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 Neodymium Chloride-Aluminum Chloride Vapor Complexes' H. A. @ye2and D. M. Gruen Contribution from the Chemistry Division, Argonne National Laboratory, Argonne, Illinois 60439. Received November 5 , 1968 Abstract: The vaporization of solid NdC4 in the presence of AlzCl6 gas has been studied spectrophotometrically in the range 500-900°K and 1-7 atm. Molar absorptivity of the strongest absorption peak at 17,030 cm-' was found to be 18.8 l./(mole cm). At 800"K, the apparent vapor pressure of NdCL is increased by a factor of 3 x lo7 by the presence of 1 a t m of A12C16. The large increase in volatility is rationalized in terms of the formation of neodymium chloride-aluminum chloride vapor complexes according to the reactions NdCl,(s) 4- 1.5AlzC16(g)= NdAl3Cla(g) and NdC&(s) 2A12C&(g)= NdAlrCldg). The equilibrium quotients for the two reactions were fitted to expres( B / T )with AI = 0.547, Bl = -2353, Az = -2.711, and Bz = - 370. sions of the form log K = A
 
 +
 
 +
 
 The existence
 
 and remarkable volatilities of vapor complexes between aluminum chloride and alkaline earth chlorides, 3,4 3d transition metal dichloride^,^ and representative 4f (neodymium t r i c h l ~ r i d e ) ~and 5f (uranium tetrachloride) chloridese have been recognized only in recent years. Thus, aluminum chloride has been shown to form gaseous complexes with metal chlorides widely distributed throughout the periodic table. A driving force for these reactions is the strong chloride ion affinity of AlC13 as exemplified in a recent study of solvation of CoClz in AlC13-containingmelts.' In the present paper, the spectroscopic and thermodynamic properties of aluminum chloride-neodymium trichloride vapor complexes will be discussed. Experimental Section Method. The equilibrium nlNdCl,(s)
 
 + nzAlKl&)
 
 =
 
 Nd,iAlz,*Clsni+~,i(g)
 
 (I)
 
 was studied spectrophotometrically. Sealed quartz optical cells were used containing known amounts of NdC13(s) and A1C13(s). The amounts of AICla were adjusted so that all the AlCh in the cell was in the vapor phase at 580°K and above. In the temperature range of the measurements, 600-900"K, the vapor pressure of pure NdCla is very low8 and NdCla(g) does not contribute to the absorption of light, The measured optical densities in the visible region are therefore due only to the Nd complexes. Three types of experiments were carried out. (a) It was ascertained that the solid phase present above 580°K was NdC13, not a compound between NdC13and AlCh. (b) The molar absorptivity at a given wavelength was determined from the relation CNd-AI-CI
 
 =
 
 AV nl
 
 termined for the 419/,-4G5/, hypersensitive transition9 which has an absorption maximum near 17,030cm-1. (c) The partial vapor pressures of the complexes were determined by performing experiments similar to (b), but with excess NdCla(s) always present in the cell. Measuring the absorbance at the same wavelength as for (b), the partial vapor pressure is given by PNd-AI-C1
 
 =
 
 ART ENd-Al-ClI
 
 In order to determine n2in eq I, a series of experiments with excess NdC13(s)and varying AlzCla(g)pressures was performed. Procedure. AICb was prepared by passing HCl over analytical grade AI wire at about 500°K. The HCl, produced by treating H&O4 with NaCI, was dried by passage through a trap cooled with an acetone-Dry Ice mixture. The AlCls was sublimed in an HCI atmosphere, and HCl was pumped off under vacuum. NdCla was prepared by dehydration of the hydrate with HC1, followed by vacuum sublimation at 1000°K. The NdC1, and AlC18 were weighed out on a microbalance and transferred to an opticahell in a helium atmosphere drybox whose water content was
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