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Pt"V pd', and Al' can be separated and quantitated by HPLC in the form of ion-associates o
bromo complexes with the cetyltrimethylammonium (CTMA) cation, using the acetonitrile—water 6(
system containing 0.002 mof ICTMA and 0.05 mol ' NaBr (pH 3) as the mobile phase and dete
tion at 240 nm. In such circumstances the detection limits for the injection jof 28mple are 6.7,
0.4, 0.9, and 4.3 ng for 'btPtY, Pd', and Al", respectively. Excess e AI¥*, Mg?*, C&*, NO3,
sof{, and CT does not interfere. On-line preconcentration of tHd"Piromo complexes on Separol
SGX RPS is recommended.
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Analytical chemistry of platinum metals, platinum in particular, calls attracting at
tion due to the potential toxicity of this metal in the environment and also in vie
the necessity of controlling the platinum content of body fluids during the therapy of
forms of cancer. The analytical reactivity of platinum metals (except by iRchalide

solutions is adversely affected by its rather complex kinetics: the equilibrium estab
slowly and often only at elevated temperatures approaching the boiling point.

The HPLC method with various detection techniques has been applied to the
ration and quantitation of pharmaceuticals which are based'amBttheir biotransfor-
mation products®, separation of ion-associates of EDTA chelates df atal PY in
platinum concentratésand separation of platinum metal complexes Whetero-
cyclic azodye§1°

Separation of platinum metal and gold chloro complexes in the form of their ion-
ciates was only successful for Au and Pd with the tetramethylammonium cation |
mobile phase, using a sorbent based on a chemically modified C18 silica dé), (r
and for IV, 04V, and PY using a perchlorate-containing mobile phase and a strol
basic anion exchanger based on chemically modified silidd. gel

This paper describes separation df,®tV, Pd', and Ad"' on the basis of ion-asso
ciates of their bromo complexes with the cetyltrimethylammonium cation in
presence of bromide in the mobile phase, usitgemically modified C18 silica gel
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1030 Dolezal, Sommer:

and detection in the UV spectral region. Such procedure is also suitable for the c
preconcentration of platinum.

EXPERIMENTAL

Apparatus

The analyses were performed on a homemade liquid chromatograph interfaced to a Varial
pump and an LCD 2040 photometric detector (Laboratorni pristroje, Prague, Czech Republic).
4021 diode array detector (Pye Unicam, U. K.) was also employed. Samples were injected by
of an LCP 4000 pump (preconcentration) or an LCI 30 loop injector with ja B®p (both Ecom,

Prague, Czech Republic). Gilson micropipettes 200 and 1u0@@lume were used for pipetting
The pH was measured with an OP 208/1 pH-meter interfaced to an OP 0808P combined el
(Radelkis, Hungary), calibrated by using standard NBS buffers pH 4.00 and pH 7.00Gt Pae

reported pH values of the mobile phases refer to the pH of the aqueous solutions; no correctiol
made for the presence of the organic component. The spectra were measured on a Speco
double-beam spectrophotometer (Zeiss, Jena, Germany).

Columns and Stationary Phase

Analytical column: 150< 3 mm, packed with Separon SGX-RP$i. Sorption precolumn: 38 3 mm,
packed with Separon SGX-RPS ffn (all Tessek, Prague, Czech Republic).

Mobile Phase

The methanol-water or acetonitrile—water systems containing ingredients were degassed in a
sonic bath for 10 min. The flow rate through the column (¥58 mm) was 0.5 ml mii. The
mobile phase compositions as reported further in the text are in volume proportions.

Chemicals

The solution of [PtG]?>~ was prepared by dissolving 1.9233 g of the pure metal (Safina, Pre
Czech Republic) in 10 ml of a mixture of concentrated HCI and H{8Q 1) and evaporating to
dryness. Evaporation with 1 ml of concentrated HCI was repeated three times and finally, H(
added in an amount such that its concentration in the final volume of 100 ml was 0:2.mol |

The solution of [PtG]%~ was prepared by heating 5.2 ml of the stock solution of fPtClith
1.64 ml of a 0.8% solution of hydrazine hydrate to°@0and diluting with 0.2 mol-t HCI to a final
volume of 100 ml. The resulting concentration was 1 000 ppm.

Solution of [PdCJ]?~ at a concentration of 26.58 mg Pd-hwas obtained by dissolution of ana
lytical grade PdGlin 0.2 mol I HCI and standardized gravimetrically using nioxtfe

Solutions of Rh (2 mg m) and Os and Ir (0.2 mg ) were prepared by dissolving
(NH,)3RhCL . 1.5 HO, (NH,)3;0sCk, and (NH);IrClg. H,O, respectively (all specpur, Johnsol
Matthey, London, U. K.), in 0.2 motiHCI.

Solution of Ru (1 mg mt) was obtained by alkali-oxidizing fusion of the pure metal withQya
and dissolution of the melt in HCI to a resulting concentration of approximately 0.2”mol |

Solution of [AuC)]™ at a concentration of 9.9 mg Au Thivas prepared by dissolving anhydrot
AuCl, (Safina, Prague, Czech Republic) in HCI to a resulting concentration of 0.2m®hé solu-
tion was standardized gravimetrically as Au {f.
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Platinum metal and gold bromo complexes were synthesized from the stock solutions of the
complexes by heating with 46% HBr (reagent grade purity) to boil; only for Rh, Os, and Ir,
salts were directly employed. After dilution with water to the final volume, the metal concentr
was 0.2 mg mttand the HBr concentration was 0.2 mdl. |

For on-column injection, the solutions were diluted with redistilled water in the presence brc
so that the concentration of the latter in the final solution was of 0.1 "ol |

The standard solutions of the remaining metals were prepared from the pure metals or nitra
standardized by EDTA titration. Tetramethylammonium bromide (TMA), tetrabutylammon
hydroxide (TBA), cetyltrimethylammonium bromide (CTMA), and methanol (Lachema, Czech
public), which were added to the mobile phase, were of reagent grade purity; acetonitrile (N
Germany) was of chromatographic purity.

All solutions were made up using redistilled water, prepared in a quartz still (Heraeus,
many).

Calibration

Calibration curves were constructed based on the peak heights applying linear regression rr
The sensitivity of the signals was characterized by the calibration straight line slope. The de
limit was calculated as the analyte concentration whose signal corresponded to the triple b
noise.

On-line Sorption of the Bt Bromo Complex on the Precolumn

The sorption was performed from 10 (100) ml of sample containing 1 to 25 bp¥baPthe optimum

sample composition,e. 5% acetonitrile with 0.01 motiBr- at pH 3. The flow rate was 9.9 ml min

After flushing for 20 s with 3.3 ml of the mobile phase, which was the acetonitrile—water 60 : 40
ture containing 0.002 motfiCTMA and 0.05 moli*NaBr at pH 3, the injection valve was switche
to empty the precolumn in the counter-current mode onto the analytical column (Fig. 1). The
tion pump was then flushed with water.

a 5 b

4<_ LI _<3 46 L _<3

Fe. 1
Layout for the on-line preconcentration and subsequent HPLC quantitatimobile phase?2 analy-
tical column,3 sample,4 waste,5 precolumn;a injection valve position during chelate sorption ¢
precolumn,b countercurrent elution of the precolumn
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RESULTS AND DISCUSSION

Spectrophotometric Properties of the Chloro and Bromo Complexeé"b\f Pt
pd', A", ir'", 0d¥, rRH", and R{!'

For the PY and P4 chloro complexes, the literature reports absorption maxima at 26:
([PtClg)*) and 221 and 281 nm ([PdE), respectively, with molar absorptivitie
lying within the region of 4 000-22 000 mot tnmtin dependence on the waveleng
and concentration of free chloride in the solution. For [ptChnd [AuC}]~ the ab-
sorption maxima lie at 212 and 226 nm, respectifeli}

For the bromo complexes, the absorption peaks are shifted towards the visit
gion: e.g, 247 and 330 nm for [Pd@F-, 263 nm for [PtBj?>-, and 254 nm for
[AuBr ]~ (refst’:19),

Mixed halo complexes of platinum metals where some halide ligands are subst
by OH-, H,0O, or other ligands present in the solution are assumed to occur in soll
where halide fails to be present in a sufficient excess; for instanceg|fPi€laccom-
panied by 20% [PtOHGJ?~ in a solution containing chloride at a concentration of 0
mol It (ref.l?).

Spectrophotometric data of some halo complexes of platinum metals and go
incomplete or lacking altogether: this applies, for example, to the chloro complex
Os and Ir and bromo complexes ofPRu, Os, Ir, and Rh.

In the present work, the dependence of the absorption spectrd ,dPtedPtV, and
Au" chloro complexes on the concentration of chloride was measured across the
of 0.1-4 mol t1 CI- at a constant acidity (0.01 molHCI), and the dependence on tt
hydrogen ion concentration was measured across the region of 0.001-1 Hfaitl a
constant concentration of chloride (1 moiMacCl). The absorbance over the 210-4
nm region was independent of the hydrogen ion concentration and, except fot' th
chloro complex, independent of the chloride ion concentration as well. For the
chloro complex, the absorbance in the absorption peak region increased with incr
chloride concentration, to be 50% higher at 1 mbCl- than at 0.1 molt CI~. The
absorption spectra of PaPt', PV, Au", Ir'', 04V, RH", and Rl are shown in Fig. 2.

As with the chloro complexes, the absorption spectra of th& PPd', and Al
bromo complexes, measured over the 235-500 nm region, were independent
hydrogen ion concentration (0.001-1 mol) lat a constant concentration of bromic
(0.01 mol t*NaBr). Independence on the bromide concentration (0.01—4-Hahbw-
ever, was only found for the Aubromo complex, whereas for the remaining col
plexes, a marked absorbance decrease at bromide concentrations lower than @.1
in comparison with 0.01 motiNaBr was observed for 'Bt(8%), Pt (7%), and PY
(40%). The absorption spectra of bromo complexes bfYPtPd', Au", Ir'"', OdY,
Rh'"", and RU' are shown in Fig. 3.
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So, it is clear that within the region examined, the concentration of hydrogen
does not affect the spectral characteristics of the complexe$'¥t Pd', or Au". The
dependence on the ligand concentration is most marked for the least stabtenPd
plexes.

For the bromo complexes of the above three metals in the presence of 071 r
NaBr and 0.005 molt HBr, the presence of CTMA at 0.0025 mot brings about a
10% decrease in the Aypeak absorbance; TBA (0.01 mohlreduces the absorbanc
by 6 and 10% for the Aliand Pd complexes, respectively; and 90% acetonitrile low:
the absorbance of the'fand Pd bromo complexes by 30 and 10%, respectively. Mo
over, for all of the bromo complexes, acetonitrile causes a 2—3 nm shift towards |
wavelengths.

The absorption characteristics of the chloro and bromo complexe%'¥f Pd', and
Au"" are compared in Table I. The table shows that for those metals, the bromo
plexes are better suited to the separation and HPLC determination with sp
photometric detection than the chloro complexes: their colour contrast and sens
are higher, and the bromo complexes are also better Stable

Following column separation using the acetonitrile—water 60 : 40 system conta
0.002 mol t*CTMA and 0.05 mol1'NaBr at pH 3 as the mobile phase, the absorpt

1.2

0.8

0.4

L 0.0
490 235
m

350

420 A

Fic 2
Absorption spectra of Pd(2), Pt' (2), Au"
(3), PtV (9), 0dY (5), I (6), RU" (7, and
Rh" (8) chloro complexes in water containing
0.01 mol T* NaCl and 0.001 mol~t HCI
(against pure water). Mass concentrations (g |
1,7, 85,2 5 610;34.5;49. Lines:1, 6, 7,
8 dashed;2, 3, 4, 5 solid. Free ligand absor-
bance is negligible

Fic. 3
Absorption spectra of Bd(2), Pt (2), Au"
(3), PtV (9, 0dY (5), I (6), RU" (7), and
Rh'" (8) bromo complexes in water containin
0.1 mol M NaBr and 0.01 molf HBr (against
pure water). Mass concentrations (Mid:11 4;
220;3 85; 4, 5 6, 710. Lines:1, 2, 3, 4
solid; 5, 6, 7, 8 dashed. Free ligand absorban
is negligible
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spectra of the platinum metal and gold bromo complexes were measured with the

array detector (Table II, Fig. 4).

For HPLC it is relevant that all of the bromo complexes absorb intensely at 24(
This wavelength is well suited to the detection of the complexes after their m
separation, although the background absorbance due to bromide in the mobile

increases.

TasBLE |

Comparison of absorption characteristics df"t Pd', and Ad!' chloro and bromo complexes

Amax NM

Metal

Cl Br Cl Br Cl Br
pt! 216 267 10 35 0.28 0.40
ptv 262 313 56 81 0.60 0.46

365 133 0.19

Pd' 223 247 17 15 1.12 1.30

281 332 75 100 0.32 0.48
Au" 227 255 21 23 0.94 0.97

314 382 108 150 0.13 0.12

A = Anax— Ao WhereAg is the wavelength at which the molar absorptivity of the ligand equal
(Ao.gr= 232 nm,Ag ¢ = 206 nm);° absorbance of the complex &}, at a metal concentration of

ppm and ligand concentration 0.1 mot. |

230 270 310 350 390
A, nm

Absorption spectra of Bq1), Pt' (2), A" (3), PtV
(4), 0¥ (), Ir'" (6), RU" (7), and RH' (8) bromo
complexes after column separation. Mass concer
tion of metal in sample injected: 16 mg, Imobile
phase: acetonitrile—water 60 : 40 (vol.%) mixtu
containing 0.002 molf CTMA and 0.05 mol 1!
NaBr at pH 3, detection with a diode array detect
For the dashed lines the absorbances are 10-

lower
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Conditions for HPLC Separation of PaptV, pt', and All"

The effects of the kind and concentration of the ion pairing agent, organic so
salts, and mobile phase pH on the retention of the bromo complexes were invest

Effect of Organic Solvent in the Mobile Phase on the Retention Times of'thg F
Pd', and Ad' Bromo Complexes

When using the methanol-containing mobile phase (methanol-water 80 : 20 with
mol ' CTMA and 0.05 mol1 NaBr at pH 3), the elution order was nearly reverse
comparison with that observed when using the acetonitrile-containing mobile
(acetonitrile—water 60 : 40 with 0.002 mot CTMA and 0.05 moli* NaBr, pH 3):

methanol:  Al' < PtV < Pd' < P{!,

acetonitrile: Pl < Pt' < PtV < AU,

While the proton acceptor mechanism predominates with methanol, the dipole—
interaction prevails with acetonitrile (the CTMA cation solvates well). Acetonit
emerged as more suitable particularly owing to the shorter retention times of th
stability Pd' and Pt complexes: their peaks do not tail when using the 60% aceton
mobile phase and their determination is more sensitive, particularly for'theoRtb complex.

The dependence of the retention times on the acetonitrile concentration in the r
phase is shown in Fig. 5.

Effect of the lon Pairing Agent in the Mobile Phase

Irrespective of the kind of the ion pairing agent, its increasing concentration i
mobile phase brings about increase in the retention times of the complexes. F
short-chain ion pairing agents TMA and TBA, only 20 and 45% organic solvent
spectively, was used in the mobile phase and their concentration in it was ro
tenfold with respect to the longer-chain ion pairing agent (CTMA).

The elution order depends on the ion pairing agent as follows:

TMA: Pt' < PtV < Pd < AU,

TBA: Pt < Pd <PtV < AU,

CTMA: Pd' < Pt' < PtV < AU,

TasLE Il
Absorption maxima of the bromo complexes after HPLC separation. Mobile phase: acetonitrile-
60 : 40 containing 0.002 mofICTMA and 0.05 mol 1 NaBr at pH 3; measurement with a diod
array detector

Metal pt = Pd' AuM [ osY Rh" Ru"
Amae NM 238 239 238 260 237 237 242 240
275 320 277 286 345 >390
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These series indicate that with shorter-chain ion pairing agents the retention tir
the Pd bromo complex grow longer.

CTMA at the optimum concentration of 0.002 ndiwas chosen with regard to th
more sensitive determination of 'PdThe dependences of the retention times on
CTMA concentration are shown in Fig. 6.

Effect of Bromide and Mobile Phase pH on the Retention Times of th¥,mRd',
and Ad" Bromo Complexes

With regard to the lower stabilityof the Pd and P{ bromo complexes, resulting ir
tailing and peak decrease, it is suitable to add bromide ions to the mobile phase
view to preventing decomposition of the complexes. The decomposition is espe
marked for the Pdcomplex if the bromide concentration in the mobile phase is lo
than 0.02 mol .

The dependence of the retention times of the complexes on bromide concentre
shown in Fig. 7.

On the other hand, due to the competitive equilibria on the sorbent, the rete
times of the complexes decrease with increasing bromide concentration; taeidrs
displace the anions of the complexes from the sorbent surface. With respect
practical aspects of the analysis (higher halide concentrations causing corrosion

16 T T T T T
3
. 4
te, Min 2 4
24 L .
12 1
. 3
tR, min
8 16 + 4
1
2
4 i 8 - /O .
@4;//;% !
O 1 1 1 1 O L 1
48 52 56 60 64 0.000 0.002 0.004
Cen,cne VOL% Cera Mol I
Fc. 5 Fic. 6

Dependence of retention times of'Rd), Pt'
(2), Au" (3), and Pt (4) bromo complexes on

Dependence of retention times of'pd), Pf'

(2, Pt (3), and AY' (4) bromo complexes on

the volume fraction of acetonitrile in mobile the concentration of CTMA in the mobile phas

phase containing water, 0.002 mdiCTMA and consisting of the acetonitrile-water 60 : 4

0.1 mol ' NaBr at pH 3. Stationary phase: Se- (vol.%) system containing CTMA and 0.1 mat |

paron SGX RPS (pm), column 150« 3 mm NaBr at pH 3. Stationary phase: Separon SC
RPS (7um), column 150x 3 mm
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stainless steel components of the chromatographic apparatus) and to the resolt
the peaks, 0.05 motiwas chosen as the optimum concentration for bromide.

No dependence of the retention times on the pH was observed within the reg
pH 2-4. In subsequent measurements, the acidity was adjusted to pH 3 with HBI

Optimum Composition of the Mobile Phase

It follows from the data reported above that the optimum mobile phase compositic
the separation and quantitation of the bromo complexes'df,FRd', and Al' is as
follows: acetonitrile—water 60 : 40 containing 0.002 n@IATMA and 0.05 mol 1
NaBr at pH 3. Typical chromatograms for the three metals are shown in Fig. 8.

Chromatographic Behaviour of Additional Platinum Metals

The chromatographic behaviour of th¥ )OdV, RH", and RUl' bromo complexes was
examined using the optimum mobile phase composition as specified in the prec
paragraph. The retention times are given in Table III.

The table demonstrates that' J)lRH", and RU' are eluted very close to the dead tin
(1.3 min) and so they cannot be separated sufficiently in this system. Lowerin

TasLE Il
Retention times of If, 0dY, RH", and RU' bromo complexes. Mobile phase as in Table II, stat
nary phase: Separon SGX RPSufm), column 150x 3 mm

Metal o ogY RH" Ru"

Retention time, min 1.47 7.43 1.35 1.43

16 -

tR, min

4
3
2
FG. 7
Dependence of retention times of'Rd), Pt' (2),
PtV (3), and Al" (4) bromo complexes on the 1
concentration of bromide (NaBr) in the mobile G\S\G‘\G—\e
phase consisting of the acetonitrile—water 60 : 40
(vol.%) system with 0.002 moTiCTMA at pH 3.

Stationary phase: Separon SGX RPSuif1), column Oo_oo 0.04 0.08
150 x 3 mm Cgy» Mol rt
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acetonitrile fraction did not improve the result. The composition of three complex
probably [Mé'Brg]*~. (For Ru, its oxidation number and presumed composition of
bromo compleX’ have been deduced from the chromatographic behaviour, whic
similar to that of the [l Brg]3~ and [RH'Brg]3- complexes.) The high negative char
seems to be responsible for the fast elution of the complexes from the column. |
and Os form another group, where the composition of the complexes will probat
[PdBr,)%, [PtBr,]?, [PtBrg]?-, and [OsBg]>~. These complexes are retained to a lar
extent (retention times from 2.4 to 9.5 min). The [ABrcomplex is retained by the
column most, interacting to the highest extent with the CTMA cations presurn
owing to its charge of one.

Calibration Curves and Interference

The calibration curves for the 'Y and Pd bromo complexes were plotted using
calibration solutions, applying the optimum mobile phase composition (see ab
Each solution contained all the 3 bromo complexes, whose concentrations grew
the 2—10 ppm region in 2 ppm steps. The calibration curve of tHebfamo complex
was measured separately at 260 nm. The calibration plots obtained were linea
statistical parameters as given in Table IV.

3 3
0.12 0.12
A A
0.08 1 0.08
0.04 0.04
4
2
0.00 0.00 R
-0.04 L L -0.04 !
4 8 . 12 10 15
t, min t, min
Fc. 8

Chromatograms of Pd(1), Pt' (2, a), Pt¥ (3), and Al' (4, b) bromo complexes. Mass concentt:
tion of metal in 20ul sample injected: 10 mg'l Mobile phase: acetonitrile—water 60 : 40 (vol.%
mixture containing 0.002 moli CTMA and 0.05 mol 1* NaBr at pH 3. Stationary phase: Separ
SGX RPS (7um), column 150x 3 mm. Detection at 240 nm (260 nm for Au)
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Even in a 5 000-fold molar excess FeAl®*, Mg?*, or C&* did not exert any inter-
fering effect on the retention times and sensitivity of determination of 5 pfmP®d
PtV, and AU".

For anions, competitive complexing equilibria and sorption equilibria on the col
can be involved. Neither of the two phenomena, however, played a role in the on-c
injection mode. The retention times and sensitivity of determination'off#g PtV, and
Au'' were unaffected by the presence of nitrate, sulfate, or chloride in a 5 00(
molar excess.

On-Line Preconcentration of Pand PtV

Effect of Precolumn Flow Rate

When passing a solution containing 50 pp! ft'), 1% acetonitrile, and 0.05 mot|
bromide at flow rates from 1 to 9.9 ml minthe peak heights of the bromo complex
remained virtually constant; a slight decrease was only observed if the flow ratc
lower than 2 ml min, presumably due to gradual hydrolysis of the sorbed brc
complexes in the longer times of sorption associated with lower flow rates. Thi
crease in the concentration of'Pbromo complexes with time was confirmed by r
peated sorption and injection of 10 ml of a stock solution containing 50 PablP4
acetonitrile, and 0.05 maotibromide. The time period between the sorptions was 15 1|
In each subsequent sorption, the peak of thé BPomo complex was roughly 20%
lower than in the preceding cycle. The maximum flow rate of 9.9 mit'raghievable
with the pump was used; this led to the shortest preconcentration times.

So, in order to obtain reproducible results, the preconcentration process shoulc
fast as possible, adhering to constant time intervals between the operations, frc
sample preparation to its on-column injection.

TaBLE IV
Statistical parameters of calibration curves df"Pt Pd', and Al based on peak heights (in abso
bance units)

Metal &, | mor? Mim®, Ng
Pd' 740+ 30 0.9
pt! 175+ 7 6.7
ptY 2 870+ 90 0.4
Au 278+ 18 4.3

& Calibration dependence slopa= 0AIC * ts; b detection limit for the injection of 2@l sample,
Mim = 35My 2 . 10/a; 55 is the standard deviation of baseline absorbagge,0.0001. Detection at
240 nm (260 nm for Al). The calibration dependence intercepts are all statistically insignificar
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Effect of Bromide and Acetonitrile Concentrations in Sample

Excess bromide should be present in sample to slow down hydrolysis of the low
centrations of Ptand P bromo complexes. However, competitive desorption of
complexes then takes place on the precolumn and the peak heights on the an
column decrease (Fig. 9). In view of this, a bromide concentration of 0.0 howlly
was employed.

Acetonitrile in the sample solution has a beneficial effect on the sorption props
of the precolumn up to 5-10% contents, whereas at higher concentrations this
pound induces elution of the sorbed bromo complexes out of the precolumn. Tt
acetonitrile concentration emerged as optimal.

If, following the preconcentration, the precolumn is rinsed with water only, the
system peak appears in the dead retention volume range after injection of the
lumn content on the analytical column. This peak, whose magnitude is inversel
pendent on the detection wavelength, can interfere partly with that of 'tHerdPto
complex.

The system peak can be eliminated by flushing the precolumn after preconcen
with the mobile phase so that this liquid fills the precolumn completely. For the fa
used, a washing period of 20 s and a flow rate of 9.9 mi‘mgpeared suitable (Fig. 10’

T 12 T
h, cm
1
8 L u
2
4 - -
0 1 1 1 0 1 1
0.00 0.02 0.04 0.06 12 20 28
Cg,~ Mol 1 Ls
Fic. 9 Fic. 10
Dependence of the peak height on the bromide Dependence of analyted)(and systemZ) peak
concentration for sample containing pg I* heights (in mm) on the time of precolumn elt

PtV in 1 vol.% acetonitrile at pH 3. Sorption of tion with the mobile phase. Sample: 10 ml

10 ml of sample followed by 3.3 ml of the solution consisting of 25g I PtV in 5 vol.%

mobile phase, both at a flow rate of 9.9 ml acetonitrile containing 0.01 mol'INaBr at pH 3.

minL. Detection at 320 nm Sorption and elution flow rate: 9.9 ml rin
Detection at 320 nm
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HPLC of Platinum Metals and Gold 1041

In general, the optimum period depends on the capillary and precolumn lengt
diameter, sorbent kind and grain size, and precolumn flow rate.

Calibration Curve and Effect of Additional lons During the Preconcentratior
PtV Bromo Complexes

The calibration curve for 5 samples within the Pt concentration span of 1-25
applying the preconcentration procedure, possesses the following parameters:
for PtV: e =(216+ 13) . 161 mol, m;,, = 2.7 ng,

for Pt': e =(14+ 1) . 1G1 molY, m;,, = 42 ng,
wheree is the calibration dependence slope fA/OC + ts,), my,, is the detection limit
for the sorption of 10 ml samplen{,, = 35,M,, . 10'/e), ands, is the standard deviatior
of the baseline absorbancg € 10%). The calibration slope intercept is statistical
insignificant. The evaluation was based on the peak heights in absorbance units.

Comparison of the calibration dependence slopes applying or omitting the ol
preconcentration (Table 1V) reveals that preconcentration brings about a 75-fold to 8
sensitivity improvement.

Based on a comparison of the peak areas after the sorption of 10 ml of sampl
20 ppb PV and after the direct injection of 2@ of sample with 10 ppm Pt the
sorption recovery was calculated to be about 20%.

The peak height for sorption from 100 ml of sample with 2 ppbi®mnot 10-fold
higher than if 10 ml of sample is used; in fact, it is 8% lower, presumably du
gradual hydrolysis.

At a concentration of 25 ppb "Pt Fe* and AP* do not interfere in a 1 000-folc
molar excess and Mgand C&* do not interfere in a 5 000-fold molar excess.

The effect of anions on the preconcentration is similar to that of the bromid
(Fig. 9). Chloride induces roughly the same decrease of theé tak as bromide, with
nitrate and sulfate the decrease is twofold and threefold, respectively. The mo
anion size and charge approach the properties of the sorbed complexes, the mc
nounced are the competition and effect on the sorption. In practical analyses, th
centration of anions should be minimized and held constant.

REFERENCES

. Dewall W. A. J., Maessen F. J. N. J., Kraak J. C.: J. Chromat0gr253 (1987).

. Parsons P. J., Morrison P. F., Leroy A. F.: J. Chroma88§.323 (1987).

. Balden G. S., Volkers K. J., Be Goeij J. J. M.: J. Chroma#®f,. 163 (1989).

. Macka N., Borak J., Kiss F.: J. Chromatds@6, 291 (1991).

. Bransteterova B., Kiss F., Miertus S., Garaj J.: Mikrochim. A¢tall (1990).

. Basova E. M., Bondareva L. G., Ilvanov V. M.: Zh. Anal. Khit#d, 1712 (1992).

. Watanabe E., Nakajima H., Hoshino H., Yotsuianagi T.: Bunseki Kag2kd69 (1983); Anal.
Abstr. 46, 4B190 (1984).

8. Basova E. M., Bolshova T. A, lvanov V. M., Morozova N. B.: Zh. Anal. Khi).680 (1989).

~NOoO o~ WNPRP

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



1042 Dolezal, Sommer:

9.

10.
11.
12.
13.

14.
15.
16.
17.

18.
19.

Bolshova T. A., Nesterenko P. N., Basova E. N., Norozova N. B., Ivanov V. M.: Zh. £
Khim. 42, 1648 (1987).

Basova E. M., Ivanov V. M., Bolshova T. A., Babkova N. A.: Zh. Anal. Kh5).671 (1990).
Jones P., Schwedt G.: Anal. Chim. A2R0, 195 (1989).

Voter R. C., Banks C. V., Diehl D.: Anal. Cheg®, 652 (1948).

Jelinek A., Kota J.Vazkova analyza, elektroanalyzdol. II. Technicke vedecke vydavatelstvi
Praha 1951.

Vorlicek J., Dolezal J.: Z. Anal. Cher260, 369 (1972).

Kirkland J. J., Yoe J. H.: Anal. Chim. Ac%a 441 (1953).

Vostova J., Sommer L.: Collect. Czech. Chem. Commin1161 (1976).

Ginzburg S. I., Ezerskaya N. A., Prokofeva I. V., Fedorenko N. V., Shlenskaya V. I., Belsl
K.: Analiticheskaya khimiya platinovykh metaldNauka, Moskva 1972.

Busev A. I, Ivanov V. M.Analiticheskaya khimiya zolat&auka, Moskva 1973

Hogfeldt E.:Stability Constants of Metal-lon Complex@&ergamon Press, London 1983.

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



