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ABSTRACT 

Vapour pressure measurements have been carried ou t  on the complexes W(CO)6--~ 
(NCCH3)x (x ffi 1, 2, 3) and Mo(CO)6--x(NCCH3)x (x = 1, 3) employing the Knudsen effu- 
sion technique. The following enthalpies of  sublimation, ^ ~29s (kJ mole- l ) ,  have been • -xzz sub 

determined from the  vapour pressure data: W(CO)s(NCCH3)ffi 98.1 + 2.0; W(CO)4 
(NCCHs)2 ffi 131.0 + 6.0; W(CO)s(NCCHs)s = 103.4 +- 6.0; Mo(CO)5(NCCHs) = 105.8 + 
5.6 ; and Mo(CO)~(NCCH3)3 ffi 111.3 -+ 3.0. 

INTRODUCTION 

P a r t  o f  t h e  r e s e a r c h  c a r r i e d  o u t  in  t h i s  d e p a r t m e n t  h a s  b e e n  c o n c e r n e d  
w i t h  t h e  t h e r r n o c h e m i s t r y  a n d ,  in  p a r t i c u l a r ,  t h e  d e t e r m i n a t i o n  o f  e n t h a l p i e s  
o f  s u b l l m a t i o n ,  ~ff-/~gu~ , o f  t h e  c o m p l e x e s  M ( C O ) e - ~ L x  ( M = C r ,  M o ,  W a n d  
L = P  o r  N d o n o r  l i g a n d )  [ 1 - - 5 ] .  Ea r l i e r  w o r k  o n  t h e  m e a s u r e m e n t  o f  v a p o u r  
p r e s s u r e  e m p l o y e d  a n  a u t o m a t e d  a p p a r a t u s  b a s e d  o n  t h e  i s o t e n i s c o p e  m e t h -  
o d  [ 6 ] .  I t  is k n o w n ,  h o w e v e r ,  t h a t  s t a t i c ,  d i r e c t  p r e s s u r e  m e a s u r i n g  a p p a r a t u s  
o f  t h i s  t y p e  c a n  l e a d  t o  s u b s t a n t i a l  e r r o r s  i f  v o l a t i l e  i m p u r i t i e s  a re  p r e s e n t  
d u r i n g  t h e  o p e r a t i o n  a n d  i t  is e v i d e n t  t h a t  ea r l i e r  p u b l i s h e d  v a l u e s  f o r  t h e  
e n t h a l p y  o f  s u b l i m a t i o n  o f  t h e  c o m p l e x e s  W(CO)6--x(NCCH3)~ a re  in  e r r o r  
[1]. 

I n  t h i s  p a p e r ,  a K n u d s e n  e f f u s i o n  cel l  h a s  b e e n  e m p l o y e d  t o  m e a s u r e  t h e  
v a p o u r  p r e s s u r e  a n d  h e n c e  r e d e t e r m i n e  t h e  e n t h a l p i e s  o f  s u b l i m a t i o n  o f  t h e  
a b o v e  t u n g s t e n  c o m p l e x e s .  T h e  c o m p l e x e s  M o ( C O ) 5 ( N C C H s )  a n d  M o ( C O ) 3  
(NCCH3)3 h a v e  a lso  b e e n  s t u d i e d  f o r  c o m p a r i s o n .  

EXPERIMENTAL 

T h e  c o m p l e x e s  w e r e  p r e p a r e d  b y  p r e v i o u s l y  r e p o r t e d  m e t h o d s ,  
W ( C O ) s ( N C C H s )  [ 7 ] ;  W(CO)4(NCCH3)2  [ I ] ;  W ( C O ) s ( N C C H s ) 3  [ 8 ] ;  
M o ( C O ) s ( N C C H 3 )  [ 7 ] ;  a n d  M o ( C O ) s ( N C C H 3 ) 3  [ 8 ] .  A l l  s o l v e n t s  a n d  reac-  
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tants  were carefully dr ied and pur i f ied  by  k n o w n  m e t h o d s .  The  pur i ty  of  the  
complexes  was checked  by microanalysis  and  by  IR spec t roscopy  in the  car- 
bony l  s t re tching region. 

In this work ,  a Knudsen  effus ion apparatus  and  t e c h n i q u e  based on  tha t  
o f  Wiedemann  [9] has been  emp loyed .  A descr ip t ion  of  t he  apparatus,  its 
cal ibrat ion and  m o d e  of  opera t ion  have been  given previously [10] .  The 
Knudsen  cell orifice d iameters  e m p l o y e d  were  0.1 and  3.0 m m .  The  vacuum 
ob ta ined  dur ing opera t ion  was be t t e r  t han  10 -6 m m  Hg and the  t empera tu re  
of  each m e a s u r e m e n t  was ma in ta ined  cons t an t  to  -+0.1 K. The  accuracy in 
the  rate  of  weight  loss, Am/At, was approx ima te ly  10 .9 g sec -1. The vapour  
pressure at  each t empera tu re  was calculated emp loy ing  the  Knudsen  equa- 
t ion  

1 I/2 R-- RT 
P= ( - ~ ) ' q  ? M 

where  p is t he  vapour  pressure, q the  cal ibrated orifice area, R t he  gas con- 
s tant ,  T the  absolute  t empera tu re  and M the  molecular  we igh t  o f  t he  sample 
vapour  (in this work  assumed to  be the  same as the  crystal l ine sample) .  Plots 
o f  logl0p versus l IT  for  each complex  y ie lded  straight  lines descr ibed by  the  
g e n e r ~  equa t ion  

B 
logl0p = A - - - -  

T 

and  the  en tha lpy  of  sub l imat ion  for  each complex  was calculated f rom the  
s lope of  the  line, B. A least squares analysis of  each set of  data  a f forded  a 
s tandazd devia t ion  for  the ~u9~ values. 

Final  pur i f ica t ion o f  t he  complexes ,  i.e. removal  of  volati le impuri t ies ,  
inc luding  traces of  M(CO)6, which  was present  in several cases, was achieved 
by  placing the  complexes  in the  Knudsen  cell and  evacuat ing at  298 K and 
10 .6 m m  Hg unti l  t he  rate  o f  we igh t  loss was cons t an t  (usually overnight) .  A 
check  on  the  progress of  an e x p e r i m e n t  was ma in ta ined  by r a n d o m l y  fluctu- 
a t ing t h e  t empera tu re  o f  m e a s u r e m e n t  for consecut ive  measurements .  

RESULTS AND DISCUSSION 

All complexes  s tudied  are the rmal ly  uns table  and,  consequen t ly ,  experi- 
m e n t s  were  carried ou t  over the  lowest  possible t empe ra tu r e  ranges. The 
complexes  M(CO)~(NCCH3)3 are ex t r eme ly  air sensitive; b o t h  complexes  
were  f o u n d  to  be py rophor i c  in air on  removal  f rom the  Knudsen  cell. 

The  measured  vapour  pressures and  the  enthalp ies  of  subl imat ion  for  the  
five complexes  are l isted in Table 1. Logl0P versus 1/T plots  for  t he  com- 
plexes are shown  in Figs. 1 and  2. 

No def ini t ive  mends  in z~/~s9u~ values are observable w h e n  the  meta l  cent re  
is changed  or wi th  progressive subs t i tu t ion  of  CO by NCCH3 for  a given 
meta l .  Exper imen ta l  error  has masked  any  possible t r end  t h a t  may  have been  
ant ic ipated .  The  Z k H ~  values ob t a ined  for  t he  complexes  Mo(CO)~(NCCHz) 
and  W(CO)5 (NGCH3) are cons is ten t  wi th  values ob ta ined  for  o the r  pentacar-  
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TABLE1 

Vapourpressures and enthalpies ofsublimation ofW(CC)G,(NCCHs), (X =1,2,3) 

Complex Temp. Weight Pressure 
(H) l0S.S (Nm-*) 

(gsec-I) X 

109 

271.1 3.761 
273.5 7.222 
275.8 6.667 
276.3 6.975 
278.1 12.071 
280.3 13.333 
283.8 25.278 
284.0 25.313 
285.8 37.500 
286.8 39.035 
287.2 33.333 
287.7 40.833 
289.2 57.778 
289.7 61.667 
290.5 69.000 
291.7 70.667 
293.7 105.278 
299.2 209.000 
302.0 311.875 
303.4 372.292 

293.7 12.121 
295.7 11.926 
296.2 17.302 
296.5 18.069 
298.1 27.778 
299.4 42.083 
300.2 35.690 
302.7 58.333 
302.9 75.833 
306.9 101.ooq 
307.7 139.444 
310.0 175.556 
313.0 288.269 

307.6 29.167 
307.9 26.905 
312.0 36.754 
318.1 69.804 
322.7 180.000 
322.7 136.667 
327.5 285.926 
332.9 566.66? 

259.9 13.889 
265.9 38.793 
265.9 45.960 
270.3 74.000 
271.6 122.222 
275.2 170.588 
279.2 447.619 

2.89 X1O-4 
5.58 x1o-4 
5.17 x1o-4 
5.42X1O-4 
9.41x1o-4 
1.04 x1o-3 
1.99 x1o-3 
l.99x1o-3 
2.96 X10-' 
3.09 x 1o-3 
2.64 X lO-3 
3.24 X1O-3 
4.59x1o-3 
4.91x10? 
5.5ox1o-3 
5.64 X 1O-3 
8.43 X 1O-3 
1.69 X lo-* 
2.53 X lo-* 
3.03 x10-* 

1.08 X 1O-3 
1.06 X 1O-3 
1.55x1o-3 
1.61X 10-j 
2.49 x1o-3 
3.78 X1O-3 
3.21X1O-3 
5.27 X1O-3 
6.85 X 1O-3 
9.18 X 1O-3 
1.27 X lo-* 
1.60X lo-* 
2.65 X lo-* 

7.99x lo-* 
7.37 x10-* 
1.01x10-' 
1.94 x10-l 
5.05 x 10-l 
3.83 X10-l 
8.08x10-l 
1.61 

l.2ox1o-3 
3.39 x1o-3 
4.o2x1o-3 
6.53 X1O-3 
1.08X10-* 
1.52X10-* 
4.01x10-* 

A = 15.37 98.1 + 2.0 
B= 5129 

A = 20.346 131.0 -F 6.0 
B= 6852 

A =16.399 103.4 -+ 6.0 
B= 5407 

A =18.360 105.8 f5.6 
B= 5533 
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TABLE 1 (continued) 

Complex Temp. Weight Pressure 
WI 10.5.5 (NmS2) 

log,#=A-; &I::; 

(g set-I) x 
(kJ mole-‘) 

109 

Mo(COMNCCH3)3 283.2 15.476 1.34 x 1o-3 A = 17.629 111.3 * 3.0 
283.7 16.912 1.46 X 1O-3 B = 5821 
286.3 22.708 1.97 x10-3 
290.7 39.333 3.44 x1o-3 
293.5 60.125 5.28 X10-' 
297.5 115.625 1.02x lo-* 
300.2 188.333 1.67 X lo-* 
304.4 440.417 3.94 x lo-* 
307.6 593.750 5.34 x10-* 

0. 
0 
B 

-I 

-l-o 

-2.0 

-3.0 

-4.0 

Fig. 1. logl$J versus L/T plots for the complexes (a) W(CO)s(NCCH3); (b) W(CO)4 
(NCCH&; (C) W(C0)3(NCCHd3. 



347 

Fig. .2. lograP versus l/T plots for the complexes (a) Mo(CO)s(NCCHs); (b) Mo(CO)s 
(NCCHA. 

bony1 complexes of MO and W containing neutral N-donor ligands [2,11] 
(see Table 2). There is reasonable agreement between the measured azt 
values obtained in this work for the complexes Mo(CO)~(NCCH& and 
W(CO)3(NCCH3), and the values estimated by Skinner et al. [12] (96 and 
100 kJ mole-‘, respectively). 

A#$, for W(C0)4(NCCH3)2 appears to be surprisingly large and is pos- 

TABLE 2 

Comparison of AH::: values for M(CO)sN (where M = MO, W and N = neutral N-donor 
ligand) 

Complex A%z Ref. 

Mo(CO)spiperidine 
Mo(CO)spyridine 
Mo(CO)s(NCCH3) 
W(CO)s(NMea) 
W(CO)s(NCCHs) 
W(CO)spiperidine 
W(CO)spyridazine 
W(CO)spyrazine 
W(CQ)spyridine 
W(CO)spyrazole 

94.5 f 2.9 2 
192.0 f 2.0 2 
105.8 f 5.6 This work 

89.1 f 2.1 11 
98.1 f 2.0 This work 

106.4 ?z 1.0 2 
106.4 -c 2.5 11 
108.4 + 1.3 2 
109.7 f 2.7 2 
112.5 AZ 2.4 2 
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sibly due to the high thermal instability of this complex, which is known to 
disproportionate readily yielding the mono and tris acetonitrile complexes 
and which, like other numbers of this group, yields M(CO)6, CO, and NCCH3 
on thermal decomposition. 
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