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ABSTRACT

The kinetics of oxidation of 1,2-butylene glycol by dihydroxyditelluto
cuperate(l11) isstudied spectrophotometrically between 298.2 and 313.2K
in alkaline medium. A mechanism involving atwo-step one—electron trans-
fer process has been proposed, and the rate equation can be expressed as:
=2kK [OH][CH,CH,CHOH CH,OH]/(K [OH]+[H,TeO.”]). Theactiva-

kobs

tion parameters and the rate constants of the rate-determining step are

calculated. © 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

Trangtion metalsin ahigher oxidation sate can be
gtabilized by chelation with suitable pol ydentateligands,
such asdiperiodatargentate(l11) ditelluratocuprate(lll)
(3, which can beused asoxidantsintheorganic synthesis
chemistry and titrimetricanaysis. For example, Cu(lll)
isshownto beanintermediatein the Cu(ll)-catalysed
oxidation of amino acidshy peroxydisulphate?, dso can
be used for thetitrimetri c determination of somereduc-
ing sugars, organic acids”. Moreover, thekineticsand
mechanism study of thissystem can makethetheories
of coordination chemistry perfectly®. In thekinetic
study, Cu(I11) complexes used as an oxidant has been
reported®, but thereaction systemissimple, and tellu-
ricacid hastwo equilibriumintheadkainemedium, we
want to know the complexes’ form of Cu(III) and tellu-
ric acid through the study. For these purpose, theki-
netics and mechanism of oxidation of 1,2-butanediol
by Cu(l11) complexes has been studied in this paper.
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EXPERIMENTAL

Chemical reagentsand apparatus

All reagentsareof A.R.grade. All solutionsarepre-
pared with twiceditilled water. Solutionsof Cu(l11)
complex and 1,2-butanediol are prepared freshly be-
fore use. The stock solution of Cu(lll) complex ina
strong akaline mediumisprepared and standardized
by the method reported earlier!®. The concentration
of Cu(lll) is derived by its absorption at A=405nm
(e=1x10%L-mol*-.cm®). Theionicstrengthismaintained
by adding KNO, solutionand thepH va ueisregulated
with KOH solution.

TU-1900 spectrophotometer (Beijing); Refriger-
ated circulator baths(Beijing)

Kineticsmethod

All kineticsmeasurementswere carried out under
pseudo-first order conditions. Solution (2 mL) contain-
ing concentrationsof[Cu(l11)], [OHT], [H,TeO,?] with



PCAIJ, 2(3) October 2007

C.Y.Song et al.

225

ionic strength p and a reductant solution(2mL) of appro-
priate concentration weretransferred separately tothe
upper and lower branch tubes of atypetwo-cell reactor.
Afteritwasthermally equilibrated at desired tempera-
tureinthermobath, the 2 solutionsweremixed well and
tranderredintoalecmthick glasscdl immediately witha
constant temperature cell-hol der. Thereaction process
wasmonitored autometicaly by recording the disgppear-
anceof Cu(lll) complexeswithtime(t) at 405nmwitha
TU-1900 spectrophotometer. All other speciesdid not
absorb sgnificantly a thiswaved ength.

Product analysisand stoichiometry

Theoxidation product asthe corresponding alde-
hyde wasidentified by spot test!®. Solutions having
known concentrationsof Cu(ll1) was mixed with an
excessof 1,2-butanediol. The completion of thereac-
tion was marked by the compl etion di sappearance of
Cu(l11) color. After completion of thereaction, the prod-
uct wastransformed into apreci pitate 2,4-dinitro-phe-
nyl drazinederivative. It wasfound that one mol e of
reductant consumed two molesof Cu(l11) by weighing.

RESULTSAND DISCUSSIONS

Evaluation of pseudo-first order rateconstants

Under the conditions of [ Reductant] >>[Cu(ll1)]
Theplotsof In(A-A.) versustimearelines, indicating
thereactionisfirst order with respect to[Cu(l11)], where
A, and A arethe absorbance at timet and at infinite
timerespectively. The pseudo-first-order rate constants
k.. are calculated by the method of least squares
(r>0.999). To calculate k. generally 8-10 A, values
within threetimesthe haf-lifeareused. k., val ues of
thethreeindependent experimentsare averaged a least
and reproducibility iswithin +5%.

Ratedependenceon [1,2-butanediol]

Atfixed[Cu(lll)], [OH], [H,TeO] ionicstrength
u and temperature, k. valuesincreased with thein-
creasein[1,2-butanediol]. Theplotsof k. versus[1,2-
butanediol] arestraight lineswhich thoughthegrid ori-
gin, whichindicatesthat thereactionisfirst order with
respect to 1,2-butanediol. (TABLE 1)
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TABLE 1: 10°%k,, /st varyingwith different [ 1,2-butanediol]
at different temperatures

C/(mal/L) 0.005 001 0015 0.02 0.025
T
298.2K 4.06 8.16 13.2 18.6 214
303.2K 5.13 134 20.3 28.8 35.2
308.2K 8.84 18.9 29.1 41.7 50.0
313.2K 12.6 29.1 43.3 61.2 70.9

[Cu(111)]=8.818x10"mol/L, [OH]=3.00x10-*mol/L, [H,TeO, 2]=2.064
x10-°mol/L, p=0.109mol/L

TABLE 2: ky,/s*varyingwith thedifferent [H,TeO 2]

10%C/(mol/L) 0.564 1.164 1.764 2.364 2.964
10%Kops 19.7 109 814 503 4.18

[Cu(l11)]=8.818x10-°mol/L, [OH]=3.00x10-*mol/L, [1,2-butanediol]
=0.005mol/L, T=303.2K, p=0.0619mol/L

TABLE 3: 10%__/s'varying with the different[OH]

10°C/(mol/L)  3.00 378 511 786 170
T
298.2K 4.09 466 539 698 979
303.2K 6.03 685 818 102 152
308.2K 9.89 108 126 156 217
313.2K 15.1 16,7 195 242 349

[Cu(111)]=8.818x10"mol/L, [H,TeO.2]=2.064x10-*mol/L, |4=0.409
mol/L, [1,2-butanediol]=0.006mol/L, T=303.2K

TABLE 4: k¢ /s'varying with thedifferent pt
102C/(moI/L) 592 10.9 20.9 30.9 40.9
10°Kobs 941 628 524 451 414

[Cu(l 11)]=8.818x10-°mol/L, [OH]=3.00x10-*mol/L,[1,2-butanediol]
=0.005mol/L, [H,TeO>]=2.264x10"mol/L, T=303.2K

Rate dependence on [H,TeO 2]

At fixed [Cu(lll)], [OHT], [1,2-butanediol], ionic
strength p and temperature, k _vauesdecreased with
theincreasein[H,TeO.*]. Theplotsof 1/k ,_versus
[H,TeO.”] arestraight lineswith apositiveintercept
indicating theorder with respect toH, TeO,* werefound
tobefractional order.(TABLE 2)

Ratedependenceon [OH ] andionicstrength p

Atfixed [Cu(lll)], [H,TeO 2], [1,2-butanediol],
ionic strength p and temperature, k. va uesincreased
withtheincreasein [OH].Theplot of 1/k versus1l/
[OH]isaline(TABLE 3). Therate decreased by the
addition of KNO, solution (TABLE 4), whichindicates
that therewasanegative salt effect.

TABLE 5: Ratecongtants(k) and activation parameter sof therate-deter mining tep(T=298.2K)

T (K)k/(mal™L-s™)
1,2-butanedial

298.2
1.09

303.2
1.66

308.2
2.25

313.2
344

Ea(KJmol ™)
60.81

AH(KJmol ™)
58.33

AS'(3mol K™
-48.87

The plots of Ink vs 1/T have following intercept(a) slope(b) and relative coefficient(r); a=24.58, b=-7314.3, r=0.991
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Freeradical detection and the mechanism

Inthedkdinemedium, thed ectricdissodiationequi-
libriumof telluricadid wesgivenearlier (herepK  =14)19,

HsTeOg +OH-=—==H,TeO%+H,0 K;-3.049 D

H,Te0g2 +OH-=== H3TeOg>+H,0 K,_-1.00 )

Thedistribution of al speciesof teluratein ague-
ousakaline solution can be cal culated from equilibri-
ums(1), (2). In akaline medium such as[OH]=0.1-
0.01mol-L*,[H,TeO,*]:[H.TeO,]:[H,TeO *]=1000-
100:89.3-0.893:1, sointhe concentration of OH range
used in thiswork, H.TeO,_ and H,TeO_* can be ne-
glected, themaintellurate speciesis[H,TeO,*]. Sowe
think the main speciesis[Cu(OH),.(H,TeOQ,),*] over
theexperimental rangeof [OH1].

Thefractional andinversefractional order depen-
denceof k ,_on[OH] and[TeO,*] respectively indi-
catethat OH-ionswould be present in apre-equilib-
rium andthen[Cu(OH),(H,TeO,).*] losesaH,TeO,*
ligand fromitscoordination sphereforming atrangtion
complex [Cu(OH).(H,TeO,)]*, whichistheactivity
speciesof the Cucomplex.

Theaddition of acrylonitrile or acrylamideto the
reaction mixture under nitrogen atmospherethe poly-
merization happenedinthereaction, showing freeradi-
ca producted inthereaction. In our study, wea so be-
lieveasimilar typeof atwo-step one-eectron transfer
mechanism. According to the above experimenta facts,
we bring forward the mechanism of the reaction bel ow:

k
[CU(OH)5(H,TeOg),]>+OH ===

3
[CUu(OH),(H3TeOg)]? + H TeOg? + H,0 @

[CU(OH);(H3T€0g)]2+CH3CH,CHOH CH,OH—Sa

4
CHCH,CHOH-CHOH+{CU(OH)(HsTe0g]?+ H,0 7

Cu*(I11) + OH" + CH3CH,CHOH-CHOH 3y &)
Cu(l11) + RCHOHCH,CHO +H,0

Reaction (3) isapre-equilibrium. Reaction (4) be-
longsto e ectron-transfer reaction, whosereactionrate
isgenerdly dower, soreaction (4) istherate-determin-
ing step.
—d[Cu(I11)It/dt = k[Cu(OH),(H3TeOg)]
[CH 3CH ,CH OHCH ,0H] ©

Where [Cu(l11)], stands for any kind of form of Cu(lIl) com-
plexeswhich exited in equilibrium.
Thenweget:-
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2kK 1[OH ~][CH 3CH ,CHOHCH ,CH ,0H]
Kobs = _ P (7)
K4[OHT]+[H,TeOg" ]

From equation (7), the plots of 1/k, vs. 1/[OH]
aredraight linesand therate constants of rate-determin-
ing step at different temperature are obtained fromthe
intercept of thestraight line. Activation energy and the
thermodynamic parametersareca culated. (TABLEDS).

CONCLUSIONS

In our previous work, we study the kinetics and
mechanism of oxidation of 1,2-ethanediol by ditellurato-
cuperate(111) in alkaine medium, weknow thet therate
constants of rate-determining step are 10.24, 13.10,
17.51, 21.50, 25.13, 32.34mol *-L-s at 293.2, 295.2,
297.2,299.2,301.2, 303.2K respectively. Sotherate
constantsof rate-determining step of 1,2-ethanediol are
larger than those of 1,2-butanediol. Thereasonfor this
isthestericeffect of 1,2-butanediol islarger than that
of 1,2-ethanediol’s, then the formation of a hexa-cyclic
intermediate adduct compound by 1,2-ethanediol is
more stablethan that of 1,2-butanediol, so therate of
1,2-ethanediol islarger than therate of 1,2-butanediol
whichiscong st with the phenomenaof the experiment.
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