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Sorption properties of indium oxohydroxides 
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The influence of the pH of precipitation and of the ionic medium on the sorption 
properties (the surface charge and the kinetic characteristics of sorption) of indium 
oxohydroxides obtained by alkaline hydrolysis of indium nitrate was investigated. It was 
found by the method of zero charge point, by the indicator reactions of heterogeneous 
hydrolysis, by drop titration, and by thermography that In(OH)3 - 0.5 H20 �9 (0.2--0.3) NaOH 
with a very small degree of erystallinity is formed at pH > 6. The basic properties of the 
oxohydroxide increase with increasing pH of precipitation up to 9--10 and then remain 
constant. The rates of the indicator reactions depend slightly on the pH of precipitation. The 
sorption properties of indium oxohydroxides differ markedly from those of ferrogels obtained 
trader similar conditions. The results obtained can be explained by the tbrmation of quasi- 
stable microstructures during the precipitation of indium oxohydroxide. 

Key words: sorption properties; zero charge point; indium oxohydroxide; indicator 
reaction rate. 

Oxohydroxide-based sorbents are of great interest for 
both chemical and environmental technologies. 1,z It has 
been shown previously 3 that as-prepared gelatinous 
oxohydroxide sorbents have significant advantages as 
compared to dry granulated oxide sorbents. Neverthe- 
less, the sorption properties of gelatinous oxohydroxides 
are poorly studied. Previuosly, a comparative study of 
the sorption properties of gels of metal oxohydroxides in 
various ionic media has been carried out in order to 
create a theoretical model for prediction of the condi- 
tions of extracting complex-forming metals from com- 
plex-forming media by inorganic oxohydroxide sor- 
bents. 4-g The behavior of as-prepared oxohydroxides at 
the initial period was of special interest. 

In this work, indium oxohydroxides that were not 
subjected to drying and known as indiogels were studied. 
It was of interest to compare the behavior of indium0a) 
oxohydroxides with that of i ron0, )  4-6 and chromium(111) 
oxohydroxides, since they have the equally charged cen- 
tral atoms but different ionic radii and electronic struc- 
tures. 

The sorption properties of indium oxohydroxides are 
practically unknown except work 9 in which the effects of 
the pH of precipitation and the temperatures of drying 
and calcination on the specific surface area and pore 
structure of In(OH) 3 were studied by the adsorption 
method (sorption of benzene vapor). The samples ob- 
tained at pH 8 and 10 and dried at temperatures not 
higher than 120~ have Ssp = 169 and 124 m z g- l ,  
respectively. Calcination results in a decrease in Ssp to 
25--30 m 2 g-l .  

In this work, a series of samples of indium oxo- 
hydroxide was obtained and their sorption properties 
were studied by the method of zero charge point (ZCP)t~ 
and by the indicator reactions of heterogeneous hydroly- 
sis of complex anions (IrCl62- and PtCI42-). 1'4-s The 
sorption properties mean the capability of an oxo- 
hydroxide (a dispersed phase) to extract a sorbate from 
the bulk of a solution (a dispersion medium) rapidly and 
to a high degree (close to 100%). Since a sorbent is a 
highly dispersed phase that is far from equilibrium, the 
kinetic parameters (the rate constants of indicator reac- 
tions) are more suitable as characteristics. The sorption 
of the H30 + and O H -  ions being studied by the ZCP 
method has a pseudo-equilibrium nature: it is used for 
the estimation of the sign and value of the charge of the 
surface of a sorbent. The interrelation between the charge 
of the surface and the rate of heterogeneous hydrolysis 
was of special interest. 

Experimental 

For preparing the indiogels, a solution of In(NO3)3 ob- 
tained by dissolution of a weighed portion of In203 (analytical 
grade) in excess nitric acid (chemically pure grade) was used: 
the concentration of the solution was 0.10g In per mL. 
1 tool L -t with respect to HNO 3. The aliquot of a solution 
corresponding to 1.2 g In(OH) 3 (0.007 tool) was diluted with 
distilled water, and a solution of NaOH (chemically pure 
grade) was added under stirring and pH-metric control till the 
establishment of the specified pH of precipitation (pHi) in a 
~50 mL suspension which is constant during ~5 rain. The 
precipitate was separated by centrifuging, triply washed by 
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Fig. 1. Drop titration of  solutions of  In III salts: 1, titration of a 
0.1566 M solution of In(NO3) 3 (the data of this work); 2, 
titration of a 0.0154 M solution of InCI 3 (the literature data. 
Ref. 13). 

decantation with H20 , and centrifuged again. The samples 
obtained were slurried in 50 mL of water and used for exper-  
ments. 

Composition of iadiogels. The compositions of the samples 
obtained at different pHl were determined by drop titration 
with NaOH (see Refs. 4--8) (Fig. 1). The samples of In(OH)3 
(0.007 tool) corresponding to pHi 7, 9, and 11, were washed 
with water as described above and introduced in 200 mL of 
0.5 M KNO 3. The precipitate was filtered off, and the pH 
values of the washing liquor (pH_~), the suspension in 0.5 M 
KNO 3 (pHs), and the filtrate (pH3) were measured. To calcu- 
late the OH/In  ratio in the samples, the amounts of the alkali 
washed off and displaced by the electrolyte were determined 
(Table 1). 

After washing, the samples were dried in a vacuum desic- 
cator over concentrated H2SO 4 at -20 ~ for 6--7 days and 
then studied by the DTA--TG and X-ray diffraction methods. 
The thermal analysis was carried out with the ~0.2 g sample at 
a heating rate of I0 deg rain - !  on an NTR-70 instrument 
combined with PRT-1000 and a Pt--PtRh thermocouple and 
PP-63 instrument combined with a VT-1000 torsion balance. 
X-ray diffraction study was performed on a DRON-2 

Hg. 2. Diffractograms of dried samples of  In Itt oxohydroxides 
with the pH of precipitation: 7 (1), 9 (2), I1 (3); of samples 
with pHl 9 washed and stored under water for 11 days (4) and 
under mother liquor (5). 

diffractometer with the use of Cu-Ka-radiat ion (graphite as 
monochromator). 

The DTA curves obtained are practically identical: they 
have one endo-effect corresponding to the removal of total 
water from the sample. They differ only by the fact that the 
maximum of endo-effect for the sample with pHi 7 corre- 
sponds to 204 ~ and the m~xima for two other pH values 
correspond to 262--264 ~ (the latter is close to the value 
available in the literature, Ref. 9). No effects of  crystallization 
of the product of dehydration are observed on the DTA curves. 
The compositions of the samples are calculated based on the 
TG data (see below). 

It is seen from the diffractograms presented in Fig. 2 (the 
age of  the samples from the moment of  precipitation is equal 
to 10--15 days) that all the samples are slightly crystallized. 

Determination of the pH of the zero point was performed 
by the Parks method !~ modified by us for gels t and by the 
potentiometric titration of samples on a pH-121 pH-meter  in 
an argon atmosphere in a half-open type quartz cell with an 
ESL-43-07 glass electrode and an EVL-1 M I accessory elec- 

Table I. The OH/In  ratios determined by drop titration of In(NO3) 3 with a solution of  NaOH 

pH I pH 2 V2/mL pH 3 V3/mL OH a OH b or H OH c 
/eq (g-at. In) -1 /g-eq (g-at. In) -~ /eq (g-at. In) - I  

7.0 6.3 368 5.7 200 3.19 0 3.19 
8.96 8.3 310 6.4 200 3.24 0 3.24 
11. 10.6 330 10. 200 3.323 0.006 OH 3.32 

a The amount of OH introduced. ~ The amount of washed off OH or attached H during washing, e OH in 
the precipitate. 
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Fig. 3. Potentiometric titration of In oxohydroxides in a 0.1 M 
solution of NaCI: 1, the starting 1n203; 2, indiogel with pH i 9; 
3, the blank experiment. 

Table 2. Values of p H z c  P of indiogels and In203 in 
solutions of NaCt and Na2SO 4 at pH 7--11 

C/N pHzc  p 

ln203 7 8 9 10 11 

NaCI 

O01 5.7 5.1 6.8 8.1 9.9 --  
0.1 6.3 5.9 7.6 8.8 10.2 10.4 
1.0 7.3 6.7 7.9 9.l 9.7 10.6 

Nazi_ 
0 . 0 1  - -  - -  7 . 7  8 . 6  1 0 . I  - -  

0 .1  - -  7 . 4  8 . 2  9 . 3  9 . 9  - -  

1.0 - -  - -  8 . 4  9 . 3  1 0 . 0  - -  

trode immersed in a slurry of indiogel (pHs) or in a reference 
solution (pH0). Prior to titration, argon was purged for ~1.5 h 
through the slurry, of the gel washed as described above and a 
solution of an electrolyte to remove dissolved CO2. Then the 
slurry (50 mL) was introduced to 150 mL of a solution of the 

electrolyte prepared in such a way that the concentration of 
the electrolyte was 1.0, 0.1, or 0.01 tool L - t  in the final 
volume of the slurry. To estimate the initial pH or the PH0 
values, a 0.123 tool L -I solution of carbonate-free NaOH 
(5 mL) was added, then the slurry, was titrated by a solution of 
the acid (0.1 M, f'txanal) whose anion corresponds to the anion 
of the electrolyte at the rate of 0.4 mL rain - t .  Recrystallized 
NaCI, Na2SO4, and NaC1Oa were used as supporting electro- 
lytes. The amount of excess O H -  (H;O +) ions sorbed was 
determined by comparing PHs and pH 0 during the blank 
experiment at the specified volume of the titrant. The PHzc P 
can be found graphically as the intersection point of the 
titration curve for the gel sample gel and the curve from the 
blank experiment (Fig_ 3). The results of the determination of 
pHzc  P are presented in Table 2. 

Indicator reactions of heterogeneous hydrolysis. As in the 
other works, 4 - s  the reaction rates of heterogeneous hydrolysis 
of lrC162- and PtCI42- were used to characterize the surface 
properties. K2IrCI 6 and K2PtCI 4 obtained according to the 
known procedures n and characterized by elemental microanaly- 
sis and X-ray diffraction data were used. The initial concentra- 
tions of the Ir and Pt complexes were (2--3) �9 10 -4 tool L - l ,  
the volume of the reaction mixture was 200 mL. and the 
measurement and calculation procedures are similar to those 
described previously in Ref. 1. The contents of Ir and Pt were 
determined according to the known procedures, lz The results 
are presented in Tables 3--5. Some data for the starting dry 
crystalline In203 were obtained for comparison (see Tables 2 
and 5). 

R e s u l t s  a n d  D i s c u s s i o n  

Drop  t i t ra t ion  of  a so lu t ion  of  In (NO3)  3 (see Fig. 1 
and  Table  1) wi th  alkali and  the rma l  analys is  showed  
tha t  In (OH)3  was fo rmed  at the  pHi  > 4 region.  The  
shape  of  the  t i t r a t ion  curve is typical and  resembles  
those  pub l i shed  previously,  uA4  The  resui ts  o f  ca lcu la -  
t ion of  the  O H / I n  rat io f rom the  t i t r a t ion  curve  (see 
Table  I)  prac t ica l ly  co inc ide  with the  resul ts  of  T G ,  
w h i c h  d i s t i n g u i s h e s  In n t  o x o h y d o x i d e s  f rom Fe lu 
oxohydroxides  ob t a ined  u n d e r  s imi lar  cond i t i ons .  4A5 
Based on  the  t h e r m a l  analysis,  the  c o m p o s i t i o n s  of  the  
samples  are the  following: 

pHI Composition 
7 In(OH)3-0.5 H20"0.21 NaOH 
9 In(OH) 3-0.57 H20" 0.21 NaOH 
11 In(OH) 3- 0.45 H20-0.21 NaOH 

Table 3. The rate constants (ko0s) of the heterogeneous hydrolysis of PtCl42- on the surface 
of indiogels in a 0.1 M solution of NaCI at pH 7 - - l l  

T/:C kob s �9 104/S -1 [Ea/kJ tool -1] 

7 8 8.5 8.75 9 9.5 10 ! I 

40 Plateau 3.5 4.0 4.7 2.70 2.59 2.26 2.30 
50 --  7 (8.7) 9.60 12.8 8.2 8.0 6.2 7.2 
60 - -  22 ~35 a ~35 z' 22.6 21.9 15.6 20.0 

[79-21 [92.5] [84.5bl [89.5] [92.1] [81.9] [89.51 

a Extrapolation with the use of the temperature coefficient gives 2.3 �9 10 -3 s -1 . b Extrapolation 
with the use of the temperature coefficient. 
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Table 4. The rate constants (ko~ of the heterogeneous hydrolysis 
of lrCl62- on the surface of indiogels in solutions of NaCI at 
pHt 6--11 

T/~ kobs" t04/s-~ [Ea/kJ mol-[I 

6 7 8 9 I0 11 

CNaCI = 0.5 tool L -1 

80 6.9 13.5 15.8 18.6 --  -- 
70 1.5 4.0 5.3 7.4 11.0 I 1.0 
60 -- --  1..4 2.6 2.9 2.9 
50 . . . .  0.7 0.9 

[ ~ 1 4 ]  I L l 4 ]  [100] [1191 [ 1 1 . 9 ]  

C,~c ~ = 0.1 mol L -1 

70 -- --  --  15.3 18.3 -- 
60 - - - 6.*_ 7.1 - 
50 - - - 1.6 2.2 - 

- -  - [Io31 [Ioo1 - 

Table 5. The effect of the nature 
ionic background (C/N) on the rate 
sis (ko~) on the washed samples of 

and concentration of the 
of heterogeneous hydroly- 
indiogels and In203 

T/~ pHt Elec- kobs" 104/s -I 
indio- trolyte 

gel 0.01 0.I 0.25 0.5 1.0 

PtCI42-" 

50 9 NaCI -- 8.2 6.4 2.4 1.6 
50 9 Na2SO 4 7. I 5.5 -- 2.2 b 
50 9 NaCIO 4 -- --  --  33.4 --  
50 a NaCI -- 1.0 --  -- -- 

lrCl62- 

80 a NaCI 1.7 0.6 --  -- ~ 0  
60 9 NaCI -- 6.2 3. I 2.6 -- 
60 10 NaCI -- 7.1 --  2.9 -- 
60 9 NaCIO4 -- - -  - -  10.0 --  
60 9 Na,.SO 4 --  --  --)0 ~ 0  --~0 

a For the concentration of electrolyte from 0.0l to 1.0 mol L -1. 
b in203, c In 0.5 M Na2SO 4 the precipitates of indiogel are 
strongly peptized and very difficultly filtered. 

It has previously been repor ted  13 that  the acid resi- 
dues are resplaced comple te ly  with O H  groups when the 
s to ichiometr ic  a m o u n t  o f  alkali is added to a solution of  
lnC13, (see Fig. 1, curve 2). Acco rd ing  to the reported 
data, l~ hydroxide dr ied at 120 ~  is crystalline and has 
the compos i t ion  o f  l n ( O H )  3. [t is known 17 that In(OH)3 
loses structural  water  wi thout  fo rmat ion  o f  intermediates  
on heat ing in the  t empera tu re  range o f  200- -350~  
This explains the s imple  shape o f  the D T A  curves ob- 
ta ined by us. 

The  t i t rat ion curve (see Fig. 1) shows that  pH 1 7, 9, 
and I I  cor respond to the range o f  the O H / I n  ratios 
which signif icantly exceed 3. It is seen that In (OH)  3 
sorbs up to 0.3 g - e q  tool - l  o f  O H  groups,  some port ion 
o f  which is hardly removed  dur ing washing off  (see 
Table 1). Based on the compos i t ion ,  indium hydroxide 
is not  po lymer ized  during prec ip i ta t ion  and drying as 
does Fe 111 hydroxide (as well as t i t an ium and z i rconium 

hydroxides),  4 - s  a l though it could  be expected on the 
basis of  the hydrolyt ic  po lymer iza t ion  o f  the In 3+ cat-  
ions in so lu t ions )  4,18,19 Even dr ied,  the samples o f  
indium hydroxides have a very smal l  degree of  crystal- 
linity, because In(OH).~ crystallizes slowly at room t em-  
perature.  Therefore ,  it is reasonable  to suggest that  we 
are dealing mainly  with the a m o r p h o u s  phase when 
carrying out  the p H z c p  and kinetic measurements ;  hence,  
the term "indiogel" is quite  proper.  

The  acid-base t i t rat ion curves o f  indiogels (see Fig. 
3) are typical of  poor ly  soluble a m p h o t e r i c  and weakly 
basic hydroxides and oxohydroxides .  1 As in all previous 
cases, 4-$ the t i t rat ion is reversible. It follows from the 
data of  Table  2 that the  dependence  o f  p r i z e  P on the 
concent ra t ion  of  an electrolyte  is typical of  gels; this 
confi rms once  more the  gelat inous na ture  of  the samples 
under  study. The  curves of  the d e p e n d e n c e  of  p H z c  P on 
pHl  in a NaC1 m e d i u m  intersect  at pHl  10.0 and p H z c  e 
.9.9 and a lmost  at the same point  in a Na~SO 4 med ium.  
Hence ,  the surface o f  indiogels has a more  basic nature 
than  that o f  ferrogels for which p H  1 o f  the correspond-  
ing intersect ion point  in the m e d i u m  of  NaCI  is equal  to 
8.1. However ,  the samples  s tudied con ta in  the strongly 
bound  0.2 mol  of  N a O H  per m o l e  o f  In (OH)  3. This 
seems to explain the  co inc idence  o f  the intersect ion 
points  for chloride and nitrate m e d i a  which is a differ- 
ence  be tween indiogels and o the r  gels. s The data  pre- 
sented in Table  2 show that at p H  1 < 10 indiogels with 
the added alkali sorb extra OH groups  from a solution in 
addi t ion to those strongly bound 0.2 tool tool - I .  

The  results of  studies of  indiogets  by the method of  
indicator  reactions o f  the he te rogeneous  hydrolysis of  
PtCI42- (see Table 3) and lrCl62- (see Table 4) show 
that  the rates of  decrease in the concen t r a t ions  o f  Ir and 
Pt in the solut ion contac t ing  the indiogel  obey the first- 
order  law, as in the works  reported previously. 1,4-$ The 
dependences  o f  the observed reac t ion  rate constants kob.s 
on PI l l  for these complexes  are qui te  different. For  
IRC162- a pattern is observed wh ich  is similar to that 
obtained by us for ferrogels4: kob s increases smooth ly  
with increasing pH i and comes  to a plateau at pH~ > 
9--10.  For  PtC142- the/cob s value is pract ical ly indepen-  
dent  of  P I l l ;  we did not  observed such  a phenomenon  
previously. This d i f ference cannot  be  explained on the 
basis of  the  data available. As known,  l the  behavior  of  
p lanar -square  complexes  in the react ions  of  hetero-  
geneous  hydrolysis is charac te r ized  by some charac-  
teristics. 

The  t empera tu re  dependences  o f  the rate and activa- 
t ion energy E a of  the indica tor  reac t ions  on indiogels are 
typical o f  the he te rogeneous  hydrolysis  of  these com-  
plexes. The  E a values are on the average  equal to 110+4" 
and 87+4.4* kJ mol  - l  for  IrCl62- and  PtCI42-, respec- 
tively. A strong dependence  of  kob s o n  the concent ra t ion  
o f  the ionic  background of N a C I  and NazSO 4 was 
observed (see Table  5). It is known I that the effect o f  

* The average arithmetic error. 
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NaCI on the rate of  heterogeneous hydrolysis is due to 
excess ligand in the course of the aquation of com- 
plexes, and the effect of  sulfate ions is due to the 
interaction between the background electrolyte and the 
oxohydroxide sorbent. 

A comparison of the starting In203 and the aged 
indiogel samples shows (see Table 2) that the oxide 
behaves as a gel during titration, t This can be explained 
by the formation of  a gel film on the oxide surface 
during hydration, z~ The ko~ values for the heteroge- 
neous hydrolysis of the starting In203 (see Table 5) were 
determined, and they proved to be significantly less than 
those for indiogels (see Tables 3 and 4). 

The samples washed off from the mother liquor im- 
mediately after preparation and stored for 11 days under 
a water layer do not exhibit a decrease in the rate of 
heterogeneous hydrolysis of  IrC162-. Thus, for the sample 
with PHi 9 aged under water, /Cob s = 7 .0 -10-4s  -!  
at 70 ~C in a 0.5 Msolut ion of  NaCI. For the sample with 
PHI 7, ko~ s = 3 .3 -10 -4s  - !  under the same conditions, 
and this coincides with the /Cob s values for the corre- 
sponding as-prepared samples. For the samples which 
were not washed off but stored under the mother liquor 
under the same cond i t ions ,  kob s = 2 . 4 - t 0 - 4 s  -1 
and 1.3" 10 -4 s - l ,  respectively. Thus, the sorption activ- 
ity of the practically washed off samples does not de- 
crease in the course of aging for the time mentioned, but 
this effect is quite noticeable for the unwashed samples. 
When the as-prepared indiogel samples are used without 
removal and washing off the mother liquor, their sorption 
activity decreases sharply: for lrC162- in a 0.5 M 
solution ofNaCl,/~obs = 0.5- 10 -4 s -1 (pHl 9, 60 ~ and 
3 .6 -10-4s  -1 (pH I 8, 70~ whereas for the washed 
off samples, kob s = 2.6" 10-4s -I  and 5.3" 10 -4 s - I ,  re- 
spectively. 

For the xerogels with pHI 8 and 10 dried in a 
vacuum desiccator over concentrated H2SO 4 for 10 days, 
the lbllowing values of  kob s of the heterogeneous hy- 
drolysis of lrCl62- at 60 ~ in 0.5 M NaCI were ob- 
tained: 1.7 �9 10 -4 s - l  and 3.1 �9 10 -4 s -1, respectively; these 
practically coincide with those for the as-prepared 
samples. According to the data reported previously, 9 Ssp 
of the sample with pH I 8 is higher by a factor o f - 1 . 5  
than that of the sample with pHl  I0; however, the rate 
of the indicator reaction for the second sample is about 
twice higher. This confirms the suggestion made by us i 
that the specific surface area of  the gel does not deter- 
mine the rate of  heterogeneous hydrolysis. 

A comparison with Fe HI oxohydroxides shows that 
heterogeneous hydrolysis on indiogels always occurs on 
the positively charged surface of the gel (i.e., at pH > 
pHzcr,), whereas on ferrogels, unlike this, the process in 
most cases occurs on the negatively charged surface (pH 
> pHzcp).  The Fem oxohydroxide that posesses the less 
basic nature and consists of  the macromolecules of  
hydrolytic polymers 21 exhibits significantly higher sorp- 
tion activity than In(OH) 3. 

Thus, a typical process of heterogeneous hydrolysis 
of complex anions occurs on indiogels; for indium, as 
for other transition and p-metals ,  gels with specified 
sorption properties can be obtained. The sorption prop- 
erties of  indiogels are rather stable. This is likely due to 
the formation of  the quasi-stable microstructure of the 
gel which does not change under  mild conditions of 
washing and drying. The data obtained concern pre- 
cisely In(OH) 3" 0.2 NaOH rather than In(OH)3 .. We 
failed to remove excess alkali by washing. It behaves as if 
it is strongly adsorbed, as it follows from the shape of 
the indiogel t i tration curves which are similar to the 
corresponding curves for ferro-, t i tano-,  and zirconogels. 
The decrease in the sorption activity of  the samples 
stored under the mother liquor or used together with it 
is most likely explained by the fact that the anions of the 
mother  liquor gradually displace a portion of  the excess 
OH groups. 

This work was financially supported by the Russian 
Foundation for Basic Research (Project No. 95-03- 
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