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Abstract�Sorption of Hg(II) on �-Ni(OH)2 was studied as influenced by chloride ion concentration and pH
of the solutions, affecting the Hg(II) speciation. The sorption mechanism was considered.

Mercury(II) compounds are biologically hazardous.
Mercury and its compounds are concentrated naturally
by soil particles and mineral suspension and are ac-
cumulated in bottom sediments. Accumulation and
transfer of mercury in the nature is largely controlled
by adsorption [1].

Sorption is used to remove mercury compounds
from aqueous solutions. Leikin et al. [2] used organic
anion-exchangers as sorbents for negatively charged
mercury halide complexes. Sorption of mercury(II) on
natural minerals, kaolinite [3], goethite [4], and quartz
[5], was studied.

Although many minerals can adsorb mercury com-
pounds, only synthetic inorganic sorbents are effi-
ciently used at present to remove mercury compounds
from aqueous solutions. More than 90% of Hg(II) is
removed with freshly prepared hydrated iron(III)
oxide from aqueous solutions with pH from 5 to 8.6
[6]. A number of new inorganic sorbents including
those for anionic complexes have been developed to
date [7]. Nickel(II) hydroxide [8] and double nickel
hydroxides with other metals [9] have relatively high
anion-exchange capacity for Hg(II) complexes. There-
fore, the study of synthetic inorganic sorbents for
Hg(II) is an urgent problem.

The diversity of mercury species present in aque-
ous solutions complicates selection of inorganic
sorbents for Hg(II). For example, in aqueous solutions
containing Cl� anions, Hg(II) exists in the form of
the following aqua, hydroxoaqua, and mixed hy-
droxoaquachloride or chloride complexes: Hg2+,
HgOH+, Hg(OH)2(aq), Hg(OH)�3, HgCl+, HgCl2(aq),
HgOHCl(aq), HgCl3

�, HgCl4
2� [1, 4, 10, 11]. Formation

of cationic, neutral, and anionic mercury(II) species
can result in incomplete mercury sorption from aque-
ous solutions. Neutral and anionic Hg(II) species are
stable mainly at pH close to that of natural waters [1].

In this case, anion exchangers can be used as the
sorbents. However, to determine the mechanism of
Hg(II) sorption on metal hydroxides exhibiting anion-
exchange properties, additional studies are required.

The aim of this work was to determine the influ-
ence of Cl� concentration and pH of the solution on
Hg(II) sorption on nickel(II) hydroxide and to propose
the sorption mechanism.

Nickel(II) hydroxide exists in �- and �-modifica-
tions. In this work we studied �-Ni(OH)2. Both
modifications have the layered brucite structure. The
interlayer spacings in �-Ni(OH)2 lattice are broadened
owing to incorporation of H2O molecules (c =
0.80 nm); the brucite layers in �-Ni(OH)2 lattice are
closer (c = 0.46 nm) [12]. The �-modification is un-
stable and is unsuitable as a sorbent.

�-Ni(OH)2 was prepared by exchange reaction of
aqueous solution of Ni(NO3)2 with NaOH taken in
a 5% excess. The resulting precipitate was washed
with distilled water and granulated by freezing. To
remove NO3

� impurity, the granulated material was
treated with 0.1 M NaOH for a long time. The NO3

�

content in the solid phase was determined by IR spec-
troscopy.

The sorption experiments under dynamic conditions
were performed by the conventional methods [13].

Aqueous Hg(II) solutions were prepared from
Hg(NO3)2 �H2O. Mercury halide complexes were syn-
thesized by addition of aqueous solutions of KCl,
KBr, and KI. All the salts were of analytically pure
grade. The Hg(II) content in the solution was deter-
mined by absorption of the mercury complex with
Crystalline Violet at � = 605 nm using a KFK-2MP
photocolorimeter [14].

The relative content of different Hg(II) species
formed at various concentrations of free Cl� was cal-
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Fig. 1. (a, b) Mole fractions of Hg(II) species in solutions
� and (c) sorption capacity of �-Ni(OH)2 for Hg(II) E as
functions of [Cl�]. pH: (a) 5; (b) 9; (c) (1) �5; (2) 7.8, kept
for more than 24 h; and (3) 8.3, kept for more than 24 h.

culated from the equilibrium constants of the follow-
ing reactions [15]:

Hg2+ + OH�

�
� HgOH+, log K = 10.6;

Hg2+ + 2OH�

�
� Hg(OH)2

0
(aq), log K = 21.8;

Hg2+ + Cl� �
� HgCl+, log K = 7.2;

Hg2+ + 2Cl� �
� HgCl2

0
(aq), log K = 14.0;

Hg2+ + 3Cl� �
� HgCl3

�, log K = 15.1;

Hg2+ + 4Cl� �
� HgCl4

2�, log K = 15.4;

Hg2+ + Cl� + OH�

�
� HgClOH0

(aq), log K = 18.1.

The results of these calculations for a solution with
pH 5 are shown in Fig 1a. The dependence of the
sorption capacity of �-Ni(OH)2 for Hg, E [mg Hg2+/g
Ni(OH)2], on the Cl� concentration varied in the same
range is shown in Fig. 1c. The total Hg(II) concentra-
tion in each solution was 10�3 M.

The dependence of the relative concentration of
Hg(II) species in the solution on [Cl�] does not corre-
late with the dependence of the sorption capacity of
�-Ni(OH)2 for Hg(II) on [Cl�]. This was due to the
difference in the pH of solutions used for the calcula-
tion and the experimental pH of the working solutions.
When the initial solution passed through a sorbent bed,
its pH increased to 8.5�9.0. We recalculated the depen-
dence of the relative concentrations of Hg(II) species
on [Cl�] at pH 9. The results are presented in Fig. 1b.

Comparison of the calculated and experimental
dependences allows the following conclusions. The
maximal sorption capacity E was observed in the
[Cl�] range from 10�3 to 10�2 M, when Hg(OH)2 and
HgOHCl were formed. When these complexes started
to transform into HgCl3

� and HgCl4
2�, the first drop of

E [from 20 to 15 mg Hg2+/g Ni(OH)2] occurred. At
[Cl�] higher than 10�0.5 M, the sorption capacity E
decreased again from 15 to 7�6 mg Hg2+/g Ni(OH)2.
Under these conditions, hydroxo complexes Hg(OH)2
and HgOHCl disappeared completely. Then E re-
mained constant at the level of 5.0�5.5 mg Hg2+/g
Ni(OH)2.

To explain these results, let us consider possible
mechanisms of Hg(II) sorption by metal hydroxides.

Anionic complexes HgCl3
� and HgCl4

2� can be
adsorbed by the ion-exchange mechanism:

�Ni�OH + HgCl3
�

�
� �Ni�ClHgCl2 + OH�.

Halide anions Cl�, Br�, and I�, being in equilibri-
um with HgHal3

� and HgHal4
2�, are absorbed by the

same mechanism. Previously we showed that chloride
ions are exchanged with equivalent amount of OH
groups of metal hydroxides. This process, however,
makes an insignificant contribution. The sorption in
the absence of Hg hydroxo complexes occurs by the
anion-exchange mechanism.

An increased sorption capacity for hydrolyzed
Hg(II) species is due to the different sorption mech-
anism. Sarkar et al. [3] showed that M�O�Hg bridges
(where M is metal ion of the metal hydroxide) are
formed in this case. Sorption of Hg(II) hydroxo com-
plexes involves formation of surface intraspheric
complexes �MOHgCl or MOHgOHCl�, with the for-
mation of the latter complex being more thermo-
dynamically favorable. For example, logK of forma-
tion of �AlOHgCl and �AlOHgOHCl� complexes in
adsorption of Hg(II) on gibbsite is 6.64 and �0.50,
respectively.

Thus, hydrolyzed Hg(II) species such as HgOHCl
are sorbed on nickel(II) hydroxide owing to formation
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Sorption of Hg(II) on Ni(II) hydroxide from solutions
containing Cl�, Br�, and I�
����������������������������������������

Anion �E, mg Hg2+/g Ni(OH)2� Hg(II) desorption, %
����������������������������������������

Cl� � 17.8 � 31
Br� � 10.1 � 51
I� � 2.42 � 98

����������������������������������������

of the surface intraspheric complex �NiOHgCl. At the
same time, HgOHCl is not the major mercury species
at almost any concentrations of chloride ions in the
solution. We suggest that the concentration of this
complex remains approximately constant during the
sorption (buffer effect). The only question is the rate
of this process. We found that formation of HgOHCl
is completed during passage of the solution through
an ion-exchange column. The sorption capacity did not
noticeably change after an Hg(II) solution was allowed
to stand at pH 7.8 and 8.3 prior to sorption for addi-
tional time (see Fig 1b, points 2 and 3, respectively).

The decrease in E at [Cl�] > 10�2 M remains unclear.
We suggest that the presence of different anionic spe-
cies in the solution interferes with the sorption via for-
mation of Ni�O�Hg bonds. A change in the compo-
sition of the Hg(II) complex and a decrease in the
equilibrium constant of its formation are also possible.

The results of this work show that Hg(II) sorption
on Ni(II) hydroxide from solutions containing Br� and
I� should decrease owing to formation of HgHal3

� and
HgHal4

2� complexes. This assumption is confirmed
by the experimental data presented in the table. The
working solutions contained 10�3 M Hg(II) and
10�1 M Hal�. Mercury was desorbed with 0.1 M
NaOH. The data on Hg(II) sorption from a chloride
solution are included in the table for comparison.

In the presence of Br� and I� in the solution, the
probability of the ion-exchange sorption of Hg(II) in-
creases and formation of intraspheric surface com-
plexes is suppressed owing to stabilization of HgBr3

�

and HgBr4
2� (pK 19.7 and 21.0, respectively) and

especially HgI3
� and HgI4

2� (pK 27.6 and 29.8, respec-
tively). As the contribution of ion-exchange sorption
of Hg(II) by nickel(II) hydroxide increases, the frac-
tion of desorbed mercury increases. In the experiments
with chloride and bromide solutions, the Hg(II) de-
sorption is 4.9�5.2 mg Hg2+/g Ni(OH)2, which cor-
relates with the E vs. [Cl�] dependence (Fig. 1c).
Chloride and bromide anions can be involved in the
ion exchange. The equilibrium Hal� concentrations in
the solutions in the course of the sorption decrease in
the following order: Cl� > Br� > I�. Our experimental
results show that the surface intraspheric Hg(II) com-

plexes are stable in 0.1 M NaOH.

CONCLUSIONS

(1) The dependence of Hg(II) speciation in solu-
tions with pH 5.0 and 9.0 on the Cl� concentration
was calculated.

(2) The dependence of the sorption capacity of
�-Ni(OH)2 for Hg(II) on [Cl�] was measured experi-
mentally.

(3) The sorption capacity of �-Ni(OH)2 for Hg(II)
correlates with that calculated for solutions with
pH 9.

(4) Ionic Hg(II) complexes can be absorbed by
�-Ni(OH)2 owing to exchange with OH groups of the
hydroxide. The sorption mechanism of hydroxo Hg(II)
complexes involves formation of surface intraspheric
complexes like MOHgHal.
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