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Spectrophotometric methods have been used to
determine the stability constants of copper(II)
chloride complexes in an ionic medium of 9 M
sulphuric acid at 25 °C. The total molarity
was held constant at 9 M.

Preliminary constants were obtained by
graphical methods and were then refined with
the generalized least squares program
“LETAGROP”. The experimental data could
best be explained in terms of the following
equilibria and stability constants:

Cu?+ + CI"= CuCl+ log f,=1.03+0.03
Cus+ + 2CI"< CuCl, log fy=1.60%0.07

Cu?+ + 3CI"=CuCl,~ log fy=1.77%0.19
Cu*+ + 4C1"< CuCl,*- log f,=2.21%0.08

The errors given correspond to an error of 3o,
where ¢ is the standard deviation in log 8.

The formation of complexes between copper(II)
ions and chloride ions in aqueous solution has
mainly been studied by spectrophotometric
methods, but a few investigators have used ion
exchange or freezing point methods. The forma-
tion of complexes between Cu(II)ions and chlo-
ride ions cannot be investigated potentio-
metrically using a copper amalgam electrode
or a silver chloride electrode, as both these
electrodes reduce Cu(II) to Cu(I) in the presence
of chloride ions.

The values of the stability constants (cf.
Table 1) determined in the various investiga-
tions differ from each other, owing to different
ionic media and methods of measurement.
Some of the constants have been extrapolated
to zero ionic strength.:%! From the values
given in Table 1, it is evident that the complexes
are very weak, the stability constant, g,, for the
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reaction Cu?t +ClI"=CuClt having an approxi-
mate value of 1.}-%%! Some authors have found a
higher value for g,."% This can be attributed
to a more concentrated ionic medium, to the
neglection of the second complex, or to the
method of calculation. The uncertainty of the
stability constant, g, for the reaction
Cu?t + 2CI"=CuCl, is larger than that of B,
but its value is probably less than 1.1.2

It has béen claimed that copper(1I) forms four
mononuclear complexes with chloride ions,
namely CuCl+, CuCl,, CuCl,~ and CuClz2-.1%
On account of the weak complexity, it has,
however, proved difficult to determine the
stability constants of the higher complexes.
Using spectrophotometric measurements, with
different metal chlorides as ionic media,
Bjerrum! was, however, able to determine
approximate values for f; and f,. The values
determined by Morris and Short 1° differ, how-
ever, considerably from those determined by
Bjerrum.

In this work, the copper(II) chloride system
has been studied spectrophotometrically in 9
M sulphuric acid at 25 °C, sulphuric acid being
chosen as medium since it seemed likely that
the copper(II) complexes would be stronger in
9 M sulphuric acid than in dilute aqueous solu-
tion. Sulphuric acid medium has, moreover,
industrial interest, since anhydrous chlorides of
the transition metals can be obtained by the
distillation of such solutions.
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Table 1. Survey of reported values for the stability constants of copper(II) chloride complexes.

Author Ref.  Method Medium Temp. B, Ba Bs B
°C (M) (M-*) (M-3) (M%)

Bjerrum 1 spectr. extrap. to 0 22 1 0.2 8x10-* 8x10-5
MecConnell 2 spectr. 1 M HCIO, 25.2 1.3 0.3
and Davidsson
Niiséinen 3 spectr. extrap. to 0 25 1.2
Kruh 4 spectr. 1M HCIO, 22 0.27
Lister and 5 spectr. 2 M NaClO, 25 1.22
Rosenblum
Andreev and 6 spectr. HCl1 1
Sapozhinkova
Libus 11 spectr extrap. to 0 25 1.63
Faucherre 7 fp sat. KNO, 2.70
and Crego
Kenttémaa, 8 fp sat. KClO, 1.50

fp sat. KClO, 4.60

extrap. to 0 8.90

Tre'millon 9 ion exch. 1.5 M NaNO, 0.4
Morris 10 ion exch. 0.69 M HC10, 20 9.6 4.92 3.52 1.0
and Short
Ohlson and spectr. 9 M H,80, 25 10.7 39.6 59 163
Vannerberg
EXPERIMENTAL Four series of solutions of copper(II) chloride

Chemicals and analysis. Stock solutions of
copper(II) sulphate were prepared by dissolving
copper(1I) sulphate (Merck p.a.) in 9 M sul-
phuric acid and the copper content was deter-
mined electrogravimetrically.’* Sulphuric acid
was prepared by dilution of conc. sulphuric acid
(Merck p.a.) and its concentration was cal-
culated from the experimental density,'* deter-
mined with an areometer, graduated from 1.470
to 1.520 g ecm~® (accuracy +0.001 g cm-3).
Sodium chloride (Merck p.a.) was dried at 110 °C
and weighed.

The light absorption measurements in the
range 350 — 385 nm were made with a Beckman
spectrophotometer, Model DU-2. The measure-
ments in the ultraviolet range 260—300 nm
were made on & Gilford 240 spectrophotometer.
Matched quartz cells of path lengths 0.1, 0.2,
0.5, 1.0 cm were employed, these being cali-
brated before use. During the measurements,
the sample compartment was thermostated to
25.0+0.1 °C.

were prepared by adding accurately weighed
sodium chloride to a solution of copper(II)
sulphate. In each series, the total copper ion
concentration (B) was kept constant (B: 0.005,
0.010, 0.020, 0.050 M), while the total chloride
concentration (4) was varied between 0.004
and 0.600 M. The total molarity was held
cop;tant at 9 M by the addition of sulphuric
acid.

In one and the same series of measurements,
B and | were kept constant and in the different
series of measurements the product !B was kept
constant.'®

The wave lengths employed, the numbers of
solutions and the numbers of measurements
are given in Table 2.

Table 2. The wave lengths used, the numbers of solutions and the chloride concentrations.

Wave lengths Number of Number of Chloride

(nm) solutions measured concentration
values M)

260, 265, 270, 275, 280, 290, 300 63 354 0.004 - 0.064

350, 355, 360, 365, 370, 375, 380, 385 113 658 0.0192 —0.600
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LIST OF SYMBOLS

total concentration of chloride ions, Cl™
free » » » » »
total » » copper ions, Cu?*t
free » » » » »

s absorbance
optical path length
apparent molar absorptivity
pi equilibrium constant for the reaction

Cut+ 4 401"= CuCl;(*-)+

¢ molar absorptivity for the complex
CuCl,(-%)+

7 mean ligand number

® ThSTme h

MEASUREMENTS

The measurements were performed spectro-
photometrically, the method of corresponding
solutions 1'%~ being used. In order to find
suitable wave lengths, spectra were recorded
for copper chloride solutions with constant
B and varying A. The spectra showed absorp-
tion maxima at 250, 375, and 800—-900 nm
(Figs. 1, 2). The absorption of the Cu?* ion,
which probably exists as a sulphate complex
in the sulphuric acid solution, increases with
decreasing wave length in the UV range, and
shows an absorption maximum at 810 nm (Fig.
1). The absorption bands of the complexes are
displaced towards longer wave lengths with
increasing chloride concentrations, their band
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Fig. 1. log e as a function of A for copper(II)
chloride solutions. B=0.010 M and the fol-
lowing values of A were used: a. 0 M; b. 0.024
M; c. 0.060 M; d. 0.100 M; e. 0.300 M; f. 0.500
M; g. 1.000 M.
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Fig. 2. ¢ data as a function of A for solutions
wit, h B=0.010 M and different values of 4
a. 0 M; b. 0.012 M; c. 0.024 M; d. 0.044 M; e.
0.060 M; f. 0.100 M.

widths also increasing considerably. Solutions
with low 4 show one isosbestic point at 224 nm.

The majority of the measurements (658
values) have been carried out in the range
350 — 385 nm, where the higher complexes can
be detected. Another advantage of this range
is that the Cu?t ion does not absorb there.
The remaining 354 measurements were made
in the 260 — 300 nm range (Table 2). Only the
stability constants of the two first complexes,
CuClt and CuCl,, could be determined from
measurements in the latter range, owing to the
strong absorption of both the Cu?t ion and
the copper(II) chloride complexes. No measure-
ments have been carried out in the 800— 900
nm range, because of the small absorptivities
of the complexes. The absorption of chloride
ions is negligible.

TREATMENT OF THE DATA

The absorbance, A, of a solution is the pro-
duct of the apparent molar absorptivity, e,
the optical path length, I, and the total con-
centration of the absorbing substance, B,

N N .
As=leB=1 3 &[BAj]=1 3 e&;Bba’ (1)
i=0 =0
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Fig. 3. The function ¢(A4) at different values of
B at 280 nm. AB=0.05 M; OB=0.02 M;
AB=0.01 M; @B=0.005 M.

where &, ¢,, . . . , &y are the molar absorptivities
for Cutt, CuClt,..., CuCly®M+, respec-
tively.

The apparent molar absorptivity is defined as

2 &[BA;]

B[] [ 0]

(2)
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Fig. 4. A versus B at different ¢ at 280 nm.

From eqn. (2) it is seen that & is solely a func-
tion of a, if only mononuclear complexes are
present. The mean ligand number 7 is defined as

a=4-0 zlop, ]/ [1+ > ﬂ,a] (3)

and 7 is thus only a function of a, this gives

A=a+nB (4)

Table 3. Corresponding values of B, 4, a and 7 obtained from the ¢(4)-curve for A=280 nm.

A M

B M 0.005 0.01 0.02 0.05 a —log a A
€

60 0.0068 0.0071 0.0079 0.0099 0.0064 2.19 0.07

90 0.0103 0.0108 0.0117 0.0148 0.0098 2.01 0.10
120 0.0137 0.0145 0.0158 0.0198 0.0132 1.88 0.13
160 0.0183 0.0192 0.0211 0.0262 0.0174 1.76 0.18
200 0.0229 0.0239 0.0262 0.0325 0.0219 1.66 0.21
240 0.0274 0.0286 0.0314 0.0389 0.0261 1.58 0.26
280 0.0319 0.0335 0.0366 0.0454 0.0304 1.52 0.30
340 0.0388 0.0411 0.0448 0.0554 0.0373 1.43 0.36
360 0.0411 0.0437 0.0475 0.0587 0.0398 1.40 0.38
400 0.0460 0.0488 0.0531 0.0654 0.0447 1.35 0.41
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Table 4. Corresponding values of log a and 7, obtained from ¢(A4)-curves for 15 different wave lengths,
followed by (7i.g.—7) X 103, which has been calculated with the “LETAGROP VRID” program.

Anm
€.93000 4,99 -0.5260
€. 59¢0¢ -
1.11000
1.17000
1036000 =23.49
1.43000 ~17.17
1.60000
1.69000 -42.68
1.71000

Anm
385 -0.9340

365

360

35

@

350 -1l.6780
=1.6070
=1.5480
-1. 475C
=1.4110

=G SESC
~0.5540

1. 73CCC
1.8CcCC

-1.352C

Solutions with the same ¢ have the same value
of 7 and a, and such solutions are known as
corresponding solutions.l,5-18

The function &(A4) ** was plotted for three or
four given values of the total concentration
B. From these curves pairs of values (B,4),
corresponding to selected & were obtained.

If A was plotted against B at a constant
value of ¢, a straight line was obtained,
indicating that only mononuclear complexes
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1.90000

C.412¢0

Anm
290 0.06800
0.08800

€. 11100

12700
C.14C00

were present, 7 being obtained from the slope
and a from the intercept on the A4-axis. Meas-
urements for 2=280 nm illustrate this pro-
cedure (c¢f. Figs. 3, 4 and Table 3).

The stability constants were then calculated
from the 7i(a) values by several different meth-
ods (¢f. Table 4 and Fig. 6).
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CALCULATIONS BASED ON THE DATA
IN THE LOW UV RANGE

Curve fitting. In order to determine values
of B, and B,, the experimental curve in Fig. 5
was fitted to the following normalized curve:

= (Ru+2u?)/(1 + Ru+ u?) (5)

where u=g}a and R=pg,,-1.' Functions
7i(log u)g were drawn for different constant
R values and compared with the experimental
ones.

Table 5. Spectrophotometric data in the low UV range for 40 solutions. 4 and B are given for each
solution, followed by &, e 8nd e .— & for 7 wave lengths. The concentrations are expressed
in M and the apparent absorptivities in M-! em-!. Missing data is indicated by —1.

0.CC4000 0,005000
15,200 15.3C1 C.CC1 34,300 34,516 £.216 81.300 80.787 ~0.513
118.700 118,968 Cectl 168, 5¢C 169,606 1.106 230.500 231.706 14206
3C4.300 304.348 0.048
C.CCECCO 0.€C5CCO
e2C0 16.92C =C.37C 43, 7¢CC 43,307 -0.393 100,600 98 ,428 =2.172
143,500 142,974 =0.526 261,730 00,827 =C ET2 272.400 2704532 =1.868
262.CCC 348,822 =3.178
o0.c3eccc c.ccscce
24,680 2644726 C.0%¢ £2.15¢C £2.316 0, 166 116,900 116,075 ~0.825
165,700 166 .758 1.058 220.800 231474 0.674 307. 5CC 3C8.259 0.759
281.2C¢C 351.840 00540
0.0100€C0 €.C05000
29.800 29.793 =0.097 €1.,600 &1.%22 ~C.0T8 134,400 133,714 =0.686
152.CC0 =1.685 2644400 2614560 ~2.84C 347.000 344,925 ~2.€75
435,60 -2.144
0.012000
34,800 0,020 714000 70.908 ~0.052 151 1CC 151.332 0.232
214.4CC =Cs 76C 252,400 291.094 =1.306 389.300 380,562 Cez62
473,27 c.220
0.C16000
44, T€C 04691 89,910 994152 04262 185.200 186, 467 1. 267
255, 6CC ~0.308 349.000 348.558 =Nekdz 447.1CC 448.5C3 1. 8C4
-1.8C0 C.C
0.020000
£7.5CC =14360 113.400 199.923 ~3.4M =1.CCC =1.0CC CeC
=-1.€C0 C.C =1.0c00 ~1.000 0.0 ~1.000 ~1.000 Ge0
=1.000 G.C
C.C24CC)
€1.6CC Ve 4C8 130,500 130.110 =0,399 257.709 256,085 ~le644
35C.2¢0 =1.5¢8 4“8, 6CC 457.371 -1.229 572.600 574.722 2.122
=1.0C0 0 940
€. T28CCC c.ce5000
Te.72C 1. C6C 148,800 150.619 1.819 288.300 299.385 2.08¢
=1.000 CaoC =1.C8C ~l.CCC C.C =1.C00 =~1.000 0
=1.0CG Gev
Ce.c220CC c.ccseel
92,900 §1.801 ~1.C5% 113, 0C0 171.365 =1.635 =1.000 =1.300 04
~1.000 =100 L] “1.022 =1.0CC .C =l.gCC =-1.CCC 0.0
=l.0CC =1.CCC 0.0
GadCancy c.cuscce
154400 14.828 =Ce562 24.2t0 23, ¢ ~Le50 79.8CC 78.984 -0.816
117, €CC 116.502 =-1.298 165 400 166.282 LRTH 221.€CC 227674 =0s12¢
255.€CC 18 C.11€
0.036000 0.010000
19,683 19.214 ~J 466 42,250 41554 =C.35¢ 97.C2C 6§54 142 =1.278
126, €Cr 136,334 -U.266 194.67¢ 1964112 1.512 265,000 264,694 “Co 2CE
241,700 242,148 DEYLT:
0.008390 0.01007
Z2.55C 234756 =319 50 400 504484 c.ce4 112.4CC 112.52¢ Ce22C
160,5CC 1¢1. 685 1.085 222.030 2254346 3.346 298,400 300.746 24346
379.200 383,289 4.CE5
€.C12°CH
23,20 2 68,40 68,097 04303 146,609 146,092 =-C.5ce
281.2¢0 2064723 “Ge417 2E2,42C 2624361 ~1.039 369.800 370.062 04262
459.6C0 461.875 2.275
CeClECCC d.c10ccn
42.150 42,235 1.1¢&5 84,890 864346 1.456 176 .409 179.614 3.214
~1.000 =1.0c0 €0 =l.CCC =leCCC C.C =1.C00 ~1.000 0ev
=l (L =1.00N bt
TL020CCC c.c1ocec
53,090 53,832 GeT42 1¢S5, CCC 1€5.122 c.122 2114900 213,013 1.113
2924 7% 293 849 1.149 289.100 35C.€CT 1.7¢7 495, €CC 458, 31C 2,710
=1.CCC ~1.0CC 2.0
0.Cz4CCY c.cacce
644000 0.709 122.800 124,226 1,528 244.3C8 2464225 1.925
223,808 24398 439,000 462,268 3.2¢8 =1.CCC =1.0CC Ced
=1.3C0 C.¢
0.,028500
764240 -1e341 144,180 142.€81 “C.218 275.6CC 279.19¢ =Ce404
3717.2¢¢C 0.422 492,409 492,241 ~0.159 =1.000 -1.06C c.C
~1.0C0 =1.3CC CeC
0.032009 0.010000
£€e52¢ £7.348 -1l.171 165,020 163,701 ~1.258 214.2CC 311, €75 =2.42C
42C.5CC 41E.412 -2.487 542,200 5404487 =1.713 =1,000 =1.000 0.0
=1.000 ~1l.0C C.0
0.036200 0.012900
1. CCC $5.007 =Je §53 183,600 183,721 C.l121 345,400 344,235 -1.165
4584CCy 4584268 C.2e5 =1.CCC =l.CCC c.a ~1.000 =1.000 0.5
-1.60n =1.00% 0.0
€. (CECCC €.0200C2
18.1¢0 17. 565 =Cs115 39.260 39.628 4368 90 +750 91.100 0.350
133.800 133,020 =Ca77C 1e€.6CC 187.52¢ 1.¢02c 253.403 254,542 lel42
331.0C0 330.531 =V 469
CeCCECCC c.czecce
21.890 22,070 0. 18C 44,C2C 47,332 3.312 106.000 106,363 04363
153,160 1534696 L4596 212.7%0 Zl4.e78 1.57¢ i85, 4CC 287. €36 2,231
2¢e.€CC 3684343 1,743
0.c100CC c.nzclcc
264640 264290 =i14350 55.010 55+ 2C8 C.18€ 122,700 121.656 =1.043
174, ECC 174,235 ~U.565 241.100 241,052 ~0.048 221.2¢¢ 315.571 -1.328
4C6.eCO 4C5.154 ~leh4t

Acta Chem. Scand. A 28 (1974) No. 9



Table 5. Continued.
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0.012000 0.020000

31.C77 3C 638 ~0.432 63,480 €3,243 =C.227 138, 700 136,971 =1.729
165, £CC 154,641 -0.859 268 .200 267.057 ~1le142 253.20C 351.584 ~1.636
44z.8CC 44C. 554 -1, EC6

0.016900 ©0.020n00

39.840C 39.682 “b.158 80.050 19.75C =Cs3CC 168, 500 167. 629 -0.071
225, 7CC 235,045 =0.655 320.800 317.977 ~2.822 415,600 432,698 «2,901
512410 5CS.067 =2,222

0.,025070 0.Nn2020"

48, £5C 4S.145 04555 96 4570 96.770 0,200 197.€00 198,279 0. 679
213.,7C0 274,862 l.182 367.800 3674476 =04324 471,400 471.114 ~0.286
575,100 575,173 0.C72

C.C24000 0.020000

56, 44C 58,973 =0,467 1160400 114,226 “2.174 =1.000 =1.000 0.0

14000 =1.000 0.0 =1l.CCC -1.CCC 0.0 ~1.000 ~1.000 0.0

=1.000 =1.000 U0

CaC26CCC €. c20¢0n

84270 €5.115 Co 745 132,100 132,051 =0.049 257 «400 259 4340 14941
352,100 352,775 0.£75 4c2.2CC 462,358 C.15¢ 561,500 5804377 «1.122
6944 90C 695.864 04964

€c.c2zcCc Cc.c20¢C0

79.920 79.528 =-0.392 151, 7¢C 15C.182 =1.518 292,300 289.662 =2.638
395.(CH 3904801 ~4.199 =1.00C ~1.CCC C.C ~l.CC0 =l.(00 0.0

~l.CCC ~1,0C0 0.0

0.2360C¢ c.czcCCC

884550 90.171 1.621 165,70 168,561 2. 8¢1 317.800 319.792 1.993
425,9C) 428.198 24298 5504990 5514999 1.1¢0 680.5CC 680,366 ~0.133

=~1.0C6 ~1.CCC C.C

0,004000 0350000

12.29 12,370 0.08¢ 28,540 28.884 Co344 68, 850 694240 0.390
102, 4CC 1€3.124 =-0.276 147.300 148,839 1.539 203,500 205.658 2,158
272,500 144268 CoESE

04006000 0.050000

15.2€¢ 15,367 0.097 344260 34,699 0.42§ 81.23C 81.159 «0.071
118.5C0 115,477 Ce577 168.00C 170.272 2.272 229,400 232,538 3.138
301.709 3¢:5.303 2.6C2

800D 94050000 .

1€.£4C 18,521 =0s118 40,440 40,644 0.204 94.360 93,131 =1.229
136,800 135,791 -Ga2C9 151.CCC 151.516 0.516 258,800 258.994 0.195
335,900 335.627 -U.273

c.c12cce C.C50CCr

254820 28,082 -C.578 524600 524905 0.305 117.600 117.216 -0.384
168,610 168,288 -64212 223,2¢C 222,427 €137 309.600 310.662 1.062
393,3C0 394,573 1.273

CoClECCC CeCEnCaC

324440 31,935 =C.5C8 €5.52C 65,627 =C.303 142,100 141 .461 04639
202,600 2004596 ~2.004 277,590 274.6CE -2.852 362, 4CC 360, 713 ~1.687
482, CCC 451,316 =1.684

v.0200C0 c.cs6CCC

39,290 39,141 =0.1469 17.720 78, 7€9 1.CAS 162. 700 165,836 30136
2ig. 102 232,655 24595 311.7%0 315.936 2,32¢ =1.CCC ~l.CCO .0

=1.0C0 ~1.00C (111

0.0240C0 0.050¢0C

47,290 46 4645 =0 4645 94,380 $2.294 ~2.CE5 191,500 150,305 =1.595
2€5.7CC 264,568 =1.132 358.850 354,727 -4.073 459,400 4564161 -3,239
55541€0 EEE.5C¢ ~Ce 554

D.(.28000 0.,050000

B4, 76C 540422 ~J,338 106 .,800 106.168 ~0.622 215,100 214,845 =0 255
295.CC0 2564158 L. 2¢C 3544260 393.688 ~0.512 501,900 5014653 ~0.247

=1.n00 =1l.000 C.0

632004 04056100

€z.52C €2,45C =C.C7C 119.700 120,357 0.657 239.300 229.427 0.127
324,900 3274574 2.€75 42C.CCC 431,527 1.927 =1.000 -1.000 0.0

-1.000 =1.9¢0 3.0

C.C2600C €. C5CCCY

694260 €704 1.324 132.500 134,829 2.329 =1.000 ~1.000 0.0

=1.000 ~1.000 C.C =1.CCC =l.CCC C.C =1.000 =-1.000 0.0

=1sC00 =1,00) 240

The best fit was obtained when R=1.5 and
log u=1 and log a=1.83 (¢f. Fig. 5). This gave
B1=10.1 M- and B,=45.7T M2,

“LETAGROP” CALCULATIONS

The experimental data from the low UV-
range were also processed with the spectro-
photometric version “SPEFO” of the “LETA-
GROP” program.? U is the error squares sum,
defined as U= 3 (eq1.— €)%

The “best values” for B, and B, obtained
were:

,=11.60+0.22 M-
,=39.17 + 6.21 M-

and U=490.2 for 231 values for A <0.04 M.
The errors given are ¢, where ¢ is the standard
deviation in B. The corresponding e&; and ¢,
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values are given in Table 7 and Fig. 8. These
&, and ¢, values were also confirmed by graph-
ical methods. In Table 5 experimental and
calculated data are presented.

CALCULATIONS BASED ON THE COM-
PLETE DATA SET

Froneceus’ method.*»* The function used was

__dgo/é, dln g,
"=dala “dlna (6)

Integrating (6) between the limits 0 and a;,
gives

In ¢o(a;) = giﬂ dlna (7)

¢, is determined from eqn. (7).
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Table 6. The intercepts and the slopes of the different graphical functions for the calculation of the

p-values.
Function Intercept Slope I'A i Bs J:A
(M-1) (M-2) (M-?) (M)
All é. 10 50
data ¢ 43 49
Ay 43 1 10 43 39 167
&, 167 -
Data ﬁ, 11.5 42.5
in the 40.5 43
o g 40 iy 115 40.5 46 177
350—385 nm 4, 177 —~
All F, 10 46
data F 36 75
F: 4.5 161 10 36 42 161
F, 161 -
All G 43 38
data G, 43 11 11 38 43 -
go—1 d i1 8 _® 2-%
¢, = a = p1+ Baa| + ’ésﬂiﬂ (8) F,= (l_ﬁ)a=ﬁ1+ﬁﬂl_ﬁa+

At very low values of a, the first two com-
plexes, BA and BA,, predominate, and the
function ¢,(a) becomes a straight line of slope
B. and with intercept g,. A value of any con-
stant f; may be obtained by using a generaliza-
tion of eqn. (8).

The disadvantage of this method is that any
errors in the values of 8,,...,8;—; will accu-
mulate in the value of g;.

In Figs. 7a—d, the different functions
¢i(a) have been plotted, and the slopes and
intercepts of these four functions are listed in
Table 6. The approximate values of the stability
constants obtained were:

B1=10 M-
By=43 M-t

B.= 39 M-®
B.=167 M-

The values of the constants based on the
350 — 385 nm data, only, were somewhat dif-
ferent. This can be attributed to the selection
of the tail of the 7i(log a) curve. The values
obtained were:

B=11.5 M~
Ba=40.5 M-

Bo= 46 M-
B,=177 M-

(¢f. Table 6).
Rossotti’s method.® The function
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N j—n .
2,17 Bia*? 9
may be derived from eqn. (3). The plot of
(1l —7)/a against (2—17) af(1—7) becomes a
straight line of slope f; and intercept f,, as
a—0.

A value of any constant g; may be obtained
by using a generalization of eqn. (9).

The slopes and the intercepts of the four
functions F; are given in Table 6. The following
values of the stability constants were obtained:

Ps= 42 M3
B.=161 M

Bi=10 M-
B:=36 M-t

The reciprocal method of Rossotti.®* The con-
stants may also be obtained by extrapolation
to a'=0, using the function

fia~N N-1-7
Gn=N_—7=BntBn-Fj—7 o'+
N2 .

N—7 B (10)

i=1

In this case no value can be obtained for
B. (¢f. Table 6). The values obtained were:
pi=11 M- Bs=43 M-

=38 M-t
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Table 7. Molar absorptivities, &, in M-! ecm~! calculated with the “LETAGROP” program. The
errors given are ¢, where o is the standard deviation in e.

A nm

€ £ & &3 &
260 210.9 2417 +10 1754 +199 - -
265 150.6 2055 + 7 2164 +111 - -
270 105.4 1597 + 7 2926 + 100 - -
275 70.3 1190 + 5 3083+ 67 - -
280 45.6 847 + 5 2913+ 64 - -
290 17.7 390 + 4 2276+ 53 - -
300 6.6 195 + 2 1434+ 28 - —
350 - 8.8+ 0.7 171+ 3 222 +18 513+ 15
355 - 5.9+ 0.6 157+ 2 190 + 16 503+ 13
360 - 4.1+ 0.6 145+ 2 141 +12 533+ 8
365 - 2.5+ 0.4 129+ 2 122+13 534+ 9
370 - 1.0+ 0.4 114+ 2 110+ 11 536+ 7
375 - 0.9+ 04 98+ 2 85+12 549+ 8
380 - 0.6+ 0.3 84+ 2 62+ 12 550+ 8
385 - 0.5+ 0.3 71+ 2 47+13 530+ 9

Table 8. Spectrophotometric data in the range 350 — 385 nm for 11 solutions and 8 wave lengths.
A and B are given for each solution, followed by e, &.a» 8nd €. — & The concentrations are
expressed in M and the apparent absorptivities in M-! em~!. §,=10.7 M-! and B,=39.6 M2 were

kept constant during the calculation.

0.019200 0.010000
3.2C 2.17¢ =0+ 024 2.550
1465 14668 0.01¢ 1. 25¢C
0,850 «88. 0.032 0.650
C.C256¢C €. 010000
4,15 . 7¢ €. 015 3.850
2.600 24647 C.047 2.1CC
1. 400 144 0.048 1.100
€.c32¢C0 g.alacce
6750 551 ~0.15% 5. 65C
3,850 3.776 ~0.074 3.150
215 o111 =0.039 1.700
0.028400 €.010C0C
8.600 8.483 =0.117 7.250
5.C5C 5,028 =0.022 44250
2,500 2,852 =CeCa7 24300
0.020400 0.020000
3,C40 3.057 0.017 24440
1.€00 1.557 ~C.C03 1.300
0850 842 ~-0.008 e.7CC
0.027200 0.020000
4 540 4,600 0.060 3.690
2.540 20541 c.ccl 2.040
+400 1.386 =0.014 1.150
0034000 0.n200CC
64400 €.331 -C. 069 5.300
3.750 3.635 ~0.115 3.10C
2.1 +028 -0.072 1.750
CoCACECC €. 02¢0C0
2,230 8.218 ~0.112 £4S5C
44890 4.855 =0.035 4,140
2.75C 750 ~0.040 2.240
0.020000 c.csoccc
24050 2.168 g.118 1,660
1.030 1.075 0.045 0.830
C.54C C.547 0.007 0.440
0.04C0C0 €.050000
5.690 «841 0.151 4. 760
3, 24C 3.322 0.082 24650
1.770 1. 844 CeC4 1.470
0.0560000 0.050000
10.320 +536 0.206 B.760
€423C0 €.38C C.Ceo 5.310
3.590 3.661 c.CT71 2.9¢C

THE <“LETAGROP” CALCULATIONS

The values obtained by the different graphical
methods were refined using the computer pro-
gram “LETAGROP VRID”.22 The ‘best
values” for B,, B, Bs, and B, obtained were:

2.554 0.004 2.050 2.085 0.035
1.317 0.067 1.100 1.101 0.001
Q724 0.C64
34914 0.064 3.300 3.241 =0.059
2.15¢ €. C5C 1.800 1.797 =0.003
14169 0.06S
54453 ~0.197 4,750 4.561 -0.189
3.122 =0.C217 2. €50 2.610 =0.040
1.702 0.002
T.12e =€, 112 6.050 6,014 =0.036
40212 =-0.C328 3.600 3.520 ~0. 020
2.298 =0.002
2,454 C.014 2.0CC 2.€00 0. 000
1.257 =0.043 1.100 1.052 ~0.048
Ce.682 -0.018
3.768 0.07¢ 3.040 3.116 0.076
2.059 0.019 1.700 1.721 0.021
1,120 -0, C3C
54263 =0.037 40450 44397 =-0.053
3.C02 -0,098 2.550 2.509 -0.041
1.635 =0.115
64506 =0.084 5.890 5.813 -0.077
4.0¢1 =0.C75 30440 3,394 =0.046
2.215 =-0.025
1.709 0.049 1.270 1.374 0.104
0.822 -0.008 Ce €40 0. 687 Qe 047
LRI 0.004
4o €28 C.C7¢ 3,930 4,032 0.102
2.731 0.081 2.160 2,283 0.123
1.487 0.017
8.939 0,178 T.42C 1.574 0. 144
54396 0.086 40430 4.508 0.078
2,546 0.04¢

B,=10.69+0.25 M~
,=39.60+2.10 M-

By=58.53 +8.37 M-°
B,=163.3+9.66 M—*

and U= Y (fiq.—7)2=0.13946. 246 7i(log a)-
values were used. The errors given are ¢, where
o is the standard deviation in B.
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The original experimental data in the range
350—385 nm were also processed with the
spectrophotometric version “SPEFO” of the
“LETAGROP” program.?? U is the error
squares sum, defined as U= 3(&qc— €)%

Copper(IT) Chloride Complexes 1031

It appeared to be somewhat hazardous to
determine the stability constants with the
“SPEFO” program, owing partly to the large
number of parameters and partly to the low
molar absorptivity of CuCl+.

Table 9. Spectrophotometric data in the range 350 — 385 nm for 74 solutions. 4 and B are given
for each solution, followed by e, .1, and e — & for 8 wave lengths. The concentrations are
expressed in M, the apparent absorptivities in M-! cm~1. §,=10.7 M-, 8,=39.6 M2, B,=59 M-3
and B,=163 M-* were kept constant during the calculation. Missing data is indicated by —1.

00240000 04005000
=~1.000 . 000 0.0 -1.000 -1.,000 99.000 98.0885 ~0.115
«14003 =1.000 0.0 85,000 841918 =1.000 ~1.000 J
=1.,000 =1.330 040 =1.000 =1.000
0.270000 0. 005000
~1.000 =1+000 0.0 =1.000 115.800 115.122 -0.678
108.000 107.238 =792 101.000 93,800 93,281 =0.51%
860 400 85,727 ~0.673 =100
0.285000 0.005000
=1.002 =1.000 0.0 -1.000 -1.€00 0.0 123.300 123,244 =0.256
1154300 115.138 =0.162 1084100 1084140 0.040 101. 100 100. 949 =0.151
93.300 93,147 =0.153 844500 86,684 de.l84
0.300000 0.005000
=~1+000 =1.020 0.0 =1.000 =1. 000 .0 131,400 131,338 =0.062
123, 400 123.068 ~0.332 1164320 115.970 =0.330 109.400 108,679 -0. 721
101.000 100, 657 ~0s343 91.800 91.791 =0.009
©+315000 0.005000
~1.000 ~1.000 0.0 =1.000 =1.000 0.0 138. 700 139,383 0.683
130,300 130,976 0. 676 123,100 123.801 2701 115700 1160443 0.743
107,100 108.229 1.129 98,300 98.975 0675
04330000 0.005000
-1 000 ~1.000 0.0 =1.000 =1.000 0.0 1460400 147, 360 0. 960
137.800 138, 841 1.041 1304400 131,611 1.21% 1234400 1244216 0.816
114.80) 115.835 14035 105.990 106, 209 1.209
0. 345000 0.005000
~1.,000 =1.000 0.0 =1.000 =-1.000 2.0 154,600 155.253 04653
1464600 146,645 0,045 139,000 139,379 0. 379 132.000 131.976 “DJI26
123,200 123.452 0.252 113,200 1134468 0. 268
04360000 00005000
~1.000 =1.000 0.0 =-1. 000 ~1.000 0.0 161.80)0 163,047 1247
153.700 154,370 04670 146,100 147,087 0.987 139.300 139. D1 0.401
130, 300 131,056 V.756 119.900 120,729 0.829
04375000 0.005000
=1.00) =1.000 0.0 =1.000 ~1.000 0.0 1714300 170,727 =34573
163,200 162.002 -1.198 =1.000 =1+000 0.0 -1+ 000 =1s 000 0.0
139.800 138,627 -1.173 128,800 127.972 =0.828
0.390000 0.005000
=1.000 «1330 3.0 =-1.920 =1.600 .0 178,500 178,283 -0.217
169, 8C0 169,527 =-0.273 1624600 162,258 ~0e342 155.600 154,973 ~Us 627
146. 200 1460 147 =0.053 135,600 135.178
04405000 04005000
=1,000 ~1.000 0.0 -1.020 =1.000 185, 300 185. 706 04406
176+ 500 1764935 0. 435 169. 700 1694693 162.400 162,488 0.088
153,100 153.599 Ve 499 142,300 142,330
0.076800 0.01000)
24, 000 23.761 =0+239 21.20) 20,948 18.400 184561 0. 161
16,000 16.182 0.182 ~1.000 =1.009 B =~14000 =1.000 0.0
=1.000 ~1.000 0.0 =1,000 =1.000 0.0
0. 089600 0.012000
29600 29,641 0.041 26.200 264293 0.093 23,100 23.395 0,295
20.20) 20.534 0334 17.600 17.873 0,273 =1.000 =1.000 0.
=1.000 ~1.000 0.0 =1.000 =1.000 0.0
0.102400 0.010000
36.000 35.816 =0. 184 32.100 31. 926 =0.174 28,400 28,515 0.115
25.000 25.175 04175 22.000 22,081 0.081 19.000 19.339 0.339
16,400 164682 0,282 =1.000 =1.000 0.0
0.115200 0,010000
41,800 42,235 0.435 37.300 37,804 0.504 33.600 33.883 2.283
29.700 30.975 04375 264290 264561 0e361 22,900 23. 364 0. 464
19.800 20.256 0456 164900 17.447 04547
0.128000 0.010000
48,800 48,860 04060 43,750 43,890 Ge140 39. 604 39. 472 ~0.128
35. 300 35.211 «0.089 31.400 31.295 =0.105 27.600 27. 651 0,951
244,000 24.097 0,097 20. 700 204853 0.153
0.140800 0.010000
55. 400 55.659 0.259 50.020 50.155 0.155 45.300 45,258 =00 042
40, 600 40,561 =0, 039 364200 364265 04065 32.200 32.191 «0.009
28,200 28.200 -0.000 244300 240 517 C.217
0.153600 0.01200) .
62.500 62602 0.102 564250 564573 2.323 50.800 51.220 0.420
45.800 46,108 0.308 41, 400 41,454 0. 054 36,800 36.972 Jel72
32.400 32.555 J.155 28,290 284435 0.235
0. 166400 0. 010000 .
69.800 69, 665 =0.135 63.150 63,121 “0.029 57,400 57.340 =0.060
5149023 51.835 =0.065 47.2C0 460 847 =0.353 42.200 41.979 =-D.221
37.400 37.153 =0.247 32.820 324599 =0.201
0.179200 0,010000
77.000 T6.826 =0.176 70. 060 69,777 -0.223 63.800 63,599 =) .201
57.800 57.725 -0.075 52.800 524428 =0,372 47. 400 47. 200 =0.199
42, 200 41.9983 =-0.217 37.230 37.000 -0.200
0.192000 ©0.010000
83.600 84.358 D.458 76,000 T6s 522 V. 522 69,500 69.980 .48
63,300 63.761 04461 57.700 58.181 0.481 52.200 52,621 0,421
464800 47.032 0,232 414300 414625 0.325
0.204800 0.010000
90,800 91.347 0.547 83,050 83.336 0. 286 75. 800 760 466 0.666
69. 600 69.928 0.328 63,620 64,089 54489 57.800 58. 226 0. 426
524000 52.284 0.284 46,000 46,461 Ve46)
0.217603 0.01000)
97. 800 98.672 0.872 89.700 90.203 0.503 82,500 83,040 0. 540
75.800 764207 0. 407 69.700 70135 0.435 ~1.200 -1.000 [ 1Y
574500 57.724 0.224 514300 51.494 G194
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Table 9. Continued.

00230400 0010003

-1.000 0.0 =1.000 2.0 88.900 89,487 0.787
81,800 0,783 5. 500 0.801 =1.000 ~1.000 (28]
62,000 0.536 564100 0.606
0. 240000
=1.000 0.0 ~14000 9.9 93,600 94,709 -0.891
87.800 -0.382 81,000 -G, 003 74. 800 Tooase -04354
7.9 “0.254 60,700 0.024
0.243200
~1.00) 0.0 -1.000 0.0 96000 96.389 04389
8,000 1.039 82.200 04371 73, 600 5. 970 70
68, 800 0,301 614600 0.482
0.256000
~1400) o c.0 102,400  103.132 0.732
95, 200 0.359 0.527 ~1.000 =1.000 0.0
744600 0. 402 0.304
0.268800
00 2.0 ~1.000 0.0 -1.000 000
) 95,352 2.252 07.900 0.501
00421 73,254 0,154
0.0 -1.000 -1.000 0.0 111,100 110,53 -0. 565
-0.3%6 96,100 95,957 ~0.143 89.500 88,993 ~0.507
-0.510 740200 73.789 «0s 410
0.0 -1.000 0.0 119,200  118.479 -0.721
-0.317 103. 556 ~0s 044 964600 96.440 ~0416
-2.220 80,561 -0.039
0.0 -1.000 2.0 127,000  126.414 ~0.586
-0.960 111,201 -0.599  104.600  103.987 -0.633
-3.325 07,453 ~0s 147
-1.00) -1.,000 0.0 -1.000 -1.000 0.0 133,600  134.319 9.719
125,200  125.395 0.795 -1.000 -1.000 0.0 112,100 1110547 -0.553
-1, 0C0 -1.,000 0.0 95.100 94439 ~0e661
0.330000 0.010000
~1400) -14320 2.0 ~14000 -14000 0.6 142,500  142.175 -0.328
133.700  133.726 0.026  127.000  126.529 ~0.47L 118,400  119.155 0. 755
110,900 110,880 -0.02C  1Ul.800 101,494 -24306
0.345000  0.010000
-1.003 -1.393 3.0 -14000 ~1.4000 G0 ~14000 ~1.000 0.0
141,000 141,414 Do4lé 134,900 134,170 ~04739 1264400 126,770 0.370
118,200 118.339 00139 108,830 108,593 -0,207
04360000  0.01300)
-1.0€0 ~1.000 0.0 =1.009 =1.000 0.0 158,200  157.67¢ -0, 526
149,043 0,243 141,800 181,770 “04030 1344400  134.369 ~0.031
125.805 ~0.695 116,200  115.714 -0. 486
0.01300)
-1.000 0.0 -1.000 -1.000 0.0 164,900 165,200 0.388
156,595 <0.105 149,200 149,311 Oulll 1624100 141,93 -0.166
133.258 -0.042  122.700 122,834 0.134
0. 010000
-1.000 0.0 ~14000 -1.000 0.0 173,100  172.798 -0.305
164.060 10460 157,000 156,778 <0222 150,500  149.447 -1.053
141,400 140,678 “3.722 1304600  129.937 -0. 663
0.0816C0  0.020000
23,203 23.174 -0.026 20. 500 20.416 -0, 084 17.900 18,980 2.181
-1,000 ~3.300. 30 “1.000 ~1.000 0.0 -1.000 -1.000 0.0
-1,000 ~1,000 0.0 =1.000 -1.000 9.0
0.095200  0.020000
29,102 28.992 -0.108 25.820 25,101 -2.099 22,700 22,859 0.159
19,800 20,050 0.250 17.300 17.437 0.137 =1.000 ~1.000 0.2
=1,000 -1.000 0.0 -1.000 -1.000 0.0
0.108800  0.020000
35,400 35421 “3.279 31,500 31.291 v, 209 27,800 2. 937 0.137
24, 5C0 24,649 90149 21.600 21,602 04002 18,700 18,912 0212
160200 16.304 V. 104 -1.000 ~1.¢00 V.0
0.12240)  0.020000
41,200 41.513 3.313 36.930 37,141 04241 33,200 33,277 0.077
29,400 29,520 0,120 26,000 26,082 24952 22.800 22.904 0.104
19.70) 19.846 0146 164800 17.086 0. 206
0.,136000  3.02303)
47,600 48.126 9,526 42,800 43,215 0.415 38.700 38.851 0.151
344500 344638 04138 30. 600 30, 765 0,165 27.000 27.170 Jam
23,500 23,664 2.164 20,206 20,467 Ve 207
0. 1496C0 0. 020000
55.100 54,929 =2.171 49, 830 49,481 -0.319 45,000 44,634 ~0.366
40,403 39.982 =) o418 36.000 35,725 -0e 275 31,900 31.697 -9.203
26. 00 27,751 ~0.249 2430 244115 ~0.185
0.163260  0.020000
624200 61.891 =04309 56,200 55,914 =0, 206 51,000 504607 ~0.393
46,000 45,536 “2 o064 41,20 40,917 ~0.283 36, 800 36,475 -0.325
32,500 32,10 -0.399 28,300 28,025 -04275
0.176800  0.020000
69,200 68,985 5,215 62,600 62,489 ~0e111 564900 56,748 ~0.152
51, 800 51,280 -0.520 46,890 464323 ~0.477 41.900 41,492 -0. 409
37,300 36.703 ~0.597 32,600 32,191 <0409
0.19040)  0.020000
764000 76.188 0.188 69.220 69,185 ~0.015 63,000 63,041 0,041
57,200 57,198 -0.002 524700 51.928 2.228 464500 46,731 0.231
41,200 41.548 00348 364700 364602 -0.098
0.204000  0.52000)
84 GCO 83,479 ~0.521 764400 75.981 “0.419 694900 69,466 -00 434
63,700 63,275 -0.425 -1.000 ~1.000 0.0 524402 52.182 ~0.218
-1.000 -1.000 0.0 41,800 41,248 -0. 552
0,217600  0.020000
90900 90, 835 ~0.085 83,200 82.857 ~04343 764000 76,008 0.008
69.600 69,491 -0.109 63,600 63,670 c.070 57.700 57.827 2.27
51,900 51,929 0.909 46,400 46.115 -0.285
0.231200  0.020000
98.500 98.237 ~0.263 09, 800 89,79 -0.006 82.500 82.648 0.148
75,800 75.832 2.032 70.000 69.773 =C.227 63. 700 63,650 ~0.050
57. 400 57.396 =0.004 51.602 51.190 ~0e4ld

Acta Chem. Scand. A 28 (1974) No. 9



Table 9. Continued.

0.244800

00258400
~1.000
89,500
69.500
0.272002
~1.000
96. 500
75 4400
0.285600
~1. 000
~1.000
80.800
0. 360000
169,000
139.400
115.600
0.390000
181.700
152,600
128. 700

~1.000
0.160000
464200
33.700
22.500

59.200

04500000
=1.00)
174,900
15¢C. 700
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0.020000

80.989
0.020000
167.532
138.888
115.881
0. 020000
182.766
153.552

17.983
0.050000
30.431

0.053000
460362
33,265
22.63)

0. 050000

45.610

0.050000
=1.000
86,560
66.878

0.050000

115.957
0.053000
~-1.000
147,773
124.558
0.052300

0. 050000
=1.000

173,778

150.417

0.0
=1.121
=0s834

0.0
~0.684
«0.600

0.0
~1. 075
=0.519

0.0
0.0
0.189

~1.468
=0.512
J.281

1.066
4953
1.548

0.0
=0+960
~0.343

=0.017
-0.026
0.183

~0.169
0.323
0.0

«0.210
0.0
0.0

-0.1380
=).091
~0.229

“D.bls
~0.008
~-0s162

04845
0.473
=0.090

~0.547
-0.182
~0.039

=0. 032
04592
J.262

(2
24360
0.478

0.0
94389
0.275

2.0
0.0
G.0

9.0
0.267
=0.143

0.0
0.173
=0.942

0.0
“0, 975
J.287

0.0
0 .400
0.0
0.0

-1.122
~0.283

~1.000
T6.600
57.100

=1.000
82.900
62, 400

~1.000
89.400
67,800

=1.000
954600
T73.400

156,800
132.000
105.700
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Fig. 8. The log e¢; values obtained from the
“LETAGROP’ program. ¢, measured directly.
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Fig. 9. The distribution of copper(II) chloride
complexes as a function of log a for B=0.010 M.

The values of the stability constants were
determined from the 7i(log a)-curve by means of
the program “LETAGROP VRID”.2 The
values of the constants were then inserted in
the “SPEFO” version to calculate the e¢;
values. The program requires that ¢, is deter-
mined. By inserting the values of g, and g,
and processing the experimental data obtained
at low chloride ion concentration (4 <0.06 M),
it was possible to obtain approximate values for
¢, in the range 350 — 385 nm. ¢, was then fixed,
and e,, &, and ¢ were calculated (¢f. Table 7).
All the ¢; values were then fixed, and the sta-
bility constants were calculated with the
“SPEFO” program in the range 370 — 385 nm
(¢f. Table 10). The values for 8,, B,, B; and B,
obtained were:

B,=10.43 +0.42 M- By=56.54+2.13 M-2
B.=39.13+0.92 M-t B.=160.0+4.86 M-*

and U=67.55 for 274 values for 4<0.5 M.
The errors given are o, where ¢ is the standard
deviation. The errors are probably under-
estimated since it was necessary to hold the
g; values constant during the -calculation.
The experimental data, which were processed
with the “SPEFO” program are presented in
Tables 8 and 9.

RESULTS AND DISCUSSION

The refinement of the constants thus gave
the following values which are regarded as
being the ‘best wvalues’:

log $,=1.03+0.03
log p,=1.60+0.07

log fy=1.77+0.19
log B,=2.21+0.08

Table 10. Survey of the values for the stability constants, §, obtained by the different methods of

calculation.

Calculation By B Bs B
method (M-1) (M-2) (M-3) (M-)
Curve fitting 10.1 45.7 - -
LETAGROP “SPEFO” 11.6 +£0.2 39.2+6.2 - -
Fronzeus’ method 10 43 39 167

11.5 41 46 177
Rosotti’s method 10 36 42 161
Rosotti’s reciprocal method 11 38 43 -
LETAGROP VRID 10.7+0.3 39.6+2.1 59+8 163+ 10
LETAGROP “SPEFO” 10.4+0.4 39.1+0.9 57+2 160+5
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These were obtained from the “LETAGROP
VRID?” calculations based on the 7i(log a) data
(¢f. Table 10).

The errors given are 3¢, where ¢ is the stand-
ard deviation in log 8. The third complex shows
a greater error than the others. In Fig. 9 a
distribution curve has been drawn from the
above values of the constants. The narrow band
of existence for the third complex shows that
it only exists in comparatively small quantities.

The recorded spectra show absorption bands
at 250, 375, and 800—900 nm. According to
Andreev et al.* and Eswein et al.,'? the absorp-
tion band at 250 nm indicates the formation
of the lower complexes at these low concentra-
tions. The absorption bands at 375 nm and
800—900 nm should indicate CuCl2-. The
fourth complex also absorbs in the low UV
range.

The different e; values have been calculated
with the “LETAGROP” program (c¢f. Fig. 8).
The maximum for CuCl, is at 275 nm, which is
in accordance with Andreev et al. The molar
absorptivity, ¢, for CuCl - at 375 nm is about
530 M—! em™ which agrees with the findings of
Eswein et al.1? The value of g, (approximately
100 M-! cm™!) is also similar to the wvalue
calculated by Eswein et al.

The coordination of the Cu2?t ion in aqueous
solution is tetragonally distorted octahedral,
and of CuCl- probably distorted tetrahedral.
As can be seen from Fig. 8, the absorption
maximum at 375 nm is characteristic for the
CuCl2- complex, only. Thus there is evidence
that this complex has a different symmetry from
the lower ones. However, it should be borne
in mind that, although only CuCl,*~ has an
absorption maximum at 375 nm, the absorp-
tivities of the other complexes cannot be
neglected.

It is obvious that the stepwise stability
constants in sulphuric acid solution are greater
by a factor of 10 than those obtained in per-
chlorate medium. Without a knowledge of the
entropies and heats of formation of the com-
plexes in the perchlorate and sulphuric acid
media, it is not worthwhile to speculate on
the reason for this.

Acknowledgement. The work has been sup-

ported financially by the Swedish Natural
Science Research Council.

Acta Chem. Scand. A 28 (1974) No. 9

Copper(II) Chloride Complexes 1035
REFERENCES
1. Bjerrum, J. Kgl. Dan. Vidensk. Selsk. Mat.

Phys. Medd. 22 No. 18 (1946).
. McConnell, H. and Davidsson, N. J. Amer.
Chem. Soc. 72 (1950) 3164.
. Néaséinen, R. Suom. Kemistilehti 26 (1953)
317.
. Kruh, R. J. Amer. Chem. Soc. 76 (1954)
4865.
. Lister, M. W. and Rosenblum, P. Can.
J. Chem. 38 (1960) 1827.
Andreev, S. N. and Sapozhnikova, O. V.
Zh. Neorg. Khim. 13 (1968) 1548.
. Faucherre, J. and Crego, A. Bull. Soc.
Chim. Fr. (1962) 1820.
. Kenttamaa, J. Suom. Kemastilehti B 32
(1959) 68.
. Trémillon, B. Bull. Soc. Chim. Fr. (1958)
1483.

. Morris, D. F. C. and Short, E. L. J. Chem.
Soc. (1962) 2672.

. Libus, Z. Inorg. Chem. 12 (1973) 2972.

. Eswein, R.P., Howald, E.S., Howald,
R. A. and Keeton, D.P. J. Inorg. Nucl.
Chem. 29 (1967) 437.

13. Vogel, A. 1. Quantitative Inorganic Analysts,
Longmans, London 1961, p. 608.

14. Domke, J. and Bein, W. Z. Anorg. Chem.
43 (1905) 125/81, 176; (after Gmelin 8 Ed.,
Part 9, B2, 656).

15. Fronzus, S. Acta Chem. Scand. 7 (1953) 21.

16. Olerup, H. Jdrnkloridernas komplexitet
(Diss.), Lund 1944.

17. Fronzeus, S. Komplexsystem hos koppar
(Diss.), Lund 1948.

18. Elding, L.-I. and Leden, I. Acta Chem.
Scand. 20 (1966) 706.

19. Rossotti, F. J. C. and Rossotti, H. S.
The Determination of Stability Constants,
McGraw-Hill, New York 1961, p. 89.

20. Ibid., p. 108.

21. Ibid., p. 110.

22, Sillén, L.-G. and Warnquist, B. Ark. Kemst
31 (1969) 365.

23. Ingri, N. and Sillén, L.-G. Ark. Kemi 23
(1964) 97.

© ® U o ;oA W N

o
=1

—
[

Received May 24, 1974.



