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The Crystal Structure of Dicyanoacetylene 
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Near 5 ° C., dicyanoacetylene forms monoclinic crystals belonging to the space group C~h-P21a. 
Unit  cell dimensions are a0 -- 8.93, be ---- 6.04, co ---- 3-86/~, fl ---- 99 ° 20'. The two molecules per 
unit  cell are linear and have a center of symmetry.  Bond lengths within the molecule are: C-~N 
1.14, G-C 1.37, C--C 1"19 t~. 

Introduction 

The synthesis  of dieyanoacetylene,  N - - C - C - C - C - N ,  
was first  reported b y  Moureu & Bongrand (1909). 
Following their  discovery, the  authors publ ished 

C~h-P21a.$ From measurements  of the  photographs,  
the observed unit-cell  dimensions were calculated as" 

a o = 8.93, b o = 6.04, c o = 3-86/~;  fl = 99 ° 20 ' .  

several papers on the  physical  and chemical properties The space group requires t h a t  there be either two 
of the substance,  and  summarized  the~_fi_n.~ngs in a ..... or  four molecules per uni t  cell, which two values lead 
review(Moureu &Bongrand ,  1920).No later  references to calculated densities of 1-2 and  2 .4g.cm.  -a, re- 
have been found which are per t inent  to the  structure 
of this  unusua l  molecule. 

Dicyanoacetylene is of par t icular  interest  because 
of its l inear chain of six atoms and because of its system 
of three conjugated tr iple bonds. For tunate ly ,  the 
physical  properties of the  compound are such tha t  
its molecular s tructure can be invest igated by  means  
of both  X-ray  and spectroscopic methods.  An analysis  
of the v ibra t ional  spectra has appeared elsewhere 
(Miller & Hannan ,  1953). This paper  deals with the 
results obtained from X- ray  diffraction studies. 

Experimental  

The dicyanoacetylene used in  this  work was prepared 
by  a method  similar  to tha t  of Moureu & Bongrand 
(1920). The f inal  product  was a colorless l iquid which 
solidified at  20 ° C. and boiled at  76 ° C. A mass spectro- 
graphic analysis  indicated a pur i ty  of about  98.2% 
b y  weight. 

A l iquid sample of dicyanoacetylene was sealed 
inside a thin-wal led glass tube and  ma in ta ined  at a 
tempera ture  of about  5 ° C. by  a s t ream of cold dry  
nitrogen prepared by  passage through a copper coil 
immersed in ice water.  Single crystals were then  grown 

by the technique of Abrahams et al. (1950) andwere 
used for the preparat ion of single-crystal  photographs.  

Precession photographs of the type  described by  
Buerger (1944) were t aken  with Me Kc~ radiat ion.  
The systemat ic  extinctions and  s y m m e t r y  exhibi ted 
by  the  [100], [001] and [101] photographs indicated 
tha t  the crystal  belonged to the monoclinie space group 
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speetively, for the  solid a t  about  5 ° C. Moureu & 
Bongrand observed the dens i ty  of the  l iquid to be 
0.907 g.cm. -3 at 25 ° C. Since there was no unusua l ly  
large change in  volume as the  sample  solidified, i t  was 
concluded tha t  the solid densi ty  of 1.2 g.cm. -3 is 
correct and tha t  there are two molecules per uni t  cell. 

The presence of only two molecules in the  uni t  cell 
of space group C~h-P21a requires t ha t  these mole- 
cules have  centers of symmet ry .  I t  is fur ther  required 
tha t  these centers be located at  twofold special 
positions wi th in  the uni t  cell. The set of special 
positions chosen was (0, 0, 0), (½, ½, 0), as indicated in  
Fig. 1. 

The intensit ies of the diffraction spots were es t imated 
by  visual  comparison wi th  a cal ibrated scale which 
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Fig. 1. Unit cell of dicyanoacetylene. 

consisted of a series of spots on a str ip of photographic  
film. These spots represented the  blackening caused 
b y  a series of diffracted X- ray  beams of known relat ive 

One of the precession photographs was repeated at a 
temperature near that of liquid nitrogen. The similarity be- 
tween this photograph and the corresponding one taken at 
5 ° C. appeared to be good evidence that there was no phase 
transition occurring between these two temperatures. 
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hkO F~ Fo 
020 0.86 0.62 
040 --0.08 < 0.18 
060 --0.63 0-43 
110 0"98 0-83 
120 2-62 1.92 
130 0"36 0-35 
140 0.47 0.37 
150 --0"38 0-28 
160 0-13 < 0.19 
170 0.01 < 0.14 
200 1.83 1-76 
210 -- 5.68 5-86 
220 --0.40 < 0"16 
230 0.86 0-61 
240 0.03 < 0.19 
250 -- 0-65 0-64 
260 --0.05 < 0.18 
270 0"09 < 0.14 
310 4.83 4-96 
320 --0.61 0.61 
330 0.005 < 0.18 
340 -- 0.65 0-46 
350 --0.47 0.42 
360 0-10 < 0.18 
400 -- 1.44 1.43 
410 --0.34 0"60 
420 1.24 1"31 
430 0.71 0-51 
440 --0-47 0-60 
450 --0"03 < 0.19 

Tab le  1. Calculated and observed structure factors 

hk0 F¢ ~o 
460 0.05 < 0.17 
510 --0.18 0.21 
520 -- 1.54 1.48 
530 0.17 < 0.19 
540 --0.61 0.64 
550 0.14 < 0.19 
560 --0.04 < 0.15 
600 0.84 0.68 
610 0.15 < 0.18 
620 0.99 1.00 
630 --0.87 0.98 
640 --0.34 0.32 
650 --0-001 < 0.18 
710 --0.11 < 0.19 
720 --0.07 0.28 
730 --0.12 < 0.20 
740 0.12 < 0.19 
750 0.02 < 0-15 
800 --0-09 < 0"20 
810 --0"03 < 0.20 
820 --0.29 0.31 
830 --0.53 0.66 
840 0.13 < 0.17 
910 0.12 ~ 0.19 
920 --0.19 0.32 
930 0.05 < 0.17 

1000 0"03 ~ 0.17 
1010 --0"03 < 0-16 
1020 -- 0" 14 0.22 

ok~ F¢ Fo 
001 3.54 3.56 
002 - 1.93 1.30 
003 0.23 < 0.24 
004 0.13 < 0.24 
011 5.14 5.01 
012 0.93 0.96 
013 --0.17 < 0.24 
014 --0.01 < 0.24 
020 O-85 0.81 
021 --0.20 < 0.18 
022 0.41 0.98 
023 0-70 0.80 
024 0"06 < 0.22 
031 1.00 0.91 
032 -- 0.45 0.50 
033 0.12 0"66 
034 0.30 0.47 
040 --0-08 < 0.23 
041 0.02 < 0.24 
042 -- 0-25 0.48 
043 -- 0.26 0.16 
051 0"65 0.81 
052 0.14 < 0.24 
053 0.04 < 0-19 
060 --0.62 0.82 
061 --0-19 < 0.23 
062 0.08 <~ 0"23 
071 --0"08 < 0"16 

in tens i t ies .  The  o b s e r v e d  in tens i t i e s  were  co r r ec t ed  for  
t h e  L o r e n t z  a n d  p o l a r i z a t i o n  fac tors  in t h e  m a n n e r  
desc r ibed  b y  W a s e r  (1951), a n d  t h e n  t r a n s f o r m e d  i n to  
t h e  s t r u c t u r e  fac tors ,  Eo, of Tab le  1. 

A r ea sonab l e  m o d e l  was  p roposed  for  t h e  molecu le  
b y  a s s u m i n g  t h a t  i t  was  l inea r  a n d  c o n t a i n e d  b o n d  
leng ths  s imi la r  to  t h o s e  f o u n d  in  such  r e l a t e d  mole-  
cules as c y a n o a c e t y l e n e ,  c y a n o g e n  a n d  d iace ty l ene .  
A set  of e x p e c t e d  s t r u c t u r e  factors ,  E¢, was  ca l cu l a t ed  
for  each  of severa l  o r i e n t a t i o n s  of th i s  m o d e l  w i t h i n  
t h e  u n i t  cell. E v e n t u a l l y ,  a n  o r i e n t a t i o n  was  f o u n d  
w h i c h  gave  fa i r  a g r e e m e n t  b e t w e e n  t h e  ca l cu l a t ed  a n d  
obse rved  s t r u c t u r e  fac to rs  for  t h e  (hk0) zone.  The  d a t a  
f rom th i s  zone  were  t h e n  re f ined  t h r o u g h  t h e  use of 
t w o - d i m e n s i o n a l  F o u r i e r  p ro jec t ions .  Fig.  2 shows t h e  
f inal  p ro jec t ion .  

A n  a d d i t i o n a l  p r o j e c t i o n  was  cons t ruc t ed ,  us ing  t h e  
m a g n i t u d e s  of t h e  c a l c u l a t e d  s t r u c t u r e  factors .  The  
r e su l t i ng  shif ts  in  t h e  a t o m i c  posi t ions  were  t h e n  used  

Q0 

Fig. 2. Fourier projection on (001). Contours at intervals of 
1 e.A -2, running from 1 to 5 e.A -s at the terminal peaks. 

to  cor rec t  t h e  p a r a m e t e r s  for  t h e  effects  of non-  
c o n v e r g e n c e  of t h e  F o u r i e r  series a n d  ove r l ap  of t h e  
e l ec t ron  dens i t ies  of a d j a c e n t  a t o m s  (Booth ,  1946). 
The  co r r ec t ed  x a n d  y p a r a m e t e r s  are  l i s ted  in Tab le  2. 

A t e m p e r a t u r e  f ac to r  of t h e  fo rm exp  [ - B  sin e 0/). 2] 
was  i n t r o d u c e d  in to  t h e  ca l cu l a t ed  s t r u c t u r e  factors .  
The  va lue  B = 8-2 J ~  was  d e t e r m i n e d  b y  a least-  
squares  m i n i m i z a t i o n  of .,~(IFo]-IFc[) ~, a n d  a re- 

hkO 
l i ab i l i ty  index ,  XIIFo]-IFcII+XIFo[ , of 0.13 was  
t h e r e b y  o b t a i n e d  for  t h e  hk0 zone.  

A F o u r i e r  p r o j e c t i o n  on to  t h e  (100) p l ane  showed  
t h e  molecu les  to  be ove r l apped ,  so t h e  z p a r a m e t e r s  
of t h e  a p p r o x i m a t e  s t r u c t u r e  were  re f ined  b y  a least-  
squares  m i n i m i z a t i o n  of ~ :  (]Fo]-]F~]) 2. T h e  y para -  

Okl 
m e t e r s  were  ca r r i ed  over  f rom t h e  r e f i n e m e n t  of t h e  
(hkO) da ta ,  l e av ing  t h r e e  z p a r a m e t e r s  to  be de te r -  
m i n e d  f rom t h e  f o u r t e e n  obse rved  (Okl) ref lec t ions .  I t  
was  found ,  h o w e v e r ,  t h a t  t h e  e r ror  f u n c t i o n  could  n o t  
be m i n i m i z e d  un t i l  t h e  r e f i n e m e n t  was  r e d u c e d  to  a 
o n e - p a r a m e t e r  p r o b l e m  b y  a s s u m i n g  t h e  molecu le  to  
be l inear .  T h e  f ina l  z p a r a m e t e r s  are  p r e s e n t e d  in  
Tab le  2. 

The  bes t  va lue  of t h e  c o n s t a n t  B in  t h e  t e m p e r a t u r e  

Tab le  2. Atomic coordinates expressed as fractions of 
the corresponding unit cell dimension 

C I C 2 N 

x 0.032 0.106 0-171 
y 0.082 0.270 0-422 
z 0.056 0.186 0.291 
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Dicyanoacetylene 
Cyanoacetylene 
Cyanogen 
Diacetylene 

Table 3. Bond lengths in ~ngstr6ms 

C----N C-C C~C Reference 

1.14 1.37 1.19 This paper 
1.16 1.38 1 . 2 0  Westenberg & Wilson, 1950 
1.15 1.38 ~ Langseth & i%Ioller, 1950 
- -  1.36 1.19 Pauling & coworkers, 1939 

factor was found b y  a least-squares ref inement  to be 
9 . 0 / ~ .  A value of 0-17 was obtained for the re- 
l iabi l i ty  index of the  (0kl) zone. 

D i s c u s s i o n  

The bond lengths obtained for dicyanoacetylene are 
shown in Table 3, along with the  analogous bond 
lengths in some related molecules. Of par t icu lar  in- 
terest is the  fact  t ha t  the  single-bond length  in  dicyano- 
acetylene is about  the  same as tha t  found in the  three 
related molecules, suggesting tha t  the  addi t ion of the  
th i rd  tr iple bond to a conjugated system has only a 
minor  effect on the  structure. 

The smallest  non-bonded approach in the  crystal  is 
3.30/~, between one of the innermost  carbon atoms 
and  the ni trogen on an adjacent  molecule. Assuming 
the van  der Waals  radius of carbon to be one-half the  
layer  separat ion in graphite  (1.7 J~), and  u s ~ g  
Paul ing 's  (1945) value for the  ni trogen radius (1.5 A), 
the expected carbon-ni t rogen separat ion would be 
equal  to or greater t han  3.2 J~. The m i n i m u m  carbon-  

carbon separat ion is 3.70 A, while the  m i n i m u m  
ni t rogen-ni t rogen separat ion is 3 -60 / l .  
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S p e c t r e  d'Emiss ion K de l 'Aluminium dans la R4t~ion 
de la Bande de Conductibilit4 
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(Re9u le 1 aafe$1952, revu le 6 oc$obre 1952) 

The K emission spectrum of pure metallic aluminium has been studied with the help of the 
focusing spectrograph and experimental technique previously described and used for observing the 
absorption spectrum. The window of the tube was of beryllium or lithium, instead of aluminium as 
usual. The breadth of the Kfl band was found to be smaller than reported in the literature; the 
maximum of intensity close to the edge reported by Farineau could not be observed. The shape of 
the Kfl band is compared with that of the L band and discussed on the new hypothesis of bound 
levels due to the X ionization in connexion with the distribution of states in the first two Brillouin 
zones. 

Le spectre d '4mission K de l ' a lumin ium m4tal l ique a 
fair  l 'objet  de nombreuses publications.* 

La  bande appel4e Kfl  correspond aux dlectrons de 
conductibilitY. Le t rava i l  le plus complet sur la 

* On en trouvera les r~f~rences dans Cauchois (1948). 
Voir aussi Das Gupta (1950). 

var ia t ion d ' intensi tg dans cette bande  et son inter- 
pr4tat ion reste celui de Far ineau  (1938). La  courbe 
de Far ineau  (Fig. 1) est g4n4ralement aeeept~e; la  
d4composition indiqu4e par  Far ineau  lui  a ~t4 sug- 
g4r~e par  la consid4ration des deux premieres z6nes 
de Brillouin. I1 existe entre la d is t r ibut ion d ' intensi t~ 
rapport4e par  Far ineau  pour la r4gion de grande 


