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CHROM. 5434 

DETERMINATION OF z-CI.LOROETHYLPHOSPHONIC ACID (ETHEPHON) 

IN PALM OIL BY THIN-LAYER CHROMATOGRAPHY 

CV. ItI. YONG 
Rch?xv Rcscnrcl~ ~~ustitutc of A~alayn, /illala LI~IIZ~~ICY (Ad’nba~ysz’a) 

(Rcceivccl April 5t12, 1971) 

A thin layer chromatography system is described for the estimation of z-chloro- 
etllylpbosphonic acid (Etbephon), a constituent of Ethrel (a proprietary plant stim- 
ulant) in palm oil. A sample of Etbrel is dissolved in benzene and extracted with dilute 
acetic acid. The acid extract is spotted on a plate prccoated with Silica Gel (olme I?) 
Merck and the chromatogram developed in a solvent mixture of tert.-butanol, water 
and glacial acetic acid. The Ethephon spot is detected by spraying wit11 a cllromogenic 
reagent, sodium molybdate-hydrazine sulphate. Quantitative estimation of Ethepbon 
is based on measurement of the area of tile spot. The quantity of Ethrel in palm oil 
can be determined from the Etbepbon content; the mean coefficient of variation is 
&z.zS y0 and the average recovery 95.47 %. 

INTRODUCTIOX 

Work at tile Rubber Research Institute of Malaya has shown that Etllrel, a 
proprietary plant stimulant, is very effective for increasing the lates yield of rubber 
plants1 (Hcven bmsilz’cnsis). Recently, ABRAHAM~ showed that tile optimum concen- 
tration level for application was IO y0 of Etbrel in a palm oil formulation. Palm oil 
is used as a carrier for the stimulant and tile active ingredient is z-chloroetbyl- 
pbospbonic acid wllicli decomposes to produce free etllylene gas as tile plant hormone. 
Earlier samples of Etbrel manufactured by Am&em Products, Inc., Ambler, Pa., 
U.S.A., comprised three components3 zrzk. z-cl~loroetbylpl~ospl~onic acid (45-43 O/o), 
2-cl~loroetl~ylpl~ospbonic anhydride (11-14 “/) and mono-z-cbloroetbyl ester (34-38 yo). 
However, currently produced Etbrel for use as a lates stimulant consists of 3g,sG y. 
of z+cliloroetl~ylpliospl~onic acid wbicll leas been given the name “Etbepbon”. As 
this later form of Etlu-el is likely to be used on a large scale in the natural rubber 
industry, a precise method is required for estimation 
oil formulations, for purposes of quality control and 
on storage. 

ESPBRIMENTAL 

A#$aratacs 
Graduated separation .funnels (50 ml) 
Sbandon spray gun 

-- 
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Disposable micro-pipettes - Drummond (3 ,ul) 
Camag developing chamber 
Precoated silica gel plates (ohne 17) Merck. 

Reagents 
Benzene (Analar) 
Glacial acetic acid (Analar) 
Concentrated sulphuric acid (sp. gr. 1.54) 
Palm oil (Hew Pharmacy) 
Ethrel (Amchcm) 
z-Chloroethylphosphonic acid (Amchem) 
tej$.-Butanol (reagent grade) 
Sodium molybdate (reagent grade) 
Hydrazine sulphate (reagent grade). 
Dilute acetic acid, pH = 3. 3 ml of glacial acetic acid added to 250 ml of dis- 
tilled water. 
Ethephon reference solutions were prepared by dissolving a series of 0.2, 0.4, 
0.6, o.S, 1.0, 1.2 and 1.4 g of Ethrel in IO ml of dilute acetic acid. 3 ,~l aliquots 
of these reference solutions were spotted on a plate to give a range of 23.7-166.2 
lug Ethephon (60-420 /Ag Ethrel). 

Chronao,nenic reagent 
The sodium molybdate-hydrazine sulphate reagent, similar to the one used by 

HAWN AND LUCKHANS~ for the calorimetric determination of phosphate and arsenate, 
was prepared by dissolving 3.5 g of sodium molybdate and 0.2 g of hydrazine sulphate 
in 25 ml of distilled water. 25 ml of concentrated sulphuric acid were added slowly 
to this solution. After cooling in water, the whole solution was diluted to 250 ml with 
distilled water and kept as spraying reagent. 

Extraction of Etlte$d2072 from Etlwel/j5nh2 oil wixtzcre 

A 5 g portion of a representative sample of Ethrel in palm oil was dissolved in 
about 30 ml of benzene in a 50 ml graduated separation funnel. Benzene was in slight 
escess to ensure complete dissolution. IO ml of dilute acetic acid with a pH of 3 were 
then pipetted into the separation funnel. Ethephon is stable in aqueous solutions 
below a pH of 3.5. Above this pH value, disintegration of the molecule would take 
place and free ethylene gas, chloride and phosphate ions would be liberateds. The 
mixture was shaken for 3 min and left to stand for half an hour. Two distinct fractions 
were obtained, an upper yellow-brown layer which consisted of palm oil in benzene and 
a clear bottom portion which contained Ethephon in acetic acid. The bottom fraction 
was drained off and kept for TLC spotting. 

Aj+?icatio~2 of the acid extract to the nbsorbcnt 

A 3 ,ul aliquot of the dilute acetic acid extract was deposited on the starting 
line of the precoated silica gel plate, by means of a disposable micro-pipette. Simul- 
taneously a series of standard spots from the Ethephon reference solutions in dilute 
acetic acid containing 23.7-166.2 pg Ethephon (60-420 ,Lcg Ethrel) were transferred 
onto the same plate. Care was taken to make the spot areas as uniform as possible. 
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The spotted plate was placed in the developing chamber containing a solvent 
misture of tert.-butanol-water-glacial acetic acid (6: 3: I, v/v). It took about 5 11 
for the solvent to reach the finish line (x0 cm from the starting line), at which time 
the plate was removed and the solvent allowed to evaporate, The locations of the 
various spots were then detected by the HAIDJ AND LUCKHANS~ reagent which made 
the colourless spots visible after baking the plate in an oven at IOOO for IO min. The 
spots at RF o.gG indicated the presence of Ethephon which formed a blue phospho- 
molybdate complex with molybdate solution. A slightly blue background was also 
formed by the sodium molybdate solution from the indicator, hut this could be easily 
blown off by a stream of cool air from a hair dryer or removed by cooling the chromato- 
gram in the air. The blue spot was stable for two days. 

(22camCitative estimntion of sjbots 
As the spots developed on the chromatogram were sharp and well defined, both 

semi-quantitative and quantitative estimation could be successfully carried out as 
follows. 

For semi-quantitative analysis, the size of the unknown spot was compared 
visually with that of the standards and the percentage of the unknown was cal- 
culated from the following espression : 

E7,= 
E', x v, 

100 x ---- 
TTt x IV, 

where ED = 76 Etheplion in palm oil 
E, = Ethephon in sample spot estimated from standards expressed in g 
VF = volume of dilute acetic acid extract in ml 
l/‘t = volume of sample transferred onto the plate in ml 
TV s = weight of the sample taken in g. 

For quantitative analysis, the areas of the spots were nieasurecl by placing a 
sheet of transparent paper marked in mm2 over the chromatogram and tracing the 
outline of the spots. A standard calibration curve was drawn by plotting the square 
root of the spot area against tlie logarithmic weight of Ethephon by running a series 
of Ethephon standards and by using the following espressiona: 

A = 1n log IV -t_ c 

where A = area of Ethephon spot; TV = weight of Ethephon applied; and it and 
c = constants. 

RESULTS AND DISCUSSION 

.A typical chromatogram with Ethrel solutions developed on a precoated silica 
gel plate is shown in Fig. I. The. sharp, compact and well defined blue spots at RsT 
o.gG were confirmed as being Ethephon by comparison with clxomatograms of the 
pure compound. Chromatographic data obtained for Ethrel standards on three 
different plates are tabulated in Table I. It can be seen that spot area values vary 
significantly from plate to plate, thus requiring that standards and unknowns should 
be developed on the same plate. The square root of the spot area was linearly related 
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to the logarithm of the weight of Ethephon applied (Fig. 2). Typical results obtained 
from 5 samples of palm oil containing Ethrel are also given in Table I. The average 
recovery of Ethrel in palm oil based on the Ethephon content was 95.47 yOo. 

Pig. I. Typical, chromatosrarn of Ethcphon on precoatecl silica. gel plate from Ethrcl solutions. 
I = 23.7 /.cg; 2 = 47.5 bib’; 3 = 71.2 116; 4 = 94.9 1-46; 5 = 11Y.7 f.16; G = 142.4 frg and 7 = 
IG6.2 pg. 

Fig. 2. Stamlarcl cnlibratioll curves: rJi0ts of +X against loo,,, IV for Ethcphon stanclnrcls on clif- 
fcrent precoatecl silica gel plates (A = ama of spot, TV = wet&t of Ethephon). 

No trace of Ethephon was detected in a second extraction indicating that one 
extraction of the palm oil is sufficient. It was also observed that the TLC chromato- 
gram of a dilute acetic acid extra& of palm oil alone did not contain any material 
which would interfere wit11 the estimation of Ethephon. 

The above results, show that the determination of the Ethrel content in palm 
oil by means of TLC of Ethephon is reproducible and accurate. Factors which affect 
the accuracy of the determination are the homogeneity and thickness of the absorbent 
layer, the uni.formity of the starting spots and the constancy of the vapour phase in 
the developing tank. A disadvantage of using these precoated silica gel plates is 
their relatively low sensitivity, the limit of detection being 7.9 ,ug Ethephon (20 ,ug 
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Ethel). Also, the time for development of the chromatogram is relatively long. 
However, the procedure can be used for routine assay of commercial formulations of 
Ethel in palm oil, provided standards and unknowns are determined on the same 
plate. 
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