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SUMMARY 

The separation of nineteen organophosphorus pesticides by one-dimensional 
and two-dimensional chromatography and their detection on polyamide layers were 
investigated. A comparison was made between the detection limits on polyamide 
and silica gel layers, and this showed the advantages of polyamide layer chromato- 
graphy. 

Some correlations between the chemical structure of the samples and their Xr;l 
values on polyamide layers and their connection with the type of solvent system 
used were discussed, 

INTRODUCTION 

Polyamide has been used as a chromatographic substrate by a .number of 
workers’-20. Recent developments include its use for the separation and identification 
of plant constituents l--O, biochemical substances’-11, meclicinalsl2-14 and food ad- 
ditivessJEJ0. 

In column chromatography on polyamide the separation process was found to 
be highly affected by hydrogen bonding forces between the hydroxyl groups in 
phenolic compounds and the -CONH- groups in the polyamide molecules~~s8. It was 
also reported that the specific interaction between aromatic nitro groups or quinone 
structures and the polyamide molecules participates in the separation on poly- 
amide10f2°. Accordingly, it has been generally assumed that in thin-layer chromato- 
graphy on polyamide layers hydrogen bonding likewise would play a predominant 
role231.22 . 

The chemical structures of most organophosphorus pesticides have fundamental 
skeletons such as 
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which are composed of linkages such as -0--, -S--, P = S and P = 0. Each 
oxygen and sulfur atom in these linkages could be concerned, more or less, in hydrogen 
bonding with the -CONI-I- groups in the polyamide molecules, and this is the 
reason for selecting organophosphorus pesticides for study by polyamide layer chro- 
matography. The nineteen organophosphorus pesticides (shown in Table I) which 
have been in practical use were analyzed on CaSO,-bound polyamide layers in the 
solvent systems listed in Table II. It was found that thin-layer chromatograph-y on 
polyamide is a suitable method for the micro-analysis of these compounds, and some 
correlation exists between the chemical structure and the RF value of the compounds 
in various types of solvent system. 

Prq!!aration of the ~>olyanzide claromato~latcs 
Fourteen grams of polyamide powder “Wakb Polyamide B-IO”’ were mixed 

with 55 ml of distilled water to give a homogeneous suspension. This suspension was 
spread evenly on each of five glass plates (20 x 20 cm), held horizontally, with a 
suitable applicator, pre-set to give an applied layer of 0.25 mm thickness. The coated 
plates were kept horizontal and dried at Go” for I 11 and stored in a desiccator con- 
taining silica gel. 

A@licatio?~ of sant$les and develo$mcnt of ckrovnato~lates 
The samples (I ~1 of 0.5% w/v solution in ethanol) were spotted on a line 3 cm 

from the bottom ‘edge. The plates were then eluted in the developing chamber 
(24 x 24 x II cm) by an ascending technique, at 24-26O. The solvent front was 
all.owecl to travel a clistance of 12 cm from the starting line. 

Detection 
Most of the samples containing a phenyl group in their structures (cj. Table I) 

gave dark spots in transmitted U.V. light. All of the samples except for Nos. 18 and 19 
could be detected by spraying with an 0.40/~ ethanolic solution of Congo Red or an 
0.25% ethanolic solution of fluorescein after exposure to bromine vapor. Samples 
of Nos. 10-17 could also be detected by spraying with IO~/O HCl containing 0.5% of 
PdCl,. 

Or,ga~ao~laosf&orzts fmticides 
All nineteen organophosphorus pesticides used by us were supplied by Nippon 

Tokushu-NGyaku K,K., Nissan Chemical Co. Ltd,, Sanlcyo Co. Ltd., and Sumitorno 
Chemical Co. Ltd., (Table I). 

Sohents 
The solvents used in this experiment were purified by conventional 

to meet with chromatographic requirements. 
methods 

l “Walt6 Polyamide B-t 0” is composed of 90% polyamicle powder and 10% anhyclrous 
calcium sulfate as a binder, and available from Walt6 Pure Chemical Industries, Ltcl., Nihonbashi- 
honchfi, Chub-lcu, Tokyo, Japan. 
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I l?arath ion 

2 Methyl 

parathion 

3 Sumithion 
(MEL’) 

4 Baycicl 

.5 ECP (VC-13) 

G Cyanos 

(S-q.oS4.) 

7 EPN 

S S-scvcn 

9 Surecicle 
(CYI?) 

IO Methyl 
dcmeton 
(Metasystos) 

II Demcton 
(Systos) P-O-CH2CH2S-C2t-15 

O,O-Dicthyl-0-(4.-nitrophenyl) 
phosphorothioate 

O,O-Dimcthvl-0-(4-nitrophcnyl) 
phospliorothiontc 

O,O-Uimcthyl-0-(3-methyl-4-nitro- 
phcnyl) phospl~orothioatc 

0,0-Dirncthyl-O-(3-metllyl-4-methyl- 
thiophcnyl) pliospl~orothioatc 

O,O-~~imctliyl-0-(q.-cyanophcn~l) 
phosphorothioatc 

0-Ethyl-0-(4.nitrophcnyl)phcnyl 
phosphonothioatc 

0-Ethyl-0-(2,4.-clicldoropl~cnyl) 
phenyl pliosplionothioate 

0-Ethyl-0-(4.cyanopl~enyl)~~hcnyl 
phosphonothioatc 

O,O-Diethyl-0-(a-ctliyltliio)ctllyl 
phosphorothioatc 
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18 

J9 

DisystoJl 
(Dithio-Systos) 

‘I’hiameton 
!Elcatin) 

Ciclial 

P-S-CHa-CH,-SC2H4 

C’-‘sO f 

> 
P-S-CH-(Z-CHz-SCZH5 

CH30 

cw3o 
> 

! -- - S CH COOC H 2 5 
CH30 

C’-‘30 1 

> 
P-S-CH-COOC$15 

Cl430 
Cl-l,--COOC,Hs 

O,O-Dicthyl-S-(z-ethylthio)ethyl 
phosphoroclithioate 

O.O-Dimcthyl-S-(z-ethyltl~io)ctl~yl 
phosphorodithioate 

O,O-Dimcthyl-S-(phenyl carbo- 
ethoxy) methyl phosphoroditllioatc 

O,O-Dimcthyl-S-(1 ,z-clicthoxy 
carbonyl ethyl) phosphorodithioatc 

Estos 

J.xJllctllontc 

Methyl 
paraoxon 

Oso-Sumithion 

cH30 
> 

P_,-,,_,, p c I_I 

2- - 25 
cl430 I 

Ck! 

CM30 5 

> 
7 I 

P-S-CI-12-C-NHCH3 
cl+0 

cH30>j-o 0 NO2 
Cl-l30 

-0 

O,O-Dimcthyl-S-(z-cthylsulfoxy-r- 
methyl)cthyl phosphorothiolatc 

O.O-Dimcthyl-S-(N-methyl carba- 
moyl methyl) phosphoroclithioatc 

O,O-Dimcthyl-O-(g-nitrophcnyl) 
phosphate 

O,O-Dimcthyl-0-(3-methyl-4-nitro- 
phcnyl!phosphatc 

RESULTS ANT> DISCUSSION 

Ovte-dimensional clzronzatograj?dzy 
The solvent systems suitable for the separation of organophosphorus pesticide 

on polyamide 1ayers.a.re summarized in Table II. They are roughly classified into tw 
types, group I and II according to the polarity of the constituent solvents. Table 11 
shows the Xp values of these samples in the above solvent systems. It is observe 
that Xp values of most of the samples conflict wiLb each other when the use of an 
two systems, one from Group I and one from Group II, are compared and such 
tendency is remarkable in the cases of Nos. x6-19 each of which has a highly polz 
functional group such as =S + 0, -CONHCH, and =I?= 0. Among the solver 
systems listed in Table II, d, g and j are the most suitable for the separation of the5 
organopliospl~orus pesticides. 
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SOLVENT SYSTEMS FOR CI-IROhlATOGRAl’lIY OF ORGANOPI~OSPI-IORUS PESTICIDES ON FOLYAMIDII 

LAYERS 

S~W/bOZ GYOCC~ Cont.~omds Rdio 
(VIV) 

a T J~I,O-AcOI-I g:1 
b 1 I-I,O-RcOI-I 8:2 
c I I-I,O-&01-I 5:5 
Cl I-I,O-MeOI-1 5 :5 
c :. l&O-McOI-I G :4 
f I I&O-acetone 5 :.5 
6' I I-I,O-acetone G:4 
11 I H,O-AcOJrI-R?IcOI-I 5:1:4 

i 1.1 I&-Hcs;l.nc-AcOI-I 9:1 
j 11 ,rr-I-Icsanc-AcOI-I 95:s 
Ic II Pctrolcuxn ctller-AcO.l-I 95:s 
T 11 Cyclollcsane-ACOH 9.5:s 

. . 

Each spot is detected by using any of the methods described above as in the 
case of silica gel layers, In Table IV, a comparison is made between the detection 
limit of the spots on polyamide layers and on silica gel layers. It can be seen from 
this that the detection of organophosphorus pesticides on polyamide layers is superior 
to that on silica gel layers except in the case of the PdCl,-HCl method. To avoid 
severe damage of polyamide layers, the detection of the spots with the PclCl,-HCI 
reagent has to be performed without heating and this results in a lower sensitivity. 
Because polyamide has an extreme af5nity for bromine, in the case of methods 

TABLE III 

Rp VALUES OP ORGANOPHOSPHORUS PESTICIDES ON POLYAMIDEZ LAYERS 

Sample Sahelat system , 
No. 

n b c d c f g II i j It 1 

I 

2 

3 
4 
5 
G 

g 
9 

IO 

XI 

12 

13 
14 
15 
I6 
'7 
18 
19 

0.03 0.07 0._+3 0.27 0.13 
0.08 0.15 o.G3 0.33 0.20 
0.04 0.10 0.01 0.30 0.17 
0.01 0.03 0.49 0.23 0.10 
0.00 0.00 0.40 0.16 0.05 
0.12 0.22 0.70 0.4.5 0.32 
0.00 0.0x 0.41 0.12 0.03 
0.00 0.00 0.23 0.05 0.01 
0.00 0.02 0.50 0.22 0.08 
0,63 0.a 0.89 0.81 0.75 
o-45 o-57 0.81 0.79 o.Gg 
0.04 0.08 0.57 0.36 0.20 

0.10 0.17 0.63 0.41 0.28 
0,03 0.07 0.57 0.36 0.18 
.0.1g 0.30 0.75 0.59 0.46 
0.95 0.91 0.93 o;95 0.94. 
o.Go o.G5 0.82 0.76 0.69 
0.50, 0.61 0.85 0.73 0.65 
0039 0.53 0.83 0.69 0.59 

0.60 0.35 0.61 0.89 0.82 0.87 0.93 
o.GG 0.43 0.65 o.G2 0.59 0.73 0.76 
0.65 0.39 o.G3 0.74, o.Gg 0.82 0.85 
0.01 0.33 0.55 o,g1 0.87 0.91 0.95 
0.53 0.21 , 0.50 I.00 1.00 1.00 I .oo 

o-73 0~51 0.71 0.52 0.4G 0.63 o.Go 
0.47 O.IG 0.42 0.82 0.76 0.84 0.93 
0.37 o.oG 0.32 1.00 0.97 0.96 1.00 
0.5G 0.25 0.54 0.75 0.68 0.79 0.88 
0.88 0.81 0.89 0.63 0.4G 0.61 0.79 
0.85 0.77 0.84 0.85 0.70 0.82 0.89 
0.64 0.40 o.G5 1.00 1.00 1.00 1.00 
0.69 0.48 o.G7 1.00 0.94 0.96 1.00 
0.68 0.41 00G7 0.94 0.87 0.91 1.00 
0.75 0.02 0080 0.81 0.78 0.8s 0.87 
0.97 o,95 0,95 0.10 0.03 0.11 0.07 
0.86 0.78 0.84. 0.09 0.03 0.09 0.07 
0.87 0.77 0.W 0.25 0.15 0.31 0.2G 
0.85 0,7G 018s o-34 0.22 0.40 0.38 
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DETJ3CTION LIMITS OI? SPOTS OF ORGhNOPHOSPI~IORUS PESTICIDES ON POLYAMIDE AND SILICA GEL 

J+YERS 

Sample 
No. 

Method of detection 

U. V. absorpion NCZ-PdCl, Br,-jhlO- 
rescein 

&,-Congo Red 

PA’ si l PA Si I’A Si PA Si 

I IY 5-IOY =y =y 2.59’ 2.5-W 5Y 
2 IY s-IOY IY IY 2.5Y 2.5-5Y SY 
3 IY 5Y s-IO), IY 'Y 2+5Y 2,5-5Y - 
4 "Y 5Y 5-107' 1y 1y 2.5Y 2.5 $10 

5 2.5 5-x0 5-ray IY *y 2.5Y 2.5-S 5-10 

c, 2.5 5-10 5-IOy IY IY 2.5Y 2.5 2.5 
H7 2.5 5-10 5-*OY -LY IY 2.5Y 2.5-5 5 

2.5 5-10 5-J.oy Iy ‘Y 2.5Y 215 5 
I) 2.5 5-10 xy xy 2.5Y 2.5 5 

10 - l . 
5-toy 

- 2.5 IY =Y 2.5Y 2.5-5 2.5 
11 - - 2.5 IY =Y 24Y 2.5-5 2.5. 
12 - - 2.5 IY IY 2.5Y I-2.5 r-2.5 

13 - - 2.5 IY "Y 2~5Y 1-2.5 1-2.5 

I 4 2.5 S-10 2.5 IY IY 2*SY I-2.5 I-2.5 

I 5 - - 2.5 IY IY 2.5Y 2.5 2.5 
Id - - 2.5 "Y IY 2.5~ 2.5 I-2.5 

17 - - 2.5 "Y IY 2.5Y r-2.5 1-2.5 
IS I 

5 
- - - - - - 

I9 I 5 - - - - - - 

l PA = polyamide layer; Si = silica gel layer. 
l * Symbol - mans that no spot was observed by these clctcction mcthocls. 

involving bromine treatment (viz. the Br,-fluorescein reagent and the Br,-Congo Red 
reagent) a developed polyamide plate must be left to stand for 20-24 h at room 
temperature after exposing to bromine vapour to free the polyamide surface from 
bromine. U.V. absorption of the spots on polyamide layers is much more distinct 
than those on silica gel layers because of brightness of the background on the poly- 
amide layers, 

Some correlations between the variation of functional groups in the chemical 
structure of the samples and their Rp values are summarized in Table V. This Table 
also shows a reversal of the effect on the RF values of these compounds if a group II 
solvent system is used instead of a group I solvent system. 

Two-tEimemionaZ claromatograj?day 
Fig. I sliows the two-dimensional separation of a mixture containing the nine- 

teen organophosphorus pesticides using a combination of solvent systems d and j. Of 
all the possible combinations of solvent systems listed on Table II, this combination 
gives the best distribution of spots on the chromatogram. From the relationship 
between the chemical structures of the samples tested and the positions of their spots, 
these compounds are classified into three groups, A, I3 and C. In the group A com- 
pounds (Nos. IO-IS) the structure is such that all three substituents through an 
-0- or -S- linkage in each compound are alkyl groups. Each group B compound 

J. Chromatog., 39 (rgcjg) 282~2go 
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olvent 

Fig. I. Two-dimensional chromatogram of organophosphorus pcsticiclcs. For sample numbers, 
s cc Table I. 

(Nos. x-6, IS and rg) is a derivative of O,O-dialkyl-0-phenyl phosphorothioate or 
phosphate, and all group C compounds (Nos. 7-g) are phenyl phosphonic acid deriva- 
tives, Both compounds No. 16 and 17 show irregular chromatographic behavior 
which is attributed in the presence of a polar functional group such as =S + 0 or 
-CONHCH, in their structures. 

CONCLUSION 

The thin-layer chromatography of organophosphorus pesticides on polyamide 
was investigated on the basis of the assumption that hydrogen bonding between 
particular groups in the pesticide and the polyamide layer would occur. However, 
it was found that in these compounds hydrogen bonding is not of great importance, 
but the polar or non-polar character of the solvent used decisively affects their 
chromatographic behavior. Consequently, the results of this investigation lend some 
support to the suggestion that the polyamide surface has a dual character depending 
on the nature of the eluent system1~~24. 
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