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The structure of polyisoprenes 
I. The crystal structure of geranylamine hydrochloride

B y  G. a .  J b i t r b y  

(Communicated by W. N. Haworth, F .R .S .— Received 25 M ay  1944)

A n X -ra y  analysis em ploying three-dim ensional F o u rie r syn theses h as estab lished  th e  crystal 
s tru c tu re  a n d  m olecular dim ensions o f th e  di-isoprene deriva tive , geranylam ine h y d ro ­
chloride. T he m olecules, w hich have a  trans configuration a n d  are  therefore  analogous to  g u tta ­
percha , lie paralle l a n d  end  to  end in  pa irs w ith in  an  ionic fram ew ork w here each  n itrogen  
a to m  is eq u id istan t from  four chlorine neighbours. T he tw o isoprene im its are  p lan a r an d  have 
n o rm al in te rato m ic  d istances, b u t  a re  linked by  a  C-C bond  m arked ly  sh o rte r th a n  a  norm al 
single bond. T his u n u sual bond  featu re  is accom panied  by  a  cop lanar a rran g em en t w ith  th e  
a d jacen t carbon  bonds.

iN T B O D rO T IO N

The difficulty of crysta l s truc tu re  determ ination  of complex organic molecules is 
to  some degree oflFset by  th e  ex ten t of th e  diffraction d a ta . W ith  th e  polyisoprenes 
m uch o f th is  f o r m a t io n  is obscured both  by th e  diffuse n a tu re  o f th e  fibre diagram s 
an d  by  am biguities arising from im perfect crystallite "onentation. The resulting 
lack o f precision is well illustra ted  by  the  exam ple o f rubber, where a ttem p ts  a t  
d irect analysis have led to  considerable disagreem ent even in  th e  prelim inary 
description of th e  u n it cell (L otm ar & Meyer 1936; S auter 1937; Morss 1938; Misoh 
& V an der W yk 1940). The detailed  structu res for rubber an d  ^-gu tta-percha



r e c e n t ly  p ro p o se d  b y  B u n n  (1942) a re  s u b je c t  to  th e  sa m e lim ita t io n s  a n d  c a n n o t b e 

re g a rd e d  a s  n e c e ssa rily  fin a l so lu tio n s, p a r t ic u la r ly  a s  th e y  % atail su rp r is in g ly  la rg e  

v a le n c y  d isto rtio n s  o f  a  ty p e  h ith e rto  u n p a ra lle le d .

W ith  th e  o b je c t  o f  d e te rm in in g  in d ir e c tly  th e  in te r a to m ic  d im en sio n s in  th e se  

p o ly m e rs  a t te n t io n  h a s  b e e n  d ire c te d  to  s im p ler  a n a lo g u e s. F o llo w in g  th e  s tu d y  o f  

a  m o n o -iso p ren e co m p o u n d  b y  C3ox &  J e ffr e y  (1942), d e r iv a t iv e s  o f  g e ra n io l w ere  

co n sid e re d  s in ce  t h e y  p o ssess a  d i-isop ren e sy s te m  a k in  to  th e  re p e a tin g  u n its  in  th e  

lo n g -c h a in  p o ly m e rs . A lth o u g h  m a n y  o f  th e se  co m p o u n d s a re  u n su ita b le  fo r  X - r a y  

m e th o d s, th e  h y d ro ch lo r id e  6f  g e ra n y la m in e  ( 1) a ffo rd e d  th e  re q u is ite  c ry s ta ls  fo r  

in te n s ity  m edfeurem ents, a n d  th e ir  fa v o u r a b le  sp a c e  g ro u p  to g e th e r  w ith  th e  

p rese n ce  o f  a  c o m p a r a tiv e ly  h e a v y  ch lo rin e  a to m  h a s  m a d e  p o ssib le  th e  co m p lete  

a n d  a c c u r a te  a n a ly s is  o f  th e  s t r u c tu r e :

CH—C=CH—CHj—CHg—C=CH—CHa—NHs. Cl 

i s ,  CH,

E x p e r i m e n t a l

F o u r  m o lecu les  o f  C jo H ig N H a . H C l  a re  a sso c ia te d  b y  th e  sp a ce-g ro u p  s y m m e tr y  

F ^ J c  in  a  u n it  ce ll o f  d im en sio n s a  =  22*68A , b =  6 -9 4 A , c =  8-98A , f i  =  98-8°. 

A  c o m p le te  d e sc r ip tio n  o f  th e  s tr u c tu re  e x c lu d in g  th e  h y d ro g e n  a to m s th e re fo re  

req u ire s  th e  d e te rm in a tio n  o f  36 a to m ic  p a ra m e te rs . F o r  th is  p u rp o se, a ll  p la n e  

re fle x io n s  w ith in  th e  r a n g e  o f  C u  Kg, r a d ia tio n  w ere  re c o rd e d  o n  o sc illa tio n  p h o to ­

g ra p h s  a b o u t th e  p r in c ip a l a x e s , a n d  th e ir  r e la t iv e  in te n s itie s  w e re  e s t im a te d  b y  e y e  

w ith  th e  a id  o f  c a lib ra tio n  c h a rts . A s  i t  is im p o r ta n t t h a t  th e se  v a lu e s  sh o u ld  b e  

a b so lu te , t h e y  w e re  r e la te d  to  se le cte d  in te n sitie s  tr a n s m itte d  th r o u g h  a  th in  c r y s ta l 

s la b  a n d  m ea su red  b y  p h o to m e tric  co m p a riso n  w ith  a  s ta n d a r d  ro c k -s a lt  (400) 

re fle x io n  re co rd e d  on  th e  sa m e film . A ll  p h o to g ra p h s  w e re  ta k e n  th r e e  o r  n>ore 

tim e s  w ith  diCFerent e x p o su re s , u sin g  a lu m in iu m  screen s o f  k n o w n  a b so rp tio n  to  

b r in g  s tro n g  sp o ts  w ith in  th e  ra n g e  o f  lin e ar X - r a y  d e n s ity .
F ro m  th e  e x p e rim e n ta l m ea su rem en ts  th e  s tr u c tu re  a m p litu d e s  o f  1060 p la n e s 

w e re  c a lc u la te d  b y  th e  u su a l fo rm u la e , a n d  w ere  u sed  firs t  in  th e  su m m a tio n  o f  a  

th ree -d im en sio n a l (P a tte rso n ) F o u rie r  sy n th e sis .

•

T h e  a r r a n g e m e n t  o f  t h e  c h l o r in e  a t o m s

T h e  p o sitio n s o f  th e  ch lo rin e  a to m s w e re  d e r iv e d  d ire c t ly  fro m  th e  P a tte r s o n  

sy n th e s is  b y  v ir tu e  o f  th e  o u tsta n d in g  C l-C l v e c to r  p e a k s , tw o  a t  co -o rd in a tes  

(0*107, 0-50, 0*162) a n d  (0*107, 0*50, 0*662) a n d  a  th ir d  o f  d o u b le  h e ig h t  a t  (0*00, 

0*00, 0-50). T h e s e  p e a k s  m u st a rise  fro m  a to m s a t  e ith e r  (0*053, 0*25, 0*081) or 

(0*053,0*25,0*331) in  c o n ju n ctio n  w ith  a to m s s y m m e tr ic a lly  re la te d . T h e  fo rm e r w a s  

u lt im a te ly  sh o w n  to  b e c o rre c t, b u t  b o th  p o ssib ilitie s  h a d  to  b e  c o n sid e re d  sin ce  no 

d is tin c tio n  c a n  b e  m a d e  b e tw e e n  th e  c e n tre  o f  s y m m e tr y  a n d  th e  scre w  a x is  fo r  

a to m s on  th e  g lid e  p la n es.



T h e  P a tte r s o n  sy n th e sis , h a v in g  s y m m e tr y  p la n e s  a t  ?/ =  0 a n d  c a n n o t r e v e a l 

a n y  s m a ll d e p a rtu re  in  th e  y  p a ra m e te r  fro m  0-250. T h is  w a s  a ssu m ed  t o  b e  e x a c t  

fo r  th e  a p p r o x im a te  s tru c tu re , a n d  d u rin g  th e  su c ce ss iv e  refin e m en ts  n o  e v id e n c e  

t o  th e  c o n tr a r y  w a s  o b serv e d . F u r th e r  co n firm a tio n  w a s  a v a ila b le  a t  th e  con clu sio n  

o f  th e  a n a ly s is  fro m  th e  com p a riso n  o f  th e  a g re e m e n t b e tw e e n  o b se rv e d  a n d  c a l­

c u la te d  s tr u c tu re  a m p litu d e s  fo r  p la n e s  w ith  I od d , w h ere  th e  ch lo rin es m a k e  zero  

c o n tr ib u tio n , a n d  th o se  w ith  I e v e n :

calc. 17-0 a n d  17*8 %  r e s p e c tiv e ly .
S I J 'o b s . l  »

A s  sh o w n  in  fig u res  4 a n d  5 th e se  h a lo g e n  a to m s lie  in  sh e ets clo se to  th e  (100) 

p la n e s  en c lo sin g  th e  o rg a n ic  m olecu les in  p a irs  b e tw e e n  th e m .

D e t e r m in a t i o n  o f  t h e  a p p r o x im a t e  s t r u c t u r e

T h e  g e n e ra l o r ie n ta tio n  o f  th e  m olecu les w a s  a p p a r e n t fro m  th e  le n g th  o f  th e  

a  a x is ;  a n d  fro m  th e  w e a k  o d d  la y e r  lin es on  th e  c a x is  p h o to g ra p h s  i t  w a s  c le a r  th a t  

o th e r  a to m s b esid es th e  h a lo g e n s m u st lie  o n  o r  n e a r  th e  g lid e  p la n e s. F u rth e r  

in fo rm a tio n  w a s  d e r iv e d  fro m  th e  P a tte r s o n  sy n th e sis  w h ic h  w a s  c o m p u te d  o v e r  

sectio n s p a ra lle l to  (010) a t  in te r v a ls  o f  y  su ffic ie n tly  close to  r e v e a l a il p ro m in en t 

p e a k s . S ix  su ch  p e a k s  o f  h e ig h t co rresp o n d in g  to  C l-N  a n d  C l-C  d ista n ces  in d ic a te d  

p o sitio n s fo r  N , C^, a n d  Cg in  w h ic h  th e  n itro g e n  w a s  e q u id is ta n t fro m  fo u r  ch lo rin e 

a to m s a n d  th e  in te ra to m ic  d ista n ces  a n d  v a le n c y  a n g le s  w e re  a p p r o x im a te ly  n o rm al. 

T h is  w a s  th e  o n ly  a rra n g e m e n t c o m p a tib le  w ith  th e  v e c to r  m a p s. B e y o n d  th is  sta g e , 

h o w e v e r , th e se  b e c a m e  m u c h  m o re  c o m p lic a te d  a n d  fu r th e r  d ire c t  in te rp re ta tio n  

w a s  n o t p o ssib le . F o r  th e  rem a in m g  e ig h t a to m s tr ia l  a n d  e rro r  m eth o d s w ere 

a d o p te d  a n d  th e  P a tte r s o n  sy n th e sis  w a s  u se fu l o n ly  in  re s tr ic t in g  th e  n u m b e r  o f  

p o ss ib ilitie s  t o  b e  con sid ered.

A  m o d el b a se d  on  n o rm a l in te ra to m ic  d im en sion s w a s  u sed , first t o  a sce rta in  

a rra n g e m e n ts  w h ic h  w o u ld  s a t is fy  th e  p r in c ip a l s tru c tu re  fa c to rs  o f  th e  {hdl) zo n e , 

a n d  th e n  fo r  fu r th e r  tr ia ls  w ith  ge n e ra l p la n e s . O w in g  t o  th e  w id e  ra n g e  o f  free  

r o ta tio n  a b o u t  e a c h  s in g le  b o n d , a  la rg e  n u m b e r  o f  co n fig u ra tio n s w a s tr ie d  a n d  

r e je c te d  b efo re  a rr iv in g  a t  a  se t  o f  co -o rd in ates w h ich , w h e n  refin ed  b y  F o u rie r  F  
sy n th e sis , re su lte d  in  a  m a rk e d  im p ro v e m e n t in  th e  a g reem e n t b etw e en  th e  o b serve d  

a n d  c a lc u la te d  s tr u c tu re  fa c to rs . T h ese  a n d  a ll su b seq u en t syn th e se s  w ere  o f  th e  

th ree -d im en sio n a l ty p e , s in ce  p ro je c tio n s  w ere  o f  little "  v a lu e  ev e n  on  th e  m o st 

fa v o u r a b le  (010) p la n e .

T h e  F o u r i e r  F  s y n t h e s i s

S ta r t in g  fro m  th e  a p p r o x im a te  s tru c tu re , th e  a to m ic  co -o rd in ates w e re  refined 

b y  th e  m e th o d  o f  su c ce ss iv e  F o u r ie r  syn th ese s. T h e  su m m a tio n s w e re  e v a lu a te d  

fro m  a ll th e  a v a ila b le  d a ta  u sin g  B e e v e rs  a n d  L ip s o n ’s str ip s  o v e r  sectio n s a n d  a lo n g  

lin es a t  v a lu e s  o f  x ,  y  a n d  z a p p ro p ria te  to  th e  m a x im u m  o f  eacK  a to m  p e a k . A fte r



F ig u b e  2. Projection of the molecule and Fourier sections on (001).
26-a
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th e  fifth  series, th e  s tr u c tu re -fa c to r  c a lc u la tio n s  r e v e a le d  n o  fu r th e r  s ig n  ch an ges, 

a n d  th e  e le c tro n  m a p s fro m  th is  fin a l su m m a tio n  a re  sh o w n  in  figu res 1 a n d  2. F o r  

th e  p u rp o se  o f  illu s tra tio n , th e  e lectro n  d e n s ity  p e a k s  fo r  on e m o lecu le  h a v e  b e e n  

taken from the sectionarsummations and superimposed on the b and c planes respec­
t iv e ly .  T h e  co n to u rs  a re  a t  in te r v a ls  o f  on e e le c tro n  p e r  A®, w ith  th e  e x c e p tio n  o f  

th e  ch lo rin e  a to m  w h ere  th e  sca le  is  tw o  e lectro n s. T h e  zero  a n d  firs t co n to u rs  h a v e  

b e e n  o m itte d  fo r  c la r it y  in  th e  d ia g ra m s. T h e s e  m a p s  sh o w  c le a r ly  t h a t  th e  p e a k s  a re  

d ifferen t fo r  ca rb o n  a to m s a t  o p p o site  en d s o f  th e  m o lecu le  a n d  a lth o u g h  a p p r o x i­

m a te ly  e q u a l in  t o t a l  v o lu m e  th e y  b eco m e p ro g re ss iv e ly  f la t te r  fo r  e a c h  a to m  a lo n g  

th e  c h a in  fro m  th e  n itro g e n . W h ile  i t  ca n n o t b e c e rta in  th a t  th is  h a s a  re a l p h y s ic a l 

sig n ifica n ce  a n d  d oes n o t a rise  m e re ly  fro m  th e  u se  o f  a  finSie F o u rie r  series, th e  

m a g n itu d e  o f  th e  efiFect su g g e sts  th a t  i t  m a y  b e  a t tr ib u te d  to  a  v a r ia t io n  in  th e rm a l 

m o tio n  b e tw e e n  th e  p o la r  a n d  n o n -p o lar  en d s o f  th e  m o lecu le .

T h e  f i n a l  a t o m ic  p a r a m e t e r s

T h e  a to m ic  p a ra m e te rs  w e re  m ea su red  d ire c t ly  fro m  th e  m a x im u m  o f  e a c h  p e a k  

in  th e  F o u r ie r  sy n th e sis  a n d  g a v e  th e  in te ra to m ic  d im en sion s sh o w n  in  ta b le  1.

T a b l e  1

N-Ci 1-49A (1-48) C5 -C, 1-44 A (1-46)
CrCa 1-54 (1-63) c«-c, 1-51 (1-62)
C rC , 1-31 (1-32) C,-C« 1*31 (1-32)
c,-c* 1-53 (1-63) Cs-C, 1-53 (1-55)

1-61 (1-64) C8 -C,o 1-64 (1*53)

N-C^-Ca 109" (109°) C3 -C,-C. 115° ( 1 1 2 °)
Ci-Cj-Ca 126° (126°) C s-e ,-c , 1 1 2 ° ( 1 1 2 °)
C.-C.-C* 124“ (124°) Ce-C,-C, 129° (129°)

1 2 1 ° (119°) C^-Cb-Cb 124° (123°)
C,-C3 -C, 116° (117°) C,.C3-C„ 1 2 1 ° (121°)

Cj-Cg-CiQ 115° ' (116°)

T h e  g e n e ra l co rrectn ess  o f  th is  so lu tio n  is  s u b s ta n t ia te d  b y  th e  s a tis fa c to ry  

a g re e m e n t b e tw e e n  th e  o b se rv e d  a n d  c a lc u la te d  s tru c tu re  fa c to rs  fo r  a ll p lan es, 

a n d  in  p la c e  o f  th e  co m p lete  n u m e ric a l l is t  o f  1060 v a lu e s , w h ic h  w a s  s u b m itte d  

w ith  th e  p a p e r  b u t  n o t p u b lish e d , th is  a g re e m e n t is  sh o w n  d ia g ra m m a tic a lly  in  
fig u re  3 fo r  som e 500 v a lu e s .

I n  o rd er to  e x a m ia e  th e  a c c u r a c y  o f  th e  resu lts  tw o  fu r th e r  F o u r ie r  syn th e se s  

w e re  e v a lu a te d . T h e  fu ll  e x p e r im e n ta l d a ta  u se d  p r e v io u s ly  c o n ta in e d  a  g r e a te r  

n u m b e r  o f  o b se rv e d  ih te n s itie s  fo r  th e  I e v e n  series o f  p la n e s  th a n  fo r  th e  I o d d  b y  

rea so n  o f  th e  c o m p a r a tiv e ly  h e a v y  ch lo rin e a to m  c o n tr ib u tin g  to  th e  fo rm er b u t  n o t 

th e  la t te r . I t  seem ed  a d v is a b le  w h e n  lo c a tin g  th e  c a rb o n  a to m s t h a t  th e  su m ­

m a tio n s  fro m  th e  I e v e n  a n d  I o d d  p la n e s  sh o u ld  in c lu d e  a n  e q u iv a le n t n u m b e r  o f  

te rm s. T h e  sy n th e s is  w a s  th e re fo re  r e p e a te d  fo r  th e  ca rb o n  sk e le to n  o m itt in g  th o se



F  v a lu e s  (c. 350) w h ere  th e  d ifferen ce b e tw e e n  -^observed a n d  i^hiorine w a s  less 

th a n  1*5 p e r  m o lecu le , th is  v a lu e  b e in g  th e  m in im u m  o b se rv a b le  w h e n  -Fchiorine 

w a s  zero . T h e  n e w  a to m ic  p o sitio n s sh o w e d  a  m e a n  s h ift  o f  0*02 A  fro m  th o se  

previously d e r iv e d . T h e  co rresp o n d in g  in te r a to m ic  d ista n ces  a re  g iv e n  in  p a re n ­
th e s is  in  ta b le  1 .

A s  a n  a lte r n a tiv e  m e th o d  o f  b a la n c in g  th e  I e v e n  a n d  I o d d  te rm s, th e  F  v a lu e s  

w e re  c a lc u la te d  fo r  a ll p la n e s  o f  sp a c in g  g r e a te r  th a n  0* 9 A  w h o se  in te n sitie s  w e re  to o  

sm a ll to  b e  o b serv e d . T h e se  a m o u n te d  to  som e 300 v a lu e s  w h ic h  w h e n  in c lu d e d  in  

th e  sy n th e s is  a lso  re su lte d  in  s h ifts  in  th e  p a ra m e te rs  o f  th e  o rd e r  o f  0*02 A  a n d , as 

m ig h t b e  e x p e c te d , c o n s id e ra b ly  sh a rp en ed  th e  e le c tro n  p e a k s . T h e  d o u b le  b o n d  

le n g th s  b e c a m e  1*3 4 A , th e  Cs-Cg b o n d  1*46A , a n d  th e  o th e r  b o n d s re m a in e d  th e  

sa m e  w ith in  0*01 A . T h e  p ro g re ss iv e  b ro a d e n in g  o f  th e  c o n to u r  in te r v a ls  fo r  ea ch  

a to fli a lo n g  th e  m o lecu le  w a s  s t ill  c le a r ly  a p p a re n t, a lth o u g h  th e  a d d itio n a l te rm s 

in crea sed  th e  m a x im u m  e le c tro n  d e n s ity  o f  th e  p e a k s  o th e r  th a n  th o se  a t  ?/ =  J  a n d  

f  b y  a b o u t  |  electron/A®.

B o t h  th e se  F o u r ie r  sy n th e se s  w e re  a n  im p ro v e m e n t o n  th e  o r ig in a l a s  reg a rd s  ' 

th e  s lja p e  o f  th e  e le c tro n  co n to u rs, p a r t ic u la r ly  th o se  o f  Cg w h e re  th e  e lo n g a tio n  o f  

th e  p e a k  in  th e  c a x is  d ire ctio n  w a s  c o m p le te ly  re m o v e d . T h e  ch a n g e s in  p e a k  

p o sitio n s  w e re  o f  th e  sa m e o rd er a s  th o se  b e tw e e n  th e  p e n u ltim a te  a n d  fin a l su c ­

ce ss iv e  P o u rie r  sy n th e se s , a n d  th e  b o n d  le n g th s  a n d  v a le n c y  a n g le s  sh o w e d  no 

v a r ia t io n s  b e y o n d  th e  lim its  o f  e x p e rim e n ta l erro rs w h ic h  a re  e s t im a te d  a t  ± 0-04 A  

a n d  + 4 ° .

A lth o u g h  th e  a to m  p e a k s  w e re  le a st sh a rp  in  th e  sy n th e sis  u sin g  th e  sm a ller 

n u m b e r  o f  F  v a lu e s , th e se  a to m ic  p a ra m e te rs  (ta b le  2 ) a re  co n sid ered  t o  b e  th e  m o st 

re lia b le  s in ce  t h e y  w e re  d e r iv e d  s o le ly  fro m  e x p e rim e n ta l d a ta  w ith  th e  ex c lu s io n , 

fo r  th e  o rg a n ic  p a r t  o f  th e  m o lecu le , o f  su c h  v a lu e s  a s  m ig h t im p o se  a  s y s te m a tic  

e rro r o n  th e  p o sitio n s  o f  th e  m a x im a .

T a b l e  2

X y z X y z

Cl 0-053 0-250 0-080 C5 0-253 0-625 0-182
N 0-049 0-750 0-216 0*304 ' 0-700 0-287
Cl 0-103 0-750 0-333 C7 0-357 0-746 * 0-207
C , 0-158 0-751 0-255 Cs 0-394 0-916 0 - 2 1 2

C , 0-198 0-593 0-264 c . 0-447 0-918 0-118
C4 0-198 0-379 0-358 Cio 0-392 1 - 1 2 0 0-315

T h e  s t e r e o c h e m is t r y  o f  t h e  m o l e c it l e

W ith in  e x p e r im e n ta l e rro r th e  tw o  isop ren e im its  a re  id e n tic a l, th e  p a ra m e te rs  o f  

C i-C g  b e in g  m o re  c e r ta in  th a n  Ce-Cn, o w in g  t o  th e  fla tte n in g  o f  th e  F o u r ie r  p e a k s  

d e sc r ib e d  a b o v e . T h e y  p o ssess n o rm a l b o n d  le n g th s  ( C = C  1 -3 4 A , C— C  1*5 4 A ) 

a n d  th e  d isp o sitio n  o f  v a le n c ie s  a b o u t  th e  d o u b le  b o n d s is  p la n a r . T h e ir  an g le s  

a p p e a r  t o  b e  d is to r te d  b y  a b o u t  5° fro m  th e  th e o r e tic a l 120° w ith  th e  r e s u lt  th a t
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C i-C j  is  n o t e x a c t ly  p a r a lle l to  Cg-Cs, n o r Cg-Cy t o  C g-C j. T h is  v a r ia tio n , a lth o u g h  

sm a ll a n d  v e r y  n e a r  th e  m a rg in  o f  erro r, m a y  b e  re a l a n d  c h a r a c te r is t ic  o f  th e  

u n s y m m e tric a l a rra n g e m e n t o f  th e  g ro u p s  a b o u t th e  d o u b le  b o n d .

T h e  b o n d  Cs-Ce lin k in g  th e  iso p ren e u n its  is  sh o rte r  th a n  t h a t  a sso c ia te d  w ith  a  

n o rm a l C -C  b o n d  b y  a n  a m o u n t tw o  or th re e  t im e s  th e  p ro b a b le  e x p e rim e n ta l erro r. 

F u rth e rm o re  th e  d is tr ib u tio n  o f  th e  a d jo in in g  Ca-Cg a n d  C g-C , is  p la n a r. T h e se  

fe a tu r e s , re m in isc e n t o f  th o se  fo u n d  in  c o n ju g a te d  m o lecu les, seem  in e x p lic a b le  in  

te rm s  o f  th e  u su a l th e o r y  o f  m eso m erism . A s  r e p o rte d  b y  B a te m a n  &  J e ffr e y  (1943), 

th e  a m in e  h y d ro c h lo r id e  g ro u p  d oes n o t a p p e a r  t o  b e  d ir e c t ly  resp o n sib le  a n d  th e  

h y b r id  c h a r a c te r  m a y  r e s u lt  fro m  a  h y p e rc o n ju g a tio n  p ro cess  in  w h ic h  th e  a -  

m e th y le n ic  C -H  e le c tro n s  b eco m e p a r t ia lly  lo c a lize d  in  th e  c e n tra l b o n d :

H  H

_ C H = C — k = i - C H = C —

CH, H  k  (^H,

E v id e n c e  a s  to  w h a t  e x te n t  th is  c a n  b e  re g a rd e d  a s  a  ge n e ra l p r o p e r ty  o f  th e  p o ly -  

iso p ren e sy s te m  m u s t a w a it  th e  e x a m in a tio n  o f  co m p o u n d s w ith  a  sim ila r  s tr u c tu ra l 

m o d ifica tio n .

O th e r  s te re o c h e m ica l fe a tu re s  o f  im p o rta n c e  in  th e  g e ra n y la m in e  s tr u c tu re  

co n c e rn  th e  a n g u la r  p o s itio n  o f  th e  Cg-Cg b o n d  r e la t iv e  to  th e  tw o  iso p ren e p la n e s. 

F re e  r o ta t io n  a b o u t  th e  b o n d  Cg-Cg w ill  b e  in flu e n ced  b y  rep u lsio n  o f  th e  CH g g ro u p  

b y  th e  C H  a n 4  C H 3. I f  th e  C H g g ro u p  lies  in  th e  p la n e  o f  th e  iso p ren e ( C i .. - Cg), th e n  

th e  a p p ro a c h  b e tw e e n  o n e o r  o th e r  p a ir  o f  th e se  a to m s w o u ld  b e  o f  th e  o rd er o f  

2*8 A ;  a  d ista n c e  w h ic h  in  th e  a b se n ce  o f  a n y  sp e c ia l b o n d in g  b e tw e e n  th e  h y d ro g e n  

a to m s p r o v id e s  a n  a p p re c ia b le  e n e rg y  b arrier. I n  th e  o b se rv e d  s tr u c tu re  th e  Cg-Cg 

b o n d  is o r ie n te d  a t  80° ^  th e  iso p re n e  p la n e  a n d  th e  ste ric  rep u lsio n s b a la n c e  a t  

a lm o st e q u a l d is ta n c e s  (Cg-Ca 3*28 A , C g-C j 3-24 A ) . I n  c o n tra st, s in ce  th e re  is  no 

m e t h y l  a d d e n d u m  t o  C7, th e  r o ta t io n  a b o u t C g-C 7 r e la t iv e  to  th e  o th e r  isop ren e 

p la n e  is  in flu e n ced  so le ly  b y  th e  a p p ro a c h  o f  th e  CH g to  th e  CHg^o). O v e r  a  la rg e  

a o g id a r  ra n g e , th is  rep u lsio n  w ill b e  in e fle c tu a l a n d  th e  fa c to rs  d e te rm in in g  th e  

o b se r v e d  a n g le  o f  45° b e tw e e n -th e  Cg-Cg b o n d  a n d  th e  C g .. .  Cjo p la n e  m u st a rise  

m a in ly  fro m  th e  p a c k in g  o f  a d ja c e n t  m olecu les in  th e  c r y s ta l  la t t ic e , a n d  p r o b a b ly  

fro m  th e  re la t io n  b e tw e e n  th e  te rm in a l C (C H 3)2 g ro u p s  in  p a r tic u la r . W h e re a s  th is  

la t t e r  s te r ic  e ffe ct is  sp ec ific  t o  th e  p a r tic u la r  in te rm o le c u la r  a rra n g e m e n t, th e  

fo rm e r  d ep en d s u p o n  in tra m o le c u la r  fo rce s  a n d , sin ce  i t  w ill a p p ly  to  a n y  m o lecu le  

w ith  th e  sa m e c o n fig u ra tio n , h a s  a n  im p o r ta n t b e a rin g  o n  th e  ste re o c h e m istry  o f  

th e  lo n g -c h a in  p o ly m e rs .

T h e  i n t e r m o l e c u l a b  a r r a n g e m e n t

T h e  p a c k in g  o f  th e  m o lecu les  in  th e  c r y s ta l la t t ic e  is  illu s tra te d  in  figu res 4 a n d  5. 

T h e  h y d ro c a rb o n  ch ain s lie  p a r a lle l w ith  th e  m o lecu les en d  to  e n d  in  p a irs . E a c h  

n itro g e n  is  a sso c ia te d  w ith  fo u r  ch lo rin e a to m s a t  n e a r ly  e q u a l d ista n ces.
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A ll  o th e r  d ista n c e s  b e tw e e n  a to m s in  a d ja c e n t  m o lecu les co n fo rm  to  V a n  d er 

W a a l ’s fo rce s  a n d  a re  g r e a te r  th a n  3 -7 6 A  w ith  th e  e x c e p tio n  o f  3 -6 0 A  b e tw e e n  

c e n tro s y m m e tr ic a lly  r e la te d  C# a to m s. ' .

T a b l e  3

. N -C li 3-24 A  N -C lj 3-24 A  . '
N -C J, 3-17 N-C1« 3-24
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hkl
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400

002
102
202
3 0 2
402
602
602
702
802
902

1002
1102
1202
1302
1402
1602
1602
1702
1802
1902
2002
2102
2202
2302
2402
2602

-Fcalc.
48
17
30

- 2 5
46

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

9
21
14
23
22
41
10
0
3

- 8

-1 1 1
19
62

- 4 7
- 1 8

- 1 0 8
- 4 9
- 4 4
- 4 2
- 3 3
- 1 5

28
14
26
29
27
23
21
13
1

- 1 3
2
3

- 1 0
- 5

- 1 4

-Fobs.
48
16
41
33 
60 
6 6  
76 
82 
74
53 
26 
47 
16 
18

< 8
32
16
24
27
47
10

< 8
< 8

7

130
10
89
54 
27

109
66
34 
4J7 
39

< 8
38
32
31
34
34
21
21

9
< 8
12

< 8
< 8
< 8
10
11

hkl
T02
202
502
402
602
S02
702
802
S02

T̂ S0 2
TT02
n o 2
TS02
TI02
T502
TE02
1T02
TS02
H02
2002
2T02
2202
2502
2J02
2502

004
104
204
304
404
504
604
704
804
904

1004
1104
1204
1304
1404
1504
1604
1704
1804
1904
2004
2104
2204
2304

calc.
26
51
59
87
64
24
32
10
53

- 3 5
- 6 4
- 3 1
- 4 3
- 1 6
- 2 0

- 8
- 4

14
6

- 3
16
12

7
13

4

- 1
- 2 6  
- 6 0  
- 3 3  
- 3 8  
- 1 6  

- 4  
- 1 6  

1 
11 

9 
- 1  
28 

.  25 
14 
13 
3 
5 

- 2  
- 2  
- 3  
- 9  

- 1 0  
- 6

^ obs. hkl ^  calc. ■P’obs.
27 T04 5 < 8
47 2 0 4 9 13
60 504 29 26

106 304 18 16
76 504 39 38
26 B04 42 42
41 704 43 46
19 S04 24 6
78 904 - 3 8 64
42 T 004 6 6
8 8 H 0 4 4 < 8
28 T204 - 1 2 13
49 T504 - 1 4 13
13 T404 - 1 3  ^ 1 2
24 TS04 - 2 6 18

7 H 0 4 - 2 4 19
4 T704 - 1 4 1 2

18 TS04 - 1 7 14
< 8 1904 - 1 < 8
< 8 2004 - 1 5

16 2104 6 7
13 2204 8 1 0

4 2304 1 0 1 0
1 0 2404 7 9

< 8 2604 6 8

006 - 2 7 23
< 8 106 - 3 4 27

16 206 - 2 6 16
60 306 - 1 8 18
25 406 - 1 2 1 2
28 506 - 4 1 0

< 8 606 - 8 13
1 2 706 1 2 1 2
13 806 2 2 18

< 8 906 17 14
1 2 1006 23 18

< 8 1106 18 16
< 8 1206 1 2 9

9 1306 6 < 8
2 0 1406 6 < 8
1 2 1506 - 1 < 8

8 H 6 0 6 - 1 < 8
< 8
< 8 T06 - 2 3 14
< 8 206 - 1 8 14
< 8 506 - 5 < 8
< 8 306 0 < 8
< 8 506 3 < 8

8 B06 2 0 15
6 706 1 2 1 2



kkl
506
506

T006
TToe
1206
1306
T506
T506
TB06
T706
T506
T ^06
2006
5T06
2206
2306
2?06

008
108
208
308
408
508
608
708
808
908

1008
1108

T08
2 0 8
308
?08
508
508
708
SOS
508

T?J08
TT08
T208
T308
Ti08
T508
T508
T708
1508

110
210
310

^ca lc .
34
42
26
23
15

5 
- 2 2

- 7
- 1 1
- 1 4
- 1 6
- 1 7
- 8
- 5
- 2

2
0

- 1 2
3 

- 1
4 

10
17
24 

9 
4

13
2
6

- 1 6
- 1 7
- 3 7
- 1 6
- 1 0

- 7
3

- 4
9

10
16 
6

10
18 

8 
2  
1

- 1

60
- 2 6
- 2 0

-^obs.
39
48
22
21
10

6
22
14
17 
16
15
16 

8
< 8
< 8
< 8
< 8

6
6

< 8
5
8

14
16

8
12
12

< 8
12

9
12
28
18 

< 8  
< 8  
< 8  
< 8  
< 8  
< 8

14 
< 8

10
15 

8
< 8
< 8
< 8

75
23
12

hkl
410
510 
610
710 
810
910 

1 0 1 0  
1 1 1 0  
1 2 1 0  
1310
1410
1510 
1610
1710 
1810
1910 
2 0 1 0  
2 1 1 0  
2 2 1 0  
2310 
2410

O il
111
211
311
411
511 
611
711 
811
911 

1011 
1111 
1211
1511
1411 
1511 
1611
1711 
1811
1911

T il
211
311
i l l
511
511
711
511
511

T511

^  calc. 
- 2 1  
- 5 6  
- 6 5  
- 2 6 ,  
- 2 0

7 
6

10
33
31
40
18
6

11
5

- 1 5
1
0

- 1 2
- 8
- 8

18
15 
49

- 8 0
8 

10 
11
16 

- 3 3
1
4
4
4 

- 3  
- 7

2
0

10
- 4
- 8

- 3 1
- 4 4

51
- 3

5 
- 4

- 2 2
0

17
- 3

-^obs.
18
39
62
25
• 9
14 
11 
11 
33 
33 
43
15 

< 8
18

7
16 

< 8  
< 8
12

8 
8

21
22
50
80

< 8
15 
18
16 
41

< 8
7

< 8
< 8
< 8

7
< 8
< 8
10

< 8
7

29
46
58

< 8
< 8

5
20

< 8
21

< 8

hkl
n i l
T211
T311
T ?U
T511
T B ll
T711
T 5 il

012
112
212
312
412
512
612
712
812
912

1012
1112
1212
1312
1412
1512
1612
1712
1812
1912
2012
2112
2212
2312
2412
2512

T12
212
312
412
512
B12
712
512
512

m 2
n i 2
T212
T3'12
T? 1 2

1512
T512
T712

-Pcalc.
4

- 2 0
2

1 1
- 1

3 
15

7

- 1 8
- 1 4 6

- 7 9
- 5 9
- 4 7

14
- 1 7
- 1 7

11
14
15 
40 
29 
20 
11
16 

- 7
- 1 0
- 1 5
- 2 4

- 7
- 8
- 9
- 4
- 3

4

7
5 

17 
51 
70

.4 9
55
62
37
1 1

6 
3

- 1 3
- 1 5
- 1 6
- 3 3
- 3 0

■^obs.
< 8
22

< 8
12

< 8
< 8
14 

8

13 
140

84
60
43
20
17 
20

< 8
9

< 8
37
29
19 
1 1
15 

9
< 8
< 8

14 
8 
9-

< 8
< 8
< 8
< 8

8
• < 8

25
64
76
55
59
62
32 
11

5
12
18 
17
20
33 
33
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hU
TH12
T^ 2 2
5?512
2T12
2212
2512
2?12
2612

013
113
213
313
413
513
613
713
813
913

1013

J13
213
513
513
513
613
713
513
513

•T(J13
TT13
T213
1513
n i 3
TK13
H 13
1713'

i^calc.
- 2 9
- 3 0
- 1

3 
2 
7 
7

11

- 1 4
- 6
- 9

IS
7

- 1 7
4 

- 1 0
22

- 4
- 8

10
5 
4

- 3
0

- 1 4
12
9

- 8
- 8
- 5
18
4

- 1
- 5
- 1

7

^obs.
34
30

< 8
4 
6 
9

12
<13

11
<8

8
17 
8

18 
9 
8

20
< 8

1 2

10
5 
8

< 8
< 8
15
17
13
11

8
6 

17
< 8
< 8

6
< 8

9

hkl
1414
1514
1614
1714
1614
1914

016
115
215
315
415
615

-P'ealc.
- 1 0
- 1 8
- 1 6
- 1 5
- 1 5
- 1 2

- 5
4

- 3
4

- 7
1

-Fobs.
10
14
14
14
12
9

T14 - 6 3 72
214 - 5 6 74
314 - 4 8 56
314 - 2 4 24
514 - 3 1 24
514 - 1 3 12
714 8 < 8
514 2 < 8
S14 46 53

TC14 53 67
TT14 35 43
T214 34 43
T514 31 33
T il4 18 11
T 5U - 7 9
T514 - 5 8
1714 - 1 3 14
TS14 - 1 3 13
T514 - 9 11
2014 - 2 1 21
2T14 - 1 6 16
2214 - 1 0 10
2514 - 6 < 8

< 8
< 8
< 8
< 8
< 8
<8

014 615 0 < 8
- 5 3 55 715 - 1 < 8114 - 2 4 815 - 3 < 8214 -wl6 12

314 - 2 0 17 '
414 7 < 8 T15 2 < 8
514 - 7 < 8 215 1 < 8
614 4-7 43 516 - 3 < 8
X14 52 59 315 - 3 < 8
814 33 36 515 - 2 < 8
914 38 36 015 12 8

1014 31 26 715 - 9 8
1114 16 13 515 0 < 8
1214 1 < 8 515 - 2 < 8
1314 0 < 8 1515 5 - 8

hkl ^ calc.
016 2 < 8
116 - 1 < 8
216 18 15
316 30 24
416 27 25
516 29 21
616 8 < 8
716 3 < 8
816 L4 <&
916 3 < 8

1016 - 6 6
1116 - 7 6
1216 - 5 6
1316 ^ 1 3 9
1416 - 1 3 10
1516 - 1 1 , 11
1616 - 1 2 8

T16 - 6 < 8
216 - 1 4 < 8
316 17
316 - 4 0 31
516 - 2 8 26
516 - 2 2 18
716 - 8 < 8
§16 -LO < 8
516 - 8 < 8

T516 - 5 < 8
TT16 10 < 8
T216 13 8
T516 10 8
T316 16 16
1^16 20 17
T616 u  / 10
T716 9 8
1516 4 < 8
1516 - 2 < 8
2516 - 4 < 8
2116 - 3 < 8
2216 - 5 < 8
2516 - 5 7
2316 - 1 1 8

018 8 8
118 11 9
218 10 8
318 13 9
418 9 7
618 6 7
618 8 7



hkl 
T18 
218 
Sl8 
$18 
Sl8 

• Bl8 
718 
818 
Sl8 

T(518 
TT18 
T218 
T318 
U lS  
1518 
TB18 
1718 
1518

020
120
220
320
420 
620 
620
720 
820
920 

1020 
1120 
1220 
1320 
1420 
1520 
1620 
1720 
1820 
1920

021
121
221
321
421 
621 
621
721 
821
921 

1021 
1121 
1221

^ calc. 
8 
5 

- 9  
2 

- 9  
- 1 0  
- 1 6  
- 2 4  
- 1 2  

- 3  
- 5  

2 
8 
9 
9
7 

10
2

-1 1 0
- 9 2
- 4 0
- 4 7

8-
33
4 

36 
39 
47 
47 
32 
20 
12
0
8 

- 9
- 2 5
- 1 9
- 2 8

- 1 5
- 1 0

5 
8

- 1 3
4

- 6
- 4
- 3

3
- 4

3
6

-^obs.
< 8
< 8
< 8
< 8
< 8

8
14
17

9
< 8
<8
< 8

9
9

10
<8

9
< 8

103
97
43
34

8
32
10
34
39
49
60
32
20

8
< 8

8 .

9
26
24
30

17
14

< 8
< 8

8
< 8

9
8

< 8
< 8

9
< 8
< 8

hkl
1321
1421
1521 
1621
1721 
1821
1921 
2021 
2121

T21
J21
521
421 
521 
S21
721
521
921 

T?521 
TT21 
T521 
T521 
T421 
r52 l 
T621

022
122
222
322
422 
622 
622
722 
822
922 

1022 
1122 
1222
1322
1422
1522 
1622
1722 
1822
1922 
2022

T22
522 
522 
522

calc.
- 2

8
- 2
- 2

2
7

- 1
^ 4

2
/

- 4
33

- 3 4
- 8

4
12

4
- 1 3

6
- 2

.0
0
1

- 2
1

- 8

11
- 7

0
2 1
24
24
70
44
29
24

- 5
- 6

- 1 2
- 2 0
- 2 3
- 2 9
- 2 2
- 1 0

- 8
0
6

- 1 6
- 3 6
- 3 5
- 6 3

■f'obs.
< 8

8
< 8
< 8
< 8
< 8
< 8
< 8
< 8

< 8
36
37 

< 8
8

13
8

13
< 8
< 8
< 8
< 8
< 8
< 8
< 8
11

15 
11

< 8
25 
21 
30 
64 
46 
27
16 

9
12
16
21
26 
29 
20

7
< 8
< 8
< 8

7
27
37
61

hkl
522
522
722 
822
922 

1^22 
TT22 
T522 
T522 
1422
1522 
H 22 
T722 
T822 
T922 
2922 
2T22 
2222 
2522

023
123 
223
323 
423
523 
623
723 
823
923

T23
223 
523 
523 
623 
923 
723 
823 
923

T923
TT23
T223
1523 
1523 
TE23 
1923 
1723

024
124
224
324

^ calc. 
- 4 6  
- 3 0  
- 1 4  

- 8  
8

13
33
32
34 
34

0
7 
1

- 6
- 2
- 6

- 1 0

- 1 0

- 7

19
3
8

- 3 1
10

4
2

- 1 6
11

- 2

- 3 2
10
8
0
0

- 5
- 3

1
0

14 
- 1 5

- 4
5 
1 
8

- 1 3

2
27.
33 
29

^ obs. 
45 
32 
16 

< 8  
< 8  
12 
30 
32 
36 
32 

< 8  
< 8  
< 8  
< 8  
< 8  

6 
9 
8 
9

17 
< 8  
< 8
26

8
13
10

< 8
11
11

< 8
29

< 8
8

< 8
< 8
< 8
< 8
< 8
< 8

15
13

< 8
< 8
< 8

8
12

< 8
18 
29 
26



hkl
424
524
624
724
824
924

1024
1124
1224
1324
1424
1524
1624
1724
1824
1924

■Fcalc.
32 25
24 16

1 < 8
1 < 8
7 < 8

- 1 0  < 8
1 < 8

- 9  8
- 2 3  13
- 1 7  11
- 1 5  9
- 1 4  8

- 4  < 8
- 4  < 8

0 < 8
2 < 8

124 1 < 8
224 - 1 5 16
524 - 2 1 22
$24 - 2 8 20
524 - 3 2 26
@24 - 2 9 24
724 - 3 1 26
524 -,19 10
924 0 < 8

T(524 7 9
H 24 - 5 < 8
T224 15 15
T524 4 < 8
T?24 9 < 8
T524 27 21
T^24 18 15
1724 15 12
T824 10 8
T924 3 < 8
5C24 3 < 8
2T24 - 3 < 8
2224 - 7 9
2524 - 7 8
2?24 - 9 9
2524 - 8 8

025 - 7 7
125 0 < 8
225 - 4 < 8
325 12 8
425 - 5 < 8
525 - 1 2 8
625 2 < 8
725 5 6
825 12 8

hkl -Fcalc. ■Fobs.
T25 - 8 8
225 4 < 8
525 7 < 8
525 - 4 < 8
525 0 < 8
625 - 1 6 9
725 5 < 8
S25 7 < 8
525 3 < 8

TU25 - 2 < 8
TT25 - 1 8 9
T225 - 1 4 11

026 24 19
126 26 20
226 21 17
326 21 14
426 10 10
526 7 7
626 4 < 8
726 - 7 < 8
826 - 2 0 14
926 - 2 2 17

1026 - 2 3 21
1126 - 2 1 17
1226 2 < 8
1326 - 7 < 8

T26
226
526
$26
526
626
726
S26
926

TT526
TT26
T226
T326
Ti26
T526
T626
T726
T526
T526
2026

028
128
228
328
428
528

19
14
4 
2

- 6
-1 4
-1 9
- 2 0
- 3 8
- 2 8
- 1 6
- 1 6

5 
8 
8

10
13
12
12
6

10
2

- 2
- 6
- 9

- 1 2

17
12

< 8
< 8

6
13
16
24
32
28.
17

8
8

11
9
9

12
13
12
7

8 
< 8  
< 8

6
7
9

hkl
628
728

T28
528
528
328
528
B28
728
S28
928

T028
n 2 8
T228
T528
T?28
T52S
TB28
T728
TS28

■Fcalc.
- 1 2
- 1 1

1 2
18
21
18
9
8

- 1
- 1 0

6
- 6
- 8
- 8

- 1 3
- 1 0
- 6
- 4
- 2
- 4

Fobs.
12

9

8
13
15
13

8
7 

< 8
17

8 
< 8

8
8

11
9

< 8
< 8
< 8
< 8

130 1 < 8
230 11 - 8
330 18 10
430 15 15
530 45 37
630 30 21
730 17 11
830 10 8
930 4 < 8

1030 - 4 < 8
1130 - 1 6 15
1230 - 1 8 18
1330 - 2 1 18
1430 - 2 5 23
1630 - 2 5 20
1630 - 2 < 8

031 - 3 < 8
131 - 1 4 13
231 - 3 < 8
331 13 9
531 - 4 < 8
431 - 3 < 8
631 < 8
731 - 4 < 8
831 9 11
931 2 < 8

1031 - 4 < 8
1131 0 < 8
1231 - 1 < 8

T31 8 < 8
231 5 < 8



hhl
S31
331 
531 
531
731
531
031

1031 
TT31 
T531 
TS31
1131 
T531

032 
132 
232
332 
432
532 
632
732 
832 
932

1032
1132 
1232 
1332 
1432 
1532 
1632 
1732 
1832 
1932

T32
232
532
?32
632
632
732
S32
932

TO32
TT32
T232
T532
T432
T532
TB32
T732
T532
T932

P calc. 
14 

- 3  
- 4  
- 2

5
6 

- 4  
- 3

0
7
2

- 2
- 2

54
38
39 
38 
36 
10

- 9
9

- 1 1
- 1 1
- 1 7
- 2 6
- 2 5
- 1 8
- 1 2

- 2
- 7
- 4

7
6

9
7

- 2 4
- 3 1
- 1 3
- 3 7
- 3 8
- 3 7
- 2 6
- 1 0

- 4
- 4
11

- 1 3
16
28
16
21
10

^ obs. 
12 

< 6 
< 0  
< 6

7 
5

<8
< 8
< 8
< 8
< 8
< 8
< 8

48
31
31
32 
34 
10
8 
8 
8 
8

16
23
21
17

8
< 8

.< 8
< 8
< 8
< 8

15 
< 8
31
39
16 
34 
42 
39 
31

8
< 8
< 8

8
12

8
26
14
23
19

hkl
2032
2T32

034
134
234
334
434
534
634
734
834
934

1034
1134
1234
1334
1434
1534
1634
1734
1834

T34
234
334
i3 4
534
634
734
S34
934

T(534
TT34
T234
T334
T334
TS34
TB34
T734
T534
T934
2(534
2T34

036
136
236
336
436
536
636
736
836

^ calc, 
10 
0

17
25
21

0
- 7

- 1 4
- 4

- 3 8
- 3 4
- 2 9
- 2 8

2
- 6
- 3

4
6

13
15

8

33
30
30
27
11
1

- 6
- 1 6

- 8
- 3 9
- 3 6
- 2 9
- 2 6

9
4

- 2
7
8 

13
.  9 

7

1
- 6

- 1 6
- 1 8
- 1 6
- 2 0
- 1 5

- 5
- 3

^ otos. 
9 

<8

17
20
13

< 8
7
7

< 8
29
34
29 
16

< 8
< 8
< 8
< 8
< 8
11
10
6

28
28
36
30
13 

<8
7

14 
14
39
42
30
20

<8
<8
<8

9
9

13
9

< 8

<8
6

11
13
14 
12

<8
< 8
< 8

hkl
T36
236
536
i36
536
S36
736
536
936

T036
H 36
T236
T536
T?36
T536
T636

038
138
T38
238
538
138
538
638
738
538
938

T938
TT38

040
140
240
340
440
540
640
740
840
940

1040
1140
1240
1340

042
142
242
342
442
542
642
742

^ calc. 
8 

11 
15 
21 
22 
19 
5 
1 
1

- 5
4

- 5
- 1 0
- 1 6
- 1 5

- 6

- 3
- 4
- 2

2
- 2

4 
8

10
3

12
13
5 
3

29
39
31
22

- 4
19

- 1
- 1 7
- 2 0
- 2 2
- 3 3
- 2 1
- 1 3

- 6

- 2
- 6

- 1 3
- 9

- 1 0
- 4 4
- 2 8

■̂ obs.
8
9

13
13 
11 
12

8
< 8
< 8
<8
< 8
< 8

8
10
10

<8

< 8
< 8
< 8
< 8
<&
< 8

8
8

< 8
8

10
10

8

23
30
27
15 

< 8
14 

< 8
9

16
17 
34 
22
18 

8

8
< 8
10

9
8

13
36
28



G. A. Jeffrey 

C a l c u l a t e d  a n d  o b s e r v e d  s t r t j c t t t r e  f a c t o r s

hkl F  calc. ^obs.
842 - 1 6 14
942 - 1 0 8

1042 3 < 8
1142 - 3 < 8
1242 6 < 8

T42 14 9
542 18 14
342 23 20
i42 27 24
542 26 24
B42 18 16
742 10 8
S42 3 < 8
942 - 1 0 8

T042 - 8 8
TT42 - 1 3 10
T242 - 1 9 13

044 - 2 < 8
144 - 1 4 9
244 - 2 3 14

« 4 4 - 1 7 16
444 - 2 2 14
644 - 1 7 8
644 2 < 8
744 - 1 < 8
844 - 4 <  8
944 2 < 8

1044 0 < 8

T44 - 2 < 8
244 8 7
544 7 9
i4 4 18 15
544 26 16
^44 16 14
744 13 8
544 6 8
944 6 8

TU44 - 2 < 8
H 4 4 - 4 < 8
T244 - 7 8

046 - 8 12
146 - 1 3 11
246 - 1 0 8
T46 - 1 3 11
246 - 9 9
346 - 9 7
446 0 < 8
546 7 < 8
@46 6 < 8
746 8 14
546 10 16

hkl F calc. ■Fobs. hkl ^ calc. ^obs.
041 5 < 8 854 16 14
141 - 5 < 8 954 14 12
241 0 < 8 1064 10 20
341 9 9
441 - 6 < 8 T54 - 1 6 12
641 - 1 < 8 254 - 1 8 16
T41 - 8 < 8 564 - 1 6 15
941 < 8 ?54 - 1 1 9
541 0 < 8 554 - 6 < 8
441 2 < 8 054 - 6 < 8

754 4 < 8
150 4 < 8 S64 4 < 8
250 - 1 0 8 S54 8 < 8
350 - 7 8
450 - 2 0 14 060 - 2 2 20
650 - 2 3 14 160 - 1 1 14
650 - 1 3 9 260 - 1 1 10
750 - 9 8 360 - 5 6
850 - 7 8 460 3 < 8
950 - 4 < 8 660 - 3 < 8

1050 1 < 8 660 4 < 8
1150 8 < 8 760 8 9

860 11 11
052 - 1 8 18 960 10 13
152 - 2 8 23 1060 9 11
252 - 1 8 19
362 - 2 0 15 062 4 < 8
462 - 1 4 11 162 - 1 < 8
662 - 3 < 8 262 - 4 < 8
652 - 4 < 8 362 6 < 8
752 1 < 8 46*5 0 < 8
852 3 < 8 662 13 * 9

662 13 9
T52 - 8 < 8 762 8 8
252 - 2 < 8
562 8 8 T62 - 7 < 8
152 7 8 262 - 7 < 8
562 8 9 562 - 1 3 10
652 20 15 562 - 1 4 11
752 18 17 562 - 7 7
g52 16 16
962 11 11 064 - 1 < 8

T(552 2 < 8 164 2 < 8
H 52 6 < 8 264 12 8

364 4 < 8
054 - 1 1 8 464 6 < 8
164 - 8 8 . T64 - 2 < 8
254 - 9 8 264 - 3 < 8
364 _ 5 < 8 564 - 3 < 8
454 4 < 8 564 - 1 < 8
564 1 < 8 564 - 1 1 8
654 8 < 8 664 ■ - 7 6
754 16 10 764 - 4 < 8




