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Abstract: The kinetics of oxidation of diethylene glycol by ditelluratoargentate (111) in alkaline medium has
been studied by using spectrophotometer in the temperatures of 298.2K-318.2K. All data was obtained in the
pseudo-first order reaction. The reaction rate showed a first-order for [diethylene glycol]. The observed rates
constants (ko) increased with increasing [reductant] and [OH], but ke, decreased with the increase of [TeO,*
1. In addition, there is a negative salt effect on the reaction of [diethylene glycol]. A plausible mechanism
involving a slow reaction as the rate-controlled step is proposed and the rate equations derived from the
mechanism can explain all the experimental results. Thus, the activation parameters at 298.2K were calculated.
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1. INTRODUCTION

Since the early 20th century, people have found the presence of the highest oxidation state of
transition metals, many scholars, at home and abroad, made the subject of study in different extent.
The highest oxidation state of transition metals often chelated with other polydentate ligand to form a
new substance, that is Transition metal chelate complexes, such as diperiodatoargentate (I11) [1],
ditellurat- oargentate (111) [2], ditelluratocurprate(lll) [3] and diperiodatonickelate(IV) [4]. They are
good oxidants in a medium with an approprate PH. This property that have high oxidability in
appropriate condition, which provide a good oxidant for analysis, biology and life science research.

The pure natural mineral silver ion have recognized as one of the most safety, efficient, environme-
ntally antibacterial material by the international. The valence of silver effect the bactericidal activity
of it, the relative ability of sterilization of Ag (I11) is high. The oxidation of some organic compounds
and some in lower oxidation state metals by Ag(lll) has been reported. Ag (I11) complexes as an
efficient disinfectant, can be used to disinfect the pool water. Ag (llI) can oxidate some special
biological molecules and drugs [5-7], this because Ag (lII) complexes is very stable.
Ditelluratoargentate (I11) can used to oxidate some organic that have simple radical [8] and some
lower valence metals [9]. But the reaction system is complex and the Ag (I11) as the oxidation which
in the highest valence, so if we want to understand the reaction, further research is needed, trying to
make a reasonable explanation to the reaction mechanism.

Diethylene glycol is an important organic compound, In industry, it mainly used for dissolve some
organic polymer compounds, such as nitrocellulose, rubber, resin, grease, paint, medicine and so on.
In addition, it also can used for resin plasticizers, tobacco anti-dry agent, fiber lubricants and natural
gas desiccant.

To understand more about the oxidation reaction by DTA and in order to explore the mechanism of
oxidation by Ag (Ill) in alkaline medium, we have selected Diethylene glycol as a substrate for
oxidation. This paper deals with the title reaction to investigate the redox chemistry of Ag (I11) and to
arrive at a plausible mechanism.

2. EXPERIMENTAL
2.1. Material

All chemicals used were of A.R. reagent grade. Doubly distilled water was prepared and used for all
the solutions. The ditelluratoargentate (I111) (DTA) crystals were synthesised [10] via oxidising Ag (1)
in alkaline medium and modified by the reported method earlier [10]. Then the product detected by
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UV/vis spectrum, and the absorption spectrum of ditelluratoargentate (I111) complex showed an
absorption maximum at 345 nm. KOH and KNO; were employed to maintain a state that the
alkalinity and ionic strength in a steady in reaction solutions, respectively. The ditelluratoargentate
(1) (DTA) must prepare again before using with double-distilled water.

2.2. Methods

kinetics measurements were performed under pseudo-first order conditions. The reaction contain two
major substances, that is the ditelluratoargentate (111) serve as oxidizing agent and the alcohol serve as
reductant, and in the ditelluratoargentate (111) added required quantities of OH", TeO,”, KNOs. The
ionic strength was controlled by KNO; solution and the pH was maintained by KOH solution. The
ditelluratoargentate (I11) and diethylene glycol were transferred separately to the upper and lower
branch tubes of a A-type two-cell reactor. Then blending the two reactant, put in a cuvette, detect with
a UV-vis. The obtained absorption spectra of the ditelluratoargentate (I111) well agree with the reported
[10]. The first peak is observed at 345 nm and the second at 265 nm for the ditelluratoargentate (l11),
respectively. The concentration of ditelluratoargentate (111) has an absorption peak at 345 nm.

The kinetic measurements were carried on a UV-vis. spectrophotometer (TU-1950, Beijing Puxi Inc.,
China), which had a cell holder kept at constant temperature (£0.1°C) by circulating water from a
thermostat (DC-2006, Baoding, China). None of other species absorbed significantly at this
wavelength.

2.3.Product Analysis

When the colour of ditelluratoargentate (I11) completely fading that marked the reaction proceed
completed. The main product of oxidation was identified as the corresponding aldehyde by its spot
test [11].

3. RESULTS AND DISCUSSION

Under the conditions of [reductant]0 >> [Ag(I11)]0 , the plots of In(At-Ac) versus time were straight
lines, showing that the reaction to DTA is first order, where At is the absorbance at time t and Ao is
at time infinite. The pseudo-first-order rate constants kops were calculated by the method of least-
squares (r > 0.999). The kqps Values were caculated in an average method that on the basis of at least
three parallel experiments, and reproducibility was within £5%.

3.1. The Effect of [reductant] on the Reaction Rates

In the temperature range of 298.2K-318.2K, The value of [DTA], [OH], [TeO.*] and p remain
constant, the [Diethylene alcohol] was varied from 0.01 to 0.05mol<L-1 at different temperatures.
Methods the quantity effectiveness graph of [reductant] as abscissa, ks as ordinate. The diagram
shows Kqs increased with the increase of reductant concentration and plots of Kqys versus [reductant]
were straight lines passing through the origin (Fig.1). In addition, according to the slopes of five plots
that the plots is Inkq,s Versus In[reductant] showing that the reaction was first order.
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Figl. Plots of ky,s versus [diethylene glycol] at diffirent temperatures

[DTA(I11)]=3.61x10-4mol=L-1, [OH]=1.00%10-2molL-1, [TeO,>1=1.00x10-3 mol-L-1, 1=3.80x10-2mol-L-
1, 7>0.999.
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3.2. The Effect of [OH-] on the Reaction Rates

At constant [DTA], [reductant], [TeO,*] and p, [OH] was varied in the range of 5 to 25x10-3 molsL-
1. Methods the quantity effectiveness graph of 1/[OH] as abscissa, 1/kqs as ordinate. The plots of
1/kqps Versus 1/[OH] proved to be straight lines with a positive intercept, and the Ko increased with
the increased of [OH] in the temperature ranged from 298.2K-318.2K..
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Fig2. Plots of 1/k.ps versus [OH-] at diffirent temperatures

[DTA(I11)]=3.61%x10-4mol-L-1, [Diethylene glycol]=3.00%10-2mol-L-1,
[TeO,*]=1.00%10-3 mol+L-1, 1=3.80x10-2mol*L-1, r>0.999.
3.3. The Effect of [TeO42-] on the Reaction Rates

In the temperature range of 298.2K-318.2K, make the value of [DTC], [OHT], [reductant], and W is
certain, [TeO,”] was varied in the range of 0.50 to 2.50x10-3 molsL-1. Methods the quantity
effectiveness graph of 10[TeO,*] as abscissa, 1/kqs as ordinate. The plots of 1/kqps Versus [TeO4*]
were straight lines with positive intercept . The experimental results showed that kops decreased with

increased of [TeO,?]. So there is an inverse relationship between kqys and [TeO,*] (Fig. 3).
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ots of 1/kys versus 10[TeO4*] at diffirent temperatures

[DTA(I11)]=3.61x10-4molL-1, [Diethylene glycol]=3.00%10-2mol-L-1,
[OH]=1.00%10-2mol-L-1, 1=3.80%10-2mol-L-1, r>0.999.
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3.4. The Effect of lonic Strength on the Reaction Rates

In 308.2K, make the concentration of [DTA], [reductant], [OH], [TeO,*] at constant. The ionic
strength was varied from 1.50 to 7.50x10-2 mol-L-1. It was found a negative salt effect in the
oxidation of Diethylene glycol, thus indicating that ks decreased with the ionic strength [12]

Tablel. The diffirent ks in the 308.2K. [DTC(111)]=3.61%10-4mol-L-1
[Diethylene glycol]=3.00x10-3mol+L-1, [OH]=1.00x10-2molsL-1. [Te0,*]=1.00x10-3 mol-L-1

ux10°/mol.L? 1.50 3.00 450 6.00 7.50
10°Kgps/s ™ 4.67 3.90 3.70 3.40 3.08

3.5. Reaction Mechanism

In an alkaline medium, the electric dissociation equilibrium of telluric acid was given earlier [13]
(pKw=14).

H,TeO,+OH ¢ H,TeO ,“+H,O 1gB,=3.049 (1)

H,TeO,”+OH C H,TeO /" +H,O 1gB,=-1.00 (2)

2

The distribution of all species of telluride in aqueous alkaline solution can be calculated from
equations (1)-(2). In alkaline medium we assume that [OH]=1.00x10-2mol<L-1, then [H,TeOg*]:[
HsTeOs]: [HaTeOs] % =1000:89:1, so in the alkaline solution, the [HsTeOg] and [H3TeOg] s species
can be neglected, and the main species of telluride is H,TeO¢>. Based on such distribution and Rao
argument [14], the formula of DTA may be represented by [Ag (H4TeOg),]".

Based on the experimental results and discussion, the two plausible mechanisms were proposed as
follows:

(R stands for Diethylene glycol)

k

[Ag(HATeoe)z]' +H C [Ag(H,TeO,)]+H 4Teoez’ +H,0 3
[Ag(H,TeO,)]+ reductant —SIZT> Ag (1)+Products+HiTeOs" 4

The reaction (4) was the rate-determining step, so the rate law of the reaction was derived as follows:

-d[Ag(l)]/dt = k[Ag(HsTeOs)][reductant] (5)

where Ag (Ill), stands for any kind of which Ag® existing in equilibria (3) and (4), so
[Ag(lI)]t=[Ag(HsTeOs)2] +[Ag(H3TeOs)] (6)

According to the equilibrium reaction (3)

B [HaTeOs* ]J[Ag(HsTeOs)]
[OH 1[Ag(H:Te06):] )

1

Based of the equation (6) and (7), obtain

Kj[OH 1[Ag(I1D]:

[Ag(HsTeOs)] = .
Ki{OH ]+ [HsTeOs ] (8)

Substituting the value of [Ag(HsTeOg)] into equation (5) we get equation

kK1R]J[OH]
-d[Ag(lIN]ddt = - o [Ag(11)]t = Kovs[Ag(111)]¢
KiOH ]+[HsTeOs ] (9)

KK [RJ[OH ]
KiOH ]+ [HsTeOs"] (10)

kobs =
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Re-arranging equation (10) leads to equation (11)

keos K[R]  KK:iR] [OH] (12)

1 1 [H:TeOs ] 1
+

From equation (9) can be know the reaction was first order for reductant or Ag(Ill). The plots Kgps
versus [reductant] was straight lines passing through the origin at different temperatures. Equation
(11) suggest that the plots of 1/Kqys versus 1/[OH] and 1/kess vs [HsTeOg>] were also straight lines, in
addition, kops decreased with the increase of [H4TeOg”] and increased with the increase of [OHT.
Based on (11), according to intercept, the kqps can obtained, Using the transition-state theory, the
activation energy and the thermodynamic parameters were evaluated at 298.2 K by the method given
earlier [15] (Table2).

Table2. Rate constants of k and thermodynamic activation parameters of the rate-controlling step

The plots of Ink versus 1/T have the following intercept (a), slope (b) and relative coefficient (r): a=20.82, b=-
6963.83, r=0.998.

T(K) 298.2 303.2 308.2 313.2 318.2
k-10°(mol™-L-s7) 11.51 16.45 25.01 34.35 47.02
Thermodynamic activation Ea/(kJ-mol™)=57.90,AH/(kJ-mol*)=55.42,
parameters (298.2K) AS*1(J-K*-mol™)=-80.25

4. CONCLUSION

Form the former discussed above the expermental, the rate constants and activation parameters for the
reaction have draw. This reaction was assumed under pseudo-first order conditions, the experimental
results showed that ks decreased with increased of [TeO42'] and the kg, increased with the increased
of [OH, this results consist with the mechanisms we discussed in the former. Through a equilibrium
and a slow way reaction, the Ag (I11) become Ag(l) by the removal of two electronics. In addition,
there is an obvious negative salt effect in the oxidation of diethylene glycol, which because of the rate
of the reaction markedly influenced by the migration rate of activated complex. The migration rate
markedly decreases with the increase of the steric hindrance from the substituent of alcohol and the
influence of space steric to it is obvious. The ‘ion atmosphere’ can be contain the effects between ions
of the reaction and the migration rate of activated complex. So the rate of diethylene glycol affected
by ionic strength is obviously and the Kqps become lower because the exist of the ‘ion atmosphere’.
The mechanisms described are consistent with experiment results and kinetic results.
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