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TaBLE 1
Temp., °K. 150 200 300 400 500 600
Gram susceptibility 225 69.7 31.2 18.2 13.2 9.9
X 108
Temp., °K. 700 800 900 1000 1100

Gram susceptibility 8.2 6.71 5.75 4.87 4.36
X 108
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Figure 7.—Reciprocal of the product of gram susceptibility
and absolute temperature for Co$. plotted as a function of
reciprocal absolute temperature.

various temperatures, the susceptibility of the phase
was calculated by extrapolation of isotherms similar to
those in Figures 3 and 4 to the composition correspond-
ing to CoS;. The values obtained are listed in Table I.

Measurements in this composition region were made
down to liquid nitrogen temperatures and the CoS,
was found to be ferromagnetic with a Curie temperature
of 116°K., in fair agreement with the 110°K. reported
previously.”

In Figure 7, the reciprocal of the product of the gram
susceptibility: and the absolute temperature, (x7)7%,
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TaBLE II
TRANSITION TEMPERATURES IN THE COBALT-SULFUR SYSTEM

No. of
observa- ————=Transition temp., °K,~———-—
Transition tions This work Hansen Kuznetsov

CoySs decomposes 8 1106 = 3 1106, 1108 1103
CosSs eutectoid 3 1065 £ 5 1053 1058
Co.S; peritectic 8 1206 + 6 1203, 1205 1208
Co,8; eutectoid 3 710 &= 10 About 733 748
Co3Ss decomposes 4 914 + 2 About 898

is plotted against the reciprocal absolute temperature,
71, Danielian has recently suggested that a graph
of this kind is more advantageous than the usual x~!
vs. 7 plot for the determination of the Curie constant.
The Curie constant, obtained as the reciprocal of the
value of the intercept at 7! equal to zero, is 0.59 on a
molar basis for CoS;. The gram susceptibilities used in
Figure 7 were corrected for the diamagnetic contribu-
tions of the constituent ions by the addition of 0.68 X
10—%,  The Curie constant gives a value of the magnetic
moment of 2.17 B.M. compared with the 1.85 found by
Néel and Benoit. This magnetic moment corresponds
to that of one unpaired electron with a partially
quenched orbital contribution.

From the linear portion of Figure 7 at high tempera-
tures the Weiss constant is 153°. Néel and Benoit
found 161° for the Weiss constant. The deviation
from linearity observed at lower temperatures signals
the breakdown of the model taking into account nearest
neighbor interactions only.

(B) Transition Temperatures.—The various transi-
tion temperatures observed in this work, compared
with values compiled by Hansen and those of Kuznet-
sov, are shown in Table II.

(17) A. Danielian, Proc. Phys. Soc. (London), 80, 981 (1962).
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The formation of a monobromo complex of nickel(II) in 2-methoxyethanol solution has b;?n demonstrated by a spectro-

photometric study. The absorption spectrum of the complex indicates that it is a solvate

Ni(solv);Br .

Introduction

Studies of halide complexes of nickel(II) in organic
solvents have shown that the formation of complexes
with up to four coordinated halides can occur, the lower
complexes being octahedral and the higher complexes
tetrahedral. The higher, tetrahedral complexes have
been well-characterized,!—* but the picture with re-
spect to the lower complexes is still not clear.

(1) N. $. Gill and R. S. Nyholm, J. Chem. Soc., 3997 (1959).
(2) C. Furlani and G. Morpurgo, Z. physik. Chem., 28, 93 {1961).

; octahedral species of the type

A number of workers have obtained evidence for the
possible formation of an octahedral monohalo complex
of nickel(II) in organic solvents.’~¥ The situation is

(3) D. M. L. Goodgame, M. Goodgame, and F. A. Cotton, J. Am. Chem.
Soc., 83, 4161 (1961).

(4) D. A. Fine, Inorg. Chem., 4, 345 (1965).

(5) S. A. Shchukarev and O. A. Lobaneva, Dokl. Akad. Neuk SSSR, 108,
741 (1955).

(6) M. Baaz, V. Gutmann, G. Hampel, and J. R. Masaguer, Monatsh., 98,
1416 (1962).

(7) H. Hubacek, B, Standi¢, and V. Gutmann, sbsd., 94, 1118 (1963).

(8) 1. V. Nelson and R. T. Iwamoto, J. Electroanal, Chem., 6, 234 (1963).

(9) T.Sramko, Chem. Zvesti, 1T, 725 (1963).

(10) C. P, Nash and M, S. Jenkins, J. Phys. Chem., 68, 356 (1964).
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often complicated by the simultaneous formation of
other halide complexes. By the use of 2-methoxy-
ethanol as a solvent, we have been able to demonstrate
the formation of an octahedral monobromo complex of
nickel(ITI) and to determine the absorption spectrum
of the species in this solvent.

Experimental Section

Materials.—Anhydrous nickelous bromide was prepared by
allowing hydrobromic acid to react with nickelous carbonate
(Baker analyzed reagent), evaporating the resulting solution to
dryness, and drying the salt at 110°. Composition was checked
by bromide analysis.

Tetraethylammonium bromide was Eastman Kodak salt, re-
crystallized from water and ethanol.

Silver perchlorate was G. F. Smith anhydrous AgClQOs.

2-Methoxyethanol was Matheson Coleman and Bell solvent
(dielectric constant = 16.0). The solvent was dried over mag-
nesium sulfate, redistilled, and passed through an alumina
column.

Stock solutions of nickelous perchlorate in 2-methoxyethanol
were prepared by the addition of solutions containing a stoi-
chiometric equivalent of silver perchlorate to solutions of an-
hydrous nickelous bromide. The precipitated silver bromide was
centrifuged out. The nickel concentration was checked by
gravimetric analysis with dimethylglyoxime.

Stock solutions of tetraethylammonium perchlorate were pre-
pared in a similar manner, by the addition of solutions of silver
perchlorate to solutions of tetraethylammonium bromide.

Measurements.—Absorption spectra were measured on a Cary
Model 14 recording spectrophotometer, Serial 244, The cell
compartment was thermostated to 25.0 == 0.2°. Matched
quartz cells of 1-, 2-, and 5-cm. path length were employed.

Solutions for spectrophotometric measurement were prepared
in volumetric flasks. Stock solutions of nickelous perchlorate
were mixed with stock solutions of tetraethylammonium bromide
(and in some cases tetraethylammonium perchlorate) and the
resulting solution was diluted to the mark with solvent.

Results

The addition of tetraethylammonijum bromide to
nickelous perchlorate in 2-methoxyethanol produces
spectra in the visible and near-infrared regions which
indicate a two-species equilibrium. The spectra show
six isosbestic points; these points occur at ~360, 393,
550, 670, 955, and 1170 mu. Each of the three prin-
cipal bands of the uncomplexed (solvated) nickelous
ion is shifted toward longer wave lengths; this shift is
accompanied by an increase in intensity. At nickel
concentrations between 0.01 and 0.05 3, this behavior
persists up to a molar ratio of bromide to nickel of 5-10.
Beyond this bromide concentration the spectrum is
relatively insensitive to addition of bromide; the isos-
bestic points are eventually lost, but no conspicuous new
peaks appear in the spectrum. The uncomplexed
nickelous ion and the complex formed by the addition
of bromide are apparently the only species present at
significant concentrations at 25°. Visibly, the green
color of the nickelous perchlorate solution changes to
bright yellow-green as bromide is added. The absorb-
ance values obtained at two different wave lengths for
six series of solutions are shown in Table I.

The most likely situation is that a monobromo
complex is formed, and the spectral data support this
contention. If the spectrum formed at Br/Ni ratios
of 5-10 is taken as an approximation to the spectrum of
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TaBLE I

ABSORBANCES OF SOLUTIONS OF Ni{ClQy): -+ N(C,H;):Br
IN 2-METHOXYETHANOL

Molar Molar Molar
Ratio Ratio Ratio
Bro/Ni  780mm 430mie BrU/NL  T80m 430mpy  BrT/NL T80mpm 430mM
Ni 4.60 x 10"%gr. atom 17} 1.34 x 10”%gr. atom 1~ 2.98 x 10" %gr. atom 17}
0 0.200 0.362 0 0.150 0,234 [ 0.127 9.207
0.35 0.314 0.758 0,50 0.256 0.608 0.50 0.207 0.596
0.50 0.360 0.916 0.75 0.316 0.797 0.75 0.228 0.664
0.75 0.432 1.128 1.0 0.346 0.904 1.0 0.287 0.794
1.0 0.487 1,302 2.0 0.292 1.084 1.5 0.278 0.825
2.0 0.548 1,593 3.0 0.402 1.064 2.0 0.316 0.986
4.0 0.563 1,570 4.0 0.411 1.690 3.0 0,330 1.024
5.0 0,421 1.110 4.0 0.349 1.047
a,c b,d

c
46 x 107%r. atom 17} .89 x 107 %r. aton 1 .49 x 107 %r, aton 1
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640
1720
780
815

e Tonic strength kept at 0.25 by addition of N{CoH;)sClOs.
b Jonic strength kept at 0.15 by addition of N(CyH;)iClO,.
¢ 2-cm. cell. 2 5-cm. cell.
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the complex, then the fraction of nickel in the form of
the complex in solutions having lower Br/Ni ratios
can be estimated as fo = (4 — Ag)/(A1m — Ao), where
A is the observed absorbance at a given wave length
for the particular solution, A, is the absorbance of the
uncomplexed Ni%*, and 41, the absorbance for the
“limiting”’ spectrum, 7.e., the spectrum formed at higher
bromide concentrations. The free bromide concen-
tration is then given by

(Br—) = EZBr — nf.ZNi (1)

where ZBr and ZNi represent the total bromide and
nickel concentrations and # is the number of bromides
coordinated to the nickel. This estimation was made
using data for wave lengths at 10-mu intervals between
800 and 680 and between 500 and 400 mu. In all cases
where Br/Ni was less than 2, f, turns out to be too large
for #n to be greater than 1.

A second indication that # equals 1 is obtained by
application of the Rose-Drago equation!! to the ab-
sorbance data. The expression for a 1:1 complex is,
in the present case

4 — 4 — eniss

Bt = % _ =Ni — ZBr + EINizBr ° N
€ — €Nzt A - Ao

2)

where (; is the formation constant of the complex, and
& and ey;:+ are the molar extinction coefficients of the
complex and the uncomplexed Ni** ion. The corre-
sponding expression for a 2:1 complex is

-1

: (6 — enize) (6 — enir+)
SNIZBr(e, —
AENIZBr — 3Br o SNEBre = @)
A — A,

These expressions were applied to the absorbance data
at 430 mu, the wave length at which 4 — A4, is a maxi-
mum. Values of ¢, — exp+ were obtained by solution
of pairs of simultaneous equations. The average
values of ¢ — eye+ Obtained in this manner were then

(11) N.J. Roseand R, S, Drago, J. Am. Chem, Soc., 81, 6138 (1959).
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TaBLE II

VALUES OF f, CALCULATED FROM ABSORBANCES AND FROM EQ.
2,8, AND 6; ENi = 4.80 X 1072, A = 430

Br=/Ni for abs.® for (2P for (3)° fi, (8)¢
0.35 0.31 0.31 0.21 0.31
0.50 0.43 0.44 0.30 0.43
0.75 0.62 0.61 0.41 0.61
1.0 0.77 0.75 0.50 0.76
2.0 0.93 0.91 0.61 0.92
4.0 1.00 0.96 0.64 0.98

¢ Calculated from absorbance data, ° Calculated for 1:1 com-
plex, using eq. 2, with ¢, — enj2+ = 13.1. ¢ Calculated for 2:1
complex, using eq. 3, with ¢ — eni2+ = 19.5. ¢ Final values
obtained from plotsof R /(e ~ &)vs. R + 1 — fi.

used to calculate f, from the relationship f. = (e —
eniz+)/ (e — enp+). The values of f. thus obtained
can then be used to calculate values of the free bromide
concentration from eq. 1. Again, it was found that the
calculated values of f. for solutions where Br/Ni was
less than 2 were too large for # to be greater than 1.
The values of f, obtained in this manner for one series
of solutions are shown in Table II, along with the
values estimated as described previously.

The most likely nature of the complex having been
established, one could apply eq. 2 to the absorbance
data at different wave lengths. It proved more con-
venient, however, to treat the data by a method similar
to one used by Bale, Davies, and Monk.}? If the
equilibrium is between uncomplexed Ni%®* and a mono-
bromo complex NiBr+, then the formation quotient
By for the complex is given by
_ ho

(1 — fAOENI(R — f1)
where f1 stands for the fraction of the total nickel in the
form of the complex, and R for the molar ratio of
bromide to nickel. If we represent the molar extinc-
tion coefficients of the uncomplexed species and the com-
plex by ¢ and e, respectively, and the extinction co-
efficient of a mixture of the two species by ¢, we have

B1 (4)

£ = e~ & (5)

€1 — &
Combination of (4) and (5) leads to the relationship

R _ R+1-# 1
€6 — € B1ZNi(er — €)

Hence a plot of R/(e — &) vs. R 4+ 1 — fishould yield a
straight line with a slope equal to (& — &) L. Since ¢
is known, the plot permits the determination of ¢ at
the selected wave length. The procedure employed
was to estimate values of fi, as described previously,
and plot R/(e — &) vs. R + 1 — fi to obtain a first
value of ¢ — &. This value was used to calculate a
new set of f1 values, and the process was repeated until
constant values of f1 and & — & were obtained. Data
from four different sets of solutions were treated in this
manner; nickel concentration in the solutions ranged

(6)

€ ~— €

(12) W. D. Bale, E. W. Davies, and C. B. Monk, Trans. Faraday Soc., 82,
816 (1956).

A MonoBroMO CoMPLEX OF NICKEL(II) IN 2-METHOXYETHANOL 199

TABLE III

EXAMPLES OF (¢ — ¢) VALUES OBTAINED FROM PLOTS OF
R/(e — eo) ys. R + 1 +f1

A, mp Ie II III v
800
780
750
710
430 1
410 .

2 ¥Ni: I, 0.0480; II, 0.0246; III, 0.0134; IV, 0.0489.
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Figure 1l.—Absorption spectra of nickelous and monobromo-
nickelate ions in 2-methoxyethanol.

from 0.0134 to 0.0489 M. Spectra produced by molar
ratios of bromide to nickel between 0 and 4 were utilized
for the plots. Plots were made for wave lengths at 10-
my intervals between 690 and 800 mu and between 390
and 500 mu. The plots were linear, and convergence
of fi values was usually obtained after three plots.
In most cases, the final value of f; did not differ by
more than 0.03 from the first estimate. The fi values
obtained for INi = 4.80 X 10~? and A = 430 are
shown in Table 1I, along with the values obtained by
previous calculations. Examples of e — ¢ values ob-
tained from the plots are shown in Table III. The
spectrum derived in this manner was quite close to the
spectrum observed at molar ratios of bromide to
nickel between 5 and 10. Thus the results of this
treatment of the spectral data substantiate the as-
sumption that the complex formed is NiBr+,

The spectrum of the uncomplexed Ni?+ and the spec-
trum of the monobromo complex NiBr+* are shown in
Figure 1. In the case of NiBrt, the extinction coef-
ficients in the regions 690-800 and 390~500 myu are the
average values obtained from the plots of R/ (e — ) vs.
R + 1 — fi; the spectrum in the remainder of the re-
gion shown was obtained from the absorbances pro-
duced at Br/Ni ratios between 5 and 10.

The spectral data do not permit an accurate deter-
mination of the formation quotient 8;. It will be shown
that 8 is extremely sensitive to errors in f;; also, lack of
information on activity coefficients in 2-methoxyethanol
prevents an evaluation of the true formation constant.
An estimate of the quotient is possible, however. In
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TABLE IV

VALUES OF FORMATION QUOTIENT 81 OBTAINED FOR SOLUTIONS
OF Nl( C104)2 + N( C2H5)4Br -+ N( C2H5)4C104

I. EINi = 0.0489, II. ZNi = 0.0298, III. =Ni = 0.0149,

u =025 w =015 p =015
Br=/Ni 81 X 10~  Br—/Ni B X 10-2 Br-/Ni B X 1072
0.50 0.93 0.50 0.97 0.50 0.46
0.75 1.1 0.75 0.86 1.0 0.63
1.0 1.1 1.0 1.1 2.0 0.68
1.5 1.0 1.5 0.70 4.0 0.66
2.0 1.2 2.0 1.1 6.0 0.57
3.0 1.0 3.0 0.96

1.0 = 0.1¢ 0.94 =0.1e 0.67 = 0.1

¢ Obtained from plots of log (fi/(1 — fi)) vs. log ENi{(R — f1);
other values calculated from eq. 4.

order to make the estimate more meaningful, addi-
tional sets of solutions were prepared in which the
ionic strength was held approximately constant by the
addition of tetraethylammonium perchlorate. Spec-
tra were taken and data were plotted in the manner
described above; absorbance values are shown in
Table I. The final values of f; obtained from the plots
were used to construct a plot of log (fi/(1 — f1)) vs.
log ZNi(R — f1); this yields a straight line having a
slope of 1.0 and an intercept equal to 8;. The values of
B1 obtained in this manner are shown in Table IV,
along with values calculated by use of eq. 4 (direct
application of eq. 2 or 6 involves taking differences be-
tween nearly equal quantities and does not lead to ac-
curate results). The values obtained indicate that the
formation quotient of the momnobromo complex falls
in the range (0.9 = 0.3) X 102 at 25° at an ionic
strength of 0.15-0.25. The data obtained for the
solutions in which no N(C;H;),ClO, was added indicate
a formation quotient of the same order of magnitude
as the 8; obtained for the solutions containing the salt,
but higher by a factor of 2-5; the estimated range of
ionic strength in these solutions is 0.03-0.15. The
values of ¢ — ¢ for the solutions containing N(CyHj)s-
ClO; agreed quite well with those obtained in the ab-
sence of the salt. The addition of neutral salt shifts the
equilibrium toward the uncomplexed species; similar
behavior has been observed in acetone solution with
higher bromide complexes of nickel(I1).4

The variations and uncertainties in 8 might seem at
first glance to cast doubt upon the reliability of the &
values. There are several considerations, however,
which indicate that these values are trustworthy. The
accuracy of both 8y and & depends ultimately upon
the accuracy of f1, as shown by eq. 4 and 5. The fi
values cannot be expected to be more accurate than
+0.02. The probable errorin B, is given approximately
by

o3 R — f12

A= AT NI AR —

where Af; is the probable error in fi;
probable error in e is given by

LA (D)

similarly, the

Qe —(e - 60)
Ael = 8]71 Afl = T Afl (8)
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Computation of these quantities, taking Af; as =0.02,
shows that the probable etror in e is much smaller than
the corresponding probable error in 8;.  Results for two
cases are shown in Table V. It is seen that errors of
309% in By correspond to errors of less than 39 in ;
furthermore, data which produce a change of a factor
of 2 in B; produce no significant change in the ¢ values.
Other indications of the reliability of the & values are
the close agreement of the derived spectrum with the
spectrum observed at higher bromide concentrations,
the agreement between the ¢ values obtained from dif-
ferent series of solutions, and the good agreement of the
/1 values obtained from eq. 2 and 6 with the values esti-
mated from the absorbamnces as described previously;
in the latter case, the method of estimation does not
assume any constancy of equilibrium quotient.

TABLE V
ExampLES OF CALCULATED VALUES AND PROBABLE ERRORS OF
51 AND ¢ — &
I, 2Ni=4.80 X 10?

R A 81 X 1072 e — e, 780 mp @ — e, 430 mp
0.35 0.31 2.4=+1.4 3.8£0.2 13.3 £ 0.9
0.50 0.43 2.2+0.8 3.9+0.2 13.4 0.6
0.75 0.61 2.3%+0.6 4.0%+0.1 13.1+0.4
1.0 0.76 2.7£0.6 3.9+0.1 12.9+ 0.3
2.0 0.92 2.2=+£0.7 3.9+0.1 12.9+0.3
4.0 0.98 3.4+3.6 3.9=%=0.1 12.9+=0.3

II. ZNi=4.89 X 107% u = 0.25

R 5 81 X 102 e — e, 780 mp & — e, 430 mu
0.60 0.37 0.9+0.2 4.0%+0.2 13.5£0.8
0.75 0.54 1.1+0.2 4.1+£0.2 13.3 0.5
1.0 0.66 1.1+0.2 4.1+£0.1 13.0+0.4
1.5 0.80 1.0+0.2 4.0=x0.1 13.1£0.3
2.0 0.89 1.2x£0.3 3.9x£0.1 13.3 £ 0.3
3.0 0.93 1.0=0.4 4.1+0.1 13.3=0.3

Discussion

The spectral parameters of the two nickel species are
presented in Table VI. The positions of the three

TABLE VI
ELECTRONIC SPECTRA OF NiT2 AND NiBr 18 2-METHOXVYETHANOL
Ni+ NiBr+
Amax, Mg 1160 730 664 396 1270 775 710 421
€mox, l./mole cm. 4.1 3.3 3.2 9.0 4.7 6.2 5.4 sh?® 17.4
», em. 1 8,600 8,100
vy, cm, 1 14,300 13,400
23, cm, =1 25,300 23,700
ve, caled., cm, "t 14,270 13,430

¢ sh = shoulder.

absorption bands are estimated from the center of
gravity of each band. The positions and intensities
of the bands indicate that both species are octahedral;
the »; band is due to the transition 3A,, — 3Ts,, the »
band to 3A,, — *T1,(F), and the »; band to 3A,, — Ty,
(P).'*® The » bands indicate Dg values of about 860
and 810 for the two species. The position of the »
band can be calculated from Dg and the observed posi-
tion of the »; band!®1%; the close agreement between the
calculated and the observed positions provides further
confirmation of the octahedral structure of the two

(13) A. D. Liehr and C. J. Ballhausen, Anxn. Phys., 6, 134 (1959).
(14) V. Imhof and R. 8. Drago, Inorg. Chem., 4, 427 (1965).
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species. They are most likely solvated complexes of
the type Ni(solv)s?t and Ni(solv);Br*, where “‘solv”
represents a coordinated solvent molecule, in this case
2-methoxyethanol. The bands for the hexasolvated
species occur at almost the same wave numbers as those
of the hexaaquonickel(IT) ion,* but have considerably
higher intensity. This increase in intensity upon re-
placement of water molecules in the first coordination
sphere of Ni?* by other solvent molecules has been
observed by several previous workers. !4 16—20

The general spectral behavior reported here for 2-
methoxyethanol, .e., shift of the absorption bands of
Ni2?t+ to longer wave lengths upon addition of halide,

(15) C.X. Jdérgensen, Acta Chem. Scand., 9, 1362 (1955).

(16) R. T. Pflaum and A. J. Popov, Anal. chim. Acta, 18, 165 (1955).

(17) W. Schneider, Helv. chim. Acta, 46, 1842 (1963).

(18) R. S. Drago, D. W. Meek, M. D, Joesten, and L. La Roche, {#norg.
Chem., 2, 124 (1963).

(19) R. S. Drago, D. W. Meek, R. Longhi, and M. D. Joesten, zbid., 2,
1056 (1963).

(20) R.F. Pasternack and R. A. Plane, ¢b7d., 4, 1171 (1985).
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accompanied by an increase in intensity, has been ob-
served by other investigators in solvents such as alco-
hols,?:?! dimethylformamide,?6-22 acetone,’® and aceto-
nitrile.58° The spectral features were produced by
adding small quantities of chloride or bromide to solu-
tions of mnickelous perchlorate,®®#-° by dissolving
nickelous dihalides in the solvents,?:?? and by increas-
ing the temperature of nickel(IT)-halide solutions.?
Similar observations have been made for aqueous solu-
tions highly concentrated in chloride or bromide.?8—%
Our results for 2-methoxyethanol indicate that this
spectral behavior is probably ascribable to the forma-
tion of an octahedral monohalo complex.

(21) N.S. Chhonkar, J. Chem. Phys., 41, 3683 (1964).

(22) L.I. Katzin, ¢bid., 36, 3034 (1962).

(23) A.Kissand P. Csokan, Z. anorg. allgem. Chem., 245, 2355 (1941).

(24) R. H. Herber and J, W. Irvine, J. Am. Chem. Soc., T8, 905 (1956).

(25) K. B. Vatsimirskii and V. D. Korableva, Izo. VUZ, Khim., 19, No.
4 (1958).

(26) D. A. Netzel and H. A, Droll, Inorg. Chem., 3, 412 (1963).
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The solubility product constants of AgCl, AgBr, and Agl and the over-all formation constants of AgX;~ complexes have been
investigated in acetonitrile, dimethyl sulfoxide, nitroethane, acetone, and methanol by potentiometric and voltammetric

techniques.
as indicated by reduction potentials.
from AgCl;™ to Agl,™.
than in the other solvents.

The solubility of each of the silver halides parallels the relative solvating ability of the solvents for silver ion
In each solvent, the over-all formation constants of the AgX,~ complexes increase
The tendency for the reaction AgX(s) + X~ = AgX,~ to occur is much less pronounced in methanol
This is attributed to the ability of methanol to solvate halide ion through a hydrogen-bonding

mechanism, thus making it less available for reaction with solid silver halide.

Introduction

Although extensive quantitative studies on the
solubility of silver halides and the stability of silver
halide complexes in water have been made, only a
limited number of such investigations have been carried
out in nonaqueous media. The data obtained from
these latter studies have been summarized by Kratohvil
and TeZak! and Sillén and Martell.2 Solubility product
constants for the halides (except the fluoride) in
methanol, ethanol, diethyl ether, and ethylenediamine
have been reported. Data for the stability constants
of AgX,™ complexes are even more sparse, with only
values for the AgCl,~ species in N-methylformamide
and for the Agl,~ complex in acetone, ether, and di-
methylformamide being reported.

In this paper, we present the results of a systematic
study of the solubility of silver chloride, bromide, and

(1) J. Kratohvil and B. Te%ak, Rec. trav. chim., T6, 774 (1956).

(2) L. G, Sillén and A, E. Martell, “Stability Constants of Metal-Ion
Complexes,”” The Chemical Society, London, 1964.

iodide and of the stability of the three AgX,~ complexes
in acetonitrile, dimethyl sulfoxide (DMSO), nitro-
ethane, acetone, and methanol. These solvents were
chosen to provide a wide spectrum of solvating ability
toward both cation and anion,.

Experimental Section

Materials.—Dimethyl sulfoxide, obtained from Crown Zeller-
bach, was purified by passage through a column of activated
alumina, followed by fractional distillation under reduced pres-
sure at a temperature below 70°, the first and last 109, of the
distillate being discarded.?® XKarl Fischer titration showed the
water content of the distillate to be about 0.02 M. Nitro-
ethane (Aldrich Chemical Co.) was dried over Drierite for several
weeks, passed through activated alumina, and distilled ¢» vacuo.
The fraction representing the middle 809 of the distillate was
collected and found to be less than 0,002 M in water. Baker
Analyzed reagent acetone, after being maintained over Drierite
for several weeks, was fractionally distilled, the fraction boiling
at 56° being collected. Infrared analysis showed the water con-
centration to be less than 0.05 M. Methanol was purified by

(3) I.M. Kolthoff and T. B. Reddy, J. Elecirochem. Soc., 108, 980 (1961).



