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The complex formation of dimethylglyoxime and platinum(IV) in alkaline medium has been
investigated by ultraviolet spectroscopy. This study has shown that more than one complex
species exists in solution. The effects of pH variation of ammonia buffer solution from 6.0
to 13.0 were investigated with respect to the absorption spectra. The molar ratios method,
the Job’s method and the method of relative recovery of complex species were used. It was
found that the stoichiometric ratio Pt(IV)/dimethylglyoxime was 1:1, 1:2 and 2:1. The molar
absorptivity (log ε = 4.1 at 260 nm) and the formation constant of the complex (log K2,1 =
15.0) were obtained. The stability constants of the [Pt(Hdmg)2(NH3)2] complex determined
by the molar ratios and Job’s method were log β2 = 9.2 ± 0.2 and log β2 = 9.3 ± 0.2, respec-
tively.
Keywords: Platinum complexes; Ultraviolet spectrophotometry; Dimethylglyoxime; Stability
constants; Chelates.

All the platinum group metals (PGM) species in solutions are highly coordi-
nated and complex. The complexity of chemical properties of the PGM and
the kinetics of their reactions in solutions cause serious problems, espe-
cially in their separation and preconcentration by liquid chromatography
and their spectrophotometric determination1–4. Therefore, the most com-
mon spectrophotometric procedures for platinum usually require laborious
enrichment steps and many organic reagents have been proposed for the
determination5–12.

Dimethylglyoxime (DMG) is a chelating agent, which can form strong
complexes with some metal ions. Tshugaeff13 first used DMG as an analyti-
cal reagent for the gravimetric determination of Ni. DMG is also an excel-
lent spectrophotometric reagent; it was used for adsorptive preconcentra-
tion of palladium on the stationary mercury electrode14,15. There are no lit-
erature data on Pt(IV) complexes with DMG ligand. A variety of analytical
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procedures, including mainly electroanalytical16–18, spectrophotometric19,20

and other methods have been developed for sensitive measurements of low
platinum levels using various organic ligands.

The aim of this work is to establish the composition and optimum condi-
tions for the complex formation of DMG and Pt(IV) and to evaluate the
stoichiometric ratio and stability constants by ultraviolet spectrophoto-
metry.

EXPERIMENTAL

All reagents were of analytical purity or suprapur quality. Water was deionized before use.
Ammonia buffer of pH 9.2 was used as a blank solution. This was prepared by mixing appro-
priate amounts of 0.1 M NH4OH and 0.1 M NH4Cl. An ethanolic solution of 0.1 M

dimethylglyoxime was prepared by dissolving DMG (butane-2,3-dione dioxime, Merck, Ger-
many) in absolute ethanol. A platinum standard stock solution (2.41 mg ml–1) was prepared
by dissolving Pt wire in aqua regia (HCl–HNO3 3:1) and standardized by a complexometric
method20. Working standards were prepared by serial dilution of the stock solution with
0.1 M HCl. A combined glass electrode and a pH meter were used for pH measurement.

The UV spectra were recorded in the 350–190 nm range on an HP 8452 A diode array
computer controlled spectrometer (Hewlett Packard) equipped with a thermostatted cell
compartment using 1-cm quartz thermostatted cells. The advantage of using this spectrome-
ter is the possibility of measuring full spectra, rather than just the absorbance of a single
wavelength. The metal ion concentration and the ligand for UV measurements were chosen
in such a way that the absorbance ranged between 0.1 and 2.0 at the studied wavelength.

RESULTS AND DISCUSSION

Careful investigations were carried out to find the optimum conditions to
achieve maximum absorbance in the studied reaction. Since both platinum
and DMG can absorb in UV region, we investigated the behaviour of plati-
num, DMG and a combination of platinum and DMG.

Chemical interaction of PtCl6
2– ions with DMG was investigated by

UV spectroscopy following the spectral changes in the range from 350 to
190 nm. The UV spectrum of PtCl6

2– ions in HCl solution (Fig. 1, curve 1)
exhibits a single band with maximum absorption at 260 nm (log ε = 4.12).
According to the molecular-orbital theory21 (MO), this band corresponds to
intramolecular charge-transfer (CT) reactions. In 0.1 M ethanolic solution of
DMG, the UV spectrum of the ligand (Fig. 1, curve 2) shows a maximum
absorption at 230 nm (log ε = 4.25). This band probably results from π→π*
transitions. The most important feature of the UV spectrum of the Pt–DMG
complex formed in ammonia buffer solution is the band centered at 210 nm
of molar absorptivity log ε = 4.1. In the UV spectrum, the band at 210 nm is
certainly due to ligand charge-transfer to platinum ions, which can be as-
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signed to n(DMG)→eg(Pt). Because of some transition peaks, t2g→eg have
very small molar absorptivity (ε) and hence they are not observed in the UV
spectrum. Therefore, the UV spectrum from 190 to 350 nm has no clear ab-
sorption peak. The absorption peaks whose wavelengths are smaller than
190 nm could not be measured under these conditions.

The optimum conditions of the complex formation were ivestigated and
the effects of time, solution pH and the metal-to-ligand ratios on the reac-
tion were also examined.
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FIG. 1
UV spectra of PtCl6

2– ions (6.0 × 10–5 mol l–1 in 0.1 M HCl) (1), DMG (5.0 × 10–5 mol l–1 in eth-
anol) (2) and of the Pt–DMG complex in ammonia buffer solution (3)

FIG. 2
Dependence of the absorbances on time: λ = 260 nm (PtCl6

2– ions in 0.1 M HCl) (1) and λ = 230 nm
(DMG) (2)
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Effect of Time

The absorbance of the solution (25.0 ml) containing DMG ligand (dmg)
(4.5 × 10–5 mol l–1) and PtCl6

2– ions (4.5 × 10–5 mol l–1) in 0.1 M ammonia
buffer solution of pH 9.2 was investigated for different periods of time (up
to 30 min) at room temperature. It was found that the absorbances at 230
and 260 nm decrease approaching a stationary value at times higher than
20 min (Fig. 2). The appearance of the absorption band at 210 nm also
indicated that complexation starts immediately after mixing and the
absorbance decreases gradually, achieving a stationary value in 15 min.
Over a period of time from 1 to 30 min, the reaction between the dmg
ligand and PtCl6

2– ions followed the rate law –dA260/dt = kc(Pt), with a value
of k = 7.06 × 10–4 s–1, whereas the rate law –dA230/dt = kc(DMG) had a value
of k = 4.33 × 10–5 s–1.

Effect of pH

The influence of pH on formation of the complex ions was followed by mea-
suring the changes in UV spectrum of the reaction mixture containing dmg
ligand and PtCl6

2– ions in equimolar concentrations of 4.5 × 10–5 mol l–1.
Ammonia buffer solutions covering pH values from 6.0 to 13.0 were used
for the CT complex formation. The wavelength of the isosbestic point at
240 nm in the UV spectra indicated that complexation between the dmg
ligand and PtCl6

2– ions takes place at different pH values.
The results as shown in Fig. 3 confirmed that the complexation is weak in

alkaline media of pH 7.0–8.5. The band of the complexed PtCl6
2– ions de-
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FIG. 3
Plot of absorbances at 230 (1), 210 (2) and 260 nm (3) versus pH
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velops from pH 7.0 to 10.0, exhibiting minimum absorbance at pH 10.
Then, the absorbance of the CT band decreases with increasing pH. Thus,
pH between 9.0 and 10.0 is the optimum for further study, since it could be
expected that the results would be highly reproducible at this pH value.

Stoichiometric Ratio of the Complex

The molar ratios method, the Job’s method and the method of relative re-
covery of complex species22 were used for determining the stoichiometry of
the reaction of dmg ligand and PtCl6

2– ions. The molar ratios method was
used at pH 9.2. Two series of solutions were prepared. At a constant metal
concentration of 5.5 × 10–5 mol l–1, the concentration of DMG varied from
1.0 × 10–5 to 5.0 × 10–5 mol l–1. In the UV spectra the wavelengths of the
isosbestic points at 204, 254 and 288 nm at different molar ratios of the
components pointed out that the reaction of complex formation takes
place. Absorbances were measured using an ammonia buffer solution of the
corresponding concentration as a blank at 210, 230 and 260 nm. They
are shown in Fig. 4. The intersection of straight lines, obtained at a molar
ratio of n = 0.5, confirms the fact that the reaction occurs of the ratio
Pt(IV)/DMG = 1:2. The presence of more than one complex species in the
system is possible, but the exact determination of stoichiometric ratio of
the reactants could not be made by the molar ratios method. The method
was also used when the concentration of dmg ligand was constant (4.0 ×
10–5 mol l–1) but the concentration of metal ions varied from 8.0 × 10–6 to

Collect. Czech. Chem. Commun. (Vol. 68) (2003)

Reaction of Platinum(IV) with Dimethylglyoxime 1069

FIG. 4
Effect of absorbances at 210 (1), 230 (2) and 260 nm (3) of various DMG concentrations
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8.0 × 10–5 mol l–1. Absorbances were measured at 210, 230 and 260 nm.
Within the range of these concentrations, the reaction at the ratio
Pt(IV)/DMG = 1:2 or 2:4 or 3:6, etc. is possible.

The Job’s method was used for determining the stoichiometric ratio of
the reaction between dmg ligand and PtCl6

2– ions. The influence of the ra-
tio was followed by measuring the UV spectra of the mixed solutions. It is
observed that the π→π* band shifts hypsochromically with increasing Pt
concentration while its intensity decreases. The gradual shift of λ = 230 nm
results in convergence of the absorbances curves to an apparent isosbestic
point at 216 nm. A similar convergence occurs at 256 nm for the formation
of the complex species. The appearance of these isosbestic points is a clear
evidence for the existence of complex species in the solution. As can be
seen, the wavelength 210 nm is probably characteristic of the formation of
the complex species.

The solutions for Job’s method were prepared by mixing both compo-
nents of equimolar concentration of 1.0 × 10–5 mol l–1, in the ratio from
0.1:0.9 to 0.9:0.1. Absorbances were measured at 210, 230 and 260 nm, us-
ing ammonia buffer solution as a blank The Job’s curves at different wave-
lengths are shown in Fig. 5. According to the appearance of Job’s curves, it
could be concluded that more than one complex species in the system are
formed. The obtained curves 1 and 3 have slightly pronounced maxima at a
molar fraction of V(DMG)/[V(DMG) + V(Pt(IV))] = 0.5 and 0.7. This sug-
gests that the complexes with the ratios Pt(IV)/DMG = 1:1 and 1:2 prevail.
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FIG. 5
Job’s curves obtained at 230 (1), 210 (2) and 260 nm (3) at pH 9.2
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Analysis of Job’s curves shows the presence of mononuclear complex spe-
cies whose appearance at pH 9.2 depends on the metal ions/ligand ratio.
The presence of more than one complex species in the system simulta-
neously, is reflected in the shape of the curves shown in Fig. 5; this pre-
vents the use of molar ratios method for the exact determination of the
stoichiometric ratio of the reactants. The undefined maxima on Job’s
curves and the fact that the Job’s method does not determine the amounts
of the components but their relative ratio, determints the use of the
method of relative recovery of the complex species.

In this method, the spectra from the molar ratios method at a fixed con-
centration of metal ions (4 × 10–5 mol l–1) were used. From these spectral
data the values A/c(DMG) and A/As were calculated, where A is the
absorbance of the metal complex species, c(DMG) the initial concentration
of DMG and As is the mean value of absorbances of the metal complex spe-
cies on the curve’s plateau (saturated) (Table I).

The absence of a maximum on the above dependence A/c(DMG) = f(A/As)
shows that the stoichiometric coefficient of the component with variable
DMG concentration is equal to 1. This means that the formation of com-
plex species Pt2–DMG or Pt–DMG is possible. In this case the formation of
complex species Pt2–DMG could not be excluded because there is a devia-
tion from linear dependence. Hence, the formed complexes are Pt–DMG
and Pt2–DMG but not Pt2–(DMG)2 as Job’s curves suggest.
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TABLE I
Data of the method of relative recovery at a fixed concentration of metal ions (4 × 10–5 mol l–1)

c(DMG), mol l–1 A(210 nm)
A/c(DMG)
l mol–1cm–1 A/As

8.0 × 10–6 0.9045 1.131 × 105 0.6685

1.6 × 10–5 0.9691 6.057 × 104 0.7162

2.4 × 10–5 0.9844 4.102 × 104 0.7275

3.2 × 10–5 1.0580 3.306 × 104 0.7819

4.0 × 10–5 1.1430 2.858 × 104 0.8447

4.8 × 10–5 1.1840 2.467 × 104 0.8751

5.6 × 10–5 1.2850 2.295 × 104 0.9491

6.4 × 10–5 1.3030 2.036 × 104 0.9609



Determination of Stability Constants and Molar Absorptivity of the Complexes

Under the assumption of an octaedral cordination, the reactions in the
bulk of solution in the presence of ammine and dimethylglyoximato (dmg)
ligands involve the equilibria

[PtCl6]2– ≡ [Pt(NH3)6]4+ ≡ [Pt(Hdmg)(NH3)4]3+ ≡ [Pt(Hdmg)2(NH3)2]2+. (1)

In the absence of DMG 22, the ammine species should be predominant at
0.1 M NH3. In the presence of DMG, dynamic equilibria between the am-
mine species and DMG chelate exist.

[Pt(NH3)6]4+ + H2D K 1 → [Pt(Hdmg)(NH3)4]3+ + NH4
+ + NH3

[Pt(NH3)6]4
+ + 2 H2D K 2 → [Pt(Hdmg)2(NH3)2]2+ + 2 NH4

+ + 2 NH3 (2)

2[Pt(NH3)6]4+ + H2D K 2 1, →  [Pt2(Hdmg)(NH3)7]3+ + NH4
+ + 4 NH3

H2D represents the undissociated dmg ligand (Ka = 10–10.5)23 and Hdmg its
dissociated form which enters into the chelate. Under the conditions used
throughout the experiments – c(NH3) = 0.1 mol l–1, c(H2D) = 4 × 10–6 mol l–1,
pH 9.2 – if the stabilities of Pd–DMG complexes are high, the equilibria rep-
resented by Eq. (2) are shifted far to the right, i.e. platinum is chelated
quantitatively by DMG. With ammonia concentration increasing to 1 mol l–1

or more (at constant pH), the fraction of platinum–ammine complexes in-
creases, which is reflected in the smaller concentration of [Pt(Hdmg)2(NH3)2]

2+.
Stability constants of the complexes and their molar absorptivities were

calculated using the method for complexes of the type MLn (n = 1, 2, 3, ...),
described by Bulatov and Kalinkin24. The equilibrium constant expression
for the above complex is described by the same authors.

c l
A

Q
Ak

nn

(Pt) = +
+

1 1
1ε

(3)

Equation (3) indicates that a plot of c(Pt)l/A versus 1/ Ann +1 should be linear
with the slope Q and the intercept 1/εk. The values of 1/εk, Q and n = 2 are
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used for the calculation of Kr. The equations for the calculation of the reac-
tion constant (Kr) is as follows

K
c l
n Q

r

n n

n
k

=
+(H )

ε
(4)

according to our results, Kr = 104.84. The formation constant Kν of the com-
plex species is

K
K
K

r

a
ν = = =

−

10
10

10
4 84

10 5

15
.

.
. (5)

The values of the complex formation constant and the molar absorptivity
at pH 9.2 calculated by a graphical method are log K2,1 = 15.0 for n = 5 (n is
the number of absorbances, used for determination of the slope and inter-
cept, r = 0.956) and log ε = 4.1, respectively. The values of the stability con-
stant of the complex (pH 9.2) calculated by a numerical method using
molar absorptivities are shown in Table II.
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TABLE II
Values of the cumulative constants of the [Pt(Hdmg)2]2+ complex

Molar ratios methoda Job’s methoda

c
c
(DMG

(Pt(IV))

)
log β2

V
V V

(DMG)

(DMG) (Pt)+
log β2

0.2 9.5 0.9 8.4

0.4 9.2 0.8 8.9

0.6 9.9 0.7 9.3

0.8 8.6 0.6 9.5

1.0 8.5 0.4 9.8

1.2 9.9 0.2 9.9

log β2 = 9.2 ± 0.2 log β2 = 9.3 ± 0.2

a Calculated by numerical method.



Conclusion

The interaction between Pt(IV) ions and DMG in aqueous ammonia re-
sults in the formation of the complexes [Pt(Hdmg)]3+, [Pt(Hdmg)2]2+ and
[Pt2(Hdmg)]7+. These complex species at pH 9.2 show absorption bands
in the range from 350 to 190 nm, with a maximum at 210 nm. By using
ultraviolet spectrophotometry, it was found that the stoichiometric ratio
Pt(IV)/DMG is 1:1, 1:2 and 2:1. The molar absorptivity log ε = 4.1 at 260 nm
and the consecutive constant of dinuclear [Pt2(Hdmg)]7+ complex at pH 9.2
calculated by a graphical method, log K2,1= 15.0 were obtained. Also, the
cumulative constants of the [Pt(Hdmg)2]2+ complex were calculated by the
molar ratios method and Job’s method (both are numerical methods):
log β2 = 9.2 ± 0.2 and log β2 = 9.3 ± 0.2.

Further studies are in progress to exploit the formation of Pt–DMG com-
plexes for determination of platinum(IV) by UV spectrophotometry.

SYMBOLS

A absorbance
l path length of radiation, cm
t time, min
T temperature, °C
λ wavelength, nm
ε molar extinction coefficient, l mol–1 cm–1
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