A MASS SPECTROMETRIC STUDY

OF SOME PESTICIDES



ii

A Mass Spectrometric Study

of Some Pesticides

K. S. Subramenian, B.Sc,(Hons.), Kerala, India,

Department of Chemistry

A Thesis submitted in partial fulfillment of
the requirements for the degree of

Master of Science (Chemistry)

BROCK UNIVERSITY
St. Catharines, Ontario

1971



iii

To

Prof, Martin Stuart Gibson,

A Kind "Friend, Philosopher and Guide"
And Above All A Good Teacher



TABLE OF CONTENTS

Page
INTRODUCTION 1
EXPERIMENTAL 30
RESULTS AND DISCUSSION
Part i) The Mass Spectra of Organophosphorus
Pesticides 34
Part ii) The Mass Spectra of Thiocarbamate
and Dithiocarbamate Pesticides 73
Part iii) The Mass Spectra of Chlorinated
Pesticides 86
Part iv) The Mass Spectra of Miscellaneous
Pesticides 97
Part v) Comparison of Medium vs., Low
Resolution Mass Spectrometry in the
Study of Pesticides 117
CONCLUSION 120-a
REFERENCES 121
APPENDIX
A, Index of Pesticides (ii)
B, Tables of Mass Spectral Data (v)

Ce Tables of Metastable Ions of the
Various Pesticides (x1vii)



LIST OF FIGURES

ORGANOPHOSPHORUS PESTICIDES

1)
2)
3)
4)

5)
6)
7)
8)

DDVP
Phosdrin
0, O=dimethyl phosphoro chloridothionate

0=-2, 4=dichlorophenyl 0, O-diethyl
thiophosphate

Parathion
Carbophenolthion
Ethion

Tributyl phosphorotrithioite

THIO AND DITHIOCARBAMATES

9)
10)
11)

Eptam
Perbulate
CDEC (Vegadex)

ORGANOCHLORINE PESTICIDES

12)
13)

2,4-D, isopropyl and butyl esters
Kelthane

MISCELLANEOUS PESTICIDES

14)
15)
16)

1=-Naphthyl acetic acid, methyl ester
Allethrin

Piperonyl Butoxide

38
39
47

54
57
64
66
70

17
79
83

89
94

99
106

114



vi

The study of pesticides by mass spectrometry
presented in this thesis has been carried out in the
Department of Chemistry, Brock University, during the
period, September 1970 - August 1971.

Words alone cannot describe the author's sense
of gratitude to his supervisor, Prof, J., M., Miller, for
the suggestion of the problem, for the guidance and for
the help he rendered in ways more than one., But for the
timely service rendered so kindly by Mr. Jim Ross and
Mr., Tony Biernacki, this work would have taken longer
to complete, Thanks to them are still due. It is a
pleasure to acknowledge Mrs, E. Blair who has taken
immense care and pains in typing out this manuscript.

The financial assistance from the Department of
Chemistry, Brock University, which made this work possible

is gratefully placed on record.



vii

ABSTRACT

The fragmentation processes in the mass spectra of
a series of organophosphorus, organochlorine, thio and
dithiocarbamate as well as a number of miscellaneous pesti-
cides have been studied in detail by using the Bendix time-
of=-flight, MS-12 single-focussing and MS-30 double-focussing
mass spectrometers, Interpretation of all the spectra have
been presented; their modes of dissociation elucidated,
aided by metastable transitions wherever possible and the
structures of the various fragmentation species postulated
wherever feasible, The fragmentation mechanisms are based
on the concepts of inductive, resonance and steric effects,
Multiple bond cleavages accompanied by simultaneous bond
formation and rearrangement reactions involving cyclic transi-
tion states have clarified the formation of various ions,

Due emphasis has been placed on the effect of the functional
groups or substituents in altering the mass spectral behaviour
of the pesticides as they form the basis for the identifica-
tion of the otherwise identical pesticides.,

The organophosphorus pesticides which have been
studied include i) the phosphates (eg: DDVP and Phosdrin);
ii) phosphorothionates (eg: Parathion, 0-2, 4 dichloro
phenyl 0, O-diethyl thionophosphate); iii) phosphorothioites
(eg: Tributyl phosphorotrithioite); iv) phosphorothioates
(eg: Ethion) and +v) phosphorodithioates (eg: Carbophenol-

thion). Cleavages and rearrangements of the ester moiety
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dominate the spectrum of phosdrin while that of DDVP is
dominated by the fragmentation modes of the (CH O) P =0
moiety. Fragmentation gf the (CH 6)2P S characterises

the spectrum of (CH3O)QP-01 while cleavages of the
(02H5O);P=S species mark the spectra of parathion and

0-2, 4-dichlorophenyl O, O-diethyl thiophosphate. The X
and/B cleavages of the thioether function rather than
cleavages of the (G2 5O) P =S signify the spectrum of carbo-
phenolthion, Tributyl phosphorotrithiocite behaves more like
an aliphatic hydrocarbon than like the corresponding phos-
phites.

The isopropyl and butyl esters of 2, 4 dichloro-
phenoxy acetic acid show cleavage and rearrangement ions
typical of an ester. In spite of its structural similarity
to pp' - DDT and pp'! - DDD, Kelthane has a completely
different mass spectral behaviour due to the influence of
its hydroxyl function,

The thiocarbamate pesticides studied include Eptam
and Perbulate. Both are structurally similar but having
different alkyl substituents on nitrogen and sulphur, This
structural similarity leads to similar types of (N=C), (C-S)
and (S-alkyl cleavages). However, perbulate differs from
Eptam in showing a rearrangement ion at m/e 161 and in form-
ing an isocyanate ion as the base peak, In Eptam the base
peak is the alkyl ion. The dithiocarbamate, Vegadex,

resembles the thiocarbamates in undergoing simple cleavages



but it differs from them in having a weak parent ionj;
in the formation of its base peak and in undergoing a series
of rearrangement reactions.

The miscellaneous pesticides studied include
1=Naphthalene acetic acid - methyl ester, Piperonyl butoxide
and Allethrin, The ester is stable to electron impact and
shows only fewer ions., Piperonyl butoxide, a polyether,
shows characteristics of an ether, alcohol and aldehyde.
Allethrin is regarded as an ester of the type R-E-O-R' with

0 R, a

R being a substituted cyclopropane moiety and
substituted cyclopentenone moiety. Accordingly it shows
cleavage ions.typical of an aliphatic ester and undergoes
bond ruptures of the cyclic moieties to give unusual iomns,
Its base peak is an odd electron - ion, quite contrary to

expectations.
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i) Study of Fragmentation Processes
By Mass Spectrometry

Physical organic chemistry has made great strides in
the study of ions from organic compounds., Carbonium ions,
carbanions, oxonium ions and quarternary ions are typical
examples, In fact, these ions assume special importance as
intermediates in many reactions., Such studies, however, have
necessarily been in solution, In contrast, Mass Spectrometry
offers a unique opportunity for the study of the chemistry of
excited organic ions without the influence of neighbouring
molecules or solvent effects.

The mass spectrum of a compound usually results from
its bombardment by electrons (usually 70 ev) and consists, in
general, of a series of peaks which can be directly related
by fragmentation (or dissociation) and rearrangement processes
to the structure of the molecule., Explanation of these pro-
cesses involves the application of such basic principles of
physical organic chemistry as polarisability, hyperconjugation,
resonance, steric, inductive and field effects. Many books1'4
describe the general fragmentation behaviour of the various
groups of compounds based on the above principles and a general
picture of fragmentations based on charge localization on a
particular bond has been outlined by Mclafferty5’6 and

3

Budziekiewies and co-authors”. A well-documented review has

been written on the gemeral classification of mass spectral
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fragmentation mechanismT. A treatment of the mechanism of

the fragmentation behaviour of organic molecules, is, thus,
perhaps redundant here. Suffice it to say that the favoured
decomposition pathways are determined by i) the bond lability
of the precursor ion; ii) bond stability of the product ion
and iii) steric requirements for the transition state. In
addition, ion-decomposition paths involving multiple bond
cleavages and/or rearrangements in complex molecules are also
evident, A detailed account of the latter process has been

8 in a recent review,

given by Cooks

However, the fragmentation processes leading to
intense peaks in’'the mass spectrometer may be summarized
below: The fragmentation behaviour of an organic compound
falls into two main categories: (i) Bond-cleavages

(ii) Rearrangements.

Bond cleavages consist of the following types:1

Type Process
T+ + + p +
A, o8-ty &+ 4§ (CHZ< RCHp <R, CHS R3C)
L ¢ 1
o
A, ST, }0=C{,
L I B ¢
§
A3 C—C—é-01'+-'>\ C= é-én‘.‘-@-‘-é—é:G( o+ ‘(} =
L I ] 1 t
1 1% y
Ay > -CH,-0-° > oE;, — O &
t
Ag 4 ¢!t —5-¢* +X (X = Halogen, OR, SR, NR,)
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Iype Process
. s +
B R-?-R—" —> R" +C-<>C -R
X Cx %
e + +
c R—S-R * —> R - ( ir% & R-C= 0 +%°
0 +
B 1+ = 7 b
D : > P
"
C
A
Rearrangements:
C-X_-'t G“—,‘f
1 s
E1 ?n N — Cl{‘ + HX (n=0!192’39 )
C+H
2 1D—R '_) 2 B + '
%’H A H
tH/t’—\;-’-f T
F -C =C-C = J0=Cc{+ -C-
ETR /0=CX+ =C= (ynere X=0,5,N,P,R,H)
B\, ’
e 1 g te , N ’ + 7
-C2C0-X=0{ > Jo=0{+H=cY
(X=0,8,N,P)
H L~ By
Z <« r" -> =Y + Hu, 1 ¥
X ‘/C N ?
X A X=C— A

Simple cleavages which are accompanied by new bond formations
are particularly favoured (e.g. oxonium ion, acylium ions etec.).
Rearrangements are invariably associated with new bond forma-
tion., Cyclisation of the ion to form favourable transition

states is evident in many molecular systems. The 6-membered



ring transition state expected on steric grounds is heavily
favoured for a number of rearrangements.6’9

Mass spectrometry, in its present stage, is not able
to determine molecular structures independently. But a lot
of correlations observed between mass spectral features and

10 permit conclusions to be drawn in many

molecular structures
cases, Use of high resolution mass spectrometry, appearance
potential determinations, isotopic labelling Studies, metastable
transitions, negative ions, field and chemical ionzations and
preparation of a derivative of the compound in question may
further aid such conclusions., TUltimately, it may even be
possible in future to gather, calculate, store, interpret and
report all the data for each spectrum, thereby enabling the
prediction of the structure of a given compound from its
spectrum, We hope that the work on pesticides set out in the

following pages, is, at least, one step forward in achieving

this goal, although in a modest way.



ii) Pesticides

Of the many control mechanisms presently in use for
changing the face of the landscape, the various pesticidal
chemicals may be regarded as of critical importance., The
subject of pesticides however, is too vast for a detailed

11-21

presentation here, Several books give generalized

accounts of pesticides while many technical and trade

22-28 devote their attention to the nature, production,

journals
marketing, use and hagards of these chemicals.
Pesticides have been classified in several ways based

on targets of applications; on structure; botanical origin;
psysiological action or even on the purpose of application.
Based on structure, these chemicals may be grouped into

(1) Organic chlorine pestieides which have been the most widely
used; (2) Organic phosphorus pesticides which form the second
major group and perhaps comprise the largest number of new
materials that are being tested and synthesised; (3) carba-
mates, thiocarbamates and dithiocarbamates which form a new
class of chemicals, stimulated by the development of insect
resistance to the chlorinated hydrocarbons and organophosphorous
compounds and by the search for control agents which are rela-
tively non-toxic to warm-blooded animals and which do not
accumulate as residues in animal tissues; and (4) several
miscellaneous pesticides such as those belonging to the

pyrethrum group, the triazines, ureas, organo mercurials and

a host of inorganic chemicals.
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Although pesticides are effective controlling agents
of the environment, they are at the same time a potential
source of environmental pollution, because, by their very nature,
they are toxic and are thus harmful to living organisms other
than their intended targets. This is particularly so, because,
the pesticide having done the job, does not disappear but
becomes a factor of the environment in the form of a "residue".
(Residues are reduced portions or metabolites of the original
substance). In fact, all the pesticidal compounds in common
use produce residues that survive for noticeable periods in
soil, water or air, These residues are normally transferred
to the living systems by physical or biological means., The
exact effects of the pesticides on the human system are not yet
understood, It is only known that the organc chlorine pesti-
cides are toxic, persistent and resistant to decomposition by
microbial organisms and normally affect the central nervous
system, The phosphorus compounds, though toxic, can be
metabolised to less toxic residues but they are generally
potential inhibitors of the neural enzyme, cholinstearase,.
thereby paralysing the transmission of impulses to glands and
muscles, Carbamates are the least toxic while their physio-
logical action is similar to that of the phosphorus compounds.

The toxicity of these pesticides and pesticide
residues and the harmful effects they cause to living organisms
certainly calls for safe limits to which they can be applied

so that they are brought under effective environmental control.



An analysis of the compound or its residue through its
identification and determination, thus, becomes imperative,
It is further important that a method be available which is as
insenéitive to impurities as possible and which requires a
minimum amount of the sample. Of the four methods of analysis
vizs Dbiological, chemical, chromatographic and spectroscopic,
the use of gas liquid chromatography has certainly revolution-
ised the pesticide residue analysis over the past decade but
it can be used only for volatile materials, Infra-red spectro-
scopy certainly provides a finger-print index of the pesticide
and its residue but it lacks sensitivity and is effective only
for a single pesticide at any time and the presence of even
small amounts of impurities can invalidate the data. But the
development of mass spectroscopy and the coupling of gas
chromatography to mass spectrometers for its application to
pesticide research has overcome the above limitations and it
will not be wrong to anticipate its increasing use in future
to the advancement of pesticide analysis and the detection of
such low levels will, no doubt, give an idea as to the per-
mitted dose in any mammal,

The present work on the organo phosphorus, organo
chlorine and carbamate and thiocarbamate pesticides with the

mass spectrometer is but a pointer to the future,



iii) Study of Organo Phosphorus Pesticides by Mass Spectrometry

The study of organo phosphorus pesticides by mass
spectrometry is a sequel to the study of organo phosphorus
compounds in general and a brief introduction to the mass
spectra of the latter thus seems appropriate., The methyl
phosphines?9'33 whose mass spectra were the first to be
examined, were completely different from each other in their
behaviour., ZFor example, where the ion produced by the loss of
CH3 gave the base peak for (CH3)3P it was of low abundance
for (CH3)ZPH and almost negligible for CHLPH,. A series
of rearrangement ions involving loss of the ethylene molecule
marked the spectra of the ethyl phosphines,22? 2° while bond-
forming reactions involving atoms other than hydrogen was a
feature in the case of the aromatic phosphines34-38. Simple
cleavages of the (P - 0) bond dominated the lower trialkyl
phosphite sPectra39 but a series of hydrogen rearrangements
with migration of the hydrogen from the alkyl to the electro-
philic phospate entity, subsequent to a prior alkyl chain
fission was of importance to the higher alkyl phosphites4o.
Migrations of the hydrogen atom was found to occur to the oxygen
atoms as well, Interestingly enough, all the higher phosphites
(higher than ethyl) had a common base peak at m/e = 83
(H - ; (03)3). In comparison, the triphenyl phosphites,4o

showed fewer rearrangement ions, Ions of importance in the

spectra were the simple cleavage species. Rearrangement ions
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also dominaged the spectra of the homologous phosphinic

"
acids (R - P - OH ), di- and tri-alkyl phosphinatest®©

R
(E)Pfga and g’) P’(gR respectively) and the diphenyl

phosphinates41'45. In all these cases, the formation of the
base peak involved loss of an olefin with subsequent migration
of a hydrogen atom from the (M - R)*., The dialkyl hydrogen
phosphorates §also called dialkyl phosphites, of the general
formula, H - I’(Si )4'6’47 were similar in their behaviour
to the corresponding trialkyl phosphites. The general mode

of fragmentation involved cleavages of the (C - 0) and (P - 0)
linkages., In general, the migratory aptitude was found to
increase with increasing size of the alkyl group and according=-
ly the m/e value of the rearranged base peak increased. This
would help confirm the structure of the compound as well as
distinguish the dialkyl phosphites from the trialkyl phosphites
and phosphates as the base peak in the two latter cases in-
volved to P"'(OH)3 and P"'(OH)4 moieties respectively. Break-
down of the carbon chain was the major mode of cleavage for

the higher phosphonates. The occurrence of f -cleavage to
the ether linkage, scission of the (P - 0) bond and migration
of the hydrogen was the interesting phenomenon in the spectra
of the dialkyl ,B -alkoxy ethyl phosphonates”. The diaryl,

34, 42 had abundant molecular ions and suffered

aryl phosphorates
a number of unusual rearrangements, Decreasing intensity of
the molecular ion with increasing alkyl size, and shifting of

one or two hydrogens from the substituent groups to the strongly
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electrophilic phosphate central body dominated the phosphate
spectra.45’4?’48’49 All the phosphates had a common base
peak in the resonance-stablised P+(OH)4species in which the
phosphorus is pentacovalent, As for the tri aryl phos-
phates,49’5o the parent ion itself was the base peak and the
spectra were marked by a series of polyphenyl rearrangement
peaks with or without oxygen. The dialkyl aryl phosphates50
also showed extensive rearrangements, Compounds having the

51

(P = S) bond have received recent attention. Simple cleavage

reactions, molecular ion rearrangements of the type

- E - OR—=—3 'E'SR aryl and alkyl migrations to sulphur
S 0
as shown by the formation of ions such as 0St, Mes* ete.,

bond-formations between substituents on phosphorus; loss of
SH from the molecular ions in which the H was derived from
the alkyl or aryl group and hydrogen rearrangements to give

a phenol ion or an isomer in compounds having a phenoxy sub-
stituent were characteristic of several O-alkyl and S-alkyl
phosphonthioate351’52.

The organo phosphorus pesticides may be broadly
classified into five main divisions: (i) The Phosphates;
(ii) The Phosphorothionates; (iii) The Phosphorothioates;
(iv) The Phosphorothiolates and (v) The Phosphorodithioates.

Their spectra may be treated accordingly as follows.
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The Phosphates

All the phosphate pesticides possess one of the

following structures:

i)

0
CHz0 | O CoHs0
P-OR  ii) P
N
. 7 OR
CH, C,Hg0

where R represents a substituent which is
different for different compounds

DDVP, Phosdrin, DMMEP, Phosphamidon and Trimethyl phosphate

belong to class (i);

of diazinon belong to class(ii).

DEMMP, Paraoxon and the oxygen analogue
All compounds belonging to

class i) were found to exhibit the same dissociation pattern

for the common structural moiety

(CH30)2P+ = 0 and

similarly in the case of class ii), identical behaviour was

observed for the common (02H50)2 P* = 0 species, The

dissociation of both is given in scheme - 1.

CHE,O CH,O .
37N o -CH,0 BN -CH,Q _pto
/P =0 2 5 /'?+== 0 2 > H/P 0
CH30 * H H
m/e= 109 (Base Peak m/e = T9 m/e = 49
normally)
po' *

m/e= 47

ce.(class i)



- 12 -

CoHLON p+_ ¢, H ¢, H_O« -C,H
275 P'=0 2 ﬂ ) 275 P+m 0 2 &> HO\P-(-: OQHO.!-:: p
cH.0” * - - 7
275 HO HO
n/e= 137 m/e=109 n/e=81
+ s
-CH,CHO C,H.O\+ HO . eso{Class ii)
7 —t 3 H
m/e= 93 m/e= 65

In Class (i), loss of a molecule of formaldehyde with the
subsequent transfer of a hydrogen to the phosphorus atom gives
rise to the ions of m/e - 79 and 49 resp'ly.while in class (ii)
ions of m/e = 109 and 81 are formed by loss of a molecule of
ethylene in a Mclafferty rearrangement process.

Details regarding the modes of fragmentation of the
(OR) part of the above phosphate pesticides are lacking in
earlier work353_57. As for Paraoxon only +the field ioniza-
tions spectrium: has been reporte657 and this indicates

only the molecular ion,

(ii) The Ph@sphorothionate551'56

Just as in the case of the phosphates, the phosphoro-
thionate  pesticides possess either the (CH30)2 P - OR or the
(02H50)2 P - OR structures. Sulfotepp, methyl parathion,
Ronnel etc. belong to class (i) while parathion, delnav,
diazinon etec. belong to class (ii)., As before, the dissocia-

tion common to compounds in each class is depicted in Scheme - 2,



CH30 N +
, P=5
CH3O
m/e=125
-S

CH,O
3+:;P

CH3®?

m/e=93
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+
X > OH,0-P=0 = 20
§EE§- 3 “ﬁ— Hm/e=49
- +
m/e=19 ~CH;0H _ 20
——> m/e=47
+
'CHZO +
— CE30 = P-B
m/e=63 eee. Class (i)
= -
H CHO> 0211:53\ L CoHy _
——%%——- \ —— P=S
m/e=109 o
m/e=81
~C2fy HO — 2%
———ﬁ }P'—S QHO\-*
P=8
C,Hg0 o’
m/e=125 (97)

eess Class (ii)

As seen from the scheme, two competing modes of

fragmentation behaviour seem to dominate the spectra of these

compounds:

(i) eliminations of an alkyl substituent with .

subsequent migration of hydrogen and (ii)cléavage of the (P-0)

bond with or without subsequent hydrogen rearrangeument,

Besides, they may also lose a sulphur atom or a sulphydryl

radical (SH ):
S

f
: "
(OHBO)ZE - OR

+ = CH,O

SH
A
T 72" yMe@ - P - OR——>MeQ - P = OR

.'-
L o
-SH g

Isomerization of the thiono compound to the thilo compound

has also been observed as peaks were found characteristic of
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the (CHBO)Z;}?"' = 0 or (C,H0), P*= 0 dissociation pattern,

This isomerization is believed to be an electron-impact
51
induced. phenomenon, In these cases also, characterisation

of the R part of the molecule has not yet been achieved

56

excepting in Fenthion”~ which suffered a ring contraction

involving loss of CO or CS as the case may be:

o4

CH CH3

S 3 0
(CH30)2 P -0 ~{ 0 7~scx—15—=—’ (CH50), P - S*é\scﬂ
I lCH

CH3

3

3 +
SCH3

=
(25.8%) \\\\\\\\N ¢/// (45.2%)
Sl

[_T_} SCHy
('78.5%)

(iii) Phosphorothiolates”?

The phosphorothiolates are isomeric with the

thionates, Accordingly they may be represented as

0 0

(CH3O)é'§ and (Czﬁso)é-f o Thus, in their common
1 1
SR SR

structural moiety they resemble the phosphates and the
dissociation scheme given therein for the species holds
here too, The only interesting feature in these molecules

is the dissociation pattern of the compound as a wholes (Schgme
3
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+
—245 HON,,0
: H wo/ “SC.H
G0\ ,0 | ' -GH, HO . 0 | 285
H.C.0° “SC.H * "0 6P Nse H ~C,H, HO~p0 T
5C2 2H5 502 oy L_24 P
H.C.0 SH
5Co
+ +
7t =
-C.H,S g\ _,0 -C.H, HO ole _ge
02350 H c2H5d' H 1o~
e

The R part of only Méta—Systosz has been characterised,

+ O H =+
=1~V 3
> 0= OBSC, H —S—4-CH,=CHSH

(‘b)°l | 7 Zombso Ej'
+ OB OP ,/// =+
CH,0, O |3 CH30+,,OH 17
VN iy CH.O UCH 5 :
Fx 3 2 cH,0” s
CH50" "S(CH,), 1{_a). 3
CHy =§-c,Hs

Bar graphs alone of the field ionization and electron-impact
spectra of the oxygen analggues of Malathion and Dimethoate

are given in the llterature55

(iv) Phosphorothioates

The phosphorothiocates which have been examined by

mass spectrometry include the following compounds:
52,53

1) O-ethyl, o, p-nitro phenyl phosphorothioate
54

2) o=p cyano phenyl O-ethyl phenyl phosphorothioate

3) O-ethyl, 0-2,4,5 trichlorophenyl ethyl phosphorothioate54
4) Zytron (DOWCO-118)°29°3

5) Dimethoate
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Bar graphs of the spectra of (2, 3 and 5) have been
published without any discussion of their fragmentation. The
fragmentation patternsof (1 and 4) were however, in agreement
with the other groups of phosphorus pesticides., Besides
undergoing simple cleavages, they revealed interesting rearrange-

ment reactions involving loss of ethylene, e.g.:

Compound 1
8 7% 0 =%
11
CoHz0 = P - 0~ N0, ——> CoHzO = P—5 —<— N0,
i . 0
o Wy +1
l“sczHA, o |cm
"y nt 24
HO - P'= C¢Hg HO-P=-C6HS

A cyclisation process involving loss of chlorine atom from
the aromatic ring of DOWCO-118 set it apart from the other

compounds of its group. Thus,

where x = 0 or S

and Y, 7 = -50113 or -502}15

(v) Phosphorodithioates

Dithioates are characterised by the general formula,

RO o7 § where RO = OCH; (class i) or OC,Hg (class ii)
AN
ro 7 SR!
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and R!' is any substituent. Dimethoate, Malathion, Methyl-
trithion, Imidan and Guthion belong to class (i) while
Disyston, Ethion, Delnav, Trithion, Disystonsulfoxide,
Thometon, Thimet and  Phenkapton belong to class (ii). All
these pesticides have been examined by mass spectrometry but
the discussion presented is of a very fragmentary nature.52'55
Due to their struectural similarity to other classes of
phosphorus compounds they exhibit a number of characteristics
similar to those observed for the phosphates or phosphoro-

thionates., Thus they suffered simple cleavages, involving

loss of OR or SR' and subsequent hydrogen rearrangement or

loss of an olefin: e.g.:54
JBCHB + -5 +
-1 + ——=>(CH30), P=8 ———>CHz0 ~-P= OCHz
CHzONpsS . §933
0r50” "SCH, OCE-” CH,0 - P =S _=5 . CH,0 -P= SCH, etc
3 3 — "3 3 *

0, o-dimethyl s-methyl

Phosphorodithioate

(TMDTP)

The corresponding diethoxy compound (TEDTP) underwent
elimination of 02H4 to give a series of rearrangement ions,
The (HO*)ZPO rearrangement ion accounted for the base peak
in m/e = 97 )ethion and Delnav and intense peaks in Disyston
and Trithion54. The ion-configuration of the base peak of

dimethoate (m/e = 87) was not readily apparent. Formation of

a cyclic ion accounted . for the base peak in Di-systonss.
S + - e
C,H.O . 6H, - "CH, ' .
257N 1 1 o 72
, =8 - CHy - CHy= S - Oyl > | ,
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A number of unusual rearrangements involving hydrogen
migrations were observed in the spectra of Trithion, Methyl
trithion, Malathion, Tmidan and GuthionSz’SB. The base peaks
in these cases were formed by p-cleavage.

Thus, in conclusion, we see that the various

organophosphorus pesticides whiech have been investigated

hitherto have the following four common structural patterns:

OR!
RO\g ~ . RO 4,0 . RO 40 RO\ 270
R=s EZ ; P and ) PZ
2 § §
RO RO SR RS OR RO OR
(1) (2) (3) (4)

Their spectra, therefore, were similar to each other in many
ways with differences occurring oniy in the OR' or SR' part

of the molecule. Detailed mass spectral analysis of the OR?
or SR! entity thus seems to be important in elucidating their
characteristicsand subsequently their identification. In the
past, individual phosphorus pesticides were identified mainly
from the mass of their molecular ion and isotopic pattern,

The unique behaviour of the OR' or SR' part of each individual
pesticide should servé equally well in aiding such identifica~
tion, Detailed studies of thisnature are however lacking in
the literature., The mass spectra of organo phosphorus pesti-
cides which form part of the subject matter of this disserta-

tion have been interpreted with particular emphasis on the
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OR' or SR' part of the molecule and it is hoped that this
would lead to a more unambiguous identification of a given

pesticide.
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iv) Mass Spectra of Thio and Dithio
Carbamate Pesticides

As in the case of organo phosphorous pesticides, a
brief but general introduction to the mass spectra of thio-
carbamates and dithiocarbamates is useful to the study of the
mass spectral properties of the pesticides belonging to this
group.

Studies on thio- and dithiocarbamates seem to have
received little attention.58’59 More work appears to have
been done on carbamate358'63. The dialkyl substituted carba-
mates, as a rule, suffered simple changes involvihg: B loss of
R , RO and ROG etc., while the mono aryl substituted compounds
showed a numbg; of interesting rearrangement reactions involv-
ing transfer of hydrogen from the nitrogen atom to the oxygen
of the alkoxy group and vice versa, Skeletal rearrangements
involving loss of 002 were also common, The analogous sulphur
compounds (i.e., the thiocarbamates), as studied by Thomson
et a159 showed considerable variations in their behaviour.

No generalisations were thus possible, A formal discussion

alone of the various individual compounds seems appropriate: .

(1) S-methyl phenyl thiocarbamate’C

This compound differed from the corresponding carba-

mate in undergoing a series of rearrangement reactions involv-

ing loss :f CHBSH, co andOHNCO: . CHSSH ..
1" -

4)NHSGH;" «=C0 (1)-1\]1-1 -C -8 - GH;‘ . =5 <I>I\TCO (Abundant)
|- mco

(1%) 08 ~cH; (1%)
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(ii) S-phenyl N, N-dimethyl thiocarbamate’C gave the

psy <g§57f ion arising through the loss of CO as before but
3
did not show losses of GHBSH or HNCO, TLoss of GHssQ, however,

o+
led to the formation of the unique @SCH3 ion.

(iii) S-phenyl methyl thiocarbamate58 showed a peak resulting

from the elimination of HNCO but no peaks involving elimination
of CO or CHBSH. A skeletal rearrangement involving transfer
of hydrogen from nitrogen to the aromatic ring in a four-~
membered transition state was a feature of its spectrum:

-+

5. i s
Cg=0 —— -5
v V-0, B s i
£ — 5 [=XE

(iv) Methyl phenyl thiocarbamate’Seliminates a molecule of

COS with subsequent migrations of a methyl group from oxygen
to nitrogen:

S=C-=-0 -C0S QNHCHB
CH

$ - n-B
+-
It does not show loss of CH3SH, CO or HNCO.

The substitution of one hetero atom (viz., sulphur)
for another (viz. oxygen) in otherwise identical compounds
affects the fragmentation behaviour, thereby preventing the
"g priori"prediction of fragmentation modes in such compounds.

As for the dithio carbamates, methyl phenyl dithio

carbamate58 was found to behave much the same way as methyl
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phenyl thiocarbamate but without undergoing any rearrange-
ment reactions. The phenyl methyl dithiocarbamate dissociated
in the same way as its oxygen analogue with @S¢ and CHBECS
being the most abundant ions., No further studies on dithio-

carbamates were reported.

The Pesticides

The mass spectra of several N-methyl, N-phenyl, N,
N-dimethyl, N-aryl and a number of heterocyclic carbamate

pesticides have been diseussed59’62

. But the mass spectra of
only one ' thiocarbamate pesticide and five dithiocarbamate
pesticides59 have been so far reported, The interpretation
given is, further, very brief and fragmentary.

Thus di-n-propyl s-ethyl thiocarbamate ("Eptam")
was found to undergo two major rearrangements - one iﬁvolving
loss of ethylene and the other involving loss of propylene,

Simple cleavage of the C3H7-N bond gave the base peak
(C3H$ , m/e = 43) in the spectrum:

+
OH
C.H g _C.H
377N _ s oy o
C.H ’N gj t—g'HZ _—) (CBH'?)ZN - 0 =S
> 0\ ¢ m/e 161 (10%)
+* H 't g
" -+

== \ m/e= 43 (100%)
il

3H7N+ =0 =0
m/e = 86 (47%)
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The monomeric dithiocarbamate pesticid9559 (FPerbam-

dimethyl dithiocarbamic acid, Fe'>

+2

sglt, Ziram - the correspon-
ding Zn*? salt and Thiram BGHB)ZN-E-S-S—E}-N(GHB)J

decomposed the same way as the aryl N, N-dimethyl carbamates.60’61
S , + +
" ¢

The Zinc salt also suffered a simple cleavage of the molecular

ion to give + S +
. - —(CH5),NeS, (CH5),N = G - § - zn
[cgg)zn -C - sjzz:l ,_/7/
+ ’ +
(CH5),NCS, - (CHz),N

The two fungicidal polymeric dithiocarbamates (Zineb and
Maneb ) did not give the parent ion and they fragmented in a

way similar to those of ethylene bis dithiocarbamates:

B AN g S _g S -1+
! ‘ —4no (o
(-8 =C=N=C7 ¥ 7 “§—ZN). ~8-C > S=C=N-CH,
1 /N X -2H | m/e=144
s HE ©H S=C=N-CH, {
$ T1%)
S=C=N=CH m/e=T2
2 (100%)

It would thus appear that more studies are needed in
order to draw any generalised conclusions as to the mass
spectral properties of the thio and dithio carbamate pesticides.
It may be observed that these pesticides are of recent origin
and are rapidly replacing the halogenated and organo-phos-
phosphorus pestiecides because of their less toxic nature and

lower persistence., As a rule, congiderable amount of research
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must be done in order to ascertain the composition of the

residue under ordinary circumstances., But mass spectrometry
would give quick information as to the nature of the residue
(i.e., whether it is the original compound or its metabolite)
if a reference spectrum is available, The need for extensive

study and generalisation on these pesticides is thus obvious.
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v) Mass Spectra of Chlorinated Pesticides

As most of the chlorinated pesticides contain the
chlorine atom either‘in the aromatic ring or in the side
chain, a brief introduction to the mass spectral behaviour
of such compounds may precede the study of pesticides.

In the case of ring-substituted chlorinated aromatiec
hydrocarbons loss of ring chlorine, often leads to a prominent
peak64, When the alkyl group is larger than methyl, ions
arising from the ﬁ -cleavage ( B w.r. to the ring) of the
alkyl group also tend to predominate. When cleavage or more
than one bond is possible, loss of HCl or CHBGI may act as
a driving force to yield stable abundant ions and this would
be particularly the case when the chlorine and methyl are
ortho with respeect to each other ("ortho effect"). When the
chlorine atom is in the side chain (e.g.: Ar-CHz-CHZ-Gl)
the (C-C) bond f? to the ring will cleave preferentially
(e.g. loss of GHZCl in the above example) due to the formation
of the resonance stabilised tropylium ion65. Formations of a
phenyl ion may be favoured whenever it can be stahbilised
(e.g.: poly alkyl ring substituted compounds). In conclusion,
aromatic chlorinated compounds give simple and straightforward
spectra which are easy to identify, except for the relative
positions of the substituents. The identification is further
facilitated by the characteristic isotopic patterns of chlorine

and by the presence of fewer or no rearrangement ions,
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The Pesticides

The chlorinated pesticides may be thought to fall
under two broad categories: (i) chlorinated aromatic
pesticides; (ii) bridged polyeyclic chlorinated pesticides.
The chlorinated aromatic pesticides may be subdivided into
1) substituted diphenylderivatives of methane; 2) of ethene

152’67. Class (i) includes pp' and op' DDT,

and 3) of methano
pp' and op' DDD, pp'-DDA, perthane and methoxychlor,,

Compounds of this group have the common structure

H
|}

R .~ e &O—R
]
Rl

where R = p-Cl and R' = CC1l, for pp'DDT; one of the R = 0-Cl

3

for 0, p' DDT; R' = CHCl and R = p-C1l for pp'DDD;

2
R = p-C,H. and R' = CHCl, for perthane and R = p-OCH, of
2 3

275
R' = 0013 for methoxychlor,.

A substituted phenyl tropylium ion (i.e. the (M-R) ion)
was a common feature of all the compounds., Loss of the remain-
ing two chlorine atoms led to the second largest peak in DDT
~and DDD isomers while this was less significant for methoxy-
chlor and perthane. The structure of this species was con-
firmed to be the fluorenyl ion by comparing the spectra with
that of 9-DCMF (i.e., 9-dichloromethyl fluorene) and hydrogen
scrambling experiments,

A method of distinguishing pp'-DDT from Op'-DDT

was proposedG‘7 making use of the greater significance of the
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(M~2Gl)+ in the former case., The DDD isomers could not be
distinguished by mass spectrometry alone., Possibilities of
identification of DDT isomers from a mixture of pesticides
by making use of the characteristic moleeularion composition
and isotopiec pattern of the pesticide and of the residue in

67 and bald eagles68

human adipose tissue57, liver tissue
were explored using a combined gas chrometographic-mass

spectrometric technique.

Diphenyl ethene derivatives
pp' and op' DDE, having the following structure are

the representatives of this class.
Cl

Unlike in the previous cases, the (M-R') peak was absent for
obvious reasons. Loss of the two ring chlorines gave the base
peak in the spectra. The formulation of this ion is still not
clearéT. A method for distinguishing the DDE isomers was
propose&67 based on the significant differences in the abun-

dances of ions of m/e = 316, 246, 210 and 176,

Diphenyl methanol derivatives

Pesticides of this group are represented by,
OH

c1—= (:l —&—C1
Rt
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Where R!' = GH3 in Dimite; -CH 0 02H5 in Etoxinol;
-0-002 5 in chlorobenzilate and -CClyin Kelthane®’,

The presence of the hydroxyl function in these com-
pounds was found to alter the fragmentation patterns completely.
For example, although Kelthane was structurally similar to
pp'-DDT, the (M-R')* did not lose the R substituents (i.e.,
the two chlorine atoms), Thus

_ R /m/e=1 11

Parent cl 2 C <\°> ¢l 3y, C1-{EH— C=0
m/e=251 ‘ 7 m/e=1%9 \aqng
m/e=104

In conclusion, it may be mentioned that apart from giving
pathways for the formation of some significant ions in the
gpectra of the aforementioned pesticides, no detailed discus-

66 concerned, Such a2

sions were presented by the authors
discussion is, however, essential for a complete correlation

of the spectral data with structure.

The bridged polyvevelic chlorinated pesticides

A host of bridged polycyclic chlorinated pesticides
such as Aldrin, Isodrin, Dieldrin, Endrin (all are dimethano
naphthalene derivatives), Chlordane, Heptachlor, Heptachlor-
epoxide, Trichlordane and Nonachlor (all are methano indene
derivatives) were examined and pathways for the formations of
the major ions were proposed66. Tons resulting from the Diels-

Alder process accompanied by the subsequent loss of Cl° or
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HCl; from the retro-Diels-Alder process; from losses of Cl°,
HC1 or both and ions involving the epoxide group were found
to dominate the spectra of these compounds.

Definitive studies on these pesticides thus seem to
be lacking. It may be mentioned that chlorinated pesticides
are widely used as insecticides, fumigants, fungicides, herbi-
cides and plant-growth regﬁlators. Most of the pesticides,
are, however, very toxic and persistent and are thus harmful.
This calls for caution and a means of establishing their
identity. A complete characterisation of each halogenated
pesticide is thus needed and because of its high sensitivity
and potential for determining organie compounds of known
structure, mass spectrometry appears to be a suitable tool

towards this end.
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i) Techniques

(a) The AEI-MS 12 Mass Spectrometer

The mass spectra of the various pesticides reported
here (excepting Parathion, Ethion and 0, O-dimethyl phosphoro-
Chloridothionate) were obtained using the AEI-MS 12 single
focusing mass spectrometer located at Trent University.
(Details regarding the mass spectrometer can be found in the
manual, "MS-12 Mass Spectrometers", Picker-AEI Scientific
Apparatus, 1969). The ion source potential was adjusted for
maximum ion beam current at 8 kv accelerating voltage. The
T0 ev. spectra were scanned magnetically., The resolution used
was 1,000 and the mass range 1 m/e - 900 m/e., The spectra
were read from a 3-channel UV-recorder fitted in with three
5 KHZ galvanometers at sensitivity ratios of 1 ¢ 10 : 100,

Samples were admitted into the ion source region via
the direct insertion probe. The sample was mounted in a glass
probe-tip and was introduced through a vacuum lock into the
ion-chamber, The sample was heated and volattlised at the low-
est practical temperature possible to keep thermal degradation
to a minimum., The temperatures ranged from 35°¢ - 80°% depend-
ing on the volatblity and thermal stability of each compound,
Thus tributylphosphorotrithioite, Perbulate and 0-2,4 dichloro-
phenyl O, O-diethyl thiophosphate were introduced at 35°G;
eptam at 4508; isopropyl ester of 2,4-D and phosdrin at 50°C;
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butyl ester of 2, 4-D and 1-naphthalene acetic acid methyl
ester at 6000; Vegadex, Allethrin and Carbophenolthion at
65°C; Kelthane at 70°C; Piperonyl butoxide at 75°C and
DDVP at 80°C,

(b) AEI-MS 30 Mass Spectrometer

Parathion, Ethion and O, O-dimethyl phosphorochlorido-
thionate were examined in the AEI-MS 30 double beam double
focusing mass spectrometer. (For details, reference may be
made to the manual, "MS-30 Double Beam Mass Spectrometers",
Picker AEI-Scientific Apparatus, 1970). In this mass spectro-
meter two ion beams are produced by two independent ion sources,
Adjustments of the electrostatic sector and ion source poten-
tials were made at an accelerating voltage of 4 kv, The ion
source was maintained at 100°C. The resolution used at 4 kv
was nominally 1000 (but actually 1300) and the mass range
m/e2 - m/e700, The 70 ev spectra were scanned magnetically
from the high to low mass end. As the'sample and reference
beams pass side by side through a common mass analyser, they
have the same mass scales and were therefore recorded simul-
taneously on the same chart paper. The sample spectrum was
recorded at three different sensitivities of 1:10:100 while
the reference (?erfluorokerosene) was recorded logarithmically
in a single channel, Samples were admitted into the ion
chamber through an all-glass heated inlet system, called the

"Aghis", Ethion was introduced at ambient temperature without



- 32 -

any external heating due to its thermal instability while
Parathion and (CHBG)ZPfgl were heated to 35°C., The reference
sample, perfluorokerosene, was admitted into the second ion
source through a heated direct probe inlet system, designed
for volatile liquids and gases.,

A Pye Model 104 gas liquid chromatograph was inter-
faced to Beam-Two via a silicone membrane separator housed in

a separate oven. The total ion monitor was used as the GC=-

detector,

(¢) The Bendix Time of Flight Mass Spectrometer

The samples (excepting those run in the MS-30 mass
spectrometer and Vegadex were also run in the Bendix (Basic
Model 12) Time-of-Flight Mass Spectrometer. (For details see
the "Instruction Manual for Models 1003 and 1005 (Basic Model
12), Bendix TOF, 1963%). Maximum ion current was obtained at
2.8 kv accelerating voltage while the resolution at this
voltage was only 250, The 70 ev spectra were read from a
UV=-recorder at three different galvanometer sensitivities of
1:10:50,

Samples were injected (as all were liquids) through
a rubber septum into a heated metal inlet system maintained

at 40°C.
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ii) Source of Pesticides

All the pesticides included in this study were
obtained commercially from the "Chem Service, Inc, West
Chester, Pa, U,S.A, The pesticides were contained in the
"Chem-Supply", pesticide kit, Model PS-100-N (1968).

The pesticides had been purified by Chem-Service
using methods of column chromatography, fractional crystalli-
sation and redistillation wherever feasible, All the materials
were above 99% pure and were thus used without any further
purificatien.

The chemical names,trade names and chemical structures
of the various pesticides are given in Appendix A, The mass
spectral data of these compounds are tabulated in Appendix B,
A1l peaks with relative abundances of 1% and above have been
considered, The tabulation has been done relative to the base
peak whose abundance is taken as 100%, The mass spectral data
have also been presented in the form of bar graphs and have
been included in the appropriate sections dealing with the

different classes of pesticides,
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RESULTS AND DISCUSSION



Part i) The Mass Spectra of Organophosphorus Pesticides®

*
Appendix B gives the m/e values and.the % relative
abundances of the various ions,
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(a) DDVP and Phosdrin (Phosphate Group)

DDVP and phosdrin belong to the phosphate group of

pesticides, Their structures are given below:

CHz0, 0 CEz0 \_ 0 .
/7 N\ 7 N 1] //
[ CH
D & ~ 5
DDVE Phosdrin

Jopg et.al.sz have given the bar graph spectrum of DDVP and
phosdrin and have suggested pathways for the (GH30)2P+=O
fragmentation, as involving a loss of CH20 to give an ion of
m/e 79 and a loss of CHOH to give an ion of m/e 47. Apart
from this, both the spectra remained unexplained, Further,
the fragmentation modes proposed require reconsideration in
the light of recent investigations on the mass spectra of
phosphorus compounds., The mass spectra of DDVP and Phosdrin
are therefore discussed here in detail and pathways for the
formation of the various ions are postulated. The fragmenta-
tion pattern of these pesticides have been considered as
involving (i) fragmentation of the common (CH30)2§=0 moiety;
ii) simple cleavages at specific bond sites and iii) re- ‘

arrangement reactions.
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(1)
+
Fragmentation of the (CH30)2P=O Moiety

The (CH3O)2§aO dissociates by simple rupture of
bonds and by rearrangement processes as depicted in Scheme-1a,
But all these ions are éétectable only in the spectrum of
DDVP while in phosdrin only ions of m/e 109, 79 and 47 are
evident. The absence of the other ions in the phosdrin
spectrum is due to the much more favoured cleavages involving
the ester part of the molecule (Scheme=2), Ways for such
cleavages are absent in the OR' part of the molecule in DDVP,
Accordingly cleavages involving breakeage of the (P-C) linkage
dominate the spectrum. Thus the lower mass end of the DDVP

| spectrum contains many ions while relatively few ions are
present in the phosdrin spectrum (Figs. 1 and 2), since ions
representing the dissociation of the(OHBG)zg = 0 are not

prominant,

(ii) Simple Cleavages

The ester moiety (i.e., R') in phosdrin gives the

expected cleavage iomns, viz, GH;, OCHY, cocHI, COECH;, and
0

(GH30)2§ ~00CH, = CHCO*  (See Scheme 2).

(m/e=193)
m/e 193 is abundant and it gives rise to a more intense ion
of m/e=192 by the loss of a H°, Ion of m/e 192 contains multi-
ple bonds and as a rule, species having multiple bonds give

abundant ions in the mass spectra74. .Loss of CO from m/e 193
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CHSO\ +
/E’z 0
GHBO
m/e=102
o +v
OCHB 5 CH30 - P= 0
m/e=78
A CHsg\; - o
H
m/e=T79
CH.,O +
-CH 3\p _ . +
> P= O >
HO /
HO
m/e=95 65 48
-0° +
iy 9330\/% 0
H,C
37 93
*
Edx  _ge +°
-CH,0  P=0 _ 1
) 7,6 —> CHyzP=0—> PO
m/e=63 62 47

+
Scheme 1-a  Fragmentation Pattern of (GHBO)ZP = 0 moiety
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GHBD\P 0 n .
CHBO O-C‘Gﬁ C-G'O - CH
m/e~224
+
0 CH3 O .
~0CH; ]
‘ ;(CH 0)2-]?-00 = CHG-—O-—) (cH O)2P-00 = C=C=0
GI—I3
m/e=193 192
0 +
-C6,,CH " )
—2 a3((:}130)2 P-0-Cngy 7 CH
m/e=164
O
L
C =CHCO CH3 (CH,0) .P*
3773
n/e=124
+
+ r*}(CHBO)ZP=O
' OH
H OH H OH
-CH,0 N
m/e=127 | 27 P =CH,O 1>’
HBCO OH H OH
m/e—97 67
JOH *
~) CH -P - CH3O-P-OH
+ “OH
¥* .
> (CH50),2% 96 9
—050.0020H3 OCH3
m/e=141
5 83 0= OCH ' o
C}--OCI-I3 H = C-—CI—I3 H C 3 & (}H3
n/e=59 43 31 15
Scheme 2 Cleavages and Rearrangements of Phosdrin
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leads to the species of mass 165 which then, by loss of a
H®° yields the ion of m/e 164. The formation of a cyclo-
propene ring is assumed in this ion. Such cyclisations
have been postulated in many other compounds by earlier
workers75.

Cleavages of the (C-Cl) and the (0-C) bonds (in-which
the oxygen is also linked to the central phosphorus atom)
are evident in the spectrum of DDVP as illustrated in
Scheme 3-a, The lability of the (C-Cl) bond relative to
that of the (C-H) bond accounts for the greater abundances
of these 103376. The fragment ions exhibit isotopic patterns

typical of one chlorine atom or two chlorine atoms as the case

may be,

(iii) Rearrangement Ions

Rearrangement ions dominate the spectrum of phosdrin,
Examples can be found in the ions of m/e 141, 127, 124, 97,
67 and 60 (Scheme 2). Ion of m/e 141 may arise in a concerted
process involving the simultaneous migration of OH% and H®
from the OR! part to the two oxygen atoms linked to the

central phosphorus:

) b

o
— CO,CH
(CH e)-?’/g S 273 * /f’:/
3727 TN L8 ~"C=C.C0,CH;" (CHz0), ™ og
A_A 3
CHy

m/e 141
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0
n _1f
(GHBO) 5 P-0-CH=C.C1,
m/e=220
0

+
— (CH50), P-0-CH = CC1

m/e = 185
——> HCO1
m/e=83

+
—— CH = C.C1l
m/e 60

+

@

-
> CHC1
m/e 48

Scheme 3-a  Fragmentation pattern of DDVP
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The formation of this ion involves a 6-membered cyclic
transition state and is supported by a metastable transistion.

. 69,70 69,71

Further, although migrations of CH3 or H* or

two hydrogens at the same time (i.e., a double hydrogen re-

am:*angemen’c)7""72

have been reporisd by previous workers,
the simultaneous migration of a CH% and H® does not seem to
have been observed by earlier authors.

Migrations of the two hydrogens to the two oxygen
atoms bonded to phosphorus gives rise to the base peak in the
spectrum of phosdrin (Ion of m/e=127). This ion is resonance-
stabilised, In many of the phosphate compounds, ion of m/e
109 is the base peak, But the preference, in this case for
the ion of m/e 127 could be due to the tendancy for phosphorus
to remain in the pentacovalent state rather than the tetra-
covalent state in which form it is present in ion 109, This
specific tendancy of phosphorus tq remain in the pentavalent

39,40,73  in their

state has been noted by earlier workers
studies of other phosphorus-containing compounds. Successive
loss of two (CHZO) molecules from ion 127 yields the species
of m/e=67., The low abundance of the intermediate ion of
n/e 97 (0.,25%) could be due to the greater stabilities of

ion 127 from which it is derived and ion 67 which it gives

rise to.
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Thus
+m , 00,CH, .
49 c &OH Co% +
- ] . =
(CH30)2 P\O — ¢ E(CH3O)2 P\OH'3§;;=§(OH30)2P 0
g > CHy m/e=127 n/e 109
-QCHZO
S +
H, ,OH
7P
H OH
m/e 67

Migration of the CH% would yield the rearranged ion of
m/e=124:

‘\,0 +
(CHz0), =P _, ————> (CH,0) P

m/e 124

DDVP, on the other hand, gives only a weak rearrangement

ion (0,2%). It may arise by the loss of CH,0 from one of

the methoxy groups attached to phosphorus:
HC yx H 0
12 P
o= - CH,O0 - 4 \OH
QQP// 2 5 GIQC—CEO 03

C1,C = cro” 0033 n/e 190

In summary, the spectrum of phosdrin is characterised
by a series of cleavage and rearrangement ions involving the
ester entlty while that of DDVP is characterised by those

derived from the (CH 0)2 P = 0 moiety., Further, DDVP gives
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a number of isotopic peaks indicating one chlorine atom or
two chlorine atoms as the case may be. These unique features
of phosdrin and DDVP should serve to distinguish them from
one another and also help their identification in pesticide

regidues.

The Phosphorothionate Group
S
a) (CH,0),-P¥

O 0-dimethyl phosphoro chloridothionate contains the
(CH. 6)2 P»S moiety and exhibits a fragmentatlon pattern
(Scheme 1-b) analogous to that of the (CH O)zP—O species
(Scheme 1-a) found' in DDVP and Phosdrla. However, ions
arising from this cleavage dominate the spectrum of (CHBO)ZPgl
while the corresponding ions arising from the fragmentation
of the (CH30)2 P=0 moiety are least significant in the
spectrum of phosdrin. This difference in behaviour arises
egsentially through differences in the nature of the substi-
tuents present in these compounds, The (P=Cl) bond in the
phosphoro chloridothionate is labile and the influence of the
chlorine atoms on the fragmentation modes of the (CH30)2;-S
moiety is therefore 1little. Consequently the dissociation
of the (CH30)2;=S tends to be significant, In fact ions con-
taining the chlorine atom are very few in ites spectrum

(Scheme 3-b and Fig., 3).
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CH.O  +
3N s
/
CHz0  h/e=125
> 0=P=S (m/e=T79)
-S ~CH,O +
. GH'D'O\ P __ﬁ_') CH30 = P-H
+ 4
CH0
93 63
H — +
ey 0330-é=o T > PO
-CH,S + -CH.OH
2 3
m/e=T72 47

+
Scheme 1-b  Fragmentation Pattern of the (CH30)2P=S moiety
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S 17
11
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Phosdrin, on the other hand, contains an allylic
ester substituent., As is known, esters suffer cleavages and
rearrangements more easily under electron impact. The pattern
due to the dissociation of the ester moiety, therefore, assumes
more significance, Similarly the chloro allyl substituent
in DDVP competes with the (CHBO)z; = 0 moiety but less
effectively than the allylic ester substituent in phosdrin,
For this reason, ions arising from cleavages of the (Gﬁ30)2;=0
moiety as well as those containing the chlorine atom tend to
be equally important. These facts imply that in the presence
of a favoured alternate pathway in a particular compound, the
normally expected fragmentation behaviour of a common struc-

tural moiety would become less and less significant.

b) 0-2,4 dichlorophenyl O, ©- diethyl thiophosphate

0~2,4 dichlorophenyl O, O=-diethyl thiophosphate
Cl S
£
(Gl~<::§LO - P(OCZHS)2 ) belongs to the phosphorothicate

group of pesticides,

As in the case of DDVP and phosdrin, its spectrum
may be discussed in terms of the (i) cleavage and rearrange-
ment processes of the (CEHBO)zg = S species; (ii) simple
cleavages of the molecular ion and (iii) rearrangement

reactions of the moleculer ion and other daughter species.

o+
(i) Cleavages and Rearrangements of the (02H50)2P=S Moiety

The pathways for the formation of the various ions
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from the (CZH50)2;=S species are given in Scheme 4,
Eliminations of a molecule of GH3CHO from oge of the ethoxy
groups bonded to phosphorus in the (02H50)2P=S ion with
transfer of the hydrogen to the central phosphorus atom leads
to the ion of m/e=109. The formation of this ion is supported
by a metastable transition. A similar process from ion 109
gives rise to the species of m/e 65. Another rearrangement
process involves loss of a molecule of ethylene from the
(02H50)2;=S species (m/e 153) to give the ion, 125 which then
undergoes a similar process to yield the base peak (m/e 97) in
the spectrum, These are the Mclafferty rearrangements and are
supported by metastable transitions., Further the ion of

m/e 153 isomerises to yield the thiol (CZHso—g = 0) which

SC2H5

subsequently suffers rupture of the (P-S) and (P-0) linkages
to yield the above ions (m/e 125, 97 ete,) in their isomeric

forms,

(ii) Simple Cleavages

Break ages of the (P-0) and the (C-Cl) bonds lead to
the various fragment ions depicted in Scheme 5, Ions of

m/e 279, 269 and 153 are typical examples.

(iii) Rearrangements

The molecular ion undergoes two interesting rearrange-
ment reactions. One process involves formation of efher -~

of the two o0dd electron ions through the loss of molecule of
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02H56\+
/E=5
mje=153
- +
¥, > P=S ___y HO-P=3
# B S~ m/e=81 80
-CHzCHO  HgC50
m/e=109
% HO + HO  +
5 P=S * ) P=S
_:2 4 H.C,0 -C,H HO
5-2 274
m/e=125 97
0
" .
~CH5C-H(1) B+ .
my? , P=5~»H=P=8
1 H
0 n/e=65 64
-H°
0C, H* + +
25 > 02350—P=S.____9 (PSs)
m/e=108 63
CZHBS\J- +°
thiol P=0—y C,H.0=-P=0
Rearr, * 7 2’5
C,H.O
275
m/e=153 92
) PO (m/e-47)
Formation of the rearranged | 0 (m/e-47
ions of m/e=125,109,108,80
64 & 63, +'
f———H0~P=0 (  64)
+9
f—3HP=0 ( 48)

Scheme 4 Fragmentﬁtioa pattemfor the
(02H50)2P=S Species
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-'002H5

208 173 138

Fragmentation Scheme for 0-2, 4 dichlorophenyl
0, O-diethyl thiophosphate
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ethylene and the migration of a hydrogen from one of the

ethoxyl groups either to the aryl oxygen or to the phosphorus

atom,
01 01 c1
—C.H iS ‘o Jm
C‘HO-Iﬁ‘\H P2t 0H0 - P Y or HO (T )01
o¢r—*,cHZ
CH, m/e 124 (0.25%) m/e 162

(abundant)
(The ion of m/e 162 is abundant in view of its resonance
stability).
Rearrangements of this type.have been postulated in many
dimethoxy phosphorothionatesBE. The second rearrangement
also involves loss of a molecule of (02H4) but this time it
is a skeletal process involving a 6-membered ring transition

state.

H ¥’ o1

@

H,C /(‘ cl ¥
‘) s B o0—&ro1
zacqu <<:io o—Cl—> P
0 0

0C,H
0C,H 25
m/e 286 (0.25%)

The ion is very weak and undergoes cleavages and rearrange-
ments to give the various ions illustrated in Scheme 5.
Formations of the major ions of m/e 251, 225, 223 and 171
may be taken as typical examples, In fact, ion 223 consti-
tutes another base peak and is formed by two successive

Mclafferty rearrangements involving the loss of two 02H4
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molecules followed by the departure of a Cl° from the parent
ion or vice versa, The species is resonance stahilised and

the central phosphorus:atom is in the pentavalent state,
Formation of the less abundant ion of m/e 190 may be postulated
to involve the successive eliminations of a molecule of

GHBOHO and OH° from the rearrangement ion of m/e 286, The
possibility of an isomeric structure for this ion (in which

one may have either the P=§H or P=8% is not ruled out.

In summary, o-2, 4 dichloro phenyl O, O0~diethyl thio-
phosphate has a fairly abundant molecular ion; has two
resonance stabilised base peaks formed by rearrangement reac-
tions of the daughter species; gives two odd molecular ions
in a single step and shows the typical chlorine isotopic
patterns. (See Fig.4). These unusual features in its spectrum

may aid its identification in pesticide residues.

S
¢) Parathion (OQHSO)zawPfO L - NOZ)

Dam10053 has published the bar-graph spectrum of
parathion and observed that ion 109 is the base peak and that
it resembles p -nitrophenol in the formation of ioms of m/e
139, 123, 93, 81 and 65. Further, the molecular ion did not
lose a molecule of NO, although it is to be expected on general
considerations, Parathion is discussed here with a view to
clarify some of its features noted by earlier authorssa.

As expected, cleavage and rearrangement ions arising from the

+
(CEHSOQZPms fragmentation are present (Scheme 4 and Fig. 5).
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Hydrogen migration from the ethoxy group to the oxygen
atom linked to the central phosphorus atom gives either the
p-nitrophenol ion of m/e 139 or another odd electron ion at

m/e 124,

S /7(N02
O.HO = B at? > -C,H g Y
ofts0 = P —0 H —24 3 ¢, H0-p O HO—{=0—T0;
b CH, n
A /7
CHa m/e=124 m/e 139

The p=-nitrophenol ion then cleaves as expee’ced.s3 Damico has
reported53 the base peak of the spectrum at m/e=109, In the
present work, however, this ion is only 70% abundant and the
base peak is at m/e 97. In general, organophosphorus compounds
containing the (GZHSG)ZE”S moiety have their base peak at

m/e 97 due to the greater resonance stability of this ion‘}8’49’51
The parent ion eliminates a molecule of nitric oxide (NO) as
expected to give an ion at m/e 261 (12%) which was absent in
Damico's reportsa. The loss of NO from aromatic nitro compounds
is however well-known((See for example reference 3 (pages 515-
520) and reference 4 (pages 39~85))., In addition, ions of
m/e 275, 263, 247, 235 and 219 involving the p-nitro phenoxy
moiety are present in the spectrum (Scheme 6), Ion 263 is
particularly abundant in view of its stable structure., Forma-
tion of other ions in the spectrum follows an exactly analogous
pathway as given for the dissociation of the (02H50)2;=S

moiety and is illustrated in Scheme 6., Particular mention
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S +
n =1 e
(CoHS0),P - 0430,
m/e=291
-NO S —*
1 1]
085058 _ om0 (233)
-C,H " S HO
C,H "+ S
275 P = 0-LD-NO,+4-CH :
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l 235
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E s -7
- "
(H0) 55 0230 = HO-B-0-(=>=0
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Scheme 6 Fragmentation Scheme for Parathion
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may be made of the ion of m/e 108 which is assigned a
P- qUuinonoid Structure and is postulated to arise from
n/e 171 by the loss of (PS°). Subsequent loss of a molecule
of CO from mfe 108 leads to the cyclepen tenmestructure of
m/e 80 which then loses another molecule of CO to give
m/e 52, This ion may have the cyclobutene structure:
+ + +
0:@.—:?' =2 o™ ~£i—5.c4ﬂ4‘
m/e 108 m/e 80 m/e 52

The spectrum of Parathion is thus characterised by the forma-
tion of ions resulting from the loss of 02E4, CHBCHG, NO and

CO from the various daughter species., The spectrum is straight-
forward and hence its identification in a pesticide residue

should not be very difficult,

The Phosgphorodithioate Group g
i
a) Carbophenolthion (CoHz0)p- P = § - CHy= S -~ D-C1

As in the case of the thionophosphate pesticides (viz.
0-2, 4 dichlorophenyl 0, O-diethyl thiono phosphate and parathion),
carbophenolthion containsg the (02556)2;”8 moiety and disso-
ciates to yield the expected ions of m/e 125, 109, 97 and 65
(See Scheme 4,). However, the following differences are note-
worthy. (1) 1In carbophenolthion, the (02H50)2§=s series
(. m/e 153) is very intense whereas in the thiono phosphorus

compounds it is weak, This is due to the greater stability of
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the OR!' part of the molecule in the latter case (e.g. the
0o~2,4 dichloro phenoxy moiety and p-nitro phenoxy moiety)

(2) In the thiono group, ion of m/e 97 is the base peak
whereas it is less important in carbophenolthion., This is
because the parent ion (ion 125) from which it arises is very
abundant in carbophenclthion; but very weak in the case of
the thiono phosphates., Further, a more favourable pathway
leading to ions of greater stability is possible in carbo
penolthion whereas it is absent in ‘the thionophosphates. Thus
as in the case of DDVP and phosdrin, the influence of the sub-
stituent in determining the relative abundances of the same
species in different compounds is evident here also. This
change in abundance implies that the intensity is not merely
determined by the struetural stability of the product ion
alone but that it depends to a considerable extent, on the
stability of the precursor ion as well, The stability of the
precu¥rsor ion is, in turn, influenced by the nature of the
substituent pregent in the compound. It is thus evident that
by changing the substituent, one can enhance or decrease the
abundances of the various fragment ions in the spectra and

this may be valuable from a mechanistic point of view,

Simple Cleavage Ions

Carbephenblthion may also be regarded as a bis=-
thioalkane conforming to the general formula, R-S«(CHZ)R-S~R‘.

As is characteristic of such compounds, it has an abundant
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parent ion (72.7%); gives a base peak by cleavage at a

bond P to the sulphur atom (m/e 153); undergoesod ~cleavage
to give ions of m/e 153 and 143 (od with respect to both the
sulphur atoms) and also a double fragmentation involving
cleavages of bonds & and p on either side of the sulphur
atom, In general, it shows considerable similarity to the
corresponding oxygenated compounds, All these features are
summarised in Scheme 7, In particular, mention may be made

of ions of m/e 109 and 122, Two structures are possible for
the species of m/e 109, It can have either the S:P-S-GHE
structure or the 02H5Oj%ES structure, The latter structure
is preferred on evidences of metastable transition and iso-
topic abundances. Ion of m/e 122 may be formed either by loss
of sulphur from the SCHZS—é species or by loss of chlorine
from the CHZS-C::>-CI species. In either case, the species

o
will have the structure CH2= S=- o

Rearrangement Ions

i) The parent ion eliminates a molecule of 02H4 and an

S=CH=S- & »-01 to yield an ion of m/e 126:

@ 6.0 '
S CH 250, 71
N N N , P-SH
5\ O-ZCHZ -S=CHS<>01° 1O
H -0 LH n/e 126
S>>~ C1

Subsequent loss of H* from m/e 126 yields m/e 125 which then

eliminates the sulphur atom to give the-species of m/e 93
(Scheme 7).,
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©_ H-P=0C,H
te . =SH® 57w —?/75
———> (C,H0),P-SH — 20 G H-0-P __</ n/e=
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Scheme 7 Fragmentation pattern for Carbophenolthion
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ii) A skeletal rearrangement of the parent ion involving

loss of S=CH- ¢-Cl gives the ion of m/e 154:

S,7 &

_ ~5=CH~®-C1
(C,H50), - Pg Lo &1 > (C,H 50)2P-—SH

m/e 154

Ion 154 then may eliminate the sulphydryl radical (SH®) to
vield the species of m/e 121, This ion now rearranges by
loss of C,H, to form n/e 93 (supported by metastable transi-
tion) and by loss of acetaldehyde to form m/e 77. The siruc-

tures of the various species are indicated in Scheme 7,

iii) As in the case of the thionophosphates, the parent ion
eliminates a molecule of ethylene involving rupture of the

(P~8) and (O-GHZ) bonds to give either of two odd electron

ions:
8 f it S—'T
C B0~ PJS —GHZ-S—@—-C‘I — HS—CHz—S-@-Cl or 02 50-—P
cﬁ;t ¢, m/e 190 m/e 124

Both the odd ions are very weak as they readily dissociate
by simple rupture to give the more abundant ions of m/e 143

and 45 respectively:
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+
—  _CH,S* + +
Hs-0y-5-CH-01' T2 g =\ 6 208 5 Dy
n/e 190 m/e 143 m/e 99
+
0 H.0-p% T s ~ *
2502 ———>  (C,H,0)
m/e 124 m/e 45

It may be mentioned that loss of the SH®° from m/e 190 can
yield the ion of m/e 157, the base peak in the spectrum.
However, its formation from the parent ion by simple
cleavage is the favoured pathway,

Thus the spectrum of carbophenolthion may be summed up
in the statement that it has a stable parent ion and fewer
fragment ions (See Fig. 6). It behaves more like a dithio-
ether as is exemplified from the formation of its base peak
at m/e 157 instead of the expected ion at m/e 97. The reason
for this could be that ion 157 is formed by a simple rupture
of bonds and that it is much more resonance stabilised through
extended conjugation than the ion of m/e 97, This unique
feature, incidentally, may aid its identification in a pesti-
cide residue,

. n .

i)amico53 has given the bar graph spectrum of ethion
and has explained the formation of the base peak at m/e 97,

No further comments were made on its other spectral features,
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Ethion is structurally close to carbophenolthion and
this similarity in structure gives rise to the same ioniec
species at m/e 171, 158, 154, 142, 141, 130, 129, 122, 121,
113 and 112, However it differs from carbophenoclthion in
the following respects:

(1) 1Ions resulting from the dissociation of the (C2H5O)2§=S
are dominant in the spectrum of ethion whereas they are
less significant in carbophenolthion.

(2) The base peak in ethion is the species of m/e 97

whereas it is less important for carbophenolthion.

In both the above respects, ethion resembles the phosphoro-
thionates such as parathion (See Fig. 7). But it differs from
them in exhibiting peaks at m/e 231, 186 and 140, Their
formation and structures are indicated in Scheme 8, (These
ions result from simple cleavage on rearrangement reactions
and thus need no further elaboration). Owing to the above
factors, the identification of ethion from a given pesticide

regidue should be feasible,

Phosphorothioite Group

Tributyl phosphorotrithioite: (C4H9S)§P

No serious attempt has been made to elucidate the
mass spectral behaviour of the phosphorotrithioites, P(SR)3
which are structurally analogous to the trialkyl phosphites,
P(OR)3 , although evidence does exist on the study of other
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Scheme 8 TFragmentation Pattern for Ethion
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compounds having (P-S) linkages such as on the thionates
46,51=55 ' iniolates’, thioates’2 °° and dithioates’2?”>,
Further Har1e3359 and Occolowitz et a140 have generalised
on the mass spectral properties of the trialkyl and triaryl
phosphites. It is, therefore, of interest, to examine the
behaviour of the corresponding sulphur analogues and to note
the points of similarities and dissimilarities for the two
groups of compounds., Tributyl phosphorotrithioite, a
defoliant, is chosen as a typical representative,

As in the case of the phosphites, the fragmentation
pattern is a combination of simple cleavage ions and a series

of rearrangement ions involving hydrogen transfers,

(i) Simple cleavages:

Simple cleavage ions are formed mostly by rupture of
bonds o¢ to the sulphur atom on either side, ,B -cleavages,
characteristic of ethers are less significant in this spectrum.
In fact, the fragmentation pattern is closer to that of ai
aliphatic hydrocarbon as seen from the successive hydrogen
losses and the decreasing abundances of ions at every 14 mass
units below m/e 90, Also the formation of the two most in-
tense ions in the spectrum (m/e 209 and the base peak at
m/e 57) is typical of a hydrocarbon cleavage. These features

are incorporated in Scheme 9 and TFig. 8.
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(ii) Rearrangement ions:

Rearrangements in tributyl phosphorotrithioite may
involve hydrogen transfer either to the sulphur or to the
phosphorus atom. Thus transfer of a ,B -hydrogen ( B
to the sulphur) to the sulphur atom in a 4-membered cyclic .
transition state may be postulated for the formation of
ion of m/e 242. The rearrangement involves loss of a butene

molecule and is supported by a metastable transition.

4o _ + o
HyS) P-S'ﬂN\\\§ ‘Czﬂs’CH“CH2> (0,HgS), P-SH
CH ~CH - C,H, "

m/e 242

Ion 242 may rearrange in an analogous way to give m/e 186

q
. ~C,H_-CH-CH
ice. OyHgS- P - $V\\\ 25 2,0

S 5-CH~CH, >Cy 9SP(SH)2

m/e 186

l\ Hb-CH-CH +
>P(SH)3

m/e 130

(ii) Formation of a butyl mercaptan ion (m/e 90) may
result by transfer of a hydrogen to the sulphur with the
simultaneous breakage of one of the (P-S) bonds:

CH
PR
Hzc-\ 81;51:§~C4H9 CHS-(CH,, ) ,CH,S=P- SC4H9>: C B ySH

SC4H9 m/e 90
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(iii) Migration of hydrogen to the phosphorus atom
involving a four membered transition state may be envisaged

in the formation of ion of m/e 210:

-0, H,,CH=S 1
(CyHgS) o= B — 8 51 (G, HyS) ,PH

1
(Gl
n/e 210

The tributyl phosphorotrithioite spectrum differs from the

corresponding tributyl phosphite spectrum39’4O in the follow-

ing respects:

(1) The parent ion in phosphorotrithioite is very abundant
whereas it is weak in the phosphite.

(2) The base peak of tributyl phosphite is the HP(SH)3
species whereas the analogous HP(EH)3 ion is least
important in the trithioite spectrum,

(3) Rearrangement ions such as HP(OC4H9)23H and HP(OC4H9)(8H)2
are very significant for the phosphite while the analogous
sulphur containing &edes are very insignificant.

(4) simple cleavage ions dominate the spectrum of tributyl
phosphorotrithioite but they are less important for the

tributyl phosphate,

In short, the tributyl phosphorotrithioite spectrum
shows little similarity to its oxygen analogue and tend to

behave more like an aliphatie hydrocarbon,



Part ii) The Mass Spectra of Thiocarbamate and

Dithiocarbamate Pesticides®*

*Appendix B gives the m/e values and relative abundances
of the variations,



- 73 =

Thiocarbamate Pesticides

0
n

Damico et.al.59 have reported the bar-graph spectrum
of 'Eptam' and have elucidated pathways for the formation of
ions of m/e 161, 128, 86, and 43, Apart from this the spec-
trum remained unexplained, A detailed discussion of the mass
spectrum of Eptam therefore seems appropriate.

The abundant molecular ioncdleaves at the (N-C),

(C=8) and the S-alkyl) bonds to give some of the major ions
in the spectrum as exemplified in Scheme 10, Ions of m/e 128,
160, 89 and 29 are all abundant as each one is a siable
entity, The 93% abundance of ion 128 is understandable in
view of its resonance stability. The species of m/e 160
undergoes a Mclafferty rearrangement eliminating a molecule
of ethylene. Subsequent loss of an OH®° from this rearranged
species leads to an isothioganate ion of m/e 115. Cleavages
typical of an isothiocyanate ion (such as the loss of SH® ;
loss of C2H4 leading to cyclisation and loss of NCS®) are
absent in the spectrum, These cleavages are, however,
favoured only under specific conditions77. Nevertheless

the isothiocyanate ion yields m/e 72 by loss of C3H7' and
m/e 59 by loss of propylene and CH; (Scheme 10).

+/31 CH; 3 OH.,CH=CH
- = = - . - = +
325& N=C=S i 4.
HS=-C=N

m/e 59
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CxHy, O
Nee(C =S 2H5

C
3H7 m/e=189

-
CHBSC 20

./ nfe=Ts

scz0 —cos V7

( 3 7)2 \ CZH

5
n/e=89 m/e=60
-1 +
O L
""““"9 C5H 7\ N-S_s-c.m (m/e=160)
275
CH2
0 -+
n
-———-)(052)2-1\1-0-5-02115 (m/e=131)
+
Fe'érJ;_-) CH=N =-C =S58 (n/e=132)
-OH -03H7.
05t o 1t
1
CH,- N _¢=S (m/e 115) N~C =S
27 \\Nm/e 89
-CHé - OH30H=CH2 CH2~N-C =3
m/e 72
+o
HN =C=S ,
T “H (somy*
+e
HSC=N ° m/e 58

m/e 59
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0 ui
C.H
5 ™ §-G-5-0,H,
cu’
37
~SC,Hz
-+
(0357)2N=C=O (m/e 128)
-G H H
274y 3*7: ¢ =0
CH 1
2 g n/e 100

+,
H2N =C=0
n/e 44
=G _H + = H
136, CzHN = C = 0 576
f \
Oy B
m/e 86 CHpR=C=0
H
m/e 58

.”_,Z_Z; C5H., = 00

03H
| =376y nonic=0
n/e 43
-C.H - *
2 7% NCO
m/e 42

% +
b (CH,) ,N=C=0~CH} +
~CHy 2’2 2™ CH,=N=C=0
m/e 70 n/e 56

Scheme 10  Fragmentation pattern for Eptam
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Although, formation of ion 59 is found to be important for
77

isothiocyanates'’', in the present case, it is of lower
significance. The ion at m/e 128 is an isocyanate ion,
having the structure, (03H7)2 §=C=O. This is the second
largest peak in the spectrum due to the charge stabilisation
on the nitrogen atom by the electron donating propyl groups.
As expected of an isocyanate, it yields the base peak

(CBH;) by cleavage of the N-alkyl bond. ol ~cleavage of

the alkyl group (< w,r., to nitrogen) in the isocyonate
gives m/e 56 ami/? -cleavage of the same alkyl group yields
m/e 70. Ion 56 is, however, of lower significance in con-
trast to its high abundance in normal isocyanates. Rearrange-
ments involving loss of 02H4 and 03H6 from the isocyanates
leads to ions of m/e 100 and 86 respectively.

60 postulation one might expect

+
the ion of m/e 100 to have the (03H7)2N structure formed

On the basis of Lewis

by the simple cleavage of the (N-C) bond, and with nitrogen
in the divalent state. But in the present case (where the
ion is postulated to have been formed by a rearrangement
process) nitrogen is in the much more preferred quin-
quivalent state. On a similar basis ion 86 may lose a mole-
cule of C,H, to yield the species of m/e 58 in which

H
nitrogen is quinquivalent and this structure (CH2ﬁ=C=O)

1

H

+ m/e 58
may be preferred to the (SCN)" species.
m/e 58
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Also one can envisage loss of a propylene molecule
from the same ion to give m/e 44 having the H2§=C=0
structure., Two possible formulations are:possible for the
ion of m/e 89, It can be formed by direct cleavage of the
(C-N) bond to give the CZHSSC=S structure or may be formed
from the ion of m/e 160 by 1ossoﬁf C2H4 followed by breakage

1]
of the 03H7’ to give the CH2=N—C = S itructure. Isotopic
ratio measurements confirm the (CzﬂssCO) structure for
this species.

In conclusion, the spectrum of Eptam is the sum
total of the fragmentation patterms of the carbamate molecu-
lar ion, the isothiocyanate ion and the isocyanate ion
(see Fig. 9).

» 0
(b) Perbulate ( giﬁ:)m-g-s-cgﬂ,])

Perbulate has not been examined by mass specitrometry.
However, it is structurally close to Eptam and accordingly
has similar mass spectral properties as depicted in
Scheme 11 and Fig. 10, Ions of m/e 128, 160, 43 and 29 are
intense as expected., The species of m/e 128 is the base
peak in the spectrum, In this respect, it differs from Eptam
whose base peak is at m/e 43 (G3H7+). In analogy with this,
one would have expected either O4H9+ or 02H5+ to be the
base peak in Perbulate, It could be that the isocyanate ion

at m/e 128 is much more stable than the corresponding ion



- 17 =

("8I el 17 ) IMISY Jo vmagoads sseme 6 51
5
. o - 00l W c c
¥ P Y 4 ¥ ik
T T
8¢
8
0%
6T
| O]
98
09—
68L
#
8ul
4 OOk~
<z L
I maUt Z\FINU NV1d3
NEigEs




- 78-13, -

0 o
CZHS\N 85 -
A
C4Hg
m/e=203
+ + -1 f
e, CBH.-{SC;O - 02H5SCO —> SCO
103 89 60
+ +
N -1 =
75 61
0
e 02H <t
CHy
m/e 160
Oﬁj+ -0H*®
C,H
~OsHg  250nd
> on,
n/e 118
N\ - ~t
5 03H7SC =0

m/e = 103

-+
H-N=C=S (59)

OH
4= 4
CH,=N-C = § (89)

+\l« ~OH*
CH2N=C=S

m/e=T2



C

- 78<b =

0 T
o5
4 9
C,H- +
: 23N =0C=0

~SCsty  Opfly p/e= 128

1CoH, H
-——)C‘ H N—C—O (m/e 100)

20 P5\N=g=0
CHy / ——i-> Hl\T=C=O
n/e 86 HB 58

H+

“T"‘* CoHs -N =C=0 —3 HZN-»0~0 (n/e 44)
m/e 72

-C4HY
———-)CZH N =C=0 (m/e T1)

:(-}?-}5-) ¢ H, -N=c=0 ~CH
4Hg=N=C= 385 —> 71 —> 57

m/e 99
~C HNCO
—=——¢,H, (m/e 57)

--?-I-I-% C H =8 s‘mmﬂ-» =0 O, Hy ~NH=C=0
2 5\N ¢ =S —--> W 25 -
4963 4912.9 ) M

* . e S
2 OH(132) (115)
4 9 N C=S -3 4 o\F*
o =5 W= e
275 g4 Cols " 412

Scheme 11 TFragmentation Pattern
for Perbulate
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in Eptam as the butyl group in the former may stabilise
the charge on the nitrogen atom more than the isopropyl
group in the latter., This is understandable in view of its
94% abundance in Eptam and 100% abundance in Perbulate,
Apart from this, both the spectra show identical behaviour.

Thus, for reasons same as in the case of Eptam, the species

+
of m/e 100 is assigned the C4H9 =N = C = 0 structure rather
+ H

than the G4H9- N - CZHB formulation and the species 2f
m/e 44 is formulated as HZN+= C = 2 rather than (CS)°.
Similarly ion 72 is given the CzHSNH = C = 0 structure
instead of the CH2= § =C =5 formulation, This is based
on isotopic ratio measurements (m/e 73/72) and on the forma-
tion of the ion of m/e 44 by less of 02H4; supported by a
metastable transition., This, incidentally, seems to substant-
iate the structure of the ion 44 as well,

Unlike in the case of Eptam, Perbulate undergoes a

rearrangement reaction involving loss of propylene to give

an ion of m/e 161 by the following path:

S(H

CpHzy aCs ~CH,=CHCH; _ CpHg 45
N-Cp 9 ) N- C
cu’ 8 cH P
4H9 +¢("’V \CEB +0
H
m/e 161

This ion is very significant in the spectrum of Perbulate.
Also are important the fragment ions derived from it

(see Scheme 11).
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In conclusion, Perbulate differs from Eptam in
exhibiting the above rearrangement peak and the base peak
at m/e 128, These facts may enable its identification in a

pesticide residue.

Dithiocarbamate Pesticddes
S

. n
i) YVegadex (02H5)2-N-C-£¥032—0 ¢l = CH,

In general, the dithiocarbamates have received

+2 and Fe+3 salts of dimethyl

little attention. Only the Zn
dithiocarbamic acid have so far been reported59, Vegadex
is the 2—chlorogllyl ester of diethyl dithiocarbamic acid
and it is of interest to study the influence, in particular,
of the chloro allyl substitutent on the mass spectral beha-
viour of this compound which has not yet been examined by
earlier workers.

Unlike in the case of the thiocarbamates, the mole-~
cular ion is weak, But it resembles them in undergoing
simple cleavages (See Scheme 12 and Fig. 11). Thus ions of
m/e 148 and 116 are abundant as expected on the basis of the
abundances of the corresponding ions in Eptam and Perbulate.
The abundance of the species of m/e 75 is due to the resonance
stability of the allylic bond. Ions of m/e 151, 162 and 194
are, however, insignificant., This implies that cleavages
of the (C-8), (CH2~ C Cl) and (N-alkyl) bonds are not

favoured. The reason for this could be that the cleavage



C
C
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S +
H i
2 53 N-C5-CH,C . C1=CH,
H
275 m/e=223%
lCCl—CH S
m/e=162
CHZCCl'CHZ +
’(GQHB)ZNCSZ
m/e=148
Cl -C2H§ +,
% e {8
SCHf=CH,, R + _O.H N Hs *-r---§H-N =C=5
_Ha + o
m/e=116 88 C,HpN=C=5
m/e=87
(G, H.),NCS —F - H
2ti5) pNuon ~CH} ao1e =
7VH2€ Cl~CH2 )CCl~GH —_ (01=CH
n/e=75 61 60

——9 C,H N-CSZCH C. GI—CHZ
-CCl= CH2

n/e=194 90

5 Fo % =1

76
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C,H =71 H
2 NN (= S=CH,,C . C1=CH
c.H 7 2 2
275
m/e=22%
___} 4
*
m/e=188
CLH - +
275 NCS, CH,C=CH
. oCH,C=CH,
m/e=160 I
-SCH.,CCH +
ozHSN’C"SH 2 2)0 H5N=C-SH
S-CH20-0H2 <
=C=S
m/e=88
‘-——%SZEH
H,Cy
c
0.
27\ L H CU«C]. s
- i
HS -0l N S’CH H"C\S’ Hy
—ooH, (1) +.05 FH - 117
2Hly
D 2t
—C.H,(ii
24 m/e=167
l HC SCH, 1
~ SCH.,CC1=CH
H-N=C=SH ‘
m/e=60 -8cE,| -éus
cust” 2 CH
m/e=45

Scheme 12 Fragmentation Pattern for Vegadex
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of the (S-GHZ) results in the resonance stablised isocyanate
(m/e 116) and isothiocgyanate (m/e 148) ions. The pathway
leading to the formation of these ions therefore overshadows
other possible cleavages and this is substantiated by the
abundances of the ions of m/e 148 and 116. The isocyanate
and isothiocyanate ions suffer the expected cleavages as in
the case of Eptam and Perbulate to give the various ions as

illustrated in Scheme 12,

The allylic ester, differs from the thiocarbamates

in the following respects:

(1) The base peak is formed by the loss of the allylic

Chlorine,

-+

) 7 -c1° *
(c:2H5)2 NCS,CH,C Cl= CH, 3 (02H5)2N CS,CH,C = CH,
*

m/e 188
Phelability of (C=Cl) bond in the parent ion may

explain the high abundance of this ion of m/e 188. In the
case of Eptam, the base peak results by cleavage of the
N-alkyl bond as expected while in Perbulate, it is formed

by the cleavage of the (C-S) bond. These facts suggest that
the base peak is formed by the most favoured pathway. (i.e.,
by cleavage of the most labile bond under the circumstances).,

The ion of m/e 188 may now eliminate a molecule of 02H4 in

a 6-membered cyclic transition state to yield m/e 160.
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CH, - CH
N\ - = -
0t - 1'1? H > Clig= N= C - SH
S
c //J QCHZC'P: CH2
é-—OHZC"': CH,
m/e (160)

The rearranged ion now elimindtes the ('SCH20=CH2) to give

the species of m/e 88 which iﬁ formulated as
+ +

1
C HgN = C-SH e 02H5§; =C=38
Also loss of N—GZHS' from ion 160 yields ion 117.

(2) The parent ion itself undergoes the above rearrange-
ment to give an ion of m/e 195 which then eliminates

CoH, to give m/e 167,

1,0
+° ! HZC\}\
HS OGl HS CC1
gty 2 ¢ LH 11
N -

H c‘j 5 co1 Coly 0 wZ Ng7 2 + O H
2y I 1«5 —> H-N 7 S
H@Cﬁ/} c g _CH, CH,¥ H

\ CH, m/e 167
CH,
N GHZ m/e 195

Parent ion (m/e 223)

Loss of(NH) from ion 167 yields the species of m/e 152,
The formation of this ion is supported by a metastable
transition, These features of its spectrum may help in its

identification in pesticide residues.,



%
Part iii) The Mass Spectra of Chlorinated Pesticides

*See Appendix B for the m/e value and the % selective
abundances of the various ions
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Halogenated Pesticides

a) 2,4 dichlorophenoxy acetic acid, isopropyl and butyl esters

The isopropyl and butyl esters of 2, 4 dichloro
phenoxy acetic acid are ring chlorinated aromatic herbicides.
The acid portion of these esters are the same and they differ
only in their alcohol position., Accordingly, they may be

represented by the common structure,
0

c1
c1 4@22§—O~CH2—8-OuR' where R' is isepropyl in
isopropyl ester and
n-—C4H9 in the butyl ester

For the same reason, they yield identical fragment ions for
the arid portion and different ions for the alcohol portion
of the ester. As is typical of an aromatic ester, both the
compounds yield abundant parent ions; but, that of the butyl
ester is more abundant as it is more stable than the labile
isopropyl ester. Also the cleavage ion R* (m/e 175) is more
abundant for the isopropyl ester than for the butyl ester

for similar reasons., Besides RY, ions such as (Rf)+ and
rRco™ expected of an ester are also present in the spectra,

as illustrated in Scheme 13. The (R')T species (CE(CH3 for
isopropyl and 04H9 for butyl esters) is the base peak.3

This is contrary to general observations because in aromatic
esters, the RGO constitutes the base peak while in aliphatic

esters, ions arising from the Mclafferty rearrangement for

the base peak. The reason for this anomalous behaviour is
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cl g .
01 <S5~ 0-CH,=C-0-R'
m/e=262 gFor R = isopropyl)
=276 (For R = Butyl)
0
> C1-CgH,-0CH, C-0-C,Hg (m/e=241)
- ATCH 002 (rR1)* gm/e 43 for isopropylg
) m/e 57 for n-butyl
Cl-\ -0
-01' T
_GR* cl c1 . _’01
> 01-E2 -0-CH,C=0_~HY C1~4I)>-0-CHC=0 -CHCO Cl.-\_ =0
m/e = 205 202 161
cl
-COR"
2 m-@-é:cnz
Hl/ew175 * il 2
i 014D —p> 01~
' m/e=145 110 75
+O
~C,HyCH=CH,
Rgrr. Cl-(Zﬁ—OCH 2Cog (observed only for
R'=C,H,)
479
m/e= 220 s it
0 -
0100007 — DO
I/ e 185| OH
~H* -H*
J _.l+ -+
C14=-0CH,C0, SEDOCH,C0,
m/e=184 149
e cl o
—— C1-5-0-CH, (0,
n/e=219
FCH,C0,  CL +-
>Gl.©-O-H (m/e=162)
Rearr.,
‘CO _Clo
= arr 01—<j>-OCH — 01-4:)-0«—0113
+ n/e=176 m/e|141
o L0E 4. -OF ~CH,,0
-——-—)cl-gj-ocﬁzc\oﬂ == 01S- 001, oy 1= H
m/e=221 186 m/e=111

Scheme 13, TFragmentation pattern for the Butyl and
Isopropyl esters of 2,4 dichlorophenoxy acetic acid
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not clear. Particular mention may be made of ion of m/e
161 which is formed from the RCOT (m/e 203) ion by loss of
a H* followed by the departure of the (CHCO)°. This ion is
agsigned a para-quinonoid type structure in which one of
the p-oxygen atoms is replaced by a p-chloronium ion., In
other words, the chaXge is presumed to be located on the
chlorine atom., The structures of the other ions are indi-
cated in Scheme 1% and Fig. 12 represents the bar graphs of
the spectra,

Both the esters undergo rearrangement reactions

expected of them as given below:

(1) A Mclafferty rearrangement to give the 2, 4 dichloro
phenoxy acetic acid ion (m/e 220)

0s . ~RCH=CH L
HZC) ¢ —C3—01 miir TR
L — eo-a
| I /
HQ,

cH
R \Q{] 9. n/e 220

(where R=CH, in the case of the isopropyl and
C,H in the case of the butyl esters)

(2) A double hydrogen rearrangement to give an ion of

m/e 221,
1 — CH
cl - H 2 -
e o %mH, 1 CH,=CH.CH,CH,
CLLDO0 2 =0 "2 cm >
" CH < YH2 OH

0 Cl /
+ w C1-GS5—0-CHy-C § &g

m/e 221
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The acid ion produced in (1), rearranges in two different

ways to give ioms of m/e 162 and 176.

[ =\ o2

0
(3) c1 \ .
- ® — _CH ,-CO -+
Cl<:f>-g '§C-° ———2————§>Cl~4§fﬁ>——OH
2

CH
m/e 162
(4) cl
o1 ERO -CO, ) +°
—= (14T )—0CH
m—@-o\f C=0 2
CH, m/e 176

In (4) the migration terminus is carbon.

All these rearrangeméent ions are intense and involve

only migration of hydrogen from the butyl or isopropyl group.

Thus, to conclude, these compounds show characteris-
tics of both aromatic and aliphatic esters; but differ
from both in giving the hydrocarbon moiety as the base peak
and this may differentiate them from the other esters and

hence ease their identification in a pesticide residue,
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Kelthane

E— OH
]

C1- &> ¢ —-(E>-C1
c1 4, C1

C
1
c1

Kelthane, a halogenated insecticide, is a diphenyl deriva-

tive of methanol, Sphon and Dami0066

have given the bar-
graph spectrum of the pesticide and have indicated pathways
for the formation of ions of m/e 251, 139, 111 and 104. A
detailed interpretation of the mass spectrum of any compound
leads to a better understanding of the mechanistic pathways
by which the various fragment ions are formed. The mass
spectrum of Kelthane has therefore been examined in detail.
Kelthane is structurally similar to pp'-DDT with
the difference that the hydrogen in DDT is replaced by the
hydroxyl in Kelthane., Nevertheless, the two spectra (viz.
that of DDT and Kelthane) are considerably different as
can be seen from the ways of cleavage of the molecule at
the (Cc-c1), (C=0H), (0-6013) and the (C=C) (involving the
ring C and the side chain carbon)bonds (Scheme 14 and

Fig. 13.)

(1) Rupture of the (C=Cl) bond:

The initial cleavage of the (C-Cl) bond followed by
loss of the hydroxyl radical leads to the diphenyl derivative

of 1, 1 dichloroethylene ion of m/e 316, This ion eliminates
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a (001)' from the ring to yield the 2-cyclopentene,

2-phenyl substituent derivative of 1, 1 dichloroethylene
(m/e 269)., The ion 316 may also break at the (C-C) bond
(involving carbon of ethylene and of the aromatic ring) to
yield a weak ketene derivative (m/e 205) which subsequently
loses a chlorine to give the stable phenyl acetylene deriva-
tive at m/e 170. This type of cleavage of the (C-Cl) bond
breakage is absent in the spectrum of DDT66. The labile
nature of the (C=Cl) bond in Kelthane is due to influence

of the hydroxyl group.

(2) Rupture of the (C-Cl.) bond:

Cleavage of the (0—013) bond leads to the major ions
in the spectrum, Thus the substituted diphenyl derivative
of m/e 251 formed by this breakage is the second largest
peak, In DDT, this leads to the base peak66. The difference
in behaviour in the two cases is again due to the presence
of the hydroxyl function in Kelthane. In its presence, a
new pathway leading to a resonance stabilised product ion
(at m/e 139) becomes possible from ion 251. In fact this
constitutes the base peak in the spectrum, The base peak,
in its turn, yields two intense ions at m/e 104 (by loss of
chlorine) and at m/e 111 (by loss of CO, supported by a
metastable transition), Subsequent fragmentation of the

species of m/e 111 leads to the significant ions at m/e 98,

76, 63, 51 and 50, (See Scheme 14)., Mention may be made
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OH +
’ @
C1<D>—C~—D~C1
c1-G-c1
&1
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HO=C-CC].3
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1 CH
CCL
3 $ =
C po—
C =z
m/e 257 0013
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oy C1(S= =001, —> = ¢=cc1
'UEHZEI‘* 3 Y3
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-+ -H*
-CCI -0106H4_ ——— 06H4C‘0
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) +OH m/e 104

m/e 251 | i) -H°®
ii) ~CcH 4;:1"

+ o+
C1<>0=0 C1={_)=C=0

m/e 139
1‘00 + +
-CH® CBHBCI’ > C4H3
IR &) m/e 98 . +

m/e 111 ~O1N ¢ COsHz 0yl

m/e T6 m/e 63 m/e 50
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OH =t
01>~ ¢ ——25—C1
%
01-C-C1
1
c1
m/e 368
Ol 0 B - O - GO
674 4 674
N +CC1  (m/e 281)
=C1' 5 ¢1-c.H,- ¢ -C,H,CL -| -co1°
o 647, 6547 Ty B0 <201 (269)
¢el, ce1,
m/e 316

‘C6H Gl. = ~0L®
—-4—-) 0106H402G]§ 1G5 Hﬁrg

CCl

m/e 205 m/e 170

Scheme 14  Fragmentation pattern for Kelthane
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Part iv) The Mass Spectra of Miscellaneous Pesticides
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See Appendix B for the m/e values and the % Relative
abundances of the various ions
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of the formulation of a chlorocyclopentene moiety (with
chlorine retaining the charge) for ion of m/e 98. This

may be Justified in view of the postulation of the cyclo-
pentene species from the phenyl ion78’79. Further, unlike

in the case of DDT, the rupture of the 0613 linkage is not
followed by the loss of a chlorine atom. The influence of

the hydroxyl function in altering the mass spectral properties

of Kelthane is thus clear.

Loss of Hydroxyl

Logss of the hydroxyl radical leads to a weak ion at
m/e %51 which then fragments to give ions of m/e 240 and
193 - (the former involving loss of O Cl° and the latter in-
volving loss of ring CCI'). The structure of ion of m/e 193
is analogous to that of m/e 98, (Stheme 14),

In conclusion, the spectrum of Kelthane is formed
by the simple cleavages of different bonds., This is a com=
pound containing chlorine in the ring as well as in the side
chain, ZFrom separate studies of ring chlorinated and side
chain chlorinated aromatic hydrocarbons, Mclafferty64 con=
cluded that the base peak in the former case results from
loss of ring chlorine while in the latter case, it results
by breakage of the (C=C) bond /5 to the ring. This holds
good for DDT66 but in Kelthane loss of ring chlorine is

insignificant and loss of side-chain substituted chlorine

(i.e. 0—0013 rupture) leads only to the second largest peak.
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This anomalous behaviour arises from the influence of the
hydroxyl function., This would mean that the presence of
functional groups in compounds may alter their mass spectral
behaviour completely and accordingly give a characteristic
spectrum for each compound., This may be of value for

identification purposes.,
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Miscellaneous Pesticides

a) 1-Naphthalene acetic acid, methyl ester

R R?
" ey
CHz’ ®~0 - cm,

Although a number of aromatic and aliphatic
ester880’81 have been studied, those of naphthalénie:
acids and higher fused ring compounds seem to have defied
attention., The mass spectral study of 1-naphthalenic acid,
methyl ester is therefore appropriate., The ester is a
herbicide.

Owing to the increasing resonance stability of the
ring, only fewer ions are present, Thus, cleavage ions of
the type RCO¥, Rcoo*, ROcO™, R'0 " and R +, characteristic
of an ester, are absent in the spectrum. The only cleavage

ion present is the R*ion., This is the resonance stabiliséd

tropylium ion (m/e 141) and is the base peak in the spectrum:

0 a7
1t
CH ’C\o CH "0, CH -
] 2 3 2773 o
=/ /m/e 141

-CH = CH

O s

m/e 115 m/e 89
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The tropylium ion subsequently loses a molecule of acetylene
to yield the ion of m/e 115 (formulated as above) which then
by a similar process gives m/e 89, having the above struc-
tural postulation.

Also the Mclafferty rearrangement and the double
hydrogen rearrangement are absent., But the migration of
hydrogen from the methyl to the methelene carbon attached

to the side chain of the ring occurs.

-t :
H cfz )
2 . 1
Hfl 0 -CH}, (~C0,) N
&
CH, Ol

m/e 142

The methyl ester of 1-naphthalene acetic acid is thus
stable to electron impact and accordingly gives rise to a

gimple and straightforward spectrum, as seen from Fig., 14.

(®)

1

b) Allethrin R — C ~0 — R?

1
(CH5) 0= &- Cil
W CH,-CH=
.-0— 4
H, 3|

Allethrin is a contact insecticide and belongs to the

Pyrethrum group of pesticides. From its structure, Allethrin

may be regarded as an ester of the type R-C~0-R' with R and
1]
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Rt representing the substituted cyclopropane and cyclopen—l
tenone moieties respectively. As expected of such an ester,
it suffers cleavage of bonds of +to either side of the
carbonyl group to give fragment ions of the type R+,RGO+,
rroco*, (OR)Y and (R')* (Scheme 15-a). As in the case of
the isopropyl and butyl esters of 2, 4 dichloro-phenoxy
acetic acid, the base peak in the spectrum is the R¥ iom
(m/e 123). Successive losses of H' from C, and C, in the

R* ion leads to m/e 121 forming a double bond between the
two carbomatoms (C1 and 02). Tons RCO™ (m/e 151), (R')™
(m/e 135) and R'0COT (m/e 179) are all weak due to their
greater tendency for further dissociation. A number of ions
result from the fragmentation of the species of m/e 179 (R')™.
Mention may be made of the following ions,

(1) Cleavage of the (C,- Cg) and (C,- Cg) bonds in (r1)*
leads to the ion of m/e 81 which is assigned an allylic sub-
stituted ketene type of structure, (i.e. O=C=E-CH2CH=CH2).
Subsequent loss of the ('CH:CHZ) from this may lead to
(CH2=C=C=O +) of m/e 54,

(2) Breakeage of the 5-membered ring between 05 and C,
as well as G7 aid 08 leads to the spcies of m/e 71, having
the structure (OEC—OCH=CH2). Successive losses of hydrogen
from the double bonded carbons yield m/e 69 having the
triply bonded (Sac-oc=CH) structure.

All the above structural assignments are purely

tentative.,
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1
R = C!O2 - R

CH
(0E.) CH-COZ\QE—CHZCH=CH2
CH, ) ,=C

527
CH=G(CH3)2

(m/e=302)

+
-R'C05 p+ -H® _(R-H)*® -H’ (R-2H)"— C5Hg - CxH
R —

(m/e=123) 122 121 (68) (66)
R'Oz + ':‘ +
———=>rco* —> CgHO —>CgH O * —» 041-14__)0433
151 (83) (82) (52) (51)
m/e 135
=R
———3 R10CO"
m/e 179
¢ +
L.B;’.;Hl)}:{(}ozﬁ-"
m/e 168
+
-+ -CH* 3 °
ey (CH3)20=CH-CH=C(CH3)2 —:-——-)cH.), =CCH=C(CH )2
lm/e 94 .
s ome T
CyHy CH=C-CHy
+ m/e 55 m/e 40
-CH3

+——(H5C) ,C=CHCO,CH=CH, >CH3C =CH 00,CH=CH,

-H° l m/e 111 ,_,,
l( 110) m/ e 109
+
+ —+ -H* A
OCQCH=CH2—'> C 2H3 —3>(CH=CH
(71) (27) (26)

ki
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Further Fragmentations of Species of m/e=168

" A
ROO,H e (CHz) ,C \C'L

(168) (113)
L=E"5 (om4),0 \.1 |
CH-CH=C{CH
(167)

Scheme 15-a

3)2

=} ¢

EN
"CH. + -GH-% _'
-—————9(0H3%Q=GGOZH -—>CHBCEC-COZH

(100)

. CO,H
—=> CH:C
CH=0(CH3)2

(85)

152

-t

~CO,H | * ~CO,H

HyC- GQ —=25H0 - C
C=CCH; =ccH

(136) 91

Fragmentation Pattern for Allethrin
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(3) The species of m/e 179 rearranges to the ion

of m/e 153 by the loss of a molecule of acetylene:

+ H  ClHz ~CHZCH + Hs
! / //> 12 0
HZC- c H CH
f No¥v m/e 153
0 /
H
m/e 179

Structures for the other ions are indicated in Scheme 15-b,

As in the case of the ion of m/e 179, ion 135 also
dissociates to give a variety of ions., (See Scheme 15-b).
Mention may be made of ioms 107, 92 and 91, Ion 107,
formed from m/e 135 by loss of CO, eliminates the CH% to

give m/e 92 forming a triple bond between 04 and. 05:

cH
O “H3 _cH:
: -co HO-C 3
BC-C=C - CH3OH=CH 5 58 G-cH,-CH=CH, ’f /
5,0 C=0 ®
n/e 135 m/e 107
HC - C
1 m 'TT
m/e 92

Ton 92 loses the methine hydrogen (06) with a subsequent
reorganization of bonds to give m/e 91, having the
C =¢C
1]

"+
HZC G~CH2ﬂH=CH2

structure,
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+
Further Fragmentations of the Species R'0C=0 (m/e=179)
H CH

+ ' 3
0= O'O'L‘__:B—CHzﬁﬁzCﬂz

0

m/e=119
OHZ(l) + H

~C

‘ O Cc 0 Cj[::i‘ﬁH
Rearrang, 2 ? CHz(li) 2 g
m/e_153 i /.,(c:ao)+

(69)

+ +
) CHg0—> C5H0
(81) (54)

Further Fragmentations of the Species (R')Y  (m/e=1%5)

cz'fz\sl
CH,CH=CH, ~H° N @, CH,CH=CH,
0 (m/e=135) (134)
\ 7 7H70 (107)
¢ H ot :::::::;04 3 +(67)
+ +
. c%{{* (80)>C,H;
| ¥ OgHy (53)
(79)
T GGHB CoHT—> CoE,t e o.m5y
=0 ¢ gllyy —> e
(107) (92) (91) (65)
~CH,,CH=CH, . +
2 2. + wH
> CgH 0T "% o CHLO
(94) (93)

Scheme 15-b  Fragmentation Pattern for Allethrin
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All the above structural assignmentsvare again
tentative. The base peak (m/e 123) of Allethrin undergoes
three interesting cleavage reactions., Loss of a OH% (from
03) results in the formation of a double bond between 02 and

03 in the ion of m/e 108:

; T

) ~CH;
H30 C’Q/ 50 OH=C (CH, )
H,C / {_ CH=C(CHj), M2

m/e 123 m/e 108

Similarly loss of the substituent radical form 61 leads to

the formation of double bond between 01 and 02 in ion 68:

+
(H,C) ~CH=C(CH.) 2 —7° -H*
3772 _ 372
CH= C(CHs), > (HzC)y =] + o
n/e 123 m/e 68
L +
H;0-C= C-H °
m/e 40

Elimination of a CH® followed by a CH; from m/e 68, yields
a methyl acetylene ion of m/e 40, The formation of this
species involves a simultaneous bond-breakeage and bond
formation,

Loss of CH* (from 02) involving breakeage of bonds
between 02 and 03 and 02 and Cy leads to a conjugated diene+
species of m/e 110; having the (EBC)Z-G = CH-CH = C(GH3)2 ",
Loss of a methyl followed by loss of a H® may give the
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tentative ( H3O = C-CH = C(CH3)2 structure for the ion
of m/e 94.

Apart from these simple cleavages, the ester also
gives a rearrangement ion at m/e 168. Its formation may be

envisaged below.

f 0.,
C=0H
(o) ‘@C’O. ‘)
CH -C o) H=CH H,C),=-
3)2 H=(0E) 2 300 oH -
C(CH3)2

m/e 302 m/e 168

The formation of this ion involves elimination of the

CH3

CH..CH= CH
2 2 molecule,

0
Loss of the substituent (f‘rom 0,)from this ion, then
yields m/e 113 with the simultaneous formation of a double
CO,H
bond between C, and C,, having the (GH3)2—~C e
structure., Similarly breakages of the bonds between 01 and

C, as well as C; and 03 leads to an acid ion of m/e 100

with the formation of the double bond betweenAC2 and 03 as
W 7%
i H = "OH ° °
may be seen from its structure (CH3)2 ¢ m/g 150

Also loss of CH3 from 03 and loss of H®* from 02 may lead to
the ion of m/e 152 with the formation of a double bond between

03 and 02:
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0
" I
C - 0H
CHB - C{53 » This ion may now
1 CH= C(CH.)
372
m/e 152

eliminate one of the methyl radical from the 01 substituent
and then by the loss of the olefinic methine hydrogen may

give the ion of m/e 136 having the structure

CO.H
2
CHB-A::::NC = 0(033).

m/e 136

Finally, the parent ion suffers cleavages at bonds
between 05 and Cgas well as 07 and 08 of the cyclopentenone

moiety to give the species of m/e 194.

CH B
—& CH—-CH ———W .
(H5C), - <é:f]~. (H c)zgijSC'O’CH#Cﬂz ’
CH=

C(CH;) m/e 302
372 CH=C (CH

3)2
m/e 194

This species loses the substituent from C1 to give m/e 139,

The cyclopropane moiety of m/e 139 then suffers a bond-

breakeage at C, and C3 as well as at C, and C, to give

m/e 126 which has the tentative (CH3)20=0H

d-0-0H= CH,
//A.

6]
n/e 126,
Thus, Allethrin exhibits a number of unique features

in its spectrum especially in giving rise to ions by breakeages
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of (C-C) bonds of the cyclopropane and cyclopentenone rings.
These ions may facilitate its identification in a pesticide

residue,

03H7

. . 0
¢) Piperonyl Butoxide: qu‘Ji:i

Piperonyl butoxide, as insecticide synergist, may be
congidered as a dioxy poly ether. The mass spectra of several
aliphate, alicyclic and aromatic ethers have been investi-

1,3’4‘

gated More recent articles have paid attention to the

fragmentation modes of cyclic acetals79, aryl-alkyl ethers79
and various substituted dioxy benzenes79. Nevertheless,
studies on poly ethers are lacking, A detailed discussion
of piperonyl butoxide is, therefore attempted.

Pi peronyl butoxide shows the mass spectral features
expected of an alcohol, aldehyde and ether.

As an ether, it fragments at the (C-C) bond./B to
the oxygen (f3 -cleavage) and at the (C-0) bond by
cleavage. However, all the (C-C) bonds f3 to the different
methenoxy oxygen atoms do not dissociate, Only the (C-C)
bond litking the aromatic carbon and the adjacent methenoxy
carbon as well as the (C-C) bond terminal to the butoxy group
suffer cleavages to give abundant ions of m/e 175 and 295
respectively (Scheme 16-a)., This implies that preferential

charge localisation occurs on these two oxygen atoms

involved in the cleavage. An exactly similar situation
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0
5,0 IS5

GH2~(02H40*)2 ~C,Hg
m/e=338

H
— HyC 23353 4 .
CHZO-(GH2)20-0H20 = CH,
ri/e=295
&>
——> CH,=0 -(GHZ)ZO—C 4Hg
n/e = 131
+ * +

m/e = 175 145

(GHZ)E-(CH2)2—0-04H9

c’oj®< C5Hy m/e=163 & 149
3 P -CHS
0 H 0 CsH, 772
177 chxb:i:3’
176 162
O5ty s 7 O yOsE,
—_— H, c< E ) o H=-C N\
o CH,,0H 0" CH,OH
194 193
+
| W (Oef,gg)———-) n/e= 59, 45 & 31
N 7 C5ty
) HZO\ ! +eo
' CH,0-CH,~CH,~ OH
(238)

Scheme 16«2 Fragmentation Pattern for Piperonyl butoxide
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prevails with respect to the o -cleavage (see Scheme 16-a),
Ion 177 formed by the (C=0) bond breakage in an analogous
way as ion 175, is an abundant peak in the spectrum. In
view of its aromatic stability, this species then rearranges
by loss of H* +to give the resonance stabilised tropylium
ion which naturally forms the base peak in the spectrum
(m/e 176). Another o -cleavage ion of interest is the
species of m/e 145 which by successive loss of the CHé from
the butyl group yields ions of m/e 131, 117, 103 and 89. Ion
117 then loses a (°CH,-0-CH,) radical to give CH, = o - CHo
(m/e 59). The ion 89 leads to the methoxy aldehyde,
CH = - (CH,),0 - CH; (m/e 88) by loss of a H'.

Apart from the above cleavage ions, piperonyl butoxide

forms a series of rearrangement ions typical of an ether,

(1) The parent ion rearranges to an alcohol of m/e 194

in a four-membered cyclic transition state:

H a/gjgl%H7 é(}i CH~0-(CH,,),,0-C H
29\ Eahtai ey R g R .
5 S e ~ CH, N l ~CH7CHO(CH, ) ,0~C,,H
HH
m/e 368 pu A~ 3Ho
HZG\) Z +o
0 Hy= OH

m/e 194

The formation of this rearrangement ion is supported by a

metastable transition.
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(2) Anol - B vond cleavage (w.r. to the butoxy oxygen)
with transfer of hydrogen in exactly the same way as above,
leads to another alcohol ion--of m/e 238 (0.42% Relative

Abundance).

H C.H
/ o o< O\Ei . CH
0 ,CH-0C H.- H.CQ ;
m 7 ~/(’1?2 4797 27 cr.0” ] 2
CH,0-CH,~ ,c\ 2
CH,0H
m/e 238

(3) Cleavage at the aromatic (C=C) bond of the parent ion
+
yields the CH,= OH ion of m/e 31,

O3ty m -GHZ.-:CHO(CH )20-—0 h: 8
5,0y 3% \(,, CH-0-(CH,) ,0-C B
0 C 5 T
VA -t O\O
H H
CH,= “o-m
m/e 31

The weaker dbundancesof ions 238 and 31 are understandable in
view of the preferential charge localisation on the end-

oxygen atoms of the polyether side chain, Added to this is

the fact that the ion 238 eliminates a molecule of 02H4 and HZO
to give an aldehyde of m/e 192. This reaction is typical of

an alcohol.c - Hﬁ: o E
H,yC{ H(cm, -H,O \
O N A« o> 2 2

m/e 238 m/e 192 _g H

H,C{ ]:) CHO

(149)

L
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Fragmenteation of ion of m/e=194
0,

POt
0% H,OH

2
137

(m/e 109)

HZOH

/ H . 0N H
HyCS T 4 (mfe=194) -CH, e e
CH,-OH' —
0 CH,O0H
CH 0 =t
———)HZC\O)C( X - HZC\JCL
CH,O0H ¢~ tH,-0H
151
-H*
0~_. CH
HGY 3
0 H,0H
165

V

Fragmentation of the Species of m/e=238

C-H +
iiigy-0H2-0-0H24gtg:F_ 0 L

238

C-H

37
Q/"
}

O-"CSH2

Lol 0 =

274

e O

l-co,  J3™
* 0
- 0-CH,

B0 = c«%%?fo
ﬁL (191) V~VH,
H7i§%?— .
-—8H2 E—
H30

Scheme 16=b TFragmentation Pattern
for Piperonyl butoxide

(m/e=164)

135

' » C5HO

=CO

—> 05 50—-?- C4H2

81 50

(78)

-CH,0H f

Hy ]E:I:(*\~CH

J:’SB 4(05 20)
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The ion 192 suffers a series of cleavages characteristic

of an aldehyde to give the major ions in the spectrum.

Thus loss of the aldehydic hydrogen yields the species of
m/e 191 which subsequently eliminates the CO molecule to
give m/e 163 « The ion of m/e 163 leads to a metastable-
transition-supported rearrangement species of m/e 135 by
loss of 02H4. The structures of these ions are given in
Scheme 16-Db,

Ion 238 eliminates C3H§ and CH,0H® to give m/e 164
0

having the /7 N\ structure.
H, 0\ /@ +
0 CH, - 0 = CH

2 2

The alcohol ion_of m/e 194 also undergoes a number
of cleavages as illustrated in Scheme 16-b., Ion 137 (one
of the daughter products) is assigned an orthoquinonoid
structure in accordance with its abundance while ion 109
formed from it by the loss of CO is postulated to have the
cyclopentadienone structure.

Finally, loss of the CBH% and the polyether sub-
stituent from the parent ion leads to the dioxybenzene moiety

of m/e 120, having the following structure:
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+. +
0 - 0

/ N ~ O\\ + 2

CT Je 2 (o) De- 1 <> [0 Jen
0
m/e 120 n/e 119

This, on subsequent loss of a H* leads to the species of
m/e 119 which has been assigned a structure as suggested by
Biemann et at79 in their work on dioxy benzene compounds.
The spectrum of piperonyl butoxide is thus instruc-
tive as it shows characteristics of an ether, alcohol and
aldehyde in the same molecule, Further, an odd electron
ion is the base peak in the spectrum in contrast to an even
ion, as this leads to the resonance stablised tropylium ion

structure.



Part v) Comparison of medium vs low resolution mass

spectromety in the study of pesticides
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v) Comparison of medium vs., low resolution
mass spectrometry in the study of pesticides

As mentioned in the experimental section, the various
pesticides were studied using the low resolution (  250)
Bendix Time-of-Flight mass spectrometer with a view to test
its applicability as a means of identification in comparison
with medium resolution (1000) MS-12 single focusing mass
spectrometer,

The results of this comparison for the organophosphorus,
thio and dithiocarbamate, organochlorine and the miscellaneous

pesticides are discussed separately below,

Organophosphorus Pesticides
The dimethoxy phosphorus pesticides, DDVP and Phosdrin

had all the significant ions in their low resolution spectra.
(Ions of m/e 220 (Parent Peak), 185, 145, 113, 109 (base peak)
and 93 in the case of DDVP and m/e 224 (Parent ion), 192, 127
(base peak) 109, 93, 79 in the case of Phosdrin). Although
the other ions observed in the MS-12 mass spectrometer were
not prominent here, these major ions alone could characterise
the spectra of these compounds., On the other hand, the mole-
cular ions were absent in the spectra of the diethoxy
phosphorus compounds as they had molecular ions of m/e > 250,
Further in carbophenolthion only ions characteristic of the
(02H50)2 gzs species and the base peak at m/e 157 were
evident. Ions of m/e 190, 154, 143 and 126 indicative of
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its bisthioalkane nature were absent, thereby hampering
the identification of this pesticide. Similarly, in the
case of 0=-2, 4 dichlorophenyl O, o=diethylthiophosphate,
ions resulting from the cleavages of the(P-0) and (C=-Cl)
bonds were absent,(e.g. ions of m/e 282, 281, 253, 246, 225)
due to the low resolution of the instrument. Although the
base peaks at m/e 223 and 97 as well as the species of n/e
171, 162, 161, 109 and 67 showed up in the spectrum, absence
of the above ions at the high mass end would cause difficulty
in the identification of this compound. All the major ions
(excepting the parent ion) of m/e 209, 153, 97, 88, 63 and
57 (base peak) were detectable in the spectrum of tributyl-
phosphorotrithioite, thus facilitating its identification.

- The thiocarbamate pesticide, Eptam, showed up all
the intense ions at m/e 189 (Parent peak), 160, 128, 89, 70
and 43 (base peak)., The closely related pesticide, Perbulate,
also had all the major ions (m/e 160, 132, 128 (base peak),
72, 57 and 43) in its spectrum. The parent ion which was
weak in the MS-12 mass spectrometer was absent in the Bendix.
But for this, the identification of these two compounds should
be feasible in the Bendix,

The parent peaks in the spectra of the chlorinated
butyl and isopropyl esters of 2,4 D were absent in the
Bendix as the m/e values of their molecular ions were greater
than 250, But the major ioms of m/e 185, 175, 162, 145, 109
were present in both the spectra. The base peak at m/e 57
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for the n-butyl ester and at m/e 43 for the isopropyl ester
could distinguish the two in the absence of the molecular

ion., In the spectrum of Kelthane again, the parent peak at
m/e 368 as well as the ions at m/e 253, 252 and 251 was absent.
Only the major isotopic peaks at m/e 193 and the base peak

at m/e 139 were evident. The identification of this pesti-
cide was therefore difficult in the Bendix,

The characteristic naphthalene spectrum and the
major ions at m/e 200 (Parent ion) as well as 141 (base peak)
in the case of the methyl ester of 1-naphthalene acetic acid
enabled its identification with ease, The absence of many
of the major ions in the spectra of Allethrin (from m/e 302
to m/e 168) and piperonyl butoxide (from m/e 368 to m/e 193)
in the high mass end failed to characterise these compounds
using the Bendix Time of flight mass spectrometer,

In conclusion, then, the Bendix Time of Flight Mass
Spectrometer cannot be applied as a general purpose instru-
ment for the identification of the various pesticides due
to its low resolution, low sensitivity and absence of meta-
stable ions, The AEI, MS-12 medium resolution mass spectro-
meter has the required sensitivity and also it gives the
metastable ions., This instrument, may, therefore, be preferred

in the qualitative identification of the several pesticides.
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CONCLUSION

The mass spectra of the organophosphorus; organo-
chlorine; thiocarbamate; dithiocarbamate and the miscellan-
eous pesticides presented in this thesis had three major

goals:

(1) +o understand the various fragmentation
processes which enables one to explain the
formation of the various ions found in the
spectra,

(2) +to understand the various mass spectral
features of a compound by a detailed inter=-
pretation of its spectrum,

and (3) +to facilitate the identification of these

pesticides in a mixture or redisue and
thereby to serve as a reference index,

It is hoped that this work fulfills these aims, at least,
in a modest way.

The use of high resolution measurements, isotope
labelling studies and appearance potential determinations,
perhaps, would have gone a long way in establishing and
confirming several of the peak assignments made in this
study. This is yet to be achieved., 1In addition, the com-
bined use of the gas-chromatographic-mass spectrometric
technique would have been of value in the analysis of several
pesticide residues, As a preliminary to this study, the
organophosphorus pesticides were examined in the GLC-MS
combination, However, the spectral features remained the

same as those obtained using the MS technique alone, Further
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work in this direction may throw much light on the mass

spectra of the organochlorine and thiocarbamate pesticides,
In spite of the above limitations, the work was

concluded with the only belief that "it is better to

complete an imperfect work than a perfect work",
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INDEX OF PESTICIDES




(iii)

TABLE-1

CHEMICAL NAMES AND STRUCTURES OF THE
PESTICIDES EXAMINED IN THIS WORK

(a) Organo Phosphorus Pesticides

Chemical Name

0,0=Dimethyl 2, 2-dich~
lorovinyl phosphate

0,0-Dimethyl O-(2-carbo-
methoxy-1-methyl vinyl)
phosphate

0,0=Dimethyl phosphoro-
chloriedothionate

0,0-diethyl o=2,4
dichlorophenyl thio-
phosphate

0,0-diethyl o,-p-nitro
phenyl phosphorothioate

0,0-diethyl o,=p-chloro
phenyl, s,st!-hethylene
bisphosphorodithioate

0, 0, 0',0'-tetra ethyl,
S, St'-methylene bis-
phosphorodithioate

Tributyl phosphoro
trithioite

Trade Name

DDvP

Phosdrin

Parathion

Carbephen=-
olthion

Ethion

Merphos

(b) Organochlorine Pesticides

2, 4 dichlorophenoxy
acetic. acid, butyl
ester

2,4 dichlorophenoxy
acetic acid, isopropyl
ester

2, 4=D
butyl
ester

2, 4=D
isopropyl
ester

0

[
(OH50)2P—OCH=0012

0 CH

w25 ,0
(CHBO)ZP-OC =?°\0033

H

N

(0H30)29-01
cl §

Clq(ELjhO-P(OCZH5)2
S

1} —
(C,H50) ,P-0-0 y~-No,

5
i
(C,H0) ,B-5=CH,-5-{0 01

" i
i

(C4H9S)3P

Cl 0

i
Clﬁi§j>OCH2-C—O—C4H9

1 -
cm{ﬁj&ocnz-o-o-CH{ 5
CHi



(iv)

1, 1=bis(4~-chlorophenyl)
2,2,2,~trichloro ethanol Kelthane

(¢) Thio and dithio Carbamates

Swethyl,N,N=-di-n-propyl

thiocarbamate Eptam
(EPTC)

S-propyl N-ethyl N-butyl

thiocarbamate Perbulate
2=Chloro allyl N, N=- Vegadex
diéthyl dithiccarbamate (CDEC)
Ferric dimethyl dithio-

carbamate : Ferbam
Zinc dimethyl dithio=-

carbamate Ziram
Miscellaneous Pesticides

3,4 methylene dioxy-6- Piperonyl
propyl benzyl n-butyl Butoxide

diethelene glycol ether

dl=2=allyl=4=-hydroxy=>=-
methyl-2=-cyclopentam=1-
one ester of al~-cis trans-
chrysanthum monocarboxylic

acid Allethrin

1=Naphthalene acetic acid
methyl ester

OH
1 .
{2 § (T

col,
NetmSmC
(C5Ho) N=C=5=C,Hy

]

]
(GZHE)ZN—C-SwC%?CclsGHZ

(KGH3)2E~Cé>3Fe

[{GH3)2N—CSJ2 Zn

0

H,0{ I:)/CBH7
20 P CR,0-(0,H,0) 46,

GH

¥ go_zill;GH:CH;
(CH3>‘2‘V :

H =C(CH$)2

. | 0
(e 2 "
‘-O CH 2(}-(;3033
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(v)

TABLES OF MASS SPECTRAL DATA




(vi)

Part i) Organo Phosphorus Pesticides




(vii)

TABLE-2
DDVP
% Relative
m/e Abundance Ton Assignment
0 +
220,222,224  12.5,8.4,0,9  (CH;0),P-0CH=CC1, °
+
185,187 50, 20 (cago)zﬁ-ocﬁ col
N
109 100 (CH70) ,P=0
95, 97, 99 6.5,4.5,2.5  CHOCL,"
+
93 6.0 (CH;0),P
83, 85 8.5, 5.3 CHC1,
+
79 35.0 CHOPOH
+o 37
78 3.5 CHz0PO and OCHCCL (2.6%)
35
76 7.8 OCHGC1
o+
65 1.4 H,P0,
+
63 1.4 CH;OPH
62 2.8 CH30P+'
+e
60 6.3 CHOP  and CH=CC1
+ 27 +
49 4.0 H,P0" & CC1
+e
48 6.0 POH
. 35
47 27.5 pot & 601
35 37

36, 38 10, 3 HO1, HCL



(viii)

% Relative
n/e Abundance Ton Assignment
35 37
35, 37 1.5, 0.4 cl1, C1
31 8.5 (GCHB)+
30 1.8 (OCHZ)T
29 11,3 (cHO)*
18 72.5 (520)+

15 52,5 (Cﬁa)+



224

193

192
164
’141

140

127
124
109
96

95
93
79
o7

59

(ix)

TABLE=3
PHOSDRIN

% Relative
Abundance

10.0

10.0

42,5

3.4

3.0

2.0

100.0

2.3

25.0

1.9

4.3
3,0
8.3
20,0

4.5

Ton Assignment
5 s 0 . ¥

CH

0 3
(CH,0) %-oé — CH '0.CH, or

+
(GH30)2P020(0H5)0300

o

CH O~PGZC(CH3)CECDZCH3

2
+
(CH30)2P0203H3
, +
(0330)2 P(OH)(OCH3)
. -+
(H50), P(0)(0CH;)
+
(CH3O)2 P(OH)Z
T
(CHBO)BP
+
(CH30)2P=O
o+
CHBO - P(OH)2

o}
0H5O-P02

+ +
P(OCH3)2 or GHQO-PGZ

o
CHBOPOH

4
H,P (OH)2

ot
3020H3



55

43

31

15

m/e

(x)

% Relative
Abundance Ion Assignment
+
N
20,0 OCCH3
+
3.0 OCH3
22,5 cut¥



(xi)

TABLE-4
0, O-DIMETHYL PHOSPHOROCHLORIDOTHIONATE

% Relative

m/e Abundance Ion Assignment
+
160, 162 85.5, 35.2 (CH;0), PS(C1)
134 %.8
+
132 38,0 , (OH)2 PSCl
+
130 85.5 H P(0CH;) (S) (1)
+
129 20.0 CHBO P (S) (Gl)
R
127 4.3 CHOPS CL
+
125 57.0 (GHBO)zPS
+
116 2.9 HP(OH)(S)(C1)
4+
115 4.3 P(oH)(S)(C1)
-
114 3.8 OPS(Cl)
+
99 3562 HP(S)C1
+
98 568 P(S) c1
+
94 3.8 CHSG PS
+
93 18.1 (CHz0) 5P
+
80 6.7 HOPS
+
79 219 CHBO PHO
+
64 8.6 HPS
63 21,0 (ps)*

62 6.7 (GH309)+



(xii)

% Relative

m/e Abundance ‘ Ion Assignment
+ o+
49, 48 3.8 (H,P0) & (HPO)
47 64.6 (po)*
46 4.3 (cH,8)"
45 6.7 (cus)*
44 19.0 (es)?
31 14,3 (gf}Ha)
30 3.8 SCHZ

29 15,2 *ocu



(xiii)

TABLE = 5
0-2, 4 DICHLOROPHENYL O,
O-DIETHYL THIOPHOSPHATE

% Relative
m{e Abundance Ion Assignment

314,316,318 9.6,7.5,1.2 01206H30P(S)(002H5)2

+
279,281 100, 41.6 010H30P8(062H5)2
+ .
269, 271 1.8, 1.2 01206330PS(002H5)
: +
251, 253 154, 6.7 0106H30P00235(SH)(0H)
246, 248 4,9, 7.3 C1C gHO0P ( S)(OCZHS)(CHZ)
243 3.8 CGHBOP(S)(OCBH9)(OCZH5)
+

242 1.1 01206H50P(SH)(0H)

+
241 5.8 01206H30P(=S)(0H)

+
223, 225 50.0, 15.9 0156}1309(:3)(01-1)2

+ +
224,226,228  5,0,3.8,1.1 C1,04Hz0PS* or ClCgH,0P(OH),(SH)

222 3.0 CICBHBOQP(OH)(S)
o+
209 2.3 012C6H309(OH)
4
205 1.3 01206330st(03)
198 3.8 -
+
190 1.0 C1C  H,OPSH
+
189 1.2 C1C H;0PS

o+
188 1.0 C6H30P(S)(OH)2_



(xiv)

% Relative

m/e Abundance Ion Assignment
+
173, 175 3.8, 1.3 C1C HA0P0
+
171 8.8 CGHBOP(OH)(SH)
.i.
170 1.4 06H30P(0H)(S)
162 41,7 )
164,166 21.9, 3.8 012063505
+
161 745 01206330
+
153 2.3 (02H30)2P~S
145 1.2 C1,CcH,
o
143 2.8 (GHBO)ZP(OH)(SH)
+
142 2.3 (CHBO)zP(OH)(S)
+ +
138 3.4 (CZHBO)ZP—OH or C6H30P=O
135 6.1 3
+
133 9.2 ) C5H4CL,
+
128 4,6 (CH90)2PSH
+ +
125 1.7 GZH3O-P(0H)(S) or (CEBG)ZPS
e
123 5.0 (cazo)ays
+
111 3.9 62H50 PH(OH)2
+ +
109 29.2 023509(0)(0H) or 0235OP(H)(S)
+
97 50 (HO)2PS

96 1.3 HO;(O)(S)



(xv)

% Relative

m/e Abundance Ton Assignment
+
94 3,1 CH5OPS
+
91 1.5 C gHs50
+ +
81 7.1 (Ho)29=0 or H=P(CH)(S)
+
80 1.4 HP(0)(S) or HOPS
+
T7 4,2 CHEPS
3
76 2.1 CHPS or CS,
| +
5 364 G6H3
+
65 12,1 P(0H),
+ +
64 1.5 HOP=0 °* or PHS®
+ +
63 11.7 (PS) or 0533
+
51 2,2 C s
+
47 5.4 (PO)
45 4.6 “002}15
36,38 1.7, 4.1 HOL
35, 37 11, 0.4 c1
+
54 1.5 H,S
31 1.5 +00H3
29 23,0 02H5+ or cHot
+
27 15.0 CoHs
26 7.1 cm’
° 272
+
17 21,1 OH



291

274

263

262

261

247

246

218

189

188

187

186

(xvi)

TABLE = 6
PARATHION
% Relative
Abundance Ton Assignment
S
1
60.0 (C,HZ0), P-O- @-—-1\102
5.0
S
+y
11.0 GZHSO-P-O-«@-NOZ
) |
OH
+
3,0 02350— PSOZC6H4N02
o
S+
"
1.2 C,H-0=P=0—<)—NO
2757 3 2
H
+//S
+. ¢S
9.0 H5'PS /@*NOQ
¢}
+.0S
2.4 HZP‘O Vo 0
+//S
+e
400 S=P —0-—@-: O

21,0 HP§C6H4N02



(xvii)

% Relative
n/e Abundance Ton Assignment
+o
185 1.5 PS G6H4H02
H
172 5.2 HP-0-{ © ?
4+ ‘
170 3.7 s=P-0-( 0 >
167 11 -
156 4.6 -
v +
155 25,0 POSC6E4
+
153 8.0 (C,H50) ,P=5
150 7.0 -
14‘2 8.0 -
+o
139 46,0 HO «>—-NO,
+
138 7.0 OC6H4N02
137 31,0 A
127 3¢5
126 5.2
125 40,0
124 8.0 Fragmentation of
123 2%.0 7’ Para nitrophenol ion
moiety
122 5.0
121 8.0
120 1.5
115,114 3.1

111, 110 7.0 J



(xviil)

% Relative

n/e Abundance __Ton Assignments
H\'l"
sP= S
109 70.0 H5020
+o
108 12.1 CZHSO—P=S
99 603 -
&
97 100.0 (BO),P = §
+o
96 8.0 HOZPS
+
95 2.7 0,8
+
93 22,0 02550~?= OH
+eo
92 7.0 C2350¢P=0
91 500 =
82 5:8 -
81 38,0 -
80 10.0 -
+
79 4.3 POS
T7 5.0
76 9.0
75 11.0 gé
71 3.1
68 1.7
67 2.9 v

-+
65 2.50 P(0H),



64

63

62

61

60

59

58

57

56

55

54
53-51
50,47
46
45, 43
44

41

39

38
35,34
31

30

29

27

(xix)

% Relative
Abundance

15.0
21,0
10,0
9.0
5.9
4.5
2.5
6.9
2.0
6.5
2.7
7.0
12,0
2.5
10.0
30.0
7.0
11.0
8.0
3.0
6.0
10.0
50.0
4.0

Ton Assignment

Fragmentation of the
aromatic moiety



(xxi)

% Relative

g[g Abundance Ton Assignment
+
122 5,5 CH,SCH,
121 55,0 (02H53)29
+
113 1.8 HSZE(OH)
ES
112 1.5 S,P(0H)
’ +
111 2.6 CgH, 01
109 5,0 ¢,H-0 PH(S)
2"5” +
+
99 Zed CSH401
+
93 1342 C,H5O0POH
77 2.5 CHSZ or PH(OC,Hz)
+ +
65 20,0 H,PS or P(OH),
58 6,8
47 4,8 GHESH
+
45 29,1 OC,Hy or CHS

o+
29 15,5 5



m/e
342, 344
199

189, 191

171

157, 159

158
154
153

146
145

144
143
142
141
129

127

125

(xx)

PABLE - 7
CARBOPHENOLTHION
% Relative
Abundance Ton Assignment
T2.T7, 29.5 (02H50)2P820H2806H401
+
273 (02H50)2P820H2
+
4,6, 1.5 SCHZS 06H4Cl
, +
OH
1000, 45.5  CH,§ C,H,C1
+
9.1 02H50 PSZH(OH)
+
8.2 (GQHSO)ZPSH
+
50,0 (02H50)2PS
2.3
+
4,5 HZSC6H401
+
8.2 H806H4Gl ¢
+
1.4 506H401
261 SCHZSPSH
+
1.1 02H5OP82H
L
6.8 (HD)2P82
+
2,0 HP(0H) S,CH,
+



186
170
158
157
154
153
142
141

137
130

129
127

126

125
122

121

(xxii)

¥* 1]
ETHION (02H50)2P320H2SP(002H5)2
mn/e % Relative
. Abundance Ton Assignment
+o
28.9 C4H1102PS2
+
2.7 C3H702P82
+
+
3,20 62H602P82+
5.3 (CZHSO)ZPSH
+
+
13.6 CH3P83
+
8.0 C2H50P82H
18.7 -
+o
5.3 (OH)ZPSZH
+
15.3 (OH)2P32
+
2.3 HP(OH)82CH2
+
4,6 (Ho)Psch2
. S
28,9 (CZHSO) P OH
+
3.6 C7H6S
6 § g
3 . 9 =

115

* . .
Parent ion is absent



114
113

112
109

108
99
97

96

95
93

91

81
80
79

78
7
76
65

64
63
62

n/e

(xxiii)

% Relative
Abundance Ton Assignment
1 0 '} 5 -
+
15.8 HszP(OH)
+
2.6 PSZ(OH)
o+
27.2 CZESOPH(S)
+
8 & 5 b
EN
100 (Ho)szs
+
%
- OH
+
13.6 POZS .
62,1 CZESGP=DH
+
3.2 02H30P=OH
1 1 ' 5 HO‘*H“S
+
1 5 o 3 HO""‘PgS
+
6 & 8 CH30P=GH
15,3 H,P(0C,Hy)
2.9 PH(OGZH5)
+
2.2 POCZE5
+
96,6 HZPS
+
16.7 HPS
+
5304 PS

+
10.9 POCH3



61
60, 59
49
48

47

46

45
44
43
42
41
35
34
35
29

(xxiv)

% Relative
Abundance

Ion Assignment

16.7
15.3
3.4
8.5

34.0

25.5

34

5.1 N
11.9

2.6
.
6.8
11.9

6.8
68,0 \V,

oo
POCH2

Fragments from
0C 2H5



(xxv)

TABLE - 9
TRIBUTYL PHOSPHOROTRITHIOITE

% Relative
m(e Abundance Ton Assignment
+eo
298 46,2 (C4H93)3P
+e
242 8.5 (C4H9S)2PSH
210 11.5 (G4H98)2PH
+
209 88,5 (C4H9S)2P
S¢. H
187 1.6 " -/%’ 479
sH sE*
N
186 3.9 C4HgSP(SH),
+,SH
185 4.8 C4H98F<SH
+
JSH +
155, 154 3.2 Biso,, PSH(SC,Hg)
o4
153:- 30,0 (G4H9S)PSH
+eo
152 345 C4H98PS
+
151 1.2 C,HgSPS
+
131 145 H:P(SH)3
+ +
129, 122 4.9 SP(SH)2 & H2P504H9
+- + e
121, 120 2,0 HPS C4H9 & PSC439

119 4.5 G4H8SP



(xxvi)

% Relative
m/e Abundance Ton Assignment
7 + SH
112 167 HP SCHB
+
99, 98 1e1 HZP(SH)2 HP(SH)2
+
97 11.5 P(sH),
+o
96 1.9 HSPS
90 865 C4HQSH
+
89 4,6 C4H98
+
88 30.8 C4H88
87 2.4 a
86 9.2
85 6.9
84 2.3
83 TeT Fragmentation of C4H83+
82 369
o ae
79 1.6
17 2,3
75 4.4
T4 163
13 1.4
69 2,0
63 11.5
62 361
61 6.9 \U




57

56
55
54
53
A7
46
a4
43
42
41

40
39
36

% Relative
Abundance

100

27.7
24.6
2.4
4.1
12,7
3.4
1,6
22,3
4.5
76.9
2.7
16,2
4.5

(xxvii)

Ton Assignment

+
C4Hg

Fragmentation of G4H9+



(xxviii)

Part ii) Thiocarbamate and Dithiocarbamate Pesticides




189

160

131

128

89

86
75, T2
70

62
59,60
58

56
47
44

43

(xxix)

TABLE - 10

% Relative
Abundance

EPTAM

JTon Assignment

62.50

14.5

1¢5

93.8

13.8

42.5
2.4

10.0

e

L]

(0337)2E60302H5
+
CBH7E(CH2)GOSCZHSQr (c3H7)2Ncos

+
(OHZ)ZNCOSCZHEOr 03H7—N(GH2)CGS

+
(C3H7)2NCG

+
CZHSSOO

+
03H7ﬁHGO

CH3860+ & CH,NCS resply.

+
(CH2)2N00

s
HNCS & COS  resply.
CH,NH,CO

F
CH,NCO
+
H,NCO

+ +
HNCO or 03H7



42
41
40
39
36, 34
30
29
27
26

% Relative
Abundance

11.3
20,0
2.1
Te5
1.1
Te5
37.5
25.0
361

Ton Assignment

Fragmentation of C3H7+



(xxxi)

TABLE - 11
PERBULATE
% Relative
m/e Abundance Ton Assignment
C4H9 +
203 33.3 A
) 02H5N-00505H7
®H9  om *
CH, *
1 .
160 8.2 CQH5N - COSCBH7
OH
%
132 5.4 C4H9N C =8
€4y
129 8.5 C2H5N HCO
G489
128 100 CZHBE Cco
Wy
+
103 3.9 03H7SCO
+
100 4.8 C4H9NHC0
+
98 4,0 C4H8N€O
08
..l..
90, 89 2.7 OﬁzNCS & 02H5-SCO
+
84 8.6 93H6NCO

+ +
712 75.0 CH,NCS & CZHSNHCO



71

70
61

60

59
58

57

55
54
53
44
43

42

41
40
39
38
37
34
33
30
29
217

(xxxii)

% Relative

Abundance Ion Assignment
+
Te1 02H5NGO
+
2.5 CzﬁqNCO
+
1.7 02H58
+
1.5 SCO & CQHgs
+
1.1 HNCS
26,4 (ves)*
* +
94.3 CHBNCO & C4H9
+
10.0 C4H7
+
1.6 C4H6
+
1.2 C4H5
10.0 H2NCO
+
T1.4 C3H7
27.9
78.6
4.4
19.3
1.7 Fragmentation of 03H7
1.1
4.8
1.3
12.9
64.3
34.3

o4



n/e

223, 225

195, 197
194

191
190
189
188

167

152, 150
149

148

142
117

104, 89
88
87

77, 76
75

(xxxiii)

TABLE - 12
VEGADEX
% Relative
Abundance Ion Assignment
+
H
L]
2.3, 1.5 02H5m NCSZCHZCCI = CH2
+
1 63 Csz“" NCSZGHZCCJ‘ = GH2
14’0 3 had
11.3 _ -
100 (CZHS)ZNCSZCHECCHZ
+
1.0 NEﬂSZHCchechZ
+
1.1 HCSZCHECGZL:GH2
+
1.6 CSQCH2C01=CH2
+
2.3
N
+
2.5 CZHS2
27.5 OZHSNECS
+
3¢5 CZHSNGS
+
6.8 Gszﬂ, ESZ resply.

+
7.8 03H481



T2
71
70, 62

60
59
58
57

56

55
54

45
44
43

42, 41
34

29
27

(xxxiv}

% Relative
Abundance Ton Assignment
+ +
%25 GquS or CHZNCS
+
2.3 C3H38
+
1.5 C3H28
o+
25 NHCSH
+
5.5 NHCSH
+
2,5 NCS
+
+
9.0 02H4N=GH2
+
9.3 02H3N0H2
+
5.0 02H2NCH2
5.8 cus”t
30 as*
+
3¢5 GZHBN
6.3 02H9N & GZHBN resply.
+
5.8 HZS
+
3245 02H5

+ +
25.0 02H3 or HCN



Part iii) Chlorinated Pesticides




(xxxv)

TABLE - 13
2, 4-D, ISOPROPYL ESTER

% Relative
m[e Abundance Jon Agssignment

+
262,264,266 32.2,23.2,3.5  Cl,.C¢Hz0. CH,.CO,C5H,
+

220,222,224 8.1,5.3,0.7 C1,.CcHz0.CH, .CO,H
+
219,221,223 2.8,2.6,0.5 C1,.C¢H0.CH,.CO,
.«}.
185, 187 9.3, 3.0 ¢1.C H,0.CH,.CO,H
’ ’ 6737 VRV
176,178,180 7.0,4.2,0.5 C1,.CcH;0.CHy

-+
175,177,179 39.4,25.5,3.5 C12°06H30‘GHE

+
162, 164 27.8, 23,2 C12.C6H30.H

+
145,147,149 10.0,7.4,1.6 C1,.CgHs
o+

110, 112 7.2,2,5 C1.C4Hy
+
74 4.4 CgH,
o+
57 2.1 CHCO,,
+
59 0.7 C 4Hy
+
4% 100 CHy
+
41 23,2 CH



(xxxvi)

TABLE - 14
2, 4-D, n=-BUTYL ESTER
% Relative

n/e Abundance Ion Assignment
276,278,280 90,0, 60,0, 100 612.06H30.0H200204H9+
220,222,224 9,5, 6.5, 1.0 C1,4CgH504CH,C0,H +
185, 187 23,5, 9.5 cl.§6ﬁ30.CHzco2H
176,178,180 5.0, 4.5, 1.1 312.06330.033*
175,177,179 23,5, 17.0, 5.0 012‘66355.9Eé
162,164,166 22,0, 15,0, 2.6 C1,.CgHOH +
145,147,149 13.4, 10,0, 3.0 Cl,.CgH 5

146 4.0 -

109 9.5 -

57 100 C4H9+

43 7.0 C5H, "

29 50.0 CoH: "



m/e

568=378

316-324

269,271,273

250,252,254

240-248

210

193-199
170,172
140, 142
139, 141

111, 113
105

104

(Xxxviij

TABLE - 15

KELTHANE

% Relative

Abundance Ilon Assignment

CCZL3

%
O.6 1‘0 O.6 Cl.c’ .G "'C H 01
0.20 wer 6"4 . 674

+
3e445.5,2 cl.C ¢(cci,)c . H,C1
0.5, 0.1 ... 6% 277674
3e4y 344, +
160 c0oe 0534.0(0012).06H4Cl
11,8, 6.5, ¢ v ks
101 ClcC6H4oC"'C6H4ClO
102, 1073 009, - +
008’ 005 o & e C.C13-0.06H4C1
T

11.8, 10,6,
2.8, 2,8

2,7, 1.6

605’ 105
100, 24,7

29.4, 9.4
245

1e4

OH

"-
+

0012‘C°G6H4

01.06H4C.0H
4=
Cl.C6H4CO

+

61.06H4
==

C6E40.OH

L
365400



99

76
15
14
63
51

50

(xxxviii)

% Relative

Abundance Ton Assignment
+

2.4 65H401

549 06}14‘“

15.6 C6H3+
4

ZeT 06H2‘
+
4
-‘-

6.8 C,H

472



(xxxii)

Part iv) Miscellaneous Pesticides




(x1)

TABLE - 16

1-NAPHTHALENE ACETIC ACID, METHYL ESTER

200
142
141
140
139
138

128
115

114, 113
89

1

70

69

57

39

% Relative
Abundance Ton Assignment
o+
96,7 CmH.?CHZCOZCH3
+
33.3 011310
ofe
100.0 01139
+
+
117 G11H7
+
1.0 01136
1.0
1.8
1.0
1.8 X
Fragmentation pattern
7.0 due to naphthalene
1e4
167
5.0

1@1



(x1i)

TABLE - 17
ALLETHRIN
% Relative
n/e Abundance Ion Assignment
R R? .
302 ToT (CH3 ), C=CH g_o___[:flz.,cnzcﬁ=cﬁg
HsC 0 (Parent)
CH
3
+ CH20H=CHZ
178 161 co, RS
0
=
02}1
168 10,2 (CHz) 7~
+ CHz
153 5.4 0 = C-O‘Q“Gﬁz
+
151 1.7 RCZ0
4
CO,H
2
136 27.7 H0 /
CZCH3
0
i}
C=0
125 4.6 cHS /
C\op=
CH=C(CHy),
123% 100,0 R*

122 2.5 (R-H)?



(x1ii)

% Relative
m/e Abundance Ton Assignment
121 3.4 (R-2H)*
CH
113 1.2 (c8,), ¢{|
372 "Ny

+

111 36T CHBC=C CGZCH=CH2
+
110 3.1 (CHy) ,C=CH-CH=C(CH,) or
CH3C = CCOZGH#CHZ

109 10,2 )
108 4,0 ) Successive loss of H® from m/e 110
107 30,8 )
94 1.9 Collyg
93 12,9 CBg”
91 17,2 G7H7+

+
85 1e4 05H90
83 4.0
82 4,6
81 18,2 Success.loss of H° from 05H9O+
80 4,0
79 24,6
78 2.8

17 869



71
69
68
67
66
65
55
54
53
44
43
41
40
39

29
27

26

% Relative

(x1iii)

Abundance Ton Assignment
o
1.2 OZC&H=CH2
.!»
945 0539+ or Of.C=CH
+
+
S
+
+
N
12,3 C4H7
+
+
130 C4H6 or GBHZO
+
1062 O4H5
+
562 02H4O
4
21,5 62H30
+
+
+
15,1 03H3
11.7 cuo*
+
10,8 02H5
7ok o, m.*t

272



(xliv)}

TABLE - 18
PIPERONYL BUTOXIDE
% Relative

m/e Abundance Ion Assignment
s Pty %

338 7.7 HyON /I\OIHZO"(CH2)2°'(CHZ) 20-C g
O/ Xy CH -7+

195 1.4 H20<o:©:cr312§“ 032,0320;

194 26,0 CoB1004"

193 8.0 C4oH1505

192 9.3 CypHy 05

191 562 CypH 505

190 1.5 0121{1402?

183 2.6 C0H505

178 6.5 CyqHy, 05

177 41,0 CyoHgOs "

176 100 0“111202"r

175 5.0 C4,H; 50 Tor c Hyq0,

173 2.1 C, ,Hy50 *

166 1.8 09}11003“2‘

165 16.6 CgHgO5 "

164 3,2 093803?'

=
163 7.7 C40H1100



m/e

162
161
159
151
150
149
145
135
131
119
115
107
105
103
101
93

N

88

87

79

7

75

73
65

% Relative

(xlv)

Abundance Ion Assignment
3,2 C4oH1005
4.6 CqqHy50"

*
3.2 CgHy505
2.6 Cgliy0% *
2.1 CgH.05 *
13,7 09H1002*
4.1 Coll, 505"
6.0 CgH0, ©
2,1 CqHy50,*
5.9 CoB50, ©
1.7 CcHy 40,7
15.0 CyHoO *
346 CHg0 *
2.1 CoHz0
1.4 CgHy50"
2.0 CeHs0"
549 C6H30+

+
1.2 C,Hg0,"
1.7 CgHy40"
5.5 S5H30+
10.0 0,C5Hq

+

3.6 0,CH,
1.3 0,C5Hs
2,8 05H5+



n/e
58
57

45
44
43
42
41
31

29

% Relative
Abundance

(lei)

Ton Assignment

1.6
18,7

15,0
2,0
6.3
Te3
12.7
1.8

12.3

+
0C:H
;26
003H5
+
002H5
+o
00254
+
OCZH3

+o
002H2

+
O3l
+
CHZOH

12,3



C)

(xlvii)

TABLES OF METASTABLE IONS




(xlviii)

Compound m, m, m¥*
Observed Calculated

i) Organophosphorus

Pesticides
Phosdrin 109 —2 s 19 57.3 5725
79 0 0 49 30,4 30439
93 T°H0 . 63 42,7 42,68
DDVP only 220 =" o 485  155.4 155,56
Phosdrin only 224 ~C=CCO,CHz 4,4 88,9 88,90
127 B0 o 109 93.5 93,55
(b) 0,0-dimethyl
phosphoro=- ~CH.S
chloridothionate 125 27 o 79 49,9 49,90
79 TUOH 4y 27.8 27,96
(¢) Transitions
common to the
0, O-diethyl
phosphorus -C.H
compounds 153 2 4; 125 102.1 102,11
125 '0254; 97 75.9 75.87
=CH.,CHO
1 10 o6 .
53 3 : 9 T7 T77.68
=C,H
109 274 3 81 60.2 60,18
(d8) Carbophenol- -C.H. SC1°
thion 342 674 ) 199 115.7 115,77
199 “Cﬂzsre 153 117,7 117,63
121 “Oofy 93 1.4 71,48
(e) Tributylphos- -C H

phorotrithioite 298 _48., 242 196,6 196,52



(xli#)

Compound m, m, m¥*
Observed Caleculated

ii) Thio and dithio=-

carbamates
(2) Eptam 189 ‘Czﬁé; 160 135.4 135,45
g5 %5 70 57,6 57, 64
(b) Perbulate 203 “C3H7ST 128 80.7 80,7
128 ~C4Hg 72 40,5 40,5
——
161 ~C2H5 129 103,53 103,38
—
(c) Vegadex 223 “%1°. 488 158,5  158.49
167~ 45 138,3 138,34
9  ~CH 76 64,2 64,17
gg ~C2ls5 59 39.5 39,56
iii) Chlorinated
Pesticides
(a) isopropyl and
n-butyl esters ~CH.0
of 2, 4=D 175 2%, 145 120,1 120,14
145 L 110 83.5 83,45
isgpropyl ester -C.H
8 2 8.2 .22
only 5 4 57 3 38
n-butyl ester ~C1°
only 276 s 241 210,5 210,43

-C0 111

(b) Relthane 139 3 88.6 88,63



(1)

Compound m, m m¥*
Observed Calculatel

iv) Miscellaneous

Pesticides

Piperonyl _ _ -

butoxide 53g ~(CoHz0-CoH,0-CoHo) 1o, 111.4 111,35
175 ~CH,0 N 145  120,1 120,14
192 =C0 o 164  140.,1 140,08

163 =0 135 111.9  111.82
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