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

Philip Pomerantz 

High-plll' ity samples of n-heptane and 2,2,4-t rimethylpentane have been prepare~l by 
sy nt hetic m ethods and purified by fractional distillation for use as standards Il1 t he cert Ifica
tion of primary r eference fuels. One lot of n-heptane was used to prepare standard samples 
for t he comparison of precis ion heat-capaci ty calorimeters . The detai ls of t he syn t heses 
are presented , and t he p hysical properties of t hese compounds a re reported. 

1. Introduction 

The primary standards for th e knock rating of 
gasolines are normal h ep tane and 2,2,4-tl'imethyl
pentane. These standards were adopted in 1930 , 
pure n-beptane being arbitrarily assigned the value 
of zero octane number and 2,2 ,4-trimethylpentane 
designated as 100 octane number. The octane 
numbers of solutions of 2,2,4-trimetbylpentane in 
n-heptane are defined by the volume percen tage of 
2,2,4-trimethylpentane. The n-heptane a nd 2,2,4-
trimethylpentane used as primary reference fu els 
are produ ced commercially and submitted to the 
National Bureau of Standards for tests and tbe 
American Society for T esting Materials certification 
of the samples is based on the Bureau's data. These 
tests comprise the determination of certain physical 
properties and the comparison of their detonation 
characteristics with those of high -pUJ'it~- n-heptane 
and 2,2,4-trimetbylpentane , ' in accordance with 
pecifications promulgated by the American Society 

for T esting Materials [1].1 These specifications 
provide maximum tolerances for impuri ties, such 
t hat certified materials will have an octane number 
of 100 ± 0.1 for 2,2,4-trimethylpentane and 0 ± 0.2 
for n-heptane. 

In the early part of this cooperative program, the 
1 Figures in brackets indicato the li terature references at the en(1 of this paper. 

batches of n-heptane were prepared by chemical 
treatmen t and distillation from the resin of the 
J effrey pine,· whereas batches of 2,2,4- trim ethyl- l 
pentane were prepared synthetically . So long as 
there were no significan t changes in the methods of 
preparation, the physical properties of successive 
batches correctly indicated their relative detonation 
characteristics [2]. 

In recent years, however , new methods of manu
facture of th e reference fuels were devised , and con- 1:'.1 

sequently, the nature and quantities of impurities 
were changed. This m ade necessary a new appraisal 
of the methods of testing reference fuels. It was 
found that the suitability of reference fuels could 
best be ascertained by comparison with very high 
purity compounds, and in this connection it was .J 
decided that the National Bureau of Standards '1 

should maintain a supply of high-purity n-heptane 
and 2,2,4-trimethylpentane. These materials ~vould 
serve for use in compariso n tests of AST\lj pnmary 
reference fu els. The purpose of the present work 
was to prepare relat ively large quantities of these 
compounds with a purity as high as practicable. 
These arc designated as standard reference fuels. 

A portion of the n-h eptane prepared was further 
purified for use as a standard in the comparison of '" 
low-temperature calorimeters. This material is dis- I 
tribu tecC as a heat-capacity standard by the Bureau 

T A RLE 1. Physical propel·ties of n-heplane and 2,2,4-in:rnethylpentane 

Frcozi ng pOint 

° C 
- 90. 60 
-90.609 
-90.595 
- 90. 604 ± 0. 005 
- 90.604 ± 0.005 

- 107. 37 
- 107.396 
- 107. 365 
- 107. 388 ± O. 005 
~107. 388 ± O. 005 

Purity 

2vLoie per
cent 

100.00 
99.9984 
100. 00 

Boi ling 
point at 
760 mm 

H g 

° C 
98. 424 
98. 426 

____________ 99. 233 
____ ________ 99.238 

Change in 
bp with 
pressure 

Refractive index, 
no at-

20° C I 25° C 

n-Heptane 

° C/mm 
Hg 

I. 38764 
J. 38764 

I. 385 11 
I. 38517 

2,2,4- rl'r imethy l pen tane 

Dcnsityat-

20° C I 25° C 

0. 68368 
. 68367 

____________ 1.39155 1.38915 0:69189 0. 68778 [3] 
____________ 1.39145 1.38901 . 69192 .68777 [5] 

Reference 

100. 00 
99.998 
100.00 

[14J 
--99~ 236-- ---ii ~ ii462 --- -- i ~ 39i42-- -- i~38893-- ---.-69188- - ---.-68783-- This work 

Do. 
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to those pal'ticipa Ling in the Conference on Calorim
etl',\T [17] . 

Concul'rentl.\~, the present work afforded samples 
of n-hcp tanc and 2,2 ,4-t rimethylpentane of known 
high puri ty for the determination of th eir physical 
constants. These data in turn enabled calculat ion 
of the freezing-point values for " 100 % pure" ma
terial wi th greater accuracy. Table 1 lists t he physi
cal constants measured on th e purest samples of 
n-heptane and 2,2,4-trimethylpentane obtained in 
th is worl;;:, along with valu es reported in t he li terature. 

2. Preparation of Materials 

2.1. n-Heptane (Synthetic) 

The preparation of n-heptane involved three chem
ical steps: Catalytic r edu ction of purifi ed 2-hepta
none to 2-heptanol ; deh.nlration of the 2-hep tanol 
to a mix ture of ' n -heptenes; and h:vdrogena tion of 
th ese heptenes Lo n-heptane. In each step, purifica
Lion wa,s efl' ected by fractional distillation. Th e 
fractionating columns used have b een described [9], 
bu t for conyenience, th e sali en t features of each are 
given in table 2. A charge of 52 gal of 2-heptanone 
(obtained from Carbide & Carbon Ch emi cals Corp.) 
was fnl.Ctionated in s till 12. This distillation was 
carried out aL an initi al reflux ratio of 50 to ] , but as 
th e distillation progressed , it was found that the 
dis tilled 2-heptanone contained a consid erable quan
tity of water. This moisture is believed to have 
come from the dehydra tion of the ald ols of 2-hepta
none, which were formed under tlw influence of 
metallic oxides in the still pot. Th e presence of 
waterwas noted early in th e dis tillation of the keton e 
fraction , and the take-off rate was su bseq uen tly 
increased so that the reflux ratio was about 20 to l. 
From this dis tillation, 30 gal of 2-heptanone, which 
boiled in the range 150° to 151 ° C, was obtained, 

'iVhen a small sampl e of the 2-heptanone, as received , 
was Jractionated in an all-glass still , no water or 
materi al boiling over 200° C was obtained , as in the 
case of the large-scale distillation. 

The distill ed 2-heptanone was dried over anhy
drous sodium sulfate and catalytically hydrogenated 
in several batches to 2-heptanol. These reductions 
were carried out in a 5-gal high-pressure autoclave 
at tempemtures of 160° to 1800 C and a hydrogen 
pressure of 1,000 to 1,300 Ibjin 2 , using nickel-on
kieselguhr catal yst. Thereaction proceeded smoothly, 
and the product. ,vas tested for the presence of 
ketone by shaking a sample with a saturated solu tion 
of 2,4-dinitrophenylhydrazine in 2 N hydrochloric 
acid [10]. Each batch of 2-hep tanone was hydroge
nated until a negative test for ketone was obtained. 

The catalyst was removed by filtration and the 
fil trate distilled in column 11 in several charges. 
From these distillations there were obtained 26 .3 
gal of 2-h ep tanol (bp 159.6° to 159.7° C). The 
first distillation of this seri es y ielded a considerable 
quantity of 2-heptanone in ftcldi tion to the alcohol. 
The presence of keLone in tl lO distillate was aLtributed 
to th e action of very fin ely divided hydrogenation 
caLalyst noL removed by fiILl'ation . The high distil
lation temperature and prolonged boiling apparen tly 
caused appreciable dehydrogenation. The rest of 
the carbinol was subj ected to a simple, fast disti lla
tion to remove th e catalyst, before it was fractionally 
dis tilled. No diffi culty was experienced in frac
t ionating the materi al treated in this way. The 
proper ties of 2-h eptanone, 2-heptanol , and other 
in termediates obtained in this work are given in 
table 3. 

The carbinol was dehydrated according to Lhe 
metho cl of Henne and l\ laLuszak [7] . The dis tilled 
2-heptanol (26.3 gal) was re flux ed wi lh 19 lb of 
concentrated sulfuric acid fo], ] .5 hr in a 50-gal glass
lined reac tion ket tle. At th e end of this time the 

TAR I.E 2. Distillation columns 

Tbeoretical 
Size P acking Dumber of Pot capac· 

plates ity 
(approx.) 

Still Type M a terial of construction 

---------------------------------1----------------1-------------------------1-------1------
fu. ~ 

D __________ ._. 'r otal reflu x var iable take-ofL _ 16 by H--- Glass _____________________ %.·in. s tainless steel helices made from 40 0. 1 
O.OO6-in . wire. 

11. _________ . __ __ ___ d o ________________________ 240 by 2 ___ Monel. __________________ . 'i'2-in . s tainless steel helices m ade from 65 15 
Q.OIO-in . wire. 

12 __________ . ______ .do ______________________ . _ 000 by 4. __ Galvan ized steeL _________ 'i,,·in . unglazed porcelain rascbig rings_____ 100 55 
13 ____ . __ . __________ do . __ . __________________ ._ 600 by 4 __ __ ____ do _________________________ do _~__________________________________ 100 55 
21. _________________ do ___ . ____________________ 48 by I.L _ Glass _____________________ ')16·in . glass helices _____________________________ __ .____ .5.7 
28 ___ . ______________ dD ___________________ . ____ 400 by 0 ___ Oah 'anized steeL _________ %2·in. s tainless steel helices made from 100 30 

O.01O-in . wire. 

T ABLE 3. Physical properties of intermediates 

2-Hcptanonc _________________________________________________________ _ 
2-HcptanoL _____ . _. _______________________________________________ _ ~ _ 

Freez ing 
point 

2,4,4-T rim eth yl- l-pent.ene ___ . __ .. _______ . ______ . _____ . _ ____ _ _____ ___ _ _ - 93.508 
2,4,4·Trimethyl-2-pe nlcne .. _________________________ . __ . _ _ _ _ _ _ __ _ _ __ _ - 103.321 
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_ A. 

Boiling 
point a t 760 

m m Hg 

°C 
151. 03 
159.7 
101. 46 
104 . 94 

Den sity at-

0.81570 
.8167 
. 71.512 
. 72177 

0.81166 
. 8129 
. 7108 1 
. 71755 

Hefractive ind ex, nD at-

I. 40878 
I. 4203 
I. 40857 
I. 416ll 

I. 40666 
1. 4182 
1. 40592 
1.41337 



crude heptenes ,,-ere distilled from the reaction 
kettle. During the distillation, the condenser water 
was maintained at 90° to 95° C, and the reflux 
temperature varied from 90° to 105° C. The 
distillation was continued until sulfur~dioxide fumes 
became quite strong and the temperature in the 
kettle began to rise rapidly. The organic distillate 
was washed first with 3-percent aqu eous sodium
"Carbonate, then with water, and fin ally dried over 
anhydrous sodium carbonate. 

A charge of about 22 gal of dried organic distillate 
was fractionated in still 21 in order to separate the 
olefin from carbinol, which had steam-distilled. 
About 18 gal of olefin boili-ng below 100° C was 
obtained. The residue (4 gal), consisting mostly of 
carbinol, was dehydrated, using 2 Ib of concentrated 
sulfuric acid, and from this reaction about 2.6 
additional gal of olefin was recovered. This material 
was dried, combined with the larger batch, and the 
entire charge fractionated in column 28. The 
distillation data showed that the olefin mixture 
consisted primarily of 1-hepte~le a nd the cis and 
trans isomers of 2- and 3-heptcne. As all of these 
hydrogenate to n-heptane, the main fraction of 
mixed olefins (14.5 gal boiling in the range 93.88° 
to 97.78° C) was hydrogenated at 150° C and 1,000 
Ib/in. 2, using nickel-on-kieselguhr catalyst. The 
"crude" n-heptane was percolated through silica gel 
and fractionated in column 11. Refractive-index 
determinations \vere made on each fraction, and 
freezing points [12) were t aken on selected samples. 
These data are shown i-a figure 1. The material 
indicated as cut 1- H i-n figure 1 (about 20 liters) 
was reserved for preparation of calorimetric com
parison standards. 

2 .2. n-Heptane (from Commercial Products) 

The quantity of high-purity n-heptane prepared 
by synthesis was augmented by fractional distillatio-n 
of a commercial product_ The crude selected was 
"batch 28 n-heptane" from the West Virginia 
Chlorine Products Co. (now the Westvaco Chemica.! 
Division of the Food Machinery Corp.). This 
product had previously been certifi ed by the National 
Bureau of Standards for use as a primary reference 
fuel and had a purity of 99.71 mole percent. A 

i -OO~l 
... -90. 650 

o 5 10 15 20 25 30 35 40 
QUARTS OISTILLED 

FIGU RE L Freezing points and r·efraclive indices of samples 
obtained from fractional distillation of synthetically prepared 
n-heptane_ 

charge of 45 gal of this material was distilled in 
several runs in stills 11 and 28 at a reflux ratio of 
100 to 1. The distillate fractions were percola ted 
through silica gel before determination of physical 
properties. The freezing points and relative re
fractive indices were measured by the techniqu es 
previously described [12) . Differences in refractive 
index between a selected sample and each of the 
other samples were measured by means of a Rayleigh 
interferometer. The results of one of these distilla~ 
tions is given in figure 2. The middle portion , 
designated as cu t 2- H (1 7 gal), was reserved for 
preparation of standard n-heptane reference fueL 

2.3. Trimethylpentane 

The 2,2 ,4-.trimethylpentane \vas prepared in two 
steps: t he isolation of high-purity 2,4,4-trimethyl-l 
pentene by fractional distillation of commercial 
diisobutylene, and the hydrogenation of this sample 
to 2,2,4-trimethylpeatane. 

The large quantities of 2,4,4-trimethyl-1-pentene 
necessary for this sY:<1thesis and for other work were 
obtained by fractionatioa of commercial diisobu tv
lene obtained from the Standard Alcohol Co. Tliis 
fractionation was carried out in a manner similiar 
to that described previously [9). Approximately 
660 gal of diisobutylene was separated into three 
main concentrates, designated as ruts A to C, by 
batch distillation i-,l . columns 12 and 13 at a reflux 
ratio of 15 to 1. The data on these fractionat ion 
are summarized in table 4. 
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Although both of the major isomers of diisobuty
lene may be h~Tdrogenated to 2,2,4-trimeth~~lpentane , 
the lower-boiling compound was chosen for this 
purpose because it could be obtained purer and in 
larger quantities. About 250 gal of cut B , fp 
- 94.17° C, was redistilled in column 12 at a reflux 
ra tio of 100 to 1. From this distillation there was 
obtained 61 gal of material freezing above - 93.57° 
C. This freezing point corresponds to a purity of 
99.7 + mole percent. 

For the final distillation of olefin the 61 gal of 
99 .7 + mole percent 2,4,4- trimeth~-1-1-pentene was 
divided into two portions of 15 and 46 gal, respec
tively. The 46-gal portion was dist illed at a reflu x 

i--90.550l ' I 1 
~ - 90.600 ~, ;~~~~~~~:=-CU-T-2-~~H-'::-'::-'::-'::'-'::'-=-~-=-1 1 
eo - 90_650 L-_.L. _--'-_---L_---' __ '--_L-__ .l--_..L---'_ 

x~ -4'--'--'--'-- -'--'--'--'--'- -' 
~Q 
~ x ww 
>u 

~~ 
~~ 
~~ 
a: 0 

REFERENCE FRACTION 

·10 20 30 4(' 50 60 70 80 90 

QUARTS DISTILLED 

FIG U RE 2. Freezing points and differences in r·efmctive index 
of samples /Torn f ractional distillation of comm ercial n
heptane. 

The d itTerence in reCracti ve index between each sample and the reference Craction 
indicated was measured by means of a R ayleigh interferometer . 

, 
\ 

I 
i 



T A BLE 4. Didsion of diisobtllylene by preliminary dis l.illalion 

Cu t ~~u'r' ~ 1 vOhllcel Boiling range 
Hefraeti ve ::Y[ajor cans t ituen ts index, 1iD2O 

-------

gal % 0(' 
A . __ 15. 2 2. 3 Bclow 101.4 __ 1.395 to 1.408 L 2,4,4-trirr.ethyl-l-

pen tenc, other 
call1.pounds h. 

'IL __ 456 69. I lOlA to 10 1.5 __ 1.4086 to 1.4088_ 2,4.4-trilrcth y l-l -
pentene (97%). 

C "_. Iii 25. 8 A bO\-e 101.5_ A bo'-e 1.4090 _ 2.4.4-tri methy 1-2-
pcntcnc a nd 
small arr otln ls 
of isomeric oc-

Oas. te lles. 
loss. -------- 2.8 

--
100 

a I ncludes residue. 

b Analysis of t h is cu t by nIass speCLrOIT.eLer is as follows: 

Constituent 

e,B,, _______________________________ _____________________ _ 
Cill H ____________ ._. _______________ _ - • ________ - --- ---------
C,B ,,_. _____________________ _______ ___ . ___________________ _ 
C,B,, _____________________________________________________ _ 
Benzene. _______ . ___________________ ____ . ___________ . ____ _ 
C. alcohols ________________ ________________________________ _ e, alcohols. _______________________ __ _______ _______________ _ 
M ethylrthylket on c . ______________ ________________________ _ 

( \ alcohols Wcrc 2-butanol and teniary bu tyl alco hol. 

Mole percent 

89 .. 5 
1.4 
. 9 

1. 1 
. 1 

5. 3 
.8 
. 9 

100. 0 

I 

ratio of 150 to ] in still 28 . The 15-gal portion, 
however , was subjec ted to an azeotropic distilla
tion with 4 gal of meth yl. cellosolve [ll] ~t .a re.flux 
ratio of ]00 to 1 in stIll 11. Both chstIllatIOns 
yielded center-cu t prod ucts of the sam e purity , 
\vhich t.ogether total1ed 29 gal. 'J~his material had a 
fr eezing point of - 93 .52° C, wl11ch corresponds to 
a pUl'it-,~ of 99.8 mol e percent. . 

Th e combin ed product of 99.8-mole-percentpunty 
was ca tal-,~ tical1.\~ hydrogenated at 160° C and 2,000 
Ib/in2 . The hydrogenated product was tested for 
unsaturation [16] and when completely hyd.rogenat~d 
was percolated through silica gel and chstilled m 
column 28 at a reflux ratio of 150 to 1. One-quart 
fractions were collected and passed through silica 

"on Wo 
0-
~ x -4 
W w' 
><J 
ti~ 
~~ 0 
~~ 
0:0 

REFERENCE FRACTION 

+4L-__ ~ ____ J-__ ~ ____ -L ____ ~ __ ~ ____ ~ __ ~ 

o 10 20 30 40 50 60 70 80 

QUARTS DISTILLED 

FWU RE 3. fi' 1'eezing poinl s and di.flel'ences in refractive index 
of samples fr O'ln f ractional dis/ilia/ion of synlhelle 2,2,4-
lrimelhyipenlane. 

rrhe diiTercncc in re fracti\~c index bet ween each sampi~ an.d the rrfefe n ce fraction 
indi('ated was measured by means of a RayleIgh lIlterferometf'r. 

gel before the measurement of physical properties. 
The data from the distillation are shown in figure 3. 
Th e portion marked 3- 0 in figure 3 was reserved for 
preparation of standard 2,2,4-trimethylpentane . The 
physical constants listed in table 1 for this com
po~md were measured on material from this distilla
tion having the highest freezing point. 

3. Determination of Purity 

The most common method of determining the 
puri ty of a substance is by comparing its freezing 
point with the freezing point of the subs~ance con
taining zero impurity ; from the d epressIOn of the 
freezing point and the cryoscopic constants, the 
purity of the material may be calculated . . In or~er 
to apply this method , however, th e freezmg POlll t 
for zero impurity must be accurately known . The 
latter value may be calculated [14], but such calcu
lations are subj ect to error . To avoid the uncer
tainty in th e determination of puri ty by cry.oscopic 
measurements, recourse was made to punty de
terminations by calorimetric means [6]. 

Th e Thermod 'ynamics Section of th e Burea~ l~as 
used a low-temperature calorimeter for determm.mg 
with high accuracy the puri ties of various matcna.ls 
[6, 15]. G. T. Furukawa and P. F. ' Vacker of the 
Thermod vnamics Section used this instrument to 
determine the purity of several of th e n-?eptaJ?-e 
and 2,2,4-trimethylpentane sample~ obtamed ~n 
this work . Tb e mole percentagc of n-h eptane m 
cut I - H , prepared syntheticall 'y was found to. be 
99 .983. A portion of cut I - H was recrystallIzed 
three times b'y R. T . Les lie a nd W. E.Kuper, ~f the 
Pure Substances Section of the Bureau , to gIve a 
product of 99.9984 mole percent. The physical 
constants listed in table 1 for n-heptane were 
measured on this material. C u t 2- H had a purit'y of 
99.985 mol e percent. A portion of cut 2- H was 
recrystallized , also by R. T. Leslie, to yield a product 
of 99.9979 mol e percent purity. 

The puri ty of the synth etic 2,2,4-trimethylpen
tane, obtained by distillation alone (c ~t 3- 0 ), ,~as 
found to be 99.994 mole percen t; thc middle portIOn 
of this cu t was 99.998 mole percent. As this purity 
was suffi ciently high for the purposes at hand , no 
further purification was considered necessary . 

79 

4. Analysis of Diisobutylene 

Previous work on diisobutylene r9 , 181 has shown 
that this commercial olefin mixture consists 
predominantly of 2,4,4-trimethyl-l-pentene and 
2,4,4-trimethyl-2-pentene, with lesser amounts <?f 
other isomers. The presen t work had extend ed thIS 
analysis to identify tlu'ee other isomers present ill 
very small amou.nts . . . . 

Of the cuts hsted m table 4 of the prehmlllary 
distillation of diisobu tylene, only eu t C was further 
inv€stigated About 150 gal of t his material wua 
redistilled in several batches in column 13. From 
these fractionationa, two portions designated as 
4- Cl and 4-C2 were obtained. These are shown 



1- - --
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FIG URE 4. Refractive indices and boiling points of sam
ples obtained from the jTactional destiliation of 2,4,4-
trimethyl-2-pentene. 

in figure 4, in which the data of one of the re
distillations of cut C are illustrated. Cut 4- C1, 
100 gal, was high-pmity 2,4,4-trimethyl-2-rentene 
(99 .3 mole percent). The properties of the best 
sample of this material are given in table 3. 

Cut 4- C2 appeared to be a complex mixtm e; 
it was analyzed by the ozonolysis of a 0.5-mole 
sample. T he technique employed for this ozonolysis 
has been described r131. Both fMmaldehyde and 
acetone wero found in the aqueous layer, and 
a,cetaldehyde was found in the ether trap. Form
aldehyde was identified by means of its dimethone 
derivative, mp 188° to 189° C; acetone was identifi ed 
as dibenzalacetone, mp 111 ° to 112° C ; and acet
aldehyde was identified by means of the a.ldehydo · 
ammonia complex, mp 85° to 87° C. T he oil 
from hydrolysis of the ozonide was fractionated 
in still 9. The properties and methods of identi 
fi oation of the several fractions are shown in table 5. 
The last two derivatives listed were quite impure, 
but the fact that admixture of the known substance 
raised t he melting point of each was considered a 

fair indication tha t the ketone was corr ectly iden tified . 
The latter co nsideration is strengthened by the 
fact that admixture of derivatives of isomeric ketones 
lowered the melting point in each case. The 
ketones and aldehydes iden tified by this means 
indicate that the major components of cu t 4- C2 
were (1) 2,4,4trimethyl.·2-pentene, (2) 5,5 dimethyl · 
2-hexene, (3) 2,3,4-trimethyl-1-pen tene, and (4) 
2,3,3-trimethyl-1-pentene . There werp undoubtedly 
smaller quantities of oth er hydrocarbo ns presen t, 
but these weee not iden tified . The residue from 
the distillation of cut C was fractionated in column 
9 and found to contain only 3,4,4-trimethyl·2-pentene 
and 2,3,4-trimethyl-2-pentene. 

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

T ABLE 6. Analysis of diisob1dylene 

Constituent 

2,4,4·trimethyH ·pentene ............. _ .. _ ..... _. _ ......... . 
2,4,4-trimethyl·2-pentene .. _ .......... _. _ .. '. _ ......... . ... . 

I Percen tage 
(by,olume) 

80.7 
17.6 

~:~:t~~I~~~~~l:~:g~:~~~~~:::::::: :~~::::::: :::::~:: ::::::::: } 1.1 

2,3,3· tr!methyl. l-penten e .... .... ___ .... _ ....... __ .......... } 
2,3,4-trlmethy l· l·pen tene ..... _ .. __ _ .... _ ....... _ .......... . 
5,5-dimethy l·2-hexene, and oth ers __ ............ ____ . __ .. . _. 
Alcohols, ketones, and low-boiling materials._. __ .. _ ... _ .. . 

. 4 

. 2 

100. 0 

5 . Conclusions and Discussion of Results 

Over 22 gal of n-heptane and 12 gal of 2,2,4-tri
methylpentane have been prepared in very high 
purity for use as calorimetric standards and standard 
reference fuels. 

The purest sample of n -heptane was prcpared by 
crystallization of the distilled product. This ma
terial was percolated through silica gel before making 
the purity measurements and fo und to have a 
freezing point of - 90 .604 ± 0.005°C and a purity 
of 99 .9984 mole percent by calorimetric measure
ments. Using the freezing point-dcpression of 0.20 
deg C/mole percent [2], the freezing point of n-hrp-

TABLE 5. Results .fI'om ozonolysis of C1d 4- C2 

Co mpound present 
I 

Carbon yl compound 

I 
bp 

I 
2,4· Din itrophe ny l. 

I 
J\'lixed mp D im ethone, mp I 

identified ' h ydrazone Illj) 

C C C 
I I I °C ° C ° C ° C 

C- C - C = C - C C- C- C R O 60 to 63 206 to 207 206 to 207 
I I 207 l8] 

C C 

C C 
I , 

c - c - c - c = c - c C-C-C-CHO 102 to 103.5 144 to 145 -- -------------- lfi4. 5 to 166 
I I 147 [4] - .---.----.----- 167 [4] 

C C 

C C C C C C 
I I I I I I 

c - c - c - c = c C - C - C- C= O 130to 13 1 SO to 95 94 (097 
100 to 102 [13] 

C C C C 
I I I I 

C- C - C- C = C C- C - C- C= O 132 to 133 80 to 88 E8 (095 
I I J II to 112 [9] 

C C 

• Onl y t he larger fragm ents from the ozonolys is are included here. The identifications of form aldehyde, acetald eh yde, and acetone are 
described in the text. 
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I -~n' containing zero ;mpudty in air at 1-.: pm",m', 
is 0.0003 deg C higher. However , this figure is 

~ insignificant as Lhe precision of measurement of the 
freezing point ( ± 0.005 deg C) is larger by an order 
of magnitude. The freezing point of " 100-percent
pure" n-heptane, therefore, is - 90.604 ± 0.005° C, 
when measured by the m ethod described in [12] . 

The purest sample of 2,2,4-trimethylpen tane had 
a freezing point of - 107.388 ± 0.005° C and a 

> puri ty of 99 .998 mole percent. The freezing poin t 
for 2,2,4-trimethylpentane containing zero impurity 
may be calculated likewise to be very nearly the 
same as tha t observed for this very high-purity 
sample. 
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these. 
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