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Solutions of WCls in alcohols have been investigated. 
ion. 
and magnetic properties were determined. 
tions which had been saturated with HCl. 
alkyl chloride to give a mixture of solid materials which probably contain tetrachlorooxotungstate(V). 

The solutions were acidic with HCI, neutral, or basic with alkoxide 
A number of tetrachlorodialkoxo- and pentachloroalkoxotungstates(\') were prepared and characterized and spectra 

A yellow compound [ ( C H ~ ) ~ N ] ~ [ W ( O C Z H ~ ) C ~ ~ ]  was isolated from ethanol solu- 
The pentachloroalkoxotungstate(V) species decomposed by the elimination of 

In this laboratory, investigations of the preparation 
of paramagnetic chloroalkoxo or chloro alcohol com- 
plexes have been Tungsten(V) became of 
interest for comparison with molybdenum(V). Di- 
agonal similarities to niobium(1V) could also be antici- 
pated. 

Funk and Naumann5 prepared several tungsten(V) 
chloromethoxo dimers, a monomeric tungsten(V) chloro- 
methoxoalcoholate, and the pyridinium and triethyl- 
ammonium salt of the tetrachlorodimethoxotungstate- 
(V) anion. 

Klejnot6 examined the behavior of WCle in methanol 
and ethanol. He obtained a dimeric chloroethoxo- 
tungsten(V) species, a monomeric chloroethoxo com- 
pound of tungsten(V), and the analogous methoxo 
derivative. 

Other tungsten(V) work has centered on a number of 
oxyhalide c o m p l e x e ~ , ~ ~ ~  amine derivatives, 9,10 and the 
hexahalo anion. 8 l 1 - I 4  

Experimental Section 
Materials.-Absolute ethanol was dried by distillation in the 

presence of sodium ethoxide and diethyl phthalate. Methanol 
was dried by distillation in the presence of magnesium; l-pro- 
panol was dried by distillation in the presence of sodium. Tetra- 
alkylammonium salts were reagent grade and dried in an oven. 
Anhydrous HC1 was used directly from the cylinder. 

Anhydrous WCl; was prepared from WCls by reduction with 
phosphorus.16 The WCls was obtained from Climax Molyb- 
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denum Co., sublimed under a vacuum, and sealed in ampoules. 
Ethyl ether was dried 

over sodium. Nitromethane16 was dried by distillation in the 
presence of Drierite. The distillate was then passed over a 
Dowex 50W-X8 resin to remove basic impurities. All solutions 
and compounds were stored under dry nitrogen. 

Preparations. (CZH~)~N(WC~~) . -A  10.8-g sample of WC15 
(0.03 mol) was added to a solution (-78') which was prepared by 
saturating 25 ml of ethanol with HCl a t  0".  The temperature of 
the suspension was increased to  0".  A solution of 4.98 g of tetra- 
ethylammonium chloride dissolved in 35 ml of ethanol was 
rapidly added to the yellow-brown solution. A dark green 
precipitate formed. It was washed with a 5: 1 mixture of ethyl 
ether-ethanol and finally with ethyl ether. The compound was 
dried under vacuum. The resulting compound was approximately 
( C ~ H S ) ~ N ( W C ~ O )  but also contained a small amount of what was 
probably (CzHs)qN[W(OC*H;)Cle]. The compound was purified 
by recrystallization from thionyl chloride; yield -25%. Anal. 
Calcd for WCbCsHzor*uT: W, 34.90; C1, 40.38; C, 18.24; H, 
3.83; N, 2.66. Found: W, 34.78; C1, 39.94; C, 18.49; 
H ,  4.02; N, 2.72. 

( C ~ H ~ ) ~ N [ W ( O C * H S ) Z C ~ ~ ]  .-A 10.8-g sample of WClj (0.03 
mol) was added to 25 ml of ethanol a t  - 78". After the tempera- 
ture was increased to Oo, a yellow-green solution was obtained. 
A solution which was prepared by dissolving 4.98 g of (CZH5)q- 
NC1 (0.03 mol) in 35 ml of ethanol was rapidly added to it.  A 
yellow-green precipitate formed immediately. The compound 
was filtered, washed with 5: 1 ethyl ether-ethanol and finally with 
ethyl ether, and dried under vacuum. The resulting compound 
was a mixture of (CZH&N[W(OCZHS)C~~] and (CZH:)~N[W- 
(0CzHs)zClrl as indicated by analysis, loss of ethyl chloride, and 
magnetic data (see below). A 50-ml portion of ethanol was 
added, the solution was stirred for 18 hr, and the mixture was 
converted to  ( C ~ H G ) ~ N [ W ( O C Z H ~ ) Z C ~ ~ ] .  The green compound 
was filtered, washed with ethyl ether-ethanol and finally with 
ethyl ether, and dried under vacuum. Anal. Calcd for b'Cl4- 

2.57. Found: W,33.73; C1,26.25; C,26.46; H ,  5.68; N, 
2.57. 

(CH3)4N [W(OCZHS)ZC~~] .-Tetramethylammonium chloride was 
added in place of tetraethylammonium chloride in the above 
preparation. The compound was obtained in better purity by 
the following procedure. A 7.2-g sample of WCl; (0.02 mol) was 
added to 35 ml of a cold (-78') ethanol solution, which con- 
tained 0.04 mol of Li(OCzH6). The heterogeneous mixture a t  
-78" became a solution a t  25". Addition of a solution which 
contained 2.2 g of (CHB)4NCl (0.02 mol) in 20 ml of ethanol 
caused a green compound to  precipitate. The product was 
washed with a 5 : l  ethyl ether-ethanol solution and then with 
pure ethyl ether. I t  was dried under vacuum; yield'76.30%. 

Thionyl chloride was reagent grade. 

CiH3002N: W, 3.10; C1, 25.97; C, 26.40; H, 5.54; N, 
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Anal. Calcd for WC14C8H2202N: W, 37.53; C1, 28.95; C, 
19.61; H,  4.53; Tu', 2.86. Found: W, 37.38; C1, 29.41; 
C,  19.45; H ,  4.48; N,3.00. 

(CHa)aN[W(OCH3)&14] .-The procedure was similar to  the 
final preparation of the previous compound except methanol was 
used in the place of ethanol; yield 74.1170. Anal. Calcd for 

N, 3.03. Found: W, 40.02; C1, 30.74; C, 15.70; H ,  4.09; 
N, 3.24. 

[(CH,),N]Z[W(OC~H,)C~,~ .-A 10.8-g sample of WCls (0.03 
mol) was added to  25 ml of ethanol (-78') which had been 
saturated with HC1 a t  0". The temperature was increased to 0".  
After 15 min, a solution which contained 3.3 g of [(CH3)4X]Cl 
(0.03 mol) in 35 ml of ethanol was rapidly added. Two hours 
later, a yellow precipitate was filtered, washed twice with a 5:2 
ethyl ether-ethanol solution and finally with ethyl ether, and 
then dried under vacuum; yield 40.7Syo. Anal. Calcd for 

20.36; H,  4.96; N, 4.75. Found: W, 31.01; C1, 36.30; 

(C~H~)~N[W(OCZHS)CL] .-The procedure was the same as in 
the preparation of (C2Ha)4NWCls, except that  before the isolation 
of the dark green compound, HCl was bubbled through the sus- 
pension and it was converted into a yellow compound. Con- 
siderable heat was evolved when thc HCl was introduced; yield 
76.36%. Anal. Calcd for SI'C1:C~~H~~ON: W, 34.27; C1, 
33.06; O C Z H ~ ,  8.40; C, 22.39; H, 4.70; N, 2.61. Found: 

2.67. 
( C H ~ ( C H S ) ~ ) ~ N  [W(OC,H;)Cl:] .-The procedure was analogous 

t o  that  used in the preparation of (C?Hs)a?;[W(OC2Ha)ClsJ except 
tetrabutylammonium chloride was substituted for tetraethyl- 
ammonium chloride; yield 47.5470. Anal. Calcd for WCla- 

2.16. Found: SV, 28.17; C1, 27.76; C, 33.30; H ,  6.45; 
N, 2.13. 

(CH~CHZCH~)~N[W(OCZH~)C~: ]  .-The procedure was the same 
as in the preparation of (CaH:)aN[SV(OC2Ha)Clj] except tetra- 
propylammonium chloride was substituted for tetraethylammo- 
nium chloride; yield 46.50r0. Anal. Calcd for WCl:CI4- 

Found: W, 30.72; C1, 29.92; C, 28.15; H ,  5.71; Y, 2.36. 
(C2Hj)qN [W(OCH3)Cl:] .-The compound was obtained by the 

substitution of methanol for ethanol in the procedure for the 
preparation of (C2Hj)qN[W(OCaHj)Cl:] ; yield 72.57%. Anal. 
Calcd for 'iVCl;CoH130IT: W, 35.19; C1, 33.93. Found: W, 
35.35; C1, 33.49. The compound decomposed too rapidly t o  
allom us to obtain commercial C, H,  and N analyses. 

(C~H;)~N[W(~-OCSH~)CI:]  .--A 5.4-g sample of WCl:, (0.015 
mol) was added to 20 ml of 1-propanol (-78') which had been 
saturated with HCl a t  0". The solution was allowed to  warm t o  
room temperature. Immediately after the solution changed 
from yellow-brown to light green (10-20 min), a solution of 2.5 g 
of [(C2H;)4I\j]Cl (0.015 mol) in 20 nil of 1-propanol was added to  
it. 4 yellow compound was obtained in 53.60y0 yield. The 
complex was washed with a 5: 1 ethyl ether-1-propanol solution 
and  finally with pure ethyl ether. It  was dried under vacuum. 
Anal. Calcd for LVClsC1IH2,ON: W, 33.45; C1, 32.18. 
Found: SV, 33.21; C1,32.11. 
(COHS)~N(WOC~~).-(C~H:)~S[\V(OC~H~)C~~] decomposed by 

spontaneous evolution of C~HECI to  give a blue compound, 
(GH:)aN(TVOC14). Anal. Calcd for W C I ~ C ~ H ~ O O N :  SV, 
38.96; C1, 30.05; C, 20.36; H, 4.27; N, 2.97. Found: 
W,38.39; C1, 29.84; C, 20.39; H,4.50; K,2.84. 

[CSHGN] [W(OCH3)nCl4] .-A 13.5-g sample of SVCl: (0.037 
mol) was added carefully to  23 ml of methanol cooled to  -40' in 
a Dry Ice-chloroform slush bath. The dark green solution was 
treated with either a methanol-pyridine mixture or pyridinium 
chloride (0.037 mol), and a green solid separated. The crystals 
were filtered, washed with ether and methanol, and dried in 
zaczto; yield 50-60%. Anal. Calcd for CiHl2OnNClaSV: C, 

VrClaC6H1802hT: W, 39.80; C1, 30.70; C, 15.60; H ,  3.93; 

W C ~ G C I ~ H ~ ~ O X Z :  W, 31.17; C1, 36.06; OCzHc, 7.63; C, 

OC2Hj, 8.16; C, 20.21; H,4.95; N,4.88. 

W, 33.99; C1, 32.93; OCzHj, 8.04; C, 22.15; H,  4.84; N, 

C18HalON: W, 28.34; C1, 27.33; C, 33.33; H ,  6.37; 3, 

W, 31.03; C1, 29.92; C, 28.38; H ,  5.61; N, 2.36. 

17.96; H ,  2.57; N, 2.99; C1, 30.32; W, 39.31. -Found: 
C,  17.94; H ,  2.55; N, 2.90; C1, 30.30; W, 39.32. 

[CjHeN] [W(OC,H,)&L] .--il 10-g sample of WC16 (0.027 mol) 
was added to  20 ml of ethanol cooled to -75" with a Dry Ice- 
propanol bath. The solution was gradually warmed to  0" and 
stirred for 1 hr. Then pyridinium chloride or a pyridine- 
ethanol mixture (0.027 mol) was added, and the product was 
filtered, washed with ether and ethanol, and dried in  ' L ~ U C U O .  

Anal. Calcd for CsH1+jOzSC141V: C, 21.79; H ,  3.23; N, 
2.82; C1, 28.60; W, 37.09. Found: C, 21.86; H,  3.36; 
N, 2.86; C1,28.49; W, 36.90. 

WzCla(OC2Ha)~.--ii 5-g sample of WClj (0.014 mol) was added 
to  ethanol a t  -78". The solution was gradually warmed to 0". 
A sodium ethoxide solution (prepared by treating 0.64 g of Na 
(0.028 g-atom) with 20 ml of ethanol) was added dropwise to the 
green solution. The color became red-brown and sodium chloride 
separated from the solution. The sodium chloride was removed 
by centrifuging and decanting the mixture. The resulting solu- 
tion was allowed to  reflux for 2 hr and was then stored a t  - 15' 
overnight. Red crystals6 formed slowly; yield 2;Yo. Anal. 
Calcd for W~~C~I(OC?H~)G:  C1, 18.18; \V, 47.15. Found: Cl, 
18.12; W, 47.21. 

Wd34(0CH3)e.-A 10.8-g sample of IVCta (0.03 mol) was 
cooled t o  -78" before addition to 25 ml of CHgOH also a t  -78'. 
The purple solution became green a t  room temperature. X red- 
brown solid remained upon vacuum evaporation of the solution. 
The product was purified by addition of 30 ml of CHaOH to the 
solid. The small amount of precipitate which remained was 
filtered and discarded. The red-brown solution was concen- 
trated to  10 ml by vacuum evaporation, cooled a t  -10" for 2 hr, 
filtered, washed with a small amount of ethyl ether, and dried 
under vacuum. Anal. Calcd for WCl?C3Hs03: W, 52.85; 
C1, 20.39. Found: W, 52.83; C1, 20.43. 

W2Cl2(0C2H5)3.-This compound was prepared by the same 
method as the previous chloride alkoxide. X sodium ethoxide 
solution with an ethoxide to  tungsten ratio of 4 :1  was used. 
Anal. Calcd for W ~ C I ~ ( O C ~ H G ) ~ :  C1, 8.87; OCPHB, 45.08; 
W, 46.04. Found: C1, 9.87; OCaH:, 44.34; I%', 46.23. 

Analyses.-All compounds were dissolved in an ammonium 
hydroxide-hydrogen peroxide solution. Tungsten was deter- 
mined by precipitation with 8-hydroxyq~iiioline.~' Chloride was 
determined by potentiometric titration with silver nit,rate. Ethox- 
ide was determined by oxidation with excess dichromate; then 
the excess dichromate was treated with KI and the iodine liber- 
ated was determined with thiosulfate.18 Difficulties arose in the 
treatment of all tetraalkylammonium salts except those with the 
tetramethylammonium ion. The other cations precipitated some 
dichromate and all precipitated iodide. C, H ,  and hT were 
determined by Spang Microanalytical Laboratory, Ann Arbor, 
Mich. 

Magnetic Moments.-Magnetic susceptibilities were deter- 
mined a t  70, 195, and 297'K. CuS04.5HzO served for calibra- 
tion. Correctionslg for diamagnetism of the ligands were made. 
All samples were measured a t  several field strengths to check for 
ferromagnetism. 

Optical Spectra.-Infrared spectra were determined in Nujol 
mulls, 9 Unicam SP-200 spectrophotometer was used. Visible 
and ultraviolet spectra were determined with a Cary Model 14 
spectrophotometer, a Unicam SP-800 spectrophotometer, and/or 
a Bausch and Lomb Spectronic-600 to which is connected an 
integrating-sphere reflectance attachment. 

Solution spectra of monoalkoxo and WOC14- species were 
obtained by use of nitromethane as the solvent, because com- 
pounds which are dissolved in an alcohol are converted to  a di- 
alkoxide and then undergo further decomposition (within 24 hr)  

(17) S. Halberstadt,Z. Anal. Chem., 92, 86 (1933). 
(18) D. C. Bradley, F. M. A. Halirn, and W. Wardlaw, J. C h e m .  Soc., 

3453 (1950). 
(19) B. Figgis and J. Lewis, "Modern Coordination Chemisty," J. Lewis 

and R. Wilkins, Ed. ,  Interscience Publishers, Kew York, N. Y., 1950, p 403. 
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and change from a green to a yellow solution. Spectra of di- 
alkoxo species could be determined in alcohol or nitromethane. 

Experimental Techniques-All reactions were carried out  
under dry NZ because the compounds are air and moisture sensi- 
tive. Filtrations were effected by use of suction. Compounds 
were dried in uacuo and stored under dry Nz. 

Reactions of Solutions of wcl~.-As saturated HCl solutions 
of WCls were warmed from -78 to 2 5 O ,  the color changed from 
black-green to yellow-brown to light green. Dark green solu- 
tions were obtained at room temperatures if the alcohol was not 
saturated with HC1. The dark green solution persisted through 
a lithium alkoxide: WC15 ratio of 2:  1. Dimers formed as the 
alkoxide concentration in~reased .~  The solution became red- 
brown at 2-4 mol of LiOR/mol of wcls ,  red a t  4-6 mol of LiOR/ 
mol of WCls, and black a t  6 mol of LiOR/mol of wc16. 

Results and Discussion 

Scheme I summarizes the reactions of WC15 in the 
alcohols which were studied. 

For each of the monomeric compounds described in 
the Experimental Section, visible-ultraviolet and in- 
frared spectra were obtained. Table I gives the im- 
portant infrared absorption bands. All of the com- 
pounds have an absorption between 1020 and 1100 cm-l 
which can be attributed to a C-0 stretching of a co- 
ordinated alkoxide group. 3,20 

TABLE I 
INFRARED FEATURES OF TUNGSTEN(V) COMPOUNDS 

Compound v(C-O), em-* v(others), cm-1 
(CH3)rN [W(OCHa)zClrI 
(CHs)4N [W (OCzHs)zClrl 
[ (CHs)4N 1 2  [W(OCzHsClsl 
(CzHs)dN (WCld 
(CzHs)4N [W(OCHs)Clsl 
(CzH6)rN [W(OCzHs)Clsl 
(CzHs)rN [W(OCzH~)zClrI 
(CzHs)rN [W (n-OCsH~)Cls] 
(CzHs)rN (WOClr) 
(CHsCH2CHz)rN [W (0CzHs)ClsI 

(CHs(CHz)s)aN [W(OCzHs)Clsl 

(CsHaN) [W(OCHs)Clrl 
(CsHaN) [W(OCzHs)Clrl 
WzClr (OCZHP) z 
WzClz (OCzHs) s 

1080, 1160 
1052, 1093 
1060 

1080 
1029 
1060, 1095 
1060 

1050, 1088 

1063, 1099 

1060 
1060, 1090 
lotio, 1090 
10611, 1090 

. . .  

. . .  

Plus all (CHs)rN + bands 
3500 (0-H?) 

Plus all (CzHs)rN + bands 

W=O a t  990 
Plus all (CHsCHzCHz)4N + 

Plus all (CHa(CHz)s)rN + 

Plus all CsHoN + bands 

bands 

bands 

Table I1 contains the important near-infrared-visi- 
ble-ultraviolet features for these compounds. The 
electronic spectra suggest octahedral or tetragonal 
symmetry. The low-energy band a t  5800 cm-' is 
probably an infrared overtone or multiple vibration. 

Five absorption maxima were found in the solid-state 
spectrum of [(CHB)IN]Z[W(OCZH~)C~~]. The com- 
pound was only slightly soluble in nitromethane and 
ethanol so that solution spectra could not be obtained. 
An 0-H stretch a t  3600 cm-l in the infrared spectrum 
indicates an impurity may have been present. The 
electronic spectrum tends to rule out a double salt, such 
as [(CH3).IN][W(OC2H5)C15]. [(CH&N]Cl. The mag- 
netic susceptibilities (Table 111) differ in magnitude and 
temperature dependence from both the monalkoxo- 
pentachlorotungstate(V) salt and the hexachlorotung- 

(20) C. G. Barraclough, D. C .  Bradley, J. Lewis, and I. M. Thomas, J .  
Chem. Soc., 2601 (1961). 

state(V) compounds. The compound is probably 
seven-coordinate. 

( C Z H ~ ) ~ N ( W C ~ ) B  was previously prepared by the 
reduction of WCI, in thionyl chloride.21 The prepara- 
tion of (CZHE,)~N(WC&) in ethanol is unreported. Al- 
though a one-step process for the preparation was de- 
sired, none was found satisfactory. The compound had 
to be purified by reprecipitation (and possible alkoxide 
replacement by chloride ion) in thionyl chloride. 
Spectroscopic and magnetic results were in accord with 
the data reported p r e v i ~ u s l y . ~ ~ ~ ~ - ~ ~  The dimers are 
diamagnetic. 

Calculations outlined by FiggisZ2 were attempted for 
the dialkoxo complexes, which are assumed to be 
tetragonal (trans) on the basis of their electronic spectra 
and the analogy with the corresponding molybdenum- 
(V) compounds. The measured magnetic suscepti- 
bilities a t  77, 195, and 297°K are given in Table 111. 
The weak temperature dependence of the magnetic 
susceptibilities is reflected in the small negative values 
of the Weiss constant (0 - -2OK) and nearly constant 
values of the magnetic moments. Thus, the conclu- 
sions which can be drawn from the method are qualita- 
tive. Figgis' v is defined as A/X, where A is the separa- 
tion of the t z g  orbitals created by the tetragonal distor- 
tion of the ligand field and X is the spin-orbit coupling 
constant. The data indicate v is greater than 10, A 
probably ranges from 8000 to 11,000 cm-l, and thus X is 
approximately 500 cm-l. This value agrees with that 
found for X in the tungsten(V) oxyhalide  compound^.^ 

The magnetic moments increase as the number of 
alkoxide groups increases and suggest the formation of a 
strong tungsten-oxygen multiple bond which increases 
the spacing between the e and bz orbitals. As a result, 
the spin-orbit contribution to the magnetic moment is 
lowered. 

The pentachloralkoxotungstate(V) salts are perhaps 
the most interesting species isolated. They decompose 
in the solid state by elimination of an alkyl chloride to 
give mainly the tetrachlorooxotungstate(V) derivative, 
but there is some other product that  we have been un- 
able to identify. Both an infrared spectrum of the gas 
above the compound and analyses of initial and final 
product indicate loss of alkyl chloride according to the 
equation 

R I N [ W ( O R ) C ~ ~ ]  -+ RaN[WOC14] + other solid products 

The same alkyl chloride was evolved regardless of the 
cation. When R was ethyl, CzHbC1 was produced, and 
methyl gave CH3C1. The complex changed color from 
yellow to blue when the alkyl halide was evolved. The 
C-0 stretch diminished in intensity as the alkyl halide 
evolved and a W-0 stretch appeared. The electron 
absorptions of the product were shifted to higher ener- 
gies and had different molar absorptivities. Spectra of 
the tetrachlorooxotungstate(V) complexes were similiar 
to those already reported. 

- RCl 

(21) D. M. Adams, J. Chatt ,  J. M. Davidson, and J. Gerratt, i b i d . ,  2189 

(22) B. N. Figgis, Tvans. Favaday Soc., 167, 198 (1961). 
(1963). 



590 RILLEMA, REAGAN, AND BRUBAKER Inorganic Chemistry 

TABLE I1 
ELECTRONIC ABSORPTION SPECTRA O F  COMPOUNDS 

Compound Medium loa,, cm-1 (emax) 

(CHs)rN [W(OCH$zC141 Solid 10 .9 ,  13 .5 ,  21.7 sh, 25.3 
Nitromethane 

Methanol 

10.6 ( l O . Q ) ,  13 .7  (12.6),  25 .0  
( 2 6 , l )  

10.6 (10.9), 1 3 . 7  (12. e), 2 1 . 1  
(-13.5) sh, 25 .0  (-26) sh, 
3 0 . 8  (-775) sh, 34.6 
(-4670) sh 

(CH3)rN [W(OCzHs)zClaj Solid 11,1, 14.1,  24.7 sh 
Nitromethane 

Ethanol 

10.8 (12.5), 14 .0  (13,6),  24.7 
( 2 5 , l )  

1 0 . 8  (12.5) ,  14 .0  (13.6),  24.7 
(-26) sh, 3 0 . 8  (-750) sh, 
3 5 , 5  (-5188) sh 

[(CHa)rN 1 2  [W (OCzHs) Clal Solid 5 . 8 , 7 . 5 , 8 . 2 ,  1 5 . 4 , 2 4 . 7 s h  
(C9Hs)4N [W(OCzHs)?Clr] Solid 5 . 8 , 1 1 . 6 ,  1 4 . 1 , 2 4 . 5 s h  

Nitromethane 

Ethanol 

10 .9  (12.71, 13.9 (13.4),  2 4 . 3  

10.9  (12.7),  13 .9  (13.4),  24.3 
(-20) sh, 3 0 . 8  (-750) sh, 
3 5 , 5  (-5188) sh 

(22,7) 

(C2HS)41\T[~'(OC2Hs)Cls] Solid 5 . 8 , 8 . 6 ,  1 3 . 7 , 2 3 . 3 s h  
Piitramethane 

(CnHs)rN [W(OCHa)Cln] Solid 5 . 8 , 8 . 4 , 1 5 . 1 , 2 2 . 6 s h  
Nitromethane 

(CzHs)&N [W(n-OCaH7)Clsl Solid 5 . 8 , 8 . 5  
Nitromethane 5 . 8  (5.2),  8 . 7  (8.2) 

(CsH;)rN [W(OC2HdCls] Solid 5 .8 ,  8 . 5 ,  22.9 
Sitromethane 5 . 8  ( 4 . 7 ) ,  8 . 6  (7.3) 

(C4HB)rN [W(OCzHs)Cla] Solid 5 .8 ,  8.40, 23.3 
Kitromethane 5 , s  ( 5 ,  l ) ,  8 . 6  (7.1) 

(CzH6)rN (WOClc) Solid 5 . 8 , 9 . 6 , 1 2 . 3 , 1 7 . 5 , 2 5 . 0  
Nitromethane 11 .2  (11.6),  1 4 . 2  (18.4), 2 6 . 0  

5 . 8  (4.6),  8 . 7  ( 7 . 2 ) , 2 3 , 3  (7.2) 

5 . 7  (4.8), 8 . 4  ( 6 . 8 ) , 2 2 . 5  (7.6) 

(14.4) 
(CsHoN)W(OCHs)zClr Solid 11.1, 13.9,  24 .1  

Methanol 1 1 . 2  (12), 14 .3  (15), 25 .0  
3 0 . 8  (>loa),  35.0 

(> 103) 
(CsHnN) W (OCzHs) C14 Solid 14.5, 25.6 

Ethanol 11 .4  (12), 1 3 . 9  (13) 25 .0  (60), 
30.8 (600), 34 .5  (-103) 

The relative heterogeneous rates of alkyl chloride 
evolution were determined qualitatively by use of a con- 
stant-volume Warburg appartus. With tetraethylam- 
monium ion as the cation, the appearance rate of alkyl 
chloride was in the order CHaC1 > CzHjCl > C3HTCl. 

TABLE I11 
MEASURED MAGNETIC SUSCEPTIBILITIES AXD 

MAGNETIC MOMENTS 
Temp, 10axm', 

Compound OC cgsu p ,BM 
(CH3)rN [W (OCH3)nClrl 297 973 1 .53  

195 1465 1 .52  
77 3679 1 .51  

(CHa)4N [W(OCzHa) nC1al 297 1002 1 .55  
195 1503 1 .54  
77 3769 1 .53  

(C2Hs)aN [W(OCzHs) zc141 297 977 1 .53  
195 1486 1 .53  
77 3743 1 .52  

(CzHs)aN [W (OCHs) cis] 297 745 1 .34  
195 1195 1 .33  
77 1117 1 .33  

(C2H6)4x [W(OC2H6)C16] 297 777 1 .36  
195 1175 1 . 3 6  
77 2969 1 . 3 6  

(C3H7)4N [W(OCzHs)Clal 217 831 1 . 4 1  
195 1246 1 . 4 0  
77 3127 1.39 

(CaHo)4N [W (OCzHs) Clal 297 803 1 .39  
195 1223 1.39 
77 3012 1 , 3 9  

(CzHs)aX [W(OCsH;)Clsl 297 797 1 . 3 8  
195 1219 1 . 3 8  
77 3075 1 .38  

[ (CHa)rN]n[W(OCzHa)Cls] 297 873 1 .45  
195 1143 1 .34  
77 1986 1 .11  

(C2Hs)aN [WOCla] 297 863 1 . 4 4  
195 1226 1 .39  
77 3204 1 . 4 1  

(CaHnN) ['W(OCHa)Clal 297 913.9 1 . 4 8  
(CaH6N) [W(OCzHs)Clr] 297 947.1 1 .51  

e, OK 
- 2  

-2 

-2 

- 3  

-2 

- 4  

-2 

-2 

-81 
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The rate of ethyl chloride evolution was found to de- 
crease as the cation increased in size in the order tetra- 
ethyl > tetrapropyl > tetrabutyl. 

The reaction yields about 1 mol of RCl/rnol of reac- 
tant, but the solid product is not pure and the impurities 
cannot be identified. 
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