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$ik% ‘thin-layer, chromatography has.’ been used', for analyses,’ ;of chJorinated 
‘~esti~i$k:‘residuks’-“; it has been. found that silver nitrate reagent, the reagent ‘most 
frequently used in ,paper ,y+m~J.yy+s! -+-1h,! did, not give-‘satisfactory’ r,esults::,:the 
backgrou,nd, was dark, the,’ spots,, with, low I conce;it~,~~ion~‘~,~~~~e. not,, 'sufficiently, 'de- 
fined, etc. :other reagents suchas methyf yeUow’0,indophenol blue17, or N,N-dimethyl- 
34-phe~~le,nediamine,hj;dto~hior,i~e ,~l?‘:sodirz~‘e~liojrj~els !$ere,:‘also,;iiot sat~sfact@y’,for 

. varrous ‘re’asons,.:S,, ‘: ,;.‘,, ‘. .;,‘:,: : ,,:;:, :‘. ’ i,, ),‘.I’ 1’ ., :,“.i:.‘~~:~‘I “1 _, :, .. ;’ .,: ., : : 
,’ .; 

H.o&&er, the”‘spot:test” for amine ,coni@inds~~, can .be modified (organochlo- 
rine pestioides being used;,‘$stead of fliiorescein”‘:ch’l~~~d~j : j&l ‘diphdliyianiinc and 
zinc chloride as reagents) ,and ,can.:,be used :for ,the detection, of chlorinated, pesticides, ,. 
L&ML&@ was one ‘of, the first to suggest the ‘possibility of, ‘detecting DDT with zinc ,,. : * ‘,‘, ?.’ (,,.. ‘,‘/‘:.,, ;,: . : s ;.‘;‘;., .,., 
chloride,’ phenol and .,+phenylamme. ~,CuEToaZ’,‘m&ed’ diek&=in j v,&lyi diphenylamine 
and ‘zinc chloride at 20.5’ and used the coloured: compound so.obtained.,for .colori&- 

‘. 
trlc ‘d~termin’ation~~.:bf~~.‘~etclri~~” GRAUP~& 

. 
22 t&ted” ‘jdka’hefie ‘iti &.“&Gila+ Cay, 

lbf$C~,$,<~~y~B d~s~~ib~,~ a,proceduke for the detection of captan by spraying the chro- 
matogram’ witli “diphenylamine and zinc chloride in zicetone and irradiating with 
U.V. light BENDS 24 ‘described the ‘detection of aklrin, dieldrin, toxaphene and DDT 
by’ a “spot test” technique,. but got’ a negative’ reaction for’ lindane. I<ATz~~ used 
diphenylamine-zinc chloride and diphenylamine-iodine as spray reagents in thin- 
layer chromatography and after heating at 2000 he obtained coloured compounds 
with DDT; methoxylchlor, kelthane, captan and toxaphene. 

,411 the. above references .,are to reactions of chlorinated insecticides with di- 
phenylamiue “in the presence of zinc chloride or iodine, ,We also used diphenylamine, 
but’. found2P that, DDT, liudane; aldrin, dieldrin, cudrin; toxaphene;’ togeth& with 
~,~~B~~~~;~,s~~, ,bKXfA and VCPP, under the influence of U.V. light react with di- 
phenylamme; eveii ‘i!’ @c chloride or iodine : are absent? to gibe &ar&teristically 
coloured j&ducts. : ,,,’ ._ 

Luvestigation of the behaviour of other aromatic amines. showed that those a 
compounds having a free or substituted amino-group react, urrder the above.men- 
tioned’ conditions!, with chlorinated insecticides, giving more or less characterist+.lly, 
coloured. reaction products. -. /i ’ :I : ’ ( :” : ‘,’ ‘.! ’ : /. : : : ‘.‘, ’ 1 ‘, / ., ! 
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EXPERIMENTAL 

I. Silica gel accovdirqg to STAW’L (“Kemiha”, Zagreb). 30 g of adsorbent and 72 ml 
of water are shaken for -2 min in iltl Erlenmeyer flask with a ground stopper and then 
applied to glass plates by means of an applicator; the thickness of the layer is 0.25 mm. 
After air-drying the adsorbent is activated at a temperature of 120’ for 30 min. and 
then cooled in a desiccator over silica gel. 

2. Sohmt. Benzine fraction (b.p. go to. IOO’), purified by shaking with sulphuric 
acid (20 o/o SO,), water and a 2 o/o solution of sodium bicarbonate and again water. 
The solvent obtained in this way is dried over anhydrous sodium sulfate and distilled. 

3. Startdard irtsecticids solwtiom. 0.1 Y. solutions of recrystallized active mate- 
rial: p,p’-DDT, lindane, aldrin, dieldrin and ,endrin in ethyl acetate.. 

4. Chro+nogenic reage+zts. 0.5 y. v/v or 0.1 y. w/v ethanol solution of the following 
amine compounds freshly distilled or recrystallized: aniline; o-, .m-, and $-toluidine; 
o-aminophenol ; $-anisidine - IX1 ; $-nitroaniline ; dimethylaniline ; p-phenylenedia- 
mine ; p-aminodimethylaniline ; p-dimethylaminobenzaldehyde ; benzidine ; o-tolidine ; 

3,3’-diaminobenzidine ; diphenylamine ; a-naphthylamine ;. N-l-naphthylethylene- 
diamine 9 2 KC1 ; N-phenyl-I-naphthylamine. 

All chromogenic reagents have to be freshly prepared before they are used. 

APPARATIJS 

The ultraviolet light source was an Analysen Quarzlampe, Hanau, 2536 A. 

PROCEDURE 

Known amounts of the standard insecticide solutions, were spotted to the pre- 
pared-plates from a 10 ~1 -o-syringe, and after air-drying the plate was developed 
in a jar saturatecl with the vapor from the solvent. The solvent front was allowed to 
reach a previously marked line 15 cm from the origin and the plate was then removed. 
Development time was 40-50 min. 

The plate was dried at room temperature, then sprayed with the chromogenic 
reagent ancl exposed to the U.V. light without a filter at a distance of 25 cm for 
1-15 min, depending on the chromogenic reagent being used. 

RESULTS AND DISCUSSION 

Before obtaining the results described in Table I we tested the amine com- 
pounds listed above under Chromogestic reagents under the conditions given by 
&ICKINLEY~~ and 1~~~~26,. but the results were unsatisfactory; the sensitivity was 
shown to be very low and some of the reactions failed completely. Rowever, when we 
used diphenylamine in the form of a “spot test”2a, we got sensitivities ranging in 
limits between 0.2 and 0.5 pg. With,some of the compounds which we have just de- 
scribed an even .higher sensitivity could be achieved with the “spot test”, and this 
will be the subject of a future publication. 

., As regards the stability of the colours obtained diphenylamine is particularly 

* J. Cltvomatog.; 23 .(x966) z74-9.7g 
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outstanding, and it’is possible to read the chromatogram even after 60 days, with only’ 
a slight darkening of the background. Such stabiliw of the colourecl spots was not 
obtainable with other amine compounds, but in their case it is possible. to revive the 
colour by means of further W.V. irradiation (benzidine, o-tolidine, dimethylamine and 
others). 

., 

In addition to the data in Table I some additional information concerning each 
of .the amines used is given below. : 

. 

Rsdim 

,The irradiation time necessary after spraying with this reagent is s-7 min.. 
DDT is more difficult to detect than the other insecticides (sensitivity limit 5 pg). 

o-, m-, ad p-Tohcidi~e 
All three isomers behave similarly. Apart from the DDT spot, the colour of 

which fades, the other spots remain stable even after several hours. 

As distinct from the other reagents, o-aminophenol is dissolved in petroleum 
ether. To produce any coloured spots it was necessary to irradiate for 15 min, but 
because of lack of sensitivity the reagent has no practical value, 

~~-Aruti,)todimetlzyla~t~~~~~e ad +k?roaniline 
These reagents are of no account either, ‘as with the first an intensely coloured 

backgrouild is obtained, and the second does not possess the required sensitivity. 

p-A&sidiute 
This reagent is only of use with DDT, with which it forms a violet-red spot on a 

white background after 30-60 set irradiation. In order to develop the spots of, the 
other insecticicles, 5 min irradiation are required, but this darkens the background so 
that the spots are barely discernible. 

Divnetlzylmdi~e 
. : This has been shown to be,;;?. very sensitive reagent, and with it a certain amount 

ofselectivity is possible in the following manner. The irradiation usually lasts 2-7 min, 
but if the plate is irradiated for only 2 min the aldrin, dieldrin and endrin,spots are 
blue-green, DDT brown and lindane violet. On further irradiation only the colour of 
the DDT spots remains unchanged. Dimethylaniline reacts with chlorphenoxy acids 
as well,' producing violet-coloured spots. 

~--Phe?tylenecEinn~ine 
Irradiation of the chromatogram for 30-60 set is sufficient to produce a hardly 

noticeable batikground with well defined spots; the sensitivity is better than 0.5 (ug. 
If the irradiation.is continued for 5 min the background becomes dirty-pink and the 
spots .grey-blue, excepting lindane and toxaphene, which are cbloured violet. 
.., :, : ,I.. .” 

p-Dimetlzylamirtobel~a~d~~y~e 
‘.’ If the chromatogram sprayed with p-dimethylaminobenzaldehyde ~is~irradiated 

J. Clwomatoga, 23 (rpe6) 274-279 
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for 5-7 min, only a lemon-yellow spot due to DDT appears on the white background; 
after 15 min irradiation the background becomes more intensively coloured and the 
insecticide spots become orange. Under the unfiltered U.V, light the coloured spots 
become more noticeable. 

Benzidkae and o-tolidine 
Both of these compounds behave similarly, and are equahy sensitive and suit-. 

able for use as chromogenic reagents, not only for the insecticides mentioned but 
also for toxaphene and derivatives of chlorophenoxy acids. The chromatogram need 
only be irradiated for 5-10 set to cause the appearance of coloured spots; further 
irradiation intensifies the colours but the background also becomes coloured. In 
daylight the colours change quickly, the background becomes brighter and the insec- 
ticide spots sandy-yellow; a subsequent brief irradiation produces the same effect. 
If the chromatogranz is exposed to sunlight the same result is obtained after some- 
what longer mterval (several minutes). 

In contrast to benzidine and o-toluidine, 3,3’-diaminobenzidine cannpt he used 
so successfully. 

Diphenylamine is regularly used as a chromogenic reagent by us, not only for 
the cases when standard insecticide solutions are being examined but when impure 
extracts .from cereals, vegetable, clover or milk are being investigated; residues of fat, 
waxes and other coloring pigments do not interfere. In addition to the insecticides 
mentioned toxaphene, &EPA, MCPP, 2,4-D and 2,4,5-T also react with diphenyl- 
amine; their spots are coloured grey after an irradiation of 5 min. The colour is very 
stable, making the identification of 0.5 pg of,insecticidc possible even after 2 months. 
The same effect can be ,produced by sunlight. 

It takes only 30 seconds to develop the coloured spots with a-naphthylamine; 
if the irradiation is continued up to 2 min the background becomes rosy and the spots 
less discernible. ,The colours are unstable in daylight and after, s-10 min only the 
lindane spot is visible. 

N-~-Na~12tl~yZel~y~c~ediarni~ze and N-~12enyZ-r-na34~~?~yZa~~ne 
Both these give similarly coloured reaction products; the first reagent is some- 

what,more sensitive; the irradiation time is about I:O min. 

CONCLUSION , 

Eighteen aromatic amines have been tested for their ability,to identify chlori- 
nated insecticides in thin-layer chromatography. Of these o-aminophenol, fi-anisidine, 
$-nitroaniline, $-aminodimethylaniline and 3,3’-diaminobenzidine have no practical, 
value; either their sensitivity is inadequate, they do not react at all, or the’chromato- 
gram background istoo dark. The other, amines can all be used practically as chromo- 

J. Clwomalog., 23 (1966) 274-279 
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genie reagents; dimethylaniline, &phenylenecliamine, benzidine, o-tolidine, diphenyl- 
amine and a-naphlhylamine are particularly useful. 
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SUMMARY 

A simple and rapid procedure for identific&ion of some chlorinated insecticides 
on ‘thin-layer chromatograms by irradiating the’ sprayed chromatogram with U.V. 
light is described. Eighteen aromatic amines were us&d as chromogenic re,agents; the 
folkkving showed the highest sensitivity and, consequently, a certain practical value: 
dimethyla&line, $-phenylenediamine, berizidine, o-tolicline, diphenylamine ancl CG- 
ri@hthylamine. 
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