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Vanous methods for the chromatograpmc determination of carboxvhc acxds
are described:and compared. These include gas chromatography (GC) after penta-
fluorobenzylation, high-performance liquid chromatography (HPLC) of the unde-
rivatized compounds in the ion-suppression and in the ion-pair mode and. HPLC of
naphthacyl and methylmethoxycoumarin esters.

The GC method has an excellent seunsitivity and all the denvatwes can be
separated cn one of the two columns used. A big dmadvantage is the fact that many
side-products are formed during the derivatization.

The underivatized acids can all be separated by HPLC and this method is very
easy to perform, but the sensmvity is poor and the wavelength of detection is not
specific.

With thc naphthacvi esters the sensmwty is increased bya factor of 10-20 and
with the methylmethoxycoumarin esters the sensitivity is increased by a factor of 5~
10. The latter reagent has the advantages that it forms the [owest number of sxde—
products and permits a rather specific detection. .

rmoo‘uc*roxr

. For the detenmnation of phenoxy carboscvhc acxd pesticides such as Z,A-dz-
chIorophenoxyacenc acid (2,4-D), 2-(2, chﬂorophenoxy)mopxomc acid (2,4-DP). 2-
methoxy-3,6-dichiorobenzoic acid (dicamba), 2-(2.4,5-trichlorophenoxy)propionic
acid (phenoprop), Z-methyl-4-chlorophenoxyacetic acid (MCPA), 2-(2-methyl-4-
chklorophenoxy)propionic acid (mecoprop), 2,4,5-trichlorophenoxyacetic acid (2,4,5-
T), 2,3.6-trichlorobenzoic acid (TBA). 4-(2-methyi-4-chlorophenoxy)butyric acid
(MCPB) -and 4-chlorophenoxyacetic actid mainly gas chromatography (GC) with
electron capture detection {(ECD) is used. However, because of the high polarities of
these compounds they first-have to be derivatized. A number of derivatization pro-
cedures have been described, such as methylation with diazomethane or methanol-
boron trifluoride and also chioroethylation, trichloroethylation or pentafluorobenzyi-
ation’. Methylation has been the method of choice for a number of yeats because the
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zeaction is rather simple with few side-products. Because of the greater sensitivities
now needed, reagents are chosen that increase the ECD responses of the compounds
to be defermiced. A number of studiss have Been carried out to determine which
derivative gives the highest increase in seasitivity without the formation of tos many
side-preducis™, and in recent years the determination of phenoxyearboxylic acids
after psntaﬁuo"obenzytanon has been reported™™. v

For the determination of highly polar compounds like thess carboxylic acids,
high-performance liquid chromatography (HPLC) is much more suitable than GC.
The underivatized acids can be very well separatedin either the ion-st.pprescion orthe
ion-pair mode, but the sensitivity can be a problem®%. The sensitivity in HPLC
could possibly te zmpro&ﬁ by labelling the free acids with a suitable chromo- or
fluorophore. A number of reagents have been used for this purpose, e.g., 2-naph-
thacyl bromide (z~bromc-7’-ace*onaphthon“‘1‘ and 4-bromomethyi-7-methoxy-
coumarin®?,

In order to be able to make the best choice for the final step in a procedure for
tie determination of phenoxy carboxylic acids in piant materials and environmental
samples, various meathods, e.g., GC after pentafiuorobenzylation and HPLC of the
free acids or after derivatization, were studied and evaluated with respect to sensi-
tivity, selectivity and ease of operation.

E3PERIMENTAL

Reagents

The carboxylic acids studied were obiained as analyticzal standards from the
manufacturers and were used without further purification. Pentafluorobenzyi
bromide (PFBB) was obtained from ICN Pharmaceuticals {Plainview, NY, U.§.A),
2-naphthacyl bromide (NPB} from Aldrich-Eurcpe ({Beerss, Belgium), 4-
bromomethyl-7-methoxycoumarin (MMC) from Fluka (Buchs, Switzeriand) and
caesium carbonaie “reinst” from E. Merck (Darmstady, G.F.R.). Hexadecyltrimeth-
yviammonium bromide (cetrimide), K,HPO, and NaH,PO,, alf reagent grade, were
obtained from Baker (Deventer, The Netherlands). All solvents used were of p.a.
grade (Merck) and distilled water was used throughout.

Cetrimide was dissolved in methand! to a concentration of 0.03 &, K,HPO,
and NaH,PO. were dissolved in water, both to a concentration of 0.25 M. Appropri-
ate volumes of these stock solutions of cetrimide and phosphate were mixed with
methanol apd water to give cluents with the desired concentrations of cetrimide and
phosphate. After mixing, the eluents were passed through 2 I-um filter and deaerated
ultrasonicaily.

Derivatization procedure

To | m of a solution of an acid in acetone (100 ug/mi) were added I mi of 2
soiution of one of the derivatizing agents in acetone (2—-1¢ mg/ml) and 5-10 mg of
caesium carbonate, after which the solution was placed in 2 water-bath in the dark at
35°C for 45 min. After derivatization this solution was cither injected directly onte
the gas or liquid chromategraph, or the sclvent was evaporated with a stream of
ritrogen and the residue redissolved in 2 suitable solvent. Alternatively the reaction
was stopped by adding 100 g of glacial acetic acid after which the volume was made
tip to about 5 mi with water and this mixture was extracted twice with 3 mi of light
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petrofeum (b D. 40—60°C) Theextract was then e«aporated to drynm and the resxdue‘
‘rcd;ssolvcd in a suitabie solvent. - . -

“:For the preparation of the denvaﬁves ona Iarger scale, 100 mg of acid and 400
mg ofiderivatizing agent were dissolved in 100 ml of acetone, caesium carbonate was
added to saturation and the m;xture was allowed to stanct at room tempm ature for 2
h with occasional shaking. - = - -

‘ The pentaﬂuombenzyl esters were purified by means of partitioning between
light pefroleum and water. For the purification of the naphthacyl-esters, column
‘chromatography on silica gel with toluene as a solvent was used and the meth-
ylmethoxycoumarin esters were purified on a column of sﬂzca gel, using a mixture of
acetone and light petroleum as a solvent.

Al compouunds yielded a single peak when injected i into the gas or liquid chro-
matograph and their structures were confirmed by IR spectroscopy. -

Gas chromatography

A Hewlett-Packard 5880 A gas chromatograph, equipped with a capillary
injection system and a ®*Ni electron capture detector was used. The glass capillary
columns (40 m x 0.3 mm L.D.) were coated dynamically with SE-30 or Superox: (4.
The injector and detector temperatures were 250°C and after an initial hold of { min
at 80°C the oven temperature was programmed from 80 to 250°C at a rate of 15°/min
with a final hold of 1S min at 250°C. The carrier gas was nitrogen with a column head
pressure of 15 p.s.i. The splitless injection technique was used with a purge activation
time of 0.4 min and an injection volume of 1 pgl.

H igh-performance liquid cizromamgrapfzy

A component system was used, consxst_mg of a Varian 8500 solvent-delivery
systemn, & VYalco Ioop injector and a Waters 440 UV absorbance detector or 2 Waters
420 fluorescence detector. The column (15 cm x 4.6 mm [.D.), packed with Hypersit
QDS (Shandon Southern, Runcorn, Great Britain), was operated at ambient tem-
perature with a flow-rate of I mi/min. The composmons of the solvents used are given
in the appropnate tables.

v, spectra ] .

UIV spectra were recorded in 65 %} (v/v) methanol in water with I 9 (v/v} acetic
acid for the underivatized acids and in 809, (v/v) methanol in water for the deriva-
tives in 2 I-cm cell on a Perkin-Elmer 570 spectrophotometer.

RESULTS AND DISCUSSION

Gas chromatagrapky

The pentafluorobenzyl derwatzves of the various acids gave symmemca. peaks
on the non-polar SE-30 column and on the polar Superox 04 column. Their relative
retention times are given in Table I from which it is seen that all the derivatives can be
separated on one of the two columns. The sensitivity proved to be excellent: a few pg
of each compound could easily be detected. When the reaction mixture of the micro
preparation was injected directly into the gas chromatograph many interfering peaks
accurred and repeated injections led to severe contamination of the injection port. So
a rigorous clean-up is necessary before a quantitation can be carried out.
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TABLEY - = - .- - - -

RETENTION TIMES OF PENTAFLUOROBENZYL ESTERS OF CARBOXYLIC ACIDS,
RELATIVE TO THOSS OF THE DICAMBA ESTER ON TWO DIFFERENT. CAPILLARY
COLUMNS . ] E - s

Acid ’ SE-3¢ colunr Superox G4 cokanr:
Trichloroacetic acid 0.49 : 0.39

4-Chiorophenoxyacetic aciéd .56 X

Mecopsop (1] 055 . .
Dizmba 1.00 - 1.00

MCPA i.0¢ 109

TEA 162 E.GS N
24-bp 162 .06

24-D 165 E22

Phmoprop 198 51 I.1s

MCPB | 313 125

High-performance liquid chromarography

In order to optimize the chromatographic conditions for separation of the
various underivatized acids, their capacity factors were determined on a C,¢ column
i the ion-suppression mode and in the ion-pair mode with various concentrations of
pairing ion and couanter ion. The conditicas and results are given in Table . The
elition order in the ion-suppression mode is different from that in the ion-pair mode.
In the ion-pair mode the concentrations of pairing ion and counter ion influence the
capacity factors of the various acids in different ways, although these differences are

TABLE II

CAPACITY FACTORS, ¥, FOR UNDEREIVATIZED ACIDS WiTH VARIOUS SOLVENTSON A
REVERSED-PHASE (C,.) COLUMN

Soivent systems: I, methanol-water (65:35 v/¥), 197 (v/+) glacial acetic acid; I, methanol-water (7535
Vi), 0.001 A PO3~, 0.035 3 cotrimide; HE, methanol-watar (75:25 v/v), 0.01 3£ PO, 0.005 3f cetrimide;
IV, methznol-water (75:25 v/v), 0.01 &f POZ~, 0.C0! Af cetrimide; ¥, methanol-water (75:25 wiv}, 0.0G5 AF
PO, 0.00S Af cetrimide; VI, methancl-water (75:25 viv)); 8.0CS AF POZ~, 0.001 A cetrimide. The PO~
corcentration s the sum cf equazl concentrations of KE.PO, and Na,HPO,.

Compound &
I 14 Vi Iid v 14 4

T34 G4l 33t 235 1Bl 277 £
Dicamba 876 3.38 242 I3 277 - 16¢
4-Chlorophenoxyacatic acid 1.6 3.5¢ 266 129 394 t.1¢
245 L3 5.69 .52 2.20 5.23 1Let
MCPA z.12 5.16 165 - 268 47 1.8¢
2.+bP 3.60 7.1z 564 2.8% €43 244
2,551 324 881 7.33 363 843 - 306
Maceprep 3.23 873 522 2.7t 6.0 -2
MCPR 5. 7.8% 6.22 3.40 00 2.86

Pheroprop 541 11.50 ¢0G 4.7t [oog 3.89
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_not as gronounmd as tﬁey are fot mtrophenoisﬁ? In the i lon-suppraes:on made all
acids studied can be separated in a single chromatographic run, except mecoprop and
2,4,5-T, but these two can be separated completJy in an ion-pair system. The fon-pair -

‘system can also be used for confirmation purposes and it has the advantage that itcan .
_be changed rather easily to optimize a particular separation.

- A potential disadvantage of pre-column derivatization is that the dxﬁ‘etencai in
-retention behaviour of varicus compounds can become smafler upon derivatization.

“Therefore the capacity factor of the underivatized acids and their naghthacy{ (NP)-
and methylmethoxycoumarin (MMC) derivatives were determined in a reversed-
phase system (Table II). The differences in capacity factors have indeed become
smaller; the derivatives caanot be separated in a single chromatographic run, but the
capacity factors are still different from each other, so that each compound can be
identified. No capacity factor for the MMC derivative of 4—chforephenoxyaczt1c acid
is given, because this ester is formed in only very small amounts. ;

TABLE T

CAPACITY FACTORS, &, OF UNDERIVATIZED ACIDS AND THEIR NAPHTHACYL (NP}
AND METHYLMETHOXY COUMARIN (MMC} ESTERS IN A REVERSED-PHASE SYSTEM

Acid - . K
Underivatized NP derivative MMC derivarive
659 £vfv) methanol 803 (viv} methanol 807, (v/v} methanaf
TBA - 04: 435 . 267
Dicamba .76 332 235
4-Chlorophenoxyacetic acid 100 216 —
24D 188 345 183
MCPA 212 345 i.92
24-DP : . 3.00 . . . 523 233
Mecoprop 3.39 5.6 283
MCPB 5.c0 3.8: 3.58
Phenoprop 54% 8.18 342

The UY spectra of the underivatized acids and of their derivatives were re-
corded in order to establish the optimum detection wavelength and to determine the
increase in sensitivity which could be obtained. The results for 2,4-DP are given in
Figs. 1-3. From these spectra the optimum detection wavelengths can be deduced,
being 280 nm for the underivatized acids, 250 nm for the NP derivatives and 330 nm
for the MMC derivatives. Because a much better signal-to-noise ratic can be obtained
with a fixed-wavelength detector than with a variable-wavelength detector, even when
the measuring wavelength is not the wa\elength of maximum absorption, the min~
mum detectable quantities- of some underivatized acids and their derivatives were
determined with a fixed-wavelength detector. The results, given in Table IV, show
that with the NP ester the sensmvxty is mcrcased by a factor of 10~20 and thh the
MMC ester by a factor of 5-10.

_The MMC esters of various acids have been shown to show a reasonable
fluorescence!! and therefore fluorescence detection of these derivatives was compared
to UV detection. Fluorescence detection was found to be a little less sensitive than UV
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Fiz. 1. UV absarption specoum of underivatized 2,4 DP. Concentration: 6G- 10875 &£,

detection, but it shouid be kept in mind that the UV detector used is prebably the best
available absorbance detector, while the fluorescence detector used is a very simple
ingtrument. A miore sophlsncatea fluorescence detector wemd probabiy give much
better results.

With the aid of the synthesized standards, the yield of the denvatzzauoﬁ pro-
cedure was determined for 2 number of acids at a2 concentration of 10 ug/m! and the
results are given in Table V. For most compounds the yield is quite s«ﬁsfac*ory,
except for & chlorophienoxyacetic acid which is obtained in less than 10 % vield with
pentafluorcbenzyl bromide. With naphthacyl bromids the vield seems to be more
than 100 % for some compounds, and for MCPA the yield could rot be determined
owing to the presence of z fairly high number of peaks in the chromatogram of the
rezgent blank.
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Fig. 2. UV absorption spectrum: of the naphthacy! ester of 2,4-DP. Concentration: 2- 1073 M.

CONCLUSIONS

When the various methods for the determination of these carboxylic acids are
compared it is not obvious which method is the best, but the methylmethoxy-
coumarin derivative looks the most promising. The reaction can be carried out very
easily, the yield is high with little formation of side-products and a sensitive and
selective detection is possible. Although the underivatized acids can all be well sep-
arated by HPLC, this method has the disadvantage that the sensitivity is poor and
that the wavelength of detection is not specific. The pentafluorobenzyl and the naph-
thacyl esters show & better sensitivity than the methylmethoxycoumarin ester, but
with these two reagents so many side-products are formed that a clean-up has tc be
carried out before the chromatographic determination. :
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Fiz 3. UV absorption spectrum of the methyimeathoxycoumarin ester of 2,4-DP. Cencentration: §- 167%

TABLELV : o , L
MINIMUM DETECTABLE QUANTITIES (IN NG} OF VARIOUS ACIDS AND THEIR DERIVA-
TIVES WITH A FIXED-WAVEL ENGTH DETECTOR | T

Acid Underivarized NPester - . MMCester .-
, | (350 nm} ¢25% rom} L (340mm).
Dicambaz 5 2 o 0.3
4-Chiorophenoxyacetic acid 2 Lz T T —
MCPA 3 02 ' 6.5
24P 3 03 &5
3 3 .- 07

MCPB
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