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ABSTRACT

| ONPA R GHROVATAERAPHY
G SOME TRANSI TI ON METAL GHELONATES

Sonsakdi Sagwansi n
Master of Science
Youngstown State University, 1983

In the w despread use of high performance |iquid
chr omat ogr aphy (HPLC) there has been only limted application
of the nmethod for the separation of netal ions. This report
describes the first successful separation of iron(III), copper
(11), and lead(II) by this nmethod utilizing reverse-phase ion-
pai r chronat ography. Chel onates of iron(III), copper(II), and
lead(II) with trans-1, 2-di am nocycl ohexane-N N, Nl ,N'-tetraace-
tic acid (DCyTA) were separated on a C- 18 Utrasphere-lon Pair
stai nl ess steel col um using 20% net hanol as the nobil e phase
containing Q0L M tetrabutyl ammoni umions as the pairing ions.
The el uted peaks were detected at 254 nmand their identity
was also confirnmed in the visible region. This successful
separation adds to the couple of papers al ready published
show ng the potential of reverse-phase ion-pair chromatography

for netal separations by HPLC.



ABSTIRACT v« o« = & = &
ACKNOMBEDCHVIENTS «
TABLE - GONTENTS .

LIST G-

SYMBAOLS . .

LISTOFFIGURES . .

CHAPTER
l.

IT.

I1I1.
|V

INTRODUCTION

TABLE OF QGONTENTS

Ion-Pair HPLC

Metal Complexes Equilibria

*

Chelon Complexes « « « = &

DCyTA Complexes Equilibria

Stationary Phase . .

S REY G DEVH.CRVIENTS .

Historical

HRC of Metal Complexes
STATEMENT - THE HRCBLEM

*

.

CHEMICALS AND INSTRUMENTS

Chemicals
Instruments

Spectra

[

HAC System

EXPERIMENTAL

Procedure

Mobile Phase

Samples

.

L]

iv

PACE

iv
vi

Vii



ACKNOWLEDGEMENTS

I would like to thank Dr. Francis Smith for his
advice and support. | would like to extend ny thanks to Dr
Daryl Mincey and Dr. Friedrich Koknat for the review of this

thesis.



TABLE CF QONTENTS (CONT.)

Spectra =« = = = = » » » = = = = » » » » » » 18

High Performance Liquid Chromatography . . 18

Care and MaintenanCe . . +« « « & o s o s o & 19

Solution Stability « « ¢ ¢« o ¢« ¢ ¢« ¢ o o & 19

The SYStem « o « o o 2 o o o o o o o o o o 19

The COlUMN « o o o o o o o o o o o o o o o 19

VI. RESULTS « o ¢ ¢ o o o o« o o o s o s s o o o o o 20
SPECIIA & o o « o o o o o o o« o o o o o o o o« 20

HRC of Metal Chelonates s« = = s = = = s & & 31

Ml. OCONCLCUSONS = = = = = = s s s s = s = s s s » & 40
APPENDIXA. Tables (oCY4- and K_pr VS PH) « v« ¢« ¢« « « » 43
AFPENDIX B. Representation of a DCyTA Molecule . . . . 45
REFERENCES &« = = = s = = = = s s s s » s s s s » s s » » 46
UNCTED REFERENCES = = = s = = 5 = s = = s » = » » s » A7



abs

eff
LC

LI ST G- SYMBALS

CEFI N TION

Total concentration of all the
speci es of DGyTA

Total concentration of all the
metal SpecCl es

D stribution coefficient

Trans-1,2=diaminocyclohexane-
N,N,N',N'-tetraacetic acid

H gh perfornance |iquid
chr omat ogr aphy

| on- pai r chr onat ogr aphy

Sol ute capacity factor

Equi | i bri um const ant
Absolute stability constant
Ef fective stability constant
Li qui d chr onat ogr aphy

Ml arity or nol ar

Nanonet er

U traviol et

Fraction of the netal total
concentration in the formM

Fraction of DCyTA total

concentrationin the form Y4

Mcroliter
Mcroneter or mcron

m+

UN TS R REFERENCE
See H1 (17)

moles/liter

See Eq. (3)
See Appendi x B

none

none
See Eg. (4)
See Eq. (2)
See Hy (11)-(12)
See Hy (2)-(22)
none
moles/liter -
1 X 1077 neter
none

none
See Eq. (18)-(19)

1 X 107° 1iter

6

1 X 10”° neter



LIST G- H QRES

FI LRE PAGE

L Spectrumof 0.0001 M lead(II) chelonate in

W regl On n n [ ] [ ] | | [ | n [ ] [ ] [ ] ] [ ] [ ] [ ] [ ] [ ] [ ] ] Z_
2 Spectrumof 0.0001L M copper(II) chelonate in

L}\/ regl On [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] n [ ] [ ] [ ] [ ] n n [ ] [ ] [ ] 22
3  Spectrum of 0.001 M copper(II) chelonate in

visible region « s« s » » s 2 = = = 2 2 ® = & 23
4. Spectrumof 0.000L M iron(III) chelonate in

w regl On n | | | | | } | | n | | | | | ] | | n | | | | | ] | } n n | | 24‘
5 Spectrumof 0.000L M iron(III) chelonate in

VI SI bl e regl On [ ] | ] | | | | | | n n n n | | | | | | | | n n 25
6. Spectrumof QOCOL M zinc(II) chelonate in

UV regl On [ ] | ] | ] | | | | n n n | | | | | | | | n n n | | | | | | 26
/. Spectrumof 0001 M cadmium(II) chelonate in

LJ\/ regl ON = = = = = = = = = = = = = = = = ®m &=n 27
8 Spectrumof 0.00L M cobalt(II) chelonate in

UV region , . . v v v v v v o o o o o o« o o 28
9. Spectrumof 0.001 MDCyTA in W region ., ., . . 29
10 Spectrumof 0.0001 M lead(II) ions in y

w regl On [ ] | ] | | | | | ] | | n n | | | | | ] | ] | | n n | | | | | ] 30
11.  Chromatogramof O.001L M lead(II) chel onate

(at 254 nrr) n | | | | | | | ] | } n n | | | | | | | ] | } n n | | | | 32
12 Chronmatogram of O.00L M copper(II) chel onate

(at 254 nn) [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] ] 35
13.  Chronat ogram of 0.001 M copper(II) chel onate

(a.t 72 nrr) n | | | | | | | ] n n n | | | | | | | | n n n | | | | 34‘
14. Chromatogramof 00001 M iron(III) chel onate

(at 254 nrr) n | | | | | | | } | } n n | | | | | ] | | | | n n | | | | 35
15. Chromatogramof 0.000L M iron(III) chel onate

(at 375 nrr) n n | | | | | | | | | ] | | | | | | n n n | | | | | | | | 36

16. Separation of a mixture of 0.0004 M lead(II)
chel onate and 0.0005 M copper(II) chel onate
(a.t 254 nrr) | | | | | | | | | | n | | | | | | | | | | | | | | | | | | | | | | 37



FI GURE PAGE
17. Separation of a mixture of 0.0004 M lead(II)

chel onate, 0.0004 M copper(II) chel onate,

and 0.0001 M iron(III) chelonate (at 254 nm) . « 38

18 Representation of a DCyTA nolecule « & &« =« &« = =« =« 45



GAPTER |

| NTRCDUCTT ON

lon-Pair HPLC

H gh perfornmance |iquid chronatography (HPLC) is one
of the fastest grow ng anal ytical techni ques. However it has
been mainly applied to organic and bi ochemcal sanples wth
only a fewapplications to the separation of netals or their
conpl exes. The useful ness of HPLC for ion-exchange separati on
is quite limted, partly because ion-exchange packi ngs suffer
froma nunber of di sadvantages when used in liquid chronatog-
raphy columms. The columms are often irreproduci bl e from| ot
tolot and tend to be unstable. Golum efficiency is | ess than
wth other LC packings. Further there is not nuch choi ce anong
| on- exchange packings so that the range of selectivity avail -
able is quite limted.

An attractive alternative to ion-exchange is the
techni que of ion-pair chronat ography (I PC) whi ch can overcone
the difficulties nentioned above. IPC as applied to HPLC is
a relatively new techni que which was first introduced in the
m d-1970s. There are two nodes used in | PC nornal - phase node
and rever se-phase node. Reverse-phase |PC was used in this
I nvestigation so only this node wll be described. |In reverse
phase chromat ogr aphy, a nonpol ar stationary phase and a pol ar
nobi | e phase are used. Nonpol ar and noni oni c species wll be

retained in the stationary phase and pol ar, ionic conpounds



wll be eluted. Separation of ionic conpounds can be
acconpl i shed by naking themto act as noni oni c, nonpol ar
species. This is achieved by the addition of counter-ions
in the nobil e phase and the separation is then determned by
degrees of retentionin the stationary phase. If an anion
designated Y is to be separated then a counter-ion of
opposite charge nust be added in the nobile phase. Suppose
the counter-ion to be added i s tetrabutylammonium i on, Bu4N+.
By adjusting the pH wth an appropriate buffer so that the
sanple is in Y form the equilibriumshown i n equation(1)
wll exist.

- +

- +
Y +  Bu,N = Y Bu,N (1)

The ion-pair formed is then retai ned by the nonpol ar

stationary phase. The equilibriumconstant of equation(l) is
defined in equation(2) as foll ows.

- +
_ (Y Bu4N )

K (2)

C(Y) (Bu,NY)
Kis constant for a particular systemat: (1) a given pH
and ionic strength, (2) a given nobile phase conposition, and
(3) a given tenperature and concentration.

The distribution of charged conponents nay be defi ned
interns of a distribution coefficient, D This is show in
equati on (3.

concentration of conponents in stationary phase

concentration of conponents in nobile phase
- +

(Y Bu,N )

(Y7)

(3)



The distribution of ionic conponents between the stationary
phase and the nobil e phase nay be defined nore precisely in
terns of the anount of the conponents instead of the concentr-
ation. Inthis case, the termcapacity factor, k', i s defined
in equation (4.

total amount of conponents in stationary phase

K' =
total amount of conponents in nobile phase

. (4)

Here Vg is the volune of stationary phase and Vv refers to
the volune of nobile phase. The larger k' is, the better a
given colum wll retain the species of interest.

Fromequation(2) and (3) the equilibrium constant,
K, may be related to the distribution coefficient, D as
fol | ows,

D

K (5)

B (Bu4N+)
and fromequations (2), (3), and (4), the capacity factor
k' is related to the equilibriumconstant K as foll ows:
+
k' = K(Bu,N ) (Vg /v ) (6)
It can be seen from equations (5 and (6) that the

*, may be used as a

concentration of the counter-ion, Bu, N
variable to control the extent of retention in a col unm.
S nce the equilibrium constant, K, varies wth changes
in pH and nobile phase etc., these paraneters nmay be used
in controlling the retention of the conponents.

In deriving the equations above it has been assuned

that the sanple ion and the counter-ion were paired, and that



the resulting ion-pair had neutral, nonpol ar characteristics
and so was retai ned on a reverse-phase colum. S nce a
counter-ion such as the tetrabutyl ammoni umi on contai ns an
organic portion, it can be viewed in terns of the partition

of the organic part, first into the stationary phase, foll owed
by ion exchange at the surface. However, in a nornal case wth
snmal | counter-ions the organic portion of the counter-ionis
not adsorbed’~> and the equations derived can be used as a

qual i tative guide.

Metal Conpl exes Equil i bri a

Metal ions in the presence of anions or neutral
nol ecul es may form conpl exes. For Fe>* in the presence of

chloride ions, the resulting equilibria can be witten as

fol | ons:
Feot  + 017 3 —=  pe01°* (7)
FeCl?t + 17 = = Fecl,” (8)
PeCl,” + 17 FeCly (9)
FeCl; + c1” > Fe014‘ (10)

It should be noted that several conplex species are forned
simul taneously. This could present sone problens in HLC

separation(see onclusions). The probl ens associated wth
the formati on of nore than one conpl ex species nay be best

solved by the use of a class of conpounds called chel ons.



Chel on Conpl exes

Chel ons bel ong to a special class of conpounds that
react wth netal ions ina L1 ratio. The conpl exes forned
wth chelons are very stable and sol ubl e i n aqueous sol vents.
A wel I -known chel on reagent is ethyl enedi am netetraacetic acid
(EDTA). A netal conplex forned by a chelon is a metal chel ona-
te. Chel ons have been used and applied successfully in the

anal yses of netal s including HLC

DCyTA Conpl exes Equilibria

Trans- 1, 2- di m nocycl ohexane- N, N, N}, Nl- t et raacetic
acid, abbreviated as DCyTA is a chelon reagent. GConpl exati on
equilibriainvolved wth this conpound are simlar to those
wth EDTA In general it is convenient to abbreviate the acid
form of DGyTA as Hy Y. Snce it reacts wth netal ions in a
1:1 ratio and under nornal circunstances, the conpl exes
formed wth iron(III), 1lead(II), copper(II) can be witten as

FeY™, PbY2~ 2-

, and CuY“", respectively. It should be noted that
DGyTA | oses hydrogen ions in this process and the equilibrium
constants of these reactions thus are pH dependent .

The val ues of absolute stability constants, K pgs as
tabulated in the literature are calculated fromthe fol | ow ng
equat i ons:

e el =y~ (4-m) (11)

(MY-(4-m))

Kabs = (Mm+)(Y4-)

(12)




The reaction in equation(ll) is anidealized situationin
whi ch there are no other equilibriainvolved. Inreality the
reaction is conplicated by other equilibriain particular the
effect of pHand it is necessary to calculate the extent of
this effect.

HyY in a solution dissociates to formthe fol | ow ng

speci es:
- +
H)Y —————— HzY + H K, (13)
- D= + )

HeY ———— H,Y + H K, (14)

H,Y°" HY>~ + H' Ks (15)

HY> ™ G oy K, (16)
The total or analytical concentration, ¢ , of all the species
Is witten as fol | ows:

Cp = (BY) + (BgY7) + (H,¥°7) + (HYT) + (¥*7) (17)

| f &Yzl- Is defined as the fraction of the total concentrati on
in the form of Y4' then we can wite

4-
O\Y4_ = & (18)

Ca

From equations (13)-(18), it is possible to derive A=
in terns of the dissociati on constants and concentrati on of
H' as fol |l ons.

K1K2K3K4 (19)

K K Kq (BY) + KK, (%)% + K (5%)7 + (89)*

(bvi ously the val ues of o\\/l- are dependent on pH and can be

dY4- =

readily calculated at any pH by substituting into equation

(19). As pH goes up the val ue of Ay~ | Nncr eases.



From equations (12) and (18), vwe nay arrive at

equations (20) and (21) as foll ows:

(MY-(4‘_m))
K =
abs (Mm+ )O(YA..Ca (20)
and
(MY‘(4-m))
K polvd= = = K pp (21)
abs'yY (Mm+)ca e

The effective stability constant, K .p, is variable wth o4~
and thus variable wth pH X .. is an actual neasure for the
formation of a conplex for it takes other equilibriain the
systeminto account. K .. is thus nore hel pful than K, in

determning the stability of a conplex. X I S a constant

abs
and wll be equal to K .. if dY4.. Is unity, which is the case
where pH becones very high.

Korp derived in equation(21) takes only the effect of
pHinto account. In the presence of other conpl exi ng agents,
such as amoni a for exanple, their reactions wth netal ions
wll affect the fornation of the desired conplex. If both the
pH and conpl ex effects are to be taken into account, equation

(21) nay be nodified, using a simlar derivation, as foll ows,
(ry= (4=m)

Kabé“Y4°de+ = - = Keff (22)
M~ a

where the new term Cy refers to the total concentration of
all the netal species and o{m+ is the fraction of the netal
concentration in the form M™*, o4ym+ can be cal cul ated from
stability constants of an interfering conplex and equilibrium
concentration of this conpl exi ng substance. Derivation of Ly

Is simlar to that of olY4- and wll not be shown here. From



the cal cul ated val ues of o<Y4-. and ocMm+, Kopp CAN easily be
obt ai ned through equati on (2).

Anot her probl em associ ated wth conplex fornmationis
the precipitation resulting fromhydrolysis of netal ions.
The precipitation reaction nay conpete strongly wth the
chel on-netal ion reaction and K pp NBY be greatly lowered to
the point where the formati on of the conplex is not possi bl e.
The colum used in this study can only be used in the 2-8 pH

range w thin which the hydrol ysis effect can be ignored.

St ati onary Phase

Gol ums for nodern | PC are the same as col ums used
I n bonded- phase chronat ography (BRQ. For reverse-phase |PC
packi ngs, a nonpolar group usually an al kane is chemcally
bonded to the silica support. An exanple of this process is
shown in equation(23) as follows:

%i-CH + ROSiRy —— %i-o-SiR3 (23)
Sanpl e retention is directly proportional to the nunber of
hydr ocar bon groups attached to the silica support. The nost

w dely used alkyl group is C,g, octadecylsilane (0DS). Hther
porous or pellicular type of packing material is comercially
avai l abl e. Sone col ums are specifically designed for | PC

separations such as the colum used in this investigation.



GHAPTER 1I

SLRVEY O DEVELCPMENTS

H stori ca

H storically, ion-pair chronatography nay be traced
back into the early twentieth century when strychni ne i n hydr-
ochloric acid solution was observed to be extracted by chloro-
form This discovery led to a new anal ytical technique called
I on-pair extraction, which was used extensively in pharnaceu-
tical analyses. Perhaps the turning point of ion-pair partiti-
oning to its full useful ness in chronatography was due to
Schill#*> around 1960. Extensive studies by Schill and

cowor kers gave rise to several applications6‘8

i nion-pair
partition systens. Their work contributed greatly to nodern
ion-pair HLC Before the devel opnent of HPLC Levi ne”?* 10 had
devel oped gravity-feed systens to use wth the ion-pair nethod
by adding the counter-ion to the nobile phase. H gh pressure
systens studied by Haney resulted i n a reverse-phase i on-pair

wprctt.

HPLC of Metal Conpl exes

In 1961, Maeck, Booman, Kussy, and Rein'? did
experinents on ion-pair extraction of netal ions into nethyl
| sobutyl ketone fromfive conpl exi ng nedi a, HCl, NaOH, HF,
H,50,, and HNOB, at different concentration. Ffty-seven
netal ions were studied wth three ion-pairing reagents,



tetrapropylamine, tetrabutylamine, and tetrahexylamine.
Interesting results were obtai ned. They postulated that an
lon-pair was forned fromthe close associ ati on of one
quaternary amne ion and one singly charged metal complex.
The ion-pair forned then was believed to be as witten,
(R4N)+(Mm+Am+1)'.

Very little work has been done wth HPLC of metal
complexes particularly by the ion-pair nethod. |n 1980,
O'Laughlin and Hanson'> fromthe Uhi versity of Mssouri
successfully separated 1,10-phenanthroline complexes Of iron
(11), ruthenium(II), and nickel(II) using reverse-phase, ion-
pair HLC R.u(phen)32+ or Ni(phen)§+ were separated from
Fe(phen)%+ on the 10-um particle size u-Bondapak-CN column.
Methanesulfonic acid, added to the agueous mobile phase which
contai ned acetic acid, was used as the ion-pairing reagent. A
wavelength in the W region at 265 nm was used to detect the
elution of the three complex Sspeci es. Fe(phen)%+ and Ru(phen)%+
could also be detected in the visible region at 512 nmand 448
nm respectively. However, they did not observe the elution
peaks of the labile complexes Zn(phen)§+, Cd(phen)g*, and
Co(phen)§+.

In 1981, Hrowatari, Kounura, Kunanoto, Hattori, and
Aoshima 1% from Japan utilized EDIA to separate iron(III),
copper(II), and bismuth(III) by reverse-phase ion-pair HPLC

In their experinents the three metal chelonates were separat ed
pnn an ODS-Hypersil column and neasured at 254 nm The tetrabu-

tylammonium counter-ion was added as O Ol hABu4NBr ina 1:9

MeCN-H,O mobile phase with adL M NH,H,PO, as a buf f er.
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Beckett and Nelson'® fromthe Lhi versity of VWWom ng
illustrated the HPLC separation of zinc(II), cadmium(II), and
lead(II) by complexing themwth the synthesi zed 4- am nophen-
ylethylenediamine tetraacetic acid, 4—NH2Ph(EDTA). A Whatman
Partisil-SAX ani on-exchange column was used followed by post -
column derivatization wth fluorescamine for fluorescence
detecti on. The aqueous mobile phase was buffered wth sodi um
acetate to pH 6.5

In the same year Fraley, Yates, Mahanan, Stalling,
and Petty16 fromthe University of Mssouri perforned an
ani on- exchange separation of nitrilotriacetic acid(NTA) and
EDTA complexes Of calcium(II), copper(II), magnesium(II), and
zinc(II). The aqueous mobile phase was buffered wth 0.05 M
(NH4)2SO4 to pH 6.0, Inductively-coupled plasma-atomic em Ss-
i on spectronetry (1 CP-AES) was used to detect the metal
conpl exes separated by HLC -

O'Laughlin17 , again in 1982, continued his work to
separate 1,10-phenanthroline metal complexes of iron(II),
ruthenium(II), and nickel(II) by the ion-pair nethod. This
tine all the three complexes above were separated from each
other on u-Partisil-SCX(cation exchange) and the Hamilton-
PRP-1(polystyrene-divinylbenzene bead) columns. HC104, added
to the acetonitrile-water mobile phase, was used as the pair-
Ing reagent. The separation of the labile complexes Zn(phen)§+,
Cd(phen)§+, Co(phen)§+, and Cu(phen)%+ was also achi eved by
this technique wth LiCl0, as the pairing reagent and wth

a mobile phase 10™% Min 1,10-phenanthroline. The concentr a-



tion of 107> Min the ligand was too high for Uv detection at
265 nm. In all cases, the retention was proved to be due to
the perchlorate ion and not the hydroniumion or |ithiumion.
The retention vol unes decreased wth an increase in the
perchlorate i on concentration. The effects of various parane-
ters on retention and resolution were reported. The separation
by this techni que was not achieved on g-Partisil-SAX(anion-
exchange), u-Bondapak-C18, u-Bondapak-CN, or Zorbax-ON col umms.
The references cited for the separation of netals by
rever se-phase, ion-pair HPLC are believed to be a conpl ete

survey of all work reported up to the present.



CHAPTER III
STATEMENT OF THE HRCBLEM

High performance liquid chromatography is a relatively
new technique which has had a great impact in analytical
chemistry. However it has been used almost exclusively in the
analyses of biochemical and organic compounds. The use of
HAC for the separation of inorganic species has been quite
restricted. This i s undoubtedly due in part to the fact that
strongly acidic solutions cannot be used with commercia HALC
equipment. Several factors should be considered in analyses
of metals by HALC. (1) detection of metal ions after
separation, (2) identification of each metal peak, (3) in-
terference from undesired species, and (4) quantitative
analysis.

Metal ions may be separated either directly or after
complexation. Separating metal ions directly is of limited
usefulness due to detection difficulties. Most metal ions
cannot be detected by conventional HA.C detectors. The use of
complexing substances to form metal complexes eliminates the
detection problem since metal complexes are easily detected
by conventional UV and/or VIS spectrophotometry.

Ore major drawback in HRLC of metals by the reverse-
phase ion-pair method associates with the limited range of H
to be used in the system. Reverse-phase columns can only be

used in the H range 2-8 and the use of strong acids may
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damage the punp and other conponents in the HPLC system Thus
It is necessary to find a systemin the operating pH range
for HPLC to be perforned.

DCyTA IS a suitabl e conpl exi ng agent for reverse-phase
ion-pair HPLC for the follow ng reasons: (1) DGyTA cont ai ns
an organi c portion(see Appendi x B) which absorbs in the W
region. (2) Conplexation wth netal ions can be achieved in
the nornal operating range of the pH and so danage to the
instruments or colum wll not occur. (3) The chelon itself
is not harnful to the HPLC system (4) The absol ute stabili -
ty constants for nost netal ion-DCyTA conpl exes are very | arge

20), thus the conpl exes are very stable

(of the order of 10
(see Appendix A for K ..). (5 DJTA conpl exes netal ions
ina 1l ratio, so it is very convenient in preparing sanpl e
sol uti ons.

The purpose of this study was to investigate the .
behavi or of various netal chel onates of DCOyTA using reverse-

phase ion-pair HHLC wth a view to achi eving netal separati ons.



HAPTER |V
GHEM CALS AND | NSTRUMENTS
Cheni cal s

The reagent grade chemcals were used in this research
unl ess otherw se specified. The follow ngs are the list of

reagent s used:

Cd(C2H302)2-2H20 ' Baker Anal yzed' Reagent
Co(CyHz0,), *4H,0 F sher Scientific Conpany
Cu(CZHBOz)onZO F sher Scientific Conpany
Fe (NOz )+ 9H,0 ' Baker Anal yzed! Reagent
Pb(CyHz0,)5°3H,0 Mal | i nckr odt
Zn(02H302)2-2H20 Fisher Scientific Gonpany
DCyTA nonohydrat e, 98% A drich Chemcal GConpany.
Bu, NOH, 1 M sol uti on Eastman Kodak GConpany

I N net hanol

Methanol F sher Scientific Gonpany
NaOH Mal | i nckr odt

Acetic acid 'Baker Anal yzed' Reagent

it er Dstilled and dei oni zed
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| nstrunent s

Spectra

The spectra were taken on a Model 26 ultraviolet-
visible spectrophotoneter and recorded by a Model 24-25ACC

recorder (Beckman Scientific Instrunments, Irvine, CA 92713).
HPLC System

Separation of metal chelonates was perforned using a
Model 330 Isocratic Liquid Chronatograph, a Model 110 A
solvent delivery system and a Model Altex 210 Injector wth
a 20 4L injection loop (Beckman Scientific Inst.). A precolumn
packed with/u-Bondapak-C18/Corasil(waiers Associ ates Inc.,
Milford, MA 01757) was used between the injector and the
column Wth the purpose to protect the column from particulate
natter since the precolumn could always be repacked. The Altex
Ultrasphere-Ion Pair stainless steel column (4.6 mml.D and
15 cmin length), packed with 5-um particle Size u-Bondapak-
Cig Vés obtai ned from Beckman Scientific Instruments, Inc.

Sample elution was nonitored wth a Htachi Model
100-10 variable wavelength, ultraviolet-visible spectrophot o-
neter. Elution peaks were recorded wth a Model DSRG 2 dual
channel recorder (Sargent-Welch Scientific ., Skokie, IL
60076) .

A Sargent Model |P pH neter was used for all pH
neasurenments. A Hamilton Microliter Syringe (25uL) was used
to inject samples into the injection loop. This was then used

to inject onto the column.
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HAPTER V
EXAERMENTAL

Procedure
Mobile Phase

From reviewing all the related work previously done
by other workers and taking gH and complex effects into
account, it wes decided to prepare the mobile phase in the
following manner: 10 mL of 1 M tetrabutylammonium hydroxide
titrant (1 M in methanol) wes pipetted into a big graduate
cylinder; methanol wses added until the 200 mL mark wes reached.
2 mL of glacial acetic acid weas then pipetted into the
graduate cylinder. The solution weas transferred to a 1000 mL
volumetric flask and diluted to the mark with water. The pH was
adjusted to 7.2 using 5 M stock solution of NaCH in 20%
methanol. In this manner the mobile phase consisted of 0.01 M
Bu4N+ and 0.03 M acetic acid (as a buffer) in 20% methanol
solvent. After the solution had been made, It wes filtered
through a 0.45 um filter (Millipore Corp., Bedford, MA 01730)
to prevent contamination of the column from particulate

matter.
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Sanpl es

Al sanpl es used for HPLC anal yses were the acetate
or nitrate salts of the netal ions investigated. Al netal
chel onat es were prepared by di ssol ving stoichi onetric amounts
of solid DGyTA and netal salts in the nobile phase. In all
cases, equi nol ar anounts of DCGyTA and netal ion were used.
The final concentration of each netal chelonate was 0.001 M
Mre dilute solutions were obtained by diluting the prepared
solutions proportionally wth the nobil e phase. Thus for
exanpl e, the Q001 M iron(III) chel onate was prepared as
follows: 0.0404 ¢ Fe(N03)3-9H20 and 0.0364 g DGQYTA were
di ssolved in nobil e phase and diluted to 100 mL wth sane.
The other netal chelonate solutions were prepared i n the sane

vay.
Spectra

In order to determne the best wavel ength for
detection of the netal chelonates, the absorbance of the
netal chelonates was neasured agai nst the nobil e phase at
various wavel engt hs on the Beckman Mbdel 26 W-visible
spectrophot oneter. The recorded spectra are shown in the next

chapt er .
H gh Performance Liquid Chronat ography

Metal chel onates were injected onto the col um by way
of a 20 uL fixed-volune injection loop and eluted at a flow

rate of 1L O mL/min. Sanpl e elution was nonitored by neans of
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UV absorbance at 254 nm The wavelengths in the visible region
at 375 nm and 720 nm were used to confirm the elution of

iron(II1I) ions and copper(IIl) ions, respectively.

Care and Maintenance

Solution Stability

All solutions were filtered through a microporous
filter (O.45,um) before use. This removed all particulate
matter and most micro-organisms and served to protect the
column. Solutions which became turbid or showed the presence

of particulate matter were discarded.
The System

The prepared mobile phase was not allowed to remain
static in the system. At the end of each experiment, before
shutting down the instruments, about 25 mL of 50%methanol

was pumped through the solvent delivery system and the column.
The Column

Great care wes taken in handling the column to avoid
mechanical shocks which might have serious effect to the
column packing. When not in use, the column weas stored with

the bellows attached in its original box.
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CHAPTER VI

REIULTS

Spectra

A1l the spectra taken used the mobile phase as the
reference. Samples were dissolved in the mobile phase and
spectra were recorded against a blank of pure mobile phase in
the reference cell. Spectra of various metal chelonates are
shown in Figures 1 through 8. In each case the mobile phase
referred to wes a mixture of methanol/HZO-acetic acid-NaOH-
Bu, NOH described i n Chapter V.

The spectrum of DCyTA alone is shown in Figure 9 and
the spectrum of uncomplexed lead(II) ions is shown in Figure
10. -

Comparison of the spectra in Figure 1 to 8 gives us
the idea of what common wavelength should be used to detect
these metal chelonates in HALC. In this case the detection
wavelength at 254 nmm wes chosen for detection of the following
three complexes of 1lead(II), copper(II), and iron(III). These
three metal chelonates were chosen for HR.C separation in
this project because they absorb very strongly in the UV region
as compared to the other three metal chelonates.

Figure 9 shows that at wavelengths lower than 254 nm
the complexing agent absorbs relatively strongly and can

interfere with the detection of metal chelonates.



2.0

1.6

Absorbance

! \
280 320 560

|
200 240

Wavelength (nm)

Fig. 1. Spectrum of 0.0001 M lead(II) chelonate in
UV region.
Sample: 0.0001 M Pb(02H302)2'3H20 and 0.0001 M DCyTA
in mobile phase (20% methanol, 0.01 M Bu,NOH, 0.03 M acetic

acid, adjusted to pgH 7.2 with NaOH).
Reference: mobile phase.
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Fig. 2. Spectrum of 0.0001 M copper(II) chelonate in
UV region.

Sample: 0.0001 M Cu(CZHBOZ)Z-HZO and 0.0001 M DCyTA
in mobile phase (see Figure 1)%

Reference: mobile phase.



1.0

A

|
200 240 280 320 360
Wavelength (nm)

Fig. 3. Spectrum of 0.001 M copper(II) chelonate in
visible region.

Sample: 0.001 M Cu(02H3O2)2-H20 and 0.001 M DCyTA in
mobile phase (see Figure 1).

Reference: mobile phase.
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Fig. 4. Spectrum of 0.0001 M iron(III) chelonate in

UV region.
Sample: 0.0001 M Fe(N03)3-9H20 and 0.0001 M DCyTA in
mobile phase (see Figure 1).

Reference: mobile phase.
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Fig. 5. Spectrum of 0.0001 M iron(III) chelonate in
visible region.

Sample:  0.0001 M Fe(NO3)3-9H20 and 0.0001 M DCyTA in
mobile phase (see Figure 1).

Reference: mobile phase.
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- Fig. 6. Spectrum of 0.001 M zinc(II) chelonate in
UV region.
Sample: 0.001 M Zn(CZH302)2-2H20 and 0.001 M DCyTA in
mobile phase (see Figure 1).
Reference: mobile phase.
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Fig. 7. Spectrum of 0.001 M cadmium(II) chelonate in
UV region.

Sample: 0.001 M Cd(C2H302)2-2H20 and 0.001 M DCyTA in
mobile phase (see Figure 1).

Reference: mobile phase.
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Fig. 9. Spectrum of 0.001 M DGYTA in W region.

1 L
240 280 320 360

Sample: 0.001 M DGYTA in mobile phase (see Figure- 1).

Reference: mobile phase.



1.0

(O]
(@]
o
@
e
5
(@}
n
o
<t
0 | | 1 { i {
200 240 280 320 360
Wavelength (nm)
Fig. 10. Spectrum of 0.0001 M lead(II) ions in UV
region.

(see Figure 1).

Reference: mobile phase.

Sample: 0.0001 M Pb(CZHBOZ)Z-BHZO i n mobile phase



Figure 10 denonstrates that lead(II) ion is a species
different from lead(II) chelonate and has a different spectrum
Note that lead(II) ion itself has a very strong absorbance in
the WV region.

A1l the metal ions used were in the forns of acetate
and nitrate salts. S nce acetate and nitrate have very weak
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absorbances in W region -, the effects of these ani ons can

be i gnored.

HPLC of Metal Chelonates

Rever se- phase, ion-pair chronatography of lead(II),
copper(II), and iron(III) chelonates was studied using the
mobile phase described previously as the eluting nedium The
detection was nonitored by W absorbance at 254 nm All the
three metal chelonates absorbed very strongly at this wave-
| ength. The wavel engths in the visible region at 720 nm and
375 nm were used to confirmthe elution peaks of copper(II)
chelonate and iron(III) chelonate respectively. The metal
chelonates injected were between 2 X 1078 and 2 X 10”2 moles
ina 20 4L volume. The flow rate of 10 mL/min was used in
all cases.

Figures 11 to 15 show the peaks obtai ned for the
complexes of lead(II1), copper(II), and iron(III) detected in
both UV and visible regions. Three different retention tines
of the three metal chelonate were obtai ned. Each metal gave
a single and strong absorbance peak. Due to these excellent
results, it was possible to denonstrate the separation of

these three metal chelonates using the sane condition.
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Pig. 11.  Chromatogramof O.001 M lead(II) chel onate.
Conditions: columm, G 18 U trasphere-lon Pair;
el uent, nobile phase (see Figure 1; injection volune, 20uL;
flowrate, 10 mL/min; detection, W absorbance at 254 nm;-

sensitivity, 0.5 span.
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FHg 12 Chronatogramof 0.001 M copper(II) chel onate.
Gondi tions: colum, C 18 Utrasphere-lon Pair;
el uent, nobile phase (see Fgure 1; injection volune, 20uL;
flowrate, L0 mL/min; detection, UV absorbance at 254 nm; -

sensitivity, 0.5 span.
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Absorbance (0.01 span)
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FHg 13 Cronatogram of 0.001 M copper(II) chel onate.
Gonditions: column, C- 18 Utrasphere-lon Pair;
el uent, nobile phase (see F gure 1); injection volune, 20uL;
flowrate, 10 mL/min; detection, visible absorbance at 720
nm sensitivity, Q0L span.
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Absorbance (2.0 span)
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FHg 14 Chromatogramof 0.0001 M iron(III) chel onate.
Gonditions: colum, C-18 Utrasphere-lon Pair;
el uent, nobile phase (see F gure 1); injection volune, 20uL;
flowrate, 10 mL/min; detection, UV absorbance at 254 nnm; -

sensitivity, 20 span.
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Chromatogram of 0.0001 M iron(III) chel onate.

Gonditions: colum, G 18 U trasphere-1on Pair;
el uent, nobile phase (see Figure 1; injection volune, 20uL;
flowrate, 10 mL/min; detection, visible absorbance at 375
nm sensitivity, 0.05 span.
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Hg 16, Separation of a mxture of 0.0004 M lead(II)
chel onate and 0.0005 M copper(II) chel onate. _
Gonditions: column, G18 Utrasphere-lon Pair;
el uent, nobile phase (see Figure 1); injection volune, 20uL;
flowrate, 10 mL/min; detection, UV absorbance at 254 nmj;-
sensitivity, 0.2 span.
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Pg 1/, Separation of a mxture of 0.0004 M lead(II)
chel onate, 0.0004 M copper(II) chelonate, and O.000L Miron

(I111) chel onate.
Gonditions: colum, C 18 Utrasphere-lon Pair;

el uent, nobile phase (see Figure 1); injection volune, 20uL;
flowrate, 10 mL/min; detection, UV absorbance at 254 nm;-

sensitivity, 0.2 span.



Figure 16 shows the separation of a mxture of lead(II) che=-

| onate and copper(II) chel onate using the sane conditions as

in Figures 11 to 15 Two peaks with good resol ution of the

two netal chel onates were obtai ned as expected. Separation of

a mxture containing lead(II) chelonate, copper(II) chel onate,

and iron(III) chelonate is denonstrated in Figure 17.
Interferences due to contamnation by the reagents can

be avoided by a nodification of the method described by

Kunkel'Z. Metal ions inpurities which are present in the nobile

phase and in the conpl exi ng agent can be elimnated by

adjusting the pHto 100 % 0.2, digesting by heating to incipi-

ent boiling for one hour, filtering out the precipitated neta

hydroxi des wth a 0.45-mcron nenbrane filter. Thus the

remai ni ng solution should be free fromnetal ions inpurities.



40

GHAPTER VII
GONCLUSI ONS

The ultimate goal of this investigation is to devel op
practical anal ytical procedures for the anal ysis of netal
ions. HPLC has been wdely used for the anal ysis of organic
and bi ochem cal conpounds but very few if any, practical
procedur es have been published for the separation and determ
ination of netals in mxtures. In general, gravity fed ion-
exchange net hods have been w dely used for the separation of
conpl ex mxtures such as silicates and netal alloys. The
procedures are general |y rather slow because after separation
the various fractions have to be anal yzed separately for each
conponent. Adaptation of the volumnous literature on ion-
exchange separations to HPLC has been very slow, partly -
because of the inconpatibility of Iiquid chronatography
instrunentation wth the strong acids often used i n conjunct-
ion with ion-exchange resins. A second maj or probl em has been
the lack of suitable detections for netal ions. Recent work
has enpl oyed coul onetric and ot her el ectrochem cal detections,
and a few workers have successfully utilized atonic absorption
to detect netals in the liquid chromatograph effl uent.

The results reported in this investigation add to a
coupl e of papers al ready published which show the potenti al
of IPCfor netal separations. Initially the behavior of sone

netal chl oroconpl exes i n reverse-phase IPC was investi gated.
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However nmultipl e peaks were observed for Co and N, probably
correspondi ng to the series of chl oroconpl exes whi ch can exi st
as discussed on page 4 Detections of chl oroconpl exes, in both
UV and visible regions, were experienced wth difficulties.
Therefore this approach was abandoned in favor of the chel on
DGyTA DOYTA forns strong conpl exes wth nany netal s (see
Appendi x A) and the problem of detection is largely overcone
by the fact that all the separated netals would have a | arge
organi c nol ecul e attached in the chelonate, allow ng for the
possibility of a common detection system

Further work should be ained first at confirmng
quantitative results for the netal s al ready consi dered and
then establishing suitable conditions for the separation of
other netals. The separation of the various netal chel onates
could be optimzed by varying four paraneters, nanely the
nature and concentration of the counter-ion, the pH the _
nature and concentration of the organic sol vent in the aqueous
mxture, and the tenperature. Al these variabl es nay affect
k' values and often have a large effect on sol vent selectivity.

V& can inagine a procedure in which a rock, mneral
or netallic alloy would be brought into solution by a suitabl e
procedure foll owed by renoval of corrosive acids or other
fluxes, etc. which may interfere in the chromat ographic
separ ation, perhaps by evaporating to dryness. After dissol ut-
lon of the residue and addition of any necessary buffer to
adjust the pH the chelon solution wuld be added. The mxture

could then be separated by | PC foll owed by autonatic



quantitation of the eluted peaks. While such a procedure woul d
not be adequate for major conmponents, it could give good
precision for mnor and trace metals and of course would have

the advantage of great speed.
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APPEND X A
TABIE 1
oy 4- AS A FUNCTI ON CF pH
FOR DCyTA
a

PH X 4-
2 1.4 x 10”16
3 3.2 X 10717
4 1,2 x 10710
5 1.4 x 1078
6 8.8 X 1077
7 1.8 £ 107°
8 2.0 x 1074

8The val ues of &y4~ are cal cul ated from equation (19)

usi ng the dissociation constants from Meites. 2



TABLE 2

K,pe AS A FUNCTION OF H
OF SVE METAL CHELONATES

pH Ketr of cu(11) Kers of Pb(II)
Chelonate? Chelonate
2 2.8 X 10° 7.1 X 10°
3 6.4 £ 10° 1.6 x 107
4 2.4 % 10" 6.0 X 10°
5 2.8 X 1017 7.1 x 107"
6 1.8 X 1072 4.4 X 1012
7 3.5 £ 1010 8.9 x 10
8 3.9 x 1017 9.9 ¥ 101°

dEffective stability constants are calculated from
equation (22) by assuming that the complex and hydrolysis
abs used in calcula-

effects in this pH range be negligible. X

tion are from Meites.



APPENDIX B

CH

PN
H2<|3 CH——N(CH2000 )2
H,C CH——N(CHZCOO )2
Hy

Fig. 18 Representation of a DCyTA molecule
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