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Studies of the reaction between zinc sulphide 
and aqueous copper(H) have been inconclusive, 
identifying either copper(I) [l] or copper(I1) [2] 
sulphide as the product. This type of reaction has 
been implicated [3] as a possible cause of the 
conditioned copper deficiency symptom observed 
in ruminant species when dietary copper is not low, 
but when certain other trace metals exceed normal 
dietary requirements [4]. The reaction is also im- 
portant in mining industry activation-flotation 
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processes, used to concentrate certain sulphide 
minerals [2]. 

As part of our continuing studies on the inter- 
action of sparingly soluble metal sulphides and 
aqueous copper(I1) [5] we have investigated the 
reaction between copper complexes with ligands 
containing oxygen, nitrogen or sulphur donor atoms, 
which are possible models for dietary copper com- 
plexes, and zinc sulphide in aqueous solution. 

A single batch of zinc sulphide with a specific 
surface area of 61 m2 g-’ and mean pore diameter 
of 11.5 nm was used throughout because the extent 
of reaction was found to be dependent on SSA [6]. 

Portions of solid zinc sulphide were mixed with 
aliquots of copper complex solution (8.00 X 10s3 
M) and the resultant mixture left shaking for 24 h 
at 25.0 ‘C. The quantity of zinc sulphide employed 
was varied and by plotting the amount of copper 
complex removed from solution versus the molar 
ratio of zinc sulphide to initial complex concentra- 
tion ([ZnS]/ [CuLnlX ‘), the R.50 value of the com- 
plex was obtained. This R50 value is characteristic 
of the complex and is defined as the molar ratio of 
zinc sulphide to initial complex concentration re- 
quired to remove 50% of the complex from solution 
by forming an insoluble copper sulphide species. 

The results obtained (Table I, Figs. 1 and 2) illus- 
trate the influence upon the reaction of both donor 
atom and complex stability. The S-donor ligand 
complexes do not react with zinc sulphide while 

TABLE I. Copper Complexes and Associated Parametersa 

Compound Reference for preparation pK,, of complexd RSO value 

Cu-0 systems 

CuCl2b -0.52 1.26 

[CuQW21 3.30 1.38 
CUSOdb 2.35 1.50 

[Cu(Mal)l 7a 5.60 1.73 

Cu-N systems 

[c~(pY)41s208 7b 6.54 4.40 

[Cu(Im>4](NO3)2 7c 12.84 7.1 

[Cu(en)2](NO3)2 7d 19.60 13.6 

]Cu(DMG)z] 7e 23.30 148 

Cu-S systems 

[(nBu)4N]2]Cu(MNT)2]’ 7f unknown no reaction 

[(n-Bu)4Nl ]Cu(TDT)21C 7g unknown no reaction 

8Abbreviations used: AC = acetate anion, Ma1 = malonate dianion, Py = pyridine, lm = imidazole, en = ethylene diamine, DMG = 

dimethylglyoximate anion, MNT = maleonitrile dithiolate dianion, TDT = toluene-3,4dithiolate dianion. bFor the purposes 

of this study, aqueous solutions of these salts are considered as copper(H) complexed by O-donor liiands. ‘Although not in 

aqueous solution ([Cu(MNT),]‘- in ethanol-acetone mixture (1:1, v/v), [Cu(TDT)z] r- in actone), the authors feel that inclu- 

sion of these complexes is essential for comparative purposes. In any case, these solvents invariably enhance the extent of reac- 
tion [lo]. dInstability constant (K,) values from refs. 8 and 9. 
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Fig. 1. Plot of pK, vs. R50 for O-donor ligand complexes. 

the O-donor complexes have lower R-50 values than 
the N-donor complexes, inferring that the copper- 
donor atom bond strength decreases in the order, 
Cu-S > Cu-N > Cu-0. Cleavage of this bond is 
likely to be the most important factor involved in 
the reaction of a copper complex with a sparingly 
soluble metal sulphide. This bond strength order 
is supported by other evidence, such as electro- 
negativity differences between copper and donor 
atom for example. 

If metal sulphides do play a role in conditioned 
copper deficiency then those copper complexes pres- 
ent in the diet as predominantly O-bonded chelates 
will be most susceptible to reaction with metal 
sulphides and thus rendered unavailable to the 
animal. Furthermore, it is now possible to predict 
quantitatively the extent of reaction of a range of 
copper chelates and to consider those biologically 
important complexes in this context. 

The copper sulphide species formed as a result 
of these reactions has still to be characterised; the 
zinc complex formed was identified in most cases 
as the product of a metathetical reaction, 

[CuLnlx’(,) + ZnS + ‘CuS’t [ZnLnlXftasj 
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Fig. 2. Plot of pK,, vs. RSO for N-donor ligand complexes. 
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