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Recen t ly  Hurs t ,  Miller & Matsen (1958) (hereafter ab- 
brevia ted  H M & M )  calculated a tomic form factors for 
the two-electron systems H -1 th rough C +4 using the 
radial-correlated analyt ic  wave functions of the Hy l l e r aas -  
E c k a r t  type  wi th  parameters  of Shull & L6wdin (1956). 
H M & M  note  tha t  these wave funct ions lead to lower 
total  energies for the two-electron systems than  do other  
approximat ions ,  and  on this basis s tate  t ha t  the form 
factors der ived from H y l l e r a a s - E c k a r t  wave functions 
m a y  represent  an  improvement  on those based on self- 
consistent  fields. A wave funct ion is regarded as bet ter  
t han  another  wi th in  the f ramework of the  var ia t ion 
principle if it leads to a lower energy for the whole 
a tomic  system. Exper ience has shown tha t  the energy 
cri terion is a generally useful one, but  it is by no means  
t rue  tha t  a wave  funct ion yielding a lower energy is 
necessarily be t te r  t han  another  in the sense of bet ter  
representing the t rue wave function reliably over a large 
region of space. Thus, Bar t l e t t  (1955) has shown tha t  
there  are serious defects in Hyl leraas 's  best approxima- 
tions for the hel ium a tom in some regions of r. Moreover, 
Green et al. (1954) indicate tha t  re lat ively good energies" 
can be obta ined from rela t ively poor wave functions.  
As a funct ion of scat ter ing angle the a tomic form factor  
is a complicated funct ion of the wave functions, and  it 
does not  follow, as H M  &M imply,  t ha t  those wave func- 
tions yielding the lowest energy will a priori yield the  
most  reliable a tomic  form factors. In  view of this, an  
impor tan t  point,  and  one which  H M & M  failed to infer 
from their  results, pa r t ly  because of their  ra ther  unfor- 
t una t e  choice of J a m e s  & Brindley  (1931) form factors 
for comparison,  is t ha t  the a tomic  form factors, even for 
the  very  light two-electron a toms and  ions, are re la t ively 
insensitive to the wave functions used. Insensi t ivi ty ,  
from the  point  of view of present  exper imenta l  detect-  
abili ty,  to radial  correlat ion effects for the slightly 
heavier  a t om beryl l ium had  a l ready been established 
(Ibers, 1957), and  a comparison of the radial  correlated 
and  uncorre la ted  (Slater wave function) results of 
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H M & M  indicates t ha t  except,  of course, for H -1, this 
is t rue  also for the  two-electron systems. Of more interest  
is the  direct  comparison of the  results of :HM &M wi th  
H a r t r e e - F o c k  calculations. F r e e m a n  (1958) has computed  
the  a tomic form factors for Li + and for C +4 from the 
single-configuration H a r t r e e - F o c k  wave funct ions of 
Fock  & Pe t rashen  (1935) and Jucys  (1939), respectively.  
F reeman ' s  results are in remarkable  agreement  with the 
radial-correlated results of H M & M ,  the  m a x i m u m  
deviat ions being only 0.003 electrons for C +4 and  0.005 
electrons for Li +. Other  comparisons can be made  in the  
region sin 0/2 > 0.4 of the  results of H M  &M with  those 
for the  neut ra l  a toms Be and  B (Ibers, 1957; H a r t r e e -  
Fock,  mult iple  configurat ion):  here the  agreement  is 
wi th in  about  2 %. Such excellent agreement  is, of course, 
most  for tunate ,  for insensi t ivi ty  of a tomic form factors 
of even the  very  l ight a toms to ref inements  in the  cal- 
culations of a tomic wave  functions and  to thei r  rel iabil i ty 
on an energy  criterion, makes  immensely  simpler the  
task of obta ining reliable a tomic  form factors.  
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In  order  to elucidate the physical  and  chemical  propert ies  
of substances having  the  conjuga ted  triple bonds, it is 
of p r imary  impor tance  to de termine  the detai led mole- 
cular and  crystal  s t ruc ture  of compounds  having these. 

For  this purpose, the  series of a,o~-diphenyl-poly-ynes 

~ -- (c - c)~--~/~/ 

was chosen, because homologous members  wi th  n = 

1, 2, 3, 4, 5, 6 and  8 are now available (Nakagawa,  
1950a, 1950b; Jones  et al., 1951; Schlubach & Franzen ,  
1951; Nakagawa  & Inui ,  1952). While the  crystal  struc- 
ture  of tolane (n ---- 1) has been repor ted  by  Rober t son  
& Woodward  (1938), and  of d iphenyl-d iacety lene  (n = 2) 
by  Wiebenga  (1940), o ther  members  of the  homologous 
series remained  ye t  to be explored. 

We have  de te rmined  the  unit-cell  dimensions and  space 
groups of these members  wi th  n ---- 3, 4 and  5. Single 
crystals of a ,o~-diphenyl-l ,3,5-hexatr iyne (n = 3) were 
obta ined from methano l  solution, a ,w-diphenyl- l ,3 ,5,7-  
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oc t a t e t r ayne (n  = 4) was found to give two modificat ions 
which  we shall call a and  ft. Single crystals of the  a form 
were ob ta ined  from e thyl  aceta te  solution, whereas  those 
of the  fl form were obta ined  by  rapid cooling of pe t ro leum 
e ther  solution. Single crystals of a,w-diphenyl-l ,3,5,7,9- 
decapen tayne  (n = 5) were obta ined from pet ro leum ether  
solution. All these crystals are needles in shape. Tr iyne 
is sl ightly brown,  and  t e t r ayne  and  pen tayne  are yellow 
in color. They  are photosensi t ive and  seem to be less 
stable when  n becomes higher.  

l%esults are out l ined in Table 1, where the  values 

~ - -  (C ---- C)4-- C 

has been de te rmined  using the in tens i ty  da ta  collected 
at  --110 °C. The detai led analyses of this modif ica t ion 
and of the other  members  will be repor ted in la ter  com- 
municat ions .  

We express our hear ty  thanks  to Prof. M. N a k a g a w a  
for providing the mater ia ls  at  our disposal. 

Table 1. Crystal data of a,o~-diphenyl-poly-ynes 

m.p. a b c Space 
n (°C.) (/~) (A) (h) ~ group Z 

1" 62-5 12.75 5.73 1 5 . 6 7  115.2 ° P21/a 4 
2~ 86 14.92 6.04 6.61 105 ° P2]/a 2 
3 95 23.3 7.04 20.3 125 ° P21/a 8 
4c¢ - -  17.74 3.99 10.78 110.5 ° P21/a 2 

113 19.5 9.08 3.95 99 ° P2~/a 2 
5 165 17.5 5.12 9.25 112 ° P21/a 2 

* l~obertson & Woodward (1938). ~f Wiebenga (1940). 

repor ted  by  l%obertson & Woodward  (1938) and  by 
Wiebenga  (1940) are also included for reference. 

The s t ructure  of the a form of a,w-diphenyl-l ,3,5,7-  
oe ta te t rayne  
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I t  has been shown recent ly  in this depa r tmen t  (Curtis, 
1954) t h a t  two, three  or four molecules of acetone m a y  
be condensed on to a molecule of nickel e thylenediamine  
perchlorate  (Ni(C~N~Hs)~2 C104) to give three dist inct  
stable products .  These m a y  be pos tu la ted  as nickel-Schiff  
base complexes having immine linkages external  to and  
coplanar  wi th  the  e thylenediamine  rings bonded to the 
nickel. All three  products  are d iamagnet ic  bo th  as solids 
and  in solution, which shows t hem to have  a planar  
square configurat ion of nickel bonds (Curtis, 1954). The 
two compounds  having 3 and  4 acetone molecules con- 
densed are expected to have steric h indrance  of the me thy l  
groups of the  acetone residues, but  m a y  be stabilized by 
resonance effects in the la t ter  case. When  only 2 acetone 
molecules are condensed two possible config~lrations 
exist, the  trans configurat ion being the most  likely. 
A pre l iminary  crystal lographic invest igat ion of those 
products  wi th  2 and  4 molecules of acetone condensed 
on to the e thylenediamine  rings has been made.  

Nickel  e thy lened iamine te t raace tony l  perchlorate :  

Fo rmula  C16H32N4Ni(C104) 2 or Ni2en4ac2C10 4 where 

en ---- e thylenediamine  residue C2N~H 4 , 
ae ---- acetonyl  residue (CH3)~C • 

Orthorhombie,  
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a = 19.7, b = 16.9, c = 13.6 ~ ( a l l i l % )  
(Cu K s ,  A = 1-542 A). 

Absent  spectra:  

hO1 when 1 4= 2n, 0kl when  k 4= 2n, h/c0 when  h 4= 2n .  
Space group Pbca. Eight  molecules per uni t  cell. Den- 

sity(calc.) 1.58 g.cm. -~, densi ty  (obs.) f lotat ion 1-57 
g.cm. -~. 

Nickel  e thy lenediaminediace tonyl  perchlorate :  

Formula  C10H2eN4Ni(C104)~ or Ni2en2ac2C104 . 
Monoelinic, 

a = 14.3, b = 12.5, c---- 10.3.~ ( a l l ± l % ) ,  
(Cu Ka, ~ = 1.542 z~), 

fl = 102 ° 40' (found by measur ing d(101)) .  

Absent  spectra:  hO1 when h .  2n, 0k0 when k =~ 2n. 
Space group P21/a. Four  molecules per uni t  cell. Den- 

sity (calc.) 1.68 g.cm. -3, densi ty  (obs.) f lotation 1.68 
g.cm.-S. 

No fur ther  work is contempla ted  wi th  these compounds.  
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