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T h e  c o m p o u n d  4-picol ine-N-oxide  is r ep resen ted  by the  
fol lowing fo rmula  : 

H . ~ C - - ~ N  --~ 0 

Crys ta l l i za t ion  f rom b e n z e n e - p e t r o l e u m  e the r  solut ion 
gives t e t r a g o n a l  b i p y r a m i d s  showing  the  101 faces. The  
sample  used  for t he  p o w d e r  p a t t e r n  m e l t e d  in the  r ange  
of 183.5-185.0 °C. T h e  c rys ta l  s y s t e m  is t e t r agona l  w i th  
8 molecules  of C6HTNO per  cell. T h e  observed  dens i ty  
is 1.168 g .cm.  -3 (d i sp lacement )  whi le  t he  dens i t y  cal- 
cu l a t ed  f rom X - r a y  d a t a  is 1.132 g .cm.  -3 

a=b=8.04,  c = 1 9 . 8 4 A .  

T h e  space group,  based  on the  obse rved  sy s t ema t i c  
ex t inc t ions  is C~-I41. I f  this  a s s ignmen t  is correct ,  t he  
c rys t a l  is t he  f irst  f o u n d  in this  space g roup  ( D o n n a y  
& Nowack i ,  1954). 

T h e  opt ica l  p roper t i es  a re :  

E > 1.70, W = 1.504, opt ic  sign + .  

The  p o w d e r  d a t a  (Table  1) were  o b t a i n e d  us ing  a 
c a m e r a  114.6 m m .  in d i a m e t e r  w i th  copper  r ad i a t i on  
a n d  n icke l  filter.  T h e  index ing  was  done  on the  basis  of 
a axis  a n d  c axis single c rys t a l  r o t a t i o n  pa t t e rn s .  O the r  
Miller  indices  can  be f o u n d  h a v i n g  the  s ame  i n t e r p l a n a r  
spac ing  va lues ;  howeve r ,  based  on the  single c rys t a l  da t a ,  
on ly  those  n a m e d  were  of s t rong  e n o u g h  in t ens i t y  to 
c o n t r i b u t e  s ign i f ican t ly  to  t he  i n t ens i t y  of the  line. 

Tab le  1. X-ray powder diffraction data 
.for 4-picoline-N-oxide 

do (h) I / I  1 hkl dc (A) 
7.49 0.12 101 7.45 
4.94 1.00 112 4.93 
4.02 1.00 200 4.02 
3.54 0.16 211 3.54 
3.14 0.20b 213, 204 3.16, 3.12 

2.83 0.12 220 2.84 
2.65 0.16 301 2.66 
2.46 0.16 224 2.46 
2.21 0.08 305, 321 2.22, 2.22 
2.11 0.02 323 2.11 

2.01 0.08 316, 400 2.02, 2.01 
1.938 0.02 325 1.944 
1.867 0.16 - -  - -  
1.794 0.02 - -  - -  
1.752 0.02 - -  - -  

1.685 O.04 
1.643 0.02 
1.557 0.02 
1.489 0-02 
1-362 0.02 

1.318 0.02 
1.253 0.02 
1.232 0.02 m 
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Aus  e i n e m  t e c h n i s c h e n  P o l y a d d i t i o n s p r o d u k t  aus  B u t a n -  
diol-(1,4) u n d  Hexand i i soeyana t - (1 ,6 )  isol ier ten Z a h n  & 
D o m i n i k  (1960, 1961) das  m o n o m e r e  (I) u n d  d i m e r e  (II)  
cycl ische Ol igomere :  

L[OC. NH(CH2)6NH. C0.0(CH2) 4 . 0]~ j 

I :  n = l ,  I I :  n = 2 .  

Die  m o n o m e r e  V e r b i n d u n g  (I) kr is ta l l i s ier te  aus  M e t h a n o l  
in r h o m b i s c h e n  B l~ t t chen .  Bl~i t tchenebene  (100). Dreh-  
k r i s t a l l a u f n a h m e n  e rgaben  eine o r t h o r h o m b i s c h e  E l e m e n -  
tarze l le  m i t  den  T rans l a t i onspe r ioden :  

* 24. Mitteflung tiber Oligomere; 23. Mitt. vgl. I t .  Zahn 
& M. Dominik, Makromolekulare Chem. 196l, 44-46,  290. 

a 0 = 17,38 + 0,04, b 0 = 8,95 _+ 0,07, c o = 17,86 _+ 0 ,1 /~ ;  
a =f l  = ~  = 9 0  °. 

Bei  A n n a h m e  v o n  8 Molekfi len in de r  E l e m e n t a r z e l l e  
w i rd  die D i c h t e  zu  1,235 g .cm.  -3 b e r e c h n e t  (bei 24-28 °C.). 
A m  K r i s t a l l p u l v e r  w u r d e n  gemessen :  1,241 g .cm.  -3 
(21 °C.). K o m b i n i e r t e  Weissenberg-  u n d  Pr~zessions-  
a u f n a h m e n  n a c h  B u e r g e r  urn die c-Achse e r g a b e n  e inen  
A u s s c h n i t t  aus  d e m  rez ip roken  Gi t ter .  Die  f eh l enden  
Ref lexe  h]cl m i t  h + k = 2n + 1 ze ig ten  e ine  C - Z e n t r i e r u n g  
an.  U n t e r  den  v e r b l e i b e n d e n  M6gl i chke i t en  k o n n t e  auf  
G r u n d  de r  f eh l enden  Ref lexe  hOt m i t  l = 2 n + l  zu- 
g u n s t e n  de r  R a u m g r u p p e  Cmcm e n t s c h i e d e n  we rden .  

Die  d i m e r e  V e r b i n d u n g  (II)  w u r d e  im E inseh lu s s roh r  
aus  M e t h a n o l  in m o n o k l i n e n  B l ~ t t c h e n  e rha l t en .  Aus-  
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gebf ldet  w a r e n  ausschl iessl ich (100)-Fl~chen (B1/~ttchen- 
ebene)  u n d  (011)-F1/~chen. 

Die  E l e m e n t a r z e l l e  bes i tz t  die  A b m e s s u n g e n :  

a 0 = 16,45 _+ 0,02, b 0 = 9,93 + 0,035, e 0 = 9,49 _+ 0,02 A;  
f l=107,9_+0,2  °; a = y = 9 0  ° . 

N i m m t  m a n  an,  dass 2 Molekfile in de r  Zelle e n t h a l t e n  
sind,  e rg ib t  eine B e r e c t m u n g  der  D i c h t e  1,163 g .cm.  -a. 

Gemessen:  1,16~ g .cm.  -a. 
E i n  A u s s c h n i t t  aus  d e m  rez ip roken  Gi t t e r  w u r d e  in 

g le icher  Weise  wie bei  de r  m o n o m e r e n  V e r b i n d u n g  ge- 
wonnen .  Es  w u r d e  urn  die ausgeze ichne te  Achse  (b-Achse) 
g e d r e h t  u n d  pr~zessier t .  A l lgemeine  Aus lSschungen  (hkl) 
t r a t e n  n i c h t  auf.  Die  f eh l enden  Ref lexe  hO1 m i t  l = 2n + 1 

u n d  0k0 m i t  k = 2n + 1 weisen  de r  V e r b i n d u n g  die  R a u m -  
g r u p p e  P21/c zu. 

I c h  d a n k e  d e m  B u n d e s w i r t s c h a f t s m i n i s t e r i u m  (For- 
s c h u n g s v o r h a b e n  J 272) f(ir die U n t e r s t f i t z u n g  dieser  
Arbei t .  I-Ierrn Prof .  Dr .  W61fel, Techn i sche  H o c h s e h u l e  
D a r m s t a d t ,  d a n k e  ich ftir die Hi l fe  bei  de r  G e w i n n u n g  
de r  Pr /~zess ionsaufnahmen der  m o n o m e r e n  V e r b i n d u n g .  
Mein D a n k  gil t  we i t e rh in  H e r r n  Prof .  Dr .  Z a h n  fiir die  
A n r e g u n g  de r  Arbe i t  u n d  Dr .  D o m i n i k  fiir die U b e r l a s s u n g  
de r  Ol igomeren .  
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T h e  wr i t e r  has  shown  (Crulckshank,  1956a) h o w  molec-  
u l a r  angu l a r  osci l la t ions can  cause  t he  m a x i m u m  of an  
a t o m i c  p e a k  in t he  e lec t ron  dens i t y  to  be  d i sp laced  
t o w a r d s  t h e  cen t r e  of ro t a t ion .  T h e  shif t  was  t a k e n  to  
be  in a r ad ia l  d i r ec t ion  a n d  was  ca l cu l a t ed  as 

/1 = ½r 1 +s2/q ---------~ + 1 ' (1)  

w h e r e  r is t h e  d i s t ance  f rom the  cen t r e  of m o l e c u l a r  
osci l lat ion,  s 2 a n d  t ~ a re  t h e  m e a n  squa re  a m p l i t u d e s  of 
osci l la t ion of t h e  a t o m  in t he  ro t a t i ons  a b o u t  t he  two  
pr inc ipa l  axes  p e r p e n d i c u l a r  to  t he  rad ius  a n d  q~ is t he  
G a u s s i a n - b r e a d t h  p a r a m e t e r  for  t he  p e a k  before  t he  
ro t a t i ona l  osci l la t ions are  cons idered .  T h e  p rev ious  
d e r i v a t i o n  a s s u m e d  t h a t  on ly  angu l a r  osci l la t ions a b o u t  
axes  p e r p e n d i c u l a r  to  t h e  r ad ius  were  r e l evan t ,  s ince 
t he  a t o m  is n o t  m o v e d  b y  an  osci l la t ion a b o u t  th is  rad ius .  
This  a s s u m p t i o n  is c lear ly  w r o n g  in genera l .  F o r  if t h e r e  
is an  a t o m  a t  (x, y, 0) a n d  all  t he  e l emen t s  of t he  w~j 
a n g u l a r  osci l la t ion t enso r  (Cru ickshank ,  1956b) are  zero 
excep t  wn,  t h e  shif t  will  obv ious ly  be  t o w a r d s  t h e  x-axis 
a n d  n o t  t o w a r d s  t h e  origin,  so t h a t  t h e  m a x i m u m  will  
a p p e a r  a t  (x, y - A ' ,  0) a n d  n o t  a t  {x(1 -A/r) ,  y ( 1 - A / r ) ,  0}. 
E q u a t i o n  (1) e v i d e n t l y  gives t he  to t a l  shif t  on ly  w h e n  a 
p r inc ipa l  axis  of ~oil coincides  w i t h  t he  rad ius  to  t h e  a t o m .  

T h e  p rev ious  f o r m u l a  was  de r i ved  b y  f ind ing  t h e  
m a x i m u m  of t h e  e lec t ron  d e n s i t y  a long  the  rad ius ,  
T h e  genera l  p r o b l e m  is m o r e  diff icul t  s ince t h e  d i rec t ion  
of t he  shif t  is u n k n o w n .  A n  a p p r o x i m a t e  f o r m u l a  is 
de r i ved  be low f rom a cen t r e -o f -g rav i ty  app roach .  

L e t  r = (x, y, z) be  t he  equ i l ib r ium pos i t ion  of a n  a t o m  
a n d  ¢ = ( ~ ,  ~ ,  ¢3) be  an  a r b i t r a r y  smal l  r o t a t i o n  of t he  
molecule .  T h e n  t h e  c o m b i n e d  effect  of ro t a t i ons  b y  
? a n d  - ~  wil l  be  to p r o d u c e  a w e i g h t e d  c o n t r i b u t i o n  
to  t he  t o t a l  e l ec t ron  dens i t y  whose  m a x i m u m  will  lie 
on t h e  n o r m a l  

a = - r + ( r .  ¢ / ~ ) ¢  (2)  

f rom the  a t o m  to  t he  axis  of osci l la t ion a n d  w h i c h  wil l  

be  d i sp laced  f rom t h e  equ i l ib r ium posi t ion  b y  the  smal l  
a m o u n t  ½a9% T h e  x c o m p o n e n t  of th is  d i s p l a c e m e n t  is 

Ax(,)  = --½x(~2 ~ + 932) + ½Y~1~3 +½z~1~2 • (3) 

I t  is shown  in t he  A p p e n d i x  t h a t  t h e  w e i g h t  to  be  as- 
soc ia ted  w i th  t h e  c o n t r i b u t i o n  a t  th is  po in t  is approx-  
i m a t e l y  .P(9)D(aq~), w h e r e  P ( ? )  is t he  p r o b a b i l i t y  of an  
osci l la t ion ~ a n d  D(acp) is t h e  dens i t y  of t h e  or iginal  
Gauss ian  p e a k  a t  a d i s t ance  a~ f rom its cen t re .  T h e  va lues  
of P(~)  a n d  D(acp) are  p ropo r t i ona l  to 

P (9)  = exp ( - ½XXw-lij q~i 9J), (4) 
a n d  

D(ag) = exp ( - ½a292/q2), (5) 

w h e r e  w-l~j is an  e l e m e n t  of t he  m a t r i x  inverse  to  wij, 
de f ined  w i t h  respec t  to  the  a r b i t r a r y  x, y, z axes,  a n d  t h e  
s u m m a t i o n s  are  for  i, j = 1, 2, 3. 

Thus  t he  x c o m p o n e n t  of t he  n e t  shift  due  to t he  w h o l e  
angu l a r  osci l la t ion specified b y  wij is 

Sx = l Ax(c~)P(~)D(aq~)dcp / I  P(~)D(aqg)d~. (6) 

Us ing  (2) we can  wr i t e  

P(v~)D(aq~) = exp ( - ½XXA~icpiq~l) , (7) 
whe re  

A n  =(y2 +z2)/q9 ~_ (D--ln , } 
Ale = - xy /q  ~ + eo-112, etc.  , (8) 

Since Ax(¢) is g iven  b y  (3), we  need  the  resu l t  t h a t  

I ~ j  exp (-½EZAijq~iq~)d? 

=A-~ i  I exp ( - ½ E  EAijqDiq~i)d¢ , (9) 

w h e r e  A - l t j  is an  e l e m e n t  of t h e  m a t r i x  inverse  to  Aii. 
B y  c o m b i n i n g  (3), (7) a n d  (9) w i t h  (6) t h e  n e t  shif t  of 
t h e  e l ec t ron-dens i ty  m a x i m u m  can  be  found .  R e v e r s i n g  


