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ABSTRACT 

The distillate from a midcontinent petroleum which boiled between 115 and 
124° C was distilled and crystallized syst ematically in order to identify or detect, 
if possible, all the constituent hydrocarbons. Large quantities of paraffinic 
constituent were found in the distillate between 116 and 118.5° C. Mixed melting 
points and photomicrographs showed that this material was an additional quan
t ity of the hydrocarbon which had been isolated in earlier work on the fraction. 
T he physical properties of the most concentrated sample indicate that it was 
probably 2-methylheptane. 

Smaller quantities of naphthenic constituents distilling between 119.2 and 
119.8° Cj 119.8 and 120.4° Cj 120.4 and 120.8° Cj and 122 and 124° C were crystal
lized repeatedly and the physical properties, cooling curves, and photomicro
graphs were studied. The photomicrographs of synthetic samples of p- and 
m-dimethylcyclohexanes and their mixtures were also studied. The first three 
fractions contained additional quantities of two naphthenic hydrocarbons which 
had been isolated before. They were c.haracterized by a six-sided type of crystal, 
whieh was defin itely neither m- nor p-dimethylcyclohexane, and a long prismatic 
type tending to develop fronds, which was probably m-dimethylcyclohexane. 
The fourth naphthenic fraction showed the characteristic crystal behavior of the 
predominant constituent but also showed the presence of a small quantity of 
paraffinic hydrocarbon. The combustion analysis also indicated the presence 
of about 8 percent of paraffinic constituent. Physical properties of all the 
fractions were det ermined. 

It was estimated that the petroleum contained about 0.5 percent of 2- methyl
heptane, 0.2 percent of the cyclohexanes distilling be.tween 119.2 and 120.8° C, 
and 0.04 percent of the cycIohexane boiling at 123.4° C. 
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I. INTRODUCTION 

Previous papers describe the separation of n- octane,3 2- methyl
heptane,4 and a dimethylcyclohexane fraction 5 from the distillate of 

1 Financial assistance has been received from the research fund of the American Petroleum Institute. 
'rhis work is part of Project 6, Tbe Separation, Identification. and Determination of the Constituents ot 
Petroleum. This paper was originally presented before the Pittsburgh meeting of tbe American Chemical 
Society. 

'Research Associate at the National Bureau of Standards, representing the American Petroleum 
Insti tute. 

3 R . T. Leslie and S. T. Schicktanz, BS 1. Research 6, 377 (1931) RP282. 
• R. T . Leslie, BS J . Research 10, 609 (1933) RP552 . 
• R . T. Leslie, J. Research NBS lIi, 41 (1935) RP808. 
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a midcontinent petroleum boiling between 115 and 126 0 C. These 
hydrocarbons represent the three types of compounds of which the 
distillate is constituted, and the isolation of each required the develop
ment of new methods of attack. While the methods are still some
what tedious and difficult, they have solved most of the pl'ohlems 
which arise in the crystallization of the hydrocarbons probably 
present in this distillate. This paper describes the study of the 
considerable material remaining after the work described above. 
The material was subjected to exhaustive distillation and crystalli
zation until practically all of it was reduced to large-volume fractions 
of which the major constituents could be identified. 

II. SEPARATION OF THE CONSTITUENTS BY 
DISTILLATION AND CRYSTALLIZATION 

The outline of the work is shown concisely in figure 1. Chart 1 of 
figure 1 shows the results of careful distillation following the removal 
of about 2 liters of octonaphthene from the distillate between 119 
and 1200 C.6 The open circles and disks along the base line of this 
graph mark the approximate temperatures at which the known paraf
finic and naphthenic compounds, respectively, are reported to boil. 

Up to 1190 C the low refractive indices indicated that the distillate 
was chiefly paraffinic. Cooling curves of the distillate in this range 
showed no arrests, and the material became glassy in appearance. 
Crystallization of the material which distilled between 116 and 118.50 

C, by pouring a mixture of the oil with propane into liquid methane, 
resulted in the separation of a solid phase which yielded an oil with 
lower refractive index than that of the oil in the liquid phase. The 
distillate between 118.5 and 119.0° C gave only small amounts of 
solid phase in liquid methane. 

Between 119 and 1240 C the refractive indices of the fractions 
showed that they were highly naphthenic. The distillate which 
boiled at 119.8° gave a cooling curve with a slight arrest at -122°. 
Crystallization from methane of the distillate boiling between 119 
and 124° C produced solid phases containing oil with higher index 
than that of the oil in the liquid phase. Above 124°, crystals with 
lower index than the liquid again resulted. 

The two sections of distillate indicated by the cross-hatched areas 
were therefore crystallized separately, as shown by the diagram below 
chart 1. The areas in these diagrams are drawn on the same scale 
as the distillation charts and can be used for comparison of volumes. 
At this stage a total of about 9.5 liters of distillate in 200-mllots was 
crystallized by mixing with propane and pouring into liquid methane. 

The volumes of liquid and crystal fractions of the paraffinic dis
tillate were in about the ratio of 2 to 3 and their refractive indices 
differed by 0.003. The crystal fraction was again crystallized as 
shown below chart 1 and was distilled carefully. The properties of 
the fractions from this distillate are shown in figure 2. The best 
fractions of the distillate were crystallized repeatedly until little 
improvement was observed in the shape of the cooling curve, and the 
properties of this final product are given in the table below chart 3 
of figure 1. 

• See footnote 6. 
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CHART I-DISTillATION OF LIQUID F'RACTiON AFTER REMOVAL OF M - DIMETHYLCY CLOHE X ANE 

117 118 
20 

R.I'D 1.399-1.403 
Yol.5000 Ml 

Chief Con$!ituen! Paraffin 
Crystallized from liquid C H 4 

1
1.403 1.407-1.41:j 
1.407 4500 
3300 Naphthen. 

IMixed Cryslaftjzed f ro 
CH4 

1.416 
2100 
119.6 

121 122 123 124 

Hydrocarbons Reparted in Literature 

I e 3 - Ethylhexane ' 
2 • 1,1,3 - T rimethylcyclopentane -
3 e 2 - Methyheptone' 
4 e 3,4 - Dimethylhexane ' 
5 e 3 - Methylheplane • 
6 • Cyeloheptane • 
7 e 4 - Methylh.plane ' 
8 e 3 - Methyl -3 - ethylpentone f 

9 It Irons - p - Dimethylcyclohexane' 
10 • gem Dimethylcyclonexane' 
I~ • trans - m - Dimethylcyclohexane' 
12 • I - Methyl 3 - ethylcyclohexane· 
13 • trons - a - Dimethylcyclohexane . 
14 • I - Mathyl 2 - ethylcyclopentane i 

1.420 

1.410 20 
z 

1.400 

15 • 1,1 ,3 ,:5 - Tetram. thyl 2 4- dimethylcyclabutane b 
16 e n - Oelone J 

Liquid Fractions 

7500 Ml. 
Distilled 

~ 
Chari 2 

CHART 2- DISTlll.ATION OF I.IQUID FRACTION 

116 117 118 

R.1. 200 1.399 - 1.405 
Vol. 4100 ML 

Chief Constituent Paraffin 
Crystallized with C H 4 

17 • cis - p - Dimethylcyclohexane ' 
18 • cis - m - Dime!hylcyclohexane " 

Distilled 
With l.ater 

Crystal Fractions 

~ 
Chart 3 

1.410 - 1.424 
6350 ML I 

International Critical To bles 
B.llsleins ErQonll,lnQlwerk (I sl EOition J 

LOTho.m Clark , J , A. C. S . 33.520 (1911) 
M. M · Tuot I Compt. Rend. 197. 1434 (1933) 
Beilsteins Hondbuch 13 rd Edition ) 
Tofel end Jurljjefl$ , Ber. 42, 2548 (190S) 
O. Mmer , Bull. Soc. ee'g. 44,10,513 (193&) 
N. D . Zelinlily,Ber. 35 ,2.679 (1902; 
Marshol ond Perkin,Am. Soc. !)I, 250 (lagO) 
B . J . Moir,B 5 J. Res. 9, 457 Rp. 4B2. (1932) 

124 

Chief Constituent Naphthene 
Crystallized with C H 4 

il •423 
750 

1?3.4 

1.418 
800 

120.8 

Chart 3 Chart 4 Chart 4 Chart 3 Chart 4 

CHART 3-DlSTILLATION OF CRYSTAL FRACTIONS 
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II. => 
Res. 

r--

116 117 118 11 9 120 121 122 123 124 -1.412 1. 4 16 1.420 1.425 - 1.426 
Divided into three to to to 400 

1015 based on 1.415 1.418 1.422 Crystallized with CH4 distilling range 600 770 610 and finally without 

I Crystallized with C H4 and solvent 
finally wilhout solvent 

Crystallizable 
distillate 

Crystal Fraction 

Liquid Fraction 

Uncrystallized 
distillate considered 
identified 

IC 

Product C 
595 ML 

Freezing 
Lol No. Vol. POint 

ml °C 

ID.2~DE 3D 2E 
4D 3E 

Product E 
Product D 362 Ml. 

492 ML 

Properties of Products 
B.P. Ref. Freezing B.P. Ref. 

760 Hg Index 
0C N20 o 

Lot No. Vol. Point 760 Hg Index 
I 0c aC N20 m D 

DenSity 

ot200 C 
g/ml 

I 
Iml 

1.420 

1.410 

~o 
1.400 Z 

1.425 

1.415 

20 
1.405 

z 

1.395 

All areas representing volumes 
ore drown to scole 

IA 
2A 
3A 

53 -115.2 
103 -115.8 
75 - 117.0 

117.4 1.3969 
117.4 1.3974 
117.8 1.397 

ID 
2D 
3D 
4D 

- 92.6 
57 -91.6 

11 0 
119.8 1.4176 
119.7 1.4175 
119.8 1.4148 
119.9 1.4134 

~ 
.!! 
::J 
.5O ., 
E 
" "0 
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Data in order 

R.1 200 

Vol. ml 
8.P.o C 
F.P. oc 

Product 8 
2650 ML 

4A 275 - 129.0 117.1 1.401 
5A 215 -119.0 117. 2 1.399 
6A 300-123.0117 .0 1.39 9 
7A 285 - 122.0 118.0 1.398 

18 840 -117.6 I. 3994 
28 840 11 8.1 1.4008 
38 960 118.6 1.4010 

~ 95.6 
IC 75 - 89.8 

2C 190 
3 C 330 

119.8 1.4176 
119.5 1.4121 
119 .6 1.4121 

-Becomes vitreous 

CHART 4 - DISTILLA TION OF I.IQu!D FRACTIONS 

IE 
2E 
3E 

IF 
2F 
3F 
4F 

105 
220 

47 -102.2120.3 1.4221 
205 120.7 1.4196 
110 120.9 1.4186 

60 -101.5 123.41.4238 
70 - 102.5 123.3 1.4231 
92 - 110.0 123 .0 1.4234 

147 -111.3 122.51.4212 

0 .76805 

~ hU=M#11 j 
~L-., 

LJj Distillation residues from 
chart 3 and 4-1300 ml 

116 117 118 119 120 121 122 123 124 

BOILING RANGE IN DEGREES C 
TOTAL VOUJM!': 4450 ML 

1.420 

1.410 20 
z 

1.400 

FIGURE I.- Flow-sheel of distillations and crystallizations performed in the isolation and delection of the constituent hydrocarbons of a petroleum 
distillate bot ling between 115 and 1240 C. 

Physical properties oC the products (below chart 3), See legend and key to order and units in which properties are given. 

99074--36 (Face p. 762) 
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The ratio of the volumes of the liquid and crystal fractions of the 
naphthenic distillate was about 3 to 4 and the refractive indices 
differed by 0.006. The crystal fraction was distilled and combined 
with the distillate shown in chart 3. 

All the liquid frac tions, together with the part of the distillate of 
chart 1 which was not crystallized (118.5 to 119° 0, and 120.2 and 
124° 0) were redistilled, and the results are shown by chart 2. This 
distillate was again divided into sections for crystallization. From 
the distillate between 116 and 118.6° 0 paraffinic crystals were again 

d::: ~~I"~I. 
.... 117 I--f...-~ rt-t-t-t-t-+I-t-H-+--l-+-I--t 

I I I I I I I I I I I I 11 6 !--..l-_.l..--!._..L.----1_-J-_L...-....l..._.l--!._..I.---!._....L..--'L...-....l...--I 

1.402 I--+-I-I--+--l--+--l-+-I--+-+--I--+--l-+-I--t 

~zo ::::t~~,~ l flllE,~ 
u se I I I I 1

0 I 
1.397 L..-I._...I...---1_..l..._I..-.....I..._.l...---L_..I.----l_....I..._L...-.....I..._.l...---L---I 

200 400 600 BOO 1000 1200 1400 

VOLUME DISTILLED OVER IN ML 

FIGURE 2.- Properties of a fr action containing an isooctane crystallized from the 
petroleum after distillation, but before preparation of a final pure sample. 

Properties are plotted on the ordinates for each fraction of distillate against the total volume over on the 
abscissa. 

obtained by freezing from solvents. The large volume distilling 
between 118.6 and 121.5° 0 was divided into two sections because it 
was suspected that there might be more than one naphthenic com
pound present in it. The section from 122.5 to 124° 0 definitely 
contained a naphthene not previously detected. The results of 
crystallizing the distillate from ~hese sections are shown by the 
dia~ram below chart 2. About 10.5 liters of hydrocarbon was crvs-
tallIzed from methane in the second stage. . 

The crystal fractions from these crystallizations were distilled with 
the results shown by chart 3. The paraffinic crystal fraction again 
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concentrated between 117 and 118.5° C. This distillate was divided 
into three sections and was considered as identifiable without further 
treatment. The distillate between 119 and 121 ° C was divided into 
three parts, as shown by the cross-hatched areas, and crystallized 
repeatedly until the cooling curves of the best fractions did not 
Improve rapidly with successive crystallizations. In the same way ~ 
the distillate between 122.5 and 124° C was crystallized to obtain a 
fraction whose physical properties could be obtained for identifica
tion. The properties of all the products are given in the table below 
chart 3. 

The liquid fractions from the crystallization of the distillate of 
chart 3 were distilled and the volume and refractive index curves are 
shown by chart 4. The distillate shown by this chart represents the 
total volume of unidentified hydrocarbon from the fraction of the 
petroleum between 115 and 124° C. The refractive-index curve 
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FIGUIm 3.-Cooling curves of purifieel samples of isooclanes isolateel from petroleum. 
A. cooling curve of a purified sample of concentrated material isolated in a previous work; B. cooling curre 

of a mixture of equal volumes of the sample from previous work and the sample from present work; C, 
cooling curve of best sample isolated in tbe present work; D, cooling curve of sample represented by curve 
C before final crystallization. 

shows that the material varies from paraffinic at the lower tempera
tures to naphthenic at the upper, as before, but the quantity is small 
and no marked concentrations of volume appear. 

III. IDENTIFICATION OF THE HYDROCARBON ISOLATED 
FROM THE DISTILLATE BOILING BETWEEN 116 AND 
118.5° C 

The physical properties of the paraffin hydrocarbon (sample lA) 
are not greatly different from those of the hydrocarbon isolated in a 
previous work 7 and identified as 2- methylheptane. As in the previous 
work, none of the constants agree exactly with those of L. Clark,8 
but, in t.he absence of a sample of synthetic material with which to 
compare the properties, it has been assumed that the differences are 
due to differences in purity or to the methods of measuring the con
stants. This is not surprising when it is observed that the material 
isolated in this work has somewhat different constants from that 

7 R, T. Leslie, DS J, Research 10, 609 (1933) RP552. 
' J . Am. Cbem. Soc. 31, 107 (1909). 
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FIGURE 4.-Photomicl'ograph of crystals from best sample of the isooctane 
isolated in present work. 

Crystalli zation induced by seeding with material precipitated [rolll Inethane. 

FJG lJRE 5.- P hotomicrograph of crystals of isooctane isolated in previol's work. 
Crystallization induced as deserihed in figure 4. 
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FIGURE 5.- Crystals from a 1n1:xtU1'e of equal volwnes of the hydrocarbons sh01vn in 
figures 4 and 5. 

Note the similarity in the nppearance or the crystals or all three sa mples. 
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previously obtained. To make certain that the differences were not 
due to the methods of observation, one of the less pure samples from 
the previous work was further concentrated, and its constants were 
found to be: boiling point 116.9° C (760 mm of Hg), refractive 
index, 1.39682:, freezing point, -113.0° C. TIlls boiling point is 
lower and the freezing point higher than those of sample lA. In 
figure 3 are shown the cooling curves of sample lA, of the purified 
sample from the previous work, and of a mixture of equal volumes of 
the two. Since the cooling curve of the mixture lies between the 
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Detailed Distillation Chart of Naphthenc Fraction 
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FIGURE 7.-Chart of the distillation of the fraction from petroleum boiling between 
119.2 and 120.8° C. 

These are the same data~given in chart 3 of figure 1 but plotted at 0.10 C intervals instead of 0.50 C in tervals. 

other two it appears that the chief constituents of both samples are 
identical or that they form solid solutions. 

Photomicrogra phs of the crystals from the three samples are shown 
in figures 4, 5, and 6. All three show needle-like crystals which are 
similar in appearance.9 

• All photomicrographs in this paper were taken with an especially constructed microscope which will 
be descrihed later. Magnification about SOX. Compare the photomicrographs of these hydrocarhons 
with those from paraffin waxes: C. C. Bachler and G. D. Graves, Ind. Eng. Chern. 19, 718 (1927) ; S. W. 
Ferris, N. C. Cowles, Jr., and L. M. Henderson, Ind. Eng. Chem. ~3, 681 (1931); G. D. Graves, Ind . Eng. 
Chern. 23, 762 (1931). 
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IV. STUDY OF THE CONSTITUENTS OF THE LARGE
VOLUME FRACTION DISTILLING BETWEEN 119.2 AND 
120.80 C. 

In figure 7 is shown a distillation chart of this fraction in which the 
volumes and refractive indices are plotted for 0.10 instead of 0.5 0 
intervals as they are in chart 3 of figure 1. Three distinct concen
trations of volume appear within the range when the data are plotted 
in this way. This may have been fortuitous, since it is doubtful 
whether the distillation was precise enough to produce such a sharp 
separation. In order to make sure, however, the three corresponding 
portions of the distillate were crystallized and examined separately. 
The refractive indices of all this material indicated that it was chiefly 
naphthenic hydrocarbon. In table 1 are given what appeared to be 
the most reliable constants for all the naphthenic hydrocarbons 
reported in the literature as boiling between 119 and 1240 C. The 
values for the dimethylcyclohexanes appear to be reliable, but the 
data for the cyclopentanes and cyclobutanes can hardly be trusted for 
purposes of identification. The refractive index given for the 
1-methyl-3-ethylcyclopentane is lower than that of any of the 
products. If this compound is in the material under consideration, it 
must be contaminated by t.he cyclohexanes. The boiling points which 
are given for the 1-methyl-2-ethylcyclopentane and the 1,1,3,3-
tetramethyl-2,4-diethylcyclobutane are higher than those of the 
products of the crystallizations. None of the products isolated appear 
to have properties approaching those of cycloheptane, and its absence 
in any appreciable quantity seems certain. 

T ABLE l.-Cyclic hydrocarbons boiling between 118 and 1250 C 

Hydrocarbon Freezing 
point 

Boiling point, 
760mm ofHg 

Refrac
tive 

index 

Aniline Density Refer
point at 20· C ences 

----------1----1-----1---- ---------
·C ·c ·C g/ml 

118726 • I. 44521 0.8108 Cycloheplane______ _______________ -12to -13 (') 
Dimelhvlcyclohexanes: 

119. 8 al. 42959 45.4 .78073 I, 1-____________________________ -34.1 (I) 
123.70 "I. 42768 48. 3 .77601 1,2- (ITa71s-)___________________ - 89.4 (I) 
120. 4 -I. 42376 51. 7 .76628 1,3- (IT0 71S-)__________________ _ -79.4 (I) 
124.9 -I. 43099 46.3 .78348 1,3- (cis-) ______ ________________ -100 (I) 
119.63 - 1. 42160 li2.7 .76264 1,4- (lra1ls-)____ _______________ -37.2 (I) 
124. 59 -I. 43029 46.9 .78271 1,4- (cis )______ ______ ___ ________ -91. 6 (I) 
120.9 to 122.6 __ "I. 4253 . 774 1.- 3-_______ .. ______ __ __ __ __ __ __ __ __ __ __ __ __ __ __ (') 
122 to 124--____ " 1. 4271 .777 1,4-____________________________ ______________ (') 

Cllc/open/anes: 
l-methyl-3- ethyL ___________________________ 120.5 to 121"' __ .1.4214 __________ __________ (.) 
I-methyl-2-ethyL ___________________________ 124760 __ ________ __________ __________ __________ (.) 

Cyclobutanes: 
1,I,3,3-tetramethyI2,4-dlethyl- ______________ 124 to 125760__ __ __________ __________ __________ (0) 

cyclobutane. 

10. Miller, Bul. soc. chim. Belg. 44, 10. 513 (1935) . 
'F. K. Signaigo aud P. L. Cramer, J. Am. Chern. Soc. 65, 3326 (1933). 
'N. D . Zelinsky, Ber. dellt. chern. Ges. 35, 2679 (1902). 
• Marshal and Perkin, 1. Cbem. Soc. Trans. 51, 250 (1890). 
'Beilsteins Erganzungsband 5, 25 (Wedekind and Miller, Ber. dent. cbem. Ges. U, 3286). 
' Beilsteins Handbucb 6, 29, 4tb ed. (Willstatter, Kametaka, Ber. d ellt. chern. Ges. 41,1483). 
en 19.8; Itn 2(l ; en UI • 

Bel NaD NaD 
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The cooling curves of the samples from the three large fractions 
after repeated crystallization are shown by curves 10, lD, and 
lE of figure 8. Curves 10 and lD show a peculiar double halt 
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FIGURE S.-Cooling curves of best samples isolated from distillate between 119.2 
and 1240 C 

I e, cooling curve oCbest sample Cram distillate between 119.2and 119.8° C; I D best sample Cram distillate 
between 119.8 and 120.4° C; I E, best sample from distillate between 120.4 and 120.8° C; I F, best sample 
Cram distillate between 122 and 124° C. 
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similar to those in some of the curves obtained on a naphthene 
previously separated at about this temperature. lO Curve lE does 
not exhibit this behavior. The double arrests may indicate eutec
t~cs, transitions in crystal forms, or metastable states due to the 
viscosity of the material at freezing. Attention has been called by 
Skau 11 to errors in interpretation of cooling curves caused by the 
undercooling of phases, and it is difficult to analyze such mixtures 
from the cooling curves alone. 

Figures 9, 10, 11, 12, 13, and 14 are photomicrographs of these 
samples. The tendency to crystallize in two forms, depending on 
the treatment, is apparent. These photographs also show the 
similarity between the crystal behavior of samples 10 and lD and of 
the ml1terial isolated previously, which was suspected to be a 
dimethylcyclohexane. 

Figures 15, 16, 17, 18, and 19 are photographs of hydrogenated 
m-xylene, hydrogenated p-xylene, and of a mixture of the two. The 
preparation of these samples was described in connection with the 
previous workY They are doubtless mixtures of the cis- and trans
forms of the corresponding cyclohexanes. The quadrilateral type of 
crystal which appears in figure 17 is characteristic of the hydrogenated 
p-compound and the frond or spiked structure of figures 15 and 16 
is typical of the m-compound. Rapid cooling of the mixture produced 
the crystals, shown in figure 18, which are typicl11 of the m-isomer, 
while slow warming 111most to the melting point and recooling resulted 
in the quadrilateral p-crystals of figure 19. Careful examination of 
these pictures and those of samples 10, 1 D, and 1 E from petroleum 
(figures 9, 10, 11, 12, 13, 14) shows: (1) the absence of nny of the 
quadrilateral crystals (para-) in any of the samples; (2) the presence 
of the frond structure (meta-) inlE (fig. 14) ; and (3) the presence of 
six-sided crystals in 10 and lD (figs. 10, 11, 12), which are not visible 
in any of the photomicrographs of the synthetic samples (figs. 15, 16, 
17, 18, and 19). Analysis of the crystals, therefore, indicates that 
the petroleum distillate represented by sample lE probably contains 
m-dimethylcyclohexane, while samples 10 and lD contain a cyclic 
hydrocarbon, which is neither m- nor p-dimethylcyclohexane (the 
six-sided crystals). The elongl1ted crystals of figures 9, 10, and 13 
may be crystals of the m-compound without the fronds. Since 
samples 10 and lD, which contain the six-sided crystals, have lower 
refractive indices and boiling points than 1 E it may be concluded that 
the unidentified hydrocarbon has a lower refractive index and boiling 
point than m-dimethylcyclohexane. Further identification can be 
made when photographs are obtained of other synthetic cyclic hydro
carbons boiling in the corresponding temperature range. 

10 R . T . Leslie. J . Research NBS 15, 41 (1935) RP808. 
II E . L . Skau and B. Saxton, J. P hys . Cbem . 37, 183 (1933). 
"See footnote 10. 
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FIGURE 9.- Long platelike crystal form of sample tC. 

FrOURE 1O.-Crystals of sample t C showing long plates with ~ix-sided crystals 
attached. 
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FIGURE 11.~C)'yslals from sample 1 C, showing only the six-eided forms. 
The"e \Yere obtained b.', cooling the material belo\v its initia l freezing point until a dense m atrix of ('r ~'stnls 

was visible, \Yarming till almost all of the crystals melted, and recooling gradually. 

', FIGU RE 12.~Crystals from sample 1 D, show;ng six-sided ty pes. 
These were obtai ned as described under fi gure 11. 
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FJGUHE I3.- Crystals from sample 1 D, showing long platelike crystaf... 
Compare with n ~ure 10. 

1'1 C VUE 14.- Cry,·tals F om sample 1 E, showing long, platelike cry,tals with tendencies 
to grow Fonds. 
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FIG U IIE l.5.- Crystals of hydrogenated m-xylene, showing long platelike crystals 1cil il 
tendencies to grow fronds . 

Compare with fi gure H. 

FIG U I1E 16.- Another example of the frondlik e growth characteri stic of the hydro
genated m-xylene. 

Compare with fi gure 14 . 

- l 
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Fi e: U I(E 17 .- CI·ystals from hydrogenated p-xylene, showing the characteristic quadri
lateral type of crystal. 

Obsef\·c absence of such crystals in fi gures 9, 10, 11, 12, and 13. 

FIG U ItF. lS .- Crystals formed in a mixture of equal volumes of the hydrogenated 111-
and p-xylene, showing fronds of the m-i.'omer. 
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F IGURE 19.-Cl·ystals from same mixture as figw·e 18, but warmed almost 10 melting 
point and recooled slowly. 

Quadrilateral crystals of the p· isomer yis ibl e. Compare figures 18 and 19 with fi gures 9, 10, 11, 12, and 13. 
Difl'erence in crysta l behador is to be nOLed. 

FJGURE 20.-Crystals from sample 1 F, showing presence of needles which is probably 
a paraffinic constituent. 

'l'his mat or crystals appe8.rs rrom the melt on undcrcoolin g. 

, 
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FIG U IlE 21.- Crysta ls from sample 1 F, showing platelike c?·ystaZ., chamctcTistic nJ th e 
octonapi!lhene. 

rrhcse crystals \\'ore obtained by warm ing the mat shown in figure 20 a lmost to Lhe melt ing point amI 
recaoli ng gl'acluall,\-, 
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V. TENTATIVE IDENTIFICATION OF THE HYDROCARBON 
ISOLATED FROM THE DISTILLATE BOILING BETWEEN 
122 AND 124° C. 

At the beginning of the work on the petroleum, the large volumes 
of n-octane masked the presence of any cyclic hydrocarbons in this 
boiling range,13 and it is possible that quantities of cycloparaffins 
were contained in the residual paraffin distillate boiling above this 
temperature . The product as represented by sample iF was still 
contaminated with n- or iso-paraffin constituent, as shown by the 
prismatic needles which are visible in figure 20. The cooling curve 
shown by 1 F of figure 8 also suggests the presence of another con
stituent. Three combustion analyses gave an average value of 
1.0108, with an average deviation of 0.0021, for the ratio of H 20 to 
CO2 , This indicates the presence of 8.6± 1.6 percent of paraffinic 
constituent. Careful warming of the crystals shown in figure 20 
almost to the melting point and l'ecooling developed the crystals 
shown by figure 21. These crystals m'e definitely angular plates with 
angles differing from those observed in samples 10, 1 D, and 1 E . 
The constants for the sample iF are given in the table below chart 3 
of figure 1. The density was determined by the Division of Weights 
and Measures at the National Bureau of Standards and was estimated 
to be correct within 0.00005. The critical-solution temperature in 
aniline was found to be 52° C. Examination of table 1 shows that 
the material may be trans-o-dimethylcyclohexane containing enough 
paraffinic constituent to lower its refractive index and density. 

VI. E STIMATE OF THE RELATIVE QUANTITIES OF THE 
CONSTITUENTS 

It must be emphasized that estimates of percentages in this work 
are only indications of the relative amounts of the constituents present. 
In all estimates made by the author the volumes, in liters, actually 
isolated have been doubled to compensate for losses and this quantity 
has been divided by 2,270 liters (the original volume of the crude 
petroleum from which the gasoline fraction was obtained) . On this 
basis the estimated quantity of isooctane which boils at about 117° C 
should be increased from 0.15 percent (as given previously) 14 to 0 .5 
percent, the quantity of cyclohexanes from the distillate between 
119.2 and 120.8° C should be increased from 0.15 percent 15 to 0.2 
percent, and the quantity of cycloparaffin boiling at 123.4° can be 
placed at 0.04 percent. 

The author acknowledges the assistance of W. W. Hewer in the 
crystallization and the photographic work, and for the determination 
of the critical solution temperatures in aniline. 

WASHINGTON, August 12, 1936 . 
• , R. T. Leslie and S. T. Schioktanz. BS J. Research 6, 377 (1931) RP282. 
"R. T. Leslie, BS 1. Research 10, 600 (1933) RP552 . 
•• rL T. Leslie, B3 J. Resasrch 15, 41 (19:15) RP808. 
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