
rrttvoductiom 

Separation factors between any tio mait~etiialls iin mqarikll me my Be 
defined as the ,greater reten+ion We cdh~dledl w ttIke ksser z&nn&ma triinw:. &II * uase: 
of the methyl -esters iof ;unsatm&ed Ee zkidls ccirm ~~oJI~B -iittk%ef.?nl 
possible to show that systematiic &h&ion~ EG&& w sqr~~&&rm EZX&DE arxmang 
various acids of any lone tied cc?hCin kngtlh C&~EZIK~ arm ttlk~ II&I&WE p~.~siittik~~ 08 
single double :bonds Ior of nonmall m c&xll%k&dq+ 
temslsa. These separation !facztors,, cdesigntied t@qpe II 4 t@r~ lllT,, auk wi&nalQ i&l& 
pendent of chain length and number cog &xmlMe %JCBD& m t&e &if@- ~iinlttlk 
number of ,double bonds are &he same. lIti Ihasllxxrm Emmtker ~ttftauft-seIp==- 
tion factors would slso ;amly 50 &la&ed ~~~SE&JIIE~~ :nr&knu&~ 

. . 
, lg lhpi0mum- 

bons such <as *he waGenes. 
In the type I and type IIt separtion fikdtorrs testka%&&&l &r I&E xuu&tR@ es&r~ 08 

unsaturated fatty iacids it was poskible, r&zwq$u maq&g W -d&*%0-, 
to fix either the ca~box~l end &&in @lhe iin- -QDfF-alrtomlusflirommltiEhrt: 
carbosyl group to the !center of TtIhe 3iwt c&n%&e EMYIJK@) can t&e er&l can&usm c&.&m ((tlk 
inclusive number <of ca.&on atoms Tb*7een Ulbe coenti~ (off ttlhe Rx& &R&&Z %_KD~EK~% aumdl tilk 
terminal methyl group).. En tie Qqpe IlIIlI: sqpaunttiiiccirm fIkxc&as ttlbxe _- errnan CCrDm* amer 
applied to chains (of the same ilength ccxnxtaikiqg Ulbxe szanme m&*%or;ti 
isomer-k positions. The i&pe H zmd i.e lilt IK~~ crnmmmrsat%In-*- 
available hydrocarbon data, ibut it!he -e lUUI .q&txenu uxnu Bne: eq@nwB,, u&&g Ulk 
terms “long end,carbon ch&n+ ~~d”“~ol?tc~acanTb~~“‘~~~~~~~ 
chain portions ,on Gther side kf &he cctenrter (09 t&e C&D&&E tit% iku t&e -&knrzs~ 
The effects of the different qkitions cof &e ccknll& Uwnwll q&kmns &cm l&qn~ Ii anr& 1111 
separation factors in the case of ithe lloxrger &aiinu Eartt@ zkr&ik - em dl tk9 xr&.&k2 
changes in volatility {due to the rtihrree+ca&~ u%uuqes iixm Uik lkeqtlk a% t!lb~ caur%e~&I 
end chains and the *end w.r&n &Gins. lI%iis mas &as&l corm t&e era ~BIK& m W 
double bond in ,octadecenoic bakty :a&k qqproadhedl kit!krr Mb.u.e GZIU%JD~~~~ ~JJRDUI@?, err 
particularly the terminal meti, groq& =,, 08 ttlbe 3kttt& z&d u%&iua tllbn? nxUenatik~ tlikez 
increased* drastically. A kim3lar cobserxatkikna mrray lbe rnwdk iiun Iparntt w&lh CM&W&L 
cadienoic .estersb., while in ithe case 103 .sa&uuzkedl ce&ers ~0% cnmmmmmmn u.%&m~ti 
same rule of increasing retention it&ine iis ~&serwedl kas ki&33r tUhrf2 rnrnbidi cmr a&&&l ruDx&+ly 
of the chain is reduced?. En the Uatier exanql&e t&is mnay b (oaaqpz~4 xwiitBhk_ 
boiling points ,of .sirnilar testers oif khoxkr cdhaCn Ihx@%~?,, e lk& U.ik ikmrearswll 
retention time is :assodiated ti$h :a Ihi&er lb- @inatL 

The separation factors to lbe exanaiinea ;ame ttib.en&m cmff tklbe UXJBE lIlUI s@knin,, 
with one double bond jin xMio.ns igo&iions. ?nme lpamiiiaulhnr I&J-“” * ‘i anxe!s&lqD<nnl 
the basis of the ratios (of &he ““$hont end ~can3bcirn &r&t? ZRUEB FLUE llk&edl tto) ipQliins, (08 

. . ((n;tJlu anntinuodl~. ~7 48 



T
A

B
LE

 
I 

t\
. 

C
O

)I
P

A
R

lS
O

N
S

 O
F

 S
O

M
E

 
S

E
P

A
R

A
T

IO
N

 F
A

C
T

O
R

S
 F

O
R

 W
A

L
K

E
N

E
S

 
B

A
S

E
D

 
O

N
 Z

/3
, 3

/I
 

A
N

D
 

2/
I 

S
H

O
R

T
 

E
N

D
 

C
A

R
B

O
N

 
C

H
A

IN
 

K
A

T
ID

S
 

Su
bs

tr
at

e 
Si

li
co

ns
SF

-9
6”

 
H

8x
ad

ec
ac

c(
w

it
h 

P
rS

 a
nd

 D
ts

S)
 b

 

H
yd

ro
ca

rb
on

 
B

.P
. 

O
C

 

Lo
ng

 rn
d 

S
ho

d 
en

d 
R

tl
. 

Sc
pn

ra
f i

o
rl 

R
L

’I
. 

Se
Ja

ru
f 

io
rl

 

ca
tb

o.
. 

ca
rl

cs
 

re
f. 

fl
l~

lO
lS

 
rr

f. 
fd

O
rS

 

ch
ai

n 
ch

ai
n 

1 i
nt

cC
 

21
3 

31
1 

z/
x 

Ii
nG

 
43

 
31

: 
z/

r 

ci
s-

z-
H

ep
tc

ne
 

98
.4

1 
ci

s-
3-

H
cp

te
ne

 
95

-7
5 

I-
H

ep
te

ne
 

93
.6

4 

5 4 6 

2 
3.

19
 

3 
2.

84
 

I 
2.

50
 

2 
1.

16
 

3 
1.

03
 

I 
0.

89
 

2 
0.

41
 

I 
0.

31
 

2 
2.

95
 

3 
2-

76
 

I 
2.

50
 

2 
I.

O
j 

3 
1.

03
 

I 
0.

89
 

2 
0.

38
 

i 
0.

3i
 

- 
- 

- 

1.
12

 
- 

- 

- 
1.

14
 

1.
28

 

- 
- 

- 

1.
12

 
- 

- 

- 
1.

16
 

1.
30

 

- 
- 

- 

- 
- 

1.
32

 

- 
- 

- 

1.
07

 
- 

- 

- 
1.

10
 

1.
18

 

- 
- 

- 

I.
02

 
- 

- 

- 
1.

16
 

1.
1s

 

- 
- 

- 

- 
- 

1;
2n

 

- 

z 
- 

- 
- 

!i
 

1.
12

 
- 

- 

- 
1.

14
 

I.
29

 

ci
s-

2-
H

cx
en

e 
68

.8
9 

ci
s-

3-
H

cx
en

e 
66

.4
5 

r-
H

ex
en

e 
63

.4
9 

1.
42

 

1.
26

 

1.
10

 

4 3 5 

ci
s-

2-
Pe

nt
en

c 
36

.9
4 

I-
Pe

nt
en

e 
29

.9
7 

O
.
j
I
 

0.
39

 

3 4 
- 

- 
I.

31
 

tm
zs

-a
-H

ep
te

ne
 

97
.9

5 
5 

C
ra

rz
s-

3r
H

ep
te

ne
 

95
.6

7 
4 

I-
H

ep
tc

ne
 

93
.6

4 
6 

tr
an

s-
2-

H
es

en
e 

67
.8

5 
tr

at
1s

-3
-H

es
ei

~ 
67

.0
9 

I-
H

ex
eb

e 
. 

63
-4

9 

1.
31

 
1.

21
 

1.
10

 

- 
- 

- 

L
O

S
 

- 
- 

- 
I.

10
 

I.
19

 

4 3 5 

fm
s-

i-
Pe

nt
en

e 
36

.3
5 

i-
Pe

ht
el

d 
99

.9
7 

0.
48

 
- 

- 
- 

0.
39

 
L 

i 
i.k

j 
3 4 





274 NOTES 

alkenes with short end carbon chains of I, 2 and 3 giving ratios of 2/3, 3/r and 2/r. The 
appropriate separation factors will therefore be found under these headings in Table I. 

In the case of the, gas-liquid chromatography of certain rrt-alkenes on a polyester 
substrate* (Table I-B, Column V) the Z/I separation factors for the cis-hesenes and 
cis-pentenes are not the same, nor are the tram examples. Moreover the cis and trnrts 
forms of the same alkenes do not separate, indicating that on this polar substrate, 
although the retention times are in order of boiling point for the isomeric alkenes of 
the same chain length, there must be a further overriding influence, that of inductive 
forces from the respective end carbon chains, which would change the polarity of the 
double bonds in their interaction with the polyester. If the 2/1 separation factors for 
the butenes are also considered (1.43 at 5o”, I.33 at IOOO), an alternating order of 
magnitude is apparent. The reversal of the relative magnitude of the separation 
factors for the pentenes with temperature increase further indicates that at moderate 
temperatures complex interactions govern the retention times of isomeric alkenes on 
polar substrates and hence the type III separation factors. However, as the temperature 
increases these same data indicate that the differences in the 2/1 separation factors 
for various chain lengths become less. Certainly the polarity of the I-hesenes and I- 
pentenes is notably altered, since they no longer separate from the corresponding 
alkanes at IooO. In the gas-liquid chromatography of the longer-chain unsaturated 
fatty acid esters with more centrally located unsaturation, inductive effects should 
play only a minor role in positional isomer separation at normal operating tempera- 
tures (ISo”- 2200), although this would not apply to double bond systems very near 
the carboxyl group 9. For esample in the type II separation factors” it would be un- 
reasonable to espect the inductive effects from the 3, 6 or g carbon atom end carbon 
chains to act universally on double bond systems containing from one to sis double 
bonds. 

A potential variable which has not been esplored in alkene separations at moder- 
ate temperatures on polyester substrates is the physical state of the substrate. It 
has recently been shown 10 that the performance of inert solid and liquid hydrocarbon 
substrates in the gas-Liquid chromatography of alkanes may differ drastically. 
Dependent on temperature, a polyester substrate might be solid, solid with a film of 
amorphous low molecular weight or degraded polyester, or a homogeneous liquid, 
with consequent variation in polarity and behaviour. 

In contrast, esamination of retention times at 24” for both cis and tram 2- and 
3-alkenes in relation to I-alkenes, on SF-96, an inert substraterl (Table I-A, Column I), 
not only gives very good correlation of retention times and boiling points, but also 
good agreement in the separation factors for the cis-heptenes and cis-hexenes. The 
cis-pentene data also agrees reasonably well, but the retention times for the shorter 
chain materials are not necessarily as satisfactory as for the longer chain mater.iahP. 
Thus there is reason to believe (see also log plot discussion below) that the retention 
time for I-pentene may be slightly low, and it will be noted that a relative retention 
time of 0.32 in lieu of 0.31 for this material would markedly improve the Z/I separation 
factor correlation. This does not necessarily reflect on the accuracy of the esperimental 
data, but rather on the number of significant figures in the particular relative reten- 
tion time. 

J. Cltvornntog.g., 12 (1963) 271-276 
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These observations suggest that in the case of the cis hydrocarbons on an “inert” 
substrate it may not be necessary to have the same “long end carbon chains” in 
order to have the same values for separation factors based on the ratios of the “short 
end carbon chains” only, provided that the number of carbon atoms in the “long end 
carbon chains” esceeds four or possibly three. This is in agreement with the type III 
separation factors obtained with polyunsaturated fatty acid esters on polyester@, 
where in those pairs of acids of common end carbon chain ratio the position of the 
unsaturation in relation to the carbosyl group is of little significance, provided the 
number of double bonds involved is the same in the various pairs of acids (e.g. x1,14- 
and S,rr-eicosadienoates and ~,xz- and 6,g-octadecadienoates, end carbon chain 
ratios both 6/g, have respective type III separation factors of 1.05 and 1.04). In- 
ductive forces are therefore unlikely to affect these separations. The particular acids 
in each set of pairs are those which may be respectively related by a linear log plot131 111. 

Unfortunately the necessary data for Zonger chain hydrocarbons to support this 
view are not available, but some comparison may be made of data from different 
workers using the same shorter chain cis hydrocarbons on other “inert” substrates. 
At nearly the same temperature, data for a hexadecane column (coupled to a short 
section of column packed with a-propyl sulfone and z,4-dimethylsulfolane)15 agrees 
very well in the case of the cis-hesenes and cis-pentenes (Table I-A, Column II). 
At a somewhat higher temperature, so”, silicone greases also gives reasonably similar 
values, although these do not correlate at IOOO (Table I-B, Column III). At the same 
elevated temperatures D.C. 200 silicone oil8 (Table I-B, Column IV) gives very poor 
correlation. It will be noted that with the silicone grease both the cis and bans 
separation factors increase with increasing temperature, whereas with the silicone 
oil they decrease, suggesting that one of these last two substrates may not be truly 
non-polar (D.C. zoo silicone oil has been reported to be more polar than squalanelG). 

In the tram alkenes the situation is less clear, owing to the anomalous boiling 
point and retention time for the trams-3-hexene. The separation factors on hexadecane 
are interesting since the tmuts-hesene separation factors are virtually the same as 
those obtained for the tmrts-heptenes on SF-96. Unfortunately the former cannot be 
considered entirely reliable owing to the possible slight influence of the short length of 
mildly polar substrate preceding the hesadecane, although this does not seem to 
have an appreciable effect on the cis values, or on the trans 2/1 short end carbon 
chain ratio separation factor. In the case of the tram alkenes the silicone grease and 
D.C. 200 silicone oil separation factors are both in poor agreement with the SF-96 
data. 

In lieu of the common practice of plotting log retention time against boiling 
point, the log retention time data for the SF-96 column were plotted against number 
of carbon atomsr39*4. The C, points only partly fit the other data since the errors in 
relative retention time may be relatively large, but some significant correlations may 
be found. The c&z-, &s-3- and trans-2-alkene lines are all parallel, and if the point 
for I-pentene is slightly in error (see above), the I-alkene line is also parallel to these. 
The tmns-3-alkene line is abnormally inclined to the others owing to the anomalous 
tmrzs-3-hesene point, and none are parallel to the m-alkane line. The latter is, however, 
based on dataI at 25". The results are therefore broadly similar to those suggested for 
positional isomers of methyl esters of certain polyunsaturated fatty acids on polyester 
substrates13. 

J. ~h’O??latOg., I2 (1963) 271-276 
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conclzcsions .1 

On liniited evidence it appears that as operating temperatures increase, inductive 
effects in gz-alkenes governing the polarity of the double bonds decrease, suggesting 
that other influences must govern the. gas-liquid chromatographic separation of 
isomerically unsaturated materials on polar substrates at elevated temperatures. 

The examination of hydrocarbon retention times on various substrates from the 
point of view of separation factors and in one case of the linear log plot system 
supports the viewpoint that these systematic relationships in the gas-liquid chro- 
matography of unsaturated fatty acid esters on polyester substrates may be largely 
based on similarities in volatility due to contributions from similar structural elements. 

The application of systematic separation factors to the analysis of hydrocarbon 
mistures on strictly inert substrates may be useful if such mistures are essentially 
straight-chain alkenes and if the relationships proposed can be shown to hold for 
longer chain materials where reference compounds of known structure may not be 
readily available. 

Halifax Laboratol*y, Fisltevz’es Research Board of Canada, 
Halifax, N. S. (Caftadn) 
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