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Separation and detection of phenoxyacid herbicides such as 4-chlorophenoxyacetic,
2,4-dichlorophenoxyacetic, phenoxyacetic, 2,4,5-trichlorophenoxyacetic, trichloroacetic
acids and plant growth regulators such as benzoic, cinnamic, gallic, indole-3-acetic,
indole-3-propionic, x-naphthaleneacetic, f-naphthalenaecetic, p-naphthoxyacetic acids
have been made by ion-pair reversed-phase thin-layer chromatography on calcium
sulphate coating impregnated with an ion-pair reagent cetrimide and different oils
such as coconut oil, olive oil, paraffin oil and silicon oil using distilled water as a
solvent and bromophenol blue as a detector.

KEY WORDS: Phenoxy acids, plant growth regulators, phenoxyacid herbicides,
reversed phase TLC, TLC.

INTRODUCTION

Phenoxyacid herbicides, such as 2,4-D and 24,5-T and trichloro-
acetic acid (TCA) are widely used to control dicot weeds in the crops
and forests whereas plant growth regulators like benzoic, cinnamic,
indole-3-acetic, gallic and a-naphthaleneacetic acids are used to
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control the plant growth in crops. These herbicides and plant growth
regulators mix up in natural water either by accidental fallout of
sprays from agricultural treatment or by surface run-off from agricul-
tural land. Work has been done to study the environmentally
deleterious effects of the herbicides on the aquatic organisms,' their
phototoxicity to plants,? to fish, pollen grains* and to rats.®

The mentioned compounds are difficult to analyse by the fre-
quently used and highly sensitive technique of gas-chromatography
due to their non-volatile nature. High performance liquid chroma-
tography (HPLC) has proved to be a good alternative to clean-up
and determine acid herbicides from different samples with great
accuracy®® but is a sophisticated and expensive technique which
requires technically skilled operators. These compounds have been
separated by thin-layer chromatography (TLC) on calcium sulphate
coating in our laboratory by previous workers.!? Reversed-phase
thin-layer chromatography (RP-TLC) is a useful alternative to
normal-phase thin-layer chromatography (NP-TLC) on silica gel for
the separation of polar compounds.

Lewis and Wilson'! studied the organic acids by ion-pair
reversed-phase thin-layer chromatography (IP-RP-TLC) on both
paraffin-coated and C,g bonded silica gel plates using six ion-pair
reagents. Hui and Taylor!'? studied reversed-phase ion-pair high-
performance liquid-chromatography (RP-IP-HPLC) procedure for
the determination of histamine and its metabolites in rat urine using
1-pentane sulphonic acid as an ion-pair reagent. Ruane et al.'® have
also studied normal-phase ion-pair thin-layer chromatography (NP-
IP-TLC) and RP-IP-TLC of hydroxy benzoic acids, genestic acid
and salicylic acid with bifunctional (bolafarm) bis trimethyl-
ammonium ion-pair reagent.

Literature survey shows that attempts have been made to use IP-
RP-TLC in organic acids,'* peptides,!® amino acids'® and nitrogen
bases.!” This paper describes the results on calcium sulphate coating
using an ion-pair reagent cetrimide (tetradecyltrimethylammonium-
bromide) impregnating with oils such as coconut, paraffin, olive and
silicon oils. Ternary and quaternary separations of phenoxyacid
herbicides and plant growth regulators have been achieved using
distilled water as a solvent. Efforts have been made to detect
phenoxyacid herbicides from water samples after extraction with
ethers.
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EXPERIMENTAL
Apparatus

A Stahl apparatus with a universal applicator (adjustable thickness
of the applied layer from 0.25-2.00mm), hot air electric drier, glass
plates (20 x 4cm), glass jars (25 x 5cm), separating funnel, graduated
micro pipette with vaccupet control and temperature controlled
electric oven were used.

Chemicals

- Calcium sulphate precipitated powder (E. Merck, India), cetrimide,

olive oil (Shalaks Chemicals, India), silicon oil (Central Drug House,
India), coconut oil (Tata product, India), benzoic acid, 4-chloro-
phenoxyacetic acid, cinnamic acid, 2,4-dichlorophenoxyacetic acid,
gallic acid, indole-3-acetic acid, indole-3-propionic acid, a-
naphthaleneacetic acid, f-naphthaleneacetic acid, f-naphthoxyacetic
acid, phenoxyacetic acid, 2,4,5-trichlorophenoxyacetic acid (Sigma,
USA), trichloroacetic acid (CDH, India) and all other reagents of
analytical grade were used.

Preparation of solutions

Solutions (1%) of benzoic, 4-chlorophenoxyacetic, cinnamic, 2,4-
dichlorophenoxyacetic, gallic, indole-3-acetic, indole-3-propionic,
a-naphthaleneacetic, B-naphthaleneacetic, f-naphthoxyacetic, phen-
oxyacetic and 2,4,5-trichlorophenoxyacetic acids were prepared in
ethanol. Solution (1%) of trichloroacetic acid was prepared in
distilled water.

Preparation of plates

Plates of 0.5mm thickness have been prepared by a slurry obtained
by mixing calcium sulphate (30 g), 1% ethanolic solution of cetrimide
(5ml), oil (2ml) and distilled water (DW) (70ml). The plates were
first allowed to dry at room temperature and then at 80°C for half
an hour in an oven.

Four different coatings made to prepare thin-layer chromato-
graphic plates are as follows:
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Coating A: Calcium sulphate (30g)+19% ethanolic solution of
cetrimide (5 ml) +coconut oil (2ml)+ DW (70 ml).

Coating B: Calcium sulphate (30g)+19% ethanolic solution of
cetrimide (5 ml) + olive oil (2ml)+DW (70 ml).

Coating C:  Calcium sulphate (30g)+ 19, ethanolic solution of
cetrimide (5 ml) + paraffin oil (2ml)+DW (70 ml).

Coating D: Calcium sulphate (30g)+1% ethanolic solution of
cetrimide (5 ml) +silicon oil (2ml)+DW (70 ml).

Procedure

Test solutions were spotted on the plates with the help of fine
capillary. The solvent was removed by hot air drying, the plates were
developed up to 10cm in the solvent and then dried and acids were
detected with 0.19 ethanolic alkaline bromophenol blue. For tailing,
the front limit (RI) and the real limit (RT) were measured, while for
compact spot R, values were taken as usual,

Distance travelled by substance (cm)
f=

Distance travelled by solvent (cm)

Ternary and quaternary separations were achieved by spotting
mixtures of three or four acids in water and detected by the same
procedure. Phenoxy acid herbicides were extracted from water
samples with diethyl ether, isopropyl ether and petroleum ether and
quaternary separations were achieved successfully on coating B.

RESULTS

Tables 1 and 2 show that many ternary and quaternary separations
have been achieved on different coatings. Some of the important
separations are shown in photo print Nos. 1 and 2. Diethyl ether
was the best extractant in comparison to petroleum ether and iso-
propyl ether due to herbicide’s higher solubilities in the former.
Recovery figures are given in Table 3.
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Table 1 Ternary separations

Acid Separated from Coating
CPX (0.0) 24D (3-6) and PHX (9-10) D
CIN (0.0) 2,4-D (5-7) and GA (1.0)/TCA (1.0) C
CIN (0-2) CPX (5-7) and TCA (1.0) B
CIN (0.0) 2,4,5-T (3-5) and GA (9-10)/

B-NPX (1.0)/TCA (1.0) C
CIN (0.0) BN (4-6) and B-NPX (1.0)/PHX (1.0)/

TCA (1.0)/GA (1.0) Cand B
B-NPX (0-1) CPX (4-5) and GA (1.0)/PHX (1.0)/ .

TCA (1.0) B
B-NPX (0.0)  24-D (0.5) and BN (1.0)/CIN (1.0)/

TCA (1.0) D
B-NPX (0-2) BN (3-5) and GA (1.0)/PHX (9-10) B
B-NPX (0.0) TAA (3-5) and GA (1.0)/PHX (9-10)/

TCA (1.0)/BN (1.0 Band D
2-NPA (0.0) CPX (5-6) and GA (1.0)/PHX (9-10) B
a-NPA (0.0) 2,4-D (5-7) and B-NPX (1.0)/TCA (1.0) C
o-NPA (0.3} BN (5-6) and GA (1.0)/8-NPX (0.9)/

PHX (1.0) A,Cand D
B-NPA (0.0) CPX (3-5) and TCA (1.0) B
B-NPA (0-1) BN (0.3) and PHX (9-10) A,Band D
B-NPA (00) 24-D (0.2) and PHX (9-10) A,Band D
B-NPA (0.0) 1AA (6-7) and GA (1.0)/PHX (1.0)/

TCA (1.0) : B
2,4,5-T (0-1) CPX (3-5) and GA (1.0)/PHX (1.0)/

TCA (1.0) B
24,5-T(0-1) 24-D (2-3) and GA (1.0)/PHX (1.0)/

TCA (1.0) Band D
2,4,5-T (0-2) BN (5-6) and GA (1.0)/PHX (1.0)/

TCA (1.0) A and B
24,5-T(1-2) IAA (0.7) and GA (1.0)/PHX (9-10)/

TCA (1.0) B and D
245-T (0-1)  IPA (5-6) and GA (1.0)/PHX (9-10)/

TCA (1.0 A

Abbreviations used: Benzoic acid—BN; 4-chlorophenoxyacetic acid--CPX; cinnamic acid—CIN;
24-dichlorophenoxyacetic  acid-—2,4-D; gallic acid --GA;
propionic acid—IPA; a-naphthaleneacetic acid-a-——NPA; f-naphthaleneacetic acid-f—NPA; §-
naphthoxyacetic acid--B-NPX; phenoxyacetic acid—PHX; trichloroacetic acid—TCA; 24,5-

trichlorophenoxyacetic acid—2,4,5-T.

indole-3-acetic  acid—IAA; indole-3-
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Table 2 Quaternary separations

Acid Separated from Coating
CIN (0.0) BN (2-3)—IAA (0.8) and 8-NPX (1.0) C
«-NPA (0.0) 2,4-D (0.3)}—BN (0.6) and GA (1.0)/

PHX (1.0) B
«-NPA (00) 2,4-D (3.5—PHX (7-8) and 8-NPX (1.0)/

TCA (1.0) C
a-NPA (0.0) BN (0.2)—IPA (0.6) and PHX (1.0) A
B-NPA (0.0) 2,4-D (0.2)—CPX (5-6) and

GA (1.0)/PHX (9-10) B
B-NPA (0.0) 2,4-D (2-3)—IAA (5-7) and

GA (1.0)/PHX (1.0)/TCA (1.0) B
B-NPX (0.0) 2,4-D (0.2)—CPX (4-5) and PHX (9-10) B
B-NPX (0.0) 24-D (2-3)—IAA (5-6) and GA (1.0)/

PHX (9-10) B
24,5-T(0.0) BN (2-3)—IPA (5-6) and GA (1.0)/

PHX (1.0)/TCA (1.0) A
24,5-T (0.0) 24-D (2-3—BN (0.6) and TCA (1.0) B
2,4,5-T (0.0) 24-D (2-3)—CPX (7-8) and GA (1.0)/

PHX (1.0)/TCA (1.0) B
245-T(0-1) 2,4-D (0.3 —IAA (0.7) and GA (1.0)/

PHX (1.0)/TCA (1.0) B

Abbreviations are defined in Tabie 1.

Table 3 Recovery figures

SI.  Extractant Herbicides present in Lower limit of
No. water sample detection (ug)
1.  Di-ethyl ether PHX, CPX, 24-D, 24,5-T 20

. Iso-propyl ether PHX, CPX, 24-D, 24,5-T 40
3. Petroleum ether PHX, CPX, 2,4-D, 2,4,5-T 60

Abbreviations are defined in Table 1.

DISCUSSION

Ton-suppression reversed-phase high-performance liquid-
chromatography (IS-RP-HPLC) analysis of gibberillins and its con-
jugates on glycosides and glucosyl esters using as a C, support was
done by Jensen et al.'® Reversed-phase ion-pair high-performance
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10cm 10cm
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Figure 1 Ternary separation achieved on coating B. Spot A-—24,5-
Trichlorophenoxyacetic acid in 1 and 2; «-Naphthaleneacetic acid in 3 and 4;
B-Naphthaleneacetic acid in 5 and 6. Spot B—4-Chlorophenoxyacetic acid in 1 and
3; 2,4-Dichlorophenoxyacetic acid in 2 and 4; Indole-3-acetic acid in 5; Indole-3-
propionic acid in 6. Spot C—Phenoxyacetic acid in 1 and 2; Trichloroacetic acid in 3
and 4; Gallic acid in 5 and 6.

liquid-chromatography (RP-IP-HPLC)'® has been found very useful
in quantitative analysis of choline in plant extracts and choline esters
in pharmaceutical preparations. The chromatographic properties of
132 compounds?® were studied in two ion-pair reagent systems on
reversed-phase thin-layer plates. The retention power of polar ionic
compounds is achieved using ion-pair reagent and some applications
of the use of such ion-pair reagent compounds in RP-TLC have
been described by Bieganouskal et al.?! and Grossini-Starazza et
al.??

In our laboratory calcium sulphate has been developed as an excel-
lent TLC material, acids used to separate plant growth regulators,
phenoxy acids and carboxylic acids.!® Therefore an attempt is made



19: 08 18 January 2011

Downl oaded At:

216 H. S. RATHORE et al.

1 2 3 4 5 6
+
3] O P - — Q (e D
()
cli O c
10cm o | O ) < 10 ¢m
[}
B D Q 1lale (- B
A R A o ) - d A

Figure 2 Quaternary separation achieved on coating B. Spot A—24.;5-
Trichlorophenoxyacetic acid in 1, 2 and 6; p-Naphthoxyacetic acid in 3;
B-Naphthaleneacetic acid in 4 and 5. Spot B—2,4-Dichlorophenoxyacetic acid in 1, 2,
3, 4, 5 and 6. Spot C—4-Chiorophenoxyacetic acid in 1, 2, 3, 4, 5 and 6. Spot D—
Phenoxyacetic acid in 1 and 5; Trichloroacetic acid in 2 and 4; Gallic acid in 3 and 6.

to expose the utility of IP-RP-TLC in separating and detecting these
compounds from water samples. The coatings of calcium sulphate
impregnated with cetrimide cracked on drying. Addition of 2ml of
coconut/olive/paraffin/silicon oil prevented the cracking of the
coatings. However, the R, values of 4-chlorophenoxyacetic, 2,4-
dichlorophenoxyacetic and 2.4,5-trichlorophenoxyacetic acids signifi-
cantly decreased in the presence of the oils, indicating that ion-pair
formation had occurred, e.g. R, values of 4-chlorophenoxyacetic,
24-dichlorophenoxyacetic and 2,4,5-trichlorophenoxyacetic acid
decreased from 1.0 to 5-6, 1.0 to 3-4 and 1.0 to 0.0 respectively.

The coatings A, B, C and D impregnated with coconut, olive,
paraffin and silicon oil respectively were found to be very useful for
ternary and quaternary separations. Results indicate the novelty of
the method in ternary and quaternary separations of the same group
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of compounds like 24-D, 2,4,5-T, CPX and PHX from water
samples. Separation of plant growth regulators is also possible. The
best results were obtained on coating B.

Thus it seems that IP-RP-TLC on calcium sulphate provides a
more convenient and simpler method to separate and detect these
compounds in multi-component systems in comparison to NP-TLC.
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