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DISPERSION AND SELECTIVITY INDICES IN G4S CHROMATOGRAPHY 
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SUMMARY 

The dispersion (&J and selectivity (II) indicts of homologous alkyl, o-chloro- 
ethyl and alkenyl benzoate and monochlorobenzoate esters are presented as obtained 
on low polarity (SE-X)) and polar (OV-351) capillary columns. The effects of alkyl 
chain length, unsaturation and the position of chlorrnation are discussed and the 
results compared with studies of alipbatic esters The compounds considered allow 
a study of the effect upon retention of chlorination m both the aromatic ring and the 
alkyl group. 

INTRODUCTION 

The division of the retention index of a solute in gas chromatography (GC) into 
a contribution due to apolar forces and related to molecular weight and a second 
contribution due to a summation of polar interactions and steric effects has been 
described recently ‘.’ The first communication dealt in general’ with the development 
of the indices whilst the second detailed various homologous groups of carbonyl 
compounds. With the carboxyl compounds2 the effects of substitution and branching 
in bth constituent chains were considered together with carbonyl compounds, i.e. 
mono- and diketones and pyruvates, containing both a carboxyl and carbonyl 
functional group. 

The present work considers both normal’. crtihloroethy14 and branched-chain5 
alkyl and alkeny16 benzoate esters and their isomeric monochlorinated derivatives 
examined isothermally at 160°C on low-polarity (SE-K!) and polar (OV-3.51) capillary 
columns. The phase OV-351 is described as highly purified FFAP, reported to be the 

l For Part II. see ref : 
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T
A

R
L

E
 

I 

D
lS

P
fC

R
S

iO
N

 
(I

,)
 

A
N

D
 

S
E

L
E

C
T

IV
IT

Y
 

(P
) 

IN
D

IC
E

S
 

F
O

R
 

A
L

K
Y

L
 

A
N

D
 

A
L

K
E

N
Y

L
 

B
E

N
Z

Q
A

T
E

 
E

S
T

E
R

S
 

A
N

D
 

T
H

E
IR

 
M

O
M

X
H

L
O

R
JN

A
T

E
D

 
;=

 
D

E
R

IV
A

T
F

V
E

S
 

O
N

 
S

E
 3

0 
A

N
D

 
O

V
-3

.5
1 

n-
c,

 
95

6.
3 

14
0.

7 
12

01
.8

 
54

.2
 

51
.2

 
52
.2
 

n-
c,

 
10

56
.3

 
10

7 
7 

13
00

1.
8 

25
.2

 
21

.2
 

22
.2
 

n-
c J 

11
56

.3
 

10
7 

7 
l4

01
.U

 
20

.2
 

16
.2

 
17
.2
 

rt
-c

, 
12

56
.3

 
I0

3 
7 

15
01

 H
 

18
.2

 
15

.2
 

I6
2 

n-
c,

 
13

56
.3

 
10

1.
7 

16
01

.8
 

15
.2

 
12
.2
 

14
.2
 

n-
c-

* 
14

.M
 3

 
10

1 
7 

17
01

 n
 

I5
2 

12
.2
 

14
2 

n-
C

7 
I.

55
63

 
lO

f.7
 

IH
0l

.U
 

14
.2

 
10
.2
 

13
.2
 

It
-C

, 
16

56
.3

 
09

.1
 

19
01

.8
 

13
.2

 
9.
2 

12
.2
 

n-
c,

 
17

5(
13

 
Q

Q
I 

20
01

.8
 

12
.2

 
n2
 

14
.2
 

n-
C

 I,, 
18

_%
.3

 
Q

sl
 

21
01

 
n 

I?
.?

 
72
 

II
 2
 

n
-c

’, 
i 

IQ
56

 1
 

w
7 

22
01

 
n 

II
 

2 
b2
 

IO
 2
 

fl-
(-

12
 

zo
S6

 
3 

98
7 

2W
l 

w
 

II
 

2 
b2
 

IO
 2
 

M
et

hy
le

th
y 

I 
II

%
 

3 
1:

 
7 

I#
)I
 x
 

26
 6

 
1:
 6
 

31
 b

 
I -

M
et

hy
lp

qy
l 

12
56

 
f 

36
 7

 
15
01
x 

41
 8

 
45
.6
 

45
.X
 

2-
M

et
hy

lp
ro

py
l 

12
56

.3
 

61
.7

 
14
01
.X
 

-2
1.

8 
26
.6
 

24
.8
 

1,
2-

D
im

et
hy

lp
ro

py
l 

13
56

.3
 

10
.7

 
16
01
.8
 

-7
3.

3 
-8
0.
3 

-7
6.
3 

I -
M

et
hy

lb
ut

yl
 

13
56

.3
 

24
.7

 
16
01
.8
 

-6
1.

3 
-6
5.
3 

--
63
.3
 

3-
M

et
hy

lb
ut

yl
 

13
56

.3
 

68
.7

 
16
01
.8
 

-2
3.

3 
-2
4.
3 

-2
0.
3 

2-
Pr

op
en

yl
 

11
41

.9
 

16
0.

1 
13
87
.5
 

22
.6

 
16
.6
 

16
.5
 

2-
Pr

op
yn

yl
 

11
27

.5
 

12
5.

5 
13
73
.1
 

46
.9

 
37
.9
 

36
.9
 

3-
B

ut
en

yl
 

12
41

.9
 

99
.1

 
14
87
.5
 

17
.5

 
10
.5
 

12
.5
 

I-
M

et
hy

l-
3-

bu
te

ny
l 

13
41

.9
 

26
.1

 
15
87
.5
 

-5
2.

5 
-6
1.
5 

-5
8.
5 

(I
?)

-2
-B

ut
en

yl
 

12
41

.9
 

13
1.

1 
14
87
.5
 

48
.5

 
42
.5
 

44
.5
 

4-
Pe

nt
yl

 
13

41
.9

 
10

5.
1 

15
87
.5
 

19
.5

 
16
.5
 

18
.5
 

(E
)-

3-
H

ex
en

yl
 

14
41

.9
 

10
2.

1 
16
87
.5
 

19
.5

 
8.
5 

11
.5

 
(2

)3
-H

ex
en

yl
 

14
41

.9
 

11
1.

1 
16
87
.5
 

24
.5

 
18
.5
 

21
.5

 

B
en

zo
at

e 

es
te

rs
 

P
 

()
J%

P
- 

o-
C

’h
lo

ro
- 

m
-C

hl
or

o-
 

p-
Ch
lo
ro
- 

C
hl

or
ob

en
zo

at
e 

he
nz

ou
te

 
be

nz
oa

te
 

be
nz

oa
te

 

P
.m

T
x 

es
te

rs
 

es
te

rs
 

ef
 t

er
n 

P 
P

 

ov
-3
51
 

Be
nz
oa
te
 

es
te
rs
 

o-
Ch
lo
ro
 

m
-C

hl
or

o-
 

p-
C

hl
or

o-
 

be
nz

oa
te

 
be

nz
oa

te
 

he
nz

oa
te

 

es
te

rs
 

es
te

rs
 

e.
y te

rs
 

P
 

P
 

P
 

P
 

68
6.
7 

13
5.
2 

b2
8.
7 

66
9.
2 

62
0.

7 
65
3.
2 

62
27
 

b4
2.
2 

61
77
 

63
8.

2 

b1
6.
7 

63
6.
2 

61
7.
7 

63
6.
2 

61
6.
7 

63
7.
2 

61
7 
7 

63
7.
2 

63
81
 

b3
X 
2 

(C
IY
 7 

bW
2 

b2
u7
 

04
12
 

52
6 

7 
i5
b4
 

51
7 
7 

53
9.
2 

55
4.
7 

57
3.
2 

47
6.
7 

49
9.
7 

49
7.
7 

51
5.
7 

56
8.
7 

57
6.
7 

69
4.
4 

71
6.
6 

88
9.
5 

92
4.
9 

67
5.
1 

69
8.
5 

55
4.
1 

57
5.
5 

73
1.
1 

74
3.
5 

68
6.
1 

70
2.
5 

65
8.
1 

68
3.
5 

67
4.
1 

60
1.
5 

65
2.

2 
64

12
 

58
5.

2 
58

3.
2 

56
6.

2 
56

8.
2 

55
5.

2 
56

3.
2 

55
1.

2 
55

6.
2 

54
9.

2 
ss

2.
2 

55
2.

2 
55

4.
2 

55
1.

2 
55

4.
2 

55
1.

2 
55

3.
2 

55
1 

2 
ST

42
 

$5
1 

2 
55

12
 

55
2 

2 
5%

2 

4W
I 

4 

45
4.
2 

48
6.
2 

40
3.
7 

42
9.
7 

49
8.
7 

63
2.
5 

83
3.
9 

61
3.
5 

48
6.
5 

66
4.
5 

62
0.
5 

58
8.
5 

61
0.
5 

4x
2 

4 

45
62

 

49
2.

0 
41

0.
6 

F 

44
2.

6 
m

 

50
3.

6 

63
1.

5 

7 

83
0.

9 
$ 

61
4.

5 
U

P + 

48
9.

5 
? 

66
2.

5 

62
3.

5 
9 

59
1.

5 
x 

61
3.

5 
z 



DlSPERSlON AND SELECTIVITY INDICES IN GC 33 

esterifatton product of Carbowax 20M and 2mtroterephthalic acid’. Various 
studies of the esters of interest, particularly the parent esters, have been recently 
reported* and are not repeated in this work. The influence of the various structural 
parameters, particularly on the selectivity indices, are discussed and some comparisons 
are made with earlier studtes of aliphatic carboxyl compounds. 

EXPERIMENTAI 

The GC was conducted on a Perkin-Elmer Stgma 3 instrument using a vitreous 
silica SE-30 capillary column (25 m x 0.33 mm 1 D ). (S.G.E., North Melbourne, 
Australia) and a fused-sihca OV-351 column (25 m x 0.32 mm I.D.) (Orion Analytica, 
Espoo, Finland). The conditions were: injectton and flame-ionisation detector 
temperature, 275°C; column temperature. 16OC. nitrogen carrier gas and a split ratio 
of 1:25, Retentions were measured as retention Indices as previously reported3-6. 

RESULTS AND DISCUSSION 

Tab&z I shows dispersion (&,) and selectivity (I+) mdices for the alkyl and alkenyl 
esters studied. The n-alkyl benzoate esters on the low-polarity phase show I* values 
which tend to decreax slightly as the chain length is Increased although the main 
decrease occurs with the lower alkyl esters. This is mdtcative of a significant methyl 
effect and formation of a homologous series where additional methylene groups have 
a truly additive effect ‘The values are, however. consrderably higher than those of the 
corresponding alkyl esters, 1.~. the n-alkyl hexanoates, due to the higher boiling points 
and the aromatic structure As with alkyl- and alkenqlhenzenes’ an extension of the 
x bonding system greatly extends the selectivity 

Chlorination at all three positions on the ring produces equivalent and higher 1u 
values due to the increased molecular weight but lower values of I* on the SE-30 
StPtionary phase. It has been shown previously’ wtth aliphatic compounds that the 
presence of polar functional group tends toward positive I* values whilst groups with 
screen4 electrons display strongly negative values Here while the basic aromatic 
structure is of greater polarity, the addition of a halogen causes a considerable 
reduction 

The P values of the orrho. ~ru and para isomers are very similar, there being 
a slight decrease from nrthn to pru and a mintmal further decrease frompara to meta. 
The corresponding values of all compounds are greatly increased on the polar 
(OV-351) column The substantial difference between the values of the parent esters 
and their derivatives IS not evident now, The elution pattern is as demonstrated 
previously where maximization of the polar effects occurs with the ortho substi- 
tuent3.6. This behaviour can be explained on the basis of electromerism6. The decrease 
in electron density occurring m the phenyl ring with n-substitution is more pronounced 
than that with m- and p-substitution, the increased Interaction between this more 
eloetron-def~ient ring and the electron-donating groups of the phase giving rise to the 
relatively higher retentions of the cpchloro isomers on OV-351, This effect with the m- 
and pchloro isomers seems to be similar. I.C. the retention behaviour between the 
isomeric esters remains unchanged with increasrng column polarity. 

The effect of branching of the alkyl group 15 evident from Table I. Methylethyl 
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bcnzoate on SE-30 has a considerably lower value of Z* than any of the n-alkyl 
btnzoates, the effect of the methyl group in shielding the carbonyl being considerable 
as mdicated previously2. The other live esters. all follow a logical sequence, the 
I-methylpropyl has a lower P value but this 1s greater than that of 2-methylpropyl 
ester where greater separation occurs. The I.‘-dimethylpropyl ester with further 
constraints has a lower I* value, The I-methylbut! and 3-methylbutyl esters follow 
the correspondmg propyl esters. Wrth chlormation the greatest values of I* are again 
shown with the ortho homologues. but the absolute values of I* are very much lower 
than those for the saturated esters because branchlnp on the carboxyl group reduces 
the polarity of this part of the compound and thts tn company with the aromatic 
mot&y and the halogen atom has a marked effect 

On the polar phase the value\ of all four senes are lower than for the straight 
chain esters but the trends are the time. namelv 

The effect of unsaturation in the alkyl benroates IS evident firstly by comparison 
of ?-propenyl and n-propyl benzoate, On SE-Y) shght enhancement of I* occurs with 
the unsaturated ester while the three sets of chlormated isomers have essentially equal 
I+ values. With increased phase polarity the P valuer of the unsaturated esters and of 
the chlorinated esters are expectedl! increased The 3-butenyl ester showed a reduced 
P value compared to the n-butyl ester on SF- 30 but dn Increased value on OV-35 1. The 
2-butenyl ester w-tth closer proximity of the unsaturation to the carbonyl group shows 
further Increased values of I* rn both phawc It 1’1 evident here as in the preceding 
work on alkyl esters that the 2-butenyl isomer shows greater relative I* enhancement 
than the 2-propenyl ester. the srgtnficance of the terminal methyl group again being 
apparent. The 4-pentenyl ester shows Increased values of I* relative to the n-pentyl 
benzoates but the values are reduced compared to the shorter-chain unsaturated esters 
indicating further that transmission of polar effects along an alkyl chain is limited. 

The ester (1 -methyl-?-butenyl) with a pendant methyl group adjacent to the 
carboxyl group shows the lowest values of P of all the esters on both phases, and the 
efTect relative to both the 3-butenyl and 4-pntenyl IS quite dramatic. The moderating 
effect of a methyl group as a cubstituent adjacent to the carbonyl group has been 
observed prevlouslv with unsaturated aliphatic fiter\ 

Table II shows dispersion (ZM) and selectivitv (P) indices for the w-chloroethyl 
benzoates and then monochlorinated derivative\ 

Monochlormation of the aromatic rmg has been shown on the non-polar phase 
to produce a reduction in I* With ethyl benrnate. d reduction in P in excess of 80 is 
evident on monochlonnation of the ring w-bile similar chlorination of the ethyl group 
causes a reduction of about 30. The difference m the values are due to less interference 
of the n bonding system by the chlorine substituent As expected, Table II shows that 
the selectivity index on the same phase is reduced both with chlorination of the ethyl 
group and of the ring 

Table III shows the effects of di- and trichlormation of the ethyl group where 
very much greater reductions in P are evident as expected, while similarly with ring 
chlorination comparably large reductions also occur In common with the other series 
(Table I), the orho compounds (Table II) exhibit greater retention and the highest Z* 
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TABLE IV 

ALTERNATIVE TABI~LATION OF REDUC‘TIO% IY CFLECTIVITY (I*) INDICES WITH 
w-ETHYL AND RING ‘PHLORINATION 

Ethyl 
twlwnate 

Monochkoroethyl 

bmzoate 

DrchIoroethyl 
bzwxte 

Tnchloroethyl 
benzoate 

* o-. m-. p- 

Alkyl group 

Aromatc ring 

Alkyl group 
AromatIc nng 

Alkvl group 
Aromattc nng 

Aromatr rq 

respects\ elc 

295 

766. 836. 81 6 

1800 
76 6. 88 5. II0 6 

73 5. 91 8. 85 q 

values of the three Isomers The actual variations III the P values are shown in Table 
111. 

The increased difference in selcctivlty of monochloroethyl benzoate and 
dxhloroethyl benroate in comparison to ethyl ben7oate and monochloroethyl 
benzoate is observed However. a very similar reduction in I* occurs with ring 
chlorination of the two species, and the same effect 19 apparent with all three series with 
P decreasing expectedly with increasing chlonne content. The effect of the addition of 
one. two or three chlorine atoms to ethyl hen/oate is shown in the lower part of 
Tabte III. 

With the polar stationary phase the same trends are evident but increased P 
values are initially experienced due to the predominant effects of the donor phase but 
arc overcome with Increased chlorine content 

The effects of rmg chlormation are also chown In Table TV. The effect of chlorine 
introduction in the alkyl chain is as indicated m Table III. Introduction of a chlorine 
atom at any of the rmg positions produces on SF-.30 similar and possibly slightly lower 
reductions of P as the polarity or chlorme content of the parent compound is 
increased. With the polar stationary phase a sipmficant increase in Iy is evident with 
the first alkyl chlormatlon and much less with ring chlorination of ethyl benzoate. 
The results for the three isomers are very vanable with the monochloroethyl 
compound and only slightly less so with the dtthloroethyl benzoate, but significantly 
lower with the trichlorobenxoate derivatives 
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