefore, is —90.604 F0.005% C,
when measured by the method described in [12].

The purest sample of 2,2,4-trimethylpentans had
& freezing point of —107.388 +0.005°C and a

urity of #3998 mole percent. The freezing point
¥ r 2,2 4-trimethylpentane containing zero impurity
may "be calculated likewise to be wery nearly the
satne 88 that observed for this very high-purity
snmple.
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