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has great

,
are

iapertanee as

-_.......... _._, howeTer, haTe

, Mass

study of

orgaJaie

lIiO;I'~.i&"""...'....w , and

examples. fact, these assume

iaterme ates many reactions. Sue.

necessarily been

a opportUB1ty for

without

!he mass a usually from

by electrons 70 ev) and ,

general, of a series of pe!L~. ean directly related

by fragmelltatioJl (or dissociation) and rearraD.gement

the ..

eease. the

orgaaie

resona.ee, sterio,

a

on a

0. mass
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ring transition state expected on steric gro1Dlds

faToured for a number of rearrangements.,,9

heavily

Hass spectrometry, in present stage, Dot ab1e

to determine moleeular struotures 1ndependeat1y. a let

of correlatiens observed between mass spectral features and

molecular structures10 permit conclusions be drawn ia

eases. Use of high resolution mass spectrometry, appearance

potential determinations, isotopic labelling studies, .eta.table

transitions, negative ions, field and ehemical ioDEatiens and

preparation of a derivative of the eompound ill qU8stioD. may

further aid such eenelusions. Ultimately, it may even be

possible

report all the data for each spectrum, thereby enabling the

prediction of the of a given compound from its

apeetr.m. We hope that the work on pestie1des set out in the

follewiBg pages, is, at least, one step forward

this goal, although in a modest way.

achieving
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11) Pesticides

Of the many control meehanisms presently .88

changing the face landscape, the various pesticidal

chemicals may be regarded as of critical importance.

subject pesticides however, is vast for a detailed

presentation here. Several books11 - 21 give generalized

aecol1D.ts of;-~\pesticides while D1aJ1.y technical and trade

journals22- 28 devote their attention to the nature, production,

marketing, use and hasards of these ehemieals.

Pesticides haTe been classified in several based

oa targets of applications; en structure; botanical origin;

psys1elogical actio. or eTeD on the purpose of applieatl0••

Based on structure, these chemicals may be grouped into

(1) Organic chlorine pesticides which haTe been the most widely

l1sed; (2) Organic phosphorus pesticides which the seeond

major and perh.aps comprise the largest new

materials that are being tested and synthesised; (3) earba­

mates, thloearbamates and dithioearbamates which form a new

class of chem.icals, stimulated by the development of inseet

resistance to chlorinated hydrocarbons and organophosphorous

compounds and by the agents

tively warm-blooded animals and which

aoctUDulate as-:'residuea

miscellaneous pesticides

animal tissues; and (4)

as those belonging to the

pyrethrum group, the triazines, ureas,orgallo mereurials and

a of inorgallio
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,
a potential

verysource

than

j ,

the environDlent the form a

portions or metabolites of the original

pesticidal common

survivellse

a

(Residues are

DB1ilaIl(~e) •

or air. are

!he

yet

pest1-

the central nervous

v....,..s......... '""', call

or biologieal means.

on the human are

the

to living systems by

exact effects the

understood. only known

are toxie, persistent and

organisms and ...v ..... .a.u.~..., .............y

phosphoru.s ,

to less toxic residues

enzyme,potential

paralysing

these

they can

so are
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An analysis of the eompound or residue through its

identification and determination, , becom.es imperative.

is further important that a method be available is as

insensitive impurities as possible and which requires a

of the sample. Of the m.ethods of analysis

III, biological, ehe:mieal, chromatographic and spectroscopic,

lise of gas liquid chromatography has certainly revolution­

ised the pesticide residue analysis over the past decade but

it CaD. ie used only for volatile materials. Infra-red speotro-

scopy certainly provides a finger-print index pesticide

and its residue it lacks sellsitivity and 1s effective only

a single pesticide at any time the of even

small amQunts of im.purities can invalidate the But the

development of mass spectroscopy and the coupling of gas

chromatography to mass spectreaeters for its application to

pesticide research has overcome the above limitations and it

net wrong to anticipate its future

to the advanoement of pesticide analysis and the detection of

such levels will, no doubt, give an idea as to the per~

mitted dose in any mammal.

!he on ,
chlorine carbamate and thioearbamate pesticides

mass speetrometer 1s but a pointer to the
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iii)

by mass

mass

m.ethyl

to

general and a

of seems appropriate.

phosphines;9-;; whose mass were

examined, were completely each their

behaviour. For example, where the ion produced by the loss of

CR; gave

(CR;'

base peak (CH;';P it was of

almost negligible for

abundance

the

reactions

feature in the case aromatic

was a

Sim.ple

trialkyl

thealkyl

hydrogen rearrangements

dominatedof the (p - 0)

spectra;9

of

higher

aphospate

tr1phenyl UJi1tgl§(;J.I:1...l..

of .......wdioJ'iiiJE"' .. v ......Ai;oI.1s.iP'liio#ions.

a common
+

(R - P (OH);).

were



also dominaOed the spectra of homologous phosphinic

aeids (R - P- ), di- and tri-alkyl phosphinates40
t
R

( R p 0 respectively) and theR OR
phosphinates41 • In all eases, the formation of the

base peak 1nvQ1Ted of an olefin migration

of a hydrogeB atom the (M - R)+. !he dialkyl hydrogen

phosphorates ~al~o calleddialkyl phosphites, of the general

formula, H - P ~~ )46,47 were similar in their behaviour

to the corresponding trialkyl phosphites. ~hegeneral mode

of fragmentation 1nvolTed cleavages of the (0 - 0) (p .. 0)

linkages. general, the migratory was to

increase increasin.g sise the alkyl group and aecording-

ly the m/e value of the rearranged base peak increased. !h1s

would help confirm the structure of the eompolmd as well as

distinguish the dialkyl phosphites from the trialkyl phesphites

and phosphates as the base peak in the tWQ eases in-

volved P+(OH)3 and P+(OH)4 moieties respectively. Break...

of the carbon chain was major mote of cleavage fer

the higher phospho:nates. The occurrence

d1aryl,

and suffered

thephenemenon

the (p ~ 0) bond aDd migrationthe ether linkage, scission

hydrogen was

-alkoxy ethyl •

aryl phosPhorates34, 42 had aDundant molecular

a number sf unlaS'EL8.J.. rearrangements. Decreasing iBtensity of

molecular ion with increasing alkyl size, and shifting of

one or hydrogens from substituent groups
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a eOBmlOD. baseAll

phosphate
,48,49 phosphates

the re~BO:Ilan,ce'-Sl;a/lillliiiiJ''''''''IJIJ'Iiooijt''''p+ (

45,

peak

As

phates,49, itself was

e

a __..... __._

rearraBgements.

or without Qxygen.

(p = s)

peaks

also

.. p ..

"S
etc. ,of

arylIt
o

SllCl)"Wll by theas

bo.i-formations betwee. substituents on phosphorus; ef

from in H was

alkyl or aryl group and hydrog811 rearrangements

or an isomer

several O-alkyl and S-alkyl~~~~-~ were characteristic

~~jn~,~~r~~hioates51,52.

organ0

(1i)

(

spectra may as
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(1) ~he osphates

All the phosphate pesticides possess one of the

i) OR i1)

o
P,

OR

where R represents a substituent which is
different for ditferentcollpounds

, Phosdrin, DDEP, Phosphamidon &lld TrimethjTl phosphate

belong to class ); D , Paraoxon and the oxygen analogue

of diazinoll belong to elass(ii). All compounds belonging

class i) were found to exhibit the same dissoeiationpattern

for the common moiety (CH30)2P+ = ° and

sim.ilarly in the case of class il), identical behaviour was

observed for the common (021[50)2 p+ = 0 species. !lhe

dissociation of both 1s given in scheme .. 1.

CH~O c~ 0
J p+= 0 ... u2····

./ )
OR30 *

m/e: 109 (Base Peak
normally)

mle = 79

m./a=

o

./e = 49

1)
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== p
*'

o

09

o

5°

rI/e= 137:

••• (Class i1)

93

Class (i), 1098 of a molecule of formaldehyde with

transfer a to

rise to the m/e - 79 d 49

phosphorus

Ily

gives

)

ions ..Ie = 109 and 81 are formed by of

ethylene a Mclafferty rearrangement process.

Details rega.rding the modes of' fragmentation

(OR) above phosphate are lacking

Paraoxon ioniza-.

( )

possess

ease

or the

(i)

class (

common to
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CH30,

OR 0/
3

m/e=1

+
CH30-r=O

H
m/e=79

+
H p=o
Hm/e=49

+
PO

--~--~ m/e=47

+
~~~CH30 =

m/e=63

+

•••• Class (i)

m/e=81

+HC2H50, +
p=s

C2H50

HO " ;=3
I

C2H50

m/e=125 (97)

•••• Class ( )

As seen from the seheme, two competing modes

fragmentation behaviour seem to dominate the spectra of these

v,".I.\",a.U,"'~.Jr."'-4g: (i) eliminations of an alkyl

subsequent migration hydrogen

bond or subsequent hydrogen rearrangement.

also a or a Bulphydryl

( ) :

---,M .. P = OR
1

_.....---~_.,Me .. p ..t
S
n

Isomerization of the thiono the com.pound

also observed as peaks were found charaoteristic
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) = 0 or o

,se eases
51

or as ease ••

S
If

2 P .. 0

(

+
it

o
u
p .. S

(

s are
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)
o
If
P us oommon

as a
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graphs (2, 3 and 5) been

fragmentation.

4) were ,
Besides

illvolving

+
• o

II

C2RSO - ~ S
C6H5

+,.

o
+"

- C6HSC2.HSO - -C6HS
SC2H4

C6H
S

A process

DOilCO-118 set apart from other

'z

group. ,

+
x
" y
p

z

z = or

(v)

= ii)



.. 17 ..

and Rt any substituent. Dimethoate, alathion, Methyl-

trithion, Im1dan and thion belong to class (i) while

Disyston, EthioB, Delnav,

!himet

Disystonsulfoxide,

belong to class (11). All

•

examined by mass spectrometry but
52..55is of a very fragmentary "I;;"llo.....,'w-.......

these pesticides have

Due to their structural similarity to other classes of

phosphorus eompounds they a number of characteristics

to those observed for the phosphates or phosphoro-

thionates. Thus they suffered cleavages, involving

loss of OR or SRt and subsequent hydrogen rearrangement or

loss of an olefin: e.g.: 54

+
SCR3 ete.

+
+ -------.~ (CR30) 2

CR30,p?S •
OR 0/ 'SOH +'

3 .. 3 -OCR3 CR30 - p =S -----...--.... CR30

0, a-dimethyl a-methyl
Phosphorodithioate

(TMDTP)

!he corresponding diethoxy ernnn()Drto (TED!I!P)

elimination C2R4 to give a series of rearrangement

The (HO±)2PO rearrangement for base peak

~/e • 97)ethion and Delnav intense peaks

the base peak

apparent. Formation

peak Di-syston53 •

) was

and

a

+

s

s ..
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peaks,53 ..
the

Malathion,

migrations were

eases were

, we see that the

have the followiBg common patterns:

RO ~R'
P = S

/
RO

•,
RO

'p

RO

'p 0

RS "OR'
and "p 0

, OR'

(1 ) (2)

Their speetra, therefore, were similar other

or

Detailed mass speetral --~--_l

seems toor

ways

the molecule.

, pesticides were

pattern.

organo

matterthe

e mass spectrathe literature.

on
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OR' or SRI part the and it is hoped that

lead a more una:mbiguous identification a given



iV) Mass Spectra of Thio and Dith~o

Carbamate Pesticides
'I1lbI&iU

brief

As in the oase

general

organo pesticides, a

mass spectra

carbamates and dithiocarbamates the study

mass spectral

group.

of the pestioides this

studies on thio- dithiocarbamates seem to haTe

received little attention.58 ,59 work appears to have

done on carbamates58- 63 • dialkyl substituted carba-

mates, a.s a , sim.ple changes of

interesting rearrangement reaotions involv-

R , RO R0<6
o

showed a number

etc., while mono aryl compounds

ing transfer of hydrogen from the nitrogen atom oxygen

of the alkoxy group and vice versa. Skeletal rearrangements

of CO2 were also common. The analogous sUlphur

(i.e., the thioearbamates), as by !homson

et a159 showed considerable variations behaviour.

alone of

lfo

(i)

~ytl""''''''''''.'I\oo4I<..... ''''Iioiil'·~V''''''''''''':ilIio''''' were thus possible.

various individual

A

seems

discussion

This from. the earba--

mate in

ing loss CR3SH, CO andoIDfCO:

<.--....0............... J. - S ..
If DCO

-CR3 (1%)

+
til

tb+·
yNCO



gave

CO as

or BCO.

( )

( ) S-!henyl methll thiocarbamate58 showed a peak

from the but no

CO or rearrangement

to the in a

was a

.-----......

-os

(

m.igrations a methyl

or+'"

s

;

assamewas



phenyl thioearbamate undergoing any rearrange-

the same

most abundant

methyl dithiocarbamate dissociated
+

OH:;NCS

on dithlo-

as its oxygen analogue

being

ment reactions.

earbamates were reported.

The Pesticides

mass spectra of several B-methyl, N-phenyl, H,

H-dimethyl, and a number of heterocyclic carbamate

pesticides have been discussed59 ,62. But the mass of

only one'" .. oearbamate dithioearbamate

pesticides59 have been so far reported. ~he interpretation

given is, further, very fragmentary.

Thus di-n-propyl a-ethyl thiocarbamate (JlEptamB )

was found undergo major rearrangements .. one involving

loss of propylene.the other

C:;H7-:I bond gave the base peak:

the spectrum:

loss of ethylene

Sim.ple cleavage

(C3H7' mje = 4:;)

CH2
C
, H
H

s
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decomposed the same as

)

earbamates. 60 ,61

dithioearbamate

Fe+3

+
--.(

!rhe salt also a simple the molecular

)

give
S
ft

.. C - S 2Zn

+
•

+
'"

+

two (Zineb and

a

m/e=144
(77%)

00%)

and they • .J..(:N~lvU

dithioca.rbamates:
+

more

t
H

N

H

-0 i 0'/·
It /,

SIl H

eb )

(

draw any as mass

thatmay be

and are

a ,



the

But mass spectrometry

of residuethe -_ ........,-!II-as

ordinary

m1.lst"be done

residue

would give

)

for

thus obvious.

(i.e., it original compound or

if a is available.

and generalisation on these pesticides
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As

ease of

the

or more

a

methyl,

w.r.

largergroup

-cleavage (

to

ofhydrocarbons

peak64 •

arising

alkyl

as

a

are

a

(e.g.:

resonance

the (O-C)

(e.g.

(e.g.:

or no



fall

1 )

and 3) Class (i) ,
2)

opt

pp'

cOl111l.on

H
t

C ............._~'lI. ~-;R

If

and ; one R =
•,

and R =
and R =Rt =0, pi

R = P-02H5

Rt = 001,

A

was a eOD1llon

...,_""iiII ...... _'_ was eon-

that

was

opt



(M-2Cl)+ in the ease. DDD could not be

distinguished by mass spectrometry Possibilities of

identification of isomers a

by making use the

and pattern of the in

, tissue67 and

were explored using a combined gas chrometographie-mass

technique.

ppt and opt

the representatives

haVing the following

class.

a.re

---0
It.- ---

I .... 0, ---:-RI
101 C1.-
I ,

previous eases, (M-Rt) peak was absent for

reasons. two gave base

The

waselear67 • A for distinguishing

proposed67 based on the

of m/e = 316, 246, o 176.

by,
OR
t

:»---- C
1
Rt



°2H5
-o<n,in

..,=

com-

two

,
).

R substituents (i.e.,

Parent 01--"-'

+
OH
ft
C

conclusion, may be that apart

a

U~~J~_~_~' no detailed diseus-

the

the formation of some

the

SiOIlS were

pathways

spectra

discussion , however, essential a

the

as

,
(all are

) were of

01· or
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seem

that chlorinated

"'&"~Ji..JI__ v .... ,,, ....~.. '""'IoJI, fumigants, ,

regultators. Most of the pesticides,

and persi.stent and are thus harmful.

a means of establishing their

halogenated

sensitivity

known

are

Hel; the retro-Diels-Alder process; Cl·,

HOI or both and involving the epoxide group were found

to dominate the spectra these compounds.

studies on

lacking. may be

used as

cides a.nd

are, however,

This calls

identity. A

and because of

and potential for organic eompounds

structure, mass spectrometry appears to a

towards this end.
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i)

(a) ~e AEI-MS.12 Mass Spectrometer

The mass spectra various reported

here (excepting Parathion, 0, O-dimethyl phosphoro-

Chloridothionate) were obtained using the AEI-HS 12

focusing mass spectrometer at Trent University.

(Details regarding mass spectrometer can fOlUld in the

manual, ftMS-12 Mass Spectrometers·, Pieker-AEI

Apparatus, 1969). !he

maximum ion beam

source potential was adjusted

at 8 kT accelerating voltage.

70 ey. spectra were scanned magnetically. The used

was 1,000 and the mass range 1 m/e .. 900 m/e .. ~he spectra

were read from a 3-channel UV-reeorder fitted in with three

5 Z galvanometers at sensitivity 1 : 10 : 100.

Samples were admitted into the source region via

the direct probe. !he sample was mounted a glass

probe-tip was introduced a vaculUD. into

degradation

depen.d-

ion.--ehamber. !he sample waa heated and

est temperature to keep

ing on the thermal stability

ester of 2,4-D and phosdrin at •,

and 0-2,4 diehloro­

at 35°0;were

,~hus

0, O-diethyl

eptam at 45°0;



.. 31 ..

2, ace

at 60°0; Allethrin

65°0; Kelthane at 70°0;

at 41

details,

AEI-MS 30

0,Parathion,

were

.V'~~~1~~.~ mass spectrometer.

,

sources.

~"",,-.-""''''''''''''',",'''''v ..."" ........... "" Apparatus, 1970).

beams aremeter

source potell-sector an.d

an accelerating voltage

at 100C)C.

tials were

1300) mass range

ev were

mass end. As

pass a common mass

have same mass seales

Oll was

1 :10:100

a

system,
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any external heating due its thermal instability while

Pa (0B:30)2pe~1 were heated to 35°0. !rhe reference

sample, ion

source through a heated direct probe

for Tolatile liquids and gases.

A Pye Model 104 gas liquid

system, designed

faced to Beam-Two via a silicone membrane separator housed in

a separate oven. !he total ion monitor was

detector.

as the GO-

(0) The Bendix Time of Flight Mass Spectrometer

!he samples (excepting these run

spectrometer Vegadex were also run in

the MS-30 Blass

Bendix. (Basic

12) T1me-of-Flight Mass Spectrometer. (For details see

the ftInstruction Manual Models 1003 and 1005 (Basic Model

was obtained at12), :Bendix !rOF, 1963) 1/1 l\iaximum

2.8 tv accelerating voltage while the this

voltage was only 250.

at

ev spectra were read from a

galvanometer sensitivities of

1:10:50.

)(as all were

metala

Samples were in~

a
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)

All this study

, .

) .
!he

1i4o~",.""p... methods of chromatograph.y, fractional

sation and redistillation wherever feasible. All the materials

were above 99% and were any

mass

~~~~~~.~~,~ names, trade names

are given

are tabulatedspectral data of these

All relative

data

and

dealing with

W~I......... .licilli. as 1O~.

form.

pestioides.
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RESULTS AND DISCUSSION



Part i)

*Appendix B gives the m/e
abundances of the various

and,the %
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(a) DDVP and Phosdrin (PhoSEhate Group)

DDVP and ~~~'~~~L._,~ belong to the phosphate group of

Their are ...

p

o - C
1

H
f

= C - 'OCR3

DDVP
Rt

Phosdrin

Further,

m/e 47. Apart

DDVP and

(C11:;0)2P+=0

an of

have given the

phosdrin and have suggested pathways

fragmentation, as involving a loss of CH20

m/e 79 and a loss of 011:;011 to give an ion

from. this, the spectra

the modes proposed require reconsideration in

the light of recent investigations on the mass spectra of

phosphorus oom.pounds. The mass spectra of DDVP and Phosdrin

thepathways

Theare

o.1~8Ct18S(8(l here inare

•,
as

+
common (C11:;0)2P=0

sites ) re-

pesticides

cleavages

(i)



(i)
+

of

as

(CH30)

by re(lrI~an.l£e)ne1jL1;;

are

in 47 are

evident.

due to more eleavages

the part the molecule (Seheme-2). Ways

DDVP.

) linkage

DDVP

of the

part ofthecleavages are

cleavages

are

(Figs. 1 and 2)
+

the (CH30) = ° are

spectrum many

present phosdrin

representing dissociation

•

(ii)

The )

(

cleavage
o
If

)2P =
(m/e=193)

,

(

+ +, OCH
3 , COCH

3 ,

2).

,

193 and it a. more

192

the mass 193of. .

,and as aple



.. ;6 ..

0]1:;0, +
p = 0

CH.O
:; m/e=1

+"
0]1:;0 - P= °
m/e=78

0]1:;0 .... P =°
/

H
m/e-79

OH:;O,+
p = 0

no
m/e=95

- OR-
0---'>

65

+.
=0

48

-0· +___IIlIIIlIIt°R:;o, °
H:;O 9:;

H ,+
"p=O _-.

H:;O

m/e=63 62

1-a

+
Pattern of (OH:;0)2P = 0
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93

+..

+
( )

o

192

+
•

+
•

o
+

(CR:;O):;P·

m/e=124

++

+
+ (CR:;O)2P=O

+
*' OR

(eR O)p
Q

:; 2 OCR
3

CH2C~CC020R~ (OR:;O)2

27

41

+
; 0;; ""..... ~-" 'L1-L-oL_

+
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leads to the species of mass 165 then, by loss of a

H- yields the ion of m/e 164. The formation of a cyelo-

propene this ion. Such oyelisations

have been postulated in many

workers75 •

compounds by

Cleavages the (C-01) and the ( ) bonds (

the oxygen is also linked to the central phosphorus atom)

are evident the spectrum of DDVP as illustrated in

Scheme 3-a. ~he lability of the (C..Cl) bond relative to

that of the (C-H) bond accounts the greater abundances

of these ions76 • The fragment ions exhibit isotopic patterns

typical

may be.

one atom or two chlorine atoms as the case

(iii) ~earrangement Ions

Rearrangement ions dominate the phosdrin.

Examples can found the ions m/e 141, 127, 124, ,
67 and 60 (Scheme 2). Ion of m/e 141 may a concerted

simultaneous migration

the OR' part to the two oxygen atoms the

*

141

+
OR
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o
(CH30)2

+
•

=
+

3-a

= 185

+
•

= c.
m/e 60

+
II

m/e 48

of



formation of this a 6-membered oyclic

supported by a metastable

Further, CH§ 69,70 or 69,71 or

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

arrangement)71,72 have been by workers,

the simultaneous migration

have been observed by

a CR· and
3

a.uthors.

does not seem to

Migrations of the two hydrogens to the two oxygen

atoms bonded to phosphorus gives rise to base peak the

many of the phosphate compounds,

spectrum. of

stabilised.

( m/e=127). This resonance-

raja

109 is the base peak. But preference, this case for

the ion of m/e 127 could be due to the tendaney for phosphorus

to remain in the

covalent state which

state rather than the tetra­

in ion 109.

tendanoy of phosphorus to in the pentavalent

state has been noted by earlier workers39 ,40,73 in

the

compounds.

127

of other

loss of two (CH20) molecules

of ion

67and

the

is

m/e 97 (0.25%)

127

rise to.
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( 2

27

+
)2P=O

m/e 109

H OR

of
t

CR, would yield of

+C11,

O-C = CHC02CR3

24:

m/e 124

DDVP, on the ,
one

=

.
l1li

=

m/e 190

by a

gives,
of

+
2 P = 0(
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atom or

features

peaks one

as the ease may be. ~hesechlorine

of DDVP serve to

one another and also help their

a)

s
, ions

of (CH30)

the fragmentationions arising

___..._",,_,__ DDVP

this cleavage dominate the

phosphore

exhibits a fragmentation pattern
+

analogous to that of the (CH30)2P=O species

while

0,
+

(mt;O)2 p=S

(Scheme 1

(Scheme 1--a)

the

spectrum phosdrin. This difference arises

essentially through differences the of substi-

present these compounds. ) bond the

osphoro chloridothionate is labile and the influence of the
+

atoms on the modes of (CH30)2P-S

con--be

atom are very few

+
is

of the (CH30)

taining the

( 3-b and Fig. 3)
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m/e=1

+
.......--~~o=p=s )

~__~ CH
3
0

+
CH30

93

+
CH30 ..

63

H
t

CH30 - P = 0
+

m/e=72

+

1 on
+
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+
•

60

-OOB:;

m/e=130

-01

+

+

"S
99

+
H..,P=S

m/e=64

+.
CH:;O-p=S(m/e=94)

+
-(m/e=98)

25

s
Fragmentation
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on hand, an

ester cleavages and

more • pattern

due to , assumes

DDVP competes with

more Similarly the
+

(OH,O)2P = °
phosdrin.

+
the (011,0)

atom to

oleavagesreason, ions

moiety as as those

be equally • These that presence

of a favoured pathway a particular ,
normally expected

tural moiety would become

of a common

0-2,4 thiophosphate

to the
s

(

group

As ease ,

( )

( )

(i)

= S
+

discussedmay

(i)
+

The
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+
are given

groups

of a molecule CH3CHO from one the ethoxy
+

phosphorus the ( )2P=S

phosphorus atom leadsthe hydrogen to

09. Theto the

by a m.etastable transition. A

gives rise to the species of m/e 65.

109

rearrangement

process involves loss of a molecule ethylene from the
+

(C2H50)2P=S species (m/e 153) to I~e the 125

undergoes a process to yield the base peak 97)

the spectrum. These are Mclafferty rearrangements and are

supported by metastable transitions. Further ion of
+

m/e 153 to yield thiol (C2H50-~ = 0) which

SC2H5
subsequently of) (P-O) linkages

the above (m/e 125, 97 etc.) their isomerio

( )

Break the (P-O) and ( ) bonds lead

ofScheme 5.

153 are

the

m/e 279,269

( ) RearrangelneIL~s

The

process involves

odd ions the of
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H

H5C20
mje=1'09

m/e=81

+
_ .....,. HO-]?=S

80

'*

o

HO +
p=s

H5C20
m/e=125

HO" +
p=s

-C2H4 HO
97

H

m/e=65 64
•

m/e=153

+-
C2H50-P=O

92

)

+-
~---~o-p=o ( 64)

( 48)
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of a one of

to the or the

+- +.
C2HSO - P 0 HO

m/e 124 (0.25%)

01

m/e 162
(abundant)

(The of m/e 162 abundant view of resonance

of have postulated

second rearrangement

involves loss a molecule it

a skeletal process a

01

o

OC2HS
o

286 (0.25%)

,
of 1, 225, 223 and 171

223may

base peak and



molecules by the departure of a C1- from the parent

ion or versa. The is resonance and

the pentavalent state.

ion of m/e 190 mayless

to involve the successive eliminations a ..n_L.~~~.M~

CR:;CRO and OR· the rearrangement ion of 286.

possibility of an isomeric structure for this ion ( which
+

one m.ay have the or P=OH )i.e not ruled out ..

summary, o~2, 4 diohloro phenyl 0,

phosphate has a fairly abundant molecular ion; has two

resonance base peaks. reae-

tiona of the daughter gives two odd "'~V',""''''''''lJ\i&'''_''--.'''' ions

in a single step and shows the typical

(See Fig.4). These unusual features

isotopic

its spectrum

may aid its identification

c) :1°2)--
the bar-graph spectrum of

observed 109 is base peak and that

139, 123, 93,

-nitrophenol in the

and

a &ili:.IIo_ ...... _"Ii"'_...a.._ to be on general

'WI. ...... I__ tt..A,1iaJ ....., __ here with a view to

some of noted by

As ,
+

{C2H50}2P=S ....... ........~~.uAo""~ are 4
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the

m/e 139 or odd at

m/e 1

m/e 139
"o

m/e=124

the09.

53asthen

peak of

present however,

,49,

at 97. , organophosphorus
+

(C2HSO)2P=S moiety have

greater resonanoe stability

(NO) as

261 (12%)

NO

however

39-85»).

9

4

f 235

)

m/e 275, 263,

are 263

an
+

of
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1

s

o

18

s
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H +
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s
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be made of ion m/e 108 is assigned a

is postulated to from

of

cyclobu~ene

(PS·). Subsequent loss

to the cyalepen v_~.__

loses another molecule of CO to give

may. have

m/e 171 by the

of CO

80

m/e 52.

o o
+
•

+
•

m/e 1 m/e 80 m/e 52

spectrum of Parathion is thus characterised by

tion of ions resulting C2H
4

, CH
3

CHO, NO and

straight-

loss

daughterco

forward and hence its identification a pestioide residue

should not be very _~. .~ •.~

~he Phosphorodithioate Group

a) CarboEhenolthioA (
s
"p .. S -

ease of

, 4 0,

thionophosphate pesticides

th1ono phosphate
+

parathion) ,

65125, 109, 97

the (C2H50)

of

(
+

(C2H50)2P=S

(

to the
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of the ease (e.g.

0-2,4

(2) the

is less

125)the

very weak

the phosphates. Further, a more

of stability

as in ease of DDVP

absent the thionophosphates.

of

~~~.~~.~~~l~~ the relative same

here also.

ion

that thechange

determined

but that it extent, on the

of

the

the compound is

by , one can the

and

a

as a

an,
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a

-cleavage

thewith respect

fragmentation involving

parent (.7%); gives a base peak by cleavage

bond to the sulphur atom (m/e 153);

to give ions of m/e 153 and 143 (

) and a

cleavages of bonds on the

atom. general, it shows considerable to

corresponding oxygenated compounds. All these features are

summarised Scheme 7. In particular, mention may be made

of ions of m/e 109 and 122. Two structures are possible for

the species m/e 109. oan either the

or the .. The latter structure

on evidences of metastable transition

will

topic abundances. Ion of m/e 122 may be either by loss

of sulphur from the SCH2S- or by loss of chlorine

from CH2S- species. either ease, the
+.

the structure CH2= s-

126:an

eliminates a ~--~~.~,~~i)

+
•

no
m/e 1

C1

126 m/e 1

( 7).
atom of 93



m/e:111

+ +
=S= s·

157 1

+
ti~... =)=·Cl ) _ .......~

+
•

*

171 1

=.



1

+
•

or C~50

1

+
•

+

93

7

)
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ii) A

01 ion m/e 154:

H

OR - C1
-----------~(C2H50)

154

ion now rearranges

154

yield

may

species of

the

121.

radical ( ) to

93 (supported by metastable

to m/e 77

Scheme 7.

C2H4 to

tion) and loss of

case of the , the

( ..","", .. " .... JLJL_ ) give

,...

s +

m/e 190

or

+
•

are as

more 143

45
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+

+
01

m/e 99m./e 143m/e 190

124

+
• +

(C2H50)

m/e 45

be that of the SH- from m/e 190 can

the ion of m/e 157, the base the spectrum.

However,

cleavage the favoured pathway.

!hus the spectrum carbophenolthion be summed

statement has a stable ion

frag:rnent

ether as

(See Fig. 6).

exemplified

behaves more like a

formation peak

m/e 157 of the expected at m/e 97- The reason

for this could be that ion 157 is formed by a

of bonds and that it is much more resonance stabilised

97. ~is

feature, a

s s

ethionthe bar graph spectrum

(b)

has explained formation the peak at m/e 97.

were on
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Ethion is close to earbophenolthion

this similarity gives rise to the same

species at m/e 171, 158, 154, 142, 141, 130, 129, 1 , 121,

113 1. However carbophenolthion

the

(1 )

(2)

+
resulting from of the (C2H50)2P=S

are dominant in the ethion whereas they are

less significant in earbophenolthion.

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

it for carbophenolthion.

In both the , 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.

formation and structures are in Scheme 8. (These

ions result from simple cleavage on rearrangement reactions

need no further elaboration). Owing to the above

factors, the identification of from a pestioide

should be feasible.

(

elucidate

mass behaviour phosphorotrithioites f p( 3

n~~~_~_L~ are to the trialkyl phosphites,

P(OR)3 f althou evid.ence d.oes exist on the of
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140)
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+
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compounds having ) linkages such as on the thionates

46,51 5, thiolates55 , thioates52- 55 and dithioates52 ,53.

Further Harless39 and et al40 have generalised

on the mass spectral properties

phosphites. It is, therefore,

the trialkyl and

intere , to examine the

behaviour corresponding sulphur analogues and to note

the points of similarities and dissimilarities for the

groups of compounds. ~ributyl phosphorotrithioite, a

defoliant, chosen as a typical representative.

As in the case of the phosphites, the fragmentation

pattern a combination simple cleavage ions and a series

of rearrangement ions involving hydrogen transfers.

(i) Simple .. cleava~e.sd:

Simple cleavage ions are ~ormed mostly by rupture of

to the sulphur atom on either side. -cleavages,

ethers are less significant in this spectrum.

fact, the fragmentation pattern closer to that of

aliphatic hydrocarbon as seen from the succa

losses and the decreasing abundances of ions at

hydrogen

14 mass

units below m/e 90. Also the formation the two most

the 209 peak at

m/e 57) typical of a hydrocarbon cleavage. These s

are incorporated in Scheme 9 and Fig. 8.
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(ii)

Rearrangements tributyl phosphorotrithioite may

or to the~~.~~r~~~~ either to the

a (

to the the

transition state may be postulated for

ion of 242. involves loss of a butene

and by a metastable transition.

2

m/e 242

242 an analogous to give 186

SH
t

P -
2

130

(ii) of a butyl 90) may

re transfer a to

one the )

C4H9SH

90



( hydrogen the phosphorus

involving a four membered transition state may be envisaged

in the formation ion of m/e 210:

s,
eR

+.
(C4H9S)2PH

m/e 210

The tributyl phosphorotrithioite spectrum differs from the

corresponding tributyl phosphite spectrum39,40 in the follow­

ing respects:

(1) The parent in phosphorotrithioite is very abundant

whereas it weak in phosphite.
+

(2) base peak tributyl phosphite is the HP(OH)3
+

species whereas the analogous ( 3 ion least

important in spectrum
+

(3) Rearrangement such as HP(OC
4
H9 )20H and HP(OC4H9)(OH)2

are very significant for the phosphite while the analogous

sulphur containing are very insignificant.

(4) Simple cleavage ions dominate the spectrum of

phosphorotrithioite but they are

tributyl phosphate.

sa the

, the tributyl phosphorotrithioite spectrum

shows similarity to and

behave more like an



)

'*Appendix B
of the

the m/e values and relative abundances
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et. .59 have the spectrum

and have pathways for the formation

ions m/e 161, 128, 86,

remained A

43 Apart from.

discussion of mass

speetrllm of

The

therefore seems appropriate.

cleaves ),

(C-8) the some of the ions

the spectrum as exemplified in Scheme 10. of m/e 128,

as each one160, 89 and 29 are

entity. ~he 93% abundance 128

view resonance 160

Cleavages

a molecule

this rearranged

115

an

undergoes a Mclafferty rear,:r'aJl&tEamEtn-c

of ethylene.

species leads

an ( as the

-) areloss

absent

cyclisation and

These cleavages are, ,
Nevertheless

1propylene and, CH2

N = C = S

59
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foundAlthough,

isothiocyanates77 , in

.. 75 ..

59

ease,

be important for

o:f

significance. The ion at m/e 1 is an isocyanate ion,
+

having the structure, (C;H7)2 N=C=O. This the

peak the spectrum due the charge stabilisation

on nitrogen atom by the donating groups.

As expected of an isocyanate, yields the base peak

(C;H7)by cleavage of the N-alkyl bond. -cleavage of

the alkyl group w.r. nitrogen) in the isoeyonate

role 56 and -cleavage of the same alkyl group yields

m/e 70. 56 is, however, of lower significance in con-

trast to its abtmdance in normal isocyanates.

ments involving loss of C2H4 and C;H6 from the isocyanates

leads to ions of m/e 100 and 86 respectively.

On the of Lewis60 postulation one might expect
+

the ion of m/e 100 have the (C;H7)2N structure formed

by the simple cleavage of the (1\1"-0) bond, and with

the divalent state. But in pre case (where the

ion postulated to have been formed by a rearrangement

is the much more preferred

state. On a basis 86 may a mole-

may be preferred to the (SCN)+ species.
m/e 58

cule of C2H4
nitrogen

to yield the species 58

and this structure

which
H
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one can

from the same give 44 having
+

formulations for the

the

for

bestructure or

give the

It can be formed by direct cleavage
+

the C2HSSC=O

m/e 160

C H ..
37

bond to

the

of

ion of

C2H4 followed by

S structure. Isotopic
+

ratio measurements confirm the (C2HSSCO)

this s.

conclusion, the Eptam is the sum

total of the fragmentation patterns of the carbamate molecu-

lar ion, the isothioeyanate and isocyanate ion

(see 9).

(b) )

been examined mass spectrometry.

and aocordinglyto

has

However, it is structurally

mass s as depicted

Soheme 11 m/e 1 1 , 43 and 29 are

as expected. species 1 the

,with

to be the+or C2HS
the

this respeot

43 (C
3
H

7
+).

+C4Hg

be

peak

base peak at

one would expected

inPerbulate.

at m/e 128 is more the corre ",..,..", .. ""~...... ".,,,
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the charge on

may

more than the isopropyl

inas the butylin

in understandable of ita

94% abundance Eptam and 1 abundance

spectraApart this, both identical behaviour.

the species

This is based

= C = 0 structure

case of
+

72
+

the CH2= N = C = S

reasons same as

the C4Hg
+ Ii

the 04H9- N - C2H5 formulation and the species of
+ +

formulated as H2N = C = 0 rather (OS)-.
+

the 02H5NH = C = 0 structure

of m/e 100 is

m/e 44

Thus,

instead

on isotopic ratio measurements

tion of the ion m/e 44 by

73/72) and on the forma­

by a

metastable transition. This, seems to substant-

iate structure the 44 as well.

ease Perbulate a

rearrangement propylene to

an of 161

m/e 1

very the

are the ions it

(see 11).
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Perbulate differs from Eptam. in

exhibiting the above rearrangement peak and the base peak

at m/e 128. These facts may enable its

pesticide residue.

Dithiocarbamate Pesticties·s

in a

i) Vegadex

In general, the dith10carbamates have received

little attention. Only the Zn+2 Fe+3 of dimethyl

dithiocarbamie acid have so far been reported59 • Vegadex

the 2-chloroallyl ester diethyl dithiocarbamic acid

and it is of intere study the influence, in particular,

of the chloro allyl 8ubstitntent on the mass spectral beha­

of this compound which has not yet been examined by

cular

workers.

Unlike in the case of the thiocarbamates, the mole­

weak. But it resembles

cleavages (See 12 Fig. 11). Thus ions of

m/e 148 and 116 are abundant as expected on of

abundances of the ions and

75 due to resonance

stability of the allylic bond. m/e 151, 162 and 194

are, , insignificant. implies

of the ( ) ,. C C1) and (l\f-alkyl) bonds are

favoured. reason this could be that cleavage
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+
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c

90

+
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t

I
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+
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of ( ) the resonance stablised

(m/e 11 and (m/e 148) The pathway

leading formation these there~ore overshadows

by the

isocyanate

cleavages as inthe

148

this ispossible cleavages

of the

isothiocyanate ions

the case and Perbulate to the various as

Scheme 12.

ester, the s

the respects:

(1 ) peak by the allylie

Chlorine.

C1=
+• +

CS2CH2C = CH2

m/e 188

lability (0-01) bond in the parent

"" ...~t!J...r-\ollir....r.."",. the abundance of this m/e 188.

may

the

case Eptam, the base peak results by cleavage the

N-alkyl bond as expected while in ,
by of ) suggest

the

by cleavage most labile

C2H
4

m/e 160.transition state

1

a
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C - SH

c

m/e (160)

The rearranged ion now ~~ .•~_~_~.·w~~w

the spec:es of role 88 which i,+formulated as

C2H5N = C2H5N = C = S

160 yields ion 117.

(2) The parent ion itself undergoes the above rearrange~

to give an ion of m/e 195 which

give m/e 167.

eliminates

HS COl
t t
C, )'H2S

H

m/e 167

m/e 195

223)

•
Loss of(NH) 167 m/e 1 ..

is supported by a metastable

spectrum

The formation

identification pesticide residues.



iii)

% selective
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a)

The isopropyl and butyl esters of 2, 4 dichloro

phenoxy acetic acid are ring chlorinated aromatic herbicides.

portion of these esters are the same and they differ

only their position. Accordingly, they may be

where Rt ~epropyl in
~sopropyl e and
n-C4Hg in the butyl ester

common structure,
01 0

u
O-CH2-C-O-RI01

represented by

same reason, they yield identical

the and different the alcohol

the ester. As is typical o£ an aromatic ester,

ester. Also the cleavage

butyl

more

, that of

than the

R+ ~m/e 175)

more

compounds yield abundant parent ions;

ester is more abundant as

abundant for the isopropyl ester than for the ester

such as (R')+ and

the
/CH3,)+ species (CR'CH for

3
) peak.

'Scheme 13.

butyl e

an ester are

reasons. Besides R+,

as

for

RCO+ expected

This general observations because

esters,

esters, arising from

s aliphatic

MoLafferty rearrangement

the reason for this anomalous behaviour is
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+

)

202

)

t
t

m/e = 203

+ 0
CI-C6R4-OCH2

)+ (.m/e 43
(m/e 57

01

75

-C02R"
01

110 75

01

01

13

84

+..

62)

149
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not Particular ~~~~~,

a H II followed by

161 n~~~v~. is formed from the

departure

(m/e 203) ion by

the (OHCO)·. This

""""Jo.JJi~..-r.....L"""''''''" a. para--quinonoid type which one

the by a

other words, is sumed to be located on the

chlorine atom. The structures the are

cated 13 Fig. 12 represents the bar graphs of

the spectra.

esters rearrangement

expected of them as given below:

(1) A Mclafferty rearrangement to the 2, 4 diehloro

phenoxy acetic acid (m/e 220)

andtlle case of
case the

/CH
R

m/e 221

an ionhydrogen(2) A

m/e 221.

01
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280
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220
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175 CH.3

162

145

43
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ways to

(1),

m/e 162 and 176.

s

01

m/e 162

(

o
t

0=0
176

(4) the carbon.

se are and

only migration hydrogen the butyl or

Thus, to

both "'~tl....~r.l"""

peakas the

the other e-...,..""'Io. ......... -

in giving

this may _....................~_"*'~ .._..)l': ...h~"' .....

ease a
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t

Kelthane, a halogenated insecticide, is a

tive • and Damieo66 given the

graph

for the formation

the and have indicated pathways

251, 139, 111 and 104. A

the mass spectrum

mass

any

pathways

detailed interpretation

to a better understanding of the

by which the various fragment ions are

spectrum Kelthane has therefore been examined in detail.

Kelthane is structurally

the difference that the hydrogen in DDT replaced by

hydroxyl Kelthane.

DDT and Kelthane) are considerably different as

can seen the cleavage molecule at

(Scheme 14

the) (, (0-0013) and

chain carbon)-~.~_~

),

C and the

13. )

(1 )

cleavage of ) followed by

radical leads the diphenyl derivative

1, 1 316.



a ) to yield

derivative 1, 1

,

269). The 316

( ethylene and of the

yield a weak ketene derivative 205)

bond

to

phenyl acetylene

of the

DDT66 •

Kelthane is

to

breakage is

nature of the (0-01) bond

hydroxyl

(2)

Oleavage of the (0-013) to the

Thus the substituted diphenyl derivative

second at

base peak66 • difference

thecases

leads

by

in

of m/e 251

peak. DDT,

in

the hydroxyl sence, a

new to a resonance

base peak,

104 (by ss

by a

of the

ion 251. In

the

139) becomes

the

(

111 98,

76, 51 ( 1



+
•

+

210

240

251

+

193

1

+ +
•

+

63



c

+

+
•,- --COl·

281)

(269)

316 +..

14

1

COl



KELTHANE

"'00

:'0

3t>
I

~Ol
1

i

10

50

~

139

111 '141

113

193

0''''I
ce~)-c ~C.e

~~~e-e,
~e

251

~

,318

fi It .mass ctr of . ( 1# . )
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abundances

the ./e s and the %
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of the of a (with

chlorine retaining charge) for of m/e 98. This

may justified view the the

pentene s the phenyl ,79. Further,

in the case of DDT, the rupture the 0013 linkage is not

followed by the loss of a chlorine The influence

the hydroxyl function in altering the mass spectral properties

of Kelthane thus clear ..

Loss of hydroxyl radical leads to a weak at

m/e 351 which then fragments to give ions of m/e 240

193 - (the involving loss 0 • and the latter in-
t

volving of COl ). of m/e 193

analogous to that m/e 98. 1 •

In conclusion, the spectrum of Kelthane is formed

by the simple s • is a com-

chlorine the as well as in the side

and side

, Mclafferty64 con-

From separate studies

~~~~~~ chlorinated aromatic

case re

the latter case, it re

the ,. This)

peak

while

eluded

of the

good DDT66 but

insignificant and

(i.e. 0-0013 rupture)

substituted

to the second peak.



the of

mean that the presence

their mass

a

hydroxyl

spectrum for

identification s

may be



a)

R
o
".......-..,....--- CH

2
..... C..... 0 - CH

3

a number of and

esters80 , have

higher

v_........... ,....·_., those

compounds seem have defied

attention. mass

methyl e therefore appropriate. The ester is a

herbicide.

of

the

,+

resonance stability

, cleavage
+

, RtO,

the

,
only fewer ions are pre

the type

ana , are the cleavage

the resonance

(m/e 1 ) and in

115



- 98 ..

of m/e 115 (formulated as ) which

s a moleculesubsetropylium

to yield the

above strue-89, havinga similar process gives

postulation.

Mcla~ferty rearrangement and the

hydrogen rearrangement are absent. the of

methyl the carbon attached

the chain of the ring occurs.
+

142

methyl ester o~ 1-naphthalene acetic acid thus

stable to accordingly gives rise

and straightforward spectrum, as seen. Fig. 14.

b)

o
8~oR .~

Allethrin a contact insecticide and belongs the

Pyrethrum group , Allethrin

R and
f.I
o

- .... --11< "--,.,, ,

pe

regarded as an emay
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100 -

RI repre

tenone

cyclopropane

As expected

it

,,
the case of

the

15-a). As

2 4e

and

to

andthe

m/e 121 a double

(01 and ). 151), (Rf)+

135) R'OCO+ 1) are all weak due

A """~.'"~"·..",,,,,r",,

S of m/e 1from the fragmentation

greater tendenoy for

re

the

05) and

of m/e 81 is

Mention may

(1) Cleavage

+

05 and 06

71,spcies

(2)

the

as

•

69 the

are



R

)

.. 101

1

151

+
•

)

121

CSH60

(82)

+

CSH6

(

+
C4H4

( ) (51)

)

)

+

+
2

+
41

2

+

+..

+..



.. 1

( )
c -

+

(1 (113) (1

•

(1 1

c

(136) 91

1



m/e 179 s the

153 by the loss acetylene:

+
o:;c-o

H
, t
C.. C,

C
tl
o

+
_iIIIIIilIIIIIII~O=C-O ..

153
H

m/e 1

the are indicated in Scheme 1

the 135

15-b).

107,

,m/e 1

• (See

107, 92 and 91.

a

ca.se

may

As

dissociates

by co, s to

m/e 92 a triple between 04

I
H C C C -

n

t
He .. C

n

1
He .. c

It ttl

H20

a

,
s92

c = C
If
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+
o == ..... -~~"'~-- ......

119

+
°2°

+

(1 )

(

+ +
~-~ __........~"-"'-> _....,.L,.L.~r"\,_

(81) (

(134)o 1 )

+

( )

)

( )

+

1)( )
1

__ 11.'11_,1._ 1



1

the are

. (

between 02a

108:

base peak

three

03) results

03 the

OH=0(OH3)2

m/e 123 m/s 108

loss the form 01 leads to

formation of double bond between 01 and O2 68:

+

0(OH3)2

m/e 123 m/e

m/e 40

a followed by a m/e 68,

a acetylene 40.

species s a W~~~~~ bond

of .. ( breakeage bonds

species

01 to a conjugated -~~~~~

m/e 110; having the (H30)2-0 = =0(OH3)2

a methyl by a may give
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~
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1

( H30 ­

94.

Apart se s the ester

*
)

302 m/e 168

s the

of the substituent c this

as

a

of

the

03 leads an

double bond

°3
1 with the

113

between 01 and

....



.. 1

o
ft +•

.. C This may now

°1

hydrogen

methyl

loss of thebyand

the m/e 136 the structure

:= C

136

+
•

(CH3)2

194

m/e 139.

+..

cleavages at bonds

of the

194.

o
tJ
C .. 0

s the substituent

the parent

between and C6as as

moiety to give the species

This species

The moiety of m/e 139

breakeage at 01 and 03 as

1 has the

as at 01

)

1

, exhibits a ~~n~A~,~ unique features

in its speetrum$pecially giving rise to by s



.. 1

) and

identifica.tion a stioide

c)

be,
The mass spectra of several

butoxide, as

as a dioxy

the

aromatic ethers

articles have

cyclic acetals79 , aryl-alkyl

__...~~~~_s79. Nevertheless,

aliphate, alicyclic

gated1,3,4.

fragmentation s

and various substituted

studies on poly

of

are

is, therefore

A detailed

expeoted

peronyl butoxide shows the mass

an alcohol, aldehyde and

features

As an , ) bond

the oxygen ( the bond

, )

atoms do dissociate. )

adjacent

toas the

the

carbon as

re ~his

occurs on these



110 ..

2

+
) =

)

= 131

)

+

+

) )

)

45

+

1

1 & 149

o

11

o

1 1

& 31

+

1



111 ..

1(see

breakage)

with respect

177 formed

an abundant peak

this

way as ion 175,

resonance

the base

(m/e 1 Another

m/e 1 the CR­2
131, 117, 103 and 89. Ion

•a

,
CH =

+.
117 then = 0 - O,B1

59). the methoxy aldehyde,
+.

(CR2)20 - OR, (mje 88) by

Apart from the cleavage

a __ ....... __ 8 of ..,...._·I""\_""lil!'lll--("f'OTnO"t"lIT typieal of an

(1) The an alcohol 194

)
)

+.
o

a

m/e 1

supported a



112 ..

,as

oxygen)

the sameof

(2)

with

....... 1,JtI::....."""'Ji.J to another 238 (0 •

o

238

(3) Cleavage at the
+

yields

(o-c) bond

m/e 31.

HH

)

m/e 31

The 238 and 31 are

end-

oxygen atoms

c

C3H7 +.
C = 0
t

m/eH
1m/e

of m/e 192

(1



.. 113

+

109)o

o

o

151

164 )

+
~~O

* (1

1

1



PIPERONYL BUTOXIDE

,lOa

·40
>-B

176'~

o ~H?/XXHe 0

2 ~o .GHj)-~~O}iGtH9

~

~

~,

I

.20

29 4$

57

76

fig...rnass

"0]

c

149
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192 a s cleavages

of an aldehyde

of

ssubsequently

Thegive

135 by

of C2H4
Scheme 16..b.

s are

238 s 1

having
H C'\

2 0
+

- 0 =

The 1

Scheme 1 137 (one

products)

109

moiety

120,



- 116'-

+.
o

o

o +
C .. H

o

+

119

, on a H" leads to species of

119 has been assigned a structure as suggested by

compounds.on dioxy

butoxideof

their

The

Biemann at at79

as it shows an ether, alcohol and

Further, an oddsamealdehyde

an eveninpeak in the

to the re--"'Ii!"ll"""'V'l.ll'"1>-



Part v)
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v)

the

( 250)

a to

identification comparison

mass

as a means

s were studied

with (1000) MS-12

thio and

results

,
the

pe s are discussed separately

dimethoxy ,

.'
(Parent Peak), 185, 145, 113, 109 (base peak)

ease DDVP m/e 224 , 192, 127

109, 93, the case

( of m/e

and 93 in

(base

2 were

here,

sethe

250.

157 werepeak at

1 ,154, 143 126•

+



.. 118

were

ease ,
)

246, 225)

sre

__ ..L.:J..~II....J were

cause

major ions

209, 153 97, 88, 63parent

were detectable

, thus

(_....J"" __ ~.". ....... "'IIi

57

re

base peaks at m/e

171, 162, 161, 109

of

,
,

all

, 70

pe ,

intense at 189 peak), 1

43 peak). The closely related

the major 160, 1 , 128

72, The

«""t"'r"\~~A"'l""""""'''',",,~!<''t''''~''''/;'1o was absent

these

the

were

,1 ,109

2,4 D were

peaks

esters

s_"" ......__.~ as

were
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ester and at 43 ester

peak

peak at

1 was absent.

mass spectra­

s theandrequired

distinguish the the absence

the spectrum of Kelthane the

m/e 368 as as the at m/e 253, 252

the major peaks at m/e 193 and

m/e 139 were • The identification of this

aide was the Bendix.

naphthalene

or at m/e 200 (Parent as as 141

the case of the methyl ester of 1 acetic aoid

identification with ease. The of

of the ions in the spectra Allethrin ( 302

to m/e 168) and butoxide (from m/e 368 to m/e 193)

in the mass failed to characterise these compounds

using the Bendix Time of mass spectrometer.

then, the Time of Flight Mass

Spa applied as a general

ment the identification of the various pesticides

its low re sensitivity

stable • The MS-12

, may,

the several



mass

.. 1

aoua or

(1)

(2)

se

,
a

re

the

com-

were

same as



s

1

on mass

was

an a





121 ..

1 ass
Pages

,

2

3

4 J

5 F

6 F .) ,
3, 451

7 (1 ) ,

8 481 (1

9 (1968)

10 8' , 273 R
1

11 R

c. ,

12

13

14 J
•

15

16 J C



.. 1

, (1

Research

17

18 P

19

20

21 J

S

23

24 J (1963).

ibid. t 33 (1963)

(I , 379 (1960).

(1970).

1315.,

, (1970).

Soc., 3270 (1962).

J. ., 31 (1964).

(1964).

1741 (1964).

J

1

29

30 J

31

32

33

J (1

(1 )

,
D

T

36 A

37

s



11

.. 1

1 (1 )

. ,

p

p

s (1

49

(Eds )

51 R 1

J

J

G

..

J

55



1

56 J

" ,

57 " 1 J 11 (1

J

J

1 (1964).

1582 (1

J

,

A

(1 ),.

J

A C. J"

,

.,
(1

(1

J and A • 4,

., 187, (1



76

1

c ,

78

79 p

1 (1

J and .. in



A)

(
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(

TABLES DATA

i) Organophosphorus Pesticides

ii) Thiocarbamate and Dithiocarbamate
Pesticides

) Chlorinated sticides

Miscellaneous Fe s

c) OF METASTABLE IONS OF

VARIOUS PESTICIDES
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(

c reAL N S AND STRUCTURES
IN THIS

(a)

o

O,O-Dimethyl
methoxy-1 .................-.............
phosphate

DDVP

sdrin

i
(CH30)2P-OCH=CC12

o eH
" t 3 ~O

(CH30)2P-OC =~C'OCH3
H

O,O-Dimethyl phosphoro­
othionate

O,O-diethyl ,4
dichlorophenyl
phosphate

)

,

o

)

2, 4 dichlorophenoxy
~' acid, butyl

2,
butyl
ester

2, 4-D



(

(0)

)

S-propyl N-ethyl
thioearbamate

)

2

)

f.OH3)

Ferric dimethyl

)

(



B)



i)



220,222,224

1 ,1

109

95, 97, 99

93

, 85

)

12 5,8.4 0.9 (

, 20 (CH30)
+

100 (CH30)2P=0

5,4.5,2.5 CHCC12+

6.0 (CH30)

8.5, 5.3

+

37

79

78

76

63

62

60

48

47

36, 38

35.0

7.8

2.8

6.3

4 0

6 0

27.5

10, 3

+.
CH30PO and ~~~.~~~~

35
oeRcel

+

+
CH30PH

+.
CHOP

37 +
& COl

35
& COl

35 37
, HOI



(OCH
2

)';

(CHO)+

)+

(CH
3

)+

31

30

18

15

, 37 1.5, 0.4

8 5

1.8

11.3

72.5

)

35 ,
+



224

(

10.0
+

193

192

1

10.0

° CH3
(CR3t» -::;:. '02CR3 or

+

(CH30) 2P02C(CR3)CRCO+
+

CH20-P02C(CR3)

+

141
+

(CH30)2 P(OR) )

140

127

124

109

96

100.0

25.0

+
2 P(O)(OCR3)

+
(CH30)2 P(OR)2

+
(CH30)2P=O

+
CH30 - P(OR)2

95

93

+
CR30-P02

+
P(OCR3)2 or

+

+

67 .0 2

4.5 +



55

43

31

15

m/e

20.0

.5

°3H:;O
+

+

+



0,

)

%Relative

160, 162

1

132

1 85.5

(

(OH)2
+

H

2

+

+
(01)

) (8)

129

127

125

116

115

114

99

98

94

93

80

63

.0

4.3

57.0

2.9

4.3

3.8

35 2

3.8

3.8

18.1

6.7

219

.0

6.7

+
OH30 P (S) (01)

+
01

+
(OH30)2PS

+
(8) )

+
P(OH)(S)(Cl)
+
OPS(Cl)

+
(

+
P(s)

+
OH30 PS

+
( )2P

+

+

+
liPS

)+

(OH30P)+



)

+ +
49, 3 •8 ) &

47 64. 6 ) +
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