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ABSTRACT
V.o

GRADIENT bOLUMﬂS IN THE G C ANALYSIS
OF METAL DIETHYLDITHIOCARBAMATES ™

A. Sadek Elgawahergqui ' .

»

Novel gas chromatographic columns were prepared,

-

characterizZed, and used in the separatlion of diethyldithio-

[

" ‘carbamates M(DDC) of Zn, Cd, Cu, Ni, Pb, -Hg, Co, Cr, and

o o,
Mo. Solute retention, column efficiency, and resolution

of"M(DDC)n were studled on these gradient qofumng. Separa-

AN

tioﬁ.qf complex M(DDC)n mixture including up toé nine metals

was achlevable by using 3-2-1% QF-1 orx (i—2—3%)‘QF—1
- t

+ I%ZOV—ZZS gradient columns.

All gradient columns studlied. were found to be superlor:

to conventional columns En terms of efficiency, reduced

-analysis times, column bleeding, resolution, and columni

. . _— 3
capacity. The relative.standard deviation far retention

"times and resolutlon data was genérally below 5%. Linearity'

wad obtained in most cases when calibfatlng,plqts were K

' prepared for the various M(DDb)n. ‘ s

“The gradien€ édlumns studied were characterized by the

Retention Index System. - . .

o
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1.0 PURPOSE OF THIS THESIS ' ]

} . The'main'objective‘gf this theslis was'to prepare
novel gradlent gas chromatogréphic columﬁs with highér ’
resolving characteristic .than those of the convéntlénak
i
kcdlumns,'to characterize suéh columns with respect to

)

retention indices, and to use these columns to accompllsh
the séparation of metal diethyldithiocarbamates of IZn, C4, s

Cu, Ni, Pb, Cr, Hg, Co,qnd Mo. ' °

Y




1.1 '~ INTRODUCTION
)

/

1.1.1 , ‘Gradient Columns in Gas Chromatography

14

Ever since - James & - Martin‘ (1) introduced

' gas-liquid chromatography in 1952 the searxch has . continued
to improve column technology to attain fasféi and better
separations. The main objective of a chromatographic method

is to separate components in a mixtﬁre.~fI£ a Aséparatiop
. . \ . Vv - a

“cannot be achieved by isothermal chromatography t%gn some,
. * . ' 14 .

crifiqal parameter may be varied to enhance the. -resolution

and minimlize the anaiybié time. As an exahp;e,* temperature

programming ﬁas providéed a simple mgthod for the analysis

&

aqf widerboiling point mixtureifip a minimum of time with .

[ J

-enhanced’ resolution. Flow programming, whichfoffers these-

features.as well,. can be -utilized-for ‘phé:spparation of °

~

’ 'thermally sensitive solutes - and with stationary phases

Ad

exhibitiné high_  bleed at Eeméeraturés‘ aﬁproaching their -

,maxihum'temgeraturé‘Iﬁmif, ra ' .

~

Another approach for improvlnd resolution 'hés
» , >

fhvolved the dAVelopm%£§>of giadlent columns by ‘PoiathXZ).

2 . *

He descrdibed a step-gradient adsorxption éolumn, constructegd
of 'six sections where . each successive section down.  the
column contélqed charcoal deactlivated witﬁ stearic acid

]
q
)

L
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to a lesser extent than the preceeding section. -

"

~

Satisfactory results were claimed for the analysis of

"pea-root exudate.

L3
LS

Purnell (3). suggested that a gas chromatographic
colgmn in which thehéapacity factor, k', of the solute was
varied within the column might exhibit capabilities.similar

to those ‘ offered b} programmed - temperature gas
. A ’ @ ‘

chromatography. ' , , _—

MeYoan et -al (4,5) obtalned excellent agreement
1 - ' - .
between theoretical predictions and experimental results

for mui£1-stage, gradient loaded squalane columns prepared
, by linearly or exponentially decreasing the percent" loading
of the the stationary phase, squalane, from the beginning
Foﬁghe end of the column. Improved column efficienéy and

resolution- of solutes of 16w or Intermediate k' _was
' .

observed on a linearly ‘decreasing stationary phase érédkent

’ . / ' ‘ '

column. The overall k' was reduced to 50% of its value on

-

5 conventional column having a liquigtloading equivaleﬁtﬁto
that at "the starf of the “gradient 'column. U;iilzlng
exﬁéﬂential éraéient columns, sqperior gesblutlon " and
effid?ency and‘shorter.retention times were 9bta1ned than
was possible with ¢either conventloﬁaI, ugiformby loaded

. column or 1linear gradient columns of the same average

“iiquid loading.



~ :_4_

Id‘studying columns possessing a linear vafiation~1n

k' from the beginning to the endof. the column they made.
use of solute retention,o column eff}ciency and> resolution
factors for characterization. For solute retention théy -

derived the following~equation:' .

1

-

(3a—s5a3+2)

k' — k' . , EQ-1
. - V. 3
[(S(a“-1)¢a"—21)1
) Where; . A
tk'o = the initial capacity factor.
‘a = p;/P, the ratio of inlet to outlet
. pressure.

Thls equation predicts that the; capaclty'factqr on the
gradient column .is a function of &the initial capacity
fgctor, k'o, and tAq inlet/outlet pressure ratio, a. As
this ratilo lﬁéreases, the solute zretention on ;thg more
heavily lgaded end of the column must hav; a disproportion-
Stely large effect. Hildebrand et al (%) observed this to’
be- the case using a column consisting of two stages. in
serfes, the,simpleét example of a gradlient célumn: Equation’

(1)’prdv1ded some theoretical basis for interpretiﬁg ;ﬁhe&r

5
'11 r, y
£y DI -

observations. -
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Meloan et al (4) derived an equation‘ipr’the“tésolution, R,

~0of two closely spaced peaks on gradient columﬁs:

-

R.._ﬁvg(‘d-_l 1 - 10 (3 + x'52) g
il

k '<322 '
whére;
c = }is the selectlivity factor N
k' = is the initial capaclty factor for the second

02

o

peak.

- They offered an eiplanatiop for the better resolution _that

was obtained and in a shorter time on a gradient column

Er——
-

having a d;creasigg load. Physically, as the components og
the mixture move down the column their resolution as well
as thelr relative velocities Increase as they move ont§
éver more lightly loaded rggions of column pacging.‘lt, was
predictga th;t a g;adient"qqlumn with decreased 1loading:
would accept at least ‘a.twq fold increase in sample size
and feéd‘yolume compared to a regular column. Meloan e’ al

also recommended the use of gradient .columns rather than

%

N ' . N
temperature programming in cases where severe column bleed-

g

-

iﬁg results at increased tedbe:atures and where working
. N . " N

v

with sensitive solutes!
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Bunting ahd.Meloan (5) found that the resolution
obtained witq,sxponential gradient columns was’ supgrior to
that of linear g;adient colum;s ér of conventional columns
containing the same average loadiné of stationary phase.
Typical of the columns they studied were those prepared in
a 25-stage stepwise approximation of a continuous gradient
Gsing squalane c&ated on Ch;omosorb P 100 cm long.

Merritt et al (7) studied the chromatographic perfor-
“manée of columns comprised of ‘segmentsV with different
liquid phase loading w;;h‘respéct to efficiency, resolution
and solute capacity factors. Their aim was to decrease thg
retenéioh and analysis time of solutes that would normally
be strongly retalned’ on ‘conventional columns., They
cdhstructed columns with segments coésisting of 15:5—3-2%

1

. i
Carbowax 20m coated on 80/100 qféh Chromosorb W and -
N r/

10-5-3-1% SP 2100 on 100/120 mesh SWpelcoport and studied

their behaviour as a function of /élow direction. They

L4

‘reported that advantages with .respect to separation or
1 ,
analysis time could be obtained by a judicious choice of

'flow direction. It was also reported that using’ the high-

Q ' ' - .
to~low percent loading configuration may provide 1increaged

sample capacity-and improved separation whereas the reversk
. ‘ . 48
configuration, under the same expérimenta; conditions,



kN

-7~
" offers reduced retentionatimes and‘greater column efficien-
cy. Ap explan?tion was gliven for %he behavior of the”
segméqted columns based on the volumetric flow rate-of the
carrier gas. They also'noéed decreaged liguid phase
bleeding for gradiéhé columns. In this connection, Giddings
(8) studied the vapor préssure of stationary ph;ses on GC
supports and concluded that at loadings 1oﬁer. th;n 2% the
vapor erssure dropped sharply, resulting 1in decreased
;bleed effect and longer column life. They explained this
phenomena és being due to the seroné attraction between the
2

support and the stationary phase.

\Duty (9) studied gradien£ loaded preparative columns.
A co&parison was made between a linearly gradient colu;n
and a conveqéional column, each 10 ft long. Plate number,,

skewiﬁg and resolution were calculated at several flow

rates and sample sizes, wusing toluene and. benzene .as

\\

éolqtes. The stationary bhase used was Silicon Fluid DC710>\\

at a Eolumn temperature of 130°C.’It was concluded that
distinct advantages were obtained with the gradlent column,
_a—— . ’ '

advantages being greatest for' sample sizes . of more than
. . ] .

0.1ml. Little advantage was gained in increasing thg, flow,

—ta

rate of the carrier gas £from 100m1/mip to 300 ml/min.

¢

«

{
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Given the above advantages reported for gradlent

[

columns by workers who restricted their experiments to

model compound mixtures (Purnell (3), Locke and Meloan (4),
Bunting and Meloan (5), Barry and Merritt (7) and Duty
(9)), it was decided to-attempt to apply this technique to
the separation of metal diethyldithiocarbamate compounds
which are not all that .successfully separaﬁed with
conventional columns. It was also expected that this
praject—would aid 1in further defining the ‘scope and the

usefulness of gradient columns.

¥
v

2.0 GAS CHROMATOGRAPHY OFYHETAL DIETHYLDITHIOCARBAMATES

The ligand, diethyldithiotérbamét% has been used for
metal dﬁn derivatization prior ﬁo GC analysis because of
its s;:abllity, volatility (10;11)‘, ease of formation
(12,13), and its large usage 1in the field of analytical
chemistry (14-16). It has also been"e;ployed in sample
clean-up aqd pre-concentration steps prior to metal
determination by atomic absorption (17,18) and spectro-
photometry (19). ) 3 v

D'@sce@zB and Wendlandt (10,11) established that'metal

d1ethy1d1thiocarbamatesi(DDC% (Fig /1) are thérmally stable

and volatile. They reported the thermal properties of

¥
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FIG. 1

STRUCTURE OF METAL DIETHYLDITHIOCERBAMATE.
‘ -

'."53 ,
S n
M= Metal 1on" : ,
Ve

n=0x1détion state of metal
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' cd(II), Zn(II), Hg(II) AND Co(III) (DDC) .

Cardwell et al (12) carried ﬁut the thermal analysis
of DDC 's of -Ni(IL), cCu(II), Pd4(II), Zn(I;), Cd(II);
Hg(1I), Pb(II), Pt(II), Ag(I), Fe(;'II) and Co(III). They
rgp;rted thaf Ni, Zn, ‘Fe and Co showed complete volatil;ty
under the conditions _Jsed: FYB\\GC analyses, all the
cﬁmplexes studied, exéept for those of.Fe(III) and Ag(I),
could be eluted successfully at column temperatures in the
range of 220 - 245°C and vwith injector and odeée%%?r
temperature of 250°C. They ' reported separation of Zn, -Cd,
Pb and in another run of Zn, Ni, Pd, and Pt, on 5% OV 101

on Chromosorb W AW-DMCS. They reported column efficiencies

/A~\6f up, to 1000 theoretical plates with’ staigﬁess steel

L

¥

>

fubing columns (1m x'2.1mm, ID). They mentioned that DDC- was

. * ¥4 : . “
) tﬁ% first chelate system found to be suitable for the gas

éhromafographic’elution of ¢d and Hg. They cohfi;med- that
the order of elution was in close- agréement with the

)
volatilities,of the complexes as determined by ‘thermal

analysls, . )
/! ' . ) a

* Ahmad and Aziz (13) detected dimeric structures for

Zn(11)DDC  between 230 - 250°C and CA(II)DDC  between

230—26000 in the vapor phase. They established that the

b4

A}

electroh capture\detectlon limits for Pb,,zh, Ni, Hg and Cd %



_ll_
were 2-6 ng Qsing a column of 3% &% 30 on Varaport 30
(100/120 mesh). |
Radecki et al (20) determined Zn, Cu, and_qf (;fter
conversion to diethylaithiocarbamate%) in natural marine
bottom sediments using a column packed with 5%—6v~10i, ~
_ and, in another publication they reported determination of

these three metals in sea sand and sea mud using a column

of 5% 0V-101 and .5% dF—l on Gas Chrom Q at 240°C.
<]

Liangbin et al (21) reported the separatih and the ™

détermination of traces of Co(IIl) diethyldit?iocarbamate
using a coiumn packed with 5% 0V-101, and Tetrat;iacontane
as én internal standard. The limit of defection for Co was
0.01 ng. This method was used to determine Co in

vitamin Blﬁ and in a Co porphyrin complex.

N

Jiming et al (22) studied the volatility, thermal-

stability and gas chromatography of diethyldithiocarbamates

~of: n=(I) Ag, Au, Ti, and ‘ o o
n=(II), Cd,‘Cp, Hg, MoO,, Ni, Pb, Pt and Zn, and
n=(III), As, Bi, Co, Fe, In, Sb, and n=(IV) Se, Te, Sﬁ.
Differenéial thermai analysis and £Eermogravimetric analy-
sis were carr1ed out as well ag Gé .

Riekkola et al (23) repoited the separation of Se(II),

Zn(I1), cA(II), phxgr), PA(II), As(III), Co(III), and

™

Rh(III) as their dietﬁyldithiocarbamates with glass

" . U
. L
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capillary columns coated with OV-101.

Neeb (24) summarized most of the GC work done wigh
ﬁetal dieth}ldithiocarbamates and also published some work
done with WGOT and SCOT qepillary,columns ih a comparative
study. - | .

". Carvajal and_ Zienius (25) reported highly efficient

separation of mixﬁare of up to. five metal diethyldithio-

N

carbamates, in a mixture containing Ni(II}) . oxr - Hg(II),

Cu(II) or Pb(II), 2n(II), Cd(II), and Co(III) using a 5%

7

ovV-101 aﬁd 5% QF-1 mixed stationary phase on Chromosorb W

AN

column using temperature programming,ZlOOC to 250°C at

—10%/min. They extracted these ﬁetqls at.tracg levels from
w . '

synthetic sea water. Low ppb detection levels were

) reported. They also proposed theoretical prigcjples to
. : ",";‘“..
- - : -~ AN AN
~acoount both for the nature of the GC separation &nd for’
T

degradation problems encountered and overc_ome.‘lt’ was

Py

reported that the peaks for Cu(II). and Pb(II) and. for-
Co = ) . N

H
¥

{I1) and Ni(II) DDC interfered with one another.
S . ¢

No wqu has been reporked to date onh successful

'separation of a mixture of more than five metal
-

"diethyldithiocarbamates (DDC), on packed GC columns.

-
- N
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3.0 General Features of the Column in GG . ~

The column is the principal part of the -GC system

upon which the success or failure of a particular samplé

mixture separation depends. In gas-liquid chromatography

A AN

both capillary and packed columns exist. The latter type is ‘

the one used in this project. A packed column consists of:

(1) Glass or me{gl tubing )

(11) ° packing material which)is a solld support
- 4

coated with a stationary phase. A

4
3

3.1 SOLID SUPPORT .

The primary function~;;\ the éupport material s »
to- provide a surgace onto which the stat}onary phabe is
depositéd uniformly. The cholce and treatment of.the solld
syupport is. very important. Supporti made - from Dlatom}te_

t

(26, 27), are most generally uééd, and are called @latoma-

——

%

ceous earth, diétomaceous silica or Kieéelguhr. SQEF
supports are not ready for GC work when first prepared.

The suiface'needs §o be deactivated. To reddce ;he sur face

3y

. activity acld washing which removes some residual (Al and

Fe) oxides, and silanization (described by Schupp (26))

which gliminatns -silanol  groups are practiceg.

: -
. N ' .
: R 4 - .
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 Two of the best grades of support available were used

~

in this project. Chromosorb WHP (CW-HP), (which is acid

washed and DMCS treated), and Gas Chrom Q (GC-Q), (which is

‘,acid, base, and DMCS treated). | {\‘

3.2 STATIONARY PHASE »

-

The présqnce of the 1liquid phase is ,fundamentai

¥ N .
for the sample mixture partitioning process to occur. Each
]

sample component must Iinteract differently with the sta-

tionary phase, under the operating conditions in order

to achieve separation. If the difference in chromatographic:-

' . 5
properties of the sample components is small, then max imtm

operating efficiency is required for a satisfactory sebara~‘
L] - .

“tion to.be achfeved. The general requirements fdr a liquid
. A -

phase are gs lgllows (28, 29)1- ‘ : .

- i) Low volatility, between 0..01 to 0.1 mm at
operating temperature, for low’"bIged", re;;on-
able columnllife, and minimal effect on the
détector. - :

1i) Thermal stability® which can be undérmined by
. ’ catalytic 1n£1ueﬁ§e of the supbort as the
y :

temperature increases.

il Chemilally inexrt towards the solutes of dnterest
% ' S o . .
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athoperating column temperaéﬁre"

iv) Upper'temperature limit shouldfbé relatively
high ‘compared to the intended operatin
temperature. '

V) Must be liguid at column opeféping temperature.

Some stationary phaseé‘éze -50lids at room.temperature. If'

the column temperature 1s below the melting point of the

ilquid phase , then t;e s;:p;e components' solubill;y in
the phase 1is reduced -~ drastically,” which  causes column
overloading, poor separation, short retention times and

distgrteﬁ peaks. Hawkes and Moonéy (29) have pointed out
that the viscosity of the iiquid phase is 1mportan€ in

column'performance. The 1liquld phase mass transfer coeffl-

clent (C1 in the Van Deemter eﬁuation) is proportional <to
' - ~

the viscosity and the,sguaré of the film thickness. There-

:f;fsre, when the viscosity of the liquid phase is high a ‘low

o

column efficiency 1is expected. This. phenomenon will be

Jespecially evident for heavily loaded columns owth to the’

-

df2 gactor (in the Van Deemter, equation).

3.2.1 POLY(DIMETHYLSILOXANES) PDfS
The PDMS are the most widely used GC 1liquid

A

N : -
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phases, malnly becaude of thelr good.thermal’ stability -and

1 ' ’ ’ y < e \
narrow molecular weight distpdbution (29). Thelr general

=

structure is shown ln Flg 2. Two of -this class of phases,
SE 30 aﬁd'OV—IOI, were used in this project. They'generally
separate organic compounds according to thei?’boiling

points, but higher molecular weight~aromat1c"and aliphatiq

. compounds appear to be separated by other mechanisms’ as

well. For example, retention time and bolling point pat-

terns are not conslisternt on 0V—1010(30). Qn of the advant-

¢ -
ages of PDMS 1liqulid phases 1s that diffusion and ;. mass .

a

transfer of low molecular weight n-alkanes was found to be

»

faster in higher molecular weight gums such as SE.30 than
ln.lower"molecular welght olls such as SF 96 (30). Fésfer

diffusion means more efficient partitionfng and better

. r -
-separation efficiency. ’ A{‘ - >
1

* .
3 - N

3.2.2 POLY{METHYLPHENYLSILOXANES)

. Substitution of mefhyl group in PDMS by a phenyl

group results in increased chromatographic selectivity (31,34)~

The polarity of the liquid phases”lnqreasé with 1increasing

(Gl

‘:phenyl content. The general sfructune is shown- in Fig 3.’
Examples of such phases are 0V-3 and OV-17. 7

LY
-
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3.2.3 POLY(METHYt-TRIFLQOROPROPYLSILQXANEé)

Thfs—type of liquid phase strﬁqtdre (eg Q%-l); is
shown in Filg 4. These materlals show unique selectivity
- because the (CF3) group has a high dipole moment and‘
a'strong electron acceﬁtor' ability (31), which results 1in
an unﬁsual retention order. For' example, cafbonyls. and
nltao groups are rgportéd to éiute /after alcohq}s‘ ané
esters :3?,33) due to the abllity of the CF3 groups to
interact with free eleqtron palirs of the'63yggn in @2;
carbonyl and nitro grbupé.'This'selectivitylis obéerved at
15% liquid anse loading (31). This order \is revefsed,
however, at a loadiné of 6%. Using QF-1, 2-alkanones can be

made to elute after 1- alkanols of the same carbon number

even though the latter have -higher boiling‘points (31).

e ~ o

L
‘ . v ..

3.2.4 POLY(CYANOALKYLSILOXANES) » S

’ ' — -
The general structure is 1llustrated in Fig 5.

The presence-of the polar cyano group; a strong electroh
attracting group with a high ‘dipole moment , resﬁlts in
greater retention ofﬁhydrocarbons bearing pi-electrons,

such as olefin (31), aromatic and ‘carbonyls. The.ﬁost polar

of such liquld phase are OV-275 and OV-225. These liquid
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ﬁIG. 2 "STRUCTURE OF POL%(DIMETHYLSILOXANES)

C:E{:3

¢ ‘C:}{C3
LIQUID PHASE
ov-101 OIL
SE-30 GUM
av-1 - GUM ™
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LA™

(F}{EB C:}{:3‘
-S 1—Ot+—S 1—CH 3

I

X . TEMPERATURE RANGE
100 20 - 350°%C
100 -~ 50 - 350°c
100 ° -~ 100 - 350°%

WHERE ; X = MONOMER PERCENT
/‘1 »

I

FIG. 3 ‘STRUCTURE OF POLY(METHYLPHENYLSILOXANESi

‘ - -1 - R -~ -
] c - ., CH ,
. st C?B /’?H3~ CHa :
CHg—?i—o“sr—? ?l ?i—C%s L
cH lw| eH 5 > CH
LIQUID PHASE % PHENYL X W .  TEMPERATURE RANGE. -..
ov-3 10 80° .20 20 - 350°%C.
.. ov=1 - 20 60 40 20 - 350% -
v ov-17'" 50 - 100 20 - 350%

WHERE ; U AND W

-

s v

3

4

MONOMER PERCENT

-
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FIG. 4 STRUCTURE OF POLY(METHYL-TRIFLUOROPROPYLSILOXANES)

?Hq 1 ?Hs M ?H3
CH5~Si—O~—?1——O——?1—dH3
4 CHg (QHZ) CH 4

| cFy e

-

LIQUID PHASE X VISCOSITY (CST) TEMPERATURE RANGE

ovV-210 100 10,000 .- 20 - 275%

QF-1 100 * 20 - 250%
-] - '

* AVAILABLE IN .VISCOSITY-GRADES OF: 300,100,10,000 cst
"' WHERE ; X = MONOMER PER N

~

.

ry
1

FIG. 5 STRUCTURE OF POLY(CYANOALKYLSILOXANES) -«

o . A

o gu— o ——

c ' ‘ 1 <
'h H3 . CIra CH3 CH3
o 11 |
CHB——'S 1048 i-—-0 ISi o Si—CHa
. ‘ . .' ' . - ,
c . A N
H3 @ C lCHz ) 3 CH3
. . 2
NG S
LIqQuiDp PHASE v . - w TEMPERATURE RANGE

~

ov-225 .50 ~ 50 20 - 250%

WHERE ; U AND W = MONOMER PERCENT

v
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phases were used both-alodne and mixed with anoﬁher' liquid

N

phase in this research project.

4.0 EVALUKTIGN.OF COLUMN PERFORMANCE

The main objective 1in gas chromatogrgphy i§ to
separate components in a mixture! When all the operafional
conditlogs are optimum the best separation is achieved, and
column efficlency is maximized. There are several parame-
~ters which egn be measured to evaluate the performance of a
column. A qoo? gas";hromatographic qolu?n is consider:d. to
ﬁave'high separation powef, high spggd of separation, qnd
high capaciéy (35). These factors are related and when any

&

one is improved it is usually at the g*pense of another.

4.1 COLUMN EFFICIENCY

Giddings (36) emphasized the Iimportance of

evaluating a column in terms of the number of theoretical

blateé it contains. To measure“éhe column efficiency 1in

1 "

texrms of - the pumper of theoretical plates, N, from the

, chzomatbgzam as sﬁownlin Fig 6 the following equations
are used (36): , ' .
’ ‘. N ‘!f_ . E@ M " '
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FIG. 6 DETERMINATION OF THEORETICAL PLATES
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: N - 16 tr 2 EQ-3
w
; - -
Where; . - .o (
tR = Retention time of sample ' -
v .

peak width at peak base %

€
/
i

N —-5.55[_Er
0.5

Where;

W = Peak width at half helght

0.5

It cén“be.seen from ‘EQ-3 and EQ-4 that the narrower

the peak, the more éfficiqnt is the column.

The Height Equivalent to 'a Theoretical Plate or HETP
, 18 another measure‘of column -efficlency, and it is obtained

as follows: L ‘ .

ma— L -
H = 5 EQ-5
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‘Where; ) | ) f

L

Column length in mm

N

Number of thegretlcal plates

The calculation  of HETP allows comparisons between

columns of different lengths.

The efficlency of a column 1s related to-

LN

variables by the Vvan Deemter eqﬁation (37).

HETP ._ A + B _+ C.u

It accounts = for the mechanisms affecting

performance, and these are:

*

column

column

a T Multipath effect or eddy diffusion (A term)

b - Longitudinal molecular diffusion (B term)

¢ - Reslistance to mass transfer in gas and

l4quld phases(C term)

u tfe 1linear gas veloclity (or £low rate) thrbugh the

chromatographic column. The linear gas velocity is

given by:

N

~

length of colamn, cm

- rétent1t>.time of alr, sec

t\

<



-24-

If HéTP 1s plotted against u one obtalns a hyperbola
with a minimum HETP, see Fig 7. The minimum corresponds to
the flbb rate ‘(u optimum) at which the column“is operating. ‘; x
most efficiently..waevéﬁ, owing to ﬁhe‘compressibik%ty of
‘the carrier gas, u ls not constant over the entire length
. of the column.iHence only’a small section c;n ope%ate at
maximum effleiehcy. . -

Qhé expanded versions of the Van Deemter equatidﬁ

ate well documented and reviewed in the literature (27,35, .

38, 39). : ‘

~

4.2  CAPACITY FACTOR, k' SR
8 7 -

Column efficiency depends on the capacity factor k).

The quller the capacity factor .the harder it is fo achieve

' A [3
the separation. S

N 4
The capqcity.facte; k' can be calculated by using

. B
y .
* v
-
.
.

the_following relationship:

< A}

-~

4
2
-
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wgére, t = is’ the gas hold up time (retention time of
a non retained component sd&h as air
injected pogether with sample) ;
Capacity of a column can also be ar;ivedfat by

it

the donsideraﬁion;of the partition coeffiéiént, Kr:

.

i

0
&

0
X
g
< P

'y

’ )

Wheie; )
CL = conéenzfatiom of solute in the liquid
' ‘phgse, g/ml | h
:.cm = concenf#étion of solgte in the mobile
phase, g/ml i
’ Wl. = 'weight of soldte in the liqu}d'eha§e, g
Wh : =; ;eight of s;lute in the mobile phase, g
. >
) Bi‘ = phase ratio = vglume of the gas phase
. ‘f." © to volume of thé.aiquld phase. ° "

Thé amount ‘!of sample that can be ifnjected into a

column without overloading depend on the liquid' phase
. * - N
loading which _in turn influences the phase ratio. A large

- ligquid leading lgwers the phase rathQ\:nd diminishes the

partition coefficient.
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4.3 RESOLUTION (R_) ‘

u

s The degree of separation between two adjacent

pedks (35) is given by the resolution factor (Rs).Flg 8;

J

) 2 At )
- EQ-9
2

If R = 1.0, the resolution of two equal-area peaks |is
approximately 98% completalaif R = 1.5, baseline sép;ration‘
is obtained (40). If Rs is greater than 2.0, an additional
(Rs - 1) peak should be‘gesolvable between the two peaks gn’
'queétioﬁ (419 . |

‘ .0 . :
The relationship between Rs' k', and N 1s as follows:"

[ 1

R, =— ae Q<-;L/ k'2 EQ-10 °
4 cx kL + k',
A . .
' ' .
' :\ voe - i
Where o< 1s the selectivity factor defined as: ‘
- R
N,
A ) , :
€ -
o — t'R > EQ-11
R



FIG. 8 DEGREE OF SEPARATION BETWEEN TVO ADJACENT PEAKS.
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, \
-and N and k', refer to the peak eluted second.

<3
4.4 QUANTITATIVE ANALYSIS
\ =
The é@ze of a chromatographlic peak is proportional to

the amount of material contributing to that peak and can be

'measurqd in a;?umbe: of ways (35). Two basic concepta can

[ 2]
N 9 .

-~ be used, namely:
- Peak height measurement. However, peak shape and
height are liable to be changed -by variations in

operating conditions such as tempergtu:e, and

carrier gas¢flow.” ~;
P 4 ’ .
* - Peak area measurement, which may be accomplished {
‘ » * B <
// in various ways. . .

B Y}
An electronic 1integrator with a relatkive standard

- devliatlon of 0.44%, was used in this project for peak
» . ' T . . t
height and area measurements (39). - v

*
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. ~ 5
5.0 CHARACTERIZATION Oﬁ,COLUMNS BY RETENTION INDICES

Since the introduction of . gas chromatography,

numerous authors ' and committees have studied gas

chromatographic data with a view towards its classification
/ ., -

to make possible comparisons between laboratories. Various
proposals led to the adopt&on‘of solute retention times

relative to those of standard compounds to catalogue data

o
(42), i.e i
1
r‘ . th .
oo XIS = T 0 EQ-12
LTS )
»
IS
where t'R(i) is the ietention time of the substance of
interest and t'R(s) is that of the standard. .The basic

shoztcohing‘pere was the inabiiﬁty of workers to égree on a

a

single standard. Therefore, publishéd data refer to ‘wideiy

i

»

different‘staﬁdards. To qvezcome.ph s difficulty,\xovafs

proﬁoseg the retention index stt;m (43). The retention
behavior‘éf the qpbstance of-interest is expressed relative
to~thaf of a series of ;losely‘related‘standagd paraffins.
The retention indices of the norma1~‘para£fins are
arbitrarily set as 100 times tﬁe number of'carbon étoms.
The calculatlion oﬁ)ﬁﬁé rgfén;ion index is aécompllshed b&

the followfng equation: .



\ logX_ - logXx ) K
I : "= n EQ-13
==100 TogXn+ 1 — 1°gxn}+ 100n ~
/
Whére;
I = Retention index of sample , /
' XB = Retentlion time of sample ,

X = Retention time of n-Paraffin peak preceding

the samble peak

3

( following the sample peak ’ / .

Numbe€r of carbon atons’ in the n-Paraffin--

X = Re\intion time of the n-Paraffin peak

o
[}

//// .eluted prior to the égmpound
J \

/ . ¢

Retention index data 1s‘usea both for the identifi-

<

.cation'zf;;:f::ovn peakb and characterization Vof liquid. .
phases. ' fference in retention indices for a compound

on various liquid phases is a charaqtéristié of the polari-.

»

ty of the phaées. This has led several researchers to
N . g .ot '

propose the charactiiigafion of iiqu%d phases using a

multi component test mixturé, referred to“as the ."Palarity

Test Mixture® (44, '45). - . .

A
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Numerous modlficationé of the retention index eqﬁatlon
have been proposed for a'Qariety of applications. These are
thor;ﬁghly reviewed 1in the literature.(46). The overall
polarity and selectivity of a column can be determined by
the method praposed by McReynolds (47) which is.based on
theoretical coﬁsiderations suégestgﬁ by Rohrschneid%r
(48,49). The basic principle of the Rohrschneider/
ﬁcReynolds syétem 1s'§he addiiivity of intgrmoleculai forc%s
as evaluated from the differences in retention index values
for a series of test probes measured on, the coluﬁﬁifé be
characterized and on a squalane column{Z;ed as a n;ﬁ;ﬁolar.
reference phase (50}{ 51). The chosen get of test piobes
adequately responds to‘tﬁe prlnci?al molecular’interactigns

responsible for retention in -gas chromatography: 1i.e,

dispersion, orlientation, induction, and donor-acceptor

- complexation (1nc1ﬁding hydrogen bonding). Rohschneidér

suggeatethhe use df bgnzene,\ethanol, methylethylketqne,

nitromethane, and -pyridine as test probes. MéRenoyldS’

zecommehded ten proBes (Table 1) including Rehrschneider;s

fiye except that butanol, 2-pentanone and ni;ropropane were

sdbgtituted for the lower moleculaf weight homoiogs,used by
N .

Rohischneider. To charéctéri;e‘ a.  column, McReynolds

constant are determined using the following equation:
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Where; e
Is = Retention Index of sample on the pkase being
‘tested
Isq = Retentlon Index of sample on squalane '

-

The calculation is repeated for each probe. Liquid phase
loadings of 10 - 20% and column temperatures of 100°¢
‘to 120°C are commonly used. The Kovats an McReynolds

retention index systems were used in this project to

characterize gradient loaded cblumnsl

P



\TEST SUBSTANCE

BENZENE
L

9UTANOL
2-PENTANONE

NITORPROPANE

PYRIDINE

Z-HETHgL-ZPENTANOL

T0DOBUTANE
2-0CTYNE
1,4-DIOIANE

CIS-HYDRINDANE

TABLE 1

. INTERACTIONS CHARACTERTZED BY McREYNOLDS' PROBES _(48)

7
INTERACTIONS. MEAUSRED

PRINARILY DISPERSION WITH SOME WEAK Paojbu
ACCEPTUR PROPERTIES.

QRIENTATION PROPERTIES: WITH BOTH PROTON

DONOR AND PROTON ACCEPTOR CAPABILITIES.
CRIENTATION PROPERTIES WITH PROTON ACCERTOR
BUT NOT PROTON DONOR CAPABILITIES s
DIPOLE RIENTATION PROPERTIES |

WEAK DIPOLE ORIENTATION WITH STRONG

PROTON ACCEPTOR CAPABILITIES. PROTON

DONOR PROPERTIES ARE-ABSENT

4

ORIENTATION PROPERTIES WITH PROTON

ACCEPTOR BUT NOT PROTON DONOR CAPABILITIES.

wo,

CHARACTERISTIC SUBSTANCE GROUP

AROMATICS, OLEFINS

ALCOHOLS, NITRILES, ACIDS

Ve
KBTONES, ETHERS, ALDEHYDES, ESTERS,
EPOXIDES, DIMETHYLAMINO DERIVATIVES

NITRO AND NITRILE DERIVATIVES

* ARDMATIC BASES

BRANCHED CHAIN COMPOUNDS,
PARTICULARLY ALCOHOLS

HALOSENATED COMPOUNDS

- ! - Y
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recEyatallizal ion from chlaroform - ethanol 1:1.

Fuplna (27, 15) and MoNaly (39).
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£.2 HHEPARATTON LF COLUMN BACKINGS *

1

.The wethod utilized Iin this projecé to .prepare

RACK VIS Wad Ll Ttotary evaporatlon method as outlined by



~-36-
The percentage of statlonary phase was calculated as

follows (38, 53): - .

wt. of stationary phase X 100

% LOADING =
wt. of solid support

The supports used to prepare the packings are listed |in
Table 2. The statlonary phases and supports were obtained
from Chromatographic Specialities Inc. Brockville, canada,

and Appllied Sclience Laboratories, State College, PA., USA.

TABLE 2 ‘ ‘
SUPPORTS USED —
SUPPORT MESH SIZE ~s0UrRCES™
. e :
Chromosorb W-HP . 80/100 & CHROMATOGR. SPEC. INC.
(CW-HP) ) S
. . 100/120
‘ N
Gas Chrom Q . 80/100 APPLIED SCIENCE LABS
(GC-Q) H \
6.2.1 PROCEDURE FOR COATING SUPPORTS- USING

N\
THE 'ROTARY EVAPORATOR

4

Thent!plcal procedure 1s 1illustrated for the case .of:

the packing made to contaln 3% QF-1 on CW-HP 80/100 mesh.

4
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All glassware was cleaned thoroughly, beforefluse, with soap
and water, rinsed ﬁfth distilled .water a;d finally dried
with acetone and left in a hot air pven overnight.

A 3.05 g portion of support wag welghed into a beaker.

&Any aggregated portiqna(%i:ii/iffluded. The support was
dried overnight at 120°C an then cooled in a desiccat’or.
QF-1 0.092 g, was welghed out and disssolved In 100 ml of
degassed ethyl Acetatg.

The rotary evaporator flas;.waqhwashed with distilled
water, then'with 25 ml of acetone, ﬁnd finally with 25 ml
of ethyl acetate. It was dried with acetone and left in the
oven at 1;000 for one hour. The prepared stationary phagz
solution was then transferred to the rotar} flask. The dry
support was added slowly to th;/ leution, with ‘slight
swirling. The rotary flask was rotated at 3-5 rpm and:
purged with pure nitrogen. Vacuum was applied, and the
fiask was immersed in a water bath at 60°C. Care was taken

to assure that no tumbling would occuftwAt near dryness,

-

-
, rotation was reduced to about 1-2 rpm. po_rgduce friction

armd thereby minlmize supportqbreakage. | .
After removal of solvent pras con:plete,‘ the Frotary

flask was stoppered wiéh fifter paper and put’' in a vyacuum

oveﬁ at 60°¢C fo; 3 hourBi The free flowing packjing was

weighed. The final weight was comparedtfo fﬂé sum of the

Co @
@,\ i ’
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o

4

weights before and after was‘alwaYS/withinﬂQ&&

original weIghts +of stationary phase and support. The,

deviation i

to 0.15%. - K &

For mixed phases, such as QF~-1 + OV—Z{S, thé same

¢

procedure wds used since ethyl acetate was}y’common sqQlve-

fbi bofh stationary phases. In situations,yée}e.the solv

" 4

for. one stationary phase was not suitable for the bther,

coating was carried out 4in two stages, the stationary

phases being coated on the supporteﬁndividpally one after

the otbgr. T, Co .

o | o ’ \

e
¢ “_’/

[
< 1

6.2.2 TREATMENT OF COLUMN TUBING PR1OR TO PACKING

Although glass tubing is the best «hoice for

L4

analysis'of most compounds, it must be chemically pre- -

)

xréateg to reduce surface activlty\sinte glass contains ghe

same \aetiimental sifgnol groups which are found on

. \ '

diatdmite"su;faces, The recbmmendedkmethpd of treatment

is wasQing with~a’solution-of 5% dimethyldi&hlorosilang in

’

toluene, which provides deactivation up to 350°C to 400°c

o

(21, 38). TplstpﬁachUre'was followed in this project.

s

To'removellany residugl materials , the tubing was

washed with deignfzed‘water , then with acetone,’ fo}l&wed

by hexane and ‘Einally dried with pure dry nitrogen gas.

1Y

- .
. “ . ;
. . . , <
'
. ¥ . @ . Ve i
. B '
. . . . R
] » " N .
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i

in tolﬁene solution, and allowed to stand for two minutes.

s

[ 4 ‘ . .
" ¢The tubing was then emptied, rinsed with toluene épd

.;finally with methanol. Dry nitrogen was then blqwn through

2 v
the . column after which it was kept stoppered”™ at both ends

' >
until it was filled with packing. This was carried out
¢ ' L

whenever.a length of tubing was to be filled with packing y

regardless of whether it was new or previougly used.

\‘. ' ' ,\ | | v

Ay

0 XY
[ ] ;' ‘ ] ( ‘ \ "‘ o
6.2.3 PROCEDURE FOR LOARING PACKING INTO TUBING .
T - ~
The glass columns used in this project. were
@ . ‘

.., 60cm x 2 mm I.D,”U - shaped; or 180:qm x .2 mm I.D, coiled
shaped. For £illing pﬁrppses.the tubing was clamped onto a
stand. A minimum size silanized glass wool blug was insert-

ed<in- opne end of the tubing, and a vacuum source was
- < ’ 4 v

connected at this end. A small stainless steel funnel was
’ inserted in the other end. The prepared packing was poured
[ , » .

gently Mnto the funnel; and '&. slight vacuum was applled,

[ -

+ gently enough to pfeVent breakage of‘thé support.
- The tubianWas géntly vibféfgaﬁauring packing. After The

tubing was/pémpletely packed a silanized glass wool plug

[

was inserted in thé inlet end of -the tubing.

. &
" [

The tubing was then fi1?led with Sylon - CT, from Supelco

LQC.,Oakville, Canaaa, which is a 5% dimethyldichlorosilane’

Y
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Columns p§epared_1n this way were temperature conditioned

=

before use. When not in use they were stored with the ends

tightly capped. . /

6.2.4 COLUMN CONDITIONING

i g\& columns were pre-conditioned at 240°c  with .
nitrogen gaqping through at a flow rate of 30 ml/min for 16
) hajrs. Columns were never removed hot from the oven. The
)

b4 . ' 1
carrier jgas flow was not discontinued unfi1l columns were at

<

)

ambient temperature. - «

4

6.3 PROCEDURE“?OR PACKING A GRADIENT COLUMN

[

o ' Depending Aﬁ;.the number pof gradient steps
piahned; ﬁhe éubing was marked off\}qto appropriate %number
of eqﬁél. Iéngths. Different sections were filled with

. packing containing the same stationary phase in different

- aﬁounts, or, different stq%ionéry pﬁases. ?he latter

combination, packings OV-101 and QF-1 are listed in Table 3.

et

For combinations experiments intended to evaluate the

effect of gradient direction, duplicate co;umns'weie packed

¢ ' such that In one the OV-101 was at the injector and QF-1

§

9
A
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at the detector,’ while in the other, QF-1 was at the

injector, and DV-101 at tﬁe detector.

6.4 CARRIER GAS

g "The carrler gas used was nitrogga¢’( Cénadian
quuld Alr, Montreal, Canada), ultra ‘aie grade__(ceﬁd}fled

99.99%) passed through a combinatlon molecular sieve and
\

oxygen trap (Chromatographic Specialities Inc, "> Brockville,

Canada), which was replaced after installation of every, .

. 14
sixth carrier gas cylinder. ‘ A
d.—.‘

. y
6.5 &c EXPERI;ENTAL CONDITIONS

All experimental work was performed on 'a Hewlett-
N N " ) /
Packard Gas Chromatgraph ‘Model HP 58804, equlpped with a

dual flame ionlzation detector, Model HP 19301, and elec-

tronic d&rrlef gas flow/pressure controller, Model HP

L4

'19306A. Sample injections were carried out either manually
with a 10 ul Hamilton- crogyrihge, Model 70%N, accuracy of
, £ 1%, or, with an Automitic Sémpl% Injector, Model HP 7651A,'

which was equipped with an automatic-tranqurt system, o

Model HP 19324B. The autpmatic(éransport §ystem coulq be

PR
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. TABLE 3 . .
" GC COMBINATION PACKING COLUMNS a
% LENGTH CONTAINING % LENGTH CONTAINING
2.5% OV-101 : 2.5% QF-1.
{ . .
‘ 100" - 0
75 . .. 25
. T Y . v
66.7 ' 33.3 - -
50 - - '. 50, -~
33.3 . 66.7
25 75
0 100
~ .
' ”e

L)
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GAS CHROMATOGRAPHIC E*PEﬁIMENTAL'CONDITIONS

-

Al

<43~

©

TABLE 4

4

PARAMETER

SAMPLE VOLUME, ul

i

RANGE

HIGH OPTIMUM  LOW

NITROGEN FLOW RATE, ml/min 60 30 20

HYDROGEN FLOW RATR, ml/min 30 30 30

AIR FLOW RATE, ml/min 400 © 400 400

INJECTOR-DETECTOR TEMP . cb 250 . 250 250

CHART ngED, - " cm/min 1 S 0.5
ATTENUATION 2 T0 10 2T0 3 2 T0-4

, S 0.8 0.7
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programmed to automatically move to either of two prese-

..

lected injection port locations. The accuracy and repioduc-

3

ibility was.,better than % 1%.

-Ch;omatograms werg'displayed on a terminal 1evg1
four ﬁodei HP 1930§q with Laiphanume;ic keyboard, ‘basic
°§§ogramming and single column cohpensation (SCC) systems

((Appendix II); The chart speed used was 1 cm/min, or

>

0.5 cﬁ/mln. _é.
Experimental condlitions are shown 1in Table 4. It
‘should be noteq'that the parameters listed under "optiﬁpm"
s were generally useéw_ The column temperature was varied
depenalng on the ana}ysis being performed. The Hngogen and

* alr flow rates were set according to Héwlqt—?ackard N

recommendations for opfimum performance (54).

*

6.6 MELTING POINTS DETERMINATION

. . ®
Melting points . were determined using a
“Flsher-Johns hot-stage apparatus (55) (Appendix I, .

Table 45).1
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' “ ’ N .
6.7 IR SPECTRA : S

o~

The IR spectra of'each metal chelé?e was ;btalned/
as a solid dispérsion, (approximately 1% w/w), in dry KBr
using a mini-press as described by 8Silverstein (56). The
instrument used was A Perkin - Elmer-710A Infrared Spectro-
pﬁétohet;r (fast scan speed and normal slit). ALl spectra

- . weze obtained ’were in_'the range, of  600 "to> 4000 cm'l

(Appendix I, Fig 53 to 57).

6.6 PREPARATION OF STANDARD SOLUTiONS'

| The  solvent used to dissolve_each metal - chelate
was pesticide 'grade chloroform (Fisher Scfentffic)r' Thel*'
£ollow1ng'goncentrations were prepared: :

!

.- 0.4 mg/ml for reéolution and efficlency

-

gxpe;imen;s.r
-. 0.1 to i\mg/ml‘fof calibration curve
preparation. ‘
- - .0.04, 01004, and 0.0004 mg/ml for

dété;mination of limits of detection.
. A s : _

-

o
3

6.9 SOLUTES USED FOR COLUMN CHARACTERIEATION - -
3 Y ‘ .
The following compounds were used to characterize




N

T
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-

the gradient columhs in terms of retention indices :
!

a Mdqunold's kit obtained from PolyScience Corporation
(Niles, Illinols, USA), consisting of: benzene, n-butanoi,
1,4 d;oxdne, l-nitorpropane, pyridﬁne, 2—methy1-2-péntanol,

? l-lodobuténe, 2-octyne, 2-pentanone, and cis-hydrindane;

three hydrocarbon mixtures consisting of

%) Mixture ¥ 1: CS' CG’ c7,“c8, C9

-

il) Mixture # 2: - C8, C9, clO’ cll' C12

3 ) . )
. i11) ‘Mixtqre_} 3: clO"c12' 014,_c16
“\
" Oone microliter of each of these reference standards was

injected in tests carried out.

4
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7.0 DISCUSSION

7.1 PRELIMINARY EXPERIMENTS WITH MIXED STATIONARY PHASE

OV-101 AND QF-1 COLUMNS:

The ailm was to £ind a'stationary phase for use |in
the gra&ient column mode which would be able to separate
more. metal chelates in a single run than what has Dbeen

reported in the' 1literature to date. The £ofiow1ng columﬁs_'

. were selected for prelimifiary experimentation:

-

1 - 2.5 0V 101 + 2.5% QF-1 on CW-HP, 80/100 mesh,
(60.cm x 2.mm 1.D, glass tabing)‘ - ' .
'2 - 5% 0V 101 + 5% QF-1 on CW-HP, 80/100 mesh,

(60 em x 2 mm I.D, glass tubing)

Tpese colunns were reported previously - (25, 52) to Dbe
succsseful in the separation of wup to f£ive metal chelates,
namely: zn(II), €d(II), ¢u(II), NLi(II) and Co(III) ‘diethyl

- ~dithlocarbamates. p ‘ , .

2

4*
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7.1.1 2.5% OV-101 + 2.5% QF-1 ON CW-HP, 80/100 mesh,

™

(60 cm X Z\Em I1.D, glass tubing),

e (Table 5, Figs 9 & 10)

The .results obtained using this column are given 1in
Table 5 for mixtures of : Zn(II), C4(II), Cu(II), and

Ni(II) PDC. These results were compared with previously

' reported data ‘(25). Both the column ’gfficiency and the,

e

- resolutiqn were reproduced with some improvement. - The

'chromaxogtams obtained are shown in Fig 9.

In. a mixture of nine DDC, consistin of In(II1),

v

Mo0,(I1), Cd(II), Cu(II), Pb(II), Hg(II), Ni(II), cr(1II), -

énd Co(III? (DDC]n, , only five pééksfwezg observed as  is
shown‘ﬁgi Fig .10 which waé. in aéneemgnt with results
reﬁqrtea previously (25), (at a ca;rier gas'flow hof 60
ml/min, agd column tpmperature of 200°C. Better resblution,

was obtained when were changed the latter parameters to-

220°C and 30 ml/min.

N
o .

7.1.2 > 5% OV-101 + 5% QF-1 ON CW-HP, 80/100 mesh,

¢

) (60 cm X 2 mm I.D, glass tubing), *-

'(Tables 6 & 7, Figs 11 & 12) s
. g : fk ‘
The results obtained with this column'are 1{sted.

?

ho”

Faris
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TABLE 5
’  COMPARISON OF RESMLTS USING.
2.5% 0OV-101 + 2.5% QF-1 ON CW-HP OR ON GC-Q,

~"80/100 MESH, 200c®, AND 60 ML/MIN

RETENTION-DATA °

REPORTED BY CARVAJAL " EXPERIMENTALLY
METAL DDC USING GAS. CHROM Q@ (25) ° OBTAINED ON CHROM WHP
RT B N RT — N
. Zn 40 . 256 ‘3.4 232
cd 5.5 484 4.9 392
L) . "
™ cu 6.5 433 6.1 341
Ni 8.5 . 514 8.7 - 541
# RESOLUTION
REPORTED (25) OBTAINED
Zn-cd 1.5 1.6
Zn-Cu 2.2 y 2.3
Zn-N1 3.6 4.4
" cd-Cu 0.9 0.9
cd-Ni ( 2.4 3.0
{ . .
Cu-Ni 1.5 1.9 ¢
,
—
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Flg. 9 SEPARATION OF FOUR M(DDC)n ON 2.5% UgﬁiUi

+ 2.5% QF-1 ON CW-HP, 100/120 MESH,
(60 cm x 2 mm I.D, GLASS TUBING),

AT 200°C, AND 60 ml/min.

TIME,min.

e

s

T
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. g '

FIG. 10 SEPARATION OF NINE M(DDC) ON 2.5% OV-101
™y 4 2.5% QF-1 ON CW-HP, 80/100 MESH,

(60 cm x*2 mm I.D, GLASS TUBING), AT 200°C

-

_FOR 5 MINS, THEN PROGRAMMED To 240°C AT 10°C/min,

Crde

-NITROGEN FLOW RATE OF 30 ml/min.

Nea.
— ™m N N
N M
™ N v ~——
| q Cu+Pb
Zn o
Ni + Hg 3 )
Al v\\
® .
©
hﬂooz
- c{
™
". &) Co @
< ’ ':.- cr s _ .
- '- " ;
. - ®
n
bj -
| | | |

TIME,min. .
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‘.Jlnstrumeﬁtation available. . I . e

4
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in Tables 6 & 7 and Figs 11 & 12. For the separation of.

the mixtiure of: Zn(II), Cd(II),Cu(II),and Ni(II) DDC , the

e

columk/showed higher efficiency and resolution in comparison

E"

to what,ha§ been réported (25), Table 6, Fig 11. In Fig 11,
"V ' ' i ' -

— 14
w 'wtﬁ‘ chromatodgrams obtained are/shown, under both temperature

.

f -’
- . Y

programming and isothermal conditions The resolutfqh

obtained under isothermal conditions was satisfactory and all

. %
four metals were separated. :
. &

To further test the column's capability, ‘a complex

£

L

mixture of nine metal (DDC)n,-Mo, Zn, Cd, .Cu, Pb, Hg, _Ni,

Cr and (Co, was injected. ' Only five large peaks were

. .
[ - - on -
"

obtained at 240°C (fable 7 & Fig 12). The iesoiutjpn- was

o

ipfezidi*to that 1in the'p;evious run .The Cd.and Pb peaks:

,ovéilappeavas"well as éh and HQ 'peaks. The resolution was

. B

s - N | . .
< very poor for Co andCCr..However, considering Zn, Cd, Cu and

L3

.o 7 . - . .
Ni only, the rbsqiﬁy}on was still better than that 'repor§ed

. 4 . R - .
in the literature.(ZSEmSZ), -using the same temperature\ but

. v [ S
lower flow rate. This was probablyedie, malnly, to the mére.

efficient stationar}y phase coating method gmploYed to -

" .
prepqrg;co’lumns, aqd ,perhaps ' due to d"ifferences 1n&the

e

b
.
.°‘ - . ; .;'l‘ . .
-7 J
? e < 2
\ a -
~ .
. . A

o
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TABLE 6 ]
o < COMPARISON OF RESUL?S.USIﬁG‘(S% 0OV-101 + 5% QF-1)
ON Cw-HP, 80/100 MESH, (60 cm x 2 mm 1D, GLASS TUBING),

AT 210°c'pon 10 MINS, THEN PROGRAMMED TO 250°C

" AT 4°C/min AND AT 30ml/min FLOW RATE AR

: RETENTION DATA *

METAL DDC REPORTED ( 25 ) * OBTAINED**
) [ , RT N RT N
{ j ’ )
Zn ) . 5.0 .7 3237 , 3.8 650
cd ' 7.2 " 324 - 13.3 1977
Cu . 9.2 339 - 15.3 1379. .
W1 133 i 676 - 18.0 5207
_ RESOLUTION :
REPORTED(25) . : OBTAINED
‘Y 4 L)

", . . , 14
zn-cd = 1.5 3 2.5
zn-cu ‘ ) . ’ 2.5 ., ' 7" 3’.4
Zn-Ni 4.8 %, 6.4

- cd-cu | 1.1 B 1.4

\' 1 .. L ] ‘
Ccd-Ni . . 3.2 4.3
I ;r . . . ; i : r o
> Cu~N1 1.9 ' 2.1

% Flow rate at GOml/min and programmed at 10°0/min td 250°¢
XX Due to the tailing encountered during temperature '
- \jg . .
programminq, the flow rate used was 30m1/m1n and

—

single column compensation was used in order to -

,ffacglitate area.measurements. ,

) \ (.l . . N . . K “ . ) N

) - ‘,‘ .
S T A



|9 N

SEPARATION OF FOUR ZAOUOV... ON 5% OV-101 + 5% QF-1 ON.

F1G. 11 |
CW-HP, 80/100 MESH, (60 cm x 2 mm 1.D, GLASS TUBING),
. 30 ml/min, AT 240°c, Anp 210%c for 10 mins, THEN
PROGRAMMED TO 250°C AT 4°C/min. .
Zn n g,
) ) i
b 4 _I¢ | by
. : v
1 - .2- t
: _Cu NI
& -
- cd - = *
- * :
Zn n" Cu e
-t it ”
2 \
¢ . ,
ViJL AN
— ' &
- P 2 .\» -
TIME,min. . //I\\\ . 1- . -
-~ . . -
210 C,10min then programmed to 250" at 4°C/min | - TIME,min.
240°C

-

4
3
.
v
- T+
- T
i
&
- -
- g
g '
v 1
“ R b
“w T
J
-,
©
-
[ . f .
. / .
'
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, i
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' i
!
i
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v
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i
f
i
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TABLE 7

1

]

ON 5% OV 101 + 5% QF-1 ON CW-HP, 80/100 MESH,
(60 cm'x 2 mm ID, GLASS TUBING), AT 240°C, 30 ml/min

'SEPARATION OF A COMPLEX MIXTURE OF NINE METAL DDC

RETENTION DATA

METAL DDC > RT(MIN) N
Mo .. 0.8 66
zn ;¥; 3.1 245
cd 4.3 178
Pb 4.3 - 178
Cu v 6.3 ' 250
Hg 5.3 250
Ni 7.4 394
Co - 21.4 438
Cr 23.8 471
| RESOLUTION

Mo-Zn 3.9 \ . L
zZn-ca 1.1
" cd-Pb 0.0
cu-ca’ ovyf’_dp
Cu-Hg oo
Cu-N1i - 1.5
Co-Cr 0.3
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FIG. 12  SEPARATION OF A NINE M(DDC)_ MIXTURE ON 5% OV-101
+ 5% QF-1 ON CW-HP, 80/100 MESH, (60 cm x 2 mm

1.D, GLASS TUBING), 30 ml/min AT 240°C, AND AT

210°C FOR 10 MINS, THEN TO 250°C AT 4°C/min.

s An Pb+«Cd ' ' o _ .
o L) Isothermal ,240 C
Mo ¢ .
H
d] Y
Cu.
5 /

. .
4 A

Time,min ] ‘ |
‘ 210 C programmed . -

to 250°C 4 C/min |
With column Compensation

[

NI

M
®

. ‘ ‘ . Time,min
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. 7.1.3 CONCLUSIONS BASED ON THE PRELIMINARY RESULTS:

&

\ R -57-

1 -~ Both columns offered excellent separation of Zn(II),
Cd(II), Cu(IXI), Ni(II) and Co(III)(DDC), as had

already been reported in the literature (25).

o
2 - Both columns falled to resolve more than flve
u(DDC)n per run. Various temperature programming !

%

: pfﬁ?iles failed to increase the number of chelates
which could be separaféd: In addition, excessive

column bleeding was observed during the programming

‘runs. .

3 - Since OV-101 and QF-1, at the loadings repo££ed,'gid
not appear to be efficient enough for separation of
‘more than five M(DDC) at a time, they would. not be
édequate for analyQ%P.sf complex metal miktuies such

as those found in marine environments. Therefore, more

i -~
studies were required to find more efficient stationary

13

phases or more appropriate loadings. It was decided to
use the results in FPig 12 as a reference against which

to judge separations on other phases.

P

l’\) .
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-
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7.2 0V-101 / QF-1 COMBINED IN VARIOUS PROPORTIONS

[

.. IN SEQUENCE"

(Table 8, Fig 13)

~

Since a mixed 2.5%\0V-{01 + 2.5% QF-1 column was
successful in achieving very good"resolution of flbe metal
. .

chelateg,‘it was_dJ;ided to prepare combination columns-
having different proportlons of theaehtwo stationary phases,
in sequence, from 100% OV-101/ ~0% QF-1 to 0% ‘0V-101 /100%
QF-1, to establish the effect of relative proportions on ghe

) ) .
" resolution that could be achieved. Three metal DDC chelates

were chosen as test samples, namely, Zn(DDC)z, Cd(.DDC)2 and
N1(DDC), for this study because of their ‘excellent thermal
?tabiilty at 200°c (11, 25, sz).\.

The resﬁlts obtained for th}s series oficolumns areé
listed in Tablé 8, and the :egzeééion {ines plotted féé. the
gesoiution factors, obtained in both directions of the.

'cérrier flow, and the percent column coﬁpésition are sthn
in Fig 13. s L
" The resolution of the 2zZn-Cd pair decreased /with de-

crease in fraction of OV-101 relative to QF-1-. In addition,

f

the retention times for 'both zn and .cd varled, but no
drastically, with change in relative proportions of the ‘tWo

¢
phases, on the other hand, the retention time of Ni(DDC)2
LN - ) ) :

_increaged with increasﬁng proportion of QF-1. The resolution

-~

7
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TABLE 8

]

x

RESOLUTION AND RETENTION TIMES ON OV-101/0F-1

CUPLBINATION COLUNNS AT 20000

.COLUNN 2 ft x 1/8 in 0.D

DIRECTION RESOLUTION . RETENTION TINE (KIR)
1 LENGTH 0F ir-Cd Co-Ni In-i  in(O0C), CA(DOC), - NLCDIC),
ZSLOV-101 29K -1  CARRIER .o :
FLOW - :
100 0 — . 30 LT S1. 47T LT a9
75 5 — 27 28 53 5.6 B. 13.4
— 21 32 55 54 820 138
67 . B3 —b 28 31 5} 5l 1.9 126
- e ) i
+— 26 33 5.4 5.2 1.9 133
0 . 50 — 23 37 61 -53 . B2 43
~— 23, 39 63 %5 85 187
B3 6T —— 22 43 66 4T 14 M2
S— e lag sa s e g
° ' )
2% 75 — 22 46 &5 ° SB B2 115
— 13 4s 63 51 13 6o
s i . \
ﬁ——-" 1-8 5;2 ) 6-9 409 6-7 lsls
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FIG. .Hu RESOLUTION OF METAL DDC PAIRS, .Zn/Ni, Cd/Ni, AND 2Zn/Cd,
9 |~ Resolution Factor ) . ’ ’ "
i * IN RELATION TO COLUMN OOZQOmH.—.HO.z. o
7.5 |- , , ’
I} v g - - , .
' L R(Zn-Ni)
. e = ‘ ¢ *
* : £ )
4.5 |— . -
] ﬁ . . :
o ) : C
@, ] R(Cd-Ni)
3 -
s = ' . R(Zn-Ccd}- n i . )
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of C4 and Ni also increased, also, with increasing QF-1

content.

P

7.2.1

%
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~

¥

A

CONCLUSION

From the séudy of tﬁese 0vV-101/ QF-1 segmeﬂi columns

L d

-it was possible to :

l-n.

b

. &

"QF~1 used.

. ¥
conclude that.there is a strong affinity of Ni

toyards’QF-l, its zetgnt%on tfme increasing with
fhe propoition of QF-1 useq.l

conclude that there is a logical rélgfionshlp
between resolution (and to the same extent

\
retention time) and proportions of 0V-101 and

predict the patential.of QF-1. gradient columns
to separate metal DDC that elute.affer Ni,

and of OV-101 for the metal DDC which elute

:before Ni.

\_

7.3 . EXPERIMENTS WITH GRADIENT COLUMNS

» s

”

-, (1) -

The approach .adopted ih the’ study of gradient
c¢olumns is outlined below:

Hetil DDC used ' for preliminary column testlnq;

b

t

e

. i

T ETea T



(2) -

(3) -

(4) -

Y

.
2

-62-~

" were selected on the basis of thelr thermal

stability (13, 20, 25); i.e Zn(II), Cd(II),}
‘(1) and Ni(II) DDC. "’
Wheriever a é?adient column gave excellent
separation of the abo?e‘four chelates {t wés
'evaluated\futher by attempted separation

0f a more complex mixture of metal DDC.

Temperatyre programming studies were carried out-

to obtain the optimum resolution for the maximum

" number of metal DDC in a mixture on the more

promising columns.

-

For every gradtent column, the following .points

,

»

were considered:

a - Efficiency (number of theoretical plates, N)

b - Retention fiﬁza, with a view towards
obtaining reduced analysis times. ,//

c - éxtent of column bleeding at high
’temperééures, % L
d - Possible-degradation of the metal ODC.
e -( Degree of improvement of rgsolution over
. that obtalnéd‘with convgntional colu&ns and
and that shown in Fig 1é.us;ng antpV-IOI;f -

QF-1) combination. . 4 ' ;
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7.3.1 GRADIENT COLUMNS WITH OV-101 'STATIONARY PHASE
7.3.1.1 1-2-3% OV-101 ON CW-HP, 100/120 mesh,

-~ (60 cm X 2 mm I.D, glass tubing),

(Table 9, Fig 14 to 17)

The results achleved with this gradient

column Eompared to those on conventional 1%, 2%, and
3% loaded columns at 220°% are shown in Table 9. The
fesblution on the 1-2-3% gradient column was superior to
thag on the individual 1%, 2% or 3% columns. The chromato-
grams on these columns are shown in Fig 14 . None of the
four columns, however, could separate the Cd-Cu DDC in the
mixture 6£ the four metal DDC injectea’éogether.

'; mixture of eight metal (DPC)n was ¥njedted’1nto both
the 2% OV-101 (the averagé gradient loading) and the

: o

1-2-3% 0OV-101 columns using temperature programming from
200°C to 240°C, at 4°C>min, and then constant <column
temperature 240°C for teﬁ mi;ute§} Peak tailing’and column
bleeding were osserved on the 2% conventionql-column but not
on the 1-2-3% gradient column, Figs 15 & 16,‘evén though the
twozcolumns had been prepared and conditioned,qt the same
time " in identical £fashion. This advantage of 'gradient
columns has also been reported by Berry et al (7). .

Some éégts were carried out injecting various metal DDC

~

individually to check for possible degradatlon. Pb(DDC)é

e I -
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TABLE 9 . )
nCOMPARATIVE RESULTS OBTAINED ON A 1-2-3% OV-101
GRADIENT COLUMN AND ON 1%, 2% AND 3%

CONVETIONAL COLUMNS,.AT 220°cC.

RETENTION TIME, min%

METAL DDC 1% 2% 3% T 1-2-3%
Zn 0.9 1.7 1.7 1.6
cd 1.3 2.6 2.7 2.5
Cu 1.4 2,7 2.8 2.7
N1 - 1.7 3.3 3.4 3.2
P .
T RESOLUTION*
l:f
Zn-cd 1.2 1.2 0.9 2.2
Zn-N1 1.7 1.9 1.5 3.7
cd-Ni 0.8 0.7 0.7 . 0.9
cd-cu 0.0 0.0 0.0 0.0
f { ‘

/

+  ReDA <213 | B
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z,
. ! - : X
FIG. 14 COMPARISON OF CHROMATOGGRAMS OBTAINED ON A
1-2-3% OV-101 GRADIENT COLUMN, AND ON 1%, 2%,
AND um\bnwpap CONVENTIONAL COLUMNS, AT 220°C
. AND w\oawxa—:.. . @
T~ CdiCu LT " Zm
‘ ® 3 CdeCy -
N “ ] S
Cd{Cé mw Ma — )
. ~ Ni
o m - 3 8
3 . &
N 5 .
3 b4 1.:/b
o - ¢
. " a;
<
S
I
N L , -
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Time,min Time,min Time,min -
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TABLE 39 - e

CHARACTERIZATION Of A 1-2-3% 0V-225 GRADIENT COLUMN, AND
——— * \ -

A 2% OV-225 CONVENTIONAL COLUMN ON CW-HF 80/100 MESH,

(180 cm x 2*mm I.D, GLASS TUBING) * ¢ .

USING KOVATS RETENTION INDICES RS
SOLUTE 2% 1-2-3% . )

RSD% “RSD%
BENZENE 762 1.0 . 766 0.7 :
N-BUTANOL 925" 0.4 931 T 0.7
1-4 proxang " 886 0:5 911" 0.2
PYRIDINE 990 0.2 991 0.2 .
2-METHYL2 -PENTANOL 931 0.4 945 . 0.3
.l-IODOBUTANé" 973 0 2 978 ~0.2
2-PENTANONE '*331 0.5 905 0.3 .
CIS-HYDRINDANE 1032 0.4 ~ 1045 0.3 -

- .
Y
'
. | )
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hr ‘ e ‘1'164-
} column showed higher chromatographic selectivity when
; . . Y
with the 2% column. _ Co ;

o

8.3.5 1-2-3% OV-210 ON CW-HP, 80/100%mesh,

<

. (180 cm x-.2 mm I.D, glass tubing)

(Tablée 40)

Shown In Table ‘4 are the RI data obtalned on this
column. The RI values for bgtanél, and 2-methyl-2-pentanol

were slightly higher on the gradient column qompared‘to the

——n —-

S 2% column. The RI for benzene on this column was similar

to that _obtained dn 1-2-3% QF-1, but lower values' were
! /

ppséxved than on 1-2-3% QF-1 for the'remaining chenical
) o, .
probes, thus indicating’that(EF~1 has more chromatographic

selectivity than does OV-210~

I3
S —_— e - £

.
i

8.3.6 1-2-3% EACH'OF QF-1-6V-101 ON Cw-HP, 80/100 mesh,”
ey . - : =
+(180°cm x 2 mm I.D, glass tubing),’

‘(Table 41) T

The RI values obtained for this two-phase -gradient
column:are shown in table 41. Genéré;;x the RIJvalues bn
. - . the gradléﬁ%'coldmn wexe similég Qnt‘sllghtly lower %han on .

.. \._.\'
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TABLE 40

- femm TN

CHARACTERIZATION OF A 1-2-3'% OV-210 GRADIENT COLUMN,

/

AND OF A 2% OV-210 CONVENTIONAL COLUMN ON CW-HP,

80/100 MESH, (180 cm x 2 mm I.D, GLASS TUBING)

!

UFSNG KOVATS RETENTION'INDICES \\\,

v

CIS-HYDRINDANE™

961

956

SOLUTE 2% 1-2-3%
. RSD% RSD%
. X T
_BENZENE 687 1.0 673 1.0 o
N-BUTANOL _ 805 0.5 813 0.8
1,4 DIOXANE 835 0.7 831 0.4 =
.f?xgrnlys. | e 909 0.3 895 0.3
'é-METHYL-ZPENTANOL ' 851 - 0.6 854" 0.6
1-I0DOBUTANE . 904 0.2 874 0.3 N
' 2-PENTANONE 892 0.3 —- 885 0.3 o
oig 0.3
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TABLE 4

1

-~

CHARACTERIZATION OF A 1-2-3% EACH OF‘OV-101TQF‘1

GRADIENT COLUMN, AND OF A 2% EACH OF 0V-101-QF-1

‘CONVENTIOANL COLUMN ON CW-HP, 80/100 MESH,

o

(180 cm x 2 mm I.D, GLASS TUBING)

USING KOVATS RETENTION INDICES

-y e

1-2-3%

SOLUTE 2%

| RéP% RsD%
BENZENE sssl 0.7 653 ol&
N-BUTANOL ‘,695 0.6 - 681 0.3
1,4 -DIOXANE ] 731 0.5 732 0.4
PYRIDINE ’ 789 - 0.4 787 0.7
2-METHYL 2-PENTANOL 760 ., 0.2 758 0.5
1-IODOBUTANE 829 '0.2 829 0.2
2-PENTANONE 741 0.5 139 n 0.4

964

| CIS-HYDRINDANE *

g
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- K}

the 2% _column indicating higher selegtgvity on the

2% column.

—

‘¢ 8.3.7 (1-2-3%) QF-1 + 1% 0V-225 ON CW-HP, 80/100 mesh,

(180 cm x 2 mm, I.D, glass tubing), .

(Table 42)

o

This column combined the stationary phases of the two
most selective columns. Shown in Table 42 are 'the R1 data

obtained on this column compared to the 2% column. The RI
)

values were generally loweri by approiimately 10-RI units

(W

on the gradient-column. The chromatographic selectivity of’

this column for benzene and pyridine was between that on

1-2-3% QF-1 and 1-2-3% OV-225 . .

. ' P ‘
8.4 General conclusions on characterization’

.0f gradient columns.by Retention Inhices

1. It has been demonstrated that the ftetention index -

system can differentliate be%qeen_p larity gradient and

conve;tional columns and can serve to classify gradient

°

ioadeﬁ columns.

2. The varlable percent loadedug:édient columns differed

/
in behaylor, to modeét.exteqté. when compared with

u
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- oD ' “PABLE 42
. '} <« 3 ’ .- ,
CHARACTERIZATION OF A (1-2-3%) QF-1 + 1% OV225 . . i

-

" GRADIENT COLUMN, AND OF A 2% QF-1 + 1% ov-225 . &

- s . ‘'

” ' CONVENTIONAL COLUMN, ON -CW-HP, 80/109, MESH,

(180 cm x 2 mm I.D, GLASS TUBING)

"

' USING KOVATS RETENTION INDICES

N

- =
SOLUTE 7% QF-1 + 1% 0V275 (1-2-3%) QF-1+ T% 0V225
‘ RiP\‘ L ' RED% ‘
BENZENE =727 - ~ 0.7 712 0.8
) -
N-BUTANOL © .- 856 0.6 848 0.8
. ~ . : - . -
f . 1,4 DIDXANE - 876 0.6 863 . 0.71 ° ;
PYRIDINE © \ ‘952._ 0.3 945 0.4
. 2-METHYL-2PENTANOL * 891 0.3 - © 882 0.7 .
_ 1-IODOBUTANE 932 0.2. - 930, o4 |
‘ 2-PENTANONE - 892 01 - . 888— 0:7 -
CIS-HYDRINDANE 1028 S 0.2 . . 1018 0,1




. selectivity. ’ K

stationary phase. The obtained &I values for the

-169- . S e /
conventional columns,'sometiaé; showing more )

The two best columns found for the separation of ‘a

1

complex MQDDC)n mixture were«coated with QF-l

hl

probes representing molecular orientation prope ties,

Y

such as butandl; dioxane, lodobutane and pentanone, '
were hligher for the gradient column than the

conventional. This was im agreement ‘with ° the fact

that the separation of the'M(DDC)n comple¥ mixture on

the 3-2-1% QF-1 column waé more successful than on the

o ¥

2% QF-1 column. This £inding ,which is/minly due to

°

Hdifférences.dn;électronegativity of ach‘methl, is

moments of M(DDC) (65). Y 2 L

o

<

at
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9.0 petectfon limits - N

”Tests were. carried out with the £oliowing'columns
“ to establish’ the lower detection limits for metal (DDC)
using. the Flame Ionlzatlon -detector. .
R 1. 1.0—1.572.0-2.5-3.0% QF~-1 on CW-HP, 89/100 mesh,
(60 cm x 2 mm I.D, glass tubing).
S AT A e on"GC-, 80/100 mesh,
/ . == (60 cm X ifmm I. D, glass tubing)
\The zes%}ts obtalned are summarized in .Table 43.
The detection llmits depended on the percent by ‘
welght'?etaL content oﬁteach#cdflate. This is because‘tﬁe °
FID responds only to the organic part of the metal. chelate
*. . and not to’ the metal ltse}f; For’exa;ple, as ‘shown 1n

[ .
Table 44, the best'detect{on‘ldmlf was~£or'Ni(DDC)2,..dnd

the poorest,fér ?b(DDC)z. éﬁeddeéeemfnation.of trece'metalé
{p ﬁa;lhe~sed1mentsv and\geé water is usuaily'caxziéd out -
usin; e1ther' atomic .aﬁsorption (AA) (66),. or emgqslon
. vedectroscopy such - as - the vezsatile inductively coupled
plasma emission (ICP), with good detection llmltS‘(67). For
. example, the reported AA (67) detec%lon limlts fot Nl, 2Zn, -
and Pb were 0 i, 0. 01 and 0.05 ppm zespectlvely and for ICP

ware 2 1 and 2 ppb tespective1£ In comparison . the

‘ detectlon llmlts obtainéd (Table 43), {n this project are

X o . g}gy£n the limits of:theee'spectrosgoplc'methdﬂs.

.
' - . ’ » '
. ' .
- , . . , ) .
' ’ . . N ¢
e + . PR : & ‘ .
’ * IR . . PN .. * . N .. - ¢
. R - R N
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TABLE 43.

< - B N -
LOWER LIMITS OF DETECTION“ FOR M(DI,)C)n

1.0-1.5—2.0-2.543.0% QF-1 on cw-up} 80/100 megh, -

(60 cm x 2 mm' L.,D," glass tubing)

3

L3

FID :DETECTION LIHITS FOR A SIGNAL/NOIBE RATIO = 3,

[ ]

-

o

et ,USING FID . -
. } . e N o N 14
METAL DDC COLUMN TEMPERATURE C°  DDC (ng) METAL (ng)
. L ‘ . . \ - ’ - 3
E ) */‘ < - ¥ .
Zn(DDCY, 190 4.0 0.72
‘ 4"4'. L * “ ' . \
cd(ppe), - 190 . 1.6 ©0.44
Cu(DDC) 5 * ‘210 v 1.6 0.28
R ] I S , o
Ni(DDC)2 T - 210 ¢ . 0.4 . 6% pg
- R CoL , ] e
e % h .
' PH(DDC), 210 16.0 "« 6.60
] '* , 7 ! .
Co(DDC) 4 230 4.0 Q,47.
cr(DpDC) 230 1.0 0.42
1] . , . / -
N .
Hg{DDC), 210 : 0;59,01 . 4.04
, - '. ———
* -~ L4 ) ", t
. ~3-2-1% QF-1 on GC-Q, 80/100 mesh, ‘
(60 cm x 2 mm I.D, glass tubing). ) )

e~d
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o o TABLE 44 e

-

PERCENT METAL IN METAL DIETHYLDITHIOCARBAMATES =~

. ¢ . oo RN ’
\ - .  COMPOUND ~ MOLECULAR WEIGHT % METAL
' K -— e —— hs o
Zn(DDC) , B 361.91 - . 18.06
- N . \ e -

. Cu(DDC)zj 360,08 : “f'”' "17.65
o Hg(DDC)., . 497.33 . - 40.35

Co(DDC) 5 |, _ 503.62 . 1170

N1(DDC), - 355.25 ‘ 16.53
. - ) . . ’ ‘ L ’
Pb(DDC), . 503.73 : - - 7 41.13
. . campcy, ' 408.94 . . . ' 27.49
N ‘ . ‘\. . . /
. Cr(DDCY,. 496,00 10.48
4 p ¢
1 } i . . ’:\ 2
‘d
y q
g‘j ‘
31 . - -
- “. \ i
i - R (]
. \ -
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" "10.0 CONCLUSIONS I 7 ,
. ; /

o It was found that’ ‘gradient loaded columns  were

superior to conventional columns with respect to .;ﬁ:'qf

following points:

L

1. ‘ EFFICIE&CY (NUMBER OF THEORETICAL PLATES):

»
Q

The gradient columns werenfgund E_ be more efflcient

than convent!ﬁnal columps in the jcase of all ihe !

columns studled. L L R
2. ' REDUCED ANALYSIS TIME:
On the gradieﬁt columns, the M(DDC)H.EIuted faster’

' than on the conventlonal colunrs tested for compar-

- o : 1sonkuéheref6rg, the total‘analysls time was ré@uéed
. using grqdieht célumns. | |
" 3. LEss cowuu_m)gzomd: c \\ » _\ r | \
= lit was observed that wdtﬁ‘most of the grééient polumns N
* .studied,~ staﬁionarxpphase bleeding was less than on
] 'cqnven?ional cﬁlumns when proqi}dﬁ;d'temberature ' ) .
: ‘ a;alyses werei:;rzied out. |
. .:’ A | a RESOLUTION:

. The’ resolution obtained on most of the gradlent
~columirs studled was superlor to that on conventional | T

columns ﬁaving stationary phase loading in the concen-
. )

8

f}aklon‘range incluQed in the gradient columns, Fine

tunning of gradient columns provided separations which

) ‘ o




<

o

-y

; - =174 ' ’ ,\/)r
could had not'beén acﬁieved previduslyu.Fbr.example,.
. N ’

the spparation of the Cd/Pb DDC pair was success-

.ot

" ful on éhe ;;0-1.5-2.0—2.5—3k0% QF~1 gradient column.

. ‘ N ,
HIGHER COLUMN CAPACITY: "

kit was shown that by reversing the gradient loading

QU”tﬁat the largest loading .is at the nginning of

_the colﬁmn, i.e 6-4-2%, rather than 2-4-6%, sample. .

capaclty, was lncreasedﬂ

'\;in a mixture of nine metal (DDC)n,. eight were

.separated. Pb(DDC)2 was still\a problem and resolution

of the Cr/Co pair was only 50%.

The best separatlons obtalned for the mixture of
nine metal(DDc) n’ were on t%e 3 2-1% QF-1, and on the

1.0-1.5-2.0-2.5-3.0% QF-l gradient columns. Separation

.

of the Pb/Cu and Hg/Nl pairs were successful on the -
1-2-3% QF-1 + 1% 0OvV-225, and on the 1.0-1.5-2.0-2.5-
3.0% QF-1 gradient cblumnsA when they were éresent in a

mixtn}efog\seven metal (DDC) - The separation,ofﬂthése

-«

two pairs was not achiewed on the 5% ov-ldr + 5%QF-1
column developed by Carwvajal (25).

ov-225 gzadlent'columns were found to be unsuit-

ablé for the separafion of metals eluting after the_‘

— -

Ni(DDC)z, BUCh as CO(DDC)3 ahd Cr(DDC)sr due' to thelr-

o

L . N * . -
»
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-

very lbng reteﬁiﬁoq times:

For some mgtals such, as Hg and‘Pb, degradation
wa; observed on d&—lOl, QF-1, .and OV-210 at tempera- ‘“’,:
tures above 200°C..After several 1njections;‘h6wevez; a
single peak wag obtainable for each. \
Characperiggtion‘gﬁ the gradient columns uéing th§
Retention Index éystem wag shown féasible://
The rébéoducibility_of retention times and resolu-

7

tion was'generally good, with relative standard

]

deviations usually below 5% for gradient columns.

9, ) * .
The FID detection limits were in the order of 0.40

- to 16 ng for the M(DDC) bn QF-1 gradient columns.

. / rs
These detectlop limits are as g?od as what has been

'reported for ICP and AA. The best gradlent-_column. ¢ t

~ developed in this project would qccordingly be appicable

to marine bottom sediments.

I

L] '

Vs N N T

J11.0 Suggestions for further research

Although synthetic chelates were used in this
roject/T% should be feaslble to extend the use of - | f—g

gxadlent columns to real soil and marine water analysis.A"
-

{
w1th the proper gradient columns it should .be possible )

*

.to separate metal chelates from sample matrix -

1nter£erenc§s.

- . -
* - . Lt
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Anotker suggestion for further'résearch w6u1d=be a

study of quantitative recovery of metals [from a ,
complex nine metal mixture ¥, and to determine accuracy

and pfecision using FID.

[

Exponeﬁtial %radient loaded columns an be

evaluated for ‘trace metal analysis a as means of

~

Lol

» _ further fine tunning ?f co%gpns.
- ~ : The study of the effect of conditioning

" ..temperature and prolongéd operation at elevated

> -

temperatures’ on'the migration of stationary phases used kw)

. in these gradient columns could be an interesting

Kt) s - project. o, ‘-\

. " Finally, it would be 1nteré§ting to study the
apparently variable retention behavior of Pb in complex
‘mixtures of metal chelates, possibly by using Mass

Spectrometry for the "identkfication of eluted peaks.

.\. ' _ . - . ‘
SR ' | Y
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_ L .TABLE 45
'MELTING POINTS OF M(DDC) .

—_—

-

o

MtDDC)

i

e hl

MELTING POINT, c°

1

REPORTED

OBTAINED, REFERENCE -
M00, (DDC) 145 -~ 146, - 133 —‘13575 " 62
Zn(DDC) 178 - 179 225, 178-179 60, 61
ca(pDG), 250 - 251 254, 252-253 60, 61
pS(DDC)é ‘ 210 - lzoag 209-210 L 60,789
Cu(DDC), - 201 196, 201-202° 60, %1
Hg(DDC), 12 127 - 130 * S .
) " 139 - i41 60, 57
N1(DDC), " - 234 - 236 235 --236 60, 61
Cr(DDC) 4. < . 252 - 253 -- 250 63, 64
co(DDCI 260 - 263 263 - 264 61, 57
e ’ |
(] ’ R
N
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IR SPECTRA OF Co(DDC), AND Cr(DDC) g IN DRY KBr.

&

Y

a

54

FIG.

N -
- 1=
- (]
> o
R o -t
1 —| ek S -

- [ Fpnen gu—

H =

FREWUENCY (Lm
fe00
i

2000
]

2400

3200

2800

Jab. P,.f«f.“‘

- mlw
- — 4 ~Q -
- —
\__ S
[L_ NS Juiy .
Y - - -
. A .- 2
! y- 'Y : N
N :
| “ ! N -
§—1 ! ¥ =
J ] { =
N 1 - b pry .I|“

4000 400

»~ v

Fig
¥

%) INVIIWG-IVE] N

[y

FREQUENCY (CM")

00

4000 3400

1000

1200

1400

1600

1000

2400 = 2000
|

28

4

. 3200°
1.

o o] e et fe | o |

af ctturn of 2l

AL

EE

d
-+




-187-

FIG. 55 IR SPECTRA OF Hg(DDC)

7

IN DRY KBr.

9 AND Pb(DDC)z

¢

-

@

S el
ik

LI e ]

7

+

m. ” : MIJHM. i ”
— | a
g — _fm .k
& Ms...—

§ 13 g

- :

' Ty e— L .

N. Do = - :

ol o, =T
N ,
5 4 % ~] 2 o
mm . . H ! 1 u
£° \ !

‘ Y a
\ Q R
m; -r..llimr M{ .
] mﬂ
g <
=
— -

§ = ——] |

g | IE——— J———

L] : e N

! oo

m — 15 IIVIIVSNVEL .

H )

v

.
.

FREQUENCY (CM’)

Y

1000

=k

© 1200

1400

1600
[

1900

7000
|

2400
'

s

> 2800

3200

Vo N\
b ST

3600

e . :
“ —- cm— me e L
| 4
s W S
i W Sl
._ W..,..”,sl,l.;-..wu.
—X e

4000

“

-



4

1200, 1000

1400

1600

FREQUENCY (CM")
1800

-188-~
y
2000

¥

IR SPECTRA OF zn(m)c')2 AND c:immcf2 IN'DRY KBr.

2000

a

M

56
4
4000 - 3400

- FIG.

/ :
3
S = R B S 2 I S I O :
S I P S E1E: S R
2 S S e T u ;
u-m VV.-H* ..,” m = W.» : - :
- 3l : : . V...H..-.”.._ . . )
sl T g P I i

1200

- 1400

1600

b

A
|
FREQUENCY (CM')
1800

|
e
v
¥ PR VA
+
- @ - -y
'
1) S
)
©

']

ZpD0Co2
4

-

t
v
1

2400.

- fe

2400 2000,

3200

=
. - X _ 8 | —_ N — T
- .JF. 4 s - - RE
1= . . R m “ T M _
' - i r — R _ -
— i PR s s s g | .
! £ w H h‘, - N “
N7 O T A R
e . B =
§

(%) IINVIIWSNVL .

-

.



Copr, :.‘.':L

-189~

2 AND Ni.(DDC)2 IN DRY KBr.

IR SPECTRA OF Cu(DDC)
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TABLE 46

- -

2

CALIBRATION CURVES OBTAINED FOR M(DDC)n ON

< (1-2-3%) QF-1 ON CW-HP, 80/100 mesh,
, (60 cm x 2 mm I.D, glass tubing), at 200c’
e :
CONCENTRATION: 0.1-1.0 ug/ul, N., FLOW RATE: 25 ml/min
\ " 2 . 3 - N
' " REGRESSION ANALYSTIS
METAL DDC RETENTION  SLOPE CORRELATION Y INTERCEPT .
ké TIME (min) (cm/ug) COEFFICIENT (cm) -
2n(DDC) ., 4.4 33.6 1.00 - 2.40
Pb(DDC) .. - 6.0 12.2 ¢ 0.99 . 0.22
Cd(DDC)2 , (7.0 11.0 0.99 . 1.o1 "
\ s '
N1(DDC}, s+ o11.4 ,0.99 0.05
§' < . . . ‘ O
.Co(DDC) " 40,4 2.7 1,00 0.02
- ‘ ’® h
. % e
Q ) ,
L - p
- ¢ ’
v 7 ' .
4 )':. kc R 4 c..;
N .
‘8 . ‘ . .
5 i‘ - o —t— —— e Renamm
l s
? Q - -

¢

Y
SR
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FIG. 58 CALIBRATION CURVES FOR 2n(DDC), AND Pb(DDC),
ON 1-2-3% QF-1 ON CW-HP, 80/100 MESH,
(60 cm x -2 mm I.D, GLASS TUBING), AT 200°,

P T N
AN t

AND 25 ml/min.
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" FIG. 59
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CALIBRATION CURVES FOR Cd(DDC), AND N1(DDC),
ON 1-2<3% QF-1 ON CW-HP, 80/100 MESH,

. (60 em x 2 mm 1.D, GLASS TUBING), AT 200°C, .

AND 25 ml/min. , L
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| CALIBRATION CURVE FOR Co(DDC), ON
1-2-3% QF-1 ON CW-HP, 80/100 -MESH,
(60 cm x 2 mm I.D,’ GLASS TUBING);

AT 200°C, AND 25 ml/min. |
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TABLE 47

(1.0-1.5-2.0-2.5-3.0%) QF-1 ON CW-HP, 80/100 mesh,
' (60 cm x 2 mm I.D, glass tubi‘ng), AT 200°c,

CONCENTRATION: 0.1-1.0 ug/ul, N, FLOW RATE: 25 ml/min

——

CALIBRATION CURVES OBTAINED FOR M(DﬁC)h

ON

REGRESSION ANALYSIS

CORRELATION Y INTERCEPT

TIME (min) (cm/ug)  COEFFICIENT (cm)
Zn(DDC) , , 3.9 . 15.6 1.00 - 1.32
'Pb(boé)z ', 5.4 11.7 ¢ 1.00 - 0.75
cacocy, - 5.8 T B TR 0.50
NL(DDC),  13.2 1122 .00 0.06
:CokDDC)3 .35:8 S e L 1.00 0.09
- ¢,~
o X o |
. \ \
o,

PR o

. R
Sela T e
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CALIBRATION CURVES FOR 2n(DDC), AND Pb(DDC),

‘ON 1.0-1.5-2.0-2.5~3.0% QF-1 ON CW-HP, 80/100 MESH,

(60 cm x 2 mm I.D, GLASS.TUBING), AT 200°c,
AND 25 ml/mif. :
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FIG. 62 CALIBRATION CURVES FOR CA(DDC), AND Ni(DDC),

ON 1.0-1.5-2.0-2.5-3.0% QF-1 ON CW-HP, 80/100 MESH,
(60 cm x 2 mm I.D, GLASS TUBING), AT 200°c,

(23
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CALIBRATION CURVE FOR CO(DDC)3

ON 1.0-1.5-2.0-2.5-3.0% QF-1 ON CW-HP, 60/100 MESH,
80/100 MESH, (600 cm x 2 mm I,D, GLASS TUBING),
AT 200°c, "AND 25 ml/min. : .

’
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v ‘ . R TABLE 48
' CALIBRATION CURVES OBTAINED FOR M(DDC)  ON
' " 1-2-3% OV 210 ON CW-HP, 80/100 mesh,
- . (60 cm x 2 mm I'.D,’ glass tubing); AT 202000,
CONCENTRATION: 0.1-1.0 ug/ul,” N, FLOW RATE: 30 l/min
} ‘ REGRESSTON ANALYSIS "
'METAL DDC RETENTION skopE CORRELATION Y INTERCEPT )
’ TINE (min) (civ/ug) = COEFFICIENT  (cm)
] s l - ‘ /
.Zn(DDC) , 1.4 19.2 6.99 ) - 0456
| cd(bpe), . '1.9H 5.2 0.96 0.65
pb(bDC)z 1.9 9.9 0.99 - 1,30
Cu(DDC), 2.6 | 14.1 1.00 - 0.23 »
Ni(Dbc)2 4.2 14.7 0.99 0.16 -
Co(DDC);  10.0 9.2 0.96 2,90 /
- »~- x " ! ‘/‘
! - K
. B g
N 27 o
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" CALIBRATION CURVES FOR zn(m:m2 AND ca(onC)2
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ON 1-2-3% 0V-210 ON Cw-HP, 80,100 HEBH,
(60 cm X 2 mm I [f GLASS TUBING), AT 220 C,
AND 3¢ ml/mln.
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PIG. 65 CALIBRATION CURVES FOR, Pb(DDC:)2 AND Cu(DDC)2
’ .. ON 1-2-3% OV-210 ON CW-HP, 80/100 MESH,

(60 cm X 2 mm I.D, GLASS TUBING), AT 220 C,
AND 30 ml/min.
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- FIG.' 66  CALIBRATION CURVES FOR AND Ni(DDC), Co(DDC),
ON 1-2-3% OV-210 ON' CW-HP, 80/100 MESH,
) (60 cm x 2 mm I.D, GLASS TUBING), AT 220°c,
AND 30 ml/min.
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) TABLE- 49

CALIBRATION CURVES OBTAINED FOR M(DDC)  ON
3-2-1% OV 225 ON CW-HP, 80/100 mesh,

(60 cm x 2 mm I,D, glas's tubing), AT 24-o°c,

CONCENTRATION: 0.1-1.0 ug/ul, N, FLOW RATE: 30 ml/min

- S REGRESSION ANALYSIS
METAL .DDC  RETENTION,  SLOPE ' CORRELATION Y INTERCEPT
TME (MIN) . (cm/yg)  COEFFICIENT (cm)
Zn(DDC) 3.3 .. 15M "1.00 - 0.98
ca(ppc), 5.1, 12.5 0.99 - 0.12
Pb(DDC), 9.1 4.9 © 1.00 - 0.29
cu(DpDC), 6.7 ., 13.1 0.99 - 1.16
N1(DDC), 11.7°, . 13.8 . '0.99 S g 0.24
ra - ‘4‘. ’ »
. “A‘r‘x't;l};'.‘n.l‘t
b] P ' ~ .
¢ ’ -4 e
>
‘; a
t é - v
h ‘ —
_ a ) - () ’ , *

[

L
%?— ;5;::»2:.
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\ FIG. 67 - CALIBRATION CURVES FOR Zn(DDC), AND Cd(ooc)2
ON 3-2-1% OV-225 ON CW-HP, 80/100 MESH,

(60 cm x 2 mm I.D, GLASS TUBING), AT 240°,

Y .
AND 30 ml/min.
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FIG. 68
1

PEAK HEIGHT
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. » ¢
CALIBRATION CURVES FOR Pb(DDC), AND Cu(DDC),
ON 3-2-1% OV-225 ON CW-HP, 80/100 MESH,
(60 ¢m x 2 mm I.D, GLASS TUBING), AT 240°C,
g

AND 30 ml/min.
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FIG. 69 CALIERATION CURVE FOR Ni(DDC), ON LT

3-2-1% OV-225 ON CW-HP, 80/100 MESH,
(60 cm x 2 mm I.D, GLASS TUBING), .
AT 240°c, AND 30 ml/min. -
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TABLE 50
CALIBRATION CURVES OBTAINED FOR M(DDC)n ON

1-2-3% EACH OF OV 101 - QF-1 ON CW-HP, 80/100 mesh,

(60 cm x 2 mm I.D, glass tubing), AT 240°C

-
e

CONCENTRATION: 0.1-1.0 ug/ul, N, FLOW RATE : 30 ml/min

2]

. REGRESSION ANALYSIS

METAL DDC RETENTION - SLOPE CORRELATION Y INTERCEPT
TIME (min) (cm/ug) . COEFFICIENT (cm)
Zn(DDC), 1.2 12.6 1.00 - 0.67
cd(ppc), 1.7 12.1 1.00 - 0.32
Pb(DDC), 2.0 12.1 " 0.99 - 1.04
Cu(DDC), 2.0 17.7 1.00 © - 0.53
N1(DDC), 2.7 T 28.2 © 1,00 "~ 0.56
Co(DDC), - 8.2 13.6 1.00 - 0.02 °
. :
- .

°

b Bope e g A S
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CALIBRATION CURVES FOR Zh(DDC), AND Cd(DDC)2
ON 1-2-3% EACH OF OV-101-@F-1 ON CW-HP,
80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),
AT 240°C, AND 30 ml/min.
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CALIBRATION CURV'ES FOR Pb_(‘DDC)z AND Cu(DDC)2
ON 1-2-3% EACH OF 0V-101-QF 1 ON Cw-~HP,
80/100 MESH,
AT 240° c, AND 30 ml/min.

(60 cm x 2 mm I, D, GLASS TUBING),
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FIG. 72 CALIBRATION CURVES FOR Ni(DDC), AND Co(DDC); -
ON 1-2-3% EACH OF OV-101-QF-1 ON CW-HP,
80/100 MESH, (60-cm x 2 mm I1.D,.GLASS TUBING),

' AT 240°C, AND 30 ml/min. '
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_ TABLE 51 °
s CALIBRATION cuﬁvzs‘oaéAruED FOR M(DDC) ON .,
EACH OF 1-2-3% ov-22;-QF-1ﬁbu cw—;p, 80/100 mesh,
(60 cmx 2 mm I.D, qlass4tub1ng), AT'24OGC,I |

CONCENTRATION:.O.l*l.O ug/ulf'Nz FLOW RATE: 30 ml/min

REGRESSION ANALYSIS

: METAL DDC  RETENTION  SLOPE CORRELATION Y INTERCEPT
N TIME (min) (cm/uq) COEFFICIENT (cm)
zn(DDC), 3.0 11.9 1.00 ~ 0.49
ca(poc), 4.5 12.4 1.00 - 0.31
v ‘ ‘T N -
, Pb(DDC), 7.6 4.8 S 0.99 - 0.08
cu(DDC), 6.1 11.1 0.99 - 0.82
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-211-
CALIBRATION CURVES FOR Zn(DDC), AND C4(DDC),
ON 1-2-3% EACH OF OV-225-QF-1 ON CV-HP,
80/100 unsn,
AT2240 'C, AND 30 ml/min.

(60 cm x 2 mm I.D, GLASS TUBING)_,
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FIG. 74 CALIBRATION CURVES FOR Pb(DDC.)'2 AND Cu(DDC),~

.+, ON 1-2-3% EACH OF oV-225-QF-1 ON CW-HP,
-80/100 MESH, (60 cm x 2, mm I.D,. GLASS TUBING), ,

AT 240%C, AND 30 ml/min. -
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| TABLE 52
CALIBRATION CURVES OBTAINED FOR M(Dvc)h ON °
(1-2-3%) QF-1 ¢ 1% OV-225 ON CW-HP, 80/100 mesh,
(60 cm x 2 mm I.D, glass tubing), AT 240°c,

-

CONCENTRATION RANGE: 0.1-1.0 ug/ul, N_ FLOW RATE: 30 ml/min
. 5 '

2

REGRESSION ANALYSIS

. METAL DDC  RETENTION . SLOPE  CORRELATION Y. INTERCEPT

TIME (MIN) (cm/ug) COEFFICIENT (cm)

Zn(DDC),, 1.3 10.3 1.00 -0.71

Cd(DDC)2 lag 9.9 1000' - 0-57

Pb(DDC), 2.0 ©16.2 0.98 - 0.65

Cu(DDC),, 2.6 8.3 . 0.98 ' 0.35

K Ni(DDC), 4.3 8.7 0.99 0.24°
\\". i f

) - . -
v, - , .
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FIG. 75 CALIBRATION CURVES FOR ZI‘I(DDC)2 AND Cd({J.D(})2

PEAK HEIGHT

LON (1-2-3%) QF-1 + 1% OV-225 ON CW-HP,
' 80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING), |,
AT 240°C, AND 30 ml/min. '
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CALIBRATION CU&VES FOR Pb(DDC)2 AND Cu(DDC)2
ON (1-2-3%) QF-1 + 1% OV-225 ON CW-HP,

80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),

AT 240°C, AND 30 ml/min.
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_FIG..77  CALIBRATION CURVE FOR Ni(DDC),
‘: ON (1-2-3%) QF-1 # 1% OV-225 ON CW-HP,
80/100 MESH, (60 cm x 2 mm I.D, GLASS 'fuamc),
AT 240°, AND 30 ml/min. : '
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! B SINGLE COLUMN COMPENSATION

,/ ~ When temperatuie programming is used, the rate of ) f

-

,stationary phase bleed from the column increases as the oven -

temperature ‘rises. This produces a‘rising basqiine which

;, caﬁ, in mény cases, make quantitation of peaks difficult or
impossible. ’ "
The standgrd means'for'dea11n§ with this effect is to ©
o use dual columns with two detect;rst\an analyzing‘and a

. : L]
reference column, and measure the difference in signals.

the columns must be"'id'entical so that the bleed raths will

be the same and cancel in the subtraction. In practice this

[

é is not possible, so the flow rate in the.reference tolumn is-

adjusted to balance the bleed rates.
' Single calumn cbmpensatioﬁ provides an electronic - |

¢

& .

substitute for the second reference column. This ‘eliminates
the need for a second column and detector. ] ' .
During a blank.run (no sample injection) a mathématicaf

" ' model of the column bleed préiiié.ig measured aqg s?oredi' ;
) X

~ This is sdbﬁ}apted from subsequent sample runs to preﬁuqé a.

/ flat baseline. °

This technique was..used in this .project with columns

. ¥

such as 5% OV-101 + 5% QF-1 column (ﬁig.'78) Qhere thé L, { .
blgedingeobsérved was fairly high. o T ST ;E
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15 SEPARATTON OF AN EIGHT M(DDC)  MIXTURE -ON
2% 0V-101 ON CW-HP, 100/120 MESH,

(60 cm x 2 mpy I.D, GLASS TUBING), AT 200°C

-

FOR 10 MINS/ THEN PROGRAMMED To 240°c - -
. N . v ) o T
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'FIG. 16 °SEPARATION OF AN EIGHT H(DDan’nlxrpRE»ON Co

1-2-3% OV-101 ON CW-HP, 100/120 MESH,

: (60 cm x 2 mm I.D, GLASS, TUBING), PROGRAMMED .
FROM 200°C To 240°c AT 4°C/min, then at 220°%¢
-+ 7. _FOR 10 MINS, AND 25 ml/min. -
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FIG. 17 DECOMPOSITION OF Pb(DDC),"ON 1-2-3% ov-101 - .-
ON CW-HP, 100/120 MESH, (60 cm x 2 mm I.D,

GLASS ‘TUBING)
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.Cclearly underwéntidegra@atlon(?ig 17L.'

\

7.3.1.2  2-4-6% OV-101 ON CW-HP, 1007120 mesh

B o (60 cm X 2 mm I.D, glass. tubing)

(Taple 10, Figs 18 & 19)
rThe'results of this studf ére summarized'ln
Table iO. The total analysis time for in, cd, cCu, and N%f
_pqg_ag thils gradiéﬁt Eoiﬁmn (4.8 min), Qas leSS than that .'l
dn the ééluﬁn contélning_ 4%nstationaiy phasé - which ‘wasg
quiyaient to the- ave?égé ioading_éf ‘the gradient cd}umn.L
Thg resoluti&nm\was aisoﬁ suéer}dr :Qn thg- gradigntl qqiuﬁn
compared to any of the_ﬁhree conventisnai ~columné.‘ The
'chromatograms on (Ehesg coluﬁnév are.sﬁown in Fig ‘18. Alj\.;

though the igradiént column 'provided' greater resolution,
.. A » . . 1]

-_Cd(bDC)2 and Cu(DDC)2 still dia_not separate. Theréfore,,vno
. \ * B . PN -
A < o .

~ further experiments were attempted with more complex YDDC
'_mixtures.'Pb(DDC)é, when'ihjeCted‘by'1t$e1f,’gave'two. §eéks
on both the 4% column and the gradiéntACoiumh,(?iq“l9x'-

. CL
. v v . : o

7.3.2 GRADIENT COLUMNS. WITH SE-30 STATIONARY PHASE

e - PO . ; . :
The use of" "this stationary phase for the analysis of
metal chelates was‘reported'by'severéL workers (1, 2, 8). It -~
1s reported that diffusion of low molecular weight n-alkanes

' ’ ’ !

) e w———
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T .

_TABLE 10 -

"

. COMPARATIVE RESULTS OBTAINED ON A 2:4-6% OV-101 GRADIENT

3.

'COLUMN,AND ON 2%, 4%-AND:6% OV-101 CONVENTIONAL COLUMNS

oy ‘AT 220°%C
“RETENTION TIME, min |
METAL- DDC 2% % T 6% 2-4-6%
Zn 1.7 3.5 4.0 2.4
cd » 2.6 5.4 6.1 v 3.7
. .cu . ¢ 2.7 5.4 6.6 3.7
Ni 3.3 7.0 7.9 4.8
RSD% & <0.9  <1.0 < 0.9 < Q,8
RESOLUTION

zn-cd 1.2 3.0 2.4 3.3
an-N1 1.9 4.2 3.9 4.4
_cd-Ni 0a7 v 1.6 1.6 1.6
" RSDY = 4 < .7.0 < 5.6 o< 6.1 < 6.0

: Co

4,-:1 C .. .
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FIG. 18 oozmwfmo.z om_o_zwozv._.om?yxm OBTAINED ON A . . .
©+ "° | 2-4-6% OV-101.GRADIENT COLUMN, AND ON 2%, 4%, S , L
.. | AND 6% OV~101 CONVENTIONAL COLUMNS, AT 220, |
oL - AND 30ml/min.
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(FIG. 19 DECOMPOSITION OF Pb(DDG), ON 2-4-6% OV-101 e T
A S
ON- CW-HP, 100/120 MESH; (60 cm'x 2. mm I.D, , "
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is faster'in high molecular weight poly(dimethylsiloxanes“

S ‘__73_ . m': o o \

\

‘gumslsuch'as SE‘30 ~than in methylsilicone oils like 0V—101

his being the casg~ more efficient partitioning and better )

separation efficiency could be predicted using SE 30 as

.

"1iquid phase (31y. = B C \ .

C. s " . L3

7.3.2.1 ., 1- 3 5% SE 30 ON CW—HP, 80/100 mesh,

A
- I

(60 cm X 2 mm I. D, glass tubing)

(Tﬁble 11, -Fig 20)

Results obtained on this: column compared to thosef'_f'

@,

on‘l, 3 and 5% lpaded’columns‘are 1isted in Table i1. The”'

1- 3= 5% gradient column - was found to giye-better‘ resolution

than%any of the conventlional. tolumns Not' only was column’

3
’

'efficiency.Qigher, but' the }§Otal analysis tfme was ~'margin—

..ally shorter than on the columnicontaining aploading of 3%,

R COlumns.'J

., the average of that on the gradientAcolumn; The chromato-.

grams are shown in FingOQ‘It'can“be.seen that the Cd-Cu pair

was stild not resolyed on these columns. Hence, no further

‘tests were made with this column.

¢

{

Data is 'also given for reproducibilityi {Table 11).

’Relative standard deviations were .all -within acceptable

v

Alevels. This statistical data is typical of what was regu—

larly obtained in the course of experiments with gradienb

<
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CC 'TABLE 11 . | .
COMPARATIVE RESULTS OBTAINED ON A 1-3-5% SE-30
GhADIENT"chUMN, Xﬂb ON 1%, 3%, AND 5%_SE—30
- coNvENTléuAL COLUMNS, AT 220.C -
- ;‘RETENTION”TIME, min
HETAL DDBC * . 3% 5% T-3-5%
Zn AVESD  -0.7£.01 1.64101 "2.4%.02 1.5%£.01°
h  Rsp% 1.0 1.0 1.0 - -1f0 .
cd 1.34.02 2.5:.02 ' 3.8£.10 2.4£.01
1.7 . 1.0 2.6 - 0.5,
Cu - 1.2£.01 2.6£.02  3.9%.01 2.5+.01
, 0.5 T 100 0.3 0.5
NL 1.4:.01  3.2£.03  4.8£.03 3.0%.02
| D 0.4 .- 1.0 0.5 0.5
% RESOLUTION
“fn-Cd  AVESD  0.74.18 - |1.6£.25 2.1%£.02 2.31.0?
RSD% 21.7 T 14.8 1.0 1.2
Zn-Ni  T.1£101  2.5£.40 3.5:£.0% 4.9+.14
1.1 15.1 0.4 3.0
cd-Ni 0.54£0.0 " 0.94.10  1.0£.10 1.5.10
| T 0.0 . 10.6 7.3 2.4
. -
\, \
. ) |
a ; .
|
!

\

o



- g .
I FIG. 20  SEPARATION OF Zn, Cd, Cu, AND Ni DDC, OBTAINED ON
. A 1-3-5% SE-30 GRADIENT COLUMN, AND ON 1%, 3%,
ﬁ o AND 5% SE-30 oozﬁzeuorzr COLUMNS , AT Bo C, :
. o AND 30 em\i:. : o ' 3
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7.3.2.2. , 2, 4, 6.....20% SE-30 on CW-HP, 80/100 mesh
v . (60 cm x 2 mm I.D, glass tubing) 

(‘ 3 - I\l .r
(Table 42; Fig 21)

Since the use of-gradient columns appeared to be

"

'beneficiaif experiments were performed witﬁ'a more complex

ten Staée gradieﬁtl column. It .was compared‘.aqainstn a:

conventional column having 11% loading. Results obtained are

- | o« S ~
.shown‘;%‘ Table 12. More theoretical plates were obtained

with the gradient column.and the Cd/Cu DDC's were sepaﬁated.
. - ) ‘ . °.‘
Generally speaking, however, resolution was net-improved .on

this complex gradient column compared to simpler , lower
' 1oading gradient columns, and analysis times were long. The’

chromatograms obtained are showh in Fig 21. Broadness of

péaks due to the high stationary phase loading was a major
disadvantage of this column.

;-

A
b

.7.3.2.3 CONCLUSIONS BASED ON EXPERIMENTS WITH

0V-101 AND SE-30 GRADIENT COLUMNS
. : <

1 - It has been demonstraﬁed that gradient columns

éontaining either‘ovf101 or SE-30 were superlor to

convenéionél columns of'equigalent loading in terms of

"

"resolution and decreased'retentién timpé.-Also‘using

.y
g7
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| / | TABLE 12
COMPARATIVE RESULTS OBTAINED ON A 2, 4, 6...20% SE-30

Y

_GRADIENT COLUMN AND.ON A 11% SE-30 CONVENTIONAL -

“COLUMN AT 220°C

\n
] RETENTION DATA
METAL DDC 11% (2, 4, 6....20%)
N - RT(MIN) N RT(MIN) -
Zn © s95 . 5.5 744 . 7.5
v 3 \
cda '328 8.6 o 821 9.3
~) B . B -~ . - ‘ .
. cu 328 . 9.0 .. - 458 . 11.2
NL 652 " 11.5 , ’ 949 13.8
5 A — v‘ : _
. _ . N RESOLUTION .-
" \gn-Cd . 2.2 1.5
Zn-Cu 2.2 2.4
Zn-Ni 414 . 4.5
cd-Cu- 0.0 o 1.2
. )
cd-Ni ' © 1.6 2.9
Cu-Ni 1.6 1.4
¢ i 5.



..O

'AND 30 ml/min.

e =78~ \

,

.SEPARATION OF Zn, Cd Cu,'AND Ni DDC OB'I‘AINED

ON GRADIENT “COLUHN 2, 4, ...'..20% SE 30, AND

ON 11%'SE-30 CONVENTIONAL CLOLUMN, AT 220°C,

» ,‘Flmo,mln _

1% .o,

2-4-6-.20% B
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o

T"‘7}3-3~1 ' | 1-2-3% QF~1 ON CW-HP, 80/100 mesh,

- comparisons

: Y ' Lo - A
' -79- '

.
~

Vo . . : , o
: 1]
ey

temperature programming with the gﬁgdient cplumns%\

led 'to less bleeding then with conventional columns.

'2 - Difficulties in separating DDC of Cd/Cu, Co/Cr,'and

Pb/Cd pairs Qe:e observed with the columns prepared

with either OV-101 or SE-30. Only the ten step SE-30

\

gradieht column was successful for the separation of

-

the cd/Cu pair.

Y ) . )
. - : »

7:3.3°  GRADIENT COLUMNS WITH QF-1 STATIONARY PHASE

%) .

»

A ﬁeries of gradient columns was prepared with

QF-1 since 'thiéA stationary phase had shown promise in

,‘cbnventional'cdlumhé used for separatioﬁ»of metal DDC.

-

i

(60 dex 2 mm I.D, glass tubing,) -

.. (rable 13, Figs 22 & 23)  ~

The results ‘obtaifed with this column - - and

with 1%, 2% and 3% loading columns are listed

.

in Tableflg, ‘Aﬁélygié timgs on the gradient coiumn were

~

reduced compared'to‘the 2% coldnn (equivalent to the mean

loadlng qf the gradient column),'The resolution obtained

for 2N, cd, Cu, and NI DDC on_ the gradient column"Qas

-

. sgperiof to thatAon 1}‘2,;or 3% columns. The RSD% of\thé
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. TABLE 13 © S
s -, COMPARATIVE RESULTS OBTAINED ON A 1-2-3% QF-1
| - GRADIENT COngn, AND ON 1%,.2%, AND 3% QF-1
CONVENTIONAL COLUMNS, AT 220°C

RETENTION TIME, min

5

METAL DDC 13 2% 3% 1-2-3%
‘Zn AV£SD  0.9£.02 1.6£.01  2.0£.01 1.5£.01
' . RSD% 2.2 0.7 0.6 ! 0.7
S ca © 1.3:.03 2.2:.01  2.9+.04 ©  2.0t.01
2.4 0.5 1.7 -+ -0:3
cu . .1.7£.01  2.2%.01  3.9+.02 . 2.94.04
B IR 0.1 0.2 0.5 Co1.2
NI 2.7¢.02  5:0£,01  6.2£.01 4.6+.01
- 1.0 © 1.4 0.5 0.1
i * RESOLUTION
. -

" Zn-cd AV4SD 0.9+.04 ., 1.0£.04 1.1%.02 2.0£0.0
| RSDS% 3.5 5.4 - 2.0 0.0
Zn-Cu . 2.3t.14 2.4%£.11  3.0£.06 °  5.0%.02

o 6.0 5.0 2.0 0.5
Zn-Ni ' 3.4£.11 4.7£.11  5.3£.25 7.74.01

o 2.5 3.4 4.7 0.2 .
cd-cu . 1 0.9+.06 1.2¢.11  1.6+.14 3.9%£.02

S 6.2 8.1 8.3 1.0
Cd-Ni . 2.5:.14 3.6£.03  3.8+.40 7.340.0
o | 5.0 1.0 9.0 0.0
Cu-NI ' 2.24.20 2.1£.20 - 2.5%.20 4.540.0

8.3 6.7 - 6.7 0.0

b
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fetentidn data énd,xesolhtion obtained for'the gradléhf\

‘ columns was better than that £or any ~of the éénventional

 columns suggestive oﬁ betterAéqlumn stability. In Fig 22,
chromatodramsware illustra£éa for theA separation of In,
Cd,ACuL and Ni DDC. It"is notable that séparation of 'the_

“Cd/Cu DDC.pair wés"achieved» on both -gradieﬁt and conven;
tioral cblumns, The resolqtion_bbtained for‘Cd/Cu; however,’
.wgs'best on the 1-2=3% gradient column and tﬁe analysis t}mé~

 was optimum: In Tablé,l4, the efficiency¥ number of theore-

' 3

tical plates (N), is compared. 'The best efficiency was
o T . '

obtained for the gradient column.
A i . . g .

Nd-degradétiqn was obgefved;for‘PQ(II) DDC when 1@ was
injécéed by'itSelg on this gradient éqlqmn ( Fig 23). Whilé‘
this was piomisiﬁg, no separation was obtained‘fsr‘Cd and Pb
‘ﬁﬁC'S'when,a mixture of Zn, Cd, Pb and Ni DDC was injected.:
Plofs of'peak height'vérsus amouhts of séhple injected
on ﬁhe gradient column were all 1linear, with ’correiation
cdefficiénts better thah 0{99, (Appenpix i, Table 4é, ;nd

Fig 58 to Fig 60).
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' TABLE 14 . USSR
COMPARATIVE EFFICIENCY, N, OF CONVENTIONAL
“ N, - S a0,

N N . . v “
1%, 2%, AND 3% QF-1 COLUMNS AND -
THE GRADIENT 1-2-3% QF-1 COLUMN .

AT 220°%C

— e ——

 METAL DDC - 1% 2% 3% 1-2-3%

" an, | 150 103 253 se1

cd . 113 117 264, 697
c 296 595 487 824

.

Nt . 463 © 476 - 624 . 920

. L : . DL Y . ——e
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_2;86

N

. tlmo,'mln, .

-84~ -

3.

. 2nd. Injection

4

o

. |

o

2.96

-

 3ud'Wjection |

_Time,min..

“FIG. 23 Pb(II) DDC' CHROMATOGRAM' OBTAINED ON' 1-2:3%

‘.
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7.3.3.2 . '1-2-3% QFt1 ON GC-Q, 80/100 mesh, -

(60 cm x 2 mm I.D, glass tubing)

 (Table!15, Fig-24)

. <A columé having QEJI, 1-2-3% coated on GC;d:, rafher
thén gM;HP; was tesﬁed and resuité compared with

those on the best‘colﬁmﬁ reported prev}oqél§.(25) for sepa- -
;atiﬁg zn, C4, CL,aﬂd_ Ni Dpé '(TablévlS). 'The ‘resoiufion
‘achiéved waé superior to tbgt tepqrted by Carvajal (25)
uéingiQF—l)ov—lol on GC- Q (Table 5). .It 1s also 1mportahtf'
to‘ﬁentlén’that'_when the column température was increased |
_éo 220 d;theu per formance of the‘gradient column did ndt
.Qeteridfate }But thére was a reductibn ip the analysis time.
.Cﬁro£5tbgrams obtalned~invth1§ work, are shéwn-in Fig 24 fqr
analyses ét 200°¢C  and 220°C, Note that the analyses times

reported by Carvajal (Table 5) were significantly longer.

]
¢

¥

7.3.3.3  3-2-1s, 2-4-6%, 6-4-23% and 1.0-1.5-2.0-2.5-3.0%
- QF-1 ON CW-HP, 80/100 mesh, -‘
.g | (60 cm x 2 hmMI.D,'glass tubing) ~
4 f | (Table’is;-fiés 25, 26) »_ o ,

" Tests with these columns were carried ' out for a
. N _ p

variety of reasons. For ekample,lit was necessary to

——

vezify if reversing the g}adient) S0 that the .highest

A

A .



“ : - -86-
S | .
© TABLE 15
COMPARATIVE DATA OBTAINED ON 1-2-3% QF-1
'~ ON GC-Q, 807100 MESH, (60 cm x 2 mm I.D, GLASS TUBING)

AT 200°C aND 220°C

RETENTION DATA

METAL DDC - 200°C - - 220°C

\

Zn 243 2.3 131 1.0

@ 279 33300 0 1.3

cu 376 4.9 231 1.9
NL 420 8.2 313 . 3.1
RESOLUTION )
Zn-cd. | S R 0.9

Zn-Cu ‘ }.‘ 3.1 . o " - 2.1
Zn=Ni ” s | - - T 4.0
ca-cu . - ‘;f - ‘1.$  
ca-nt ;h | 4 o o i. w 3;6,U

Cu-Ni . . 2.6 . 2.0

ENVJ'
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FIG, 24 . SEPARATION OF Zn, cd, Cu, AND Ni DDC ON

1-2- 3% QF-1 ON GC- Q 80/100 MESH (60 cm x 2mm GLASS

° TUBING),AT 200:C AND 220 C ,AND 30ml/min.

) ~200C
Zn i
<
™M
§
Cd
™M
N m B
[t IR
. ﬂ ’ Cu’ Ni
. «g?[ :
J :
. B gb !
= : . Time,min ,
. ‘g“f N N

N

\’zn .
- o
® 220 C

1.33
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cbncentration segment .was at the beginning of fhe column

rather than at the end would improve column capacity as was

-1

predicted by Barry (7) and Locke (4). Also, it was necessary

to achieve separation of the Cd/Pb DDC pair. Listed 1W‘Tabfe
o :

16 are the data obtained by injecting the mixture of iﬁ, cd,

Pb, and Ni DDC on these columns.

Using the 1.0-1.5-2.0-2.5-3.0 % QF-1 gradient column

~the separation of cd and Pb wés_achieved‘F;g 25. This column

also gave better resolution for the 2n/Cd, Cd/Ni and )Zn/Ni_

DDC pairs than had been obtained with other columns under

isothermal conditions Table 16. Plots of peék helght versus

A

sample size'were~linear.with correlétiqn coefficients'better
“than 0.99, (Appendix I, Table'47, and Fig 61 to Fig 63).
There Qas no gdvantage observed in vieversing‘ thé

gradient direction with'QF—l stationary phase ét the 1-2-3%

-level. The resolution was similar™ in both directions.
Sy o : | : A ,

Retention times were slightly greater using the 3-2-1% QF-1
gradient. With the higher 1loading gradient columns;"244—6%

and 6-4-2%, a diffg;ence in sample capacity in favor of the
N :

_6-4—2% configuration;‘using‘ Zn(DDC)2 and >Ni(DDC)2 as test
samples, was observed similar to that reported by Barry (7).

Capacity tests were perfoimed by injecting 1.0 ul samples. of

" both at 220°c. Concentration of samples injected oxahged.

<
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TABLE, 16
ANALYSIS of M(DDC) = ON VARIOUS
QF-1 GRADIENT COLUMNS I
At 200°C, N, Flow rate: 25 ml/min )
RETENTIQN TIME (mins)

“GRADIENT COLUMN _ 2n(II)  Cd(II) _ Pb(II)  NI(II)
1-2-3% - 4.1 5.8. 0.0 13.7.
3-2-18 . 4.5 6.7 0.0 - 15.3
2-4-6% 6.7 9.5 0.0 23.0

L 6-4-2% 1.8 10.8 0.0 - . 26.7

SN ‘ |
1.0-1.5-2.0-2.5-3.0 3.9 6.5 8.7  13.4

‘ RESOLUTION _ -

’ Zn-Cd  CA-Ni Zn-N1 | afb4N1 Pb-Cd .
1-2-3% 1.4 4.5 6.1 -~ 0.0 ' 0.0

" 3-2-1% o 1.4 4.3 6.1 0.0 0.0
2-4-6% 1.2 . 3.6 4.9 0.0 _ 0.0

- . , . A . .
6-4-2% _ 1.1 3.7 ‘4.7 - 0.0 0.0
1.0-1.5-2.0-2.5-3.0 1.6 5.2 6.2 . 2.9 . 1.9
o | ' P ' |
\f’
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~ . .44 3 .
FIG. 25 SEPARATION OF Zn, Cd, Ph, AND Ni DDC OBTAINED ON
Zn | ©1.0-1.5-2.0-3.0% QF-1, AND ON 1-2-3% QF-1 |
M | - GRADIENT COLUMNS, AT 220°C, AND 25 ml/min.,

cd - - _ T AR T |
1 e . N - - |

”m .

no. NI Zn

N
9
% :
v - GA ..
; cd +Pb’
: . b
) ® -
= 'D.
Pb
I
. 1.0-1.5-2.0-2.5-3.0% QF-1 - o e 1-2-3% QF-1
- M . . " ) . / i - . .




..9 1..
between 0.4 to 6.4 mg/ml. Plots of the number of theoretdcal
' blates versus the concentration of the sample injected on

3

both 2-4-6% and 6—4—2£}colpmns .are shown in fié 26; From
thése plots it was cdncludéd that én “andv Ni behaveé
gimilarly in that more théoretical plates were obtained

using the 6-4-2% dE—lFCOIJQn configuration. This meant that

the 6-4-2% gradient column had,a.greater capacity. Further

tests with 1larger sample sizes were inconclusive, and

therefore, are not reported here.-
- «

-
o
7.3.3.4° CONCLUSIONS BASED ON TESTS WITH QF-1
. STATIONARY PHASE T o
'1. At isothermél golumn temperature the gradient 1-2-3%

QF-1 column showed behavior superior to that of 1, 2
or 3% QF-1 convent%onal columné. “
2; Thg 1.011;5—2,0-2.5-3.0% QF-1 coiumn'éeparated Ccd and
‘Pb SDC af is;thefmal coiuﬁnﬁtempgrature.
3. The gradient columns containing ”1—2-3% and 1.0-1.5-2.0
-2l5—3{0% QF-1 wefe_the two besé columns for ﬁinimizing
- analysfis time and optimizing resolution of metal DDC.
4. In teéts'wigﬁ 2-4-6% and 6-4-2% QF-1 gradient Eolumns,
increased columh«cépacity was obseryéd foi the high to

low ,6-4-2% configuration.

)
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Fig. 26 ' Determination of Column Oonomxk of

Tl 2-4—6% vs.6—4—2% QF1 €olumns at 220 deg.C and
o 30 mi/min. . : o o
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7.3.4  GRADIENT COLUMNS WITH oV-210 STATIONARY

Ny

\ ”  PHASE ON CW-HP, 80/100 mesh,

(60 cm x 2 .mm 1.D, glass tubing) o,

(Table 17, Figs 27 & 28)
s» K ] .

‘This stationary phase has polarity similar to

that of QF-1. It 1is, however, a higher molecular weight

bolymer. It% use has not been reported previously~for the

»separatlon of metal DDC chelates

Table (17) contains the data obtained ‘for the metal

fDDC mixture of Zn(II), Cd(II), Cu(II) and Ni(II) oh:conven-

tional 1, 2, -and 3% columns and on the ,'2‘3% gradient

.stationary phase column . Chiomatogramé'are shown in Fig 27.

The“resolution»échieved.wlth the 1-2-3% gradient column ZWas

e

«-superior gg'about 30% to that on any of. the three conven- -

tlonal columns ‘Zn and Cd DDC, however, were not completely

resolved eyen by the gradient column (R = 0.9). The total

i analysis time for separating ‘the four metal DDC on

“the qradient COlumn’was less than'on Ehe‘column contalning

2%'loadiné7 i.e. the average doadinngn the gradient column.

Injection of Pb(DDC)2 bf itself on tﬁé’gradienﬁ column -

. )
gave a degradaﬁidn peak, but ‘when injections were -

-

repeated several times,'~the degradation peak disappeared

leaving only one peak for thls chelate (Fig 28).

/ * . < '
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,‘“%— ; -  TABLE 17 ,
/ : , ‘ :
-/ - COMPARATIVE DATA OBTAINED ON A 1-2-3% OV-210 GRADIENT
N ' COLUMN,  AND ON 1%, 2%, AND 3% OV-210 |
 CONVENTIONAL COLUMNS AT 220°C
: | | "~ RETENTION TIMES (mins)
METAL DDC 1% 2% 3% 1-2-3%
Zn. AV4SD ° 0.7£.01  1.8+£.00  2.3£.01 1.41.01
RSD% 1.0 0.0 0.3 . 1.0
. ca © 140%.01  2.4£.01  3.0£.01 - 1.8%.01
I“ n 1.0 0.40 0.2 0.3
ca 1.3£.01 3.4%£.01  4.5£.01  2.6%.02
’ 1.0 0.2 0.3 - 1.0
NL 2.1#.01  5.5£.02  7.2£.02  4.1%.02
- 0.5 . 0.3 . " 0.2 . 0.5
‘ RgSQQUTION
2n-Cd AV£SD 0.7¢.12  0.7+.01  0.6£.04  0.9£.01
~ RSD% . 15.0 1.0~ 6.4 1,0
Zn-Cu ©1.0%.22 1.5;.17. ' 2.3+.,15 2.4:.05
B 12.3 8.4 6.3 1.2
za-Ni . 2.74.50  3.2¢.11 4.5£708  4.9£.01
“ 131 3.3 1.7 0.3
cd-cy . 0.0:.11 1.0£.09  1.1.06 - 1.84.04
. 12,0 . 7.1 5.6 - 2.6
‘cd-Ni . 2.5£.40  2.1$.07  2.9£.07 3.7£.04
\ - 13.5 - - 2.8 2.4 0.0
© o cutNi 2.6+.30 1.3:.14  2.2+.06 2.6+.02
T - 13,2 8.1 2.5 1.0
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“1.30 Cy

FIG.

27

B3’

3 9,

SEPARATION OF - Zn, Cd, Cu, AND Ni DDC OBTAINED ON
A 1-2-3Y OV-210 GRADIENT COLUMN, ON 1%, 2%,

AND 3% CONVENTIONAL COLUMNS, AT 220°C, . . AR
vzo 30 BH\Eps. o J . . .

-1 0.92
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’ : . . . . i Time, min
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FIG. 28 Pb(DDC)ZVDEGRADATION ON 1-2-3% OV-210 GRADIENT
COLUMN,ON CW-HP, 80/100 MESH, (60 cm x_2 mm I.D,

GLASS TUBING), AT 220°C AND 30 ml/min.
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Plots of péakv heiéht versﬁé’ conéeﬁtratioﬁ fb; Zg(II);
cd(II), Pb(II), Cu(II), Ni(II) and Co(III} DDC were -all
linear with COrrelationrcoefficiénfs better gﬁaﬁ?Q.QO' ’ |

{Appendix I, Table 48 and Fig 64 to Fig 66). -

7.3.5 GRADIENT COLUMNS WITH OV-225 ON CW-HP,

80/100 mesh, (60 cm x 2 mm I.D, glass tubing)

(Tables 18 & 19, Fligs 29 & 30) -

‘This stationary(phége was'chosén for evaluééioﬁ‘
bgcause of itstgéneral réportéd-chromatdé?aphic .séleétiiity -
for .organic comgdunds hav;n9 carbonyl or'thiocaigpﬁYi V
groups (27). " | -
T;e data..obﬁained4 upbn. injection of a ,mikture of.
anrxy; Cd(ir), Cu(it) and Ni(II}foﬁc‘»ohto‘the 1, 2, 3§;'
and  1-2-3% loaded columns are 1isted in Table 1.
' cﬁrohatograms,appear'in AFig 29.>;Th¢~aﬂély$13 'fime'On‘ the‘“;*'
gfadiént colqmn‘was lesskfhan -on the 2%'cb;umn. Reéq}uéion
7.WIth the gradient coiumﬁ  Qés qugté¥ than with the‘li?ﬂénd

2% columns, but less than whth 3%. However, the analysis

~

'plme on the - latter was 2.4 times that on the gradient
.column. - Peaks wérei very broad and spread. far + apart. )f«

L
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. TABLE 18 L
céﬁpARAT;VE DATA OBTAINED FOR A Zn, Gd, Cu, AND Ni DDC
. 'MIXTURE ON A 1-2-3% 0V-225 GRADIENT COLUMN,

AND ON 1%, 2%, AND 3% CONVENTIONAL COLUMNS

AT 240°%
- . ~ RETENTION TIMES (min) .
METAL DDC 1% 2% 3% 1-2-34
! N _ . | |
Zn . .6 a1 el 2.6
ca .5 6.3 9.4 3.9
cu 3.3 7.8, 12.8 5.4 .
N 5.7 148 224 9.2
 RESOLUTION
Zn-cd 100 iz.o 36 2.7
zm-ca 2.3 é;?é\ 3.6 "i 4.9
TaneNt 3.6 6.8 10,2 8.3
. cd-cu 1.0~ 1.3 2.9 2.1
cd-n1 2.6 s 1.1 5.9
Cu-N1 24 s 5.1 4.2



,H . . . ’ -
FIG. 29. SEPARATION OF Zn, Cd, Cu, AND Ni DDC OBTAINED ON
: | A 1-2-3% OV-225 GRADIENT COLUMN, AND ON 1%, 2%,
. " |* AND 3% OV-225 CONVENTIONAL COLUMNS, A¥ 240°c,
4N=k o . t_c 30 ,SH\E».:. B
3 . :
i
N
. Q_J
dl:{(\“\w
Time,min
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Reversing the gradient to give a 3-2-1% configﬁ;ation;

had a Rpronounced éégiimental effect. The peaks were even
furth;r spread out and retention‘.times greatly increaseh,
éTabIe‘19, Fig 30). This effect c;uld be rela£ed fo-the-féct
thgtvvolume flow rate,throﬁgh a column is nérmaliy greater
at the outiét than at the inlet beqaﬁ§e| of the 'preSSpre

drop across the column, The lower flow rate: at the inlet

when combined with a higher loading in the front end, will

‘likely manifest Atself as greater sample  band \broadeniné

‘leading to poorer resolution, ldnger ‘retention times, and

~ lower column efﬁiciency. ‘This was also reported by

Barry (7). This 1s a major aisadvatanéé of high front " end’

"loaded columhs.

It was concluded tgat 0v-225 did indeed. have a stgonger
affinity £9r metal DDC :ha;gdid QF-1 or ov—zio{.but this was
not*aavantageousiin te?mg df’ﬁ(bDC)n seﬁarations th;t could

be obtalned.. B

Plots of peak heightfresponSe versus samplé concent—f‘

ration for Zn(II), CA(II), Pb(II), Cu(II), and Ni(II) DDC

L ' . A
were all 1linear with correlation coefficlents better

than 0.99 (Appendix I, Table 49, Figs 67 to Fig 69):

\i"’

s
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TABLE 19

RESULTS OBTAINED ON.3-2-1% OV-225 FOR THE MIXTURE OF
Zn, cd, Cu, AND Ni DDC ON CW-HP, 80/100 MESH,

N

(60 cm x 2 mm, I.D, GLASS TUBING)

ar 240°%. . .
| RETENTION DATA ' -
METAL DDC - RT (min) a N
m se . s
ca - 8.5 o 803
_cu 113 7 802
N 19.5 - %0z

- RESOLUTION

Zn-cd 2.7
. P ‘ ¥ ) o
Zn-Cu . . g o 4“.4 e
Zn-Ni S R
w-CU‘ ° : ’ ; . o 2-0
ca-NL - .. 5.8
~Cu-N1 o g 3.9
: . : .
N g
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ON 3-2-1% OV-225 ON CW-HP, 80/100 MESH,

(60 cm x 2 mm I.D, GLASS TUBING), AT 240°C,

AND 30 ml/min.

N . N
N N ) ) < C T

_‘..'.\5. .

-

FIG. 30 ~ SEPARATION OF Zn, Cd, Cu, AND Ni-DDC OBTAINED



that obtained on the 2% column .

N\ nl
\ — . \

7.3.6  TWO STATIONARY PHASE-GRADIENT COLUMNS

-103-

[

Tﬁe combination of two phases results in a mixed
sfationary phase which has'inéérmediate properties between
th;se of them twd‘pufe:‘phases. This éhodid énable‘ mqré
prgcise éailofing " of columns to aéﬁieve resolution of
difficult to \separate -mixtures. Accordingly, experiments
were’carfied out with mixed phasgs:to attempt improvement in

resolution of metal DDC over,that'whiéh had been obtained up

to 'this point.

7.3.6.1° GRADIENT COLUMNS WITH 1-2-3% WITH EACH

- OF 0V—101—QF-l'STATIONARY PHASES ON CW-HP,

807100 mesh, (60 cm x 2 mm I.D, glass tubing)

(Tables 20, 23, Figs 31, ) )

The retention timg;;egélution and éfficbenc&,,data
obtain;d, at'ioo C, - on the 1-2-3% 'gradient‘céluﬁn'éna on
the l; 2;f3% eéch c;nQentionalicolumﬂs for a mixture of Zn,
éd;.Cu, and &I DDC and thé.number of theéreticél plates
éalculated for each célumn_are shown in Table 20L The
gradient columﬁ yas foundﬂto giveh’the'best re#qiutiéh for

the four metal DDc"mixtu:e' (Fig 51). Effidiéncy in terms of

_theogetical plates was also best for the gradienf column.

~ The analysis time with the gradient column was ‘less than



Cu, AND Ni DDC MIXTURE ON A 1-2-3% EACH OF

COMPARATIVE DATA OBTAINED FOR A Zn, Cd,
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TABLE 20

OV-101-QF-1 GRADIENT COLUMN, AND ON 1%, 2%, AND 3%

EACH OF OV-10170F—1 CONVENTIONAL COLUMNS

Cu-Ni

aT 200°cC
RETENTION DATA
. METAL DDC 1% T 2% 3% T-2-3%
RT N RT N RT N RT N
Zn 2.6 107 6.0 291 8.4 348 . 5.7 829
e i 8 , _ _
cd 4.0 100 9.0 270 12.3 498 8.9 - 502
cu 4.7 100  11.0 267 15.8 692  10.7 72t
N1 6.9 158  16.13 406 23.1 507  15.5 799
RESOLUTION
~ Zn-cd 1.1 1.7 1.9 2.5
" : AN
Zn-Cu 1.1 2.5 3.1 4.1 ;#)\\
Zn-Ni 2.7 4.4 5.0 6.0
cd-Cu 0.0 0.8 % 1.4 1.5
Cd-Ni - 1.5 2.6 3.4 3.9
1.5 2.2 2.8
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FIG.31 mmc>m>emoz OF Zn, Cd, Cu, AND zw DDC ON A 1-2-3% EACH g
- , OF OV-101-QF-1 GRADIENT COLUMN, AND ON Hw 2%, AND ,
3% EACH OF OV-101-QF-1 ooz<mzeuoz>h COLUMNS, e I
‘ AT 200°, wzc 30 ml/min. . : S g
| Zn | 4 :
P o
;w " : WN: .
i~ w "
NI B
| o NI ’ "
i 6 B -
; Cu n... | Zn - i
1N | ¢ . ® cd
| ca : cd T
I - <
I -
w . ,
.nlv._ i : Zn
[ 1 W.- OQ -
| & ~ Ni
—_ . [L7] o
” N ®
! hd ~m
W N
s

.250.5:.. . Time,min. Time,min S | Time,min.
%.- | 2% . . o o | -
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At highér_temperatures, e.g 2200C, the Cd/Cu DDC bair

did not separate Qell (Tabie 21, Fig 32).
Y T . - \

Pldts,of'peak height response verégs sample concentra-

tion for zn(II), CA(II), Pb(II), Cu(II), Ni(II), and Co(III)

A

' DDC were all_ldnéar and with correlation coefficient

better than 0.99 {Appendix I, Table 50, and Fig 70
, .. : ’ ’-

‘column, twhich was the equivalent of the average gfadiént

to Fig 72). ' ) A

A run was carried out with tve ”statigna:y fphase

gradient reversed, i.e. using 3-2-1% each 6f'0V—101—QF71.

The results are shown in Téble 22, and Fig 33. There was no
1mprovemeﬁt in efficiency and hence no evidence for im- .

» . '
proved capacity. Retention times,however,were increased and

all peéks were much broader.

,In an attempt to imptbve further separation of the

cd/Cu DDC pair, a 1.5-2.5-3.5% ‘each of OV-101-QF-1 and a

»

3.5-2.5-1.5% each of OV-101-QF-1 columns were prepared and

‘tested. Results are given in Table 23 and Fig 34 for thése

!

columns and for cqpparison for a 2.5% each of 0V-101-QF-1

(

-

loadiqg. The 2.5% loaded column was also referrea to In the

literature (25), as one of the best columns for separation'

‘of Zn, Cd, Cu, Ni, and Co DDC. Results.were.no better with

‘the 1.5-2.5-3.5% gradient column than with the 2.5% column.

However, impgoved resolution and efficiency were obtaine@A-

-
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TABLE 21
© . ¢+ . . RESULTS OBTAINED FOR A Zn, Cd, Cu, AND Nl DDC

A o
MIXTYRE ON A 1-2-3% EACH OF OV-10}-QF-1
“S» . s GRADIENT COLUMN AT 229°C

- -
’ B

. - ' " RETENTION DATA.
' METAL CHELATE " RT(min) © N

b . : N

Y Lo . — .
!

Zn . | ;ff/5’2-5 e g . 2020
. '  a : ' o ‘

.cd O 3.7 . - 339

oA . . . L . . ~

CNL ez Tt e07
“t o : . : o - R

[

‘RESOLUTION
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< ; ~FIG. 32 SEPARATION OF Zn, Cd, Cu, AND N1 oDC’ ON

| s - "1-2-3# EACH b?ffovf;bi-orrl ON 'CW{:#P,"‘ . |
. :80/100\HESH; (60.cm x z_mm_xapi'éiass’anxﬁg)';'
e "' AT 220°C, AND 30“‘17-’7‘*"‘: | , g =

<

A\

2.498

DA
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e TABLE 22
Rssﬁnré OBTAINED FOR A %n, cd, Cu, AND Ni DDC
| MIXTURE ON 3f2—1% EACH OF oV-101—QF—1_ -
o GRADIENT COLUMN
‘AT 200°C
T RETENTION DATA -
METAL DDC N | RT(min)
Zn 652 10.9
'Cdl - 905_ ~15.8
'  Cu | 94i.y  ;19.§.u
N1 732 - 28.4
| A ,
RESOLUTION
,anCd‘ 2.6 ;>'
»,in;éu 4 2
LzﬂfNi 6.0
,Qd;é“ . 1.8 o
’¢d4&1 . 4.0 N %
o ' .
Cu-Ni 2.5
-
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' FIG. 33 ° SEPARATION OF Zn, Cd, Cu, AND NI DDC ON
3-2-1% EACH OF OV-101-QF-1 ON CW-HP,

’

80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING)

v AT 200°, AND 30ml/min. . L
: | B
. o -
. . \.b‘
n ‘
: :_Zn-

Time,min.
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TABLE 23’

COMPARATIVEARESULTS OBTAINED FOR THE SEPARATION -
OF Zn, Cd,! Cu, AND Ni DDC ON 1.5-2.5-3.5%

. - ~ AND ON 3.5-2.5-1.5% EACH OF 0OV-101-QF-1
|  GRADIENT COLUMNS, AND ON 2.5% EACH OF
. - OV-101-QF-1 CONVENTIONAL COLUMN AT 220°C .
| ~ RETENTION DATA
METAL DDC 1.5-2.5-3.5% 2.5% 3.5-2.5-1.5%
\ N . RT~ N _RT N RT
, o .
Zn . 517 3.4 - 232 3.4 529 3.5
ca . 384 4.9 - 392 4.9 790 .9
. ca 164 6.1 341 ° 6.1 . 563 . .
T 419 8.7 541 8.7 733 .
N " RESOLUTION
zn-cd 1.9 - 1.6 2.3
" z@;cg 2.1 2.3 6.4
zp-Nt - 4.6 4.4 3.4
cdcu - 0.8 0.9 1.5
cd-Ni- 2.8 3.0 1.9
" cu-Ni - 1.5 1.9 2.2
K N !
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FIG. 34 . SEPARATION OF Zn,; Cd, Cu, AND N1 DDC ON - .
. N . ’ R . ’ . . . \_‘_//‘; )"“N
105‘2;5:3-5% AND 3t5-205-l-5%EACH OF »
OV-101-QF-1 ON CW-HP GRADIENT COLUMNS, AND
ON A 2.5% EACH OF OV-101-QF-1 CONVENTIONAL .
~ " COLUMN AT 220°C, AND 30ml/min.
. . R .~- “ ] zn
0 I o zn B . v
| @ cu -
: - Ni "
| & 1 cd
4 : d (Y] . W [+
_ \ < ° v Ni
3 .
) n ®
o

Time,min
1.5-2.5-3.5% &
Zn Time,min
- " cd T 3.5-2.5-1.5%
o p ?j Cu ' o
’ n g Ni
N ®
O [
. a .
o ) f )
S \b,

Time,min -
2.5%
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‘with the 3.5-2.5-1.5% each ~of OV-101-QF-1 configuration, a

"

result not expected based on previous tests with-high inlet

end gradient columns.

7.3.6.2° GRADIENT COLUMNS WITH 1-2-3% EACH OF OV-225-QF-1

STATIONARY PHASE, .ON CW-HP, 80/100 mesh,

(60 cm x 2 mm I.D, giass tubing),

(Table 24, Fig 35)

Tests with 0V-225 stationary phase had demon-

‘”strated'thé very strong affinity df this- phase for M(DDC)n

studied (Section 7.3.5). The affimity of QF-1 for these

éhelates is much lowe:.vConseQuently, it was be predicted

that'a.cgmbination of these itwo liquid:phases ﬁight gi?e a
coiumn'which could be - tailor vmade to vyield excellent
selectivity for particular metal DDC mixtures.
The;sgpapation daga for a zﬁ(irj, Cd(iI), CU(fI),' and
Ni(iIi(DDC)2 mi#tuze:qn this gradienf column ‘and on a | 2%
coiumﬁ,'which.Is-the aﬁérage_loadihg pf.the gradienf
‘column, are éiven in Table 24l Bdth "the calculéted reso-

lution and efficiency, were soméwhat superior on the

grqdignt column even though this is not all that obvious

" from the chromatograms (Fig 35). Analysis timé)was reduced

" on the gradient column.. The Cd/Cu’ DDC pair separation was

s 2

N
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TABLE 24

COMPARATIVE - DATA OBTAINED FOR. Zn, Cd, Cu,

AND Ni DDC ON A 1-2-3% EACH OF OV-225-QF-1

. GRADIENT COLUMN, AND ON A 2% EACH OF
OV-225-QF-1 CONVENTIONAL COLUMN AT 240°C

.~ - METAL DDC

Y 1‘2"3%

2% —
N RT RSD% N RT RSD%
- x -3
Zn 342 3.7 + .01 0.2 3200 3.4 + .01 " 0.2
cd 600 5.5 % .02 0.5 620 . 5.0 + .01 0.2
| Cu 664, 7.7 & .04 0.5 694 6.9 + .01 0.1
) Ni 685 13.1 + .07 0:6 1294 11.7 % .01 0.1
‘ RESOLUTION
Zn-Cu 2.1 £ .07 3.0 Y 2.1 % .07 2.4
Zn-Cu 4.0 £ .12 © 3.1 4.0+ .02  0.5°
Zn-Ni 6.7 + .12 1.8 8.1 + .06 0.8
' cd-cu 2.1 & .07 3.5 2.1 & .03 1.4
- cd-Ni S 5.2% .12 2.2 6.4 + .10 1.9
- cu-Ni 3.4t .12 3.6 4.1+ .12 0.7
"]
] R



.. FIG.

‘35

| SEPARATION OF Zn, 'Cd, Cu; AND zp‘ucn\oz A
_H 2- wn EACH om 0V-225-QF -1 GRADIENT oorcxz~
wzc ON A 2% OV-225-QF-1 CONVENTIONAL norcxz~

NE. 240° n. "AND 30 SH\BW:._

N“
!.36, =‘A ‘
Q

Time,min L ~ Time,min

1-2-3%



-116-

. similar on the two columns.

Plots . of peak height response versus .Sample A

vconcentzation tor Zn, Cd, Pb, and Cu DDC were llnear, and

the correlation coefficientS'were better than 0.99, see

(Append\§ I, Table 51, and Figs 73 to F1g 74).

7.3.6.3 GRADIENT COLUMNS CONTAINING (1-2-3%) QF41V+

1% OV-225) AS STATIONARY.PHASE, ON CW-HP,

. 80/100 mesh, (60 cm x, 2 mm I.D, glass tubing)

(Tables 25, 26, Figs 36, 37, & 38)

A new gradient column was pfepared in which one

!

phase;.QF~l,'was varied to give a gradient of 1-2-3% while

the other, ‘OV-225, was kept Constant “at 1%, _Table 25

summarizes the retention d#ta ana‘ the resolution obtained

for the Zn, Cd, Cu, and Ni- DDC mixture. at two diffezent

isothe;mai'cdlumn temperatures, 220°C ~and 240°C,‘ana\ﬁunder

tembérature programming conditiohs, of Zop - -240°C, at

>
>

4°C/min. No column'blgeding was observed during temperature

programming, A complete separation was achieved at 240°C

in five minutes (Fig 36). At 220°c, a higher platé count was

obtained) but the analysis time was doubled. Using
tempetature programming, a very gqod'separation,was obtained
(Fig 37). This gradient column was compared to one

/'.

2,
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TABLE 25
RESULTS OBTAINED FOR Zn, Cd, Cu,
AND Ni DDC ON A (1- 2-3%) QF- 1+ 1% ov-225
GRADIENT COLUMN ON CW-HP, 80/100 MESH,
, (60 cm x 2 mm I.D, GLASS TUBING)

RETENTION DATA

METAL DDC _ 240C — 220C "200-240 TEMP PROG
N RT W “RT N — RT
Zn 86 1.6 329 3.6 690 5.6
cd 350 2.3 - 582 5.4 - 1307 7.2
.Cu 207 3.2 412 7.6 1431  8.5°
NL 460 5.4 448 13.2 2403 11.0
RESOLUTION
240C 220~ 200-240 TEMP PROG
Zn-cd 1.2 2.1 | 2.0
 Zn-Cu 2.0 | 3.5 3.3
Zn-Ni 4.4 5.8 6.2
cd-cu - 1.3 © 1.8, NS UE- TN
ca-Nt 4.0 aleTT 4.5
Cu-N1 2.2 2.8 2.8
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 Fie, 36 ° SEPARATION OF Zn,° cd, Cu, AND Ni DDC ON

+

A (1- 2 -3%). QF- 1 + 0V-225 GRAE?ENT COLUMN

/-

‘ar 220° c, AND 240 C + AND 30m1/m1n.v

|
. 1.62 |
.

NN
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" FIG. 37 - SEPARATION OF Zn, Cd, Cu, AND N1 DDC ON A
| (1-2-3%) QF-1 + OV-225 GRADIENT COLUMN,. AT

. ! . .
' TEMPERATURE PROGRAMMING FROM 200°c To 240°%,

' < a
o : o _ - -
“AT 4 C/min. -~ . , o ,
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contéinipg a lo;éing of 2% §F—1 iﬁd'.l% OV;2iS.(Table 26).
The<nqmbé£'of theoretical plates and the resolution for:the
grafient éoluhn‘ﬁas é;gnificéntly?hiéher. The analysisA‘time:
was similar. | .
Analyqi; was next,aﬁ#empted of a rﬁixture.oﬁ PB(II);,
 Hg(ID), Co(IID), zd(11), Cd(II), Cu(II), and Ni(II). DDC.
Thevmixturq was Lnjécted‘éz 240°C and‘the.resu}ts‘a£e.‘showﬁ
iq*Fig 38. Ssix metals were sepérated. Cu(II’ and Hg(II) DDC,
\howeyer, e}uﬁed together aféez 3.3 mihuté§;4Pb(II) bDC was
‘separafeﬁ from Cu(Ii) DDC, ﬂbuﬁ 'tﬁe resolutioh:'was' not ;
;complefe;due to interference byAHg{II) DDC; . |
| The" piots §fv peag ﬁelght Vresponse versus samplﬁ
concentration_wére allrlinear;, and:the cérfeiafion ébeffiw

cﬁehts were better than 0.99, (Appendix I,~Tab1e>52,vand

- <o

Figs 75 to Fig 77).
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| TABLE 26

--COMPARATIVE DATA OBTAINBD FOR Zn, cd, Cu, AND Ni DDC
ON A (l 2= 3%) QF l + 1% OV-225 GRADIENT COLUMN, AND W

ON"- A 2% QF - 1+ 1% 0V-225 CONVENTIONAL COLUMN, AT 220 E :

-

o] y
| | . RETENTION DATA T
METAL DDC 2% QF-1 + 1% OV-225 1-2-3% QF-1 + 1% 0v=225
N:  'RT(min). =~ N - R'I_'(min),
Znt ¢ 270.40 3.70 . 490.80  3.60
cda % 247.00 ©  5.50 - 385.60 . 5.40
‘ca 262.80 7.70 . . -~ 471.50 7.60
Ni- 431.%0. 13.50 . . 527,00  12.30
Kol ‘\ . 5 L ; 5 : - I
— RESOLUTION DATA
Zn-ca 1.6 © 4 - 2.1
Zn-Cu o2, s,
\zn Nl - A 5.6 | i v ‘-4
'cd-Cu 1.3 ¢ . B g
| = v
Cd-Ni N ‘ " . .
Cu-N1 2.8, 3.0 i
’ ' : o ’ Hi"q'.
')p‘.'} u . rp.‘ i '.» .
. < : I. .,’
, ~ o
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\

SEPARATION OF zn, Cd, Cu,
. Co DDC ON A (1-2-3%) QF-1

COLUMN, " AT “240°c.

[

2.37

?

N1, Pb}%-l

+ :OV"Z-ZS,\’G

\
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RADIENT .

red
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~
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7.4 . SEPARATION OF A COMPLEX MIXTURE OF METAL = |

' DDC CHELATES

i

| Tests with .four componeﬁt’ miktures were hseful'u
for .purposes . of gyaluéting column efficiency ~.and
determining analysis times. To see if any of the gradiené_
columns could be useful for «closer to .real‘ life
separations,_it"was ﬁecessa?yw to determine whether " more
complex mixtures could be éeparated. Accordingly, a migtgre
consiéting of:_Zn(II), Cd(II), Cu(II), Ni(II), Hé(II),
‘ éb(xx), Co(IIL), and Cr(III), ang'ocgésionally,&oozxxfs DDC
was then tested on the following columng: \
| ; ‘ L# o
(1) ONE PHASE GRADIENT
"*  1-2-3% and 3-2:1% QF-1
s 1.0;1,5-2.0—575—3.0%‘QFfl‘-
;.* 1-2-3% 0V-210
(2) * TWO-PHASE GHADIENT
’* | 1;2—3%_(0V—101—QF—1)
s (1-2-3% QF<1) + 1% ov—225 *
* {1-2?3% (0v-225-gF-1) . U -"* . 

”
[ .

OV—225]gradié9t 'cglg?ns,gwete omitted from futthér&\'_.

 study because .of théirfespécially sffong affinity towards
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the metal chelates. This meant that high"temperaturés would
bé,required in order to elhfevlate péaks sﬁch as Co and Cr

DDC with enhanced possibilities for thermalideéiédatiph.

7.4.1 '1-2-3% QF-1 ON GC-Q, 80/100 Mesh,

(60 cm X 2 mm I.D, glass tdbing)

(Table 27, Figs 39 to 42)

\lOn'this column no degra@atibn wag-obseryed
for PbL(DDC), and  Hg(RDC), at 190?c, qbut‘ at~. 204°¢

Hg(DDC)2 gave‘oné major:beak and two small peaks amounting
g& épproximately 4% of the inﬁected sample (Fig 39).

( Resultg of an&iysis éf the:test  mi*ture.at a column
temperature of 190°C are iilu;zXEted in Fig 40 and.
'Table-27.‘Tempefature prdg%amming'from iso°c to QOOOC,‘at
2°¢/min enhanced theAiesolugion‘of the cd/pPb DDC pair and .
générally improved the chrgmatoéram.ﬁﬂqwever, the Cr/Co DDé“

‘ pair was stili not well resolved (Fig 41). '
Temﬁergzafg programming from 200°¢ to 240°c, at 4°C/min,
- led to a'good separation of a'mixtﬁre_ of Zn, Cd, Pb,.'~ Cu,

o

. Ni, Hg, Cr and Co DDC in 7.5 . minutes, except that cd - and

Pb, were not resblved; as well as Co and Cr (Fig 42).
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’Frg. 39 CHROMATOGRAMS OBTAINED FOR Hg(DDC)é ON

. 1-2~3% QF-1 ON GC-Q,

(60 cm x 2 mm I.D, GLASS TUBING)

80/100 MESH,

.

1 < - N - .
: 1st. Injection : - e
~ e E ‘ v 2nd kjection .
- || 190¢ o | 7'\> 204C
v
.
.
!&‘ .
’-l
e ‘
. ‘Time,min “Timemin o
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N ‘_ %ic, 20 SEPARATION OF A.COHPLEX.M;XTQREEOF EIGHT H(bbc)n
o ON 1-2-3% QF-1 ON GC-Q, 80/100° MESH,

(60 ém'x 2 mm I.D, GLASS TUBIN@),'AT,190°¢.

. - o |

,
" .

~
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'TABLE 27
COMPARATIVE DATA OBTAINED FOR A MIXTURE OF EIGHT M(DDC)
ON 1-2-3% QF-1 ON .GC-Q, 80/100 MESH,
cm x 2 mm I.D, GLASS TUBING), AT 190°C,
AND TEMPERATURE PROGRAMMING FROM

! 160°c to 200°c, AT 2°c/min
RETENTION DATA
METAL DDC 190°¢C ' TEMP PROGRAM’
— RT & ~ RT —
zm 3.0 © 140 9.0 255
cd. o 4.4 194 10.8 o 296,, 
Bb j'*‘ A 194 '!11.?, e
Cu - . 6.2 202 14.1 1418
Hg 8.2 . 4712 16.3 , 2704
No. 10,7 - 455 - 18.4 1759
Co . 29.8 . 142 29.6 o, 206
cr 35.6 193 32.2 338
RESOLUTION X
-190°C ‘ TEMP PROGRAM
Zn-cd ‘ 1.2 . iwg 1.4
c-eb 00 0.5
Cu-Pb - . S - 1.7
cd-'ug | _ 1\3\)/ - ‘ 1.5
Hg-N1 14 14
Ni-Co 32 o 2.2
Cr-Co . T0.6 . o 0.3
| o




>

FIG.- 41 ‘SEPARATION OF A 'COMPL IXTURE OF EIGHT H(DDC)
" ON l -2~ 3% QF -1 ON GC Q, 80/100 MESH,
"/
(60.cm x. 2 mm I D, GLASS TUBING),

" "PROGRAMMED FROM 160 C TO 200 C, AT 2 C/min.‘

S pb

18.35 2

-

29.57 9

. . . . N . P
v.<~ -. L : . . i j i N : o .
. - - . . 4 . A B . . . . . .

’

.ﬁ‘
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FIG. 42 SEPARATION OF A COMPLEX HIXTURE OF. EIGHT H(DDC)
. ON 1-2-3% QF- 1 ON Gc- Q, 80/100 MESH,
(60 cm x 2 mm I.D, GLASS TUBING),
PROGRAMMED FROM 200°C T0 240°C, AT 4°C/min.
(*’ Cd4 Pb -
-
N - -
i Zn.f T ﬁ,’
Zr _
@© ‘o' . {
1l cu M CryCo
N
(3¥)
™
Cf.

. _Time,min
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7.4.2  3-2-1% QF-1 ON CW-HP, 80/100 Mesh,

(60 cm X 2 mm I.D, gléss tubing)

“(table 28, Figs 43, 44)
: N
By reversing the " QF-1 mgradient »coluﬁh”
configuration,’and using temperature programming f?omv200°c
to 230°c,\ at 1°c/min, a dgamatic improvement in the
resolution was‘obtained for a mixture of 1Zn, cd, Pb,>’Cu,
Hg, Ni, Co, and Cr.DDC. The separafion of the dd/Pb DDC
»pair,‘hdwgver; was still . not 'achléved. The data are
Summarizéd in Tablé‘28 and flg‘43.

a

~ With Mo(II) added to the above mixture, and fémper—

aturevprogramminq from 160°C to. 200°C Rat 2°C/m1n, the
separation shown in Fig 44 was obtaTned. Mobi(DDC)z was

detected but the Cr/Co DDC pair separation deteriorated and

the C4d/Pb pair remained unresolved.
Extrapolating from Ettre's work (64), an 'R = 4.9
obtained for the N1i/Co DDC‘pair' méaht that an addlitlonal

four peaks should be resolvable between peaks for Ni and

-

Co DDC. Theoretically, thetefore, it should-be\bossible to
add at least four more sultable:mgpal DDC to the above test:

mixture and still obtain adequate résolution on the above

e

column.. - .

s . . -
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 TABLE 28 o
' RESULTS OBTAINED FOR THE SEPARATION OF AN
EIGHT n(opc)n'~urxrunz ou’s—Et%3 QF-1 ON GC-Q,
89{100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),

' TEMPERATURE PROGRAMMING FRoM 200°c To 230°C,
| AT 1°C/min -
- , RETENTION DATA T
METAL DDC . ' RT(MIN) N
zn o 3.3 - 481
" cd ‘ o | 4.6 0 334
Pb 4 . T 334
o~ &3 637
Hy ~ o 1 1162
N1 a6 B 1028
co . 1s.9 L Ba1
Cr I 20,9 1210
. RESOLUTION |
" zn-ca | 1.6
cd-pb SR 1.7 \
cueb . 0.0
Cu-Hg | 14 |
Hg-Ni S 1.9
" Ni-Co 4.9 -
Ccr-Co - < 0.8 |
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FIG. 43  SEPARATION OF A COMPLEX MIXTURE OF EIGHT M(DDC) - v
| ON 3-2-1% QF-1 ON GC-Q, 80/100 MESH,
(60 cm x 2 mm I.D, GLASS TUBING), .

»

' PROGRAMMED FROM 200°c To 230°c, ar 1%c/min. -,

¢ .

~



—133-'

?IGF.~’44A v SEPARATION OF A COMPI&\EX HIXTURE OF NINE H(DDC)
- ON 3-2-1% QF-1 ON GC-q, 80/100 HESH |
(60 cm x 2 mm I. D, GLASS TUBING),
PROGRAHHED FROM 160 C TO 200 C, AT 2 C/min.
zn :
) o .
~ .
> : :
o . '
; e : r
v 5 ’_:b
4 © ‘cu NI
: g o)) -
Moo, LS
o _
- - 2 m
< ;
™ H
\ 9 |
L >
Hg
© 4
‘ . N .-
< - .
- o o -
e U 5 S
. Time,min.
i -
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7.4.3  1.0-1.5-2.0-2.5-3.0% QF-1, ON CW-HP, 80/100 Mésh,

(60 cm x 2'mm I.D, glass tubing)

(Table 29, Figs 45, 46)

The gradient column 1.0-1.5-2.0-2.5-3.0 % QF-1,

_was prepared in order to_sblvglnthe problem of Pb and. . cd. °

separation. Good resolution for Pb and Cd had been achieved.,‘

for a mixtyre of four M(DDC) , namely: Zn, Cd, Pb, a@d Ni,

as shown in Fig 25.dThe data obtained jgor abmore compiex;
DDC mixture.are shown in Table 29 and Fig .45. No sepa;ation
of Cd-and Pb was achieved due to ;heipfesence'of Cu(DDC)2
which.apparently caused the Cd and;Pb peaks to overlap.vTheﬂ
rg;oluéion was improved by te@peraéure programming at a | |
lower temperature range, as: shown in-FiQ 46.‘ )

-

7.4.4 . 1-2-3% OV-210 ON CW-HP, 80/100 Mesh,

-J'“(Goncm X 2 é% I.D,.glasé tubing) - - ‘

(Table 30, Fig 47) -

The best results with the 1-2-3% 0V-210 ‘grééienﬁ‘
column for the resolution of the eight metal DDC‘cémblex f
.mixtUIe were ;btainéd by femperature pr;gramminq'fzom,leooc
to 240°% at 2°C/m1§, (Table 30, Fig 47). Two pairs of metal

DDC' could not be sepaia&edf on this column; i.e: Cd/Pb and

Cu/Pb. In addition  resblution of the Co/Cr DDC pair was
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TABLE 2

9

-

RESULTS OBTAINED FOR THE SEPARATION OF A MIXTURE OF
EIGHT M(DDC% "ON 1. O l 5-2.0-2.5-3. 0% QF 1 ON Cw- HP

‘ /‘f\ 80/100- MESH, (60 cm x 2 mm.I1.D, GLASS TUBING),@

WITH. TEMPERATURE PRiGRAMMING FROM 200 °c 10: 230 c, R

T 1 C/min '
I " RETENTION DATA N
METAL DDC , ~ RT(min) - . N ?
"zn 3.5 306
., cd U 4.7 292
"~ Pb. f 2 4.7 292
cu i 6.5 . 676 .
, B .
Hg 8.2 ‘1681
) r'5 A T 4 M
Ni . 1 9.9 - 9287
o - Pl .
Co . - 19.2 655
cr’ - - 21.0 784
.
- RESOLUTION . .
in-cd. 1.3 )
cd-pb . . 0.0 R J
A . )
Cu-Pb - 1.7
Cung : , °. 1.9 b
Hg~Ni * ),. _' 1.6 ' '_ g :
Ni-Co RO T l
".' I} ; - .
CR-CO. 4 S 0.6
w» ‘lw'\ R ‘l‘
v Ta
- “ \.- | <. ) .
- - . l'f fl' o P
s : A .
RN ) I . . ‘
. s » | . o
& S "j -
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 FIG. 45 | SEPARATION OF A COMPLEX MIXTURE

\

(60 cm x 2 mm I.D, GLASS TUBING)

OF EIGHT M(DDC)

'ON'1.0-1.5-2.0-2.5-3.0% QF-1 ON GC-Q, 80/100 MESH,

, PROGRAMMED

- FroM’200°C To 230°c, ‘AT 1°C/min. -

C e

K

Ta—
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SEPARATION OF A COMPLEX MIXTURE, OF EIGHT M(DDC)

FroM 170°c To 210°c, AT 2° ¢/min. .

i
. |
A :
. * .
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ON 1.0-1. 5 2 0-2. 5 3. 0% QF 1 ON GC-Q, 80/100 HESH,

‘(60 .cm x 2 mm I.D, GLASS TUBING), PROGRAMMED

Cu N

14.90Q

17.16 §




, N TABLE 30 '
- “RESULTS OBTAINED FOR THE SEPARATION OF -AN EIGHT
M(DDC) _ n;XTURE ON 1-2-3% OV-210 ON CW-HP,
80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),
WITH TEMPERATURE PROGRAMMING FROM 180°c To 240°C,
- ‘ar 2%/min |

_ ‘ "RETENTION DATA _ 3
METAL DDC ° RT(min%} = - o N

Zn - 63 BENEELFS
T cd . : _ 7.9 ' . .389
. Pb ' : 1.9 S 389 -
¢ . . : . . . ’
Cu. L 10.3 - 664
Hg S 10.3 - - . 7 664
NI : - . 13.9 . ~ - 966
Co. = B 21.0 BT
cc T . 22,5 | 742

RESOLUTION

Zn-cd . 1.2
ca-ep . oo oo
Cu-Pb T T R
cu-hg . 7 " f3;f. 0.0 ,':.'d R : .

CHg-NL N "2;2-_\f g
Ni-Co . . . . 2.5 ) e
cr-Co. . 0.4 B

N



| FIG.

7

_ SEPARATION OF AN EIGHT H(DDC) HIXTURE 

FROM 180%¢ 70 +240° C, AT 2 °¢/min.

| . -139-
N ) .

S, o |

ON 1- 2—3t ov—21o ON cw HP, 80/100 MESH, -

(60 cm x 2 mm I. D, GLASS TUBING), PROGRAHMED

e
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incomplete. Although the other metal DDC's were " well-

.separated, this column»d;d.not offer'huch promise overall.

$

~7.4.5  1-2-3% EACH OF OV-101-QF-1 ON CW-HP,

'80/100 Mesh, (60 cm X 2 mm I.D,- glass tubing)

(Table 31, Fig 48)

The 1—2§3%.each‘lofrCV-IOl—QF-l stafionéx? phase
column was tested with tﬂe'éightcmetal Dbé mixture.
The results ére summarized in  Tabie 31 and iﬁ Fig 48.
Neither the éd/?b nor the Cu/Hg pair could be sep;féted.
o fhe maximum sepération obtained with this column was 6f

six DDC chelates only.’ ' //:

7.4.6 1-2-3% EACH OF OV-225-QF-1 ON CW-HP, "

‘807100 Mesh, (60 cm x 2 wn I.D, glass ‘tubing)

_ - - =
— (Table 32, Figs 49, 50)

on this columnh good resolution was obtained . even'

for Cd and Pb DDC as shown in Table 32, Figs 49, 50 . The

only drawbacks were that the peak for Pb{DDC) overlapped

s

that of Hg(DDC)z,:‘ahd the Co/Cr DDC, pair resolution had

" deteriorated compared to some of the _previously tested
. - 'Y N - 3 R ) . . . ‘

columns. . , . ' ,
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TABLE 31..

RESULTS OBTAINED FOR THE SEPARATION OF AN EIGHT’
MIXTURE ON 1-2-3% EACH OF OV—101 AND QF - 1
b ON CW—HP, 80/100 MESH, (60 cm 2 mm I. D GLASS TUBING)

M(DDC)

‘WITH TEHPERATURE PROGRAMMING FROM 200 Cc ToO 250 c,

-«

A'I' 2 C/min

METAL DDC,

" RETENTION DATA

RT(min) C\\;j N
Zn 5.8 - 538
cd 8.7 . 374
" Pb 8.7 374
cu 10.7 | S 378
Hg 0.7 - 378
NL 14.7 . - 'ss8.
© co  28.3 - . 1896
 ~cz._ ‘ 29,3 t 2838
/ TRESOLUTION
Zn-ca 2.1 ‘
cd-pb 0.0 .
Cu-Pb 1.0
Cu-Hg 0.0 o
Hg-Ni  ° 1 e
Ni-Co 5.9 ' |
CR~-CO T 0.4
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' SEPARATION OF AN EIGHT M(DDC) ~ MIXTURE

FIG. 48
. A AN
' ON 1-2-3% EACH OF OV-101-QF-1 ON CW-HP,
80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),
PROGRAMMED FROM 200°C To 250°c, AT 2°C/min.
7
4{'] :
" AY
" Hg
+
Cu .
. N
. ‘U';"
(\ - N
g Pb | ¥
.;.. + -
b &
. W
&

. ) o
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TABLE 32

RESULTS OBTAINED FOR THE SEPARATION 'OF AN EIGHT

M(DDC) MIXTURE ON 1-2-3% EACH OF OV-225-QF-1
'ON CW-HP, 80/100 MESH, (60 cm x 2 mm, I.D, gLAsé TUBING),

AT 230°c FOR 15 mins, THEN TEMPERATURE PROGRAMMED

FroM 230°c To 260°C, AT 8°C/min

¥

RETENTION DATA

HETAL'DDC, Lo RT(min) - N
. Zn O 4.6 529
cd R 6.9 529
Cu ~ o . 9.5 V” 446
Pb, - 11.9 - 468
Hg ) o 11.9 468
NL | : 16.2 1050
~Co - o 32.5 1878
er S 348 1469
"RESOLUTION
Zn-cd 2.3
‘cd-Cu - 1.7
Cu-Pb 1.3
beﬁg o 0.0
Hg-Ni | 2.1
Ni-Co 6.5
Crx-Co 0.6 '

g
4
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FIG. 49
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SEPARATION OF AN EIGHT M(DDC) - MIXTURE

ON 1-2-3% EACH OF OV-225-QF-1 ON CW-HP, - -
'80/800 MESH, (60 cm X 2 mm I.D, GLASS TUBING), =
AT 230°C FOR 15 MINS, THEN PROGRAMMED FROM . . co

230°c 70 260°¢, AT 8°C/min.

~ Time,min.

6?‘.
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. o ,‘ . .-1‘5_
o PIG. 50  SEPARATION OF AN EIGHT M(DDC), MIXTURE
- . ON 1-2-3% \EAQHKSF.ov-zzs-QF-l‘on”cw—np,
80/100 MESH, (60 cm x 2 mm 1.D, GLASS TUBING),

PROGRAMMED FROM 200%¢ To 250°C, AT 4°C/min.

15.17 ¥

o Time,min




-146- ' .

— ’

0 1.4.7 " (1-2-3%) QF-1 + 1% 0V-225 ON CW-HP,

80/100 Mesh, (60 cm x 2 mm I1.D, glass tubing)

(Table 33, Figs 51, 52)

In a further investigation, a mixture of seven
metal (DDC) was injected onto a (1-2-3%)"QF-1 + 1% OV-225
column. The separation achieved was ex%ellent as shown in
.Fig 51, except that the Hg/Pb palr did not separate.

A mixture of eight metal DDC,wés injected and the results
baré shown in Table 33,>and ng 52. The separation obtainéd

L.

was excellent except for the Hg/Pb and Cr/Co palrs. . ,.

Vaud

7.5 Conclusionsf

1. .Gradient columns' with methylsilicone stationary

phase, O0V-101 or SE-30, were geherally superior to - -

conventional columns, but separatién'of a metal DDC comple¥
mixture was not all;that seééessful, ohly five peaks  belng
obtained as shown for thé case’of 1-2-3% 0V-101.

2. ‘The more polag’stationary phase QF-1, proved to
»be more selective for the sepaiation of metal DDC. Tﬁe
gradient columns preéareé with this st;tionary phgs; 'were
the best columns for the separation of a complex metal DDC

mixture. 3-2-1% QF-1 and 1.0-1.5-2.0-2.5-3.0% Qg{l were
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TABLE 33
RESULTS OBTAINED FOR THE SEPARATION OF AN EIGHT
M‘DDC) MIXTURE ON (1- 2 3%) QF-1 + 1% 0V-225 ON CW-HP,
80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),
- WITH TEMPERATURE PROGRAMMING FROM 200 C TO. 2509C
AT 2 C/min

RETENTION DATA

'METAL DDC ) ~ RT(min) N
Zn ’ o 8.4 780
cd - 118 . ses
Cu_ N o 14.3 - 1010

 Hg o 16.0 1029
® - 160 . 1029
+ Ni~ e :1911; : 2287
Co L 36.7 1012
cr - . 36.7 “ 1012
RESOLUTION T
: : \
) T Y
zn-ca 2.4
cd-cu 1.
Cu-Hg N
Hg-?b l
~ Pb-N1
Ni-Co S 5.6
Cer-co 0.0
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FIG. S51°
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SEPARATION OF A SEVEN M(DDC) ~ MIXTURE
< o : &

ON (1-2-3%) QF-1 + 1% OV-225 ON ‘CW-HP,

80/100 MESH, (60 cm x 2 mm I.D, GLASS TUBING),

~ PROGRAMMED FROM- 200°C 'To 240°c, AT 4°C/min.

11.94 2

—
‘.‘Af . ‘
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’//(//the two best columns tested. They can be recommended for

thé»sepafaqion of metals in soil, water-pollution and'

marinefbott&h sediments.

L4
’

AR 3. * Two-stationary phase gradiknt columns.gave 'gqod
o y - v

~écpération for ‘the complex elght metal DDClmixture. Thg'

i
]

T bggb gombination was that of }1—2—3%

sépafation on this colpmn'was‘béttgf-than that obtalﬁed on
a 1-2-3%. (0V-101-QF-1) column. The (QV-225-QF-1) column

Another column which would ' be useful in this. case

R (1—243%) QF-1 + 1% ov-225 Which showed very éood resbldtion
‘for a mixture of»eighp metal DDC. In both cases retenﬁion‘

‘times are -long enough to perhit'ieSOIutioh of metal DDC-

[ ' . L -

from any_lgrge eﬁtzaneous‘peaks elufed before the DDC's..

r A' ‘ » )

(0V-225-QF-1). The

would be Ads%ful~ in the analysis of marine sedemepts.

s .
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8.0 Characterizatlon of gradlent columns

using Retention Indices:

The gradient colpmhs studied. in this project were

_(,\ : o ) . N g
primarily intended to

tx

-

o : /-
achieve the separation of metal.

chelate cbmpléx.mixtures. To identify the bharacteristics

*

of the gradlenpﬂ‘dolumns prépéred and qthéreby determine

thelr potential for.the‘separatioh of other Ciasses»of

'compoundé‘kﬂehention Indices were determined for.$elected '

compounds rgprésenting various chemical groups on.

v

number

of columns. It was also the intent of the testsf;:ftied out

-

to establish the effect of changes in gradient columns on

Retention Indices.
The' test probes. chosen for

by McReynolds  (47)
/. the

‘responsible’ [for retention. in

columns . use 'fof characterization were 180 cm x 2 mm I.D in

size.

. Two types of gradient columns were

brincipal,

" * o
chérééferizaEiOn.were those
'because they adeguately

¥

molecular interactions

gas chromatography. = All

)

characterized:

9

. v
. '

1. . Variable percent Loaded gradient columns:

‘ . Those columns tested were the MOst efficiéﬁt;-

gradient columns found for the separation

~ of M(PDC) -. -
B n ‘

B

@

’

\



R ' o
; N A

;fth.differenéeS'ih

o -182- _ o
Polarity gradient columns: .

These gradient.columnshhad not-been used in the

‘'separation of M(DDC) =~ study. Columns contained

,thrée different_étatioéary,phases; loaded. qn the,

e

same support, and each at the same percentage
ipaainq. The gradient in these columns resulted.

'polaritybof”tbe stationary
. ' . . X

) . i ’
. c .- - X - . - .
phases. : : : . S -
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— 2..  20% Squalane CW-HP 80/100 mesh

¢

8,1 Prelimlnary work: A ' S

-153-

¢

ta”

Prellmlnary work was undertaken w1th the follow1ng columns
. p%d )

1. 20% OV-17 on CW-HP 80/100 mesh

TheéeAéolumns were prepared in order to confirm

McReynolds constants that have been réported' for o0OvV-17

-stationary phase, and to optimize GC conditions, and compare

t&em to those repozted by McReynolds (48).

The test .probes recommended by McReynolds  (48)-

.(table 1) were used ta characterize the.OV-17 column. The

Retention Indices_wére calculated’ according to EQ. 13. The

' results obtained with the OV-17 ‘and squalane columns  are

‘.

sthp in Table 34. The differences in experimental results
ahé those repoftea by MéRéynolds were probébly Eﬁe resﬁlt
of at least three factors: |
(1) Tail suppreséors were not‘added duriﬁg columﬁ
prepération, as was the case in McReynolds wdrk
This may have affected thé retentlon times of the
the @eét p;obes; .
(25.The”col;mn»tempgratﬁge used, 120°C,_Qas as . -
Ufeportéd by McRéyndlés Howevex, othe} ébnditébn;

* sguch as ilnjector, and deteétor temperature,_

A
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TABLE 34 .
CHARAgfzazzATIQN OF OV17
| USING MGREYNOLDS ' CONSTANTS
' 0% ovi7 208 SQUALANE, 1

_ SOLUTE- . — ' —

' ’ RSDY RSDY 'OBTAINED REP™. DIFF
BENZENE 1750 .76 o 595 1.3 155 119 +35.5
fN—BUTANOL 735 .36 -se1 2.1 158 isa - 3.7
"1, ADIOXANE éji‘ " .15 605 2.0 184 226, +42.0

1-NITROPROPANE 501 - l.1; 644 0.6 243 2570 +14.3
'pyé:urns o e 14 ' 594‘\\953 202 202 '+ 002

2-METHYL- - o5 .16 . 690 0.5 112 115+ 3.4
"2-pENTANoﬁ : D \
1-ionosuf§Nz 938 .10 ,,524 Coa 119 14 - 4.7
PENTANONE 785 .22’ . 634 0.5 162 151 -10.7
CIS-HYDRINDANE 1160 .10 1026 0.01 6o, 58 :10.0

Voo
*  REPORTED:BY’MCREYNOLDS’(éﬁr. .
*
. R .
€ . " -‘; - - / '
N ] .

J—
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.

column. length, and carrier gas flow rate may'not

R

“bava‘been)thg same.

‘(3) Lack offreproducibilitymin reproducing retentydﬁ \
indices on Squalane'cdlumns has been reported.inl
the literature (57). It has been shown to be the..
result;af'eithar oxidation of,or, impurities in

4

the Squalane.

8.2 . ‘Polarity gradient columna

8.2.1 ) Phenylsilicon stationary phasef

By'combining equal length of packing containing
ov-1 (0% phenyl), OV-3 (10% phenyl) and OV-7 (20% . phenyl),-
at 3% loading each ‘within a 180 cm x 2 mm I.D column,' an
ascend;ng polarlty gradlent column is obtained. A aacona |
colﬁmn is creatad simply by fevemslng the\ order of the
;cppflguration tb'give a deséending.polariéy gradient.

The Retentioa'iadigeé obtained for tha:McReyholds chemical,

- probes for these two columns are ahoﬁn in Taﬁie 35 They_
wefe'compared with an ov—é coiuma£Which'hasua“pola;ity
'corresponding to ;tha' averaqge polarity of fﬁe/ gradient'
'_columns, j.e, 10% phenyl Differencés; in Retention‘ Index
values on both ov- 1 3-7 and OV -7-3-1 frpm thosa for ov-3 -

«

.were obaerved for polar_compouhds suchfas 1,4‘diofane;

'.4'. o
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“TABLE 35 -
COMPARATIVE RETENTION INDICES OBTAINED FOR
OV7-0V3-0V1 AND OV1-0V3-0V7 GRADIENT COLUMNS,

_ AND FOR AN OV3 CONVENTIONAL COLUMN

0V7-0V3-0Vl 0V1-0V3-0V7 E

' SOLUTE
RSD% ~ RSD% TRSDY
BENZENE 572 1.0 571 1.7 557 3.0
N-BUTANOL . 639 0.5 639 1.5 - 685 ' 6.0
1,4 DIOXANE | 625 0.6 s 1.0 819 2.5
-1-&1TR09R09ANE 671 ‘ifo 677 0.5 819 1.5
PYRIDINE - 691 0.2 685 0.2 801 0.5
2-METHYL- . © 691 0.4 685 3.0 841 | FRE
Z;RENTANOﬁ\- | “
1-10DOBYTANE 748 1.6 746  <0.5- < 921 1.0
OCTYNE BRE?? 0.3 792 1.0 . 950 0.8
PENTANONE . 886 1{0‘ :: 5é6 2.6 551 J 4-.0
fcxs-ﬂYDRiNDANE “.‘ 924" 1.0 929 0.5 1216 2.0
, ! A\
‘
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pyridine , bentanone , octyne - , . and 1" -lodobutane. Where

differnces existed, the Retention Indices values for the

gradient columns were 'generally lower than the 'values

obtained for the 0V-3 column. This was due'mainly to the
s ‘ | .

.shorter rétention times for the ‘test probes.ap'Well as for

‘reference paraffins on the gradient columns.

By replacing OV-T with SE—&Z (5% phenyi? the anerage‘

- polarity for"the' column was .reduced. In Table 36, the

Retention Index data‘obtained for the OV-1-SE-52-0V-3 .and

OV-3-8SE-52-0V-1 columns are illdstrated,

'8.2.21 Conclusions based on tests with polarity gradient

gglﬁmns:

1. bolarit} grédignfjcolumnﬁ arév:useful forqanalygis
‘ofvpglar.compounds such»as»dibkane;_pyridine-and
Z;methjliz—pentano} since: they prévidEASelectivity
.Qith reducea analysls time. |

2. :‘Ri valgeéifo; pola} sgbstaﬁde varied dependihg on the
pOlafltg'q:gdfenf order. Tﬁé RIﬂwere:greateé,for
columns construcuteq to have 1nc;ea;ing polarity

ThrsKing:eaée in RI

from inlet to outlet ends.,

) -, _ » : 'S ‘ . )
- values was more pronounced in the case of the lowex

-

polarity gradient column OV-1-SE-52-0V-3.
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‘TABLE 36

-CQMPARATIVE RETENTION INDICES OBTAINED_FOR

© OV1-SE52-0V3 AND OV3-SE52-OV1 GRADIENT COLUMNS,

AND AN OV—3;CONVENTIONAL COLUMN

. ) GVI-SE52-0V3 OV3-SE52-0V1 ov-3
SOLUTE ‘ L
‘ RSD% RSD% RSD%
z x +
| BENZENE 528 3.0 533 3.9 557 3.0
N-BUTANOL 663 1.0 613 | 3.0 685 6.0
1,4 DIOXANE 662 3.0 670 ., 1.5 819 2.5
»i*NITROPROPANE 754 i.O', 670. 2.0 ‘819 1.5
PYRIDINE ‘754' 2.0 680 3.0 soiff' 0.5
 vf24METHYLf° 781 1.0 680 1.0 841 - 1.0
2-PENTANOL . | . o
' 1-IODBUTANE | 885 0.2 891 ’, ,1.0>' 921 1.0
OCTYNE 886 0.7 843 1.0 950 . 1.0
| .P?NTANONE 662 1.0 542 1,0: ssi 4.0
CIS-HYDRINDAN 1006.1 2;0 %101elo 2.0 '>1215;6“2.6‘
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8.3 Gradlient loaded colﬁmns:

8.3.1 OV-17 Gradient columns, (Table 37 )

Two columns were prepared in the 2-5-10% O0V-17
and the 10-5-2% OV-17 configurations. In Table 37 the
Retention Ihdices values on thesé two columns are compared

‘to those on 2%, 5%, and 10% OV-17 conventional vcoluMns.

A —

Under the same chrématographlc conditions the behavior of:
gﬁé 2% column igdiéatéd: some solid support activity which-
caused the RT values ko be higher. In general, the two
gradient columns showed behavior éifferent fromlthat oﬁ

the 2, 5 or 10% columns.

8. 3 Conclusions based on the OV-17 gradient loaded

columns:

1. Tﬂg percent loadingﬂya;iation‘had a significant effebf .
Aoﬁ'the‘;etention index valueéofor variqu o;ganié
sups;ance groups ;sed aéltestlng”grobeé.

?.; vﬁeversiﬁg the_qgadiént'gave~different Reteﬁtidn"Index
‘Qaiue§ ffor ardhatics,‘aromatic bases‘ﬁnd‘Bfénghed
‘aleohols. | . |

|3, At low loaéfngs,,less fhan 5%, thjRetention Index

Valhes‘ obtaineé‘weré‘different from whatlﬁcReynolds" ‘

(47) reported at 20% loading. This deviation was also, -

VAR ‘ s
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TABLE 37
. CONPARATIVE RETENTION INDICES OBTAINED FOR 2-5-10% 0V-17 M
10-5-'.27.\0v’-17 GRADIENT COLUNNS, AND 21, 5%, AND 10% OV-17 -
CONVENTIONAL COLUMNS ' ]

SaLuTE BT 25100 0521 T

o RS w11 Fal FSDt .
BNIENE - 746 L0 623 0.5 . 700 05 803 14 63 1.0
VBUTMOL M6 L1 TS 05 TS . 0.8 64 LI 6T 0 |
LADIOIWE B2 0.5 824 05 81 0.6 81 L0 B2 04 .-
INITROPROPANE 942 0.6 635 0.0 610 0.2 707 0.6 N5 0.6
RIDINE @7 00 B0 0.8 8% 02 BS - L. 8 LD
2-HETHYL- , |
ZPENTANOL B2 0.5 B4 0.5 Bl 0.5 759 05 753 0.
FTONOBTAE 9T 05 9T 05 3] 208 L0 e 01
BNTANNE 774 L4 TI3 .06 789 07 T2 200 TR L
CIS-HYRINDANE 1030 0.3 1091 0.3 10%2 0.8 1058 . 0.2 1050 0.2

: .
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reported'by'Yéﬁcey (58) and other workers (49, 55, 59)

for low loading columns. )

. 8.3.3 1-2-3% QF-1 ON GC-Q, 80/100 mesh,

(180 cm x 2 mm, I.D, glass tubing)

(Table 38) ‘ .
In Table 38 the RI values obtained for this gradient
column were compared to those for the column containing the

average gradient loading, 2%. The gradient column showed

more , selectivity for butanol, dioxane, iodobutane and -

-~

~ pentanone test probes. Therefqze, the gradient .1-2-3% QF-1

column will be more useful than a conventional column for

separating chemicail comﬁounds,similar to these test probes.

8.3.4 1-2-3% OV-225 ON CW-HP, 80/100 mesh,

(180 cm x 2 mm I.D, glass tubing)

(Table 39)

The .RI values obtained fo% th1s Column‘are'shown in

Table 39. RI valges: were. slightly greater for  benzene,
v . v / v A '

butanol, - dioxane, pyridine, ‘2-methyl-2-pentanol and

pentanone on the gradient column. Again, thé grqdfent_'

Pl

e
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TABLE 38 '
-CHARAQEERIZATldu OF A 1-2-3% QF-1 GRADIENT COLUMN,
AND A Z%IQf—l-CONvENTIONAL COLUMN oN GE-q,

80/100 -MESH, (180 cm'x 2 mm I.D, GLASS. TUBING)

USING KOVATS RETENTION INDICES

SOLUTE % - T 1-2-3%

RSD%
: 4 t

BENZENE | P ‘,Jé76 1.7 IT : 1{5;’_
N-BUTANOL . 865 1.7 873 - V;.o
| 1,4DIOXANE - 840 | : 0.4 . 88y 12
PYRIDINE 970 © 0.4 * 922 0.6
"Z—KETHYL-' L B  v o ',7‘ S : }
éépEﬂTANbL 1 »__; 908 . 0.5 e | 0.7

| iii—roooaquNEA | 943  “.vo.5 S 953 1,0
Z—QEﬁTANONEV-J 943 0.5 - 983 ‘- f.0-

. CIS-HYDRINDANE 1067 1.0 - 10460 - 1.5
) o .-‘,_r . v ‘ . o

'
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