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Kinetics and Mechanism of Oxidation Ethylene Glycol
Monoethylether by Ditelluratocuprate {I} in Alkaline Medium

SHAN Jin-Huan™' WANG Li* WEI Hai-Ying' SHEN Shi-Gang' SUN Han-Wen'
U' College af Chemtstry and Envirpnment Science. Hebei Univensity. Baoding 071002
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The kinetics of the oxidation of ethylene glycol monoethyl ether (EGE) by ditelluratocuprate (I} complex
{DTC) was studied in alkaline madium wilh spectrophotometry.  The reaction rate showed pseudo-first order de-
pendence in oxdation and fractional order in EGE. It was found that the pseudo-first order{under the condition:
[EGE]=>[DTC]) rate constants kobs increased with the increase in [OH ] and decrease in [TeO:2" ]. There is a
negative salt effect. A mechanism involving a preequilibrium of a adduct formation Letween the complex and EGE
was proposed. The rate equation derived from the mechanism can explain all the experimental results. The acti-

vation parameters along with the rate constants of the rate-delermining slep were calculated.

Keywords: ditelluratocuprate (I ethylene glycol monothylether redox reaction

kinetics and mechanism

0 Introduction Investigations on them such as Cu ("', Ag UM, Nj
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Transjtion metals in a higher oxidation state penerally
can be stabilized by chelation with suitable polydentate
ligands. Metal chelation surh as diperiodatucuprate
(), diperiodatoargnate () and dibydroaydiperiodaton-
ickelate 1} complexes are stable and strong uxidants in
a medium with an appropriate pH value. The use of Cu
) as an oxiditing agemt is well known in amalytical
chemistry in the estimation of sugars, glycerols, aminu
acids, proteins, carboxylic aecids. carbonyl compounds
and alcohols!**!. Cu {l} is aleo shuwn to be an inler-
mediate in the Cu (1) -catalyzed oxidation of amino
acids by peruxodisulphate!™ . Because Cu (I is in the
highest oxidation state and the reaction is complicated
in this system, it is of significance to have a further
study on this kind of reaclion system. In the present
paper, the mechanism of oxidation of Ethylene glycol
monvethy]l ether  (EGE) by ditelluratocuprate (I

(DTC} is reported.
1 Material and Methods

All the chemicals used were A.R. grade . All
sulutivns were prepared with twice-distilled water. The
stuck sulution of DTC was prepared by the method given
by Jaiswal and Yadava'*! .

found to be consistent with that reported hy Jaiswal and

Its electronic speclrum was

Yadava. The concentration of DTC was obtained by its
absorption at A =405am. The jonic strength was main-
tained by adding KNO; solution and the pH value was
regulated with KOH solution.

Measurements of the kinetics were performed using
a Shimadzu UV-265 spectrophotometer {Japan} fitted
with a Shimadzu TB-85 thermostat{ 0. 1T ) . Details
of the determinations are deseribed elsewhere!™ . The
oxidation product was identified as the corresponding

aldehyde by spot test!®),
2 Results and Discussions

2.1 Evaluation of Pseudo-First-Order Rate
Constants
Under the condition of [EGE] > [DTC] o, the
plots of In( A, = 4« ) vs. time ! for more than three half

lives of the reaction were pood straight lines{r =

0. 9999}, indicating the order in DTC tu be urity. The
pseudo-first-order rate constants ke were calculated by
using the least-squares methud. The rate constants re-
ported bhere are average of three independent runs.
Deviations in duplicate determinations are  generally
less than + 5%,

2.2 Effect of Varying [EGE]

Under the condition of [EGE] > [DTC]. at von-
stant [DTC], [TeQ:*"], [OH"1, iunic strength { amd
temperature, . values increased with the inccense in
cuncentration nf EGE and the order with respect to EGE
was found to he fractional (in the temperature range of
20~40C, 7, =0.79~0.9). The plots of 1/ )., vs.
1/[EGE] were straight lines with a positive intercept
(7> 0.994) (Fig 1}
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Fig. | Plots of 1/ ke vs 1/ [EGE] at different temperatures

[Cuil] =1 822 10 *mal = 1.7';
[Te0.'"] =1.905 x 10" *mal - L~
[OH-]=1.68 » 10 mol - 1.4
F=0.02785mol * L--

2.3 Effect of Varying [OH"]
[DTC], [TeOs -], [EGE], ionic

strength 7 and lemperature, Jfa increased with the

At cunstant

increase in [OH ™| and the order wilh respect 1o OH-
was found tu be fractional urder ( ., =0. 53). The plot
of 1/ kas vs, 1/[OH"] was a straight lime (r=
0.991) (Fig. 2).
2.4 Effect of Varying [Te(Q. "]

The experimental results indicate k.. decreqsed
[TeO.- 1,
respect tuv TeOs ™ was found to be fractiomal order.

R = = 0. 89 The plat of plot of 1/ ku vs.  [Te0s™ |

with the increase in and the nrder with
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Table 1 Influence of Variation of [
10! 2 785 1 7R3 4, 783 5,783 6 783 7. 783
10"k.. 9,736 B. 9303 8 L165 7 5354 6, 8726 6. 4343
[uM] =1 822« 10 mol - L, [EGF]=0.05mul - L% [TeOsd ] =1.905» 10" "mol - L',
[OH ] = 1. 68 x 102 mul - L™ =301,
Table 2 Rate Constants of Rate-Determining Step and Activation Parameters
T+K 293.2 298, 2 303 2 308. 2 3Laz2 uetivalion paramelers(25°C)
F.=45 77] « mul ™!
ks{mal™' =L -5"") 01817 0. 02684 0. 03437 0.04749  0.06182 AN =43 29k] - mal !
A5= -130 19] - K ' r mol™!
Linear regression af Ink va. 14 T goes slop, u= —5503. 87, intercept, b= 14,7979, r=0.0986
150y . 3ot =
140 L
130} [ 2504 ,."
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Fig. 2 Plot of 1/ ke vs. 1. [OH"] Fig. 3 Plot of 1/ kue va, [TeO7 "]
[Cull}] =1.822 x 10 *mol - L7 [Cull] =1.822 x 10-*mol - L~
[EGE] =0. 05mal - L-', I=(, 03055m0l - L~} [EGE] =0. 0Smol = L-";
[TeDs:]=1.905 % 10 "mol « L™*: =30 i=0.03%77mel - L'

[OH-]=1.68 x10%mal + LY =30

was a straight line{ r =0, 996} {Fig. 3}.
2.5 Effect of Varying [

The rate was decreased by added KNO, solution
(Tahle 1). which indicale there was a negative salt
effect which consistent with the common regulatiun of
the kinetics!®!,

Acrylamide was added during the course of reac-
tion. The appearance of white polyacrylamide is con-
sistent wilh free radical intermediates in the oxidation
by Cu () complexes. Blank experiments in reaction
systemn gave no polymeric suspensions,

In the alkaline medium, the dissociative equilib-
rium of the [TeQs ™ ] was given earlier 1", (here p k.
= 14)

H;TeOs™ + OH™ = HiTeD.*" + H:0 g8 =3.049
HTe0}” +O0H ==H;TeDs' " + H:0 Igf= -1
Hence the main tellurate spectes wus HiTeOs?".

In view of the experiments, the mechanism was

proposed as follows: X
[Cu{OH):(HiTeQs):]?~ +OH —=

[CU{OHJZLHJTBO\:']P- +HyTeQr + H:O (1)
IX

[Cu(OH):(HTeOs)]?" + EGE —

[Cu(OH)a{H;TeOs) (EGE) 17~ {2)
[Cu(OH )3 HsTeOs) (EGE) ]2 ——

" CHOH-CH,-0-C2Hs

+ [CufOH] (HaTe0s) ]2 -+ H:0 [3}
fust

Cu*() +OH- + ' CHOH-CH,-0-C.H;

Cu (I} + HCOCH:0C:H, + H:0 (4)

Where Cu* (Il stand for any kind of form which Cu**
existed in equilibrium.
~d[CulD]r/dt
=2k[Cu{OH)2(H:TeDs) (EGE) >
[Cuf{lli]r = [Cu(OH):(HuTeOx)2]"
+ [Cu{OH)2(H:iTe0s) 1.7
+ [Cu(OH):2(HsTeOs) (EGE) 12" = [DTCls



http://www.cqvip.com

. 146 -

xOth ik

D 000 http://www.cqvip.com|

18 &

e
&
=]

Where T and e stand for total concentration and equi-

librium concentration respectively.

-dlcal ) ];
de

_ UK K-LoH" J[EGE] Cullll) I+
= THTe0:" T+K[0oH T+ K K[OH ]'EGE]

= knx.s[Cll ﬂm]'r ( [[)
where

baw =

2%K KL OH " JIEGE]
[H.Te0: | +K,[0OH | +K.R:[OH JLEGET

(M) leads to equation{ IV ) ~

(i)

Re-arranging equation

(V)

1 1, [HTeOi" J+KuOH"] i (V)
ko 2k 2k K OH " ] [EGE ]
111 (HTe03 ] . 1
%t Ak Y aklon 1) " Tecel (Y

From the equation{ IV ), the plots of 1/ &a, vs. 1/
[EGE] is straight line{r > 0. 99), and the rate con-
stants of rate-deterniining at different temperatures were
obtained from the intercepts of the straight lines.
{ V) suggests that the plot of 1/ k. va
[HiTeDs " ] are straight

which conform to the observation.

Equation
1/[0OH-1 and 1/ k., vs.
lines, Activation
{t=25C)

L

energy and the thermodynamic parameters

were evalualed by the method given earlier
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