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Abstract 

Tetrafluorborate copper(I) complexes containing acetonitrile, triphenylphosphine, l,lO- 
phenanthroline, 2,2’-bipyridine and 2-quinolinethiol have been prepared in order to study their 
thermal stabilities as a function of the ligands present. The characterization of the above 
compounds was carried out by elemental analysis and IR spectroscopy. Their thermal behaviour 
has been investigated and the final products were identified by X-ray powder diagrams. 
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1. Introduction 

One of our research interests relates to the synthesis, reactivity and solid-state 
structural characterization of copper compounds with nitrogen- and phosphorus- 
based ligands [l-4]. Copper(I) complexes stabilized by organic ligands are of great 
theoretical and practical interest. They are successfully used in organic synthesis 
and catalysis [S] and their properties depend to a large extent on the nature of 
the stabilizing ligands. The acetonitrile molecules present in the complex 
[Cu(MeCN),]BF, may easily be substituted by other ligands, affording new com- 
pounds. In the present paper we report the preparation and thermal stability of 
tetrafluorborate copper(I) complexes containing acetonitrile, triphenylphosphine, 
l,lO-phenanthroline, 2,2’-bipyridine and 2-quinolinethiol. These compounds were 
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characterized and studied by thermogravimetry (TG), infrared spectroscopy (IR) and 
X-ray diffraction powder patterns. 

2. Experimental 

The complex [Cu(MeCN),JBF, (I) was prepared as previously described [6]. The 
compounds [Cu(qnSH)(MeCN),]BF, (II) and [Cu(phen)(MeCN)]BF, (III) were 
synthesized by reaction of [Cu(MeCN),]BF, with an equimolar amount of 2- 
quinolinethiol (qnSH, C,H,NS) and l,lO-phenanthroline (phen, C,, H,N,) in diethyl 
ether at room temperature. 

[Cu(PPh,),]BF, (IV) was prepared by the reaction of copper(I1) tetrafluorborate 
and triphenylphosphine (PPh,, C,,H,,P) under refluxing conditions in ethanol. The 
complex [Cu(bipy)(PPhJJBF, (V) was obtained by direct reaction of 
[Cu(PPh,),]BF, with 2,2’-bipyridine (bipy,C,,H,N,) in diethyl ether. All syntheses 
were carried out in dry solvents under nitrogen. 

Copper(I) content was estimated by complexometric titration with standard EDTA 
solution, using PAN 0.05% in ethanol as indicator [7] and by TG curves. 

Thermal analysis was carried out using a Perkin-Elmer TGS-2 thermobalance. 
Samples of approximately 0.7 mg were used, heated at a rate of 20°C min- 1 in synthetic 
air. The IR spectra were recorded on a Nicolet 730 SX-FT spectrophotometer as KBr 
discs and nujol mulls between KBr plates. An X-ray diffractometer, Veb Freiberger 
Prazisionsmechanik, model HGZ 4/B, with Cu K, radiation was employed to analyse 
the residual materials produced by thermal decomposition. 

3. Results and discussion 

The analytical and thermogravimetry (TG) results for the synthesized com- 
pounds are reported in Table 1. The formulae reported in the table are calculated 

Table 1 
Analytical and thermoanalytical data 

Compound Cu(%) 

Calc. EDTA TG 

H(%) N(%) 
Found 
(talc.) 

P(X) 

[Cu(MeCN),]BF, 
(white) 
[Cu(qnSH)(MeCN),]BF, 
(orange) 
[Cu(phen)(MeCN)]BF, 

(purple) 
CQW’h,),luF, 
(white) 
CWbipW’Ph,),luF., 
(yellow) 

20.02 20.17 20.20 3.74 
(3.85) 

16.18 16.16 16.30 3.40 
(3.08) 

17.10 16.15 18.25 3.14 
(2.98) 

5.31 5.47 6.69 

1.65 7.35 7.54 4.58 
(4.61) 

11.25 
(17.81) 

9.96 
(10.70) 
12.12 

(10.70) 
10.30 

(10.33) 
2.91 

(3.37) 
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Table 2 
IR spectral data for complexes studied (cm- ‘) 

Compound v(N-H) 6,(CH,) v(C = N) v(CC) v(C=N) v(C=S) v(PpC) v,,(B-F) G,,(F-B-F) 
+ v,(CpC) 

[Cu(MeCN),]BF, 2303 2214 1026 521 
[Cu(qnSH)(MeCN),]BF, 3135 2304 2214 1621 1584 1144 1057 521 
[Cu(phen)MeCN)]BF, 2304 2214 1621 1586 1060 520 
CWPPh,),lBF, 1583 1160 1090 541 
CC@‘Ph,),lBF, 1435 693 
CCu(bipy) W’h,),lBF, 1592 1569 1164 1095 513 

1476 750 
1434 

on these analytical results. The theoretical values for the formulae are also 
presented. 

As shown in Table 2, the spectra of the complexes display a large number of bands 
assigned to vibrational modes of the organic ligands coordinated to the copper [8] and 
also exhibit a strong broad band at 1026-1095 cm- 1 and a sharp one at 513-541 cm-‘, 
which are assignable to the asymmetric B-F stretching and F-B-F bending modes of 
uncoordinated tetrafluorborate, respectively [8,9]. 

For complexes containing acetonitrile, the observed shift to higher frequencies 
relative to free ligand of the bands assigned to 6,(CH,) + v(CC) and v(C = N) vibra- 
tional modes confirms the coordination to the copper metal through the nitrogen atom 
[lo]. For the compound [Cu(MeCN),]BF,, the copper atom is tetrahedrally coor- 
dinated by nitrogen atoms belonging to the four acetonitrile ligands. The acetonitrile 
molecules are arranged around the copper atom so that the whole copper(I) tetra- 
acetonitrile complex may be described as having an almost ideal tetrahedral symmetry 

Clll. 
The presence of a band at 3135 cm- ‘, assigned to v(NH), and the absence of v(SH) 

(approx. 2500 cm- ‘) in the spectrum of [Cu(qnSH) (MeCN),]BF, indicate a preferred 
coordination for the thione form, for the 2-quinolinethiol ligand [12]. The observed 
bands at 1144 and 385 cm I, assigned to v(C=S) and v(Cu-S), suggest S-donation to 
the copper by qnSH. 

The spectrum of the complex [Cu(phen)(MeCN)]BF, shows two bands at 1621 and 
1586 cm-’ assigned to v(CC) and v(C=N), respectively, which are present at higher 
frequencies when compared with those of the free ligand [13]. This indicates that 
a chelate ring is being formed through the nitrogen atoms. For compounds containing 
2-quinolinethiol and l,lO-phenanthroline, the results suggest a trigonal planar ge- 
ometry. 

The bands at 1583 and 1435 cm- ‘, characteristic of v(CC) modes of the phenyl rings, 
and at 1160 and 693 cm-’ assigned to the stretching vibration v(P-C) in the spectrum 
of [Cu(PPh,),]BF,, confirm the coordination of the triphenylphosphine to the copper 
by phosphorus atoms. For complex [Cu(bipy)(PPh,),]BF,, the spectrum shows the 
characteristic bands of triphenylphosphine ligand and displays a band at 1569 cm- ’ 
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assigned to v(C=N). Thus we may conclude that 2,2’-bipyridine forms a chelate ring 
through the nitrogen atoms. For these two compounds the data suggest a distorted 
tetrahedral geometry. 

The thermal decomposition of the series of copper(I) complexes studied in this work, 
as well as their stability, depends on the nature of the ligands, as can be observed from 
the TG curves in Fig. 1. The initial and final temperatures of the decomposition 
processes are given in Table 3. Thus, taking into account the initial temperature, 
it was possible to establish the following relative thermal stability order: 
1v>v>111>11>1. 

Furthermore, some conclusions may be drawn from this order. Firstly, the com- 
plexes containing phosphine possess higher stability compared with the corresponding 
acetonitrile-containing compounds. The most plausible explanation would be that the 
copper-phosphorus bonds are stronger than the bonds of copper with nitrogen. It is 
also important that phosphine is a good n-acid which would provide an additional 

Am 
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Fig. 1. TG curves: a, [Cu(MeCN),]BF,; b, [Cu(qnSH)(MeCN),]BF,; c, [Cu(phen)(MeCN)]BF,; d, 
CCuW’hMBF,; e, ECu(bipyXPPh,),lBF,. 
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Fig. 1 (continued) 

Table 3 
Initial and final temperatures of the thermodecomposition processes and residues of the tetrafluorborate 
copper(I) complexes 

Complexes Temperature/C 

Initial Final 

Mass/mg Residue% 

Initial Final Found Calc. 

[Cu(MeCN).JBF, 30 350 3.01 0.71 23.59 23.59 a 
[Cu(qnSH)(MeCN),]BF, 35 730 2.94 0.60 20.41 20.20 b 
[Cu(phen)(MeCN)]BF, 40 650 3.65 0.70 19.18 19.12’ 
CWPPhJ,lBF, 245 680 5.39 0.54 10.02 9.26 d 
CWbbW’W21BF4 50 700 5.60 1.00 17.86 18.11’ 

“CuO, and CuO. ‘CuO. ‘Cu,O. dCu,O and Cu,P,O,. ‘Cu,P,O,. 
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Fig. 2. X-ray powder patterns of the complexes residues: a, [Cu(MeCN),]BF,; b, [Cu(qnSH)(MeCN),]BF,; 
c, [Cu(phen)(MeCN)]BF,; d, [Cu(PPh,),]BF,. 

stability to copper(I) complexes. A similar argument explains the higher stability of the 
complex [Cu(PPh,),]BF, when compared with [Cu(bipy)(PPh,),]BF,. 

Secondly, the higher thermal stability of [Cu(qnSH)(MeCN),]BF, and 
[Cu(phen)(MeCN)]BF, complexes as compared with [Cu(MeCN),]BF, could be 
explained by partial substitution of acetonitrile groups by 2-quinolinethiol and l,lO- 
phenanthroline. The former ligand leads to the formation of a Cu-S bond which is 
stronger than the corresponding Cu-N bond [ 141. In the case of phenanthroline group, 
the formation of a five-membered chelate ring is observed, thus increasing the stability 
of the compound. 

Finally, the residues are different for each compound and are given in Table 3. As 
determined from TG curves, the following compounds may be considered as final 
products: copper(I) oxide; copper(I1) oxide; cupric pyrophosphate or a mixture of 
phases. Fig. 2 shows the X-ray diffraction patterns of these compounds identified by 
comparison with ASTM files [ 151. 
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