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Oxidation in the presence of halogen-containing compounds
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ABSTRACT

The oxidation of the ternary complex, [Cr(III)(Gu)(Asp)(H,0),]*" (Gu = guanosine
and Asp = DL-aspartic acid) by periodate in aqueous solution to chromium(VI) has
been studied spectrophotometrically over the 25—45°C range. The reaction is first order
with respect to both [10,7] and [Cr(III)], and increases with pH over the 2.38-3.68
range. The experimental rate law is consistent with the derived mechanism and the
reaction follows the rate law:

d[Cr(I))/dt = (k K, + k,K K /[HD[IO, J[Cr(1ID],/{1 + K /[H*] + (K, + K,K/[H DO, T},
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where K|, K, and K are the deprotonation of [Cr(III)(Gu)(Asp)(H,0),]*" and pre-
equilibrium formation constants for [Cr(IIT)(Gu)(Asp)(H,0)(OI0,)]" and [Cr(IIT)(Gu)
(Asp)(OH)OIO,] precursor complexes, respectively. The reaction may follow a 2-step
inner-sphere electron transfer mechanism via coordination of 10, to chromium(III).
Thermodynamic activation parameters have been calculated.

Keywords: ternary complex, periodate oxidation, inner-sphere mechanism, thermo-
dynamic activation parameters.

AIMS AND BACKGROUND

Transition metal complexes are used as tools in molecular biology for probing nucleic
acid structure and for the specific or nonspecific cleavage of nucleic acids!?. Although
interactions of DNA with a large number of metals ions have been investigated, the
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interaction of chromium(III) with DNA has apparently escaped attention, despite the
fact that chromium(III) complexes draw particular attention due to their environmen-
tal toxicity and the carcinogenic nature of higher valent chromium?. The interest on
chromium(III) complexes with nucleotides arises from the use of these complexes as
enzymatic labels by substitution of the activator or inhibitor*’ and finding out the role
of chromium(III) in transcription processes and RNA and DNA interactions®.

Oxidations by periodate have been reported to play an important role in biologi-
cal system”®, They are used in the kinetics determination of glucose and fructose in
invert sugar syrups’. Alpha-amino acids in proteins can be determined by measuring
the ammonia produced through oxidation with periodate in alkaline mediumé®. Also,
periodate has been used in the modification of human serum transferrin by conjuga-
tion to an oligosaccharide®.

The biological oxidation of chromium from the trivalent to hexavalent states
is an important environmental process because of the high mobility and toxicity of
chromium(VI) (Ref. 10). The higher oxidation states of chromium are of interest due
to the toxic and mutagenic nature of these oxidation states of chromium!®, Oxidation
of Cr(IIT) to Cr(V) and/or Cr(VI) in biological systems came into consideration as
a possible reason of anti-diabetic activities of some Cr(IIl) complexes, as well as of
long-term toxicities of such complexes!'. The specific interactions of Cr(IlI) ions with
cellular insulin receptors'? are caused by intra- or extra-cellular oxidations of Cr(I1I)
to Cr(V) and/or Cr(VI) compounds, which act as protein tyrosine phosphatase (PTP)
inhibitors. The current perspective discusses chemical transformations of Cr(III) nu-
tritional supplements in biological media, with implications both for beneficial and
toxic actions of Cr(III) complexes, which are likely to arise from the same biochemical
mechanisms, dependent on concentrations of the highly reactive Cr(IV/V/VI) species,
formed in the reactions of Cr(III) with biological oxidants'3.

Oxidations of inorganic substrates!'*!> and transition metal complexes!®!” by
periodate are reported to proceed through inner-sphere mechanisms, either labile or
inert complexes possessing at least one bridging ligand. The kinetics of oxidation
of the chromium(III) complexes of uridine'®, 2-aminopyridine!® and guanosine? by
periodate were carried out. In all cases the electron transfer proceeds through an
inner-sphere mechanism via coordination of 10,” to chromium(III). Binary and ter-
nary chromium(IIl) complexes of nitrilotriacetate involving histidine and aspartate
as secondary ligands?'?? by periodate in acid medium were investigated in order to
study the effect of secondary ligands on the stability of [Cr(III)(NTA)(H,0),] (Ref. 21)
(NTA = nitrilotriacetate) towards oxidation.

Inner-sphere oxidation of the binary and ternary N-(2-acetamido)iminodiacetato-
cobaltate(Il) complexes**involving malonate® succinate and maleate* as secondary
ligands by periodate has been investigated. In all cases, initial cobalt(IIl) products
were formed, and these changed slowly to the final cobalt(IlI) products. It is proposed
that the reaction follows an inner-sphere mechanism, which suggested relatively faster
rates of ring closure compared to the oxidation step.
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In this paper, the kinetics of oxidation of [Cr(III)(Gu)(Asp)(H,0),]*" (Gu =
guanosine and Asp = DL-aspartic acid) are reported in order to study the effect of
DL-aspartic acid as a secondary ligand on the stability of [Cr(III)(G)(H,0),]*" (Ref.
20) towards oxidation.

EXPERIMENTAL

Materials and solutions. Chromium(I11)-guanosine-aspartic acid was prepared by the
reported method®. All chemicals used in this study were of reagent grade (Analar,
BDH, Sigma). Buffer solutions were prepared from NaCl, and HCI of known con-
centration. KCI was used to adjust ionic strength in the different buffered solution.
Doubly distilled H,O was used in all kinetic runs. A stock solution of NalO, (Aldrich)
was prepared by accurate weighing and wrapped in aluminum foil to avoid photo-
chemical decomposition®.

Kinetic procedures. The UV-vis. absorption spectra of the products of oxidation of
[Cr(IIT)(Gu)(Asp)(H,0),]*" by 10,” were monitored for a definite period of time using a
JASCO UV-530 spectrophotometer. The oxidation rates were measured by monitoring
the absorbance of Cr(VI) at 355 nm, on a Milton-Roy 601 spectrophotometer, where
the absorption of the oxidation products is maximum at the reaction pH. The pH of
the reaction mixture was measured using a Chertsey Surrey, 7065 pH-meter.

Pseudo-first order conditions were maintained in all runs by the presence of a
large excess (>10-fold) of 10,~. The ionic strength was kept constant by the addition
of NaNO, solution. The pH of the reaction mixture was found to be always constant
during the reaction run.

RESULTS

Oxidation products. The UV-vis. absorption spectra of the oxidation products (Fig. 1)
indicate that the chromium(III) peaks at 562 and 404 nm have disappeared and have
been replaced by other peaks at 355 nm which correspond to chromium(VI). The
presence of one isosbestic point at & = 503 nm in the absorption spectra was taken as
the criterion for the presence of 2 absorbing species in equilibrium.

The oxidation kinetics of [Cr(III)(Gu)(Asp)(H,0),]*" by periodate was studied over
the 2.38-3.68 pH range, 0.2—0.6 M ionic strength and 25-45°C over a range of complex
and periodate concentrations. Experiments were carried out varying the [10,]:[Cr(III)
(Gu)(Asp)(H,0),]*" ratios, where the concentration of [Cr(IIT)(Gu)(Asp)(H,0),]*" was
always at least twice that of [IO,]. The study indicates that 2 mol of [Cr(III)(Gu)(Asp)
(H,0),]** were consumed for every 3 mol of 10,", where the ratio of iodine(VII) to
chromium(VI) initially present was 1.50 & 0.1. The stoichiometry was also consistent
with the observation that IO, does not oxidise the chromium(III) complex over the pH
range studied, so that the reaction can be represented stoichiometrically as:

2Cr(IIT) + 3I(VIT) — 2Cr(VI) + 3I(V) (1)
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Fig. 1. Change in absorbance as a function of time. Curves (/)—(9) were recorded at 2, 5, 10, 15, 20, 25,
30, 35, and 40 min, respectively, from the time of initiation; [complex] =1 x 10~ mol dm=; [10,7]=0.02
mol dm™; 7=10.2 mol dm=; pH =2.92; T=35°C. Curve (/0) (-----) spectrum of chromium(III)-complex
(1.0 x 10~ mol dm™) at the same pH

Plots of In (4_—A,) versus time were linear up to 85% of reaction where 4,and 4
are absorbance at time ¢ and infinity, respectively. Pseudo-first order rate constants, &, ,
obtained from the slopes of these plots, are collected in Table 1. The results (Table 1)
show that &k, was unaffected when the concentration of the chromium(III)-complex
was varied at constant periodate concentration, indicating first order dependence on

complex concentration:
d[Cr(VD)]/de = k,, [Cr(IID)] , )

where [Cr(III)] represents the total chromium(III) concentration present. At constant
[H'] and ionic strength, 1/k, varies linearly with 1/[10,] at different temperatures
(Fig. 2), and the kinetics of the reaction are described by the following equation:

k, =a[l0,]/1+b[10,], 3)
or

Uk, = 1/a[10,1,+ bla 4)
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Table 1. Variation of initial rates with different concentrations of periodate and different temperatures
A Cr(IIT)(Gu)(Asp)(H,0),2'] = 2.5 x 10~ mol dm™; pH = 2.92; /= 0.2 mol dm™®

[10,7]*x10? ke <10°% (s7™)

(mol dm™) 25°C 30°C 35°C 40°C 45°C
5.0 3.46 3.58 3.83 5.44 7.22
4.5 2.90 3.14 3.28 4.94 6.72
4.0 2.53 2.92 3.17 436 5.61
3.5 241 2.64 3.06 3.83 5.11
3.0 233 2.56 2.81 3.53 4.50
2.5 2.11 2.28 2.44 3.28 4.14
2.0 1.67 2.30 2.08 2.44 3.44
1.5 1.37 1.48 1.67 2.00 2.60
1.0 1.02 1.50 1.22 1.54 1.91

{[Cr(IMT)(Gu)(Asp)(H,0),2]=2.5 x 10 mol dm™; k,,_x 10°=2.03,2.24,2.12 and 2.17 s " at [Cx(IIT)(Gu)
(Asp)(H,0),*] of 1.25, 3.75, 5.0 and 6.25 mol dm™, respectively at 35°C and [10,7] = 0.02 mol dm™.
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Fig. 2. Plot of 1/k_,_ versus 1/[10,] at different temperatures

The values of @ and b were obtained from the slopes and intercepts of the plots,
respectively. Plots of 1/k, versus 1/[10,] at different pH (2.38-3.68) (Fig. 3) show
that the reaction rate increased as the pH increased over the range studied (Table
2) and highlights the involvement of the deprotonated form of complex in the rate-
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determining step. Table 3 indicates that the reaction rate decreased with increasing
the ionic strength. This phenomenon has been attributed to the fact that the reaction
takes place between two oppositely charged species.

Table 2. Effect of pH on k_,_(s™)
[Cr(IT)(Gu)(Asp)(H,0),>] = 2.5 x 10* mol dm3; /= 0.2 mol dm; temperature 35°C

[10,]x10? k, x10° (s )

(moldm®) ~ pH3.68 3.34 2.92 2.62 2.38
5.0 9.72 494 383 2.53 1.71
45 6.22 472 3.28 2.35 1.61
4.0 5.67 4.44 3.17 227 1.45
3.5 5.50 3.94 3.06 1.92 1.24
3.0 533 3.61 2.81 1.69 1.03
25 439 333 2.44 1.39 0.83
2.0 431 2.67 2.08 111 0.70
1.5 333 2.02 1.67 0.87 0.58
1.0 3.15 1.93 1.22 0.69 0.42

Table 3. Effect of ionic strength on the reaction rate
[Cr(IIT)(Gu)(Asp)(H,0),?] = 2.5 x 10~ mol dm~; [10,7] = 2.0 x 102 mol dm’; pH = 2.92; temperature
35°C

I (mol dm™) k, * 104 (s
0.2 2.08
0.3 1.87
0.4 1.46
0.5 1.12
0.6 0.76

DISCUSSION

In acid medium the chromium(IIl)-guanosine—aspartic acid complex is in equilib-
rium.

K]

[Cr(IIT)(Gu)(Asp)(H,0), > [Cr(IIT)(Gu)(Asp)(H,0)(OH)' + H*  (5)

The observed [H'] dependence suggests involvement of the deprotonated form
of the chromium(IIl)-complex in the rate-determining step. There are two possibili-
ties for the coordination of 10,. First, the H,O ligand in [Cr(III)(Gu)(Asp)(H,0),]**
may be labile and hence substitution by 10, is likely'”**. Second, if the hydroxo
form of the complex is the reactive species, the hydroxo ligand may bridge the two
reactants'>-?2,

214



30

Uk, % 102 (s)

[10, 7" (dm*mol™)

Fig. 3. Plot of 1/k_,_ versus 1/[10,] at different pH values

Also, it may be concluded that from the reported equilibrium constants of aque-
ous periodate solutions over the pH range used that the periodate species likely to be
present”’ are 10,, H IO, and H,IO*, according to the following equilibria:

HJO, == H,JO> +H* (K,=1.98 x 10° dm® mol"') (6)
H,I0, === 2H,0 +10,” (K,=0.025) (7)
H,I0, === H,I0> + H" (K,=5.0 x 10° dm’ mol) (8)

From the value of K it follows that H,IO > is not the predominant species (I(VII)
will be used to represent H,1O,").

The mechanistic pathway for the oxidation of chromium(III)-guanosine—aspartic
acid complex by periodate over the studied pH range may be represented as fol-
lows:

[Cr"™(Gu)(Asp)(H,0),]* === [Cr"(Gu)(Asp)(H,0)(OH)]* + H* K, (9)
[Cr(Gu)(Asp)(H,0),]** + [10, ] === [Cr"'(Gu)(Asp)(H,0)(OI0,)]* + H,O0 K, (10)

[Cr'(Gu)(Asp)(H,0)(OH)[* + [I0, ] === [Cr"(Gu)(Asp)(OH)OIO,] + H,0 K, (11)

kl
[Cr(Gu)(Asp)(H,0)(OIO,)]" — products (12
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k2
[Cr"(Gu)(Asp)(OH)OIO, ] — products (13)

From the above mechanism, the rate of the reaction is given by:
d[Cr(IID)]/dz = (k K + k,K K /[H]) [Cr(IID)(Gu)(Asp)(H,0),*] [10,7] (14)

2776

If we assume that [Cr(IIT)], represents the total concentration of chromium(III)
species, then:

[Cr(ID], = [Cr(ILI)(Gu)(Asp)(H,0),*](1 + K /[H'] + (K,[10, ]+ (K, K /[HD[1O, 1)) (15)
Substituting for [Cr(III)(Gu)(Asp)(H,0),*] from equation (15) into equation
(14) gives:

d[Cr(ID))/de = (k K, + k,K K /[HD[IO, [Cr(1ID],/(1 + K /[H*] +
(K5 + K,K/[HDIO, ) (16)

Hence,
k.= (kK [H]+ kK K) 1O, D/([H]+ K, + (KJ[H]+ K K)H[O,7]) (17)

277176

Since, the deprotonated form, [Cr(IIT)(Gu)(Asp)(H,0),(OH)J*, is considered to
be more reactive form than its conjugate acid, we can assume that K, >> K, and that
equation (17) may be reduced to equation (18).

k. = kK KJIO, /([H] + K, + (K,[H'] + K K)[1O,7]) (18)

bs 2t

Upon re-arrangement:

1k, = 1[I0, J{(IH VKK K,) + (1/k,K,

277176 2776

) HAKJ[H VLK K) + (k)5 (19)

2771776

At constant [H"], equation (19) is identical to the experimental rate law shown
in equation (4) where,

a= kK KJK, +[H]and b= (K[H]+ K,K)/K, + [H].
Plot both of 1/a = K, + [H')/k,K K, and b/a = (K,[H'] + K,K )/k,K K, versus [H']

2771706

(Figs 4 and 5) are linear confirming the proposed mechanism. The values of intercepts
of Figs 4 and 5 are 1.38 mol dm= s and 114.75 s, respectively. The values of slopes
of Figs 4 and 5 are 5.19 x 10% s and 1.29 x 10* mol™' dm’ s, respectively. The K, value
was calculated by dividing the intercept by the slope of Fig. 4, as 2.66 x 10“#mol dm
at 35°C. The intramolecular electron transfer rate constant, k, was calculated from the
intercept of Fig. 5 as 8.72 x 10 s™'. The value of K, was calculated by dividing the
slope of Fig. 5 by that of Fig. 4 as 2.49 mol™! dm®. Substituting the value of k, gives
K, from the intercept of Fig. 4 as 83.15 mol™' dm’. The calculated value of pK, (3.57)
derived from the proposed mechanism is in a good agreement with the experimental
pH used in our studies. This supports the validity of the suggested mechanism.
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Fig. 4. Plot of 1/a versus [H"] at 35°C
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Fig. 5. Plot of b/a versus [H*] at 35°C

Thermodynamic activation parameters, AH" and AS", associated with constant
a in equation (3), were obtained from a least-squares fit to the transition state theory
equation as 17.46 kJ mol'and —171.67 J K-! mol™', respectively. AH" is a composite
value including the enthalpy of formation associated with the precursor complex
[Cr(IID)(Gu)(Asp)(H,0)(OI0,)]* and enthalpy of activation of the intramolecular
electron-transfer step. The intramolecular electron-transfer step is endothermic as
indicated by the positive AH" value. The composite negative AS” value was claimed to
be largely the result of substantial mutual ordering of the solvated water molecules?
of the equilibria and the intermolecular electron-transfer step.

From the above discussion, the following mechanism is proposed for the oxida-
tion of [Cr(IIT)(Gu)(Asp)(H,0),]** by periodate which is supported by the observation
that the ion is capable of acting as a ligand, as is apparent from its coordination to
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copper(Ill) (Ref. 29) and nickel(IV) (Ref. 30). The oxidation of [Cr(III)(Gu)(Asp)
(H,0),]** by periodate may proceed via one or 2-electron transfer giving chromium(IV)
or chromium(V), respectively in the rate-determining step leading to chromium(VI).
The fact that acrylonitrile was not polymerised seems to support 2-electron transfer
process.

In comparison with oxidation of [Cr(IIT)(G)(H,0),]** (Ref. 20) under the same
conditions deprotonated form of the complexes [Cr(III)(G)(H,0),(OH)]*" and [Cr(III)
(Gu)(Asp)(H,0)(OH)]" are significantly more reactive than their conjugated acids.
The value of the intramolecular electron transfer rate constant, k,, for the oxidation of
the [Cr(IIT)(G)(H,0),** (2.73 x 102 s7") is higher than the value of k, (8.72 x 103 s™")
for the oxidation of [Cr(IIT)(Gu)(Asp)(H,0),]*, i.e. [Cr(III)(Gu)(Asp)(H,0),]** is
more stable towards oxidation than [Cr(III)(G)(H,0),]*". This may be due to the fact
that DL-aspartic acid as a secondary ligand makes the ternary complex more stable
towards oxidation by periodate than the binary one.

CONCLUSIONS

The oxidation of [Cr(IIT)(Gu)(Asp)(H,0),]*" by periodate proceeds via an inner-sphere
mechanism. The rate of oxidation increases with increasing of pH. This reaction pro-
ceed through 2-electrons transfer process leading to the formation of chromium(VI).
Secondary ligand makes the ternary complex more stable towards oxidation. The
intramolecular electron transfer step is endothermic as indicated by the positive AH"
value.

REFERENCES

1. A. SITLANI, J. K. BARTON: In: Handbook of Metal-Ligand Interactions of Biological Fluids:
Bioinorganic Chemistry, New York, Vol. 1, 1995, p. 466.
2. D.S. SIGMAN, A. MAZUMDER, D. M. PERRIN: Synthesis, Crystal Structure Magnetic Property
and Oxidative DNA. Chem Rev, 93, 2295 (1993).
3. M. B. DESSI, H. KOZLOWSKI, G. MICERA, M.V. SERRA: [n vitro Interaction of Mutagenic
Chromium(VI) with Red Blood Cells. Febs Lett, 257, 52 (1989).
4. W. W. CLELAND, A. S. MILDVAN: Chromium(IIl) and Cobalt(III) Nucleotides as Biological
Probes. Adv Inorg Biochem, 1, 163 (1979).
5. S.OKADA, M. SUZUKI, H. OHBA: Enhancement of Ribonucleic Acid Synthesis by Chromium(I1I)
in Mouse Liver. J Inorg Biochem, 19, 95 (1983).
6. C.R. KRISHNAMOORTHY, G. M. HARRIS: A Study of the Interaction of Cr(IlI) and Co(I1I) Com-
plex lons with Nucleosides and Their Bases in Aqueous Solution. J Coord Chem, 10, 55 (1980).
7. M. JOSIANE, C. TOLOTI, D. B. CRISITL, Z. A. ELIAS, M. L. SANTOSE: Determination of Glucose
and Fructose in Syrup. Analyt Chim Acta, 531, 279 (2005).
8. D.D. V.SLYKE, A. HILLER, D. A. MACFADYEN, A. B. HASTINGS, F. W. KEMPERER: Oxida-
tion of Alpha-amino Acid by Periodate in Carbonate Medium. J Biol Chem, 133, 287 (1994).
9. D. M. ANNA, D. GABRIELE, O. ARDUINO: Peroxidase-labelling of Human Serum Transferrin
by Conjugation to Oligosaccharide Moieties. Clinica Chimica Acta, 274, 189 (1998).
10. A.LEVINA, R.CODD, C.T. DILLON, P. A. LAY: Chromium in Biology Toxicology and Nutritional
Aspects. Prog Inorg Chem, 51, 145 (2003).

218



11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

A.LEVINA, P. A. LAY: Mechanistic Studies of Relevance to the Biological Activities of Chromium.
Coord Chem Rev, 249, 281 (2005).

B. VINCENT, J. M. LATOUR: Characterization of Chromodulin by X-ray Absorption and Electron
Paramagnetic Resonance Spectroscopies and Magnetic Susceptibility Measurements. J] Am Chem
Soc, 125, 774 (2003).

. A. LEVINA, P. LAY: Chemical Properties and Toxicity of Chromium(III). Chem Res Toxicol, 21,

563 (2008).

D.J. B. GALLIFORD, J. M. OTTAWAY: An Analytical and Kinetic Study of the Periodate Oxida-
tion of Vanadium(IV) in Acidic Medium. Analyst, 91, 415 (1972).

F.R. EI-ZIRI, Y. SULFAB: Oxidation of Hexaaquoiron(II) by Periodate in Aqueous Acidic Solution.
Inorg Chim Acta, 25, 15 (1977).

I. H. ALI, Y. SULFAB: One-step, Two-electron Oxidation of cis-Diaquabis(1,10-phenanthroline)
Chromium(III) to cis-Dioxobis(1,10-phenanthroline)chromium(V) by Periodate in Aqueous Acidic
Solutions. Inter J Chem Kinet, 43, 563 (2011).

H.A. EWALIS, S. M. HASSUN: Kinetics of Periodate Oxidation of a Ternary Nitrilotriacetatocobalt(II)
Complex Involving Maleate Co-ligand. Oxid Coumm, 35, 340 (2012).

E.S.H. KHALED: Kinetics and Mechanism of Oxidation of Binary and Ternary Uridine Chromium
(IIT) Complexes Involving Aspartate by Periodate. Inorg React Mech, 6, 247 (2007).

A. M. ABDEL-HADY: Kinetics and Mechanism of Oxidation of the Chromium(III) Complex of
Aqua 2-amino Pyridine by Periodate. Trans Met Chem, 25, 437 (2000).

A. EWAIS, S. A. AHMED, A. A. ABDEL-KHALEK: Kinetics and Mechanism of Oxidation of
Chromium(III) Complex of Gaunosine by Periodate. Inorg Reac Mech, 5, 125 (2004).
A.A.ABDEL-KHALEK, M. M. ELSEMONGY: Kinetics of the Oxidation of Diaqua(nitrilotriacetato)
chromium(III) by Periodate in Aqueous Solutions. Trans Met Chem, 14, 206 (1989).

H.A. EWAIS, M. A. HABIB, S. A. K. ELROBY: Kinetics and Mechanism of Periodate Oxidation of
Two Ternary Nitrilotriacetatochromium(I1I) Complexs Involving Histidine and Aspartate Co-ligands.
Trans Met Chem, 35, 73 (2010).

A.A.ABDEL-KHALEK, I. M. . ISMAIL M. A. NAGDY, H. A. EWAIS: Kinetics and Mechanism of
Oxidation of N-(2-acetamido)iminodiacetato-cobaltate(II) by Periodate in Presence of Manganese(II)
Catalyst in Acetate and Aqueous Micellar Media. Oxid Commun, 35, 327 (2012).

H. A. EWAIS, M. A. NAGDY, A. A. ABDEL-KHALEK: Electron Transfer Mechanism for the
Oxidation of Ternary N-(2-acetamido)iminodiacetato-cobaltate(Il) Complexes Involving Succinate
and Maleate as a Secondary Ligands by Periodate. Trans Met Chem, 37, 525 (2012).

K. P. MADHUSUDANAN, S. B. KATTI, R. VIJAVALAKSHMI, B. U. NAIR: Chromium(III)
Interactions with Nucleosides and Nucleotides: a Mass Spectrometric Study. J] Mass Spectrum, 34,
880 (1999).

M. C. R. SYMONS: Photodecomposition of Periodate. J Chem Soc, 2794 (1955).

S. H. LAUIRE, J. M. WILLAMS, C. J. NYMAN: Solubility of Tetraphenylarsonium Periodate and
the Equilibria between Periodate Species in Aqueous Solutions. J Phys Chem, 68, 13111 (1964).
M.J. WEAVER, E. L. YEE: Activation Parameters for Homogeneous Outer-sphere Electron-transfer
Reactions. Comparisons between Self-exchange and Cross Reactions Using Marcus’ Theory. Inorg
Chem, 19, 1936 (1980).

1. HADINCE, L. JENOVSKY, A. LINEK, V. SYNECEK: The Structure of Complex of Percuprates.
Naturwiss, 47, 377 (1960)

P. RAY: Sodium and Potassium Nickel (IV) Paraperiodates. Inorg Synth, 5, 201 (1957).

Received 30 August 2013
Revised 15 October 2013

219



