
CRXSTIClr AND MOLECULAR S1RUCTURE OF ~-p-OYAPIOB~ZYLIDE1\TE- - 
~ - Q - O C T Y L O X Y A N I L I ~  .... (mood) 

3.1 Introduction 

g-E-oyanobeneylidene-p-n-oc - tyloxyaniline (CBOOA) , 
OM (11) exhibi ts  the  following phase t ransi t ioner  '2926 2 

73. C 82.5'C 106.9"C 
Solid ---+ Smectic A -9 IiYmatic ---+ Isotropic 

(IBOOA i s  one of the most extensively studied smeoto- 

genlc compounds i n  recent years. A number of investigations 

have been made on i t s  various physical propert ies  i n  both 

i t s  crys ta l l ine  and l iquid  o rys ta l l ine  phases [I-221. 

Current theories  on l iquid oryetals [23,24,25] indica te  

t h a t  the  smectic A-nematic phase t r ans i t ion  could possibly 

be of the  second order. Hence, the etudy of the  c r i t i c a l  

behaviour of the propertiee, of CBOOA i n  t h e  v i c in i t y  of 

the smectic A-nematic t r ans i t i on  has a t t rac ted  considerable 

a t t en t ion  [26-361. 

Mclviillan [37] has determined the  in te r l ayer  spacing 
0 

i n  the smectic A phase of CBOOA t o  be L--, 35 A. But the  
0 

length of the  f u l l y  extended CB00A molecule i s  only- 27 A. 

The discrepancy between the molecular length and the  layer  

spacing (or layer  thickness) has been accounted f o r  by 







proposing a bilayered s t ruc tu re  f o r  the smectic A 

phase of CBOOA, Fig. 3.1 (a) and Fig, 3. l (b) a r e  the 

schematia representations of t he  molecular arrange- 

ments i n  an ordinary sm@ctic A phase and a bilayered 

smectic A phase respeotively. I n  Fig. 3 r  1 (a) ,  the 

l ayer  spacing is equal t o  the  length of the moleculeb 

I n  Fig, 3* l (b )  the molecules within a layer  a r e  arranged 

i n  a staggered fashion, and hence t h e  l ayer  spacing i s  

l a rge r  than the length of t he  molecule. Moreover, Prince 

the CBOOA molecule contains a strong polar group (Cm) 

at  one end, the nearest  neighbours a r e  l i ke ly  t o  be 

oriented an t ipa ra l l e l  t o  each other [38]. A s imi la r  

bilayered s t ~ u c t u r e  has been observed i n  the smectic A 

phase of the compound 4-cyano-4'-ootyl biphenyl [39]. 

gxperimental r e a u l t s  of  t he  impurity-dependace s tudies  

[40], t he  high pressure s tudies  [31J and the  study of 

the t ransport  propert ies  [41] appear t o  support the  

existence of b i layers  i n  the mec t i o  A phase of CBOOA. 

Details  of. t h e  X-ray analysis  of CBOOA i n  the 

c rys ta l l ine  phase have been described i n  t h i s  chapter. 

3 + 2 Experimental - - 
Iranepersnt,  f a i n t  yellow coloured, rectangular,  

prismatio c rys ta l s  of CBOOA were obtained by slow 

evaporation f rom a ao lu t i  on i n  g-hept ane. Osci l la t ion  

and Weissenberg photographs were recorded with a crys ta l  



mounted a long t h e  c- axis, w i n g  n i cke l  f i l t e r e d  copper 

r ad i a t i on .  The d i f f r a c t i o n  p a t t e r n  i nd i ca t ed  t h a t  t h e  

o r y s t  a l e  were monoclinic. The Weis senberg photographs 

were found t o  c o n t a i n  sys temat ic  ex t inc t i ons  f o r  t h e  

r e f l e c t i o m  of t h e  type ho l ,  1 odd, and oko, k odd. 

The presence of t he se  ex t inc t i ons  ~mmbiguous1 y de te r-  

mined the  space group to  be P2,/c. 

The va lue  of t h e  d i r e c t  o e l l  a x i a l  dimension c w a s  

measured from t h e  r o t a t i o n  photograph. The v a l u e s  of b" 

(and hence b) and rPf were obtained from t h e  c-axis zero 

l e v e l  Weissenberg photograph. The monoclinio ang le  p 

was meamr ud from higher  Level Wei B aenberg photographs 

by  t h e  method of angular  l ag  [42]. The c e l l  dimension 

a was then  Calculated w i n g  t h e  v ~ d u o s  o f  a* and 8 .  

The dens i ty  of t h e  compound as determined by 

f l o t a t i o n  i n  aqueous potassium iod ine  s o l u t i o n  i nd i ca t ed  

that  t h e  u n i t  o e l l  uontaLned fou r  moleoules of CBOOA. 

The o e l l  cons tan t s  a, b ,  c and fl were r e f i n e d  by 

t h e  method of least- squares.  23 high angle  p r o j e c t i o n  

r e f l e c t i o n s  (14 of t h e  hko type  and 9 a f  the  h o l  type)  

were used. The refinement converged at  t h e  end of two 

cyc les ,  when t h e  s h i f t s  were smal le r  t han  t h e  s tandard  

dev ia t ions  f o r  a l l  the  f o u r  p a r m e t e r s .  The pre l iminary  

c r y s t a l  d a t a  of CBOOA a r e  l i s t e d  i n  Table 3.4. Table 3.2 



TABLE 3.1 

Urystal  Data 

a 
Unit c e l l  dimensions a P 15.994 .. + 0.006 A 

b 9 15.935 5 0.008 1 
c = 7.663 .. + 0.008 1 
p = 91a48' - + 04' 

Space group pzl/c 

Volume of t$e t lni t  c e l l  U 5 1952.06 i3 
Molecular weight 334.45 

Number of molecules 2 = 4 
per  unit  c e l l  

Caloulated dens i ty  P = 1 . I 4  gm. cm-' 
C 

Measured Uensity = 1.14 gm. cmC3 

Lineax abeorpt%on 
c oa Pf i m i  s n t  f o r  CuKd p 5.61 om"' 
r a d i a t i o n  

Total  nuubar sf e lec t rons  p(OOO) 
pe r  u n i t  c e l l  = 720. 



A comparison of the measured and the calculated values 
2 of s i n  9 at  the end of the least-squares refinement of 

the eel1 parameters 



2 list5 the  measured ( s i n  emem) and the f i n a l  calculated 
2 2 

(sin @oalc ) values sf S in  8 ,  f o r  a l l  the 23 ref lec t ions ,  

at the end of the  refinement. 

In tens i ty  da t a  col lec t ion  -. --* 

An approximately oylindrical  aryetaJ. of mean 

radius 5 0.35 mm mounted d o n g  t h e  needle ax i s  (0-axis) 

was ueed f o r  the  three-dimenhlional in tens i ty  da t a  

collection.  Hult i f i lm equi- inclination Weissenberg 

photographs were reoorded wing nickel- fi l tered aopper 

radia t ion  ( 2  = 1.5418 1) from t h e  reciprocal  levels  

hkL, L = 0 t o  5. A o r y s t d  of radius  .n 0.33 m was 

mounted along t h e  b-axis (perpendicular t o  t he  needle axis )  

and the  hol  project ion in tens i ty  da ta  were recorded by 

t h e  same technique. Out of a  possible  tots of 4465 

re f l ec t ions  i n  t he  CuKd sphere 1654 independent, observable 

re9Leations could be reaorded. The maximum 8 recorded 

was 7g0. 

Tha i n t e n s i t i e s  were v i sua l ly  estimated by 

oomparison with a  standard ud ib ra t ed  s t r i p .  ' h e  in tens i ty  

of each r e f l e c t i on  was estimated twiae and avexaged. The 

i n t e n s i t i e s  were aorrected fo r  Losentz-polarisation 

f ac to r s  [43],  absorptl  on e f f  eots  f o r  cy l indr ica l  specimen 

[44]  an8 spot ahapo e f fec t s  [45]. 

The in tens i ty  da ta  of each reciprocal  l eve l  were 



sca l ed  independently by camputing t h e  i nd iv idua l  l a y e r  

Wilson's p l o t  [46 ] .  The temperature f a c t o r  IB f o r  t h e  

s t r u c t u r e  was determined as t h e  mean of t h e  va lues  

obtained from t h e  Wilson's p l o t s  of the. d i f f e r e n t  layers .  

!the average value  of B thus oalcul.ated was equal  t o  

4.8 _+ 0.5 i2. The i n t e n s i t y  d a t a  were! put  on  an abeo lu t s  

aaa l e  using normalis ed s t r u c t u r e  f ao t o r s .  Nomal ised 

s t r u c t u r e  f a c t o r s ,  E's,  defined i n  s ec t i on  2.3, were 

computed f o r  each of t h a  r ec ip roca l  l eve l s ,  ueing the 

atomic s c a t t e r i w  f a c t o r s  given by Cromer and Waber [47] 
02 

and the, B-value of 4.8 A . The absolute  s c a l e  f a c t o r s  

were then determined by norua l iz ing  t h e  va lue  of < E ~ )  

t o  un i ty  f o r  each l aye r .  

3 .3  St ruc tu re  Determination 
"- 

CDaOOA being an a l l  l i g h t  atoms a txucture ,  t h e  

s o l u t i o n  was i n i t i a t e d  by ueing the  d i r e c t  methods. 

While ana lys ing  t h e  orystal. sl truoture of MBOBPAA 

(Chapter 2 ) ,  it waa found tha t  f o r  c ~ a l c u l a t i n g  the E ' s ,  

it was appropr ia te  i f  t h e  i n d i v i d u a l  atomic s c a t t e r i n g  

f a c t o r s  f o r  t h e  atoms of t h e  p l a n a r  aromatic rings were 

replaced by t h e  spher ioa l  average f o r  t h e  e n t i r e  r i n g  

placed a t  t h e  crenhra of t h e  r i n g  ( s e c t i o n  2.3). Hence, 

f o r  O O A ,  which con ta ins  p lanar  aromatic rings similar 

t o  t h e  NBPAA molecule, normaliared s t r u c t u r e  factorpa 



were ualoula ted  us ing  t h e  spher ic  a l l y  averaged molecular 

a o a t t e r i n g  fac to ra  f o r  t h e  two phenyl rings. Also, t o  

avoid the e f f e c t  of rsztiond. dependenoe, t h e  r e f l e c t i a n s  
o n e  were d ivided i n t o  f i v e  ranges atat t h e  <g2> 

va lue  i n  eaoh range was renormalized t o  un i ty ,  Eouh of  

t h e  e igh t  g a r i t y  groupsof r e f l e c t i o n s  was a l s o  renormalized 

i n  a s imi l a r  faahion,  Table 3 . 3  lists t h e  %bee-dimensional 

E - s t a t i s t i c ~ l .  

The h ighes t  300 Else ( 2  1.67) were nex t  used wi th  

t h e  MUIIIIAR programme of Germdiin e t  a1 [48], descr ibed i n  

s e c t i o n  2.3. Iwo symbols were, use6 i n  t h e  programme. 

!?he choice of t h e  r e f l e c t i o n s  spea i fy ing  t h e  o r i g i n  and 

the  symbols axe given i n  Table 3.4, whioh a l s o  l is ts  t h e  

detetila of t h e  f o u r  so lu t i ons  obtained from the  MUIll lAN 

programme. The b e s t  s o l u t i o n  was found t o  have a combined 

index ( ~ . f  .) of 2.0. The E-map corresponding t o  t h i s  

s o l u t i o n  was next computed. The cyanabenzylidene a n i l i n e  

group of t h e  molecule could be c l e a r l y  i d e n t i f i e d  from 

t h e  d i s t r i b u t i o n  of peaks i n  t h i s  E-map (FA&. 3.2). The 

molecuXar model f i t t e d  on t h e  B-map i s  &so marked i n  

Fig. 3.2. The i n i t i a l  H-factor f o r  t h i s  model was 0.555 

and i n  t h r e e  cyc l e s  of blook-diagonal s t r u c t u r e  f dotor  

least-equ.ares refinement, it reduoed t o  0.586. A t  t h i s  

s t a g e  of t h e  leas t- squares  refinement,  f i v e  oarbon atoms 

i n  t h e  octyloxy chain ,  v ie . ,  C(18) t o  ~(22), were found 



Averages and Ustribut iom of normalinrod 

strutrtuxe frtators 

[El ) 2.0 5.896 

Iheoretiod values ----- 
non- oentrorjyme oentrosymwtric 

0.798 0.886 



2 3 ?  
13 4 1 Origin 
7 8 4  

13 1 0 Symbols 
13 5 1 

Set  No. ABSPOM BJ3SID Combined Index 
A~ R C. I .  



]C-e 1.8: u l e a h r  m a e l  fit*d on #e &fit*i@u*on IksaB. 
ZBe positiena C(18) * . . . C(22) correspo2ld to  3he in i t i a l  
inearreat m o d e l  and C(18) . .. G(22) to  the cortwst m o d e l .  





t o  have very h i &  thermal parameters,  corn a r e a  t o  t h e  
e 5 

r e s t  of t h e  s t r u c t u r e  (B = 10.9 t o  22.1 A ). Also, 

t h e  molecular dimensione i n  this reg ion  of  t h e  molecule 

were abnormal, suggestizlg that t h e  pos i t i ons  of t he se  

stoma i n  t h e  ootyloxy cha in  could be wrong. Hence, a 

d i f f e r ence  e l e c t r o n  densi ty  map w a s  oompu%ed a f t e r  

removing t h e  c o n t r i b u t i o m  from t h e s e  f i v e  calrbon a t o m .  

Pig. 3.3 g ives  t h e  composite e leo t ron  dens i ty  of t h i s  

map, from which t h e  f i v e  carbon atoms oould be  e a s i l y  

i d e n t i f i e d .  A comparison of t h e  d i f f e r enoe  tmp and t h e  

E-mag showed t h a t  t h e r e  was a one-to-one correspondence 

betwoen t h e  map8 fox fou r  of t h e  carbon a tons .  Iluwever, 

f o r  t h e  f i f t h  crarbon a t o m ,  vir;. , C(21), t h e  peak i n  

the  Emidp was s l i g h t l y  s h i f t e d  from t h e  p o s i t i o n  obtained 

from t h e  d i i f e r e n o e  map. Yhe height8  of t h e  %map peaker 

f o r  t he se  f i v e  carbon atoms were, however, oonsiderably 

lower than those  f o r  the  r e s t  of t h e  atoms and that was, 

i n  f a c t ,  t h e  reason  f o r  n o t  us ing  them at  t h e  first 

ins tance .  I n  Fig. 3.2, t h e  pos i t ione  C(18)' .. . C(22)' 

correspond t o  the  in i t i a l .  inaorr tsct  model and C(18) . . . 
C(22) t o  the  a o r r e c t  model. The i n i t i a l  R- factor f o r  

the cor reo t  model was 0.297. 2he s t m a t u r e  was f u r t h e r  

r e f i n e d  t o  R = 0.145 by i t e r a t i v e  block-diagonal s t r u c t u r e  

f a a t o r  l e a s t - s  qua re^ procedure. Crui cks~hank's weighting 
2 -1 scheme [49] of t h e  form w = (a + bFo + 0%) where 

a = -0.383, b = 0.396 and c = 0.0015 was used and the  



a t o m  were oorrected individually f o r  i so t ropic  thermal 

motions. Anisotropic t h e m 1  parameters [50] of the  
2 2 2 form [exp - (bl  ,h .t bZ2k + bjSl + 2hkbI2 + 2hlb13 + 

2klb23)] were next introduced f o r  all the non-hydrogen 

atoms. Three cycles of f u r t he r  least- squares refinement 

reduced the R-value t o  0.117. I n  t he  course of the  leas t-  

squares refinement, the r e f l e c t i on  031 was found t o  have 

a much higher value f o r  Fobs than f o r  Fcalc and henc e 

was oorrectea fo r  secondary ext inc t ion  ef feot ,  using the 

Zachariasen'ct formula c51], aescribed i n  sea t tun  2.3. 

.1 difference eleotron density map was computed a t  

t h i s  &age and dl1 the hydrogen atoms i n  the atruo'ture 

aould be unamblgt~no?~sly located from thie, map. The peak 

hei@;hts i n  the  difference map correepondlng to  t he  hydrogen 

a t o m  a re  l i ~ t e d  i n  Table 3.5 while Plfg. 3.4 gives the  

cromposlte eleotron 8cpneity of t h i s  map. I n  f u r t h e r  leas t -  

a ipares  refinement, the parametere of t h e  hydrogen atoms 

were a l so  refined. The hydrogen atoms were assigned 

i8otropio temperature fac to r s ,  eqaal t o  the equivalent B 

values of the carbon atoms t o  which they were attaahed. 

Yhe equivalent B ' s  oorresponding t o  the anisotropic thermal 

parameters were calculated using t h e  fosmula [52] 

where the  b ' t a  a r e  the components of the  anisotropic  
i 4 





Peak heights corresponding to  hydrogen atom i n  the 
difference 1Powier map 

o 3 
A t  om - Peak height i n  e/A 

0.27 

H(4) 0.30 
H(6) 0.44 
H(73 0.35 
alf3) 0.44 
%( lo )  0.33 
H(11) 0.35 
H(13) 0.27 
H(14) 0.27 
HC151) 0.41 
H(152) 0.25 
~ ( 1 6 1 )  0.38 
H(162) 0.41 

~ ( 1 7 1 )  0.33 
R(172) 0.27 
H(181) 0.38 
X(182) 0.35 
H(191) 0 .30 
Iz(192) 0.25 
H(201) 0.33 
B(202) 0.27 
H(211) 0. 30 
H(212) 0.19 
H(221) 0.30 
H(222) 0.27 

H(223) 0.25 



thermal parameters and a , ,  a2, a3 are the  d i r ec t  o e l l  

lengths. The least-squares refinement converged a f t e r  

t w o  more cycles and t h e  R-value a t  t h i s  stage was 0.089. 

The observed and the oalculated values of tho 

s tructure faotors  of a l l  the  memured re f lec t ions  are 

l i s t e d  i n  Table 3.6. 

3.4 Descrfgtion of the  s t ructure  -"- ~- ---"- "* ---- - 
The f i n a l  gosi t ional  and thermal garewterts, a t  the 

end of the refinemen*, of a l l  the non-hydrogen atoms a re  

l i s t e d  i n  T&doie 3.7. [Cable 3.8 lists the corrospondlng 

value8 fo r  t h e  hydrcgen atoms. The numbering scheme f o r  

t h e  non-hydrogen atoms is shown i n  Fig. 3.5, where t h e  

bond lengths an4 bond angles involving these atoms a re  

a180 marked. 211e label l ing of each hydrogen atom is the 

same as tha t  o f  the  heavy atom t o  which it is attaohed; 

where more than one hydrogen atom is linked t o  the  same 

heavy atom, a. new sequence is s tar ted  and is included as 

the  l a s t  d ig i t  of t he  label l ing number. The bond lengths 

and bond angles involving the hydrogen atoms a r e  given 

i n  Table 3.9. Within the l i m i t s  o f  experimental e r ro r  

(4 G 3a), the molecular dimeneions a re  aowal .  I n  the 

phenyl rings,  the  average value of t h e  C-C lengths is 

1.592 (0.015) and the  C-C-C angles average t o  120.0 (0.9)'. 

I n  the, actyloxy-chain, the  average C - C distancle 
SP f3p3 
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Table 3.2: Final  f rac t iondl  pos i t iona l  coordinates and anisotropic  th-1 parameters (*lo4) 
of non-hydrogen a t a s .  E s t i m a t e d  standard deviations f o r  l a s t  d e c i ~ l a l  a r e  given i n  parentheses 

dtom x Y e b~ 1 b22 b33 b1 2 bl 3 b23 



Fi'inal fractional positional coor8inates an8 isotropio 
thermal parameters of hydrogen atoms. e . s .8 .  ' 8  are 

given i n  garenthesest 









i s  1.52 (0.02) i and t h e  c - 4p3 - o @P sp3 
average t o  1 12(1)a. The moleoular dimensions involving 

the  hydrogen atoms have comparatively l a rge r  standard 

d ev i a t i  one, 

The least- squares mean planes through. the  various 

groups of atoms have been calculated with respect  t o  an 

orthogonal coordinate system [53]. I n  Table 3.10, the 

equations of the  vaxiouar planes and the  displacements of 

a t o m  f ron  the respective planes have been l i s t e d .  The 

two phenyl r ing8 and the  group of atorna ~ ( 5 ) ~  ~(8), N(2) 

and C(9) a re  planar. The angle between t he  mean planes 

through %he two phenyl r ings is 17*43'. The p h a y l  

r ing8 through the  a t o w  C(2) to  C(7) and C(9) t o  ~(14) 

a re  oriented a t  10°14' and 26*5'5' respectively with 

xespeat t o  t he  plane formed by the central  atoms 0(5), 

C ( 8 ) ,  H(2) and C(9). %he cyano group is d i s g l a c e d  ellightly 

above the plane of the  phenyl r i ng  t o  which i t  i e  attached, 
0 

the  d2~1placements being 0.03 1 f o r  C(1) and 0.07 A fo r  

N(1). The oxygen atom l i e @  i n  t h e  plane of the other  

phenyl r i n g  Wrough atoms C(9) t o  G(14).  Pig. 3.6 gives 

a th~ee-dinaensiunal perspective view of t he  CBOOA molecule. 

Big. 3.7 bows the  molecular packing i n  the ab- 

plane. The OBOOA molecule l i e s  nearly extended i n  t h i s  

plane. The cyano benzylidene group of t h e  molecule i a  

incl ined t o  the a-axis by about 25* and the  octyloxy 



Equations of various least-eq armmean planes and dis- 1 placement8 A i n  of af om@ from them 

a) plane through atoms ~(2),~(3),C(4),C(5),C(6),C(7). 
0.28325~ + 0.39088~ - 0.87577~ 1 0.19546. 

b) plane through atoms ~(9),~(10)~C(11)~~(12)~C(13),C(14)- 
0.09915~ + 0.61807~ - 0.779850 = -0.21550. 

a )  Plane through atoms ~(5),~(8),N(2),~(9). 
0.28830x + 0.22133~ - 0.931618 P 0.11680. 

Plane Atom - 





-0 3.78 Holeetllar twxaagam&at i n  %0 ab-plane. Tho aoleoular uniti 
w e d  isr d&sarhbi8rdll, tho poking L indioatiedc 

- - 



cha in  runs almost p a r a l l e l  t o  t h e  a-axis. I n  Fig. 3.8, 

t h e  arrangement of t h e  moleculesr i n  the  bc-plane i s  shown. 

The cyano groups of t h e  neighbouring molecules approach 

one another  with a s h o r t  con tac t  d i s t ance  of 3.31 A 

between t h e  carbon atom of one molecule and t h e  n i t rogen  

atom o f  t h e  o the r  ( ind ica ted  i n  Pig. 3 . 7 )  The CBOOA 

molecules a s s o c i a t e  i n  p a i r s  about c e n t r e s  of i nve r s ion  

and hence, t h e  ad jacen t  molecules i n  t h e  u n i t  c e l l  a r e  

a n t i p a r a l l e l  t o  each other.  The neighbouring p a i r s  along 

t h e  c- direc t ion a r e  r e l a t e d  by t h e  s h o r t  c -ce l l  t r a n s l a t i o n .  

Along t h e  b- direct ion,  they a r e  r e l a t e d  by t h e  two-fold 

screw ax i s  and t h e  c-glide. If p a i r s  of molecules r e l a t e d  

by a n  i n v e r s i o n  c e n t r e  a r e  considered a e  one u n i t ,  t h e  

arrangement of t h e s e  u n i t s  i n  t h e  bc-plane could be 

described as a herringbone- like pa t t e rn .  I n  Fig.  31.8, 

p a i r s  of a n t i p a r a l l e l  molecules have been enclosed t o  

i n d i c a t e  t h e  herr ingbone- like packing. (This molecular 

u n i t  i s  shown i n  Fig. 3.7 a l s o  .) Similar  herringbone- 

type of molecular packing has a l s o  been found i n  t h e  

c r y s t a l  s t r u c t u r e s  of t h e  nematogenio compounds 2,2'- 

dibromo-4,4'-bis-(p-methoq - beneylidene amino) biphenyl  

[54], MBPAA (chap te r  2) and t h e  h igh  temperature polymorph 

of t h e  slmectogen e t h y l  p-azoxybanzoate [55]. - 
l!he three-dimensional c r y s t a l  s t r u c t u r e  i s  s t a b i l i s e d  

by  non-bonded van d e r  Waals i n t  eractionr,. A l l  i n t  ermolecular 



n- 
Molecular arsangement i n  bo-plane. Holeoular unite formed 
by a i r s  o f  antiparallel maleoulee have been tanclosed to  
indicate the herringbone trpe of gaaki% . Regiom of etrong 
intermolecular interactione have (sen e aded. 
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contact distances l e s s  than 4 A have been l i s t e d  i n  

Table 3.1 1. O f  these, only two distances a r e  l e s s  

than the sum of the van der  Waals r a d i i  of t he  

respective atoms. A s t r ik ing  fea ture  regarding the 

contact distances i s  t h a t  they a r e  crowded i n  some regions 

of the uni t  c e l l .  !there a r e  some intermeaiate pockets 

where the  contact distances a r e  longer an8 fewer i n  

number , indicating weaker i n t e r a a t i  on between neighbouri ng 

molecules. For example, t he  phenyl rings through the 

atoms C ( 9 )  t o  ~ ( 1 4 )  and ~ ( 2 )  to  C ( 7 )  have a l a rge  number 
0 

of non-bonded contact distances l e s s  than 4  A on one 

s ide  of the r i n g s  with the  atoms o f  the phenyl rings 

through atoms C ( 2 )  t o  ~ ( 7 )  and C ( 9 )  t o  C ( 1 4 )  respect ively 

of a neighbouring molecule; t h i s  i s  contrasted with t h e  

other s ide  of the two phenyl r ings,  where there  a r e  very 

few in terac t ions  with the atoms of t h e  octyloxy chains 

of the neighbouring molecules. Phese pockets of weak 

in te rac t ion  are  contained i n  planes pa r a l l e l  t o  the aa- 

plane. I n  Pig,  3 . 8 ,  the reg iom of strong in terac t ions  

have been shaded. The s t ruc tu re  can theref  ore be 

described as consis t ing of l aye r s  of molecules pa r a l l e l  

t o  the ac-plane , the layers  being separated along the 

b-axis by the planes formed by t h e  pockets of weak 

in terac t ion .  The molecules within a l ayer  a r e  re la ted  

by oentres of  inversion and those i n  t he  adjacent layers  

by the c-glide and t h e  two-fold screw axis. 'Phis layer- 
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l i k e  stacking of molecules i n  the so l id  phase has been 

commonly found i n  the  crys ta l  structuresl of o ther  

smectogenio oompounds reported so f a r  [56,55,57,58,59,60], 

and can be correlated t o  t h e  smectogenic nature of t h e  

compounds. 

Molecular arrangement i n  the smectic A phase 

The length of  t he  f u l l y  extended molecule of CBOOA 
e 

i s  v, 27 A. BIB mentioned i n  sec t ion  3.1 of this ahapter, 

McMillan [37] has determined t h e  inter- layer spacing i n  

t he  smectic phase of DBOOA acr 35 i. Gray and Lydon 

[39] have pointed out t h a t  some form of bilayered 

s t ruc tu re  is mandatory t o  explain the discrepancy between 

t he  in te r l ayer  spacing and t h e  molecular length i n  smectics. 

The molecular orrawement i n  the  c ry s t a l l i ne  phase of 

CBOOA adds fu r t he r  support t o  t h e  existence of bilayered 

s t ruc ture  i n  the smectio phase. A 8  seen i n  Figures 3.7 

and 3.8, the molecules related by the centre of inversion 

associate  i n  pa i r s  and form a moleoular uni t  which repeats  

i n  a herringbone-like fashion. i n  each molecular uni t ,  

t h e  molecules a r e  arranged i n  a staggered f ashion, so 

t h a t  the  length of t h e  un i t  a s  a whole i s  grea ter  than 

t ha t  of t he  individual molecule. lChe ef fec t ive  length 
B 

of t he  noleculnr un i t  161 M 35 A, i n  good agreement with 

the  in te r l ayer  spacing of the  smeotio A phase of CBOOA 



given by McMillan [37]. Therefore, i t  appears t h a t  

t he  molecular arrangement i n  the  c ry s t a l l i ne  phase can 

be d i reot ly  correlated with the  s t ruc ture  of t h e  

smeotic A phase. When the solid-smectic A transformation 

takes place, t he  moleoules continue to associate  i n  an t i -  

p a r a l l e l  pa i ra ,  a s  i n  the  so l id  phase, r e su l t ing  i n  a 

bilayered smectic s t ruc ture  with a layer  separation 
0 

rn 35 A. A61 the eroectic A phase corresponds t o  an 

upright molecular arxangement within the layer ,  the 

molecular pa i r s  could be assume4 t o  r o t a t e  so Wat  

t h e i r  long axes become normal t o  t he  plane of the  layer .  

Fig. 3.l(b) gives a sohematic representation of the  

bilayered arrangement. The pockets sf weak in te rac t ion  

separating the Layers i n  t he  solid.phasre could be 

expected t o  pe r s i s t  i n  the smectic A phase a lso .  
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