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All the figure numbers, table nuabers,

structure numbers and references in a chapter
refer to that particular chapter only.

All melting points and boiling points are
uncorrected.

Infra Hed spectra were recorded as liquid film
or as nujol mull on Perkin Elmer Spectrometer
(model 137B and 221) with sodiuam chloride optics.
Blemental analyses were carried out by micro-
analytical section using conventional estimation
methods.

Mass spectra were recorded on a CES5-2-110B double
focussing spectrometer using direct inlet system

(wherever not mentioned).
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11. SUMMARY OF THE THESLS

e T ———— . T AN

1. GENERAL LINTHOQUCTIGN

1.l PRESENT IBVESTIGATICHS: During process development of
various organophosphorus pesticides, number of problems
related to analytical methods and effluent treatment had

to be sclved. GSeveral modern techuiques such as Gas-Liquid
Chromstography (GC), Thin Layer Chromstography (TLC) and
Coupled Gas Chromatography/Mass Spectrometry (GCMS) were
extensively employed for the purpose. During these studies,
several new stationary phases were developed for GC.
Alternative methods were alsc devised. Simultaneously ideal
chemical methods for detoxication of the pesticides were
studied.

1.2 GAS CHROMATOGRAPHY: Prinmciples of different
chromatographic methods have been described. A brief account
of GC technique has been given. Among various selective
parameters for enhanced separation, types of detectors and
l1iquid stationary phases were discussed with iliustratioms.
1.3. QRGANOPHUSPUORUS PLSTICIDES: Differeat classes

were described by giving examples. Their mode of action,
activity, environmental decomposition and side effects have

been mentioned in brief.
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Amcong numerous stationary phases for GC, poly
(ethylene glycol) or {arbowax phases are very popularl.
Their esterification with acids yielded highly selective
and thermally stable phul“‘”.

In an attempt to increase its applicability,
chloroacetic acids were condensed with Carbowax-20M which

is the most preferred polnlyeolz"'29 to get phases A-D.
HCOOCH,~CH - [ 0-Cl,-CH 2;7“-3-cl:lz-cﬂzcoon

where i = CHg-, (4)
= Cl.CBz-. (B)

CleCHg=y (B)
= Clge CH-, (C)
= Clg*C-y (D)

Following groups of samples were analysed on them (1)
straight chain aliphatic alcohols ((:1 - Gy (2) Compounds
with varied polarities such as water, methanol, ethanol,
chloroform, acetone, ethyl acetate and methylisobutylketone
(MIBK) and (3) Chloromethanes.

Following groups of isomers were analysed (1) Propanols
and butanols, (2) Aylenes, (3) Chlorobenzenes and
(4) Chlorotoluenes.
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Elut ion of alcchols observed to be according to
the order of increasing boiling polntsal. Efficient
separation of water-methanol, water-ethanol, chlorofora-
MIBA pairs have been achieved. MNovel resclution of
chloromsthanes also has been obtaimed. A typical behaviour
of chloro derivatives of arometics has been observed,

The retention phenomenon was discussed on the basis of
electrostatic properties and hydrogen bonding.

Ko relation of number of chlorine atoms in the phase
with retention daty was observed. GEventhough a decrease in
polarity of the phases was observed, they behave selectively
towards chloro derivatives and polar compounis due to highly
acidic protons in teraminal chlorocacetate groups.

The phase (C) found to be selective and ideal
substitute for Carbowax-20 M due to lowest operatiomal
temperature3’ and greater resolution power. The same was
employed to determine percemntage of alcohols in aqueous
solutions produced in some processes of organophosphorus

pcaticldosso"o.

3. TAERMAL DECOMPOSITION OF DIMSTHOATE

Among various organophosphorus pesticides,
0,0-dimethyl S-(N-methylcarbomoylmethyl) phosphorothioclo-
thiomate or Dimethoate®® 1s most widely used for
agricultural use. Many reports have described that



temperature is mainly respomnsible for its environmental

dogrldation‘s'sa.

Additionally, its explosion at elvated
temperature is the unique feature.

Dimethoate was thermally decomposed and separated
intc organic and inorganic parts which were studied to
investigate the role of temperature. The latter foumnd to
contain oxides of phosphorus and charcoal. Fresence of
charcoal was very astonishing. The former was resolved
into mine components by GC. Their percentages were
determined using standard solution technique., HNass spectra
obtained by GCMS were interpreted for structure elucidationm.
Some of them were identified as (1) O,5-dimethyl dithio-
phosphate, (11) 0,0,S—trilnthyldgtg:zafrothiolotbionato,
(111) 0,8,5-trimethyl phosphorothielethienste, (iv) 0,0,8-
trimethyl phosphorothiolate and (v) sulfoxide of
compound ii. The data was co-relsted with studies in

environmental dogradatioa‘a"s'sl’ﬁih

It accounts
impurities and various transformations in stored product.

Attempts were made to explain the explosion phenomenon
@.g. polarisation of bonds and group migration in the

66,67
cyelic intermediate due to electron ronrran;o-.nts.’

4. REGHARALIQN OF IMIDAN
Introduction of an organophosphorus pesticide for
an agricultural use necessitates evolution of prompt

analytical tool for residue studies, chemistry of
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transformations and industry oriented effluent
treatment procedure. From this point of view these

studies were taken up.

4.1 THE PESTICIDEs LMIOAR® (1). 4 brief account of
preparation, activity eand degradation was given.

4.2 THIN LAYSR CHROMATOGRAPHY (TLC): Malmly TLC and paper
chromastography with various solvent systems were employed
to analyse lmidan degradation productss'8'17'18. But they
have restricted applications and are not suitable for
general purposes. Therefore an handy but efficient two
stage TLC technique has been developed for simultaneous
analysis of Imidan and its metabolites: Imidoxon (II),
N-hydroxymethyl phthalimide (III), phthalimide (IV),
phthalamic acid (V) and phthalic acid (VI)5-8, It is
suitable for studies in degradation inmn 30115' Inilllc

and plants as well as agquatic residue® and decomposition
on storage.

4.3 HYDROLYSIS GTUDIES: Biological detoxication reactions
have hydrolytic pathnya‘l and there also exists an
identity relationship between these transformations and
chemical hydrolysisi®i40, Therefore the latter has been
thought to be appropriate method for artificial detoxication
which can be utilised for effluent treatment.
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Hydrolysis was carried at iifferent conditions,
using Naod, lazpoa and HCl. NaOH cleaved the molecule at
5=-C linkage while protonation occurred at sulfur atom
in P=5-C-N bridge, resulting in P-5 cleavage. The latter
reaction ylelded N-mercaptomethyl phthalimide®® (VII) whicn
further hydrolysed to IV probably via bis (phthalimidomethyl)
sulfide (1x)%3, oxidative desulfurstion also cceurred
simultaneously to get (II)‘7. The weak nucleophile
attacked phosphorus atom due to octet expansion of the
Latter and causes cleavage of P-3 bond". It resulted in
VII.B,N'-ethylene diphthllllld.es (VI11) was further
hydrolysis product which has been formed probably via IX.
Compounds VII and VIII were reported for the first time as
hydrolysis products. The TLC technique (4.2) found to be
very useful for identification purposes.

The empirical data showed that the double bonding
character of phosphoryl boanl‘a is partial snd non-rigid.
behaviour of P-5-C-H bridge 1s uncertain but predominantly
depends upon basic nature of reagents. The identity

rol-tioashin‘“"n

was confirmed in this case but pertains
to hydrolysis only using KaOH, ln principle the reactions

are useful to predict fate of a pssticide in envircnment .
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4.4 SFFLUENT THEATHMENT: Due to development of efficient
snalytical method (4.2) and chemistry of transformations
(4.3), the studies are recommended for effluent
treatment of waste water from the process industry.
because a need arises from acute problem to minimize

water pounuon“.



CHAPTER ONE

GENERAL INTRODUCTION

I-1 GAS CHROMATOGRAPHY
I'2 ORGANOPHOSPHORUS PESTICIDES
‘'3 PRESENT INVESTIGATIONS



L.l 648 CHEOMATOGRARHY
i.l.1l Chromatographic Metheds

Chromatography is defined as a method of separation
where the components in a mixture are separated as a result
of their partitioning between two immiscible phases.

Day* and Tswett? discovered the phenomemon which was
¢xplained as sorption-desorption interactions. In 1931 Kuhn
and Lodorora proved the usefulness of chromatographic
technique as a powerful analytical tool by separating carctene
and xanthophyll using displacement and frontal analysis. The
first mathematical presentation was described by Wilson®
in 1940.

vepending upon the nature of a statiomary phase,
¢eneral chromatographic methods may be classified as
follows. (1) Liquid-sclid, (2) Gas-solid, (3) Liquid-liquid
and (4) Gas-liquid. In liquid-solid chromatography, a mixture
to be separated gets adsorbed on stationary particles., Due
to the continuous elution of a solvent, the more soluble
component is taken away by the mobile phase. 001unn5 and
thin layer chromatography (I'm'.‘)6 belong to this class., The
former contains a glass coluan filled with alumina or silica
gel. A sample is loaded on the top and eluted using suitable

solvent system. The latter consists of glass-plate coated



with a thin film of silica gel or any other suitable
adsorbent. A mixture to be separated is spotted with the
help of a capillary and a suitable solvent system 1is

allowed to ascend in & presaturated solvent chamber. Then
the plate is developed using iodine vapours, conc. 8250‘

or other developers. lon exchange ncthod7 is an industrially
useful liquid-solid chromatography in which cation or anion
exchange resins such as zirconium phosphate and polystyrene
serve as stationmary phases.

In gas-solid systea® samples like permanent gases
and hydrocarbons having lov molecular weights are separated
by adsorption on an active solid surface such as charcoal,
silica gel and molecular sieves.

In liquid-liquid chromatography the separation of
components is based on the partition co-efficient which is a
function of differeance in distribution ratio*a of different
components. Important members in this class are partltiong
and paper chromatography. In the former, a coluan is
filled with substances like silica gel, alumina or cellulose
powder. and saturated with polar soclvents like water and
ethanocl. Nonpolar sclvents serve as mobile phases, A
component having highest distribution ratioc is eluted
preferentially. Ia paper chronato;rlpby’conponcntl present
as siagle molecules or ionic species are separated by elution



of solvent through the adsorbent i.e. thin layer of
cellulose which is a part of paper such as wWhatman filter
paper Ho.l or 2. The eluted spots are developed using
suitable developing agents im different characteristic
cclours. The advance technique in this class is high
pressure liquid chromatography (HPLC)lo in which a sclvent
under pressure is eluted through a column containing liquid
phase co-todleort particles. The components are detected
by refractive indices or UV method.

In gas~liquid chromatographic lnthodl‘, vapours of a
sample are eluted through a columan filled with particles of
inert material on which thin film of liquid phase is coated;
by mobile phase called as carrier gas. Components in the
mixture are separated according to the partition co-efficient.
The emerging vapours of eariched component are detected by

a suitable device.

l.1.201 82 00X

Several reports on techniques similar to gas
chromatography appeared in the 1930's bulthe first publication
as a separate technique appeared in 194612. The development
in gas chromatography was accelerated due to the discovery
made by James and Martintt based on the suggestions of Martin
and Syngog. They aiso demonstrated it as a powerful and
versatile apnalytical tooldS, Fhilips et 31.1‘ reported



usefulness of this technique over conventional chromatographic
methods. Hay'® who 1s one of the pioneers in industrial
applications of gas chromatography, reported separation of
several organic compounds such as ketomes, aldehydes, alcohols,
esters, ethers,etc. By 1956 the technique was recognised all
over the uorld’“ and now-a-days it has been used in all the
branches of chemistry.

1.1.3 THE INCTRUMBNT (Fig. 1)

It essentially consists of following parts (Fig. 2).
a) Carrier gas systea
b) Injector system
¢) Columas
d) Detecting device

@) Recorder

(a) Caprier gas systeg: It 1s a mobile phase im the
chromatographic system. Gas under pressure is allowed to

pass at a coastant rate through the column via injector block
and eluted out through the detector. Eventhough choice of a
gas depends upon the availability and the cost, selectivity
is mainly based on type of a detector to be used and
precision of analysis. It should not meact with the
stationary phase and should be free from oxygen. Therefore
purified and chemically inmert gases having lovw molecular

welghts such as hydrogen, nitrogen and helium are used.
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FIG. 1. GAS CHROMATOGRAPH ( PHOTOGRAPH )

DetectingDevice(d)
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Recorder (e)

Carrier Gas System(q)
| Injector (b)
l system



(b) lojector system: A sample injected by a syringe gets
vapourised in a preheated metallic block and carried to
column by the carrier gas. Many ancillary devices such as
gas sampling device and pyrolyser are available. Sometimes
on column injection is preferred where use of this part is
avolded.

(e¢) Columps: Aluminium, copper, stainless steel or glass
columns are in use, They are filled with material like
celite coated with liquid stationary phase. Apart from
conventional open tubular coluans, glass caplllary cclumns
are also used for precision analysist?. Length and shape
(coiled or U type) of columns vary according to the
requirements. The columns are heated at a steady teamperature
in an oven. Solute vapours entering the coluan through the
injector block gets partitioned between liquid stationary
phase and mobile gas phase. Due to the continuous mass flow
of gas, the eariched component fractions are eluted in the
detector. Column is the important part of the imnstrument
where separation of compoments takes place. Details about

stationary phases are discussed in proceeding section.

(d) petecting Devigce: solute vapours are detected in this
part. wWworking of the device is based on properties of
solute such &s thermal conductivity, ions formation, electron

affinity, ete. Thermal conductivity detector (TCD), electron



capture detector (&CD) and flame ionisation detector (FID)
are wost comuon. Various types of detectors are discussed

io proceeding section.

(e) fegorder: The detection of sample vapours is converted
into an electrical signal which is Qimplified. and recorded
by a potentiometric recorder. Now-a-days computarised

print-cut device (integrator) is in use.

l1.0.4 T 68 E0RX

There are mainly three theories in practice to explain
the separation phenomenon. They are rate thooryls, plate
tboorylg and theory for capillary eolnnnsao.

FPlate thoorya'lg is more simple. It is based on a
hypothetical term 'theoretical plate', It is defined as a
section of the coluan in which vapours leaving the section has
the composition that would be in equilibrium with average
composition of liquid solute within the section. An enhanced
separation of solute component between moblile and stationary
phase is considered to be set at each plate., Thus the total
separation depends upon separation at each plate and number
of theoretical plates in the coluama.

afficiency of 2 column is defined by a term 'Height
Equivalent of the Theoretical Plate (HEIP)'. It can be
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obtained by a foramula.

HETP = l_"-q.' where n = theoretical plates

L = length of column
and 2
n =16 [&Eﬁ_] where t_ = retention time
v

w = width of peak

Hate theory was explained on the basis of kimetic
approsch by Doo-torla. The equation is

HELFP = 2x‘p + 2 72" as - g 5" . l:2
u o2 (1 +&*)2 Dliq

Ihe simplied form is

HEIP = A + § + Cu where
u

A = Hultiple path effect
B = Moleculsr diffusion

~

¢ = Resistance to mass transfer

'A' can be reduced by reducing particle size, 'B' 1s
proporticnal to diffusion co-efficient of the carrier gas.
Therefore heavier gases like coe tend to give best performance
at low flow rate.

seulmans® has described comparative studies of both the
theories. Hate theory is more realistic than plate theory.



lmprovement in separation can be achieved using the data

of the equation of rate theoryZ2,

Performance of capillary columns can be expressed as
HEIP = B + (C. +» C,)Ju where
a b G

CL and °G are resistancesin the liquid
and gas phase respectively,

Factors responsible for separation are: nature and flow
of g as, temperature, length, type and internal diameter of
column, nature and particle sisze of imert support, nature of

stationsry phase and type of detector.

1.1.5 $5LECIAVE PARAMET GRS

Among many parameters responsible for éenhanced
separation, statiomary phases and detectors are highly
selective due to numerous varieties available; according to

the choice. They are described in this section.

(4) 2ELECTORS
#ithout a suitable and desired means of detection, the
finest resolution of components would be useless. Therefore
detector is very ifmportant in the chromatographic system.
Popular detectors are described below.
(1) Lhermal Conductivity Detector (TCD) (Fig. 3a): It was
discovered by shakespear®3, 4 very thin coil, fitted in the

10



cavity in @ metal box is heated electrically. It is

connected to a bridge. An equilibrium of heat exchange

between the gas and the block is set up and the bridge is
balanced. when sample vapours emngter the block, the eqilibrium
is disturbed causing imbalance in the bridge current and a
signal is obtained. This is a very simple and most versatile

dotoctorz‘.

(2) Flage louisation Detegctor (Fiu) (Fig. 3b): This sensitive

detecting system was first suggested by Hyce and Brycozs. An

hydrogen flame is kept burning between two platinum electrodes.
At high temperature the gas is ionised to set a steady current
across the plates to which a steady potential is applied.

4nen sample vapours eanter the chamber, it burmns forming loas
which enhances the current amultifold and supplied to the
recorder.

(3) slectron Capture Detector (uCy) (Filg. 3¢): It was first
reported by rompeo and Otvos2, This is one of the most
sensitive detectors. It consists of two electrodes, one of
them is with radio-active foil. Carrier gas molecules are

ionised into long lived metastable atoms. The imtroduction of

trace amount of organic impurities results in energy transfer th c-

collision and travel to the electrode. The detector has
sensitivity 2 x 1072 moles??,

11

1\
B
J



0

a) Thermal Conductivity Detector

a
N

®
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—— Platinum plates
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b) Flame lonisation Detector

| Wz 7

I¢ Radiacactive ©
source

¢) Electron Capture Detector

FIG. 3.
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(4) Tneralonic Detestor (TID): It was developed by KermanZ®.
Thermally ionised molecules of an alkall metal are present

in the flame of hydrogen in the detector. If solute vapours
contain phosphorus or halogens, 2n enhanced response is
obtained. Hitrogen selective detector may alsc be prepared
by proper choice of an alkali salt. The response of a
compound containing ten carbom atoms and one phosphorus atom
is 600 times greator than the response of comventional F1029,

(5) Flame fhotometric letector (FPD): This sensitive detector
is highly specific for phosphorus and sulfur over hydrocarboms.
Hydrocarbons containing phosphorus or sulfur such as thiophene
in benzene produce cheamiluminescent species when combusted in
& flame which is rich in hydrogen. «hen proper portion of the
flame area is viewed by means of & fixed filter fiiter and
photomultiplier tube or a spectrophotometer, they emit light
of particular wave lemgth., It was first described by
s-lssouao. A suitable design has been reported by Brody and
cnnnoyal. It is specially eamployed for pesticide residue
analysis and to detect trace impurities of phosphorus and
sulfur compoundsZ?132,

(6) Zlegtrochemical Detegtors It is based on coulometriec
principle. It was first reported by Coulson and c-vcunghaa
for dsteramination of halogens in combustible gas, A microgram

is
quantity of the conponnntApitrltod with the internally



generated silver lom. A pesticide analyser using this
detector was reported by Coulson et al.?4, variety of

coulometric detectors are available.

Hany other detectors are also in use. 4s they have
limited any specific uses, they have limited commercial value.
some of them are, paliadium dotoctorss based on permeability
of alloy at high temperature, molecular weight detector?®
in which molecular weight is calculated by gas demsity balance,
discharge dotootor37 where presence of foreign component
was detected by increase of current flow, flame emission
dotoctorag. ultrasonic dotcctorag, helium ionisation

detectord0,

(8) iloUlp ST ATIONARY PHASES

A choice of liquid stationmary phase is made by its
selectivity over other compoundis, operational temperature and
polarity. Frolarity is defined as a retention ratio of a
polar solute to that of one which is non-polar solute for
wnich zero polarity is attributedd, Chovin and Lebbe?2 nave
worked on polarity scale having butane as a standard. A
system of retention indices was developed by kovats®® who
predicted retention index on the basis of cheamical structure
of a solute. Hohrschneider®® considered index difference of
benzene as standard to characterise liquid phases. Tokacs®d

worked further to show that the interactionm of solute and



stationary phase depends upon the quotients of their iniices
which 1s very useful term for computer programming.
ncaoynolds“ has recommended retention indiex difference of
tfen standard substances-benzene, butanol, 2-pentanone,
aitropropane, pyridine, f-sethyl-2-pentancl, l-iodo-butzne,
2-octyne, l,4-dioxane aund cis-hyirindane. Among many atteampts
to characterise polarity of staticmary phases, system of
Hohrschneider is most popular. These scales help for the
selection of appropriate stationmary phase for desired analysis.
The scale shows that oniy a few phases are sufficient to carry
out ail types of analyses,

Liquid stationmary phases are classified as non-polar,
dilute, concentrated and specific staticmary phases. A non-
polar stationary phase has simple paraffinic linksges and
useful for the analysis of hydrocarbons which are eluted im the
order of increasing bolling points‘7. some important members
in this class are squalane®3, Apizon greases particularly
Apizon L, methyl liliconOt‘g (Fig. 4a) and surface bonied
silicones50,

Jillute stationary phases have non-polar structure with
some polar grouping. It dissolves polar a&s well as non-polar
solutes., It is the biggest class of phases., The 4ilute phases
waloly include silicone derivatives like phenyl silicones,
haloalkyl and cyanoalkyl silicones (Fig. 4b). Arcmatic
derivatives such as nitrobenzene, polymetlphenyl ether3) and

J
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3,3'~bis(m-phenoxyphencxy) biphon1152 (Fig. 4¢c) are alsc
included in it., Esters of carboxylic, phosphoric acids:
dinonyl and diphenyl phthalate, triphenyl phosphate are
important in this class, GSome selective phases included in
tnis group are high molecular weight acids and alcohols like
stearic acid, octadecyclic alcohol respectively.

The group of concentrated statiomary phases have large
proportion of molar volume, occupied by polar groups like
-0H, -CzN, halogens, etc. water, diglycerol, d-sorbitol,
acetyl butyl citrate, B.ﬁ'-oxyﬂipropionitr11053 (Fig. 44) and
triethanclamine are from this group. Formamide dorivativess4
are selective for isomeric separations. Most widely accepted
phase is poly(ethylene glycol)ea which is useful for all types
of isomeric separations and variety of analyses. They are
described elsewhere. Polyestersss prepared by coniensing
alcohols with dicarboxylic acids are also popular, Succinntose,
adipatc55 and phthlllt.57 (Flg. 4e) polyesters are mostly in
use.

specific stationmary phases form an important group.
silver nitrate with poly(ethyleme glyccl) in particular has
very high soloctivltysa. Trifluorcacetyl (TFA)-alcohol esters
of optically active amino acids were used to separate amino
acid enantiomers5®, Applicability of liquid crystals such as
Pyp'-Azoxyphenatole (Fig. 4f) has been reviewved by Kelker®0,

272,94 - K/ 2 5/, /A7~
7”’336 (/» 75)4) ‘,’U\J\LA/



The phases were found to be very useful for isomeric
uparauon“. Bonton-&l‘z, which is prepared from a
¢lay: beatonite and dimethyl dicactadecyl-ammonium salts

are recommended for xylenmes,

18



1.2 QBGANOPHOSPHORUS PEJTICLOES

Practically pesticide is a general term which may be
defined as a chemical substance used to kill harmful species
to plants. The need of a pesticide has been necessitated
when early civilization developed an art of cultivation
and storage of foodgrains. Arsenic had been used to control
garden insects in ancient China. In western countries sulfur,
helibore, light oil and tobacco were in use in pre-Christ era.
Heem lLeaves have been utilised in storage of foodstuff since
very old times in India.

For higher crop production and effective storsge of
surplus stock of foodgraians, more attention has been given to
protect them from harmful species and the pesticide science has
been evolutionised since thean. Mimerals like sulfur,
phosphorus, lime and arsenic were tried at the very begimning.
Then terpeantine, whale oil, tar had been utilised. Synthetie
compounds like ethylene oxide, methyl broamide, hydrocyanic acid,
mercuric chloride andi soap were used upto early forties.
Naturally oceurring pyrethrum, tobacco dust and other herbs
were alsc widely used for this purpose.

By 1930 a new era in pesticide field has been started
by introduction of synthetic organo-pesticides. GSowe of them
are orthochlorobenzene, petaachlorophencl, beta-naphthol,



benzyl beuzoate, a zobenzene, nitrophenocls, xanthomes, etc.
Upto 1950 chiorinsted pesticides were very exhaustively

used all over the world as effective pest killers. Dichloro-
diphenyltetrachloroethane (DUT) dominated the field during
2nd World war and post-war days, Game-benzene hexachloride,
chiordane and toxaphene were also prominent among them. Due
to highly toxic residue effects of long persistent chloro
derivatives, they were slowly outdated.

A significant achievement in chemical warfare research
in Germany during 2und worid war, is the develcpment in organo-
phosphates. C(onsequently a new class of pestieides i.e. organc-
phosphorus pesticides has been evaluated. It has been
described in detail as follows.

o2l Ll SXORY

Phosphates are ome of the essential constituents of
protoplasa and play an important role in maintenance of life,
Some of them are nucleic acids, nucliectides, co-enzymes,
metabclic intermediates and phosphides, Many phosphorus
derlvatives are used in day-to-day life as lubricants, oil
additives, plasticisers, pharmaceuticals and posticidos“.

In 1908, Harden and !onu66 discovered the key role
played by inorganic phosphates in alcoholic fermentation in
which fructose diphosphate, a metabolic intermediate was
isclated. 3ince then many organic phosphate esters have been



isolated from biological sources. sir Todd and Cramer®6+67
have studied phosphorylation reactions in naturally
occurring esters., These esters are found to inhibit the
activity of cholinesterases by phosphorylation at esteric
site®o, rFaracxon, aa 0xo analogue of parathion was first
demonstrated as synthetic anticholinesterase agontsg.

The relation between structure and activity of organo-
phosphates was established for the first time by Helwstedt’C,

schrader %

Suggested a general formula for compounds, having
contact imsecticidal activity. In 1941 a systemic imsecticide,
schradan (UMPA) (Fig. 65a) along with other insecticides was
introduced. GSynthesis of pnrathion72 (Fig. 5b) was a great
achievement in this field. Though it is highly toxic to

maamals and insects, it helped in developing lesser toxic but
promising derivatives. some of them are Fenitrothion?d (Fig. S¢c)
and chlorthion’4 (Fig. 5d). Other useful pesticides with low

msmmalian toxicity are Malathion (Fig. Se) and Demeton (Fig. sr).

1.2.2 QCLASSIFICATION

Urganophosphorus pesticides may be divided according to

the poteat groups in the structure. They are as follows:

i) Alkyl phosphates: vue to high mammalian toxicity and less

stability this class hss not been developed much., Very few
compounds were prepared in this class. Faracxon’? (Fig. 6a) is’

one of theam,
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2) Ebesphorothiopates: They are thiomo (P = 5) derivatiwe s.

Hany useful pesticides belong to this class. They are stable
and also have low mamalian toxicity. Some of the members are
rhoxim, salithion’® (Fig. 6b), and Fenitrothion’3 (Fig. 5e¢).

3) Ehesphorothjolates: Members of this class have P = O and

P = SK linkages, Jo-otou-s7‘ (Fig. 6¢) 1s one of them.

4) Ehesphoramidic scid derivatives: They have P-N as important

77 (Fig. 6d) belongs to this class.

feature. Avenin
5) thesphorefivoridic acid derivatives; Compounds having P-F

and =0 bonds are included in this group. Very few compounds
of this class were eamployed for agricultural use. (ne of the

members is sarin’® (Fig. Ge).

6) Eyropposphoric acid derivatives; Very active studies were

carried out at the beginning. Tne pesticides have less
practical value except achradanv‘ (Fig. 5a).

7) Ehesphopates: The structural feature of this class 1s P-C

bond with variable organic moieties. These compounds are used
as insecticides, fungicides and plant growth regulators. Some
igsecticides in this class are 5PN and trichlorfon79 (Filg. 7a).

o) Lhospbluate Lsterg: series of P-C linkages are present in

thils group of pesticides. Uunly one marketed pesticide i.e.
szitoréo (Fig. 7b) is known from this class.
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9) Phosphorotnioiothjopates: Members of this class are

widely accepted due to low mammalian toxicity, low persistence
aud high insecticidal activity., Hore than forty compounds

of this group were introduced in market. The compounds

have both thiono (P=3) and thilo (P-5R) linkages. The thiclo
group can be further ciassified as carboxyesters, amines,
heterocycles, sulfides, sulfoxides and amides. Some of the
popular members are thio-oton7‘, -on.touoal, ilidansg.

dimethoate?®, phorate®® (Fig. 7c-g) and Malathion’d (Fig. Se).

1.2.3 HODE OF ACTION

The pentavalent phosphorus esters or anhydrides have
phosphorylating as well as alkylating properties. The
insecticidal activity and maamalian toxicity of a compound is
attributed due to the phosphorylation of acetyleholinesterase
at the ostoric-sitga i.e. serin hydroxyl group. The enzyme
ianhibition reaction is similar to the alkaline hydrolysis. It

also depends upon pi and temperature,

1.2.4 GLHOCTUM: ACTIVITY HEBLATIONSHLE

schrader’ts74 proposed a gemeral formula in 1950 (Fig. 8a)
It was modified by Clark®4 1, 1964. According to the rule in
Fea¥si system of a pesticide, LY. may be H,C,N,0,5 but Z should
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be such that it is capable of accoammodating electrons from

the P-A bond (Fig. 8b). The most widely accepted relationship
is between inhibition constant (Ky) and rate of hydrolyll:“s.
If phosphorus atom is attached with electron withirawing group
such as OR, OFPh, SiK and F, the activity is enhanced as the
compound hydrolyses fast.

some compounds are potent insecticides because of the
presence of certain groups. The thiono derivatives are active
by virtue of S-alkylation and also coaversion to oxo analogue.
For exaample paraoxon (Fig. 6a) is 10,000 folds active than
parathion (Fig. 5b), while S-methyl analogue of malathion
(Fig. 5e) is more active than the parent compound by the factor
of 3s. Dased on electron donating capacity, amides are active
in the order -nne>>-una:>-uaz but no such rule can be
predicted due to their abnormal behaviour.

Bvcdﬂtnough Several enol phosphates are very potent
anticholinesterase agents, the activity is not accounted due
to hydrolysability but due to protonation. However, para
substituted gcetophenoxime phosphates are active due to the
presence of electron releasing groups‘s.

steric factor is also very important for inhibition
action. HMolecules with smaller substituents are more active
than cone which has bulky substituents., For example methyl
phosphate (Salioxon) has imsecticidal activity but phenyl



phosphate is inactive. The compounds having structural
resemblance with acetylcholine are found to be very active.
The possible mechanism is sort of an antagonist behaviour
e.g. Fenitrothion (Fig. 6¢). Gome pesticides show
activity due to asymmetric phosphorus atom as acetyl-
cholinesterase enzyme activity is highly stereospecific.
Inhibition shown by Sarin (Fig. 6e) is due asymmetric
phesphorus atom.

xvodnthough many rules exist to define the relatiomship,
no perfect prediction can be made about an activity of a
compound. Therefore emphasis is given on preparation of
compounds in large numbers and testing them.

1.2.5 HELABOLLSH

It is defined as chemicel change occured in foreign
compounds in the body of organisams. As pesticides are less
polar and lipophilic, they readily enter into the pests
through the skin. Mainly two types of transformations take
place. They are activation and detoxication. The former
change means conversion to more active and polar form which
is respomnsible for the increase of anticholinesterase
activity. lo detoxication process, the molecule is
converted to lesser toxic forms S0 that it can be excreted

out safely. Both the reactions take place simultsneously
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and their competence determines toxicity of a pesticide.

The reactions causing activation are as follows.
Uxidative desulfuration of thiophosphoryl sulfur atom yields
corresponding oxo analogue. The product is multifold toxie
than the parent compound (Fig. 9a). Oxidation of thiocether
moiety into sulfoxide and sulfomes has been observed in
vivo in plants, mammals and insects. GsSulfones have highe st
anticholinesterase lotivitya7 (Fig. 9b). Oxidative
demethylation takes place in amido group of a pesticide.

For example in oxidised Schradan, activity increases to 10s
(Fig. 9,,3‘, Aliphatic hydroxylation and some rearrangement
reactions are also responsible for activation of the

pe sticides.

The metabolic detoxication is mainly due to the cleavage
of phosphorus ester bond. Some of the reactions are oxidative
dearylation, ensymatic hydrolysis and O-dealkylation. In
phosphorothiolothionates two types of cleavages take place.
Une is at P-3 bond and the other is at 5-C linkage. In most
of the organisas both types of cleavages cccur, but 5-C
fission 1s predominant (Fig. 9d), e.g. menazone®® (Fig. 7d),
dimethoate® (Fig. 7f) and imidan®! (Fig. 7e). Hydrolysis
of amide and reduction of nonphosphorus moiety also detoxicate
the pesticides. Amide in dimethoate hyirolyzes to
corresponding ac1d%0 (Fig. 9e), while nitro group in parathion
reduces to amine®2 (Fig. 9f).
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1.2.6 SLOE EEFECLS

Many organophosphorus pesticides show a chronic
peurotoxicity, affecting peripheral nervous systeam which
leads to paralylu“. They also show teratogenic sigans
which include lack of feathers, parrot beak, shortening amnd
deformation of legs, ete.%4, Enzymes other than
cholinesterase are also susceptible to organophosphates,
producing synergistic lcuvity”. In certain cases complex
changes of the molecular architecture of membrane bound
enzymes may be induced. UJue to the presence of organo-
phosphorus co-poundl, normal plant metabolisa is affected.
It causes abnormality in ccloration of fruits, ripening poriod

and smell of rrut-“.
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1.3 PRESEND AVESLLGALIQNS

In the Hational Chemical Laboratory, Pune,a large group
of scientists is currently engaged in research and process
development work on various types of pesticides., Frocesses
for several organophosphorus pesticides have been developed.
puring these developments and transfer of technology, nuaber
of problems related to amalytical methods and effluents had
to be tackled. Therefore several new stationary phases were
synthesised and employed for gas chromatographic analysis as 1t
15 the wmost precise and quick amalytical technique. Alternative
analytical methods were also devised where gas chromatography
is not suitable. simultanecusly various chemical methods for
degradation of the organophosphorus pesticides to nontoxiec
forms were studied in order to evolve proper effluent treatament
processes for the same.

The preseat investigations described in the following
chapters is the part of such research work undertaken by the
author.
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2l LELIAODUCILION

2.1:1 THE PHASEIPOLY (STHYLENE GLICOL)

Many times polymers are used as stationary phases in
gas chromatography. Among t.nu,poly(othylono glycol)
plnul1 (Fig. 1) top the list. They are prepared by
polymerisation of ethylene oxide?,

HO=CH = CHg= Vg -o-cuz-cuz-_?n-o-caz.cua-oa

Elg. L

Variety of polymers with different molecular weights could
be obtained in the process depending upon the number of
molecules combined. They are separated and named according
to the range of molecular weights such as PEG-400, 1000,
1500 ete.

The phase is available in market under numercus trade
names: polyethylene glycol 400,600,1600,2000,60003%
carbowax series (Analabs), Ucon and carbowax series (Union
Carbide Chemical Co.).

All poly(ethylene glycols) possess good polarity as
stationary phases. They occupy intermediatory positions
in the table of McReynold's constlntla.



The phase has etheric linkage between ethylene
-oloculcs,and hydroxyl groups at terminal positions. Iwo
types of centres work as donors to solutes in the phase:
the terminal hydroxyl oxygen and etheric oxygen. They
principally determine retention of solute samples on the
stationary ph.l.l. Hydrogen bonding remains to be the
main attractive force for retention of solutes. The
retention index found to be co-linear with hydroxyl
concentration of the phnloa'as. 50 molecular weight of the
phase greatly affects retention of a component.
Consequently there is a wide choice of selectivity of these
phases for appropriate analysis.

At the begimning of the development of gas chromatography,

some polyglycols were evaluated for amalytical applicaticns
by hdlord‘. variety of compounds namely aliphatic and
aromatic hydrocarbons, n-alkanols were analysed by him.
iventhough exhaustive use of polyglycols 1s being made,
until 1974 critical examination of the phase remained to be
evaluated. Cult01105 thoroughly studied nature of the
phase and derived many relations between characteristics of
the phase and retention data. GSome of them are, linearity
of log v‘ with nuaber of carbon atoms in cl'ca alcohols‘,
effect of molecular weight and temperature , calculations
of activity co-efficient (Y). Cheaistry of polyglycols
alsc has been reported by Porsingor27.



Foly(ethylene glycol) phases are used for variety
of analyses. GSome of theam are discussed here from the
point of view of imteractions between solutes and solvents.

As hydirogen bonding 1s sainly responsible for retention,
there is no significant difference in behaviour of
oxygenated compoundis like aldehydes, ketones and &hers.
Elution of particularly low molecular weight compounds is
based on the order of boiling point|7.

Retention of mainly aliphatic hyirocarbons is explained
on the basis of inductive effect. Actually very small
influence is exerted by methylene groups in the phase.

The order of elution depends upon variation in inductive
forces between the solveant and the solute. Adlord‘ analysed
aliphatic and aromatic hydirocarbons while Durrotts has
studied those hydrocarbons which pertain to aviation gasoline.
At the latest n-alkanes and alkanols were analysed on

9 kydvocarbons
carbowax bonded phase . Aro-aticA§1ff¢r from aliphatic
hydrocsrbons in characteristic delocalization of ele¢trons.
This causes lessening of inductive effect in toluene and
xylenes. 50 no pronounced difference among xylene isomers
has been obsorvtdlo. On the other hand, halogens have
strong inductive effect. additionally mesomeric effect (+M)
imparts & partial double bond character to C-X bond.
Consequently stronger interactions occur in elution of

cbloro-coupouuds"ll.



Hydrogen atoms of amino groups are good donors which
interact with the phase to retain amines. 4s retention
wholly depends upon availability of amino hydrogen atoms,
tertiary amines are eluted fast due to non-availability of
hydrogen atoms. Therefore amines are selectively
separated and eluted in the order as tertiary, seccondary
and prinrrlg.

Among variety of compounds, alcohols are mainly
analysed on polyglycols. Number of workers have reported
wide applicability of this phase. sSmith’ has snalysed
alcohols with low molecular weights. Almost in the same
period, anp"a eritically studied the phase for the
analysis of alcohols and recommended the same. GSome of
the other reports mainly deal with Y to Cg
ueomu"s""n'“.

to analyse volatile compounds from excess of nlcoholu.

The phase also found to be useful

The phase is widely accepted for commercial use due to
the characteristic behavicur. It is extensively used to

analyse compounds in aqueous solutions such as blood“.

wines and opiritlr’, nrm“. pharmaceutical propurntionom.
They are also found useful in separation of isomers like
carveols and urvomthoum. Cigarette smoke anllylual

has been found to give better results with this phase.



strong bases can be separated using the same in
capillary colu-nlea. AMdditionally_ aciis also resolve
efficiently on this phase when prior treatment of phosphoriec
acid is given, Many straight chain scids along with

substituted acids were analysed on poly(ethylene glycols)zs.

2.1.2 DERIVATIVES OF THE GLYCOLS

Many attempts were made to increase applicability of
the phase by wmodifying its structure. Treatment of the
free hydroxyl groups with different reagents yielded more
polar and stable statiomary phn-ola"zs (Fig. 2). Variation
in selectivity and applicability of the phase can be
achicsved by this method. It has been found that substituticn
by iong chain molecules favoursthe reteation of hyirocarbons
in comparision of alcohols. OUn the other hand, condemsation
of aciis like tosyl, salicylic, terephthalic and glutaric
acids results in phases which favour the retention of alcohols.
JUnfortunately very less theoretical information is available
pertaining to the work.

2.1.3 PEESENT INVESTIGATIONS

As hydrogen bonding is mainly responsible for reteation
phenomenon in poly(ethylene glycol) and its derivatives, it
is greatly affected by inductive effect of neighbouring groups.
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Therefcre it may be interesting to prepare the derivatives
which possess groups that can exert strong inductive forces.
Therefore acetate, monochloroacetate, dichlorocacetate and
trichloroacetate derivatives were proposed. They possess
nusber of chiorine atoams in increasing order and number of
hydrogen atoms in decreasing order. So they are typical
models to study influence of imductive forces. Therefore

it was thought to condense chloroscetic acids with poly
(ethylene glycol) and to evaluate them by analysing various
types of organic compounds. Carbowax20M was chosen

because it is the most preferred phase among poly (ethylene
3110015)97.
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Details of raw materials, methods of preparation of
phases, instrumental parameters and retention data have

been described in this part.

2.2.1 LGAd MATSRLIALS

Garbowax-20M : white solid, varian aerograph walHut Greek/
California (Clt. “.82-1115). -oposo'“oc.

iR s 2880, 1970, 1760, 1630, 1600, 1345, 925,
826, 703 Cm'

Elemental

Analysis : Cy, 54.94%; H, 9.34%.

Acetic Acids Glacial, Analytical grade, Foona Chemical
Laboratory, Pune (India), Assay (aAcidimetric) 99.6%,
b.p.116°-118°¢C.

Heonochloroacetic acids BDH, 99%, Product No.27667,
Batch No.BAWB/450,3109, b.p.l89°C.

zichloreacetic acjd: Koch-Light Laboratories Ltd., Coimbrook

Bucks, England (Batch N0.79456), b.p.192°-194°C.

Irichloreoacetic aclds It was available in laboratory stock

@s white crystalline material in sealed tube, -.p.sa°c.
Furity of above acids was examined as follows. They

were esterified using diazomethane and the esters were
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analysed by gas chromatography (carbo” wax-20 M (5%) on
chromosorb ¥, column temp.80°C, thermal conductivity
detecter at 250°C). All samples were recorded as single
peak pure compounds (O 99%).

2.2.2 MELHOD OF PREPAGALION (Flg. 3)

Carbowax-204 (1 g) was added to acetic acid (10 ml)
in a 50 ml round bottom flask. Para-toluene sulphonic
acid (PTS5, O.l g) was added to it. The mixture was heated
at 1209C for 2 hr and at 140°C for further 4 hr. The dark
syrupy liquid was cooled and diluted with chloroform (100 ml).
The organic layer was washed with water (100 ml) initially
and with aqueous solution of sodium carbonate (10%, 300 aml)
in three portions. Then it was washed with water till
washings were neutral to litmus. The chloroform layer was
dried over anhydrous u-zso‘ and evaporated to dryness. A
brown coloured material was obtained.

It was characterised byclemental analysis and infrared
s pectroscopy.

Hote: During washing the crganic layer, the carbonate
solution forms an emulsion which was difficult to break. It
was only destroyed after standing for about one hour and by
repested extraction of aqueous layer. Lvery time only a

clearly separated organic layer was taken out.
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petails of individual compoundis were givem below:

LlPely (etbylene glvcol)di-acetate (A); Brown solid,

..po“°°“°‘:¢

IR : 1725 ca™t (30=0), 1210 em~}, 835 em~l(Pig. 4).
Elemental

mlly'i' H C, (9.10; a’ 80350 ?

2)_kely(ethylene glvcelldi-gonochloroacetate (B)

pale yellow solid, m.p. 52°-53°C

IR :+ 1750 ea~t (1c=0), 832 ca~l (Pig. 5).
Elemental
m.x"i' 3 C, 33.40}; ﬁ, 9021" Cl. 0.“‘.

3) poly(etbyviene glycolldi-dichloroacetate (C): Dark red,
thick liquid, m.p. (-4°) - (-2°)c.

IR : 1740 ea~! (3c=0), 802 ca~l.
Elemental
inalysis s C, 53.14%; H, 9.19%; Cl, 20.02%.

4)_koly(ethviene glvcolidi-trichloroacetate (D)

Ked gummy solid, m.p. ax-az°c.
IR : 1725 ea~t (5C=0), 780 cm”t.

Elemental
Analysis s C, 52.85%; H, 9.15%; Cl, 3.97%.
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2.2.3 G4$ CHEOMATOGHAPHIC COLUMIG

Five columns of 5% load were prepared. They are

as follows:
1) Foly (ethylene glycol)diacetate (Column A)
2) Poly (ethyleme glycol)di-monochloroacetate (columm B)
3) Poly (ethyleme glycol)di-dichloroacetate (Column C)
4) Poly (ethyleme glycol)di-trichloroacetate (Columan D)
§) Poly (ethyleme glycol) or (Carbowax-20M) (Colummn X)
General method of preparations and material

specifications are as followss

2.2.8.1 SOLID SUPPORL: It was a flux-calcinated diatomic
support, prepared from Johns-Manville's Celite diatomaceous
silica, has a medium capacity to hold liquid phases (15%), wvas
acid washed and dimethylchlorosilane treated.

It was obtained from Analabs, Inc. (USA) as
Chromosorb W (AW-DMCS) - 60-80 mesh (Cat. No.GCB-006B)

2.2.3.2 SQLVENTS: Commercial chloroform was dried over calcium
chloride for 45 hr and distilled at 58-61°C.

2.2.3.3 ALUMINIUM TUBINGS: Seamless tubings with 2 mm I.D.

and 4 mm O.D. and 2 meters in length were used. They were

available in local market.
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2.2.3.4_MELHOD OF IMPREGNATION; Column material was

prepared by double volume method. Volume of chromosorb W
(10 g) was measured (45 ml). Carbowax-20M (1 g) was

weighed accurately and dissolved in chloroform (90 ml) to
get clear solution. Then chromosorb W was added to it.

The mixture was gently shaken at five minutes interval four
times and allowed to settle. The supernatant clear solution
vas decanted till it measured half the volume i.e. 45 aml and
discarded. The slurry thus obtained was transferred to a
flat bottom glass dish. The solvent was allowed to
evaporate at 60°C on waterbath for 3 hr with gentle stirring.
The free flowing material was further dried in vacuum for

1 hr till it gave constant weight. Thus 5% phase on
chromosorb W was prepared.

2.2.3.5: COLUME FLLLING: Throughout the investigatioms,
aluminium tubings from the same lot were used. Column
material was filled in straight tubings which were vibrated
gently to have uniform packing.

Total filling was 7.70 gms which was almost same for
all columns. both the ends of tubings were plugged with
glass wool and tibmg was wound to the desired shape.
2.2.3.6 COLUME CONDITIONING: It 1s necessary to condition
columns before use as the low boiling contaminations vaporise

to disturb the baseline. For this purpose columns were



heated at oven temperature 100°C for two hours, at 150°C
for two hours and further at 200°C for two hours. At the
end of conditioning procedure, a steady baseline was observed
with recorder. It indicated that there was no more bleeding
from the columns. A4S a precautionary measure detector was
kept at 300°C.
2.2.3.7 QECORDING OF RELZNTION DATA:s HRetention time was
recorded with the help of a stop watch. when air peak
reacned its maxima, the stopwatch was started and vas
stopped when the sample peaxk reached its maxima. Internal
standard samples were reinjected to check their retention
times at regular intervals. The data was collected by taking
several concurrent readings in each case.

Throughout the investigation,equal gas flow was
maintained by checking inlet and outlet gas flows, Uniform
column packing and constant column temperature was also

ensured in each case for comsistency.

2.2.4 165 LNGIRUMENT

ALMIL-NCL (India) ual Column Gas Chromatograph, Mark II,
No.70020 was used (Chapter-l, Fig. 1). Two filament thermal
conductivity Detector (GUW-MAC, Part 13-004, Code WeX,

Mount (333) was used.
Instrumental parameters were as follows:

l) Hydrogen gas flow: 6 litres/hr.
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2) Injector temperature: (a) 120°C (b) 160°C.

3) Column temperature: (a) 80°c (v) 120%¢

4) Detector temperature: 200°C

5) Recorder:Messgeratewerk (E. Germany),
Type EKR/T1 with variable speeds, 200 ma/hr,
604/hr, 1200 ma/hr, 3600 ma/nr.

2.2.5 ANALYGIS OF SAMPLAG: Samples were analysed on
columns A,B,C,D and on X for co-pnrishon (Section 2.2.3).
Following groups of samples were analysed at the
temperature mentioned therewith.
1) Straight chain aliphatic alcohols
(¢, to C, alcohols)s: 80°c.
2) Isomeric aliphatic alcohols: 80°C
3) Aliphatic compounds with different
polarities: ao°c
4) Chlcromethanes: ao°c
5) Chlorobenzenes: 120°%¢
6) Methylbenszenes: 120°C
7) Chlorotoluenes: 120°C
Details of esch group are described below.



TapLE |

ST RAIGHT CHAIN ALIPHATIC ALCOHOLS

NO NAME STRUCTURAL FORMULA [BOILING POINT*C
| | METHANOL CHy OH 65
2 [ ETHANOL CpHg OH T8
3 | N-PROPANOL CyH,OH 98
4 | N-BUTANOL C4HgOH "ne
8 | N-PENTANOL C4H, OH 138
6 | N-HEXANOL CeH,30H 187
T | N-HEPTANOL C7H;50H 177
TABLE 2
ISOMERIC ALIPHATIC ALCOHOLS
I | N—PROPANOL CHy=CH,-CH,—OH 98
“ .
2 | 15S0—PROPANOL 3C\CH_°H 82
H
3 | N—BUTANOL CHy CHy— CHa=CHp—OH nr
4 | 1SO-BUTANOL Hac
JCH- CH,-OH 108
S | SEC - BUTANOL CH "CH g:‘ cus 100
CH3
€ |TER-BUTANOL HaC = -C—-0H 82
I
CH3
TABLE 3
ALIPHATIC COMPOUNDS WITH DIF FERENT POLARITES
I | wATER H20 100
2 |ACETONE Hal = CO-CHy 86
3 | METHANOL CHy— OH €5
4 [ETHANOL €, HsOH T8
S |ETHYL ACETATE CH{CO0CyH, 77
€ | CHLOROFORM CHCly 61
T |METHYLISOBUTYL KETONE |  CHyCO~CHp-CH ~CHy nr
Hs
CHLOROMETHANES  TAEBLE 4
L | METHYLENE CHLORIOE CH,Clp Y
2| CHLOROFORM CHCIy 6l
3 | CARBON TE TRACHLORIDE CClg 78

03



METHYL BENZENES TABLE S
{ne mawe | stRuctumal | soiime vonn‘
FORMULA
1| eenzewe © 80
CHy
2| ToLuewe @r 1o
CHy
3| e-XYLENE @[ 144
CHs
CHy
4| m-XYLENE ©/ 139
CHy
CHy
S| p-XYLENE /©/ 138
HL
CHLOROBENZENES TABLE 6
t | BENZENE X 8o
l 4
. c
2 CHLOROBENZENE m 132
c
3 | e-DICHLOROBENZENE ©: 179
c
)
4 | m-DICMLOROBENZENE [;( W
a
o
) p— DICHLOROBE NZENE /@’ 174
c
CHLOROTOLUENES TABLE-7
1
BENZENE @ -
CN;
2 TOLVENE ©/ 1o
ci
3 | CHLOROBENZENE ©’ (32
|
4 | c-CHLOROTOLUENE ©" 1598
\CNg
i
s | m-CHLOROTOLUENE (:r 162
CH,
¢l
¢ | p-cHLomOTOLUENE /@’ 162
e
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Table &

obraight Chain Aliphstic Alcohols

Name Hetention Time
X A B c 4] SE-30
1 Methanol 30" 30" 36" o 24" 10»
2 Ethanol 43" 39" 30" 25" oo isn
3 n~-Propancl 1'35" 127" l'g5" 33" 1'07" o2"
4 n-Butanol 3'31" 2'58" 2'4l" 1138 2'23" o
5 n-FPentanol 7°'37" 713" 5'556» 2'43" 6'31l" 1°'05*

6 n-Hexamol 15°'17" i8°17" 16'64" 9'04" 11'02" 2'24"
7 n-leptanol 22'30" 25'06" 23'04" 17'22" 19°'13" 6'04"




lable 9

Isomeric Aliphatic Alcohols

bl

Name -Hetention Time
A A B C 2
i n-Fropancl 1135 1r27n 1t 26" 33" 107"
2 iso-propanocl i85 33" 34" i9» e
3 n-Butanol 3'an 2'55" 2'4l™  1'36" 2' 28"
4 iso-Butanocl 2 8¢ Li59w 2'll* 1'1g* 136"
5 sec-Butanocl iro7» 1t13" 1'40%  1°'Q05" 40"
6 tert-Butanol 38" 27" 43" lag» 35"
fable 10
Aliphatic compounds with different polarities
1 sater 49" 120" 1'63" 2'0g" 1'3L»
2 sthanol qE" 39" 39" 25" oo
3 Hethanol 30" 30" 36" ain 24"
4 Acetone 10" 17» 24" i3n 15»
5 4-lMethyl-2-
pentancne (MIBK) 32" 104" itogn Sg» 1'086"
6 Chloroform 35" 1'05" ire7» 26" 49"
7 sthyl acetate ig» 34" 36" 23" m




lable AL
chloromethanes
Name hetention Iime
X A B c D
1l Methyleme chloride én 35" 50" 11» o5
2. Chlorofora 35" 1'05" 127" 26" 49"
3 Carbon tetra-
chloride 1" 20" 38" lg» 19"
fable 12
Methylbenzenes
1l Benzene & 13" 14" ™ 10"
2 Toluene on 24" 23" lgn o2
3 o-iylene 2"  1'0g" 1'3l" 33" 53"
4 m-XAylene i 54" 1'13" 30" 48"
5 peAylene 28" 49" 1'06" o 48"
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Zable 13
Chlorobenzenes
Name Hetention Time
X A B c D
1l Benzene 5» i3» iqn 7 0"
2 Chlorobenzene 23" 1' 11n» 1tlgn 38" 1'10"
3 o-Dichlorobenzene 2'34" 5' 00" 7'20" 2'55" 4'lz"
4 wm-Dichloro-
benzene 2'13" 3'57" 5'04" 2'22" 3'25"
5 p-Dichloro-
benzene e'26" 4'02" 6'06" 2'34" 3'28"
Labie 14
Chliorotoluenes
1 Benzene s» i3" l4v 7= io"
2 Toluene on 24" 23" AR= 2"
3 Chlorcbenzene 23 1'll" 11" 38" 1'10"
4 o-Chlorotoluene 2'06" 1'22" 2'50" 42" 1'30"
5 m-Chiorotoluene 3'l2" 2'07" 3'00" 1'56" 1'35"
6 p-Chlorotoluene 3'03" 1'S9" 3'07" 1'16» 1'4l"~




2.3 50Ls AU DLICUSSION

Among the variety of poly (ethylene glycol) statiomary
phases, carbowax-20M has been chosen as it is widely used
and preferred phll.27'23'29. A study of McReynoclds
constants® shows that carbowax-20M is capable of
substituting nineteen other liquid phnsoss.

Chloroacetic acids were condensed with Carbowaz-20 M
to get acetates. They aroz;ollowa (FPig. 6). Poly (ethylene
glycol )di-acetate (4), Poly (ethylene glycol )di-monochloro-
acetate (B), Poly (ethyleme glycol )di-dichloroacetate (C),
Poly (ethylene glycol)di-trichloroacetate (D).

These phases were evaluated as stationary phases for
gas chromatography. Under identical conditions the parent
phase: Carbowax-20M (X) was also studied for comparisfon.

The groups of samples analysed are as follows:

1. straight chain aliphatic alcohols (cl-cv)

2. Isomeric aliphatic alcohols (c3 and c‘)

3. Aliphatic compounds with different polarities

4. Chioromethanes

5. Chlorobenzenes

6. Methylbenzenes

7. Chlorotoluenes

bd
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2.3.1 ANALKSLS OF SAMELUE

Observations and imterpretation of results are

discussed groupwise as follows:

1) Straighbt Chain Aliphatic alcohols: The retention data is
represented graphically against number of carbon atoms in
alcohols (ql to 07) (Fig. 7). Curve obtained for carbowax-20M
phase (i) is initially little deviating to axis (c1 to c‘) but
deviates sharply for higher homologues. GStationmary phases
(A-D) behave similarliy as positions of the curves do not
differ amuch. The retention times are found to be decreased
on condensed phases for 31-08 to cs-ou (Table 8). The data
clearly indicates the failure of terminal chloroacetate

groups for enhanced resolution.

In another graph of boiling polnt against retentican
time, the function 1s non-linear (Fig. 8). The relation is
linear only for Cl-OB to q‘-OH. It alsc shows identical
behaviour of carbowax-20M and condensed chloroacetate
phases (A-D). It has already been reported that the
aleohols have ideatical polar nature which causes hydrogen
bonding of equal strength. G&o they are eluted in the order
of increasing boiling polntlal. same also holds true for
the condensed phases. Humber of chlorine atoms in ternminal

acetate groups seem to be insigunificant though it has been
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reported that addition of chlorine atoms in dialkyl
phthalate polyesteérs improves the soparltionaz.

Figure 9 represents chromatograms of alcochols on
carbowax-20d (4) and on poly (ethyleme glycol )di-mono-

chloroacetate (5).

2) mnm_umm_umm:_ua and C4): Following are

the retention ratios of normal alcohols to iso-alcohols.

i2ble 19

bd

?m 6.40 2.64 2.54 1.83 2.20
S0-propanocl

W 1.46 l.44 1.23 1.25 1.40
iso-butancl

Best resolution of isomeric alcohols was possible on
the parent phase (L) but the ulcoholcﬁ::favory poorly
separated on the new phases (A-D). It shows that polarity
of the phases has been decreased substantially due to the

replacement by chlorcacetate groups.
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3) Adiphatic Compounds witn different polaritles; Samples
analysed were water, methanol, ethanol, acetone, ethyl
acetate, 4-methyl-2-pentanone (MIBK) and chloroform. The
retention data in different combinations were studied.
Very imteresting resuits were cobtained im this section.
They are described below:

Retention ratics of water and methanol are as

follows:
Llaple 16
A A B c D
Hg0 1.63 2.67 3.14 5.80 3.79
MeOH

Improved separation was obtained on condensed phases.
Best separation was achieved on poly (ethyleme glycol)-
di-dichloroacetate phase (C) with which the separation
factor is nearly four tl.z:ztt:an that of the parent phase
(Fig. 10).

separation factors for the pair i.e. water and

ethauncl are as follows:

iable 17
X A B ¢ D
H,0 1.02 2.056 2.90 4.88 3.15

EtOH
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AS compared with ethanol, water is more polar and
high boiling also (b.ps. 78° and1e®C respectively) but
carbowax-20 M phase (X) has not shown the separation. It
may be due to higher column temperature and lesser
percentage of the phase in the column. inhanced separation
for the pair has been obtained with all new acetate polymers
(A=D). The phase: poly (ethyleme glycol Jdi-dichlorp~-
acetate (C) tops the list, the separation factor being
equal to five (Fig. 10).

It has already been mentioned that hydrogen bonding
of equal strength cccurs with lloohollu. Therefore on
carbovax-20M phase (X); water, ethancl and methanol are
eluted in the order of their boiling points. Higher
resolution on condensed phases (A-D) may be attributed to
the double effect i.e. boiling point difference and
hydrogen bonding of varied strength. The latter is less
in ethanol and methancl due to inductive efiect (+I) of
alkyl groups, while water is a small molecule and lone pair
on oxygen atom is easily anunb.lo as no steric hinderance
is present. iighest nlolutioanoly (ethylene glycol) di-
dichloroacetate may be accounted for availability of highly
acidic hydrogen atom in terminal acetate molecules due to
the presence of two chlorine atoms attached to the same
carbon atom. This hydrogen atom may be forming strong
hydrogen bonding with oxygen atom in alcchols and water,



Different types of hydrogen bonding occurring in the column
are shown in Fig. 1ll.
Compared with the parent phase, very poor separation
of ethanol and methanol has been obtaimed on condensed phases.
For a pair:etnanol and ethyl acetate, separation was
expected to be on the basis of polarity as boiling points
are identical. Though they are separated on poly (ethylene
gdycol) phase (i), poor resclution has been obtained on
phases (4-D). Therefore it seems that the phases have
acquired less polar character than the parent phase.
Some astonishing results were obtained for chlorofora and
4-methyl—2-pentancne (MIBK) (Table 18).

Iable 18
& A__ B g R
Chloroform asn 1'08" 1g7n 26" 49"
HIB‘ 32. l.o‘. l‘ﬁ. 82. 1.“'

At 80°c,tbo phase (%) has shown little separation. Two
parameters viz. vapour pressure and polarity work
simultaneously. Chloroform contains highly acidic proton.
Therefore it was retained, while MIBK was eluted late due
to high boiling point (117°C) and not due to polarity. This
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two fold interaction gives overlapping retention times.
The same was also observed on phase A and B but separation
is eunhanced on poly (ethylenme glycol )di-dichloroacetate
phase (C) (Fig. 12). Polarity effect is much more reduced
in this case. The dependance of retention is entirely on
boiling points (61°C and 117°C). It was confirmed when
the pair was analysed on 5E-30 coluan which separates the
components according to their boiling points. Therefore
the behaviour of the phases (A-D) seems to be tending towards
the non-polar character in this case also.

4) chioromethaness Carbon tetrachloride, chloroform and
methylene chloride were analysed in this group.

Chlorine atom has negative inductive effect ¢I).
Therefore both the hydrogen atoms in methyleme chloride
become acldic and readily available for hyirogen bonding.
The nydrogen stom in chioroform is also highly acidic due
to three chlorin:Z:::lobod to the same carbon atom. It
increases polarity of the proton for a stromger hydrogen
bonding. As carbon tetrachloride is non-polar, hydrogen
bonding does not oceur. Therefore according to the strengtn
of the hydirogen bonding that the compounds may be
experiencing, the order of elution is carbon tetrachloride,

methylene chloride and chloroform. 4ll condensed phases

have shown similar type of behaviour. iventhough methylene
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chloride and carbon tetrachloride differ in polarities,

the resolution is comparatively poor. It may be attributed
to the principle of double effect i.e. due to boiling point
and polarity. Carbon tetrachloride though non-polar, was
retained due to higher vapour pressure and higher molecular
weight. Therefore resolution that occurs due to hydrogen
bonding is partially nullified. Ihe separation factors

are as follows.

Table 19
Phase A A B C D
0.5 1.30 1.30 1.10 1.30
ChH “‘2
Cida 6.0 1.83 1.74 2.37 2.00
Gl

separation factors for the second pair are in the
range of L.8 - 2.3 on the acetate phases and the bolling
point ratio is 1.5 (61°c and 42°¢ respectively), Therefore
the retention is mostly on the basis of boiling points.
Hydrogen bonding of equal strength may be occurring in this
case so that its role in resolution is negligible. This

behaviour again indicates less polar character of the phases.
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The resolution is enchanced on phase X because of
stronger hydrogen bonding (Fig. 13).

zxcept poly (ethyleme glycol )di-dichloroacetate
phase (C) all other phases have shown increase in retention
time for chioromethaneswith almost similar resolution which
is better than on parent phase (i), (Pig. 13).

5) Hethylbenzenes: Benzene, toluene and xyleme isomers
were analysed. ZEventhough no characteristic observations
have been made, some are worth noting. ALl the phases,
including carbowax-20M (i) record double the retention time
for tolueme than benzene.

Orthoxylene, the highest boiling dimethyl benzene
(b.p.1«°C) had highest retention time while meta and
para-isomers with very close boiling points (139" and
l3a.6°C) had little or no separation on these phases,
consequently the elution seems to be dependent upon the
boiling points. Therefore they were compared on SE-30
phase. It showed almost linear relation while the phases
under comsideration are represented by curves (Fig. 14),
sharply deviating in the region 120-140°C. It suggests
that there is some interaction other than that related to
vapour pressure. There occur inductive forces between
the phase and xylonu:”. The same also may be accounted
due to the difference in molecular volumes (benzene

toluene ( xylenes) which may be affecting partition
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co-oftlclontlas. Highest retention has been observed on

poly(ethylene glycol )di-monochloroacetate phase (B). The
chromatogram is shown in Fig. 15.

6) Chiorobenzenes: benzene, monochlorobenzene and dichloro-
benszene isomers were analysed. The order of elution is
benzene < chiorobenzene { meta-dichlorobenzene ( para-dichloro-
benzene ¢orthodichlorobenzene which is in the order of their

boiling points also (80°, 132°, 172°,174°, 179° respectively).

Eventhough the graph is a curve (Pig. 16), the isomers lie
on a segment which is a straight line representing a linear
function over a range of boiling points of isomers. Ais
the boiling points are close, marginal resclution obtained
may be due to the electrostatic properties. The relation

therefore can be represented by an equation.

Z = ax + by where a and b are constants
x = structural factor

y = boiling poiat

Thus whatever marginal separation occured due to
difference in boiling points, 1s enhanced by electrostatic
properties. Combined forces: inductive effect (I) and
mesomeric effect (+M) which impart partial double bond
character to C-X 115&..0‘011 may be responsible for the
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The separation factors on various phases are as

follows:
Zaple 20
X ¥y B c D
meta 1.00 1.00 1.00 1.00 1.00
para 1.10 1002 lom 1.09 1.00
ortho 1.16 1.26 1.45 1.238 1.28

with
Uptimua resoiution was obtalnod[poly(othylono glycol)-

di-monochloroacetate phase (8). The phase is selective for
dichlorcbenzenes (Fig. 17).

7) Chlorotolueneg: benzene, chlorcbenzene, toluene and
chlorotoluene isomers were studied in this group. Combined
effect of methyl and chloro groups at various aromatic
positions is discussed. :ixcept the isomers, elution of the
compounds 1is in the order of increasing boiling points.
(benzene (tocluene (chlorobenzene <chlorotoluene) (Table 7).
The retention data (Table 14) clearly indicates the
independance of elution of the isomers over vapour pressure
which is mainly responsible for the elution of xylemes

and dichlorobensenesl®,
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Electronegativity of chliorine atom in ortho-chloro-
toluene is maximum due to inmductive effect (+I) of the
methyl group, but the isomer is not retained much. 5o the
electrostatic factor may be neglected. In metachloro-
toluense, hydirogen atom orthc to chioro group is highly
e¢lectron deficient due to mesomeric and imductive effects
which act in opposite directions. Therefore it may be
naving strong hydirogen bonding with the phase, resulting in
more retention than other isomers. G5ame behaviour has been
cbserved on the phases X, A and C but the phases B and D
40 not sho¥ good resclution. Highest retention has been
observed on poly(ethylene glycol)di-monochloroacetate

phase (B). The separation factors are as follows:

laple 21
A A B C D
ortho 1.00 1.00 1.00 1.00 1.00
aeta 1.53 1.50 1.07 1.27 1.04
para l.45 1.45 l.11 1.80 1.08

satisfactory rcsoluuon has been obtained on poly
(ethylene 3lycol)ditpnloroacotato (e). Therefore it is
selective for chlorotoluenes (Fig. 18).
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2.3.2 JALU4E OF CONDENGED PHASES

Atteapts were made to find relation between
structure of the phases and retention data. The function
¢f nuamber of chlorine atcms in the phases is not linear
because poly (ethyleme glycol )di-dichloroacetate phase (C)
records lovest retention time for all solutes. The
difference increases substantially for high boiling samples.

The function of melting points (A=38%C, B=§52°C,

C= = a°c, D = 3a19C) 1s also nonlinear. In this case also
the phase 'C'shows abnormal behaviocur. Therefore no
uniforam behaviour has been observed for poly (ethylene
glycol )di-chloracetate phases,

Poly (ethyleme glycol)di-monochloroacetate phase (B)
possesses nighest melting point and slso shows maximum
retention of solute samples while the phase: poly (ethylene
glycol )di-dichloroacetate (C) records lowest retention for
all samples analysed in these studies.

selectivity of the phases towards efficient resclution

of samples has been tabulised below.
Zable 22

No. samples Phase

L. Gtraight chain aliphatic alcohols (61-67) B
2. Methanol-water and ethanol-water
3. Hethylisobutylketone-chlorofora
4. Chloromethanes

5. Xylene isomers

6. Jichlorobenzenes

7. Chlorotoluenes

owwraoo
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Behaviour of each group of samples has already been
discussed in previous sections. It has been pointed out
that elution of alcohols, xylenes and dichlorobenzenes
depends upon their boiling points and whatever interactions
occur are not significant emough to affect the order of
elution. It indicates that the phases have acquired non-
polar character like squalene and 5E-30 which separate
the compoments according to their capacity of disporsiona‘.
Eventhough the dichloro phase (C) records lowest retention
time, it is highly selective for the resolution of saamples
in which polarity factor predominates over vapour pressure.
They are water-alcohol, chloromethanes, chlorotoluenes etc.
The behaviour should be essentially accounted for the
highly acidic protons in terminal acetate groups of the
phase. It forms significant hydrogen bonding with electro-
negative atoms in solute molecules, resulting in enhsnced
separation of components. Additionally the dichloroacetate
phase (C) has highest percentage of chlorine contents
(5ection 2.2.2). The cbservations are non-agreeable with
work reported by lgasen et 11.35 who have mentioned that the
improved retention in chlorinated poly (ethyleme glycol)
was due to increase of molecular weight and partially due
to positions of chlorine atoms.

Studies of hydrolysis estimation of the acetate

polymers revealed that Carbowax-20 M mclecule has been



broken up*o reduce the chain length during the
condensation procollas. Intense absorptions im IR
spectrum of the phases (section 2.2.2) support this,
Bond fission phenomenon in poly (ethyleme glycol)di-
dichloroacetate (C) seems to substantial to add up more
number of dichlorocacetic acid molecules.

It has been reported that at temperature below the
welting point, Carbowax-20M also works satisr.ctorya7.
A3 the condensed phases (A-D) have lower melting points
4apends than that of Carbowax-20M, the lowest limit of
operational temperature has been extended uptoc 0°C. Thus
the derivatives are preferred in this case also. They were
also examined for high temperature (200°c) analysis and
found to give satisfactory porror-nncoas. Among them, the
phase 'C' 1s preferred due to lowest melting point and
highest resolution power. It also has low retention volume.

Thus it 1s the best substitute for Carbowax-20M phase.
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2.4 APRMICATIONS

Glycerol has been used to remove water conteats from
1iquid samples38, On this basis, adlord®® nas analysed
alcohols for moisture contents on poly (ethylene glycol)-600.
He has reported the resclution of alcohols (uptec ca) from water,
Usually Carbowax-20 M is employed for these types of analyses.
Eventhough better separation can be achieved on it, higher
percentage of the phase is required and coluan tempersture
also is to be maintained critically at about 70°C. Actually
elevation in column temperature has been cbserved due to poor
insulation of oven from injector and detector systems. This
results in variable retention time and poorer separation.

Better resolution of aleochol (C; and cz) and water has
been obtained on the chloroacetate phases (A-D) than on the
parent phase in present investigations. The phase poly
(ethylene glycol)di-dichloroacetate (C), m.p. -3°C has been
found highly selective for the pairs. It has a wide range of
operational temperature, 0% being lowest limit. Therefore
the phase can be used safely even at room temperature (28°¢).
50 the phase has been employed for analysis of samples froam
the pesticide processes.

National Chemical Laboratory, Poona has taken up
pesticide projects as a part of process development of pest
control agents. The analytical group is playing a key role in
developing efficient gas chromatographic methods for the same.

3%



inalysis of aqueous effluent solutions from the processes
is essential. Alcohol contents in agueous layers are
determined for material balance. Their presence in agueous
solutions increases solublility of hazardous organophosphorus
compounds such as dialkyl phosphorodithicic scids,
intermediate products and the pesticides. This causes
serious concern over contamination of the pesticides in
effluent waters. Therefore the estimation 1s a vital need to
control water pollution,

Analysis of aqueous portions from dimethoate and ethion
processes has been described below.

2.4.1 DLHERHQATE PROCESS% (Fig.19)

a) Phosphorus pentasulphide and methanol in benzene were
warmed to get 0,0-dimethyl phosphorodithicic acid (I). The
scrubber solution distillate contains methanol dissolved in
water in trace quantities.

B) Monochloroacetic acid was esterified using wmethanol
to get methyl chloroacetate (II). Excess of methanol remains
in aquecus layer which was to be rejected (B-l). Trace
quantities of methanol and water remains dissolved in methyl
chloroacetate (B-2).

c) sodium salt of 0,0-dimethyl phosphorodithioic acid
(1I') was condensed with methyl chloroacetate (II) to get
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0,0-dimethyl S-(methoxycarbonylmethyl) phosphorothiolo-
thionate (III). The organic layer of the acid (I) also
contains some methanol in dissolved state. when sodium
salt was prepared, it went im agueous layer. After the

condensation, theaqueous layer was separated.

D) The ester (I11) was allowed to react with methyl
amine to yleld the pesticide:dimethoate (IV).

Above mentioned aqueous solutions (A,B-l & B-2) were
analysed on the phase 'C' (Fig. 20). Their percentages
were determined by triangulation netbod‘l. The results are
sunmarised in Table 23.

2.4.2 ELHION PROCESS™® (Fig. 21)

A) Phosphorus pentasulphide and ethanol in benzene were
warmed to get 0,0-diethyl phosphorodithicic acid (I). The
scrubber solutign distillate contains ethanocl in aqueocus
solution in trace quantities,

B) sodium salt of 0,0-diethyl phosphorodithioic acid

(I') was allowed to react with methylene dibromide. HEthanol
was added to mseke the reaction mixture homogeneous. After
the reaction was over, major quantity of low boiling portion
was distiiled out (B-l). Aqueous layer was separated from
the residue to get the pesticidesethion (II) (B-2).
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fable 23
No. step Contents Percentage
1 A maethanol 0.30
water 99.70
2 B-1 methanol 14.25
water 86.45
methyl chloro-
acetate 1.30
3 B-2 methanol 2.33
vater 3.17
methyl chloro-
acetate 94.51
fable 24
No. step Contents Percentage
1 A ethanol 0.14
water 99.86
e B-l ethanol 52.70
water 11.10
benzene 27.60
methylene-
dibromide 8.60
B-2 ethanol §.04
water 94.96
benzene 0.00
methylene-

dibromide 0.00
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The agueous solutions from A, B-l and B-2 vere
analysed on the phase 'C' (Fig. 22). Their percentages
were calculated by triangulation uthoda. The details
are mentioned in Table 24.
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3.delel THE INSTRUMENT (Fig. 1): In a mass spectrometer, a
compound under investigation is bombarded with high energy

electron beam. The molecule breaks due to bond fission and
rearrangement of atoms. FPositively charged molecular ions
are formed and recorded by a suitable device. Mass fragmen-
tation pattern thus obtaimed, provides information about
structure of a compound.

sdvantages of mass spectroscopy become multifold by
coupling it with gas chromatograph. The development is
a great achievement in amalytical cheamistry. 4 brief
account is as follows. James and Hnrtlnl first discovered
gas chromatographic technique in 18952. Due to the great
potential of the amalytical method, it was acknowledged soon.
Though the method has marked advantages;due to the principle
of relative determinationm, its applicability is restricted.
Many attempts were made to improve the utility by coupling
the instrument with another analytical systems®3, isong
them, mass spectrometry is most effective ancillary device®S,
It was first reported by Homes and NDrroll‘ in 1957. First
practical GCMs on-line combination was described by Gohlk07
in 1959,
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basic components in GCMS apparatus are shown in
Figure 2. (Plnu refer previous chapter for gas
chromatographic part.) The coupling of gas chromatograph
and mass spectrometer (Interface) is most ilamportant
component of the instrument. The spectroscopic portion has
following components, (1) Interface, (2) lonisation Chamber,
(3) Mass analyser, (4) Vacwuam system, (5)aimplifier and
(6) hecorder., They are described in detall as follows:

(L)_lpterfaces It is a linkage between two different types
of system and a most crtieal part of combined cperation.

At the beginning, a simple needle valve (Filg. 3) was
used, It splits the carrier gas stream at the exit of column
and accepts only the small amcunt of the gas directly entering
into the ion chambe 8.

For more sophisticated snalysis, earichment of sample
vapours in effluent carrier gas is essential, The fracticmation
is achieved by molecular separator device. Pirst of this
type inciudes the enrichment by effusion through fime pores
or a parrov slit. Glass frit separator® is also popular,

A sintered glass tube having a ultrafine porosity is enclosed
in & vacuum envelop with glass capillaries whnich cause a drop
in pressure. The effiuent gas effuses through the porous
tube and only some quantity of eariched fraction leads to
mass spectrometer. GSllver, stainless steel and ceramic porous
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separators have also been proposod“'lo. Metal sinters are
more convenient due to unifora pore size but they have a
major drawback that they are optimised only at ome set of
flow conductions. The variable conductance separators can
be used with different flow rates’l, The effusion occurs
through a small adjustable slit formed between a flat
cover-plate and the edges of two annular rings, 2 cm in
diameter.

In another type called as jJet soplrltorle, effluent jet
from chromatograph expands rapidly in the evacuated area
resulting in enrichment of heavier molecules of solute in
the core which only enters the mass spectrometer (Fig. 4).

sSemipermeable membrane separators are most widely
accepted. Ihese membranes eliminate molecules having low
molecular weights. 8o carrier gas as well as solveat
molecules are rejected and highly emriched solute molecules
only enter i{n ionisatioan chamber. The Teflon separator which
contains thin Teflon filam is described by Lipskey et 11.13.
It consists of 200 c¢m long, thin walled 0.0l cm Teflon
capillary tubing housed in a glass jacket which is attached
to a rotary pump (Fig. 5a). Permeability and durability of
these separators colapse at higher temperature (7850°C).
palladium-silver alloys are highly permeable to hydrogen.
Therefore they are used to eliminate hydrogen molecules from
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the carrier ;n“. It gives 100§ enrichment as carrier gas

molecules are totally rejected. Due to the possibility of
catalytic reduction of semnsitive compounds and corrosivity

of sulfur and iodine compounds, its use is very limited.
giiicone membrane separator consists of a thinm polymer
parrier which preferentially allows organic vapours. In a
small chamber, thin silicon rubber membrane is supported on a
fine metal or glass sinter (Fig. 5b). Inorganic carrier gas
is totally eliminated and passes through the exit while oanly
organic molecules are permitted to mass spectrometer. It was
first proposed by Llewellyn and L&ttlojohlls. Lot of research,
mathematical derivetions and number of modificstions are

carried out on this type of l.lbtlﬂ.l‘.

2) lonisation Chamber; Positively charged iomns are produced
in this part. &lectron impsct process is most widely used
for orgaaniec compounds. £lectrons are emmitted from a hot
filament and are accelerated towards anode. Imnteraction
between the electromn beam and organic molecules produce ions.
This method is very popular because of stability, high
efficiency, precise control and simplicity of construction.
Sometimes a signal of molecular ion is very weak. To over-
come this drawback, chemical ionisationl? 1is very useful.

It occurs between sample gas and reactant gas at differential

pressures in an ion chamber. The process ylelds mostly
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molecular ion due to low energy transfer. Simple
hydrocarbons like methane, isobutame are common reactant
gases. In field ionisation process, sample ionization 1s
at low emergy level, resulting in increase in abundance of

parent ion. Its use im GCMS is found to be valuable'®,

(3) Mass Jsnalyser: It disperses mass ions. A simplest type,
single focussing mass spectrometer 1s c ommonly used. while
passing through an homogeneous magnetic fleld, the louns get
dispersed according to their masses and follow a curved path.
In douvle focussing mass spectrometer, the ions are passed
through electric fielid followed by a magnetic field. In
former, ions are dispersed according to differential energy,
wnile in the latter, they are separated according to their
momentum. S0 ions get separated individually for accurate
mass determination. The double beam technique is very
useful in high resolution applications for small amount of
samples. In time-of-flight mass spectrometer, a repeller
voltage pulse of a few nanoseconds duration is applied to

e ject outz;undle of ions, which is accelersted by multi-
thousand volts. The ions then enter into the fileld-free
drift region at a constant velocity. During the flight, ions
with different masses are separated according to the time of
the original voltage pulse. Its advantages are; higher

abundance of molecular loms (M") and fast response which is



particularly required for GCMS. More recently quadrupole
mass tiltornl° are very popular. It consists of a guadramt
of parallel hyperbolic or circular rods which provides radio
frequency field. The oscillating fleld causes oscillstions
of ions with increased amplitude and ions are scanned

according to their masses,

4) implifier: There are two types of amplifiers; electrometer
amplifier and electron amplifier. In the former, current is
amplified to give high precision and accuracy of measurement
of ion beam intensity. The electron multiplier® is
universely used as it amplifies the current. A4s it lacks
stability and sensitivity, it 1s coupled with electrometer
amplifier to facilitate fast recording. Sixteen stage copper
veryliiua multipliers or dynodes containing two parallel

glass plates are in use.

5) Hegorder: There are several types of recorders. In modern
oscillograpnic recorder, several small galvanometer
assemblies with its own input terminal are inserted into
magnetic block. Current passing through small coil causes
deflection of mirror which in turn reflects light beam from
mercury arc lamp on UV seansitive paper. These recorders are
relatively insensitive. Magnetic tape rocordo:21 is mostly

useful to record very narrow peaks' width for high resolution

10b
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and to reduce the volume of data which can be computer-
processed. FPhotoplate recording has an advantage that
scanning of mass spectrum is not required but due to various
drawbacks with the systeam, 1t is recommended to be avoided.
Old set of differential poteatiometric recorders are still
in use for low molecular weight compounds.

Vacuum system is not described here as it mostly

involves mechanical engineering.

Selole2 APPLICATIONS 1B PESLICIUES: Now-a-days GCMS
technlques has been used in alwost all fields of
investigations®2923, The use of GCMS in pesticide
chemistry is relatively a recent development. Therefore
its usefulness in this field is still to be exploited fully.
flecent reports on pollution studies have emphasised the
need of confirming pesticide residues from eavironment.
Among the spectroscopic and chemical methods available for
the same, GCMS 1s outstanding technigue due to rapid
analysis, elimination of laboriocus job of isolating pure
compounds and greater certainty of identification.

Barlier studies were mostly concentrated on
chlorinated pesticides where confirmetion of residue,
characterisation of metabolites and photodecomposition
products are facilitated due to larger accumulation of mass
spectroscopic data of related compounds and also due to
immediate need of determining long persistent pollutents,



uarth.la‘ has analysed p-chlorophenol in human blood
and urine using diagonostic peaks. In the same year, Bellman
and barryas have reviewed utility of GCMS by using molecular
separator for organochlorine pesticides. Biros and Sullivan®
deteramined l-naphthol, a major metabolite of carbaryl in urine.,
They developed a method of hydrolysis of urine, benzene
extraction, derivatization and coluan chromatography. In case
of 2,4-0 and 2,4,5-1;the technique was used to confirm intact
residues, known metabolites and also to characterise unknown
-etab01120827. Confirmatory evideance for the presence of poly-
chlorinated biphenyls (FCB) in fish, seabird and human fat
was colliected by widmark®, aniline derivatives of azo-

benzenes in soil were characterised using the same technigue

by Learnoyag. A long persistent pesticides and most
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threatening pollution hazard: DDE and DOT were studied by Pu-orao

by characterising several photolysis products from thea.
We have also reported studies of cnlordane mixture using the
same toehniquoal.

Deteraination of organophosphorus pesticide residues
is more complicated due to insufficient mass spectral data
of degraded products. Farathion metabolites such as diethyl
phosphoric and diethyl thiophosphnoric acids in urine were
examined by shaf1k®2, Biros and walker33 have reported
detailed application of GCMS technique to pesticide residue in

human tissue., Jstructure elucidation of ethyl parathion,



a residue from green tea was done by Yugi34, while

Bonelli et al.a5 have evaluated the technique to determine
metabolic pathways of 01‘ organophosphate pesticides. They
also introduced computerised methodsS6, Variety of
compounds which are relevant with trialkyl phosphate esters

were studied by Biros et 01.37.

3.1.2 105 PESLICIOE: DIMETHOALE

0,0-Dimethyl S-(N-methylcarbomoylmethyl) phosphoro-
thiolothionate or Dimethoate®® (Fig. 6, I1I) belongs to a
class of thiolothionates. It was first introduced by
American Cynamide Co. (Usa).

Its method of preparation®® is as follows (Fig. 6).
Heterogeneous reaction mixture of phosphorus pentasulphide
and methanol in bengene 1s refluxed for 2 hr to get a
solution of 0,0-dimethyl phosphorodithioic acid (I). 1Its
sodium salt in aqueous solution is then allowed to react
with methyl chloroacetate to get 0,0-dimethyl S-(wmethoxy-
carbonylmethyl ) phosphorothiolothionate (II) in 90% yield.
Aminolysation using methyl amine gives the pesticide:
pimethoate (III) in 87% yield. It is a white crystalline
compound (l.p.ﬁiPC). Technical product is about 85-90%
pure. The nature of impurities vary according tc the mode

10y
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of preparation. Alongwith 0,0trimethyl phosphoro-

thiolothionate, the oxo analogue: Dimethoxon (Fig. 6,1V)
is also present in trace quantities but causes toxicity
to mammals. Dimethoate prepared by above method contains
11-68.9%, V.. 5.0% (Fig. 6).

It 18 a broad spectrum systemic pesticide which is
particularly effective against sucking imsects such as
Diptera and susceptible spider mites.

Dimethoate is ome of the most studied pesticide.
Its metabolisa has different routes depending upon the
specios‘o. The degradation in rat and mouse liver yields
compounds such as dimethoate acid (Fig. 6, VI) and
0,0-dimethyl phosphorodithioic scid (I). From sheep

liver, oniy VI has beean isolated. In many insects,

phosphotase reaction is predominant over amidase reactiondl.

in boll weevil, there is a hydrolytic cleavage at C-N and
C-5 bomds producing I and VI%2 IV 1s also proiuced but
rapidly hygrolyoos to other non-toxic forms such as VI,
ammyz.[;:o-pa.u (Fig. 6, VI1), dimethyl dithiophosphate
(Fig. 6, VIII) and desmethyl dimethcate acid (Fig. 6, IX).
In olive fruit netnbolzol‘a, end products are inorganic
phosphates. The degradation in rat mainly depends upon
concentration of the posticldo‘o. At higher concentration
(1073 mole), there occurs C-N fission while at lower

111
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concentration, C-5 fission takes place. The effect of
amidase action depends upon species and sex. Comparative
studies of mode of metabolism in plants, insects and rat
has been reported by Morikowa and Saito%® (Fig. 7). Its
main features are as follows, O-Dealkylation and carboxy-
lation occur in plants while in rat, 5-C bond fission is
predominent. General metabolic pathways can be summarised
as shown in Fig. 8.

Hydrolysis of Dimethcate readily occurs in alkaline
medium (st 70°C and 9 pH, half life 0.8 hr) but iam acidic
medium it is very stable (at 70°C and 2 pH_half life 21 days).

Numerous reports are available on d ecomposition of
Dimethoate due to environmental effects., Reports pertaining
to temperature are mentioned here. Dimethoate is highly
phot.onnuun“. It degrades fast when exposed to
-unluht“. On storage at room temperature, it degrades
slowly into methyl amine and mercapto acetic acid"'.
tumidity was considered as vital factor in the decomposition
rather than light and teaperature. GSemenova and siforova’®
have studied detoxication of Dimethoate at elevated
teaperature. Acetone solution of Dimethoate was coated on
glass plates and kept at different temperatures. They
discovered that toxicity reduced to one half by keeping it
at room temperature for 50 days but its half life is only
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4 br at 85°C.

Temperature seems to play a key role in decreasing
toxicity of Dimethoate in soil. when disappearance curves
in semi-logarithmic co-ordinate systems were plotted, it
was shown that rate of decomposition is proportional to the
teapersture of soil and aoisture contents4®, In another
experiment using irridated and autoclaved soil, it was

reported that decomposition was mainly due to hcatso.

Misara et a5

have reported thsat Dimethoate does not
persist in soil for very long time.

Spynu et 31.52 developed a mathematical model to
forecast kinetics of Dimethoate in plants. They reported
that elapsed time and teamperature are major factors. They
further evaluated the model to predict Dimethoate residues
in plants, vegetables and fruits®3, The level and duration
of residue shown to be dependent on climatic comditioms,
particularly temperature. Lventhough Dimethoate hydrolyses

fast in uator‘s’s‘

at elevated temperature of water, the
toxicity increases nnltifold‘s presumably due to oxo
analogue (IV).

The effect of temperature on rate cf hydrolysis is
also very lmportant as the rate increases four times by the
temperature rise of e.ch!iojpo. Thus temperature is the
vital factor which is responsible for environmental

decomposition of the pesticide.
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3.1.3 ERESENT INVESLICATIQNS

iffect of temperature on decomposition of dimethoate
has beeu discussed in 3.1.2 . Some laboratory cbservatioms
pertaining to the same are worth noted, when technical
product was gas chromatographed at 180°C on SE-30 (5%) phase,
packed in aluminium columns, it has been observed that the
chromatogram possesses a disordered pattern of number of
peaks ranging from six to tn57. As injector port, oven
and detector were at 150°-250°C teamperature range,
temperature may be mainly responsible for the decomposition
alongwith other catalytic reactions. In another oxporllcnt57,
attempts were made to remove low boiling components in
technical Dimethoate by distiliation under reduced pressure
and it was observed that it instantly decomposed into blackish
solid and dark brownish ligquid collected in receiver.

In view of above mentioned observatioms, it was a
prime iamportance to explore exact nature of role played
by temperature in these cases. The explosion st elevated
temperature is also an unique and unidentified feature of
Dimethoate. Additionally there is a probability that
ultimate fate of the pesticlde i{n environment, particularly
on storage may be the same as occurring in explosion

phenomenon. Therefore the investigstions may be helpful
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in identifying unknown hazardous residue and to confiram
presence of kuown decomposition products which in turn may
be useful to solve the pesticide residue probleas.

Due to the great potential of GCMS applications
which is still to be exploited fully in such cases, it was
thought to investigate in thermal decomposition of
Dimethoate using GCHS technique.
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5.2 BALEBALNENTAL

3+2.1 ERECARSTION OF OAMELES

1) Q.0-plmstivl S-(gethoxvearvouylmethvl) phosohoros
shickothionate®®s98 (Fig, 6, 11, x): Powdered phosphorus
pentasulfide (10 g) was suspended in distilled benzene (10 ml)
and the mixture was heated at 649C with stirring. Hethanol
(8 ml) was added dropwise over a period of 1 hr with enough
heating for refiux. Hyo evolved was allowed through an
outlet tube. The reacticn aixture was further heated for

2 nhr, laitial yellow coloured mixture turmed into dark brown
liquid. The cooled reaction mixture was filtered to get
clear benzene sclution of 0,0-dimethyl phosphorodithioic
acid (Flg. 6, I). It was dissclved in agueous solution

of Nald (10%, 20 ml). The organic layer was removed. The
aqueous layer was acidified and saturated with sodiuam
chloride to get colourless layer of the acld, It was dried
over anhydrous Hagsl.. I (1.74 g, 0.011 M) was added to
aqueous RaOH solution (0.44 g, in 10 ml). The clear aqueous
layer was mixed with methyl chloroacetate (1.09 g, 0.01 M)
in a 100 ml round bottom flask equipped with a water
condenser and a stirrer. The mixture was heated at 60°C

for 4 hr with vigorous stirring. It was then cocled and

organic layer was removed. The layer was washed with three



parts of nacoa solution (0.5 g in 15 ml 820) and then
with water till washings vere neutral to litmus. It was

dried over amhydrous Nags0,. Yield 2.07 g (20%).

N N\
2) 0,0-Digethyl S-(N-methyl carbomoyl methyl) phosSphoro-

thiolothionate®® (Fig. 6, I11): Technical grade sample
was supplied by Bharat Pulverising Mills, Bombay (India),
.090“060

It vas recrystallized from bemzene, m.p.52°C.

czcazcoocaa. 1 and 2 were analysed by TLC.
TLC s Pet.ether: Aicetone (3:1) solvent system and
silica gel, single spot for each coampound,
Re values CLCH,COOCHg-1.00, 1-0.50, 2-0.40.

3.2.2 1H28MAL DSCOMPOSITION (Fig. 9)
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In a 500 ml round bottom flask with an air distillation

condenser having a reflux column (30 em) and a thermometer,

Dimethoate (2, 6.546 g) was taken. The flask was slowly
heated on a sand bath with &2 Bunsen burner.

At bath temperature of 148°c, the colourless syrupy
liquid instantly decomposed into blackish deformed, solid
mass and a dark brown liquid whieh was collected in the

receiver. BEvolution of white fumes was alsc observed.
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The solid mass in the reaction flask was extracted
with ether, the ethereal layer dried over anhydrous uazso‘
and the solvent was evaporated at room temperature. The
residue thus obtained was combined with liquid portion
from the receiver and was named as ‘orgenic part®' (1.30 g,
19.9%). Ether insoluble portion was dried in vacuua at
room temperature for 2 hr. It was named as inorganic part
(5.66 g, 77.4%).

uantitative determination of various componeats from
decomposed dimethoate is summarised in Table 1.

3.2.2.1 IHQRGARLC PAGL : The highly hygroscopic material
was dissolved in water (50 ml). The solution was filtered.
The black residue was washed with water (50 ml) and dried
at 1209C for 2 hr. (0.0301 g, 4.6%). The acidic filtrate
when titrated against NaOH solutiom, found to be of 0.1ls2 N.
A small portion of the filtrate (10 mi) was heated

(956°C/50 mm) to remove water completely to recover back the
s0lid material. Hesidue and filtrate were analysed for
Coliyi, P & 5. The results are mentioned in Table 2. Water
insoluble part was therefore identified as pure charcoal,
while water soluble part as oxides of phosphorus.



faple i
No. Dstails Percentage”’
4o Total organic part 12.8
2. Total lnorgamic part 77.4
3. water soluble inorganic part 72.8
4. water insoluble imorganic pwf 4.6
5. loss in weight 3.7
.Porcoatagos were reported with respect to the
initial weight of Dimethoate
iabie 2
Ko. Details Llements present Percentage
(CylyK,P and 5)
l. water insoluble Carbon only 100
part
2. «ater soluble phosphorus only 18

part




3.2.2.2 QHGANIC PAL: It was a dark brown, thick syrupy
liquid with a very offensive odour. Elemental analysis
is as follows,

C-20,93%, H-6.63%, N-4.68%, P-8.0%

This part was further studied for gquantitative
determination of the components.

3.2.3 ANALITICAL METHODS
The organic part was first studied by gas chromatography
for percentage determination of the compoments and then by GCMS
for identification of components.
3.2.3.1 GAS CHEOMATOGHAPHYs The details of imstrumental

parameters are as follows:

Unit 3 AIMIL-NCL Dual Column chromatograph,
Mark 1I, No.70020.
Columns s Aluminium, 930 gm x 2 mm (ID)
Fhase s+ 5% Carbowax-20 M (Varian aero GR, No.82-1115)

on 60-80 mesh chromosorb W. (Analabs, Inc-USA,
AW-DNCS, Cat. No.-GCB-0068).
vetector s Two filament thermal conductivity detector
(GOW-MAC, Part 13-004, Code wW2X).
carrier Gas s Hydrogen, 20 ml/min.

Temperature :+ Oven 200°C
: Injector 270°C
: Detector 270°C
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The chromatogram obtained is a mixture of anine
components (Fig. 10). Percentage of the components were
determined using standard solution technique®®. Pure
0,0-dimethyl S5-(methoxycarbonylmethyl) phosphorothiolo-
thionau“Zﬁ! taken as standard.

Organic part (1.00 g) and X (0.102 g) weighed
accurately. and diluted to 10 cc in separate volumetric
flasks using distilled acetone (treated with (InO‘). These
two standard solutions were used for quantitative
estimation of the compcnents. Under identical conditions
as mentioned above, equal amount of both sclutions were
injected to get good and consistent chromatograms (Fig. 10).
Percentage of the components was ecalculated by triangulation
uthod‘o in which area under triangular curvewas compared
with the area of peak obtained from standard solution of (X).
The percentage and retention times have been summarised in

Table 3.
3.2.3.2 COURLED GAS CHROMATOCHAPHY/MASS SPECTHOMELAX (OCHS):

The instrumental parameters are as follows:

Unit 3 AEI-30
Columns s Glass, 930 ma x 2 mm (I.D.)
Phase : 8% Carbowax-20 M on 60-30 mesh chromosorb-w

(temperature 200°C)
Carrier Gas 3 Helium, 20 ml/min.
laterface : Silicon membrane,
Detector s ITotal ion detector
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Zable 3 (Fig. 10)
Peak No. heteantion Time Percentage*
uin, sec.
A 2 46 10,200
A 0 3% 0.883
B 0 46 0.653
¢ 1 26 3.208
D 2 ol 1,083
B 2 42 2.727
G 5 ig 0.321
d 8 36 1.683
1 10 49 G.725

*percentages were reported with respect to the
initial weight of Dimethoate

Zable 4 (Fig. 23)

Peak HNo. pase Peak Mole.wWt.
4 126 158
B 6l 140
¢ 93 172
D 125 172
B 110 156
F 120 168
G 73 168
H 58 188
1 14l 188

\®

a
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The vapourised samples were fed to mass spectrometer
through silicon membrane and at peak maxisa they were
scanned. Complete mass spectrum of e ach component was
obtained. Fragmentation patterns of these components were
examined for identification purposes. Mass lons of
fragments are mentioned im Table 4 (Fig. 1l1).
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3.3. gﬂ 2 M 2.“ m. ~a&

Present studies were taken upko examine the role of
temperature in decomposition of Dimethoate and to co-relate
the products with the compounds obtained in environmental
degradation. It may also provide more information about
the cause of explosion phenomenon occurring exclusively
with Dimethoate.

Dimethoste was heated upto explosion temperature (148°C)
and the products were separated into inorganic and organic

parts. They are described in detail as given below.

3.3.1 LHOGGARIC PART

It is a black, hygroscopic and deformed solid mass.
It was dissolved im water and separated imto filtrate and
residue.
3.3.1.1 FLLULG4Lgs It was blackish solution which became
yellowish on dilution. 4hen the material was analysed
for the presence of ¢ arbom, hyirogen, nitrogen, phosphorus
and sulfurj only phosphorus (18%) found to be present in 1it.
The solid was therefore identified as phosphorus oxides of
wvhich acidic nature has been confirmed by titrating 1t
against standard Nald sclution. Eventhough phosphorus
is 13.5% in Dimethoate, phosphorus derivatives aggregate
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about 72.8%. It may be due t o formation of higher
oxidation products of phosphorus in Dimethoate.

Many workers have reported that inorganic phosphates
are the ultimate end products of Dimethoate in enzymatic as
well as nonenzymatic transformations¥ 43, <they have
been undoubtedly formed due to the replacement of sulfur
atoms by oxygen and also by desmethylation of P-ocu3
linkages®2, Incidently desmethylation is also observed in
the formation of phosphorus oxides in present investigatioms.
This identity serves to unfold the nature of decomposition
of Dimethoate during storage and in soil i.e. recactions
occurring in absence of enzymes. Thus temperature is the
major factor alongwith the moisture for desmethyl reactions.
Eventhough the decomposition is rather slow at rooa
temperature which is far below the explosion tempersture,
final residue is essentially the same. Not)ling these facts,
present studies seem to be very useful in explaining
formation of the inorganic residue.
3.3.1.2 HESIOUE:s It was a black coarse mass having
nonadhering charscter. When it was analysed for alemental
presz2nce, it has been found to be pure carbon in the form of
charcoal. Eventhough Dimethoate molecule contains 26.2%
carbon, only 4.6% was found in the isolated form. At the
begluning, it vas assumed that some carbon might have
escaped in the form of (:02 but the explosion temperature does
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not seem tc be high enough to cause the comversion.

Carbon contents could not be accounted fully. Carbon

as one of the decomposition product has been reported for
the first time. In thermsal decompositionj it seems that
at the explosion temperature, the molecule becomes highly
unstable and the heat emergy at 148°C is sufficient to
break strong sigma bonds between carbon and hydrogen atoms.
The low energy requirement may be due to polorisation of
bonds in the molecule. Therefore presence of carbon in
free form may be possible. ZEventhough formation of C02
does not sound probable, it is one of the possibilities.
The thermal decomposition phenomenon has similarities with
the proceeding reactions occurring im e arthquake i.e.
Biological material which gets buried is converted into
coal, natural gas and petroleus, fwyenthough bvasic
difference of high teamperature and availability of oxygen
remains, the phenomenon seems to be identical as it involves
charcoal, oxides as residues, fragmented organic molecules

and gases in the form of fumes.

3e3ele3 WillE FUMES: The fumes could not be trapped at the
temperature of ice cold water using 40 cm long distillation
column. The descripancy in accounting percentages of
elements §n the decomposed products suggests that the gases
aay be contailning sulfur dioxide, nitrogem oxides and
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carbon dioxide lloniﬁglth ammonia and methyl amine.

dny possibility of methyl amine was rejected due to
obviocus reasons. 4s the fumes did not affect moist
turmaric paper, ammonia is also not present in it.
Formation of gases is supposed to be due to combination
of elements in polarised form. Eventhough it has been
reported that coe,cﬂa.lﬂe evolved in the degradation of
Dilothoatlsl; the explosion temperature is not enocugh
for these conversions to take place. Therefore presence
of polarised forms seems tc be more logical. As the
environmental conditions are comparatively milder, this
phencmenon may not occur but methyl amine, as cne of the
metabolites has been roportodsz. The observations are not
confirmed. Therefore the conclusions are mentioned in

brief.

S¢3.2 QUOANIC FART

It vas a dark brown thick liquid only 13.5% of total
Dimethoate. This part when analysed by gas chromatography,
resolved intc nine components (Fig. 10). Their percentages
were determined using standard sclution tcchniqu05° in
whick pure 0,0-dimethyl 5-(methoxycarbonylmethyl )phosphoro-
dithiolothionate58 (Fig. 6, 1I, X) wvas used as standard
(Table 3). Total volatile portion in the organic part was
found to be 68%. Remaining noavolatile residue may be a



complex mixture of the compounds with high molecular
weights.

3.3.2.1 APPLICATION QF GCMS: when distillation of the
mixture was tried at atmespheric as well as at reduced
pressure, it was difficult to get a distillate.
Additionally, the gas chromatographic pattern changed;
probably due to the intermolecular conversions. Column
chromstography using silica gel in the ratio 1350 was
also tried. when the chromatographic fractions and the
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total mixture was gas chromatographed, many unrelevant peaks

appeared in chromatograms. Ihey were presumably due to
further decomposition, enrichment of components in trace
amounts or some catalytic reactions. These failures

namper isolation of pure components in the mixture.

Here gas chromatography/mass spectrometry (GCMS)
which can overcome these difficulties comes in picture.
It has many advantages over other conventional analytical
nothods"s. It eliminates the task of isolating small
quantities of pure components, particularly by tedious
procedure of column chromstography. Therefore GCMS is
the ultimate technique foumd to be applicable to study the

volatile organic part.
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Sventhough the compoments are in lesser percentages,
complete mass spectrus is obtainable with GCMS. It ia tura
may provide valuable information for structure elucidation.

The GCMS analysis was carried on AEI-30 model where
silicon membrane separator was used as interface. Studies
in mass spectrometry and derivation of possible structures

are discussed belov,

3e3.2.2 LNTERPRETATION OF SPACTRA (Figs A2)i On the basis of
the fragmentation pattern of peak A, three structures were
proposed (Ia-c). As m/e 125 and 93 are proaminent in 1163
but absent in the spectrum, the structure was ruled out.
I.b was not the possible structure as it produces mass
fragments: m/e 125 and 73 by the loss of 3d and SCHg
respectively. Eventhough loss of sulfur atom from I.a 1is
possible to produce mass ion at m/e 126, -5H 1s more labile
to get a fragment at m/e 12663. On the other hand, l.c
explains all major mass fragments: m/e 126, 111, 94, 179,
64 and 47. Therefore it has been assigned the structure:
0,5-dimetbyl dithiophosphate (I9.

Peaks C,D and E have been assigned structures: 0,0,5-
trimethyl phosphorothiclothionate (II);0,3,5-tr imethyl
phosphorodithniolate (III) and 0,0,5-trimethyl phosphoro-
thiolate (IV) respectively because their patterns
nrc}tdcuucu with that reported by santoro®® for the same.
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There occurs normal « cleavages of SCigy S, acua ,otc.c‘

Major fragments of peak H: m/e lss, 172, 157, 125
and 93 explains elimination of labile oxygen atom attached
to thioclo sulfur and « cleavages from P=S bondea. Therefore
the structure: suifoxide derivative of 0,0,5-trimethyl
phosphortothiolothionate (V) has been assigned to it.

peak B (mole. wt. 140), F and G (mole.wt. 168) and
I (mole.wt. l88) possess unrelevant pattern. S0 they
were not interpreted. Froton migration theory which was
proposed by muco“ has not been observed probably due to
short chain length.
3.3.2.3_CiEals (Fige 13): It is notable that the orgaanic
partgz;iproducablo gas chromatogram. Therefore it was
assumed that they have acquired stable configuration.
ristchimuka isomerisation or ocua—v scus rearrangement (a)
is the initial tramsformation occurring in Dimethoate
-oloculo“. The amido sidechain may form a cyelic
intermediate with phosphoryl bond, resulting in formation of
P=-0H bond by proton transfer (b)67. This electron
rearrangement breaks 5-C bond to fora 0,S-dimethyl
dithiophosphate (1)68. This type of migration has been

65

reported by Damico =~ in interpreting mass spectra of

organophosphorus compounds such as Dimethoxon (Fig. 6, 1IV).
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Higration of terminal methyl group im side’chain
to thiouo sulfur is also possible in the cyciic
intermediate (0)67. It cleaves 5-¢ bond ylelding in
0,0,5-trimethyl phosphorothiolothionate (I1I)%9, Its
oxidation (d) takes place at slevated tonyanturo'n to
get 0,0,5-trimethyl phosphorothiolate (IV)®? and
sulfoxide (V). The product (I1I) is the isomer of II
which is formed due to pistchimuka imaiuuonss.
However, presence of I and V was not confirmed.

Thus the thermal impact is 0-383-»5683 rearrangement,
migration of d and caa from the sidechain tc skeleton sulfur
and oxygen, predominent cleavage of 5-C linkage and
prosotion of auto-oxidation. The amigration seems to be
wsainly responsible to create labile centres in the side-

chain, causing decomposition of the moleculs.

3.3.2.4_DECRADATION cTUDILS: Eventhough 0,0-dimethyl
phosphorodithioic acid as a major degradation product has
been roportod_‘o"z’“. its isomer (I) has not been
reported so far. Kubel and Ackermann’* have reported
occurrence of trimethyl phosphorothiclothionatesas
metabotic products but their formation was not clarified.
0,0-Dimethyl 5-(methoxycarbonylmethyl) phosphoro-
thiolothionate (Fig.6, 11) and 0,0,5-trimethyl phosphoro-
thiolothionate (II) simultaneously cceur as impurities



in technical grade sample. In addition to possibilities
discussed earlier for esters' formation, II may be
formed by decarboxylation of the former. Both are likely
to be carried in formulation also but they are rarely
detected probably due to hydrolysis.

Bventhough the products have not much relevance with
the degradation studies, they explain impurity of II in
stored products and other possible transformaticns which
may occur, particularly in the technical product and
intermediates such as 0,0-dimethyl phosphoreoditibic
acld/and 0,0-dimethyl 5-(methoxycarbonylmethyl)phosphoro-
thiolothionate (II)( fiy6).
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Actually resesrch in organophosphorus pesticides
had gained pace in late fifties eventhough 1t had oeen
initiated during 11" %or1a war. By that time, lomg persistent
organochlorine pesticides had created sericus problems due
to their hazardous residues. Therefore the former has been
approached very cautiously and development of efficient
methods to anmalyse technical grade preducts, formulations
and environmental residues have been started from the
ceglnning. More attention has also been given to detoxicate
the effluent froam pesticide process industries as it was
observed that it has adverse effects on aquatic life. Thus
the field as a whole consists of synthesis, analytical
techniques, fundamental cheamistry of transformations and
industry oriented effluent treatment procedures.

Eventhough extensive research has been carried upto
1970, it has been slowed down as their use has been reduced
substantially in western countries. But as they are recently
introduced im India, they require a f:'lh look.

n
Keeping these combined aspects/mind, investigations on
lmidan were taken up.
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Among the numerous pesticides known, 0,0-dimethyl
5-phthalimidomethyl phosphorothiolothicnate or Imidani
(Fig. 1) is important in the class of phosphorothiolo-
thionates. Other trade names for the same are rrolate,
Fhosmate and Phthalophes. It was first synthesised vy
stauffer Chemical Co. (USA). The pesticide can be prepared
by treating sodiua dimethyl phosphorothiolothionate with
Nechloromethyl phthalimide (Fig. 1). The process is
described in detail in proceeding section.

Imidan is a white erystalline solid, m.p.72°C. It is
practically insoluble in water (25 ppm at 259C) but soluble
in most of the organic sclvents except aliphatic
nydrocarbonsa. The broad spectrum and non-systemic
insecticide is effective against insects and mite pests which
attack fruit, field crops, pasture and livestock. It is found
active in controlling Codling moth, Plum Curculio,
soll weevil, Pear psylla, Rice Stem borer, Hice Paddy borer,
Northern Cattle grub and common cattle grub.

Ihe wmetabolism of Imidan is more or less same in plants,
animals and soil. The ¢4 lavelled pesticide when
administered orally in rats, rapidly degraded and excreted;
19% of the dose was eliminated via feces and 79% of the dose
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via the urine®. The initial degradation in rat was via
breaking C-5 bond to foram 0,0-dimethyl phosphorodithioie
acid and N-hydroxymethyl phthalimide followed by further
degradation to phthalamic acid which in turn leads to
phthalic ac1d5+® (Fig. 1).

In plant lctnbolioi7'5, oxidation and hydrolysis
occur causing cleavage in the ring system. The metabolites
are rapidly absorbed but remain accumulated in lsaves. Cotton
plant metabolism’ is preferentially by hydrolytic pathways
than oxidative one. The products are same as in case of
animal metaboliss®s® but in addition;p-hyiroxy bemzoic acid,
benzoic acid and benzamide were also isolated (Fig. 1).
Though phthalimide was not actually isolated, its presence
was deduced from the decarboxylation product i.e. p-hydroxy
benzoic acid and evolution of 602. Imidan is alsc
metabolised to Imidoxon (Fig. 1) in German cockroach® and
in tlye. Presence of the latter has not been established
in rat, steer and cotton metabolism.

rersistence of Imidan in soil is very less due to
hydrolysis which depends upon pH of soil and me'sture
contents®. In the absence of microorganisms, Iaidan remains
intact for lomger period in soli. Eventhough hydrolysis
products are not identified, they are presumed to be the



same as in plant l.tabolisi7.

stability of Imidan in aquecus solutions is varied.
At 4.5 pH, it is quite stable (half life 13 days) while
in alkaline mediua (pH 8.3) its half life is cnly 4 hr
resulting in phthalamic acld.5



4.2 Tl _LALGA CHROMAZOCHARAX
4.2.1 LBIT HEODUCTION

Hetabolic studies of pesticides are essentially
assisted by prompt analytical methods which are mainly
categorised as spectroscopy and chromatography. The latter
consists of thin layer chromstography (TLC) which has
grown up rapidly in recent years and accepted as a quick
and efficlent techunique for the detection of organo-
phosphorus poatlcidollo'll’la. Several special techniques
have been developed in TLC for more precise determination
of metabolites of the pesticides, They are: spray
rea;ontlla, fluorescent silica goll‘ and mixing with
cholinostcrasols. kventhough it has no automationm, it
¢ained wide applicability in this field due to its
suitability over other analytical methodsi®, simplicity
and precision.

Mainly TLC and paper chromatography to lesser extent
have been used to study Imidan metabolism. Menn et .1.8
have reported the hydrolysis of Imidan cl‘. They resolved
the metabolites; phthalamic acid and phthalic acid on
Whatman No.4 filter paper, using EtOH system / Ethanol:water:
ammonium hydroxide (80:18:5)/, (Fig. 2). Same authors

while studying cotton plant natlbolil-7, applied paper
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chromatography and detected phthalaamic acid, phthalic acid
as major end products along with benzoic acid and its
derivatives. £/G solvent system (stationmary phase: 12%
glutaronitrile in aceton®, mobile phase:isopropyl ether
saturated with glutaronitrile) has alsc been spplied to
resolve Imidan, Imidoxon, N-hydroxymethyl phthalimide and
phthalimide obut resoclution of phthalamic and phthalic acids
has not been observed (Fig. 3). Additionally, use of
isopropyl ether in glutaronitrile system is eo.plicntodn.
schumachert8 reported metabolic studies of thalidomide cu.
He used paper chromatography with PAW solvent system
{ pyridine:n-amyl aicohol: water (7:7:6)7 to resclve
components similar to Iwidan metabolites.

¥cBain and Menn® have studied metabolism of Imidan c“
in rat and cockroaches., They have applied several solvent
systems ia paper and thin layer chromatography. They uqd
BLOH systois to identify phthalamic acid and phthalic acid
(Fig. 3), while E/G paper chromatographic system’ was used
to resolve Imidan, Imidoxon, phthalimide and N-hydroxy-
methyl phthalimide from benzene extract of rat urine.
According to them, the PAW sy:t.o-la provided best resolution
of eight metabolites but only three of them i.e. phthalaamic
acid, phthalic acid and possibly pyridine salt of phthalic
acid were identified. They have also applied paper
chromatography with BAW system /n-butanol:Glacial acetic acid:



water (2:1:1)_7 which resolves phthalic acid from insect
tissue-nydrolyzates. TLC (silica gel G slurried in 0.1 M
boric acid) with BAW systeam, separates phthalic acid and
m-hydroxyphthalic acid but fails to resolve phthalic acid
and p-hydroxyphthaiic acid. They have reported that TLC
using silica gel G and EB solvent system / ethyl acetate:
benzene (9:1)_/ separates laidan, Imidoxon and other
metabolites from licroaom-lul’ﬂa in vitro system but does
not resolve phthalamic acid, phthalic acid and hydroxy
derivatives of phthalic acid., Heviewing the efforts takea by
many workers all over the world to develop a suitable
analytical method for the degradation products, still there
is a good scope to develop a quick and simple analytical
method. It may be useful in process development studies.
It can also be utilised to control sand monitor environmental
pollution, particularliy in waterways. Additionally the
method may be suitable to analyse stored technical product
and the formulatioan.

From this point of view present studies were

taken up.

104



4.2.2 S AP EBIHENT AL

4.2.2.1 PEEPARATION OF PURE SAMPLES: Authentic samples
were prepared for compariscn. They are described as
followss

1) Eithaliside® (Fig, 4, IV): Commercial phthalimide is a
pale pink powder, -.p.m°-ao°c. It was recrystallised
from water to get glittering white crystals, -.p.aas"c.

TLC : EtOH sclvent system and silica gel, single spot,
Re value 0.90.
IR : 3330 em") (-Ni), 1760 and 1730 e > (3C=0)22,

w : Calculated for causloz. C, 65.31%; H, 3.40%;
8, 9.52%. Founds C, 65.30%; H, 3.428; N, 9.57%.

2) Neliviroxvmethvi phibalimide®!® (Fig, 4, IL1): Phthalimide
(1, 5.1 g, 0.35 M), formaline (3 ml) and water (20 ml) were
refluxed until a clear solution was obtained. The reaction
mixture was filtered while hot and the filtrate was cooled
overnight. The white crystalline product thus obtained
was filtered and dried in air for 48 hr. Yield 5.63 g (90%),
2.9.137°-141%C. It was/erystallised from rectified spirit.
On keeping overnight white crystals were obtainmed, l.p.139°c.
TLC :+ EtOH solvent system and silica gel, single spot,
Rp value 0.85.

IR : 3770 ea~} (-0H), 1780 and 1720 ea~! (>c=0)2,

190
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ﬁm& :+ Calculated for c,&,loa. Cy, 61,0153
H, 3.96%; N, 7.91%. Foumds: C, 61.13%;
B' 3093" .. 7.8".

3) N=chlorometuvl phtballaide®2® (Fig, 4); N-hyiroxymethyl
phthalimide (2, 7.08 g, 0.04 M) vas added to 30% HCl (30 ml)
and heated over a waterbath for 2 hr. A white crystalline
material was obtained on keeping overnight. It was filtered
and washed with cold water, yleld 5.88 g (75%),
l.p.1329-13300¢

IR + 1765 and 1740 ew~l (3c=0)2

4) Q.0-pimethvd phosphoredithiole 8c1d®*® (pig, 4): Powderes
phosphorus pentasulfide (20 g) was suspended in distilled
benzene (20 ml) and the mixture was heated at 64°c with
stirring. Methanol (16 ml) was added dropwise over a period
of L hr at 64°C. HgS evolved was allowed to escape through
an outlet tube. The reaction mixture was further refluxed

for 2 hre The initial yellow coloured mixture turned imto
dark brown liquid at the emd of the reaction. The reaction
mixture was filtered to get blackish benzene solution of the
acid. It was extracted with NaOH solution (10%, 40 ml).

The clear aqueous layer was acidified and saturated with
sodium chloride to get colourless layer of the acid which

was separated and dried over sodius sulphate. Yield 3.30 g(82%).
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Mass spectrums g7 (50), 43 (60), 61 (585), 77 (40),
91 (30), 93 (25), 110 (58), 124 (85),
141 (8), 1587 (100).

Llemental
Analysis s+ Calculated for czn.,oersz. C, 15.19%3

H, 4.43%. Found: C, 14.59%; H, 4.37%.

§) L.lﬂ.nﬁlf_L!L;._a‘_Lls A solution of N-chloromethyl
phthallaide (3, 3.91 g, 0.02 M) in benzene was placed in
250 ml three necked round bottom flask equipped with
stirrer, reflux condenser and a dropping fumnel. A solution
of sodium sslt of 0,0-dimethyl phosphorodithiolc acid
(4, 3.16 g in 8% NaOH, 10 ml) wes added dropwise over a
period of £0 win and the resction mixture was refluxed for
3 hr. Benzene was then distilled off. The residue was
kept overnight to get a white precipitate. It was
filtered and washed with water. Yield 5.89 g (90%),
. p.70°-71%¢C,
Mass spectrum: 63 (15), 76 (18), 77 (20), @3 (19¢), 104 (10),

106 (8), 126 (4), 130 (5), 132 (5),

160 (100), 161 (20), 317 (10)%,

Slemental
Anslysis s Caleulsted for C) i, NO FS,. C, 41.65%;

Hy 3.79%; K, 4.42%. Found: C, 4l.41%;
H, 3.93%; N, 4.32%.
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6) lamidoxonZ?y 28 (Fig. 4, 1I): Imidan (5, 1 g) vas stirred
with conc. HNOg (5 ml, 4 = 1,5) in chlorofors (50 ml) at

room temp. for 85 hr. The reaction mixture was then washed

several times with water till washings were neutral to

litmus. The solvent layer was dried over RagS0, and

evaporated to give lamldoxom, -.p.'lo‘c.

TLC : Benzene solvent system and silica gel,
single spot, Rp value 0.50.

Mass spectrum : 60(36), 76(65), 77(86), 91(13), 92(25),
93(30), 94(38), 95(33), 130 (34),132 (13),
133 (33), 147 (17), 148 (11), 160 (100),
16l (43), 301 (17).

Elemental
Analysis : Calculated for cun“poars. c, 43.85%

H, 3.99%; N, 4.65%. Found: C, 44.52%;
H, 3.858; N, 4.47%.

7) Phthalamic 3c4d®° (Fig, 4. ¥): Fhihaiic anhyiride (6 g)
was gradually added with stirring to waram aqueous ammonia
(9 ml, d = 0.88). The material dissolved readily with
considerable evolution of heat and ammonium phthalamate
sepurated into fine, white crystals; the amount increased on
cooling. Fhnthalamic acid was obtained by treating the ammoniun
salt in cold water (10 ml) with slightly excess of equivaleant
quantity of comc. HClL (4 ml). The crystalline paste was
vashed with cold water until 1t wss free from chloride. The
pure product was obtaimed by recrystalllszation from ethanocl.
Yield 4.4 g (81%), l.p.1¢°c.
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TLC : EtOH solvent system and silica gel,
single spot, Rp value 0.53.

IR : 3500 and 3300 ca~l (-Nig), 1680 and 1650 en~!
(Gce0) 2

Elemental

Anaiysis s Calculated for caﬂ7l0a. C, 58.19%;

d, 4.24%; N, 8.48%. Found: C, 57.95%;
8, 4.36; .' 305"0

) phthalic 2¢d% (Fix, 4. VI)i Comaercial phthalic acid
was ash coloured amorphous material. It was recrystalliszed

from water to get colourless needles, m.p.200°C.

T s BtOH solvent system and silica gel,
single spot, Ry velue 0.48.
IR s 2900-2200 ca~} (-0H), 1685 ca~! (3c=0)%2.
Blemental
Analysis i+ Calculated for csqso‘. c, 57.82%3 H, 3.62%

Founds c. 57.’1" ﬂ, 3037’.

4¢2.2.2 PURLFICATION OF SOLVENIS: Commerclally available
solvents were pur1r1-433 as described below.

1) Acstopes Coamercial acetome (1 L) was refluxed over
potassium permanganate (10 g) for 3 hr till the colour of
persanganate persisted. The fraction boiling st 55-56
was collected.



2) bengene: Commercial bemsene (1 L) was washed with three
portions of come. HgS0, (60 ml) and finally with water till
washings were neutral. It was kept over c:-cl2 for 3 days
and distilled to get pure bemzene at 78-30°C.

3) Chlorofors; Commercial chlcroform (1 L) was dried over
vaclky for 2 days. Fure chlorofora was obtainmed by
distilistion (b.p.60-61°).

4) Etbapols Commercial solvent (1 L) was refluxed with good
gquick lime (50 g) for 3 hr under amhyirous conditiocns and
distilled tc get absolute alcohol (b.p.17-78°c).

4.2.2.3 PRSPARATICH OF TLC PLALESs sSilica gel (Nationmal
Chemical Laboratory, Pune-d, mesh 200) was used for preparing
TLC plates. Silica gel: plaster of pu-w'*‘z vater

(631150, w/w/v) were mixed and stirred with a rod for two
minutes to get an uniform slurry. Glass plates vere cleaned
with detergent and washed thoroughly with water, then with
acetone-pet.ether mixture and dried. The plates were coated
with silica gel slurry using applicator uthoda. The plates
were dried, activated in an oven at 120°C for 4 hr and used
immediately.

4.2.2.4 GENEHAL PHOCEDURE OF ANALYSLIS: Clear concentrated
solutions of samples (Fig. 4, 1-VI) were prepared and

spotted using capiilaries (1 mm 1.D.) 2 cm avay froa the
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edge in a horizontal straight line. The spots were
allowed to dry. The plate was then kept in a presaturated
solvent chamber. The solvent was allowed to ascend

upto 0.9 of the height. It was then removed, dried and
developed in a presaturated iodine chamber. Ry values were
calcu&atodas as the ratio of length from the centre of

spot to the origin and the distance between solvent front
and the origin.

o o Rp value = 2ist, travelled by compopent
oist, travelled by solvent system

4.2.2.5 DETALLS OF ZAP:RIMENTS: The above mentioned procedure
was followed for all experiments, Following compounds were
tried, using different solveant systems. They are Imidan (I),
lmidoxon (II1), K-hydroxymethyl phthalimide (III),

phthalimide (IV), phthalaamic acid (V) and Phthalic acid (VI)
(Fig. 4). The results are tabulated im Table Ko.l.

4.2.2.6 STAHDARD PROCEDURE: Trial 12 was standardised further
and recommended for the use. It is as follows.

A glass plate (25 cm x 2 mm thickness) was takem. It
was cleaned first with detergent and water and then with
pet.ether-acetone mixture. The dried plate was coated with
uniform slurry of silica gel | silica gel (200 mesh): Flaster
of Parisiwater (511150, U/u/v{], The plate was then dried.
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and activated at 120°C for 4 hr.

et

It was removed, cocoled

and the samples were spotted in horizontal straight line
2 cm above the edge.

Benzeneichloroform (1:9) solvent

system was allowed to run on the plate in a presaturated

solvent chamber through a distance of 21 cm. The plate was

removed, dried and allowed to rum in EtOHschloroform (l:l)

solvent system in another sclvent chamber through a distance

of 7 cm. The plate was allowed to dry and developed im a

presaturated lodine chamber.
in Table 2 (Fig. 5¢).

The particulaers are mentioned

lable 2
Componeat Postilon ke value Identification mark
I 20.58 cm 0.98 dark brown spot
11 19.24 cm 0.94 dark brown spot and
edge merged with spot I
111 7.96 ca 0.38 yellow spot
Iv 11.76 cam 0.56 yellow spot with
minor trailing
V 4.20 cm 0.20 colourless spot
VI 3.587 em 0.17 colourless spot

with trailing

(@p)
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4.2.3 BESUILS AND DISCUSSION

4.2.3.1 Development of lTechnigue: Several studies in
degradation of Imidan namely plant utabolisn7’8.min1
setabolisn®516  petabolisa in s011% and non-ensymatiec
hydrolysis® reveal that Imidan (I), Imidoxom (II),
N-hydroxymethyl phtnalimide (III), phthaliaide (IV),
phthalamic acid (V) and phthalic acid (VI) (Fig. 4) are

ma jor products of the degradation. Therefore these
compounds were chosen for the development of thin layer
chromatographic technique (TLC). A characteristic of these
compounds is their polar nature which differ from each other.
Naturally the requirements for their chromstography at a
time are very difficult to judge. Therefore present
investigations were aimed to develop an handy but suitable
technique where analysis of these compounds may be achieved
on a single chromatogram, with efficient resolution.

For this purpose, numerous trials were taken using
different solvent systems., Some of the representative trials
are as follows:

It has been observed that systemswith single solveat
such as benzene, acetone and chloroform fail to resolve all
the components at a time (‘hbh 1). Therefore mixed phases

vere tried. Acetonesbenzeme (l:1) and chloroformsbenzene (l:l)
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systems also found inefficient in resolving the components
(I-VI) (Table 1). These trials clearly showed that
satisfactory analysis may not be achieved in single stage
using only one solvent system. Therefore on the basis of
polar nature of compounds and their behaviour observed during
the experiments, they were divided into differeat groups for
two stage analysis., The acids V and VI were considered in one
group. Phthalimides (III and IV) and pesticides (I and II)
were considered as another group. As ethanol system is shown
efficient for the acids im earlier attempts, more improvements
were tried with it. Among many combination trials, EtOH:
chloroform (l:l) system was able to give optimua resclution.
Ke values for V and VI are 0.60 and 0.50 respectively (Fig. 5a).
For another group of compounds, in addition to many solvent
systems various combinations of benzene and chlorofora were
tried. Finally benzeneschlioroform (1:9) systea found to give
the required resolution. Eventhough laidan (I) and
Imdoxon (II) have not been resolved efficiently, they can be
individually identified and total pattern was more promising.
He values for I, II, IlI and IV dave 0.98, 0.94, 0.38 and 0.56
respectively (Fig. 5b).

For the development of whole chromatogram, the phases
were used in two stages. Namely benzene:chloroform (1:9)
used initially and EtOHichloroform (l:l) then followed upto
one third of total height. The spots were developed in iodine
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chamber. They have characteristic shape and colour for
their individual identifications (Table 2). The Rp values
for 1-Vl are 0.98, 0.94, 0.38, 0.56, 0.20 and 0.17
respectively (Fig. 5¢).

After various trials, the standardised procedure
has been recommenied for the use. It is described in
experimental part (4.2.2.).

Thus a biphase TLC technique has been developed
successfully to resolve the compounds I-VI on a single
chromatogram with distinguished pattern.

4.2.3.2 GOMPARLSON WITH BALGILNG METHODG: Eventhough
present studies principally differ in aims, it has meny
advantages over existing methods mentioned earlier. Use of
KtOH system by Menn et ‘1.5,6 resclves only 1, V and VI

(Fig. 2). This method on the other hand resolves not oaly
I, V and VI but also lmidoxon (II) from Imidan (I) and the
cyclic amides (III and IV). The E/G system®»7 developed

for plant metabolism studies, separates I, II, III and IV
but resoiution of acids (V and VI) was not reported (Fig. 3).
Additionally the solvent system requires the critical

co.poutionl?.

while present method covers all the
compounds at a time and the solvent systems are simple to

be included im routine analysis.



Eventhough McBain and Menn® have achieved best
resolution with PAW ly'toitg due to fajiure in identifying
the components, (it is insufficient) The BAW systea®
has specific requirements. Therefore it has limited use.

The 4B systea® fails to resolve the meajor metabolities;
phthalamic acid (V) and phthalic acid (VI). Thus these
existing methods have a limited use only for specific studies.
Therefore they have limited applications. They are also
inadequate for the separation of I-VI as no report has
mentioned TLC analysis of I-VI at a time on a single
chromwatogram. PFPresent technique includes the major
metabolites (1-VI) reported earlier in all types of

metabolic studies such as noil‘. aninal® and pllnt7
metabolism. Therefore the technigque is more useful for
general purpose., It is particularly applicable for studies
such as decomposition in aquatic media where possibility of
5-C fission and oxidative coaversions to Imidoxon (II) are
anticipated, decomposition of technical product on storage
as it is necessary to estimate it before formulation. The
reports mentioned earlier can be repeated for the
identification of major metabolites, also using the
developed techmique.

Apart from autoradiographic identificstions, many

selective developing agents were mentioned in the literature.

1oy



2,6=Dibromo-N-chlorop-quinoneimine in cyclohexane was

used to identify Imiden (I) and Imidoxon”+37 (II) while
phthaiic acid (Vi) and its hydroxy analogues were
identified as blue and white spots using ultraviolet light
(2537 A°)‘. The potential metabolites were detected ag

red and yellow spots usiang moa solution and U.V.s'as.
Phthalic acid was detected as yellow spot on a blue
background using bromophenol biue in othml‘but in present
investigations no specific reageant is used and plates were
deveioped simply using iodime which is easily available in
any laboratory. &5till the appesarance and colour of the spots
is characteristic enough so that they can be identified
individually e.g. the phosphorus moleties (I and 1I) are
brown spots. The cyclic amddes (11l and IV) are yellow
and the acids (V and V1) are colourless spots on yellowish
bauckground. The spot of dicarboxylic acid (VI) has
significant trailing (Fig. S¢). Thus the chromstogram is
distinguished emough for identification purposes.

#erit of present investigations over existing methods
is use of comuon chemicals such as silica gel and iodine and
simple procedure which can be performed in any laboratory in
a very short time., It also has wide applicability for all
types of decomposition studies. It 1s quite efficient and
reliable to resolve and identify the components with varied
polarities at a2 time on a single chromstograa.

7V



4.3 SXRQLLELS STUDLES

430 NI RODUCTIION

A great majority of organophosphorus pesticides are
ester derivatives. The polarized phosphoryl group im them
creates a positive charge on the phosphorus atom which
consequently becomes highly electrophilic and reacts with
nucleophiles. Thus they are susceptible to hydirolysis.

Meon et al.> reported the hydrolysis of Imidan c'®.
It was carried out in agueous solutioms buffered at pH 4.55
and 8.26. Ilaidan cl‘ suspensions were vigorously shaken,
stoppered and stored at room temperature. At predetermined
intervals, samples were taken out froam each solution and
chromatographed on whatman No.4 filter paper using EtOH
solvent system /ethanol:water:ammwonius hydroxide (80:15:5)7.
The autoradiograms indicated that Imidan C'4 hyirolysed to
phthalamic acid in basic medium and to phthalic acid via
phthalamic acid in acidic mediua. Imidan dissolved in water

proceeded to phthalamic acidao. McBain et Il.‘ have reported

171

comprehensive studies of Imidan metabolism. They have proposed

the pathways of metabolism and hydrolysis in alkaline medium.

It is vell-known fact that metabolic reactions occurring

in plants, animals and soil have similarities with chemical



reactions, particularly hydrolysis. Therefore chemical
reactions have great significance in elucidating and
confirming mode and nature of metabolic pathways. As the
products obtained are identical in majority of cases!8y40,
eampirical information obtained from hydrolysis studies
provided a basis for predicting potential in-vive metabolites
of the pesticides. Thus there exists an identity relationship
between metabolism and hydrolyligfhoto be more precise, it is
the alkaline hydrolysis.

If this theory is applied to Imidan degradation, there
are many intermediate metabolites such as N-hydroxymethyl
phthalimide, phthalimide, benzoic acid and its doriv;tlvous'°'7
which are not isolated in nomenzymatic hydrolysis so far.
idditionally role of biochemicals 1s also not clarified.

Blodegradation reactions have mostly hydrolytic
pathways which occur in such a msnner that the end products
are harmless to mammals and are excreted out without any
dunglr‘l. Thus enazymatic hydrolysis is a neturally occurring
detoxication reaction. As the identity of metabolism and
uopenzymatic hydrolysis has already been proved by Schumacherl8
and Plapp et .1.40. the latter may serve as a good methed for
artificial detoxication of the pesticide. Now-a-days the use
of organophosphorus pesticides has been increased steeply,

s0 also pollution hasurdl‘g. Therefore development and



detailed studies of hydrolysis may be very useful to lower
the environmental pollution which is the greatest threat
to mankind at present.

On this backgroud, present studies vere taken up
for the following reasons. It may evaluate a good detoxication
method which can be employed to effluent treatment of waste
water from the pesticide industry. It may serve to confirm
the identity between metabolism and chemical hydrolysis.
petailed studies may also be useful to identify unknown

nazardous metabolites.
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4.3.251 P S RIHENT AL

The hydrolysis was carried out using different
catalysts i.e. (1) NaOH, (2) HCl and (3) NagCOg. The

experimental details are as follows:

4.3.2.1 HYDROLYGLS USLNG NaQH (Fig. 6)

Lxpt. Ongs Powdered Imidem (I, 3.17 g, 0.01 M) was added to
30% aqueous solution of NaOH (50 ml) in 100 ml round bottom
flask equipped with an air condenser. The heterogemeous pink
reacticn mixture was refluxed for 1 hr. Evolution of amaonia
gas was tested using moist turmeric paper. The evolution
ceased completely at the end. The clear pale brown liquid
was cooled under tap, neutralised using 1N HClL and allowed to
stand overnight. White precipitate thus obtalmed was filtered,
wvashed with water and dried at 25°C for 43 nr. Yield 1.5 g,
s.p. 201°C,
TLC + EtOH: chloroform (l3l) system and silica gel,
single spot, He value 0.50

IR ¢ 2900-2200 em~} (-0H), 1685 es~1 ( >C=0)

It was identified as phthalic seid>! (Pig. 6, VI)
by TLC, superiaposable 158°2 (section 4.2) and mixed m.p.
Lxpt. Iwe: Imidan (I, 3.17 g, 0.01L M) vas powdered and added
to 1% aqueous solution of NaOH (80 ml) in 100 ml round bottom
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flask equipped with an air condenser. The heterogeneous
mixture was shaken at 25°C for 2.5 hr. It was then filtered
to get pale pink solution which was neutralised using 1IN RCl.
On standing overnight, a white precipitate was obtaimed.

It was filtered, washed with water till washings were neutral
and dried at room temperature (25°C) for 48 hr. Yield 0.14l g,
m.p.178°-185°C (range).

TLC ¢t EtOHs Chloroform (l:1) system and silica gel,
two spots, He value (1) 0.60 and (i1) 0.50.
IR : 3500 and 3300 ea™} (-Ni,); 2900-2200 ea~d(-0H);

1690, 1685 and 1650 em™! (5C=0).
The components in the amixture were identified as
(1) phthalamic ac1d30 (11) phthalie acid®® (Fig. 6, V and
VI res.) by TiC, IR2+32 (section 4.2).

EXpt. Ihree; Imidan (I, 3.17 g, 0.0l M) was suspended in 2§
aqueous solution of NaOH (40 ml) in 100 ml round bottom flask
equipped with an air condenser. The mixture was shaken at 0°C

in an ice bath for 156 min. The hetercgenecus reaction

mixture was filtered. The filtrate was neutralised using

1N HCL, saturated with Nagl and left overnight. It was then
extracted with ether. The ethereal layer was dried over amhydrous
nzso‘ and the solvent was evaporasted to get a brown guammy
material, Yield 0.270 g. It was extracted with benzene(3 x 30 ml).
The reddish solvent layer was dried over anhydrous nzso‘ and



the sclvent was evaporated in vacuum (60°c/50 mm) to get

a red syrupy iiquid. field 0.133 g.

Gas chromstographys S.B. = 30 (3%), temp.140°C, single peak,
By 2'05".

Hass spectrum + 45(683), 61 (56), 77(4l1), 91(30),
93(28), 124 (78), and 157 (100).

It was identified as 0,0-dimethyl phosphorodithioic
ac1d®® (pig. 6, 11I') by comparison on GC and superimposable
mass spectrum (section 4.2).

Benzene insoluble pale yellow solid was washed with
benzene (10 ml) snd dried at 25°C for 48 hr. Yield 0.128 g,
m.p. 226-230°C,

TLC s+ benzene:Chloroform (1:9) system and
silica gel, single spot, Rp value 0.56.
IR s+ 3300 ca~} (-NH), 1760 and 1730 em™! (C=0).

It was identified as phthalimide® (Fig. 6, IV) by
comparing TLC, superimposable I1R22 (Section 4.2) and mixed m.p.

5xpk. Four: To a solution of agueous NaOH (0.35 g, 50 ml)
in 100 @l conical flask, N-hydroxymethyl phthalimide'®

(I1I, 2 g) vas added in one lot at 0°C in an ice bath. After
2 min, the insoluble material was filtered off. The filtrate
was neutralised using 1N HCl. The precipitated solid wvas

filtered, washed with water till washings were neutral to



litmus and dried at 25°C for 48 hr. Yield 1.53 g,
-.p.m"c.

It was chracterised as phthalimide® (rig. 6, IV)
as described in Expt. Three.
Expt, Fives Phthalimiae® (IV, 1.47 g, 0.0 ¥) was added to
4% aqueous solution of NaOH (10 ml) in 50 =l conical flask
in lots at 0°C over 1 min with eccasional shaking. The
reactiocn mixture was kept at 0°C for 1 hr. It was then
neutralised using 1N HCl. On standing overnight, a white
precipitate was obtaimed. It was filtered and washed vith
water till washings were neutral to litmus and driedat
room temp. (28°C) for 48 hr. Yield 1.57 g, -.p.1a°c.

TLC s+ Ethanoli:chlorofora (l:l) system and silica gel,
single spot, He value 0.60

IR : 3500 and 3300 em™! (-NHp), 1690 and 1650 ca~!
(>¢=0)

It was identified as phthalamic ac1d®® (rig. 6, V) by
T LG, superimposable Iau (Section 4.2) and mixed m.p.

E&pb. Sixi N-Hydroxymethyl phthalimide!® (III, 1.77 g, 0.01 M)
vas added to 30% agqueous NaOH solution (30 ml) in 100 .l
conical flask at room temp. (26°C). after 1 mim clear
reaction mixture was obtained which was neutralised using

1N HClL. On keeping at 0°C for § hr, a white precipitate vas
obtained. It was filtered, wvashed with cold wvater and dried
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at 25°C for 48 hr. Yield 1.63 g, m.p.200°C.
It was identified as phthalic acid3} (rig. 6, VI)

as described in ixpt. omne.

5%, geven: Phthalamic acid®® (v, 1.65 g, 0.01 M) was added
to 30% aqueous NaOH solution (10 ml) in 50 ml round bottom
flask equipped with an air condenser and refluxed for 20 min.
svolution of ammonia was tested using moist turameric paper.
Ihe cooled reaction mixture was neutralised using 1N HCl and
kept overnight at 25°C. white precipitate thus obtained
was filtered, washed with cold water and dried at 25°C for
45 hr. Yield 1.60 g, m.p.198%.

It vas identified as phthalic ac1d® (rig. 6, VI) as
described in Expt. one.

Sxpt, Elght:s 0,0-Dimethyl phosphorodithioic neide‘ (IIX’. 1.58 g,
0.01 M) was dissclved in 303 aqueous NaOH solution (20 ml) in
50 ml round bottom flask equipped with an air condenser. It
was refluxed for 1 hr, The persistent bad odour disappeared
completely at the end. It was cooled, neutralised using 1§ HCl
and saturated with NaCl. After standing for 2 hr, it was
exhaustively extracted with solvent ether (100 ml), dried over
anhydrous neso‘ and the solvent was evaporated off. It left
behind no residue. The aqueous solution was tested with
amsoniuas molybdate and showed the presence of inmorganiec
phosphates.



4.3.2.2 HIDBOLYSLS USLING 6CL (Fige 7)

LXpt, Ong: Imidan (I, 3.17 g, 0.01 M) was powdered and
refluxed with 1N HCl (60 ml) in 100 ml round bottoam flask
attached with an air condeaser., samples were takem out
time to time and were analysed by ILC.

a) A sample of the reaction mixture was takenm out at the
end of 1hr. It was filtered hot. The residue was washed
with water till washings were neutral to litmus and dried
at 25° for 48 hr, @.p.65°C (1). The filtrate did not
afford any precipitate on standing at 26°c for 48 hr.

b) A sample was removed at the end of 3rd hr and filtered
while hot. The residue was washed with water and dried at
256°C for 43 hr, m.p. 62°C (11).

Un standing overnight, a pale yellow precipitate was
obtained from the filtrate. It was filtered, washed with cold
vater (10 ml) and dried at 25°C for 48 hr. Yield 0.5 g,
m.p.116%°-220°C (range) (111).

The latter filtrate afforded a pale yellow precipitate
on stending for 72 hr. It was filtered, washed with cold
water and dried at 26°C for 48 hr. Yield 0.2 €y -.9.1209430°c
and 170°9-210°C (ramge) (iv).

Gample was taken out at the end of 6th hr. The reaction
mixture was filtered while it was hot to remove undissolved

waterial (V). The filtrate was saturated with NaCl and allowed
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to stand overnight., Pale yellow solid precipitated was
filtered and washed with cold water till washings were
neutral to litmus., It was dried at 28°C for 48 hr,
@.p.198%C (v1).

The compounds were identified by coamparing their Re
values with that of authentic samples on TLC (Section 4.2).

The results are summarised in Table 3.

Lxpt, Two: Powdered Imidan (I, 4.74 g, 0.015 M) was refluxed
with 1N HCL (25 ml) in 100 ml round bottom flask equipped
with an air condenser. After 6 hr, the heterogeneous
resction mixture was filtered while hot to separate
undissolved material. Yield 4.26 g (90%), =.p.65%°C (1).

The filtrate was saturated with NaCl and allowed to stand
overnight. The precipitate thus obtaimed was filtered, washed
with cold water till washings were neutral to litmus and
dried at 25°C for 48 hr to get yellow solid. Yield 0.52l g,
l.p.190°c (11).

The yellowish sclid was exhaustively extracted with
chloroform (50 mli). The solvent layer was dried over
anhydrous Nag 504 and the solvent was evaporated to get a
gumay material which solidified slowly. It was recrystallised
from ethyl acetate. Yield 0.113 g, m.p.136°C (i11). The
insoluble white material was washed with cold water and dried
at 25°C for 48 hr. Yield 0.4 g, m.p.200°C (iv).



iable 3
¥
No. Solvent Components Name of the
system value Compound (Fig. 7)
i4 1 0.98 Imidan (I)
11 ¢ BC
v i 2 0.94 Imidoxon (II)
111 BC 1 0.98 Imidan (1)
2 0.56 Phthalimide (IV)
3 0.00 ?
EC(0.33) 3! 0.20 Phthalamic acid (V)
3 0.17 Phthalic acid (VI)
iv EC 1 0.60 Phthalamic acid (V)
2 0.50 Fhthalic acid (VI)
vi EC 1 0.50 Phthalic acid (VI)
Iable 4
1 BC 1 0.98 Imidan (1)
2 0.94 Imidoxon (II)
8 1 BC 0.38 N-Hydroxymethyl
pmugumao (1r1) ¢
e 0.00
BC(0.33)_ | o 0.20 Phthalamic acid (V)
o 0.17 Phthalic acid (VI)
111 BC 1 0.33 Hehydroxyamethyl
phthalimide (III)?
iv EC 1 0.60 Phthalamic acid (V)
2 0.50 Phthalic acid (V1)

*BC: Benzeneschloroform (1:9), EC: Ethanolichlorofora (1:l)
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The results based on TLC analysis are mentioned in
Table 4.

(111) IR : 2650-2220 em™} (-3H), 1760 and 1710 ca™t
(CCc=0) (Fig. 8).

Mass Spectrum s 76 (58), 93 (80), 105 (80), 122 (S56),
149 (100), 160 (45), 177 (68) end
193 (68)(Fig. 9L

Elemental
Analysis ¢ Calculated for Gt N0 5. C, 55.96%,

H, 3.65%; N, 7.25%; S, 16.60%.

Found: C, 54.84%; H, 4.05; N, 7.37%;

s, l6.21%.
It was characterised as N-mercaptomethyl phtmuudo“
(Fig. 7, VI1), by comparing Iu‘s. elemental analysis and mass
fragmentation pattern. Thercfore component (i1i-1) is

N-mercaptomethyl putmuuao“(-. p.135-137° C and 138°-139°c)‘3.

4.3.2.3 HIDHOLISIS USLKG NaoCQo (Fige 10)

BXRL. Qnes Imidan (I, 1 g) was refluxed with 5% agueous solution
of Na,C0, (25 ml) in 50 ml round bottom flask attached with an
air condenser for 5 hr. The clear sclution was cooled and
neutralised using 1N HCl. OUn standing overnight at 25°C, a
white precipitate was obtained. It was washed with cold vater
till washings were neutral to litmus and dried at 25°C for 48 hr.
Yield 0.47 g, m.p.198°C,

184
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It vas identified as phthalic acid®! (Pig. 1o, VI)
as described in 4.3.2.1-Expt. Ome.
SXpte 1wo3 In a 250 ml conical flask provided with a stopper,
lmidan (I, 1 g) wvas added to 5% aqueous l02C('Ja solution
(100 ml) and kept at 25°C for 180 hr. The heterogeneous
reaction mixture was filtered to get clear solution which was
then neutralised using 1N HClL., It was saturated with NacCl,
allowed to stand at 25°C for 24 hr and extracted with ether
to get gummy material which was repeatedly washed with benzene
to get a white material as insoluble portiom. It was

recrystallised from ethanol. field 0.2 g, ®m.p. 230°¢.

TLC s Benzene:ichloroform (1:9) system and

silica gel, single spot, Ry value 0.70 (Fig.ll).
IR s 1770 and 1730 ca~l (>C=0), (Fig. 12).
Hass spectrum : 93 (16), 104 (25), 105 (18), 125 (32),

130 (25), 133 (30), 160 (100) and 320 (50)

(Fig. 13).

slemental
Analysis : Calculated for “18“12'294' C, 67.5%3

H, 3.75%; N, 8.75%.
Found: C, 67.328; H, 3.828; N, 8.47%.
The compound was characterised as H,N'-ethylene
diphthalinide®® (rig. 10, VIII), m.p.233°C%8, 243°.944°c44+46
by 1K%, mass fragmentation pattern®® and elemental analysis.

18+«
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SXpt, Three; Fowdered Imidan (I, 3.17 g, 0.0l M) was shaken
with 3% aqueous solution of lazcog (100 ml) to 250 ml conical
flask provided with a stopper and allowed to stand at 25°C.
samples were drawn out time to time, processed and analysed
by TLiC.
a) A sample was drawan out at the end of 70th hr. The
heterogenecus reaction mixture was filtered. The clear
solution was neutralised using 1 N HCl, It was saturated with
NaCl and kept at 0°C for 24 hr. The precipitated material
was extracted with ether and a residue was obtained by usual
workup, n.p.lﬂ"c. It was varmed with chlorofora at 50°C for
30 min. A white solid was separated as undissolved material,
8.p.198%°C (1). The chloroform layer was dried over
anhydrous llazso‘ and the solvent was evaporated to get a
gumay solid which was recrystallised from ethanol, m.p.230°C .
(i1). The mother liquor was concentrated to get gummy liquid
wnich was repeatedly washed with cold water, dried at 26°¢
for 48 nr. It solidified on keeping, m.p.s80-90°C (range )(111).
D) At the end of 170th hr the reaction mixture was filtered
to remove undissclved material. The filtrate was neutralised
using 1IN HCl, saturated with HaCl and allowed to stand at
0°C for 24 hr. The precipitate after usual workup afforded
yellow solid, m.p.l70°C (iv).

The total unreacted portion was & white solid.
field 2.26 g (68%), m.p. 68°C (v).
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The components were identified by comparing their
Re values with that of authentic samples (Section 4.2).
The results are summarised in Table 5.

Components 1ii-2 and iv-l were isolated in pure foram
by preparative TLG, -.p.m°c. Both were identified as
N-mercaptomethyl phthalimide®® (Fig. 10, VII) as
described in 4.3.2.2-Expt. Two.

lable §
Ho. GSolvent Component Re Hame of the compound
systea® value (Fig. 10)
1 EC 1 0.60 Phthalaaic acld (V)
0.50 Pnthalic acid (VI)
i1 BC 1 0.70 Ethylene
dlpnthelinide (VIII)
iii BC 1 0.98 Imidan (I)
2 0.38 N-Hydroxyme th{
phthalimide (III) 2
iv BC 1 0.38 "
2 0.00 2
EC (0.33) 2! 0.20 Phtb;hlic acid (V)
2" 0.17 Phthalic acid (VI)
v BC 1 0.98 Imidan (I)

*5C: Benzeneschloroform (l1:9), EC:iEthanol:chloroform (l:l)
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4.3.3 RESCLIS AND QLSCUSSLONS

Hydrolysis of Imidan was carried out using different
reagents such as NaOH, HCl and RagCO,. Due to low solubility,
the reactions were carried in heterogeneous medium which
resembles with existence of the pesticide and its
metabolites ipn environment. Therefore the predictions may
be more reliable. The products were anmalysed by thin layer
chromatography (TLC) as described in section 4.2. They were
identified Dy their Re values which were in good agreement with
ig values of authentie samples. Compounds isolated in pure
form were further characterised by Infrared, mass spectroscopy
and elemental analysis,

The results are as follows:

4.3.3.1 HYIDROLYSIS USING HaOH; Number of reactions carried,
are shown in Fig. 6. The reactions were chosen in such a
way so that a stepwise process of the hydrolysis can be
unveiled. Hinimum time required to destroy the potent
pesticide into nontoxic phthalic acid was also determined.
ivolution of ammonia served as a criteria for the same.
spontanecus hydrolysis of Imidan to phthalic acid
occurs at elevated temperature. Therefore the intermediates
are not isolable. 3o the reactions were carried at milder

conditions i.e. dilute alkaline medium and low temp. They



are (1) Iaidan A% HaGH. ., phthalaamlc acid (V) + phthalic acid(ys)
5%

(10 1ataen Spun L gttt 0L TS T

B-Hydroxymethyl phthalimide (III) was not actually
isolated but its presence has been presumed by characterising
the other fragament: 0,0-Dimethyl phosphorodithioic acid (1113.
For confirmation of its presence, some reactions were
carried on the authentic compound which results in
phthalimide (IV) and phthalic scid (VI). Other well-known
reactions were repeated in support of the mode of stepwise
hydrolysis.

Eventhough N-hydroxymethyl phthalimide (III) does not
have prime place in metabolism -tudiu"o, it has been
included in present studies because it is the initial
cleaved product and it also may be present in environmental
decomposition, particularly on storage.

Frobable mechanism of the hydrolysis is as follows
(Fig. i4). The electron deficient carbon atom which is
flanked by two electronegative atcas viz. sulfur and
nitrogen is readily attacked by the nucleophile OH". It
results in NH-hydroxymethyl phthalimide and 0,0-dimethyl
phosphorcdithioic acid. The former then elliminates the
sidechain as HCHO. The resainder cyclic amide is very
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susceptible to the base which causes ring cleavage,
resulting in phthalamic acid. It consequently gets
converted into phthalic acid with the expulsion of ammonia.

Un the basis of results obtained in the experiments,
stepWise nature of the hydrolysis is as follows.
imiden (I) — /R-hydroxymethyl phthaliamide (III)/ —
phthalimide (IV) »phthalamic acid (V)->phthalic acid (VI)
(Fig. 15a).
4.3.3.2 UYDBOLYGLS UGINC BCl: In ome experiwent phthalimide (IV),
phthalasic acid (V) have been deteoisd. Unrsactsd luzidan (I)
and Imidoxon (II) were identifjed from the insoluble portion.
All of them vere also detected in another experiment carried
at different dilution.

The compound 1i- 1 (Table 4) wss believed to be
H-hydroxymethyl phthalimide (III) as the Rp values were
agreeable but IR spectrum of the mixture (i1) 414 not show
absorptions at 3770 en~! which is a typical absorption
for the ccmpound (ln)ﬂ(Sution 4.2). Therefore its presence
was doubtful. The purified component, iii-l (Table 4)
absorbs IR radiations at 2650-2800, 1760 snd 1710 em~t
(Fig. 8) vhich do not agree with the absorption of 11I;

3770, 1780, 1720 ea"} (Sscticn 4.2). Based on the demental
enalysis and mass fragwentation pattern, it has been
assigned a structure. Y-mercaptomethyl phthalimided3
(Fig. 18, ViI). 1t possesses typlcal mass spectrum which
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is different from III i.e. VII- 76(58), 93 (80),
1056 (80), 122 (56), 149 (100), 160 (45), 177 (68) and
193 (68) (Fig. 9). III - 81 (100), 75 (62), 77 (6l),
76 (68), 103 (28), 104 (54), 105 (88), 106 (50), 132 (34),
150 (22), 162 (20) and 177 (23).

Phthalimide (IV), Ne-mercaptomethyl phthalimide (VII)
and Isddoxon (II) have been reported for the first time
as nonensymatic hydrolysis products. Occurrence of 11
has been attributed due to oxidative desulfuratiocn ruouon“.
Freseance of VII clearly indicates initial cleavage of Imidan
at P-5 linksge.lts co-occurreance has been reported with
bis(phthalimidomethyl)sulfide (Fig. 15, 1X)43, Therefore
the same may also be the mext hydrolysis product which
further leads to phthalimide (iIV).

The experimental data reveals that the mode of
ascidic hydrolysis may be as follows. Imidoxon (I1)«
lmidan (I)->N-mercaptomethyl phthalimide (VII)-»/Pis
(pht.hauudonothyusulttdo (u)]»pmmuua. (1V)>phthalamic
acid (V) — Phthalic escid (VI) (Fig. 15b).

4.3.3.3 WW: Phthalamic acid (V) and
phthalic acid (VI) are the major hydrolysis products. As

N-hydroxymethyl phthalimide (II1I) and k-mercaptomethyl
phthalimide (VII) possess identical Hy values on TLC,
jdentification of components 11i-2 and iv-l (Table 5) was



rather difficult. Further analysis of the purified
samples revealed that it was N-mercaptomethyl phthalimide
(Fig. 15, VI1).

second experiment resulted in an abnormal product
which has He value 0.70 (Fig. 11). 1t does not agree with
any compounds mentiomed e arlier. Therefore further
investigations were carried out. IR spectrus (Fig. 12) does
not show presence of any functional groups except carbonyls.
Mass spectrum (Fig. 13) indicates it to be a dimer of a
compound (mole.wt. 160). Based can clemental anslysis and
characteristic mass fragmentation pattern“, it has been
assigned structure: N,N'-ethylene dlphthaliudo“ (Fig. 15,
VII1) which has identical IR absorptions®®, Both VII and VIII
are reported for the first time in the alkaline hydrolysis.
The latter has been reported as a thermally interchangeable
product in some phthaloyl derivative stuitess,

As laaco3 is a weak alkali, it required more time to
hydrolyse Imidan completely into phthalic acid. Eventhough
the phthaloyl ring cleaved at elevated temperature, a2t room
temperature the reaction is sluggish resulting in the
dimer (VIII). Therefore temperature plays an important role
ia @eteraining mode of the hydrolysis. As Expt. Two and
Three yielded different products, they are good examples of

impact of dilution over course of the reaction.



Thus Imidan initially hydirolysed at P-5 linkage to
get VII which may further lead to bu,\(phtblulidonthyl)
sulride®d (Fig. 16, Ii). However, the conversion is not
confirmed. Mechanism of formation of the dimer ~ (VIII) 1is
also not clear., Further there may occur ring cleavage

initially than l-we or lltc-cl2 fission to get V and VI.

Thus wode of the hydrolysis is as follows. Imidan (I)—>

N-mercaptomethyl phthalimide (VII)-»/bis (phthalimidomethyl)
sulfide &IW*I,I'-chylm diphthalimide (VIII)->phthalaamic
scid (V)->phthalic seid (VI) (Fig. 15 C).

$.8.3.4 APRPLICATION OF THE THC METHQOD: The analytical
technique described ip 4.2 bas beer developed to assist

different types of decomposition studies. It has been
employed im the hydrolysis studies so thet its usefulness
may be justified.

It has bsen observed that the method i1s satisfactory
to detect the major decomposition products (I-VI). As
N-hydroxymethyl phthalimide (II1I) and N-mercaptomethyl
phthalimide (VII) possess identical Re values, their preseace
could not be confirwed by TLC. The method is also useful
to detect abnormal products such as N ,N'-ethylene
diphthalimide (VIII) as they possess nonagreeable Hp values.
Thus the TLC technigue 1s suitable for hydrolysis studies.
Therefore its applicablility is fully justified in this case.

198
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4.3.3.5 BEHAVIOUR OF P-5-C-N BRIDGE: Important feature
of Imidan molecule is the phosphoryl bond containing
phosphorus atoam which is Spa hybridised and possesses
nitrogen oxide type tetrahedral ltmcturo‘?. The bond
arises from the dopnation of the non-bonding 2p electrons
in the polarised P-S5 and/or P-0 bonds, The electroms return
to phosphorus atom through the orbitals and the phosphoryl
group has partial p7-dwbonding along with — bond. Orbitals
of sulfur or oxygen having uashared electroms, partially
overlap with 3d orbitals of phosphorus. Due to this, all
phosphorus linkages have double bonding characterdS,
Another typicali feature of the molecule is P«S-C-N
bridge. It is highly polarised as electronegative and
electro-positive atoms are placed sidebyside. DJue to the
double bonding nature of phosphoryl bond and high
electronsgativity of sulfur and nitrogen atoms, only carbon
atom is susceptible for nucleophilic attack of OH . This
results in 5-C bond fission, ylelding N-hydroxymethyl
phthalimide (Fig. 15, I1iI) and 0,0-dimethyl phosphoredithioic
acid (Fig. 6, IIII). This is the behaviour of the bridge
with NaQOH., Eventhough the same is expected in the
hydrolysis using llzcoa, it was oot observed. N-mercapto-
methyl phthalimide (Fig. 15, VI1) has been isolated leading
to NyN'-ethylene diphthalimide (Fig. 15, VIII) presumably
via bis (phthaliaidometnyi)sulfide (Fig. 15, IX).
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It indicates P-S cleavage in the molecule. Above mentiomed
assumptions fail in this case and the behaviour may be
explained due to octet expansion of phosphorus atom which is
attacked by the nucleopnile®®. Thus the double bonding
character of phosphoryl bond seems to be nonrigid and partial.
Acid hydrolysis of Imidan occurs due to protonation
of sulfur atom in the bridge, further weakening the P-3 bond.
Phosphorus atom is then readily attacked by water molecule.
It results in Ne-glercaptomethyl phthalimide (Fig. 15, VII)
leading to phthalimide (Fig. 15, 1IV).
Thus, behaviour of the P-5-C-N systeam is rather
uncertain and predominently depends upon basic nature of

reagents.

4.3.3.6 COMPARLS O <118 -ARLIER STUDLES: It has been reported
that Imidan 1s more stable in acidic medium (half life
13 days at 4.5 pH) than in alkaline medium (half life 4 hr
at 8.3 pl)‘. Similar reactivity has been observed in present
studies, At elevated temperature, NaOH completely destroys
the pesticide within 1 hr. The weaker alkali namely
na2003 requires 5 hr, while 90% of the material remains
unreacted at the end of 6th hr in acidic medium.

As present studies are aimed to study the modes of
the reactions, it not only covers previous studies but

provides additional valuable information. Eventhough the
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NaOH hydrolysis leads to phthalamic acid (Fig. 18, V),1it
finally results in phthalic acid (Fig. 15, Vi) via
phthalimide (Fig. 15, IV) as an intermediate. Mode of
hydrolysis using NaOH deteramined here is concurrent with
that one proposed by McBain et 11.6

Though Menn et -.1.6 have reported hydrolysis of
Imidan C*% in acidic medium, they have identified only
phthalamic acid (V) and phthalic acid (VI) but less polar
compounds remain unidentified. In present investigations,
in addition to above mentioned compounds,phthalimide (IV)
and N-mercaptomethyl phthalimide (Fig. 15, VII) have been
characterised. It provides information about initial
cleavage of the pesticide and stepwise mode of acid
catalysed hydrolysis.

Hydrolysis of Imidan using "2°°s has been reported
for the first time.

The fate of phosphorus molety is found to be identical
with the studies reported by Pllpp‘o. mutor-nm and
Uchida®® 1.e. 0,0-Dimethyl phosphorodithioic acid was
converted into inorganic phosphates.

pPrinciple of identity relationship between metabolism
and alkaline hydrolysis has been mentioned by Plapp et .1.40
in case of organophosphorus pesticides. It has also been
proved by Schuacher'® in the stuies of a drug 'thalidomide’.



202

NcBain et al.® in nis detailed report have shown the same
for imidan. As more information has been gathered in the
present studies, it is necessary to memntion that experiments
using nzco3 gives altogether different products. Therefore
the identity pertains to hydrolysis only using NaOH. The
relationship is confirmed in these investigatioms.

4.3.8.7 COHPARLS OB 4124 MERABOLIC STUDIES: Based on various
reports4l including the identity relationship (section 4.3.3.6)
and formation of identical products in major portion,
setabolism of Imiden in plants??®, an1sa1®+® ana so11% is
preferentially hydrolytic than oxidative. FPresence of the
metaboliteslmidoxon (Fig., 15, I1) was due to oxidative
pathways®s7, Benzoic acid and its hydroxy derivatives’ have
been originated from complex biochemical reactions. Their
presence was suggested due to decarboxylation and aminor
hydroxylation which occurs prior to hydrolylis‘.

Eventhough generally catalytic role of enzymes is
iwportant in such type of biodegradaticn roactions°3'5‘.
chemical hydrolysis can provide sufficient information to
predict metabolic pathways which are predominantly
nydrolytic and side reactions though occur are ainor.
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44 SELGE TAsTHET
4.4.1 NEBD OF APPLLCATION

Nearly 900 pesticides are in use all over the world.
Therefore pollution from their industrial waste poses a
serious threat to the environment. Eventhough consumption
of pesticides in India 1s low, it is ever increasing. So
the problem will be very acute in coming years. Particularly
aquatic pollution has immediate effects to cause large
scale mortality of living things. The major source of water
contamination is effluent water from pesticide process
industries which dispose off hugeamount of toxic material
froam reactor, equipment and container washings. Organo-
phosphorus pesticides are very toxic at initial stages though
.‘Z\.Wleud. to nontoxic products at the cnd“. Their chronic
side effects are already discussed in section 1.2.6.
Therefore it is necessary to minimise water pollution by
treating the waste water from these pesticide indus tries

before disposing them into main streams.

4.4.2 HELHODS OF APPLICATIONS

Hecently Shnrnnsc and Dnttachovdhnr,57 have summarised
various methods of applications. They are mainly divided
into three parts as pnysical, chemicaland biological. First
one mainly includessereening, degritting, clarification,
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gravity separation, filtration,flotation and adsorption.
Now-a-days scrubber units and adsorption techniques are most
comwon for organophosphorus pesucidn&. Former consists
of high pressure sprays projected against a membrane in

the direction of gas flow., Im latter, multiple coluans
loaded with activated carbon are arranged in series.
Adjustment of pH in the range 6-8 by lime or acid is a
preliminary treatment in chemical methods. Use of caustic
lye has been found effective for organophosphorus wntoso.
Oxidation methods though common for other pesticides, are
avoided as they result im highly toxic products. Ion-exchange
is also used less due to deterioration problems. In
biological techniques, enzyme catalysed reactions are used
to degrade organophosphorus pesticides to less toxic foru‘o.

Ihe mode of degradation is mainly oxidative.

404.3 APELICATION OF PRESENT INVESTICATIONS

Qur laboratory is extensively engaged in the development
of processes for pest control agents. HRelated problems such
as effluent treatment are discussed simultaneously. OUmn this
background of need of applying various methods, chemical
hydrolysis has been suggested for further applications. It
is because, detailed study of the reaction has been done and
a good analytical method has also been developed to monitor

[
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Che treatment. Therefore the nature of the treatment is
already known to facilitate in standardising the procedure.

Eventhough Imidan does not leave any residue in
aquatic mn“, the need of treatment has been
necessitated because the transformations arz highly toxic
in initial stagesS?,

Eventhough solubility of the pesticide is very less
(25 ppm at 28°C), it is detectabie by TLC. FPresence of
solvents such as methanol ( 5%) and benzene (15%) increases
its solubility to the extent of 1.14% but 1% level may be
considered as normal because organic solvents do not
present in effluent water to that extent.

It has already shown in ‘'Hydrolysis Studies' (Section 4.3)
that only NalH reaction 1s useful to destroy the pesticide
completely. Therefore the same is recommended for
effluent treatment. Detalled reaction conditiomns are
mentioned in 4.3.2.1 Use of 1% NaOH 1s enough to carry out
detoxication of 1% Imidan. It also renders treated effluent
alkaline after diluting it ten times (pHd 8), Therefore it
does not exceed the prescribed limit. The end product:
phthalic acid is naturally occurring®2, nontoxic®! substance.
Therefore its isolation is not essential.

Sventhough the method has been proved satisfactory on
laboratory scale, it needs more trials on industrial scale.



Following procedure has been suggested for its industrial
applications., The effluent water is allowed in settling
tanks or filtration beds which remove large portion of the
undissolved pesticide. It can be treated separately. It
also facilitates evaporation of solvents and water so that
solubility of Imidan is descreased further and volume of
the reaction mixture 1s reduced. £Excess alkali ensures
complete destruction of Imidan rendering in alkaline
solution at the end. The treated aqueous layer may be
analysed by TLC as a safety measure and can be drainmed out
safely.

206



207

BAEEERLENCLS

1. Fancher, L.W., U.5. Patent 2,767,194 (1956).

2. Fancher, L.W., and Hallett, J.T., Belg.Patent
630,933 (1963).

3. Batchelder, G.H., Patchett, G.G. and Mean, J.J.,
Zwelg, G., Bd., Analytical Methods for Pesticides,
Plant Growth Hegulators and Food Additivies, V,
258 (1967).

4. Ford, J.M., Menn, J.J. and Meyding, G.D.,
Je.Agric.Food Chem., 14, 83 (1966).

5. Menn, J.J., MeBain, J.B., Adelson, B.J. and
Patchett, G.G., J.Hkcon.Entomol., $8, 875 (1965).

6. McBain, J.B., Menn, J.J. and Casida, J.E.,
J.dgric.Food Chem., 1§, 813 (1968).

7. Meon, J.J. and McBain, J.B.ibid., 12, 162 (1964).

8. Batchelder, G.H. and wWise, J.J., Stauffer Chem.Co.,
Western Hesearch Centre, Calif., Personmal Communic.(1963).

9. Tsukamoto, M. and Casida, J.E., Nature, 213, 49 (1967).

10. Hamilton, D.J. and Simpson, Be.W., J.Chromatogr.,
39, 186 (1969).

1l. Abbott, D.C. and Egan, H., Analyst, 92, 475 (1967).
12. Getz, M.E. and wheeler, H.G., J.Assoc.Offic.4nal.
Chemists, §1, 1101 (1968).



i3.
14.

18.

16.
17.

18.

19,

2l.

22.

27.

watts, R.R., Hes.Rev., 18, 105 (1967).

Villeneuve, D.C.,Butterfield, A.G., Grant, D.L.
and MeCully, K.A., J.Chromatogr., 48, 567 (1970).
Mendoza, C.E., Wales, P.J.,Mclecd, H.A. and
dckinley, 4.P., Analyst, 93, 34 (1968).

Abbott, D.C. and Thomson, J.,Res.Rev., 1l, 1 (1965).
Menn, J.J., Patchett, G.G. and Batchelder, G.H.,
J.Bcon.intomol., §3, 1080 (1960).

Schumacher, H., Saith, HA.L. and Williams, R.T.,
Brit.J.Pharmacol., 28, 324 and 338 (1965).

Bue, SeRey JoAm.Chem.S0c., 69, 254 (1947).
Liebermann, C., Ber., 19, 2283 (1886).

Dyer, J.R., Applications of Absorption Spectroscopy of
Urganic Compounds, Frentice-Hall Inmc. (Usa), 196S5.
Janzen, A.F. and Kramer, E.A., Can.J.Chem., 49,
1011 (1971).

Harbenind, 1.G., German Patent 442744 (1927).
Christmann, L.J., U.S. Patent 1,893,018 (1928).
Fletcher, J.d., Hamilton, J.C., Hechenbleikner, I.,
Hoegberg, L.I., sSertl, B.J. and Cassaday, JeTay
J.4An.Chem.50¢., 72, 2461 (1950).

Damico, J.N., J.Assoc.0ffic.Anal.Chemists, 49(5),
1027 (1966).

Lorenz, W., Ger.Patent 930,446 (1955).

208



3l.
32.

34.

36.

37.

3&.

39,
40.

209

Sehrader, G., Die Entiwicklung neuer insektizider
Phosphorsaure ister, Verlag Chemie, Weinheim,

25l (1963).

Holmstead, R.L. and Casida, J.k.,

J.Assoc.Uffic. anal.Chemists, $7(5), 1050 (1974).
Chapman, E. and Stephens, H., J.Chem.Soc., 127,
1791 (1925).

laurent, Asnn., 19, 38 (1836).

Flett, M.5l., J.Chem.Soc., 962 (1951).

Vogel, 4.l,,Text Book of Practical Organic Chemistry
163 (1966).

Airchner, J.G., Miller, J.M. and Keller, G.J.,
Angl.Chem., 23, 420 (1951),

Stahl, 5., Cheam-itg., §2, 323 (1958).

Kirchner, J.G., Thin Layer Chromatography, ond Ed.,
Wiley-interscience, 9 (1978).

Mean, J.J., Erwin, W.R. and Gordon, H.T.,
J.Agric.Food Chem., §, 601 (1957).

Mitechell, L.C., J.Assoc.0ffic.Agric.Chemists, 41,
781 (1988).

Menn, J.J. and Miskus, R.P., Hef. 3,115 (1967).
Plapp, F.4. and Casida, J.&., J.Econ.Entomol.,$l,
800 (1988).

O'bBrien, H.D., Insecticides: Action and Metabolism,
Academic Press, New York (1967).



210

42. Natsumura, F., 3dwards, C.A., Bd.,Eavironmental

Follution by Pesticides, Flenum Press, London,

494 (1973).
43. Henery-logan, K.R. and Abdou-sabet, S.,

J.Org.Chen., 38(5), 916 (1973).
44. Beilstein's Handbuch der Organischen Chesie,

Julius Springer Verlag, Berlin, XAXI, 492 (1935).
45. sakellarios, E.J., Helv.Chim.dcta, 29, 1675 (1946).
46. saul, W. and Hasan, S.X., Can.J.Chem., 48(22), 3566(1970).
47. Van Wazer, J.R., Phosphorus snd its Coampounds,

Interscience, Hew York, I (1958), II (196l1).
48, Hudson, R.F., Structure and Nechanism of Organo-

phosphorus Cheaistry, Acadealc Press, London (1965).
49. Traylor, P.S. and Westheimer, F.d., J « Am, Chem, Soc., 87,

553 (19685).
50. Dauterman, W.C., Casida, J.E., Knask, J.B. and

Kowalezyk, T., J.Agric.Food Chem., 7, 188 (1957).
51. Uchida, T., Dauterman, W.C., O'Brien, R.D.,

ibid., 18, 48 (1964).
52. Cross, B.E., Galt, R.H.B., Hanson, J.R., Curitis, P.J.,

Grove, J.F., and Morrison,A.,J.Chem.Soc., 2937 (1963).
53. Aldridge, W.N. and Reindr, E., Enzyme Inhibitors amd

Substrates, North-Holland, Amsterdam (1972).
S54. Oppenoorth, F.J. and Van, AeKey Entomol.Exp.Appl.,

4, 311 (196l).



56.

87.

59.

60.

61

63.

64.

211

bender, M.E., water Res., 3, 571 (1969).

Sharma, H.C. and Agarwval, R.A., Pesticides, 14(9),

3 (1980).

buttachoudhury, S.H., Ghose, J.L.,lonsane, B.K.,
Raghavan, K.V. and Sandhu, J.5.,J.5ci. and Ind,Research,
40(2), 1256 (198l).

Bernardin, F.i. (Jr.) and Froelich, E.H.,

30th aAnn.Purdue Ind.waste Conf. (1975).

Powers, P.W., How to dipose of toxic substances and
industrial wastes, Noyes Data Corpn., Park Ridge, Nedoy
338 (1876).

Coley, G. and Stutz, C.W., J.wWwater Pollut. Control.Fed.,
28, 1345 (1966).

Spector, W.S5., Saunders, W.B.,i«d., Handbook of
Toxicology, Philadelphia and Londom, ], 236 (1956).
Fraok, H., foldrinet, M., Braun, H.E., Sirois, G.J.

and Ripley, B.D., 59th Chem.Inst. of Canada Conf.,

June (1976).

Gabriel, B,,20,2225(1%87)

Sharvit, J. and Mandelbsum, A., Israel J.Chem.,
§(1), 33 (1967).



