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The formation of complexes between Cu2+ and tar- 
trate ions (Lj was studied (2PC, IM Na+(CU-jj by 
measuring the e.m.f. of the cells: 

(-j Cu(Hgj 1 Solution S NaClOl 1 M I 

NaCIOl 0.99 M AgCl, Ag ( + j (A) 
NaCl 0.01 M 

(-j Ag, AgCl NaClOd 0.99 M NaClOd 
NaCl 0.01 M 

1 Solutions S I Glass Electrode ( + j 

1Mt 

W 

The solutions had the general composition: B M in 

(CIUt’H +2B-2A) M’ and L = A M’. 
‘I H M in H+ [Na+] = 100 M [CrO,-] = 

The experimental data can be explained according to 
the following equilibria: 

cu2+ + L * CUL 
Cu’+ + H+ + L $ CuHL 

log P ,,o,, = 2.7OkO.03 
log PI.I.1 = 5.45 -+ 0.05 

cu2+ +2L ti CUL 
Cu’+ + H+ +2L =’ CuHL 

log PLO.2 = 4.00*0.03 

Cu2+ +2H+ +2L z$ CuH;. 
log PI.I.2 = 7.52f0.15 

2 2 
2cu2+ +2L * Cl&L2 

log (31.2.2 = 10.44*0.10 
log Pz0.2 = 8.58kO.05 

2cu2+ + 3L = Cu2L3 log P2.0.3 = 9.55kO.20 
2cu2-‘- +4L = Cl&L4 log p2.0.4 = 11.32kO.15 

Introduction 

Several investigations have been made on the 
system Cu2+ tartrate io ns (Lj but very few quanti- 
tative results are available. S. Froneaus,’ by 
means of electrometric measurements at 20°C and 
in 1 M NaC104, found no evidence for mixed or poly- 
nuclear complexes, and explained the experimental 
data by assuming the existence of the species CuL; 
CuL2; CuL3; CuL4; with formation constants, log 
kl = 3.00; log kz = 2.11; log k3 = 0.65; log k4 = 
0.44, respectively, L being the racemic form of the tar- 
trate ion. J. Lefebvre: under the same experimen- 
tal conditions, reported the formation of Cus(OHjloLb, 

(*) This paper was presented at the X Congresso Societe Chimica Ita- 
lima - Padova - June 1968. 

(1) S. Froneaus, Thesis - Lund 1948. 
(2) J. Lefebvre, 1. Chim. Phys., 601 (1957). 

according to the following equilibrium: 

8Cu” +6L*- + lOOH- - _ Cua(OH),oL66- log p = 133.1 

Recently Martell and Rajan3 have measured (25”C, 
1 M KNO3) the activity of H+, using of a glass elec- 
trode in solutions of copper (II) and tartrate ions. 
They explained their data by assuming the existence 
of CuL (log k = 2.6) and CUZLZ (log fl2.0.2 = 8.2) and 
claimed that at pH > 4 the complex Cu2L2 undergoes ,a 
further polimerization. 

The aim of the present research is to investigate, 
the behaviour of solutions which contain copper 
and tartrate ions over a wide concentration range, 
using an amalgam and a glass electrode. The po- 
tentiometric measurements were carried out in a 
range where the formation of species Cu,H,L, with 
high ratios q/r and p/r is favoured. 

Symbols. 
B = total concentration of Cu’+; b = free concen- 

tration of Cu2+; H = total concentration of H+; 
h = free concentration of H+; A = total concentra- 
tion of tartrate; a = free concentration of tartrate; 

v = log(Blb); P4.p.‘. = stability constant of a spe- 
cies CU~H~L,~~+~-“, defined by the following: 

[ CLI,H,L,~“~~~‘] = ~~,p..bqhPar 

k, = stability constants of the species [H,L”-‘1 = 
k,h . [ H,_IL”-3]. Charges are generally omitted; the 
tartrate ion is indicated by L. 

Method of investigation. The activity of copper(IIj 
and H+ ions was determined by measuring, by means 
of potentiometric titrations, the electromotive force 
(e.m.f.j of the cells, 

(-) Cu(Hg) 1 Solution S 1 NaClO.1 M 1 
NaClO, 0.99 M AgCl, Ag (+) 

I NaCl 0.01 M 
(A) 

(-) Ag, AgCl 
I 

NaClO, 0.99 M 
I 

NaClO, 1 M ) 
NaCl 0.01 M 

1 Solutions S ( Glass Electrode (+) 0) 

In order to keep the activity coefficients constant 
the solution S was always prepared by adding an 

(3) K. S. Rajan and. A. E. Martell, 1. Inorg. Nuclear Chem., 29, 
463 (1967). 
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excess of an inert salt (NaClOd) so that in all SO~U- 
tions [Na+] = 1 M, constant; thus the general com- 
position of the solution S was as follows: B M in 
cuxl; H M in H+; AM in L; 1 M in Na+; 
( 1 + H + 2&2A) M in Clod- = solution S. 

Under these experimental conditions, according to 
Riedermann and Sill&,4 the activity coefficients 
can be assumed to be constant and concentrations 
can replace activities in all calculations. 

The potentiometric titrations were carried out at 
25°C by adding a solution of tartrate ion to an initial 
solution, where B and H were known and A=O. In 
each titration B and H were kept constant as A was 
gradually increased. 

The e.m.f. of the cells (A) and (B) can be written 
at 25” as follows: 

EA = B,“--29.58 log&-Ej 

Ea = EB”+59.15 logh+Ej 

The e.m.f. are expressed in mV units; EAO and EB’ 
are constants, determined in the first part of each ti- 
tration in solutions where B= b and H = h. i.e. in ab- 
sence of tartrate, and Ej is a function of h. We have 
found, following the procedure of Biedermann and 
Sill&, that under our experimental conditions 
Ej = -50 h mV in the range 2> -log h>l. 

Experimental Section 

Copper perchlorate, perchloric acid, sodium 
perchlorate were prepared and analyzed as described 
previously.’ 

Sodium tartrate racemic. A Riedel-de HIen pro- 
duct, NazL .2H20, was used without further puri- 
fication. 

Copper amalgam 2% (two phases) was prepared as 
previously described? 

Nitrogen. The gas was passed through two acti- 
vated copper columns, to remove O2 and further pu- 
rified by bubbling in 10% HzS04, 10% NaOH, distil- 
led water, and 1 M NaC104. 

Apparatus. The cells and the salt-bridge arran- 
gement were similar to those described by W. Forsling, 
S. Hietanen, and L. G. Sill&.’ All measurements 
were carried out in a paraffinoil thermostat at 
25.00 +- 0.05”C. 

Ag, AgCl electrodes were prepared according to 
A. S. Brown? 

The e.m.f. of the cell (A) was measured with a 
Leeds and Northrup K3 potentiometer. 

The behaviour of the amalgam in the solutions was 
very satisfactory. The e.m.f. values became constant 
within 15-30 minutes and remained constant for seve- 
ral hours. 

(4) G. Biedermann and L. G. Sill&n, Arkiv Kern, 5, 425 (1955). 
(5) E. Bottari, A. Liberti, A. Rufolo, J. Inorg. Nuclear Chem., 30, 

2173 (1968). 
(6) E. Bottari and L. Ciavatta, fnorg. Chim. Acfa, 2, 74 (1968). 
(7) W. Forsling, S. Hi&men, L. G. Sill&I, Actn Chem. Stand., 6, 

901 (1952). 
(8) A. S. Brown, T. Am. Chem. Sot., 56, 646 (1934). 
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The EA-EA’ were reproducible within r+O.l mV. 
Eg values were measured with a Beckman glass elec- 
trode (No 1190-80) by using a valve Radiometer 
PHM4 potentiometer. 

The value of Eg was constant within a few minu- 
tes and EB-EBo was reproducible within -+0.2 mV. 

Results and Discussion 

Experimental data. The experimental data 
n(-log h)B,H are collected in Table I and plotted in 
Figure 1. Since titrations were carried out at con- 
stant H, constant B, at a known concentration the 
following general equation may be written 

B = b+F 5 5: q f&.,bqhPar (1) 

and from (1) the following expression is derived: 

4 = log(BJb) = log(l+$ ; F q &&f~‘h’a’) (2) 

and for the total acidity, H: 

H = h+~nk.h”at~ F q p ~I,r,rb4hPa’ (3) 

The values k1 . . . k, were determined earlier under 
the same experimental conditions: 9 

k, = 4.90x 10’ and k,k, = 2.77~ 10’ 

In equations (1) and (3) hydrolytic species of cop- 
per(I1) were not considered because, according to 
Berecki-Biedermann,” they are negligible under 
the selected experimental conditions. 

The quantity $5 ; p f3q,p,rb4hPar depends on B, H, 

and A. This means that when B<H the last term of 
the (3) is negligible as compared to H and the a 
value may be calculated as follows: 

a=-.!??_- 
&k,h” n 

(4) 

This approximation is correct, as the range of H 
and B investigated was 10-l to 25x 1O-3 M for the 
former and 2X10e3 to 0.5 x 10e3 M for the latter. 
The value of 5 5 F p f34,P,T bYhPar decreases on increa- 

sing -log h, and has therefore the highest value at a 
very low pH. From calculations made at very low 
pH, where B= b, the concentration of mixed comple- 
xes should be negligible with respect to H. The 
value of a is therefore calculated from equation (4) 
without any loss of accuracy. 

Figure 1 shows clearly that species such as Cu,H,L, 
should be present since the experimental points do 
not fit the same curve, but rather different curves for 
each value of H and B. q is then a function of H, 
B and A. 

(9) E. Bottari and A. Rufolo, Mh. Chem. 99, 2383 (1968). 
(10) C. Berecki, Biedermann, Arkiv. Kern., 9, 175 (1956). 



Table 1. Survey of measurements 

H = 0.0998 M 
B = 0.5x lo-’ M 
Series a: v,-log h: 0.017, 1.179; 0.060, 1.539; 0.126, 1.798; 

0.278, 2,121; 0.607, 2.508; 1.120, 2.909; 1.688, 3.279. 

Series b: q,-logh: 0.031, 1.348; 0.115, 1.742; 0.412, 2.307; 
0.857, 2.719; 1.440, 3.123. 

B = 1.0x10-‘M 
Series a: n,-logh: 0.024, 1.352: 0.135. 1.850: 0.403. 2.293: 

- 0.877, 2.i13; 1.137, 21888; 1.326, 3.022;. 1.540,’ 3.16t;. 
1.781, 3.313; 2.107, 3.516. 

Series b: n,-logh: 0.011, 1.156; 0.027, 1.353; 0.077, 1.643; 
0.257, 2.087; 0.602, 2.483; 1.040, 2.821; 1.250, 2.965; 
1.586, 3.193; 1.930, 3.389; 2.161, 3.531. 

B = 1.4x10-‘M 
Series a: r),-log h: 0.032, 1.211; 0.074, 1.604; 0.210, 1.984; 

0.500, 2.368; 0.871, 2.679; 1.510, 3.110; 2.072, 3.457. 

Series b: q,-logh: 0.037, 1.404; 0.124, 1.783; 
0.656, 2.513; 1.221, 2.914; 1.825, 3.308. 

B. = 2.0x lO-3 M 
Series a: n,-logh: 0.007, 1.243; 0.187, 1.950; 

1,204, 2.890; 1.694, 3.203; 2.191, 3.507. 

Series b: n,-logh: 0.075, 1.641; 0.408, 2.268; 
1,439, 3.042; 1.936, 3.355. 

H = 0.0698 M 
B = 0.5x10-‘M 
Series a: q,-logh: 0.013. 1.418; 0.087, 1.886; 

0.913, 2.904; 1.528, 3.321; 2.239, 3.749. 

Series b: O,-logh: 0.035, 1.609; 0.236, 2.207; 
1.238, 3.127; 1.847, 3.522. 

B = 1.0x10-‘M 
Series a: q,-logh: 0.032, 1.523; 0.128, 1.950; 

0.691 2.684; 1.032, 2.946; 1.278, 3.112; 
1.735, 3.414; 2.Q23, 3.593; 2.280, 3.749. 

0.335, 2.185; 

0.685, 2.525; 

0.925, 2.703; 

0.463, 2.517; 

0.701, 2.738; 

0.482, 2.498; 
1.508, 3.267; 

Series b: n,-log h: 0.007, 1.304; 0.025, 1.497; 0.052, 1.681; 
0.098, 1.866; 0.169, 2.065; 0.332, 2.339; 0.446, 2.474; 
0.653, 2.664; 0.843, 2.816; 1.076, 2.983; 1.317, 3.149; 
1.537, 3.289; 1.783, 3.445; 1.989, 3.575; 2.287, 3.749. 

B = 1.4x10-‘M 
Series a: r),-log h: 0.013, 1.321; 0.037, 1.555; 0.065, 1.729; 

0.132, 1.972; 0.378, 2.388; 0.739, 2.719; 1.258, 3.083; 
1.932, 3.521. 

Series b: r),-log h: 0.022, 1.430; 0.049, 1.639; 0.086, 1.827; 
0.222, 2.170; 0.969, 2.887; 1.574, 3.292; 2.190, 3.676. 

B = 2.OxlO~“M 
Series a: r)i--log h: 0.014, 1.411; 0.145, 2.011; 0.610, 2.591; 

1.154, 2.987; 1.941, 3.505. 

Series b: q,-logh: 0.055, 1.710; 0.346, 2.341; 0.859, 2.784; 
1.532, 3.240; 2.196, 3.664. 

H = 0.0398 M 
B = 0.5x10-‘M 
Series a: n,-logh: 0.013, 1.571; 0.087, 2.043; 0.261, 2.464; 

0.505, 2.760; 0.819, 3.036; 1.318, 3.399; 1.950, 3.815. 

Series b: q,-logh: 0.039, 1.812; 0.161, 2.261; 0.346, 2.588; 
0.651, 2.897; 1.008, 3.179; 1.638, 3.615; 2.188, 3.955. 

B = 1.4x10-‘M 
Series a: O,--logh: 0.012, 1.583; 0.082, 2.038; 0.236, 2.403; 

0.451, 2.664; 0.779, 2.943; 1.376, 3.372; 1.845, 3.690. 

Series b: q,-logh: 0.044, 1.857; 0.161, 2.261; 0.320, 2.522; 
0.617, 2.812; 1.135, 3.201; 1.609, 3.529; 2.065, 3.827. 

B = 2.0x10-‘M 
Series a: O,-iogh: 0.009, 1.548; 0.049, 1.881; 0.137, 2.195; 

0.345, 2.535: 0.768, 2.905; 1.249, 3.250; 1.708, 3.565; 
2.262, 3.923. 
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Table I. (Continued) 

Series b: n,-log h: 0.028, 1.746; 0.080, 2.021; 0.222, 2.368; 
0.487, 2.675; 0.986, 3.064; 1.493, 3.419; 1.995, 3.754. 

H = 0.0390 M 
B = 1.0x10-‘M 
Series a: rt,-logh: 0.046, 1.945; 0.580, 2.812; 1.130, 3.233; 

1.749, 3.658. 

Series b: -q,-log h: 0.226, 2.422; 0.893, 3.063; 1.450, 3.458; 
2.051, 3.849. 

H = 0.0248 M 
B = 0.5x10-‘M 
Series a: q,-logh: 0.007, 1.776; 0.095, 2.287; 0.325, 2.738; 

0.770, 3.171; 1.195, 3.502; 1.705, 3.854; 2.161, 4.138. 

Series b: q,-log h: 0.035, 2.019; 0.193, 2.530; 
0.998, 3.353; 1.466, 3.693; 1.947, 4.009. 

B = 1.0x10-‘M 
Series a: r),-logh: 0.012, 1.795; 0.175, 2.478; 

1.182, 3.483; 1.535, 3.685; 1.882, 3.913. 

0.569, 2.983; 

0.715, 3.076; 

0.954, 3.264; 

0.616, 2.968; 

0.811, 3.122; 

0.129, 2.359; 
0.660, 2.973; 
1.394, 3.519; 

0.728, 3.027; 

Series b: r),-logh: 0.051, 2.087; 0.436, 2.828; 
1.380, 3.573; 1.709, 3.803; 2.126, 4.069. 

B = 1.4x10-‘M 
Series a: q,-logh: 0.008, 1.784; 0.132, 2.380; 

0.974, 3.245; 1.486, 3.617; 1.922, 3.913. 

Series b: q,-log h: 0.038, 2.035; 0.315, 2.681; 
1.231, 3.433; 1.670, 3.746; 2.191, 4.085. 

B = 2.0~10-~ M 
Series a: q,-log h: 0.017, 1.842; 0.087, 2,239; 

0.172, 2.452; 0.296, 2.631; 0.437, 2.784; 
0.796, 3.078; 1.021, 3.247; 1.230, 3.401; 
1.583, 3.653; 1.808, 3.808; 1.995, 3.933. 

Series b: q,-logh: 0.020, 1.861; 0.101, 2.273; 
1.524, 3.612; 1.719, 3.746; 1.990, 3.930. 

Figure 1. Experimental data (q = log([Cu”]/[Cuz+])) as 
a function of -log h at different B and H values. The cur- 
ves were drawn using the equilibrium constants of Table IV. 

2) Calculation of constants in first approximation. 
From equation (4), for each H (-log h constant), a 
does not vary and can easily be calculated. Equation 
(2) can now be written: 

T)’ = nH,h = log(l+F 4 YJJ-‘)“.k (5) 

and from it the following expression is obtained: 

cp = lo’-1 = $ q ynbp-’ (6) 
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Table II. y, and y2 values 

-log h = 2.70 --log h = 2.85 
H Yl Y2 H Yl Y2 

0.0998 4.92 5.35 x 10’ 0.0998 7.65 2.10x 10’ 
0.0698 3.21 1.85 0.0698 5.06 6.00x lo-’ 
0.0398 1.61 5.40 x lo2 0.0398 2.48 1.73 
0.0248 0.85 2.47 0.0248 1.30 8.00 x lo2 

--log h = 3.00 --log/z = 3.17 
H Yl H Yl Y2 

0.0998 13.80 3.35; 10’ 0.0998 25.40 2.12x lo5 
0.0698 8.30 2.07 0.0698 14.70 8.50 x 10’ 
0.0398 4.00 5.85 x 10’ 0.0398 6.80 2.20 
0.0248 2.05 2.37 0.0248 3.43 8.30x 10’ 

--log h = 3.35 -1ogh = 3.50 
H YI Y2 H Yl Yl 

0.0998 48.00 7.80x 10’ 0.0998 79.67 2.52 x lob 
0.0698 28.30 2.94 0.0698 52.10 8.15X to5 
0.0398 12.50 7.00 x 10’ 0.0398 21.50 I.95 
0.0248 6.20 2.65 0.0248 10.05 7.70x 10’ 

q’ is thus obtained by a graphic interpolation and 
from it b is calculated. No significant loss of accuracy 
was involved in the graphical interpolation since for 
each set of titrations a large number of experimental 
points was available. 

In Figure 2 cp is plotted versus b and it is shown 
that, to a good approximation throughout the a and h 
range investigated, a linear relationship exists, indica- 
ting the presence of monoclear and binuclear com- 
plexes of the form CuH,L, and Cu2H,.L,,. For each 
H and h, yl is the intercept and 2y~ is the slope. In 
Table II, yl and y2 values thus calculated have been 
collected. 

-log h-3.35 , H=O.O7H 

2 4 bx10’ 

Figure 2. cp = yt+ y2b as a function of b. The straight line 
represents: 28.30+2x2.94x 105b. 

From (5) it is evident that yl and y2 are functions 
of H and h and consequently of a and h. Therefore, 
the following equations can be written: 

and 

(8) 

For the mononuclear complexes, it follows from (7): 

~,a-’ = 7 &,a’-’ (9) 

By plotting the values yla-’ versus a, a straight line 
is obtained. This indicates hat r assumes only the 
values 1 and 2. From the intercept and the slope 
respectively, 61.1 and 6 L,2 values are obtained, which 
are function only of h. 

Therefore, one obtains from (7): 

6, = 5 B,,,,,h” (10) 

and the plot of 6 L,1 versus h yields a straight line 
from which the values for the constants P~.o., and 
S1,L,I can be calculated. In a similar way when 
r = 2: 

log62 = log(F P,.p.>h”) (11) 

The plot of log 61,~ versus -log h was examined by 
fitting to it the normalized curves” of equation: 

y = log(l+au+u~) (12) 

where log &Z-Y = log Pw; u = @1.2,243~0,2,” h; 

u. = Pl,l,l~PL,0,2P1.2.2~-‘~. From the best fit, f31.0.2, h2 

and p1.2.2 values have been calculated. 
In the case of the binuclear complexes, from equa- 

tion (8) the following relationship may be obtained: 

log(y&) = log{? 62,,Ca”-2) (13) 

This equation was compared with the normalized 
form of the equation 

y = log(l+au+u*) (14) 

where u = (&.4/&,2)” a and a = &,3(&,&4)-H. The 
position of the best fit provides the values for log &,2= 
log (y2a-2) - y, log 62.3 and log 62~. 

(11) L. G. Sill&, Acfn Chimica Sand., IO, 186 (1956). 

lnorganica Chimica Acfa ] 3~2 1 june, 1969 



205 

From a similar elaboration of (2), the following 
relationship is obtained: 

q”‘= log B-P,,o,,ba-~,,,,,bha2~~,~,~~*a*-2~~,~,~~2a’-2~~,~,,b*~ = 
b 

= log(1 + P1.0.2a*+P1.&2~+ P,.*.Jw 

and also 

(1% 

,a, 
J1’ = loguO~-lh-’ = 10g~P,,,,,+P,,,,*h+ Pdl3 (19) 

When $’ is plotted versus -log h (Figure 3) the 
points fall on a curve which is fitted by a normalized 
curve of the type: 

y = log(l+uu+u’) (20) 

In this case &,2, 62.3 and &,4 satisfactorily agree for 
the different -log h values, and lead us to conclude 
that these values are not a fuction of h. 

The 62.2, 82.3 and 82.4 values, therefore, correspond 
to p2.0,~ Pz,o,~ and PZ,O,J values. This approach provides 
evidence for the existence of the following species: 

CuL; CuHL; CL&~; CuHLz; CuH,Lz; 

CulL,; CuIL,; Cuxh. 

The values of the first approximation constants for 
these complexes are collected in Table III. 

Table III. Values of first-approximation constants 

log PIA, = 2.70 log pz.o.2 = 8.36 
log PI.,., = 5.50 log P*.a.l = 10.12 
log p,,o,, = 4.04 log p*.O,l = 11.40 
logP,,,,* = 7.44 
log p,.z,z = 10.50 

3) Improvement of the equilibrium constants. It 
migth be thought that, because of these operations, 
a significant loss of accuracy might be involved for the 
calculation of the above constants and the values 
obtained are only approximations of the real values. 

The presence of the species proposed above has 
been considered in further calculations and they 
are accounted for in the following procedure. Should 
the assumption be incorrect a significant deviation 
would be anticipated in the successive calculations. 
The figures of Table III indicate that in the range 
1< -log h < 2.5 only two complexes predominate, 
CuL and CuHL, and, by correcting the experimental 
values of n for those complexes which are present 
only in minor concentration, an error not greater than 
1% is introduced, which corresponds to the reliability 
of the reported stability constants. To obtain impro- 
ved equilibrium constants the following relationship 
is set: 

n”= log 
S-p,,,,,bo’-_-PI I Ibho’-_BI I Ibh’a’-2P~,o,2b’a’-2P2 o Ib’a’-2~l,o,4b’d = 

b 
(15) 

= Wl +Pj.o.8a+Pl,l,,ha) 

which is rearranged to the expression: 

I, 
J, = log(lOrl-l)a-l = log(B,,0.,+P,,*,,h) (16) 

The corresponding data are superimposed on the 
normalized curve obtained from the following equa- 
tion: 

y = log(l+u) (17) 

where $-y = log 0 1.0.1 and u = h PI.I.IPI.o.I-~. 

From the best fit the values of log pl,o.r and 
log pr,1,1 are calculated. The values of the constants 
P 1,0,2, f31.1.2 and l31.2.2 where obtained by a similar 
treatment of the experimental data. 

where V-y = log P1.0.2; u = h (PI,~,~/PLo,zY; 

a = P1,1.2(pL.o.2 PI.2,2)Yh. Since the values of the con- 
stants for all the mononuclear species present are now 
known, the concentrations of these complexes, cal- 
culated by refined constants, are substracted from B. 

d 

6. 

4 3 2 -1ogh 

Figure 3. JI = log(~l.0.1+~l.l.lh+~1.2.2h*) as a function of 
-1ogh. The curve is calculated from the values of the mixed 
complex constants of Table IV. 

The concentration of the polynuclear complexes pre- 
sent in the solution can now be calculated by setting: 

= log(1 +2Pl.,.~ba’+2P~,~,~ba’+2~~,~,~~~) (21) 

and the following expression is obtained: 

r = log(la)lv-lw’a-’ = log(2P~,o,*+2pl,o,,a+ P~.o..af) (22) 

By comparing, as in Figure 4, the plot of I’ versus 
-log a with the normalized function: 

r’ = log(l+au+u’) (23) 
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where r-r’ = log 2P2.0.2; u = 4~2,0,4/b~,0,2)'~ and 

a = P3.0.3~P2.0.2P2.0.4~~'~ the improved constants for the 
polynuclear species are calculated. 

r-1 

I 
3 2 -1oga 

Figure 4. I? = log(2~,,o,l+2~~,o,~a+2~~,o,~‘) as a function of 
-log a. The curve is calculated from the values of the poly- 
nuclear complex constants of Table IV. 

By means of equations ( 16) and (18) better values 
for the mixed-complex constants can now be obtained. 
In Table IV the values of the constants obtained by 
means of the revised procedure are collected. The 
good agreement between these data and the figures 
of Table III is good support for the assumptions made 
in carrying out these calculations. 

Table IV. Refined values for the formation constants 

log fi,,o., = 2.70t0.03 log P1,a.z = 8.58+0.05 
log p 1.1.1 = 5.45*0.05 log pI,.,J = 9.95kO.20 
log pIJ1 = 4.00+0.03 log pl,o,, = 11.32kO.15 
log fi,,,,> = 7.52t0.15 
log P1.1.2 = 10.44-t0.10 

The theoretical curves q(-log h)a~ of Figure 1 have 
been calculated for all B and H values by using the 

values of Table IV and the experimental data fit these 
curves quite well. However, in the region +r~> 2.2 
the data cannot be explained by assuming only the 
presen%e of the species found in this investigation. 
It seems likely that other complexes are present at 
q >2.2 and in more basic solutions and the subject 
reeds fur,ther investigation. 

Discussion 

Copper(I1) and tartrate ions in acidic solution yield 
mixed and polynuclear complexes. At low -log h 
the mixed complexes predominate and it appears 
from Figure 1 that the concentration of polynuclear 
complexes is quite low. Since the formation of a 
T-membered ring is very unusual an alternative expla- 
nation is that formation of complexes between cop- 
per and tartrate ions occurs by means of only one 
-COO-. One might expect that the second -COO- 
of the tartrate ion should be preferentially protonated 
instead of bonding to the copper ion. As the con- 
centration of free tartrate increases a further tartrate 
ion becomes bonded to the copper ion and, as in the 
previous case, one unprotonated complex and two 
mixed complexes are found. The formation of the 
polynuclear species CuzL2, Cuzb and Cu& may be 
justified since it is known that 14-membered ring 
compounds have a high stability and these rings should 
be present in the above species. 

From the above data we conclude that there is no 
evidence for a complex of the type CUZL. Its existen- 
ce is, in fact, very unlikely, since the measurements 
carried out in the -log h range investigated indicate 
that only the carboxylate groups are able to bond to 
copper ions. Thus the existence of a complex with 
two copper-ion bonds to one tartrate ion, with no 
possible stabilization by ring formation, is very im- 
probable. 
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