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Vanadium(V) oxidation of L-arabinose has been found to be first order with 
respect to oxidant and substrate concentrations. I t  has been found tha t  the 
order with respect to [H +] changes from one in 2.5M-4.5M acid concentration 
range to two in 5.0M-6.5M acid concentration range. The oxidation rate has 
been found to increase with ionic strength and decrease with dielectric 
constant of the medium. Thermodynamic parameters A E, AS ~ and AG q: 
have been evaluated as 22.63 • 0.19kcal/mol, - -3 .00  • O.65e. u. and 23.59 • 
• 9.05 kcal/mol respectively. The reaction has been found to be initiated by 
the formation of free radical in a slow rate determining step. 
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Kinetik und Mechanismus der Oxidation yon L-Arabinose mit Vanadium(V) 

Die Vanadium(V)-Oxidation yon L-Arabinose verl~aft bezfiglich des 
Oxidationsmittels und Substrats  erster Ordnung. Beziiglieh der _~nderung von 
[H +] zeigte sieh ffir den Bereich 2,5M--4,5M eine Abhs erster, im 
Bereich 5,0M---6,5M cine yon zweiter Ordnung. Die Oxidationsgeschwindig- 
keit steigt mit der Ionenst~rke und fiillt mit der Dielektrizit~tskonstanten des 
Mediums. Es wurden die thermodynamischen Parameter  A E, AS 4 und 
AG ~ bestimmt: 22,63 • 0,19kcalm01-1, - - 3 , 0 0  + 0,65e. u. und 23,59 • 
• 0:05 kcal tool-1. Es wurde festgestellt, dal~ die Reaktion fiber die Bildung 
eines freien Radikals in einem langsamen, geschwindigkeitsbestimmenden 
Schritt init.iiert wird. 

Introduction 

T r a n s i t i o n  m e t a l  ion o x i d a n t s  have  been used for ox ida t i ons  s tud ies  
of  severa l  o rganic  a n d  inorgan ic  subs t ra tes  including c a r b o h y d r a t e s ,  
m a i n l y  hexoses  1-5. V a n a d i u m ( V )  is an i m p o r t a n t  o x i d a n t  a m o n g s t  th i s  
ca t ego ry  of  o x i d a n t s  a n d  has  been  also used  for the  o x i d a t i o n  s tud ies  of  
hexosesf ,  L Ea r l i e r  we have  r e p o r t e d  the  o x i d a t i o n  of  D - x y l o s e  b y  
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M n ( I I I )  p y r o p h o s p h a t e  s. I n  th is  c o m m u n i c a t i o n  we are  r e p o r t i n g  the  
resu l t s  of  the  o x i d a t i o n  of  L -a rab inose ,  a n o t h e r  pen tose  b y  va-  
nad ium(V) .  

Experimental 

All the ehemieMs used were of either E. Merck or Anala R (B. D. H.) grade. 
A standard solution of the oxidant was prepared by dissolving a ammonium 
meta vanadate  (l~eidel AP~ German) in ~pproioriate concentration of sulphurie/ 
perehloric acid. Solution of L-arabinose (E. merck) was prepared fresh daiiy. 

Oxidation reaction was followed by quenching aliquots withdrawn at  
definite intervals of time in an ice cold t i tration flask, and estimating unreacted 
vanadium with a standard solution of Fe(II)  using N phenyl-anthranilie acid as 
an indicator. 

Results and Discussion 

One mole  of  L - a r a b i n o s e  has  been found  to consume ten  moles  of  
v a n a d i u m ( V )  for the  comple t e  ox ida t ion .  The  over  all o x i d a t i o n  
r eac t ion  m a y  be r e p r e s e n t e d  s t o i eh iome t r i c a l l y  as:  

C5H~o05 + 10V(V) + 5 H z O - - - * 5 H C O O H  + 10V(IV) +10H + 

The  f o r m a t i o n  of  f o r m a l d e h y d e  dur ing  the  course of  r eac t i on  was 
conf i rmed  b y  c h r o m o t r o p h i e  ac id  spo t  t e s t  9, whereas  H C O O H  as end 
p r o d u c t  b y  HgCI 2 tes t ,  The  f o r m a t i o n  of  free rad ica l s  du r ing  the  course 
of  r eac t i on  was also conf i rmed  b y  the  i nduced  p o l y m e r i s a t i o n  r eac t ion  
wi th  ac ry l  n i t r i le .  

The  k ine t i c  s tud ies  were p e r f o r m e d  unde r  p seudo  f i rs t  o rde r  
cond i t ions  wi th  the  L - a r b i n o s e  a n d  su lphur ic  ac id  concen t r a t i ons  t a k e n  

Table 1. Effect of Vanadium(V) and L-arabinose concentrations 
(3.5M--HzSO4; [~] = 3.51M; 40 ~ 

[Vanadium(V)] [L-arabinose] I04 kl 10 ~' kl 
• 102M x 102M 

see- 1 sec-1 [L-arabinose] 

0.5 10.0 0.70 - -  
0.6 10.0 0.74 - -  
0.7 10.0 0.71 - -  
0.8 10.0 0.73 - -  
0.9 10.0 0.72 - -  
1,0 10.0 0.69 6.90 
1,0 12.0 0.77 6.42 
1,0 14.0 0.89 6.36 
1.0 16.0 1.04 6.50 
1.0 18.0 1.22 6.77 
1.0 20.0 1.37 6.85 

Average 104 ki/[L-arabinose] = 6.63 • 20 mo1-1 sec -1. 
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in large excess over that  of oxidant concentration. I t  was found that  
the rate at which vanadium(V) disappeared followed a first order rate 
law uniformly for each individual run. The pseudo first order rate 
constant /c 1 at different initial [vanadium(V)] has been found to be 
almost constant, where as it increases with[L-arabinQse] (Tub. !)-The 
order with respect to [L-arabinose] has been found to be one, Further, a 
linear graph passing the origin can be obtained if drawn between 1/]~1 
and 1/[L-arabinose] showing no kinetic evidence of an intermediate 
complex formation between L-arabinose and vanadium(V). 

Table 2. E fj?ct of H + concentration. [Vanadium(V)] = t.0 x 10 2 M; 
[L-arabinose] = 1.0 x 10 IM 

(A) Lower Range (2.5M to 4.5M); [C10-4] = 4.5M; 40~ 

[H+]M 2.5 3.0 3.5 4.0 
--Ha 1.01 1.23 1.47 1.72 
104 kl/sec-1 0.96 1.27 1.46 1.70 
104 kl/[H+ ] 0.38 0.43 0.42 0.42 

Average 104 kl/[H +] = 0.43 +_ 0.03 mol-1 sec-1 

(B) Higher range (5,0M to 6.5M); [C10-4] = 6.5M; 30~ 

[H+] M 5.0 5,5 6.0 6.5 
- -H 0 2.23 2.52 2.84 3.22 
104 kl/sec-1 2.79 3.92 5.11 5.84 
104 t~I/[H+]2 0.11 0,13 0.14 0.14 

Average 104 ]cl/[H+]2 = 0.13 • 0.01 rnol -e see 1 

4.5 
1.97 
2.20 
0.49 

The effect of H § concentration was studied in perchloric acid 
medium because of its expected non-complexing behaviour. The order 
with respect to [H +] was found to be one in the acid concentration 
range 2 .5M4.5M at constant [C10-4] (4.5M); whereas a second order 
dependence was found in the acid concentration range 5.0M-6.5M at 
constant [C1Q] (6.5M) (Tab. 2A and B). 

From the data  obtained in Tab. 2 linear graphs can be obtained if 
drawn between log kl and H o (values taken from Paul and Long's 
Table 1~ with slope values - -0 .40  and - -0 .43  in the lower and higher 
acid Concentration ranges. From the linear plots obtained between 
log kl + H0 and log aI~2O 11 "~" values have been computed as 6.0 and 
3.0 in the two ranges respectively. 

Further, it has been observed that  the pseudo first order rate 
constant /c 1 increases with ionic strength varied by adding sodium 
perehlorate (Tab. 3) and decreases with the dielectric constant of the 
medium, varied by changing the composition of binary mixture of 
acetic acid-water (Tab. 4), 
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Table 3. Effect of ionic strength variation. [Vanadium(V)] = 1.0 • 10 -2 M; 
[L-arabinose] = 1.0 • 10-1M; [H +] = 3.5M; 40~ 

[NaClQ]/ M [~J/ M 104 ]~l/sec-1 

0.0 3.51 1.15 
1.0 4.51 1.46 
2.0 5.51 1.63 
2.5 6.01 2.31 
3.0 6.51 2.71 

Table 4. Effect of dielectric constant variation. 

[Vanadium(V)] = 1.0 • 10-2M; [L-arabinose] = 1.0 • 10-fM; 
[H2SOa] = 1.35M; 40~ 

acetic acid "D" 10~/D 10akl/sec-1 4 + logic 1 
v/v 

70 25.29 38.04 19.88 1.2984 
60 33.0l 30.36 7.31 0.8639 
50 39.73 25.17 3.84 0.5843 
40 46.44 21.53 2.34 0.3692 
30 53.15 18.81 1.26 0.1004 

Table 5. Thermodynamic parameters. 

[Vanadium(V)] = 1.0 x 10-2M; [L-arabinose] -- 1.0 • 10-1~M; 
[H2SOa] = 3.5 M 

Temp. 104 kl A E A S 4 A G ~ 
~ sec-1 kcal/mol e.u. kcal/mol 

35 0.44 22.73 - -  2.42 23.47 
40 0.69 22.82 - -  2.48 23.60 
45 1.24 22.81 - -  2.47 23.60 
50 2.23 22.38 --3.79 23.60 
55 3.72 22.40 - -  3.83 23.66 

Average 22.63 _+ 0.19 - -3 .00  _+ 0.65 23.59 __+ 0.05 

A l inear  p lo t  can  be ob t a ined  between tog k 1 and  1/D with a posi t ive  
slope showing t h a t  the  ox ida t ion  react ion u nde r  s t u d y  is of an  ion- 
dipole type.  I t  can be assumed t h a t  the  L-arab inose  molecule behaves  
as a dipole in aqueous  m e d i u m  and  a posi t ive  ionic species of 
vanad ium(V)  is invo lved  in  the  react ion.  

T h e r m o d y n a m i c  pa rame te r s  have  been computed  from the  da t a  
ob t a ined  f rom the t e m p e r a t u r e  effect on the  react ion rate  (Tab. 5). 
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The earlier oxidation studies 12 t6 have indicated tha t  the active form 
of vanadium(V) species depends on the acid type  and its concentration 
range. In  aqueous acid medium vanadium(V) exists either as VO2 +17 or 
V(OH)4 +is, bu t  this form can change depending on the concentrat ion 
and type  of the acid. 

In  the present  case it seems tha t  only protonated  species of 
vanadium(V) are active in both  ranges. Thus, in lower acid 
concentrat ion range (2.5M to 4.5M) where [H  +] dependence is one and 
the "to" value is > 3.3 suggesting the involvement  of a water  molecule 
as proton transferring agent  11, the format ion of active oxidant  species 
may  be explained considering the following equilibriala, 1~, 20 

VO C + H30+ ~ V(OH)~ +2 (1) 

In  higher acid concentrat ion range (5.0M to 6.5M). where the rate  
depends on [H+] 2 the following equilibria can be assumed to be 
operative21, 22. 

V02+ + 2H + ~ V(OH)z +3 (2) 

Now it can be assumed tha t  the oxidation reaction is initiated by  
the format ion of a free radical as an intermediate  by the interaction of 
L-arabinose with the above species of vanadium(V) in the slow rate  
determining step as 

k j 

L-arabinose + V(OH)3+2-- R + HCHO + V(IV) + H + (3 a) 
slow 

in the lower acid concentrat ion rage {2.5M to 4.5M) or 

L-arabinose + V ( O H ) 2 + 8  - -  

]~lr 

slow 
R: + HCHO + V(IV) + H + (3 b) 

in the higher acid concentrat ion rage (5.0M to 6.5M); or in general 

k 
L-arabinose + V(V) - -  R" + HCHO + V(IV) + H + (3) 

slow 

where R: is C H O C H O H C H O H C H O H .  
The free radical R" in a further  fast  step breaks into HCHO and 

HCOOH:  

CHOCHOHCHOHCHOH + V(V) + H20 --.-, HCOOH + 3HCHO + V(IV) + H + (4) 
fast 

where k"' ~ k or k' or k". 
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The HCHO formed in steps (3) and (4) can further  be oxidised to 
H C 0 0 H  in a fast  step: 

4 HCH0 + 8 V(V) + 4 H20 ~ 4 HC00H + 8 V (IV) + 8 H+ (5) 
fast 

On the basis of above proposed mechanism steps, the general rate  
expression can be derived at  constant  [H+J as: 

d [V(V)] 
- k [V(V)] [L-ar~binose] + k"' [I~] [V(V)] [HeO] (6) 

dt 

Applying a s teady s tate  t r ea tmen t  to free radical R. it can be shown 
that 

d[R'] 
= k [V(V)] [L-arabinose] - -  It"' [R'] [V(V)] [H20] = 0 (7) 

dt 

subst i tut ing (7) in (6) we obtain 

d[V(V)] 
- -  -= 2 k [V(V)] [L-arabinose]. (8) 

dt 

Similarly the rate  expresion which can explain the results obtained in 
the lower acid concentrat ion range can be derived by considering steps 
(1), (3a) and (4): 

d [VO2q 
- -  - 2 k' g l  [VO2+][L-arabinose][H +] (9) 

dt 

and in the higher acid concentration range by considering steps (2), 
(3 b) and (4): 

d [VO~ +] 
- 2 Ks k" [VO2 +] [L-arabinose] [H+] ~ (10) 

dt 
The rate  expressions and the proposed mechanism are consistant 

with the results obtained. 
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