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ABSTRACT 

Kinetic data for the oxidation of D-glucose by hexachloroiridate(IV) and 

tetrachloroaurate(II1) are reported. The reactions have been studied spec- 

trophotometrically over a wide range of experimental conditions. The activation 

parameters have been calculated and mechanisms are suggested. 

INTRODUCTION 

The kinetics of oxidation of some monosaccharides have been studied both in 

acidicie3 and alkaline media4. In some cases, the mechanistic approach was based 

on the formation of intermediate complexes; in other cases, the results were inter- 

preted on the basis of the formation of free radicals. This suggests that the 

mechanism may depend on the nature of the oxidant and the substrate. The kine- 

tics of oxidation of some organic compounds by hexachloroiridate(IV)5 and 

tetrachloroaurate(III)6 have been studied; iridium(IV) behaves as a one-electron- 

transfer oxidant and there is evidence’ to indicate that gold(II1) also behaves in this 

way, although a two-electron reduction cannot be totally ruled out. The present in- 

vestigation was undertaken in order to clarify the mechanism of oxidation of D- 

glucose by these oxidants. 

EXPERIMENTAL 

Reagents. - Sodium chloroiridate was used to prepare iridium(IV) solutions 

which were standardised spectrophotometrically’. Solutions of gold(II1) were pre- 

pared from chloroauric acid and their concentrations were determined gravimetri- 

tally’ by the oxalic acid method; the solutions were stored in the dark and used in 

subdued light. All other reagents were of the highest purity available and the solu- 
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tions were prepared in doubly distilled water (second distillation from prrmanga- 

nate). 

7’hc oxidation of n-glucose by iridium(N) was carried out in sodium acetate- 

acetic acid buffer. whereas that by gold(IIl) was studied in hydrc>chlorlc acid. 

A bsorptirm spectru c>f iridium(W) and yold(lII) solutiom. - The absorption 

spectra of solutions of iridium(W) were recorded in ihr visible region. 7’he values 

A,,, 488 nm (t. 3050) and A,,,,, 40 11111 accorded with literature values”. The 

IrCI~~ ion. or its hqdrolysed product Ir(OI-I,)Cl~~ion, does not absorhh in the rc- 

gion of maximum absorption of IrC‘I;, ‘The absorption spectra ok solutions ot 

gold( III) in 0.1~-2.0~ hydrochloric acid in the concentration range 2% 1511~~ were 

recorded in the U.V. region and showed two strong bands [ 727 it-. 35.750) and 315 

nm (F 5.400)]. The spectrai pattern remained unaltered with change< in the con- 

centration of gold(TI1). Beer’s law was talk1 for both A,,,,, ahst>rpticlny. 

k’iti?f~, I~EIJ.SIIT~‘)~~C’IIIS. ---- The kinetic studies were carrrcd (jut under pseudo- 

first-order conditions with the conccntr;rti~)n of D-glucose in I~I-ge CYCC~ cornpad 

to that of each oxidant. ‘l‘hr reactions tvcrc studied ~~)cctr~)l’hotonictricallq at 488 

or 315 nm as appropriate. using 3 Pcrkin-Elmer spectrophotomctcr (digital) uquip- 

ped with ;I thermospnccr cell compartment. Requisite bolumcs of the reactants at 

the appropriate temperature were mixed and the mixture was immediately trans- 

ferred to a cell having a path length of 1 cm. The rate of dccrcasc of iridium(IV) 

or pold(III) was followed for- at least two hnlf-lives. Ps~ud~~-lirat-orcl~r rate con- 

stants (k,,,,,) wcrc c:~lculatcd rn the usli>il manner. The maximum error in the mea+ 

mcment of rate constants \+a\ + L-5”;‘. depending upon the expcrinlental cnndi- 

tions. IIowever. for most experiments. duplicatr mciisurcmcnt\ MCIC rcproilucible 

to within +3%. 

Ider2t@ztion r~f reuf flori prodricfs -- The osidation product!. i)f ~-glucose 

were identified by I.1.c. on silica gel G with I-butanol-acetic acid-water’“. <‘om- 

parison with the products of the &idation of ~-glucose with bromine water and 

those with iridium(l\‘) or gold( III) indicated that gluconic acid (K, 0.38) and lac- 

ton~5 (R, 0.70) bbere fcc,rmerl. 

Pcll~rrzrristrticlrl ~C.YI. -- Whcr3 aqueous 4Ki acr-ylamicle was ad&d to the cari- 

C)US reaction mixturch. the 1 i\cosity of tile resulting solutions ~a\ greatlv increased 

and polyacrylamidc could hc prccipitatod by the additmn elf methanol or I .-I- 
dioxane. The re\ultb indicated that free radicals dart’ formed during the reactIon. 

Blank experiment\, in v.hich either I,-glucose or metal ion was t~riclutlt4. ga\e no 

polymers. 

Kf,Sl iL.I‘S 

Effect of b’crriattotl r~_f’rtw.tutzt c’orlcrrltrrrtrotls. - The reaction c\ ;I\ studied at 

various [oxidant]. but at constant [~-glucose], acidity. and tcmpcrature. The 
pseudo-first-order rate constant (k ,,,,,) was mdcpendent c~f initial [iridlum( Iv)] or 

(gold(TIT)j. suggexting that the rcactlon is first order with rrqpc%ct to ~~11 Ioxid,lnt]. 
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Fig. 1. Oxidation of D-glucose by iridium(W). Plots of pseudo-first-order rate constants agamst [D- 
glucose] at various temperatures: [Ir(IV)] 152~~. pH 4.63. 

55O 

Fig. 2. Oxidation of D-glucose by gold(II1). Plots of pseudo-first-order rate constants against [D-glucose] 

at various temperatures: [Au(W)] 251 PM. pH 2.0. 

The plots of the pseudo-first-order rate constants against the concentration of D- 

glucose are linear and pass through the origin for both reactions (Figs. 1 and 2). 

The order with respect to the concentration of D-glucose is one in each case. 
Effect of variation of pH. - The effect of pH on the rate of reaction was 
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studied at 30” with [Ir(IV)J I~$LM. [~-glucose] 0.3~. and p 0.13~. The pH of the 

reaction mixture was varied in the region 4.053.X0. The rate of oxidation of D-glu- 

case increased with increase in pH. The plot of log &_ against pH was linear (Fig. 

3) and the slope was 0.3. The pH of the gold(Ill) oxidations was varied hy the addi- 

tion of HCl. The reactions were carried out at [Au(III)j, [u-glucosej. and tempera- 

ture values of 1_25~~, 0.8~. and SO”, respectively. The added hydrogen ions did 

not influence the pselldo-first-order rate constant in the pH range 11.51 0. 

Effect 0.1. r~ariation of sodiwn chloruir (.OtzC.I’Ntrati0~t.F. --- ‘I‘he reaction rate 

was enhanced considerablv when sodium chloride was added to the reaction mix- 

ture containing ~-glucose and iridium(W). r.,q.. 5OCi in 0.5~ salt. ‘The r-ate of reac- 

tion was independent of NaCi concentration for oxidations with gold(IJI 1. 

Effect of ~urintiorl o,t ttvnperaturc~ and rrcttvation prtramcwrs. - The values of 

second-order rate constants (k) at various tcmperaturrs uzre obtained from the 

slopes of plots of k<,k,, I’.~. [~+glucose]. The Arrhenius energy of acti\,ation was 

evaluated from the Icast-squares plot of log k, against l/T (Fig. 3). The values of 

E,, and 3s’ for the oxidation of ~-glucose by iridium(W) wcl-e XX.7 kJ.mol ’ and 

-38.9 J.KP’.mol -‘. respectively. The corresponding values for the oxidations with 

gold(M) were 83.6 kJ.rTlol -’ and --65.3J.K ‘.mol ‘. 
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DISCUSSIONS 

In aqueous solution, D-glucose exists mainly as cyclic hemiacetals2 with only 
a small proportion of the aldehydo form. It has been suggested3 that it is the cyclic 
hemiacetal form rather than the aldehydo form which reacts with the oxidant. 
Moreover, the 4C1 pyranoid form of D-glucose preponderates in aqueous solution 
and the p anomer (HO-l equatorial) is readily attacked by the oxidants. 
Hexachloroiridate(IV) is known to be stable” towards substitution or hydrolysis 
over a wide range of acidities. A study of the photochemical behaviour” of 
IrClz- in solution indicated that irradiation at 254 and 360 nm effected only the 
aquation reaction to give IrCl,(H,O)-. The photoreaction of IrClg- takes place’* 
at high concentrations of both iridium(W) and HCl. Moreover, the spectral pat- 
tern of hexachloroiridate(IV) remains unaltered with change in concentration of 
i~dium(IV) in the range 28.3-242~~. Thus, it is frCl:-, and not IrCIs(H,O)-, 
which oxidises D-glucose. The increase in reaction rate with the increase in ionic 
strength could be consistent with the proposed mechanism involving a neutral 
molecule and an ion3. In oxidations13 by cerium(IV), D-glucose is converted into D- 
arabinose and formic acid. However, a negative chromotropic acid test indicated 
that formic acid was not formed in the present reaction. Therefore, it is suggested 
that the j3-aldopyranose reacts with i~dium(~V) to give an intermediate free-radi- 
cal and iridium(III), and that the free radical reacts rapidly with another 
iridium(IV) to give gluconic acid and its lactones as follows. 

k 
/3-D-Glucopyranose + fr(IV) -+ free radical + Ir(IIT) 

slow 
(1) 

fast 
Free radical + Ir(IV) -+ products + Tr(III) (2) 

Halides of Au(III) which are soluble in water are partially hydrolysed14 to 
AuCl,(OH)- species at lower acidities. The rate of hydrolysis of tetrachloroaur- 
ate@) in aqueous solution at chloride and hydrogen ion concentrations of O.OS- 
0.5~ and O.ll-1.26~~, respectively, has been studied” and is as follows. 

K* 
AuClz + Hz0 $ AuCl,(H,O) + CI- (3) 

Kz 
AuCl,(H,O) ;t AuCl,(OH)- + H+ (4) 

The dissociation constants K, and k; for the steps 3 and 4 are 9.5~~ and 0.25~ at 
25”, respectively. Since most of the reactions were carried out at [Cl-] O.~M, it is 



likely that the extent of aquation of AuCl~would be small. Again. of AuCl,( H#) 

were the reacting species in the present study. the rate would ha\c depended on 

[CIK]. In the presence of various [Cl-~]. the change in the pscud~~-tirst-order rate 

constant was insignificant. indicating that AuClJHJ>) d~>c\ riot reai:t u+th D-glu- 

case. In HCI medium. AuCI, or its protonated species HAu(‘ll rt”a“ta” \%ith some 

inorganic compounds. and HAuCI, remains in equilihrlum with H ’ :111d ~IuC’l, in 

the hydrochloric acid medium. Since. 111 the present work. nr) 1-f dependence ua\ 

found. both HAuCI, and AuC’Ii appear to have the same kinetic properties. Hou- 

ever. gold(III) reacts with II-glucose to give an intermediate free-rsdlcal and is re- 

duced to gold( II). The fret‘ radical reacts with another gold( II1 1 ,inci, I>!, ;I fast step, 

gives the products of reaction and gold( II). The latter disprc,portlc~,natr\; to give 

gold( III) and gold(I) as fo1lwa. 
SIOW 

P-D-Glucopyranose + Au(IIi) -+ free radical + Au(lI) (6) 

fast 

Free radical -t Au(lI1) -+ products + Au(II) (‘I 

fast 
ZAu(IT) ---f Au(III) + Au(I) (8) 

Methyl a- and /3-D-glucopyranosides were oxidised by iridium( IV) and gold(III), 

with the latter reacting more rapidly, but gluconic acid or its lactones were not 

formed. It is possible that oxidation occurred at position 6 of these gl>,cosides. 
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