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INVESTIGATION OF THE HOMOLOGOUS SERIES OF 4-PROPIONYL- 
-4'-n-ALKANOYLOXYAZOBENZENES BY X-RAY DIFFRACTION (*)  

G.ALBERTINI", R.CACIUFF0-, E.FANELLI", P . M A R I A N l ^ ,  
G.POETI", F.RUSTICHELL1" and G.TORQUAT1- 

" I s t i t u t o  d i  F i s i c a  Medica- Faco l ta  d i  Medicina e 
C h i r u r g i a -  U n i v e r s i t a  d i  Ancona - I t a l y  

D ipa r t imen to  d i  Scienze d e i  M a t e r i a l i  e d e l l a  Ter ra-  
Facol t a  d i  Ingegner ia -  U n i v e r s i t a  d i  Ancona - I t a l y  

no - I t a l y  
'*  D ipa r t imen to  Scienze Chimiche- U n i v e r s i t a  d i  Cameri - 

Abs t rac t  
c r i s t a l l i n e  4-propionyl-4'-n-alkanoyloxyazobenzenes was 
performed by x - ray  d i f f r a c t i o n .  Two ind ipendent  parame - 
t e r s  were used, namely t h e  temperature and t h e  p a r a f f i -  
n i c  cha in  l eng th ,  i n  o rde r  t o  o b t a i n  some s t r u c t u r a l  i n  
fo rma t ion .  I n  p a r t i c u l a r  t h e  molecu la r  l a y e r  t h i c k n e s s  
was ob ta ined  as a f u n c t i o n  o f  t h e  temperature f o r  t h e  
d i f f e r e n t  phases and d i f f e r e n t  homologous. A l i n e a r  de 
pendence o f  t h e  molecu la r  l a y e r  th i ckness  as a f u n c t i o n  
o f  cha in  l e n g t h  was found f o r  t h e  c r y s t a l l i n e  phase as 
i t  was p r e v i o u s l y  observed f o r  t h e  smect ic A phase. By 
comparison o f  t h e  present  da ta  w i th  those o f  t h e  s e r i e s  
4-acetyl -4' -n-a1 kanoyl oxyazobenzenes , a b i  1 ayer  mol ecu- 
l a r  o r g a n i z a t i o n  s i m i l a r  t o  t h a t  o f  t h e  smect ic A phase 
appears as very  p robab le  a l s o  f o r  t h e  c r y s t a l l i n e  phase. 

A s tudy  o f  t h e  homologous s e r i e s  o f  l i q u i d  

INTRODUCTION 

An ex tens i ve  research  program r e c e n t l y  s t a r t e d  i n  o rde r  

( * )  Presented a t  t h e  4 t h  European Win ter  Conference on: " L i  
q u i d  C r y s t a l s  o f  Low-Dimensional Order and t h e i r  App l ica  - 
t i o n s "  - Bovec (Yugos lav ia )  March 26-30, 1984. 
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66 G. ALBERTINI et al 

t o  b e t t e r  understand t h e  r e l a t i o n  between t h e  molecu la r  s t r u  - 

c t u r e  and t h e  mesomorphic p r o p e r t i e s  of l i q u i d  c r y s t a l s .  The 

a t t e n t i o n  was focussed on severa l  homologous s e r i e s  hav ing  

t h e  f o l l o w i n g  general  fo rmula  

The s t r u c t u r a l  p r o p e r t i e s  o f  t h e  smect ic A phases were i n v e  - 
s t i g a t e d  f o r  t h e  two s e r i e s  w i t h  m=O and m = l ,  respectively' , :  

l e a d i n g  t o  a model f o r  t h e  i n t e r m o l e c u l a r  o rgan iza t i on .  Ac - 

cord ing  t o  t h i s  model a b i l a y e r  arrangement e x i s t s  w i t h  a 

s t r o n g  segregat ion  between p a r a f f i n i c  and p o l a r  p a r t s  o f  t h e  

molecules. Moreover some s t r u c t u r a l  parameters were o b t a i  - 

ned3 f o r  t h e  d i f f e r e n t  low temperatures phases occu r ing  i n  

t h e  s e r i e s  m=O. 

Th is  paper p resents  t h e  r e s u l t s  o f  an x - ray  i n v e s t i g a  - 

t i on  o f  the s e r i e s  w i th  m=l  , namely the 4-prop iony l -4 ' -n -a l  - 

kanoyloxyazobenzenes, f o r  n rang ing  f rom 1 t o  16. 

The t r a n s i t i o n  temperatures and t h e  na tu re  of t h e  d i f f e  - 
r e n t  phasesobserved f o r  t h e  d i f f e r e n t  compounds were repo r ted  

i n  re f .4 .  
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INVESTIGATION OF THE HOMOLOGOUS SERIES . . . 67 

RESULTS AND D I S C U S S I O N  

Exper imental  d e t a i l s  

Experiments were c a r r i e d  o u t  by us ing  a convent iona l  x-  

r a y  powder d i f f rac tomete r .  N i - f i l t e r e d  Cu Kol r a d i a t i o n  ( h  = 

1.54 A) was used. The divergence o f  t h e  p r imary  beam imp in  - 

g ing  on t h e  sample was = 8 ' .  The generator-sample d i s tance  

was ~ 1 8  cm and t h e  sample-counter d i s tance  : 20 cm. 

0 

The sample had a th i ckness  o f  : 1.5 mm and was h e l d  by 

two very  t h i n  A1 sheets f i x e d  t o  a c i r c u l a r  h o l e  i n  an A1 ma - 

t r i x  w i t h  a d iameter  o f  ZIcm. Hea t ing  was achieved by a h o t  

stage ( c o n t a i n i n g  e l e c t r i c a l  r e s i s t o r s )  whose temperature 

was c o n t r o l l e d  t o  - +O.I"C by an e l e c t r o n i c  dev ice  developed 

a t  G. E. N.G. ,Grenobl e. 

Moreover some d i f f r a c t i o n  p a t t e r n s  were recorded by - u 

s i n g  an E l l i o t  t o r o i d a l  camera. 

C h a r a c t e r i z a t i o n  o f  t h e  s o l i d  phases 

As r e c e n t l y  a smect ic  K phase was discovered, t h e  symbol 

K used i n  r e f . 3  w i l l  be rep laced here  by the  symbol C r  t o  i n -  

d i c a t e  c r y s t a l l i n e  and w e l l  ordered smect ic phases. 

The compounds w i t h  n 2  5 show a common s o l i d  phase a t  

room temperature,  c h a r a c t e r i z e d  by t h e  d i f f r a c t i o n  p a t t e r n  

r e p o r t e d  i n  f i g .  l a .  Th i s  phase was c a l l e d  K i n  r e f . 4  and 

w i l l  be c a l l e d  C r a  i n  t h e  f o l l o w i n g .  By hea t ing  a l l  these 

compounds a t r a n s i t i o n  t o  t h e  smect ic A phase was observed 

by x - ray  d i f f r a c t i o n ,  i n  agreement w i t h  c a l o r i m e t r i c  and - o 
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68 G. ALBERTINI et al. 

p t i c a l  microscopy techniques, whereas f o r  t h e  compounds w i th  

n27 of t h e  m=O s e r i e s  a t r a n s i t i o n  t o  another we l l -o rde red  

phase was observed. 

The d i f f r a c t i o n  p a t t e r n  repo r ted  i n  f i g . l a  i s  q u i t e  s i  - 

m i l a r  t o  t h a t  r e p o r t e d  i n  f i g . l a  o f  r e f . 3 :  t h e  main d i f f e r e n  - 

ce i s  t h e  absence i n  t h e  p resen t  case o f  t h e  peak correspon - 

d i n g  t o  t w i c e  t h e  repea t  d i s tance  d .  

5' N)' 1 5 O  200 25" 3U' 100 15" 200 2 9  33' 
2 8  2 8  

FIGURE 1 X-ray diffraction patterns at room temperature 

for different 4-propionyl- 4'-n-alkanoyloxyazg 

benzenes homologues. 
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INVESTIGATION OF THE HOMOLOGOUS SERIES . . , 69 

4 n n=l  
T=?  2 e4c 

n = O  I 
T=25'C 

n=3 h 
T=98'C 

FIGURE 2 X-ray diffraction patterns of different pecu- 

liar phases mentioned in the text. 

The compounds w i t h  Osns4 show a t  room temperature c r y -  

s t a l l i n e  phases, each one d i f f e r e n t  from t h e  o t h e r  ones and 

d i f f e r e n t  f rom C r  . The cor respond ing  d i f f r a c t i o n  p a t t e r n s  

a r e  r e p o r t e d  i n  f i g .1 .  
a 

The compounds w i t h  OSnS3 accord ing  t o  r e f . 4  show a sme - 

c t i c  B phase. All these compounds show a s i m i l a r  x - ray  d i f -  

f r a c t i o n  p a t t e r n  i n  correspondence t o  t h i s  phase, namely t h e  
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70 G.  ALBERTINI et al. 

one r e p o r t e d  

a smect ic B one, which i s  no rma l l y  cha rac te r i zed  f o r  powder 

samples by a s i n g l e  h i g h  ang le  peak5-*, b u t  a phase w i t h  

lower  simmetry, namely an ordered smect ic phase o r  a crystal- 

1 i n e  phase. 

i n  f i g .2g .  It i s  e v i d e n t  t h a t  t h i s  phase i s  n o t  

Moreover t h e  phases i n d i c a t e d  as a smect ic C i n  ref.4, 

f o r  t h e  compounds w i t h  n=3 and n=4, show t h e  x - ray  d i f f r a  - 

c t i o n  p a t t e r n  repo r ted  i n  f i g . 2 h Y  which i s  c h a r a c t e r i s t i c  of 

t h e  smect ic B phase. 

F i g . 2 i  r e p o r t s  t h e  d i f f r a c t i o n  p a t t e r n  o f  n=O c r y s t a l l i  

ne phase i n d i c a t e d  as K2 i n  re f .4 .  Th i s  p a t t e r n  was ob ta ined  

a f t e r  a month f o l l o w i n g  t h e  c o o l i n g  down o f  t h e  sample t o  

room temperature.  

For t h e  compound w i t h  n = l  a t r a n s i t i o n  c r y s t a l - s m e c t i c  

B i s  r e p o r t e d  t o  occur by h e a t i n g  

t h e  re f .4 .  A c t u a l l y  t h e  x - ray  d i f f r a c t i o n  p a t t e r n s  a r e  s i m i  

l a r  i n  t h e  two phases, b u t  t h e  Debye-Sherrer r i n g s  a re  con - 

t inuous  i n  t h e  lower  temperature phase and d iscont inuous  i n  

t h e  h i g h e r  temperature one. F ig .21 .  r e p o r t s  t h e  d i f f r a c t i o n  

p a t t e r n  of t h e  c r y s t a l l i n e  phase i n d i c a t e d  as K i n  re f .4 ,  

which appears a t  room temperature a f t e r  about one month. 

Fig.2m r e p o r t s  t h e  d i f f r a c t i o n  p a t t e r n  o f  t h e  phase 

t h e  sample accord ing  t o  

2 

ob ta ined  by h e a t i n g  t h e  compound wi th n=3,and i n d i c a t e d  as 

S i n  re f .4 .  Th is  d i f f r a c t i o n  p a t t e r n  i s  very  s i m i l a r  t o  

t h a t  o f  f i g . l c ; a s  a consequence a l s o  t h i s  phase cou ld  be 

e i t h e r  an ordered smect ic phase o r  a c r y s t a l l i n e  one. 

1 

For t h e  compound w i t h  n=4 a s u b s t a n t i a l l y  d i f f e r e n t  pha - 
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INVESTIGATION OF THE HOMOLOGOUS SERIES ... 71 

se diagram by c o o l i n g  was ob ta ined by x - ray  d i f f r a c t i o n  as 

compared t o  t h e  one repo r ted  i n  re f .4 .  I n  f a c t  i n s t e a d  o f  t h e  

sequence : 

slow S3 - K 88°C 82.5"C 
'A - sc - 

t h e  f o l l o w i n g  phase diagram, i n c l u d i n g  an a d d i t i o n a l  c r y s t a l  - 

l i n e  phase ( C r  ) shown i n  f i g . 2 n Y  was ob ta ined:  n 
83°C 80°C slow 

C r f  SB - C r n  7 Cra- 89°C 
'A - 
It should be remembered t h a t  t h e  compounds w i t h  5sns8 

9-12 
show t h e  i n t e r e s t i n g  h e x a t i c  phases . 

The l a y e r  spacing 

As i t  was t h e  case f o r  t h e  m=O s e r i e s ,  i t  was n o t  poss i  

b l e  t o  d e r i v e  f rom t h e  d i f f r a c t i o n  p a t t e r n s  o f  t h e  d i f f e r e n t  

types  o f  c r y s t a l l i n e  phases t h e  elementary c e l l  parameters 

o f  t h e  cor respond ing  c r y s t a l l o g r a p h i c  s t r u c t u r e s .  There fore  

o n l y  t h e  p o s i t i o n s  o f  t h e  low ang le  peaks were used, i n  o r  

der  t o  d e r i v e  t h e  spacing o f  t h e  molecu la r  l a y e r s  ( r e m i n i -  

scent  o f  t h e  smect ic o r g a n i z a t i o n )  which e x i s t s  g e n e r a l l y  

i n  t h e  c r y s t a l l i n e  phases o f  mesogenic compounds13 -14. 

- 

- 

Fig.3 r e p o r t s  t h e  temperature dependence of t h e  l a y e r  

spacings fo r  t h e  homologues w i t h  2 ~ 2 8 .  It appears t h a t  t h e  

l a y e r  spacing assoc ia ted  t o  t h e  c r y s t a l l i n e  phase o f  t h e  v i r  - 

g i n  sample cor respond ing  t o  n=2 i s  h ighe r  than t h a t  o f  t h e  

phases ob ta ined  a t  h i g h  temperature. No l a y e r  spacing compa 

r a b l e  w i t h  t h a t  o f  smect ic A i s  d e t e c t a b l e  f o r  t h e  v i r g i n  

sample w i t h  n=4 on heat ing .  

For t h e  compounds w i t h  n=6 and n=8 l a y e r  spacing i n  t h e  mono 

- 

- 
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12 G.  ALBERTINI el al. 

s ,  1 I I I I 

FIGURE 3 Layer spacing d as a function of temperature 

for the homologues with n=2, n=4, n=6 and n=8. 

FIGURE 4 Layer spacing d as a function of temperature 

for the homologues with n=10 and n=14 in the 

solid Cr and smectic A phases. a 
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INVESTIGATION OF THE HOMOLOGOUS SERIES . . . 13 

t r o p i c  phases appear t o  be s i m i l a r  t o  those o f  t h e  smect ic A 
phase, showing t h a t  i n  these mesophases t h e  molecules a re  i n  

average non t i 1  ted.  

Fig.4 r e p o r t s  t h e  temperature dependence o f  t h e  l a y e r  

spacings f o r  t h e  homologues w i th  n=10 and n=14. Both these 

compounds and t h e  homologues w i t h  n=12 and n=16 (which were - o 

m i t t e d  due t o  s i m i l a r i t y )  show an h y s t e r e s i s  e f f e c t  i n v o l v i n g  

smect ic A phase. The da ta  concerning t h e  c r y s t a l l i n e  phase 

ob ta ined a f t e r  c o o l i n g  were o m i t t e d  because c o i n c i d e n t  w i t h  

da ta  o f  t h e  c r y s t a l l i n e  phase o f  t h e  v i r g i n  sample. 

A lso  f o r  t h e  m=l s e r i e s  t h e  l a y e r  th ickness  d v a r i e s  li - 

n e a r l y  as a f u n c t i o n  o f  temperature,  bo th  i n  t h e  c r y s t a l l i n e  

and smect ic A phases f o r  a l l  t h e  compounds o f  t h e  se r ies .Th is  

q u a n t i t y  can take  t h e  fo rm3 

d . (T )  = d . ( O )  + (adn,i/aT) T 
n,1 n,i 

where n i s  t h e  number o f  t h e  carbon atoms o f  t h e  a l i p h a t i c  

cha in  and i i s  t h e  t ype  o f  phase. Values ob ta ined f o r  d 
n,1 

and adnYi/aT a r e  r e p o r t e d  i n  Table I f o r  C r  

whereas t h e  cor respond ing  values f o r  t h e  smect ic A phase a r e  

r e p o r t e d  i n  re f .2 .  The temperature c o e f f i c i e n t s  i n  t h e  s o l i d  

phase a re  q u i t e  low i n  r e l a t i o n  t o  t h e  exper imental  u n c e r t a i n  - 

t l y ,  and sometimes nega t i ve  values a r e  ob ta ined,  as i t  was 

t h e  case f o r  t h e  m=O s e r i e s .  

.(O) 
s o l i d  phase, a 

Fig.5 r e p o r t s  t h e  v a r i a t i o n  o f  t h e  l a y e r  th i ckness  as a 

f u n c t i o n  o f  t h e  cha in  l e n g t h  ( a t  T=10O0C) f o r  t h e  C r a  c r y s t a l -  

l i n e  phase and, f o r  comparison, t h e  da ta  r e f e r r i n g  t o  c r y s t a l  - 

l i n e  phase K o f  t h e  m=O s e r i e s .  a 
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TABLE I Values of dn(0)  and adn/aT f o r  Cra phase 

n d ( O O C )  (8 )  ad/aT*103 ( f l / " C )  n 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

22.0 k0.3 

23.4 20.3 

24.6 k0.2 

26.0 k0.2 

26.7 50.2 

28.5 k0.2 

29.3 10.2 

31.0 k0.4 

31.6 k0.3 

33.7 10.3 

34.0 20.3 

35.1 k0.4 

36.4 k0.4 

1.8 k5.3 

-0.5 53.9 

-4.7 53.8 

-4.5 k4.0 

-1.9 k3.4 

-7.4 k3.5 

-4.4 k3.1 

-3.3 k5.3 

-4.4 13.1 

-15.1 24.2 

-4.5 k3.9 

-3.9 T4.8 

-3.2 k6.8 

I t  appears t h a t  inside the experimental accuracy the data fo r  

the cha rac t e r i s t i c  c rys t a l l i ne  phases of the two se r i e s  coin - 
tide, whereas an appreciable difference was observed' 

the layer  thicknesses of the smectic A phases in  the two se  - 

r i e s .  The difference was a t t r i bu ted  t o  a la rger  disorder  or  

t i l t  angle f o r  the se r i e s  m=l. The s imi l a r i t y  between the l a  - 

yer  thicknesses f o r  the so l id  phases of the two se r i e s  sup- 

ports  the hypothesis of a bi layer  s t ruc ture  with head-to-tail  

intermolecular organization, because in the case of the mono - 

layer  s t ruc tu re  one should observe an increase i n  the layer  

f o r  
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INVESTIGATION OF THE HOMOLOGOUS SERIES . . . 75 

FIGURE 5 Values of the layer spacing d at T=10O0C as a 

function of the number n of methylenic groups 

in the aliphatic chain. o C r  (m=l)  . K (m=O>. a a 

thickness f o r  the se r i e s  m=l, i f  the same t i l t  angle i s  assu - 

med f o r  the two s e r i e s .  

By assuming a bi layer  s t ruc ture  a t i l t  angle of the  pa 

r a f f i n i c  chains 0 = 6 3 " ,  already calculated f o r  the m=O se- 

r i e s ,  should be adopted a l so  for the Cra c rys t a l l i ne  phase 

of the m=l se r i e s .  

P 

Figure 6 reports  the layer  thickness difference Ad be- 

tween Cr and SA phases. For comparison the corresponding da - 

t a  f o r  the m = O  s e r i e s  a re  reported,  I t  appears t h a t  the obse1 

ved Ad are  qui te  s imi la r  f o r  both se r i e s .  However by evalua - 
t ing  the r a t i o  Ad/dAy where d i s  the molecular layer  thick - 

A 
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ness of the smectic A phase o f  a given compound, as a functi - 

on of chain length one obtains a difference between the two 

ser ies .  This quantity i s  pratically indipendent from the cha - 

in length fo r  the ser ies  m = l ,  indicating a common change of 

t i l t  angle a t  the considered phase t ransi t ion,  for a l l  the 

compounds, whereas a s l i gh t  increase i s  observed for the se - 

r i e s  m = O ,  indicating a more complex structural change. 

CONCLUSION 

Some structural d a t a  were o b t a  ned for  the homo ogous 

FIGURE 6 Variation of the layer spacing Ad as a function 

of aliphatic chain length at T=10O0C. 

oCr -S (m=l). 0 K -S (m=O>. a A  a A  
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- A d  
d A 
0.1 5 

0.1 

0.05 

5 10 15 n 

FIGURE 7 Ratio between layer thickness variation Ad and 

the smectic A layer thickness d as a function 

of the number n of methilenic groups in the 

chain at T=10O0C. oCr - S (m=l). eK -S (m=O). 

A 

a A  a A  

series 4-propionyl-4'-n-a1 kanoyl oxyazobenzene 

fraction. In particular the molecular layer thickness as a 
function o f  temperature was obtained for the different cry- 
stalline phases and mesophases. 

by x-ray dif - 

The obtained data were compared with similar data pre- 
viously obtained for the series 4-acetyl-4I-n-al kanoyloxyazo - 

benzenes. From thi s compari son a bi 1 ayer mol ecul ar organi za - 

tion similar to the one found in smectic A seems to be more 
probable for the Cr phase than a monolayer organization. 

Of course in the crystalline phase the molecule would 
a 
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have a quite large tilt angle. 
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