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SEQUENTIAL THIN-LAYER CHROMATOGRAPHY
OF 2,4-D AND RELATED COMPOUNDS

H. S. Rathore and S. K. Saxena

Chemistry Section
Z. H. College of Engineering and Technology
Aligarh Muslim University
Aligarh-202001, India

SUMMARY

Separations and identification of carboxylic herbicidal
substances such as A2,ll-dlehlorophenoxyacetic acid, trichloroacetic
acid, 2,4,5-trichlorophenoxyacetic acid and plant growth regulators
such as benzoic acid, cinnamic acid, indole-3-acetic acid,

f? ~naphthaleneacetic acid, p-naphthoxyacetic acid, phenoxyacetic
acid have been made by sequential thin-layer chromatography on
calcium sulphate layer with acetone, benzene, carbon tetrachloride,
chloroform, ethyl acetate, dioxan, propancl as sglvents and

bromo phenol blue as detector,

INTRODUCTION

1 such as benzoic acid, cinnawmic aeid,

Plant growth regulators
indole-3-acetic acid and its dJderivatives, gallic acid, TOA and
2,4,5- are difficult to analyse by largely used and highly sensitive
technique, "Gas chrometography" due to their non-volatile nature,

Therefore simple and commonly used method52 such as spectrophotometry

3623
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and thin-layer chromatographty have beey proved to be the recadily
availahle tool for their analysis. Amongst the above listed compounds

o}

5000 mg and 50G mg/ig respectively and they are being used as

2,4-D, TCA and ,4,5-T are toxic, their Lus Vu1u653 are 370 mg,

herbicides for Jdestrnyiung dleots.

Qur previous work“ shiows tuat these cowpounds can be separated
by plain thiu-~layer chromatagraphy (PILC) on caleciuwm sulphate coating
in corwon solveuts, acetone, henzeue, carhbon tetrachloride, citloroform,
dioxan, ethyl acetate, propancl clc. Abou-donia and Kf)meil5 have
claimel that the newly develope:d "secuential thiu=-layer cliromatography®
(S5TLC) 1s a rapid and fast methol ni analysis ot complex mixtures,
Therefore au attempt has been mude to explore the utility of
calcium sulphate for the scparation, detectiosn anu determination of

herhicides by this proceuure,

As a result many new ternary separations wiich were not possible
by pluin thin-layer chromaingraphy ou calcium sulpuate, have now been
achieved, The details of the< precedure sud the results obtained are

reported in this paper,
L XPlRTMoN AL

Apparatus

A sathal apparatus with a universal applicator (adjustable
thiickness of the applied layer from 0.0-2,00 mm), hot air electric
drier, glass plates (20 x & cm), glass jars (25 x 5 em), tewperature
controlled electric oven, centrifugation machine and spectrophotometer

were used,
Chemicals

Acetone (BDH,India), benzene (3S.M.Chemicals,India), calcium

sulphate precipitated powder, carbon tetracbloride, chlerotform,
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dioxan, ethyl acetate, propanol (E.Merck,India), benzoic acid,
p-chlorophenoxyacetic acid, cinnawic acid, citric aciud, 2,4-dichloro-~
phenoxyacetic acld, gallic acid, indole-j-~acetic acid, maleic acid,
malic acid, malonic acid, p—naphthaleneucetic acid, P-naphthoxyacetic
acid, oxalic sacia, phenoxyacetic acid, salicyiic acid, tartaric acid,
trichloroacetic aeid, 2,4,5-trichlorophenoxyacetic acid (Sigma,uUsA)

were used,
Preparation of solutions

Solutions (2%) of benzoic, p-chlorophennxyacetic, cinuamic,
z,q-dicﬁlnrnphenoxyacetic, gallie, inuole-J-acetic, F-naphthaleneacehic,
p-naphtioxyacetic, phenoxyacetic, salicylic and Z,4,5~tricilorophennxy-—
acetic acids were prepared iu ethauol. Solutions (2%) of citrie,
maleie, malie, walouic, oxallc, tartaric and trichloroacetic acius

were prepared in distilled water,

Reagent for the spectrophotometric determination of
indole-5-acetic acid was prepared by mixing 1 ml of 0,5 teric chloride
solution in 35% (v/v) perciiloric acid. Preparedfresis reageut before

use,
Preparation of plates

A slurry of calcium sulphate obtained by mixing calcium
sulphate (30 g) with Jdistilled water (70 wl) was applied on the glass
plates with the help of applicator s¢ that the thickness of calcium
sulphate slurry would be 0.75 mm, The plates were first allowed to
dry at room temperature and then in a temperature controlled electric

.
oveu at 110 C for oue hour,
Detection ot acids

The acids under study were located on the plates by

1% ethanolic, alkaline bromophenole blue solution.



14: 51 24 January 2011

Downl oaded At:

3626 RATHORE AND SAXENA
Spotting of test solutions

Test solutions were spotted on the plates with the help of a
fine capillary. The solvent was removed by ot alr drying, the plate
was Jdeveloped up to the length ol 5 cm 1lu solvent A, the plate was
taken out frowm the jar ond A was removed as above, the plate wuas
again develgped uplto the length of 10 cm is solvent B, B was also
remove.d and they the spot was located with bromophennle nlue by
spray method. For tailing, the froutlimit (RI} ana the real liwit (2r)
were measurcd while for compect spot Ry values were taken as usual,

Distuance travelled by substance {(em)
Distance travelled by solventi front (cm)

Ry

Gualitative separations

Tn achieve the quualitatlve separation of acilds, nue nf the
acids was spotted firstly ana the solveut was removed, secoud acid
solution was spotted and the solvent vas removed and so on so far
and then the plates was developed, driea and acids were located

as above,
Quantitative separations

A knew volume of stundard acid solution was spotted on the
plate with the help of a graduated wmlcro pipette with vaccupet coutrol,
the snlvent wias rewoved, plates were developed and spots were located
as above., The demarcated area of the plate was scratched out, the
acid was extracted with methanol (3 wl) and the solid was removed by
centrifugation method, The acid in the centrifugate was determined

spectrophotometrically by the following procedure,

In the extract (3 wl) containing indole-3-acetic acid,
2 ml of freshly prepared reagent were added dropwise but rapidly
with continuous agitation, it was placed in dark for one hour for
colour development, Finally the absorbance was measured at 510 nm

against a blank contaiuing methanol (3 ml) and reagent (2 ml).
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RESULTS

Many separations have becu achieved by using different sets
of solvents., Some of the importaut.separations are shown in
photoplates1 to 8 and other separations are given below. The first
solvent that was allowed to ascend for 0-5 ew is listed first apd
the second solvent that was allowed to asceud for (0-10 cm listed at

the seconnd place.

Binary separatious by PPLO: Beunzolc acid (1.0) frowm citriec (0.0),
oxualic (0.0) and tartaric acid (0-2)} in acetone, ethylacetate;
p-ctiloraphenoxyacetic acid (1.0) frowm citric (0.0), oxalic (0.0) and
tartaric acid (0-2) in ecetone, ethiyl acetate; eciunamic acid (1.0)
frym citric (0.0), maleic (0-3), walic (0-7), mulonic (0.0), oxalic
(0.0}, and tartaric (0-2) iu acetoue, beuzeue, etuyl acetate;
2y,4-dichklorophennxyacetic aciu (1.0) frow citric (0.0), oxalic (0.0)
anld tartaric aciu (0-2) in acetonc, ethylezcctate; gallic actd (1.0)
frow citrie (0.0}, gxalie (0,0) aul tartaric (n-2) iv acetove,
ethylacetuate; inldnle-3~acetic acid {1.0) frow citric (0.0), maleic
(0-), malonic (0.0), axalic (0.0) and tartarie (0-Z) in acetoune,
benzene, ethyl acetate; malonic ecid (1,0) from citrie (0.0),

nxalic (0.0) aand tartariec wecid (0-2) in etlhylacetate; p-naphthalene-
acetic acid (1.0} from citrie (0.0), maletec (0.3), malonic (0.0),
oxulie (0.0} au. turtarie acid (0-2) iu chlorotorm, ethyl ucetate;
P-napi thinxyacetic aciu (3-10) frow citric (0.0), oxalic (0.0) and
tartaric acid (0-2) in acetoue, carbou tetrachloride, yropsnol;
phenoxyacetic acid (1,0) trow citrie (0.0), maleic (0~3), malic (0-7),
malonic (8-10), oxalic (0.0) and tarteric acid (0-2) in acetone,
benzene, chloroform; salieylic acid {1.0) from citrie (0.0), walonic
(0.0), oxalic (0.0) and tartaric acid (0-2) in henzene, carbontetra-
chloride, ethylacetate; trichloroacetic acid (1.0} from citric (0.0),
oxalic (0.0) and tartaric acid (0-2) in acetone, ethylacetate;
2,4,5-trichlorophenoxyacetic acid (1.0) from citric (0.0}, oxalic (0.0)

and taertaric acid (0-2) in acetone, benzeue, ethylacetate,
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Photoplate No. 1

Separation of tartaric acid (Spot A) from 1) 2,4,5-trichlorophenoxy-
acetic acid from 2) 2,4-dichlorophenoxyacetic acid from 3) benzoic acid
from 4) trichloroacetic acid from 5) p-chlorophenoxyacetic acid and from 6)
gallic acid (Spot B) on calcium sulphate coating developed in dioxan (5 cm)
followed by ethyl acetate (10 cm).

Photoplate No. 2

Separation of tartaric acid (Spot A) from 7) cinnamic acid; from 8) in-
dole-3~acetic acid; from 9) B-naphthaleneacetic acid; from 10) B-naphthoxy-
acetic acid; from 11) phenoxyacetic acid from 12) salicylic acid (Spot B) on
calcium sulphate coating, developed in dioxan (5 cm) followed by ethyl ace-
tate (10 cm).
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Photoplate No. 3

Separation of oxalic acid (Spot A) from 1) 2,4,5-trichloroacetic acid,
from 2) 2,4-dichlorophenoxyacetic acid from 3) benzoic acid, from 4) trich-
loroacetic acid, from 5) p-chlorophenoxyacetic acid and from 6) gallic acid
(Spot B) on calcium sulphate coating, developed in dioxan (5 cm) followed by
ethyl acetate (10 cm).

Photoplate No. 4

Separation of oxalic acid (Spoat A) from 7) cinnamic acid, from 8) in-
dole-3-acetic acid, from 9) B-naphthaleneacetic acid, from 10) B-naphthoxy-
acetic acid, from 11) phenoxyacetic acid, and from 12) salicylic acid, (Spot
B) on calium sulphate coating, developed in dioxan (5 cm) followed by ethyl-
acetate (10 cm).

3629
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Photoplate No. 5

Separation of citric acid (Spot A) from 1) 2,4,5-trichlorophenoxyacetic
acid, from 2) 2,4-dichlorophenoxyacetic acid, from 3) benzoic acid, from 4)
trichloroacetic acid from 5) p-chlorophenoxyacetic and acid from 6) gallic acid
(Spot B) on calcium sulphate coating, developed in dioxan (5 cm) followed by
ethyl acetate (10 cm).

Photoplate No. 6

Separation of citric acid (Spot A) from 7) cinnamic acid, from 8) B-
naphthaleneacetic acid, from 9) B-uaphthoxyacetic acid, from 10) phenoxyace-
tic and from 11) Balicyclic acid (Spot B) on calciumsulphate coating, devel-
opedoped in chloroform (5 c¢m) followed by ethyl acetate (10 cm).
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Photoplate No. 7

Ternary Separations: Oxalic acid (Spot A) from 1) malic acid (Spot B)
and cinnamic acid (Spot C) in chloroform (5 cm) and ethylacetate (10 cm);
from 2) indole-3 acetic acid (Spot B) and cinnamic acid (Spot C) in ethyl
acetate (5 cm) and carbon tetrachloride; from 3) indole-3-acetic acid (Spot
B) and phenoxyacetic acid (Spot C) in ethyl acetate (5 cm) and carbon tetra-
chloride (10 cm); maleic acid (Spot B) and cinnamic acid (Spot C) in acetone
(5 cm) and benzene (10 cm); from maleic acid (Spot B) and phenoxyacetic acid
(Spot C) in acetone (5 cm) and benzene (10 cm) on calcium sulphate coated
plates.

Binary separations by STLC: Clnnswic acid (1.0) from indole-3-acetic
{0-5), maleic (0-3), malonic acid (0.0) in carbon tetrachloride~
chloroform, eti:ylacetate-chloroform, chloroform-benzene; indole-3-
acetic acid (6-10) from citric (0~-2), maleic (0-3) and malonic actd
{(0.0) in chloroform-benzeune, propanol-henzene; maleic acid (8-10)

from citric (0-2), oxalic (0.0) and tartaric acid (0.0) in chloroform-
ethyl acetate, Jdioxan-ethyl acetde; malic acid (7-10) from citric (0-2),
oxalic (0.0) and tartaric acid (0.0) in chloroform-ethyl acetate,
dioxan-ethyl acetate; malonic acid (7-10) trom citric (0-2), oxalic
(0.0) and tartaric acid (0-2) in chloroform-etyl acetatc, dioxan-
ethyl acetate; P-napbthaleneacetic acid (0-10) frow waleic (0-3),
walonic acid (0.0) in chloroform~benzene; p-naphthoxy-acetic acld
(5-8) from malic (0-3) znd malonic acid (0-0) in chloroform-benzene;

phenoxyacetic acid (8-10) frow indole-3-acetic (0-5), maleic (0-3),
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1 2 3 4 5
c . w L ° 'Y c
8 ' L ) L - ] 8

Photoplate No. 8

Ternary Separations: Tartaric acid (Spot A) from 1) maleic acid (Spot B)
and cinnamic acid (Spot C) in chloroform (5 cm) and ethyl acetate (10 cm);
from 2) indole-3-acetic acid (Spot B) and cinnamic acid (Spot C) in ethyl-
acetate (5 cm) and carbon tetrachloride (10 cm); from 3) indole-3-acetic acid
(Spot B) and phenoxy acetic acid (Spot C) in ethyl acetate (5 cm) and carbon
tetrachloride (10 cm); from 4) maleic acid (Spot B) and cinnamic acid (Spot
C) in acetone (5 cm) and benzene (10 cm); from 5) maleic acid (Spot B) and
phenoxyacetic acid (Spot C) in acetone (5 c¢cm) and benzene (10 cm) on calcium
sulphate coated plates

walie (0-5) and malonic acid (0.0} Ln chlorotorm-benzene, propannl-
benzene, propanol-carbon tetrschloride; salicylic acid (1.0) from
maleic (0-3) and malonic acid (8~10) iu chloroform-benzene, propanol-
benzene; 2,4,5-trichloro phenoxyacetic acid (S-10) frow waleic acid

(0-3) in propanol-benzeue,

Ternary separationsi Oxalic acid (0.0) frow maleic acid (0.5)
and p-naphthaleneacetic actid (1.0) in etuylacetate~-ctiloroform; oxalie
actd (0.0) from maleic acid (4=5) and P-naphthoxyacetic acid (9-10)
in propanol-chloroform; tartaric acid (0.0) frow P—naphthoxyacetic acid
(0.5) and cinnamic scid (8-10) in ethyl acetate-~benzene; tartaric acid
(0.0) from indole-3-acetic sacid (3~5) and salicylic acid (9-10) in
ethyl acetate-benzene; tartaric acid (0.0) frow malic acid (0.5) and

salicylic acid (9-10) iu ethyl acetate-carbon tetra chloride,
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The results of quantitative separations are given in table I,

IT and IN. The analytical parameters are calculated by the following

expression
- 2 - 2
o (x4 )2 o+ (x2 e . ...,
) « . (1)
¢ x 100
c.V, = -~ “ .. o o e {(2)

where Xgr Xgy » o s o 0 = measured values

M = average value and

z
n

nunber of sets,

DISCUs>ION

6
Thin-layer chromatography 1s particulurly useful to herbicides
containing carbtoxylic group because of their polar nature and

insusceptibility to gas chromatography. Therefore it has been used7’8

Table 1, Binary quantitative separations of indole-3-~acetic acid (IAA)

from oxalic acld (0DA) and from tartaric acid (TA).

T t t 1

Acid N separated fromw Absorbance at C.V.
510 nm
Nt o
50 ug of TAA 6 200 ug of ta 0.215 + 0.005 2,32
50 ug of TaA 6 400 ug of OA 0.212 + 0.0098 4.64

Thickness of calecium sulphate layer = 0,75 mm, ethyl acetate 0-5 em

followed by carbon tetrachloride 0-10 cm,
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Table IT. Ternary quantitative separations of indole-J-acetic

acia (rAA) trom oxalic acid (0A) and cinnaric acid (CTA),

Acid N, separated from Absorbance C.V,
at 510 nm

u o+ 5

50 ug of IAA 6 400 ug of OA and 400 ug of CIa 0.205 + 0.0081 3.99

50 ug of IaA 6 800 " 800 " 0.205 * 0.0137 £.68
50 ug ot IaA o 1200 " 1200 " 0.191 %+ 0.0075 3.95
50 ug of TA4 o6 1000 " 160C " 0.193 + 0.0126 6.50

Thiciness ol culeium sulpuate = 0.75 nm, ettiyl acetate 0-5 cm
foliowed by carbon tetrn cilloride 0-10 cm.

Table IXT, Ternary quantitative separations of indole-3-acetic acid (IAA)

from tartaric acid (fA) and clonawmic acid (SIA).

Acid N separated fronm Absorbance C.V.
at 510 nm
pr
50 ug of TAA 6 200 ug of TA anl 400 ug of ClA 0.2156 » 0.,0081 3.75
50 ug of TAA 6 400 " 800 " 0,207 # 0.0081  3.M
50 uz of Taa 6 000 . 1200 " 0.205 % 0.0055 2.48
50 ug of TAA 6 800 . 1600 u 0.215 + 0.,0104  4.83

Thickness of calcium sulphate = Q.75 mm, etLylscetate 0-5 cm
followed by carbon tetrachiloride 0-10 cum,
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for the detectinn, separatiou and determination of carboxylie herbicides,
gavadzka et al. have determived 2,4-D, dalapon, MCFA, dichlorprop,
mecoprop, UNOC, dinoseb and TCA herbicides in water anu sewage by TiC

on silicagel G-kisselguhr G (233) or silicagel G—U3E04 {5¢ of silicagel G
in 17 ml of 0.3% ijohsolutiou) layers with light petronleum-isopropyl
ethier (1:2) as solveut. &thanolic Jdiphenylamine have Leeu used as a

location reagent, Thiclmannio

has separated and ldentitied carbnxylie
herhiclidal substauces on Uv 254 sheets with henzene-acetoue (2:3) or
(4:2) as the solvent and 0.02% ethannlic Robrdamiue B as the spray
reagent. Bogacka and 'l‘aylcr11 have determiuned these pestici.les in water
by TLC on silicaze] G-Kieselguhr 4 (2:3) with psratfin as sglvent and
0.5% AgN03 splution as spray reagent, Ahmedq et al, have cleimed that
caleium sulphate 1s an excellent TLC waterial, They have separated
plent growth regulators such as beénzoic, cinuamic, indole-3-acetic,
B-naphithaleneacetic, P-naphthnxyacetie and pheunoxyacetic acids from
many carbaxylie acl.s present in plonts fruits and soils., The resulits
ohtiined tron the present study show that tie sepasratious of Ij4-y,
TCA and 2,4,5-T shown in photoplates 1,35 and 5 which were not stuile.
by Ahmed et nal., can also be achieve:d on calciunm sulpiate by the
seaquenticel Jdevelopmweut of chrowatograms witih commou organic solveuts,
Tt is alsn clear that separatinus of plunt growih regulators sucii as
ctunamic, beuzoic, indole-3-acetic, gellic, P—naphtualeneacetic,
P-naphthoxyacetic, and phevoxy acetic acids siown in photoplates

2, 4 and 6 and mentioned ifn the result section which are not possible
by PYLC can be achieved by »ILC. Ternary separations of indole-3-
acetic, maleic, malic, oxalic, phenoxyacetic, salleylic and tarteric
acids shown nn photoplates 7 and 8 and meutioned in result section
can be achieved successfully by STLC while they are not possible
by PILC. Hence it is obvious STLC ou calcium sulphate gives better

results than PTLC for separating complex and multicomponents system.
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