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resonant charge transfer here would seem to be pre- 
cluded by the difficulty of symmetrizing the ionic 
atmospheres and this is reflected in the absence of a 
detectable electronic conduction.22 

The inability to resolve more than the low-energy 
side of the presumed band of Cdz2+ in CdClz solvent 
results from the proximity of the presumed charge- 
transfer band of the solvent (see below) which effectively 
limits observation to  335-340 mp a t  the 88-p pathlength 
employed. No other feature appears in the spectrum 
out to 1.0 p, and so i t  is concluded, but by no means 
assured, that the lower energy transition of the same, 
albeit weakened, Cdz2+ ion accounts for the pronounced 
visible color of the solutions. The probable energy of 
the transition to the l2, state in CdClz is appropriately 
about twice the dissociation energy estimated for CdzCl2 
in this solution, 40 kcal 

Attempts to verify the previous spectral reports for 
the chloride system have been unsuccessful. An earlier, 
qualitative study on a 5% solution in CdCl2 showed a 
relatively weak band a t  455 mp and 575" which split 
into two bands a t  450 and 550 mp on heating to 618°.8 
I n  the present work a poorly resolved band was found 
in this region only with a dilute solution which had been 
briefly exposed to air; absorption at  about 415 mp 
has also been observed (along with precipitation of the 
brown oxide) after treatment of Cd-CdCl2 solutions 
with oxygen.24 Another studyg indicated that a weak 
(E -150) band a t  345 mp, with a possible shoulder a t  
325 mp, was well resolved from the metal-saturated 
solution (-15.5 mol yo or 2.6 M )  a t  575' using 50-p 
pathlengths. Anything of this magnitude would be 

(22) L. F. Grantham, J. Chem. Phys., 44, 1509 (1966). 
(23) B. L. Brunerand J. D. Corbett, J. Phys.  Chem., 68, 1115 (1964). 
(24) C. R. Boston, private communication. 

very difficult to resolve in the dilute solutions studied 
here since €345 is already about lo4;  in fact, if Beer's law 
were to hold up to  saturation, the cutoff would be a t  
substantially lower energies. Nonetheless, Gaussian 
analyses of solute bands in both Cd(AICl& and Na- 
AlC14 commonly gave small negative deviations from 
experiment (AA 5 0.02) in the neighboring of 340 mp, 
corresponding to molar absorptivities of a few hundred 
for a Cdz+ solute. Although the differences are prob- 
ably of the order of experimental error, the nominally 
forbidden transition to the 321, state could be involved 
instead. 

The effect of the anion on the positions of the band 
edges for the sodium and cadmium (11) solvents is quite 
consistent with a charge-transfer assignment. How- 
ever, the only thing that can be safely concluded is that 
in each case the conversion from chloride to tetra- 
chloroaluminate anion should raise the ionization energy 
of the donor and probably decrease the coulombic loss; 
the effect of covalency is more difficult to assess al- 
though i t  is possibly quite important in CdC12.25 In 
any case substitution of AICld- yields a far more useful 
solvent optically; e . g . ,  at  220 mp the molar absorptivity 
of NaA1Cl4 is only 0.034 a t  300" and that of the Cd- 
(A1C14)~ solute is 2.2 X lo3  a t  350'. On the other hand, 
a charge-transfer assignment for the Cd22+ spectrum 
therein is inconsistent although the same cannot be 
firmly eliminated for the unresolved spectrum in CdC12. 
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Raman and infrared spectra of aqueous cadmium nitrate solutions indicate the presence of nitratocadmium species, The 
intensity variation of the Raman bands a t  1404 cm-l, originating from solvated nitrate ion, and 1452 cm-1, originating from 
complexed nitrate, has been used to characterize the species present in solution. The observation of a polarized Raman 
band a t  1324 cm-1 indicates that the nitrate ion is acting as a monodentate ligand. A vibrational assignment for the mono- 
dentate nitrate group, in terms of the CzV point group, is described. The calculated association constant for the CdN03 + 

species is 0.38 (10.05) a t  44'. N o  evidence for species higher than CdNO,+ has been obtained from the molar ratio solu- 
tions studied. Nevertheless, this work does not rule out the existence of higher species. 

Introduction 
Apart from some earlier work which detected no evi- 

dence for complexation in solutions of cadmium ni- 
trate, 2 * 3  there is evidence from such techniques as con- 
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d ~ c t i v i t y , ~ , ~  calorimetry,6 emf  measurement^,^,^ and 
polarography9 for a mononitratocadmium species. A 
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dinitratocadmium species has also been proposed, but 
no higher complexes. 

Although cadmium nitrate has not been previously 
studied by Raman spectroscopy, results from other 
metal-nitrate systems have been interpreted in terms 
of complex species, contact ion pairs, I 3 , l 4  and sol- 
vent-separated ion pairs.15 For a complete descrip- 
tion of a metal-nitrate system it would be advantageous 
to have information not only about the complexed ni- 
trate but also about the free nitrate ion in solution. 
Previous  worker^'^^'^ have used variations in the intensi- 
ties of the bands a t  ca. 720 and 740 cm-I to diagnose 
species in solution. Even in 4.55 M cadmium nitrate 
solution the 740-cm-I band is only as intense as the 
720-cm-1 band. It is also probable that the 720-cm-' 
band is not solely due to free nitrate ion. In  view of 
these two observations, i t  was decided to study the 
intensity variations of the ca. 1400-cm-' region. The 
ca. 1400-cm-I region has already been extensively 
studied in the case of the alkali metal nitrates. The 
splitting of the normally degenerate v3(E') mode in di- 
lute aqueous solutions has been attributed to water 
perturbation of the nitrate ion.16 The coordination of 
nitrate to metal ions may, if the symmetry is lowered to 
CZv, also lead to removal of the degeneracy of this 
mode and the occurrence of two bands. Therefore, if 
solvated nitrate ion is in equilibrium with complexed 
nitrate ion, at least four bands should be observed in 
this region. This conclusion is borne out in the case of 
cadmium nitrate and the intensity variations of the 
bands have been used to diagnose the species present. 
The observation of four bands in this region may be 
contrasted with results of previous authors who have 
also studied the equilibrium between complex nitrato 
species and free nitrate. In one study of calcium ni- 
trate three bands were reported for the 1400-cm-l re- 
gion14 whereas in another only two bands were re- 
ported.14 

Experimental Section 
Raman data were obtained with a Cary Model 81 spectro- 

photometer using the 4358-a mercury line as the exciting source. 
Unwanted mercury lines below 4358 A were filtered out by means 
of an Ozalid filter surrounding the sample. Raman intensities 
were measured relative to the 458-cm-' band of carbon tetra- 
chloride. Spectra were recorded at  the ambient temperature of 
the cell compartment (44 I lo). 

Infrared spectra were recorded using Beckman IR-9 and 
Perkin-Elmer Model 521 spectrophotometers with the samples 
pressed between silver chloride plates. 

A standard (2.5 ilf) cadmium perchlorate solution was pre- 
pared by dissolution of cadmium oxide in perchloric acid. The 
cadmium content of the solution was determined by a gravi- 
metric method, the cadmium being precipitated as Cd(py)r 
(SCN)2.17 A stock solution of 7.0 M sodium nitrate was pre- 
pared by dissohLtion of the dried and weighed salt in water. 
______ 
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(14) R. E. Hester and R. A. Plane, i b i d . ,  40, 411 (1964). 
(15) D. E. Irish and G. E. Walrafen, ibid., 46, 378 (1967). 
(16) D. E. Irish and A. R. Davis, Can. J. Chem., 46, 943 (1968). 
(17) A. I. Vogel, "Quantitative Inorganic Analysis," 3rd ed, John Wiley & 

Sons, Inc., New York, h-, Y., 1961, p 494, 

Solutions for the molar ratio method were prepared from stock 
solutions; the cadmium ion concentration was 1 .O ill and tlic ni- 
trate ion concentration varied from 0.8 to 3.07 M .  Solutions 
for the Job method of analysis were prepared from stock solutions 
by standard techniques. Concentrations were adjusted so that 
the total concentration of cadmium ion plus nitrate ion was 
equal to 2.5 iV. 

AI1 solutions were filtered through a fine-porosity glass frit 
prior to recording their spectra. 

Results 
The Raman and infrared spectra of a 4.55 Jf solution 

of cadmium nitrate are recorded in Table I. 

TABLE I 
RAMAN AND INFRARED FREQUENCIES OF A 4.55 M 

CADMICM SITRATE SOLUTION (IN CM-1) 

348 wp 1050 sp 1043 m 
720 m 720 vw 1324 mp 1328 m 
739 mp 740 vw 1348 m 1348 m 
822 vw 818 m 1404 m 1404 m 

830 sh 1452 m 1456 m 

Raman Infrared Raman Infrared 

Intensity variations have been studied for the 1404- 
and 1348-cm-' bands, originating from free nitrate, 
and the 1324- and 1452-cm-' bands, originating from 
complexed nitrate. A Du Pont 310 curve resolver has 
facilitated the resolution of the spectral envelope con- 
taining the bands a t  1324, 1348, 1404, and 1452 cn-'.  
For all of the spectra measured, i t  was found that the 
experimental curves could be resolved into four Gaus- 
sian components of apparently fixed frequency and 
half-width (Figure 1). Furthermore the amplitudes 
of the two components characteristic of free nitrate 
(1348 and 1404 cm-l) were found to remain in fixed 
ratio. Band changes such as were found in alkali metal 
nitrate solutionsI8 were not apparent in the present sys- 
tem which is dominated by the larger effects due to the 
presence of Cd2+. 

I I 

I '  

I I I 1 1  
1500 1403 1300 1200 - (CC1.1) 

Figure 1.-The Raman spectrum of a 4.55 M cadmium nitrate 
solution (1200-1600 cm-l) resolved into four Gaussian com- 
ponents. 

The relative amplitudes of the bands originating 
from the Job series of solutions are shown plotted vs. 
f (Figure 2,  open circles). The total concentration of 
cadmium ions plus nitrate ions was fixed a t  2.5 M ,  and 
f is the fraction of these ions which is nitrate. The 
solubility of cadmium perchlorate, approximately 2.5 
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Figure 2.-Relative amplitude zis. the ratio f (the total concen- 
tration of nitrate ion divided by the sum of the total concentra- 
tions of nitrate and cadmium(I1) ions). [Cd2+] + [NO81 is 
2.5  M for all values o f f .  Circles are experimental points and 
lines are calculated results. 

M ,  represents the total maximum concentration of cad- 
mium ions plus nitrate ions. This low concentration 
severely limited the accuracy with which the least in- 
tense band, 1324 cm-l, could be measured. Therefore 
the intensity variation of the 1324-cm-1 band is not 
recorded. 

The relative amplitude variations for the molar ratio 
solutions are shown in Figure 3. The cadmium ion 
concentration was fixed a t  1 .0 M and the nitrate ion con- 
centration varied from 1.0 to 3.0 M .  

Discussion 
Stoichiometric Solutions.-A study16 of the vibra- 

tional spectra of solutions of the alkali metal nitrates has 
shown that the solvated nitrate ion generates the fol- 
lowing vibrational spectrum : 1404 cm-l (infrared, 
Raman); 1348 cm-I (infrared, Raman); 1049 cm-I 
(Raman) ; 825 cm-l (infrared) ; 719 cm-l (infrared, 
Raman). The 56-cm-l split of the normally degener- 
ate v3(E')  mode has been ascribed to  interaction of 
water with the nitrate ion. The four bands in the ca. 
1400-cm-' region of the infrared and Raman spectra of 
4.55 M cadmium nitrate solution clearly indicate the 
presence of complex species and solvated nitrate ion 
(Table I) .  

A Raman spectroscopic study16 of the aqueous alkali 
metal nitrates showed that only for solutions of lithium 
and sodium nitrates above 7.0 M was the vd(E')  mode 
of the nitrate ion split into two bands. In  these solu- 
tions of low water content i t  is probable that the nitrate 
ion occupies a position in the first coordination sphere 
of the metal ion. It has been suggestedI6 that the pres- 
ence of a band at  cn. 740 cm-' implies direct metal-ni- 
trate interaction. The observation of a band a t  740 
cm-' for all solutions of cadmium nitrate supports the 

2.0 c ' 4  

I ,9 2 0  3.0 0 

R 

Figure 3.-Relative amplitude 11s. the ratio R (the total concen- 
tration of nitrate divided by the total concentration of cadmium- 
(11) ion). The Concentration of cadmium(I1) ion is 1.0 M for 
all values of R. 

conclusion that the species in these solutions are not 
solvent-separated ion pairs but contact ion pairs. 

The 818-cm-' infrared band may be attributed to 
the complex species. For a nitrate ion of D a h  sym- 
metry the v2(A2") mode occurs a t  ca. 830 cm-'. The 
lower frequency observed for this mode is consistent 
with previous work.10s12r15 The infrared spectrum of a 
4.55 M solution of cadmium nitrate shows a band a t  
818 cm-l, originating from complexed nitrate, with a 
shoulder a t  830 cm-' originating from free nitrate. 
This observation indicates considerable complex for- 
mation. 

The relative intensities of the infrared bands a t  830 
cm-', normally infrared allowed, and a t  1043 cm-', 
normally infrared forbidden, have been used to dis- 
tinguish between complex formation and cationic per- 
turbation of the nitrate ion. 10,15.16 The ratio 11043 /1820  

is 0.34 for saturated sodium nitrate.16 For two systems 
which have been shown to exhibit complex formation, 
as evidenced by the observation of a metal-oxygen 
stretch vibration, the ratio varies from 7.7 for saturated 
cerium(1V) nitratelo to 20.0 for saturated thorium ni- 
trate.18 A calculated intensity ratio of 4.0 for satu- 
rated cadmium nitrate appears to indicate some com- 
plex ion formation. 

Molar Ratio Solutions.-The molar ratio plots (Fig- 
ure 3) demonstrate that the band amplitudes of the 
free ( A  1404, A,,,,) and complexed (A 1452) nitrate increase 
with nitrate ion concentration. Although the plots 
give no direct information as to  the stoichiometry of the 
species, it  is possible to calculate a, the average num- 
ber of nitrate ions bound per cadmium ion, for the solu- 
tions studied. The value of a, assuming all of the 
cadmium ion in solution exists as complex nitrato spe- 
cies, never rises above 0.5. This low value would seem 

(18) A. K. Davis, unpublished results. 
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to preclude the existence of species with more than one 
nitrate per cadmium ion. 

Using the spectral information relating to uncom- 
plexed nitrate for the molar ratio solutions it is pos- 
sible to calculate formation constants. From the Job 
method, at f = 1.0, the solution contains only nitrate 
ion. Therefore, the molar intensity, -1) of the 1404- 
cm-I band, originating from free nitrate, may be calcu- 
lated 

This result may be used to calculate the concentration of 
free nitrate present in the molar ratio solutions 

. L O 4  [free nitrate] = Cr = __ 0.55 

Assuming that CdN03+ is the important species pres- 
ent, then the main equilibrium is 

Cd2+ + SOs-  e CdiXOs' 

where CTOT is total nitrate concentration and total 
Cd2+ concentration is 1.0 M. If CdN03+ is the im- 
portant species and its equilibrium quotient K1 re- 
mains constant, then a plot of C T ~ T  - Cf vs. [1.0 - 
(CTOT - Cf) IC, should give a straight line of slope K1 

passing through the origin. As shown in Figure 4, a 
straight line of slope 0.38 (k0.05) passing through the 
origin is obtained. Other workers have reported Cd- 
NO3+ formation constants ranging from 0.618 (at 45") 
to 2.5415 (at 25"). Thus the calculated constant is in 
reasonable agreement with previous work. 

U"- 

'i 

"!-= 

0.4 - 

0.3 - 

Figure 4.-A plot of C~TOT - Cr us. [I - (C~0. r  - Cf)] Cr for data 
obtained from the molar ratio solutions. 

A similar calculation was carried out assuming that 
Cd(N03)* was an important species. A nonlinear plot 
was obtained which did not pass through the origin. 

Job Solutions.-For the Job solutions the intensity 
of the 1404-cm-l band, due to free nitrate, increases 
withf (Figure 2, open circles). It has been shown that 
the intensity of the 1404-cm-1 band varies linearly 
with Concentration of sodium nitrate.16 In  the Job 
method of analysis, j' is directly proportional to the total 
concentration of nitrate ion. Therefore, if no com- 
plexation occurs, the intensity of the band a t  1404 c111-' 

should increase linearly with J ,  shown by the dashed 
line in the upper part of Figure 2. The departure from 
linearity of the plot off  vs. the intensity of the 1404- 
cm-' band may be interpreted in terms of complex 
formation. The band at 1452 cm-l exhibits an am- 
plitude maximum at f equal to 0.58 (Figure 2 ,  open 
circles). The single maximum suggests the occurrence 
of but one species, although conclusions concerning the 
stoichiometry of the species from the Job results must 
a t  best be tentative. 

Using the association constant of CdN03+ derived 
from the molar ratio study, it is possible to calculate 
the theoretical concentrations of the CdN03+ and 
Nos- ions present in the Job solutions. This calcu- 
lation rests on the assumption that CdN03+ and NOa- 
are the only nitrate-containing species in the solutions. 
The calculated molar intensity of the 1404-cm-' band 
is 0.55. This value may be used to compute the theo- 
retical intensity of the 1404-cm-I band, originating 
from free nitrate ion, for the Job solutions. The re- 
sults from these calculations are shown by the plot 
of the solid line in the upper part of Figure 2. The 
agreement between the experimental open circles and 
the calculated solid line is extremely good. It was not 
possible to calculate directly the molar intensity of the 
band at 1452 cm-'. Instead, the concentration of Cd- 
NOS+ ion, obtained using the value of 0.38 for the asso- 
ciation constant, has been normalized to the experi- 
mental data a t  an f value of 0.5. At this point the 
molar intensity of the 1452-cm-I band, originating 
from complexed nitrate, was calculated to be 0.88.  
This value was used to compute the theoretical intensity 
of the 1452-cm-1 band originating from the Job solu- 
tions. The computed variation of intensity of the 
1452-cm-l band with f is shown by the solid line in the 
bottom half of Figure 2. The agreement between the 
computed and measured intensities is not as good as for 
the 1404-cm-I band. The reason for this may be the 
existence of complexes higher than CdN03+, but is more 
likely due to inaccuracy in the experimental measure- 
ment of band intensity. 

Band Assignment,-A band assignment may be 
made on the assumption that stoichiometric cadmium 
nitrate solutions may be regarded as containing the 
species Cd2+, CdN03+, and NOa-. The bands due to 
free nitrate may be assigned as shown in Table 11. 

TABLE I1 
FREQUESCY ASSIGNMEXTS FOR THE FREE ASD BOUSD 

KITRATE IN SoLvrIon-s OF CADMIUM SITRATE 
,----Solvated nitrate ion (1)3+-- 
Infrared Raman Assignment 

720 720 vr (E ' )  

830 UdA2' '1 
1050 ~i(A1') 

--Bound nitrate ('&,,).-- ---. 
Infrared Raman Assignmetit 

720 720 ~g(Bi )  
740 740 ~ ( A L )  
818 822 %(Bz) 

1043 (CU. 1043)" ~z(A1) 
1328 1324 vi&) 

1348 1348 

1404 1404 
~ 3 0 3 ' )  

1456 1452 vc(B1) 

Appears as asprninctry of t h e  1 030-cm-1 baiitl. 
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The polarized Raman band at  348 cm-l may be as- 
signed to the Cd-OH2 stretch and is therefore char- 
acteristic of the solvated cadmium ion (Table I), as 
assigned p r e v i o ~ s l y . ~ ~  The occurrence of a polarized 
Raman band a t  1324 cm-I suggests that  the nitrate is 
coordinated in a monodentate manner.20 This would 

suggest the formulation of a CdON02+ species in which 
the normal Dgh symmetry of the nitrate ion is lowered 
to Czv. The reduced representation for a nitrate ion of 
this symmetry is 3A1 (infrared, Raman) + 2B1 (infra- 
red, Raman) + B2 (infrared, Raman).’j The observed 
spectra fit this assignment well (Table 11). The ab- 
sence of a Cd-0 stretch in the Raman spectra may be 
interpreted in terms of a predominantly ionic Cd-0 
bond. 

(19) R. E. Hester and I<. A. Plane, Inoug.  Chem., 3, 768 (1964). 
(20) H. Brintzinger and R. E. Hester, ibid., 5, 980 (1966). 

CVNTRIBUTIVN FROM THE DEPARTMENT O F  CHEMISTRY A N I  THE MATERIALS RESEARCH CENTER, 
SORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS 60201 

Synthesis and Structure of Four- and Five-Coordinated 
Gaseous Oxohalides of Molybdenum(V1) and Tungsten(V1)l 

BY BRIAN G. WARD AND FRED E. STAFFORD 

Received May 27, 1968 

A method for generating molybdenum and tungsten oxohalides is described. New gas-phase infrared spectral data (400- 
4000 cm-’, in emission and/or absorption) are given for the dioxodihalides and oxotetrahalides Mo02F2, Mo02C12, MoOzBrz, 
Mo0212, WO2C12. W02Br2, WO~IZ,  MoOF4, MoOBrc, WOR, WOBrc, and WOIc and for (MoOl), vapor. The spectra of the 
dioxodihalides are compatible with the existence of monomeric species in the gas phase. Correlations are made among (1) 
the M-0 double-bond stretching frequencies in the oxohalides and gaseous monoxides, dioxides, and trioxides, (2) the M-F 
and M-0-M stretching mode frequencies, and (3) the gas-phase and condensed-phase M-0 frequencies. 

Introduction 
Structural information for the monomeric four- or 

five-coordinated oxohalides of chromium, molybdenum, 
and tungsten decreases in availability for the heavier 
metals. Chromium has been studied in detail in the 
normal highest oxidation state (VI) and structural 
parameters have been established for the known dioxo- 
dihalides CrOzFZ and Cr0zC122-5 but not for the oxo- 
tetrafluoride. Molybdenum has been studied as the 
dioxodichloride6-s and more recently as the dioxodi- 
bromide, oxotetrachloride, and the gaseous polymeric 
trioxideJ9-11 the results being related to those for the 
corresponding chromium compounds. Tungsten com- 
pounds are poorly documented, tentative information 
for the dioxodichloride10 being the only entry. The 
lack of structural information restricts reliable inter- 
pretation of kinetic and thermodynamic data for com- 
pounds of these important refractory metals. The main 

(1) Supported by the U. S. Advanced Research Projects Agency through 
the  Materials Research Center. The  infrared spectrometer was acquired 
in part through a National Science Foundation Institutional Facilities Grant. 

(2) J. K. Palmer, J .  A m .  Chem. Sac., 60, 2360 (1938). 
(3) W. E. Hobbs, J .  Chem. Phys., 28, 1220 (1958). 
(4) H. Stammreich, K. Kawai, and Y.  Tavares, Spectrochim. Acta, 15, 438 

(1959 j . 
(6) I;. A.  Miller, G. L. Car-lson, and W. B. White, ibid., 16, 709 (1959). 
(6) 1%.  A. Skinner, Thesis, Oxfoi-(1 [:niversity, 1941, unpublished; cited in 

“Tables of Interatomic Distances and Configuration in Molecules and Ions,” 
Special Publication No. 11, The  Chemical Society, London, 1958. 

(7) H. G. J. Dehmelt, J .  Chem. Phys . ,  21, 380 (1953). 
(8 )  H. h.1. Stiusloruvich and I , .  0. Atnvtiyau. Z h .  S l r u k l .  Khiin., 4 ,  273 

(9) G. A. Kokovin and iY. K. Torogova, Z h .  Neovgan.  Khim. ,  10, 560 
(1965). 

(10) C. G. Barraclough and J. Stals, Anstrnliaii J .  Chem.,  19, 741 (1966). 
(11) T. V.  Iorns and F. E. Stafford, J .  Am.. Chem. Sac., 88, 4819 (1966). 

( IU63 j . 

problem associated with such studies is the physical 
state of the compounds under investigation. For the 
molybdenum and tungsten oxohalides, the solid and 
liquid phases contain polymer specieslO with octa- 
hedrally coordinated metal atoms; the vapor phase, 
where observed,lo,ll contains predominantly mono- 
meric species with features in common with the chro- 
mium  analog^.^-^ 

The present paper describes a method of generating, 
observing, and identifying the vaporized oxohalides 
using an infrared spectrometer to record vibrational 
frequencies, both in emission and absorption, and of- 
fers a generally applicable synthetic method for similar 
studies. Results are given for the oxohalide species of 
molybdenum and tungsten. 

Experimental Section 
The molybdenum- and tungsten(V1) oxohalides were generated 

using a fused mixture of an alkali metal halide with the metal 
trioxide, as previously suggested12J3 for the synthesis of WOF4 
and Mo02C12. The oxofluorides were prepared in a stainless 
steel cell 1 m in length, fitted with end windows. The fused 
reaction mixture was contained in a nickel boat placed in the 
hot central zone of the cell. The apparatus for the remaining 
oxohalides consisted of a 1 m long mullite (2A1203. SiO2) cell with 
glass ends onto which the appropriate windows were sealed. 
The reaction mixture was located in the center of the cell in a 
quartz boat. The central 50 cm of the cells was heated using a 
Kanthal (Stamford, Conn.) wound mullite tube furnace. Steady 

(12) 0. Scmitz-Dumont, I. Bruns, and I. Heckmann, Z .  Anorg.  Al lgem. 

(13) A. X. Zelikman and X. K, Gorovits, Zh. Obshch. Kh im. ,  24, 1916 
Chem., 271, 347 (1953). 

(1954). 


