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Systems containing univalent copper, phcsphineacetic acid HnL with the general formula . 
Ph3 _ nP(CH2 COOH)n (n = 1- 3) and acetonitrile in a concentration necessary for stabilizing 
free copper(J) were studied by potentiometry with copper amalgam and glass indicating electrodes. 
The measurements were carried out in water and in 50 v/v % dioxan at 25°C and 1 = O·J 
(NaCl04 ) . Consecutive formation of complexes with Cui: Ln

- = 1 : 1, 1: 2, 1: 3 and 1: 4. 
whose stability decreases slightly with an increasing number of acetate groups in the ligand 
and from 50% dioxan to water, was found in all systems. In these complexes the ligands are 
coordinated through the phosphorus atom alone. The acetonitrile completes the coordination 
sphere of copper in complexes with L/Cu < 4. 

Phosphines are very good ligands for univalent copper, with which they form 
several types of complexes 1 - 3, which usually contain additional coordinated groups. 
Although the stabilizing effect of phosphine prevents disproportionation of Cu(I) 
in aqueous media , practically all the chemistry of phosphine complexes of univalent 
copper is limited to the solid state and nonaqueous solutions, generally because of the 
insolubility of the initial components and/or products in water. The only exceptions 
are the complexes with m-diphenylphosphinebenzenesulphonic acid, studied by 
George and Bjerrum4

. This monodentate P-donor displaces chloride ions from 
trichlorocuprate(I) yielding stable, water soluble complexes with metal: ligand ratios 
of 1 : 1 to 1 : 4. 

Phosphineacetic acids with general composition (C6 H s)3-n P(CH2-COOH)n . 
prepared and studied in our previous works for n = 1 (HA) (ref. 5), n = 2 (H2R) 
(ref.6

) and n = 3 (H3X) (reC), have a similar character. In these substances, chelate 
bonding through phosphorus and carboxyl simultaneously, which could not occur 
with m-diphenylphosphinebenzenesulphonate, is, in principle, also possible in addition 
to monodentate coordination through the phosphorus. Although oxygen ligands 
are generally very poor donors for univalent copper, the possibility of chelate bonding 
through the phosphine acetate group cannot be excluded; e.g. the "soft" palladium 
(II) cation can form a chelate bond with diphenyl phosphineacetate under suitable 
conditions8

• 

Part XII in the series Compounds Structurally Related to Complexones; Part XI: This. 
Journal 43, 3007 (1978). 
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This work was carried out in order to investigate the phosphineacetate complexes 
of univalent copper in solution under various acidity and solvent conditions: in addi
tion to water, 50% dioxan was employed in analogy to the previous study of phos
phineacetates, as some ligands are insufficiently soluble in water. Acetonitrile was 
chosen as a reagent stabilizing univalent copper, as its complex with Cu(I) is much 
less stable than the chlorocomplexes and thus the possibility of competition with 
phosphineacetates is probably negligible. 

EXPERIMENTAL 

The preparation and analysis of the ligands were describeds - 7 • Their purity cf99·g ± 0·2% was 
further checked by m.p. and TLC (silicagel, solvent CHCI 3- i-PrOH-NH3- H 2 0 10: 10: I : I). 
The [Cu(CH3CN)4]CI04 complex was prepared according to the literature9 ; its purity was 99·5%. 
The two-phase copper amalgam was prepared electrolyticallyl 0 and its concentration was 1·55%. 
Before use it was diluted with an equal volume of redistilled mercury. As the two-phase amalgam 
exists in a broad rangel1 and only the liquid part enters into the electrode precess, the potentials 
are independent of the formal copper concentration in the twe-phase amalgam. The amalgam 
was stored under 0·0IM-HCI04 and transf;:rred into the electrode in an inert atmosphere using an 
apparatus functionally similar to that described by Ohtaki and coworkers12• Acetonitrile (Mal
linckrodt, p.a.) was fractionated under nitrogen and its purity was checked by gas chromato
graphy. The purification of dioxan and sodium perchlorate has already been described S• 

Copper was d~termined complexometrically using murexide indicator after sample oxidation 
with nitric acid. The absence of divalent copper in the initial solutions was verified by a negative 
color test with ammonia, carried out in the absence of air using a syringe technique13

• The 
exact concentrations of solutions of acids and bases and the ligand alkali metric equivalents 
were found by the Gran method l4. 

Apparatus and Measuring Method 

The following concentration cell was used for the potentiometric measurements 

I
I Cu(!) (a mM) 

(-) I CH3CN (0·2M) CH3CN (0·2M) Cu(I) (a mM) (+) 
Cu(Hg) I Ln

- . (b mM) NaCI04 (O·IM) CH3CN (0·2M) Cu(Hg) 
H+ (c mM) CIO; (O·IM) 
CIO; (O·IM) 

The electromotive force of this cell was measured using a Radiometer PHM 64 instrument with 
a precision of 0·1 m V. Simultaneously, the pH of the solution in the left half-cell was measured 
with a combined Radiometer GK 2302 C electrode with ~ precision of 0·005 pH units. The 
electrode was calibratedS so that the readings gave -log [H+] directly. The solutions in both 
half-cells were placed in vessels fitted with a thermostatting jacket permitting the temperature 
to be maintained with a precision of 25 ±0·02°C; joints for the electrodes, burettes, inert gas inlet 
and outlet and salt bridge fitted with S4 glass frits. The amalgam electrodes were cf the J-type 
with a working surface of about 60 mm2 • 
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The measurements were carried out in an inert atmosphere of pure nitrogen by two types 
of titration: A) From the stock solutions suitable amounts of NaCI04, solvent (water or dioxan) 
and acetonitrile solutions of [Cu(CH3CN)4]CI04 were measured into both half-cells so that each 
contained 50 ml of identical solution (b = C = 0). The half-cells were connected by the salt 
bridge and the electrodes were introduced and left for 30- 60 minutes for equilibration; the 
potential was then always less then ± 1 mY. Then the solution in the left-hand half-cell was titrated 
from a burette adapted for an inert atmosphere with a solution containing all components in the 
same concentrations as the titrated solution and also the ligand in an amount such that by ad
dition of 10 ml of titrant (about 50 data points) a ralio of b/a = 12 was attained. This titration 
involves a constant copper concentration, which is advantageous in data handling. The potential 
values became constant after c. 5 minutes and were reproducible to ±0·5 mY except when 
a precipitate was formed. In the first series of titrations, NaA, K2R and Na3X salts were used 
as ligands. No acid-base reaction took place in solution and the pH remained practically 
constant C±0·2 pH). Under the experimental conditions the liquid-junction potentials com
pensated each other within experimental error. In some titrations the acetonitrile concentration 
was varied in the range 0·2-0·SM without any effect on the potential values. B) In the second 
group of titrations the left-half-cell contained a solution of sodium perchlorate, acetonitrile, 
copper and various fixed amounts of alkaline salts of the ligands with b/a = 2, 4 and 6. A per
chloric acid solution containing the other components (except the ligand) in the same concentra
tions as the titrated solution was employed as the titrant. Thus the total copper concentration 
was constant during the titration, which is necessary for cell function. The concentration of 
HCI04 was chosen so that, after addition of 10 ml (about 50 data points), values of -log [H+] 
were obtained which corresponded to complete protonation of the ligand carboxyl groups. These 
values were found from distribution diagrams5 -7. As the acidity of the solution in the left-half
-cell changed during this titration, it was necessary to consider the shift of the liquid-junction 
potential. The appropriate correction was found using blanks: the titrant was added to the solu
tion in the left half-cell (at b = 0) and appropriate corrections (not exceeding 7·5 mY) were 
then read from the mY/-log [H+] curve. 

Data Handling 

Titration data from part A were first treated graphically. The equipotential fit method was 
used to find the corresponding solutions with the same potentials15 from the dependence of the 
potential on the ligand concentration; these then form straight lines in the cCu vs cL coordinates, 
with slopes n and intercepts on the cL axis equal to [Ln

-]. A section of the n vs -log [Ln
-] 

curve was constructed from the parameters of these straight lines, found by the least squares 
method. The -log [Ln

-] values at low ligand concentrations could not be found graphically 
(as practically all the ligand was bound in the complex) and thus were calculated from the rela
tionship15,16: 

n = d log X/d log [L] , 

or 

f
IOgX(LO) 

log [L*l/[L] = (l/n) d log X 
logX(L) 

where X = ccu/[Cu] implies from the potential of the amalgam electrode and [L *] is an arbitrary 
reference value of the free ligand concentration, found from the intercept on the cL axis by the 
above least squares method. The integral was solved numerically using the Simpson formula 
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on a Hewlett-Packard 9830A calculator. The composition of the complexes formed in the 
systems and their approximate stability constants were then found from the complete Ii vs -log. 
[L"-] curve. The experimental values of the solution composition, titre and potentials were then 
treated statistically by the MINIQUAD program17, which calculated the best stability constant 
values. 

In treatment of type B titrations the data were assumed to define the protonation of the com
plexes, found in titration A. First the formal protonation curves of the liganos in the presence 
of univalent copper18 were orientatively calculated. The estimated constants were then refined 
by the MINIQUAD program, where the input experimental quantities were the composition, 
consumption, -log [H+ J and amalgam electrode potentials. The stability constants of the 
unprotonated complexes found in titration A were considered invariant. 

The computations were carried out on the ICL 4-72 computer in the University Computing 
Centre, Prague. 

RESULTS AND DISCUSSION 

The potential of the amalgam electrode during the first group of titrations in neutral 
solutions generally follows a sigmoid curve\ as is illustrated for the titration with 
a NaA solution in 50% dioxan (Fig. 1). * The points of the corresponding .solutions 
lie on a straight line in Ceu vs CL coordinates, indicating that no polynuclear complexes 
are formed in the systems. The stability constants and statistical parameters are given 
in Table I. 

Study of complex protonation indicated that ligands coordinated to copper can 
bind protons practically as strongly as uncoordinated ligands. The formal dissociation 

0·6 

c •. 10',moIlJ 12 

FIG. 1 

Dependence of the Electromotive Force of the Concentration Cell on the NaA Concentration 
(50% dioxan) 

Ceu' 103M: curve 1 OA89; 20'977; 31·466; 41'955. Curves calculated from the stability con
stants are constructed through the experimental points. 

Numerical data for all the measurements are deposited with the authors. 
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constants of the ligands in the presence of univalent copper can be assumed as criteria 
of this bonding strength_ It follows from Table II that the differences between the 
appropriate pK values for coordinated and free ligand do not exceed 0-4 pK units_ 
This also corresponds to the finding that the potential of the amalgam electrode in
creases only slightly on solution acidification_ 

TABLE I 

The Stability Constants of Complexes with Deprotonated Ligands 
PnlO = [CuLn]/([Cu] [L]n)_ 

Constant 

P110 

PZ10 

P310 

P410 
Number of 
exp_ points 
(titrations) 
R-factorC 

A-

water SO% dioxan 

6-9(0-4)" 7-27(0-03) 
12-21(0-06) 12-89(0-04) 
IS-18(0-03) 16-89(0-02) 
17-2(0-2) 19-37(0-06) 

178(6) 197(6) 

0-013 0-011 

R Z -

water SO% dioxan 

log p (30) 

6-6b 7-01(0-10) 
II-SS(0-07) 11-84(0-02) 
14-S4(0-03) 1S-SI(0-04) 
16-S(0-3) 17-8(0-2) 

142(4) 183(4) 

0-040 0-032 

X3 -

water SO% dioxan 

S-87(0-09) 6-49(0-09) 
10-S1(0-02) 1O-87(0-OS) 
13 -62(0-OS) 14-30(0-03) 
15-3(0-4) 1S-7(0-4) 

190(8) 184(6) 

0-029 0-022 

" 1 : 1 Complex poorly soluble; PlIO calculated from values Ii> 0-8; b 1 : 1 complex poorly 
soluble; P110 estimated from values of P410 to PZ10 ; C R = [L(~Ci)Z/Lct]1/2_ 

TABLE II 

Decrease in the Formal Ligand Dissociation Constants Caused by the Presence of Univalent 
Copper 

~pK 
water 

0-31 

HA 

SO% 
dioxan 

0-38 

water 

0-22 
0-26 
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SO% 
dioxan 

0-26 
0-37 

water 

0-14 
0-23 
0-3S 

SO% 
dioxan 

0-19 
0-27 
0-40 



326 Podlahova, Podlaha : 

It follows from the behaviour of the univalent copper-phosphineacetate systems 
that the ligands are bound to the copper through the phosphorus atom alone , as: 
1) The maximum coordination number is 4 independent of the ligand type. 2) The 
stability constants in the A-R-X series, i.e. with increasing number of carboxyl groups, 
decrease slightly, corresponding to a decrease in the phosphorus basicity as a result 
of the inductive effect of the dissociated carboxyls; with chelate bonding through 
the phosphorus and the carboxyl, the constants would display the opposite trend. 
3) The complexes are only slightly more stable in 50% dioxan than in water, which is 
typical for coordination through electroneutral donor groups19. 4) The carboxyl 
groups of the ligands undergo normal dissociation and the slight increase in their 
acidity compared with the free ligand corresponds to a decrease in the inductive 
effect of the lone electron pair caused by coordination through phosphorus. Chelate 
bonding through the phosphorus and the carboxyl would necessarily result in 
a marked increase in the acidity of the carboxyl groups. 

The studied complexes probably have tetrahedral structure 2
, supposed that in spe

cies with ratios less than 1 : 4 the coordination sphere is completed with acetonitrile 
molecules. It appears that the mechanism of phosphine complex formation consists 
of the following steps: 1) addition of one ligand to the [Cu(CH3CN)tJ complex20 ; 
2) fast substitution of one labile acetonitrile molecule by a second ligand producing 
CU(CH3CN}zL2; 3) slow substitution of the remaining two acetonitrile molecules 
in the kinetically relatively stable9 CU(CH3CN)i species. The slow formation of the 
1 : 3 and 1 : 4 complexes was reflected in the slower potential stabilization in the con
centration range 4cL > Ceu > 2cL • At equilibrium, however, the acetonitrile is com
pletely displaced as follows from the fact that the equilibrium potentials are indepen" ~, 

dent of the acetonitrile concentration in the range 0·2-0·5M. 

The stability constants can be tentatively corrected for aqueous media (in the 
absence of acetonitrile) by multiplying by the appropriate stability constant of the 
acetonitrile complex9 (log /32 = 4'35). The values obtained, which, e.g., for the 
Cu-A system are log /3110 = 11'3, log /3210 = 16'56, log /3310 = 19'53, log /3410 = 
= 21 ·6 indicate stability of the phosphineacetate complexes similar to that of the 
m-diphenylphosphinebenzenesulphonate complexes, in which the ligand is also co
ordinated through the phosphorus atom alone. 

REFERENCES 

1. Booth G .: Advan. Inorg. Chern. Radiochern. 6,1 (1964). 
2. Jardine F. H .: Advan. Inorg. Chern. Radiochern. 17, 116 (1975). 
3. Stelzer 0.: Top. Phosphorus Chern. 9,1 (1977). ' 
4. George R., Bjerrurn J. : Acta Chern. Scand. 22, 497 (1968). 
5. JarolirnT., Podlahova J.: J. Inorg. Nucl. Chern. 38, 125 (1976). 
6. Podlahova J. : This Journal 43, 57 (1978). 
7. Podlahova J.: !his Journal 43, 3007 (1978). 

Collection Czechos!ov. Chern. Commun. [Vol, 44] [1979] 



Stability Constants of Copper(J) Phosphineacetates 327 

8. Ruzickova J., Podlahova J.: This Journal 43, 2853 (1978). 
9. Hemmerich P. , Sigwart c.: Experientia 19, 488 (1963). 

10. Cohen E., Chattaway F. D., Tornbrock W.: Z. Phys. Chern. (Leipzig) 60, 715 (1907). 
11. Tarnrnann G., Stassfurth T.: Z . Anorg . Allg. Chern. 160, 246 (1927). 
12. Ohtaki H. , Tsururni M., Kawai T .: Anal. Chern. 49, 190 (1977). 
13. Shriver D. F.: The Manipulation of Air-Sensitive Compounds, p. 154. McGraw-Hili, New York 

1969. 
14. Gran G.: Analyst (London) 77, 661 (1952). 
15. Salversen B., Bjerrurn J. : Acta. Chern. Scand. 16, 735 (1962). 
16. Ahrland S., Chatt J., Davies N. R., Williams A. A.: J . Chern. Soc. 1958, 264. 
17. Sabattini A., Vacca A., Gans P.: Talanta 21,53 (1974) . 
18. Rornary J. K., Donelly D. L., Andrews A. C.: J. Inorg. Nucl. Chern . 29,1805 (1967). 
19. Uhlig E., Linke D.: Z. Anorg. Allg. Chern. 422,243 (1976). 
20. Manahan S. E., Iwamoto R. T .: J. Electroanal. Chern. Interfacial Electrochern. 14, 213 

(1967). 

Translated by M . StuUkova . 

Collection Czechoslov. Chern. Commun. [Vol. 441 [1979] 




