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I n  precedent  papers [1] evidence was given which enabled us to  establish 
the  helix chain conformation of m a n y  isotactic polymers.  The crystal  s t ruc ture  
of some polymers was studied with more  detail, whose chain shows a three- 
fold helix conformation as tha t  of polypropylene,  poly-a tpha-butene  and poly- 
s tyrene [2]. Other  forms of chain were qual i ta t ively  discussed in terms of 
Fourier  t ransforms [3]. Aim of this work is the de terminat ion  of the  s t ruc ture  
of an isotactic polymer,  prepared by  means of highly stereospecific catalysts  
obtained reacting t i tanium halides with a lkyla luminum compounds [4], the 
poly-or tho-methyls tyrene ,  whose chain conformat ion is t ha t  of a fourfold helix. 

I .  - E x p e r i m e n t a l .  

Oriented fibers were obtained, according to  methods  similar to those used 
for  polys tyrene  [5], hot-anneal ing under  tension a small cylinder of poly-or tho-  
methyls tyrene  ext ruded f rom the melt.  The  fiber spectra t h a t  we have  obta ined 
show m a n y  reflections. The or ientat ion of the  crystals is however  worse t h a n  
t ha t  which m ay  be obtained for the other  polymers  previously studied b y  us. B y  
reciprocal latt ice methods  [6] i t  was possible to reconst ruct  the  uni t  cell of the  
polymer  under  examination.  All the reflections m a y  be readily indexed for a 
te t ragonal  unit  cell with a -~ b = 19.01 •; e : 8.1 A (within ± l~Jo). Owing to  
the  systematic absence of the reflections h k l  with h - ~ k + l  ~ 2 n q - 1 ,  O k l  with 
l = 2 n + l ,  h h l  with 2 h ~ - l  = 4 n + 2 ,  we were able to conclude t h a t  the  space 

group is I41eg. 

To make an example,  the  agreement  between the  observed and calculated 
Bragg distances for h k 0 reflections is shown in Table  I .  
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The space group allows the presence of 16 equi- 
va len t  s t ruc tura l  units in the  uni t  cell, and  in fact ,  
should we assume t h a t  16 monomer ic  units  are con- 
ta ined in the  uni t  cell, the  densi ty is calculated to be  
1.07 g /cm a, in good agreement  wi th  the  e x p e r i m e n t a l  
value.  The  chain is necessarily expec ted  to assume 
a fourfold helix conformat ion;  the  macromolecules  
a re  isoeli~ed and, th rough  the  opera t ion of glide 
planes with t ransla t ion parallel  to c, each r ight  handed  
helical chain is surrounded b y  four  le f t -handed chains 
a n d  viceversa.  
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2.  - Chain shape and crystal  structure.  

~A 

The first trials, which a imed a t  establishing the  
s t ructure ,  were made  b y  utilizing the  principles t h a t  
we summar ized  in a preceding work  of ours [7]. The  
iden t i ty  per iod along the  fourfold screw axis (8.1/~) 
allows, b y  itself, to  fancy  the  mos t  p robab le  confor- 
m a t i o n  of the  chain if for the  length of the  C--C 
bond the  value of 1.54 • and f o r  the  CC~'C angles 
t e t rahedra l  values are assumed (Figs. 1 and  2). 

Fig. 1. - Conformation of the poly-ortho-methylstyrene 
macromolecule in the crystal state (side and end views). 
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I n  ana logy to wha t  we found  for  polys tyrene ,  the  p lane  of the  benzene 
ring was placed first to bisect  the  c1~C~2c'~ angle. However ,  as we shall f u r the r  see, 

the  best  ag reement  be tween  experi-  
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Fig. 2. - Model of a monomerie unit with 
specified angles and distances. 

mode of packing be tween neighbouring 
value of some appropr ia te ly  chosen 

I n  the  d iagram of Fig. 3 the  
course of the  closest Van  der Waals  
contacts  is sketched as a funct ion of X 
t h e  angle ~0 t h a t  m a y  be assu- 

4.25 
reed b y  the  macromolecule,  supposed 
to ro ta t e  a round  the  fourfold screw 
axis. (The value of ~ is referred to  4.0o 
the  angle fo rmed  b y  the  axis b wi th  
the  line joining the  center  of the  

3,75. 
chain to  Ce). As it  m a y  be  obser- 
ved  f rom this diagram, for W ---- 57°.5 
a position exists in which the  bes t  3.50 
packing contacts  with neighbouring 

men ta l  and  calcula ted intensi t ies 
was ob ta ined  for the  conformat ion  
drawn in Fig. 2, in which the  ben- 
zene p lane  forms an  angle of 8 ° wi th  
the  plane which bisects the  C1C2~C~ 
angle. The  C9 m e t h y l  g roup  was 
bound  to C8 ins tead  of C4 in order  
to ge t  be t t e r  in t ramolecular  Van der  
Waals  con tac t s ;  actuallT,  should i t  
be bound  to  C4, we would have  had  
a C~--C 1 con tac t  shor ter  t h a n  3.0 ~i, 
which is mos t  unlike f rom a stereo- 
chemical  viewpoint .  

The p rob l em of de te rmin ing  the  
s t ruc ture  was faced, still wi th  refe- 
rence to  the  pre l iminary  conforms-  
tion, t ak ing  into account  stereoche- 
mical  considerat ions concerning the  
macromolecules ,  and  examin ing  the  

s t ruc ture  factors.  

3,25 

Fig. 3. - Van der Waals contacts between 
neighbouring molecules, according to the 3:o0 
position ~ which could be assumed by the 
molecule around the four-fold screw axis. 10" 20" 30" 40" 50" 60" 70" 80" 90" 
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between aromat, ie earl)on a toms,  recorded in l i terature,  are comprised withiu 

3.~ and 3 .7A;  for 
grea ter  t han  3 .8A and suggest t h a t  
for this position one can obta in  the  
best  filling of sp~ee. 

This result  has been fu r the r  con- 
f i rmed b y  a s tudy  of the  behav iou r  
of the  values of the  s t ruc ture  factors  
of the  mos t  i m p o r t a n t  reflections ever  
p lo t ted  as a funct ion of the  angle ~. 
A ve ry  good agreement  be tween  cal- 
culated (Fo.) and  obsm*ved (Fo) does 
exist for ~ values of abou t  57 °. As 
an example  we repor t  in Fig. 4 a 
d iagram i l lustrat ing the  c~leulated 
behav iour  of the  expressions 

~) : :  57°.5 the  values of 
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Fig. 4. - Values of the ratios (Fc.(hkO)/F¢. 
(h'k'O)).(Fo.(h'k'O)/Fo.(hkO)) according to 
the position ¢ which could be assumed 
by the molecule around the four-fold 

screw axis. 

for three  typical  h k0 reflections. The chosen reflections correspond to high 
Br~gg distances so t h a t  t hey  are sensit ive to the  or ienta t ion of the  macro-  

i c 
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Fig. 5. - Fourier projection of the electron 
density on the (001) plane (arbitrary units). 

molecule bu t  not  to small  var ia t ions  
of its conformat ion.  Since the  above  
repor ted  expression needs to  be  equal  
to 1 in a ideal ly perfect  s t ructure ,  
the  posit ions which m a y  be  a s sumed  
are ve ry  l imited, and one a m o n g  
these  falls a t  ~ 57 °. 

I t  was possible to obta in  a fur- 
ther  i m p r o v e m e n t  of the  s t ruc ture  
by  searching for the  model  th~,t 
mJght be t t e r  correspond to the  image  
given b y  a Four ier  pro jec t ion  of 
the  electronic dens i ty  (Fig. 5) whose 
phases  resul ted univocal ly  determi-  
ned f rom the choice of the  approx-  
i m a t e  or ienta t ion  of the  macromo-  
lecule. 

F o r  instance a clear evidence was 
obtained,  t h a t  the  plane of the  ben- 
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z e n e  r i n k  f o r m s  an  anvh, of 68 ~ with the (',('~(':~ ldane of Fig. _." This an~le resulted 
of 60 ° for polystyrene and in fact the (~ and C~ atoms were thus equidistant  
from (~ and ('~. l[owcver,  with an autz'le of 60 ° we would have had It too 

close contact  between C, and C' 2. An analogous effect was noticed for poly- 
ortho-fluorostyrene [8], where the plane of benzene does not bisect the (,~C,,( 1 
angle being displaced of about  15 ° f rom the bisecting plane. 

34 
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Fig. 6. - Model of the structure of poly-ortho-methylstyrene on (001). 

B y  means  of the  found co-ordinates,  g iven in Table II,  a comple te  calcu- 
lat ion of the  structure factors was  made,  thus  finding a good agreement  b e t w e e n  
experimental  and calculated structure factors for the  hkO, hkl, hk2 reflec- 
t ions (Table III) .  This enables us to  bel ieve that  the  structure (Fig. 6) is 
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sufficiently determined, within the limits of the experimental data. For  the 
structure factors of this compound we did not bring any correction due to 
thermal movements. In  fact it was impossible to perform the observation of 
reflections having values of 2 sin 0 higher than 1.0, owing to the blackening 
of the film and the progressive enlargement of diffraction spots. For  a structure 
of this type, characterized by a high degree of order, a relatively low thermal 
factor may be reasonably expected, probably of the order of 4 /~ ,  and thus 
practically without affecting the structure factors in the angular region under 
consideration. 

3 .  - F i n a l  c o n s i d e r a t i o n s .  

Apart from the different symmetry  of the helix it is evident from Fig.s 6 
and 7 that  a close analogy exists between the structure and the mode of 
packing of this compound with the structure and the mode of packing of poly- 

Fig. 7. - Model of the structure of poly-ortho-fluorostyrene on (001). 

ortho-fluorostyrene, which belongs to the polar space group of the rhombo- 
hedral system (R3c), correspondent to the polar space group of the tetragonal 
system 141cd. 

The typical shape of the chain of poly-ortho-methylstyrene, has been already 
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p o l y - o r t h o - f l u o r o s t y r e n e  a n d  p o l y s t y r e n e .  This  f ac t  is due  to  t h e  b u l k i n e s s  

of t h e  m e t h y l  g roup ,  in c o m p a r i s o n  wi th  f luor ine  or  h y d r o g e n  a t o m s .  
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