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The oxidation of D-xylose by  Mn(III)  pyrophosphate  in 
sulphuric acid has been found to be first order with respect to 
[Mn(III)]. Variat ion of rate with [D-xylose] suggests the rapid  
formation of reversible cyclic complex between Mn(III)  and 
D-xylose, which further disproportionates in a slow rate deter- 
mining step. Oxidation rate has been found to increase with 
[H+]. Retarda t ion  of rate due to [pyrophosphate] and increase 
due to [Mn(II)] have been also observed. The value of thermo- 
dynamic parameters  A E, A $4 ,  and A G4 have been found to 
be 17.6 :~ 0.1 kcal/mole, - -  10.1 ~ 0.t e.u. and 20.6 • 0.1 kcal/ 
mole respectively. A mechanism involving a free radical has been 
proposed for the reaction under study.  

The kinet ics  of m a n y  ox ida t ion  reac t ions  involving Mn( I I I )  1 inc luding 
those  wi th  M n ( I I I )  p y r o p h o s p h a t e  2, a have  been s tudied.  A mongs t  the  
ca rbohydra tes ,  on ly  the  ox ida t ion  of D-glucose 4 has  been s tud ied  b y  
this  p o t e n t  ox idan t .  S u r v e y  of l i t e ra tu re  shows t h a t  ox ida t ion  of pen- 
roses, which cons t i tu te  an  i m p o r t a n t  group of compounds  among 
monosacchar ides  have  received l i t t le  a t t en t ion  in compar ison  wi th  
t h a t  of hexoses. We,  therefore,  carr ied out  ox ida t ion  s tudies  of D-xylose 
wi th  Mn( I I I ) .  The resul ts  h~ve been r epo r t ed  here. 

Experimental 

Mn(III)  pyrophosphate  was prepared by  the method of Lingane and 
Karplus 5. n-Xylose (B.D.H. Biochemical) solution was prepared fresh 
daily. Other reagents like MnSOa, KMnO4, sodium pyrophosphate,  I-I2SO4, 
chromotropic acid etc. were of A R / B D H  grade. 

Reactions were followed by  quenching aliquots withdrawn at  regular 
known intervals of t ime in slight excess of ferrous ammonium sulphate solu- 
tion and est imating unreacted Fe(II)  with Ce(IV) using N-phenyl-anthranil ic  
acid as an indicator. 
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S t o i c h i o m e t r y  

I t  was observed that  one mole of D-xylose required 6 moles of Mn(III) 
for oxidation. The overall reaction may be represented as follows: 

C5H1005 -t- 6 Mn(III) ~- 3H20--~ 3 HCOOH -]- 2 HCHO -}- 6 Mn(II) -~ 6t t+ 

The formation of formaldehyde was confirmed by ehromotropie acid 
spot test 6, whereas formic acid was confirmed by HgC12 test. The formation 
of free radicals was also confirmed during the reaction by the induced 
polymerisation reaction with acrylonitrile. 

Results and Discussion 

When  the concentrat ions of D-xylose and  H2SO4 acid were in  excess, 
the fading of [Mn(III)]  followed first order ra te  law. The pseudo first 
order rate constants,  kl, have been found to increase with [Mn(III)]  
(Table 1) bu t  the order with respect to [D-xylose] has been found to be 

less t h a n  one. 

Table 1. E]leet o] M n ( I I I )  and n-Xylose Concentrations. [H +] = 1.0M; 
[NaaP2OT] ~ 5.33 • 10-2M; Temp. = 25 ~ 

[Mn(III)] • 103M [D-xylose] • 102M kl • 104 see -1 

2.0 5.0 0.60 
3.0 5.0 0.79 
4.0 5.0 0.93 
5.0 5.0 1.80 
5.0 10.0 2.57 
5.0 20.0 3.72 
5.0 30.0 5.15 
5.0 40.0 6.01 

These results of substrate  dependence of rate suggest also the 
format ion of a complex between D-xylose and  Mn(I I I )  prior to slow rate 
determining step. This has been fur ther  confirmed by  obta in ing  a l inear 
plot if drawn between l/k1 and  1/[D-xylose] with a positive intercept .  

I t  was also observed tha t  rate increased with the I{2SO 4 concentra-  
t ion. The rate has been found to increase with the first power of [H+] 
in  runs  (Table 2) where ionic s t rength  was ma in ta ined  by  bisulphate  

addit ion.  

Table 2. E//eet el I-I+ Concentration. [Mn(III)] = 5.0 X 10-3M; [D-xylose] = 
= 5.0• 10-~M; [~a4P2OT] ~ 5.33• 10-2M; [ttSO4-] ~ 3.0M; Temp. = 

25 ~ 

[I-][+] M 1.0 1.5 2.0 2.5 3.0 
/cl • 10 ~ sec -1 2.09 3.10 3.72 4.63 5.53 



Oxidation of D-Xylose With Mn(III) 321 

Zucker-Hammett  ~ and Bunnet t  s t reatments  were found to be appli- 
cable for the results obtained in Table 2. The slope values of Zuc/cer- 
Hammet t  and Bunnet t  plots were found to be - - 0 . 4 0  and 10.69 respec- 
tively. 

The oxidation reaction was studied at  five different temperatures.  
The temperature effects have been summarised in Table 3. The various 
thermodynamic parameters  evaluated have been also given. 

Table 3. Ef/ect o/ Temperature. [Mn(III)] = 5.0• 10-3M; [D-xylose] = 
= 5.0• 10-2M; [ N a 4 P 2 0 7 ]  = 5.33• 10-2M; [H +] = 1.0~Vf 

T e m p . ,  ~ 7cl • 104, sec -1 A E k c a l / m o l e  A Sss e.u.  A G*  k c a l / m o l e  

20 1.04 17.5 - -  10.0 20.4 
25 1.80 17.5 - -  10.i  20.6 
30 2.79 17.5 - -  10.1 20.6 
35 4.24 17.6 - -  10.3 20.7 
40 6.79 17.7 - -  10.1 20.8 

A v e r a g e  17.6 • 0.1 - -  10.1 • 0.1 20.6 • 0.1 

Koltho[/ and Watters 9 have described various forms of Mn(III)  
pyrophosphate depending on the p H  ranges. The active form in p H  
range 0 to 3 was described as Mn(H2P207)3 ~-. Thus, in the present 
studies this anion form can be regarded as active oxidant species of 
Mn(III) .  But  a t  higher acidities this form can also change depending on 
the extent  of association of H + with pyrophosphate ligand. 

On the basis of results obtained above the mechanism of oxidation 
of D-xylose by  Mn(III)  can now be proposed by considering the fol- 
lowing steps. 

In  the first step, a reversible cyclic complex is expected to be formed 
between D-xylose and Mn(III) .  This complex then disproportionates in 
a slow step producing free radical and HCHO by a C--C bond fission. 

Complex k> I~ -4- HCHO -4- H+ -~ M~(II), (i) 
Slow 

where 1% is CHO. CHOI-I. CI-IOH. CHOH. The free radical thus 
formed further breaks into products in a fast  step. 

-}- 5 Mn(III)  d- 3 H20 ~'> 3 HCOOH ~c HCHO d- 5 t t+ d- 5 Mn(II) (2) 
Fast 

where ]s' >> ]r 011 the basis of above steps the rate expression at constant 
[H +] can be derived as: - -  

d 
dt [Mn(III)] ---- k[Complex] -}- ]c'[1%] [1Kn(III)]5[H20] 3 (3) 
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Applying a s teady state t rea tment  to free r a d i c a l R  it can be shown as: - -  

d - 
dt  [R] ~ /c[Complex]  - -  k'[-R] [Mn(III)]5[H20]s = 0 (4) 

subst i tut ing (4) in (3) it follows 

d 
d t  [Mn(III)]  ----- 2 k [Complex] (5) 

Considering that ,  of course, 

K [])-xylose] [Mn(III)]  [D-xylose] [Mn(III)]  
[Complex] = 1 • K [D-xylose] = i l K  ~- [D-xylose] (6) 

Thus equat ion (6) can be represented as: 

d [Mn(III)]  = 2 k[D-xylose] [Mn(III)]  = k l [Mn(II I ) ]  (7, 8) 
dt 1/K -4- [D-xylose] 

where/cl  (observed pseudo first order rate constant)  

2 k[])-xylose] 
= 1/K ~- [D-xylose] (9) 

Applicabili ty of equat ion (9) is evident f rom a linear plot which can be 
obtained if drawn between 1//el and ]/[D-xylose] with a positive intercept.  
The value of K,  the format ion constant  for the  D - x y l o s e ~ n ( I I I )  
complex was found to be 3.161 �9 mole -1 at  25 ~ under  the experimental  
conditions (Table 1). 

Further ,  a re tardat ion of rate with [NaaP207] and increase with 
[Mn(II)] were also observed (Table 4). 

Table 4. E]/eet o/ Sodium Pyrophosphate and M n ( I I )  Concentrations. 
[Mn(III)] = 5.0 • 10-SM ; [D-xylose] = 5.0 • 10-2M ~ [tt+] : 1.0M ; Temp. = 

25 ~ [Na4P~OT] ~ 5.33• 10-2M 

[NadP207] x 102M kl x 104, sec -1 [1Kn(II)] X 104, M kl • i04 sec -1 

0.20 11.93 0.0 1.80 
0.67 6.41 8.0 2.35 
1.33 3.72 16.0 4.31 
2.67 2.90 33.0 10.05 
5.33 1.80 
8.00 1.10 

This re tardat ion in rate with increase in pyrophosphate  concentra t ion 
can be a t t r ibuted  to the fact  t ha t  the concentrat ion of complex will be 
less at  higher pyrophosphate  concentrat ion whereas Mn(II )  when added 
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can form Mn(II) pyrophosphate reducing the concentration of free 
pyrophosphate. The concentration of the Mn(III)--D-xylose complex 
will increase on this account giving an increase in rate 1~ Further, the 
observed increase with [Mn(II)] may be due to presence of Mn(IV) as an 
impurity which with Mn(II) can gives additional 1Vin(III) as: 

Mn(IV) -4- Mn(II) ~ 2 1Yin(III) 

Thus, the proposed mechanism and rate expression are in accordance 
with the results obtained during studies. 
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