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SELECTIVITY OF AN OCTADECYL-MODIFIED VINYL ALCOHOL CO- 
POLYMER GEL FOR THE RETENTION OF POLAR COMPOUNDS 

MITSUKO HIRUKAWA and TOSHIHIKO HANAI* 

Gasukuro Kogyo Inc., 237-2 Sayamagahara, Iruma 358 (Japan) 

SUMMARY 

The enthalpies of phenols and aromatic acids were measured in order to 
characterize their behaviour on an octadecyl-bonded vinyl alcohol copolymer gel in 
reversed-phase liquid chromatography. These values were compared with the 
enthalpies measured on an octadecyl-bonded silica gel. The enthalpies of non-polar 
compounds, measured on an octadecyl-bonded silica gel, were higher than those 
obtained on the bonded vinyl alcohol copolymer gel. However, the enthalpies of 
phenols and aromatic acids were higher than those obtained on an octadecyl-bonded 
silica gel. This means that hydrogen bonding may be involved in the retention of 
phenols and aromatic acids on this vinyl alcohol copolymer gel. 

INTRODUCTION 

The retention of hydrophobic compounds on an octadecyl-bonded vinyl alcohol 
copolymer gel was investigated in relation to their Van der Waals volumes and 
a selectivity index representing the energy effect related to delocalization energy as 
used previously in reversed-phase liquid chromatography1*2. The selectivity index, R* 
related to various intermolecular interactions is given by the equation 

R = R, + R* 

where R is the retention time of the analyte and R, is the molecular size index, defined 
as the retention of a hypot.hetical n-alkane having the same Van der Waals volume as 
analyte .The retention time of highly ‘hydrophobic compounds was longer than 
their predicted retention times on both an octadecyl-bonded silica gel3 and an 
octadecyl-bonded vinyl alcohol copolymer ge14. The difference between the experi- 
mental and predicted capacity ratio could be related to their enthalpies334. The value of 
the enthalpy effect of alkylbenzenes in which the alkyl chain was longer than six carbon 
atoms increased dramatically with increasing chain length, but the value of the 
selectivity index became fairly constant 334 Direct adsorption of solutes on the surface 
of these packings could therefore be the predominant force in the retention of the 
larger sized alkylbenzenes on an octadecyl-bonded vinyl alcohol copolymer gel and on 
an octadecyl-bonded silica gel. Further, the enthalpy effect of polyaromatic hydro- 

0021-9673/89/$03.50 0 1989 Elsevier Science Publishers B.V. 



T
A

B
L

E
 

1 

PH
Y

SI
C

A
L

 
PA

R
A

M
E

T
E

R
S 

A
N

D
 

T
H

E
 L

O
G

A
R

IT
H

M
 

O
F 

C
A

PA
C

IT
Y

 
R

A
T

IO
S 

(k
’)

 O
F 

PH
E

N
O

L
S 

E
xp

er
im

en
ta

l 
co

nd
iti

on
s:

 
co

lu
m

n,
 

B
H

S
T

 6
02

 C
L

8 
(1

0 
cm

 
x 

6 
m

m
 I

.D
.)

; 
el

ue
nt

, 
50

%
 a

qu
eo

us
 a

ce
to

ni
tr

ile
 

co
nt

ai
ni

ng
 

0.
05

 M
 p

ho
sp

ho
ri

c 
ac

id
; 

fl
ow

-r
at

e,
 

1 
m

l/m
in

. 

N
o.

 
C

om
po

un
d 

vw
v 

L
O

K
k 

A
S+

 
-A

H
 

-A
H

c 

T
em

pe
ra

lu
re

 
[I

/T
 

(K
-’

 
. 

lo
’)

] 

30
9.

6 
31

4.
5 

31
9.

5 
32

4.
7 

33
0.

0 
33

5.
6 

34
1.

3 
34

7.
2 

1 
Ph

en
ol

 
53

.8
8 

-0
.3

22
 

-0
.2

98
 

-0
.2

71
 

-0
.2

42
 

-0
.2

19
 

-0
.1

93
 

-0
.1

62
 

-0
.1

26
 

2 
2-

M
et

hy
lp

he
no

l 
65

.0
3 

-0
.1

66
 

-0
.1

39
 

-0
.1

04
 

-0
.0

89
 

-0
.0

64
 

-0
.0

50
 

-0
.0

18
 

0.
01

5 
3 

4-
M

et
hy

lp
he

no
l 

65
.0

3 
-0

.2
41

 
-0

.2
10

 
-0

.1
80

 
-0

.1
64

 
-0

.1
39

 
-0

.1
16

 
- 

0.
08

4 
-0

.0
50

 
4 

2,
3-

D
im

et
hy

lp
he

no
l 

76
.1

8 
-0

.0
52

 
- 

0.
02

9 
0.

00
4 

0.
02

7 
0.

05
0 

0.
06

3 
0.

09
0 

0.
12

5 
5 

2,
C

D
im

et
hy

lp
he

no
l 

76
.1

8 
- 

0.
08

0 
-0

.0
50

 
-0

.0
18

 
- 

0.
00

5 
0.

01
6 

0.
03

6 
0.

06
2 

0.
08

5 
6 

2,
5_

D
im

et
hy

lp
he

no
l 

76
.1

8 
-0

.0
85

 
-0

.0
54

 
-0

.0
27

 
-0

.0
12

 
0.

00
7 

0.
02

8 
0.

05
7 

0.
09

4 
I 

2,
6-

D
im

et
hy

lp
he

no
l 

76
.1

8 
-0

.0
50

 
-0

.0
24

 
0.

00
2 

0.
02

0 
0.

03
8 

0.
05

5 
0.

08
0 

0.
10

9 
8 

3&
D

im
et

hy
lp

he
no

l 
76

.1
8 

-0
.1

58
 

-0
.1

30
 

-0
.1

03
 

- 
0.

08
3 

-0
.0

61
 

-0
.0

42
 

-0
.0

10
 

0.
01

8 
9 

3,
5_

D
im

et
hy

lp
he

no
l 

76
.1

8 
-0

.1
49

 
-0

.1
19

 
-0

.0
90

 
-0

.0
74

 
-0

.0
54

 
- 

0.
03

4 
-0

.0
07

 
0.

02
3 

10
 

2,
3,

5_
T

ri
m

et
hy

lp
he

no
l 

87
.3

3 
0.

03
1 

0.
05

5 
0.

08
8 

0.
11

0 
0.

13
2 

0.
14

4 
0.

16
8 

0.
21

1 
11

 
2,

3,
6_

T
ri

m
et

hy
lp

he
no

l 
87

.3
3 

0.
05

4 
0.

08
2 

0.
11

2 
0.

12
7 

0.
14

6 
0.

15
9 

0.
18

5 
0.

20
8 

12
 

2,
4,

6-
T

ri
m

et
hy

lp
he

no
l 

87
.3

3 
0.

05
2 

0.
07

3 
0.

10
5 

0.
12

2.
 

0.
13

9 
0.

14
8 

0.
17

1 
0.

19
2 

13
 

2,
3,

5,
6-

T
et

ra
m

et
hy

lp
he

no
l 

98
.4

8 
0.

16
4 

0.
18

8 
0.

21
7 

0.
23

4 
0.

25
1 

0.
26

1 
0.

28
2 

0.
30

9 
14

 
2-

E
th

yl
ph

en
ol

 
15

.2
6 

-0
.0

50
 

-0
.0

21
 

0.
01

1 
0.

03
0 

0.
05

3 
0.

07
0 

0.
09

7 
0.

11
5 

15
 

3-
E

th
yl

ph
en

ol
 

75
.2

6 
-0

.1
38

 
-0

.1
07

 
-0

.0
71

 
- 

0.
04

3 
-0

.0
16

 
0.

01
0 

0.
04

6 
0.

08
6 

16
 

C
E

th
yl

ph
en

ol
 

75
.2

6 
-0

.1
42

 
-0

.1
13

 
-0

.0
82

 
-0

.0
63

 
- 

0.
04

5 
-0

.0
27

 
0.

00
3 

0.
03

2 

9.
21

8 
8.

12
7 

9.
81

6 
8.

33
0 

8.
66

2 
8.

68
3 

8.
45

6 
9.

92
5 

9.
83

3 
9.

24
7 

9.
02

7 
9.

10
1 

- 8.
27

2 
9.

24
6 

9.
31

4 

2.
34

4 
1.

98
0 

2.
08

8 
1.

68
3 

2.
21

7 
1.

91
0 

2.
06

2 
1.

92
6 

1.
92

2 
1.

87
2 

2.
02

3 
1.

88
0 

1.
83

6 
1.

94
1 

2.
06

7 
1.

90
6 

1.
97

9 
1.

88
9 

2.
04

3 
1.

94
7 

1.
77

5 
1.

94
0 

1.
63

5 
1.

89
8 

1.
65

4 
1.

96
0 

1.
96

8 
1.

87
7 

2.
64

1 
1.

83
8 

2.
00

8 
1.

88
6 



17
 

2-
C

hl
or

op
he

no
l 

63
.0

3 
~ 

0.
07

8 
- 

-0
.0

48
 

-0
.0

15
 

0.
00

6 
0.

03
4 

0.
05

9 
0.

08
1 

0.
13

8 
6.

66
1 

2.
44

5 
1.

89
9 

18
 

3-
C

hl
or

op
he

no
l 

63
.0

3 
0.

01
8 

0.
05

4 
0.

09
3 

0.
11

9 
0.

15
3 

0.
17

3 
0.

21
0 

0.
26

4 
5.

26
1 

2.
81

7 
2.

11
8 

19
 

4-
C

hl
or

op
he

no
l 

63
.0

3 
- 

-0
.0

15
 

0.
02

1 
0.

05
3 

0.
08

5 
0.

11
3 

0.
14

5 
0.

17
7 

0.
22

2 
5.

70
0 

2.
78

3 
2.

08
5 

20
 

2,
3-

D
ic

hl
or

op
he

no
l 

72
.5

1 
0.

18
2 

0.
21

9 
0.

25
7 

0.
28

5 
0.

31
5 

0.
34

0 
0.

37
7 

0.
41

7 
4.

36
2 

2.
75

2 
2.

06
1 

21
 

2,
C

D
ic

hl
or

op
he

no
l 

72
.5

1 
0.

25
3 

0.
28

6 
0.

32
7 

0.
35

6 
0.

38
5 

0.
41

1 
0.

45
0 

0.
48

8 
3.

55
5 

2.
78

4 
2.

02
9 

22
 

2,
5-

D
ic

hl
or

op
he

no
l 

72
.5

1 
0.

24
9 

0.
28

9 
0.

32
5 

0.
35

3 
0.

38
3 

0.
40

4 
0.

44
2 

0.
44

7 
3.

51
1 

2.
66

3 
2.

03
1 

23
 

2,
6-

D
ic

hl
or

op
he

no
l 

72
.5

1 
0.

14
3 

0.
17

1 
0.

20
1 

0.
22

4 
0.

24
6 

0.
26

6 
0.

29
8 

0.
32

6 
5.

20
7 

2.
16

3 
2.

03
2 

24
 

3,
C

D
ic

hl
or

op
he

no
l 

72
.5

1 
0.

26
6 

0.
30

8 
0.

34
9 

0.
38

1 
0.

41
3 

0.
44

2 
0.

48
2 

0.
52

1 
3.

14
9 

3.
00

6 
2.

13
3 

25
 

3,
5-

D
ic

hl
or

op
he

no
l 

72
.5

1 
0.

40
3 

0.
44

6 
0.

48
9 

0.
52

3 
0.

55
5 

0.
58

1 
0.

61
9 

0.
65

6 
2.

09
1 

2.
98

1 
2.

20
9 

26
 

2,
3,

4-
T

ri
ch

lo
ro

ph
en

ol
 

81
.9

9 
0.

45
9 

0.
49

6 
0.

54
2 

0.
57

9 
0.

61
5 

0.
62

9 
0.

66
3 

0.
70

4 
3.

06
3 

2.
88

0 
2.

08
3 

27
 

2,
3,

5-
T

ri
ch

lo
ro

ph
en

ol
 

81
.9

9 
0.

56
8 

0.
61

1 
0.

65
5 

0.
70

3 
0.

73
0 

0.
76

2 
0.

81
0 

0.
85

2 
1.

89
7 

3.
37

6 
2.

37
4 

28
 

2,
3,

6-
T

ri
ch

lo
ro

ph
en

ol
 

81
.9

9 
0.

38
2 

0.
41

2 
0.

44
7 

0.
47

8 
0.

50
3 

0.
52

4 
0.

56
0 

0.
58

7 
3.

44
2 

2.
46

3 
2.

09
3 

29
 

2,
4,

5T
ri

ch
lo

ro
ph

en
ol

 
81

.9
9 

0.
53

1 
0.

57
1 

0.
62

3 
0.

66
7 

0.
69

6 
0.

73
1 

0.
77

1 
0.

81
4 

2.
19

9 
3.

37
6 

2.
15

7 
30

 
3,

4,
5-

T
ri

ch
lo

ro
ph

en
ol

 
81

.9
9 

0.
59

0 
0.

63
4 

0.
67

8 
0.

72
8 

0.
75

2 
0.

78
4 

0.
82

6 
0.

87
2 

1.
65

1 
3.

31
9 

2.
33

5 
31

 
2,

3,
4,

5-
T

et
ra

ch
lo

ro
ph

en
ol

 
91

.4
7 

0.
77

6 
0.

82
4 

0.
87

1 
0.

92
3 

0.
95

1 
0.

98
0 

1.
02

4 
1.

06
7 

1.
43

8 
3.

43
4 

2.
47

0 
32

 
2,

3,
5,

6-
T

et
ra

ch
lo

ro
ph

en
ol

 
91

.4
7 

0.
67

5 
0.

70
9 

0.
75

4 
0.

79
1 

0.
81

0 
0.

83
1 

0.
86

6 
0.

90
4 

2.
88

0 
2.

67
0 

2.
25

1 
33

 
Pe

nt
ac

hl
or

op
he

no
l 

10
0.

95
 

0.
88

5 
0.

92
6 

0.
97

2 
1.

01
2 

1.
02

9 
1.

05
1 

I .
08

8 
1.

12
7 

2.
49

7 
2.

79
1 

2.
43

9 
34

 
3-

B
ro

m
op

he
no

l 
66

.4
8 

0.
08

7 
0.

12
5 

0.
16

3 
0.

18
9 

0.
22

4 
0.

25
0 

0.
28

6 
0.

31
7 

4.
37

4 
2.

74
7 

2.
03

9 
35

 
4-

B
ro

m
op

he
no

l 
66

.4
8 

0.
06

0 
0.

09
9 

0.
13

8 
0.

16
5 

0.
19

7 
0.

22
8 

0.
26

2 
0.

30
1 

4.
57

8 
2.

84
2 

2.
02

4 
36

 
2,

C
D

ib
ro

m
op

he
no

l 
79

.0
8 

0.
40

0 
0.

44
3 

0.
48

4 
0.

52
0 

0.
55

0 
0.

57
7 

0.
61

2 
0.

65
4 

3.
04

1 
2.

97
4 

2.
02

1 

a 
V

an
 d

er
 W

aa
ls

 v
ol

um
e 

(c
m

’/
m

ol
) 

ca
lc

ul
at

ed
 

by
 B

on
di

’s
 m

et
ho

d 
* 

Se
le

ct
iv

ity
 i

nd
ex

 (
un

its
),

 
ob

ta
in

ed
 

on
 B

H
S

T
 6

02
 C

rs
. 

’ 
E

nt
ha

lp
y 

ef
fe

ct
 (

kc
al

/m
ol

),
 

ob
ta

in
ed

 
on

 E
R

C
-1

00
0 

(O
D

S-
si

lic
a 

ge
l)

 f
ro

m
 r

ef
. 

7 
(e

lu
en

t, 
70

%
 a

qu
eo

us
 

ac
et

on
itr

ile
 

co
nt

ai
ni

ng
 

0.
05

 A
4 

ph
os

ph
or

ic
 

ac
id

).
 



T
A

B
L

E
 

II
 

PH
Y

SI
C

A
L

 
PA

R
A

M
E

T
E

R
S 

A
N

D
 

T
H

E
 

L
O

G
A

R
IT

H
M

 
O

F 
C

A
PA

C
IT

Y
 

R
A

T
IO

S 
(k

’)
 O

F 
A

R
O

M
A

T
IC

 
A

C
ID

S 

E
xp

er
im

en
ta

l 
co

nd
iti

on
s:

 
co

lu
m

n,
 

B
H

S
T

 6
02

 C
rs

 (
10

 c
m

 
x 

6 
m

m
 I

.D
.)

; 
el

ue
nt

, 
30

%
 a

qu
eo

us
 a

ce
to

ni
tr

ile
 

co
nt

ai
ni

ng
 

0.
05

 M
 p

ho
sp

ho
ri

c 
ac

id
; 

fl
ow

-r
at

e,
 

1 
m

l/m
in

. 

N
o.

 
C

om
po

un
d 

V
W

V
” 

L
og

 
k’

 
sb

 
-A

H
 

-A
W

 

T
em

pe
ra

tu
re

 
[l

/T
 

(K
-’

 
. l

o’
)]

 

30
9.

6 
31

4.
4 

31
9.

5 
32

4.
7 

33
0.

0 
33

5.
6 

34
1.

3 
34

7.
2 

1 
B

en
zo

ic
 a

ci
d 

65
.3

6 
0.

06
3 

0.
10

2 
0.

14
6 

0.
18

6 
0.

23
2 

0.
27

8 
0.

33
2 

2 
2-

M
et

hy
lb

en
zo

ic
 

ac
id

 
76

.5
1 

0.
24

6 
0.

29
0 

0.
33

4 
0.

37
6 

0.
41

9 
0.

47
5 

0.
51

0 
3 

3-
M

et
hy

lb
en

zo
ic

 
ac

id
 

76
.5

1 
0.

26
9 

0.
30

7 
0.

35
8 

0.
39

9 
0.

44
3 

0.
49

5 
0.

53
5 

4 
4-

M
et

hy
lb

en
zo

ic
 

ac
id

 
76

.5
1 

0.
25

2 
0.

29
0 

0.
34

3 
0.

38
2 

0.
43

6 
0.

49
2 

0.
52

3 
5 

2,
C

D
im

et
hy

lb
en

zo
ic

 
ac

id
 

87
.6

6 
0.

46
0 

0.
50

2 
0.

55
3 

0.
60

4 
0.

64
8 

0.
69

7 
0.

74
2 

6 
2,

5-
D

im
et

hy
lb

en
zo

ic
 

ac
id

 
87

.6
6 

0.
44

6 
0.

48
9 

0.
54

4 
0.

58
6 

0.
63

8 
0.

68
0 

0.
72

7 
7 

2,
6-

D
im

et
hy

lb
en

zo
ic

 
ac

id
 

87
.6

6 
0.

10
6 

0.
14

5 
0.

18
6 

0.
21

8 
0.

25
4 

0.
29

8 
0.

32
8 

8 
3,

4-
D

im
et

hy
lb

en
zo

ic
 

ac
id

 
87

.6
6 

0.
42

5 
0.

46
7 

0.
52

1 
0.

56
7 

0.
62

1 
0.

66
1 

0.
70

8 
9 

3,
5-

D
im

et
hy

lb
en

zo
ic

 
ac

id
 

87
.6

6 
0.

48
0 

0.
52

0 
0.

57
4 

0.
61

5 
0.

66
0 

0.
71

4 
0.

75
2 

10
 

2,
4,

6-
T

ri
m

et
hy

lb
en

zo
ic

 
ac

id
 

98
.8

1 
0.

32
4 

0.
35

3 
0.

41
0 

0.
44

6 
0.

49
5 

0.
53

0 
0.

56
5 

11
 

4-
E

th
yl

be
nz

oi
c 

ac
id

 
86

.7
4 

0.
46

8 
0.

50
7 

0.
56

0 
0.

60
5 

0.
66

1 
0.

70
7 

0.
74

9 
12

 
2-

C
hl

or
ob

en
zo

ic
 

ac
id

 
74

.8
4 

0.
18

6 
0.

23
0 

0.
27

4 
0.

31
6 

0.
36

8 
0.

41
5 

0.
45

5 
13

 
3-

C
hl

or
ob

en
zo

ic
 

ac
id

 
74

.8
4 

0.
50

5 
0.

55
0 

0.
60

4 
0.

65
5 

0.
70

7 
0.

76
3 

0.
80

1 
14

 
4-

C
hl

or
ob

en
zo

ic
 

ac
id

 
74

.8
4 

0.
50

9 
0.

55
4 

0.
61

3 
0.

66
3 

0.
72

2 
0.

77
3 

0.
82

7 
15

 
2,

C
D

ic
hl

or
ob

en
zo

ic
 

ac
id

 
84

.3
2 

0.
66

5 
0.

71
2 

0.
76

8 
0.

82
4 

0.
87

2 
0.

92
6 

0.
97

6 
16

 
2,

5-
D

ic
hl

or
ob

en
zo

ic
 

ac
id

 
84

.3
2 

0.
61

6 
0.

66
5 

0.
72

7 
0.

77
1 

0.
83

4 
0.

87
8 

0.
93

1 

0.
37

0 
9.

13
1 

3.
79

6 
0.

56
4 

9.
27

8 
3.

84
7 

0.
58

6 
9.

26
4 

3.
86

9 
0.

57
8 

9.
27

8 
4.

00
4 

0.
79

6 
9.

42
3 

4.
08

5 
0.

77
6 

9.
44

0 
4.

01
4 

0.
37

2 
9.

79
1 

3.
19

3 
0.

76
3 

9.
45

7 
4.

10
1 

0.
80

1 
9.

41
6 

3.
92

6 
0.

60
8 

9.
91

9 
3.

50
2 

0.
80

0 
9.

39
6 

4.
08

7 
0.

50
4 

9.
29

4 
3.

88
0 

0.
86

7 
8.

96
3 

4.
37

9 
0.

88
1 

8.
96

1 
4.

57
1 

1.
03

6 
9.

09
4 

4.
50

2 
0.

99
2 

9.
16

1 
4.

54
1 

2.
40

0 
2.

64
7 

2.
55

5 
2.

54
0 

2.
76

9 
3 

2.
83

0 
3:

 

2.
31

1 
Z

 

2.
69

6 
2.

75
4 

$ 

2.
51

8 
_s

 
2.

77
1 

3 
2.

65
2 

2.
91

5 
? 

2.
93

4 
3.

05
1 

3.
06

8 



11
 

2,
6-

D
ic

hl
or

ob
en

zo
ic

 
ac

id
 

84
.3

2 
18

 
3,

4-
D

ic
hl

or
ob

en
zo

ic
 

ac
id

 
84

.3
2 

19
 

3,
5-

D
ic

hl
or

ob
en

zo
ic

 
ac

id
 

84
.3

2 
20

 
2-

B
ro

m
ob

en
zo

ic
 

ac
id

 
77

.9
6 

21
 

3-
B

ro
m

ob
en

zo
ic

 
ac

id
 

11
.9

6 
22

 
4-

B
ro

m
ob

en
zo

ic
 

ac
id

 
71

.9
6 

23
 

Ph
en

yl
ac

et
ic

 
ac

id
 

19
.5

5 
24

 
2-

T
ol

yl
ac

et
ic

 
ac

id
 

86
.1

4 
25

 
3-

T
ol

yl
ac

et
ic

 
ac

id
 

86
.1

4 
26

 
2-

C
hl

or
op

he
ny

la
ce

tic
 

ac
id

 
85

.0
1 

21
 

4-
C

hl
or

op
he

ny
la

ce
tic

 
ac

id
 

85
.0

1 
28

 
4-

Ph
en

yl
-n

-b
ut

yr
ic

 
ac

id
 

96
.0

5 
29

 
L
(
 +

 )
-M

an
de

lic
 

ac
id

 
80

.1
8 

30
 

fr
an

s-
C

in
na

m
ic

 
ac

id
 

82
.3

2 
31

 
4-

M
et

hy
lc

in
na

m
ic

 
ac

id
 

93
.4

7 
32

 
3-

Ph
en

yl
-n

-p
ro

pi
on

ic
 

ac
id

 
84

.0
4 

33
 

In
do

le
-3

-a
ce

tic
 

ac
id

 
91

.6
5 

34
 

In
do

le
-3

-p
ro

pi
on

ic
 

ac
id

 
11

4.
11

 
35

 
In

do
le

-3
-b

ut
yr

ic
 

ac
id

 
12

1.
34

 
36

 
H

ip
pu

ri
c 

ac
id

 
96

.1
5 

0.
29
8 

0.
88

0 
0.

97
6 

0.
26

6 
0.

59
6 

0.
60

1 
-0

.1
36

 
0.

11
6 

0.
25

8 
0.

17
2 

0.
22

9 
0.

58
8 

0.
25

1 
0.

46
7 

0.
06

0 
-0

.0
13

 
0.

17
8 

0.
30

1 
- 

0.
72

9 

0.
33

3 
0.

38
1 

0.
40

9 
0.

44
8 

0.
49

2 
0.

53
3 

0.
57

1 
9.

49
9 

3.
31

4 
0.

93
6 

1.
00

3 
1.

05
5 

1.
12

3 
1.

17
8 

1.
24

0 
1.

29
9 

9.
05

9 
5.

11
6 

1.
03

0 
1.

09
2 

1.
15

8 
1.

20
8 

1.
26

3 
1.

31
2 

1.
36

8 
8.

16
5 

4.
17

8 
0.

30
1 

0.
36

1 
0.

40
3 

0.
45

1 
0.

50
3 

0.
55

2 
0.

60
2 

9.
30

7 
4.

11
5 

0.
64

1 
0.

70
6 

0.
15

1 
0.

82
1 

0.
86

7 
0.

91
7 

0.
97

2 
8.

96
1 

4.
62

0 
0.

65
6 

0.
12

0 
0.

17
2 

0.
83

2 
0.

88
7 

0.
91

7 
1.

00
7 

8.
94

6 
4.

73
2 

-0
.0

98
 

- -
0.

06
3 

-0
.0

28
 

0.
01

5 
0.

05
9 

0.
08

6 
0.

13
4 

9.
77

1 
3.

26
5 

0.
15

7 
0.

20
0 

0.
23

7 
0.

28
7 

0.
33

0 
0.

36
3 

0.
40

8 
9.

85
8 

3.
56

2 
0.

29
7 

0.
34

7 
0.

39
0 

0.
44

6 
0.

49
1 

0.
53

0 
0.

57
5 

9.
90

9 
3.

92
4 

0.
04

9 
0.

09
4 

0.
12

5 
0.

17
2 

0.
20

9 
0.

24
0 

0.
28

3 
9.

10
5 

2.
18

1 
0.

09
6 

0.
14

0 
0.

17
6 

0.
22

2 
0.

26
0 

0.
29

3 
0.

33
8 

9.
55

8 
3.

36
9 

0.
27

4 
0.

31
0 

0.
35

1 
0.

39
1 

0.
44

4 
0.

47
5 

0.
52

2 
9.

94
1 

3.
54

8 
-0

.5
45

 
- -

0.
51

9 
-0

.5
01

 
-0

.4
15

 
- .

0.
43

6 
- .

0.
42

2 
- .

0.
39

8 
10

.2
3 

2.
25

4 
0.

29
9 

0.
35

2 
0.

39
6 

0.
44

8 
0.

51
0 

0.
55

1 
0.

61
2 

9.
47

1 
4.

31
6 

0.
51

2 
0.

57
1 

0.
62

1 
0.

68
1 

0.
73

8 
0.

78
8 

0.
85

6 
9.

59
2 

4.
73

8 
0.

10
2 

0.
14

5 
0.

18
2 

0.
22

0 
0.

27
5 

0.
30

6 
0.

35
5 

9.
18

9 
3.

56
3 

0.
03

6 
0.

09
8 

0.
14

5 
0.

20
6 

0.
26

6 
0.

31
6 

0.
37

6 
9.

91
9 

4.
75

5 
0.

23
5 

0.
29

8 
0.

35
1 

0.
41

2 
0.

48
9 

0.
53

2 
0.

60
4 

10
.5

6 
5.

17
4 

0.
36

4 
0.

42
6 

0.
48

2 
0.

55
8 

0.
62

1 
0.

67
1 

0.
74

4 
10

.6
1 

5.
33

0 
-0

.6
89

 
- -

0.
67

1 
-0

.6
55

 
-0

.6
33

 
- -

0.
58

1 
- -

0.
58

6 
- -

0.
55

9 
10

.8
6 

2.
02

2 

2.
53

9 
3.

33
2 

3.
28

3 
g 

2.
80

5 
&

 
3.

01
5 

r;
 

3.
10

5 
“c

 

2.
46

2 
$ 

2.
75

8 
2.

99
4 

g 

2.
54

4 
2.

59
2 

3 
2.

83
5 

7 
1.

56
2 

2.
88

4 
@

 
3.

03
9 

5 

2.
16

7 
2 

3.
17

0 
3.

52
8 

F 
3.

11
1 

L
 

1.
40

6 
Z

 

P 
a,

b 
Se

e 
T

ab
le

 I
. 

’ 
E

nt
ha

lp
y 

ef
fe

ct
 (

kc
al

/m
ol

),
 

ob
ta

in
ed

 
on

 E
R

C
-1

00
0 

(C
D

S-
si

lic
a 

ge
l)

, 
fr

om
 r

ef
 1

2 
(e

lu
en

t, 
30

%
 a

qu
eo

us
 

ac
et

on
itr

ile
 

co
nt

ai
ni

ng
 

0.
05

 M
 p

ho
sp

ho
ri

c 
ac

id
).

 



196 M. HIRUKAWA, T. HANAI 

carbons was larger than that of alkylbenzenes on this vinyl alcohol copolymer gel 
compared with their retention on an octadecyl-bonded silica gel, which means that 
polyaromatic hydrocarbons are selectively retained on this organic packing4. 

The effect of temperature on the retention of phenols and aromatic acids was 
therefore measured, and their enthalpies were obtained in order to study the retention 
mechanism of polar compounds on this modified vinyl alcohol copolymer gel. 

EXPERIMENTAL 

The details of the chromatograph were described previously4. The 9-pm vinyl 
alcohol copolymer gel was BHST 602 Crs from Asahi Chemical (Kawasaki, Japan). 
The 10 cm x 6.0 mm I.D. packed column was thermostated at 15550°C in a circulating 
water-bath (Ikedarika, Tokyo, Japan). The chemicals and their physical parameters 
are given in Table I. 

RESULTS AND DISCUSSION 

The capacity ratios of phenols, measured on an octadecyl-bonded vinyl alcohol 
copolymer gel at different temperatures, are given in Table I, together with their Van 
der Waals volumes, and the values for aromatic acids are given in Table II. The 
selectivity index was obtained from refs. 5 and 6. The enthalpy effect, measured on an 
octadecyl-bonded silica gel, was obtained from ref. 7. The correlation coefficient of the 
log k’ values of phenols between this octadecyl-bonded vinyl alcohol copolymer gel 
and silica gel’ was 0.889 (n = 34). The chromatographic behaviour of phenols on this 
organic polymer gel appeared to be similar to that on an octadecyl-bonded silica gel. 

The correlation coefficient of the log k’ values of aromatic acids between the 
octadecyl-bonded vinyl alcohol copolymer gel and the octadecyl-bonded silica gel’ 
was 0.908 (n = 35), a value similar to that obtained for phenols. 

The partition coefficient between octanol and water (log P) is a useful parameter 
for the optimization of reversed-phase liquid chromatography on polystyrene ge19, 
and the correlation coefficient between the log P and log k’ values, measured at 30°C 
of phenols and aromatic acids was therefore calculated. The value was 0.9 15 (n = 36) 
and 0.858 (n = 36) for phenols and aromatic acids, respectively. These values are poor 
compared with those obtained on octadecyl-bonded silica gelsrO~r’, which indicates 
the existence of selectivity of this octadecyl-bonded vinyl alcohol copolymer gel in 
contrast to octadecyl-bonded silica gels. A further study was carried out of the 
difference in the enthalpy effects of phenols and aromatic acids. 

The relationship between log k’ for phenols and the reciprocal of the absolute 
temperature was linear. Although this linear relationship changed slightly at about 
33°C as found in the retention of alkyl compounds4, no negative enthalpy effect was 
observed in the retention of phenols. The calculated values of the enthalpy effect for 
phenols are given in Table I. The enthalpy effect of alkylphenols was about 2.0 
kcal/mol and the energy effect was about 9.0 units’. The enthalpy effect of halogenated 
phenols was about 2.9 kcal/mol. However, the energy effect decreased from 9.2 units 
for phenol to 2.5 units for pentachorophenol. Permethylphenols have lower enthalpy 
and perchlorophenols higher enthalpy than phenol, as shown in Figs. 1 and 2. 

The enthalpy effect of alkylphenols was almost constant on octadecyl-bonded 
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Fig. I. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for 
the retention of alkylphenols. For experimental conditions see Table I. Numbers next to symbols correspond 
to those in Table I. Ph = Phenol. 

Fig. 2. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function ofenthalpy for 

the retention of halogenated phenols. For experimental conditions, see Table I. Numbers next to symbols 
correspond to those in Table I. 

silica gel, but on the organic polymer gel it varied from about 1.6 to 2.6 kcal/mol, as 
shown in Fig. 1. There was, therefore, no good correlation between the enthalpy of 
alkylphenols measured on the organic polymer gel and that measured on the silica gel 
(I = 0.226, n = 16). The enthalpy of halogenated phenols varied from about 1.9 to 2.5 
kcal/mol on the octadecyl-bonded silica gel but from about 2.2 to 3.4 kcal/mol on the 
organic polymer gel. The correlation coefficient between the enthalpy measured on the 
organic polymer gel and that measured on the silica gel for halogenated phenols was 
0.656 (n = 21). However, it was improved to 0.872 (n = 17) by excluding the 
o&o-substituted halogenated phenols. The correlation coefficient for phenols was 
0.765 (pz = 36). This poor correlation and the variation of the enthalpies of polar 
compounds indicate the existence of steric selectivity of this organic polymer gel. Their 
capacity ratios measured on the organic polymer gel were smaller than those measured 
on the octadecyl-bonded silica gel, whereas the enthalpy effect measured on the 
octadecyl-bonded vinyl alcohol copolymer gel was greater than that on the octadecyl- 
bonded silica gel. However, the enthalpies of hydrophobic compounds measured on 
the octadecyl-bonded silica gel were higher than those obtained on the organic 
polymer gel. This result indicates that phenols could further be adsorbed by hydrogen 
bonding on the organic polymer gel, even though the enthalpy effect was weaker than 
the selectivity index, and such adsorption was not the predominant retention force. 
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Fig 3. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for 
the retention of alkylbenzoic acids. For experimental conditions, see Table II. Numbers next to symbols 
correspond to those in Table II. BA = Benzoic acid. 

Fig. 4. Comparison of octadecyl-bonded vinyl alcohol copolymer and silica gels as a function of enthalpy for 
the retention of halogenated benzoic acids. For experimental conditions, see Table II. Numbers next to 
symbols correspond to those in Table II. 

A similar result was obtained for the chromatographic behaviour of aromatic 
acids, their capacity ratios being small and their enthalpy effect large on the organic 
polymer gel. The enthalpy effect varied from about 3.2 to 5.1 kcal/mol on the 
octadecyl-bonded vinyl alcohol copolymer gel and from about 2.3 to 3.3 kcal/mol on 
the octadecyl-bonded silica gel”, as shown in Figs. 3 and 4. 

The correlation coefficient between the enthalpy of aromatic acids (n = 36) 
measured on the organic polymer gel and that on the silica gel was 0.899; the value was 
0.942 (n = 22) only for benzoic acids. The enthalpy effect of aromatic acids was 
stronger than that of phenols on the octadecyl-bonded vinyl alcohol copolymer gel. 
Further, ortho-disubstituted aromatic acids were less retained on the organic polymer 
gel, as with substituted phenols. These results indicate that the carboxyl group of 
benzoic acids is involved in their retention on the octadecyl-bonded vinyl alcohol 
copolymer gel, even though their enthalpy effect was weaker than their selectivity 
index. 

This selective retention of polar compounds on the organic polymer gel, 
compared with their chromatographic behaviour on octadecyl-bonded silica gel, may 
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be the reason why the vinyl alcohol copolymer gel was a powerful packing for the direct 
analysis of target compounds in urine and serum13. 

REFERENCES 

I T. Hanai, Y. Arai, M. Hirukawa, K. Noguchi and Y. Yanagihara, J. Chromatogr., 349 (1985) 323. 

2 T. Hanai and J. Hubert, J. Chromarogr., 302 (1984) 89. 
3 T. Hanai, A. Jukurogi and J. Hubert, Chromatogruphia, 19 (1984) 266. 
4 M. Hirukawa, Y. Arai and T. Hanai, J. Chromatogr., 395 (1987) 481. 

5 Y. Arai, M. Hirukawa and T. Hanai, J. Liq. Chromatogr., 10 (1987) 635. 

6 Y. Arai, M. Hirukawa and T. Hanai, J. Chromatogr., 400 (1987) 27. 

7 Y. Arai, M. Hirukawa and T. Hanai, J. Chromatogr., 384 (1987) 279. 
8 T. Hanai, J. Chromatogr., 332 (1984) 189. 

9 T. Hanai, K. C. Tran and J. Hubert, J. Chromatogr., 239 (1982) 385. 

10 T. Hanai and J. Hubert, J. Chromatogr., 239 (1982) 527. 

I1 T. Hanai and J. Hubert, J. High Resolut. Chromatogr. Chromatogr. Common., 6 (1983) 20. 
12 Y. Arai, J. Yamaguchi and T. Hanai, J. Chromalogr., 400 (1987) 21. 

13 Asahipuk Technical Data ‘87, Asahi Chemical, Kawasaki Japan, 1987. 


