Sheffield

Hallam _
University

#'$% %$&'()*$
+ #
# .

(/"
# 1 0 #
20!
#'$$ %$

#'$$

%



http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html




Y "#$ #

% & Y ) * + ) +  + %) &
+ + - & & +* ) +
& + & + )& / + (, &
& + / + *&
1o12 3, 0 ) ( &
I - ) * & & + + & 5 ,;) +
* $ + 6 1o,
110,
7 $& $ + |/ & -/1&'



DETERMINATION OF TRANSITION METALS BY HIGH PERFORMANCE
LIGUID CHROMATOGRAPHY

BY

LAILI RUSMAH MOHD NOOR BSc.

A thesis submitted %o the Council for National Acadsmic
Awards in partial fulfilment of the requirements for the

degr=e of Master ‘of Philosophy

Sponsoring Establ ishment H School of Science
Sheffield City Polytechnic i Division of Chemistry

September 1520



i

s O FOLTTEC R,
FiE s

i AN
4oz ) 3
. ND Q) A /’
o~ pd

*Q:; v
D e o
. dd




Determinaticon  of transiticn metals by high performance
liguid chromatography

L. R. Mohd Moor

ABSTRACT

A simple chromatographic analysis system was developed based
cn  dynamic  ilon—pailring using long chain anionic modifiers
with a silica reversed phase based column. The aim was to
carry out simultanecus multielement guantitative as well as
gqualitative analysis of samples containing mixtures of
transition metal ions.

Among the problems encountered and salved were: metal
contamination of the eluent, finding a suitable pump for the
system, minimising the noise and reducing the eluticon times.

Detection of the separated metal iocns was enabled by post-
column derivatisation prior tao introducticon to the
spectrophctometric detector. This introduced many problems
as the eluent and post—column reagent stream must be
properly mixed and reacted to ensure successful detectiaon.
The design and oarientation of +the device used for this
purpose is also critical and this was studied in detail.

The role played by the various constituents of the =2luesnt in
the chromatocgraphic separation was investigated thoroughly
to enable modifications to it toc be made so that the
chromatographic analysis could be optimised. It was
discovered that retention times were greatly affected by
variations in concentration and type of aniconic modifier,
concentration and composition of the complexing agent in the
eluent and variations in the pH of the eluent.

This enabled better understanding of the retention mechanism
and a retention mechanism model for a dynamically coated
column was proposed.

Separation of copper, lead, =inc, nickel, cocbalt, cadmium
and manganese in seven minutes was achieved using a mcbile
phase containing sodium hexanesulphate as anioni¢ modifier,
hﬁﬂgem‘tartrate as complexing agent at pH 2.1, with 4-(2-
pyridylazolresorcincl (PARY detection monitored at S10 nm.
Under these conditicons, limits of detection in the range of.
2 - 20 p.p.b. were achieved for ZO/ML injections.
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CHAPTER ONE

THEORY

1.1 INTRODUCTION

The most popular technique for quantifying trace metals is
atomic absorption/emission spectroscopy and especially the
inductively coupled plasma. Yet, when several elements have
to be determined separately 1in many samples, essentially
single element techniques eg. atomic absorption spectroscopy
become very time consuming and multi-element techniques eg.

the inductively coupled plasma are very capital intensive.

The advantages of the chromatographic method of analysis are

well known :

speed - where multielement analysis per sample
is often accomplished in less than an

hour.
resolution- which can always be compromised for
speed and gives the researcher the

ability to resolve interferences

and finally,



automation— which is straight forward and adds
another dimension to problem—solving
efficiency where routine operations are

per formed.

In addition, it is uniquely powerful in solving problems
involving ions in solution where very high sensitivity is
required and where matrix problems cause inter ferences for
other analysis techniques because it physically separates

compounds prior to detection.

It is also possible to chromatographically separate, detect
and identify ions of the same element but which exist in the
sample in different oxidation states eg. Cr III/Cr VI, Fe

II/Fe I11I.

Most metallic compounds or moieties as a direct result of
their ionic nature (in the sclid or liquid phase) cannot be
directly volatilized at the temperatures used in
commercially available gas chromatograph. Although a 1lot of
work has been done in this field, early studies of the
chromatographic behaviour of metals were mainly centered on
liquid phase techniques such as adsorbtion, partition or

ion—-exchange modes (either in the planar or column forms) 2.



However, thin layer chromatography and the ‘classical’column
chromatography involve 1long elution times and tend to lack

quantitative capability.

The first paper on ion chromatography which appeared in 1975
was on work done by Small et al 2. They developed a patented
apparatus capable of routine qualitative and quantitative
determination of a range of alkali and alkaline earth ions
(eluent; hydrochloric acid) and anions (eluent; sodium

hydroxide or sodium phenate) in a diversity of background.

The set up consisted of two ion-exchange columns; the first
separates ions into discrete bands and the second suppresses
the background electronic signal from the eluent as well as
enhancing the electronic signal of the separated bands thus
enabling detection by monitoring the conductivity of the
column effluent. Elution time was between 1.0 to 3.0 minutes
per ion. The two significant aspects resulting from their

work were

A The development of a reproducible, 1low capacity
high efficiency anion-exchange resin with
selectivities identical to totally aminated
materials but with better permeabilities thus

permitting the use of higher flow rates. (The



cation-exchange resin used having been previously

“

described by Small 3.)

B The development of post-column techniques
(suppression) which permit the use of conductivity

detectors under ideal conditions.

The major disadvantage with this method 1is the need to
periodically regenerate the suppressor column. There will
also be variations in retention time of some peaks with
suppressor exhaustion. In addition some metal ions may be
precipitated by the hydroxide form of the suppressor column
hence limiting its application to metal ions and especially

transition metal ions.

Subsequently Gjerde, Fritz and Schmuckler 4.5 introduced the
one-column method for the analysis of anions. The careful
choice of separation column and eluent (must have low
background conductivity hence a weak acid is preferred eg.
phthalic acid rather than hydrochloric acid) allows the
elimination of the suppressor column. The pH of the eluent
needs to be kept within a specified range so that the eluent
is sufficiently ionised to perform the separation as well as
to keep the concentration of H* and OH- ions 1low (since

these ions have unusually high conductance).



The drawback with this system is thus the limited choice of
the phase system and the need to keee= the temperature
constant since conductivity varies with temperature. There
will also be a 1loss in sensitivity due to matrix effects

since the 1ion 1s being measured in a more conductive

background.

This method of analysis is also not suitable for heavy
metals eg. transition metal ions which due to their strong
binding to ion exchange sites require stronger acids or else
will take too 1long to elute. Work was therefore almost
entirely focussed on anions and alkali and alkaline earth

cations.

1.2 CHROMATOGRAPHY OF HEAVY METAL IONS

Chromatographic analysis of heavy metal ions have been
carried out in a variety of different ways. Most ,tend to
employ chelating or complexing agents either to overcome the
strong attraction between cations and the resin, to keep
metal ions 1in solution and/or to improve the selectivity of
the chromatographic method. Its popularity is reflected in

the rapidly increasing number of publications and appearance



of reviews 6 and books 7.8 in this area.

Metal ion derivatisation may be performed either before
injection of sample (ie. pre-column) or complexing agents
may be incorporated into the eluents and complexation occurs

in-situ (ie. on-column).

Metal complexation reactions tend to occur more efficiently
in an organic media hence organic mobile phases are
pfeferred- In both 1instances, the concentration of the
reagent has no effect on retention times, indicating that

the process 1is effectively derivatisation rather than an

equilibrium ion-pair formation 9-10,11

1.21 Pre-column Derivatisation

Guided by the number of reports employing
chromatographic separation of metal chelates, this
methodA seems to be more popular than on—-column
derivatisation. This may be due to problems which may
be encountered by the 1latter method, namely those
associated with the rate of formation of the
chelate/complex ie. the kinetics of the reaction and

amount and/or concentration of derivatising agent to be



incorporated in the eluent. In this mode it is possible
to work with a large excess of reagent as there 1is no

difficulty in eliminating the excess.

HPLC of metal chelates formed prior to introduction to
column has been extensively reviewed by Willeford and
Veening 12_.The main drawback of this method is that it
requires multiple steps before analysis and hence tend

to be time consuming and inconvenient.

1.22 On-column derivatisation

It seemed that it should be possible to carry out an
on-column reaction to give the same products by
injecting an aqueous solution of metal ions into an
eluent containing the appropriate reagent. This method
has similarities to 1ion-pair chromatography but the

equilibrium strongly favours the complex.

Fritz et al 13,14 suggests the use of organic eluents
with low equivalent conductance (for example ethylene
diamine for ion exchange competition) with the addition
of complexing organic anions (eg. tartrates or

hydroxoisobutyrate for complex formation) to the



eluents in conjunction with a cation-exchange column.
.

As a result of which the sharpness of separations were

improved.

Tartrate was found to be a better complexing agent than
hydroxoiscbutyrate. Aas the concentration of the
tartrate anion 1in the eluent was increased, retention
times was observed to decrease. Also, eluents
containing tartrate but no ethylenediammonium salt were
ineffective for elution of the transition metal ions.
This indicates that the elution mechanism 1is a
combination of mass action “pushing’® effect of the
ethylenediammonium cation and weakly cémplexing or

‘pulling’ effect of the tartrate anion.

As the pH of the eluent was increased, reteﬁtion times
decreased due to the greater complexing ability of the
tartrate. Complexing ability of the tartrate was lost
at a pH value of approximately 3. This is thus the

lower 1limit of the practical pH range.

This particular method however still utilises
conductimetric detection. Secondly, it employs ion-
exchange chromatography which suffers from the

following shortcomings :



1. The organic supports used are not pressure

resistant and tend to- swell 1in certain

organic eluents.

2. Column efficiencies are low due to the large

particle size.

Bond and Wallace 15 investigated a chromatographic
method for simultaneous as well as automated
determination of metal 1ions involving the on-column
formation of dithiocarbamate Acomplexes, employing
either spectrophotometric or electrochemical detection.
Separations were achieved on a silica based Cis
reversed-phase column and mobile phase consisting of an
aqueous solution containing various amount of methanol

and /or acetonitrile.

Limits of detection of 1 ng per 10 /pL injected were
achieved with spectrophotometric detection. This was
improved when an ion-exchange based suppressor column
was added to remove excess dithiocarbamate ligand prior
to detection but is deleterious for determination of
lead and cadmium and decreases the period of time over

which the automated instrument can be run unattended.



It would therefore, be more desirable and advantageous

to develop single column (suppressorless) methods

because :

1. Decreased complexity of instrumentation would
result in 1increased reliability. This is
especially important for the development of
an automated and relatively maintenance-free
chromatographic method.

2. Elimination of the suppressor column will

reduce the dead volume hence result in faster

analysis and enhanced resolution.

Smith and Yankey 16 described a reversed-phase
chromatographic method whereby dithiocarbamates were
incorporated in the methanol-water eluent. The
transition metal ions were then detected"
spectrometrically at the optimum wavelength for each
complex (320 - 450 nm). This method is recommended for

metal ions in the 1-10 ppm range.

10



1.3 REVERSED-PHASE CHROMATOGRAPHY

In reversed-phase chromatography, the stationary phase is by
definition 1less polar than the mobile phase. The mobile
phase is normally water, with or without added salts or
modifiers and the stationary phase typically,is
hydrocarbonaceous in nature (octadecylsilane (0ODS or Cis) or
octylsilane (Cg)). These are relatively more stable in
contact with aqueous eluents having pH values less than 8
compared to covalently bound polar functions. This is
because it results in a thin greasy film being covalently
attached to the silica backbone. The oily layer would not be
soluble in aqueous or mixed aqueous eluents even in the
absence of covalent bonds to the surface. s a result of
this it is capable of shielding the silica from water and
hence protects it from hydrolytic degradation to a much

greater extent than do other Tunctional groups.

Reversed-phase chromatography is thus preferred for the

following reasons :

1 Its applicability to the separation of ionic or
ionisable compounds by manipulating secondary
chemical equilibria such as ionisation control and

ion-pairing in the agqueous mobile phase.

11



2 The general rapidity of mobile phase - column

equilibration as a result of weak surface

attraction energies of the non-polar stationary

phase.
3 Its general ease of use.
4 Elution order is reproducible and often

predictable as retention time usually increases as

the hydrophobic character of the solute increases.

5 Aqueous eluents having high optical transparency
can be used. This 1s especially important when
detection involves spectroscopic monitoring of the

column effluent.

Its limitations are :

1 The bonded phase columns are only usable over a

limited pH range ie between 2 to 7.5. However most

separations can be achieved within this pH range

hence this is not a serious handicap.

2 The presence of unreacted accessible silanols on

the silica surface which in addition to causing

12



chemical instability, can also result in poor peak
shape and irreproducibility of retention times
between columns due to solute adsorption. This

undesirable effect can, in many cases, be overcome

by endcapping.

1.31 The stationary phase

Polymer columns have high chemical stability and can
withstand extremes of pH but have not gained wide
acceptance because efficiency of separations are often
low and the softness of the material make them

difficult to handle 17.

Polystyrene-divinylbenzene beads are more rigid and
surface sulphonation of the resin produces cation-
exchange resins. Separations of polar samples on such
columns would be expected to tail 1less since the
surface of the polymer is free from silanophilic
interactions. Such resins would also have the added
advantage of faster mass transfer. It 1is however more
difficult to pack stable column beds with small
particle resins 18 and the particle size of

commercially available material is large. The capacity

13



of these resins also tend to be low. Elchuk and Cassidy
19 compared the performance of bondedyphase strong acid
ion-exchangers with that of polystyrene-divinylbenzene
for the separation of 1lanthanides and concluded that
bonded phase resins were slightly more efficient than

the polystyrene-divinylbenzene resins even at room

temperatures.

Silica gel 1is probably the best known aesrogel and the
technology of controlling pore size and pore size
distribution in a wide range is available. Silica can
be produced in bulk and subsequently crushed and size
graded to obtain uniformly sized, irregularly shaped
particles. On the other hand,b microspheres of silica
gel having controlled pore size can be grown to obtain
a quasi-monodisperse product which may not require size

grading.

Column efficiency, to a great extent, depends on the
particle size and size distribution as well as on the
pore structure and surface properties of the stationary
phase. Silica based hydrocarbonaceous bonded phases

therefore have the greatest potential in RPHPLC 20,

14



1.32 The mobile phase

Generally the higher the polarity the lower the
strength of the eluent at a given set of conditions.
Therefore neat aqueous solutions without organic
solvent have the lowest eluent strength. Hence polar
mixtures are usually separated in this medium. A buffer
is normally incorporated to the eluent 1in order to
maintain ionic strength and constant pH. The pH of the
eluent affects the degree of ionisation of a solute and

hence the retention times (ion suppression).

The retention behaviour can thus be manipulated and

selectivity enhanced by varying the eluent composition

and/or pH.

1.4 REVERSED-PHASE ION-PAIR CHROMATOGRAPHY

For reversed-phase ion-pair separations, anionic or cationic
molecules containing hydrophobic functionalities are added
to the mobile phase of a conventional reversed-phase
separation. Anionic modifiers such as alkylsulphates and

alkylsulphonates are used fTor separation of cations and

15
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