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The cat~lytic activity of Co(III) and Fe(III) hydroxides aswell as of their mixtm-- 
es produced by co-precipitation with hydroxides of some highly charged 
transition and non-transition metals has been studied over the pH range from 
5 to 11. In some cases mixed hydroxides demonstrate an increase in efficiency of 
the catalytic action. 

B 7~HauaaoHe p H 5--11 ~ay~eHa KaTaa~T~ecHa~ aHTHBHOCTB r~poRc~oB CO (I I I) 
Fe(III) H ~x cMeceii, no~y~eHHL~X coocam~eH~eM c rHRponci~aMK rfe~oTop~ix 

BHCOHO3apg~H~IX nepexo~H~rx H ~enepexo~H~x MeTa~0B. B p ~ e  cay~aeB ~ g  
cMema~Lix r~;~poRc~0B o6Hapyme~o yBea~qe~e 0(~(0eHTIIBHOCTI4 ~e~CTBI4~I 
HaTa~HuaTop a. 

We ha ve  r ecen t ly  r e p o r t e d  [1] on the  ca ta ly t ic  ac t ion  of  some mixed  oxides  
of  the  spinel t y p e  in t he  r eac t ion  of  wa te r  ox ida t ion :  

4M(bpy)a~ + + 2H20 -~ 4M(bpy)~ + + 02 + 4 H  + (1) 

where  M is l~u or Fe,  b p y  is b ipyr idy l .  I t  has  been  suggested  t h a t  w h en  
immersed  in water ,  the  surface of  spinels is h y d r o x y l a t e d  r a t h e r  qu ick ly  and,  
thus ,  t he  ca ta ly t i c  ac t ion  can be p rov ided  b y  compounds  similar  to  h y d r o x i d e s  
of  the  cor responding  meta l s  r a t h e r  t h a n  b y  the  spinels themselves .  I n  th is  
work  the  ca ta ly t i c  ac t i v i t y  of  Co(III)  and  Fe ( I I I )  hydrox ides  as well as Of the i r  
mix tu re s  wi th  t r ans i t ion  and  non- t r ans i t ion  m e ta l  hyd rox ides  in r eac t ion  1 
has  been  s tudied.  

EXPERIMENTAL 

All reagen ts  used  in expe r imen t s  were o f  chemica l ly  pu re  grade.  
l~u(bpy)a(C1Oa)awasprepared as descr ibed  in [2]. 0.02 M p h o s p h a t e  an d  0.02 M 
bora t e  buf fer  solut ions were used to  achieve  p H  5-8  and  p H  8-11, respec-  
t ively .  
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Mixed hydroxides were prepared by  co-precipitation by  ammonia (1 : 1) 
from acid solutions of salts at pH  of complete deposition of the precipitate.  

Freshly precipi ta ted samples were dried at  60 ~ and washed thoroughly  
from CoS+ and Fe3+ ions until  no qualitative reactions occurred in washings. 
The precipitates were then  kept  in air at  110 ~ for 4-5 h. 

The quant i ta t ive  chemical analysis of  samples was carried out  complexo- 
metr ical ly or spectrophotometr ical ly  using s tandard  p rocedures .  Pr ior  to 
tests, the  catalysts were powdered thoroughly  to less than  0.01 mm fractions. 
l~eaction 1 was carried out  by  adding the oxidant  Ru(bpy)~ + to the catalyst  
suspended in a buffer solution or in alkali upon vigorous agi ta t ion by  a mag- 
netic stirrer. 

Because we have found a strong adsorption of evolved dioxygen on these 
heterogeneous catalysts,  the  experiments were performed in vacuum, and 
chromatographic analysis of O2 evolved was made [1] 15 rain after  mixing the  
solutions, i.e. by  the  t ime of  complete te rminat ion  of reaction 1. I n  order to  
have s tandard  test  conditions, all experiments were carried out  at  room 
tempera ture  using a 2 • 10 -8 M coneentrat ion o f E u ( b p y ) ~ -  and a catalyst  
sample of ca. 20 mg per 10 cm a of the solution. 

]~ESULTS AND DISCUSSION 

The yields of 02 (in % of the stoichiometric value expected in react ion 1) 
are listed in Tables 1 and 2. They  were obtained for samples containing ca. 
30 wt. ~o of Fe (Table 1) and ca. 20 wt. % of Co (Table 2). The change in the 
content  of the active component  (calculated for the above metals) from 20 to 
40% almost did not  affect the yields of 02 measured. Ti Iv, Sn Iv, and A1 m 
hydroxides were inactive in such conditions. In  the presence of Ce Iv hydrox-  
ide, traces of oxygen ( <  1% at  p H  9) were observed. Over the whole range 
of pH,  iron hydroxide  was more efficient than  cobalt  hydroxide,  in contrast  to 
homogeneous solutions in which the efficiency of Co nI and F e m  was about  
the same [3]. A maximum act ivi ty  of Fe hydroxide  was observed at  p H  8-9. 

Table 1 

Yield of 02 as a function of pH for iron-containing catalysts 

pH of solution 

Catalyst 5 6 7 8 9 10 11 
buffer NaOX-I 

~eOOIt 0 0 18 57 70 - - 30 
Fc -Ce - 2 34 69 84 44 30 50 
Fe -Co 10 14 39 71 80 - 18 72 
Fe--A1 0 0 14 25 65 - - 69 
F e - S n  0 0 2 35 61 57 33 - 
Fe - T i  0 0 0 80 39 33 - - 
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Table 2 

Yield of O 3 as a function ofpH for cobalt-containing catalysts 

pI-I of solution 

Catalyst 5 6 7 8 9 10 11 
buffer lkTaOi 

C%Os.nI~I~O 0 0 15 22 40 - 26 
Co - F e  10 14 39 71 80 18 72 
Co -Ce 0 10 38 67 60 18 - 
Co -A1 10 20 48 70 65 - 75 
Co -Sn  - 15 37 60 60 27 56 
Co-Ti  - 10 45 57 44 28 - 

At pH  11 the yield of oxygen in buffer solutions was lower than  in NaOI-I 
solutions, which  was also observed earlier for homogeneous solutions [4]. 

In  all experiments we observed evolution of CO 2 resulting from side reac- 
tions of bipyridyl  oxidation. Unfor tunate ly ,  we failed to f ind any  relation 
between the amounts  of CO s and 03 evolved. 

The experimental  da ta  suggest t ha t  the ac t iv i ty  of the catalysts  studied 
(to be more precise, their  efficiency since we measured only the yield of  02 
bu t  not  the rate  of its formation) depends to a large ex ten t  on the coneentra,- 
t ion of their  hyd roxy  groups. When using the procedure of "non-mixed"  
catalyst  preparat ion,  hydra ted  oxides, namely amorphous FeOOH and crys- 
talline C%0~ .nil20 are produced [5]. Calcination of the same samples produc- 
ing M20 ~ leads to the decrease of 02 yields from 70% down to 40% for F%Oa 
at  pH  9 and has almost no influence on the efficiency of cobalt-containing 
catalyst  (40 and 35%, respectively). 

F o r  mixed cobalt-containing catalysts with the metals tha t  produce 
hydroxides  sa tura ted  with O H -  groups (AI(OH)3 and MO(OH)2, where 
M = Ce4+, Tit+,  Sn4+) an increase in efficiency compared to non-mixed 
hydroxides is observed over the whole range of pH's .  On the contrary,  the 
effect of the same hydroxides on the catalytic properties of iron-containing 
samples appeared to be less unambiguous. For  example, over the whole range 
of pH ' s  studied the efficiency of iron-containing catalysts decreases in the 
presence of Ti hydroxide and increases in the presence of Ce or Co hydroxides.  
Even  more complicated is the influence of Sn and A1 hydroxides:  the ac t iv i ty  
of Fe hydroxide  does not  change at pH  9 but  falls sharply in a more acid 
region. 

I t  is as ye t  unt imely to make any  definite conclusions about  the na ture  of  
the effect of the second component  on the efficiency of mixed catalysts 
because the data  presented in the tables have been obtained in s tandard  
conditions when equal amounts  of the catalysts were used. As a rule, a de- 
crease of this amount  affected in one-to-one manner  the yield of O2, whereas 
its inerase did not  lead to any  noticeable changes in the 03 yield. Moreover, 
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one can assume tha t  for some of the samples studied the homogeneous process 
tha t  occurs without  02 evolution [4] still made an appreciable contr ibution to 
the process of the oxidant  reduction. In  fact, the average volume concentrat ion 
of active components  est imated from the geometrical surface area of the 
sample (ca. 100 cm 2) is about  10 -~ M, which corresponds to the lowest active 
concentrat ion of these components  in its homogeneous solutions. Therefore, 
it  is not  clear a t  the moment  whether  the influence of the second component  
results from a change in the  s t ructure  of the catalyt ical ly active centers 
themselves or from a change in the surface s tructure of the hydroxide as a 
whole. I t  is necessary to carry out  a more detailed s tudy of the properties of 
the hydroxide surfaces in question and, in particular,  of their  adsorptive 
abil i ty with respect to the reagent  (oxidant) under  these part icular  experimen- 
tal  conditions. One can assume tha t  this la t ter  proper ty ,  which is of pr imary  
significance in heterogeneous catalysis, varies over wide ranges in mixtures 
of  various metal  hydroxides  and is responsible for the high act iv i ty  of non- 
mixed Fe hydroxide.  
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