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Abstract Oxidation of Methyl o-D-
mannopyranos deand Methyl a-D-glucopyranoside by
ditelluratoargentate (111) (DTA) inakaineliquidshas
been studied spectrophotometrically in thetemperature
range of 293.2 K-313.2 K. It isfirst-order rate with
respect to DTA, whilefractiond order inreductant. The
rate constant k ,_ of pseudo-first order reaction de-
creased with theincrease of [TeO,?], whereas adding

INTRODUCTION

Both Methyl a-D-mannopyranocsideand Methyl o-
D-glucopyranoside are white powder and solublein
water, and they have applied in many aspects.

Methyl a-D-mannopyranosideisakind of impor-
tant raw materia of vitamin B, and diuretic medicine. It
canasoimprovethenutritiona vaueof food, such as
bread, ice cakes, dairy products, carbonated drinks,
icecream and other food. Methyl a-D-glucopyranoside
hasexcdlent chemica properties, widely usedin adhe-
sives, cosmetics, paint, surfactant and other industries.

Recently, usngatrangtion metd initsunusua oxi-
dation state asan oxidizing agent which can be stabi-

[OH'] enhanced the congtant. Inview of this,amecha
nism based on the experimenta resultisproposed, and
the constantsinvolved in the mechanism were eval u-
aed. © Global Scientificlnc.

Keywor ds: Diteluratoargentate(l11)(DTA); Methyl
a-D-mannopyranoside; Methyl o-D-glucopyranoside;
Kinetics, Mechanism.

lized by co-ordinaton of it with asuitableanion such as
periodate or tellurate® hasbeen well-knownin chem-
istry intheestimation of sugar, amino acid and protein,
etc. Foringtance, thekineticsof oxidation of smal mol-
eculesby DTA, suchasamineg?, acohals, trinitride’¥,
phosphate®¥, carboxylic acid (salt)[*d and alde-
hydeg®3.

Ditelluratoargentate (111) also integratesthe prop-
erties, such asadsorption, deodorization, flocculation,
and oxidizinggerilization. Astheundersandingof Ag(l1l)
isfurther devel oped, thefurther research of itsgpplica
tion vauehassgnificance.

Inthe present paper, the mechani sm of oxidation of
Methyl a-D-mannopyranoside and Methyl o-D-
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glucopyranos deby ditel luratoargentate (111) were stud-
iedindetall.

EXPERIMENTAL

Material and methods

All the chemicalsused were of reagent grade and
doubly distilled water was used throughout the study.
Thesolutionsof DTA and reductantswereawaysfreshly
prepared before use with stock solution. The stock
solution of DTA was prepared and standardized by the
method given by Guptaet al .[*4. ItsUV-Visible spec-
trumwasfoundto be consistent with that reported. The

concentration of DTA was obtained by itsabsorption
at A= 351 nm. The PH valuewasregulated with KOH
solution and theionic strength was maintained by add-
ing KNO, solution.

Thekineticswerefollowed under pseudo-first or-
der conditionsby keeping alargeexcess of [reductant]
with respect to[DTA]. Kinetic measurementswere per-
formed onaTU 1901 spectrophotometer (Beijing Puxi
Inc., China) fitted with aDC 2010 thermostat (+ 0.1
K, Baoding, China) which had acell-holder kept at a
condant temperature (+0.1°C) by circulating water from
it (Baoding, Ching). The product of oxidation wasiden-
tified asketone by itscharacteristic spot test!.
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Figurel: Plotsof 1/k ,_versus 1/[Methyl a-D-mannopyranoside] at different temperatures, [DTA] = 2.27x10* mol-L*,
[H,TeO,*] =1.00x10°mol-L*, [OH] = 1.00x10*mol-L*, # = 3.80x10“mol -L*
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Figure2: Plotsof 1/k ,_versus 1/[Methyl a-D-glucopyranoside] at different temperatures, [DTA] = 2.27x10* mol-L*,
[H,Te0,*] =1.00x10°mol-L*, [OH] = 1.00x10* mol-L*, p = 3.80x10“mol -L*
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RESULTSAND DISCUSSION

Evaluation of pseudo-first order rateconstant

Under the conditions of [reductant] , ([Methyl a-
D-mannopyranoside], and [Methyl a-D-
glucopyranoside] )>>[DTA], andtheplotsof In(A -
A.) vstimet for morethan three haf licesof thereac-
tionwerestraight lines (r>0.999), indicating the order
in DTA to beunity. The pseudo-first-order rate con-
stantsk . were evaluated by using the least-squares
method. Deviationsin duplicate determinationswere
generdly lessthant3%.

Effect of varying of the[reductant]

At constant [DTA], [H,TeO,*], [OH] andionic
strength u, at different temperature (293.2K -313.2K)
and different [reductant] ([Methyl o-D-
mannopyranoside] and [Methyl a-D-glucopyranoside])
(0.0025-0.0125 mal/L), theplot of 1/k __versus1/[re-
ductant] werestraight lines (r> 0.997), indicating thet it
wasfractional order with respect to[reductant] (Figure
landFigure?2).

Effect of varying of the[H,TeO ?]

The[TeO,?] wasvaried from 0.5x10°t0 2.5x10°
3mol-L*rangeat constant [DTA], [reductant] ((Me-
thyl a-D-mannopyranoside] and [Methyl a-D-
glucopyranoside]), [OH], ionic strength of 3.80x102
mol-L* and the temperature of 298.2+0.1 K fixed.
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Thek , values decreased with theincreasein con-
centration of TeO,> and the order with respect to
[TeO,?] wasfound to befractiona, whichreved sthat
TeO,” isproduced in equilibrium beforetherate con-
trolling step. A plot of 1/k  _versus[TeO,*] wasa
straight linewithout passing through theorigin (Figure
3andFigure4).

Effect of varying of the[OH]

Under the concentrationsof DTA, H,TeO,*, re-
ductant ([Methyl a-D-mannopyranoside] and [M ethyl
a-D-glucopyranoside]), ionic strength of 3.80x10
?mol-L* and thetemperature of 298.2+0.1 K fixed. It
wasfoundthat k. _vauesincreased withtheincreaseing
[OH]. Theorder with respect to [ OH'] wasfractional.
Theplotsof 1/k ,_vs. 1/[OH] wasadtraight linewith-
out passing throughtheorigin (Figure5and Figure6).

Effect of varying of ionic strength

Theinfluenceof variaionionic strengthonthere-
action was studied intherang of 1.50x10?mol-L*to
7.50x10°mol-L* a constant [DTA], [reductant] (Me-
thyl a-D-mannopyranoside] and [Methyl a-D-
glucopyranoside]), [H,TeO,*], [OH] and temperature
(T=298.2K). The experimental resultsindicated that
the rate constant k , _ increased with the increasing
[KNG,] (TABLE 1), which determined to have posi-
tivesalt effect that cond stent with thecommon regula-
tion of thekineticg.
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Figure3: Plot of 1/ k ,_vs 107H, TeO ?] at the temperature of 298.2+0.1 K, [DTA] = 2.27x10* mol-L*, [Methyl a-D-
mannopyranoside] = 7.50x10°* mol-L?, [OH7] = 1.00x10 mol-L?, p = 3.80x102mol-L*(r =0.999)
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Figure4: Plotsof 1/ k ,_vs 1079H,TeO*] at the temperature of 298.2+0.1 K, [DTA] =2.27x10** mol-L*, [M ethyl a-D-
glucopyr anoside] = 7.50x10° mol-L%, [OH] = 1.00x102 mol-L*, pn = 3.80x10mol-L* (r =0.999)
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Figure5: Plotsof 1/k ,_vs. /[OHT] at thetemperatureof 298.2+0.1 K, [DTA] =2.27x10* mol-L*, [H,TeO *] = 1.00x107
mol-L%, p=3.80x102mol-L?, [M ethyl a-D-mannopyranoside] = 7.50x10- mol-L, (r=0.998)
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Figure6: Plotsof 1/k ,_vs. /[OHT at thetemperatureof 298.2+0.1 K, [DTA] =2.27x10* mol-L*, [H,TeO >] = 1.00x107
mol-L?, p=3.80x10?mol-L?, [M ethyl a-D-glucopyranoside] = 2.50x102 mol-L*%, (r=0.999)
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TABLE 1: Effect of varying of ionic strength u(T=298.2K)

10°%u/ mol-L* 1.50 3.00 4.50 6.00 7.50
1Pk s™ Methyl a-D-mannopyranoside 12.27 13.33 14.71 16.13 17.31
" Methyl a-D-glucopyranoside 9.06 9.51 9.90 10.42 10.89

[reductant] ([Methyl a-D-mannopyranoside] and [Methyl a-D-glucopyranoside]) = 2.50x10°mol-L?, [DTA] = 2.27x10* mol-L?,

[OH] = 1.00x10?mol-L*, [H,TeO ] = 1.00x10° mol-L*

TABLE 2: Therate-deter mining step’s rate constants (K) and activation par ameters

T(K) 293.2 298.2 303.2 308.2 313.2
102K/ Methyl a-D-mannopyranoside 16.30 18.98 22.12 2451 28.25
Methyl o-D-glucopyranoside 24.75 25.11 26.46 28.36 29.53

Methyl a-D-mannopyranoside
Thermodynamic
activation

parameters Methyl a-D-glucopyranoside

Eal/(kJmol™)= 20.71, AH"/(kJ}mol )= 18.23,
AS*/(JK ™ mol™)=-237.47, T = 298.2 K
Eal/(kJmol™)= 8.51, AH"/(k}mol )= 6.03,
AS?/(FK  mol )= -247.29, T = 298.2 K

Theintercept (a), slope (b) and relative coefficient (r) of theplot Ink vs T are: M ethyl a-D-mannopyranoside: a=6.69, b= -2491.24,
r=0.998; Methyl a-D-glucopyranoside: a=2.05, b=-1023.83, r= 0.998

MECHANISM

Intheakainemedium, thed ectricdissodiation equi-
librium of telluric acid was given earlier’™ (here pKw
=14).

H,TeO,+OH [ H,TeO,*+H,0lgp1=3049 (1)
H,TeO,+OH [] H,TeO,*+H,Olgp2=-1 )

Fromequilibriums(1)-(2), thedistribution of al spe-
ciesof tellurate can be calculated in aqueous alkaine
solution. Inan akainemedium, suchas[OH] =0.01
mol-L*, the equations give: [H,TeO*]: [H.TeO,]:
[H,TeO.*] = 1000:89:1. Hence, in the concentration
of OH- range used in this work, the H_.TeO, and
H.TeO,* speciescan be neglected, and the main spe-
ciesof tellurideisH,TeO_ . In the reaction system,
[H,TeO.7]_>>[Ag(lll)], and the dissociation of
H,TeO,” from DTAwasvery little, sointhissolution,
[H,TeO*] H"[H,TeO.] [H,TeO ], standsfor the
extraH,TeO.2. According to the report!*® the main
speciesof DTA is[Ag(H,TeO,) ?] - over the experi-
mental concentration range of [OHT].

According to theabove experimenta facts, thefol-
lowing reaction mechanism is proposed. (such as

o)

HO\‘ O \\
Tl A

Ho™ | Ko /T‘ ~oH
OH oH

OH
H0._ _O \ /

}JrOH:H,OiH}T,Oer{ HQO/Ag\ / \ } (3)

HO.

0 o | OH on 0 Ko
/Ag/\ e |+ ~ intermediary
H0” T07 | O OH OCH; @)
OH OH

O\
(@)
OH (5)

OCH,
OH

r k
intermediary] — Ag(l) + H,Te0g® +
L slow OH

Reactions (3) and (4) are dissociation and coordi-
nation equilibrium, thereactionratesof which aregen-
eraly fast, reaction (5) isan eectron-transfer reaction,
thereaction rates of which aregenerally s ow. Hence,
reaction (5) istherate-determining step.

-d[Ag(II1)], /dt = k[intermediary] (6)

[Ag(I1D]t standsfor any form of Ag (111) complex

which exigsintheequilibriumand R’ stands for both of
thereductants.

kK, K, [RT[OH 7]
K,K, [RT[OH ~]+K,[OH “]+[H,TeO ;7]

-d[Ag(lI1)], /dt =

[AGUID] = Kos[AG(IN] (M

K - kKK, [R][OH 7]
"~ KK, [RI[OH J+K,[OH J+[H,Te0 2] @
Re-arranging equation (8) leadsto equation (9-11):

11 [HTe0]+K,[OH] 1
ke k| KGIGIOH]  RT - ©
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[RT_[R] [H,TeO"]+K,[OH]

k. K KKK, [OH ] (10)
1 1+KJ[R] +[H4T6062'] 1
= " 11
ks KGIRT  KKKG[RT [OH] (D
Fromtheequation (11), theplots[R’]/k, _VS[R’]

arestraight linesand therate constants of therate-de-
termining step at different temperature were obtained
fromtheslopeof the straight line. Equation (11) indi-
cated that the plotsof k" vs. [OH]*and k " vs.
[H,TeO.”] werestraight lines. Activation energy and
thethermodynamic parameterswere eval uated by the
method givenearlier (TABLE 2).

CONCLUSION

Through the previous studies, wefoundthat DTA
can oxidizedifferent typesof reductions. Based onthe
experimental results, wefound that both the Methyl o-
D-mannopyranosideand Methyl a-D-glucopyranoside
formed the analogical intermediate compoundswith
Ag(lI1). When the reductants’s active groups are on
thedifferent positions, therate of thereactionisdiffer-
ent. Thevaueof theactivation parameterswith respect
to Methyl a-D-mannopyranoside waslarger than that
of Methyl a-D-glucopyranoside, whichindicated that
thereectivity of Methyl a-D-glucopyranoside ishigher
than Methyl a-D-mannopyranoside!*®. Thereasonwas
that the steric stability of Methyl a-D-mannopyranoside
waslarger than that of Methyl a-D-glucopyranoside,
whichindicated thel atter waseasier toreact withAg(l11)
than theformer. Thisphenomenon isconsistent with
experimentd results.
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