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SUMMARY 

A series of 0-alkyl-0-arylphenylphosphonothioates were synthesized and their 
partition coefficients and the corresponding RF values were determined by thin-layer 
chromatography (TLC) with different solvent systems and by reversed-phase and 
polyamide layer techniques. Gas-liquid chromatographic (GLC) relative retention 
times were determined on different stationary phases with increasing polarity. Parti- 
tion between n-octanol and water was determined using a GLC detection technique. 
The partition data and cbromatographic properties were compared and correlated 
with physico~hemical linear free energy parameters for electronic, hydrophobic and 
steric forces. GLC partitioning is infhxenced by electronic and steric forces; whereas 
TLC partitioning is iniluenced by electronic and hydrophobic forces, depending on 
the polarity of the mobile phase. 

INTRODUCTION 

The re!ationship between the chemical structures and the chromatographic 
behaviour of chemicals has been discussed in several paper&“. This study deals with 
the thin-layer chromatography (TLC) and gas-liqtid chromatography (GLC) of O- 
alkyl-0-arylphenylphosphonothioateSq (Fig. 1). These properties must be considered 

R’ = -CH,. -CH&&. -CH&H&H,. 

R2: -H. -Ctl, . -CH@+, -tZ-f.#~&~ 
-F, -CL. -6r. -I. 
-OCH3. -Ne . -CN. 

Fig. 1. chemical buct~re of O-alkyl-0-arylphenylphosphonothioates. 
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in the context of a study of structure-activity relationships of these insecticidal com- 
pounds5_ fn particular, those aspects which are important for biological activity, such 
as hydrophobic&y, have-been studied. These hydrophobic forces are diEcult to.de- 
termine exactly owing to their complexity. Meyer and HerumP and Uverton’, -how- 
ever, showed a strong reIationship between some biological processes and the parti- 
tion of a compound between an organic phase and water, expressed as the partition 
coefficient. This is the fraction of a dissoived compound that is transferred to the 
non-polar phase of equal volumes of immiscible solvents. The partition coefficient 
is expressed as k/Z, where k is the fraction in the non-polar phase and I the fraction 
in the polar phase. Fujita et aL8 introduced a substituent constant, SC, derived from 
partition coefficients : 

Whc z = log[ (klr), 1 

where X and H are a substituted and the unsubstituted molecule with analogous 
structures, respectively. Various series of partition coefhcients were determined by 
Fujita et aL8, e.g., on substituted benzene derivatives, phenoxyacetic acids, benzoic 
acids and pheaok. The z values determined for the individual substituents of these 
“standards series have since been frequently used as approximations for z values 
in other series. Hansch and Deutschg used the z values of the phenoxyacetic acid 
series for correlation of a methylcarbamate series because of their anaIogous mo- 
lecular structures: 

phenoxyacetic acids .D- o-cH~0a-l 

X- 

methylcarbamates 

phosphonothioates D o_;,=2”5 
X- x3 / 

For similar reasons, it is possible to use these z values in correlations with the phos- 
phonothioatcs investigated in this work. 

Direct determina tions of.partition coefficients are often inaccurate, especially 
for compounds that are only slightly miscible with one of the two phases. To obviate 
this diEcuIty, Boyce and Milborrow3 used chromatographic & values, which were 
introduced by Bate-Smith and WestfalP” as log [(l/RF) - I]_ It was shown” that the 
RF values in liquid-liquid chromatography were related .to partition coefficients ac- 
cording to the equation 

k/Z = Klog [(l/RF) - 1] 

tiogous to the 3z vahtes, AR, 

ARat = R&X) - R&S-) 

canbedehedas: 



where X and H are a substituted and the unsubstituted molecule of an analogous 
series, respectively. 

GLC is also a partition process between two phases. The retention time of 
a substituted molecule X (tx) relative to that of the unsubstituted molecule H (t& 
of an analogous series of wmpou&s is, in fact, the ratio of ‘&e partition of the 

two moI&es between the gas phase and the stationary phase: 

R fX partition of X between gas and stationary phase 
FX.H z-z 

43 partition of H between gas and stationary phaSe 

By analogy with the SE vahzs of Fujita et QZ.~, a zGLc value= can be formtiated as 

zGLC = 1% R,., 

?ZXPEFUMENTAL 

Determination of the partition coeficient, k/l 
A OS-ml volume of a LOO ppm insecticide stock solution is pipetted into a 

graduated test-tube (20 ml). The solvent (acetone) is evaporated and n-octanol(5 ml, 
previously saturated with distilled water) is added. After shaking for 1.min, 2 pcl (A) 
are ixxjected into a gas chromatograph and the peak height is measured. Subsequently 
another 5 ml of n-octanol are added and, after shaking, a further 2 ~1 (B) are injected. 
The two peak heights obtained permit a calibration graph to be constru&d (Fig. 2). 
Distilled water (LO ml, previously saturated with n-octanol) is added and the tube 
is shaken for 1 min. After cedrifbgatio~ (5 ti at 2ooO g), 2 ~1 (c) of -the organic 
layer are injected and- the concentration is determined by means of the calibration 
graph (Fig. 2). The partition coefficient is calculated as k/Z = x/(1 - x), where x is 
the percentage remaining in the organic phase. 

Concentration 

Fig. 2. Calibration graph for the determination of partition coeEcients. 
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Determination of ARM values -: 

Ijetermimtion of ARM values by reversed-phase thin-layer chromatography_ 

TLC aluminium sheets pre-coated with silica gel 60 F,,, (Merck, Darmstadc .G.F.R.), 
with a layer thickness of 0.2 mm, are impregnated with a 5% (v/v) sohrtion- of a 
xuineral oil (liquid ptsra%n B.P.) in n-hex&e and the solvent is evaporated at 40”. 
The samples (30 pg) are spotted on a line. 2 cm from the bottom edge.. To avoid 
any systematic error, the samples are spotted according to a random allocation. The 
unsubstituted reference compound is. applied on each plate as a standard. The plates 
are t&m. eluted in a developing chamber by the ascending technique, ths solvent front 
being allowed to travel a distance of 15 cm from the starting line. The plates are 
air dried and the compounds local&d by the appearance of dark spots in transmitted 
UV light (254 mn). The different R F, RM and d& values are calculate$ wi4& ref- 
erence to the unsubstituted compound. 

Determination of AR, values by polyamide layer chromatography. TLC alu- 
minium sheets, precoated with Polyamide 11 F,,, (Merck), with a layer- thickness 
of 0.2 mm, are spotted in the same way as for reversed-phase TLC and RF, RM and 
dR, values are calculated in an analogous manner. 

Determination of zGLC vaZues 

p? standard series (5 ml of’ a 10 ppm solution) of the O-all@-O-arylphenyl- 
phosphonothioates were injected into a Varian 2700 gas chromatograph equipped 
with a Melpar flame-photometric detector in the phosphorus mode. Three columns 
(Pyrex glass; 3 m .x 2 mm I.D.), Bled with 3 % OV-101,3 % OV-225 and 3 % DEGS 
i;n Gas-Chrom Q, were used. 

The GLC conditions were as follows: injector temperature, 225”; oven tem- 
perature, 220”; carrier gas (nitrogen) flow-rate, 60 ml/&; oxygen flow-rate, 12 ml/ 
min; hydrogen flow-rate, 100 ml/m& and air flow-rate, 30 ml/min. 

Relative retention times -compared with the unsubstituted compound were 
calculated and ZGLC values were obtained by taking the logarithmic value. 

RESULTS 

Results are given in Tables I, II and III for the partition coefficients, A& 
values and zGLc values, respectively. 

TABLE I 

PARTITION COEFFICIENTS AND z VALUES 

Sub.s&uent k k k/f z Tc 
(average) (phenoxyacetic 

a -b c d e acid) 

H 0.99 0.98 0.98 0.98 0.99 0.984 61.50 0.000 0.000 
d-CH, 1.00 1.00 0.99 0.99 1.00 0.996 L66.00 0.421 0.520 
4-CN 0.97 0.97 0.97 0.98 0.97 0.972 34.72 -0.24a -0.320 
4-NO2 0.99 0.99 1.00 0.99 0.98 0.990 99.00 .0.207 0.240 



P
 

T
A

B
L

E
 II

 

iii
, 

R
M

 A
N

D
 A

R
M

 V
A

L
U

E
S

 O
B

T
A

IN
E

D
 U

S
IN

G
 T

H
R

E
E

 D
IF

F
E

R
E

N
T

 T
L

C
 S

Y
S

T
E

M
S

 
E

 
--

 
--

- 
R

2*
 

A
’^

 
R

c‘
vc

rs
ed

~
ph

n
se

 
T

LC
, a

ce
to

rt
e-

w
at

er
 

P
ol

ya
rl

ti
dc

 T
LC

, r
r-

lr
ex

ar
te

-a
ce

ri
c 

P
o&

am
id

e 
T

L
C

, a
ce

to
n

e-
w

al
er

 
%

 
(6

:r
l,

 v
/v

) 
ac

id
 (9

5:
5,

 v
/v

) 
(6

:4
, 

v/
v)

 .
- 

RF
 

RM
 

A&
 

& 
RM

 
A&

, 
RF

, 
J?

A,
 ',
 

AR
M 

-_
_-
-_
__
 

--
- 

- 
I-I

 
2-

C
H

, 
3-

C
H

!, 
J&

C
H

, 
2.

0C
H

s 
3.

O
C

H
, 

C
O

C
H

z 
2C

I.
 

3.
c1

 
4-

C
l 

2.
C

N
 

3.
C

N
 

: 
M

N
 

2.
N

02
 

3.
N

O
1 

h
-N

O
1 

4-
F

 
4-

D
r 

4-
i 

4X
Z

aH
s 

4-
n

.C
3H

, 
2,

5&
C

M
-B

r 
4-

C
N

 
4-

C
N

 
2,

S
&

C
l-

rl
_B

r 

C
l
H
s
 

W
I,

 
W

-h
 

C
lH

a 
C

&
h 

C
2H

5 

W
-I

s 

G
H

, 

C
&

id
 

C
Z

H
, 

g:
 

; 
C

zH
s 

C
&

Is
 

C
&

Is
 

c1
H

5 
C

d3
5 

‘3
-b

 

C
2H

5 

W
-I

s 

C
zH

s 

61
1,

 
C

H
3 

C
,H

l 
.J

 
0,

71
5 

; (
ox

yg
en

 an
al

og
u

e)
 

C
J-

r,
 

0.
14

6 
L

,, 
0,

76
7 

0,
70

8 
0.

90
7 

-0
,9

87
 

q~
O

.4
84

 
0.

09
6 

0.
97

4 

* 
S

C
0 F

ig
. 1

. 
t.

 
f 

0.
46

7 
0.

05
9 

0.
00

0 
0,

39
7 

0.
18

2 
0.

12
3 

0.
41

4 
0.

15
1 

0.
09

2 
0.

41
2 

0.
15

4 
0.

09
6 

0.
51

5 
-0

.0
26

 
-0

.0
85

 
0,

48
1 

0.
03

3 
-0

.0
26

 
0.

48
9 

0,
01

9 
-0

.0
40

 
0.

41
1 

0,
lS

G
 

0.
09

7 
0.

34
8 

0.
27

3 
0.

21
4 

0.
35

5,
 

0.
25

9 
0.

20
1 

0.
55

9 
-0

.1
03

 
-0

.1
62

 
0.

50
8 

-0
.0

14
 

-0
.0

73
 

0.
52

3 
-0

.0
40

 
-0

.0
99

 
0.

52
5 

-0
.0

43
 

-0
.1

02
 

0.
44

4 
0.

09
8 

0.
03

9 
0.

42
8 

0.
12

6 
0.

06
7 

0.
44

1 
0.

10
3 

0.
04

4 
0.

33
1 

0.
30

6 
0.

24
7 

0.
29

9 
0,

37
0 

0,
31

7 
0.

33
7 

0.
29

4 
0.

23
5 

0.
27

0 
0.

43
2 

0.
37

3 
0.

21
5 

0,
56

2 
0.

50
4 

0.
56

7 
-0

.1
17

 
0,

17
6 

0.
44

6 
0.

09
4 

0.
03

5 

0,
76

1 
-0

.5
03

 
0.

00
0 

0,
79

9 
-0

,5
99

 
-0

.0
96

 
0,

77
0 

-0
,5

25
 

-0
.2

20
 

0,
77

7 
-0

,5
47

 
-0

.0
39

 
0,

63
8 

, 
-9

,2
44

 
0.

25
7 

0,
68

4 
-0

,3
35

 
0.

16
8 

0,
65

8 
-0

,2
84

 
0.

21
9 

0,
71

7 
- 

0.
40

4 
0.

09
9 

0,
76

9 
-0

,5
23

 
-0

.0
19

 
0,

77
0 

-0
,5

25
 

-0
.0

22
 

0,
50

2 
-0

.0
03

 
0.

49
9 

0,
48

4 
0,

02
8 

0.
53

1 
0,

42
9 

0.
12

4 
0.

62
7 

0.
49

6 
0,

00
7 

0.
51

0 
0,

51
7 

-0
.0

30
 

0.
47

3 
0,

48
6 

0,
02

4 
0.

52
7 

0.
73

3 
-0

,4
39

 
0.

06
4 

0.
76

3 
-0

,5
08

 
-0

.0
49

 
0.

70
7 

-0
,3

83
 

0.
12

0 
0.

80
7 

-0
,6

21
 

-0
.1

18
 

0.
83

5 
-0

,7
04

 
-0

,2
01

 
0.

75
1 

- 
0.

47
9 

0.
02

4 
0.

28
7 

2,
37

4 
0.

87
7 

0.
49

8 
0,

00
3 

. 
0.

50
6 

0.
32

4 
0.

35
5 

0.
25

9 
0.

31
9 

0.
32

1.
 

0,
32

5 
0.

29
4 

0,
38

0 
0.

41
4 

0,
15

1 
0.

39
1 

0.
19

3 
0,

37
0 

0.
23

1 
0,

29
5 

0,
37

8 
0,

26
0 

0.
45

4 
0,

24
4 

0.
49

1 
0.

44
6 

0.
09

4 
0.

41
2 

0,
15

4 
0,

37
3 

0.
22

6 
0,

40
8 

0.
16

2 
0,

32
4 

0.
31

9 
0,

28
2 

0.
40

6 
0.

34
5 

0,
27

9 
0.

20
8 

0.
58

1 
0,

17
4 

0.
67

6 
0.

24
6 

0.
48

6 
0.

19
8 

0.
60

8 
0.

11
4 

0.
89

1 
0.

40
9 

0.
16

0 
0,

32
1 

0.
32

5 

0.
06

0 
‘--

 

0.
06

6 

0.
00

0 

0.
18

1~
‘. 

3 

-0
.1

09
 

! 
-0

.0
67

 
,’ 

e 
-0

.0
28

 
: 

0.
19

7 
0.

19
5 

0.
23

2 
-0

.1
65

 
-0

.1
05

 
0.

03
4 .

, 
-0

,0
98

 
0.

06
0 

0.
14

7 
0.

01
9’

 
0,

32
7,

 
0,

41
7 

0.
22

7 
0.

34
8 

0.
63

1 
-0

.0
99

 
0,

06
6 

.I
 

- 
- 

. 
_

 
- 

_
 

_
 

-.
 

- 

.”
 

._
 

- 
-.

 
- 

. 
- 



42 W. STEURBAUT, W. DElOND R. I-LiKIPS 

TABLE III 

GLC RF AND xGu: VALUES ON TKREE DIFFERENT STATIONARY PHASES 

RZ’ R” 0 v-i01 ov-225 DEGS 

R 5La ZGLC Rkli ZGLC RF-E., ZGLC 

H 
2-CHs ‘. 
3-CH3 
bcH3 
2-oCH, 
3-ClCH, 
4-OCH, 
2-a 
3-a 
4-Cl 
2-CN 

ZE 
2-NO2 
3-N& 
4-NO2 
4-F 
4-Br 
4-I 
4-CzHs 
4-n-C3K7 
2+di-a 
2,5-di-Cl4Br 
4-C.w 
4-m 

I.00 O.OOG 1.00 ONOO 1.00 O.ooO 
1.29 0.111 1.15 0.061 1.00 0.000 
1.29 0.111 1.27 0.104 1.12 om9 
1.43 0.155 1.44 0.158 1.31 0.117 
1.76 0246 2.42 0.384 2-39 0.378 
2.02 0.306 2.67 0.427 2.75 0.439 
2.31 0.364 3.24 - 0.511 3.39 0.530 
1.62 0.210 1.71 0.233 1.64 0.215 
1.70 0.230 l-68 0225 1.55 0.190 
1.82 0.260 1.90 0.279 1.85 0.267 
2.m 0.312 3.75 0.574 3.8s 0.589 
2.33 0.367 4.61 0.664 182 0.683 
2.70 0.431 5.80 0.763 6.70 0.826 
2.64 0.422 5.15 0.712 5.61 0.749 
3.36 0.526 6.29 0.799 6.55 0.816 
4.04 0.606 8.29 0.919 9.21 0.964 
0.93 -0.032 0.87 -0.061 0.91 -0.041 
2.57 0.410 2.88 0.459 285 0.455 
3.73 0.572 5.00 0.699 4.94 0.694 
1.95 0.290 1.86 0.270 1.55 0.190 
2.62 0.418 2.37 0.375 1.76 0.246 
2.71 0.433 2.58 0.412 2.36 0.373 
5.45 0.736 5.79 0.763 5.21 0.717 
2.75 0.439 5.71 0.757 7.47 0.873 
3.53 0.548 7.12 0.852 6.97 0.543 

DISCUSSION 

Partition coe$cients 

The determination of partition coefficients is fairly simple”. Essentially all of 
the methods described are analogous and only the instrumental detection techniques 
vary with the compounds under investigation. The results depend on the accuracy 
and the sensitivity of the detection methods and the mutual soiubility of the solvents. 
To minimiz the influence of the latter, both solvents are previously saturated with 
each other. The two most important detection techniques used are GLC” and radio- 
tracer method?. Although tracer techniques have a greater sensitivity, they have 
some disadvantages compared with GLC: certain impurities and hydrolysis products 
can cause erroneous results, whereas the GLC technique separates the compounds 
under investigation from these impurities; and the GLC determination is simpler 
and no radioactively labelled compounds are required. 

When only a small amount of the compound is soluble in one of the two 
phases, the k and I values obtained are merely approximations, owing to the great 
infhrence of the experimental error. A difference of 0.01 in an extreme k or I value 
(e-g., k = 0.99 or 0.98) can give very different k/Z values (99 or 49). Therefore, very 
h&b and very low partition coefficients are often unreliable. By tahing the average 
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of five determina tions this diEculty can be partly avoided. The results obtained (Table 
I) with four ~compounds with diverging lipophilic substituents are in general agree- 
ment with the z values of substituted phenoxyacetic acidss. As a result of this analogy 
and the inaccuracy of the method, no further experimental z values were determined 
and the z values of phenoxyacetic.acid substituents were subsequently used in this 
study. 

AR, values 
The determination of ARM values has some important advantages over the 

determination of partition coefficients16. 
Liquid-liquid partition chromatography is best applied with the method of 

reversed-phase TLC. The carrier material (silica gel) is impregnated with a lipid phase 
(such as silicone oil or liquid pat&k) and the spotted compounds are chromato- 
graphed with a hydrophilic solvent (water, acetone or acetic acid). The choice of 
both phases is arbitrary so that a set of solvents can be used with optimal RF values 
for the whole series of compounds. 

Draber e? ~1.” found a very interesting relationship between Rhf values using 
polyamide TLC and reversed-phase TLC. The separation with polyamide TLC de- 
pends essentially on the hydrogen bonding forces between hydroxyl groups in phenolic 
compounds and the -CON& groups in the polyamide moleculesls, but specific inter- 
actions between aromatic nitro groups and polyamide molecules can play an im- 
portant role19. The chemical structure of organophosphorus pesticides includes many 
“bridges” such as -0-, -S-, P=S and P=O. Each oxygen or sulphur atom in these 
systems can in some way he involved in the hydrogen bonding with the polyamide 
molecule. Hence it could be possible that the polyamide TLC AR, values obtained 
give interesting data on these hydrophobic forces which influence the biological ac- 
tivity of these compounds_ 

In this study, liquid parafhn was taken as the lipid phase and acetone-water 
(6:4, v/v) as the hydrophilic phase. Polyamide TLC was carried out with acetone- 
water (6:4, v/v) and n-hexane-acetic acid (95:5, v/v) in order to give a wide range 
of polarities. 

Table II shows the difference in polarity between the solvents_ Table IV il- 
lustrates the analogy between the three different TLC systems. 

TABLE IV 

COMPARISON OF THE RF VALUES OBTAINED USING THREE DIFFERENT TLC SYSTEMS 

Stzbstituent RF vaiues 

Polyamide TLC 

n-Henne-acetic acid 
(95:S, v/v) 

Acetone-water 
(614, v/v) 

Reversed-phase TLC, 
acetone-water (6:4, v/v) 

RL = Me, Et, n<H, Me<Et-cn-C&X, n-C&i7<Et<Me n-CdkX, < Et < Me 
Rz=H,Me,E<‘n-GH, H<Me<Et<n-C&H7n-C&<Et<Me<H n-C&,<EtcMe<H 
P=SorP=O. P=S<P=O P=O<P=S P=O<P=S 
Rz = u-, tn-, p-subst. Varies butp- Q u- < nz- Variesbuti7c-~p<u- 
R= = halogen I<F<BrcCl I<BrcCl<F I-cBrcClcF 
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RGL~V&es .- .- . I- 

The GLC stationary phases can. be ck.ssikd according to:their polar@ using 
the- table of A&Reynolds **. Three ‘frequently used -stationary phases with different 
polarities were t&en., .viz., DEGS (polar), OV-101 (mm-polar) and OV-225 (inter- 

, mediate polarity); -3 oA (w/w) of the&stationary pluses were applied on Gas-Chrom 
Q_ The three stationary phases had only a slight influence cm thz chroma~ograPhic 
elwioh sequence of the ccmpounds (Fig. 3); only the absoIute retentions were d%- 
ferent_ TBe retention t&es of the p-nitro compoumi, under analogous experimerktaf 
conditions, were 30 min for OV-225,25 min for DEGS and 18 min for OV-101. 

Q4 - 

0.L 7 

x S=Q.U2 
, . I ‘ ,-* I 

0.0 Q2 a4 cl6 0.8 m 

YTG, (W-101 I 7fGLC tw-225) 

Fig. 3. Relationship between thz azcx vales obtained with three di@erent stationary phases. 

Rek?iomhips bt?h&?n chromatographic pmperties .a& linear free energy >ar&n@ers 
I~~vestigz~tions of the correlation between chemical structure and biologkal 

activiw make use of linear fm_ energy substituent parameters-to define electronic 
.hydrophobic and steric influences. Frequently used parameters are Q (ref. .22) for 



eiectronic factors, st (ref. 8) for hydrophobic factors and Es (ref. 23) for steric factors. 
Correlations of these linear free energy parameterswith the experimental cbromato- 
graphic parameters can provide valuable information. 

Experimental st,, values of the para-StibstifWed compounds on a non-POlZ 

stationary phase (OV-101) show some relationship with steric factors: 

zGLC(OV-1011 = o.3g - 0.43 E, (IZ = 11, s = 0.516, r = 0.700, F= 8.65*) 

where n is the number of points used in the regression, s is the standard deviation, 
r is the correlation coefficient and F is the calculated F value, which can exceed 
the level of 9.5 %* or 99 %** significance. These equations are computed by regression 
analysis using the least-squares method2’. 

Depending on the polarity of the stationary phase, steric infiueuces (E,) 
decrease in favour of electronic influences (a): 

,ZoLC(dv_225) = 0.54 - 0.80 & (Pr = 11, s = 0.590, r = 0.577, F = 4.49) 
= 0.21 i_ 1.33 G (n = 11, s = 0.262, r = 0.683, P= 7X6*). 

zGLC(DEGS) = 0.56 - 0.97 Es (n = 11, s = 0.630, r = 0.490, F= 2.84) 
= 0.22 + 1.27 B (n = 11, s = 0.235, r = 0.756, F = 11.98”*). 

There is a striking lack of any correlation between StorC values and the hydro- 
phobic parameter z, which indicates that the z , GLC values are not parameters related 
to hydrophobic forces: 

zGLC<OV-lOl> = -0.28 -t_ 1.11 n (n = 11, s = 0.573, r = 0.328, F= 1.08); 
nGLC(OV-225) = -35.33 f 66.66 5c (n = 11, s = 0.606, r = 0.008, F = 0.01); 

zGLC<DEGS) = 2.62 - 4.16 z (II = 11, s = 0.601, r = 0.136, F = 0.17). 

AR, values obtained on polyamide TLC with n-hexane-acetic acid (95:5) as 
eluent showed correlations with electronic and hydrophobic parameters: 

AR, = -0.04 t 1.00 cr (n = 11, s = 0.230, r = 0.766, F = 12.81**) 
= 0.47 + 0.68 z (n = 11, s = 0.449, r = 0.672, P= 7.42*). 

On the other hand, polyamide AR, values with acetonewater (6:4) as the 
eluent give a very good correlation with hydrophobic forces but not with eIectronic 
infiuences : 

AR, = 0.73 f 6.67 d (n = 11, s = 0.358 r = 0.069, H= 0.04) 
= 0.08 f 0.19 z (n = 11, s = 0.043, r = 0.823, F;= 37.61**). 

The relationship between A& on polyamide using acetone-water and z is illustrated 
in Fig. 4. 

An analogous behaviour can be deduced from the AI& values in reversed- 
phase TLC with the same solvent pair: 

AR&$ = 0.43 - 2.18 Q (n = 11, s = 0.351, r = 0.207, F= 0.40) 
= -0.01 + 0.26 ar (n = 11, s = 0.070, r = 0.993, F = 659.36**). 
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Fig. 4. Relationship between d& @olyamide, acetone-water) and x. 

Fig. 5 demonstrates the relationship between these d& values and zz. These 
results show that the solvent systems must be sufkiently poIar in order to obtain 
d& vahres that are representative of hydrophobic forces and that give good parti- 
tioning between the mobile and stationary phases. 

It can be concluded that d& parameters obtained from polyamide TLC and 
reversed-phase TLC arc interesting indices of hydrophobic&y for inclusion in quan- 
titative structure-activity relationships. Good correlations are obtained with the 
hydrophobic substituent parameter z as reviewed recently by TomhnsorP. 

In contrast with the study of Clifford and Watkins”, the zoLc vahxs derived 
from gas chromatographic retention times, are not related with hydrophobic free- 
energy related parameters but with electronic and steric substituent parameters. 

Fig. 5. ReIationskip between AR, (reversed-phase. water-acetic acid) and rc. 
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