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Synthesis and studies of copper hydroxynitrites

), b(Å) = 6,052(3), c(Å) = 6,643(2), α°= 90,01(3), ° = 95,37 (3), ° = 89,84(3), z = 2, p exp .= 3,3, p calc. = 3,3 1.

A thermic study shows strong exothermic peaks when ammonia and nitrites coexist. In Cu 2 (OH) 3 NO 2 , the stability of brucite type layers is strengthened by the presence of the nitrite anion.

INTRODUCTION

Little is known about copper hydroxynitrites. The solid phase Cu 2 (OH) 3 NO 2 has been mentioned by OSTWALD in 1965 (1) and since, no works have been published, mainly because of the poor stability of the free ion NO 2 -and the use of reacting materials containing other anions which are able to replace the nitrite ones in the crystal structures. In a recent publication (2), we described a new route for the synthesis of copper ammine nitrites. The method is based upon the fact that starting material used Cu(OH) 2 , is free of anions. Nitrite ions are obtained in situ, in orydizing ammonia by dioxygen at room temperature. This phenomenon was mentioned by PELIGOT (3) and BASSETT (4) in ancient works and then has been completely forgotten (5). It is the structural determination of another compound Cu(NO 2 ) 2 (NH3) 2 , which has permitted to conclude that nitrite groups were formed from ammonia and got involved in all the solid phases obtained by this way. Controlled hydrolysis of Cu (NO 2 ) 2 (NH3) 2 gives rise to a copper ammine hydroxynitrite, Cu 5 (OH) 6 (NO 2 ) 4 (NH 3 ) 4 and then to a copper hydroxynitrite Cu 2 (OH) 3 NO 2 .

EXPERIMENTAL PROCEDURE

Chemical analyses were performed for copper, with an inductively coupled plasma spectrometer ''JOBIN et YVON". For ammine group analysis, the blue indophenol method was used. As for the nitrite ion, analysis was performed with a DIONEX ion chromatograph Dx-100. Single crystals studies were carried out on an automatic diffractometer " CAD-4 NONIUS " and on BUERGER and WEISSENBERG cameras, using Mo-Kα radiation. Powder patterns of crystals were obtained on a " RIGAKU DMAX II '' diftactorneter, using Cu-Kα. Densities of crystals were determined by floating method using a mixture of bromoform and bromobenzene or CLERICI solutions. Differential therrnal analysis and thermogravimetric analysis were carried out at a heating rate of 300 K/H.

CHEMICAL STUDY

Copper hydroxynitrites were obtained by a soft hydrolysis of the solid phase α-Cu(NO 2 ) 2 (NH3) 2 , by water vapour in a nitrogen stream at room temperature. Reacting times must be long, about several weeks or one month to obtain relatively pure phases. Nitrogen stream is used to avoid the oxydation of nitrite into nitrate ions by diorygen. The reacting scheme is as following:

No gas analyses were performed on the reacting products but it is.probable that nitrogen oxide NO 1.5 is excluded from the system as nitrous acid HNO 2 gas, which is not stable and decomposes itself. The solid phases obtained are well crystallized (Fig 1). The end of the synthesis reactions was defined by x-ray powder patterns and to prevent hydrolysis and destruction of the compounds no washing was performed. Chemical analysis results are reported in table I.

Nitrite ions were analysed by ionic chromatography after dissolving solid compounds in solutions of ammonia. The use of ammonia instead of usual acid solutions permits to avoid the introduction of anions during the dissolution process. A lack in the ratio of nitrite ions is systematically observed. That loss probably occurs during the dissolution of samples in concentrated ammonia. On the chromatogram, the presence of nitrate ions is not detected.

Another solid phase has been prepared but all the tests for the obtention of pure products failed and a mixture with other solids was always obtained : α-Cu(NO 2 ) 2 (NH 3 ) 2 and Cu 5 (OH) 6 (NO 2 ) 4 (NH 3 ) 4 . This new phase is probably unstable. Nevertheless, analytical results allow the formula hypothesis: Cu(OH)(NO 2 ) 2 (NH3) 2 . An X-ray powder pattern and a DTA curve have been realized.

CRYSTALLOGRAPHIC STUDIES

For the obtention of single crystals, solutions containing copper nitrite ammine complexes, have been placed in boxes together with KOH pellets and H 2 SO 4 , in order to eliminate slowly water and NH 3 gas. After several months at a temperature near 5°C, crystals were obtained in a mixture of CuO and Cu(OH) 2 . Two kinds of crystals appeared. Greenish-blue truncated parallelepipedical crystals and very thin pale-blue plates which correspond to Cu 5 (OH) 6 (NO 2 ) 4 (NH 3 ) 4 . and Cu 2 (OH) 3 NO 2 respectively. The first crystals are systematically twinned. The unit cell parameters were determined by usual X-ray photographic methods. The symmetry is monoclinic and the space group C2,Cm or C2/m. Experimental density, d (exp) : 2.7, was measured in a mixture of bromoform and bromobenzene. It is in good agreement with the calculated one, d (calc.) : 2.70, for Z: 2. The structural determination is actually carried out with integrated intensities measured on BUERGER photographs, because of the twinning phenomenon.

A thin plate single crystal of Cu 2 (OH) 3 NO 2 was mounted on an automatic diffractometer. The unit cell is triclinic, space group P-1. Experimental density, d (exp.) = 3.3, which was determined in a CLERICI solution , is in good agreement with the calculated one d (calc.) = 3.31. The structural determination is published (7) ( see the following publication). The structure belongs to the brucite type, in which 1/4 of hydroxide groups are replaced by nitrito groups: Cu(OH) 1.5 (NO 2 ) 0.5 . Hydrogen bonds between layers are strengthened by the presence of nitrite. Cell parameters are reported in table II and indexed X-ray powder patterns, in table III.

THERMAL STUDIES

DTA curves for the three compounds are reported in fig.

(2). The main difference between the curves is the presence of exothermic peaks which appear only for copper ammine hydroxynitrites. These peaks, centred at 140°C and 220°C are due to the oxydo-reduction reaction between NH 3 and NO 2 -groups. The same reaction has been observed in the thermolysis of Cu(NO 2 ) 2 (NH 3 ) 4 and Cu(NO 2 ) 2 (NH 3 ) 2 (2). For the two compounds Cu 5 (OH) 6 (NO 2 ) 4 (NH 3 ) 4 and Cu(OH)(NO 2 ) 2 (NH3) 2 , two exothermic peaks appear. It means that the decomposition of NH 3 and NO 2 happens in a two-step procedure. Unfortunately, the phase obtained after the first peak, contains an amorphous solid with a part of CuO, so it was not possible to determine its formula and the decomposition process.

The other endothermic peaks correspond to the departure of a part of NH 3 and of H 2 O arising from the decomposition of hydroxyl groups. In the case of Cu 5 (OH) 6 (NO 2 ) 4 (NH 3 ) 4 , ATD curves are sometimes different, according to the samples studied. The first endothermic peak becomes double and the exothermic ones smaller (Fig. 2). These facts can be explained in considering that NH 3 groups could be replaced partly by water molecules. This hypothesis is conformed to the lack of NH 3 observed in the analysis of these samples, but we cannot control this phenomenon. A similar case of substitution of NH 3 by H 2 O molecules has been mentioned for Zn 5 (OH) 8 (NO 3 ) 2 (NH 3 ) 2 (8).

As for the copper hydroxynitrite Cu 2 (OH) 3 NO 2 , a unique endothermic peak is observed at a higher temperature (230°C), corresponding to the probable thermic decomposition scheme which exists in the similar compound Cu 2 (OH) 3 NO 3 (9) : Cu 2 (OH) 3 NO 2 2 CuO + HNO 2 gas + H 2 O gas If we compare now, the ATD curve of Cu 2 (OH) 3 NO 2 with that of Cu(OH) 2 (10) (Fig. 2 ), the main difference is due to the temperature of the decomposition process. For copper hydroxide it begins at about 150°C and the peak is centred on 160°C, while for Cu 2 (OH) 3 NO 2 it is 200°C and 230°C, respectively. The stability of copper hydroxide layers is obviously strengthened by the presence of nitrite and it is the same effect for nitrite group which is not commonly, particularly stable.

Thermogravimetric results for complete decomposition giving rise to CuO, are reported in table IV. Experimental and calculated losses are in good agreement.

CONCLUSION

In this paper we described a new route for the obtention of copper ammine hydroxynitrites by soft chemistry. The main feature of this preparative way is, that at room temperature, by solid-gas exchange only, well crystallized phases can be prepared. Nevertheless reacting times must be long in order to get pure products. A solid phase whose stoechiometric ratio Cu/NO 2 -is new, has been prepared: Cu 5 (OH) 6 (NO 2 ) 4 (NH 3 ) 4 Crystals are systematically twinned and the structural determination is actually carried out with integrated Buerger photographs. Another compound has been synthesized Cu 2 (OH) 3 NO 2 which belongs to the large family of natural minerals Cu 2 (OH) 3 X (X : F -, Cl -, Br -, NO 3 -). The obtention of single crystals of good quality, has permitted the crystal structure determination which brings interesting data about compounds of structural brucite type (7).