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Crystal Structure of Poly-ortho-Fluorostyrene. 

G. NA~TA, P. CORRADINI and I. W. BAssi 

I s t i t u t o  d i  C h i m i c a  I n d ~ t s t r i a l e  de l  P o l i t e c n i c o  - M i l a n o  

(ricevuto il 26 Giugno 1959) 

Through processes of stereospeeifie catalysis, an isotaetic crystal l ine [1] 
polymer  of orthofluorostyrene [2] 

[ /CH--CH.. / "., 
CII--G. ~CH 
I \C--CH / 
CII2 i 
i F 

was first synthesized at the 
Institute of Industrial Che- 
mistry of the Milan Poly- 
technic. 

We shall repor t ,  in the  
present  work, the  results of 
our  roentgenographic resear- 
ches carried on in view of 
establishing the  mutua l  struc- 
ture  relations between this 
new polymer  and the iso- 
tact ic  polys tyrene previously 
studied b y  us [3]. 

Fig. 1. - Conformation of the 
macromolecular chains of iso- 
tactic polystyrene (left) and of 
poly-para-fluorostyrene (right). la) lb) 
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I n  a preceding work,  it has been observed  tha t ,  in the  case of a p-subst i -  
tu t ion  of a hydrogen  a t o m  of po lys ty rene  b y  a fluorine a tom,  the  fo rm of 
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the  chain changed f rom t h a t  of threefold  helix 
to t h a t  of a fourfold helix (Fig. 1) [4]. 

W e  shall  see how the  po lymer  we are consi- 
dering in this pape r  has a s t ruc ture  s t rongly  
similar to  t h a t  of isotact ic  polys tyrene .  E v e n  
an examina t ion  of the  powder  spec t ra  of the  
two polymers ,  in fact ,  emphasizes  the  close 
ana logy  be tween  them,  a t  least  as fa r  as the  
fo rm and  dimensions of the  uni t  cell are con- 
cerned (:Fig. 2). 

2t~ ° 

Fig. 2. - Comparison between the powder spectra 
(Cu, K~) registered with Geiger counter of isotactic 

polystyrene (a) and poly-ortho-fluorostyrene (b). 

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

Samples  able to  supply  or iented  crystal l ine fibers were p r epa red  b y  
ex t rud ing  a th in  cylinder of po lymer  f r o m  the  melt .  Such a cyl inder  was 
submi t t ed  to unidirect ional  hot  s t re tching and  was annealed  under  tension 
a t  a t e m p e r a t u r e  of abou t  150 °C. The  specimen so obtained,  examined  b y  
X-rays ,  gives fiber pho tographs  wi th  m a n y  well or iented reflections such as 
to  allow a good s t ruc tura l  invest igat ion.  

The  indexing of the  reflections b y  reciprocal  la t t ice  methods ,  was  m a d e  on 
the  basis, as for isotactic polys tyrene ,  of a rhombohedra l  uni t  cell. 

Referr ing the  constants  of this uni t  cell to hexagona l  axes, we ob ta in :  

a = b = (22.15 -4- 0.10)/~ e = (6.63 :[: 0 .05) /~ .  

The e direction is coincident wi th  the  s t re tching axis and  thus  wi th  the  
axis of the  polymer ic  chain. 

The  densi ty  which m a y  be calcula ted b y  assuming t h a t  18 monomer i e  
units are conta ined in the  uni t  cell is 1.29 g /cm 3. 

The  corresponding da ta  for  isotact ic  po lys tyrene  are:  

a = b = (21.9 g- 0.1) ~k, e = (6.65 g- 0.05) • ,  ~ --~ 1.12 g/era 3 . 

I n  Table  I are given the  observed and  calcula ted values of the  Bragg  distan-  
ces for  a cell hav ing  these uni t  t ranslat ions.  



fl.oro,,'lyrem,. 

h k l d,.. d,, h k l d,. do. 

1 1 0 11.OS 
3 0 0 6.38 
2 2 0 5.52 
4 1 0 4.19 
3 3 0 3.69 
6 0 0 3.20 
5 2 0 3.07 
4 4 0 2.77 
7 1 0 2.54 
6 3 0 2.42 
5 5 0 2.22 
9 0 0 2.14 
8 2 0 2.09 
7 4 0 1.99 
6 6 0 1.85 

10 1 0 1.82 
9 3 0 1.78 
8 5 0 1.69 

12 0 0 1.60 
11 2 0 / 

7 7 oJ 1.59 

10  4 0 1.54 
9 6 0 1.47 

13 1 0 1.42 
12 3 0 1.40 

8 8 0 1.38 
l l  5 0 1.35 
10 7 0 1.30 
15 0 0 1.28 
14 2 0 1.27 
13 4 0 1.25 

9 9 0 1.23 
12 6 0 1.21 
16 1 o / 
11 8 of t.16 
15 3 0 1.15 
14 5 0 1.12 
1010 0 1.11 
13 7 0 1.09 
18 0 0 1.07 
17 2 0 1.06 
12 9 0 1.05 

2 1 1 4.89 
3 1 T 4.15 

11.08 
6.41 
5.53 
4.17 
3.69 
3.20 
3.06 
2.77 
2.55 
2.41 
2.22 
2.13 
2.08 
1.99 
1.85 

1.69 

1.59 

1.28 

t .16 

1.06 

4.88 
4.11 

3 2 1  
4 2 1  
5 1  1 
4 3 1  
6 1 ~  
5 3 T  
6 2 1  
5 4 1  
7 2 ~  
8 1 1  
6 4 1  
7 3 1  

9 1  
8 3 ~  
9 2 1  
7 5 i  
8 4 1  

1 0 2 1  
7 6 1  

11 1 1 / 
9 4 1 /  

1 0 3 1  
8 6 ~  
9 5 1  

1 2 1 ]  
l 1 3 T  

8 7 1  
1 2 2 1  
1 0 5 ~  
1 1 4 1  

1 0 3  
2 0 2  

3 1 2  
4 o ~  
3 2 2  
5 0 2  
4 2 2  
5 1 3  
4 3 3  
6 1 2  7o } 
5 3  

3.67 
3.18 
3.06 
2.85 
2.68 
2.53 
2.47 
2.30 
2.21 
2.13 
2.09 
2.05 

1.92 

1.87 
1.82 
1.77 
1.75 
1.67 
1.65 

1.61 

t .58 
1.53 
1.52 
1.49 
1.47 
1.44 
1.43 
1.42 
1.40 

3.27 
3.12 
3.01 
2.81 
2.72 
2.64 
2.49 
2.43 
2.38 
2.27 
2.22 

2.10 

3.66 
3.19 
3.04 
2.83 
2.68 
2.54 

2.31 
2.21 
2.16 

2.06 

1.93 

1.88 

1.78 

1.63 

1.49 

2.81 

2.50 

2.20 

2.10 

n o t  meas .  
3.13 
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h k l  

6 2 3  
5 4 2  
8 0 2  
7 2 2  
8 1 3  
6 4 2  
7 3 2  
6 5 ~  / 
9 1 2 1  
8 3 2  

1 0 0 T  
9 2 2  
7 5 2  
8 4 3  

1 1 0 2  
1 0 2 2  
7 6 3  

11 1 2 /  
9 4 2 /  

1 0 3 2  
8 6 2  
9 5 3  

1 2 1 2  
1 1 3 2  
13 o ~  / 
s 7 ~ /  

d~ 

2.06 
1.95 
1.93 
1.90 
1.85 
1.82 
1.79 

1.71 

1.67 
1.65 
1.63 
1.59 
1.58 
1.53 
1.51 
1.50 

1.47 

1.45 
1.41 
1.40 
1.38 
1.36 

1.34 

do. 

w 

1.73 

1.66 
1.66 

h 

12 
10 
I1 

2 

1 1 3  
2 2 3  
4 1 3  
3 3 3  
5 2 3  
4 4 3  
7 1 3  
6 3 3  
5 5 3  
8 2 3  
7 4 3  
6 6 3  

1 0 1 3  
9 3 3  
8 5 3  

1 1 2 3 [  
7 7 3 S  

1 0 4 3  
9 6 3  

1 3 1 3  
1 2 3 3  

do. 

1.33 
1.32 
1.30 

2.17 
2.05 
1.95 
1.89 
1.79 
1.72 
1.66 
1.63 
1.56 
1.51 
1.47 
1.41 
1.40 
1.38 
1.34 

1.28 

1.25 
1.21 
1.19 
1.17 

do. 

not meas. 
not meas. 

1.94 
1.87 
1.77 

1.67 
1.62 

The (hkl) reflections with - - h + k + l : / = 3 n  and the reflections (hOl) with  

l ~ 2n being systematically absent,  the choice of the space group is restr icted 
t o  the ~3c group or to its polar R3c subgroup. 

The intensi ty measurements  were carried out  for the  zero and  the  1st layer  
lines b y  the multiple film method ;  for the  higher layer  lines, owing to the  
remarkable  enlargement of spots, we l imited ourselves to record the  quali- 
ta t ive  course of the intensities. 

2.  - S t r u c t u r a l  c o n s i d e r a t i o n s .  

I n  analogy $o what  w e  s t t m m a f i z e d  i n  the discussion of isotactic po ly -a lpha :  

butene and polystyrene structures,  the  monomer ic  units  mus t  necessarily 
repeat  themselves, three b y  three, along the  six threefold screw axes conta ined 
in t h e  unit  cell. Keeping into account  the  principle t h a t  the conformat ion  of 



a l,d-mc.vic ('hain in lhe evyslalli |w Malt'. h .nds l~) 1)(' 10ha,l~ of m i n i m u m  I)o- 
lenlial (,m,r~'y whi(.h :m isolal(,d orienl(,d ('hain svouhl a ssunw~ sin(.(, the effecl 
~)t' the l~eighl)ouviuff vhains is ~en(q'ally 
snm.]l on its eonfornmt.ion, we l:ried first 
to build up  the  mos t  p robable  model of 
tile polymeric  chain (Fig. 3). As second 
step, we s tudied the  possible w a y  of 
packing  of such macromolecules,  keep-  
ing into account  the  restr ict ions im- 
posed b y  uni t  cell s y m m e t r y  and  size. 

I n  Fig. 4 ~ smaU por t ion  of the  
ma in  chain is given, showing the  details 
re lat ive to the  construct ion of the  inde- 
penden t  s t ruc tura l  unit .  Angles and  
bond  lengths were deduced f r o m  l i t e  
r a tu re  da ta  and  f rom wha t  we found  in 
the  s t ruc tura l  s t udy  of analogous cry- 
stalline po lymers  [5]. The  C~C~C~, and  
C~C~Cr. angles were assumed as equal  
to  116 ° in order t h a t  the  ma in  chain 
a t o m s  satisfy the  principle of the  stag- 
gered bonds.  

To the  O~C~C3 and  C~,C~C3 angles was 
ascribed the  t e t rahedra l  v~lue analo- 
gously  wi th  w h a t  we found  for  poly- 
a lpha-butene  [6]. I n  order to minimize 
the  in t ramolecnlar  contacts  be tween  
the  carbon a toms  of the  benzene ring 
a n d  those of the  polymer ic  chain, the  
mos t  p robab le  posit ion of the  benzene 
r ing should be  t h a t  in which the  p lane  
it  defines bisects the  C~C2C~, angle, 
a t  least  unt i l  no considerat ion is ta- 
ken  of contacts  due to fluorine a toms.  
As far  as the  independent  s t ruc tu ra l  
uni t  is concerned there  are two ortho 
non-equiva lent  positions, bo th  possible 

Fig. 3. - Conformation of the poly-ortho- 
fluorostyrene macromolecule (side and end 

views). 

, i , 3 A  

< 

( 
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for the  fluorine a tom,  say F ,  or F~ (the index refers to the carbon a t o m  to  
which the fluorine a t o m  is linked). 

Assuming as carbon-f luorine b o n 4  
dis tance the  va lue  of l i t e ra ture  [7], 

c2.. i.e. 1.35-&, t h e  Van der Waa ls  con- 
tac t s  be tween  fluorine a t o m s  a n d  
the  ma in  chain carbon a toms  resu l t  

El" 
worse for  the  F~ t h a n  for the  F4 po- 

c,~ sition. Thus  the  posi t ion F5 has  to  
116" 

/ be  rejected.  The de te rmina t ion  of 
,~. ~ the  posit ion assumed b y  the  inde- 

penden t  c _22~ c ~ (  ~" s t ruc tura l  uni t  inside t h e  
c ~  ~ ~ c,. uni t  cell, owing to  the  g rea t  struc- 

~ ( D F ,  tu ra l  ana logy existing be tween  poly-  
:4 or tho-f luorostyrene and  isotact ic  po- 

c~ ~ c2. lys tyrene,  was made  as for this l a t  

ter ,  t ak ing  account  of the  pa r t i cu l a r ly  
2~ ~,  significant in tens i ty  of some equa-  

. | torial  reflections b y  means  of s t r u c  
ture  factors  graphs  [8]. 

Moreover,  we tr ied to h a v e  eve- 
Fig. 4. - Conformation of the independent rywhere  analogous Van  der  WaMs 
structural unit of poly-ortho-fluorostyrene contac ts  be tween the  a toms  of the  
(C --  C= 1.54 .~, (C --  C)b2.= 1.40 _~, C --  F =  neighbour ing macromoleeules .  

= 1.35A, CCF= 120°). The  (220) and  (660) reflections 

were first invest igated,  as for  i sotaet ie  
polystyrene~ because of their  ou ts tanding  in tens i ty  and  because their  s t ruc tu re  
factors  do not  v a r y  wi th  respect  to the  choice of the  space group (R3c or R3v}. 

F r o m  Figs. 5, 6 it is possible to observe the  posi t ion which mus t  be given to the  
macromolecule  in respect  of the  x and  y 
axes, so as to  just ify the  different ra t io  of 
in tensi ty  exist ing be tween  the  two reflec- 
tions in the  case of poly-ortho-f luorosty-  
rene and  polystyrene.  I n  fact  supposing 
t h a t  carbon a toms  in poly-ortho-fluoro- 
s tyrene  have  near ly  equal  posit ions in 

Fig. 5. - (220) structure factor graph, 
showing the position assumed by the ma- 
cromolecule (contours are drawn at regular 
intervals: positive lines; . . . . . . .  

zero lines; negative lines). 



respe(-t of the .x' :~nd /! axes, ~,~ i~ ])olys!yr(,lw, the fluoriHe ~to~bs ,v(. iu~ 
phase discordant(, with the (.arbou atoms for the (220) reitc(.tioll and ill 

a(.cord~uwe for the (6(;o) retlcctiom H(,n('(,, it may 1)c ('al(,ulated, :~s found 
also experimentally, tha t  F(6 6 0)/F(2 2 0) 

for poly-ortho-fluorostyrene is greater 
t han  the corresponding rntio for iso- 
tactic polystyrene. 

Assuming the approximate  position 
postulated for the macromolecule in 
order to satisfy the above assumptions, 

we have more precisely defined the co- 
ordinates of the independent s t ructural  
unit  taking into account  the intermo- 
lecular contacts  generated by  ro ta t ing 

the macromolecule around its threefold 
screw axis. The calculations have been 
made first for the crystalline lattice Fig. 6. - (660) structure factor graph. 

defined by  the R 3e  space group, for 
which the packing of the macromolecules is independent  of the choice of the  
origin in respect of the z ~xis. 

I n  Fig. 7 is reported the position which gives the best  packing contac ts  
between neighbouring macromolecules. For  this position the  contacts  between 
carbon atoms are all in good accordance with the l i terature da ta  and are 
homogeneous in all directions [9]. 

B y  ro ta t ing  clockwise and anticlockwise the macromolecule by 2 °, the con- 
tacts  become fairly worse as it results f rom Table I L  I n  the same table we 

TABLE II. - Values of Van der Waals contacts between atoms o/ neighbouring macromole- 
cules of poly-ortho-fluorostyrene. (Only the most significant values are reported). 

(I): values calculated when the position assumed by the independent structural unit 
is that of Fig. 7. (II) and (III): values calculated by rotating the macromolecule 

by 2 ° anticlockwise and clockwise respectively. 

Atoms of isoclined II I I I I  r Atoms of anticlined I 
molecules A • ~ 1 molecules A 

CBA C6c 
Ce~ C4e 
C6A Fc 
C7~ CTn 
CTa Can 
CTA CsB 
F~ F~ 
F~ C4~ 
FA Cic, 

3.45 
3.46 
3.86 
3.58 
3.71 
3.58 
3.43 
3.78 
3.53 

3.54 
3.56 
3.88 
3.50 
3.55 
3.45 
3.44 
3.81 
3.58 

3.60 
3.64 
3,93 
3.43 
3.49 
3.34 
3.46 
3.84 
3.63 

C4A Cac 
C4~ C7~ 
FA C~c 
FA C7~ 
Cs~ F~ 
CsA CjB 
CSA C6~ 
Cs~ C6B 
CsA C B 

3.44 
3.51 
3.28 
3.87 
3.25 
3.40 
3.56 
3.48 
3.81 
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r ( ?o r t  the values of the intermoleeula.r eontae ts  if the space ~rouI) were R~e 
(~t suitable choice of the  origin in respect  of the  z axis is needed),  i n  this ease 
too, as for isotaetie po lys tyrene  and  po ly-a lpha-butene ,  i t  is not  possible to 

/ 
/ 

/ 
X 

2A 

~ 0  "332 

6 

I-2 
o ._~__._ y 

32 : I-~.~ 

\ 

:Fig. 7. - Actual position of the poly-ortho-fluorostyrene macromolecule in the unit cell. 

choose univocal ly  the  t rue  space group,  on the  basis of the  contac ts  only. 
I t  is possible, however,  to  r e m a r k  tha t ,  a l though the  distances of contacts  do 
no t  diminish when enan t iomorphous  anticl ined macromolecules  face one 
another ,  the  n u m b e r  of contacts  increases r emarkab ly .  

3 .  - C a l c u l a t i o n  of s t r u c t u r e  f a c t o r s .  

We found it  advisable also for poly-ortho-fluorostyrene~ to m a k e  the  cal- 
cula t ion of the  s t ructure  fac tors  for b o t h  the  space groups  ei ther  according to 
the  suggested model,  or according to other  t r ia l  models  in which the  mono-  



( ' ] ~ S ' l ' . ' , [ ,  S ' I I { I ' ( " I ' [  1~1,] ()1,' I ' I ) I , ~ - A I , I ) I I A - V I X ' f I , N / ~ t ' I I T A I , I - ~ N ]  .] !~ l  

in~l'i~ ' unit w;i.~ ,~li~h(ly i'(~l:ll¢,(1 : l rol l l id  |h i ,  lhr(,(,fold s(,l'(,~\ : lxis or' itl \x:hi(,h 

t lw l)l:~l~c ~f l lw  1)(,Hzom, ~'iH~' w~ls s l ig 'hi lv r o t : / t c d  :lrOtH/d the  (~ ~ b o n d .  . 2 ~ 3 

The  b(,st :~gr(~(~meut 1)(,lweeu tlw. observ(~d :~nd val(:ulat( ,d struetur(~ fa( , lors  

(Tab le  IV)  was  o b t a i n e d  for  t h e  n o n - c c i I t r o s y m m e l r i c  sp 'we  g-roup R3c u s i n g  

' 1 t h e  co -o rd ina t e s  r e p o r t e d  in ~1 ~b e I I I ,  w h i c h  n e ~ r l y  c o r r e s p o n d  to  t h o s e  of 

"FABLE I I I .  - Co-ordinates o/ the i~depende,t struclural unit o/ poly-ortho-]luoro,~'tyre,e. 
(The atoms are marked as in Fig. 7), 

C 1 

C2 
C8 
C4 
C5 
C~ 
C7 
C8 
F 

x/a 

0.306 
0.306 
0.238 
0.238 
0.176 
0.175 
0.114 
0.114 
0.297 

y/b 

0.293 
0.293 
0.231 
0.173 
0.233 
0,116 
0.176 
0.118 
0.170 

0.232 
0.000 
0.923 
0.842 
0.932 
0.770 
0.860 
0.776 
0.832 

t h e  m o d e l  f i rs t  pos tu la ted~  w i t h  t h e  e x c e p t i o n  of a r o t a t i o n  b y  15 ° of t h e  

p l a n e  of t h e  b e n z e n e  r i n g  a r o u n d  t h e  C~C3 bond~ f r o m  t h e  p o s i t i o n  i n  w h i c h  

q 

4 ol Io 

:Fig. 8. - Project ion on (001) of the  electron densi ty  for poly-ortho-f iuorostyrene,  cal- 
culated for the R3c space group (levels in a rb i t r a ry  units).  
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TABLE IV .  - Comparison between the observed and the calculated structure ]actors. 
T h e  Fo. v a l u e s  c o r r e s p o n d  to  t h e  s q u a r e  r o o t  of  t h e  t o t a l  i n t e n s i t y  d i f f r a c t e d  b y  t h e  

(hkl) l a t t i c e  p l ane ,  a f t e r  e f fec t ing  t h e  u s u a l  c o r r e c t i o n s  fo r  t h e  a n g u l a r  f a c t o r s .  I n  o r d e r  

to  t a k e  i n t o  a c c o u n t  t h e  d i f f e ren t  m u l t i p l i c i t y  of  t h e  re f lec t ions ,  all  t h e  c a l c u l a t e d  s t r u c -  

t u r e  f a c t o r s ,  exce~)t t h e  (h00 )  a n d  (hhO) ones ,  w e r e  m u l t i p l i e d  b y  x / 2 ;  B =  6 A ~. (Cu, K :¢). 

h l 2 s in  t A B Ft. Fo. 

- -  90 - -  90 0 I 0.139 244 

0 I 0.242 - -  3 - -  66 66 152 
0 { 0.279 - -  81 - -  81 165 

4 0 0.367 64 + 85 107 108 

3 0 0.418 + 61 - -  61 148 

6 0 0  0.483 + 69 74 72 

5 2 0 0.502 - -  82 113 101 

4 4 0  0.557 + 57 57 111 

7 1 0 0.607 + 4 44 

6 3 0  0.638 + 61 71 43 

5 5 0  0.696 - -  53 53 37 

9 0 0  0.722 - -  2 - 5 6  

8 2 0  0 . 7 3 6 !  + 33 34 55 

7 4 0 0 .775 - -  26 48 147 

6 6 0  0.835 - -  85 85 
10 1 0 0 . 8 4 6 1 +  14 33 105 

9 3 0  0.869 + 19 31 43 

8 5 0 0 . 9 1 2 + 1 1  38 

1 2 0 0 0 . 9 6 5 - - 1  25 

11 2 0 1  13 82 
7 7 0 /  0.974 + 36 41 

10 4 0  1.004 + 6 12 - - " l l  7 6 1  0.934 + 1 1 1 4 2  44 - -  

2 6  ~ 2 9 6 0  1.050 - -  6 18 - -  11 1 1[ + 31 - -  
1 3 1 0  1 . 0 8 8  + 8 2 4  - 94 j" 0 . 9 5 8  + 1 4  3 9  4 6  

1 2 3 0  1 . 1 0 5  - 1 9 - 1 5  2 4  - 1 0 3 1  0 . 9 7 6  - + 2 2  3 8  - -  

8 - -  - 20 + 20 8 8 0 1.114 - -  8 6 1 1.008 1 - -  

11 5 0  1.140 + 4 9 5 1 1.014 21 8 22 - -  

10 7 0 1.188 + + 

15 O 0  1.206 38 28 21 11 3 1  1.049 + 32 + 6 32 - -  
14 2 0  1.213 + 13 8 7 1 1.070 + 16 - -  3 16 - -  

13 4 0  1.238 + 15 ~- 14 12 2 1 1.079 - -  45 - -  6 46 v v w  

9 9 0  1.252 + 1 - -  t 0  5 1  1.085 + 5 - -  14 15 - -  

12 6 0  1,275 - -  23 - -  10 11 4 1  1.101 + 2 - -  25 25 - -  

16 1 0 ] .  + 7 0  + 1 1  9 7 i  1 . 1 4 1  - -  13 11 17 - -  

11 8 0 J  1.328 _ 1 + 8 10 6 1 1.150 + 45 + 7 46 - -  

15 3 0  1.343 - -  29 - -  28 13 2 1  1.159 + 59 + 22 63 v w v  

14 5 0  1.372 + 2 + 4 12 4 - i  1.184 - -  14 + 1 0 f  17 - -  

1 0 1 0 0  1.391 + 10 - -  1 4 1 1  1.193/49~ + 6 2  79 v v w  

13 7 0  1.413 + 13 + fi 13 3 1 ~  5 + 1 
18 0 0  1.447 + 2 3 - -  18 9 8 1 J  1.206 12 - 6 14 - -  

17 2 0  1 . 4 5 3 -  6 + 2-7 t t  6 t  1.224 19 + 13 23 - -  

- -  - -  12 5 1  1.233 26 - -  1 26 - -  
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plane. The Fourier projection has ~iven a good evidence of the rotation of 
the plane of the benzene ring in respect of the plane which bisects the C1C~C1, 
angle. The coherent values assumed by the electron density in the points 
corresponding to the postulated positions of the atoms and the lack of spu- 
rious maxima~ as given in Fig. 8, enable us to believe in the substantial exactness 

0 

0 

Fig. 10.- Projection on (001) of the structure of isotaetie polystyrene for the R3e space 
group. 

of the suggested model. In Fig. 9 and Fig. 10 a comparison between the 
structure of the examined polymer and that  found for isotactie polystyrene 
is given. 

The analogy results quite fair between the structures of the two polymers, 
which determines the possibility, experimentally proved by us [10], to obtain 
crystalline eopolymers of styrene and orthofluorostyrene. 

The fact that, as reported above, the plane of the benzene ring appears 
to be rotated by 15 ° around the C~C3 bond, from the position in which it bi- 
sects the C1C~C1, angle (as it occurs for polystyrene) may be easily explained 
in order to diminish the contact between F~ and C1,, (Fig. 4). 

Such a rotation also takes place for other polymers of ortho-substituted 
styrenes as poly-ortho-methylstyrene, even when the shape of the main chain 
is slightly different from the threefold helix one. 



!)?) 

R 1': F 1:, 1~ 1:, X ( '  1:, 

[]] G. NATTA: ~llli .lc¢:. Naz. Li,cei, Me,~orie. 4. (S), 61 (1955) ; Jour , .  t'olymer ,s'ci.. 
16, 143 (1955). 

[2] G. NATTA, F. DANUSSO and D. SIANESI: Makr. Chem., 28, 253 (1958). 
[3] G. •ATTA, •. CORRADINI and I. W. BAssi: Suppl. Nuovo Cimento, 15, 68 (1960). 
[4] G. NATTA, P. CORRADI~-I and I. W. BAssi:  Gazz. Chim. It., 89, 784 (1959); Angew. 

Chem., 70, 598 (1958). 
[5] G. NATTA, P. COgRADINI and I. W. BASSI: Suppl. Nuovo Cimento, 15, 52~ 

68 (1960). 
[6] G. NATTA, P. CORRADINI and I. W. BAssi: Suppl. Nuovo Cimenlo, 15, 52 (1960), 

p. 58, 59. 
[7] Z. G. PINSKER: Electron Di]]raelion, (London, 1953), p. 355. 
[8] W . L .  BRAGG and I t .  LI~'soN: Z. Krist., 95, 323 (1936). 
[9] ~-~. ~k. STUART: Die Physik der Hochpolymeren, 1, 160 (Berlin, 1955). 

[10] G. NATTA et al.: unpublished data .  


