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DOMAINS DUE TO MAGNETIC FIELDS IN BULK SAMPLES OF A 
NEMATIC LIQUID CRYSTAL 

E.F.  CARR 
Physics Department, University of Maine, Orono, Maine 
04473 

( R e c e i v e d :  F e b r u a r y  11, 1 9 7 7 )  

Abstract The production of domains during the application 
of a magnetic f ie ld  on a bulk sample of nematic liquid 
crystal i s  shown. These domains are created d u r i n g  the 
process of realignment of the nematic directors and have 
many similar features to  the domains created by electr ic  
f ie lds  ( i n  the conduction regime). 
studied d u r i n g  real ignment. 

These domains are 

Material flow and molecular alignment due to  e lectr ic  
fie1 ds (conduction regime) have recently been 
in bulk and t h i n  samples of nematic liquid crystals. We have 
discovered that patterns similar t o  those produced by electr ic  
fields can be produced by magnetic fields.  

A nematic mixture 5A ( E .  Merk) waa used fog the work re- 
ported here. The nematic Eange was -5 C t o  75C 
graphs were ob ta ined  a t  18 C. 
l y  lo9 ohm-cm and the dielectric anisotrophy E '  - !; = - 0.2. 
The sample holder was constructed from two conauct7ve coated 
glass electrodes w i t h  a 0.15 cm teflon sDacer. The t ranspar -  
ent electrodes,which were i n  a vertical position, were approx- 
imately 3..7 cm 1on.g and 1' cm deep. 

The experimental setup for Figures 1 and 2 was similar 
to  t h a t  reported earlier ' .  A laser beam was directed,parallel 
t o  the electrodes and  a t  an angle of approximately 20 w i t h  
the free surface. Some of the l ight  which entered through the 
surface was scattered upward by the l i q u i d  crystal .  As this 
scattered 1 i g h t  passed through the surface, defects or changes 
i n  alignment gave r i se  t o  a pattern t h a t  could be used t o  
define domains ( o r  flow ce l l s ) .  

Figures l a  and l b  show the patterns that were observed 
when a 50-volt (conduction regime) source was applied t o  the 
electrodes. 
cussed elsewhere2 for another nematic mixture. 

and a l l  photo- 
The resis t ivi ty  was approximate- 

These photographs are very similar t o  those dis- 
They are pre- 
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160 E. F. CARR 

sented here f o r  comparison w i t h  the r e s u l t s  using a magnetic 
f i e l d .  The defects ( o r  misal igned regions) which normally 
extend from one electrode t o  the o the r  i n d i c a t e  the domain 
width. I t  was shown elsewhere* t h a t  the f l u i d  v e l o c i t y  i s  
a maximum a t  t he  defects and the d i r e c t i o n  o f  f low i s  
opposi te a t  adjacent defects. 

Figures l c  - I f  show the pat terns t h a t  were observed when 
a l-kG magnetic f i e l d  was appl ied perpendicular t o  the elec- 
trodes. 
l a  and l b .  E a r l i e r  work’ has shown t h a t  the f low c e l l  width 
decreases w i t h  an increase i n  e l e c t r i c  f i e l d  i n tens i t y .  Pre- 
1 iminary measurements w i t h  magnetic f i e l d s  i nd i ca te  t h a t  the 
c e l l s  ge t  narrower f o r  l a r g e r  magnetic f i e l d s .  

The photographs shown i n  Figure 2 i n d i c a t e  some mater ia l  
f l ow  when a l-kG magnetic f i e a d  i s  appl ied perpendicular t o  
the electrodes producing a 90 r o t a t i o n  o f  the nematic d i rec-  
t o r .  Unl ike the  appl icat ion o f  an e l e c t r i c  f i e l d  (conduc.tiin 
regime), the f l ow  ceases when the molecular alignment has 
undergone i t s  maximum change. The de fec t  (o r  misaligned 
region) shown i n  Figure 3a was created by r o t a t i n g  the d i rec-  
t o r  from a d i r e c t i o n  perpendicular t o  the electrodes t o  par- 
a l l e l  t o  the electrodes w i t h  a 2-kG magnetic f i e l d .  From re -  
sul t s  t o  be presented3 elsewhere i t  appears t g a t  the nematic 
d i r e c t o r  on one s ide of the defect  r o t a t e s  90 clockwise 
whi le  the d i r e c t o r  on the o the r  s ide o f  the defect  ro ta tes  
counterclockwise. 
shown i n  successive photographs (Figures 2b-2e) indicates the 
pos i t i ons  o f  maximum flow. 
t h a t  the d i r e c t o r s  i n  adjacent c e l l s  (Figures l c - l f )  tend t o  
r o t a t e  i n oppos i t e  d i  rec ti ons . 

The domains which were photographed from a d i r e c t i o n  
perpendicular t o  the electrodes a re  shown i n  Figure 3. The 
lase r  beam was d i rec ted  v e r t i c a l l y  i n t o  the  sample near the 
back electrode. The l i g h t  t h a t  was scattered by the sample 
i n  a ho r i zon ta l  d i r e c t i o n  showed the domains i n  Figure 3. 
The domains i n  Figure 3a were created by a magnetic f i e l d  
whereas those i n  Figure 3b were created by a 40-Hz e l e c t r i c  
f i e l d .  There a re  some va r ia t i ons  i n  the patterns whi le  they 
are Being created, b u t  a f t e r  e q u i l i b r i u m  was reached (Figure 
31, i t  i s  d i f f i c u l t  t o  d i s t i n q u i s h  between the domains created 
by a magnetic f i e l d  and those created by an e l e c t r i c  f i e l d .  
I n  some respects these domains look l i k e  the Wil l iams domains4 
b u t  many o f  t he  condi t ions i nves t i ga to rs  t r y  t o  s a t i s f y  when 
observing Wi l l iams domains were n o t  s a t i s f i e d  here. 
p l e  was much t h i c k e r  and the appl ied vol tage was much higher 
than normal ly used t o  observe Wil l iams domains. The nematic 
mix ture 5A which was used f o r  these r e s u l t s  a l i q n s  w i t h  i t s  

The pat terns are s i m i l a r  t o  those shown i n  Figures 

The bending o f  the defect  (Figure 2a) as 

From these observations i t  appears 

The sam- 
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DOMAINS DUE TO MAGNETIC FIELDS 161 

FIGURE 1. 
magnetic f ie lds  a t  the a i r  t o  NCL interface. Electrode 
separation = 0.15 cm ( a )  
50-volt (40Hz) source. The nematic director was align- 
ed parallel t o  the electrodes before applying the f ie ld .  
( b )  Two min af ter  turning off the 50-volt source which 
had been on for 40 sec. (c )  Twenty sec af ter  applying 
a 1 - k G  magnetic f ie ld  perpendicular to  the electrodes. 
The director was aligned parallel to the electrodes 
before applying the f ie ld .  ( d )  Forty sec af ter  apply- 
i n g  the 1-kG f ie ld .  (e)  S ix ty  sec a f te r  applying the 
1-kG f ield.  ( f )  Two min a f te r  t u r n i n g  off the 1-kG 
f ield which had been on for 60 sec. The electr ic  f ie ld  
was zero for photographs c,d,e, and f .  

Flow patterns (or domains) due t o  e lectr ic  and 

Forty sec a f te r  applying a 
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162 E. F.CARR 

FIGURE 2 .  
a i r  to  NCL interface. Electrode separation = 0.15 cm. 
( a )  A Defect (or misaligned region) parallel t o  the 
electrodes which was created by applying a 2-kG mag- 
netic f ie ld  parallel t o  the electrodes for  25 sec. The 
director was a1 igned perpendicular to  the electrodes 
before applying the 2-kG f ield.  ( b )  Five sec af ter  
applying a l-kG magnetic field perpendicular t o  the elec- 
trodes. Photograph ( b )  followed ( a )  af ter  turning off 
the 2-kG f ie ld  and r o t a t i n g  the sample. (c)  Ten sec 
af ter  applying the l-kG field. ( d )  Fifteen sec af ter  
applying the field.  (e )  Twenty-five sec a f te r  applying 
the field.  ( f )  Forty-five sec a f te r  applying the field.  
Electric f ie lds  were n o t  employed here. 

Material flow due t o  a magnetic f ie ld  a t  the 
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DOMAINS DUE TO MAGNETIC FIELDS 163 

FIGURE 3 .  Vertical domains due t o  e l ec t r i c  and magnetic 
f ie lds  which were observed i n  a direction perpendecular 
t o  the electrodes. Electrode separation = 0.15 cm. ( a )  
Approximately two minutes a f t e r  t u r n i n g  off a 1-kG mag- 
netic f i e ld  which had been applied perpendicular t o  the 
electrodes for  1 m i n .  The procedure was t h g  same as 
t h a t  followed fo r  Figure l a  except for  a 90 rotation of 
the microscope ( b )  Ten minutes a f t e r  a 5C-volt (40 Hz) 
source had been turned off which had been on 40 sec. 
The procedure was &he same as that  folJowed for  Figure 
l b  except for  a 90 rotation of the microscope and a 
longer waiting period. 

director perpendicular t o  a wall rather t h a n  paral le l .  
The average angle of rotation of the director i s  very small 
when observing Williams domains, b u t  the average angle of ro- 
tation i s  quite large for the resul ts  shown in Figure 3.  
Conductivity measurements indicated tha t  a f t e r  a 1-kG magne- 
t i c  f ie ld  had been applied for  20 sec, the average angle o f  
rotation of the director  was greater than 45 degrees. 

When a polarold sheet was placed before the microscope 
(figure 3 )  there was not much variation as the film was rotated. 
The patterns appeared s l igh t ly  clearer when the direction of 
polarization was perpendicular to  the i n i t i a l  a1 ignment of 
the director.  However, i f  a 1 - k G  magnetic f i e ld  i s  maintained 
parallel (horizontal)  to  the electrodes while an e lec t r ic  
f i e ld  (> 70 vol t s )  was applied perpendicular to  the electrodes, 
the patterns were clearer  when the direction of  polarization 
was parallel to the i n i t i a l  alignment of the director .  This 
observa t ion  i s  consistant w i t h  those of Williams domains, and  
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164 E. F.CARR 

suggests tha t  i f  the e l e c t r i c  and magnetic f i e l d s  are appl ied 
simultaneously the d i rec to r  tends t o  ro ta te  i n  the plane 
formed by the f ie lds .  
t ha t  the d i rec to r  makes w i th  the hor izonta l  plane i s  probably 
a function o f  posi t ion.  

ed wi th a 4000 Hz e l e c t r i c  f i e l d  ( d i e l e c t r i c  regime). 
impl ies tha t  ro ta t ions  o f  the d i rector ,  whether they are 
associated w i t h  torques due t o  d ie lec t r i c ,  conduct iv i ty o r  
magnetic permeabi l i ty  anisotropies, have much i n  comon. 
A1 though the emphasis here i s  on molecular a7 ignment and 
mater ia l  flow, the resu l t s  which are presented suggest some 
in te res t ing  problems involv ing the c rea t ion  o f  defects. 

I f  only  one f i e l d  i s  used the angle 

Defects s im i la r  t o  those shown i n  Figure 2a can be crest- 
T h i s  

Acknowledgement The author wishes t o  express h i s  appreciation 
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