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Column Parameters for GC. of s-Triazines

»

André John Albert Miller

An investigation was carried out of the effect that.

4 - . :
concentration, support materfal and temperature have on the

GC response of s-triazines. Depending on the concentration
of s-triazine uséd as sample, sujtab]éﬂdetgctorsi flame

ionization-ind eléctron capture, wére used. Column

temberqtu;e studies 'ranged from 140 - 240 C. The

1nve§t19ation‘1nc1uded ana]yse% on 3:5%.(w[w) 0V-225 coated

on Chromosorb P, W, G coﬁumns, as well as uncoated

Chromosorb 103 pnd‘CSP-ZOM. K1so, an attempt was made to

‘establish the effect of column bleed on detector reépbnse.

Gas thomatography - mass spectrometry was uséd'to‘stddy-

the bleeding patterns determined by using the electron
captdre.detector.'Possible ways of'extending\column life
were investigated. Heéts'of.adsorption and entropy va]ués

‘were calculated from the GC data. A correlation was drawn

ES

" between heats of'adsarption and relative retention time and
Ty “ R
detector response..
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b ogery

'1.0 PESTICIDES . *~ - L,
_Since the early days of mankind —he has bEen plagued

continuous]y with "pests% Four out Ofsthe séven plagues.

which were brought onto the Egyptians were plagues of

“pests" [Exddus 9 and 101, '‘As man and his. quest for a -

(/ -

-“bewﬁir 11fe“ has progressed 50 has the manufacture . and’

..-J'{’u
syntﬁisis of many new 'materials and chemicals. with

experimentation it was found that some of these chemicais

. could actua]ly kill some of the a&imals and plants that .

pest us’' so much. o . A ' . :

Today. there are two pOints of view as far as the use of

pesticides is COncerned. The first is summed up by,the‘l

phrase, untontroijed\pests or\ideduate food"! In his

defence .of the use of pesticides, WiTldam Furtick [1]

xargues that civilisation as it is khoyn today could not
have evolved, nor. can it survive, without adequate food
«supply. In a rapidiy expanding world there are two’ factors."

' which could:-transform today s adequate food supply" into

0

~ tomorrow's inadequate food ‘supply; ‘these are: l. pests and

2, expansion of the human popuiation.ult has been stated'by

‘Furtick that the magnitude of crop losses from pests is
,estimated to be in the region of 30 per cent or more- of
potentia1 crop productionh These losses ‘are caused by

‘diverse species. of anthropod and vertebrate animais such as

?

insects and rodents; weedy terrestria] and aquatic p]ants,
! [ .

plant diseases caused by bacteria, fungi; viruses,.and,

.
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:micropdasm;'and plant nematodes. AT1 these crop Tosses have

encouraged leading plant protection experts 'to use more and

more pesticides to combat crop losses from "pests". Today i

millions of-dollars are spent on the production of

e

pestic1des to "effectively“ cémbat "pests”.

fhe second point of view is expressed, with concern, by

Rachel Carson [2], ds'foilows"“$ince the mid- 1940'5 over

200 basic chemica1s have been created ‘for use 1n k1111ng

iinsects, weeds, rodents, and other organ1sms described in

the modern vernacu]ar as pestSA. These_ sprays, dusts, and
aerosols are now app11ed almost universally to farms,

gardens, forests, and home- nonse]ect1ve chem1ca1s that have

the power to kill every insect,.the good and the "bad",

__tostill the song df birds and the leaping of fish in the

streams, ‘to coat the 1eaves w1th a‘dead]y fiilm, and to

-

linger on_in- the soil - all th1s though the intended target

may “be on1y a few weeds or 1nsects. Can anyone bel1eve it

1s poss1ble to 1ay down such a barrage of poisons on the

surface of the earth,without.mak1ng-it unfit fdr all 11fe?

They should not be called "insecticides" but "b10c1des

SN -

R

" 1.1 PURPOSE OF THESIS

The reality today is that we,hare these chemicals dispersed’
. - . ' ' ‘
“in ourgenvironment, and the only possible hope is that

‘there will be a reduction in the use of these chemicals.,

* I o
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This means thayf we will havezto carfj out studies of the

effects that these~chemicals have on-the environment and in

L]

geheral on the ecosystem. 1f is therefore important that we

S

obt1mise our methods of analysis to determine Jccurater‘

‘and precisely the amounts of these chemicals that are still
prevailing in our envirohment. Th%élthesis is such a study
ofidptimisation of an,anéJytical method,“vgds liquid

chromatography (GLC) for the determination of s-triazines.

Similar studies were done by Setiéwan [3], Haniff and }

Zienius [4,5], and Kouloulias [6]. Haniff and Zienius
“investigated the role of column support and témperature on
the gas liquid chrohatobraphic analysis of organophqsphorus

"(phorate, disyston and malathion). Kouloulias and Setiwan

>

‘ 3 '
investigated the suitability of 'different diatomaceous '

supports in the analysis of typicaP‘ch1or1n&ted,pest1cides,

"such as dieldrin and methoxychlor. The results obtained by

tﬁehﬁfeuthors have shown the ihportbnée of aoptimization of

4

’ a'chrdmatographic system for the analysis of a barticular

1

.group of pesticides, herbicides or fungicides.

4

.Based on the above discussion, ‘an attempt was made }n this

- thesis to address thé following fssues in .the .analysis of,

n o

s-triazines: .-

3

1. the:éffecg pfytempérature'on the overall column

T perfprmaﬁce ; 1.e}, column éffidiéncy;=

2, the spppbrts which are the best based onwcolumn
l > ° ‘ _ .

‘w
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efficiency. , resolution or the limit of detection;
3..the etfecf of increasing colemn temperatunre on the
response of’s-triazines uysing the flame ioqization
and electron capture detectors; ‘
4, possible ways of extghding column ﬁife; JRRNR
5; .bleeding and possible reasone for gertaﬁn B§eed1ng FE
patterns; ' '

\ ) -

b k] -

1.2 CHEMISTRY OF S-TRIAZINES B ‘ ’ ‘ :
Jhe fherbicidal propertieeiof the‘s-triazjne?'were_

discovered in 1952 by a reseérch group of J.R, Geigy Ltd., -
16 éasel, Switzerland [7]. Today §-t;tazine derivatives
are*impottant compdunds in aéricQ]thte and 1ndustry."
s .Triazines are among the most wide]y used herb1cides, and
contaminate the env1ronment with undesirable residues.
These-are 1,3,5 triezines sub§t1tuted in pos1tions 2, 4 and
6., (See Table 1). “' v B

' ;@@‘?" . b . -

- . 1 i .
Most properties of the s-triazine derivatives are

determined bz.the'substituents; the Fﬁng itself Ws not

. - , -
involved except for its effect on the charge dtitribution}

/.

-

1.3 HERBICIDAL ACTIVITY OF S-TRIAZINES | N

‘The herbicidal act1v1ty of s- triazines is «determined by the A

- substituent 1n position 2, common]y chlorine (1n which case "

-

-]

the commercia] name -ends with -azine), methoxy (namé end1ng 55
« o .
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'1n the subst1tuent 1n pOS1t10

‘environment by - leaving undesirable residues. which may
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Table 1. Structure .of f,3,5 fri@iiﬁ@s' L

2 will caUse a change 1n

the se]ective effect of, the mpound Positions 4 and 6 are

’usually subst1tuted by various alky?amiqo groups. The'

herbicidal eff1ciency of the compound is also determined by
the total“number of carbon atoms in the aminoa1ty1 groups

in gositions 4 .and 6. . -~ . : o

*

" Low doses of S- trfazine herbfcides affect ‘the-, roots of'

B

plants, higher doses may have st1mu1at1qgaaffeots and may
cause so11 ster111ty [8] Substances thht enhanc@ the'x

production of agricultural plants adverse]y affect the'

o v
f . "

-~
a

3 —

exert pathogenic (and sometimes a]so mutagenie) effects on“ﬁa

7
R
Di(monoalkylamino) derivatives (R
Trivial name ... .u'. Ry Ra . 'r'ﬁ.Ei_
Prometone . oMe o d-Pr . qepr oY
.Atréz%ne N o . Et " . :,1_p} '.
Ametoyne I j R J;SMS : . - .Et s'Mk ipr ;
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. Jiying'organjsms. .

~ Acute to&*cjty ora1 LDSO - - mice: 2160 mg/kg

::'_H'fOr several years [11] l :

-y

;‘. < “-m

>
-~ -~ .,

Acute toxicity is 2 method of assess1ng the effects of a'

“single dosage- of the pestic1de. Acute tdxicity 1s expressed
Tas LDSO, which 1s.the dosage_necessary to prpduce death or

reproducible effects in 50% of the animal_bdpulatjon tested

[9], e, . . " | -
1.4 s TRIAZINES srunlen IN THI,S THESIS .~ . '
1.4.1° PROHETONE . Co. -, -

B N

'-Prdméfune (2 methoxy 4 6~ bis uscpropyl am1no s- trlazune)

fhas thestructura] formula shown 1nTab1e 1 Prometoneis a A

[

pre- and post emergence ' s- triazine for. nonselect1ve use.

It has been applied selective]y in sugar cane fie]ds [10].

~'As a norselective pre- and post emergence $- triazﬁne,-

'prometone has been used to contro! most annua] and peren1a1

-

"broadleaf .and grassy weeds on non cropland [11]

Proﬁetoné has a very 1ow toxicity to w11d11fe and fish.
.S '

--rats: 2980 mg/kg

. The residual activity of prometone in soil depends mainly

1x.upon soi] type. mofsture and dosage used” It can persist

A
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1.4.2 ATRAZINE , .

fAtrazine (2- chloro 4-ethy1am1no 6aisopropy1am1no~s-'
tr1az1ne) has the stﬂuctura] formu1a shown in, Table 1.,
.Atraitne is a widely us e.d select1ve s - tr1az1ne for

'broadleaf and grassy weeds in corn, sorghum millet, vine.

aspanagus, sugar cane, macadamia orchards, pineappla and

turf- sod [12] Atrazine i's also used widely as .2

nonse1ect1ve s- tr1a21ne for vegetation control fn'nona

f\/’

croplandy” = - .

e

-~

AtraZIne 11ke prometone has a very low: toxicity to wild]ife
and fish. Acute toxicity: orat LDSO - mice: 1750_mg/kg

Ju - “ o ° ’

' et : - rats: 3080 mg/kg

.The reS?dua] aqt1v1ty of atrazine in soi) at.sekective

_ rates for spec1f1c 5011 typEs 15 such that most rotationat

crops can be planted one year after application except

. under an arid or semigr1d climate [13]
[ ! < i

1.4.3. AMETRYNE =~ -~ o S

)
t

.Anetryne'(f;methy1tﬁjd=4;ethy1anino-ﬁ-ﬁsdbropylamjnorsl‘
,triaztne) hasZthe structural formula shown 1anab1e;1. 
t‘Amétrynevis a.se1ect$ve s-triazine\for control of'broad1baf
_and grass‘weeds in oineappje, sugar-cane, small grains,
.peanuts soybeans and bananas [14]. It.can:afso be used as a

" post-directed spray in-corn and. in ctfrus. It is also used.

W
R4

<t



Ametryne has a very low toxicity to wiid]ife and fish.
JAcute toxicity oral LDgg .~ mice: ,965 mg/kg

f - rats; 1110~ mg/kg ‘
'The re@idual activity of ametryne. in 5011 at selective

rates for specific soil types is from 1 to 3 months under-

-Tcost normal conditions. Under more tropical conditions,

owever, ametryne not only gives better. post- and pre-
T 'emergence control of a wider range of weeds, but its
. residual 1life in. the ’soil is often extended to severai

months and it may persist as 1ong as atrazine [15]

a‘ - v ' -
'

‘The physical properties of the three S~ triazine derivatives‘\

studied appear n Table 2

e . . #

, ' L ’ ‘ . . g R < P P "
Table 2. Physical Properties of 4-Triazine Herbicides [16].
3 : . A *v * J. . .
" . Chemical name Color . m.p (°C) Vapour pressure Density
et ST ’ : ~ « ~at 20°C (mm Hg) (chm%l
' Prometoné  Colorless 91 - 92 . 2.3 X 10°6: . 1,088
" 14 \ . ;o ! “
_ solid T -
Atrazine Colorless 175-177 3.0 X 10767 - 1.187
-solid . I T

- Ametryme  Colorleds 84.-86 8.4 X 1077 - 1,190

o
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. 1.5 GAS ~LIQUID CHROMATOGRAPHY -

\

1.5.1 INTRODUCTION

L.

‘¢

“The term chromatography embEéQés a family of closely

)

refaté¢~s€6§?§¥ﬁbn methods based on experiments described

f | . * a‘. ) B v" '
by Runge (1834 - 1850) [17], Day [18] and Tswi;t [191]
dufihg,the‘period 1897 -.1906. Keulemans [20] gave the

. -»
following definition for ‘the various chromatographic

methods: . ' - o

"Chﬁomatog?aphy is a,phyﬁicéh met hod of:séparation in

. wWhich’'the components to be separéted are distribufedk

© ‘between two phases, one of the phases-consisting of a

--_statiohary‘bed of Large‘surfape area, theqother-being
. a fluid th%t\perdBQates through or along the

oo \
stationary bed.’ '

) /

.The first work done .on "¢lassical GLC" was publijshed By

James and Martin in 1952 [21]. Since then GLC ‘has éléyed a
major role in separation techniques. GLC can be defined as

a separation method in which the stationary phase {is a

' liqhid distributed on an inert solid support or coated on

the column wall and the mobile phase is a gas. The
separatijon occurs by the partitioning of the sample
components Between two phaseé; Applications of GLC are

numerous and include the field of pesticides and have been

well documented by Grob [22]. A séhematic diagram of a

'typiéal‘gas liquid chromatograph is shown in Figure 1.

”

s
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Pressure .

' Regulator--————- Y80 , C sl

-y Ll L

LIOO L]

o do—_2 Flow

ample  Column  Detector  peter
Injection

Chamber '

Carrier

‘Gas . - .
Tank Ampliier Recorder

FIGURE 1, Essential .Features of a Gas Chromatograph; .

v

J,1.5.?./RETENTI()N 3§HAVIOUR'0F SOLUTES IN GAS CHROMATOGRAPHY.

/

The terminology used to describe.the behaviour of a solute

that is well behaved in- a chromatographic éense'(i.e”’
. » '

‘gives a symmetrical peak) is illustrated in Table 3. The
'gas hold up volume, Vy, is the retention volume of a non-
adsorbed sample and it {nc1udes contffbuﬁions due to the
1ntérst1t1a1 vo1ume of the column and the gffective volumes

of the sample injector and the detectpfh In order to

achieve solute-separation, there must be solute -retention.

The capacity factor, k', is a measure of the degree of

_retention of the solute.

i.5.3. COLUMN EFFICIENCY AND RESOLUTION
1.5.3.2. PLATE HEIGHT AND PLATE NUMBER.

- The quantity that measures column efficienwy and is related
to the peak width is called. the pfate height, also .

sometimes referred to as the height equivaleént of a .

i
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k!

N,

of the column . ' - -

n .

L

12 , o

«
\ . B ]

o N »

Table 3, Equations for Retention Behaviour'

[ . . 1,

Injection

One-hall
pedk hewght

. Concentration axis

S = IL—-’ “’M——“‘ “
K ot \
. . .. , Time axis ' ' .
N N \
retention time, minutes ', ' "k '

carrier gas flow rate, mL/min"

a

tpFe * retention volume

= adjusted retention volume

-

Vp.- Vy |
‘ Vy = gas_ hold up-volume
“JVg  =.-net retention wdlume

where 3§ = %3[(Pi/Po 2_;_1}
2L(Fi/Poy3 - 1

“ _j'compres$1b111ty %éctor

wh&re'Pj and Po are the inlet and outlet pressures

]

specific.retention volume

L)

273 Vy/TH,

‘where W = weight of the sta;ionary phhse.Ai

T .= temperature, ,°K

- total moles of solute in stationary phase

_ total moles of solute in qobile phase

capacity factor

l

: .
. R L .
‘i
S
T
.
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theoretical plate. It-has the dimension of distance. Plate
J. | + hedght, H, Ha; become a méasure of dispersion in

;chromatograbhy and can be determtned for any so}ute‘from'i

' B

the elution chromatogram. (See Tabje 4).

-
1

F

, ‘ ;
" : Column- efficiency is bftén stated }n'terms‘&f‘theoreticai
plates, n. {See Table 4). Thé\highér n; the moré efﬁicienf
the column. These factors dEpendléh retention:béh;viour and
peak sﬁape. The latFér, théreforé;neqéSSarilyﬁaffect the
column efficiency. The retention time depends upbn the
amqunt’of Tiquid.phaée in the column. i.e., a high loading
of liquid phase will result in 1oﬁger redention times [23].
o " The ghape of the eluted peaks.is affected bylthe following

- three factors: non—lineaﬁity_of respohse and other

: Eoncentration-dependent partitioning effects, ﬁon-idea]ity,

. ‘
\

and extra column factors.

1.5.3.b. RESOLUTION

A% “the solute zones migrate through a ﬁhromatogtaphic

column they ﬁroaden. Resolution of miﬂturés into di§£rete ’
., ~ solute bands, willioccur only if the bands widéh\to a lesser

extent. than their maximq'separate. Resolution of adjacent

(£ o

peaks, if inadequate, can be improved in two independent

~
D

ways: by increasing peak.sepgration and by decrea§ing peak

)

E ' :>>w1dth [24].. These two approaches to improve resolution are -

o 3/ . ‘ hs;ociﬁfed, respectively, "with alternating thé'

.Y



“Table 4. Equations for Columh Efficiency and Resolutiqn.
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'5.54 (mR/w) '
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’ recorded is proportional to the amount of, the component'

thermodynamics: andﬁimproving the kinetics of the

chromatographic system;

~

-

o

A resolution greater than 1.5 is'considered as a complete

separation betweem two ‘adjacent peaks. Ettre [23] has.

suggested that the resolution, Ry, can a]so be determined
by calcu]ation of peak widths at one-hal f of peak heiart.

k3

'Thi's resolution can be converted to R using the\equation in

‘Table’ 4. | '5 R . ,

1.6 QUANTITATIVE ANALYSIS . - B

N

When a chromatogram is obtained w1th a differential

detector which has a linear response, the area of each peak -

-

‘responsible for the peak.-A-quantitative analysts can

~ peaks.

. !

f',therefore be-obtained by'measurement of the areas of all

- . . . !

Methods for peak area determination include peak height
measurement, planimétry, ba]i-and disk 1ntegration,
eleotronic digital intergration, computer integration. peak

height times peak width at half peak height measurement,and

peak tridngulation. Harris é€t.al. [25] have discussed
errors in manual integration techniquesa Their basic

conclusion was that precision depends more on peak shape‘

thandonwthe particular manual method used, and peak shape

P
L}

« -

-
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is 51gnif1cantiy affected by the apparatus parameters..»~.:
by separation efficiency, by the characteristics of the
detector and its ancillary devices and by the Operation and
characteristics of the recorder. The experience and ski1t1’

- 1

of the operator arebimportant factors. .' ¥ '

Although peak height measurements are inherentiy simpie,
the peak height does not always remain directiy
'proportionai to {ize._Above some criticai concentration’,
peak broadening becomes 51gnifi£ant and rate of increase, in
peak height diminishes [24] Pianimetry is less precise
‘_than peak height times half width measurement for peaks of
;smaii area, but is. comparabie or somewhat‘betternfin'
precision for large orrirregqiar areas [25]. . - Q: . _i .
‘ .‘-.5 :,‘ g.. ‘ .
'Digitai integrators are used when budgets aliow and give .
exceiient results.eMeasurement oi peak height times width’
at haff- height is the most commoniy used Method for.
_fmeaSuring peak'areas manually. It was‘the méthod of choice

L} . - ! . N
'

in this the51s.

."1.7 HEATS OF ADSORPTION

?

Structural changes in'the'stationary phase can be detecte
from thermodynamic data obtained from GC data. If log Vg is .
plotted as a‘functiqn'of'the reciprocal of the.absoiute

';temperature, the resultant cprve can he iinear [26] or have

! S N
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I

dtscontinuities [27]. This behaviour arises from-the

4

thermodynamic pnbperties-of the solute-solvent 'systemr as

descr1bed by the equation:

Tog V = AH, -+ constant (1) .
'Z.3RT. o - .

where AH is.the molar‘heat”of adsorption of the solute

S

and R is the gas constant.

This equation wiT] be ‘used to study the thermodynamic

behav1our of the co1umns prepared in this project. .

s
v

-

“ 1.8 THE GAS‘ CHROMATOGRAPHIC COLUMN. IR C

o
Q . ' - ~
v )

A typ1qa1 gas 11qutd chromatographic co]umn is packed with'

'aninert support which 1scoated witha thinfi1niof liquid

phase, The soIid support must comply with two requirgments

) 1; 1t should provide a ‘surface that. can hold tenaciously a

\

uniform thin 11qu1d fiTm, i. e., the support should have a

'Tgreat surface activity and a strong affinity towards the

) Mqutd; - - ~ e,

.

e -

L
,23 it shou}d be inert~towards the. components of the samp1e. -

"To meet’ the above requirements, the ideal support shouId

.-

" satisfy the, following requirements'

i

oo, .
. -
%1 -
&2 gEi] T .
S 5 S

a. mechanically finm to avo1d dust formation, . .

b partic]es with regular, preferab1y spherjcal, shape ‘to
reduce pressure drop,

c. particles with almost identical d1mensjons to 'ensure

highest effictency; ’
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[ A
%

d. pore structure should be open and Qﬁifprm;:

e. good wettinp abi]ity;

foa homogeheous, chemica]ly 1nert surface towards polarw

substances [28].

Such ideal supports have been’approached; but .not yet

Obtainedo . ' ' , ) . x

@

I

0

e . -
1.8.1.DIATOMACEOUS EARTH SUPPORTS.

<

The first researcherSvto use diatomaceous earth were James~

and?Martin [21]. They used Celite 545, a f1ter-qfd, in
their original work in GLC of fatty acids. In 1955,
Keu]emans and Kwantes [29]. reported the use of Sterchamo]
a German d1atom1te (also known as diatomaceous earth),

d1atomaceousvsil1ga, or. the German kieselguhr, The

composition and;properties gf‘diatomh;e are well described,

“in the literature [30,31]. It is sufficient to.note here

R4

that two basic types of supports are made from diatomite.

: One is a pink mater1a1 der1ved from “brick" and the second

Q

is a white materia1 derived from fllter aid. The "brick"‘

or pink material (e. g., Chromosorb P, (cP)) c0ns1sts of
. .

, difatomite that has been crushed blended and pressed 1nto )

[4

br1ck then calcined or burned above 906°C. The filter-aid, "

or white materjad (e.q., Chromosorb W (CW)) ts prepared by

~mixing diatomité with a small amount of fiux,\sodiun

-

carbonate, and calcining it at temperatures above 900‘0.

The colour ofthis supportis white, because ofthe flux

-
} z
a Pl

\
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. . which converts the iron or1ginally present as ah oxide to a
- 1

E ) 0 ~co1ourless sodfum iron silicate complex.,

\
o .
\ - . .
»
L . g

. }'\\ Chromosdrbs W and R.have considerably different prbpé(ties

i

(Table 5) primarilyﬂﬁecause of the different calcination
- ‘ l processes ﬁsed“in the%r ﬁanu?a&tﬁre. Pinklparticlés ahen
.f ' . relatively hard compared tdxtﬁé friable white particles.

. Bakercet.ai. E?ZJ were the f#rSt to .examine the physical
LT r"_properties of the pink an{ white supbgrts. They showed that
- fe" pfopmrtdes diffE??E"Einsiderab1y with respect to surfac;
- & ‘hrea;upo;e d;striﬁution, pore vo]ume,’and pqpki;g‘density
B ('_f;ah"l'e'ﬁ). \ | : .
\Aﬁpther support, Chromosorb GO(CG), deve1oped aftér CP and
= : N , Ch is c]aimed to combine the high column eff1c1ency and
) good hand]ing character1st1cs of CP with the comparative1y
‘f‘ r:ﬁ . . “‘non adsorptits surface of cw [35]. The CG has been designg%
. for the ??U{rat1on*of polar compoundg whegexiurface

interaction ‘is frequently a problem. "CG will accept a

maximum liquid phase 1oad1ng of 5% howevek, since CG is -
about 2.4'tdmes as heavy as CW, a 5% loading on CG-is
] 9hd1valeni to 12% 1iquid phasé oﬁ CW.
ar P . ! +
LY ; " ;
- . ;,“ ' ! [}
/l. 4 D#’p‘ n t ¢ /
. . o
‘ - A
ra—t’ " 1)
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CHEHICAL TREATHENT [31]

. 4

1.8.2. CLASSIFICATION OF DIATOHITES ACCORDING TO THE

o N

* - -

Diatomite support surfaces contain a number bf’ﬂiffefent K

types of active sites such as .silanol and siloxane groups'

“o

and up to 10% m1nera1 1mpur1t1es. Chemically, the surfaces

]

can be represented as follows: = . \\\.
OH® OH OH
R I
Si — 0 —S1 0 Si

“The major.type of active site on the syrface is‘ihe si'lanb]~

and its interaction wifhfva}ious solutes is probably one of

hydrogen bonding [34], which leads to excessive tailing of

peaks. Iler's [36] study of the surface of silica showed
that surface sﬂlanol_groups will complex with polar organjc .

. compounds. Such compounds contain electron-donor atoms, and

it was inferred thét hydrogen bonds between. the electronp

donor and the silanol grdubgtkere'probébly involved.

N \

Elder and Springer [37] accounted for. the sarption of

organic acids on siJdica gel .from various solvents in terms

of'hydrogﬁn bonding formed between ‘the carbonyl g}oup and

" the surface silanol group. Other types of active sites on

diatomite surfaces include (1) basic sites causing the

tailing of acidic compounds such as aliphatic and aromatic

carboxylic acids, phenols, barbiturates, etc.; and

ng of basic compounds

/

(2) acidic sites causing the tailf

such as’amines, There are three major methods of L

\

t
s
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deactivating the éuppont surfaces. -These are:
K - 1. removal.of mineral impurities.by acid or base washing
of the support; b
2. elimination of surface .silanol grobps by reactf%n
with a silanizing agent to form a silyl ether;
s C | 3. saturation of the active sites with an active agént.
Appliéation bf various dea@tivaiion techniques 1g?ds to'a.
, ) . number of products as fo]}bws. I . -~ ‘
h ©1.8.2.2. NONACID WASHED (NAW). N
-~ \ -~ ’ ! . * - ,. * ' ‘\3‘
. “This §ubport has received no freatment.
: 1.8.2.b: ACID WASHED (AWY".

~

This support 1§ washed with with HC1 to ;emove~solub1e iron
[30,31]. Such treatment is generally insufficient to reduce

tailing. . B

1.8.2.6. AéID WASHED DIMETHYLDICHLOROSILANE TREATED

SUPPORTS (AM-DMCS).

. After acid washing, the Supéonts are further deactivated by

'DMCS treatment. Horning et.al. [38] were the first to

. - . &
-separate methyl ester fqtt%,acids.and reported good

results. The DMCS treatment was based .on themethod of
- _'i . - - & -

-

prepare a UMCS treated support and used it successfh11y to -



i

‘The “HP“'grade has been deveToped for use with steroids.'

o

¢ 4 2""' o "t

Howardand Martin [39], who prepared a hydrophobic support
for revers phase chromatography by treating Hyflo Super-Cel
w1th pMCs’ vapour and then-washing the support unt1] neutral’
with methanol to remove HCI formed‘during treatment. Other
.silanizing agents thatnhave been used successful'ly include
hexamethy1di§ilazane? [40,41] and trimethylchloPosilane
(THCS) [38,391. W

-
—

K1rk1and [42] compared the three si]anation agents and by’

careful measurements of the asymmetry of the test peaks on

" chromatograms showed that DMCS was the most effective and

. , . »
TMCS the least effective of the three. This observation ‘was

éonfirhed'in a simiiar study done by Ottenstein [43] oo
‘Ottenstein also found that the AW- DMCS treated supports
were more effect1ve in reduc1ng ta1ling ‘than the ﬁkw DMCS-

A

'treated mater1als. The real benefits of acid washing were:

:‘ therefere seen only after'thewsupport was further silane
. - , .

treated. T

© 1.8:2.d._GHROMOSORB HIGH  PERFORMANCE (HP). . .

3

bile ac1ds, a1 ka1<)1ds %hd for the analysis of

pharmaceutica]s, medical and tbxico]ogica\ oompounds [44].
Chromosorb HP is carefully acid washed,and”stlanfzgd. Its

features include superior inertness and' column efficiency,

[} . * . A

- .
T

v B
* LRE4
L

by "-&g
RS
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»

i.no catalytic surface activity, .and short column
conditioning'time. Althqugh the column berformances.of CG-
HP and CW-HP are very similar, the hardness and better

hand11inhg characteristics of CG represent real dvantages

over CW and other supporps derived from filter- ds.

1.8.2.e. CHROMOSORB 750 (C-750).

C4750 is described as thé most inert, non-friable, free
flowing and highly efficient support designed specifically
for biomedical and pesticide analysis. It is prebared from

" high purity diatomite and with exhaustive acid washing and

’”

effective silane treatment. Someof the features of C-750

incluqe: _ ‘
1. high degree of ch%yicai inéryness;‘.
2}hard particles and henpéj minimym fines generated
e

during <oating and packing procedures;

3.provides uniform distribution of the liquid film on
the particie surface

4, minimum adsorption of polar compounds,

5. short column conditioning. . &,

1]

1.8.3. POROUS POLYMERS. "

-

N,

+

In recent years, 'macroporous copolymers have ‘been uséd.

frequently as packings for gas chromatographic coiumns.

Holiis [45] first described the use of the macroporous

[N
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copoiymers of the styrene-divinyl benzéne type in GC, At

present various poFrous polymer beads are avai]able for,

chromatography and are des1gnated by d;fferqnt trade marks.
such as. Porapaks (Naters Associates, Inc.), - Polypak (F &M
Scient1f1c),.and tthe Chromosorb 100.ser1es (Jotns-

Manville).

.

It is é;::}aéred that the separation processes on these

sorbeﬁts are different from. those encountered in GLé or.GSC
[46] Adsorption and absorptlon taLe place simu]taneously.
The adsorpt1on effect can be d1st1ngu1shed quite easilyin
~ the shape.of the peaks especia])y.of so]utes,wh1ch) because
léftheirpolaritydo noidifque{ﬁtotheskeleton,andare

separated ‘primarily by adsorption. The.slight asymmetry in

I

their peaks is‘an indication of a non-linear separatjpn-

isotherm [471. - - - | g

» ' N .‘ o | | \ .

fn,mhis thgsis Chromosorb 103 (£-1Q3) was wused to

- jnyestigate the separation of 's-triazines and hence 1§’

described here in some detail. €-103 is a polyaromatic

porous polymer packing material developed-specifically for

physical properties of C-103.

t

Supina and Rose [49] found that C-103 is not suitable for’

compounqs such as acids, nitriles, glycols, nitro-alkanes,

. but it is Fecommended by Johns-Manville [48] for the

r

. B

"

amihes and for basfc compounds [48]. Table 7 gives the ~

$



. CSP-20M is a néw ﬁeneral purpose

- Table 7. Typical Physical Properties -of C-103 [48]

————————————
.

ihysica] Property

| Type "H Co j B Ckogé iﬁnked pofystyrene 'f

Free fal1 density (g/cc) o R 0.323 " .
"Surface area (Qz[g)~ - .}‘i "IS -. 25

Average pore diameter v - 0.3 - 0.4

Water affinity ot N hjdrdphobic

Colour Y o "jwh%te - T
. Temp. 1jmitv(i§qfhé;ﬁél) C'\ ' 275 - :

,Tgﬁb; 11&*1 (programmed) C = .’ 300 . ‘ !

analysis of dmiﬁes, amides, afdehydes'and ketones. This

o

observation was cpnfirméd‘by‘Supina and Rose. . =

1.8.4. .CSP-20NM

I

S chromatograph1c

packing prepared by bonding a ilm of Carbowax 20M to'

diatomaceous earth support [50] It is claimed by the

manufacturer that the inert surfage of the CSP-20M packing -

produces sharp symmetrical peaks. It is:also claimed thét

CSP-20M has_ low b1leed charqcter1st1cs and'hence increased

thermal stability which makes it superior to Carbodax~20M

or-KOH treated. Carbowax 20M. The bleeq test, however, was

\~‘sensit1ve to bleed than the electron capture

R ——

s

—_— -
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T, . i . .
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detector (ECD).

& . .8
B ¢

1.9. THE STATIONARY LIQUID PHASE. S - ;

N

For fhe great naioFity of analyt%cal sepafatiohs,GLC has

proved to be a very efficient technique. The use of liquid

1.

.phases ‘has. the following advantages [51]: . o

1

the adsorption 1sotherm is linﬁar under -usual

operating ‘conditions -so that symmethical\peaRSjare
" obtained; o T Y

liquid phases are ava11ab1e in great variety and of

.

adequate select1vity to satisfy most separation

N4
.

‘requ1rements

3. the amount of ]1qu1d phase 1n a column can be varied -

N . 4

‘The

© phase; . T

/
easily , therefore both .preparative .and high-

efficiency columns can hefmade h1th the_sahe 1idu1d

¢

11qu1d phases are. oavallab1e in great purity and in

well defined qqa11ty, thus retention.time values are

Al
L}

reproduqihle;

greatest. disadvantage of 1liquid -phases is their:
vo1ati!1ty. Any 17quid phase in a'column has a vapour

pressure, the magnitude of which, depends primari1y on the

nature of the phase and on the working tempe;ature. It 1s

exposed to the.edntinoys]y stream1n§ carrier gas which

rehoves a certain ampunp‘of the liquid phase per unit gas

volume. This processjﬁs known as bleeding. Bleedinp‘is‘



AT\
2]
)
;.
SO

- 29 , ,

»

* undesirable because: it can disturb. the proper functioning.

¢

of the detecfor 1t causes base]ine sh1ft inm programmeg

column temperature operation, it contaminates the trapped

solutes, and because of the loss of the stat1onary phase,_

o it gradually changes the separation characteristics of the[
‘column to the point where unacceptab]e deteriorat1on_

‘ occurs. The'vapour pressure of the liquid phase in the

‘column’might'be.influenéed'by the support material and also

by the loading. Hawkes and Mooney [52] have repdnted that
propylene sebacate and adipate are cata]yttcalTy dehydrated

n:the column at 150 °c. They found the sebacate to be
staole, houever, atZlSO’C under ref]uxtin the absence of

the support. Some Tiquid phases, are not homogeneous

;nateria?s E46];e.g.,commercial'po]yg]y&o]s or‘stlicone

greases are composed of homologues, and may also contain

some-chemically different\materials. Columngganditioning,

‘which results in the removal .of the‘volatfle tonstituents,

can extend the upper temperature Jdimit of these iiquid

'phases [511].

a .
v

1.9.1. CYANDALKYL SUBSTITUTED POLYSILOXANES (CASP).

~

' This group of liquid phases falls under the category of
“dilute stationary phases“[53]; Theserare liquid phases in
.which the majority of the molar volume is occupied by non-

'polar‘groups but in which there are some poﬂargroupings.

The retention charécteristics of“this type of 1iquid phase

-

a
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AN

N
are deternined~by these polar: groups with which polar
solutes can interact. The retention of noier solutee.te

'therefore determined in part by volati]ity as in the case
rof a non-potar - 11qu1d phase, but in addition, there 1s the
effect of the specific interaction between so]utes and the

—

., polar group of the liqu1d phase.

Cyanoethyl siloxanes produced by General Eiectr1c appear to

have been first described fn detai¥ by Litchfield et.al,

'[54]. Using eithervan'experimental polymer 238-149-99

(i.e., cQuivalent to XF-1150) with 50% cyancethy]l

substitution, or XE-60 with 25% eyanoethyIlSUbstitutjon

and/or a 1:1 mixture of the two, the separation of some

geometric, isomers of Cyg fatty esters was achieved.

AR L
-

L

e
~~

Baveh'et al > [55] fownd nitrile liquid phaees to be

N
‘effect1ve in the ‘resolution of a]iphat1c. olefinic and

aromat1c hy&rogarbons of similar boiling points -and
suggested the selectivity to be due to the formation of a
MT-complex between the nitrile groups and theT -electrons of

. LM ,
the olefins and aromatic compounds.

.
3
4

Silicone gums and oils are known: for their theﬂmal?

stability and low bleed. CASP %re'pelar in nature and 1nn‘

compardsen with other polar liquid- phases e.g.,
‘polyglycols, their thernal'stability is better. The maximum
operating temperature of CASP is very much higher than that

f ." - .
. -
- ML
. [} b-

- ‘ \
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of other po1ar'phases; .

o

In this thesis we have uséd 0V-225 (25% cyanopropyl; 25%
phenyl; 50% methyl) as the 1iquid phase. 0V-225 falls in
the category of methyl cyanopropyl pheny]l si]icone\j>1t has

the following configurapion.

f , _$H3' CHy CHp- CHaCN | ?H3 - ?H3' e

CH3 ?1_ —0———Si——0 Ti e O ?i CHy
CHq CHy CH3 <l CH3
| L dnL lo

i

it cannot be considered as an equivalent [56]

1

The poeition of %hbstiﬂétion of the cyano grdup'is of

éons1derable impdrtanée. A cyano—group on theé(icerbon atom

\leads to much reduced thermal stability as compared with
Substitution on the @ or ¥-carbon atoms [571. With a¥ -

‘cyanopropyl methyl polysiloxane, the 1iquid phase has an

oxidative stab111ty which is equ1va1ent to that of dimethyl
polysiloxane . [58] '

D

Thermal stability‘othiquid phases has heen examined by -

<

McKinney et. "al. [59]. In theif investigation of the
therﬁa? behaviour of sfatidnary phases;ethey Tade use of
thermogravimeery. They found higﬁ\volatility for XE-60 (10%
we1eht Toss at 298“C). Although no.such data are available

for 0V-225, a similar assumption can be made, i.e., high

‘volatility at'elevated temperatures.

.o R .
" »
% L
P .
> -



1.10. DETECTORS:

£y # A

Detectors have Fhe,tésk tﬁ*seﬁse continually, rapidily, and
with high.sensitivity, fhe0504utes which are contained in
the carrier gas “as it emerges from the co1umn.°0etectors
sense-a change 1n some physica] or chemical property of: the
effluent gas stream upon elution of the components. This

change is converted into an electrical signad which "
. w :

‘émplified and recorded.

9 .o . . .

(S ’ . - v
» ., . . ! . .

For detecting the s-triazines studied lp this thesis. The
FID and. the ECD were used. The 1inear fanges of these GC
» 1y ’CI ) ~ (

detectors-'are shown in Fig. 2.

PID

I

| P
|

4 FID . -
g - :

1

ECD (dc) ) o
. - Y . ) T ' ) K
B ECD (pulsed with lineariz#'l') s R

TCD

T
1

- o ' 0.001 0.1 % 10 1000 100000 - - .
_ Linear Range (rig) ' .

¢

n

?IGU&E 2. Linear Dynamic Ranges of Gas Chromatographic

. Detectors: PID; FID;-ECD; TCD; and FPD. . T
’ .. ! s - T .r‘ ’ N



1 - v - ‘
LY ) . 33_,-~,

W'—{‘f "
M.
L "\
$ : .
. 1.10.1 FWAHE’TONIZATION DETECTOR (FID).
The FID 1@ the most common1y used detector in GC. Some of
the fg%turls that make the FID attractive include: ~ .
l. .high sensitivity; ‘ '
. a N A
h . : . 2. almost‘ugiform response for almost all components;
3. wide dynamic range (good response‘]inearityi; o &,
‘ ) 4, and invulnerability to temperatu f1uctuat1on and to
the presence of impurities in tHe carrier gas.
4
' . The only disadvantage is that the FID is sensitive only to
" , organic compounds. A schematic diagram of QQ,EID 1s shown
SR in Fig, 3. ) ‘ _,,
) o » « ] . T / ’ .l
£ -, N : * ' Polorization voltage (60-200V) .
r . v; ; N . ' ,
. Y . N :
' L 'i% @ | |
' '[Elec.fr'odes ~ *Amplifier Recorder S /
\ . Carrier *____ )
. gas ) - Air or O, e -
i . \ ° _o——Hz R
.6 = : ' . L2 '
Column - .
" : . ‘ FIGURE 3. Principle Diagram of the FID. \
* -The" detector consists of a difoSion type hydrogen burner.‘
The effluent gg} from the column is mixed with hydrogen, :
5* and air or oxygen( and led into the combust1onfreg1on
: & - . 2 : .
’ between tnf~eﬂectrodes (60 - 200 V applied potential).
i Coe : L M
' the temperature of the hydrogen flame (2000 - 2200 °C)
R hydrogen#is somewhat fonized (107 1ohs/cm) produc1ng a.

’ constgmt background current. When the column effluent
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t e

contains organic substances, theée will burn fn the

- hydrogen flame'(see reaétion 2) and produce ions (up to'

101 1ons/cm) 1ncreasing the conduct vity of the flame and
consequently the -intensity of the ion current. The ion
current between ‘the two electrodes is recorded after

appropr%ate amp1{fication. The basic process taking'place

" in the hydrogen flame is described by equation 2 [6d]:
. ’ < .

w

4 )

The thermatl energy'releaéed from the flame spYits o?ganicr

[ N . ! ’ b
molecules and.jﬁ is assumed that,a‘chemionizationreaotipn
' . . ) , . . (
occurs: et S - : .

e

Ll

CH + 0 <eceaacad> CHO+‘,+= e~ (2)

’:o : Y N
The‘used of"the FID in the analysis of peot[cidés has been
-reported [61] althugh it is not very pommon. Compounde

. giving eerta1n flame products, %.g;; behjene and

chlor1nated solvents, should be '‘avoided [623;.These flame

products may cause deposits to form on the insulator
\ .

[}
.

resulting 1n‘hjgh background currents. and high #%1se\

- levels. L oo ' , AR

# SR . E

1.10.2 ELECTRON CAPTURE DETECTOR (EanI(Figure 4).
o{ a ' '

The 1on1zation of eluted substances by eiectron %apture was

f1rst utilized in GC by Lovelock and~L1psky in 1960 [gf]

.In an ECD twoeba51c processes are involved in the detection

-
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. of eluted substances:

Y

L 1. production of thernal electrons, and

' 2. electron capture of thermal electrons. ’

Tne“current produced in an ECD arises ftom tecondany'
‘electron production through 1ne1ast1c collisions between
pnimary electrons, e. g” 6 part1c1es, and molecu1es of.
nitrogen. The detector used for work done in this thes1s,
was fttted with a,63Nil£ource for the production of beta:

particTes and §Ebsequently‘electrons and nitrogen ions. The.

s’ >

probability of retombination 6f electrons andﬂpositiye\
nitrogen ions ds low because of their yery'different
‘*velocitieé (the veiocitr ofban electron is approximately
104 times h1gher4than that of positive ions)[63]‘ If the
10n1zed 1nert gas conta1ns dbmpounds having high e1ectron
affinities, however, some free electrons may be captured by

the moTecules of these compounds with the format1on of

e . .
negative ions according to-reactions3 and 4 [62]
, ° . »-
i,AB + @7 eeee--aaiD> ABT 4 fenergyv'-* e “‘13)
. . ‘ - t N
AB + e* e-ee-c---eD> A 4+ "BT o+ energy C o (4)

The veloc1ty of the anions produced 1s much lower than that
of free electrons, and the probabi]ity of recombination
between negative and positvve ions is trg\erefore,,lo5 - 107

" times higher than that between e1ectrons and poditive ions

[64]. The presenge of a compound able to capture e]ectrons

\. .-
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"will be indicated by a decrease #n‘the ionization current

.

in the detector.

Pellizzari [65] gave an extensive review .in wh%ch the

'operat1ng parameters of the ECD are discussed .Because

there are numerous parameters 1nvo]ved in achieving optimum

performance of the ECD, the application of this device is

fairly difficult. Pellizzari .statéed that the .temperature-of

the detector should be constant, since fluctuations, in

temperature affect the electron qaeture coefficient, wh1gh

gWn turn affects. quantitization of solute molequ}e§.

- +

/ \ : :
. Carnier gas B o
IN 1 Ceramic insulator . |
I | / ‘ , o "
' . . , L} AN ‘
i M ] L~ CC" . ’ . '
. . . . e
z, ,J - Anudc o . ]
T ] o ; , 1. '
=~ |, Radistion Elcttro. Recorder -
T ) et source 1 meter ;
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FIGURE 4, Prine{pTe Diagram of a d.c. Ecb, 33
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" The potential to the electrodes can be applied in several

; 1. at constant voltage;

t . . . . .

A

2
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2. under pulseo-constant frequehcy; and
. 3. under pulsed-variable frequency. ‘
The pulse mode was used in this thesis work since higher
Sensitivity‘by a factor of about four is obtéined. '

. "~ ".' A major problem in the use of the ECD is that the surface

- ‘ | » of the rddioactive source ‘can acquire a film coating due to"

this film, the beta emission is weakened progres51ve1y
- . oecreasing the'electron gradient and thereby the
sensitivity of the detector. The points on a response vs.

voltage curve (Fig. 5) wil] gradually shift to the r1ght as

) g .0

the film builds up {66]. Response will either decrease or .

N - increase'depending on the voltage range selected.
- . ‘ o . e
¢
. 5} d
4
4
[ ]
s ‘-l
(2 (3
. . 3
a. v
A ** CONTAMINATED DETECTOR
2}
” <
S | CLEAN DETECTOR
¥
] 20 40 60 80
. VOLTS ) 6 .

' FIGURE 5. Response vs Voltage Relatton for the ECD

\ ITlustrating the Effect of ﬁ1lm Buildup on_ the Rad1oéct1ve

s : oS
‘ Source. : o .

- , B

0k~column bleed and/or sample contaminat1on. In penetrating.’
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. Bleed consists of ;he vapour or the decomposit1pn products
of the stationagy phase. Sincé'afl'liquiq dhafes have 2
vapour pregsure, b]eed%hg is bound'fo happén ét higher
~temperatures. The decompgsitidﬁ*of,the 1iquid phasg mpy'be'
catalyzed by the s?ppo}t on Which‘th; liquid phase 1is
coated [67]. | B g |

7

H

Devaux and‘Guio;hon [68]f;tudied the 1n%1uence of the
bleediﬁg of the liquid phase on the détectof response, The
basé current, ;;, is observed under all experimental
. conditions when a fiow of pure carrier gas ‘is passed
_through the detector. When there is a concentration C of a

compound with some electron affinity passing through, the

deteétor,gives.a cufrent‘or~signal I, smaller than I,. The
‘ Jiffe'rence‘l° - 1 is the detector responée.l.ovg]ohk [691]

.:has showrn that the signal is given.by:
I' = L,ekC C : ' (5)

3

.

where k is the .coefficient of efectronjc absorption, .The

‘ .
Ll

" response

o= 1 = [(1- ekC) ‘> (6)
does. not vary linearly with C, except for ery small values
of current where ot

2
énd~§hgrefore

o - -1 = kioC (7)

2 . n o
N . !

]

-

-

klo is'the response factor of the detector in the linear }}’-

A

B ‘
o PR

& -
v~
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range. When bTéeding occurs Equation 6 becomes:

Lo 'Ioﬁfl I = .Io(l 4 e - [kyCy + :hzcé])" (8l -

J

‘ where k1 and bf, kz and 62 are the coefficients of ‘

e}ectronic absorption and the concentrations of the

' b1eed1ng comgounds and .of the solute, respect1ve1y. If both‘

'._concentrations arewsmall, Equation 7 is."still. veltd qnd

. \.' .‘ i . ‘ . ) .
, “,Ig - .I = (kch + szz)Io . “ ‘(9)
the response factor can bederived from peak height or area
'after due correction for-haseline, disp]acement;‘ /,'

. * ] ‘ _ ]

\Devaux and Gu1ochon have also shown that polar phases are

_much more prone to have a hiah electron affti;}y than non-

po]ar phases. In the1r compar1son betweenthe effect of

11qu1d phase bleed on the FIQé?nd ECD, they found that when~
working ‘'with an ECD the use of a 1iquid phase w1l1 have to

y be restricted to much lower temperatures than w1th -an FID.f

%
L]

pesticide ana]ysis {70].
# : S - |
"“1.11 6LC OF S-TRIAZINES.. . - . =~ . \

Verious‘methods,-COlorimetric (711, UV spectrophotometric

[72] and electrochemical [13] have been used in- the,

o .‘ffﬁ\\ analysis of sftriazines. These methods. however, allow the_:
t ' - L . \ - 0 ° v

] . . Q.
.

]
-7

The -ECD has 1ts’greatest Gtilization in the f1e1d of
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o

determination of only one 1nd1viau&t s-triazine at a time,
and are therefore cuﬁbersome and 1n€déquate for multi-

residue ana]&sisw For several years chrométbgraph1c

procedures t72], ‘paper chromatography, PLC.‘ GLC, andl

recently'evgn HPLC [74,75] and'HP-TLC‘[ZS] have .been

applied for tﬁeaseparatioﬁ; identification and

“ determindtion -of S:triazinés_and their metabolic and

¥

+

degradg&ion'ﬁéoductﬁ in eﬂvironméntal.reéidue sources.

il -

GLC with packed columns has played a major role in the

analysis of s-triazine residues, espeéiallf since a number ¥

of detectors. are available. Use has been made of the FID
| .

AFD [82], FPD [83], and electrolytic conductivity detectors
[79,82]. Bailey et.al. [84] have reported that the nitrogen
se]eciive electrolytic -conductivity detector is the most

~

sensitive ope towards s-triazines.

’

"Various resedrchers have used a varTety of > supports,

.including Diatoports [85],Anachrom AB%‘[BI], glass

Bal]otini~[86], Gas Chrom Q'[84], CQ-HP [84],-etb. The
number of. liquid phases used t; coat supports.are too
numerous to’ 1js£ here. Fishbeiﬁ [871] reports in a review a
variety of 1iquid phases ;hht had béen\used; qucé that

report the use of many more 1iquid phases have .-been
\/“/ R '

‘desciﬁed..A_carefulfstudy of the literaturé has shownvtht

the preferred 1iquid phase which appears to give thé. best

. o ' . -
~ ‘ Ea S
N

I'J‘

>
4

=™
e

[73,76,77], ECD [78,79,80], microcod]dmetric detector;[Sll,‘



- '
'?‘;’? ’ t ' - )
A ' . T
v ’ - . 41.,"1 .
. - R . B . - , \
\ .
. ' . X - -
R -resolution of s<triazines, is Carbowax 20M [81,88,89,7.
. .t . . * . .
: . *Gas Chrom Q has been the most commonly used support. :
' ! * . . . . s ! ' cx
e \ . ' RN ‘ C ) RIS . ' Y
. ot . g hY . . ¢ ’ . .
. A F - i N
, . ' o ’ o \ .
. AN
. .
* . [} . . . - . . .
< . . . . \ ' o ) T
. " ! * * N - - . = . 1
. - s * '
- v - . .
, ~ - .
. N " -
AN . "N M
P " * * N i t
’ ' .t * - ' -
. * . B ' .
’ N A o . . » . - \‘ M . - “ . ' ! . '
* v - ' N i ' \n " ) M ,‘ ¢ ; o v
. . . .
g _ . s ‘ . IR -
! » ' ." . - M . ' >
i ‘ . a
\ . ~¥ ¢ . . . '
' - . E
N ’ . - - . ’
. . . ' - ¢ ‘ ¥ , R . .&'
. - ? » ‘ )
+ . . N - : ) * :
. . : . -
: . ) o . . - ' :
. . t * 4 N ’
& N . . M -
. N
~ M v
\ i -, L . - . . ‘ b v . .1 . .-‘ a .
——t o . -
. . . * . . ~ s ¢
. ' - o~ ! )
: . L 4 s . . i B ‘ .
. N .t B . 4 1 . .
/ ‘ : C ' S . ‘ '
. ~ N , R ~ .
N i N . 4 s " . * . N
" . “ r P
. . 5 - ! : . i . R " . i)
PY * . . - N
- '1 - \’ - *
B z ', . . . . . . '
. N + A : . - "
. t - ' + *
. M . A ‘
- . N N . v . A
£ : " - - t
. ! . i 1 *
“ ) v f | ' >
v v . . A . . . .,
v N 3 . v K} '-
n ! \ .
N l‘ . [ . _-‘l" i * .‘! . '( )
. Lt ‘ ‘ - 5 . s ,
. . L, . : P 4
o * ' ) 1o . B ’ ' v,
v . v - . ‘ .\
. - . - . . N
N . N . s N N 1 L .
~ -t v - . . ¢ .
T . N N - ’ ‘- .
" * » . - ’ ' N
- b R A B .
. [ ’ ' c ,d K ! ) . ‘ N : [P \ .
+ K - ' ' * * ’. .
s . N ‘. . » . ¥ . ) . x ) ) . ”
. R N : B ] . ’ .
B . . . @
. - - , ’ - \ ‘ e
; . e A L, '.). . ) . 3 * '.
. > e . . * '
‘o o N . . RN
I * N . ’ .
. , o . M ’ . M +
\1 s . . B . . f " v 0
» R , ! . v - “
. ‘J ' : .
o -4 [ .
: , . ' . N l * . )
B . - . . . hd .
- - L. . N . > ‘
. " - v ! B 0
© 1 ‘. . . : + . A +
Tl S . . - . . ' .




. . . , .. . -1. . .
. . . . . .
gty - . _ . . . v ‘ . ~
3 . . . s - . L ) . )
. U5 . o - . . .
- ‘ ’ - - i - N . . . :pv
: . . . . R - . . ) .
R . - . B L N , T . - LT N —_— .
. - ® . - . . N . ) ; ) .. )
. , » . . ' , i ) . . : . s
- " ~ A * - . ERREY . - N
hd ~ . . A L. . . ) . .
. . . i 5 : - . . , ,
El ) . f N . ) o o . |
) ) ! - N T .. A - R | P
. . ) ) ) .. € . . . - : . ..
. . . . . - . Y ) . ) o
- - - . - ~ . .\Y . - i ., . - p. . ;—I .-
. . . . . N . N . - i . ) . L .
Al v . - ® . .. - ' - " ‘ - ) . . . . . —J
: : . o ) i ) ’ - - . - - . .-, .
. - 4 - N A . - . . El ! i . ) i . . ) n ‘ . _
T - - ) A . - - k) - . . .. ‘u
. ~ T - . 'S - - . T - A
_ . . . - . .. . R e | . ; . .
’ i ' . N . < . - - .
- - . - - . . L . . .o ) . - -
- . . . ' , . ) : o |
- ~ ! - ‘ o . - . . R . B ) .
- . . ) - . |
. - ) . . ’ T ) - ". .
) ’ M ° - -
. . P - ® N .- N - . . , . _
. A Y » . . - ) ) ) i
. . l .. . . L . - . SR s . . A .
- . . ® N . - ¢ . . - LS - -
| r . ) ’ i v IR - " - T ‘ oo .
. ~ . T . ’ ~ Y . . . * v h« .
. v N . ; . . . . ' N | .
. \ - . ! ’ - : : - - . ol .
. .- . e . . i ) X . B . : |
N . I P d i . . 3 |
" ‘ - . ) . L4 . - - — - . . P - .
) ) R i ) ) ) ) T- - . . N . s
. . ) . . . x
. ) x | -
) . & x ; RS N S
2 . K < : . : e »
- - - . . - o i . Vv X ; R . . [ .
. . i ! o
. L I . x 5 . . i . o . ) o A_ o
’ - - C . - . . - R .
. - - P. .- . " PR N ‘ . B . |
. T . s, . ' . . . > - . . . A R .
- A . ) ’ : i ) - - PR - .
) e < ) ‘ ) ’ e N s » - - - L
) T . L) . ' . )
i ’ . ' - . ) B
’ . p- ' - - - . ¢ [ - . ;
% ’ ’ ) ' ’ ’ - * - ‘ s ‘ - N . -
. - - . . . ; ) . ) . . ..
. . . ~ N L . . - - T - L. N
. - R L . P , . - e e - .. g )
- - e, . . - .o . ~ . , . ) R - ) . ] )
x \ . . , )
) » . .
- L e - - Fy - “ . . “ . R . . ) ; 3
- \ ) " - -7 - . - [
; ’ - ’
' B . oo~ . ) i ‘ ) . ) e
’ . ’ - . - PR - - - ) ) ) . _ . .
. - . .. - . - - " - .- R 3 " 3 i |\| ) N ..
~ ) ' ’ - A - - -
) 1 - " R o . v - R - .
. . . ) .
. R - . 3 . . ° - . t\/ . . o . N - . A
. . . : ; . e ) A .- . . .
. . . . . .. . .. - N - -, - . R . ) )
) . ~ . N » i . - B i
. . . B . “ . ~ . . . .o . - a. . s,
- . - - T e . ...-n N - L, . o . - -, .. i 3 v...
. . . . - P, cL - - - 4 . e — . - . A B ol . .
’ : ) ) - - - ) ~ N
. - - - s _— - . .. N . « - - - .
’ - T ' ® T P . . . . - . L 1
’ i - . ’ ' " * <. - . - . - -, *
N - . . . . . . ) ) . . ) . .
s . . . . - R . Le . PN T N . . . - N AT coe L
. . . . . e L . el , . ) - ] .
. . - - - . . . - Lt - i L. . L. ) . -
. . . . . . N . - . - .. . . R B I
. ’ : * ’ = N _— s - - . - L -
) . , N . ’ - \ ’ .. . » - :
. ) . . . . . X ) . . . . o .
- l\ - R . ) : - ,
. R . i , ) ] o .
. . . A ; . . . B ) ) - . .
. - “ L ; i . . i )
. . : . i . ) - - - = = . ~
=L b - . . . - A - . 3 - ) A
. N ~ . L . 3 P g A - . R . =
o ’ ’ ’ - oo P .
" . . . . |
. . o ) . . N




e

2.1.. INSTRUMENTATION.
The effect 'of column temperature and nature of the support.
‘on peak area response of ghe three s-triazines (prometone,
’ atraz1hé, and ametryne) were studied using a Shimadzu Gas

Chromatograph GC-6AM. fitted with an FID and ECD.

“The dual column FID system was used to study "high"’
'qoncentrations pf'Srtr¥azines. The-ECD was operated only in
the @1ng1e'column'mode. "Moderate" and "low! concentrationé

‘of s-triazines were studied with the ECD.

In order to compare responses on different supports all the
'pé%ameters on the insfrUment wére kébt constapt excepf for
the one investigated. For éxamp1e, in_the case of column
temperathfe studies, only the column temperature wag
varied, alf‘other'parameEefs‘were kept cqnsfantL
Chromatograms~mere plotted with a Fisher Recordall Series

3

5006 recorder.

A1l the cylinder gases.usgd were manufactured by Union
Carbide. High purity nitrogen gasl(less than 10 ppm qugen)
was used as-carrier'g;s throughout this thesis. The carrier
gas was filtered through oxygen and moistufe fraps'before
it entered the column: A flow rate of 30 ml./min was found
- to. give maximuﬂ‘seﬁsifivity‘wi£h both FID Snd ECD. With

"this flow rate relatively short retention times were



™.

-

2.2 COLUMN PARAMETERS.

Ly -

obtained. Maximum sensittvity of the FID was found with air

\.\L

and hydrogen flaw-.rates of 61L'and 44 ml/min, respectively.
v (TR ' “QI

A11 the experiments were carrfied out making use of glass
tubing columns, A11 glass tubing wa§ silanized prior to use

(see SECtion 2.5). The tub1ng mater1a1 was of the standard

'. borosilicate g1ass‘type (pyrex). Column dimensions were‘

122cm X 3mm 1.d. The co]umns.were-generally packed.with

diatomacﬁous supports coated with 3 5% (w/w) 0v-225 liquid

_phase. This low’ 1oad of liquid phase was suff1c1ent to give

a good separation of the three s- triazines. Co]umns were

"also packed with CSP- ZOM and uncoated C-103 porous po\ymer_

beads. ) , Lo B oo

Columns were used only,after conditioning at 250°C for 24

hours. Columns containing coated diatomaceous supports were

conditioned under a stream of nitrogen gas at'a flow Fate

of 30 m]/min; Columns packed with CSP-20M were condjtioned

as follows: they were heated at 100°C~for 30 minutes with

carrier gas (nitrogen) flowing through. The column was then

heated to 270°C at a rate of 4 C/min and 1t was held at

\

this temperature under nitrogen carrier gas flow for 20

m1mutes after which the column was ready for use. Columns$
.1 \\

packed with C-103 were conditioned at 250 °c ‘under helium

' flow. Tables 8 and 9 summarize the GLC operating conditions



R Using the FID.
i I O ' .
2 . Lot o : L
Coumn ° T
# :
8

: © .« . .Temperature
i “ . . Column

e t' SR fnjéctor/defectqr
- i o 'floy:fatgéf ._J,:
} “65%?15?-§as (Np)

LM

Hydrogen

.. ' .7 .- sensitivity and range
Recdrdér .
VoTtaée o

Chartsbéedi

Bt sy,
" Sample size
"High" concentration
.. B S
;:'. 4 (’ 'U ‘\'
'

“1.25 em/min « ° "

ks

Table 8. GLC Operating Conditions for Analyzing s-Triézines

»

R Y

Dual 122¢m X 3mm i.d. glass
. ; s

columns with 3.5% QV-225 on

’zea[ioo mesh support

-

\..
140 - 240 °C at 10 deg. intervals
285 °C .
e

~

T 30-ml/min L, o “

611 mi1/min
44 m1/min -

PR g

R

103 and 4

0.1V

&

V.

1-ul containing a mixture of |

1.3 ug prometone, 2.2 ug

atrazine, and 3.0 ug ametryne.
K ’
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r Tab]en9.:GLC Operating éondjtidns foa@Analyzinghs-Triazines
Using the ECp; e - . W . k .
" column - - © single 122cm X 3mm i.d. glass
I “ R - column with 3.5% 0V-225 on
) Ce ' o, 7 80/100 mesh support
o S Temperature - o . A N Y
' ‘ Column ' 160 "= 240 °C at 10 deg. intervals
- : : _”“Injeétor/defector 285°C .
' F1owrratqi; L ' o B .
g | ' ;céﬁrfer éas (No) , 30 h]/m;n o
= Senbitivity. | 10 ‘d ‘
" Raﬁge:'“ﬁoderate" conc., . 4 -~ SR ™
‘ .“low“lgopc; 2 !
" ‘Recorder . 'f:' BT | . t}
N C+ Yoltage . 0.001 V . o
“. -\\r; oo phartéhéeg;i‘ ‘T\‘ -Z:S‘lemiﬁk
. Sample size- f S - B fﬁ
ﬂ "“moderate" ‘cohc. 2- u) confaﬁn{ng q.m%;tufé of
) | ' ; Sofﬁing ﬁroﬁeéoné,ﬁ%xs ng
' | L : ~ k. . atrazina, and §O.Q ﬁg ametfyne ‘
l(¢\\ “lowflcopc;/"_ | ’EZ ul conta{ding a4mj5;0n;‘of'
L 5 ' 25.3 ng ppcm€§ong?.3.1 ng
) * .airagjne,fdnd 25.0'ng'amétr¥ne.
\\; T ',‘ . p N
» . , % ° -
3 "'t, h
: ° ‘ - -

-

’
ot
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- u¢ed for analyzing s-triazines. P

. 2.3 MATERIALS USED. ’ o . _ ' ,
: . 1 ' . ¢ . ' .
Diatomaceous earth ,supports used were manufactured by -

Johns-Magvi]]e (p%rchase¢~from Chrqmatographic -
g T Specialities, Brockvtlle, Oont.). Thts was‘the source of alj -
‘ 6ur suppTies, except where ot;erwtse noted. For the three \
grades of supports (CP, CW and CG), al1 typeg, NAW, AW, AW-
DMCS and HP, were coated with 3.5% 0V-225 liquid phase; ‘ﬁ

C- 750 was also coated with 0v-225. A1l the supports were

~. of-the same particle size, 80/100 mesh. W
The CSP-20M packing a modified Carbawax 20M 1iquid phase
“coated on a support. The nature of the' support }s not
- ; Spec ft:d by the“manufacturer. C-103 806/100.mesh. was’

' : . A
manufactured .by Johns- Manville. The l1qu1d phase, ovV-225,
, ' was manufacturen by P1erce Chemica] Co., Rockford iL.,
USA. Solvents (benzene and methano1) used for making up

solutions were both of the pesticide grade type, purchased

4
. from Anathemia Chemica] Co. (Montreal, Que.). The three S-
: ' o triazfnes,_dﬁ 99%+ purlty, were ma\g?ictured by Chem :
- Service Chem. Co. and supplied by Ca1edon Laborator1es I
: ﬂ" Ltd.,'Geor%etoup, Ont. - | 3
. o ‘ A : ‘ :
. .,.' ) ’ ’ N Wt a . > ; ’ ‘ . . .
""‘ + ¢ .
:E:' e - B ,



2.4 COATING OF THE SOPPORT WITH THE LIQUID PHASE. . =~~~
‘ - [THASE ;
’ . .\ . 3 ) . ) )

s Al d1atomaceous earth supports were; coated wlth 3. 5% (w/w)
 Tef 0v- -225 1iquid. hase. 10.0 gof support and 0.35g of ov- =t
1) + -

225 were we1ghed out w1th an analytical" balante. The liquid
+ phase was dissolved in 140 ml chloroform (analytlcal grade,q
' Anachemaa Chemical &%) The support was then slowly poured °
‘n~’ , _1nto the solution while the beaker was swirled ltghtly so
' as to avoid the\formation of, aqglomerates; The beaker wags
subsequently placed on a hotplate and t}e solvent‘
evaporated ofhf at’ 66 °C, The*beaker was swirled

1ntermittantly to assure a uniform coating of liquid phase

.on the support. Heat1ng was continued unt1l the support

’ -

parttcles were free flow1j%§;he beaker was then, removed -

-

» . from the hotplate and the suBport was further dri'ed under a

<

constant stream of h1gh purity nitrogen gas. Thls process

was’ continued unt1l the support was free from solvent.

o . M LN

L Recovery ofgﬁoated support was 98% plus.
A
'2.5 PACKING OF THE COLUMN.

. In packing of columns two-conditions have to be kept in.
- ’ ’ . ) L0 N
Vo mind: . ®

1

- - -.1. the need for uniform packing of the support fin th§<j .
' v . . . Co. - a . .
% olumn; . “ B
o , 2. the need to avoid crushing of‘support particles

during the packing pcocess. . - .
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The column tubing .used was precoiled and silanized before

being backed Sfian1zation was carried out as out11ned by
Suptna [90]. Tubing was fil l.ed witha si]ane agent (a Sylon-
' CT solution of 5% DMCS in toluene, supp11ed by Supelco,lnc.

'Oakvil1e,_0nt) and deactlvation of silanol groups allowed

’

_to proceed for 5 minutes. The tubing was then emptied and

washed with ana1yt1ce1 grade reagent. toluene (F}Sher
Soientific Co., Montreal, Que.). This washing skep was

repeated Fovﬁowfng the toluene washing, the column was

" washed Qnree t1EES~yd¢n pesticide grade methanol-. After

thiswashingtﬁe column was dried with a streamof nitrogen

gas. %, - r

+ ' ' - -

. -> ,
Packing the grecoiled.%ubing was done by the suction

te;hniqué‘[QO]. One end of the tubing was p]ugged.wfth

si]anize& glass wool. Subport'WEs inffoduced through the

i

other end wh11e the p1uggpd end was connected to “a source

of vacuum, After the co1umn was f1l]ed with support it was

‘;vibrated for a few minutes to secure a tight packing. If

\

_neces'ary the column was then further f111ed withsupport.

4

'After ‘completely f1111ng the .column the openend qu

plugged with silanized glass wool. e =
N , \
' 2.6 SOLUTIONS. - I o

r I3

-

aAJ] the “experiments dune‘using,the‘FID§‘Weﬂe with s-

‘ ;riezines'in the microgram concentiaQion (1 -.5 ug) range.

/
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The solution (mixfure of three s-triaaines) was madecup Ss
follows: 0.065g of prometane, 0.110g of airazfne. and
0.1509 of ametryne were weighed o;t and transferred to a
50.0 mlfvoiumetric flask and made up to volume with
métHanoW. This“so]ution had concentrations of 1.30ug/ul of
prométone;ﬂY.Zdug/ul 6f'atrazjne, Pnd,B.Ong/Jf of .
ametryne. Of'tbjSosblut?dq 1ul volumes were 1nj3£;ed 1pto'

the GC for analysis. . . ' S

} C o« = \
So1utioﬁs for éxpérimepts with the EC? were made up 1in
beﬁzeqé as a solvent;-Benzene was used as a.solvent instead
of methanol, because the methdno{ available had an impurity
thich interfgred with the prometone pe;K“in GLE? The
"moder‘ate"l concentrat{on solution was prepa?ed as follows:
0.084g bf prometone, 0.010g of atraz%ne,.and 0.083g of
ametryne were weighe& oﬁt, dissolvgd and made up to vblume
in a 100.0m1 volumetric flask with benzene as so]vept, Thié‘ -
" Sblution was ‘then further volumetrically Ailufed to gfveo
coﬁcentrations of 25.3ng/ul of prometone, 3.lng/ul of

ratrazine, and 25;6%g/u1 of ametryne. 0f this solution 2ul

'portions were‘fnjected into the GC.

For experiments with "low" s-triazine concentrations, the
"above solution was diluted with bezene by a factor of two
to'giveuconcedtrations of 12;6ng/ul of prometo%e, 1.5ng/ul
of atrazine, and 12.5ng/ul of ametryne. 0f this solutfion

2ul portions were injected into the GC. . . -
.. T

i
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FID and ECD, respectively.

2.7. INTRODUCTION OF SAMPLE INTO THE GC.

Injection technique fs important in quantitative GLC, since
it has.an effect on the reproducibility of peak areas.

Injections were made with a 10ul Hamilton g1as§ micfo

syrtnge.. Injection volumes of .l.and 2u1awe}e‘useq with the

&

//
/

»

- The technique used wias as follows: a lirgev%lhme( 5ul) of

the sample is pulled into the syringe. The plunger s then
pushed forward to the appnopriafe vo]uﬁe mérk; the needle
is fhen‘wiped ¢lean with‘tissue paper; theipTunger,is
pulTed back to create ap air pocket between the\sample and
the needle. Care must pe_tdkén’not tﬂ introdqce an air

pocket between the p]uﬁger and the sample. The needle is

" used to-pierce the septum of the injector port, the plunger

is pushed down with a quick thrust and after a cdug{i;F

_three the neddle is pulled out from the ihjector port. This

injection technique gave excellent reproducibility (better

than 99%) of peak areas.

L | ]
. - 4
[ . .

"2.8°A TYPICAL 6LC RUN. - , . N

4

In this thesis a typical GLC run represented a temperature

. study of a,column,'étar;ing at a column temﬁerature of

140°C, which was increased at intervals of 10 degrees up to

°
240 °c. The exception to this was that using “"low"

e,



52
\ {

)

~s-triazine concentrations, the detector response was

e N < ‘ o C
measured only+at 170 and 210°C. To eégure conststancy of ~

Eesponses within a given run it was considered advahfpgeous

to complete a run-on . the same day that it 'was started, On

.the average a run took 18 . hours to complete. During a run

a]l"ﬁhe’GC baramexerslwerg kept cqgstanf except for the
column temperature. ‘

At éach‘spectfic column. temperature inject1oﬁs of te§t
solution were repehted until three successive injections

. o
. gave the same peak heights. .When the.column temperdture was

“increased to the next higher femperature to be studied,

approximately 5 - 10 minutes were requiréd for the column
A CEMpPerature and baseline to stabilize when a dual column
N : ~ L4 .

system was us$ed. During the periqp‘that column temperature

is increased (for any 10 deg. fncrement), any column effect"

on the detector is hidden when & -dual column system.is

used. with.single column tests and the ECD, bleégiqg#of the

liquid phase caused a significant shift in the recorder .

base Tine. The recorder pen was re-zeroed as required.

2.9 GAS CHROMATOGRAPHY - MASS SPECTROMETRY STUDIES (GC/MS).

G

, ‘ . .
Independent experiments were done on the bleeding of the

ov-225 1Hqu1d phase using a GC/MS. Since bleeding of the
fiquid pha;e in a chromatographic column is a well known
phenomeﬁon, fhe GC/MS experiments werelmerely'used'td

Vd

.
3
s PR
& e T
ﬁ:ﬂ.‘:‘.m» .
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determine the extent of bleeding over the temperature .range.

.studied.

)

For these experimepts an tKB 9000 -Shimadzu GC/MS was used.- .
The mass spegtrometer is fitted with a magnetic sector.

w1th the GC/MS, experiments were done frbm'a tolumnw

‘}emperature of 140°C up to" 220 °C at 20 deg. 1ntervals. Mass

spectga of the liquid phase were obtatned only after ‘the -

column temperature had stabilized at the required specific

-

value. When column temperature was increased to the next -

temperature level tested about 30 minutes was required for
the instrument to restabilize.

‘/,

- 2.10. PRELIMINARY EXPERIMENTS.

Experiments were first carried out to determ1ne the optlmum”

(GC conditlons at which the ana1ys1s of S- tr1az1nes could be
carried outs: This was done with both the FID and ECD. This
work led.to the use of operating'paramete?s listed in
Tables 8,and 9. Experiments were also earried‘out'to
deterhine the optimum concentrations (Jhigh", "moderate",

and z]ow") of the three Sétrieziwes~that were studied.

As this'work was part of a 1ong term,‘systematic study of

“effects of sample concentrat1on, co]umn temperature, and
column support material on the- gas chromatographic ana1y61s

of a variety of pesticides, it was desirable that .the
[] ' t o
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1iquid phase se1écted‘be of the general type previops]y
Qsed In their study of organophosphorus pesticides, Haniff
and Zienius [4] used 0vV-1 as the. 11qu1d phase, while
ou]ou}ias ;ﬁ] used 0Vb17 for the study of organodh]orine

posticides.’Of ai] the common si\icone liquid phases only

V- 225 gave & good separation of * the three S- triazines

'ua¢er 1nvestlgat1on. OV 225 has the additional advantage of

"hav1ng a higher max1mum temperature 1imit thaﬁAaarbowax

;~ 20M,° wh1qh,was not su1tab1e for the temperature,range (149

- 24b°C) studied. Hence experimentation was carried out o

with 0V-225.

-
o
-

-~

s
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.3.1. INTRODUCTION.

"This comparitive study . we;\done hy processing results _
obtained stud%ﬁng "high' concentrations of s-triazines using
the FID and "moderate" concentrations using the ECD. The
co1umn performance parameters (n, R and H) were calculated’
from gas chromatograms .obtained' at 110 and 210 °cC.
Calculationé for n,” R and H nere done using'the equdtions
in Table 4. In calculating the'reiat1ve retention tdme‘(RRT).
the shortest retention time was assigned a value of unitf and
the ‘other retention times were expressed as a ratio to unity.

- .
. . v

3.2. ORDER OF ELUTION.

The order of elution of the three S- tr1az1nes is shown in
F1g 6. The elution order was consistent with that expected
based on 11terature references. It depends primarily on the
nature of the ubst1tuent in position’ 2 (see Tab]e 5} The
order of elution® 1s methoxy, ch]oro, and finally thyomethyl
der1vat1ves. w1thin the chloro s-triazine series, éhe order
of elution depends chiefly on the spatial sh1e1d1ng of the
-NH groups in the - and 6- positions by a1ky] groups~and on
their number. The'weakest shielding, .causing the longest .
retention is exertedhby the ethy} group. the strongest by -
the tert.-butyl group,and isopropy]l lies 1n between (731. A .

similar dependence can be observed in the series of methoxy-

%4
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aﬁd thiomethyl-s-triazines.  Pacakova‘ and Nemec [73] also
found. thét retention data for the s-triazines aFe influenced
by their basic character. ‘The dissociation constant of- the
s-triazine compqund is most strongly affected by the
substifqenf in the 2-position.

3.3. COLUMN PERFORMANCE. .

5.3;1. HEAﬁUREHENTS 0F,EFFIhIENCY1USING "HIGH"
- CONCENTRATIONS OF S-TRIAZINES. |

Table .10 shows.fhe RRvaqr atrazine at two temperatures onh
variaous column;. Tﬁe femperature did th affect thé.RRT. &t
can bé s€en that the s-tiiazine has.a longer residence time
in the OV -225 when it is coated onto the CG than when it is
coated. onto the CHW supports. Th1s ?s due to the fact that
_the CW have a larger surface area than the CG supports.
Thus, given a constant v)eightw& liquid phase it will have
to spread into a thinner layer to coat the surface of the
* CW compared td CG supports. Because of the‘thinnér layer. of
\liqdid phase, the s-triazines spend less.t1me in the IHquig
pha;e,on Eﬁe CW supports. CW-NAW and CG-NAW show the
shortest retention times of all CW and CG sﬁpports,
'respectively, probably due to inefffcieﬁt‘cbating of the

L4

1iquid phase upon these supports.

By cons1deration of the other column eff1c1ency parameters.‘

n and H (Table 11), 1t is clear that the CW supports show
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Table 10. Relative Retention Times for "High" Concentration

g of Atrazine . e ~
, . Support - ‘170°C - . Rank 210°C . ‘Rank 4

cw-naw | 100 1 . 1.00 1

CCH-AW - 1.88 . 4 1.75 &

T . CH-AW-DMCS 2.46 5 o228 s
;CH-HP 1.55 . 3 146 2

. C e .
¢ ' - . : P . '
) ) C'750 , 1.50 K 2 . . 1.46 2 .
R . + ' . ' ‘ . : : P Cy p]
- , N
ot CG-NAW . | 2.80 f6 . | 2.53 6
. N * LI ’ ‘.t(
- . 1 - . ' ) L ’
. CG-AW - 6.05" 8. - [ . 5.25 9 «
A . - A'. ., v . e . o
N N . ': M ' . ‘ 4 N
. CG-AW-DMCS -: 5.29 7 4.66 ' 7
N - - »
, . . \ ?
.CG=HP- ~ . 6.05 '8 - 5.1 " - 8
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a Table 11. Column Efficiencies” at 200 °C for "High K
/
Concentrations of %;razine Using the FID. ‘
. . ’ . .’f + ; K " ' , . [ ’ e,
Support . r’n*' e ‘"H (mm) R*
s v e A;' 4 ¥ ‘
. CW-NAW. = . 6733 S ‘0.18 .- 5,60
CH-AW : 6054 . 0,20 . 7.50 °
CW-AW-DMES - . 3406 . ., . 0413 - 9,32
CH-HP ° o 6228 . 020 - " - .80
.. v. - . ' 3
C-750" . ‘3851 - - . 0.32 * 5,30
. , | o ‘
CG-NAW' 6193 6.20 - 7,20 -

CG-AW | 4137 o 0.30 6452 .

. / t, .
‘CG-AW-DMCS . - 6512 SRS - P 1+ R

< ™ ) g g .
CG-HP - 6312 ° - - - 0.19 . - 8,00
* resolution of prometone and atrazine ; ) - )
+ - number of theoret1ca1 p]ates per, 122 cm of co1umn
T : ‘ ,l- ’ ‘ ‘
. :
y %
\ ' -
“' ° " -
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‘ ‘ .
¢ ‘
] ’ ' ‘ . (
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o
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L ' better column:efficiency. This &greed w1th findmgs by
'Giddféngs and Saha 4;91] that in Eerms of the . overall
- efficiency,"CP was the best fo]lowed b_y cw and then CG. CW- .
’ MR AW-DMCS has the highest number of theoret1ca] plates (n = .

o
\9406 H =0, 13mm) A'lthough C-750 has-a short RRT it shows .

v . rather poor co'lumn gfticiency (n"= 3851; H = 0, 32) compared
‘ - to the other suppor/"ts. Short ret'e‘nti"on' time is therefore no
‘ guarante&e of ‘high e,fofjci,ency. Neither is the extent o‘f
' surfage ‘pretre’atylent that the support has been given. For.

dthe CW suppor't:‘{v;lS overaH the order of n was:

‘é '/ ’
. * .. . ) ad

7™ 7 T CH-AW-DNCS > CW-NAW > CW-HP > CW-AMW
s " 5 . ) .
R A : B ~ ﬁ o1 .
P and for the CG supports: . e ” :
S e, AL e ' ( ' €. u' "
R -, C6- Aw DMCS > CG- HP >, CG-NAW > CG-AW K B

: ) ) -‘ 3 ' [ . ., LI ¢ ’ .
’ It is, clear.that there is’ a general,pattern in columf

r . v v
[

© \‘..\:;/j‘ = efficiency for thése supports. This must be a reflecti',an"'?f'

. the chemical deactivation treatment these supports rﬂe'c'eived.
- o ' 4600 N . “ ‘ ” ' . "' \
e 5 "3.3.2. RESOLUTION. .~ *a )
T }’/ ! ’ . o ' ‘ » N
c . oo . - . ) I ’ \ -
. , . s
‘ oS Although reso]ution (R)can 2also be used as anindica\{:or of
Cw v
“ cthumn efficiency, 1t really only indicates the degre\e of
- ‘ "' . separation. F om Table 11, it can be seen that, overa}ll :
N " .‘. _~1 g ” .
LR " _. " the -CG,,supports gave better resolution, ev.‘n' though \the
) . 3 A' . " ' ;
7. support which’gave the best resolution was a CH, i. e.,/CN-
° o g N T /
j A 1 N \\‘/
g.; Ny '
' b ) e X
?}r“ N o yan ‘ ) ?‘L s ¢ @ -
_h‘;: ) . 9 N < \
. » S
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' AW-DMCS. The CG supports give better reso1ution sinceathe ‘:;’%
s- -triazines are retained longer ﬂ‘ the 1iquid phase. thus
enhancing separaé*on. ' - g
v-\_\d s , ~ ‘ - A
+ . , ’ . . . . N '- .J? .
~ The order of resolution for CW supports was:
: .. CW=-AW-DMCS > CW-AW > CW-HP > CN-NAW

r'd

L]
.0

‘and for the CG supporgs:." o ' s

CG-AH-DMCS > CG-HP > CG-NAW > CG-AW
\‘ N . . -

A1th&ugh all the co]umns tested gave good resqution

(R >1.5), it was advantageous to 1dentify the column on
which resolution -was best since it should .be the most

D " . useful one for separation of a large number of s-triazines.
¢ ' o

-

| '73.3.3. MEASUREMENTS OF EFFICIENCY USING "MODERATE® = -0

L

coucsnrnnrtons OF S- TRIAZINES e .

! L

.
-

“With "high" concentrations of sftniaz1nes some support

o

surface activity effects may be masked., With a decrease in _ s

1 . . ..

' ngmp1e concentration such effects may be ampi%fied, showing

k; up As changes 1n'retent1pn time, the peak shape hnd.
sn?sequently the column efficiency. Low. sample
concentrat1ons have a tendency to give tailing peaks due to
adsorption of the so]ute on the support. A study of the o

; lef. ‘{peak‘symmetry nou[dyn\ghlight concentration . effects, but in

. , ’
experimentse carried out with.]ow‘concen)ratipns of the s-.
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.. .triazines, Saseline irregularities que impossible the

dﬁtermfnaffon of degree. (if any) of peak tailiné that

. oqcurred/(sée Fig.-l).‘ . -
- | _ -
Column efficiencies measured fbr.atrazine at 200°C using
"moderate” concentrations of s-tiriazines are reported in
o . Table 12, ' i
- - - T .
- AQ?blé 12. Column Efficiencies ‘at 200 °C for “Moderate"
oncentration of Atrazine Using the ELD.
Iv ) -~ i W v
- . - _ oo
‘Support - ooatt " H (mm) R*
« ) | g ' ]
A . CH-NAW 1539 0.79 1.18
CH-AW 1588 0.76 1.74
‘ CH-AW-DMCS® 1712 0.71y- 1.77 -
LS ’ ,/,.
 CH-HP 1957 063" 1.95
<0 . , N
- | ‘ Y |
- -,‘ | - C-750 | 858 K 1.43 )
| | "CG-NAW 480 0.83 , :
o, . CGLAW 1638 - 0.75 | !
, , - CG-AW-DMCS 1278 0.95 1 S ,
' ‘\\_-“/’;/} . CG-HP 902 1.35- / o
: . &+ - resofutioﬁ of prometone and atjrazine - 'd
;. '++ - number of theoretical plages per 122 cm of
A - “ 7
g‘ .column '
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It can be seen that, overﬁll, the column efficiency
sfgnificantly decreased compared to results with "high"

concentrations. This drastic decrease in column efficiency

can be ascribed to adsorption of the s-triazines on the .

support. Adsorption of s-triazine causes broadening and

tailing of peaks which in the extreme results in
. ¢

overlapping-of peaks, i.e., poor resolution, Such
7

adsorption is masked using "high" concentration of s- -

triaztnes. In addition, the FID is not as sensitive to
liquid phase’bleed as the ECD. Decreased efficiency wés
also reflected in'decregséd }esolut{on (Table 12). Nith the
e#ception of qw-NAw, however, all supports still showed

resolution better than 1,5.,
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.When analyzing "high" concentrations of s-triazines (1.3ug

prometone; 2.2ug atrazineé 3.0ug ametryne) the FID was. used

since it is less sensitive than the ECD. One microliter
' »

sémples were 1njécted. For "moderate" concentrations
(§0.5ng prometone; 6.0ng atrazine; 50.0ng ametryne) the ECD
was used and two microliter volumes were injected.
Responses obtained at the peak maximalof the thermograms
for bath "high" apd"“moderqteJ concentrations of s-
triazines, were recorded in addition to responses at 10
degrée intervals. For "low" concentrations (gS.Qng
prometone; 3.0ng atrazine; 25;0qg ametryne) the sens}tivity
of the ECD was decreasea to 2 X 102. At thi; sensitivity a

A . ;

fairly noise-free basel.ine was recorded.

¥4

4.1. RESULTS AND DISCUSSION.
F

Initial results showed that there was no decomposition of
N

‘the s-triazines in the temperature range covered, since all

peaﬁs)were symmet(ical and no extrdneous peaks showed up

(Figs. .7 and 8). Re]pt%ye peak area calculations on
différent'ﬁhromatpgramg could, therefore, be carried Sut
readily. Cla;sificabion of the supporfs‘based on peak areas
measured for "high", "moderate"”, a;d "Tow" qgncentrationS'
of s-triazines are listed in Appendix I..For comparison
ﬂbfposes, results, at 170 an$ 210 °c odﬁ& are pr:sentéd. Data

at other, temperatures substantiated ‘these results as can be

" deduced from the figures in Appandices IL énd'III, - “\
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4.1.1. CHROMOSORB W SUPPORTS (Tables 16 - 18, Appendix 1).

3
“.

For-"high" conqentrations‘ﬁf s-triazines W-=NAW and W-AW
showed more or less the §AQe responses, higher than what
was observed for W-AW-DMCS and W-HP. Responses were hibher

with C-750 than with any W support, Temperétune variation

‘had negligible effect.

For "moderate" and "1ow".concentrations'of s-triazines,
responses at 210 °C were signifdcantly 1Bger than at 176°C.
This was at least partly due to liquid ghasé bleeding
leading to decrease@ ECD response at higher co]umn

temperatures. - ’ . -

Silanized W suppbrts showed markedly improved responses
towards "moderate" and "low" concentrations of s-triazines.
The possibility existed that this.wa; related to ‘non-
reproducibility in filling coiumn tubing with packing since
different columns were packed for tests with "high" and "
"low" ‘concentrations. The same batch of coated packing,

however, was used in both cases. ' Q

»
A

For "moderate" and “low" concentrations of s-triazines

W-NAW.gave the poorest response of any W support. This‘

<

indicated that acid washing and‘sHkamization were

beneficial in obtaining enhanced'responses, probably

because of subsiguently decreased adsorption of solute

b
s
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molgcules on the"supports. .
For "nigh" and "low" concentrations of s-triazines the W-AW
support was the best W support. Responses were lower on W-

HP at all s-;riazine concentrations, an indication of

adsorption of sffrfazines onto the surface of the W-HP:
support. This was inconsistent With,ménufapturer'§~

specifications that ‘W-HP. is an extremely effi;iently‘

surface deactivated support. - C-750 gave a very good

résponse for “"high" cbncentrations of s-triazines and very

poor response .with "moderate” and "low" concentrations.

-

In suﬁmary: the responses of W supports"(gward?i"h1gh"

concentrations of s-triazines followed the order:
C-750 > CW-AW;CW=-NAW > CW-HP > CW~AW-DMCS
towards “moderate" concentrations:

-

CW~ > CW-HP > CN-NAN;CW-AN-bMCS > C-750
and towards "low" concentrations: ' .

CQ-AN > CW-AW-DMCS > CW-HP > CW-NAW > C-750

Where conclwsions rggaﬁding relative responses differ for

"high" and “moderate/1ow" copcentratfoné of s-triazines the

temptation {is to place Enore faith in the lower

concentration rgsults, High sample concentrations. can
-

frequently mask support adsorption effects.

.’ .

o
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4.1.2. CHROMOSORB 6 SUPPORTS (Tables 20 - 22, Appendix I).

For high concentrations of s-triazines G-AW and G-AW-DMCS
gave equal requnsesf For "ﬁoderate" and "low"
concentrations G-AW gave better respdnseslthan G-AW-DMCS,
the difference 1in response beiﬂg magnified 'as sémp]e
concentrations decredased ( maximum 40% difference in
response at lowest concentration tested). G-NAW gave the
lTowest response of all G supports for all concentrations of
s-triazines. The observation that responses of G-AW-DMCS
decreased with concentration‘of s-triazine is quite
significaﬁt. The poor behaviour on‘G-AW-DMCS indicates that

-

this silanized support surface is more adsorptive than the

ﬁh-si]anized N-AN,tmost unlikely, or that the silanized

surface is more difficult to coat effectively with a liqiid

O
phase. A support furtherichemica]]y treated to decrease
' |

surface adsorption, i.e., G-HP, behave even more poorly
than G)%N-DMCS.’The poor response on G-NAW was ant%cipated,
since 1f was not chemically deactivated in any way.

v

Temperature did not affect the ranking of G supports at any

concentrations of s-Ekjazines. This is a reflection of the

nature of the CG particle. It is hard, less prone to

fracture than CW. Its surface area is less than that of CW |

supports, and on top of that is covered with more 1iquid

4
phase, Hence ftwer active sites will be exposed at any

Sadaeal, w0 T

"V
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-

column temperature. This explains the consistent oehav1our‘

of the G‘supportS'in terms of response ranking at different

-

"temperatures.

’ . - ?
Y

<4

In summary, - towards all conceptrations of. s-triazines the
order of responses was:

- ' I

CG-AW > CG-AW-DMCS > CG-HP >-CG-NAW

4J;3..RESPONSES.0F CW AND CG SUPPORTS AT PEAK MAXIMUM
TEMPERATURE (Tables 19 and 23,Appendix I).

At the thermogram maxima, i.e., those column temperatures
at which response§ were a maxima, the order of response

with both CW and CG supports was the same; i.e.,
AW > AW-DMCS > HP > NAW > 750

This observation was more or less in agreement with thag'at

the other temperatures reported The only factors that p1ay

a role in determ1ning the response at the peak maxima
temperature are the typelof chemical deactivation the
support récieved‘and the type of support, 1.e” CW, CG or
C-750. It §mou1d be noted that although the peak maxima did

not occur at the same temperature for ever& support, the -

order of -responses was not chdnged This suggests that G

and W-AW supports should be the most advantageous for s-

triqzine analysis-regardless of .column temperature used.

o r—
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4.1.4. FURTHER OBSERVATIONS.

- P ‘v
The FID sensitivity was similar towards all three "s-
triazines. Since the FID 15 sensitive to CH groupings and

the three s-triazines have approximately equal numbers of

;arbon atoms, this result was not un-expected.

The ECD, however, showed higher sensit1v1ty towards

) atrazine than towards prometone and ametryne. Th1s is

expected since atrazime has a chlorine atom in position 2
of its ring and the ECD is very sensitive to chlorine
atoms,imuch more so than to the less electron affinitive

groups- such as methoxy and thiomethyl. The latter two

’ groups have the same ‘electron affinity and their responses

to .the ECD are accordingly equal.

4.2 THERNOGRAHS FOR-S- TRIAZINES USING THE FID (Flgs. 33 -

'S

41, Appendix II)

TherTf?rams were -obtainedg®n CW, CG, and C-750 suppqr%s by

responses measured at particular

" temperatufres versus those temperatures in the 150 td_230 c

range.cWhere a response value ia not reported at some

- particular. temperature, then either thels triazine was

-totally adsorbed or it gave_so flat a peak that its area

could'not be ’ meegureJ without large error (Tow temperature

range) or else the peaks were so sharpfand narrow as to be
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impractical tp measure manually (high temperature). This
was the case, for example, for W-NAH.support (Fig. 32). Al

the’ thermograms given in Appendix 11 .represent first’rdn

resu]ps. There ‘were basically two types of pautermsu‘

observed in the thermograms; one type where'there was more

than one maximum in the thermogram; and a second type where
' . ‘ ’ s ’ ‘ - :
there was a ‘continious increase in peak -area"response with

~ A}

1ncrease in co]umn temperature Results on W-AW and G- NAW

~

(Figs. 9 and 10) illustrate these patterns. It was thought'

that thesepthermogram shapes could be attributed either to

1nstrument idiosyncnaciesona day‘to day .basis or

represented real column varigtions. If due to instrument

faults, these thermograms should not have been reproducible

from run to run since the instrumesf could not be expected

to respond in an identical manner every time. In tests

carried.out on two different days, however, the shapes of

the thermograms were almost identical (Figs.‘9 and 10).
v

LY

o

No more than two maxima were observed in any one

thermogram. Haniff and Zienius [4,5] and Kouloulias -[6)
S : .

observed the same trends in thermograms when using the FID

[

for'detectiﬁn o'f pesticides.'Haniff and Zienius proposed

that the max?m”_are the consequence of bleeding of the
liquid phase followed by primiaabof\the expd%ed adsorption .

--s{tes. An increase in detector response was attributed toa

the decrease in adsorptivity of pesticides due to the

. v - ¥
’ ‘ N
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, . on a CW-AW support (FID). - '

'

i
-
4
ted)
Y

* .
PNEN




3

B&*
ol
%+

!
o - A
1 ° '
A ] 4
1] A ' s
Q ¢
200
Q
‘0 ; .~
. |
'
! o
@
o
o
[
Be
. ,
. 100
- )
. ° -
]
A ¥
“ 150 170 190 , 210 230
" Tonp('c) )
\ ~ T

€

'
h .

° FIGURE 10. Thermograms of 1st and 2nd 'Buns of s-Triazines
. ' . ' , N ' ‘ '_1, .
on a CW-NAW Support (FID).. o .

.

' ' M . -
-

N




e

-

-

P - ' : ey .
o 17 '

\‘ -
/

‘increase in co]umn/@emperatqre. A'decre%g% on the °

thermogram waé exp] jned in terms of,exéessive bTee&ing
‘1eading to expoSuh\ o;\aqsﬁrption sites, and these sites
adéorfed solute mole}dleé to dnd;quﬂpT1m1ng which resul ted
jn:a decrreased detector resppnse. Théfe are basic
wéaknesses in Haniff and Zienius' hypothesis. It cannot
{?ccount for the faft that in tme course Jf\a‘single:run
Qithitﬁree s-triazines, the thermogram of one may give a
" distinct maximum wﬁile the other two show 1e;s pronounced -

maxima or even no maxima (Fig.33). An alternative

<

explanation for this phenomenon of mylti-maxima can be *°

proposed on the basis of an'unjdEntf?ied intéract fon

between the so]utes and the liquid pﬂaseﬁuch,interaction

L3

between solutes and liquid phase;&111°bb greater for .
' . J

'~dnqreased amounts” of 1iddfd phase ‘and will change with .

factors such as bleeding which acts to decrease the amount
of liqu1d'phasé. Also the Iongér the retention of the
. solute in the liquid phase the greater xhé.degree'of
interaction that is lTikely. Emperiméntaf evjdence/fn fact
confirmed this predicfion.‘For example, it can bé noted in
:F.ig.' 33 that ametryne, which is eluted'last"dées give a
-the?mogram‘witp moré méxfma than aqpeaf in .the thermograms

—

of atrazine:and prometone on the same support.

&

w * @

The behaviour on éuppor;s such as CW-AW-DMCS, CG-NAW and
»CG-HP‘which,shbwed<a gradual'ingrease in detector response

up to 230°C can‘ be éxplained’as follows. This gradual

t
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Thermograms were obtained using "moderate"  s-triazine

78

L ) . /
!

1n5[ease jndicates that 11du1d'phase bleéding was not
drastic between 160 and 230°C. 4s would be predicted from
-\ o ' X Ut . : .

normal adsorptivity behdviour adsorption decreases, with

. 7 .
increase in temperature and “conseguent1y the response

.1ncreases§ Later‘testsfwith the ECD confibmed that b]eg¢{lg

of theée,three supports was not very drastic, appyeciably

less than that for supports whose thermograms did not show

~
Ed

a continious increase in response with temperatdrem . A

4.3 THERubsgAns USING THE ECD (FIGS. 41 - 49, Appendix III).

corncentrations (50.5ng prometone; 6.0ng atra%ine; 50.0ng
ametryne) and the ECD by methods similar to those using-the
FID desc¢ribed above, Runs with the ECD took 1onger since -

" this detgctor’hesponded to bleeding of the 0V-225 1iquid

phase and at least 15 .minutes were,required for the
recorder baseline'to‘festabilize thnever@co1umh»
temperature was ra%Eed. Atahighér températures, aboveh200
c, restabilization was not complete even Bfter'ls‘minutes
and fhe récorder had to be mechanically ré-zeroed to permit
experimentation to proceed. Fig. 11 shows'extept of
bleeding at high(tempgratures. Thermograms oﬁtained using
CW, CG,.aﬁd.cé75& supports are shown in Figs. 41 - 49; some

<

are first runs, others second. .
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The typfca1_thermogfam optained using ECD was a bell shape’
type of cwrve as illustrated in Fig. 124 Only the -,
phérmograms for s-triazines on CW-NAW showed different
patterns, in fact almost straight lines, The shape qf' .
,thenmogram5asuch as those. in Fig. 12 have been pxpléinedaby
Ha?{ff and Zienius [5] on the folfowing basis. At .
_temperatures below thé peak maxima bleeding of the liquid
phasé is lTow. As the temperature is increased, the
adsorptivity of .the s-triaziné onto £he support decreases.
'At the maxima in respﬁnée, adsorptivity i; re]a:ively low
and ]1qu1q phase bleed, although increailpg with
temperatuﬁg‘(as shown in %ect; 5.4), has not yet seriously
affecteh the bghssiour of the ECD. The decrease in
i : i‘re;ponse wiéh column temperalure increase beyond the
observed maxima is primarily due to liqﬁid phase bleed
which is now quite extensive and its disasterous effect on
the ECD. Devaux and Guiochon [68] have reported that the
rate of phase bleeding increases exponentially with coluﬁn
temperature. The descending half of the\thérmogram is on
£he steep aécendfng half of the phase/pleeding curve (see
'jfig: 32)..Extensive bleeding of an electron affinitive
phase 1ike 0V-225 will cause a reduction in available .
. electrons in the ECD and this will decrease“&etector
response, Furthermore, a factor Rnot considered by Haniff
and Zienius is th}t bleeding 5150 causes active adsorption —
sttes to be exposed,wWhich in turn will adsorb s-triazines. -

o

'The observed decrease in detector response is therefore the
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result of both these factors at best since when the column-

. ) —~
temperature 1$ subsequently 1ntr§ased the s-triazines

-,

“primed" onto the support surface will be at'1east

partially . desorbed.
"‘ 4 \ . . \ ’

7
™

The thermograms on CW-NAW ¥id not show any distinct peak

. quima (Fig,Ql). Between 150 and 210°C there was a modest

H

decrease 1in respoﬁse. This: suggested that in this
temperature range b1eedﬁpg of liqpia phase was nof
extensive-.-enough to affect the ECD. This may be Secause the
1iquid phase is adsofbed more strofglxwﬁg;this highly
AadsorptiVe untreated surface cbmpared to its attraction to
thé treated surfaces. This méans that excessive bleed%ng
would probably oscur\qnly at'much higher tempenaturef than
those used in these experiments.

[

On'the sﬁpports CW-AW, CW-AW-DMCS and ~CG-HP (Figs.

42;_43, 49) the thermograms for atrazine showed peaklméxima-

at approximafe]y the same temperature as for prometone.and

—

ametryne. Besides this peak maximum, howeve}, %here i§ a

second peak maximum in the atrazine thermogram at a higher

column. temperature, While this bhenomeﬁon may somehow be ™

,related to as yet unexplained phase bleeding effects, the
fact that this behaviour'is restricted to atrazine
1nd1ca{g§ that there may be occuring some particular

“reaction” between atrazine and/or the 1liquid phase and/or

Yo

©n
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‘it 'is clear that 1iquid phase'bleeding i
for CG-AW thgﬁifbr CG-NAN? i.e‘; more rapi

~ ’ 83 . .

the supbort.ﬂThis contentidn s SUpporteq'oy comoar1soo of .

the temperatures at which the peak maxima ocQuf on

different supborts (Table 13). The peak maxima for atrazine

are frequently at lower temperatures than those for other“

S=- triazines. This suggests the ex1stence of some factor, as

yet unacccounted for, ‘that applies in the atrazine case

only,:

>

) I
L] 4 LN
(- N

From Table 13 it can also be observed that for. &T] the CG .

—

suppoﬁts;.the peak maxima occur at close to th same

temperqtdre. This dindicates that although chemic;k

deactivation treatment alters the surface of supports t%.

a certagn extent, the a1tematfonvis insufficient

0 eTfé;&

‘the capacity of théese supports to attract the liquid phase. -

The various.y supports, however, showed respons
a varjety of temperatures. This indicated that the

d1fferent chemical surface deactivation treatm nts that the

' ! * . ‘ .
The sharpness of the,be]l-sh;}ed ECD thermograms was

observed to be related to the degree .of 1iquid phase

bleeding off the supports. If one compares igs. 47 and 46,

more extensive

decrease in ECD
s . b

response with column temperature rise in the case of CG-AW.

/

This permits ameans of cataloging the supports in terms of

/

umns, f.e., a lower

long term stability and long lﬁfe of col

maxima at
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Suﬁport'

CW-NAW

- CW-AW ~
 CH-AW-DMCS

CH-HP.

~C-750

- CG-NAW .

CG-AW

CG-AW-DMCS

CG-HP

-

+

-

} Column

Prometone

(50 .5ng)

. 190
205
170 .

180

200
190 -
190, -
200

84

v

~ Occured on the Different Sugports (ECD).-
. ' J ' :

K-

Tgmperatuye,°c

Atraiine°

" (6.0ng)

i —————

~ 180
1907220
170

175

180
180
175

1707220

"o

LS

. Tehle 13, Comparison of Temperatures at Which Pea& Maxima:

, Aﬁeﬁnyne

_(50.0ng)

I

/188
200
[ 175

[’ .
!
180
190 .
£ 190
190
"190
S
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’bleed rate will give a longér column life. Predicted

degrees of 1iquid phase bleeding as established from

thermogram éﬁepes gave the ﬁo]lowipg results: o

for W suppdérts:

, . |
« CHW-AW > CW-AW-DMCS;CW-HP;C-750 > CW-NAW

- for Gfsupporsz

_CG-AW > CG-AW-DMCS,CG-HP > CG-NAW

B
/

This eomdhgison shows'fhat'liquid phase bleed 15 quite.

extensive on AW and relatively moderate on NAW supports.
Bleeding from silanized supports fal]s‘betweeh theée
'extremef. A study oflretention.times’showed that fhe’g-
priazines spéed re]ative]yllittle time. in the 1}qu1d.ph¢se
: uKeh it is'cehted onto NAW supports (see'Fig. 13) This
'means that the film covering the support surface, ts very
th1n and thereby strongly adsorbed; This would lead to the
1ow'b1eeding as we observed. .

y

dvera]l,the W subbonts"bhow 1ess,61eed1ng than the G,

’erbbably due to the fact that G supboﬁts have a thicker

film of liquid phase covering thd support surface. This fis
confirmed in. Fig. 13;jThe‘retent10n't1mes for the W
supports are generally sho;ter'than‘thpse-fdr the G

supports.

s
. X
? "1”&3&
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- 4.5. CHROMOSORB P.

87
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4.4 REPR%PUCIBILITY OF THERMOGRAMS USINEQTHE_ECD..

¥

< ¢

The first and second runs for the s- tr1azines on a CW-AW

support are shown in Fig. 14 These runs were performed on

d1fferent'days, but with atll instru@ent panameders kept

constqnt. Frbm Fig. 14 it. is.clear that the column and .

detector behaved with no sign1f1Cant differences. Minimdl

differences observed did not change the shapes of the
! . \ \ . u’. .
thermograms or the*temperature at the peak maxima. Similar

results’ were obta1ned when duplicate therp/grams on other

o

supports were compared Oveerall responses may have.been

greater for a second run with certain supports, but others

these differences were not large enough to suggest changes
. -+

in column behaviour on a day to day basis.

- > 1
\ - .
'
L

, O I ' ]

] : N
1 -, L

‘Although CP.is known for its hardness, it has also been

reported that CP causes greater tailing of oxygeﬁated and

amine coMpounds than does CH [67] It was'found in this

thesis that this was alSo the case for 5= triazines, with
- 24

the exception of atrazine for which there was no ta111ng

: apparenk as fllustrated on a chromatogram obtained using

'CP NAW and FID at 200 °C (Fig. 15) On this support at 200°C

atrazine and prometone were not separated,
- N ,

showing up only as a, tail on the atrazine'peek.lFig:_IG

prometone

shows the peak for_lug‘prometone at 2{0°C on CP-AW support.
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its peak showed severe teiling (Fig} 17).

4.6. CHROMOSORB 103.

90

W

E LY

The sevd(: tai]ing observed on this chromatogram is an
of the high degree of adsorptivity of the

indicati
support. Ametryne also showed considerable tailing, while
atrazine showed little on this’ support Tests with CP AW-
DMCS. support showed complete adsorption of prometone .and

4
ametryne. Atrazine was the only s-triazine eluted and even

-

From the above observations it was eV ident thot adsorption‘

of s-triazgines, especially thse with either a methoxy or

thtomethy1 group tn p051t1on 2 4, "was qu1te severe on P

supports, especia]ly compared to- no ta111n9 on W and G

4

supportsy Hence there was no point to extend testing of P

‘supports to 1 ower concentrations,of's-triazines With the

. { - [N

ECD.

L]

-

14

2 C-103  was 1nc1uded in this study to compare the behaviour

L)

of a. porous polymer support to that of coated dlatomacebus
{

earths. The absence of a’ 1iqu1d phasexwas expected to be

‘bepeficiel in reducing extraneous column effects on toe

1

detector.' After preconditioning the C-103 column a‘mi;ture’

of the three s-triazines was 1njected Only one peak ‘was

eluted (Fig. 18M). This observat1on led to the 1nJection of

Fig. 18N, 0 and R for atrazine, ametryne. and prometone;

<

single s-trfaztnes at a timey, with the resuTts shown ijn

r




"€-103. interactions.

91 ‘ t% -

respecﬂtve]y. From these figures it was concluded that_

—

~atrazine and ametryne 'eTuted with the same retegtion‘ttme.

Ihe explanation for this similarity in behaviour lies in

their structures. These two s-triazines differ only in

position 2 on the ring. Prometone was either totaldy
adsorbed or'e]uted'ﬁdth_the sotJent (?39. f8§). Since the
structure of prometone'is not very different from.that of
atrazine and anetryne, it should have eluted wjtn~a similar
retention time. There is in fact a very small peak jn the
tail of the solvent peak at a very 1ow 1evel of'detection
which could be prometone. Even though the(use of C- 103 for

separation purposes was not promising. a thermogram was

-obtained -for ametryne (3ug) to obtain some fdea of the

<y
effect of 'a non-]iqu1d coated column on the FIDN The

results for the first and second runs are shown 1n Fig. 19.

The response was virtua11y constant over the- temperature_
’range studied S1nce no liquid phase was involved, there

was no "bleeding“ and therefore reproducible thermograms

= s

were obtained. A1so peaks were symmetrical at a1l

temperatures} a further indication of no unusual ametryne -

- - ’ A
N ) . - ?

- v

R |

An attempt was made to use 1ower s-triazine concentrations

and, the ECD Chromatograms obtained showed multiple peaks
for injection of solvent alone. Using benzene or methano]n

the same ‘peak's were, observed. These peaks could be

ﬂiattributed to impuritdes in the solvent, although {t was

a
i

©

\
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/ﬁtrange that the same impurities would be in both so1vents.

* Since there is no liqu1d phase bleedding 1nvo1ved whatever

minute 1mpur1t1es were present would be readily detected. at
the resultant higher sensitivity of the detector, Since .
these “1mpurity“ peaks interfered with peaks fon atrazine

.and ametryne, work with C-103 and the ECD was terminated.

4.7. CSP-20M. °

-

This‘Carhowax coated support gave a good separation of

"high” concentrations of the three S~ triazines”using the

_FID. A11 three peaks showed some tailing, however, which

indiéated adsorption (see Fig. 20). This‘adsorptfon Was
emphaSIZed when 1ower s-triazine concentrations were tested

using the €CD (Fig. 21N). Peaks for prometone and ametryne

" were distorted indicat1ng. severe of solute - column

1nteract1on. Atrazfne, however, gave almost symmetrical

“peaks at “low" concentrations (Fig. 21M)..Therefore{ a

" thermogram run was harried\out with atrézine using the ECD

(Fig. 22). The decreasing half of the thermogram after mhe
peak maximum did not show a drastic decrease, an: 1nd1cat10n

of a slow rate-of liquiﬂ phase ‘bleeding. Th1s is 1in

'agreement Qith-the manufacturer's claim of Tow bleed for

CSP-20M,

-;'-'.
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‘From'Chapters‘Z and 3 it 1is clear. that column 1iqutd phase

bleed Has a definite effect .on the column perfbrmance as

’/) as detector response. In this chapter are. reported
results of’ further .experiments that were carried out to

determine more p[gcisely the effect of b]eed1ng on the
Tt -
shape of the thepmogram, ‘how 1ncreas1ng or decreasjng

7 P

éa_;._—‘/

'column temperature affects b]eeding and how the rate of

3

b1eed1ng changes after exposure of a column to a constant:

temperature over a long period of time. @g

5.1. EFFECT OF THERHAL PRETREATHENT OF A COLUMN up T0 PEAK
HAXIHUH TEMPERATURE ON THE OVERALL RESPONSE OF THE ECD.

—Dup11cate thermograms for”the'S'triaziﬁes'("moderate"

concentrat1ons) were recorded on a CG AN column. The first

.runs‘were cut qff at the temperature of peak.maxtma. The
" aim was to deterﬁine whether prior exposure uf the column

.to the higher temperatures studied durind_a regu]ag

thermogram- run would‘affect cofumn'behaviour;:Résults

robtafned are shown- in Fig. 23 There was no apparent

d1fference 1n the dup11cate thermograms, and hence in the

response behaviour of the ECD oyer the temperdtures range

a

" studied. This indicated that'subjecting a co1umn to "

températures up to -the peak maximum temperature do not

cause significant bleeding and the number .of new active
5urface sites exposed by any such bleeding is therefore

minimal., This is important since extensive 11quid phase .
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23 Thermograms of Prometone (50. 6ng), Atraz:.ne (6 Ong).
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bleeding changes column performance and 1s detrimental to
detector response, and therefore, to quantitat1ve analysis
Qt s-triazines. Column 1tfe can be extended cgnsjderab1y if
the column is never operated at tegperatures aboye the peak

maxima temperatures. .
$.2. RESPONSE OF THE ECD DURING A REVERSE THERMOGRAM RUN.

The term "reVerse.thermogram" (RTG) as used Here ix

intended to signify a thermogram run carriedvout starting,

L J

at the highest column temperature to be investigated and
then decreas1ng the temperature at 10 degree intervals to
the lowest column temperature used. zAftér each temperature
“decrease, thd column was allowed to stabilize for 10
minutes. The aim of this test was to.establish whether

column‘b1eeding effects'would be the same as previously

\

observed for "forward" thermogram (FTG) runs. Typical RTG

on a CG AW support as Shown in Fig, 24 confirm this to be

s

é column temperature was decreased, 11quid phase

‘

\bféeding decreased down to the temperature of the peak

the,case.

’maxima. The reduced bleeding caused an imcrease in the.

number of electrons’ in the detector which was probably-the

‘ single most 1mportant factor ‘causing the increase "in

—ﬁ\\~/r— detector response. Priming is taking' place to a small

extent on1y,at high column temperatures, since adsorptivity

'is relative low at, these elevated temperatures.

"Adsorptivity increased at temperatures below that of peak

Ve
P

2 - e

3

,0
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a decrease in detector response.

°

" The reverse and forward thermograms for s- triaztnes on

Figs. 24 and 47 have been reproduced 1n Fig. 25 for ease.of
comparison. The RTG was ctrried out after the forward one

and details of the‘two do not match, beyomd'the fact that

both were'be?J-shaped curves. From Fig, 25 it is.evident

. 4

that: . n;’ ) e S "

t. the overa11 response 0f the ECD was much greater

!

dur1ng the - R?G run ‘than during t he forward one;

-

and, consequent]y

N
4

2. the,degree of 11quid phase-bleedﬁng,must~haierbeen-

decreased in the piuse'of the RTG.ruh.'aﬁd more

-significantly, an appreciable'amount of bleedihg‘tpoh A

. place during the FTG run.

L
%

’
-
© «

Futher proof of 1iquid phase bteeding during the F16 run:is..

‘provided from comparison‘of thefbell'shépe‘thermbgrams'for

i#i‘,:u

.the forward and reverse runs. The sharpness of these curves °

L]

1s an 1nd1cation of the degree of 11qu1d phase bleed (Sec.
4 3).,From Fig. -25 the RTG curves are broader than the

forward ones, showing.less 11qu1d phase bleed occured_.

o,

will lso be expected to shift the temperature at uhichpthe

peak maxima occured to higher column temperatures meaning

quujd‘phase'bleeding becomesnexténsive. This was in fact

“that a higher column‘temperature can be achieved befqre:

'.doring“the reverse run; Decreased 11quid phase bleeding

7

V-
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o

observed ; peak response maxima being about 20 °C *higher in .

L

. the RTG. -~ . “ R

-

A further experiment wa's carried out with coated CN AW

support A FTG was performed followed by a-period of 90

hours of column equilibration at 240 C with anormal flow
" of carrier gas (30 ml/m%n) passing through. The moderate

concentratfon level 5~ trrazine solution was then injected

(in triplicate) at 240 °C. Column temperature was, lowered to

‘that at the previou%}f observed response maxima (190°C);

reCOrder ‘baseline was allowed to stab1lize and- tr1pl1cate

~

inject1ons made agatn. As can. be seen from Fig. 26 response

. was cons1derably greater for 1nJections made -after the very:

\lengthy column equilzbration period -further preof of loss

of a portion of the 11qu1d phase by bleeding during

cond1t1on1ng.

- .

iy

§'3 NARIATION AN LIOUID PHASE BLEEDING WITH. THERHAL

_ CONDITIONING TIME. . o ﬁ S

+
f . . ’

%

' The first study was with a- coated £G- Aw column which had

already been precond1t1oned for 24 hours according to

standard GC’ pract1ce..The procedure was to conditlon the'

column,for further periods of time at 240:C, lnjectlng ‘s -

¢

triazinés pertodically, and from the'responses observed'

establishing the extent of Jiquid phase bleeding 1in

progress. Fig. 27 shows the results obtained. It seems that..

o
y AT
Bt
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“after §q héurs of conditioning the detector respoﬁse,

1n1f1a11y increasing, leveled 6ff. This indicates that
1iquid phase bleeding had ceased altogether or decreased to
a constant minimum rate dependent on liquid phase vapouf.
pressure at é4Q°C. "Massive™ qud{d phase bleeding,
however, was no longer in effect. The éonc]usion'from this
test was that a support cq{ted with 3.5% 0V-225 must be
preconditioned at the ope{a(\fg temperature for at least 90

hours in order to optimi:;\§ﬁ5§equent analysis using the

'ECD. To confirm this finding, tests were nepeéged with a

coated CW-AW support column. Trip]icaté'injections of s-

-,

~triazines were made at 240 °C after 24 fours of column

precoditioning at 250 °C. The column was allowed to
condition for a further 90 hours at 240°C and injectio‘ns'
repeated. To confirm that liquid phase bleeding wa;; for
most part, comp1efe at‘this time, conditioning of the
¢olumn was continued for still another 90 hours, wifh the
s-triazines being analyzed at several time interva{s.
Results obtained are shown in Fig. 28. After 90 hours the
column had reach®d a minimum bleed rate condition, the
response remaining constant from that point'up to 180?

hours. It is worthy of note that‘co1amn’performance did not

change during the 180 hours of conditioning. Peaks for s-

“triazine were still symmetrical (Fig. 29) andthe resolut1on

- remained constant as d1d retention t1mes.



. 109 " AN v .
. * ¥
l& .
' * 7 \
) ’ arlOOO
-
' 3
8 .
% : \ .
& .
500
500
;"__ " 200
/
© 500 .
' 200‘
T b , ' . : ] Time (hrs) - : ; " S
‘ | ) c e Al
FIGURE “28. Detector Response as a Measure of Liquld Phase S
' ' Bleedlng During Thermal Condltioning of a Coated
R N . . CW-AW Support Column at 2ko.°c for 180hrs (ECD)
. ‘} . . X ; .




_ 3§ - __.’__1 . ! f _ -
= = : et S
! M 3 1 - -
- |
2 — —
—— ! < ! —_
— 7 — - NS SO N S S St
— =4 i Il 3 1 l R O e [
- — e ] - E_L " f
J b At e —t
{ Py T "‘“:‘ -
H T D S
7 - TSI
= - i‘v f i ;: :
6 2 3o
A - *“'YF"‘
) —
(3 s 5
i -
1
: 4 41
H i
i |
K ' —
a1 i T s
H : ___3
i
i
B
= 2 7 : 2
—_ H ). —d B —
. (- :
H—f—
y A ol Y 4 N
¥ |
3 l ’ \ I. 1 ) §
- ; ‘
— O SN . R 1.3 | 13
| ¥ ! A
[£7]

:

" FIGURE 29. Chromatogram of s-Triazines at 240 °C onra CG-AW

1

10

ometone; 2. Atrazine; 3. Ametryne.

e \

Sdbﬁ:rf Column After 90°ﬁrs of Cpndi%ioning;



111

"

'5.4. MASS SPECTROMETRIC EVIDENCE FOR LIQUID PHASE

BLEEDING. - . < ° .

Tb.cenfirm tne bbservatipns.made in the previous.sEEtjens.
massﬁspectrometry was used to.analyse carriér gas eIuttng
from a CG-ANLbMéS column, The c61umn was rafsed to dnd
stabi]ized at the temperatures of 1nterest bef@ge mass

Spectra of- co]umn effluents were measured. THeré was no

°

.1nJection of any s- triazines 1nto the column which

eliminated any poss1b1lity of solute-liquid interactions as

betne responsible for the observed 1iquid phase bleeding.

Spectra were obtained. 1n1tia11y at 20 degree column

-temperature interva1s in the 140 - 220 C range. The 1ower

temperature effluents were analyzed first. A dup11cate mass°

‘ spectral study was. done in the temperature range of 180 to

L

'220°C_only.

.Fig. 30 shows the mass spectrum of effluent frof the CG-AW- -

L
-
.

. DMCS column thermostated. at'160 C. 'Any mass spectra of

3

column effluent measured in the 140 to- 160 C range had the

" game peaks.: These peaks are attributable to backgr0und

T

noise [92] Peaks due to liqu1d phase bleeding began to

.appear at 180°C. At lower temperatures whatever bleeding

'spectrometry technique. HenceJ bleeding may have been -

occured (as evident in tests with the ECD) was not

sufficient to be detected by the lower sensitivity mass

';‘occurjng.bbut to a smakl extent only. Fig. 31 shows the
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E

mass spectrum of the. column effluent at 210°C. From this

masséspectrhm' ft is quite evident that-liquid‘phase is

fcominb off 'the column.’ No attempt was .made to fdentify all

the mass spectral,peaks, since the purpose of the

expériment was to confirm .bleeding and this was

spectrum would be very useful"howéven, in determining

. 114 : ' - §g3
. . ] * 8

'acomplished. ldentification oP the peaks in the mass‘

whether or not the - 1iquid phase undergoes decomp051tion. It

should be noted that ‘mass: spectra obtained at stil higher

- temperatures, for examplé, 220°C 'showed even more mass

bleeding. . / S
i n, ' ' : :

¢

-

‘To attempt'quantitation of the bleed rate using mass

ispettral'data, the mass peak (m/z 146) was chosen

peaks than the one at Zlo °C, an 1ndication of incréased

arbitrarily, its peak. height measured on eachfmass spectrum'

.obtained and'results‘plotted vs the column temperature

(Fig. 32) An exponehtial increase in liquid phase. bleedihg“

is suggested in.both runs, being more -severe in the first.

Notice that during the first run the bleed rate 1ncr'eas"ed‘~

drasticallyfabove 180 T. This coincides with the

h temperature of the peak maxima shown in the thermogram
' obtained*for S- triazines on this same column (Fig. 50).

"This confirmed the hypothesis that extensive liquid phase

-

bleeding accurs after the peak maxima. The second run was'

x
pJ \
¥

'performed after the column had been further conditioned for
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another 44 . hours. fhéfblee&' rate was significantly Tess

_ﬂf‘ than during the first ‘run. However,\at\the,]ower

teppgrature tested during the second run ‘more bleeding was

'
due to contamination of the mass spectrometer

v observed t(;n during the first run. This anomolous result

was probab
by l1iquid phase at high temperatures used during the first

. run, and consequently is nqt cons1dered significant. The

I
; second‘ryn certainly confirmed that liquid.phase b]eed1ngi\,///k

LDy .
de%reases with coldmn condftioning time. Futher

.cond1tion1ng at 240 °C for Tonger periods of time 'showgd
thit thé mass peaks at 180°, dﬁsappeared comp]ete1y. The

‘mass spectrum obtained at this po1d§ was 1dent1ca1 to F1g.
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In iﬁe previous chapters it was established that at some-

temperature which varied with the support, bleeding of the
liquid phase_from any support surface became qufte
> , ‘extensive. While such increased bleeding could be~re1a€gd\

b . " to phase decomposition, it can frerently be assumed from. *

' - ,4ﬁr exp rimentaf evidence that decodposition was not takfné

“éjnce no ex@?éneous pedks were observed in the gas
.‘:°: chrléatoérams;'That being the se it became necessary to
7 explain what héppens to the lﬁqi;l\éhpse at the temperéturé?
20 f peq§ respanse maximg_aﬁn above,'which resu]ts,iﬁ arn
' onslaught oﬁ‘fiquid phase bleeding. )
*:l‘. - A . . -
- Plots of lTog VR vs 1/T and log ‘tp' ws T were prepared
5 . - Q;préind with fherhogram data’ fo; the s-friazinég on

al plots are illustrated

various Chromosorb supports. Typi

in 'Fig. 33 for prometone on a coaled CW-AW column. Upon’

. ’  . ' . dlose'stuqy it becdmes apparent thaf both plots on #ig. 33,;‘
“shoW a %raék in the curve at 190°C. Thisﬁteﬁpé?ature occurs
‘strik ngly at tQF same temperature as the peak response '
P ; maximum in Fhe thérmoggamffpr prometone on‘tpys column,
. Tﬁié same correspondence was obse;ved,on all thé suppbrts
studied except far CW-NAW. Similar gffects.haveryeeh_
reported‘in.the-1ftgrature. Smidsrod and Guil]ef [27] have‘
done 2 study of the interaction 6f solutes with poly (N-~

15&Qropy1aérylamide). They atf?Tbutéd ihe breaks observed

L h\ .
- ; in the l1ogarithm of the specific retention volume vs the
:. . k&q‘;ﬁl [y ) ) . A
\h\ Y ‘ reciprqcal temperature curve to a glass transition -
. Y ' ) '
‘ i ' .

'
- . . - -
-
L . . -
- | . .
N . ~a
B 2 . V!
Y > N
ra +
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temperature of the po]ymer, 1 e., a solid - liquid

transit1on. The breaks obtained in this thesis could not be

attributed to a glass transition ‘however, <sinte OV 225

_exists already as a viscous l1quid at rcom temperature.

Guran "and Rogers [93] studied the adsorption behaviour of.

Cg hydrocarbons on the thermochromic sol1ds, CupHgIy and

AnggI4. They exp]ained the breaks in the1r retention data

curves as being due to a solid-solid transition (1e.,

. between the = and @ forms of these solids)., Again this is

not directly applicable to the 0V-225 liquid phase that, we

. < -
onked with, What is clear from the above studies, however,

is fhag at. the break in the retention curve, some

structural change is taking place., Haniff and Zienius [5]

. in a study of organophosphorus pestidcidés found similar

breaks in the retentidn‘curvés obfained using an OV-1
1jqu1d phase. They explained the break as. correspond1ng to
a solid-solid transition in which the compact so]1d is
changed to a swoi1en solid. Chen and Gacke [94] in a study

of retention behaviour with change in temperature,

,,sugbested that above 170 °C conformational/spatial. changes

occur. in a XE-60 (silicone nitrile with® 100%

cyanoethy]memhyl'siloxy unitg) polymer. These spatial

changes are reversible if the temperature is decreased. :

-Similarly the breaks in the retention curves for S~
triaziﬂ*é may be attributed to a conformational change in

the structure of the ov-225 polyﬁer.’lt may be that the

. 3
i
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1iquid phase arranges itself in a particular manner on che
solid support at a re]ativelyAlow temperafure, but
transforms jnto a-different arrangement at a high
temperature. fhis reorientation of variops groups of the
polymers causing a conformationail change anq thus altering

the characteristics of the column may be caused by thermaj

agitation. The structure of the OV-225 is such that it has

«

. fairly bulky polar (cyano) side chains beside nonpolar

methyl. groups all attached to che mainlpolymer'cha1n: Such -

a structure attaches itself onto the solid support partly

by Van der Waals forces .but, parficu]arly by hydrogen,

bonding with silanol groups on the diatomite surface [94].
Even pre-silanized diatomite supports still contain a

considerable fra€tion of frée silanol groups. As can be

seen from the structure of 0V-225 (Sec. 1.9.1.), it is

possible that all the side chains of 0V-225 project outward
L J

VT

from the main chain. The sma11er methy] groups may

-OSC1f1ate to some degree at relative]y low temperatures.

The bulkier polar groups, because of ster1c reasons. would
be more restricted in their motnon. At a high temperature,

a randomization and réfrientation‘of the polymer molecules

attached ;o.the support could be brought about easily by a -

disruption of tne Vanxder'waals' binojng forces and
hydrogen bonding between the silanol @roups and the
polymers of the f1rst layer as a result of a rearrangement
and perhaps a random coil1ng of the po]ymer backbone. A

process such, as this could account for bleeding of the
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liquid phaée after the peak response maxima temperatures .

~are.exceeded. Results obtained by Chen and Cackas, [94] have

showed that if the propyl-nitrile was substituted wieh a
phenyl group heat had very little influence on for example
the elution order of fatty acids. They attributed this to

the fact that it would be more difficult to achiéfej/
extensive randomization of two phenyl groups on one silicon
atoms. Although this hypothesis was not oroven in our
experiments, it presents a modei of what could poss1b1y

happen at temperatures above the peak maximum,

Table 14 shows heats of adsorption values calculated for
all fhe supports studoed using the three s-trﬁazines\The
values AHyy are,go1cu1ated for the XY portions of retention
plots, and AHyy; for the YZ portions as 111ustrated io
Fig. 33. Equation 1 js used to calculate AH. The s]ope of
YZ was smaller than that of XY onall pWots,and henceAHyi.

is smaller than AHyy. These lower values of AHYZ agrees

with our claim that above the temperature of peak response

maxima there is a decrease in adsorptivity‘when the

temperature is increased. This decrease in hd#?rptivity

after the peak maxima may even be enhanced by a possible

conformational change in the liquid phase. Hence, the

decreased s]ope for YZ in Fig 33b. On the supports CG-HP

"and CW-AW-DMCS, the retention curve for atrazine shows two

breaks, and hence, two AHy; values.
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1zj

There is a correlation between heaé§ of adsorpfibn and the

- ]
RRT. A greater AH corresponds to Lon@er solute retention.

This 1s illustrated by comparison of Tables 10’and 14,

Qenera]ly; pgé G supports had higher heats of adsdrption,

and londer retention times'compared to the W supports. No

¢———consistent correlation 'between the detector responses and

L

?

the heats of quorp&{i:“of s-triazfﬁes'cou1d be dfawn.
however. :

— K A

-

At the transition temperature, where the chinge-in free

engré}, AG, between the XY and YZ forms of the.liquid phase:
. . 23

is zero, the change in entropy, AS, can be obtained

directly from the difference in AH values:

AS,= {8Hyg - AFXY)/Ttransition ) 13

%

As shown in Table 15, AS values were largest for the CW

‘supports;'These~higher AS values suggests 4 greater

-

+

interaction between the s-triazines and the liquid phase at
the,iiquid phase surface. This gréater interaction fis
probably ‘caused by the .greater surface area of CW, compared

‘to that of the CG ;upporﬁs.

From Tables 14 and 15 it can be seen that AH values are

highest for ametryne and lowest for prometone, while the AS

is lowest for ametryne and highest for prometone, This fs

4ue,t6‘the greater adsorption of ametryne onto thé Tiquid

2

v . Y

'
[

3

et
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_ Table 14,

-

@

Various Supports.'

'Supporf

O ———

CW-NAW
CW-AW-DMCS
CG-AW
CH-AN

.CW-HP

CG-AW-DMCS
CG-NAW
CG-HP

'C-750:

* - AH values are all negative with kcal/mol as units.

124

Heats of Adsorption for s- -Triazines” Coated on

"Prometone

.

“,\ o
N

f

, ‘ Atrazine
BHygy* BMyz Ay AHy;
16.37 16.37 - 17.00 17.00
16.88 14.74 17.91 16.3/14.7
17.62. 16,52 17 .66 17.01
17.82 14.2}, ©18.76° 15.41
17.87 14.60 18.59 .15.85
17.88 16.21 18.01 16.80
17.94 15,22 19.68 16.41
18.97 163 26.81 17.1/15.3
‘19 22 xlézl”l‘ 18.40 . 15.42

2
Am%tryne,

AAfo

AHyi

18.12
18.88
18.03

19.06
.19.54

18.75

© 19,13

19.39

19.52.

18.12
16 .84
18.03 *

16.68

16 .84

17.71
17.39
17.69
16 .69
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~-Table 15. Entropy Values for s-Triazines on Various Coated
. Supports. ° | ‘ o T T o,
| A . - ) ’ L.t ' R

Support . RN Toooast oo ; ‘

Prometone  Atrazine -  Ametfyne:
- " ——————————— . ———————

%

Su-naw el A s

I o _ Ch- AW-DMCS - 4.43 o . 3.46/3.25 431
S vCG-AW '2 2,38 N 1.43 } A ,»*ﬂ‘ “

T T R R 22 A I 54

” N-HP T, 7.30 | -'. 6:19 1_, L s

. CG-AW-DNCS_ - .- 3.60 SRR ?,70 1 -
C-NAW - . 5.75 S g2 3

- CQAHPJ L 5,92 . 22,0/3.51 . . 3,67

.C-750 - 9.8 . - . 6.58 . . . ~-6.25 ;
’ - CN NAW did not show a break in the log V curve""
';-' : + - a11 AS values aré positive with ca?/K as units
\\ . * <« no AS obtained for ametryne~q : o ,
i 1’ . ' B
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"1iquid:phase,

" phase, and hence, relatively lower

and- therefore longer

diffusitivity within the

’refentioh,time.
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7.1.‘COLUHN PERFORMANCE USING DLFFERENT SU?PORT MATERIALS.

]

7.1.1. RELATIVE RETENTION TIMES. .- 4

- o , ’

s

For CW supports:- ‘ )

CW-AW-DMCS > CW=AW > CH-HP > CH-NAWN

]

3T s

fbf CG subpoftsa

CG-HP;CG-AW > CG-AW-DMCS > CG-NAW -

s | ’ oL, / . ' ‘ 4
CW-NAW has the shortest retention time of-all the supports
tested. The:CH have ggnéral]y-short@r retention times when

compared to the CG supports.

1

7.1.2. COLUMA EFFICIENCIES (n).
i ) -. ’ .o .

Y

»

CW suﬁboité;'fhjgh“‘concehtra;ioﬁ%:

" EW-AW-DMCS > CW-NAW > CH-HP > CW-AW

'moderate" concentrations:
CW-HP > CW-AW-DMCS > CHW<AW > CH-NAHW-
~CG6 supports:'"high“ concentrations: ~ '

CG-AW-DMCS .> CG-HP >:CG-NAW > CG-AW
__— . i S 5
AV,

"moderate". concentrations:

CG-AW > CG-NAW > CG-AW-DMCS > CG-HP

)

<
~ °
i B . . .
s , B ‘s
TR, . . ’
’ . : . . h
I3 . > . -
.
'

-
Bt -



-~ 7.1.4. GENERAL CONCLUSIONS. :

‘The CW supports gave more efficient columns than the'CG

CONCENTRATIONS OF:S-TRIQZINES;

129

7.1.3. RESOLUTION. ,
. A

[}

Resolution using both “high“ and "moderate" concentratjons

of s-triazines on all.supports was good with no~over1ap of )

peaks., ° ;
o | . - ,

. . N

-

°supports‘for analysis of s-triazines using 0V-225 11igqyjd .

B \-—“ . ' . : ‘
phase., It was also observed that the concentration of. -
. * 9

s-triazines tested affected the cglumn efficiercy. Overall, .

¢

the optimum support was found to be CW-AW-DMCS.

2

7.2. RESPONSES FOR “HIGH®, "MODERATE® 'AND “"LOW®

It has been concluded that the relat1ve quantitative
responses, on the d1fferent supports tested are dependent
upon the quantity of s- tniazine.and the type of detector
used. For “high"'(ug)'concemfrat1ons of s-triazines with

FID the ‘best response overall was obtained on a C- 750

support. qu “moderate" and “low” (ng) s- triqzine levels - ;

with the ECD the best response overall was obtained. on the
CG AW support. Column bl.eading does not adversely affect
the sensitivity of the FID, and because of the relatively

high concentrations of s-triazines used with this detector,
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. . N\ .
"there was no significant decrease in response due to l1oss

of solutes because of priming of exposed active surface

sffes. - o -
. p -; |
Ihermhermograms'for i-trkazines oh the supports tested
differed id shape.usinglFID and ECD detectors. -Bleeding of
the 1iquid phase énd primiﬁg of the exboseq aciive'surface
sites dre the main réason§ for jhg_decreaséd ponse
observed after the peak maxXima using the ECD. The sfapé of "
'an‘ECD thermogram, in particular the rate gf decrease gf_
rFesponse beyoqd the-peak haxima, could be related tonfh&;h
;deg(eé of 1iddid phase bleeding, and hence to hrojectea
,column lifetime. It was found thét the AW supports suffered
frohggxtenéive bleeding,gNAN supports showéd relatively
-little 1iqd1d Rhase'hTe%d, and AW-DMCS dnd Hb éugports'
showed 1netrmed1$te,amounts of b]eed?ng. ;: " '
\ _‘u .
_Adsorp}ion bfus~tr1521n;s was found to be partichaF]y

6 .
severe an CP

P

supports. Chromosorb 103 was found unsuitable

-,

'for‘the separation of phe s-triazine mixtures tha{ we were
“ -dea11hg.w1¢h..An.atraiine the;mogram on this.;upporf showed
no appéfént column effects on the response of the F}U over —
the temperature range studied.fAttempts to use\this column,
with the ECD were not slicessful. Although the CSP-20M,
support showed:a low liquia phase bi'eed rate, it seqmed
that\at'lower's-triaz#ne concentrations, using the ECD,

: ~ .
only atrazine couldmbe analyzed quantitattively. The peaks

1

> SR

14
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4

fér ametryne and prdmetbne showed distortion; which make
» ! . \ ! !

mandal measurement of their areas rather difficulf.

Ana]y,lé ‘of “high“ S'- tr1azine concentr%tighs with an FID

- were g%asible on CSP-20M, only s]ight tailing of peaks

\’ @

beinhg - observed

‘7.3. THE EFFECT OF COLUMN BLEED ON THE BES?ONSE OF. THE ECD

AND POSSIBLE WAYS OF REDUCING THE AMOUNT DF .BLEEDING.

[ 4

.

!

The resd]ts obtained~ jn this section are especia]iy

l., sign1ficant since the ev1dence con£4;ms liquid phase bleed.

~%
The adverse effect of 11qu1d phase bleeding on ‘the response

" of .an ECD- has been pronen. The longer the thermaf

Accnd1tion1ng per1od at the operating column temperature,

[

afterkjn1t1a1 precondft1on1ng, the lower*Ihe“]iquid phase’

. bleed obserVed{ B)eedﬁng'is not signiffcant however, at -

temﬁeratures below those of peak response maxima.

[}

4

Mass spectromefry provided independent revidence which

-
¢

confirmed all conclusions regarding-bleeding based on'GC

results, i.eﬁgextenkive b]eedihg at temperatures above

. response maxima, and decreased bleed rate after

Y

c0nd1t1on1ng the/co1umn at the operat1ng temperature for

-

L%
unusua]]y 1ong periods of time, e.g,;90 hours.

- ! , v o

»
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7.4. THERMODYNANIC PROPERTIES OF COLUMNS PACKED WITH COATED
CHROMOSORB SUPPORTS. |

o

s

ketention data plots for 's-triazines on the various coated-

supports ‘shawed a break in the curves which coincided with

the temperaturés at which the response maxima occur on thé

.thermog?ams.'These breaks dre\possibe due to a

conformational gchange 1p the structure of the 0V-225 liquid

" phase Which may be responsible for the extansive liquid

phase bleeding that is observdd wheA the temperaturg of

Ry

" peak respohse maximd is exceeded. The'decrease,in AH values

- 5

>

after the break in the retention data plots is due to
. ’ \

. f \ . *
decreased adsorptivity of the s-triazines onto the packing

material. Heats of adsorption were gredtest for ametryne

and smallest for prometOné wisth intermediate value5~¥or

atrazine. : , *
)
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‘activity on the part of -the support. -
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» . 3
-

The effect of prolonged column conditioning on the amount

of“]iquid phase removed from the support, i.e., bleeding,

'should me determined For example, after further_

Vi

\ N - - :
conditioning of the coiumn at 240°C for 90 hours, the

amount of 1dqu1d phase left pn the support should be
detero1ned and compared with the idinitial dmount of liquid
phase on the support. This study will help to quant1t1ze
thef?%verity of bleeding ofr the liquid phase on‘wny

particu]ar,support..

—

Studies On‘thermaf cond1tion1ng of columns should be

carried out at temperatures lower than 240°C. Of interest

"would be the time it w111_take for bleeding curves to level

off and how this will compares with time taken at 240 °C.

~ -

Thermal analysis of OV-225 liquid phase (in liquid form,
. M . :
i.e., not coated on any support) should be done to see

" whether any conformat1ona1‘changes 1n the 1iquid phase can

be detected "This result should. then be compared with the

therma] ana]ysis of a particle of support coated w1th ov-

225 liquid phase. This would 1nd1cate any catalyn1c
. . M

More work should be done w%th Chromosorb 103 using the ECD.

A method should be found to e11minate the spurious peaks

which interfered with the. analyte pdaks in our work

X ‘ . ‘ -

/A
¥
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g Thérmo@rams should be obtained using.columns containing
‘\ varioqs 11§uid phase'fojdinés.‘lt would be éspeciél\y
o .tiadVantageoﬁs to obtain the thermogramslat 16wér quuid‘loads
than thgée used in this thesis. - SO '
. \ : |
"An attempt should be  made to analyze the mass spectra
:obfained from Ehe effluent gas coming pff the column. This
,‘could indicate‘whether decoﬁposition of the liquid phase is .

' takﬁng place or not. One could compare the mass spectrum of the

neat 0V-225 1liquid phase with that contained in the

‘effluent. gas coming off an 0V-225 coated support. ) o
el , ‘
- : £ )
) B}
v
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Table 16. Classification of CW Supports Usigg ('High"

L}

"Concentrations of s;'Lr;j\a\z’i'nes at 170 and 210 °C (._D)._
& $-triazine ‘ Peak Areaﬂ Response‘(mmz)l ‘
i - ‘ »
% L CW-NAW CW-AW CW-AW-DMCS . CW-HP C-750"
Prometone ‘ R | _‘ - e .
(143ug) ey T
L} . . N . , \
' 170 °c/Bank ~B7/2 . 88/2 39/5 © 78/4 ' 131/17
210 °C/Rank 81/2  87/2 67/5 a4 1811
e . 4 , ' g o s
. - Atrazine C - - -
SRR & 2% 117') I . P
\ , \‘ ", B ¢ . - - . t‘
. 170°C/Rank ™~ 130/2 -126/2 = 85/5 113/4 193/1
N 210 °C/Rank ' 212/2 . 126/2 ~  109/5 . 117/4 189/1
'Ametr,y.né . | St o .. ST
y } . 'g . cj. ) ~ R , e
) | ., (3.0:19) ‘ .’V : | v ‘,’ e
: X .4702Q<Rang . 196/2 18173 110/5  162/4 293/1
‘ '210 °C/Rank 165/3 192/2  163/3 16773 ."285/1
* - C-750.included for ‘compérative purposes ’ bt
: , | & - I
) : : 3
/ .
e 4 . .
' N Y o k
. . i A - N o~ {
5o v * - K
i o M e ]
L L - i ;
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Tablte 17. Classification of CH Supports Using “Moderate

® s - . - . v :;\-,:.
. . . . . " 145 ‘ . R
A . . ° - kY ‘ * . . ! f
, . . .‘ - : ¢
-
~ .

Concentrations of s- Triazines at 170 and 210 C (ECD)."

t

sitriazine o ﬁéak Area Response Ammz)

. CW+NAW - CW-AW  CW- nw_oncs CH-HP c- 750 _

t  Prometone - L L
“~ R . ”/;
" (50.5”9) )
. . ] ' . ‘ ‘ ) N ‘%39 . .. . _ .
| - 170 °C/Rank . . 659/3  931/1 439 /5 793/2 461/4 - |
210°C/Rank - 491/4 - 814727 “1020/1 | 527/3 29475 . T .
- Atrazine [ - »
(6.0ng). - . . . ,
170°C/Rank - . '803/3 1327/1.  814/3 - - 1153/2 669/5
. 210°C/Rank  598/4 997/1 - 93772 7178/3: 385/5 .
) o . Tt o N b ‘ 4
. 'Jo,”h . ‘3> . . l/
Ametryne’ . : . °
’ (50.0ng) a o ‘
) © .170°C/Rank . 906/3 1313/1° 816/5 1167/2 832/4
210 °C/Rank. - . 504/5 1dan 1263/1 . 329/1 '<‘54z/¢
’ \ ' ! : . 7’/ .
. ’
| o : -
o ~, - v "\ . " t’.ﬂv'
s i L , .
\ .
\ - , F'
' ‘K\ B * . N
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Table 18, Classification of CW -Supports Using "Low"

i

A s ébncentrétjons’bf s;T}iaz1nes at. 170 and 210 °C (kCD). \
, s-tgiszine . } Pedk~Area'Respon;e (mm?) | . S
L 3 CW-NAW CH-AW CW-AW-DMCS CH=HP ' C-750
. Prometone | L L R . | . P.V SN
5.dgy LD A R
170°C/Rank . - 348/4° 1203/1 * . 823/2 407/3 .
{ " 210°C/Rank 503/4 117372 1786/1  709/3 408/5 ’

o . Atrazine : . « . .‘K\

’ (3.0ng) | e - 1 T \ o
. .+ 170 °C/Rank 670/4 1398/1.  732/3 ' 1064/2 655/5.
.210°C/Rank  _ 36%/5 717/2 T 1030/1. , 578/3 550/4 "
N s—f'l.’ . " N , i L] H
.- - : o D
o . v+ Ametryne
) > (Zg.Qng) : C ,: s - o |
N e ° o ) . v . C .
- 170 C/Rank 841/3 2250/1  240/5 - 1333/2 '706/4.
© .210°C/Rank  © 602/5 1717/2, 2184/1 101673 834/4 -
(; . . ¢ ' e\ ) - ’ o,y
) * - peak too flat"to measure T , L
: S o’ -~ ; \ .
| % ' Py , N \
P l."? v 4
L3 ) ‘ (,' '6. Ll
1 ? .‘1 | ‘\ v ‘
N ‘ [
-

t . ‘. . . . -
- - [ oo, .
. . f ? ’ . . » . . 1
-, - . - . N . - J
. . . .
o —~— . n ks . .~ 1 v ® . . . - s,
' i » A . ’ . . . - . . > ] ]
- v s D . . ' .
[ . LR w o ., - e . - . . ’ LR A
- . L . - . B % . R s
T v N R T it ST L . e e " . . " wid
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Table 19, Classification of CW Supports.Using “"Moderate"
. 4 “

Concentrations of s-Triazines at Temperature of Peak Area

Maxima (PMT)..

s-triazine S " Peak Area Response (mmz)
w :

CW-NAW CW-AW LN;AW-DMCS CW-HP, C-750
o : :

.Prometione ' o )

(50.0ng) .- 190°C*  210°C  -170°%C 180°C
PMT/Rank * “Com‘/l* 102072 850/3 490/4
Atrazine . !

(6.0ng) L 180°C  210°C . 170°C 180°C
PMT/Rank o 1443/1 1064/3 © 1153/2 68074 -
. . . o 7 ' - P, T

. ‘. | ' . s
* Ametryne ‘ '
: . - ' \ ‘ -

(50.0ng) : . 190°C 200 °C 176°C 180°C

PMT/Rank . o 1685/1, 1367/2  1175/3°'870/4
o~ B : ' . . .

Pt
* - no peak maximum observed in thermogram (See.Fig. 43)

~ + - Temperature of Response'Maxuga

-

ALy LI
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T/ o Table 20. Clas\sifica‘tion of CG Supports Using "High"
Concentrations of. s;Tr1azines_ at 170 and 210°C (FID).
$-triazine . ‘ " Peak Area Response (mmz) -
CG-NAW CG-AW CG-AW-DMCS .CG-HP CSP-ZOM*
Prometone - . .
~ B &
(1.3ug) o . . ,
170 °C/Rank 63/5  98/1 100/l 76/4  82/3
‘ 210°C/Rank . 81/5  99/1 - 107/1 * 89/2 91/2
e S : :
~ - Atrazine
" (2.2ug) L - : -
| . 917O°°C/R nk . 89/5 153/1 ' 153/1 113/3 103/4 .
] . LY i R - !
| 210°C/l}§ﬂk 117/4 . 143/2‘ 153/1 119/4 122/3 .
‘ a
Ag'tryne'
" (3.0ug). | “
170 °C/Rank ' 121/5 ° 212/1. - 217/1 142/4 157/3 .
© 210 “C/Rank 167/5 209/2  225/1 177/4 183/3 |
* - included far con_lpar_‘at'iv'e purposes; ’ a
v : ' { -
<¢
L] ) '
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) Table-2l, Classification of CG Supports Using "Moderate"

Concentrations of s-Trﬁa;iﬁes at I70 and 210?CJ(ECD§,

s-triazine ‘Peak Area Response (mmz)

CG-NAW  ©G-AW  CG-AW-DMCS  CG-HP

) . e, T '
' Prometone
(50.5ng) . .
- 170 °C/Rank . 401/4 1114/1 903/ ———679/3— .
210 °C/Rank - 610784 . 1390/1  1097/2 = 866/3 ’
o » 2 .
Atrazine o _
R o . e
(6.0ng) . . -
170 °C/Rank . 530/4. 936/1 833/2 7023 .
. 210 °C/Rank 434/3,  © 782/1 620/2 394/4
. . ”: N ,‘ . " ‘\ -
Ametryne o ‘ S . o
(50.0ng) o b o )
"170 °C/Rank 746/4  1682/1 - 1425/2 — 1336/3 ' .
210 °C/Rank . 820/4 1764/1 - 1283/2 “941/3
. ° N R ’ ) N ~
_*gma , BTN i
K




Y

" Prometone,
e

-170°Q/Rank./¢°‘ 189/4 1583/1 798/2 544/3 -~

| 150

[ ]

Table 22. Classification of CG Supports Using "Low"

Cobcentrations of s-Triazines at 170 and 210 °C (ECD).

L

-3

s-triazine Peak Area Respon§e‘(mm2)

CG-NAW  G&-AW  CG-AW-DMCS  CG-HP

(25.3ng)

CRank ————895/4 2226/ 153672 1514/3

‘Atrazine

(3.0ng) . |
170°C/Rank ~ 547/4 ~ 810/1 - 698/2 .  659/3
210 °C/Rank 400/4  .998/1 .. 533/2 540/2
Ametryne . T - . v
(25.0hg) S o ,
170°C/Rank *~  800/4 - 2202/1 . - 1653/2 ¢ 1498/3
210,°C/Rank 965/4 "2916/1 1799/2  _. 15283
T — 7
.~\. (
‘ N . S . " - - . ;
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Tableé 23. Classification of CG Supports Using "Moderate".

r Concentrations of s-Triazingé at Temperature of Peak Area

Maximum (ECD). « . - . - T,
. o L | . . . - o \?7
s-triazine . ' Co Peak Area Response (mm2) D B
| CG-NAW _-CG-AM  CG-AM-DMCS  CG-HP ‘
ﬁrometdng ;qr ‘ o ' |
(50.5ng) 200 °c? 190 °C . 190°C . 200°C /’
PMT/Rank .  635/4 1674/1  1170/2 . 815/3, . -
Atrazine g - |
16.0ng) 180 ‘190 °C ', 175°C . 220 °c. ,
PMT/Rank’ &  '547/4 1097/l 833/2 - - 102/3
Ametryne ‘ 4“ | | ‘,}' BN "
(50.0ng) 190% . 190°C .- 190°C N 190 °C
PMT/Rank . 920/4 230071 1561/2 . 1256/3

®
5

"+ - Temperature of Maximum Response
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APPENDIX [

Iv

EFFECT OF A CONTAMINATED FID 'ON THE RESPONSE OF S-TRIAZINES
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/7he importance of proper. maintanance of the"FrD‘is

f iilustrated in this sectioooA series of experiments were

carried "out with s- triazines on a cw AW support coiumn
using the operating conditions as’ outlined in’ Table 8,
. immediately following the use of the GC instrument for the
, analysis of diethylthiocarbamates by another 1nvestigator.
-The detector had not been cleaned after its use for “the
diethyldithiocalamate work. éé performing FTGsruns for the
s-triazines, strange and rather unexpected response
patterns were obtained (see Figs. 52, 53 and-54). Od
repeating these FTG runs‘ the same patterns. resulted It

3
was then decided to do RTG S. The RTG's gave the same

response profi]es. This type of response was also observed-.'

with other supports, and couTd be attributed on]y to the

detector. At this point the detector electrodes were

c]eened\nith methylene, chloride, the experiments repeated,-

and the drastically different FTG patterns shown in Figs.
52, 53 and 54 obtained. The assumption that this is -a

detector phenomenon was confirmed This phenomenon is stiii

unexpiained, since the normal consequence of a contaminated

‘FID,is gneatly decreased response, It is worthwhiie

, 4
reporting, because it was so unusual and unexpected.
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