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Synthesis and study of Cu(NO 2 ) 2 (NH 3 ) 4 and Cu(NO 2 ) 2 (NH 3 ) 2

Crystals of Cu(NO2)2(NH3)4 and Cu(NO2)2(NH3)2 have been prepared and studied. Two allotropic species exist for each compound, -Cu(NO2)2(NH3)4 is orthorhombic, space group Fmmm or Fmm2; a(Ǻ) = 20.671(15), b(Ǻ) = 6.796(5), c(Ǻ) = 11.414(8), Z = 8; -Cu(NO2)2(NH3)4 is orthorhombic, space group Cccm or Ccc2; a(Ǻ) = 10.467(7), b(Ǻ) = 17.766(9), c(Ǻ) = 13.700(9), Z = 12; -Cu(NO2)2(NH3)2 is triclinic, space group P-1, a(Ǻ) = 4.4165(12), b(Ǻ) = 5.6104(14), c(Ǻ) = 6.088(2),  0 = 78.45(3),  0 = 103.95(3),  0 = 100.16(3),Z = 1; -Cu(NO2)2(NH3)2 is monoclinic space group Cm or C2; a(Ǻ) = 9.226(6), b(Ǻ) = 7.556(3), c(Ǻ) = 4.486(3),  0 = 104.84(6), Z=2.

INTRODUCTION

PELIGOT in 1861 (1) and BASSETT in 1922 (2), have reported the oxidation of concentrated solutions of ammonia in presence of copper, by dioxygen of air, giving rise to nitrite ions. In these preparation methods, finely divided copper metal was also oxidized by dioxygen. PELIGOT prepared in this way, a violet-blue solid, for which he proposed the formula Cu(NO2)2(NH3)2(H2O)2. BASSETT corrected this formulation Cu(NO2)2(NH3)4, but in adding ammonium nitrate into the reacting system, he obtained a mixture of nitrite and nitrate.

Since, few structural studies have been carried out on these compounds. It may be mentioned, the work of PORAI (3), who determined a rough draft of the structure of Cu(NO2)2(NH3)4 and the study of MORI (4), who proposed cell parameters for the chloride substituted phase CuCl(0.17)(NO2)(1.83)(NH3)2. In the present paper, a new way of synthesis, using a pure copper hydroxide, is exposed. Two copper ammine nitrites, each one existing under two allotropic species:  and -Cu(NO2)2(NH3)4 and  and -Cu(NO2)2(NH3)2 were prepared and studied.

EXPERIMENTAL PROCEDURE

Chemical analysis were performed for copper, with an inductively coupled plasma spectrometer "JOBIN et YVON". As to the ammine group analysis, the blue indophenol method was used. Nitrite content was not determined directly, but by difference. Nevertheless, the presence of nitrite was confirmed by the " AQUAMERCK " nitrite method. Single crystals studies were carried out on an automatic diffractometer "CAD-4 NONIUS " and on BUERGER and WEISSENBERG cameras, using Mo-K radiation. Powder patterns of crystals were obtained on a" RIGAKU DMAX II " diffractometer or on a " GANDOLFI " camera for single crystals, using Cu-K. Densities of crystals were determined by floating method using a mixture of bromoform and bromobenzene. Differential thermal analysis and thermogravimefric analysis were performed at a heating rate of 300 K/h.

CHEMICAL STUDY

For the obtention of saturated solutions of copper ions in ammonia solutions, the use of a pure and active copper hydroxide, free of anions adsorbed during the precipitation from copper salt solutions is required. The pure hydroxide was obtained from disodium hydroxicuprate: Na2Cu(OH)4, according to a new preparation method, explained in a previous paper (5). At room temperature Cu(OH)2 is dissolved into a concentrated solution of ammonia (30%). The saturated solution obtained in this way, containing copper(Il) ions, about l0 g/l, is slowly evaporated to dryness during two months at least, in a box using KOH pellets. Air is introduced again, from time to time, in order to bring new oxygen. The remaining solid crystallizes in large blue-purple needles of formula: -Cu(NO2)2(NH3)4.

The following reacting scheme can be proposed: were obtained by the action of NH3 gas on the dark-pinked -Cu(NO2)2(NH3)2; they crystallize in purple parallelepipedical crystals of average size 0.5 mm. Few crystals of  variety can be prepared in this way and they are mixed with . As to -Cu(NO2)2(NH3)2, it is a highest temperature green variety, obtained by heating the pink -Cu(NO2)2(NH3)2 at 95°C. This last phase has been already mentioned and studied by MORI, but the structural determination failed probably, because nitrite ions are partially substituted by chloride ones, in this case (4).

In order to protect the crystals from moist air, they were introduced in LINDEMAN glasses which were then, sealed. Single crystals have been studied, at first, on BUERGER and WEISSENBERG apparatus to determine unit-cell parameters. Observed intensities were collected on an automatic diffractometer only for -Cu(NO2)2(NH3)4 and -Cu(NO2)2(NH3)2.

For -Cu(NO2)2(NH3)2, cell parameters have been refined from the powder pattern data, using the MORI's cell (4). Experimental densities were determined by floating method. The refined lattice parameters are reported in the table I and powder patterns in annexes I and II. At the present time, the crystal structure of -Cu(NO2)2(NH3)2 is determined and the -Cu(NO2)2(NH3)4 one is practically over. They will be soon published. The main difference between the crystal structure of these solid phases is the coordination mode of nitrite ligand. The rough determination of the -Cu(NO2)2(NH3)4 structure by PORAI (3) shows the existence of the nitro form (Cu-NO2) while in -Cu(NO2)2(NH3)4, the nitro form and a free ion NO2 -exist. This fact explains why the  variety displays a higher density than the  one. Besides, copper polyhedra are not linked together with oxygen atoms, but only by hydrogen bonds. It is quite different for -Cu(NO2)2(NH3)2 whose copper polyhedra are linked with oxygens and where both nitro (Cu-NO2) and nitrito (Cu-O-NO) forms, can be observed. In the case of  and -Cu(NO2)2(NH3)4, very weak reflections appear on the single crystal photographs, this is probably in relation with a partial disorder phenomenon, affecting the nitrite group.

THERMAL STUDIES

D.T.A curves are reported in the fig.

(1). In the case of -Cu(NO2)2(NH3)4, a broad endothermic peak below l50°C corresponds to the loss of two NH3, molecules. That loss begins at room temperature and gives rise to -Cu(NO2)2(NH3)2 :

-Cu(NO2)2(NH3)4 T<150°C 2 NH3 (gaz) + -Cu(NO2)2(NH3)2
In the case of the pink phase -Cu(NO2)2(NH3)2, a very weak endothermic peak appears near 35°C, which is related to the allotropic transformation:

-Cu(NO2)2(NH3)2 T=35°C -Cu(NO2)2(NH3)2
Finally, a very strong exothermic peak occurs at 150°C for the two compounds which corresponds to the same explosive reaction:

-Cu(NO2)2(NH3)2 T=150°C CuO + 2 N2 (gaz) + 3 H2O (gaz)
In these conditions, the structure is completely destroyed by the large quantity of released heat and at once, CuO is obtained. Complete thermolysis giving rise to CuO confirms perfectly the formula deduced from other analysis. Experimental and calculated losses are reported in the following table:

CONCLUSION

The present study shows the specific catalytic function of the copper(Il) ions, in the oxidation of ammonia into nitrite. Several tests performed in the same conditions with other divalent metal ions ( Ni, Co ), failed. Besides, PELIGOT (1) and BASSETT (2) have formulated the hypothesis that the oxidation of ammonia was not coupled with the oxidation of copper metal existing in their way of synthesis. This hypothesis is perfectly confirmed, because in our preparative method, copper (II) ions are directly introduced into the reacting systems. It seems that the formation, in concentrated solutions of ammonia, of a stable molecular complex Cu(NO2)2(NH3)4, might be responsible of the catalytic action of copper; the nitrite ion having a strong complex-forming character with copper (ll) ions in these conditions.

  Cu(OH)2 (solid) + 6 NH3 (aqueous) [Cu(NH3)4] 2+ (aqueous) + 2 OH -+ 2 NH3 (aqueous) + 3 O2 from air [Cu(NH3)4] 2+ (aqueous) + 2 NO2 -(aqueous) + 4 H2O -4 H2O fixed by KOH -Cu(NO2)2(NH3)4 (solid) The whole copper(ll) introduced into the solution of ammonia is involved in the solid phase: -Cu(NO2)2(NH3)4. For instance, 20 ml of starting saturated solution can provide about 0.7g of crystals. A sample of the last named phase, finely powdered, is placed within a box containing a solution of concentrated sulfuric acid, during two weeks, in order to fix ammoniac gas. A dark-pink powder is obtained which corresponds to the phase: -Cu (NO2)2(NH3)2. A sample of about 50 mg of each phase, was dissolved in a solution of HCI 0.6 N. Copper and NH3 were analyzed on the same solution. The results are in good agreement with the chemical formulas. CRYSTALLOGRAPHIC STUDIES Cu(NO2)2(NH3)4 and Cu(NO2)2(NH3)2 exist under two allotropic species. -Cu(NO2)2(NH3)4 crystallizes in large purple needles systematically twinned. Dark-pinked parallelepipedical crystals of -Cu(NO2)2(NH3)2, of average size 0.4 mm, were obtained by a soft action, at room temperature, of water vapor on the first purple solid. Crystals of -Cu(NO2)2(NH3)4