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ABSTRACT. The kinetics and mechanistic steps to the electron transfer reaction of the peroxo-bridged
binuclear cobalt(IIl) complex of succinimide [(suc)(en),Co(O,)Co(en)(suc)*’] hereafter called peroxo-bridged
dicobalt(IIT) complex ‘[Co(O,)Co*']’ by glycine have been carried out spectrophotometrically at A = 420 nm and T
=26+1°C,[H']=1x10°M and u= 0.5 M (NaCl) in aqueous acidic medium. The reaction was found to be first
order with respect to [Co(0,)Co*"] and [(Gly] and experimental data indicates a second-order overall. The
reactions obeyed the general rate law: (d[Co(0,)Co*']/dt) = (a +b)[H'])[Co(0,)Co*"|[Gly]. Varying hydrogen ion
concentration accelerated the reaction rate and shows first-order dependence while the reactions also affected by
changes in the ionic strength of the reaction medium by giving a non-negative salt effect in the course of the
reaction. Free radicals were not detected in the reactions. Spectroscopic investigation and Michaelis-Menten plots
suggest the absence of intermediate complex formation. The experimental result obtained in this system is
concluded in favor of the outer-sphere mechanism.

KEY WORDS: Cobalt(III) complex, Kinetic, Electron transfer, Spectroscopic, Mechanistic steps, Michaelis-
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INTRODUCTION

The inorganic mechanistic study is relevance across coordination chemistry, organometallic
synthetic chemistry, and the biochemical role of metals. The interaction of oxygen with other
atoms and the importance of this in the bridging to other atoms is a concern which investigators
in the structural elucidation of chemical compounds have been dealing with in recent years [1].
Fremy was the first to report dicobalt(IIl) complexes in 1852 and later Werner established the
preparation of a wide range of ammine and ethylenediamine complexes in 1910, with many
bridging groups [1-2]. Many Co(IlI)-dioxygen complexes are formed via the oxidative addition
of oxygen atom (O,) to the corresponding Co(II) precursors [3]. Two oxidation states of dicobalt
complexes with O, bridging ligands are known. These two types can be classified into (i) O,
“superoxo’ and (ii) O,”, peroxo-bridged complexes, respectively [4-5].

The requisite quantity of p-peroxo-bis[aminebis(ethylenediamine)cobalt(IlI)]perchlorate
dehydrate prepared by the solution route method has been reported [6]. Characterization of the
complex was carried out by FT-IR and electronic spectroscopy techniques.

Literature has shown amino acid oxidation by N-bromoacetamide in aqueous acidic medium
where carbonyl compounds were reported as the products obtained from the reaction [6-7]. The
reaction shows first-order in oxidant and amino acid, respectively.

Kinetic of interaction between amino acids such as glycine, DL-alanine and DL-
phenylalanine and cis-bis(malonate)diaquochromate(IIl) has been established in literature
spectrophotometrically as a function of the amino acids [8]. The effect of pH, temperature and
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substrate is also studied and the substrate exists predominately as the diaquospecies and amino
acids as the zwitterions at the experimental condition.

Iron(I1I)-1,10-phenanthroline complex with glycine kinetics and mechanism data studied in
the presence of aqueous perchloric acid medium showed unity order to iron(Ill) and glycine,
respectively [9]. The report indicates that increased concentration of phenanthroline increases
the reaction, while an increase in H™ concentration decreases the rate of the reaction.

Report of the oxidation of glycine by permanganate ion in aqueous phosphate buffers auto
catalyzed by the soluble form of colloidal manganese dioxide as a reaction product has been
established [9, 10]. Both the catalytic and non-catalytic reaction pathways of permanganate were
first order and glycine concentration respectively, however, the catalytic pathway had a kinetic
order of unity for the autocatalytic agent and a non-integral order with glycine.

In spite of the interesting important biochemical features exhibited by glycine and peroxo-
bridged dicobalt(IIl) complex, their kinetics studies have not been reported and this has led to
the neglect in exploring their potential activity. This will rather be a step forward to gain
mechanistic insight into its redox reaction as well in order to add to the already existing body of
knowledge available on this complex.

EXPERIMENTAL

All the reagents used in this work were analytical grade. Peroxo-bridged dicobalt(IIl) complex
was synthesized by adding weighed 2.91 g Co(NO;),6H,O to 20 mL water and 1.0 g
succinimide was added. The reaction mixture was heated to 70 °C using heater magnetic stirrer
and the pH was adjusted to 6 by adding NaHCO; solution. Excess of ethylenediamine about 2
mL was added to the hot solution and stirrer at 70 °C for 30 min [11]. At the end of the reaction
of the peroxo-bridged dicobalt(IIl) complexwith glycine, products formed was characterized by
FT-IR to ascertain the kinds of end products in the course of the reaction as indicated by the
spectral data presented in Table 1.

Titration was carried out using spectrophotometric method to determining the stoichiometry
of the reactants by keeping constant the [Co(O,)Co”] while that of the [Glycine] were varied
[12].

The rates of reactions were studied by observing the decrease in absorbance of [Co(0,)Co™"]
at 420 nm and T = 26 + 1 °C with a photoelectric colorimeter SM202 digital instrument with 3
digit LED, systronic brand and 50 Hz frequency, after having certified that none of the reactants
had any significant absorbance at the said wavelength by running the spectrum of the products
of the reaction. Pseudo-first order conditions were used to investigate kinetic measurement with
[Glycine] in at least 10-folds excess over [Co(0,)Co*"] at constant temperature T = 26 + 1 °C,
ionic strength as well as the hydrogen ion concentrations of the media [12].

Hydrogen ion concentrations ([H']) on the rate of reaction was studied by varying
concentrations of HCl from 1.0 to 1.4 x 10° M for [Gly]/[Co(O,)Co>"] system, while the
concentration of glycine, ionic strength, dicobalt(Ill) complex and temperature were kept
constant [12].

Ionic strength in this system was determined by varying the concentration of inert electrolyte
(sodium chloride) within the range (0.1-1.3) M while maintaining the concentrations of the
oxidant, reductant, and hydrogen ion constant at stated reaction temperature [12, 13].

The added cations (Ca’", Mg”") and anions (HCOO", CH;COO) on the reaction rates was
studied by changing the concentrations of the ions from 30.0 to 130.0 x 10 M with all other
conditions kept constant. The values of the added species-dependent rate constants in
[Gly)/ [Co(0,)Co™] system investigated were recorded.

Intermediate complex formation was examined by making the solutions of the reactant
species mixed and their spectral recorded two minutes after the initiation of the reaction, over a
range of wavelength (380—-660 nm). Also, the Michaelis-Menten least-square plots of 1/k; versus
1/[Gly] was plotted to find out whether there will be positive or zero or negligible intercept in
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the plots. This is to ascertain the absence or presence of intermediates complex formation during
the course of the electron transfer.

RESULTS AND DISCUSSION

The results of the type of products formed as a result of formation of new bands after the
reactions in the system analyzed using FT-IR are shown in Table 1.

Table 1. FT-IR Result of bands formation in [Co(Oz)CoH]—[Gly].

[Co(0,)Co™] | Gly Reaction | Mode Inference
mixture
408.92 | 402.17 v(Co—N) Coordination of N atoms of amino and carbonyl
groups from Gly to Co
440.75 v(Co—N) Coordination of N atoms of amino and carbonyl
groups from Gly to Co
1354.07 1336.71 | 1336.71 | vs.(COO") | Involvement of coordination of carboxylate
groups
1539.25 | »(C=0) Carbonyl groups
1610.61 | 1646.3 C=N Nitrogen atoms from Gly
2181.56 | 2083.19 | v(NH*") str | Coordinated thiocyanato group from Gly
2960.83 2899.11 | 29454 N-H Vibration from Gly
3432.44 3432.44 | v(OH) The presence of lattice water molecules from
DCC

Peroxo-bridged dicobalt(Ill) complex = [Co(0,)Co™], v is stretching vibration mode as represents
asymmetric vibration; vs. represents symmetric vibrations. All vibrations are in cm”.

Stoichiometric studies using the mole ratio method indicate that plots of A, (absorbance at
infinity) versus mole ratio ([Gly]/[Co(Oz)C02+]) had sharp breaks at ratio 1:1 (Figure 1), an
indication that one mole of[Co(0,)Co°*] is being consumed by a mole of glycine investigated as
presented in Equation 1
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Figure 1. Plot of absorbance versus mole ratio for the redox reaction of [Co(0,)Co™] with
glycine at [H]=1x 10°M, p= 0.5 M, [Gly] = (7.0 - 49.0) x 10°M, T=26 % 1 °C,
Amax= 420 nm, [Co(0,)Co™ = 1.4 x 10 M.

[Co(0,)Co>] + [Gly] — Co*" + COO" + other products (1)
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This is similar to the report of the reaction of the peroxo bridged binuclear cobalt(Ill) with L-
cysteine [14-16].

The 90% linearity in the plots of log (A.A,) against time (Figure 2) using least square
means shows that the order for[Co(0,)Co®'] is unity and this is in agreement with already
reported in literature [17]. Rate constants, k;, obtained from the slopes of these plots are
presented in Table 2. Plots of Log k; versus Log [Gly] (Figure 3) give a straight line with a
slope of 0.98, indicate unity order dependence on glycine concentration and second-order
overall (Equation 3).

Time (s)

0 50 100 150 200 250 300
0 L 1 1 1 1 1 J

log(A, A,)
=
[3S)

-0.6 -

Figure 2. Representative pseudo-first order plot in [Co(O,)Co”')/[Gly] system at [H+] = 1.0 x
102 M, [Co(0,)Co*1=1.4x 10* M, [Gly] = 19.6 X 10”° M, A= 420 nm, T = 26 + 1
°C, u,= 0.50 M (NaCl).

The second-order rate constants, k,, was obtained from Equation 2.

__k
[Glycine]

@

This was found to be fairly consistent as indicated in Table 2 and similar to the report of the
established literature [18].

(~d[Co(0,)Co>*V/dt) = ko[ Co(0,)Co> 1/[Gly] 3)

k,

The results of the order with glycine concentration (Figure 3) is in agreement with already
reported hexacyanoferrate(I1l) (abbreviated as HCF) ions oxidation by some amino acids in the
presence of Ir(Ill) catalyst in aqueous alkaline medium at a constant ionic strength of 0.5 M and
temperature 35 °C [19]. In the oxidation of glycine by permanganate ions in aqueous phosphate
buffers first order to glycine has also been reported [20].

The acid dependence rate constants presented in Table 2 suggest that the reaction rate
increases as the [H'] increased. The plots of log k; versus log [H'] for the system gave a slope of
0.78 (Figure 4), showing that the rates are first-order acid-dependent in the reaction.

The dependence of the second-order rate constants on the [H'] for the reactions as presented
in Table 2, with the least square plots of k, versus [H']". The plot is linear with a positive
intercept as shown in Figure 5. The relationship between k, and [H']" can be represented by
Equation 4.

k,=a+b[H'] )

The nature of acid dependence depicts that there are two terms in the rate equations: one being
direct dependence on hydrogen ion concentration and the other independence of hydrogen ion
concentration.
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Table 2. First and second order rate constant for the redox reaction of ~ glysine by [Co(O,)Co'] in aqueous

HCI medium at T =26 £ 1°C, u=0.50 M (NaCl), [Co(0)C0>"] = 1.4 x 10* M, Apay= 420 nm.

10° [Glysine] 10°[HT] 10[u] 10°k, (s7) k(M 'sT)
2.8 1.0 5.0 6.10 2.18
5.6 1.0 5.0 12.15 2.17
8.4 1.0 5.0 18.39 2.19
11.2 1.0 5.0 24.08 2.15
14.0 1.0 5.0 30.52 2.18
16.8 1.0 5.0 36.28 2.16
19.6 1.0 5.0 42.14 2.15
16.8 0.2 5.0 14.11 0.84
16.8 0.4 5.0 21.33 1.27
16.8 0.6 5.0 26.20 1.56
16.8 0.8 5.0 3225 1.92
16.8 1.0 5.0 36.28 2.16
16.8 12 5.0 50.06 2.98
16.8 1.4 5.0 57.45 3.42
16.8 1.0 1.0 17.30 1.03
16.8 1.0 3.0 23.01 1.37
16.8 1.0 5.0 36.28 2.16
16.8 1.0 7.0 37.46 223
16.8 1.0 9.0 39.81 2.37
16.8 1.0 1.1 48.55 2.89
16.8 1.0 1.3 52.58 3.13
Log [Gly]
-2.65 245 225 -2.05 -1.85 -1.65

L 1 1 1 1 _125

-1.45
y=10.989x + 0.315 165
R2=0.999 2
-1.85 3

-2.05

225

245

Figure 3. Log k; against log [Gly] in the reaction of [Co(Oz)C02+] and glycine at [H'] = 1.0 x 10’
M, n=0.5M, [Gly] = (2.8-19.6) x 10° M, T =26+ 1 °C, A = 420 nm, [Co(0,)Co*']

=14x10"M.
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Figure 4. Log k; against Log [H'] for the reaction of [Co(O,)Co’'] and glycine at [H'] = (0.2 —
1.4)x 10° M, p=0.5 M, [Gly] = 16.8 x 10° M, T =26.0 = 1 °C and A, = 420 nm,
[Co(0,)Co™1=1.4x 10" M.
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Figure 5.k, against [H'] for the reaction of [Co(O,)Co”] and glycine at [H]= (0.2 — 1.4) x 107
M, [Co(0,)Co™ =14 x 10* M, p=0.5 mol dm>, [Gly] =16.8 x 10° M, T=26.0 +
1 °C and Apay = 420 nm.

The generalized rate equation for the reactions can therefore be presented as Equation 5.
(=d[Co(0,)Co™ J/dt) = (a+b)[H][Co(O,)Co* J[Gly] (6]

The effect of changes in ionic strength (i) on the rate of reaction was investigated in the range
(1.0-1.3) x 10" M sodium chloride for the glycine and the [Co(0O,)Co>"] while others reactant
were kept constant as shown in Table 2. The rate constant (k,) was found to increase with an
increase in the ionic strength (i) in this system that is as [pu] is increases k, also increases. Plots
of log k, versus \pu for this system is linear, with a positive slope (Figure 6). This positive slope
shows that same charges occur at the rate-determining step in the course of reaction as
postulated by Bronsted-Debye [21].
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The results of the effect of ions indicate that the presence of Ca’", Mg”", HCOO and
CH;COO' as shown in Table 3 and 4, altered the rate of [Gly]/[Co(O,)Co*Isystem investigated.
Enhancement of rate constants or the increase in the rate constants by the added anions and
inhibition or decrease in rate constants by cations is suggestive of the fact that since the charges
at the activated complex is positive. The addition of cations would lead to repulsion thereby
inhibiting the rates, while the added anions would lead to attraction and consequent increase in
the rate constant.

The results of the spectroscopic studies showed no shift from the characteristic absorption
maxima for the mixtures, evidence of the outer-sphere mechanism. The Michaelis-Menten least-
square plots of 1/k;versus 1/[Gly] for the system is linear with zero intercepts (Figure 7) [22].
This indicates the probable absence of intermediates complex formation with an appreciable
equilibrium constant during the course of the electron transfer.

0.6

05 - y=0.585x - 0.154
2=

04 - R>=0.956

0.3 o

Logk,

0.2
0.1
0

0.3 0.5 0.7 0.9 1.1 13
[

Figure 6. Log k, against Y for the reaction of [Co(0,)Co°'] and glycine at [H'] = 1.0 x 107 M,
[Co(0,)Co™1=1.4%x 10" M, p=(1.0-1.3) x 10" M, [Gly] =19.6 x 10° M, T=26.0 +
1°C and A = 420 nm

Table 3. Rate constants by cations between the[Co(Oz)C02+],G1ycine system at u = 0.5 M (sodium
chloride), T =26+ 1°C, [Gly] = 16.8 x 10°M, [Co(0,)C0o*] = 1.4 x 10 M, Amax = 420 nm
and [H']= 1.0 x 10° M.

10%[Ca”"] 10°k; (sT) ko MTsT)
0.0 36.28 2.16
3.0 34.10 2.03
5.0 32.76 1.95
7.0 28.05 1.67
9.0 23.18 1.38
11.0 21.67 1.29
13.0 18.64 1.11
10% [Mg2+]
0.0 36.28 2.16
3.0 32.08 1.91
5.0 29.90 1.78
7.0 26.20 1.56
9.0 27.04 1.61
11.0 24.02 1.43
13.0 20.32 1.21
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Table 4. Rate constants by anions between the [Co(0,)Co’'] - glycine system at p = 0.5 M (sodium

chloride), T = 26 + 1°C, [Gly] =16.8 x 107 M,

and [H']= 1.0 x 10° M.

[Co(0)C0™] = 1.4 x 10* M Ay = 420 nm

10°[HCOO] 10°k, (s k, MTsT)
0.0 36.28 2.16
3.0 38.30 228
5.0 39.64 236
7.0 4132 2.46
9.0 4418 2.63
11.0 46.36 2.76
13.0 47.71 2.84
10%[CH;CO0
0.0 36.28 2.16
3.0 39.14 2.33
5.0 42.00 2.50
7.0 46.36 2.76
9.0 49.89 2.97
11.0 51.74 3.08
13.0 52.92 3.15
200
150
5 100
= 50
0 = T T T T T "
0 50 100 150 200 300 350 400
1/[Gly])

Figure 7. Plot of 1/k; (s) versus 1/[Glycine] for the reaction of [Co(O,)Co”'] and glycine at [H']
=1.0 x 10°M, [Co(0,)Co* =14 x 10*M, p=0.5M, [Gly] =(2.8-19.6) x 10 M,
T=26+1°CandA=420 nm.

Based on the results obtained in this study, plausible mechanism is proposed as:

[Gly] + [H'] ®HGly"

[Co(0,)Co™ ] + [HGl'] 2 [Co(0,)Co’", HGIy]*"

[Co(0,)Co™", HGIy]*™ — Products

[Co(0)Co™ ] + [Gly] @ [Co(0:)Co™, Gly]

[Co(0,)Co’", Gly] — Products

Rate = k; [Co(0,)Co>", HGIy]>* + ks[Co(0,)Co’", Gly]

From equaion 8 and 10

K, (6)
Ky (7)
ks (8)
Ky 9)
ks (10)

(11)
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[Co(0,)Co™", HGIy]*" = K,[Co(0,)Co™"] [HGIY'] (12)
[Co(0,)Co™", Gly] = K,[Co(0,)Co”"] [Gly] (13)
Substituting equation 12 and 13 into equation 11 gives
Rate = K>k;[Co(0,)Co™] [HGIy] + K ks[Co(0,)Co”™ ] [Gly] (14)
From equation 6
[HGly+] = K,[Gly] [H+] (15)
Substituting equation 15 into equation 14 gives
Rate=K K J;[Co(0,)Co™ |[GIY][H1+K & [Co(0,)Co™ |[Gly] (16)
where [Gly] = Glycine.

The equation 16 is in agreement with equation 5.

CONCLUSION

The kinetics and mechanistic steps to the electron transfer reaction of peroxo-bridged binuclear
cobalt(Ill) complex of succinimide have been studied in aqueous acidic media
spectrophotometrically at A = 420 nm. The reaction was found to be first order with both the
[Co(Oz)Coy] and [Glycine] and second-order overall. A positive Bronsted-Debye salt effect
was found in the course of the reaction. Michealis-Menten plots with zero intercept showed no
evidence of intermediate complex formation and the spectroscopic test indicates no shift in the
wavelength absorption in the course of the reaction. Experimental data obtained in this study is
in favor of outer-sphere plausible mechanistic pathways.
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