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Abstract
In the temperature range of 288.2K-308.2K, the oxidation reaction of N-methyldi ethanlamine and N,Ndimethyl ethanolamine with ditelluratoargentate (III)(DTA) in alkaline medium has been studied
spectrophotometrically. The reaction rate showed fraction order in N-methyldiethanolamine and N,Ndimethyl ethanolamine. With the increase of [reductant] and [OH-], the rate constant kobs increased, but
kobs decreased with the increase of [TeO42-]. It was clear that the rate of N-methyldiethanolamine is higher
than that of N,N-dimethyl ethanolamine. In addition, there is a negative salt effect on the reaction of
N,N-dimethyl ethanolamine and N-methyldiethanolamine, the influence of salt effect is not very obvious.
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 (III) [1], ditelluratoargentate(III) [2], ditelluratocurprate(III) [3] and
diperiodatonickelate (III) [4] .
The pure natural mineral silver ion has been recognised as one of the most safety, efficient,
environmentally friendly antibacterial material by the international community. The valence of
silver affects the bactericidal activity, the relative ability of sterilisation is as follows: Ag
(Ⅲ)>Ag(Ⅱ)>Ag(Ⅰ)>Ag. The oxidation of some organic compounds and some in lower
valence metals by Ag (Ⅲ) has been reported. Ag (Ⅲ) complexes as an efficient disinfectant,
can be used to disinfect the pool water. Ag(Ⅲ) complexes as oxidant is very stable, so Ag(Ⅲ)
can be used to oxidise some special biological molecules and drugs [5, 7],
Ditelluratoargentate(Ⅲ) can used to oxidaise some organic that have simple radical [8] and
some lower valence metals [9]. But the reaction system containing Ag (Ⅲ) as oxidant is
complex, so if we want to understand the reaction, further research is needed.
N-methyldiethanolamine and N,N-dimethyl ethanolamine are important intermediates in
organic synthesis. N-methyldiethanolamine is a new kind of selective desulphurization and
decarburizing solvent, which has the advantages of high selectivity, low solvent consumption,
significant energy saving and not easy to degrade. It is widely used in oil field gas and coal gas
desulfurization and acid gas absorbing agent, acid alkali control agent, polyurethane foam
catalyst. In recent years, the absorption of carbon dioxide in the flue gas has been gradually
use it. In addition, semi-finished MDEA additives products can be used as a pesticide,
emulsifier, fabric, antitumor drug intermediates and fiber additives, etc., at the same time, it is
also a kind of paint drying agent. N,N-dimethyl ethanolamine as a catalyst can catalyze the
reaction of aqueous epoxy groups, it also is the curing catalysts for polyurethane hot melt
adhesives and catalysts for chelating reaction of resins with activated magnesia, in low
temperature it can serve as curing accelerators for epoxy resins and polyurethane foams.
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It is also used as neutralizing agent for water phase epoxy
resin emulsion and waterborne polyurethane adhesive. In this
paper, the kinetics mechanism of the oxidation of N-methyldi
ethanolamine
and
N,N-dimethyl
ethanolamine
by
ditelluratoargentate (III) (DTA) is reported.

and 2). In addition, a linear dependence was observed as
fractional order term with reductant.

2. Experimental
2.1 Materials
All chemicals used were of A.R. reagent grade. Doubly
distilled water was prepared and used for all the solutions.
The ditelluratoargentate(III) (DTA) crystals were synthesised
via oxidising Ag (I) in alkaline medium and modified by the
reported method earlier [10]. The product detected by UV/vis
spectrum, and the absorption spectrum of ditelluratoargentate
(III) complex showed an absorption maximum at 346 nm.
KOH and KNO3 were employed to regulate the alkalinity and
ionic strength, thus creating a stable environment. The
ditelluratoargentate (III) must be prepared again before using
with doubly distilled water.

Fig 1: Plots of [N-methyldi ethanolamine]/kobs versus [N-methyldi
ethanolamine].
[DTA] = 7.15 × 10-4 mol·L-1; [TeO42-] = 0.01 mol·L-1; [OH-] = 1.00 ×
10-2 mol·L-1; µ = 8.50 × 10-2 mol·L-1(r ≥ 0.998)

2.2 Kinetics measurements and apparatus
All kinetics measurements were performed under pseudo-first
order conditions. The reaction contains two major substances,
that is the ditelluratoargentate (III) serving as oxidant and the
alcohol as reductant. In the oxidant ditelluratoargentate (III)
added KOH, K2TeO4, KNO3. The ionic strength was
controlled by KNO3 solution and the pH was maintained by
KOH solution. The obtained absorption spectra of
ditelluratoargentate (III) well agree with the reported ones [10].
The first peak is observed at 346 nm and the second at 265
nm for the ditelluratoargentate (III), respectively. The
concentration of ditelluratoargentate (III) has an absorption
peak at 346 nm. None of other species absorbed significantly
at this wavelength. The kinetic measurements were carried on
a SFM-2000 spectrophotometer (Bio-Logic, France), which
had a cell holder kept at constant temperature (±0.1ºC) by
circulating water from a thermostat (DC-2006, Baoding,
China).

Fig 2: Plots of [N,N-dimethyl ethanolamine] /kobs versus [N,Ndimethyl ethanolamine].
[DTA] = 7.15 × 10-4 mol·l-1; [TeO42-] = 0.01mol·l-1; [OH-] = 1.00 ×
10-2 mol·l-1; µ = 8.50 × 10-2 mol·l-1 (r ≥ 0.998)

3.2 Rate dependence on [OH-]
At constant [DTA], [reductant], [TeO42-] and µ, [OH-] was
varied in the range from 5 to 25 × 10-3 moll·-1. Make the
1/[OH] as abscissa, 1/kobs as ordinate. The plots of 1/kobs
versus 1/[OH-] proved to be straight lines with a positive
intercept, and kobs increased with the increased of [OH-] (Figs
3 and 4).

2.3 Product Analysis
When completely fading of the ditelluratoargentate (III)
colour marked the reaction proceeded completely. The main
product of oxidation was identified as the corresponding
aldehyde by spot test [11].
3. Results and Discussion
Under the conditions of [reductant]0 >> [Ag(III)]0 , the plots
of ln (At-A∞) versus time were straight lines, showing that the
reaction to DTA is first order, where At is the absorbance at
time t and A∞ at time infinite. The pseudo-first order rate
constants kobs were calculated by the method of least squares
(r ≥ 0.998). The kobs values were calculated by an average
method on the basis of at least three parallel experiments, and
reproducibility was within ±5%.
3.1 Rate dependence on the [reductant]
In the temperature range of 283.2-308.2 K, the values of
[DTA], [OH-], [TeO42-] and μ remain constant, the [Nmethyldi ethanolamine] and [N,N-dimethyl ethanolamine]
varied from 0.005 to 0.025 mol·l-1 at different temperatures.
Make the [reductant] as abscissa, [reductant]/kobs as ordinate.
The diagram shows that kobs increased with the increase of
reductant concentration and the plots of [reductant]/kobs versus
[reductant] were straight lines with a positive intercept (Figs 1

Fig 3: Plots of 1/kobs versus 1/ [OH-] at different temperatures
[DTA] = 7.15 × 10-4 mol·l-1; [TeO42-] = 0.01mol·l-1; µ = 8.50 × 10-2
mol·l-1; [N-methyldiethanolamine] = 0.15 mol·l-1(r ≥ 0.998)
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3.4 Rate dependence on µ
At 298.2 K, and constant concentrations of [DTA],
[reductant], [OH-], [TeO42-], the ionic strength was varied
from 50 to 150×10-3 mol·l-1. It was found a negative salt
effect in the oxidation of N-methyldiethanolamine and N,Ndimethyl ethanolamine, thus indicating that kobs decreased
with the ionic strength [12]. However, the kobs of reductant did
not change significantly, this indicated the Ionic strength [13]
have nothing influence to the kobs of reductant (Table1).
Table 1: Influence of variation of ionic strength µ at 298.2 K.
μ×103 (mol· l-1)
50 75 100 125 150
N-methyldiethanolamine 3.14 3.08 2.87 2.76 2.56
-1
kobs ×10 /s
N,N-dimethyl ethanolamine 3.10 3.03 2.83 2.57 2.49
[DTA] = 7.15 × 10-4 mol·l-1; [OH-] = 1.00 × 10-2 mol·l-1; [TeO42-] =
0.01 mol·l-1; [N-methyldi ethanolamine] = 0.15 mol·l-1; [N,Ndimethyl ethanolamine] = 0.15 mol·l-1.

Fig 4: Plots of 1/kobs versus 1/[OH-] at different temperatures
[DTA] = 7.15 × 10-4 mol·l-1; [TeO42-] =0.01mol·l-1; µ = 8.50×10-2
mol·l-1; [N,N-dimethyl ethanolamine] = 0.15 mol·l-1(r ≥ 0.998)

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

3.3 Rate dependence on [TeO42-]
In the temperature range of 288.2-308.2K, ant constant
concentrations of [DTA], [OH-], [reductant] and µ, [TeO42-]
was varied in the range from 0.005 to 0.025 mol·l-1. Make the
[TeO42-] as abscissa, 1/kobs as ordinate. The plots of 1/kobs
versus [TeO42-] were straight lines with positive intercept. The
experimental results showed that kobs decreased with increase
of [TeO42-]. So there is an inverse relationship between kobs
and [TeO42-] (Figs 5 and 6).

H5TeO6- +OH-

H4TeO62- +H2O

H4TeO6 2- +OH-

H3TeO63- +H2O

lgβ1=3.049 (1)
lgβ2=-1.00 (2)

The distribution of all species of telluride in aqueous alkaline
solution can be calculated from equations (1) and (2). In
alkaline medium we assume that [OH-] = 1.00 × 10-2 mol l-1,
then [H4TeO62-]:[H5TeO6-]:[H3TeO63-] = 1000:89:1, so in the
alkaline solution, the H5TeO6- and H3TeO63- species can be
neglected, and the main species of telluride is H4TeO62-.
Based on such distribution and the Rao argument [14], the
formula of DTA may be represented by [Ag (H4TeO6)2]-.
Based on the experimental results and discussion, the three
plausible mechanisms were proposed as follows: (R stands for
N-methyldiethanolamine and N,N-dimethyl ethanolamine)

Ag(H4TeO6 )2 

-

 OH  H2O

Ag(H3TeO6 )(H2O)2  H4TeO62

K1

(3)
Fig 5: Plots of 1/kobs versus [TeO42-] at different temperatures
[DTA] = 7.15 × 10-4 mol·l-1; [OH-] = 1.00 × 10-2 mol·l-1; µ = 8.50 ×
10-2 mol·l-1; [N-methyldi ethanolamine] = 0.15 mol·l-1 (r ≥ 0.998)

 Ag(H3TeO6 )(H2O)2  [reductant]

K2

Ag(H3TeO6 )(reductant)  2H2O

(4)
k
 Ag  I  +Products+H4TeO6
Ag(H3TeO6 )(reductant) 
slow

2

(5)
Reaction (5) was the rate-determining step, the rate law of the
reaction was derived as follows:

-d[Ag(III)]t/dt  k[Ag(H3TeO6)(reductant)] (6)
Where Ag (III)t stands for any kind of Ag(III)existing in
equilibria (3) (4)and (5), so
[Ag(III)]t  [Ag(H4TeO6)2]  [Ag(H3TeO6)(H2O)]  [Ag(H3TeO6)(reductant)]

(7)

Fig 6: Plots of 1/kobs versus [TeO42-] at different temperatures
[DTA] = 7.15 × 10-4 mol·l-1; [OH-] = 1.00 × 10-2 mol·l-1; µ = 8.50 ×
10-2 mol·l-1; [N,N-dimethyl ethanolamine] = 0.15 mol·l-1(r ≥ 0.998)

According to the equilibrium reaction (3) and (4):
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K2 

[Ag(H3TeO6)(reductant)]
[Ag(H3TeO6)(H2O)][reductant]

[Ag(H3TeO6)(reductant)]
K2 
[Ag(H3TeO6)(H2O)][reductant]

(8)

Re-arranging equation (12) leads to equation (13) and (14):

(9)

[R] [R] [H4TeO6 2- ]+K 1[OH- ]
=
+
kobs k
kK 1K 2[OH- ]

(13)

1 1+K 2[R] [H4TeO6 2- ] 1
=
+
kobs kK 2[R] kK 1K 2[R] [OH - ]

(14)

Based of equations of (7) (8) and (9), obtain: (Reductant)

[Ag(H3TeO6)(R)] 

K 1K 2[OH- ][R]
K 1K 2[OH ][R]  K 1[OH- ]  [H4TeO6 2- ]

It is evident from equation (11) that the reaction was fraction
order for reductant and first order for Ag (Ⅲ). The plots of
kobs/ [reductant] versus [reductant] were straight lines that
have a positive intercept at different temperatures. Equation
(14) suggest that the plots of 1/kobs versus 1/[OH-] and 1/kobs
versus [H4TeO62-] were also straight lines, in addition, kobs
decreased with the increase of [H4TeO62-] and increased with
the increase of [OH-]. Based on equation (13), according to
the alue of the intercept, kobs 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).

-

(10)
Substituting the value of [Ag(H3TeO6)(R)] into equation (6)
we get the following equation:
-d[Ag(III)]t/dt 

kK 1K 2[R][OH- ]
[Ag(III)]t  kobs[Ag(III)]t
K 1K 2[R][OH- ]  K 1[OH- ]  [H4TeO6 2- ]

(11)

kobs 

kK 1K 2[R][OH - ]
(12)
K 1K 2[R][OH - ]  K 1[OH - ]  [H4TeO6 2- ]

Table 2: Rate constants (k) and activation parameters for the rate-determining step at 298.2 K.
T (K)
k ( s-1)

N-methyldiethanolamine
T (K)

k × 10 ( s-1)

N,N-dimethyl ethanolamine
N-methyldi ethanolamine

Thermodynamic activation parameters
N,N-dimethyl ethanolamine

The plots of lnk versus 1/T have the following intercepts (a),
slope (b) and relative coefficient (r):
For N-methyldiethanolamine: a = 7.90, b = -2206.54, r =
0.998, and for N,N-dimethyl ethanolamine:
a = 16.70, b = -5159.96, r = 0.998.

283.2
288.2
293.2
298.2
303.2
1.10
1.29
1.48
1.65
1.90
288.2
293.2
298.2
303.2
308.2
2.91
4.18
5.68
7.23
9.63
Ea (kJ mol-1) = 18.35, ΔH≠ (kJ mol-1)= 15.87,
ΔS≠ (J K-1 mol-1)= -187.59
Ea (kJ mol-1) = 42.90, ΔH≠ (kJ mol-1)= 40.42,
ΔS≠ (J K-1 mol-1)= -114.43

migration rate of activated complex become lower. The rate
of the reaction is in inverse proportion to ionic strength. The
mechanisms described are consistent with experiment results
and kinetic results.
6. References
1. Jinhuan S, Shengmin L, Shuying H, Shigang S, Hanwen
S. Kinetics and Mechanism of Oxidation of some Diols
by Dihydroxydiperiodatoargentate(III) in Alkaline
Medium. Chinese Journal of Chemistry, 2006; 24:478480.
2. Jinhuan S, Caihong Y, Liu L, Yanping L. Kinetics and
Mechanism of Oxidation of 1-Methoxy-2-propanol and
1-Ethoxy-2-propanol by Ditelluratoargentate(III) in
Alkaline Medium. Asian Journal of Chemistry. 2012;
24(11):5225-5227.
3. Jinhuan S, Qianqian W. Oxidation of Neopentyl and 1,3butanediol by Ditelluratocuprate(III) in Alkaline Medium
- A Kinetics and Mechanism study. Oxidation
Communications. 2015; 38(3):1195-1203.
4. Jinhuan S, Hongmei L, Shuying H, Fan L, Shigang S.
Kinetics and Mechanism of Oxidation of 1-lysine and 1ornithine by Dihydroxydiperiodatonickelat(IV) in
Alkaline liquids. Oxidation Communications. 2012;
35:583-590.
5. Shigang S, Hongmei S, Hanwen S. Oxidation of L-lserine
and L-threonine by Bis (hedrogenperiodato) argentite
(III) Complex anion: a mechanistic study. Journal Inorg
Biochemistry, 2007; 101:165-172.

5. Conclusions
From the former discussed above the experiment, the rate
constants and activation parameters for the reaction have
drawn. Through the deep study of the reaction system, it can
be good to verify the extraordinary of the transition metal
complexes present with low protonated form. Analysing the
experiment results, we found the rate constant for Nmethyldiethanolamine is larger than N,N-dimethyl
ethanolamine in alkaline environment, this because there are
two hydroxyl group in N-methyldiethanolamine and in the
N,N-dimethyl ethanolamine exists only one. In alkaline
medium the hydroxyl group be more likely to lose the
hydrogen atom become to oxygen anions, then via a oxidation
reaction the oxygen anions convert to carbonyl group. So the
rate of reaction in proportion to the concentration of hydroxyl
ions. In addition, there is an obvious negative salt effect in the
oxidation of N-methyldiethanolamine and N,N-dimethyl
ethanolamine , because the rate of the reaction is markedly
influenced by the migration rate of activated complex. The
migration rate markedly decreases with the increase of the
steric hindrance from the reductant. The volume of Nmethyldiethanolamine and N,N-dimethyl ethanolamine is
larger, so the effect of steric hindrance to it is obvious, and the
~ 22 ~

International Journal of Chemical Studies

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

Hanwen S, Hongmei S, Shigang S. Mechanistic insights
into the reaction between L-proline and bis
(hedrogenperperiodato) argentite (III) complex anion.
Chinese Journal of Chemistry, 2008; 26:615-622.
Shigang S, Hongmei S, Hanwen S. Kinetics and
mechanicsm of oxidation of the drug mephenesin by bis
(hedrogenperperiodato) argentite (III) complex anion.
Internet Chemistry Kinetics, 2007; 39:440-447.
Prasad TR, Sethuram B, Rao TN. Oxidation of aliphatic
amines by Ditelluratoargentate (III). Indian Journal
Chemistry, 1982; 21A:169-170.
Sridevi N, Rambabu R, Dikshitulu LSA. Kinetics and
mechanism of oxidation of selenium (IV) by
Ditelluratoargentate (III). Indian Journal Chemistry of
Society, 1992; 69:127-128.
Balikungeri A, Pelletier M, Monnied. Contribution to the
study of the Complexes Bis (dihydrogentellurato) cuprate
(III) and Argentate (III), Bis (hydrogenperiodato) cuprate
(III) and Argentate (III). Inorganica Chimica Acta, 1977;
22:7-14.
Feigl F. Spot Tests in Organic Analysis. Elsevier
Publishing Co, New York, 1966, 196.
Jiajun J, Kinetics Principle of Chemical Reaction in
Liquid Phase. Science and Technology Press, 1984, 186218.
Liping W, Jinhuan S, Hanwen S. Existence of Transition
Metals in Highest Oxidation State Complex. Journal of
Hebei University, 2004, 24.
Gupta KKS, Nandy BK, Gupta SS. Oxidation behaviours
reactivities of some alkanols and arylalcohols towards bis
(dihydrogentellurato) cuprate (III) and argentite (III) in
alkaline medium. Journal Chemistry Society Prekin
Transtion, 1993; 2:767-771.
Jinhuan S, Jin H, Yi L, Ziwei ZJ. Kinetics and
Mechanism of Oxidation of 2-(2-Methoxyethoxy)ethanol
and
2-(2-Ethoxyethoxy)-ethanol
by
Ditelluratoargentate (III) in Alkaline Medium. Asian
Journal of Chemistry. 2014; 26(14):4347-4350.

~ 23 ~

