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Comparison of the sorption properties of crystalline and 
amorphous samarium(m) oxohydroxides 
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The influence of the pH of precipitation (pHi) and the ionic medium on the sorption 
properties of as-precipitated samarium(m) oxohydroxides, i.e., the pH of zero charge point 
and the rate of heterogeneous hydrolysis of the IrCl62-, RhC163-, and l~Cl~2-comptexes, 
was studied. The composition of precipitates was studied by the drop titration of solutions of 
samarium nitrate and thermogtaphy. It was found that as-precipitated samarium oxohydroxides 
are amorphous and the substitution of NO 3- ions by OH- is not complete even at pHl 11. 
Heterogeneous hydrolysis occurs on the surface of samarium oxohydroxide, and its rate 
increases with increasing pH I. The as-precipitated samarium oxohydroxides have much 
higher sorption activities than crystalline Sm203, and their activities are similar to those of 
ferrogels. 

Key words: sorption properties, zero charge point, indicator reaction rate, samarium 
oxohydroxide, heterogeneous hydrolysis. 

Poorly soluble metal oxohydroxides are of interest as 
sorbents for both  chemical  and environmental  
technologies. 1,2 The previous studies of  the properties of 
iron, l rare-earths (RE), l titanium, 3 zirconium, 4 indium, s 
chromium, and zinc oxohydroxides have shown that 
amorphous and crystalline oxohydroxides are markedly 
different in their sorption properties and the crystalline 
compounds are significantly inferior in this property to 
amorphous and especially as-precipitated compounds. 
The difference is so high that the mechanism of 
adsorpt ion changes:  for instance,  heterogeneous 
hydrolysis of  hematite, anatase, crystalline zirconium, 
and chromium oxides does not occur, but electrostatic 
sorption (non-exchange sorption on a charged sorbent 
surface) takes place that is accompanied by some 
hydrolysis of  the sorbate in the sorbent phase (for titanium 

and zirconium6). The crystalline RE oxides exhibit high 
sorption activity, which allows one to identify the 
heterogeneous hydrolysis.l 

It was of  interest to compare the sorption properties 
of  the crystalline and amorphous Sm Irl oxohydroxides. 
A great body of  data on the kinetics of  heterogeneous 
hydrolysis are available, and the pH values of  zero 
charge points (pHzcl,) in various ionic media have been 
determined. 7 The preparation procedure for the samarium 
oxohydroxide and the methods of  its study are precisely 
the same as those used in the previous studies of  the 
oxohydroxides of  other metals.l,3-"~ 

In this work, a series of  samples of  samarium 
oxohydroxide was obtained and their sorption properties 
were studied by the methods of  zero charge point (ZCP) s 
and the indicator reactions of  heterogeneous hydrolysis of  
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Table I. Calculation of the OH : S m  ratio for drop titration of Sm(NO3) 3 with a solution of NaOH 

Starting PHI pH2 V2 pHs pH3 OH : Sm ratio** 

solution* /mL ct 13 ~, 

7 7.25 320 9.42 5.70 0.94 0 0.94 
9 7.90 390 9.55 5.95 2.40 0 2.40 

11 10.64 395 11.05 10.62 2.57 0.032 2.54 
7.5 6.20 380 8.7 6.5 2.235 0 2.235 
9 6.60 385 9.5 8.9 2.73 0 2.73 

11.05 9.40 375 10.9 10.6 2.888 0.03 2.858 

* 1 is a solution of  SIn(NO3) 3, 1.68 M HNO 3, 2 is a stoichiomctrically neutral solution of Sm(NO3) 3. 
"* a is the sum of OH/SIn introduced, g-equiv./g-at., 13 is the sum of H/SIn attached during washing off 
or removed OH/SIn, g-equiv./g-at., 't is OH/Sm in the precipitate, g-equiv./g-at. 

complex  a m o n s  (IrCl62-,  RhC163-, and PtC142-). 1,3-s 
T h e  s o r p t i o n  p r o p e r t i e s  m e a n  the  capabi l i ty  of  an  
oxohydroxide  (a dispersed phase)  to exr tmct  a sorbate 
f rom the  bu lk  o f  a so lu t ion  (a dispersion m ed i um)  
rapidly and  to a h igh  extent ,  close to 100%. As a sorbent  
is a highly dispersed phase  far from equil ibrium, the  
kinetic parameters  ( the rate constants  of indicator reactions) 
are more  sui table  for character izat ion.  The  sorption of  
H 3 0  + and  O H -  ions s tudied by the Z C P  method is 
p s e u d o - e q u i l i b r i u m  in i ts n a t u r e ;  th i s  is used for  
de t e rmina t i on  of  the  sign and  value of the  surface charge 
o f  a sorbent .  

Experimental 

A solution of SIn(NO3) 3 obtained by dissolution of a 
weighed portion of Sm203 (CMo-E, monoclirtic) in 1.68 M 
HNO 3 (chemicaLly pure grade) was used to prepare the samples 
of samarium oxohydroxide; the concentration of the solution 
was 85.2 (g Sin) L -I.  An aliquot of the solution containing 
0.008 g-at. Sm was diluted with distilled water and neutralized 
by a solution of NaOH (chemically pure grade) under stirring 
and pH-metric  control until establishment of a specified pH of 
precipitation (pH l) in a ~50 mL suspension that was constant 
during ~5 rain. The precipitate was separated by centrifuging, 
triply washed by decantation with H20, and centrifuged again. 
The samples obtained were suspended in 50 mL of water and 
used for experiments. For some comparative experiments, 
crystalline salt SIn(NO3)3" 6 H20 synthesized from the same 
oxide and recrystaUized from a solution in acetone was used. 
The content  of Sm203 was 33.4 wt.% (28.8 wt.% Sm). 

The composition of samarium oxohydroxides. The com- 
positions of the samples obtained at various pHt was estimated 
by drop titration with NaOH, as in previous works 3-'s (Fig. 1). 
Both acidified solution of samarium nitrate (0.024 g-tool of the 
starting salt in 175 mL of water) and a stoichiometrically 
neutral solution (0.017 mot in 150 mL of water) of the crystalline 
salt were titrated. The samples (0.008 mole or 0.0057 mole 
SmIII), corresponding to PHI 7.5, 9, and I 1, were washed with 
water as described above and introduced to 200 mL of 0.5 M 
KNO 3. The precipitate was f'dtered off, and the pH values of 
the washing liquor (pH2), the suspension in 0.5 M KNO3 
(pHs), and the filtrate (pH 3) were measured. To calculate the 
OH/SIn 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 

desiccator over concentrated H2SO 4 at - 2 0 " C  for 6--7 days 
and then studied by the DTA--TG and X-ray diffraction 
techniques. The thermal analysis was carded out with the 
~0.2g sample at a heating rate of 10 deg rain - l  on an NTR-70 
instrument combined with a PRT-1000 and a P t - -P tRh  
thermocouple and a PP-63 instrument combined with a 
V'I'- 1000 torsion balance. X-ray diffraction study was performed 
on a DRON-2 diffractometer with the use of Cu-Kct-radiation 
(graphite  as a monochroma to r ) .  The rmograms  and 
diffractograms are presented in Figs. 2 and 3. 

Determination of the pH of the zero point was performed 
by the Parks method s modified by us for gels I 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- I M I accessory electrode 
immersed in the slurry of oxohydroxide (pHi) or in a reference 
solution (PH0). Prior to titration, argon was purged for -1.5 h 
through the oxohydroxide slurry washed as described above 
and a solution of the electrolyte to remove dissolved CO~. 
Then the slurry (50mL) was introduced to 150mL of a 

N 

J 
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Fig. 1. The curves of drop titration of the solutions of 
samarium(m) nitrate with a solution of NaOH: 1. an acid 
solution, 2, a stoichiometrically neutral solution, N is the 
OH : S m  ratio. 
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Fig. 2. Thermograms of the xerogels of  samarium(m) 
oxohydroxide at pH~ = 7.5 (23; 9 (2); 11 (3). The heating rate 
is 10 deg rain -I .  

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 -1 
in the final volume of the slurry. To estimate the initial pH or 
the pH 0 values, a 0.123 tool L -a solution of carbonate-free 
NaOH (5 mL) was added, then the slurry was titrated by a 
solution of the acid (0.I tool L - l ,  fixanal) whose anion 
corresponds to the anion of  the electrolyte at the rate of 
0.4 mL rain - I .  Recrystallized NaCI and Na2SO 4 were used as 
the suppo~ng electrolytes. The amount of  excess OH-  (H30 +) 
ions sorbed was determined by comparing pH s and PH0 during 
the blank experiment at the specified volume of the titrant. 
The pHzc  p can be found graphically as the intersection of the 
titration curve for the gel sample and the curve from the blank 
experiment. The results of the determination of PHzcp are 
presented in Table 2. 

Indicator reactions of heterogeneous hydrolysis. As in the 
other works, 1 ,~s  the reaction rates of heterogeneous hydrolysis 
of the IrC162-, RhCI63-, and PtCI42- complexes were used to 
characterize the surface properties. K21rCI6, Na3RhC1 ~ �9 2H20, 
and K2PtC14 obtained according to the known procedures 9 and 
characterized by elemental mieroanalysis and X-ray diffraction 
were used. The initial concentrations of  Ir, Rla, and Pt were 
(2--3) - 10 -4 mol L - t ,  and the volumes of the reaction mixtures 
were 200 mL; the measurement and calculation procedures 
have been described previously in Ref. 1. The contents of Ir, 
Rh, and Pt were determined according to the known 
procedures. 10 
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Fig. 3. Diffractograms of  the xerogels of samarium0Ir) 
oxohydroxide at PHI = 7.5 (1); 9 (2); 11 (3). 

Results and Discussion 

Drop t i t rat ion o f  the  Sm(NO3)  3 solut ions (see Fig. I, 
Table  1) with alkali showed that  S m  3+ cat ion is t i trated 
as a strong acid and a lmost  c o m p t e t e  prec ip i ta t ion  of  the  
meta l  f rom a so lu t ion  occurs at p H  1 ~7; the O H : S m  
rat io  reaches  2.3 for the  s t o i c h i o m e t r i c a l l y  neutral  
solut ion and - 2  for the  acid so lu t ion .  The  t i trat ion 
curves exhibi t  a typical  inf lec t ion  p o i n t  in the pH  1 9 
region,  which  is also observed dur ing  the ti tration o f  
solut ions o f  i ron and c h r o m i u m  salts and corresponds to 
O H : S I n  ra t ios  o f  2.7 and 2.4,  r espec t ive ly .  The  
rep lacement  o f  anions  for O H  g roups  dur ing t i trat ion 
under  the  condi t ions  m e n t i o n e d  is n o t  comple t e  even at 
p H t  I 1 (see Table  1). The  thermal  analysis confirms the  
presence  o f  the  unsubst i tu ted N O  3 groups  in the dried 
samples obtained at p H  i 7.5, 9, and 11. The  composit ions 
o f  these samples  were  calcula ted f r o m  the  T G  curves: 

Table 2. The pHzc  P values for samarium oxohydroxides in a 
solution of NaCI at various pHl values (7--11) 

CNaCI PHzcp 
/ tool L - !  7* 8* 9* 10" 11" 

1.0 7.78 8.25 8.58 9.47 - 
(9.75)** 

o. 1 7.84 7.92 8.02 8.87 9.68 
O.Ol 7.60 7.89 7.80 8.20 -- 

*pH I. ** The sample is obtained from a stoichiometrical/y 
neutral solution of Sm(NO3) 3. 
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Fig. 5. Dependence of PHzc P on pH 1 for as-precipitated 1 2 3 V/mL 

Fig. 4. Potentiometric titration of the as-precipitated 
samarium(m) oxohydroxide in a 1 M solution of NaCI at 
pH~ = 10 (1) and $ (2), as well as the blank experiment (3). V 
is the titrant volume. 

[Sm(OH)2_4(NO3)0.6] �9 0.5H20*, 
[Sm(OH)2.ss(NO3)0.45] �9 H20 , and 
[Sm(OH)2.ss(NO3)0.35] - 0.5H20, respectively. These 

compositions do not suggest that samarium oxohydroxide 
is polymerized during the precipitation and drying, as 
was observed for t i tanium, zirconium, and chromium 
oxohydroxides. 3,4 The O H : S I n  ratios calculated from 
the titration curve (see Table 1) practically coincide with 
those found by TG. The diffractograms of the dried 
samples (see Fig. 3) show that the samples are poorly 
cry. stalline even after drying. We failed to identify the 
diffractograms of this type under  the data base. n These 
are likely the basic salts of the compositions mentioned. 

The behavior of as-precipitated samples in the course 
of titration (to estimate pHzcp) is typical of gelatinous 

* The sample is obtained from a stoichiometrically neutral 
solution of SIn(NO3)3. 

samarium(m) oxohydroxides in solutions of NaCI of 
concentrations 1.0 (1); 0. I (2); 0.01 (3) tool L-t. �9 

oxohydroxides (Fig. 4). The titration is reversible. A 
comparison of the pHzc P values obtained (see Table 2) 
and the PHzc P values at pHt 9 in 0.05 and 0.005 M 
solutions of Na2SO4, which are equal to 10.75 and 7.97 
respectively, shows that in the presence of SO42- ions, 
the pHzcp of the amorphous Sm oxohydroxide increases, 
as in the case of the crystalline sample. 7 The curves of 
the dependence of PHzc P on pH 1 in NaC1 solutions 
intersect at pHzc P 7.6 and PHI 7 (Fig. 5), as has been 
observed for iron, titanium, zirconium, chromium, and 
indium oxohydroxides. 3'4A2 Previously we suggested t2 
that this intersection point corresponds to the true pHzc P 
of an amorphous oxohydroxide in a given ionic medium. 
Interestingly, the value obtained is close to PHzc  P of the 
crystalline Sm203 in a chloride medium that is equal to 
7.45, 7 although, as the data mentioned above show, the 
composition of the helium phase at this value of pHt 
corresponds to Sm(OH)2.3(NO3)0.7-n H20. It can also 
be seen (see Table 2) that PHzc P of the gel depends 
directly on the extent of replacement of the acid residues 
for OH groups. 

Table 3. The rate constants of heterogeneous hydrolysis on the surface of samarium oxohydroxides and comparative data for 
crystalline oxides 

Com- pHI Ionic 
plex (Crystalline background 

oxide) (C/tool L - l )  

ko~- 104/s -I at various temperatures (20--80 ~ Ea 
/kJ tool - t  

80 70 60 50 30 25 20 

IrC162- 7 NaCI (2) 14.7 5.8 1 . 3 7  . . . .  119.7 
0(203) 4.7 1.7 0.4 . . . .  122.5 

(Sm203) 6.3 . . . . . . .  
PtC142- 9 Na2SO 4 (0.5) -- 14.6 6.8 2.05 -- -- -- 95.8 
RhC163- 9 NaCl (1) + -- -- 832* 250* 21.3 9.14 5.15 I02.2 

Na2SO4 
(0.5) 

(Sm203) 55* 20.7 2.0 -- -- 95.0 

* Obtained by extrapolation. 
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Fig. 6. a. Dependence of the rate cons tant  (kobs) Of 
heterogeneous hydrolysis of IrCl62- (13 and PtCI42- for 20 min 
(2) on the as-precipitated samarium(m) oxohydroxide on pHI 
at 70 ~ The ionic background is NaCI (2 tool L-I). 
b. Dependence of the extent of precipitation of Pt (A) on time 
(z) during the heterogeneous hydrolysis of PtCI42- on the as- 
precipitated samarium(m) oxohydroxides at 60 ~ and at 
PHI = 7 (/); 8 (2); 9 (3); 10 (4); tt (5). The ionic background 
is NaC1 (0.5 tool L-l). 

In addition to determination of  the observed rate 
constants of  heterogeneous hydrolysis over samarium 
oxohydroxides at var ious temperatures  shown in 
Table 3, the dependences of  the rate constants on pHI 
as well as on the concentrat ion and nature of the ionic 
background were studied. The comparative data for 
Sm203 and ferrogels are presented here. In those cases 
where comparative data for Sm203 are absent, the data 
for the crystalline Y203 are presented, whose sorption 
activity is in fact equal to that of  Sm203. t 

The values of  the rate constants of  heterogeneous 
hydrolysis of  IrCl6 ~- over the amorphous samarium 
oxohydroxide in a 2 M solution of  NaC1 at 70 ~ are 
given below: 

pHl 7 8 9 I0 10.5 
/cob s �9 104/s - t  5.8 6.75 10.1 t5.1 21.3 

For the heterogeneous hydrolysis of  IrC162- on the 
surface of  crystalline Sm20 3 in a 2 M solution of  NaC1 
at 70 ~ kob s = 1.8- 10 -4 s -1. 

A similar dependence was obtained for the hetero- 
geneous hydrolysis o f  PtCI4 ~- over amorphous samarium 
oxohydroxide in a 0.5 M solution of NaCI at 60 ~ The 
shapes of  the kinetic curves were shown to change with 
increasing pHt (Fig. 6). At pHl < 10 the kinetic curves 
are not described by the first-order kinetic equation but 
resemble the corresponding kinetic curves for ferrogels, t2 
With increasing pHI their shapes approach the first of 
the curves ment ioned and at pH 1 10 and 11, the 
dependence of  logC on time is rigorously described by a 
straight line and /Cobs are equal to 18.3" 104 and 

Table 4. Comparative data on the rates of indicator reactions 
on the surfaces of samarium oxide and ferrogels 

Sorbent Ionic background T/~ kob s �9 104 
(C/rnol L -l) /s - t  

PtCI42- 

Sm203 NaC104 (1.0) 50 2.1 
Na2SO 4 (0.5) 75 25.0 
NaCI (0.5) 75 0.45 

Ferrogel NaC104 (1.0) 50 9.6 
Fe(NO3):CNaOH, Na2SO 4 (0.5) 60 8.9 
pHI = 7 

Sm203 

Ferrogel 
Fe(NO3)a/NaOH, 
pill = 7 
Ferrogel 
Fe(NO3)3/NaOH, 
pH~ = 9 

RhC163- 
NaCl (1.0) 40 1.9 
NaC1 (1.0) + 40 6.2 
Na2SO 4 (0.5) 
NaCI (I.0) + 60 290 
Na2SO 4 (0.5) 

NaC1 (1.0) + 35 23.3 
Na_~SO4 (0.5) 

24.0" 104s -1, respectively. As can be seen in Fig. 6, the 
rate of  the heterogeneoos hydrolysis of  the complex 
increases with increasing pH l . The  rates of  the 
heterogeneous hydrolysis of  PtCI4 ~- at the same pH I 
(equal to 9) are nearly the same in 0.5 M solutions of  
NaC1 and Na2SO 4 and are significantly higher in a 1 M 
solution of  NaCIO 4 (1.5- t0 -a s -~ at 50 ~ 

For the heterogeneous hydrolysis o f  RhC163- on the 
surface of  amorphous samarium oxohydroxide in a I M 
solution of  NaC1 at 30 ~ kob s �9 104 are equal to 7.5 and 
35 s -1 at pHI 7 and 9, respectively. 

Comparative data for the heterogeneous hydrolysis 
of  PtC142- and RhCI63- on the surfaces of  crystalline 
Sm203 and ferrogel (Table 4) show that the character of  
the dependence of  the rate on the nature of  the ionic 
background for all indicator reactions is the same as that 
for the reaction over crystalline samarium oxide, but the 
rates of  heterogeneous hydrolysis over as-precipitated 
amorphous samarium oxohydroxidcs at all pHl values 
arc markedly higher than those over the crystalline 
oxide. With few exceptions, the rates differ by a factor of  
2--3 and even 1--2 order for RhCI63-, as has been 
observed for ferroget and hematite I or chromogel and 
crystalline chromia. It can be seen from the comparison 
with ferrogel obtained under similar conditions that the 
kinetic parameters are very close and even higher in the 
case of  amorphous samarium oxohydroxides. 

One can suggest that gelatinous oxohydroxides of  
almost all metals will be the more active in heterogeneous 
hydrolysis than the corresponding crystalline oxides. 
The following tendency is seen: the higher activity of  
crystalline oxides, the lower difference between the 
sorption activity of  a m o r p h o u s  and crystalline 
modifications. 
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