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hydrogenation, the caloric value of unsaturated fat 
might  be increased by  selectively el iminating the 
protozoa f rom the rumen.  
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Abstract 
Gas chromatography  has been extremely valu- 

able for  the analysis of materials  used in the 
manufac tu re  of surfactants .  Tempera ture  pro- 
gramming,  which makes possible the efficient 
separat ion of wide boiling range mixtures,  has 
extended the usefulness of the 'technique. 

In  the work described, mixtures  of 1-olefins 
f rom C8-Cls in chain length were completely sep- 
ara ted on a silicone rubber  column in 17 min. 
The peaks were sharp, symmetr ical  and almost 
evenly spaced. A flame ionization detector was 
used. 

Using synthetic mixtures,  it was found 'that over 
the Cs-C18 range, peak area percent agrees very  
closely with weight percent.  On a large number  
of measurements,  the average deviation between 
area percent  and weight percent was 0.5% abso- 
lu'te, with a range of _+ 2%. No bias in instru- 
ment  response was observed with respect to chain 
length. Average carbon numbers  calculated f rom 
chromatographic  data were accura te  to within 
Jr 0.2 units. 

Chromatographic  results were compared with 
mass spectrometer data  and were found 'to be 
significantly more precise and accurate. Fur ther -  
more, olefins could be detected in concentrations 
low enough that  they were missed by the mass 
spectrometer  (0 .1%).  

Introduction 

B I~A~TCHED-Ct~AIN OLEFI~qS, par t icu lar ly  te t rapropyl-  
ene, have long been used as intermediates  in the 

manufac tu re  of detergents.  With  improved technol- 
ogy, s traight-chain 1-olefins are expected to become 
available soon in large volume and at  commercial 
prices. As such, they are regarded as basic raw ma- 
terials and valuable intermediates for  the detergents 
of the future .  The need arises, therefore, for  a rapid,  
reliable method for  analyzing commercial mixtures  of 
1-olefins in the C8-C18 range. Gas chromatography  
has proved useful for  analyzing detergent  intermedi- 
ates and related materials  in the past  (1-4) ,  and we 
have found this technique, with the addit ion of pro- 
g rammed column temperature ,  to be useful  also for  
1-olefins. 

Experimental 
An F&M Model 609 gas chromatograph was used 

in this work. The ins t rument  was equipped with a 
flame ionization detector and a Disc integrator.  Sili- 

cone gum rubber  (SE-30) was found to be a very  
efficient s ta t ionary  phase for  separa t ing ]-o]efins in 
the C8-C18 range. The column used was 2 f t  long, 
l~ in. O.D. stainless steel packed with 20% SE-30 on 
60-80 mesh Chromosorb P. 

Separat ion was best when the column tempera ture  
was p rogrammed upward  f rom 75C at a l inear rate  
of 9C per  minute.  Flow rate  of the hel ium carr ier  
gas was 30-35 cc per minute. Inject ion por t  and de- 
tec'tor tempera tures  were 270C and 325C, respectively. 
Sample size was varied between 0.1 and 1.0 ~1. To 
check quant i ta t ive response, a series of nine syn- 
thetic mixtures  was p repared  f rom pure ,  even-num- 
bered 1-olefins in the C8-C18 range. The mixtures  
cot/rained f rom two to six components ranging  in 
concentration f rom 5-95%. 

Results and Discussion 
A typical  p rogrammed tempera tu re  chromatogram 

of an experimental  olefin mixture  is shown in Fig- 
ure 1. F igure  2 shows the chroma'togram of the 
same sample run  under  isothermal conditions. The 
increased efficiency of p rogrammed tempera ture  oper- 
ation in separa t ing mixtures  spanning a wide boiling- 
point range is s tr ikingly demonstrated.  Not only is 
resolution improved by tempera ture  programming,  
but higher boiling components (i.e., C16, C17, and Cls 
olefins), so diffused in isothermal operat ion as to  be 
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unseen on the chromatogram, can be readily detected. 
The identity of the small shoulders associated with 
the major peaks is uncertain and was not investi- 
gated in this work. They are thought  to be due either 
to diolefins or to positional isomers. 

With the synthetic mixtures described previously,  
it was found that the relative peak areas agree very 
closely with weight  percents. For  43 measurements,  

T A B L E  I 
Gas Chromatographic and Mass Spectrometric Data 

on Synthetic Mixtures of 1-Olefins 

Constituent 
Actual 
% by 

weight 

5.0 
10.0  
] 5 . 0  
20 .0  
24 .9  
25 .1  

14.5  

24 .9  
24 .9  
20 .0  
15 .0  
10.1  

5.1 

11.5  

5.0 
10.0  
20 .1  
49 .8  
10 .0  

5.1 

13.3  

5.0 
95 .0  

25 .1  
74.9  

49 .9  
50.1  

74.8  
25 .2  

95 .0  
5.0 

Gas chromatography 

% Diff. 

5.3 +o.3 
10.4  + 0 . 4  
15.2 + 0 . 2  
20 .4  + 0 . 4  
23 .7  - - 1 . 2  
25 .0  - -0 .1  

14.4  - - 0 . 1  

23 .2  - - 1 . 7  
25.1  ~-0.2 
20.1  -~0.1 
15.5  + 0 . 5  
10.2 + 0 . 1  

5.7 + 0 . 6  

11 .6  -~0.1 

5.1 + 0 . 1  
10.5  + 0 . 5  
20 .7  + 0 . 6  
47 .8  - - 2 . 0  
10.3  + 0 . 3  

5.7 + 0 . 6  

13.3  0.0 

6.1 + 1 . 1  
93.9  - - 1 . 1  

26 .4  + 1 . 3  
73.6  - - 1 . 3  

48.3  - - 1 . 6  
51.7  + 1 . 6  

74.3 - - 0 . 5  
25 .7  + 0 . 5  

94.9  - - 0 . 1  
5.1 + 0 . 1  

Mass spectrometry 

% Diff. 

5.0 0.0 
7.4 - - 2 . 6  

13.2  - - 1 . 8  
17.4  - - 2 . 6  
26 .5  + I  .6 
30 .5  + 5 . 4  

] 4 . 9  + 0 . 4  

19 .4  - - 5 . 5  
19.1 - - 5 . 8  
21 .3  + 1 . 3  
15.9  + 0 . 9  
16.3 -4-6.2 

8.1 -}-3.0 

12.3  + 0 . 8  

6.7 + 1 . 7  
10 .4  + 0 . 4  
23 .4  + 3 . 3  
38.1  - - 1 1 . 7  
13 .0  + 3 . 0  

8.4 + 3 . 3  

13.3  0,0 

Mixture 1 
l -Oetene 
t -Decene 
1-Dodecene 
1-Te t r adecene  
1 -Hexadecene  
1-Octadecene  
Average 

carbon no. 
Mixture 2 

1-Octene 
1 Decene 
1-Dodecene 
] -Tctradecene 
1-Hexadeeene 
1-Octadecene  
Average 

carbon no. 
Mixture 3 

1-Octene 
1-Decene 
1-Dodecene 
1 -Te t r adecene  
1 -Hexadecene  
1-Octadecene 
Average 

carbon no, 
Mixture 4 

1-Decene  
1-Hexadecene 

Mixture 5 
1-Decene 
1-Hexadecene  

Mixture 6 
1-Decene 
2-Hexadecene  

Mixture 7 
1-Decene 
1-Hexadecene  

Mixture 8 
1-Decene 
1-Hexadecene 

VOL. 40 

]7ABLE I [  

Gas Chromatographic and Mass Spectrometric Data on an 
Experimental  Olefin 

Chain length 

C9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iso-Cll . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cll  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iso-C~ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CI2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iso-Cla . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iso-Cl~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iso-C~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Mass s )ee. data 

% Mono- 
olefin 

22.5  

19.6 

16.4 

14.2 

16.2 

4.4 

93,3  

% Di- 
olefin 

1.9 

1 .6  

1.2 

1.2 

0.8 

6.7 

Ga.s ahro 
matography 

(%) 

0.5 
19.2  

0.3 
18 .9  

0.3 
16.8  

0.3 
17.3  

0.8 
18 .4  

0 .6  
5.3 
0.9 
0.3 
0.1 

100 .0  

Average carbon no . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.9 12.2  

the average deviation between area percent and weight 
percent was 0.5% absolute, with a range of • 2%. 
Average carbon number values calculated from chro- 
matographic data were accurate to within +__ 0.2 units. 
For  purposes of comparison, mass spectrometric data 
were also obtained on some of the synthetic and ex- 
perimental  olefin mixtures.  Results  are summarized 
in Tables I and II. 

No bias in chromatographic response was observed 
with respect to chain length in the Cs-Cls range. It 
was noted that, in general, deviations were positive at 
low concentrations and negative at high concentra- 
tions, indicating some deviation from linearity with 
respect to concentration. Deviations,  however, were 
within the range given above. 

Precision at 95% confidence was found to be • 2% 
of the amount present over the 5 -95% concentration 
range investigated. Precision data were obtained over 
a two-week period during which such activities as 
turning  the instrument  on and off repeatedly, re- 
moving  and reinstall ing the column, and cleaning t h e  
detector were performed. 

It is apparent from Table I that the chromato- 
graphic results on the synthetic mixtures are superior 
to mass spectrometric data. It must  be pointed out, 
however,  that the mas~ spectrometric data presented 
here were obtained on an instrument  which was not 
specifically calibrated for 1-olefins. Therefore, they 
do not represent the highest accuracy attainable. Av- 
erage deviation of mass values is 3.3% absolute. 

A further comparison of chromatographic and mass 
spectrometric results is found in Table II, which shows 
data for an experimental  olefin sample. The mass 
spectrometer is superior in its ability to distinguish 
diolefins. The ident i ty  of small chromatographic peaks 
is uncertain,  and they are reported s imply as isomeric 
structures. The gas chromatograph showed the pres- 
ence of small amounts  of C9, C16, C17, and C18 olefins 
not detected by mass spectrometry.  The two tech- 
niques require about the same time, 20 25 rain per 
sample, including calculations. Gas chromatography 
has the important  advantage of requiring far less 
expensive equipment than does mass spectrometry. 
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