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The modern theoretical views on the point of zero charge of the oxide hydroxide surface 
are considered. Methods for determination of the pH of the point of zero charge and the use 
of this value to characterize the properties of oxide hydroxides are described. Examples of 
using the pH of the point of zero charge in studies of oxide anodes and amorphous oxide 
hydroxide sorbents are presented. 
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The values of pH at the isoelectric point and at the 
point of zero charge are characteristics that have been 
frequently used since the 80s in the foreign literature o:1 
electrosurface and sorption properties of solids including 
oxides and hydroxides.l-13 However, in domestic pub- 
lications these characteristics have not been employed, z3-z5 
except lbr the studies by the author of the present 
paper. 14-22 

In this review, we describe a simple and efficient 
method for the determination of this value and consider 
the relationship between this parameter and the surface 
properties of oxide hydroxides and the scope of its 
application. 

The concept of the point of zero charge (PZC) and 
its definition, different from that given for the isoelectric 
point (IEP), were first formulated in the 60s. z6-zs 

The term PZC is used to define a state of the surface 
of a dispersed solid phase at a "solid--electrolyte solu- 
tion" interface such that the numbers of positive and 
negative potential-determining ions sorbed on the sur- 

face are the same and the total surface charge is equal to 
zero. In systems formed by aqueous solutions and ox- 
ides, hydroxides, or oxide hydroxides, the hydronium 
H30 + and hydroxyl O H -  ions are the potential-deter- 
mining species; therefore the surface charge depends on 
the pH of the solution. Meanwhile, the IEP character- 
izes a state of the surface such that the electric potential 
at the slip plane inside the double electric layer is equal 
to zero. A quantitative characteristic for both the PZC 
and IEP is the pH value of a solution at which the total 
charge of the surface contacting with this solution and 
the electric potential of the double electric layer are 
equal to zero. 

In the absence of a specific interaction of the dis- 
persed phase with electrolyte ions, pHpz C = PHiE P- 
Simple and effective procedures for determining the 
pHpz c value by potentiometric titration z7 and by the 
method of static points zs have been proposed. The 
difference between the PZC and IEP has been estab- 
lished and the known pHpz C values have been summa- 
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rized, z6 The author  of  the present communicat ion has 
surveyed the data on the pHpz c values reported in later 
studies. 

The pHpz C is a very important value for adsorption 
measurements and surface characterization. 

This is due to several reasons. First,  a crucial role in 
the sorption of  protons and hydroxy groups is played by 
the ac id--base  properties of  the surface. In a previous 
publication, z3 an equation was derived that relates the 
first and the second acid--base  dissociation constants of  
the surface aqua and hydroxy groups to pHpz c 

pHpz c = 0.5(pKa~ + pK~ 2) - 
- 0.5log (1 + Kx~x)/(1 + Kyay), (1) 

where Kal and Ka2 are the acid--base equilibrium con-  
stants, K x and K v are the equilibrium constants for the 
association of  the electrolyte cations and anions with the 
surface aqua and oxo groups, and a x and ay are the ion 
activities. A similar equation was reported previously. 3 

Second, the electrostatic sorption of  electrolyte ions 
complicated by chemical  interaction changes both the 
PZC and the IEP; however, these values change in 
opposite directions. Specific sorption of  cations shifts 
the PZC toward lower pH values, whereas specific sorp- 
tion of  anions shifts it to higher pH. The IEP changes in 
the presence of  specific sorption in the opposite direc-  
tions. If the electrolyte cations and anions are sorbed 
equally (K~ar = Kya ) the sorption is nonspecific and 
PHpzc = PHIEP = 0v'5(PKal + PKa~)" Thus, pHvz C is 
related to the intrinsic properties of-an oxide hydroxide 
to a greater degree than PHIE P- 

Finally, when there are no acidic or basic admix-  
tures, the equilibrium of  sorption of  hydroxonium and 
hydroxyl ions is established very soon, namely, after 1 to 
2 rain at room temperature.  This is very important for 
the study of  nonequil ibr ium systems in which the states 
of  one or several components  rapidly change. 

It has been shown previously 15 that pHpz r not merely 
characterizes the ac id- -base  properties of  oxide hydrox- 
ides but can also serve for comparison of  the ac id- -base  
properties of  oxides, hydroxides, oxide hydroxides, hy- 
drolyzable salts in different crystal modifications, crys- 
talline, amorphous,  and supported materials, wet and 
dry, etc. 

The surface propert ies  of  oxides of  Ru TM, ir TM, 1Vln TM, 
Pb TM, Ti TM, Zr  TM, Sn Iv, Ce Iv, tantalum and spinels 
Co304 and FeCo204,  which are used in e lec t rochemi-  
cal processes, have been reported.  ! The practical appl i -  
cation of  these oxides gives impetus to investigation of  
their  ac id- -base  propert ies,  because their  surfaces are 
pH-sensi t ive.  However,  when adsorbed ions are present  
on the surface, the surface potential  does not always 
obey the Nernst  equation.  The intermediates  of  the 
redox processes on the oxide surfaces, which de termine  
the state o f  ions sorbed on surface, have been poorly 
studied so far. The progress in surface chemistry is still 
not adequately used in the analysis of  the electro-  
chemical  behavior  of  oxides, because the theoret ical  

concepts do not match the exper imenta l  procedures 
used in surface chemistry. Never theless ,  it was sug- 
gested that the electrocatalyt ic  activity of  oxides is 
correlated with their pHpzc ,  and a model for this 
correlation is being developed. 

The electrocatalytic activity of  various electrodes is 
usually est imated by compar ing  the rates of e lect rode 
reactions at a constant potent ia l .  The reaction rate 
depends not only on the chemica l  structure and the 
composi t ion of  the oxide surface (electronic factors) 
but also on the surface size (geomet r ic  factors). The 
influence of  the specific surface area  (Ssp) is usually 
very difficult to take into account ,  because there are no 
reliable methods for its de te rmina t ion .  The pHpz  c 
value is an intensive property,  which depends on the 
surface chemical  and physical s t ruc ture  rather than on 
Ssp. I f a  part icular  oxide has been prepared by different 
methods,  measurement  of  p H p z  r can demons t ra te  
whether or not its e lectrocatalyt ic  propert ies  depend on 
the preparation procedure. In the  case where the pHpz  c 
values of  samples are equal, the difference in the  
electrocatalytic activity is no rma l ly  attributed to the 
influence of  Ssp. 

The mechanism governing changes  in the charge of  
an oxide surface depends on the pH of  the solution to a 
greater degree than oll the potent ia l  of  the oxide elec- 
trode. This is yet another advantage of  the PZC method 
for the study of oxides. 

The pHpz C value characterizes the  acid--base prop-  
erties of  the surface and can be measured directly and 
accurately. Some researchers bel ieve that this value de- 
pends on the strength of interact ion o f  the central ion in 
an oxide hydroxide with the oxygen of  the OH group 
attached to it. Correspondingly, the  reaction intermedi-  
ates formed in the transformations of  oxygen, and, 
apparently, water are bound to the surface active sites 
and, therefore, the activation energies  of  these transfor- 
mations also depend on the M - - O H  bond strength, l The 
active sites of  an oxide hydroxide surface are Bronsted 
acids or bases. 

The acid--base properties of oxide  hydroxide sorbents 
are mostly studied by two methods.  In the Parks poten-  
tiometric titration method, 27 a suspension of  a hydrogel 
in a supporting electrolyte solut ion is placed in a half- 
open type quartz cell and purged with an inert gas for 
1.5 h in order to remove dissolved carbon dioxide. Then 
the electrodes of  a pH-meter  are immersed into t h e  
suspension, and its initial pH value is determined by 
adding a definite amount of carbonate-free NaOH, equal 
for all experiments in a series. Then the suspension is 
titrated by a solution of an acid  containing the same 
anion as the electrolyte. The corresponding volume of  the 
supporting electrolyte is titrated as the reference experi- 
ment. The amount of  the sorbed hydronium or hydroxyl 
ions is determined by comparing the two titration curves; 
the results are used to calculate the surface charge and 
the pHpz c. This value is normally determined for at least 
three concentrations of the support ing electrolyte, which 
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differ by an order of  magnitude, for example, 0.01, 0.1, 
and 1.0 tool L - t  or 0.001, 0.01, and 0.1 mol L -1. 

According to the second (static points) method,  so- 
lutions with different pH are prepared, and to equal 
volumes of these solutions, equal amounts  of  oxide 
hydroxides are added; after that,  the pH value of  the 
suspension is measured and the number of  protons or 
hydroxyl groups sorbed by unit weight or unit oxide 
surface and the surface charge are calculated. By plot-  
ting the dependence of  the surface charge on the solu- 
tion pH, the pH value at which the surface charge is 
equal to zero is found (PHezc) .  The physical basis for 
both methods is the same; however, the method of  static 
points suits better for dry samples but is not sufficiently 
convenient for gels because it is difficult to withdraw 
exactly equal gel portions from a suspension. In addi- 
tion, during potentiometric titration, one can see whether 
the titration process is reversible. If the titration is 
reversible, then, for example,  the gel-like oxide hydrox- 
ide retains its properties; if it is irreversible, the structure 
and composit ion of the sample rapidly change. 

Since the PHez c value does not depend on the 
specific surface area of the sample, this method is 
exceptionally valuable for investigation of  various recta- 
stable solid phases, gels, or amorphous structures, whose 
specific surface area and other  surface characteristics 
undergo rapid changes. 

We studied the interaction of  anionic acido complexes 
of metals (mainly, platinum group metals, gold, chro- 
mium, copper, and mercury t437) with oxide hydroxides 
of  lanthanides)  4 oxides of Fe ]H, TilV, 2~ zrlV, 16 CrJH, 2~ 
elc, DI'21 at an "aqueous solution of  the complex--oxide 
hydroxide surlhce" interlace. Freshly precipitated gel-like 
oxide hydroxides, amorphous to X-rays, prepared by 
alkaline hydrolysis of solutions of  the corresponding metal 
salts and containing primary water captured during pre- 
cipitation were mostly used. A process called "heteroge- 
neous hydrolysis" has been discovered and studied, t4 The 
essence of  the phenomenon is as follows. When a ~ l u -  
tion of a complex contacts an oxide hydroxide, ions of 
the complex-forming metal gradually pass from the soh!- 
tion bulk on the oxide hydroxide surface; consequently, 
the complex is completely destroyed, the ligands remain 
in the solution, and a new phase of the hydroxide of the 
complex-forming metal is accumulated on the surface of 
the oxide hydroxide sorbent. The rate of  this process 
depends on several factors; the major ones are the stabil- 
ity and the kinetic lability o f  the complex sorbate, tem- 
perature, acid--base properties of the oxide hydroxide 
sorbent, and the nature and concentration of the support- 
ing ions. 

A reliable model for this process was developed. The 
model assumes three consecutive steps: fast reversible 
sorption of  the complex species predominat ing in the 
solution on the oxide hydroxide sorbent surface; slow 
reversible activation of the sorbed complex; fast irrevers- 
ible acidic dissociation of  the aqua complex of  the 
metal,  formed on the sorbent surface, due to interaction 

with the surface OH groups, which are basic, and for- 
mation of  ol and oxo bridges between the new and old 
hydroxide phases. The occurrence of the third step 
makes the whole process irreversible. 

Evidently, only highly basic OH groups on the sur- 
face can ensure the irreversible character of the process. 
It was found that the rate and the extent of heteroge- 
neous hydrolysis depend to a large degree on the pH of 
precipitation of  the oxide hydroxide gel. During hetero- 
geneous hydrolysis, the amount  of the acid or base in 
the system was kept constant;  and only redistribution of 
the concentrations of  the acid and base group took place 
during the process. 

Characteristic features of  heterogeneous hydrolysis 
were considered previously. 22 It was found that complex 
ions, which are gradually aquated in aqueous solutions, 
react with amorphous hydroxide phases, which also 
change with t ime.  Hence ,  these systems are 
nonequilibrium with respect to all of the main compo-  
nents, and the PZC method gives good results in studies 
of the acid--base properties of  the surface of hydrogel 
sorbents. 

Using the Parks method,  27 we obtained a large num- 
ber of data on the pHpz c values for oxide hydroxides of  
some metals in solutions of  sodium chloride and sulfate 
of various concentrations and demonstrated that in the 
case of hydrogels, unlike dry and crystalline samples, 
pHez c depends on the concentration of  the supporting 
electrolyte and on the pH of  precipitation. However, the 
curves for pHFz c versus pH of  precipitation (pHi)  plot- 
ted for various electrolyte concentr~ations and for a 
particular oxide hydroxide hydrogel intersect at one 
point (Fig. 1); we defined this point as a true PZC for a 
given combination of the initial metal salt and the 
supporting electrolyte, ts Zinc oxide hydroxide is the 
only exception. 

! 2 
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I0 - PHpzc 

I t 1 [ , . ,  I 

4 6 8 10 pHl 

Fig. !. pHpz c vs the pH of precipitation (PHI) for hydrogels 
of amorphous Fe I1! oxide hydroxide in solutions of NaCI 
/tool L-!: 0.01 (1): 0.1 (2); 1.0 (3). 
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It seemed of  interest to compare the true pHpz C 
values that  we obtained with those reported ! for crystal- 
line samples,  the majority of  which had been prepared 
by alkaline hydrolysis of  solutions of salts followed by 
calcinat ion of  the resulting precipitates. 

Fo r  hydrogels precipitated from solutions of  nitrates 
and chlorides,  the following "true" pHpz c values were 
found for the NaCI medium: 

Sample Fe In Ti TM Zr TM In If! Cr HI Sm nl Sn TM 

pHpz c 8.1 4.7 9.2 10.2 7.9 7.6 3.8 

According to a previous publication, 6 the pHpz c 
values for powdered T iP  2 (anatase) vary from 5.5 to 6.5, 
those for rutile are from 5.0 to 5.6, for Zr(OH)4, they 
range from 6.5 to 6.7, for zirconium dioxide,L~i from 4 
to 8, and the values for tin dioxide i vary from 3.7 to 4.3. 
However,  the pHpz  c value for zirconium oxide hydrox- 
ide obtained from the sulfate in the sulfate medium is 
equal to 8 .5 )  s while that for Sn TM oxide hydroxide in the 
sulfate medium is 4. t. The pHpz r values for various 
oxide hydroxides determined recently are summarized in 
Table 1. It can be seen that for Ti W, Fe m, Zr  rv, and 
A ]  Ill oxide hydroxides,  the PHez c values do not coin- 
t ide  even for the same crystal modification. 

Table 1. pHpz C values for various oxide hydroxides 

Oxide hydl'oxide Modification pHpz c Ref. 
composition (20--25 ~ 

TiP 2 - nH20 Rt, tile 5.6 4 
Rutile 5.7 10 
Rutile 8.2 24 
Anatase 6.6 34 
Amorphous to X-rays 6.7 12 

Fe203 "nH20 Goethite 8.5 l 1 
Goethite 8.3 8 
Amorphous 7.1 9 
Akaganeite 7.25 9 

ZrO 2 - nH~O Monoclinic 6.5 4 
Amorphous to X-rays 6.6 6, 7 
Amorphous to X-rays 4.0 43 

AI203 �9 nH20 Amorphous to X-rays 7.7 35 
~,-AI203 6.45 6 
y-AI203 7.3 36 
Boehmite 7.2 37 
-f-AI203 5.6 39 
Alumogel 6.8 4 I 

Cr203-nH20 Amorphous to X-rays 7.9--8.4 13 
Cr(OH)3 �9 0.81-t20 

Ni(OH) 2 Amorphous to X-rays 11.3 35 
BG_O 3 �9 ni l20 -- 9.4 35 
RtiO 2 -- 5.5 2 
Ca(OH) 2 -- 12.7 35 
SiP 2 �9 nH20 Silica gel 2.0 38 
SnO 2 �9 nil20 -- 3.0 40 
MnO 2 �9 nH20 Pyrolusite 6.8 42 
CeO 2 Cerianite (cubic) 8.1 3 
In203-nH20 Cubic 7.3 (in I M NaCI) 30 

Thus, the nature of the ionic med ium and the origin 
and preparation conditions of  oxide hydroxides have a 
substantial effect on PHaz c. Samples of  the same puri ty,  
composit ion,  crystal modification,  and specific surface 
area in reality differ in their surface propert ies if  their  
pHpz c values are different. Hence,  the PZC method  
reveals differences between samples that  cannot  be de-  
tected by other methods. In some cases, this method  
provides explanation for the nonreproducibi l i ty  of  the 
behavior of  the samples in e lectrochemical  and sorpt ion 
processes, and it can be used to  identify oxides em-  
ployed in electrochemistry and sorpt ion technology.  

Thus, using this method,  it was found that  during 
washing and calcination of an oxide hydroxide,  sulfuric 
acid is not completely removed and,  therefore,  pHpz  c 
cannot be determined. We observed this si tuation for 
t i tanium dioxide prepared by thermal  decomposi t ion  of  
(NH4)2TiO(SO4)229 and for z i rconium dioxide. 3~ For  
both samples, the pH at each poin t  o f  the t i trat ion curve 
does not reach an equilibrium value over a per iod of  
several hours, indicating that the  solid grains conta in  
impurities. 

The question arises of  how the pHpz  C value is 
related to other surface propert ies  of  oxide hydroxides.  
In the vast majority of  works dealing with sorpt ion 
equilibria at the "electrolyte solut ion--sol id"  interface,  
sorption is studied as a function o f  the solution pH,  the 
sorbate concentration in the solution,  the ionic strength 
of the solution, and the specific surface area of  the 
sorbent .4-13,~-43 

These works study the applicabil i ty  of  various double 
electric layer models for predic t ing  the constants  of  
surface complexation for sorbates,  which are normal ly  
represented by metal cations. Since these constants char -  
acterize the strength of  binding of  the sorbate to the 
sorbent surface, they can be used to evaluate the effi- 
ciency of  a sorbent for the extract ion of  sorbates. Analy-  
sis of the resulting binding constants  (Table 2) in combi -  
nation with the pHpz c values (see Table I) shows that  
the higher pHpz o the greater the binding constants.  
Thus despite the fact that the p H p z  C values for sorbents 
with the same composition differ markedly,  the sorbents 
can be arranged in a sequence which coincides with the 
order of increasing pHpzc:  si l ica gel < t in0v)  oxide 
hydroxide < titanium(iv) oxide hydroxide < z i rconium0v)  
oxide hydroxide < a luminum oxide hydroxide,  pyro-  
lusite, indium(f~0 oxide < i ron (n0  oxide hydroxide,  
chromogel < Ni(OH) 2 < Ca (OH)  2. 

The strength of retention o f  the same cat ion by 
warious sorbents changes in the following way: 

Pb2+: titanium(w) oxide hydroxide < a luminum ox- 
ide hydroxide < goethite 

Cd2+: titanium(tv) oxide hydroxide  < a luminum ox- 
ide hydroxide 

Zn2+: titanium(Iv) oxide hydroxide  < i ron(m) oxide 
hydroxide 

Calculations of the surface complexat ion constants  
listed in Table 2 Ix were based on  the following reactions: 
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= S - - O -  + nH20 4+ =S--OHn (n-|)+ + nOH- ;  
K n = {=S_OH (n--~)+}/IOH-ln{=S--O-}; 

(1) 

= S - - O -  + M 2+ + nH~O 
=S- -O- -M(OH' ) J  I-n)+ + ni l+;  (2) 

K M = {=S__O_M(OH) et-n)+}lH+l"/lM2+l(=S--O-}, 

where  = S  is a surface a tom.  For  t he  process ,  

=S- -OH + M 2+ ~ = S - - O - - M  + + H+; (3) 
Kin, = {=S--O--M+}[H+]/I=S--OH}[M2+I- 

Since ,  as a rule  the  first s teps of  r eac t ions  (1) and (2) 
take  place,  the  express ions  for K H and  K M can  be 
s impl i f ied:  

KH = {=S--OH}IOH-I /{=S--O-},  

and  

KM = {=S--O--M+}[H+I/IM2+I{=S--O-};  

t h e n  

KH/K M = {=S_OH}[OH-I[M-'~-I/{=S--O--M+}[H+] = 
= Kw/Kmt[H+]~-; 

h e n c e ,  

Kh,t = KWKM/KHIH+I 2, 

and  

log Kin t = - 1 4  + log K M - log K H (here 9.23) - 2log [H+I . 

For  Z n  2+ at pH = 3 and  K M = 1.5" 108 , 

log Kim = - 1 4  + 8.17 - 9.23 + 6 = 
= - 1 4  + 11.12 = -9.06, 

whi le  the  results  of  ca lcu la t ions  for o t h e r  ions at pH = 3 
are l isted in Table  2. 

A l though  the  n u m b e r  o f  data  be ing  compared  is 
l imi ted ,  it can  be c o n c l u d e d  tha t  the  s t r eng th  of  b ind ing  
o f  meta l  ca t ions  is cor re la ted  with the  surface basicity, 
i.e., with  the  p H p z  C value. Evident ly ,  the  process o f  
p rec ip i t a t ion  o f  meta l  ca t ions  on  an  oxide hydroxide  
surface largely resembles  p rec ip i t a t ion  o f  a hydroxide  
f rom a so lu t ion  by an alkali.  

Mos t  o f  the  pub l i shed  data  on  t h e  p H p z  c and the  
surface  c o m p l e x a t i o n  cons t an t s  for ions  were ob ta ined  
for so rben t s  syn thes ized  u n d e r  a rb i t ra r i ly  chosen  cond i -  
t ions  and  usual ly  subjec ted  to m o r e  or  less pro longed 
aging. These  samples  are s imi la r  bu t ,  as can be seen  
f rom Tab le  i ,  they are not  ident ical .  

Surface  c o m p l e x a t i o n  cons t an t s  are  t h e r m o d y n a m i c  
cha rac te r i s t i c s  of  the sorp t ion  process ;  they  do not  re-  
flect the  role of  t ime  scaling;  m e a n w h i l e  in reality,  
n o n e q u i l i b r i u m  sorp t ion  systems can  be encoun te red  
m o r e  f requen t ly  than  equ i l ib r ium systems.  

In some  works, the  kinet ics  o f  so rp t ion  have been  
s tudied.  T h u s  the  rate o f  sorp t ion  o f  c h r o m a t e  ions on  
t i t a n i u m ( w )  dioxide,  r epresen ted  by react ive  futile wi th  
Ssp = 4.3 m 2 g - t ,  was inves t iga ted  as a funct ion  of  the 

m e d i u m  pH and  the  t e m p e r a t u r e .  33 Kine t ic  cu rves  show 
tha t  the  equ i l ib r ium sorp t ion  o f  c h r o m a t e  d e p e n d s  c ru -  
cially on the  so rben t  and  so rba te  c o n c e n t r a t i o n s  a n d  t ha t  
the  m a x i m u m  degree of  so rp t i on  capac i ty  ( 7 0 - - 8 0 % )  is 

Table 2. Surface complexation constants of some metal ions 

Ion Sorbent IogKmt Ion Refer- 
being medium ence 
sorbed 

Hg 2+ Amorphous 6.9 CI-  32 
iron (I l l)  
hydroxide 
ct-SiO 2 Ki, t ~ 0 Cl -  32 
Goethite 4.97 --  31 

Cu 2+ Anatase 4.76 NO 3- 34 
Goethite 1.92 --  31 
Ferrogel 0.065 NO 3- 44 

Pb 2* Goethite 1.16 --  31 
y-AI203 0.77 CIO 4- 5 
TiP 2 - nH20 -6.1 l HNO3 12 
Ferrogel 0.013 NO 3- 44 

Zn 2+ Goethite 0.34 --  31 
TiP 2 �9 nH20 -9 .06  HNO 3 12 
Amorphous - 1.7 NaCI 9 
FeOOH 
FeOOH -3 .2  Salt water 46 
Ferrogel 0.072 NO 3- 44 

Cd 2+ 7-AI203 3.96 CIO4- 5 
TiP 2 �9 nH20 -8 .79  HNO 3 12 

Ni *-+ Amorphous -2 .73  NaCI 9 
FeOOH 
FeOOH -3 .45  Salt water 46 

Mn 2+ Amorphous -2 .29  NaCI 9 
FeOOH 
FeOOH - 4 . 4  Salt water 46 

Mg 2+ ZrO 2 �9 H20 -8 .6  CI-  7 

Ca 2+ ZrO 2 �9 H20 -8 .6  C1- 7 

Sr 2+ ZrO 2 �9 H20 -8 .8  CI-  7 

Ba 2+ ZrO 2 �9 H20 -9 .0  CI-  7 

UP22+ TiP 2 " n H 2 0  -5 .48  HNO 3 12 

Co 2+ Amorphous -2 .54  NaCI 9 
FeOOH 
FeOOH -3 .93  Salt water 46 

Li + Amorphous - 5 . 9  NaCl 43 
ZrO2- n H 2 0  

Na + Amorphous -5 .8  NaCI 43 
ZrO 2 �9 nH20 

K + Amorphous -5 .8  NaCI 43 
ZrO 2 �9 nH20 

NO 3- Alumogel - 5 .6  K + 4 I 

CI-  Ahtmogel - 5 . 4  K + 41 

Br-  Alumogel - 5 . 5  K* 41 

I-  Alumogel -5 .5  K + 41 

Note. hi,  t is the first surface complexation constant  corre- 
sponding to the formation of the surface complex = S - - O - -  
Me(,--I)+. 
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achieved during the first minute  of  contact of  the phases 
at pH 6; the time needed for equilibration does not 
depend on the temperature  and does not exceed 30 min. 
This contradicts the opinion 33 that rutile is a good 
sorbent for the extraction of  chromate ions from solu- 
tions. The kinetics of  sorption of  Co 2+ and Cs + cations 
as a function of  the pH of  the medium were studied. 4z It 
was found that the maximum amount sorbed and the 
maximum rate of  sorption of  Co 2+ ions are observed 
near the pHpz c of  the sorbent,  i.e., on a neutral surface 
(as was reported in Ref. 33). The higher the pH of  the 
medium and the greater the difference between the pH 
of  the medium and pHpzc ,  the higher the rate of 
sorption and the sorbed amount  of Cs +. This implies 
that Co 2+ is adsorbed according to the sorpt ion-hydro-  
lytic mechanism, while adsorption of Cs + follows an 
electrostatic mechanism on the negatively charged sur- 
face. The kinetics of  sorption of long-lived 137Cs+, 
9~ and 6~ isotopes on magnetite, haemati te ,  
and pyrolusite have been studied. 4s Data that confirmed 
the specific behavior o f  Co 2+ and the similarity of  the 
properties of  Sr 2+ and C s+, described previously, have 
been obtained. 4z Thus, cations that are highly suscep- 
tible to hydrolysis and prone to form aqua complexes are 
best sorbed in the pH region close to pHpz c. Both the 
amount sorbed and the rate of  sorption are maximum in 
this region. The rate of  sorption of  all three cations 
obeys approximately the first-order equation with re- 
spect to the sorbate concentration. The same depen- 
dences hold for heterogeneous hydrolysis 14'15,46 and 
heterogeneous photolysis,  17 whose mechanisms are sub- 
stantially different. Unfortunately,  the temperature de- 
pendence of  the rate was not studied in the previous 
works4Z,4s; this restricts the possibility of the analysis of  
the sorption mechanism. Even today, kinetic studies 
able to solve the problem of  the mechanism are rare. ts 

Giacomelli et aL 13 studied chromium(m) hydroxide 
gel, which differed from that studied in our work 19 only 
in that the chromogel precipitated at pH 9 was aged in 
the mother liquor for 2 days at 85 ~ and then either kept 
in a dilute solution o f  perchloric acid or dried to a 
constant weight. The curves for the surface charge versus 
the pH of the medium for various concentrations of  the 
supporting electrolyte, KNO3, found by potentiometric 
titration (as in several other  studies) cross at one iaoint, 
which was defined as 13 the point of zero salt effect 
(PZSE). In the opinion of  the authors, chromoget has a 
loose structure consisting of  polymer chains separated by 
intedayers of  adsorbed water; therefore, sorption of  pro- 
tons and hydroxyl groups occurs inside chromogel par- 
ticles 13 and, hence, in the case of gels, we deal with bulk 
charge rather than with surface charge. Therefore, PZSE 
is the point of  zero bulk charge (PZBC). Apparently, it 
was actually the PZBC that we determined in our experi- 
ments with gel-like oxide hydroxides. However, the in- 
troduction of  a new parameter,  PZBC, is not reasonable, 

because the charge unit is expressed in C g  -1, which is 
acceptable for both surface charge and bulk charge, the 
more so because the amount sorbed is always expressed in 
either grams of the sorbate per gram of the sorbent or in 
moles o f  the sorbate per gram o f  the sorbent. 

The specific surface area for metastable phases can- 
not be determined with sufficient reliability. However, 
knowledge of  Ssp is not necessary in investigation of 
surface properties. Since the Ssp value is the surface area 
of  unit weight of the sample, then all the quantities 
being determined should be related to unit weight of dry 
substance, which can be found knowing the amount  of 
the initial  material used for the  preparation of  the gel- 
like sorbent.  

When  discussing the impor tance  of  determinat ion of 
the pHpz  C value for characterizing the state of the 
surface o f  oxide hydroxides, i t  should be noted that, 
among the recent studies on the  surface chemistry of 
inorganic sorbents, works deal ing with crystalline mate- 
rials, studies of  sorption equilibria,  and verification of 
various sorption models still predominate .  Studies re- 
lated to the kinetic regularities and to nonequilibrium 
systems are few in number. 

To elucidate the mechanisms of  sorption of  various 
types of  ions, kinetics and the relationship between the 
condi t ions of  synthesis of the samples and the pHpz C 
and the surface complexation constant  should be sys- 
tematical ly  studied. Taking into account the data pub- 
lished previously, 13,16-zl o f  part icular  interest is the 
study of  pHpz c and surface complexat ion constants as 
functions of  the water content in oxide hydroxides. 
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