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Various methods for the ckmatographic determination of carboxvlic_acids 
are descriixL and .campared. IThese include- gas chromatography (cc) a&r penta- 
fluoroben&&unl high-performance liqtid chromatography .(HJ?Lc) of the unde- 
rivatized compounds in the ion-suppression and in the ion-pair mode and.EPLC of 
naphthacyi and methyhneffioxyconmarin esters. .- 

TEE GC method has an excellent sensitivity and aII the derivatives can be 
separated on one of the two columns -used_ A big disadvzntzge is the fact that many 
Side-podticts a@ forked d&ring the derivatization. 

Th&tid&a&ed acids can all &_ separated by HpLC &d this method is very 
Kay to worm, btit &e sensititi~ is poor and the w&veIength of det&ti& is not 
S&XC+_ pi 

W&the naph&& e&e& the sensisivity is in&e&d by a factor of IO-26 and 
v&h the met&n&hoxycuumar+ e&e&s +&e sensifik%y is increased bj; a factor of 5- 
lO_ Th& la&r reagent has thk .%dva_+ges that, it forms the fokst nnmbe? of Side- 
products-and p&nits a rather specific de&&on._- 

-. 

_ J?or the detekm&ktio&.df phenoxy c&oxvLic acid pestkid& such aS 2,W.i: 
c@orophenoxy&etic &id (2,&D), 2-(~=~ic~or~~hen~~)~~p~o~c ticid (2&l?), 2- 
metho‘xy-3JS-dicbIorobenzoic acid ~dicamba), 2-(2,4,Etichlorophenoxy)~pr6pio&c 
acid (phenoprop), 2-me~thyM-&toropheno~acetic acid (MCPA); 2-(2-methyl4 
cMorophenoxy)propIonic acid (mecoprop), 2,4,SrichIorophenoxyacetic acid (2,4,5- 
T), 2,3,6+richIorobe~~~c acid WA), 4;(2-methyM-chiorophenoxy)butyric acid 
(MOB) -and 4chkirophenoxyacet acid ma~kly. gas chromatography (cc) Mh 
election Capture de’;e;cdon (ECD) is used_ However, because of the high pokn-ities of 
thesecompounds they first-have to be deriva&ed. A number of derivatizafion pro- 
cedures haw been described, such as methyfatjon wit@ diazomethane or methanoi- 
boron trifluoride and aIso ChIoroethyIation, tri&IoroethyMion or pentMluorobe$zzi- 
ationl. Methyiation has been the method ofchoice for-a number of years Mu% the 
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Razgm:ts 
The CwbO~Lk XXS SltKfkd VZie ObitiXd 2S ~+ttcZr stZIKhr& fiiom the 

npndzcturers and were wed wi-&out flier pw&cation. Pentztfuorobemy~ 
brotide (PFSB} was obtained from HCN Pkvnaceuticals fTpiaim-ie%, NV, U.S.A.), 
2-~;aphtkacyl bromide (N%) from AHrick-Europe (EXeeise, Belgiwiz), 4 
brorrro~e~~yl-7-ne~o~ycorrmarin (MMC) from FInka (Bucks, Switzerfandj and 
cmbm car’conace -reins” from E. Merck @amzstad< C&F-R_). Kexacieq&rime~- 
ylmonim brorrpide (cetrinide), K,HP04 and Na.M,PO,, alI reagent grade, wzre 
obtained from Baker (Deventer, Tke Netherliz&). _411 solvents used were of p-2. 
sade (Merck) and d&i&d water was used throughout.~ 

Cetrinide was dissolved in netha~of to a concentration of 0.03 M, K,EfPO, 
and NaH,PO, were dissolved in water, both to a concentration of 0.25 M_ Appropri- 
ate vohmes of these stock SO~‘WIO~ of cetrimide and phosphate were mixed with 
me%khazroI md water to @l-e eluenrs Piith the desiri=d concentrations of c&tide and 
phospkate. After mitiing, tke eluerts were passed &rough a L-.mz fiIter and deaerated 
uIt_aLsoni~y. 
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petrole& t&p. 40-6O”c), The&tract was then e_Japorafed to dryness and the residue_ 
_re@.%o!v~d:in a suitable solvent; _~ ; -- - --.: : .- . 

-iForthep-rzparatipnofthed~~a~v~-~dnaIar~~scaIe, lO&‘ig~&&id&4.@!) 
mg of:dtivati&g agent were dissolved & KM-~ of acetone, caesiUm carbonate ti& 
added to saturation and thg mixture was allowed to stand %t room temperature for 2 
hwith d&l& a&&&g_ .-.. - _ --I~_ 

The phdafluorobeniyi e&&w&e prified by niears‘of partitioning betwecti 
light petrolcurn and water, For- the purification of--the naphthacyllesters, column 
-chromatography on .siIica gel with toluene as a solvent was used and the meth- 
yLnefhoxycouma.rin esters were purifLon a column of silica gel+ using a mixture of 
acetone and Light petroleum as a solvent 

All compounds yielded a sin& peak when injected &to the gas or liquid ckro- 
matograph and their structures were confirmed by IR spectroscopy. 

Gas chrotnarography 
A HewIett-Packard 5580 A gas chromatograph, equipped with a capilfary 

injection system and-a 65X eIec%ron capture detector was used. The glass capi&ry 
CO~UIULS (40 m x Q-3 mm I.D.) were coated dynamically with SE-30 or Superox- 04. 
The injector and defector temperatures were 250°C and after an initial hoId of I min 
at 80°C the oven temperature was programmed from 80 to 250% at a rate of lY/min 
with a final hoId of I.5 min at 250°C. The carrier gas was nitrogen with a column head 
pressure of IS p.s.i. The SpIitIess injection technique was used with a purge activation 
t&e of 0.4 min and an injection volume of L fi_ _ 

Hrgh-perforntance &z+d chqomarograpiy 
A component system was used, consisting of a Vtian 8500 soIvent-deiive~ 

system, aValco Eoop injector and a Waters 440 UV absorbance detector or a Waters 
420 fluorescence detector. Tke column (IS cm x 4.6 mm I.D.), packed with Hype& 
ODS (Shandon Southern, Runcorn, Great Britain), was operated at ambient tern- 
perature with a flow-rate of E m&n% The compositions of the solvents used tie given 
in $he appropriate tables. 

UV specrra 
LW spectra were recorded in 65 7; (v/v) Methanol in water-&k I % (v/v) acetic 

acid for the under&at&d -acids and in 80 % (vjv).methanoI in water for the deriva- 
tives in a f-cm MI UII a Perkin-Elmer 570 spectrophotometer. 

The pent&uorobenzyI derivatives of the various acids gave symmetrical peaks 
on the non-polar SE-30 coEurnn and on the polar Superox 04 coLumn. Their relative 
retention times are given in Table’1 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 co-uId easily be detected. When the reaction mixture of the micro 
preparation was injected directly into the gas ckromatograph many interfering peaks 
occurred and rzpeated injections Ied to severe contamination of the injection port_ So 
a fgor&s &an-up is necessary before a qtititation can be carried out. 
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__ n6t qs~pronoun&iii -as they tie ftir ‘&o~hkkls’?~-k -the io&upgreGon mdde alI 
a&s st%Ee&ca+e sepakated 53 a six&k c&6matograpKc run_ ex&pt tiec&rOp and 
24S:T, but t&se two c@bk separatedcOmpFet&y In k idil;p&r system, The ion-pair 
sys&zn ti @h be used for~oniirma tion pur@& and TZ has ati &dvan&@e that jt @~ _ _ 

~.@c&anged rather easily 03 oph i &irt+& Separation;~ -: . -- : -_ 
A pote&aI disadvantage of pre+%mn de&atization is that tbehffferences in 

xetition behaviour of various compounds can become smaIIer upon de&at&&ion_ 
Theiefore t&e cap&Q factor-of tbe underkatZ& acids tid the% naphtha+(NP) 
and methylmethoqzoumark -(MMC) de&at&z were determined k a reveked- 
phase- system (Table- m). .3be di&rences in capacicf factors have- indeed become“ 
smaller; the cieri~a~$~es carnot be separated in a single _&romattdgraphig run, but the 
kam factors Ge sfSl difEre& from each other, so that each compound caa be 
identi&d. No capacity factor for the MMC~ derivative of $cbIorophenoxyac&c acid 
is giveq because this ester is formed in only veq! smaII amounts. 

TABLE III 

.WACtTY FAVORS. k’, OF L@lDERIVAlXZED ACZD)s AM) THiR NAPHT?ZACYL @II?) 
AND MEIXYLMEEXOXY COUM&RIX (M-MC) ESTERS LN A REVERSED-PEfASE SYsTEEf 

0Af 
0.70 
L.QO 
US 
212 
3.00 
329 
5.00 
5-41 

267 
225 

- 

1.83 
1.92 
233 
2s3 
3.55 
3-42 

The W spectra of the underivatied acids and of their derivatives were ie- 

corded in~order tu estabIi& the optim& detectionwav&Iength and to deter&z tEe 
i~crezse in segsititi~ which could b6 @btained. The results for 2,4-Z? are given in 
F&s. -1-X From these spectra fhe optimum detection waveIen@hs can be deduckd, 
being 280 nm for the underivatized acids, 250 nm for the N?? derivatives and 330 rrm 
for the MMC deriGat&s_ Because a m&h better signal-tokoise ratio can be obtained 
with a tie&G&VeIetig& detector than &h a qriable-wavelength detector, even whei 
the measuring waveIen&h iS not the w~~eIength of maximum absorption, the min- 
imum detectable quantitig~ of Sotie underivatized &ds Andy-their deriv&ves were. 

de&mined n$h-9 f&d-wavekngth detector- The kesuI$ g&en in Table IV, show 
that wit&. f$e~M? ester the sensitivity is increass by a fact& of lo-SO and with the 
M&XC titer by 2 factor df 5_lO.-- ’ 

The MMC esters of various acids have been shown ta show a ~&son&~ 
ffuorScencS+ azd therefore fhzorescence detection offfiese derivatives was compared 
to W detection, Fluorescence detection was found to be a little Iess sensitive than W 
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When the various methods for the determination of‘these carboxylic acids are 
cumpared it is not obvious whi&h method is the best, but the methylmethoxy- 
coumarin derivative looks the most promising. The reaction can be catied out very 
easily, the yield is high with Iit& formation of- side-products and a sensitive and 
selective defection is possible. Although the underivatiied acids can Sll ~cS well .seg-~ 
arated by EPLC, this method h&s the disadvantage that the sensitivity is poor and 
that the waveIetigth of defection is not speciSzThe pentaBuoro&nzyI and the naph- 
thacyL e~te+&ow .a better setitiviQ than @e metiyhnethoxycoumaririn ester, but 
-with &se two reagents so many side-products are formed that a cIean-up has. tc be 
carried otit before the chromatogr~p’hic detirminafion_ _: 
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