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ABSTRACT 

A series of t r i cyanomethy l  compounds w e r e  p r e p a r e d  i n  r e f l u x i n g  
a c e t o n i t r i l e  by  t h e  a l k y l a t i o n  of po ta s s ium t r i cyanomethan ide  w i t h  a l k y l  
i o d i d e s ,  a l l y l ,  p ropa rgy l  , and benzy l  bromides.  
o b t a i n e d  for mono and d i f u n c t i o n a l  h a l i d e s  w i t h  a r e f l u x  t i m e  of  72 hours  

Y i e l d s  of 20-57$ were 

The h e a t s  of combust ion of t h e s e  t r i cyanomethy l  compounds as  w e l l  a s  
of two polycyano compounds were measured u s i n g  a Dickenson t y p e  c a l o r i m e t e r  
and h e a t s  of f o r m a t i o n  were c a l c u l a t e d  w i t h  a p r e c i s i o n  of approx ima te ly  
t l . O $ .  
t r i cyanomethy l  moiety i s  c a l c u l a t e d  t o  be  abou t  810 kcal /mole.  A l s o  t h e  
t r i cyanomethy l  group i s  less s t a b l e  t h a n  expec ted  from comparison w i t h  
AHo of p ropy lcyan ide .  

From P i t z e r ' s  v a l u e s  f o r  C-C and C-H bond e n e r g i e s ,  t h a t  of t h e  

f 

A s  a r e s u l t  of t h e  s y n t h e s i s  of t e t r a c y a n o e t h y l e n e , '  a l a r g e  class 
of o r g a n i c  molecu le s  h e a v i l y  s u b s t i t u t e d  w i t h  cyano  groups has  become 
a v a i l a b l e .  Many of t h e s e  have i n t e r e s t i n g  p h y s i c a l  and chemical  proper-  
t i e s .  The o n l y  known t r i cyanomethy l  compounds a r e  t h e  s a l t s  of t r i c y a n o -  
methane,'-' bromotr icyanomethane,9 l , l , l - t r i c y a n o e t h a n e , 3  2 , 2 , 2 - t r i c y a n o -  
e t h y l b e n z e n e , 3  and hexacyanoethane." Tricyanomethane,  i t s e l f ,  is a n  
u n s t a b l e  compound and h a s  n o t  been  i s o l a t e d  i n  t h e  f r e e  s t a t e ,  a l t hough  
a q u o e t h e r e a l  s o l u t i o n s  of t r i cyanomethane  have been used  for s y n t h e t i c  
r e a c t i o n s . 7  T h i s  pape r  d e s c r i b e s  t h e  s y n t h e s i s  and thermochemistry of 
a new series of t r i cyanomethy l  compounds. 

I SYNTHESIS 

A .  D i scuss ion  

Hantzsch and Oswald3 p r e p a r e d  l , l , l - t r i c y a n o e t h a n e  and 2 , 2 , 2 - t r i -  
cyanoethylbenzene i n  ve ry  l o w  y i e l d s  f rom a he t e rogeneous  m i x t u r e  of s i l v e r  
t r i cyanomethan ide  w i t h  methyl and benzyl  i o d i d e s ,  r e s p e c t i v e l y .  I t  was 
a p p a r e n t  t h a t  t h e  s i l v e r  s a l t  of  t r i cyanomethane  was u n s u i t a b l e  for a l k y l a -  
t i o n  r e a c t i o n s  because  of i t s  v i r t u a l  i n s o l u b i l i t y  i n  o r g a n i c  s o l v e n t s .  A 
s e a r c h  was made t o  f i n d  a s a l t  of t r i cyanomethane  which was p a r t i a l l y  
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s o l u b l e  i n  o r g a n i c  s o l v e n t s .  S i n c e  a r eady  p repa ra t  i o n  of potassium tr i-  
cyanomethanide was now a v a i l a b l e , '  a t t e n t i o n  was t u r n e d  t o  s t u d y i n g  t h e  
s o l u b i l i t y  c h a r a c t e r i s t i c s  of t h i s  s a l t .  I t  was found t h a t  potassium t r i -  
cyanomethanide was s o l u b l e  t o  t h e  e x t e n t  of 19% i n  r e f l u x i n g  a c e t o n i t r i l e  
and t h a t  t he  s a l t  c o u l d  be  a l k y l a t e d  i n  t h i s  medium w i t h  a l k y l  i o d i d e s ,  
a l l y l ,  p r o p a r g y l ,  and  b e n z y l  b romides .  Optimum y i e l d s  of 20-57% were ob- 
t a i n e d  f o r  mono and d i f u n c t i o n a l  h a l i d e s  w i t h  a r e f l u x  time of 72 h o u r s .  
The importance of t h e  r e a c t i v i t y  o f  t h e  o r g a n i c  h a l i d e  was demonstrated by 
t h e  f a c t  t h a t  1,4-dibromobutyne-Z was conve r t ed  t o  1 , 1 , 1 , 6 , 6 , 6 - h e x a c y a n o -  
bu tyne -3  i n  43% y i e l d  w h i l e  di iodomethane gave o n l y  a 2% y i e l d  of t h e  mono- 
a l l r y l a t e d  p r o d u c t ,  l,l., 1 - t r i c y a n o e t h y l  i o d i d e ,  and none of t h e  d i a l k y l a t e d  
p r o d u c t .  

A s  an a l t e r n a t i v e  method of i n t r o d u c i n g  t h e  t r i cyanomethy l  group i n t o  
o r g a n i c  compounds, t h e  Michael  r e a c t i o n  of  cyanoform and cu,B-unsaturated 
compounds was s t u d i e d .  Cyanoform was g e n e r a t e d  i n  s i t u  by t h e  a d d i t i o n  of 
a s t o i c h i o m e t r i c  amount of 100% s u l f u r i c  a c i d  t o  a n  a c e t o n i t r i l e  s o l u t i o n  
of potassium t r i c y a n o m e t h a n i d e  and t h e  cy,p-unsaturated compound. Under 
t h e s e  c o n d i t i o n s ,  a d d i t i o n  of cyanoform t o  a c r y l o n i t r i l e ,  a c r y l i c  a c i d ,  
me thy l  a c r y l a t e ,  a c r y l a m i d e ,  and a c r o l e i n  d i d  n o t  o c c u r ,  f o r  on ly  t h e  r e d  
polymer of cyanoform w a s  i s o l a t e d .  However, methyl  v i n y l  ke tone  d i d  r e a c t  
i n  t h e  expected manner t o  g i v e  l,l,l-tricyano-4-pentanone. 

The t r i c y a n o m e t h y l  compounds a r e  a s t a b l e  c l a s s  of o r g a n i c  compounds. 
The s o l i d  p r o d u c t s  can be p u r i f i e d  by s u b l i m a t i o n .  T h e i r  e x c e p t i o n a l  
t he rma l  s t a b i l i t y  i s  ev idenced  by t h e  f a c t  t h a t  1 ,1 ,1 ,6 ,6 ,6 -hexacyano-  
butyne-3 w a s  subl imed a t  170°/0.05 nun. 
pounds show a weak a b s o r p t i o n  f o r  cyano a t  4 . 4 p .  The p r o p e r t i e s  of t h e  
compounds a r e  summarized i n  T a b l e  I .  

The i n f r a r e d  s p e c t r a  of t h e s e  com- 

I n  a d d i t i o n  t o  t h e  above t r i cyanomethy l  compounds, 1 , 4 - d i ~ y a n o b u t y n e - 2 ~ '  
and 1,1,2,2-tetracyanocyclopropane12 were a l s o  p repa red  f o r  t h e  thermochemi- 
c a l  s t u d i e s .  

B .  Experimental  

A l l  a n a l y s e s  were made by S t a n f o r d  U n i v e r s i t y ,  S t a n f o r d ,  C a l i f o r n i a .  
M e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  

A l k y l a t i o n  of Organ ic  H a l i d e s  w i t h  Po ta s s ium Tricyanomethanide 

The p r e p a r a t i o n  of l , l , l - t r i c y a n o b u t e n e - 3  is  g iven  a s  a t y p i c a l  example 
of t h e  expe r imen ta l  p r o c e d u r e s  t h a t  were used i n  t h e  r e a c t i o n  of o r g a n i c  
h a l i d e s  with po ta s s ium t r i cyanomethan ide .  

A mix tu re  of 29.0 g (0 .225  m o l e )  of  po ta s s ium t r i cyanomethan ide ,8  
26.6 g (0.32 mole) of a l l y l  bromide,  and 500 m l  of a c e t o n i t r i l e  was re- 
f l u x e d  w i t h  s t i r r i n g  f o r  72 h o u r s .  The m i x t u r e  was coo led  and f i l t e r e d  
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t o  g i v e  21 .8  g (83.5$) of p r e c i p i t a t e d  po ta s s ium bromide.  The f i l t r a t e  
was c o n c e n t r a t e d  and d i l u t e d  w i t h  e t h e r  t o  p r e c i p i t a t e  t h e  r e s i d u a l  po- 
t a s s i u m  s a l t s .  A f t e r  f i l t e r i n g ,  t h e  f i l t r a t e  was c o n c e n t r a t e d  and d i s -  
t i l l e d  t o  g i v e  1 6 . 7  (57.8%) of c o l o r l e s s  l i q u i d ,  b . p .  95'/26 nun, nZ0D 
1 . 4 4 1 9 .  

lt1,1-Tricyano-4-pentanone 

To a s t i r r e d  s o l u t i o n  of 200 m l  of a c e t o n i t r i l e  c o n t a i n i n g  1 4 . 4  g 
(0.11 m o l e )  of po ta s s ium t r i c y a n o m e t h a n i d e  was added 7 . 7 4  g (0.11 mole) 
o f  methyl  v i n y l  k e t o n e .  Then 5 .84  g (0.055 mole) of s u l f u r i c  a c i d  was 
added dropwise a t  ambient  t e m p e r a t u r e .  The re  was a n  immediate p r e c i p i -  
t a t i o n  of potassium s u l f a t e .  The r e a c t i o n  mix tu re  was s t i r r e d  f o r  two 
hour s  and f i l t e r e d  t o  remove 8 .86  g (92.6%) of potassium s u l f a t e .  The 
f i l t r a t e  was c o n c e n t r a t e d  t o  g i v e  1 5 . 3  g of semi - so l id  p r o d u c t .  T h i s  
s l u r r y  was t r e a t e d  w i t h  i s o p r o p a n o l  t o  g i v e  1 1 . 4  g ( 6 4 . 5 s )  of wh i t e  
c r y s t a l s ,  m.p. 49-50'. R e c r y s t a l l i z a t i o n  from e t h a n o l  r a i s e d  t h e  m e l t i n g  
p o i n t  t o  50-51". 

1 , 4 - D i ~ y a n o b u t y n e - 2 ~ '  

A mix tu re  of 5 5 . 0  g (0.615 mole) of d r y  cuprous c y a n i d e ,  55 .0  g 

_.__I 

(0 .26  mole) of 1 ,4-dibromobutyne-2,  and 175 m l  of a c e t o n i t r i l e  was hea ted  
unde r  r e f l u x  w i t h  good mechanical  s t i r r i n g .  A f t e r  t w o  hour s  a c l e a r  brown 
s o l u t i o n  was a t t a i n e d .  The s o l u t i o n  was r e f l u x e d  for an  a d d i t i o n a l  1 . 5  
h o u r s ,  c o o l e d ,  and t r e a t e d  w i t h  500 m l  of e t h e r .  The p r e c i p i t a t e d  cuprous 
bromide was s e p a r a t e d  and t h e  f i l t r a t e  was t r e a t e d  f o u r  t i m e s  w i th  c h a r c o a l  
The l i g h t  y e l l o w  e t h e r  s o l u t i o n  was t h e n  c o n c e n t r a t e d  t o  g i v e  12.4 g of 
ye l low c r y s t a l s .  The p r o d u c t  was r e c r y s t a l l i z e d  from 36 m l  of benzene- 
hexane (80/20) t o  g i v e  3.6 g (13.3%) of colorless n e e d l e s ,  m.p.  91-92O. 

A n a l .  C a l c ' d .  f o r  C,H4N,: C ,  6 9 . 2 ;  H ,  3 . 9 ;  N ,  2 6 . 9 .  

Found:  C ,  6 8 . 9 6 ;  H ,  3.73; N ,  26 .68 .  

The i n f r a r e d  spec t rum showed a s t r o n g  a b s o r p t i o n  f o r  C N  a t  2280 cm- ' .  

I1  THERMOCHEMISTRY 

A .  Experimental  

A P a r r  Model 1221  oxygen bomb c a l o r i m e t e r  was modif ied f o r  i so the rma l  
o p e r a t i o n  and t o  e n s u r e  s o l u t i o n  of n i t r o g e n  ox ides .13  The s p a c e  between 
t h e  w a t e r  j a c k e t  and t h e  case was f i l l e d  w i t h  V e r m i c u l i t e  (exploded mica )  
t o  improve i n s u l a t i o n .  A f l e x i b l e  1000 w a t t  h e a t e r  (Cenco N o .  16565-3) was 
b e n t  i n  t h e  form of a c i r c l e  t o  f i t  j u s t  w i t h i n  t h e  j a c k e t  a b o u t  1 c m  above 
t h e  bo t tom.  Hea te r  e n d s  were s o l d e r e d  th rough  t h e  o r i f i c e s  l e f t  by removing 
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t h e  h o t  and c o l d  w a t e r  v a l v e s .  A coppe r -cons t an tan  thermocouple  and a p re -  
c i s i o n  p l a t inum r e s i s t a n c e  thermometer (Minco P r o d u c t s  Model S37-2) were 
c a l i b r a t e d  by comparison w i t h  a n  NBS-calibrated Leeds & Northrup Model 8164 
p la t inum r e s i s t a n c e  thermometer.  The thermometer was used to  s e n s e  t h e  t e m -  
p e r a t u r e  w i t h i n  t h e  c a l o r i m e t e r  bucke t ;  t h e  thermocouple  sensed  t h e  j a c k e t  
t e m p e r a t u r e .  A mercury-in-glass  t he rmo- regu la to r  ( P h i l a d e l p h i a  S c i e n t i f i c  
G l a s s  Model CE-712) was used t o  c o n t r o l  t h e  j a c k e t  t empera tu re .  

J a c k e t  t empera tu re  was c o n t r o l l e d  by c o n n e c t i n g  t h e  t h e r m o r e g u l a t o r  
and t h e  h e a t e r  t o  a n  American Ins t rumen t  Co .  Relay Model N o .  4-5300. Power 
t o  t h e  h e a t e r  was s u p p l i e d  by a 60 c y c l e  v a r i a b l e  t r a n s f o r m e r  normally 
o p e r a t e d  a t  abou t  10 v o l t s .  J a c k e t  t e m p e r a t u r e  was r eco rded  by f e e d i n g  
t h e  thermocouple  o u t p u t  t h rough  a Leeds & Northrup D . C .  a m p l i f i e r  (Ca t .  No. 
9835-B) t o  a Speedomax H Azar s t r i p  c h a r t  r e c o r d e r .  

C a l o r i m e t e r  t e m p e r a t u r e  w a s  measured w i t h  a Leeds & Nor th rup  G-1  Mue l l e r  
B r i d g e  used  i n  c o n j u n c t i o n  w i t h  a D . C .  Nul l  Detector (Ca t .  No. 9834)  or w i t h  
a moving coi l  galvanometer  ( C a t .  No. 2284-D) and lamp and s c a l e .  

Time was measured w i t h  a 6 0  c y c l e  synchronous motor c l o c k .  Sample 
we igh t  was de t e rmined  u s i n g  an  a n a l y t i c a l  b a l a n c e  and a se t  of C l a s s  S s t a i n -  
l e s s  s teel  w e i g h t s .  

B .  P rocedure  

Genera 1 

The samples  were burned i n  t h e  P a r r  bomb (360 m l  c a p a c i t y ) ,  c o n t a i n i n g ,  
i n i t i a l l y ,  3 m l  of  w a t e r  i n  t h e  cup o v e r  t h e  combust ion c r u c i b l e  and 99.99% 
p u r e  oxygen a t  450 p s i  and abou t  23'C. 
s e v e r a l  t imes  w i t h  oxygen t o  450 p s i .  The we igh t  of t h e  water for t h e  
c a l o r i m e t e r ,  2000 g ,  was measured t o  0.1 g on a h i g h - c a p a c i t y  b a l a n c e .  

Sample p e l l e t s  were weighed i n  t h e  combust ion c r u c i b l e  t o  0.05 mg 

The a i r  was f l u s h e d  o u t  by f i l l i n g  

a f t e r  o v e r n i g h t  s t o r a g e ,  i n  a d e s i c c a t o r ,  ove r  anhydrous calcium s u l f a t e .  
W e  do  n o t  know a n y  of the compounds t o  be  hydroscop ic .  
u s i n g  t h e  u s u a l  i r o n  w i r e  s u p p l i e d  by P a r r .  

The sample was i g n i t e d  

For a l l  samples  excep t  one t h e  j a c k e t  t e m p e r a t u r e ,  d u r i n g  a r u n ,  was 
ma in ta ined  c o n s t a n t  t o  f O . O l ° C  a t  a b o u t  29OC and t h e  c a l o r i m e t e r  t empera tu re  
a t  t h e  s t a r t  of a run  was g e n e r a l l y  of t h e  o r d e r  of 25OC. 
butene-3 was t r e a t e d  s p e c i a l l y  because  of i t s  m e l t i n g  p o i n t  4 0 ° C .  
b e l  ow ) 

l , l , l - t r i c y a n o -  
(See 

The t empera tu re  of t h e  c a l o r i m e t e r  was o b t a i n e d  by u s i n g  t h e  d e t e c t o r  
a s  a n u l l  i n s t rumen t  or t h e  galvanometer  i n  more, c o n v e n t i o n a l  f a s h i o n .  
t h e  f o r e  and a f t e r  p e r i o d s  r e s i s t a n c e  was measured each m i n u t e .  
h e a t i n g  p e r i o d  t h e  t i m e  was no ted  a t  which s e v e r a l  p rede te rmined  va lues  of 
r e s i s t a n c e  were a t t a i n e d .  R e s i s t a n c e  cou ld  be measured t o  w i t h i n  3 x 
ohms or about  0.0015°C. 

During 
During t h e  
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The n i t r i c  a c i d  produced i n  t h e  combustion was determined by t i t r a t i o n  
w i t h  s t a n d a r d i z e d  a l k a l i  u s i n g  a methyl o range  i n d i c a t o r .  The the rma l  c o r -  
r e c t i o n  was c a l c u l a t e d  on t h e  b a s i s  1 4 . 0  kca l jmole  evolved f o r  each mole of 
aqueous a c i d  formed.  A c o r r e c t i o n  was made f o r  t h e  ave rage  f i r i n g  ene rgy ,  
12 .2  c a l .  

:a 1 i b r a  t i o n  

The c a l o r i m e t e r  was c a l i b r a t e d  by b u r n i n g  s t a n d a r d i z e d  benzo ic  a c i d  
o b t a i n e d  from t h e  P a r r  I n s t r u m e n t  C o .  (AHc = 197.72 k c a l / m o l e ) .  Measure- 
ments were made under  c o n d i t i o n s  p a r a l l e l i n g  a s  c l o s e l y  a s  p o s s i b l e  t h o s e  
used d u r i n g  a r u n .  For r e a s o n s  e x p l a i n e d  below it  was a l s o  n e c e s s a r y  to  
de te rmine  t h e  h e a t  of combust ion of Nujol b rand  mine ra l  o i l .  For t h i s  
purpose t h e  c o n t e n t s  of two one-pint  b o t t l e s  of Nujol  were mixed tho rough ly  
and s t o r e d  i n  a o n e - l i t e r  b o t t l e .  Runs w e r e  made on a l i q u o t s  withdrawn 
from t h i s  new m i x t u r e .  T a b l e  I1 i n c l u d e s  t h e  r e s u l t s  o b t a i n e d  b o t h  f o r  t h e  
benzo ic  a c i d  and t h e  Nu jo l  and g i v e s  an  i n d i c a t i o n  of t h e  p r e c i s i o n  of t h e  
expe r imen t .  

Samule P reDara t  i o n  

Samples were p u r i f i e d  by r e c r y s t a l l i z a t i o n ;  w e  b e l i e v e  each s u b s t a n c e  
t o  b e  of b e t t e r  t h a n  99% p u r i t y .  

The l , l , l - t r i c y a n o b u t e n e - 3  formed a g l a s s y  s o l i d  below 29OC w i t h  a n  
unsha rp  t r a n s i t i o n .  I t  was run a s  a l i q u i d  w i t h  t h e  c a l o r i m e t e r  j a c k e t  
ma in ta ined  a t  a b o u t  35OC. 
h e a t e d  t o  above 3OoC and t h e  p e l l e t  w e t  w i t h  t h e  l i q u i d  by d ropwise  a d d i -  
t i o n .  The weight  o f  l i q u i d  added was de t e rmined  by d i f f e r e n c e .  The wet 
p e l l e t  was ma in ta ined  above 29OC u n t i l  i g n i t i o n .  Thus u n c e r t a i n t y  a s  t o  
t h e  p h y s i c a l  s t a t e  of t h e  l i q u i d  was a v o i d e d .  N o  a t t e m p t  was made t o  
correct r e s u l t s  f o r  t h e  h e a t  of w e t t i n g .  

A sma l l  weighed p e l l e t  of benzo ic  a c i d  was 

A l l  o t h e r  samples  were p repa red  by p r e s s i n g  s o l i d  p e l l e t s  which were 
then  w e t  w i t h  t h e  c a l i b r a t e d  Nu jo l .  

C .  R e s u l t s  

A l l  computat ions were made a c c o r d i n g  t o  t h e  method d e s c r i b e d  b y  Je s sup .14  
The u n i t  of energy used i s  t h e  d e f i n e d  c a l o r i e  = 4.183 i n t .  j o u l e s .  The u n i t  
of mass i s  t h e  gram t r u e  mass d e r i v e d  from the we igh t  i n  a i r  a g a i n s t  s t a i n -  
less s tee l  we igh t s  and buoyancy c o r r e c t i o n s  were made. Molecular  w e i g h t s  were 
c a l c u l a t e d  u s i n g  1959 v a l u e s  of t h e  Commission on Atomic Weights .  Heats  of 
f o r m a t i o n  were c a l c u l a t e d  from h e a t s  of combust ion.  The r e su l t s  of i n d i v i d u a l  
combust ions and c o r r e c t e d  v a l u e s  of t h e  h e a t s  of fo rma t ion  a r e  p r e s e n t e d  i n  
T a b l e  11. 

D .  D i s c u s s i o n  

I t  i s  now p o s s i b l e  t o  compare t h e  measured h e a t s  of f o r m a t i o n  w i t h  t h o s e  
p r e d i c t e d  on  t h e  b a s i s  of bond or group a d d i t i v i t y .  We u s e  t h e  same method 
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a s  t h a t  d i s c u s s e d  by Boyd.” 
z e r o :  

Assume A H  f o r  t h e  f o l l o w i n g  r e a c t i o n  i s  

m R-CN.+ C H + mR-H + C1 (CN),Hn 1 m+n 

R-CN i s  t aken  t o  be p r o p l y c y a n i d e  ( g a s )  f o r  which AHo = 7.45 kcal/mole.’6 
The h e a t s  of f o r m a t i o n  used f o r  t h e  compounds C H 
111. The h e a t s  of s u b l i m a t i o n  of a l l  t h e  s o l i d s  were e s t i m a t e d  t o  be  
20.0 kca l /mole ;  f o r  t h e  one l i q u i d  w e  used a n  e s t i m a t e d  va lue  f o r  t h e  h e a t  
of v a p o r i z a t i o n  of 5 .0  kcal /mole.  

f a r e  g iven  i n  Table  
1 m+n 

Tab le  I11 

Compound 

Ethane 

Propane 

E thy lene  

Cyclopropane 

But  yne -1 

Hex yne -3 

Hex yne -1 

Hexane 

Butyne-2 

Hexene-3 ( c i s )  

( t r a n s  ) 

Average 

Butene-1 

Octadiyne-3,5 

-20.236 

-24.826 

12.496 

12 .74  

39.70 

25.84 

29.55 

-39.96 

35.37 

-11.56 

-12.56 

12.06 

0 . 2 8  

93.8* 

Refe rence  

17 

18 

17 

20 

18 

19 

18 

18 

18 

18 

18 

18 

* C a l c u l a t e d  from AHo o c t a n e  = -49.82 kcal /mole (Ref .  1 7 )  

d H  hydrogena t ion  ( o c t a  - 1 , 7  d i y n e )  = 139.7 (Ref .  21,  p .  .53)  

and AH hydrogena t ion  (dodeca - 1 , 7  d i y n e )  minus 

A H  hydrogena t ion  3 , 9  isomer = -3.9 kca l jmole  (Ref .  21 ,  p .  5 4 )  

f 

The r e s u l t s  of  t h e  comparison a r e  shown i n  Tab le  IV where t h e  l a s t  
column, A ,  r e p r e s e n t s  t h e  e x c e s s  of t h e  measured h e a t  of formation‘over  
t h a t  c a l c u l a t e d .  A c c o r d i n g l y ,  t h e  p o s i t i v e  v a l u e s  a r e  ev idence  of t h e  
d e c r e a s e d  s t a b i l i t y  of  t h e  p o l y s u b ? + i t u t e d  cyanocarbons.  

i 

I 
I 
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Table IV 

AHo (gas), (kcal/mole) 
Compound a u r e d  Calculated A -. - 

1,4-Dicyanobutyne-2 

Tetra cya noe thy1 ene 

1,1,2,2-Tetrac~yanocyclopropane 

l,l,l-Tricyanoethane 

l,l,l-Tricyanobutene-3 

l,l,l-Tricyanobutyne-3 

1,1,1,6,6,6-Hexacyanohexene-3 

1,1,1,6,6,6-Hexacyanohexyne-3 

1,1,1,8,8,8-Hexacyanooctadiyne 

107 .O 

171.4 

162.5 

104.4 

115.3 

165.1 

220.8 

261.7 

-3,5 312.0 

99.9 

141.6 

141.8 

76.6 

97.1 

136.5 

181.6 

2.19 .5 

287.4 

7.1 

29.8* 

20.7 

27.8 

18.2 

28.6 

39.2 

42.2 

24.6 

*See R.H. Boyd15 for comparison. 

It is also possible to calculate the bond energy of the tricyanomethyl 
moiety in each of the molecules. To do this we calculate standard heats of 
formation at O°K from the values given in Table I11 f o r  298OC. 
absence of reliable data we note the following reported23 specific heats, c: 

In the 

Acetonitrile: 0.54 cal/g 
Propionitrile: 0.538 cal/g 
Butynonitrile: 0.547 cal/g 

Taking an average value f o r  c = 0.54 cal/g, we can, f o r  each compound, cal- 
culate H0298-H! = 298 Mc where M = molecular weight. The bond energy of the 
-C(CN), group is then calculated using values for other bond energies as 
given by PitzerZ2 and values for the heats of formation of H, N ,  and C atoms 
as given in reference 13. The results of these calculations are listed in 
Table V. 

Table V 
E(-c(cN), 1 

Compound kcal 

l,l,l-Tricyanoethane 800 

1,1,l-Tricyanobutene-3 816 

l,l,l-Tricyanobutyne-3 819 

1,1,1,6,6,6-Hexacyanohexene-3 814 

1 ,I, 1,6,6,6-Hexacyanohexyne-3 814 

1,1,1,8,8,8-Hexacyanooctadiyne-3,5 822 



116 

The f o l l o w i n g  a r e  our c o n s e r v a t i v e  e s t i m a t e s ,  exp res sed  i n  k c a l ,  of 
t h e  u n c e r t a i n t i e s  i n  t h e  c a l c u l a t e d  v a l u e s  of t h e  s t a b i l i z a t i o n  e n e r g i e s :  

Combustion p r o c e s s  1 .O 
Heat of v a p o r i z a t i o n  1.0 
Heat o f  s u b l i m a t i o n  4.0 

The bond ene rgy  c a l c u l a t i o n s  a r e  i n  error, i n  a d d i t i o n ,  because  of 
t h e  u n c e r t a i n t y  i n  t h e  e n t h a l p y  c a l c u l a t i o n .  For, n o t  on ly  i s  c e s t i m a t e d  
a t  25OC b u t  t h e  f u r t h e r  a s sumpt ion  i s  made t h a t  c is  temperature- independ-  
e n t .  T h i s  may i n t r o d u c e  an  error a s  l a r g e  a s  2 or 3 k c a l .  Consequent ly  
n e i t h e r  t h e  s c a t t e r  i n  the  s t a b i l i z a t i o n  e n e r g i e s  no r  t h e  a p p a r e n t l y  i n -  
c r e a s i n g  t r e n d  i n  t h e  bond ene rgy  w i t h  i n c r e a s i n g  u n s a t u r a t i o n  i s  s i g n i f i -  
c a n t .  N e v e r t h e l e s s ,  a s s i g n i n g  a bond ene rgy  t o  t h e  t r i cyanomethy l  group 
i s  r e a s o n a b l e .  T o  c a l c u l a t e  t h e  h e a t  of f o r m a t i o n  of l i n e a r  or c y c l i c  
hydroca rbons  w i t h  t h e  g roup  s u b s t i t u t e d  i n  one or more l o c a t i o n s ,  a n  ave rage  
v a l u e  of  810 kcal f o r  t h e  -C(CN), bond ene rgy  would appea r  t o  i n t r o d u c e  an  
error of  about  10 k c a l .  W e  a r e  i n  t h e  p r o c e s s  of  de t e rmin ing  t h e  l a t e n t  
h e a t s  and h e a t  c a p a c i t i e s  n e c e s s a r y  t o  improve t h e  s i g n i f i c a n c e  of t h e  d a t a .  
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