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Organic acids can be readily esterified with diazomethane or diazoethane, and the

resultant esters can be separated by gas chromatographic methods.

The diazoalkane

can be quickly prepared from its more stable precursor by alkaline hydrolysis followed

by extraction into ether.

Conditions have been developed for the gas chromatographic

separation of the methyl and ethyl derivatives of 2,4-dichlorophenoxyacetic acid, 2,4,5-
trichlorophenoxyacetic acid, 2-(2,4,5-trichlorophenoxy)propionic acid, «-(2,4-dichloro-
phenoxy)butyric acid, pentachlorophenol, o-phenylphenol, and 4,6-dinitro-o-sec-butyl-
phenol from each other on one column and the methyl, ethyl, and butyl phosphoric acids
from each other on another column.

ANL'MBER of papers on the isolation
and determination of herbicide
residues in plant materials by gas chro-
matographic methods have been pub-
lished recently (2, 4, 7-70, 72, 27). Since
many herbicide residues are acids which
are difficult to chromatograph, the free
acids have usually been converted to the
methyl esters, which may be readily
chromatographed.  In most instances,
the acids have been esterified with diazo-
methane. which is unstable and must be
prepared from a mcre stable precursor,
usually by distillation of an ether solution
of diazomethane from \-methyl-V-
niroso-p-toluene sulfonamide or a sim-
ilar precursor (7, 6) or by an extraction
method, using as a precursor nitroso-
methylurea, which is not very stable and
is not commercially available (7, 77).
Other esterification methods for organic
acids offer no clear cut advantages over
the diazomethane method and are slower
or more cumbersome to use (&, 74, 76,
79). This paper gives a convenient
method for the preparation of diazo-
methane and diazoethane, so that either
the methyl or the ethyl esters of acids may
be rapidly and easily prepared. It also
gives the conditions for the gas chroma-
tographic separatior. of the chlorinated
carboxylic acid esters and phenol ethers
from each other and of the phosphate
esters from each other.

Experimental

Apparatus. The gas chromatographs
used were Micro-Tek Models 2500R,
2000R, and 2000MF (Micro-Tek In-
struments, Inc.) all equipped with both
flame ionization and electron affinity
detectors and with glass inlet systems.
In some work, simultaneous detection
of a split exit stream with a flame ioniza-
tion detector, and an electron affinity
detector was used. Nitrogen was the
carrier gas in all work.

Reagents.
grade.

Potassium hydroxide, reagent grade.

Hydrochloric acid-ethyl acetate (1:1),
reagent grade chemicals.

N - Methyl - N’ - nitro - N - nitroso-
guanidine, Aldrich Chemical Co.

N - Ethyl - N’ - nitro - N - nitroso-
guanidine, Aldrich Chemical Co. or
K & K Laboratories, Inc.

2.4-Dichlorophenoxyacetic acid (2,4-
D), Eastman Organic Chemicals.

2,4,5-Trichlorophenoxyacetic acid
(practical) (2,4,5-T), Eastman Organic
Chemicals.

2 - (2,4,5 - Trichlorophenoxy)propi-
onic acid (practical), [2-(2,4,5-T)P],
Eastman Organic Chemicals.

a-(2,4-Dichlorophenoxy)butyric acid,
[@-(2,4-D)B], K & K Laboratories, Inc.

2-Methyl-4-chlorophenoxyacetic acid
(MCPA), K & K Laboratories, Inc.

Pentachlorophenol, Eastman Organic
Chemicals.

0-Phenylphenol,
Chemicals.

4,6-Dinitro-o-sec-butylphenol,
Chemical Co.

Trimathyl phosphate,
K & K Laboratories, Inc.

Triethyl phosphate [(EtO);PO], City
Chemical Corp.

Mone- and dimethyl phosphate, Vic-
tor Chesnical Division, Stauffer Chemical
Co. [A mixture of O-methyl phos-
phoric acid, (MeO)(HO),PO, and 0,0-
dimethyl phosphoric  acid (MeO,-
(HO)PQ.]

Monoe- and diethyl phosphate, Victor
Chemical Division, Stauffer Chemical
Co. [A mixture of O-ethyl phosphoric
acid, (EtO)(HO),PO, and 0,0-diethyl
phospheric acid, (EtO)(HO)PO.]

Mons- and dibutyl phosphate, Victor
Chemical Division, Stauffer Chemical
Co. [A mixture of O-butyl phosphoric
acid, (BuO)(HO),PO, and 0,0-dibutyl
phosphoric acid, (BuO).(HO)PO.]

Diethyl ether, reagent

Eastman Organic
Dow

[(MeO);PO],

Preparation of Diazomethane or
Diazoethane. This procedure has been
adapted from a method for the prepara-
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tion of diazohyvdrocarbons (75). Dis-
solve 2.3 grams of potassium hydroxide in
2.3 ml. of distilled water in a 125-ml.
Erlenmeyer flask, cool the solution to
room temperature, and add 25 ml. of
ethyl ether. Cool the flask in a refrig-
erator or an ice bath. Carry out the
following preparation step in a hood.
Add either 1.5 grams of N-methyl-V/'-
nitro-N-nitrosoguanidine for diazometh-
ane and or 1.6 grams of N-ethyl-A"-nitro-
N-niwosoguanidine for diazoethane in
small portions over a period of a few min-
utes to the flask, and shake the flask vigor-
ously after each addition. Decant the
ether layer from the aqueous slurry that
has formed into a bottle capped with a
“Poly-Seal” cap (A. H. Thomas Catalog
No. 2849-E) and store in a freezer. Do
not use a ground glass stoppered bottle
(6). While moisture apparently does
not interfere in the derivatization reac-
tion, the diazoalkane solution may be
dried over potassium hydroxide pellets if
a dry solution is desired (6). Ifitiskept
in a tightly capped bottle, the diazo-
alkane solution may be stored at —20° C.
for over a week. This procedure gives
about 16 ml. of ether solution. Do not
allow the nitrosoguanidine or the diazo-
alkane solution to come in contact with
the skin, as these compounds may cause
skin rashes. The diazoalkane may be
prepared in a larger quantity by increas-
ing the amounts of chemicals, but the
proportions must not be changed; a
higher diazoalkane concentration may
resultin an explosion. The diazoalkanes
are toxic and potentially explosive.
Etched or scratched glassware and sirong
light should be avoided. Only ethyl
ether should be used as the solvent for the
diazoalkane (6).

Preparation of Methyl or Ethyl
Esters. Transfer up to 0.5 ml of
sample into a 2-dram vial, add a small
drop of hydrochloric acid-ethyl acetate
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(1:1), and mix well. Add 2 ml. of the
diazoalkane-ether solution. If the color
of the ether solution is discharged, add
more ether solution untl a color re-
mains. Allow the solution to stand for a
few minutes, and evaporate it to less than
the original volume in a stream of air.
Adjust the volume to the original volume
of the sample for gas chromatography.

Chlorinated  Carboxylic  Acids.
Esterification of the chlorinated car-
boxylic acids appeared to be complete
within a few minutes.

Esters of the chlorinated carboxylic
acids were separated in 6-mm. O.D.
glass columns with a packing of 2%
methyl silicone gum rubber SE-30 (Gen-
eral Electric Co.), 0.29 Versamid 900
(Applied Science Laboratories, Inc.) on
100/110 mesh Anakrom ABS (Analab,
Inc.) that has been used for the separa-
tion of insecticides (3). Relative reten-
tion times are given in Table I. The
carrier gas from the 0.5-meter column
was passed through an 8 to 1 exit splitter
for simultaneous detection in a flame
ionization detector and an electron
affinity detector. The retention times
shown in Tables I and II for the 0.5-
meter column are for the major peak in
both detectors. Only the electron
affinity detector was used with the 1-
meter column. Carrier gas flow was 85
ml. per minute for the 0.5-meter column
and 120 ml. per minute for the 1-meter
column.

Phenols. Ethers of phenols were
separated on the same columns and
under the same conditions as the chlo-
rinated carboxylic acids, Under the
reaction conditions, o¢-phenylphenol is
incompletely reacted, and free o-phenvyl-
phenol will be present along with the
methyl or the ethyl ether. The other
phenols appeared to be completely
reacted. Relative retention times are
given in Table II.

Phosphorus Acids. Esterification of
the phosphoric acids appeared to be
complete within a few minutes.

Trimethyl phosphate and triethyl phos-
phate were readily separated from each
other by 1-meter long, 6-mm. O.D.
copper columns packed with 109, PEG

Table ll. Relative Retention Times for Phenols

Relotive Retention Times®
0.5-Meter Column, 115° C. 1-Meter Column, 140° C.

Ether Ether ~
Phenol Methyl Ethyl Free Methyl Ethyl Free
o-Phenylphenol 0.596 0.654 0.924 0.406 0.500 0.969
Pentachlorophenol 1.31 1.69 1.34 1.78 S
Dinitro-o-sec-butylphenol 2.58 3.15 2.66 3.16

s Retention times relative to 2,4-D, methyl ester, retention time 2.6 minutes on 0.5-meter
column and 3.2 minutes on 1-meter column,

20M (F & M Scientific Corp.) on 100/
110 mesh Anakrom ABS (Analab, Inc.),
or a polyester phase such as LAC-1-R 296
(Applied Science Laboratories), or Reo-
plex 400 (Wilkens Inswument and
Research, Inc.). However, a 3-meter
long, 6-mm. O.D. copper column packed
with the PEG 20M liquid phase was
required to separate the mixed esters 0,0-
dimethyl O-ethyl phosphate [(MeO)o-
(EtO)PO] and O-methyl 0,0-diethyl
phosphate  [(MeO)(EtO).PO]. In
Table III, relative retention times for
the methyl and ethyl esters of the methyl,
ethyl, and butyl phosphoric acids are
given. While tributyl phosphate is not
a common constituent of pesticide formu-
lations, it is a frequently used solvent,
and it or its decomposition products
might be found in samples for residue
analysis. The 1-meter column is recom-
mended for the butyl phosphoric acid
esters while the 3-meter column is re-
quired for the mixed methyl and ethyl
phosphates. The flame ionization detec-
tor was used for the phosphate esters.
Carrier gas flow was 120 ml per minute
for all columns.

Discussion

The preparation of diazomethane by
the extraction method was unsuccessful
in several attempts, when the other
commercially available diazomethane
precursors, V-methyl-N-nitroso-p-toluene
sulfonamide and .V,N’-dimethyl-V,\'-
dinitrosoterephthalimide  were  used.
Since diazomethane was readily prepared

Table 1. Relative Retention Times
for Chlorinated Carboxylic Acids

Relotive Retention Times®

0.5-Meter 1-Meter

Column, Column,

115°C. 140° C.

Ester Ester

Acid Methyl Ethyl Methyl Ethyl
2,4-D 1.00 1.23 1.00 1.34
2-(2,4,5-T)P 1.65 2.08 1.69 2.09
2,4,5-T 2.23 2.88 2.03 2.63
a-(2,4-D)B 2.88 3.80 2.69 3.69

e Retention times are relative to 2,4-D
methyl ester, retention time 2.6 minutes
on 0.5-meter column and 3.2 minutes on
1-meter column.

Table Ill. Relative Retention Times
for Phosphate Esters

Relative Retention Times®

from N-methyl-V’-nitro-V-nitrosoguani-
dine, no further attempt was made to
prepare diazomethane from other pre-
cursors.

When 2,4-D methyl ester was chroma-
tographed at the level at which 2,4-D
would be expected in pesticide work (up
to 100 nanograms), the response of the
electron affinity detector increased with
repeated injections unless the column
was loaded by injections of relatively
massive amounts of the ester. Repro-
ducible results were obtained after five
injections of 10 micrograms each of 2,4-D
ester; this loading of the column had 10
be repeated each day. A new column
gave a sensitivity of about two-thirds that
obtained after loading. A column which
was used for other pesticide work gave a
much lower sensitivity before loading.
The response of the electron affinity de-
tector to 2,4-D methyl ester, was linear
up to 30 nanograms of 2,4-D.

Figure 1is a chromatogram of a sample
of 25 nanograms of 2,4-D, methyl ester,
in an extract of oranges, separated by a
procedure under development, but sim-
ilar 1o some published procedures (20).
A blank sample showed no peaks after
the first two minutes.

Interfering peaks appeared in the gas
chromatograms of MCPA and o-phenyl-
phenol derivatives; peaks resulting from
the diazoalkane were comparable in
magnitude and overlapped peaks from
the esters or ethers of these two com-
pounds. Simultaneous detection tech-
niques on MCPA esters showed that the
peak which was most likely the compound
of interest gave a smaller peak in the
electron affinity detector than other, later
peaks. The small size of this peak was a
result of the low response of the electron
affinity detector to these esters (2, 9).
o-Phenylphenol was incompletely re-

T-Meter 3-Meter acted; the free phenol was present in all
Phosphate colymn, column, samples. The free phenol is ferabl
g . ples. phenol is preferably
Ester 130° €. 150° ¢ detected rather than the ether.

(MC(C)))BPF?O PO 1.00 1?27 Minor peaks were present in the

Ei\\/}zogf(}:tz))zpo 1.246 chromatograms of several compounds;

(EtO);PO i 1.41 1.29 these peaks were assumed to be isomers

(MeO)xBuO)PO  1.43 e (76) or manufacturing impurities. The

E%IES)((ELIS))%%O %gi minor peaks are not indicated in the

t 2 Bbu .

(EtO)(BuO)»PO  5.08 tables.

@ Retention times relative to (MeQ);PO,
retention time of 3.7 minutes on Il-meter
column, 5.5 minutes on 3-meter column.
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Initally, the carboxylic acids were
dissolved in methanol; the free acids
were partially or completely converted to
the methyl ester, and so the solutions
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Figure 1. Chromatogram of 2,4-D
methy| ester in oranges extract

Instrument: 2500R Detector: electron affinity

Column:  1-meter glass, 2% SE-30, 0.2%
Versamid 900

Attenuator settings: input X 102 output X 4

were not suitable for the preparation of
the ethyl esters. When the acids were
dissolved in ethyl acetate, there was no
evidence of any interaction between acid
and solvent. Since the phenols did not
react with methanol, methanol would be
suitable as a solvent for the phenols.

The methyl esters of the butyl phos-

phoric acids have been prepared with
diazomethane and, thus, separated by
gas chromatography on the silicone liquid
phases DC 200 and E301 (77). The
diazomethane precursor nitrosomethyl
urea, which was used in this work, is not
readily available and was not considered
in the present investigations. The gas
chromatographic liquid phases did not
offer anv advantage over the liquid
phases which were used in the present
investigations.

While there have been investigations
on the acids which result from degrada-
tion of phosphate pesticides using paper
chromatography (5, 77), and thin-layer
chromatography (73) techniques, ap-
parently none have used gas chroma-
tographic techniques. Since the esters
may be readily prepared with diazo-
methane, the acids which are degrada-
tion products may be easily detected with
gas chromatographic techniques. The
esters also may be more readily chroma-
tographed on thin-layer chromatographic
plates than the free acids (78).

With both the methyl and the ethyl
esters of the acids being available for
chromatography, the acids may be iden-
tified definitively, using a single gas
chromatographic column. The avail-
ability of the second ester also affords an
opportunity for the avoidance of any
interferences which may be in the sample.
The extraction method for the prepara-
tion of diazomethane and diazoethane
provides a quick, easy method for the
preparation of the esters of acids for
chromatographic analysis.
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