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Metal Complexes with Mixed Ligands. 10. A Potentiometric Study
of Nickel(II) Imidazoles and Nickel(II) Hydroxo-imidazoles in

3.0 M (Na)CIO, and 3.0 M (Na)Cl

WILLIS FORSLING and STAFFAN SJOBERG

Department of Inorganic Chemistry, University of Umed, S-901 87 Umeé, Sweden

Three component equilibria between nickel(II),
imidazole (C;H,N,) and OH™ have been studied
by means of emf titrations at 25°C in two
media 3.0 M (Na)ClO, and 3.0 M (Na)Cl using a
glass electrode. The total nickel, B, and
the total imidazole, C, have been varied
within the limits 0.0025< B<0.090 M and
0.0035< C< 0.270 M and the ratios C/B between
0.25< C/B< 12. At the highest C/B-ratios, data
can be explained solely with stepwise metal
complexes Ni(C,H,N,),**+, n=1,2,3,4 and the
following log (B+30) could be determined:
log B,=3.344+ 0.005, log B,=6.087 + 0.008, log
B:=8.31+0.01 and log B,=9.92+0.03 in
3.0 M (Na)ClO, and log f,=3.250+ 0.004, log
B,=5.852+0.006 log B;=7.86+0.02 and log
B, =9.08+0.06 in 3.0 M (Na)Cl. At the lowest
C/B-ratios also a ternary hydroxo-imidazole
Ni(OH)C;H,N,+ with log K (Ni¢*++C,H,N,=
Ni(OH)C;H,N,+ + H*+)= —5.85+0.05 in 3.0
M (Na)ClO, and —6.04+0.04 in 3.0 M (Na)Cl
seems to be formed.

In part 7 of this series Sjoberg’ investigated
the three component equilibria in the system
copper(II)-imidazole-OH™ in 3.0 M (Na)CIO,,
3.0 M (Na)Cl, and 5.0 M (Na)Cl using a glass
electrode at 25° C. It was found that at C/B>8
(B and C are the total copper and imidazole
concentrations, respectively) only stepwise
metal complexes were formed. At the
lower C/B-ratios, data indicated that
hydroxo-imidazoles must also be formed
and the complexes Cu,(OH),(C;H,N,),*t,
Cuy(OH),(C,HN,) 2+, and Cu(OH)C;HN,+
were proposed. In equilibrium solutions of
these lower C/B-ratios the binary hydroxo
complexes Cu,(OH),>+ and CuOHt are also
present. It therefore seems likely that the
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hydroxo-imidazoles formed result from complex
formation between these ions and imidazole
molecules.

The purpose of the present investigation is
to determine whether similar behaviour is
obtained in the nickel(II)-imidazole-OH™ sys-
tem. The binary hydroxo complexes are in this
case Ni,(OH)/+, Ni,OH*+ and NiOH+. One
would then expect hydroxo-imidazoles
of the types Ni,(OH)(C,H,N,),*+, Ni,(OH)-
(C,H,N,),**+ and NiOH(C;H,N,),+. Previous
studies of nickel(II)-imidazole complexes in-
dicate that solely Ni(C;H,N,),2t-complexes
with n=1,---6, should be formed (see Table 1).
However, these conclusions are based on rather
few data with small variations in concentrations
and no experimental attempts seem to have
been made to try to find hydroxo-imidazoles.

EXPERIMENTAL

Chemicals and analysis. Stock solutions of
sodium perchlorate were prepared by neutralizing
concentrated perchloric acid (Merck p.a.)
with solid Na,CO, (Merck p.a.) After the acid
had been neutralized, a slight excess of sodium
carbonate was added. This slightly alkaline
solution (pH=8) was then allowed to stand
for about a week. If Fe-, Al-, and Si-impurities
were present, they usually precipitated during
this time as silicates or hydroxides. These
precipitated impurities were filtered off, using
a Jena G4 glass filter. The filtered solution was
acidified with a slight excess of perchloric acid
and then boiled to expel the carbonate as CO,.
After boiling, the solution was neutralized to
pH=6. Neither CI” nor CO,;>~ or Fe*+ could
be detected in the solution prepared in this
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Table 1. Earlier studies on nickel(IT) imidazoles.

Ref. Temp Medium Method rK, log K, logK, logK, logK, logK, logK,
13 25 0.135M pot. 7.09 2.94 2.41 1.99 1.3
KCl
14 25 0.15M pol., pot. 7.12 3.27 2.68 2.15 1.65 1.12 0.52
KNO
16 25 0.16Nf pot. 7.11 3.09 2.47 2.00 1.54 1.1 0.5
KNO,
15 25 0.5M pot., pol. 2,933 2.27 1.82 0.76 0.97
NH,NO,
Present work
25 3M pot. 7.637 3.25 2.60 2.01 1.22
(Na)Cl
25 3M pot. 7.913 3.34 2.75 2.22 1.61
(Na)Cl0,
way. The sodium perchlorate stock was The different Ni?+-solutions used in the titra-

analysed for NaClO, by evaporating a known
weight of solution at 120° C and then drying to
constant weight.

The dilute perchloric acids and hydrochloric
acids were standardized against tris(hy-
droxymethyl)aminomethane (TRISMA-base).

Dilute sodium hydroxide was prepared from
“oljelut’’ (50 9% NaOH and 50 % H,0) and
standardized against acid or hydrazine sulfate.

Imidazole, C,HN,, (Merck p.a.) with melting
point 88—90°C (lit. 90°C) was used without
further purification after drying. In some stock
solutions it was, however, recrystallized from
benzene.

Stock solutions of C;H N,+ were prepared
by dissolving C;HNN, in HCIO, or HCL
The C,HN,*-content was determined potenti-
ometrically using the Gran?® extrapolation
method. The titrated amount was always
a little higher than that expected from the
weighed amount (~0.4 9%). The value from
titration has been assumed to be correct.

Stock solutions of nickel perchlorate were
prepared by dissolving solid NiCO, (Baker,
Reagent Grade) in perchloric acid, boiling
and recrystallizing as Ni(ClO,),.6H,0 from
distilled water several times.

Nickel chloride NiCl,.6H,0 (Baker, Reagent
Grade) was recrystallized from water and dis-
solved in distilled water in order to prepare a
stock solution of nickel chloride.

The Ni(II)-content (=0.75—0.9 M) of the

- stock solutions was determined by precipita-
tion with dimethylglyoxime according to
Vogel 2 and by indirect titration with EDTA-
Pb(NO,),; (Indicator: Xylenolorange). The dif-
ference in [Ni?+] obtained by the two methods
was less than 0.2 %,.

tions were prepared from different stock
solutions in order to detect possible systematic
errors caused by impurities and analytical
errors.

Stock solutions of sodium chloride were
prepared by drying solid NaCl (Merck p.a.)
for one day at about 200 °C in an electric oven,
weighing and then dissolving in distilled water.
All solutions were prepared using distilled
water.

Apparatus. All emf measurements were
carried out at 25.00+ 0.05°C. The salt bridge
was of the ¢Wilhelm” type, described by
Forsling, Hietanen and Sillén.! The cell ar-
rangement was immersed in an oil thermostat
(The oil thermostat and the burettes with
NaOH- and Ni(II)-solutions were kept in a
thermostated room at 25.0+0.2°C.)

During the experiments a stream of nitrogen
was bubbled through the solution for stirring
and for maintaining an inert atmosphere.
Nitrogen from a cylinder was purified from
acid and alkaline impurities by bubbling
through solutions of 10 %, NaOH and 10 %
H,80,. Finally, before the gas came into
contact with the equilibrium solution, it was
passed through pure ionic medium.

The potentiometric titrations were performed
with an automatic system for precise emf
titrations, a system constructed and built at
this institute by O. Ginstrup.® The Ag, AgCl
electrodes were pregared according to Brown.!
Glass electrodes, Beckman type 40498 and
Ingold type 201-NS were employed, giving
constant and reproducible potentials within
+0.2 mV.

The free H+-concentration, h, was determined
by measuring the emf of the cell
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(A} —Rellequilibrium solution |GE +

where GE denotes a glass electrode and RE =
Ag, AgCll3 M NaCl saturated with AgCl||3
M NaCl and RE=Ag, AgCl/0.01 M NaCl,
2.99 M NaClO, |3 M Na.ClO respectively. The
emf of cell (A) can be written at 25°C as

E=E°+59.157 log h+E; (1)

where E° is a constant determined at each
titration in the acidic range (—log h < 3) where
h is known from a Gran ? plot. For the liquid
junction potentials we have used in 3.0 M
(Na)Cl E;=—17.0h+8.0k k™ mV and in
3.0 M (Na)ClO E =163 h+8.0 ky A7t mV
where ky, = 9.33 x 10—“ M2 and ky=6.03 x 1071
M2 are the ionic products of water in 3.0 M
(Na)Cl and 3.0 M (Na)ClO,, respectively.
However, in most of our titrations the cor-
rection for the E; terms could be neglected.

METHOD

The titration procedures used were similar
to those earlier described by Sjoberg.” During
the titrations the total concentrations of
nickel, B, and imidazole, C, were kept either
constant or varied. In general each titration
was performed at a constant C/B-ratio. The
free hydrogen ion concentration, k, was varied
by adding hydroxide ions or hydrogen ions,
and was measured with a glass electrode. In
order to avoid activity coefficient variations,
a constant ionic medium of 3.0 M (Na)ClO, or
3.0 M (Na)Cl was used. The reproducibility
and reversibility of equilibria were tested by
performing both forward (increasing —log h)
and backward (decreasing —log A) titrations.
Dilution experiments at constant Z-values were
also carried out to test the reversibility,
especially at low C/B-quotients. Special efforts
were made to cover as great part of the con-
centration range as possible and at the same
time to try to cover the most interesting C/B
ratios as well as possible. Due to the formation
of precipitates, the available —log & range was
restricted to an upper limit of 6.5—9. The
crystalline precipitate with a composition of
Ni(C;H,N,),(ClO,), in 3.0 M (Na)ClO, has been
X-ray investigated by Ivarsson. * However, at
C/B < 4 a voluminous nickel-hydroxoprecipitate
was always formed. The total concentrations
(initial concentrations) of B and C were varied
within the limits 0.0025< B<0.090 M and
0.0035<C<0.270 M. The following quotients
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C/B were thereby studied: 0.25, 0.5, 1, 1.4, 2, 3,
4, 5, 8, 10, and 12.

Most of the titrations were started with a
calibration of the glass electrode (determination
of E° and E;) using those acidic points where
hydrolysis and complex formation can be
neglected. In the range of complex formation
the [Ht]=h can then be obtained for each
point from the measured emf using eqn. 1.
Since B, C, and H are known from analysis we
can calculate for each point in a titration
either

Zp=(h—H)/B 2)
or
Zo=(h—H)/C 3)

which are the average numbers of OH™ reacted
per B and C, respectively. The experiments
thus provide sets of data Zg (log k) and/or
Z¢ (log h) at constant B, C or C/B.

We will assume the presence of three com-
ponent equilibria of the general type

pH+ 4 gNit+ +rCH N, =
H,Nig(CyH,N,),Pt2+n+ (4)
Applying the law of mass action to these

equilibria the conditions for the total con-
centrations then give:

B=b+3 qp pqgr hPbIc” (6)
bgr
C=c+ K%+ 3 1B pgy hPblc (6)
bgr
H=h—EKh7%c+ 3 pB pgr hPbI’ (7)
bgr

where b=[Ni?*+] and ¢=[C;H;N,*]. The cal-
culational problem is then to find the model
(sets of pgr and By,,) that best can explain the
experimental data. The search for ¢‘best’” model
was performed by using the least squares
computer program LETAGROPVRID ! (ver-
sion ETITR 12). As ‘‘best” model or models we
will consider those giving the lowest error
squares sum U = J[Z¢ — Z(cale)]?. The Letagrop
calculations also give standard deviations
6(Zc), o(Bpy) andfor o(log Pygy). For the
definitions of these errors the reader is referred
to the Letagrop paper I.1®

Concerning the binary proton imidazole
equilibrium

CH,N,+<C,H,N, + H+ (8)
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we will make use of the result obtained by
Sjéberg ? and for binary hydrolysis equilibria

pH* +¢Nit+=Ni Hyp-+ 20+ (9)

the results obtained by Ohtaki-Biedermann ®
(3 M (Na)Cl) and Burkov-Sillén ¥ (3 M (Na)CIO,).
For reaction (3), Sjoberg? reported log
(K,+30) to be —7.637+0.001 in 3 M (Na)Cl
and —7.913+0.002 in 3 M (Na)ClO,. Con-
cerning equilibria (4) the investigations both of
Ohtaki-Biedermann and of Burkov-Sillén clearly
show that the main species in a hydrolyzed
Niz+ solution is a tetramer Ni (OH)/+ and
the following log f._,, values were reported
—28.5 (3.0 M (Na)Cl) and —27.37 (3.0 M
(Na)Cl0,). Only minor amounts of the com-
plexes NiOH+ and Ni,OH3+ were found in the
concentration ranges studied.

From separate experiments the results of
these binary equilibria were carefully tested
and we found excellent agreement with the
result earlier reported. We will therefore
assume these binary equilibria to be exactly
known, and all effects above this level will be
treated as being caused by ternary species.
Note that complexes Ni(CH,N,),*+ in the
following will be regraded as ternary species,
where p= —r.

DATA, CALCULATIONS AND RESULTS

The mathematical analysis of data was started
by making a Bjerrum plot, #i(log [C;H,N,]).
The plot is shown in Fig. 1. It is seen from
the plot that for quotients C/B > 4 and B> 0.01
M the function #(log[C,H,N,]) seems to be
independent of B and C thus indicating forma-
tion of a series of stepwise mononuclear com-
plexes Ni(C;H,N,),?*+. Data fulfilling these
conditions will in the following be denoted
Data 0.

However, at quotients C/B<4and C <0.01 M
the function 7(log[C,H,N,]) is not independent
of B and C (Fig. 2a, b). This would indicate
that ternary hydrolytic species of the
type Nig(OH),(C,H,N,),%¢#)+ are probably
formed. These date will below be denoted as
Data 1. It may be mentioned that data at very
high C/B-ratios. 12 < C/B < 80, have also been
collected. These 7i(log[C;H,N,]) functions are
dependent on B and C as well.

A preliminary analysis of these data in-

n

I 1

-2

-3
log [C3H,N,]
Fig. 1. Experimental data plotted as curves
#(log [C;H,N,]) for C/B ratios 1,2,3,4,8 and
high B/C concentrations. Open symbols mark
titrations in 3 M (Na)ClO, and dark symbols
3 M (Na)Cl. The figure also gives a comparison
between the strength of complexation in the
two media. The symbols stand for the follow-
ing B and C in mM (start concentrations).
0@, 10—80; O@, 10— 40; A A, 40 —40;

vV, 20-80; [], 90—270; m, 80—160.

In order to make the figure clear only a few
titrations have been plotted. The full curves
have been calculated with the set of proposed
constants in Table 3.

dicates formation of acidic ternary complexes
of the type Ni(CsH,N,),(CoH,N,),t+9+. How-
ever, the results and discussion of these com-
plexes will be given in a forthcoming paper.

Data 0. A Letagrop analysis showed that
these data could well be explained with the
complexes Ni(C,H,N,)*+,  Ni(C,HN,),*+,
Ni(C,H,N,);*+, and Ni(C;H,N,)z2+ for both the
NaCl and for the NaClO, media. The analysis
ended at a o(Z) of 0.003 in 3.0 M (Na)ClO,
and a ¢(Z)=0.002 in 3.0 M (Na)Cl, which must
be considered as a very good explanation. The
datae included in the analysis consist of around
350 experimental points distributed over 15
BC-combinations. The ¢best” equilibrium con-
stants with corresponding standard deviations
obtained in these analyses, are given in Table 3,
calculation denoted 1. The residuals 4Z=
Zc— Zc(cale) after <best” fit are given together
with experimental data in Table 5.

Data 1. These data cover the ranges
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-5 -4 -3
log [C3H.N,]

Fig. 2. Experimental data plotted as curves #(log {C;H,N,]) for C/B ratios 0.25, 0.5, 1, 1.4, 2, 4
and low B,C concentrations. Dark symbols mark back titrations with pure ionic media. The sym-
bols stand for the following B and C in mM (start concentrations). a. 3 M (Na)ClO,-medium.
0, 4.5—-6.5; (], 9—-13; A, 10-15; 7, 10—-20; N, 2.5—10; m, 4.2—6; @, 4.2—12; A, 4.6—-9.2,
b. 3 M (Na)Cl-medium. O, 26.8—12.1; [, 53.6—12.1; A, 2.5—-5; V,5—10; P, 10— 10; ¥, 2.5—10;
H; 3.3—6.6; A, 6.4—6.6. Only a fow titrations have been plotted. The full curves have been cal-
culated with the set of proposed constants (not —log f_,,,) in Table 3.

0.0025< B< 0.08M,0.003<(C<0.08 M, 1< —log
h<9 and the quotients C/B<5. The C/B-
ratios studied were, in 3.0 M (Na)ClO,, 0.5,
1, 1.4, 2, 3, and 4 in 3.0 M (Na)Cl, 0.25, 0.5,
1, 2, 5.

In the search for the ternary hydrolytic
species it was assumed that the binary com-
plexes were known and that the equilibrium
constants had the values given above. The
search was started with a pgr-analysis (sys-
tematic testing of different pgr-complexes).
The result of the analysis is given in Fig. 3

and Table 3. It is seen from these calculations
that the lowest error squares sum, in
both media, is obtained for the complex
Ni(OH)C,H,N;*+. In 3 M (Na)Cl medium data
could be fairly well explained by the complex
NiOH+. However, the value of the formation
constant obtained, log B,;=—9.22, is quite
different from the value —10.5, obtained and
proposed by Ohtaki-Biedermann in their binary
investigation, and therefore an explanation
with the ternary complex Ni(OH)C,HN,*+
appears more likely. Furthermore, in the

Table 2. The material, which has been used in the LETAGROP calculations, 73 points, is chosen
to cover the range where the amount of the ternary complex is high.

Number of ¢(Z) log K, + 30 log f_;1:+ 30 U

points

73 0.003 —~6.52+0.03% - 444

73 0.002 - —13.68 259
+0.02

73 0.0003 —7.44+0.16% —13.44 11
+0.02

%The amount of the impurity acid was about 0.1 mM. ® The impurity acid obtained negative

concentrations.
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Table 3. Results of the final covariations of tinary and ternary constants in the two media investigated.
When po 3a(log fg,) is given the formation constant has not been varied. To illustrate the difficulties
in determining formation constants of complexes in the buffer range of imidazols, we have shown the
change of log f_s,; and log B_,,, when log f_,,, is changed 0.02 logarithmic units. The variation in log f_,,,
is big, but the change in log 8_4,, is negligible (as the change in log f_,,, and log B111)

. Number log B_y11 108 fs1a log sy log By log Bsyy
Method Medium of log B_,0; 0(2) + 30 + 30 +30 + 30 + 30
points
1 Emf. 3M(Na)Cl 353 —7.637 0.002 —4.387 —9.422 —15.063 —21.469
+0.004 +0.006 +0.018 +0.056
2 Emnf. 3M(Na)Cl 327 —7.637 0.004 —4.387 —9.422 —15.063 —21.469 —13.684
—1.657 —4.387 —9.422 —15.050 -—21.236 +0.035
+0.013 +0.037
1 Emf. 3M(Na)ClO, 326 —7.913 0.003 —4.569 —9.739 —15.429 —21.728
+0.006 +0.008 +0.012 +0.032
2 Emf, 3M(Na)CIO, 387 —7.913 0.006 —4.569 —9.739 —15429 —21.728 —13.763
+0.048

3 M (Na)ClO, medium it was not possible to
explain data with NiOH+.

In order to visualize the amounts of
Ni(OH)C,H,N,* at some typical concentrations
and C/B-ratios, we have calculated a set of
distribution diagrams, which are shown in
Fig. 4. It can be seen from the diagrams that
the maximum amounts of Ni(OH)C,HN,+
are obtained at around —log h=8.5, where
about 5—10 9, of the total nickel is present as
Ni(OH)C,H,N,+. However, the total con-
centrations of the species are always rather
low, mainly due to the fact that the necessary
—log h values can be reached solely at
low total nickel concentrations. Since the
Ni(OH)C,H,N,* concentrations are obviously
rather low, it seems worthwhile to test whether
the complex can be explained equally well with
an impurity acid. A Letagrop calculation

showed, however, that the “Ni(OH)C,HN,*-
effect’”” could not be explained with an
impurity acid. The results of these calculations
are collected in Table 2. Thus there appears
to be good evidence that the complex
Ni(OH)C,H,N,* really exists. As stated in the
introduction we had hoped to find some
polynuclear complexes related to the species
Ni,OH,*+, but no indications in this direction
could be found. This finding was tested and
settled by performing experiments at constant
Z, where hydrolyzed solutions of nickel chloride
were titrated with nickel imidazole solutions.
No effects due to complexes other than those
given in Table 3 were found.

For complex formation in the chloride
medium, the formation of chloro complexes
must be taken into consideration. Many
workers have reported that nickel(II) ions

Table 4. «Conditional stability constants” pg’,, defined according to pH+ +¢Ni*t +7C,H,N,=
(H+),(Nit+),(C;H,N,), and calculated from the relation B'ps= Bpr(1+ Byo)?. The values
of By are calculated from constants given in Table 1. Approximate values of B, have been
calculated (see eqn. 10) by assuming log K(NiCl+)= —0.48 and [CI]=3 M.

NiL+ NiL,z2+ NiL2+ NiL *+ Ni(OH)L+
Medium log f'on log f'os log fus log f'ou log f'_11s
3.0 M (Na)Cl 3.556 6.15 8.16 9.38 —5.64
3.0 M (Na)ClO, 3.34 6.09 8.31 9.94 —5.85
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form weak complexes with chloride ions. The Assuming the equilibrium Ni?+ 4 CI"=NiCl+
dominating complex seems to be NiCl* and to be known with log K,= —0.48 (an average
formation constants of other complexes are so  value) it is possible to calculate a new con-
small and erroneous that only this species is  ditional constant B'pgr which is corrected for
taken into account in the following discussion. the equilibrium through the relation

Table 5. Experimental data Z (log k) at different B and C concentrations (initial concentrations)
(3.0 M (Na)ClO, medium). For each point the quantities, H (in mM), log h, Z, AZ, and AZ, are
given. 4Z 18 the residual (Zey, —Zc,c) X 1000 and the indices 0 and 1 refer to the assumptions
0, Binary complexes Ni(C,H,N,),*+ only with constants given in Table 3 together with hydrolysis
species Ni,OH,'+ with constants proposed by Burkov ef al.;*’ 1, Binary complexes and proposed
ternary complex with equilibrium constants given in Table 3.
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5. Continued.
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Fig. 3. LETAGROP-search for ternary
H,Ni, (C{H,N,),2¢+#+7).complexes. The dia-

grams give error square sums U(pr), x 1072
assuming only one complex. In the ca,lcuqla,tions
the species Ni,OH,*, Ni(C,H,N,),*t+, (n=
1, 2, 3, 4) have been assumed to be known.
a, shows the calculations in 3 M (NaClO,
(387 points) and b, shows the calculations in
3 M (Na)Cl (327 points).

(10)
(11)

ﬁ'qu= ﬂpqr(l + Boo)?
where f,,,=K,[CI"],

Boro 18 constant provided [CI”] remains constant
during the titration.

10
a
0.8
0§

0.4

0.2

0.0

-8 -7 -6 -5 -4
log [H*]

Fig. 4. Distribution diagrams F; (log [H+))gc. F; is defined as the ratio between nickel(II) in

a species and total nickel(II). The calculations have been performed using a version of the com-

puter program SOLGAS # valid for equilibria in solution and equipped with a plotting procedure

(Gunnar Eriksson, to be published). Broken lines denote ranges where no measurements have been

performed due to precipitation (extrapolated range).
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The values of p’,,, from the chloride medium
are given in Table 4. As is seen from this table
the values of the B, constants are (usually)
greater than those in the perchlorate medium
indicating that (H+),(Nitt)(C,HN,t),(Cl7),
complexes are also formed.

DISCUSSION

The present emf investigation has given
clear evidence for the existence of a hydrolyzed
nickel imidazole complex. Ni(OH)C,HN,t,
together with a series of stepwise metal com-
plexes Ni(C,H,N,),2*+, n=1,2,3,4. No evidence
for the formation of any polynuclear ternary
complexes Ni,(OH),(C;H,N 2),24#+ was found.

The logarithms of the formation constants
could be determined with an accuracy (30)
greater than 0.02 for the stepwise complexes
and greater than 0.05 for the hydrolyzed
complex.

The behaviour of the nickel system differs
a little from the corresponding copper system
due to the fact that in the copper system
polynuclear complexes are formed whereas
in the nickel system no such complexes could
be detected. However, in both systems a
ternary hydrolyzed complex of the type

10
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08
06

0.4

0.2

00
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Me(OH)C,HN,* seems to be formed in a not
negligible amount.

The logarithms of the formation constants
are in 3 M (Na)ClO, log B_,,, (Ni(OH)C,HN,*)=
—13.76 and log A_;, (Cu(OH)C,HN,*)=
—10.44. Thus the ternary complex in the copper
system is more easily formed than the cor-
responding complex in the nickel system.
Furthermore the chloride media seem to in-
crease the stability in both systems.

The reason that no polynuclear complexes
can be detected in the nickel system is probably
due to the fact that at high B concentrations,
the available —log % range is too restricted to
permit polynuclear complexes to be formed.
The precipitated nickel hydroxoperchlorate
and nickel hydroxochloride seem to be less
soluble than the corresponding copper com-
pounds.

By means of the present investigation it has
also become possible to compare the acidities
(tendency to hydrolyze) of the species
Ni(H,0),*+ and Ni(H,0),(C,HN,)*+. For both
the perchlorate and chloride media it was
found that log K (NiC,H,N,+)>logK,(Ni*t).
The actual values of log K, are —9.19
[3 M (Na)ClO,] and —9.30 [3 M (Na)Cl]. (Cf.
log K, (Ni*t)< —10.5.) It seems that the in-
troduction of an imidazole ligand increases
the acidity of the nickel ion. The same effect
is observed by Sjoberg in the copper(II)
imidazole system.

With regard to the complexes in the
Ni(C,H,N,),2t series we found that they could
be well explained with a two-parameter ap-
proximation of the following type:

Ni(C,H,N,),2+ + C;H, N, = Ni(CsH,N,), 4.2,

n=0,+--3 (12)

K [Ni(CchNz)n—F 12+]
w1 = [Ni(C4H,N,),*+][C,H,N,]

(13)

K,,=K,K" where K,=10 exp (3.34) M and
K=10 exp (—0.55) in 3 M (Na)ClO, and
K,=10 exp (3.25) M and K=10 exp (—0.59)
in 3 M (Na)Cl, respectively.

This two-parameter behaviour was also
found in the copper imidazole system by
Sjoberg and in 3 M (Na)ClO, he found K,=
10 exp (4.66) M and K =10 exp (— 0.67).

By comparing the two systems we can see
that the higher tendency for complex formation

in the copper system is reflected in a greater
value of K, whereas the value of K is greater
in the nickel system, but, however, of the same
order of magnitude.

In 3 M (Na)ClO,, as well as in 3 M (Na)Cl
medium, the following equilibrium could be
established:

NiOH+ + C,H,N, = NiOH(C,H,N,)+

with log K=4.65 in 3 M (Na)ClO, and log
K=4.56in 3 M (Na)ClL

Comparing these values with log & for the
following equilibrium

Nit+ + CH, N, = NiC,H,N,*+

(14)

(15)

with log K,=3.34 in 3 M (Na)ClO, and
log K,=3.25 in 3 M (Na)Cl, we find that the
hydrolyzed nickel ion is a stronger complexing
agent than the corresponding hydrated nickel
ion.
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