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Analysis of Mixtures of Olefin Hydrocarbons Produced by 
Codimerization of Butenes 1 

Augustus R. Glasgow, JI. 
. This paper describes the analysis, with respect to individual componen ts, of th ree 

mlxtmes of olefin hydrocarbons. These were produced by the combination to form dimers 
of mixed butenes in a t ubul ar type reactor with phosphoric acid as catalyst. P roducts 
of such reactions ar e called "codimers" and the process " cod imeri zation". The allalyscs 
w~re made by utilizing di stillations performed at high effici ency with high rcfjux rat io, 
WIth accurately measured valu es of the boiling point and refractive index of the fraction s 
of di stillate, and with separation by adsorption of the paraffin por tion of selected distill ate . 
In the case of on e codimer, u se was made of the previous analysis of t he correspondi ng 
mixture of paraffins produced by hydrogenation of t he codimer. 

1. Introduction 

As part of its war resear ch program, the American 
Petroleum Institu te Research Project 6 at the N a­
t ional Bureau of Standard was call ed upon , by the 
T echni cal Advisory Comm ittee of the P etroleum 
Industry War Council and the National Advisory 
Commi ttee for Aeronautics, to determin e the com­
ponents of mixtures of hydrocarbon produced by 
commercial processes important in the preparation 
of h igh-octane aviation fuel. Incl ud ed in the 
program were three samples of mixtures of olefin 
hydrocarbons produced by t.he cociimerization of 
butenes and , in addition , a sample of the prod uct 
obtained by hydrogenation of O[1e of the above 
mixtures. ince, in the petroleum iudu try, a 
mixture of olefins such as that produced by the 
combination of butene is called "a codimer", and 
the product formed by hydrogenation of the codimel' 
is called "hydrocodim er", these terms will be used 
in the text. 

The analysis of various mixtures of alley lates 2 and 
hydrocodimers, inclu ding the hydrocodimer referred 
to in this paper, by analytical distillation and the 
meaSUl'ement of physical proper ties of the distill ates 
was previously descl'ibed.3 This report gives the 
method and results of th e analy es of the mixtures 
of monoolefin hydrocarbons that comprise the 
codimers. The analysis of a mixture of olefin is 
more complicated than the analysis of a mixture 
of the corresponding paraffin hydrocarbons because 
of (a) the presence of many mOl'e close-boiling 
isomers, (b) the lack of accurate data on the physi­
cal properties of all the pure componen ts, and (c) 
the greater susceptibility of the olefins to oxidation. 

II_ Material Analyzed 

The material analyzed was the product of the codi­
mcrization of material, which was mainly a mixture 

1 This investigation was performed as part of tbe work of tb~ AmeriC'.ln Petrole· 
um Institute Research Project 6 at the National Bureau of Standards Oll tbe 
"Analysis, P urification , and Properties oC llydrocarnon s". 

, 'rbo term "alkylate" is uscd in conformity with illdnstrial practice to desig­
nate t boS(' mixtures of branched-chain paraffm hydr ocarbons produced by the 
3ddition of paraffllls to oleti ns. 

3 A. R. Glasgow, J r., A. J. Streiil, O. B . Willingham, and F. D. Rossini , Proc. 
Am. Petroleum Inst. 26 (III) , 127 (1946) : J. Rescs rcb N B S 38, 537 (1947) llP1795. 

of butenes, in a tubular type reactor with phosphoric 
acid as the cn talyst (the process of the Universal 
Oil Produ cts Co.) . Th e samples aro Ii ted accord­
ing to thc American Petroleum Insti tute Research 
Project 6 numbers. Samples numbers 38 and 39 
were prepared at the Bayway Laboratories of the 
Standard Oil Co. of Jew J'er ey as Bayway test runs 
11 and 12, respectively. Codimer ample number 
45 and ltydrocod imer sample number 44 were pre­
pared at the Heysham Refin ery of Trimpel Limited, 
London, Eng., and had the des ignat ion HSO 1685 
and H SO 1684, respectively. The analys is of hydro­
cod imer sample number 44 , whi ch was tbe bydro-
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TABLE J . Operating conditions and product inspections fo!" 
samples analyzed 

A P IRP-6 sa mple __________________ _ 38 39 45 

Source' .. ___________________________ _ 
OatalysL. __________________________ _ S. O. N. J . S. O. N. J . ' I' rirn pe l 

Phosph oric l' hos phoric Phosphoric 
acid acid acid process ______________ ___ ______ _____ _ U. o. P . U. o. P. U. O. P. 

Reactor type ______________ ________ _ rrubular Tubular 'r'ubular 

Fresh feed, butene/dimc!". __________ 7950 
Fresh feed a na lysis, perce nt b y 

volullle: 0 3IT, ______________________ .____ 0.4 
i O,IT, _____ . _______________ .____ 13.4 
?l 0,]], ____________________ .____ 25. 9 
O'H lO ______________________ . ____ 2.1 

R ecycle rat io . ______________________ 0.07 
Space vclociLy __ .___________________ . 82 

r['emperatuI'C inlet, °F ______________ 283 
' r cmpera ture outlet , °F_____________ 303 
Pressure, i1)/in. ' __________ ___________ 000 

Olefin con version, percent by 
volume ___________________________ 52.5 

R eaction rati o " _____________ .______ 1. 72 

Oontribution to polymer based on 
disappearance of olefin gas, per-
cent by volume: 

O,IT.___ ________________________ 1 
i O,B', _______________ _________ 58 
?l O.1J, __ . ___ .__________________ 38 
OsH lO.________________________ __ 3 

Inspections,.A srr~V[ octane number: 
Wi thou t add ition of TEL ______ 96.3 
F - 3 willl addit ion of 4 ml of 

1'EL per gallon__________ __ ___ 108.0 
F - 4 wiLh addition of 4 ml of 

1' EL per gallon_. __ __ _________ b 172 

8920 

0.3 
12.9 
20. 4 
0.5 

o 
0.87 

373 
41 3 
847 

70. 0 
2.22 

I 
45 
53 

I 

88.2 

103. 2 

h 144 

a Reaction ratio=tota\ olefin s CO ll vc rtccl /isobutylcll c co n vcrtl'd . 
b Blcnding value. 

52.'iO 

1.0 
17.0 
7.2 
o 
o 
O. i2 

308 
324 
800 

92.8 
1. 41 

4 
71 
25 
o 



genated product of codimer sample number 45 , was 
previously reported (see footnote 3). 
I ':The pertinent operating conditions and inspection 
data on the samples, submitted by the above com­
panies, are given in table 1. The analyses of the 
olefins in the fresh feed to the reactor and in the de­
butanized overhead from the reactor, expressed as 
the disappearance of olefin gas in table 1, give a 
measure of the components reacting in the process. 
The large decrease in the butene content shows that 
the predominant reaction is between the butenes. 

III. Method of Analysis and Results 

The analyses were made by utilizing distillations 
performed at high efficiency with high reflux ratio, 
with accurately measured values of the boiling point 
(to ± 0.01 deg C) and of the refractive index (to 
± 0.0001) of the fractions of distillate, and with 

separation by adsorption of the paraffin portion of 
selected distillate. 

In preparation for the analytical distillations, the 
bulk of the peroxides was removed from the samples 
of codimer by simple distillation in vacuum, with the 
distilling temperature near or slightly below room 
temperature and the temperature of the receiver 
about - 78° C . Hydroquinone was added to the 
pot and the receiver to serve as an antioxidant. 
The bulk of the peroxides was contained in the un­
distilled portions, which were withheld from further 
analysis. These residues, expressed as percentage 
of the volume distilled, were for samples 38, 39, and 
45 about 10, 10, and 1 percent, respectively. The 
distillates, after the addition of 25 g of hydro quinone 
to each, were subjected to analytical distillations, 
the details of which are given in table 2. Complete 
details regarding the distilling operations are given 
in a paper by Willingham and Rossini. 4 

4 0 . B. Willingham and F. D. Rossini, J. Research N B S 37, 15 (1946) RPli24 

TABLE 2. Information on the analytical distillation of three codimerf! 

Distilla tion 

Sam ple M a terial N umber of equiv-
number Distillin g alen t tbeoretical R eflux ratio Ra te of Volume of Volume of R esults Ana lysis 

column pla tes at (approxi- collection ('ba rge each plotted in given in 
number toml reflux m ately) of dis tillate fraction /igm e- t able-

(approximately) 
------- ------------------ ------.~ -------- -------- ----- ----------------------

no. 
38 Oodimer, TAO, Bayway IL __ ____ 2 
39 Oodimer, TAO, Bayway 12 _______ 3 
45 Oodimer, H S O- 16RL _____________ 4 

I 

Changes in composition of the distillate from the 
analytical distillations caused by oxidation, polymer­
ization, etc. of the component olefins, were mini­
mized by storage of the distillate at 8° to 10° C in 
amber glass bottles with screw caps. To determine 
the magnitude of any changes in composition, meas­
urements of the refractive indices of the distillate 
from codimer sample 39 were made as follows: 
(a) Within 1 to 2 days after collection from the dis­
tilling column with storage at 8° to 10° C; (b) after 6 
weeks of storage at 8° to 10° C; and (c) after 6 weeks of 
additional storage at room temperature (near 25° C) . 
These data are given in figure 1. The results given 
in the figure as the two solid lines of refractive index, 
for conditions (a) and (b) above, show that under 
refrigerated conditions the refractive index remained 
substantially constant. However, after 6 weeks of 
storage at room temperature, changes in the refrac­
tive index of the material occurred, as shown by 
the broken line. These data 011 refractive index 
show that in the analysis of material of this kind 
it is necessary to refrigerate the fractions of distil­
late and to determine the necessary properties 
without delay. 

Reduction of the data from a large-scale plot of the 
boiling point and the refractive index of the distillate 
as a function of the volume of the distillate, to obtain 
the amounts of the individual components, was made 
in the same manner as that previously described for 
the analysis of the paraffin mixtures of alkylates and 

100 
100 
200 
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ml/hr 1111 1111 
150/1 2. 0 4. 500 R. 2 2 3 
150/1 2.0 3; 600 7.5 1 3 
165/1 4. 5 4, 975 16. 7 3 3 

hydrocodimers (see footnote 3) . In calculations for 
sample number 45, use was made of the results of 
the analysis of the corresponding hydro co dimer under 
the assumption that the process of hydrogenating 
the codimer to form the hydrocodimer did not alter 
the carbon skeleton of any significant number of 
molecules . This assumption appears to be substan­
tially correct since it served to produce a logical 
correlation among the amounts of the components of 
the respective mixtures, as shown in table 4. Fur­
thermore, to simplify the analysis of codimer sample 
number 45, the presence of 2,2-dimethylhexane 
(0.9 percent) in the hydrocodimer and corresponding 
olefins in the codimer was ignored. 

Upon inspection of the data, it was evident that 
paraffin impurities were present in the codimers 
For example, in codimer number 38, as shown in 
figure 2, a flat occurs in the boiling point curve at 
the boiling point of n-pentane. Moreover, the cor­
responding index of refraction is lower (ND at 25°C, 
1.3623) than would be expected for any ole fins boiling 
in this region, although higher than the refractive 
index of pure n-pentane (1.3547). Therefore, re­
course was made to filtration through silica gel, to 
separate any n-pentane from the olefins. After 
passage of a 1-ml portion of this distillate through 
silica gel 5 the first few drops of filtrate had refractive 
indices increasing successively from 1.3531 to 1.3546. 

' A. R. Glasgow, Jr. , 0 . B . Willingh am , and F. D . Rossini, Ind . Eng . Ohern· 
41, 2292 (1949) . 
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FIGURE 1. Results of the analytical disti llation oj codimer sampte number 39. 

The uncertamLies in the values of the rolmcti ve index and boiling point lor the pure components a re ind icated by the limi ts of the arrowed line drawn through 
tb e crosses and circles denoting these two p roperties. T he relath-e amolluts by volume of tbe variolls components arc indica ted in the upper portion of the fi gnre. 

The adsorbed portion, after displacement by ethanol, 
was found to have the refractive index l.3757, indi­
cating that the material boiling in the flat was largely 
n-pentane with some isopentane (ND at 25° C, l. 3509) 
and some olefin . 

Similarly, th e refractive index curve for codimer 
number 45 i.ndicated the presence of paraffin hydro­
carbons. Therefore , 10-ml portions of fractions of 
the distillate that appeared to contain paraffin 
hydrocarbons (A, B, C, and D in fig. 3) were filtered 
through a column of silica gel (28 to 200 mesh, abou t 
1 em in diameter and 50 cm in length) . On e milli­
li ter of the first portion of filtrate was then passed 
through a small column (see foo tnote 5). The 
refractive indices of the paraffin portions and the 

components of the mixtures, as deduced from the 
boiling point together with th e refractive index 
(ND at 25°0), were as follows: A, l. 3798, 2,2- and 
2,4-dimethylpentane; B, 1.3896, 2,3-dimethylpen­
tane; C, 1.3890, 2,2,4-trimethylpentane; and D , 
1.4025, 2,3,4-trimethylpentane plus some 2,3,3-tri­
methylpentane. The amount of 2,2,4-trimethyl­
pentane in sample number 45 and its apparent 
absence in samples 38 and 39, as indicated by the 
boiling point and refractive index curves, are shown 
in figure 4. The circles and crosses in the figure 
refer to the boiling point and refractive index, 
respectively, of the pure compounds. Th e volume 
of each of the components in the distillates, based on 
the r eduction of the boiling point and refractive 
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FIG URE 4. Compw'ison of distillate from codimers in the 
region of the boiling point of 2,2,4-trimethylpentane. 

index data, is indicated in the upper portion of the 
figure. The broken lines accompanying the refrac­
tive index curves indicate the division into compo­
nents, as deduced from the above properties. 

The results for codimer samples 38, 39, and 45 
are given in figures 1, 2, and 3 and in table 3. The 
material boiling below pentanes and pentenes, which 
constituted 7.5 and 5.0 percent of the total volume 
distilled for samples 38 and 39, respectively, had the 
following composition expressed as percentage of the 
total volume distilled: 

Sample number 38, isopentane plus lower-boiling 
material, 1.7 ±O.4; 1-pentene plus 2-methyl-1-butene, 
0.6 ±0.4; n-pentane, 3.1 ± 0.8; cis-plus trans-2-
pentene, 0.8 ± O.3; 2-methyl-2-butene, 1.3 ± 0.3. 

Sample number 39, isopentane plus lower-boiling 
hydrocarbons, 4.0 ± 0.3; pentenes plus n-pentane, 
1.0 ±0.5. 

From th e analyses given in table 3, the relative 
amounts by volume of the trimethylpentenes in the 
codimers that would yield the same trimethylpentane 
on hydrogenation without al teration in the carbon 
skeleton were as follows: 

(a) 2,4,4-trimethyl-1-pentene, 2 to 4 times that of 
2,4,4-trimethyl-2-pentene; (b) 2,3,4-trimethyl-2-pen­
tene, about two times that of 2,3,4-trimethyl-1-
pentene; (c) 3,4 ,4-trimethyl-2-pentene, two to three 
times that of 3,3,4-trimethyl-l-pentene; and (d) 
2,3 ,3-trimethyl-1-pentene, slightly greater than 3,3,4-
trimethyl-l-pentene. 

Figure 5 shows the distribution of olefins in the Cg 

portion of hydrocodimer, sample number 44. 
The open and solid circles give the boiling points 

of the pure paraffins and olefins, respectively, and 
the crosses refer to the values of the refractive indices 
of the pure compounds. The refractive index of the 
original distillate containing olefins is lQ-ven by the 
broken line and that of the paraffin pOIltion, by the 
sohd line. The difference in the refractive index of 

the paraffin portion and that of the original distillate 
is shown in the lower portion of the figure. The 
areas obtained by plotting the increase in refractive 
index due to olefins as a function of the volume of 
distillate, together with the corresponding plot of 
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T A BLE 3. Com ponents of material boiling above pentanes and pentenes 

Componen ts Boiling point 

Cod imcr 
Sa mple No. 38 

Cod imer 
Sample No. 39 

Cod imcr 
Sample No. 45 

atlat m I------------------~------·---------------------------------
Percentage by volu me (above C6 components) 

4,4 ·Di metbyl· l·pen tene ______ _ 
2,3-Di methyl-2-bu tene _______ _ .----------
4,4-Di meth yl-2-pentene " ____ _ 

°C 
72.2 
73.2 
76 

----------- ) 
---_.------ 0.7 ± 0.3 1.4 ±0.4 :~t~~t ) 2. 0 ± 0. 5 

Hexenes _________ ____________ _ 
Hexenes b+ hexanes _____ , ___ _ 

2,2-D imet hy lpen tane ________ _ 
2,4-D imetby lpen tane ________ _ 
2,4-D imethy l-2-pen tene ______ _ 

41 to 70 
49 to 73 -6TI;6:fi-

2,3-Di methy l-I-pen tene ____ __ _ 
3-Metby l-2-ethyl-bu tene ____ _ _ 

79.2 
80.5 
82.4 
85 
89 
89.8 

1.8 ± 0.3 3.6 ± 0.7 

}04 ± 0 2 j 

} j~~-~gj- 8.9 ±1. 0 
2.3-D imethy lpen tane ________ _ 
Hepten es ____________________ _ 
2,3·D imethyl-2-pen tene ______ _ 

76 to 95 
97 

1.0 ± 0.3 
0. 8 ± .3 

2.0 ±0.7 
1. 6 ± .7 

2,2,4-Trimeth ylpentane ___ __ _ 
2,4,4-rrrimcthyl-l-pentenc . __ _ 

99.2 
101.4 2ii~ii - ;±i:fi - } 28.6 ±l. 3 - 4 ~ ii -;±O : 7 - } 4.9 ± 8.7 

4 4 ±I 5 

2.1 ± 0.7 
20. 4 ±1. 0 22.5 ±1.0 

Octenes __ ___ ______ ____ __ -- ---
3,4,4-'l' rimethyl-l-pcnienc . __ _ 
3,3,4-'rrimethyl-I-pentene ___ _ 
2,4,4·'rrimcthyl-2-pentenc . __ _ 

102 to 104 
104 
105 
104 .9 

: : : ~ : ~i :~: } 11. 7 ±I5 ,::: ; : ~~: : : } 5.2 ± 0.9 '-2~6-;± i~6 - } 
I. 2 ± 0.6 
5.4 ±1. 5 

9. 2 ±1. 2 

2,3,4 -'I"rimcthyl -l-pcntcTl c. __ _ 
2,4 -Dimet hy l-3-hexene R _ ____ _ 

2,3,3·'l' l'i mcthyl-l-pentcnc . _._ 

108 ' 8.5 ±3. 0 
lOS -----------
10 .4 04. 9 ±2.3 

7.8 ±2.0 
1. 7 ±0.8 
I. 9 ± 0.9 

e 10.3 ±1.1 

Oetenes _______________ ----- - -
Octanes , _______________ ____ _ _ 

108 to 1I2 0.5 ±0.3 26. 6 ±2. 0 109 to 110 
8.8 ±1.5 26.3 ±2. 0 0.5 ± 0. 2 

1.1 ±o.s 
20. " ± 1. 5 

-- - --------
3,4- Di methy l-I-hexene ______ _ _ 
3,4,4-Trimethyl-2-pentene " __ _ 
Octenes h __________________ _ 

112 -- ---_.----
112 '12. 7 ±1. 7 

110 to 112.5 -----------
'7.2 ±3.6 5. 4 ±1. 7 

2.0 ±1.0 

Octenes _____________ __ ______ _ lJ2to 115 
Octenes ______ ___ ___ ______ ----
2,3,4-'r' rimcth yl-2-pcnLcnc j __ _ 

} e I. 0 ±0.6 } 115L01l6 17.6 ± 0. 6 116.3 :~~~-~~~~-
i~ : ~:~i : ~ : } 21.1 ±1. 5 

• 7. 2 ±2. 0 } 
2.4 ±1.5 27.6 ± 2.0 

=~~~ -~=~~-2,3,4.Trimet hy lpentane i ____ _ 113.5 2. 2 ±1.0 

3,4-.0 imet hy lhexane _________ _ 
2.3- Dimethy l-2-hexcnc k _____ _ 
Octenes d ___________________ _ 

117.3 
122.1 

117 1,0123 
----------- } I. 9 ± 0. 4 
-i:ii-;±6X 

Noncnes . __ . ____ _________ __ _ _ 
N oncncs. ___________________ _ 
Olen ns+parafHns ___________ _ 
Nonenes+higher olefins _____ _ 
Oleflns+paraffLlls ___________ _ 
Olefi ns+paraffins ___________ _ 
Olefills+parafllns __ _________ _ 

124 to 136 
124 to 149 
123 to I'll 

>136 
>149 
141 to 165 

> 165 

;:~u H>±O.' 

-S:S-;±6X ) 
::::::::::: 24.8 ± 0.5 

19. 0 ±0.4 
-----------
- - -- -- - - - - - -- ~ - -- -- - --

TotaL ___________________________________ -------------

a Cts and trans isomers. 
b May conta in so me 4,4-di methyl-1-pentene (a heptene) . 
• May include other octanes. 
d M:ay include so me nonenes. 
e M ay include some octanes. 

100.0 100.0 

f Includes 2,2,3-tr imethylpentane, 2,5-dimethy lhexane, and 2.4-dimethylbexane . 
• M ay include some 3-metbyl-2-isopropyl-l-butene n car 104° C. 
h 'Phese octenes may include 3,3-d imetl1yl-2-eth yl -l -butene, 2,4-dimethyl-2-hexene, '1-methyl-2-ethyl-l-pentene, 2,4-dimetbyl-1-bexen e, 2,5-dimetbyl-l-hcxene, 

(c+O-3,5-d imethyl-2-hexene, 2,5-d i metbyl-2-hexene, and 3-mct hl' l-2-ethy l-1-pentene. 
f Includes small amount of 2,3,3-tnmethy lpen tane and 2,3-dlluethylbexane. 
i May include some (c+0-3.4-di met l1 yl-2-bexelle . 
k May include some 3,4-dimethyl-3-hexene. 

boiling point versus volume, show the distribution of 
th e olefins in the distillate of the Cs paraffins. 

F igure 6 shows th e distribution of major Cs pa.r­
aJIins in th e Cs portion of codimer sample number 45 
and the method used in deducin& this distribution. 
In figure 6 th e open and solid circles give th e b?iling 
poin ts of the pure paraffins and olefins, respectlvc.ly, 
and the crosses refer to the valu es of the r efractIve 
indices of th e pure compounds. The uncer tainty in 
each of these values is indicated by the limits of the 
arrowed line drawn through the property. The 
broken curves accompanying the observed r efractive 
indices (solid lines) are th e curves calculated for th e 
separation that would have been . ob tained in tlfe 
distilling column if no paraffins had been presen t III 
the material. The blocked broken lines were for th e 
same condi t ion wi th perfect separation , and were 

used to calculate the shapes of the brok:en curves . 
The lowering in refractive index du e to paraffin was 
then calculated as the difference between the broken 
curve and the observed refractive index. The areas 
A, B , and 0 ob tained by plotting the decrease in 
refractive index due to paraffi n as a function of the 
volume of distillate, togeth er with t he corresponding 
plo t of boiling point versus volume, show the dis­
tribu tion of the major 0 8 paraffins in the distillate 
to be as follows: A, 2,2,4-trimethylpen tane; B, 2,2,3-
trim ethyl pentane ; 0, 2,3,4-trimethylpen tane plus 
2,3,3-trimethylpen tane. 

Figures 5 and 6 also show that no significant 
number of molecules underwen t altera tion in their 
carbon skeletons during hydrogenation of the 
codimer to form the hydrocodimer. That is, the 
predominan t Os olefins presen t a.s impur ity in the 
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hydrocodimer have the same carbon skeleton as the 
predominant paraffins, and similarly the predominant 
Cs paraffins present as impurity in the codimer have 
the same carbon skeleton as the predominant olefins. 

Table 4 is the correlation of the olefins found in 
codimer sample number 45 with th e paraffins of the 
same carbon skeleton in the corresponding hydro­
codimer (sample number 44) for the material boiling 
above pentanes and pentenes. The matenal boiling 
below pentanes and pentenes was 0.8 and 0.2 percent 

of the total volume distilled for the codimer and 
hydrocodimer, respectively. 

Grateful acknowl edgment is made to Frederick 
D. Rossini for his many suggestions in the course of 
the investigation and in the preparation of this 
report, to Charles B. Willingham for supervising the 
distillations, and to Morton B. Epstein for assisting 
in the analytical reduction of the data as described 
(see footnote 3) . 

T A BLE 4. COTTelatwn of the olefin s in the codimeT w~th pamjJins of the same cal' bon skeleton i n the cOlTes ponding hydTocodim er 
fO T the mateTial 90i ling above pentanes and penten es 

H ydrocodimer 
Sample N o. 44 

Codimer 
Sample N o. 45 

----~~m~:n~:~-----r-~:l:::p~,~e:;- ----~~::_---I--~l:::;,:r=--

H exanes ____________ ______________ I___________ O. 8±0. 3 

2,2-Dimethy IPenta ne------------- } 2.4 ± 0.5 } _ 
2,4-Dlmethylpenta ne--- _______ _ __ 2. 5± 0. 0 

Olefin s below,900,C ______________ 0. 1± . 05 

2,3-Dimeth ylpen tane_____________ 7.4±.6}_ -± O 6 
Olefin s 900 to 99° C _______________ 0.1 ± . 05 /. 0 . 

0 Ie fi~1~.99° to 109° C ______________ O.6±0. 3 }28. 0± 1.0 
2,2,4-1 Ilmcth ylpentane_ ____ ___ __ 27. 4± 1. 0 

2,2-Dimeth ylhexane _________________________ O. 9±0. 5 

2,5-Dimethy lhexane ______________ } 2 ?± I 1 
2,4-Dimeth ylhexane __________ ____ ---------- . - . 

2,2,3-Trimethylpentane---------_ 7.9± J. 5} 8 ]± 1 5 
Olefin s 109° to 114° C ,____________ 0. 2± 0.1 . . 

2.3,4-Trimeth ylpcntane __________ 28.3±2. 0 }28 9± 2 0 
Olefins 1140 to 1200 C d ______ _____ 0.6±0.3 . . 

2,3,3-Trimetbylpentane_ _________ ___________ 3. 1± J. 0 

2,3-Dimctbylbex9 ne _________________________ 1. 9± J.0 

3,4-Dimeth ylhexane______________ ___________ I. 1± 0. 6 

C. 

II Hexenes ___________________ . ____ . --1---------- - O. 7± 0. 3 

C, 

4,4-Dimethyl-l-pentene ------_ ___ __ O. 4± 0. 2 ) 
4,4-Dimeth yl-2-pentene 0__________ .9± . 5 
2,2-Dimeth ~IPentane -------------- } . 4±. 2 2. 6± 0. 5 
2,4-Dlmeth) lpentane---- _________ _ 
2,4-Dimethyl-2-pcntene_____ __ ____ _ . 9±. 4 

2,3-Dimethyl-I-pen tene ___________ _ 
3-M ethyl-2-eth yl-1-bu tene ________ _ 
2,3-D imethylpenta ne _____________ _ 
2,3-D imethyl-2-pen tene ___________ _ 

1.4± 0. 5 } 
~t~: ~ 7. 6± 1.0 
4. 4± 1. 5 

2,2,4-Trimcthylpenta ne_________ __ 2. 1± 0.7 } 
2,4,4-Trimeth yl-l-pentene- ______ __ 20_ 4± 1. 0 27. 9± 1. 0 
2,4,4-Trimethy l-2-pentcne_ _ _ _ _ __ _ _ 5. 4± 1. 5 

No assig,\men t. ' 

2,4-Dimeth yl-3-hexene 0 ______________ _ _ _ ____ 1. 7± 0.8 

3,4,4-Trimeth yl-l-pen tene _________ 2.6±1.0} 
2,2,3-Trimcthylpentane b__________ O. 5± 0. 2 8. 5±1. 5 
3,4 ,4-Tl'lmcthyl-2-pen tene 0________ 5. 4± 1. 7 

Oetenes 1100 to 112.50 C ____________ _________ _ 2. 0± 1.0 

2,3,4·Tl'imethyl·1-pentene _________ 7.S±2. 0} 
2,3,4-Trimeth ylpentane___________ 2. 2± 1.0 28.9± 1. 8 
2,3,4-'I' rirneth yl-2-pentene _________ IS. 9± 1. 5 

3,3,4-Trirnetb yl·1-pen tene _________ 11.' 92±±0 .. "9' } 3. 1± 0. 8 
2,3,3-Trimeth yl-l-pentene ________ _ 

2,3-Dimctbyl-2-hexene_____ ________ ___________ 1. 6± . 7 

3,4-D im ethyl-l-hexene_____________ 1.1 ± 0. S} 1?± 8 
3,4-Dimeth ylhcxane______ O. 1± .05 ." . 

C, and higher 

Isononanes 1220 to 144 0 C _______ _ 
Olefins ]200 to 1440 C ____________ _ 

Isodecanes 1450 to 1650 C ________ _ 
Olefins 1440 to 1780 C ___ _________ _ 

I soundecalles 165° to 1780 C _____ _ 
Paraffins > 1780 C _______________ _ 
Olefins> 1780 C ___ _____________ _ 

G: g! ?i 8 } 2. S± O. 8 

1. 3±. 6 
0. 4±. 2 

2. 9±.9 
7. 3±. 6 
0.3±. 1 

12. 2± 0. 6 

Total. _________ _______________________ 100. U 

a Ci s and trans isomers. 

Olefin s 1230 to 1410 C _______ _______ } 2 9± 0 7 
Paraffins 1230 to 141 0 C ___ _________ ---------- . . 

Olefin s 141 0 to 1650 C ______________ } 2 9± 0 7) 
Paraffin s 141 0 to 1650 C ____________ . . 

11. 3±.6 
Olefins > If,5° C ____ _______________ } 8 4± 0 5 
Paraffins > 1650 C _________________ . . 

____________________________________ ___________ 100. 0 

b May includ e smaller amonntof 2,5-dimethylhexane an(l 2,4-dimethylhexane.. . . . 
' The predominant olefin in thIs bOlllDg range IS 3,4,4-tnmethy l-2-pentene, WhICh !S grouped WIth 2,3,3,-tnmethylpentane. 
d rl'he predominant ole fin in thIS bOIling range IS 2,3,4-tnmethyl-2-pentenc, whICh IS grouped WI th 2,3,4-tnmethylpentane . 
• 'rhe fiv e olefin isomers of the same carbon skeleton as 2,2-dimeth ylhexalJe normall y boiling in the region 101 0 to 1070 C close to large concentrat ions of other 

isomers made impracticable any d irect assignment of the 0.9 percent of tb is isomer in the codimer. 

WASHINGTON, October 2, 1950. 
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