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Hydrocarbons in the 1080 to 1160 C Fraction of Petroleum 1 

By Augustus R. Glasgow, Jr., Charles B. Willingham, and Frederick D. Rossini 

This report describes the analysis of t he hydrocarbons in the 108° to 116° C aromatic

free fraction of petroleum, which is shown to be composed of eleven hydrocarbon compounds, 

of which t hree are present only in very small amount. For these eleven compounds, t he 
normal boiling points (of high purity samples not from the present investigat ion) and the 

estimated amounts by volume in t he original Ponca, Okla., crude petroleum are as foll ows: 

2,5-dimethylhexane, 109.11° C, 0.055 percent; l,trans-2,cis-4-trimethylcyclopentane, 109.28° 
C, 0.22 percent ; 2,4-dimethylhexane, 109.43° C, 0.055 percent ; 2,2,3-trimethylpentane, 

109.84° C, 0 .004 percent; 1, trans-2,cis-3-trimethylcyclopentane, 110.40 C, 0.26 percent ; 3,3-

dimethyl hexane, 111.97° C, 0.03 percent; 2,3,4-trimethyJpentane, 113.470 C, 0.005 percent ; 
1,1,2-t rimetbylcyclopentanp., 113.72° C, 0.06 percent; 2,3,3-trimet hylp entane, 114.76° C, 

0 .006 percent ; 2,3-dimethyJhexane, 115.61° C, 0.06 percent; and 2-mcthyl-3-cthylpentanc 

115.65° C, 0.04 percent. 

I. Introduction 

As part of the work of the American Petroleum 
Institute Research Project 6 at the National 
Bureau of Standards on the fractionation and 
analysis of hydrocarbons in petroleum [l , 2] 2 the 
prog.ram has been completed on that part of 
petroleum normally boiling between 1080 and 
116 0 O. In addition to toluene, the separation 
of which was previously reported [12] , this frac
tion of petroleum is shown to be composed of 
eleven hydrocarbon compounds, of which three 
are present only in very small amount. This 
report describes the foregoing work and gives the 
detailed results. 

II. Material Analyzed 

The American Petroleum Institute Research 
Project 6 at the National Bureau of Standards 
has had under investigation since 1928 a large 
quantity of a representative petroleum taken 
from a well at Ponca, Okla. [2 , 10]. The material 
analyzed in the present investigation consti tuted 
that part of this original petroleum normally 
boiling between the 108° and 116 0 0, from which 

I T his investigation was performed as part of the work of the American 
Petroleum Institute Research Project 6 at the National Bureau of Standards 
on t he" Analysis, Purification, and P roperties of Hydrocarbons". 

, Figures in brackets indicate the literature references at tbe end of tbis 
pal)er. 
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toluene had been removed [12] . The status of 
this material prior to the present investigation is 
described in reference [5]. The material was made 
aromatic-free by filtration through silica gel [J 6] . 

III. Method of Analysis and Results 

The aromatic-free material of tbe original 
petroleum remaining after the previous treatment 
[4, 5, 11 , 12] was "lined-up" by appropriate 
preliminary distillation and blending in order to 
obtain in one lot all of the remaining original 
petroleum normally boiling between 1080 and 
116 0 O. The results of this distillation are shown 
in figure 1. Further separation of this distilla te 
into its constituents is described with respect to 
the components normally boiling within the ranges 
1080 to III 00 , III 0 to 114 0 0 , and 114 0 to 116 0 0, 
where more or less abrupt changes in the boiling 
point of the material occLllTed. The details of 
the distillations performed in this investigation 
are given in table 1. Reference [6] gives a 
descrip tion of tIl(' distilling columns used. 

1. Material normally boiling from 108° to HI ° C 

The material normally boiling from 108° to 
III 0 was separated by distillation and found to be 
composed of five compounds, 2,5-dimethylhexane 
at 109.11 °C, l ,trans-2,cis-4-trimethylcyclopen-
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TABLE 1. Information on the distillation for the analysis and separation of 11 hydrocarbons (3 tl'imethylcyclopentanes and 
8 branched-chain-octanes) fr om the 108° to 1160 C (aromatic-free) fraction of petroleum 

Material Distil· 
ling a. 

COIUllUl 
number 

N umber 
of equiva· 
lent theo· 

retical 
plates at 

total reflux 
(approxi· 
mately) 

R eflux 
ratio 

(approx· 
imately) 

Rate of 
collec
t ion of 
distil· 
late 

Distillation 

Kind of dis tilla· 
tion 

Azeotrope·form in g Rub· 
stance, if used, and its 
volume 

Volume 
of 

hydro
carbon 
charged 

Volume 
of each 
fraction 
of dis
tillate 

Results 
plotted 

in figure 

- - --1----------------.---------. --- ----

108° 10 116° C (aromatic-free) 
fraction of petroleum (showin g 
lower- and higher·boiJin g mate· 
rial). 

108° to 111° C (aromatic-free) 
poetion (part A, fig. 1). 
I, tran8-2, cis-3·Trimetbylcyclo
pentaneeoncentrate (partB,fig.I). 

I, t r an8-2, cis-4-Trimelbyleyclo· 
pentane concentrate (derived 
from part A, fig . 1). 

2,5-Dimetbylbexane concentrate 
(derived from part A , fig. 1) . 

2,4-Dimethy lhexan e concentrate 
(derived from pa rt A, fig . 1). 

108° to 110° C (aromatic-free) por
tion (part A, fi gs. 2 and 3). 

3,3-dimeth ylbcxane concenl rate 
(part B, fig . 1). 

1,I,2-T rimeth y lcyc l op en tan e 
concentrate (part C, fi g. 1; part 
B, fi g. g) . 

1,1,2-'1' rimet h y lcyc lopen t an e 
concentrate (part A, figs. 9 and 
10). 

2,3-lJimetbylbexane and 2-
metbyl-3-ethylpentalle con een· 
trate (part D, fig. 1). 

2,3-Dimetbylbexane and 2-
mctbyl-3-etbylpentane con ceu· 
t rate (part A, fig . 12). 

2,3-Dimetbylbexane and 2-
methyl-3-etbylpentane con een· \ 
Irate (part B, fig. 12) . 

• For further details see reference IG]. 

100 

1111. 200 

Ill. 150 

111. 150 

JA 150 

Ill. 150 

Ill. 150 

111. 150 

111. 150 

200 

111. 150 

111. 150 

111. 150 

125/1 

170/1 

135/1 

300/1 

335/ 1 

335/1 

150/1 

135/1 

11 5/ 1 

400/1 

165/1 

li5/1 

175/1 

mllhr 
2. 4 

4.2 

2. 2 

1.0 

. 9 

.9 

2.0 

2.2 

2.6 

1.8 

1. 8 

1.7 

1.7 

tane 3 at 109.28° C, 2,4-dimethylhexane at 109.43° 
C, 2,2,3-trimethylpE'ntane at 109.84° C, and 
1,trans-2-cis-3-trimethylcyclopentane at 110.4° C. 

Following the processing shown in figure 1, 
1,trans-2,cis-3-trimethylcyclopentane was sepa
rated using azeotropic distillation with ethanol 
followed by a regular distillation. The results are 
shown in figures 2 and 3. In the azeotropic dis
tillation, the ethanol which comprised about 53 
percent by volume of the distillate, was extracted 
from the hydrocarbon portion of the distillate by 
three cold water extractions in a separatory 
funnel. A similar procedure was used for the 
removal of methyl Cellosolve, which comprised 
about 24 percent by volume of the distillate. The 

3 See referen ce [15] for nomenclature of substituted cyclop.rallins. 
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Regular. ............ . 

A_zeotropic Ethanol , 6,000 mI. ... .. . . 

Regular ..... . ........ . .... . _ ... ... ......... . 

Az(otropic ...... Ethanol , 300 mI. .... . ... . . 

..... do ........... Etha nol, 230 m!.. ........ . 

..... do...... . ... Ethanol, 150 mI. ........ . . 

... . . do ...... . . . .. Methyl Cellosol ve, i50 mL 

... . . do ........... Methyl Cellosolve, 304 mL 

Rcgular .... .. ..... . .. . ..... _ ...... _. _ . .... . . 

Azeotropic ...... Methyl Cell osolve, 300 TIll 

Regular ............. . . . ............. . ..... . 

AZfotropic . . . ... Methanol, 600 TIlL ...... . . 

. . . . . do ........... M ethyl Cellosol ve, 400 ml 

rill 
3,880 

1,950 

460 

138 

110 

58 

850 

177 

305 

83 

515 

112 

217 

rill 
7. 4 

17. t1 

9.7 

9.8 

9.9 

5.2 

14.3 

17. 9 

10. I 

J 1. 7 

11. 5 

II. 8 

10. i 

10 

11 

12 

13 

14 

"best lot" of 1,tran~-2 ,cis -3 -trimethylcyclopentane 

selected from the final distillate (shown in fig. 3) 
had the following properties: boiling point at 
760 mm Hg, 110.4 ± O.l deg C; refractive index, 
nn at 25° C, 1.4112; freezing point in air at 1 
atmosphere, - 113.08 ± 0.02 deg C; amount of 
the main component, 98.60 ± 0.15 mole percent.4 

The ,best lots of the hydrocarbons reported 
throughout this investigation were selected on the 
basis of the refractive index and the boiling point. 

Following the distillations shown in figures 2 
and 3, the part marked A in the figures was 
reprocessed by four azeotropic distillations, three 
with methyl "Cellosolve (ethylene glycol mono-

• Determined by N. C. Krouskop as described in reference [17J, usi ng tile 
cryoscopic constants given in reference [18J. 
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methyl ethcr) and one with ethanol to fractionate 
the material into concentrates of: (a) 2,5- and 2,4-
dimethylhexane ; (b) 1,trans-2 ,cis-4-trimethylcyclo
pentane; and (c) 1,trans-2,cis-3-trirnethylcyclo
pentane. The first two concentrates were proc
essed further by azeotropic distillation wi th 
ethanol to produce higher concentrations of 
l ,trans - 2,cis - 4 - trimethylcyclopentane, 2,5 - eli
methylhexane, and 2,4-dimethylhexane. The rc
suIts of these distillations are shown in figures 
4, 5, and 6. The concentration of 2,5-dimethyl
hexane, 2,4-dimethylhexane, 2,2,3-trimethylpen
tane, and 1,trans-2,cis-4-trimethylcyclopentanc in 
selected fractions of the distillate was determined 
by spectrographic infrared absorption measurc
ments made by the Socony-Vacuum Laboratories, 
Paulsboro, N. J. The results are given in table 2. 
The fractions containing the highest concentration 
had the following amounts of the named com
ponent in mole perccnt : 2,5-dimethylhexane, 
55 ± 5; 2,4-dimethylhexalle, 41 ± 4; 2,2,3-tri
methylpentane, 1.0 ± 0.5 ; l ,trans-2 ,cis-4-tri
methylcyclopentane, 84 ± 5. 

The followi ng conclusions may be drawn from 
the results of the proces ing of the rna terial 

normally boiling in the range 108 0 to 111 0 c: 
(a) The first azeotropic distillation (fig. 2) follow
ing the regular distillation (part A of fig. 1) pro
duced an appreciable enhancement in the separa
tion, as shown in figure 7 ; (b) ethanol was more 
effective than methyl Cellosolve in separaLing 
azeotropically the two dimethylhexanes from 
] ,trans-2,cis-4-trimethylcyclopentane, as shown 
in figure 8; whereas methyl Cellosolyc was more 
effecti ve than ethanol in scparaLi ng thc Lwo 
trirnethylcyclopenLanes, one from Lhe other , a 
shown in figure 8; (c) l ,trans-2 ,cis-3-LrimeLhylcyclo
pentane is readily separated from the mixture of 
Lhe five hydrocarbons by a combination of regular 
and azeotropic distillation, whereas l ,trans-2,cis-
4-trimethylcyclopcntane is much less readily 
separated by the same processes, requiring more 
cl isL illa Lion ; (d) the two dimethylhexanes are 
only partially separated from each other and 
from 1,trans-2,cis-4-Lrimcthylcyclopentan c by reg
ular and azeoLropic distillaLion. 

2. Material Normally Boiling from III 0 to 1140 C 

The materia l normally boiling from 111 0 to 
] 14 0 C was separaLed by distillation and found 

T ABLE 2. Results of the spect/'ographic infra1'ed absor ption measure lli ents,' of selected sa mples from the 1080 to 1160 C 
aromatic-Fee Facti on of Ponca, Okla. , petroleum 

Identification of flmple 

I , trans· 
2, cis-4-

2,2·Di· 2,5-Di· Tri· 2,4·Di· 
methyl· methyl· methyl· methyl· 
hexa ne hexane cyclo· hexane 

pcn
ta ne 

P artC;fi gure2 ....... __ . 21 ± 2 35±3 28±5 16 ± 2 

2,2,3· 
'rd· 

methyl· 
pentane 

I , trans-
2,ds·3· 2,3,4· 

Tri· 3,3·Di· Tri· 
methyl· methyl· methyl· 
cyolo· hexane pen· 
pen- tanc 
tane 

1,1,2· 2,3,3· 
Tri- 'rri- 2,3-Di-

methyl· methyl· methyl· 
cyolo· pen· hexane 

pentane tunc 

PERCENTAGE B Y W E roIT'!' I N TITE SAlVfPLE 

I , trans·2, cis-4·Trimethyl I ±O.5 84 ±5 6 ± 2 0.5 ± O. 3 6 ± 2 
cyolopen tane; fi gure 4. 

2,5·Dimethylhexane; fi g· 2 ± I 
ure 5. 

Part A; fi gure 5 .... . ..... . 
PartA; fi gure 6 ....... . .. . 
P art B; figure 6._ ...... __ .1 
3,3·Dimethylhexane; fi g· 

ill' e 9. . I 
P art C; figure 9 .. . ....... . 
Part A; fi gure 11 ... ...... . 
P art R; fi gure 11 ...... . .. . 
P art A; fi gure 13 .......... . 
P art B; figure 13 ......... . 
Part D; figure 13 . . ....... . 
P art B; figure 14 ......... . 
Original oC experimen t X o. 

4; fi gure 15. 
Part R of experimen t "0 

4; fi gure 15 . 

55 ±5 21 ± 2 22 ± 2 

20 ±2 47 ±5 32 ±3 
18 ±2 40 ± 4 41 ± 4 
29 ±3 35 ± 4 35 ± 4 

1.0 ± O.5 
l.0±.5 
1.0 ±.5 

10 ±2 86 ±5 1. 0 ± O .. ) 

11 ± 2 79 ± 5 2 ± I 
31 ±3 17 ± 2 52 ± 4 
16 ±2 17 ±2 67 ±5 

5 ± 2 na ± 5 10 ± 2 12 ±2 
19 ± 2 4 ± 2 47 ±5 

66 ±5 
60 ±5 

54.5 ±5. 0 

4 ± 2 3 ± I 48 ±5 

• Made by the Socony·VaClIum Laboratories, Paulsboro, N. J. A description of the appara tus is given in reference [3J. 
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2·Methyl· 
3·ethyl· 
penta ne 

10 ±2 
30 ±3 
34 ±3 
40 ±5 

45.5 ±5. 0 

45 ±5 

Un· 
known 

·-1 

2.5 ± 1.0 

' 3 ± l 

8 ±2 
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to be composed of three compounds, 3,3-di
methylhexane at 11l.97° C, 2,3,4-t'rimethylpen
tane at 113.47° C, and 1,I ,2-trimethylcyclopen
tane at 113.72° C. 

Following the distillation shown in figure 
1, the parts marked Band C in that figure 
were processed to separate 3,3-dimethylhexane 
and 1,1,2-trimethylcyclopentane. 3,3-Dimethyl
hexane was separated by azeotropic distillation 
with methyl Cello solve as shown in figure 9, and 
1,1,2-trimethylcyclopentane was separated by 
regular distillation followed byazeotropic distilla
tion with methyl Cellosolve as shown in figures 
10 and 11, respectively. The concentration of 
3,3-dimethylhexane and 2,3,4-trimethylpentane 
in selected fractions of the distillate was determined 
by spectrographic infrared absorption measure
ments made by the Socony-Vacuum Laboratories. 
The results are given in table 2. The fractions 
containing the highest concentration had the 
following amounts of the named component in 
mole percent: 3,3-dimethylhexane, 86 ± 5; 2,3,4-
trimethylpentane, 17 ± 2. The "best lot" of 
1,1,2-trimethylcyclopentane selected from the 
final distillate shown in figure 11 had the following 
properties: Boiling point at 760 mm Hg, 113.7 
± 0.1 ° C; refractive index, nD, at 25 ° C, 1.4192; 
freezing point in air at ] atmospherc, -30.21 
± 0.05° C; amount of the main component, 
97.50 ± 0.06 mole percent (see footnote 4). 

From the resul ts of the processing of the ma
terial normally boiling in the range III ° to 114° 
C, it can be concluded that 3,3-dimethylhexane 
and l,l ,2-trimethylcyclopentane are both readily 
separable from this fraction of the Ponca, Okla. , 
petroleum by high efficiency distillation. 

3. Materia l Normally Boiling from 114° to 116° C 

The material normally boiling from 114° to 
116° C was processed by distillation, supplemented 
by adsorption, and was found to be composed 
of three compounds, 2,3,3-trimethylpentane at 
114.76° C, 2,3-dimethylhexane at 115.61° C, and 
2-methyl-3-ethylpentane at 115.65° C. 

Following the distillation shown in figure 1, the 
portion of this distillate (part D ) containing the 
concentrate of the above three hydrocarbons was 
distilled regularly, followed by azeotropic distilla
tion with methanol and methyl Cellosolve as 
shown in figures 12, 13, and 14, respectively. 
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Distillate from the above azeotropic distillations, 
containing mainly a mixture of 2,3-dimethylhexane 
and 2-methyl-3-ethylpentane, was processed fur
ther by adsorption 5 [16, 19] through glass columns 
(790 cm in lcngth and 1 cm in diameter) with 
silica gel 6 as the adsorbent and ethanol as the de
sorbing liquid. The results of the separation of 
2-methyl-3-ethylpentane from 2,3-dimethylhexanc 
by adsorption are given in figure 15. The charges 
for these separations by adsorption were as follows: 
1, part A of figure 14; 2, part B of 1 above; 3, 
part C of figure 13 and part B of figure 14; and 4, 
part A from 1, part A from 2, and part B from 
3 above. The "best lot" from petroleum of the 
two paraffins was selected from the adsorption 
separations shown in figure 15 as follows: 2-
methyl-3-ethylpentane, part B from experiment 
4; 2,3-dimethylhexane, parts 0, 0, and D from 
experiments 1, 2, and 3, respectively. 

The concentration of 2,3,3-trimethylpentane, 
2,3-dimethylhexane, and 2-methyl-3-ethylpentane 
in selected fractions of the distillate and the fil
trate from the adsorptions was determined by 
spectrographic infrared absorption measurements 
made by the So cony-Vacuum Laboratories. The 
results are given in table 2. The fractions con
tain ing the highest concentration had the following 
amounts of the named component in mole percent: 
2,3,3-trimethylpentane, 10 ± 2; 2,3-dimethylhex
ane, 66 ± 5; 2-methyl-3-ethylpentane, 45 ±5. 

The following conclusions may be drawn from 
the results of the processing of the material nor
mally boiling in the range 114° to 116° C: (a) 
Regular and azeotropic distillation produced cs
sentially a binary mixture of the two close-boiling 
paraffins, 2,3-dimethylhexane and 2-methyl-3-
cthylpentane; (b) fractionation by adsorption re
sulted in a further slight separation of these two 
paraffins and a further separation of the small 
amount of 1,l ,2-trimethylcyclopentane associated 
with them. 

IV. Amounts of the Components in 
Petroleum 

The calculation of the amounts by volume of 
the 11 compounds in the aromatic-free fraction of 
petroleum normally boiling between 108° and 
116° C was made by appropriate reduction, as 

, P erformed under the supervision of B. J . Mair, in charge of Fractionation 
and Analysis, Section on Thermochemistry aud Hydrocarbons. 

• Silica gel No. 22-08, Davison Chemical Company, Baltimore, Md. 

Journal of Research 



described in reference [1 3], of the data on boili ng 
point and refractive index as a function of the 
volume of distillate, as shown in figurc I, supple
mented by the results of the spectrographic in
frared absorption measurements on selected frac
tions as listed in table 2. The spectrographic 
data served to esta.bbsh the relative amounts of 
2,5-dimethylhexane and 2,4-dimethylhexane, of 
2,3-dimethylhcxane and 2-methyl-3-ethylpentane , 
and of the thrce trimethylpentanes. The data on 
boiling poin t and refractive index as a function of 
the volume of distillate were utilized to the fullest 
extent of the ir precision by plotting the data on 
expanded scales of t e'mperatul'e, refractive index, 
and volume. 

The relative amounts by volume in the a ro
matic-free fra ct ion 108° to 116° C of the' Ponca, 
Okla., pcLroleum \Va translated into amounts 
based on the ol·iginal el"Llde petroleum using un
published data (pC'l'ce nta ge of total crude th is 
fraction comprised) obtained in the investigation 
of the American Petroleum Institute R e eareh 
Proj ect 6 on the ga oline fraction of seven repr C'
sentative crudes, which includ es the Ponca, Okla. , 
petroleum [8,9, 14) . Table 3 gives these amounts, 
together with the amount of toluene [9), in the 
original crude petroleum. 

TABLE; 3. Amollnts of th e 12 hydrocarbons constituting th e 
1080 to 116 0 C fract.ion oJ the petroleum 

Componenl 

2,.5-Dimethylhexanc ______________ _ _ 
l ,trans-2,cis-4-Trimethyl eye 1 0 pc n-

tane __ __ ___ ___ ____ _____ __________ _ 

2,4-Dimctbylhexane _____ ____ ______ _ 
2,2,3-T rimethylpentane _____ _____ __ _ 

J,trans-2,cis-3·Trimcthyl ere I 0 pc n-
tane __ ____ __ _____ _________ _______ _ 

'I'oluenc __ __ ___ __ ________ __________ _ 

3,3-Dimethylhexane __________ _ . ___ _ 
2,3,4-Trimethylpentane ____________ _ 
1,1,2-Trimethylcyclopen tane _______ _ 
2,2,3-Trimethylpentalle ___________ _ 
2,3-Dimethylhexalle _________ ______ _ 
2- Methyl-:J-eth ylpentane ___________ _ 

noilin~ 
pOint at 
laUTI a 

° C 
109. II 

109.28 
109. 43 
109. 84 

110.4 
110.62 
11I.97 
113.47 
113.72 
114 . 7(; 
115. GI 
11 5. G5 

H clatin' 
amount 

by volumt' 
ill t he 

nromatic
f ree 

portion 

7. 

28. 

0.5 

33. 

-- - --------
3. 
0.6 
7. 
0. 8 
8. 
5. 

Total ___________________ ___________ ____ ______ 100. 

• FI'OIll reference 17]. 

.\ moun t 
in the 

orig: in al 
crudc pe
troleum b 

Percentaoe 
by volume 

0.055 

. 22 
_ 055 

. 004 

.26 
' . 51 
. 03 
_ 005 
_ 06 

. OOG 
_00 
. 04 

l. 30 

bFor each compOnent, t he perccntflge by \'011.1111 0 or the gasoline fract ion, 
40° to 180° C , is about 3 times fh e value in this column . 

' ~'rom reference 191 . 
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From the data given in table 3, the following 
points may be made regarding the composition 
with resp ect to volumc of the 108° to 116° C 
fraction of petroleum: 

(a) The material is comprised entirely of three 
types of hydrocarbons with the following relative 
amounts: isoparaffins, 20; cyclopentanes, 41; and 
an alkyl benzene, 39. 

(b) The isoparaffins with dial],;:yl and trialkyl 
substituents are present in the relative amounts 
of 15 and I , respectively. 

(c) The relative amounts of the isoparaffins 
and the alkyl cyclopentanes are approximately 1 
and 2, respectively. 

(d) The alkyl benzene, toluene, constitu tes abou t 
two-fifths of the entire fraction 108° to 116 ° C. 

(e) Two of the alkyl cyclopentanes (1 ,trans-2 , 
cis-4- trimethylcyclopen tane and 1,trans-2 , cis-3-
t rimethylcyclopentane) together con titute abou t 
60 percent of the aromatic-free fraction 108° to 
116° C. 

Acknowledgment is macl e to F. P. Hochgesang, 
So cony-Vacuum Laboratories, Paulsboro , N. J., 
for the spectrographic infrared absorption measure
ments reported in table 2 of this paper. 
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T he relat ive awounts b)' vo lulll e of 
the various compon ents are ind icaLcd 
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portion A , enclosed with arrows, \\'as 
redistilled . 

1" 1(: U RE -J. D istillation oj the 
conce ntrate oj 1,tmns-2,cis-4-
trimethylcyclopentane (derived 
f rom pari / \ , fig. 1) . 

The ordiuHlc scHle on the ri ~ht gives 
the refractive indi ces of the hodrocarbon 
portion of t he azeotropie dist illa te, and 
the ordi nate scale on the lef t ~i\'es the 
bOi li ng point of (be azeol rop ie d ist illate. 
T he scale of abscissas gives the volume 
of the hyd rocar bon l)ortion of the 
d ist illate. 

'-r he relati\"c amoun ts by VOltlDlC or 
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tion labeled " best lot " was analyzed by 
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surements, the results oC whieh a ro 
shown in tahle 2. 

Hydrocarbons in Petroleum 149 



74 

0. 
:I: 

::E 
::E 

It) 

oJ ,... 
73 

f-
<l 

"-
ID 

~ 
72 

~ 

w 
a:: 
::J 
f-
<l 
a:: 
w 
"- 7 1 ::E 
W 
f-

70 
0 

G 
I 

::2' 
::2' 73 
U') 

C\J 
I'-

f-« 
Q. 

~ 

~ 72 

z 

W 
0:: 
=> 
f-« 
0:: 
w 
Q. 71 
::2' 
W 
f-

150 

, 
-' 
>-
I 
I-
W 

" oJ OZ , '" NX 
• oJ 

N I 

( 

10 

:.., :.., 
>- >-
Iw I w 
>- z >- z 
w", w ", 
;;0: x ;;0: x 
ow ow 

I I 
"'. "". 
OJ OJ 

I 

0° 
I 

I--B-I- A-j 
X 

, 
W 

" Z 
N '" X 

W 
o I 
Z -' 

'" >-I 
l-
oJ 

"' '' N~ .5 

W 
Z 

"','" 'u---1 ~ 
· >-z 

NIW 
'1-"-
"'w O 
§ ~ -.J 
_ -0 
-0: >-
---- 1-<.) 

I 

f 
BP 

X 
° BP725 • BINARY AZEOTROPES 

X nD25 • PURE COMPOUNDS 

VOLUME IN ML 

:, 
>-
:I: 
I-w 
Wz "", 
-l-
O:z 
I-W , a 

'" 
'" (,i 

'I' 

:.., 
>-w 
i= z 1.4 2 • w<! 

t<>~ ~ ~ 
C\I~a::w 
N f- Q. 

~ 0 
C 

0 U 
0 
U') 

1.41 C\J 

X 
f-« 
X 
w 
0 
~ 
w 
> 

lAO f-
<.) 

« 
0:: 
1I. 
W 
0:: 

1.39 

.j 
>-
~ 
"' " it w 
I- Z 

i '" I-
z 

'u w 
• Q. 

'Y 0 . -' 
c <..) 

~ >-
- . <..) 

~ 

8P 

nO 

142 

0 
c: 

0 . 
'" oJ 

14 1 f-
<l 

x 
w 
0 

~ 

w 
~ 

1. 400 
<l 
a:: 
LL 
w 
a:: 

L39 

FIGURE 5. Distillation 
of the 2,5-di methylhex
ane concentrate (derived 
from part A , jig. 1) . 

T he ordinate sca le on the right 
gives tbe refractive indices of 
tbe b ydrocarbon portion of the 
azeot ropic distillate, and t he 
ord inate scale on the len. gjves 
tbe bOiling point of tbe azeo· 
tropic distillate. The scale of 
abscissas gives tbe volume of 
the b ydrocarbon port ion of the 
distillate. T be relati ve amonnts 
by volume of tbe various com
ponen ts are indicated in the 
upper portion of tbe figure. T he 
portions A and B, enclosed witb 
arrows, were redistilled . Tbe 
portion labeled "hest lot" was 
analyzed by spectrographic in
frared absorption measurements, 
the results of which arc shown 
in table 2. 
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FIG URE 6. Distillati on of the 2,4-
dimethylhexane concentrate (derived 
from part A , jig . 1). 

The ordinate scale on the right gives the reo 
fracti ve ind ices of tbe bydrocarbon portiO" 
of tbe azeotropic distillate and the ordinate 
sc,le on tbe left gives the beiling poin t of 
t be azeotropic distillate. The scale of abscissas 
gives the vo urne of t he h ydrocarbon portion 
of t he disti Hate. T he relative amonnts by 
YO!UillC of the variolls cc,mponents are in~ 

d ic.lted in the upper portion of the figure. 
The port ions A and B, enclosed by arrows, 
were analyzed by spectrographic infrarc([ 
a bsorption measurements, tbe wsults of wh ich 
are shown ill table 2. 
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was redistilled . 
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X 
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Z 

FWU RE 11. Distillation oj the 1,1 ,2-
trimethylcyclol)entane concentl-ale 
(part A, fig s. 9 and 10). 

Tile ordinate scale on the right gives the re
fractive indices of the h ydro carbon portion of 
the azeotropic distillate, and the ordinate scale 
on the left gives the boiling pOint of the 
azeotropic distillate. ,],l1 e scale of abscissas 
gives the volume of the hydrocarbon portion of 
the distillate. The relative , moun ts by volumc 
of the various components are indicated in the 
upper portion of t he fi gure. The let tered 
fraction s A and B were analyzed by spectro
graphic infrared absorption measurements, the 
results of which arc given in table 2. 
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I· -I <5 F I GURE 12. Distillation of the 
1. 42- :., 2, 3-di meth ylhexane and 2-

1 1 
OJ 

~ f- methyl-3-ethylpentane con-
BP .. 

centrate (part D , fig. 1) . 
x 
w The relat ive amounts by volume of 
0 

~ the various components are indicated 
w in the upper portion of the figure. The 

I. 4 1 > portions A , B, and 0, enclosed with t= 
'" arrows, were redist illed . .. 
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FIGURE 13. Distillation of the 2,3-dimethyl-w >- x 0 
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hexane and 2-methyl-3-ethylpentane concentrate ,. "' ~ 
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, (part A, fig . 12). 
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N' N '" '" The ordinate scale on the right gives the refractive indices N' " 
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0. the ordinate scale on the left gives the boiling poin t of tbe 
Ol x The sca le (If abscissas gives tbe :11 1 

w azeotropic d istillate. vol· 
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0 ume of the h ydrocarbon portion of the distillate. T he rela· :;0 

•• t41 t ive amounts by volume of the various components are 
~ w indicated in the upper portion of the fi gure. The portion C, ~ 

"' 
f- enclosed with arrows, was reprocessed by adsorption. The 
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62 '" lettered fractions A, B, and D were analyzed by spectro· :=> :!' t- graphic infrared absorption measurements, the results of ... w 

0: '" which are shown in table 2. 
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FIGURE 14. Distillation oj the 
2,3-dimethylhexane and 2-
methyl-3-ethylpentane con
centmte (part B, fi g. 12). 

The ordinate scale on tbe righ t gi ves 
the relracti ve indices 01 tbe bydrocarbon 
portion 01 the azeotropic distillatc, and 
tbe ordinate scale on the left gives tbe 
boiling point 01 the azeotropic distillate. 
The scale 01 abscissas gives the volume 
01 the hydrocarbon portion 01 tbe dis
t illate. 'l'h e relativc amounts by volume 
01 th e various compon ents are ind icated 
in the upper portion 01 tbe fi guJ·e. The 
portions A and TI, enclosed with a rI'O\V~, 

werc processed Imtbcr by adsor pt ion, 
the results 01 wb ich are given in fi gure 
15. P ortion A was analyzed by spectro
graphic infrared absorpt ion measure
ments the res ul ts oC whi ch arc given 
in table 2. Po rt ion 0 was processed 
with higher-boiling material. 
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FIGURE 15. R esults oj adsorption experi
ments on 2,3-di-methylhexane and 2-
methyl-3-ethylpentane. 

rrhe port ions A, B, 0 , and D, enclosed with arrows, 
were either reproccssed by adsorption or selcctcd as 
concentrates of the individua l co mponents; sce text lor 
lurtber discussion_ 

WASHlNGTON, September 8, 1949 . 
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