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ABSTRACT : Fragmentation patterns on electron impact of 8 chlorinated organophosp-
horus pesticides were investigated. In most cases, characteristic ions could be identified
and the peak clusters due to the #*>Cl and 37Cl isotopes in the fragment ions were found to
be highly characteristic. The fragmentation patterns of phosphorus moiety were coincident

with previous report in the aspect of mechanism.
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1. Introduction

The importance of gas chromatography / mass
spectrometry (GC/MS) for pesticides chemistry,
particularly for the identification of samll quantities

encountered in residues, is rapidlly being recognized.
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Several classes of pesticides have been investigat-
ed and fragmentation patterns on various ionization
methods were analyzed with high resolution mass
spectrometry.!~3

In general, chlorinated pesticides are well suited

for mass spectral residue analysis*® because these
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compounds usually yield intense characteristic ions
due to the isotopic peaks of chlorine atoms. Frag-
mentation patterns of organophosphorus pesticide-
s™7 have been studied according to phosphorus
groups such as phosphates, phosphorothioates and
phosphorodithioates.

We have been interested in determining the
pesticides for obtaining structural information
without high resolution mass spectrometry which
1s very expensive and non-popular instrument. We
have chosen to study the chlorinated organophosph-
orus pesticides because these compound produce the
isotopic clusters due to chlorine atom and also pro-
duce the characteristic ions of phosphorus group
that can be resolved by quadrupole- type mass spec-
trometry.

In this study, we suggested the fragmentation
pathways of the chlorinated organophosphorus pes-
ticides on the basis of the presence of chlorine
atoms which produce the isotopic peaks and utiliz-
ing information from the previously reported frag-
mentation patterns for organophosphorus groups.

2. Experimental

Chemicals Eight standard pesticides were obt-
ained as test substances from Dr. Ehrenstorfer
(Germany) and Chem Service(U.S.A) with 97~
99% purity. Acetone and hexane were purchased
from J. T. Baker(U.S.A).

Instrumentation Mass spectrometry was perfor-
med using a Hewlett- Packard 5970A mass selective
detector with a Hewlett- Packard 5890 gas chroma-
tograph. For the gas chromatographic separation a
bonded fused-silica capillary column(HP-1, 30mx
0.2mm, i. d.) was used which was coupled directly
the ion source. Helium was used as the carrier gas
at 0.9m{ /min flow rate. The GC injection port tem-

perature was 270C, interface region was maintained

at 300, and ion source was set at 200C. The mass
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spectrometer was tuned with the calibration re-
agent of perfluorotributylamine(PFTBA) for the
selected ion of m/z 69, 219 and 502. The electron
energy was 70eV.

3. Results and Discussion

The standard chlorinated organophoshorus pesti-
cides produced acceptable gas chromatographic pro-
perties as shown in the total ion chormatogram of
Figure 1.

The basic fragmentation patterns of three major
classes (phosphates, phosphorothioates and phosph-
orodithioates) of organophosphorus pesticides have
been published in earlier report®. The study on
fragmentation pathways for simple organophospho-
rus esters have focused on the phosphorus moiety.
The pathways for the production of fragments with
organophosphorus moiety proposed by Pritchard?®
are shown in Scheme 1. In their studies, the ion at
m/z 109 [(CH30)?P=0]"* from molecular ion of
dimethyl phosphorochlorodate fragments to give
ions at m/z 79 and m/z 49, as shown in Scheme 1.
Unlike the dimethylester of the phoshate compounds
which undergo successive losses of formaldehyde,
diethyl ester lost ethylene molecule and thus retain
the oxygen atoms on phosphorus.

Dichlorvos The mass spectrum of dichlorvos
has shown a weak intensity of molecular ion (4%)
and its isotopic pead (M—+2, 395), as shown in Fig-
ure 2. Scheme 2 indicates that the base peak of m/z
109 is related to the formation of (CH30)2P=0 due
to inductive cleavage of phosphate group. The ion
of m/z 79 is produced by loss of aldehyde molecule
from the base peak ion. The loss of the chlorine rad-
ical from molecular ion generated m/z 185 and its

isotopic peak m/z 187.

Trichlorfon

ecular ion peak and produced only a few significant

Trichlorfon failed to yield a mol-
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Figure 1. Total ion chromatogram of eight chlorinated organophosphorus pesticides: 1. dichlorvos 2.
trichlorphon 3. cis-phosphamidon 4. trans-phosphamidon 5. chlorpyrifos-methyl 6. chlorpyrifos 7.
tetrachlorvinfos 8. profenofos 9. carbofenothion.

A. In the case of dimethyl phosphate or phosphorothioate

cH09®) q OB CHOL_ . ZCHO  H_ oMo M.
CH0"" (§) CH,0  (S) CH,0" (S) H  (S)
m/z 109 m/z 79 m/z 49
(125) (95) (65)

B. In the case of dimethyl phosphate or phosphorothioate

CHs0 Q) . -OR CZHsO‘P-o Gy HO o ZCHe HO‘p_O
CHO™ (S) CHsO (S) C,HO (S) HO  (S)
m/z 137 m/z 109 m/z 81

(153) (125) (97)

Scheme 1. Basic fragmentation pattern of dimethyl and diethyl phosphate groups.
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Figure 2. Mass spectrum of dichlorvos.
o) .
CHO_+ CH,O_1i -Cl CH,0 T
P=0 pP— E— P—
CH,0 CHZ0 \=CC|2 CH;0 \_‘CCI
m/z 109 (100%) m/z 220 (M ,4%) m/z 185 (21%)
222 (M+2, 3%) 187 ( 7%)

CH,0

"'CHzo

+
~

>P=0
H

m/z

79 (23%)

Scheme 2. Mass spectral fragmentation of dichlorvos.

ions as shown in its mass spectrum(Figure 3). The

base peak at m/z 109 which usually appears in the

spectra of compounds with dimethyl phosphorus

moiety was produced by the inductive-<leavage

with charge initiation at oxygen of hydroxy group

followed by removal of CH20 to yield the ion of
m/z 79, as indicated in Scheme 3. Another signifi-
cant ion at m/z 139 was formed by the loss of CCl3
radical from the molecular ion through the alpha

cleavage. The loss of all the chlorine atoms is appar-
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Figure 3. Mass spectrum of trichlorphon.
CH,O (ll) CH,O (l?
CH“O:T:= CHaclP—CEH—CC's —=o . CH3 >P—CH-CCl,
CH,0 3 OH 50 ]
m/z 109 (100%) m/z 256 (M: not seen) m/z 221 (14%)
223 (9%)
—CH,0 —CCl
CH;O + 0]
= CH,O_1
et O 3>p—cH=0H
CH,0
m/z 79 (21%)

m/z 139 (96%)

Scheme 3. Mass spectrum fragmentation of trichlorphon.

ent from the absence of isotopic clusters. The elim-
ination of the chlorine radical from the molecular
ion gives the ion of m/z 221.

The molecular ion did not ap-

Phosphamidon

Vol. 6, No. 1, 1993

pear in the mass spectra of cis- and trans- phospha-
midon. In general, ‘cis-and trans-isomers demon-
strate essentially identical mass spectra, but the
mass spectra of phosphamidon isomers display

slightly different abundance for some characteristic
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Figure 4. Mass spectrum of cis-and trans- phosphamidon.

ions such as m/z 72 and m/z 264 etc. as shown in
Figure 4. Scheme 4 displays that the base peak of
m/z 127 is expected to be [(CH30),P(OH).]" ion.
This fragment ion was generated by a double hy-
drogen rearrangement from the substituted vinyl

moiety to the phosphorus oxygen skeleton. The for-

mation of this ion was confirmed by Holmstead®

with deuterium  labeled- methane  chemical
ionization mode. Significantly abundant ion at m/z
264 is observed corresponding to the loss of the
chlorine radical from the molecular ion. The ion at

m/z 100 corresponding to the N, N-diethyl

Journal of the Korean Sociely of Analytical Sciences
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3 & CHs “CoHs
m/z 109 (31%) / m/z 298 (m: not seen) m/z 100 ( 6,2% )
CHO M- N(CoHg)l* <l
m/z 227(8%) —co
+
cH. © ( CH30),P(CH),
CH3O\;= CHSO\ It ! _3 [ /C2H5 M ’CZHS
- SP— "C"'C—C'—N\ m/z 127 { 100% ) N_
CH30 C,Hs CaHs
m/z 79 (6%
(6%) m/z 264 (9,64%) mz 72 (56,14% )
—(CH30),POCH
C,H (0]
CHy=C=8—C-N_~ ° CH3O 1 ¢ 9
2 ~C.H P—0O~C=C—-C-H
2Hs CH;0” +
m/z 138 (21%)

Scheme 4. Mass spectral fragmentation of phosphamidon.

isocyanate ion has a very weak intensity peak(1%5)
whereas the ion at m/z 72 which was formed by
the loss of carbon monoxide from diethyl isocyanate
ion appeared as relatively abundant ion. Fragment
ion m/z 138 may be explained by the loss of phos-

phoric acid from dechlorinated molecular ion.

of

chlorine radical fragmentation, chlorpyrifos-methyl

Chlorpyrifos-methyl Because of the ease
gives the weak molecular ion cluster together with
a few significant ions(Figure 5). As showm in
Scheme 5, the base peak at m/z 125 was produced
by the inductive cleavage of phosphorothioate
group. The small fragment ions in rmass spectrum of
chlorpyrifos- methyl were produced by the fragmen-
tation of dimethyl phosphorothioate group through
the elimination and rearrangement process which is
indicated in Scheme 1.

The loss of the chlorine radical has produced the
base peak at m/z 286 with its isotopic clusters at

Vol. 6, No. 1, 1993

m/z 193 (8% )

m/z 288 and 290. The ion cluster(m/z 197, 199 and
201) can be assigned as trichloropyriol ion which is
formed through gamma hydrogen rearrangement.
This ion cluster appeared also in mass spectrum of
chlorpyrifos.

Chlorpyrifos The chemical structure of chlor-
pyrifos is very similar to that of chlorpyrifos-
methyl, while its fragmentation pattern is different
from that of the latter, as shown in Figure 5 and
Figure 6. Various fragment appear in the spectrum
of chlorpyrifos because of successive elimination of
ethylene via four centered hydrogen rearrangement
of diethyl phosphate group, as shown in Scheme 6.
The molecular ion easily loses chlorine radical pro-
ducing the strong intensity ion cluster(m/z 314,
316 and 318). The (M-CI1)" ion also fragments with
a successive loss of C2Hy molecule to give charac-
teristic ion cluster. The trichloropyriol ion which

appeared with low intensity in the mass spectrum
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Figure 5. Mass spectrum of chlorpyrifos- methyl.
Cl
CH,0. b= CHy0. 8 . o] CHaO.
3 o —————r O— \ ———renase - 3~ -

cHo" " =S cHy0”" w g cHyo T -0

nvz 125 (100% ) Mz 321 (M 4%) mvz 109 (29% )

323 (M+2,1%)
S — CH,0

CHaosﬁzO / \ CH30 ’_3,, 0

CH
{ S

CH;0, b
m/z 93 (28% 3 Cl
@%) o O‘ HOQ‘C' an79(39%>

anzggé(tiSO‘?; m/z 187 (7% )
30%

199 (6%
290 (7%) (&%)

Scheme 5. Mass spectral fragmentation of chlorpyrifos-methyl.

Journal of the Korean Society of Analytical Sciences
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Figure 6. Mass spectrum of chlorpyrifos.
cl cl Cl cl
CoHs0, CszO‘g o \/ | -cf CszO.l-S; o ~ [
= L= P- X
C,Hs0 C2Hs0 N™ " 2HsO N
vz 153 ( not seen ) vz 349 (M,9% ) m/z 314 (58%)
351 {(M+2,10%) 316 (44%)
/
cl / _CZH4
HO—  p—Cl
N
i o 0§ Cla A\ O
Mz 197 (89% ) Pz ~——— NP
199 (82% ) C,Hs0 C,Hs0’ N
201 (29%) vz 125 (28%) m/z 286 (28% )
288 (26%)
~CaHy —CaHy4
o, ¢ w0 LY
L= - “P-
HO Ho' 00—y
vz 97 (100%) mvz 258 ( 31%)
260 (24% )

Scheme 6. Mass spectral fragmentation of chlorpyrifos.
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of chlorpyrifos- methyl appeared prominently in the
spectrum of chlorpyrifos. It is tempting to suggest
the formation of trichloropyriol in chlorpyrifos by
hydrogen migration from diethyl group to oxygen
atom attached to benzene ring vie six- membered
rearrangement which that in chlorpyrifos-methyl is
generated by hydrogen transfer of dimethyl group
through four centered rearrangement. The other
abundant low mass ions were formed due to frag-
mentation of diethyl phosphorothioate group.
Tetrachlorvinphos Tetrachlorvinphos yielded a
weak molecular ion and produced only a few signifi-
cant ions in its mass spectrum(Figure 7). Scheme 7
shows that the base peak of m/z 331 is formed by
the loss of chlorine radical from the molecular ion.
The second abundant ion at m/z 109 was formed
by the alpha cleavage of phosphate group. The ion
cluster(m/z 238, 240 and 242) must have arisen via
the overall elimination of phosphoric acid, ac-

companied by hydrogen transfer from the ethylene

109

I

Figure 7. Mass spectrum of tetrachlorvinphos.
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moiety. The above pathways are supported by the
existence of the chlorine isotopic peaks.

Profenofos As seen in Figure 8, profenofos gives
a strong molecular ion cluster and several signifi-
cant peaks are detected in its mass spectrum
becaues of the presence of phosphorothioate group
containing chlorine and bromine substituted on
benzene ring. Most of the ions containing the aro-
matic ring are of significant intensity. The stab-
ility imparted to the molecule by the aromatic sys-
tem is evident from the molecular ion intensity.
The dominant ion cluster at m/z 206 and 208 can
be assigned to 2-chloro, 4-bromo- phenol ion based
on the isotope analysis. The abundant ion at m/z
339 is due to the ®'Br isotopic peak of m/z 337 ion
which is formed by the loss of chlorine radical from
molecular ion. As shown in Scheme 8, other signifi-
cant ions can be easily identified by the observing

the isotopic abundance of edch ion.

329 331

N
i
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CH.O ('? =CCl ¢
CHaO:*; _ 3 SP—0—C=CHCI —(CH30),POOH
CH;0 CH;0 |
m/z 109 (32%)
Cl Cl
m/z 238 (5%
= CH0 c “ 240(( 6%) )
m/2364(M,3°/o) 242(3%)
366 (M+2,3%)
CH,O_+
H _pP=0 _cl
m/z 79 ( 5%)
MO 0—c=cHa
CH,0” B
Cl Cl
m/z 329 (97% )
331 (100%)
333(35%)
Scheme 7. Mass spectral fragmentation of tetrachlorvinphos.
TR . 208
95 13? bl ETER wiel £ . 339
g | 7
" 206 T
125 - e

Figure 8. Mass spectrum of profenofos.
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208 (100% ) 311(26)
m/z 267 (32% )
269 (36% )

Scheme 8. Mass spectral fragmentation of profenofos.

Carbophenothion Figure 9 presents the mass
spectrum of carbophenothion. The molecular ion
was observed as base peak. As shown in Scheme 9,
the abundant fragment ions at m/z 157 was formed
by the alpha- cleavage with charge retention on the

sulfur atom attached to benzene ring. The forma-

97 i

2
g5 0 199

Figure 9. Mass spectrum of carbophenothion.

tion of m/z 199 is explained by a charge initiation
on sulfur atom of phosphorodithicate group fol-
lowed by an alpha-cleavage. The diethyl phosphoro-
dithioate group of carbophenothion exhibited the
typical fragmemtation patten for diethyl phosphor-

othioate under EI-condition; consecutive elimin-

344

‘ 199 296 298

Journal of the Korean Society of Analytical Sciences



A28} 471304 Fore] A 2 105

S
CH2=§—© [ S CZHSO P S CHZ_S_Q "'SSCHZ cszo ll §’@
cl CoHs0" cl CHsO" ol

M, 100% )
vz 157 (78%) mz 3;424(( M+2° 51‘:,/0 ) Mz 296(6%)
159 (29%) 298(3%)
S
CZHSO‘.'P"'§=CH2
CHO.5_ =S CHsO.5 _o CHO
CoHs” Cszo mz 199 (14%)
miz 121 (36% ) mvz 153 ( 28%)
—CoHy —CoHg
HO + _ HO, ; _
C,Hs” C,HsO”
vz 93 (16%) Mz 125 (26% )
= CaHa —CqHy
+
HO‘.F;=O HO: P=S
H’ HO
mvz 65 (15% ) vz 97 (37%)

Scheme 9. Mass spectral fragmentation of carbophenothion.

Tuble 1. Characteristic Ions of 8 chlorinated Organophosphorus Pesticides.

Compound Mol. Wt. base peak other ions

Dichlorvos 220 109 185187 79 220 222

Trichlorphon 256 109 139 79 221 223

Phosphamidon 299 127 109138193 79 72 227

Chlorpyrifos- methyl 321 286 286 288 79109 65 93321 323
Chlorpyrifos 349 97 314 316 197 199 286 288 258 260
Tetrachlorvinphos 364 331 329109 79 238 240 364 366

Profenofos 372 208 206 337 339 372 374 139 95 125
Carbophenothion 342 342 344 157 199 153 121 125 93 97

ation of ethene molecule. In particular, the conver- arrangement of oxygen atom is an ambiguous mech-
sion of the ion m/z 153 to theion m/z 121 through  anism proposed by Pritchard.® The other signifi-
the removal of sulfur diradical and then the re- cant ion at m/z 296 which is not intense was

Vol. 6, No. 1, 1993
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produced by the elimination of CHy=S wa four
centered rearrangement. The formation of this ion
is aided by the presence of chlorine isotopic ion at
m/z 298.

The mass fragmental pathways for chlorinated
phoshorus pesticides have been suggested with the
use of *"Cl isotope peak and mass spectral infor-
mation of phosphorus moiety which have been
reported. The mechanism for these chlorinated
organophosphorus pesticides may be extended to
interpret the spectra of other pesticides. The
characteristic ions of these compound are listed in

Table 1.
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