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of 

Srnectic alignment via magnetic fields was studied using Sn-119 Mossbauer Effect (ME) 
spectroscopy. A sample of p-( 1 I-trimethyltin) undecyloxybenzylidene-p'-n-butylaniline 
(Sn-UBBA) was aligned by cooling from the isotropic phase to the smectic B phase in a 
magnetic field. A liquid crystalline glass was formed by rapid cooling to 77 K where it 
was studied with the ME as  a function of the magnetic field strength (H) for the orienta- 
tion angle 0 = 0". The data indicated that the boundary layers of the disc-shaped sample 
were aligned perpendicular to  the disc faces. Further, for 0 = 0" (H 11 to the gamma beam 
direction) the effective thickness of the boundary layer was determined to be A = 0.369/ 
(1 f 0.153 H'"') mm. The effect of the misalignment on the apparent values of the order 
parameter and the lattice contribution to the nuclear vibrational anisotropy of the 
Mossbauer nucleus are discussed. Some suggestions for more accurate analysis of the 
experimental data derived from orientational studies of smectics are given. 

INTRODUCTION 

The phenomenon of alignment of nematics with the help of magnetic 
fields (Freedericksz transition) is well known and the relevant theory is 
well developed.'-6 In contrast not much work has been done regarding 
the effect of magnetic fields on smectics. In the case of a smectic A 
phase Rapini'** found that the maximum tilt angle from the original di- 
rection of the director remains very low at twice the critical field. A dif- 
ferent kind of magnetic transition of planar cholesteric structures was 
proposed by Helfrich9 and a generalized treatment of this transition 
was developed by Hurault." This theory can be extended to the case of 

t Present address: Physics Department, West Virginia University, Morgantown, W.V. 
26506. 
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70 P. 1. KTORIDES and D. L. UHRICH 

the smectic A phase. On the basis of this extension one can expect an 
undulation of the planes to occur at a critical field of H, = 20 kGauss, 
for a 1 cm thick sample, ( H ,  is proportional to d-"*, where d is the 
sample thickness). This transition proved to  be a ghost transition. 
From among the various configurations treated by Parodi," the most 
probable is the one in which the transition region is made up of periodic 
boundary grains, Figure 1. For a thickness of 1 cm he predicts that 
H, - lo4 Oe. Gosciansci et a/. l2 have experimentally confirmed the oc- 
currence of this transition at several degrees below the nematic to 
smectic A transition temperature. It is evident that this kind of configu- 
ration is consistent with the structure of the smectic B phase, since it 
does not require any bends or any other high strain disinclinations of 
the planes. 

The following section includes a description of the Sn-bearing smec- 
tic liquid crystalline material used in these experiments and the tech- 
nique used to form the smectic glass. In addition, the dependence of 
the thickness of the boundary layers aligned by the surfaces on the ex- 
ternal magnetic field is discussed. 

EXPERIMENTAL 

The liquid crystalline compound used in this study wasp-( 1 I-trimethyl- 
tin)undecyloxy-benzylidene-p'-n-butylaniline (Sn-UBBA) which exhibits 
the following  phase^:'^ 

315.3-315.6 K 332.6 K 340.9 K 
Smectic B i_ Smectic C 

H = 0.656 

S = 1.97 

Isotropic 
Liquid H = 1.98 

S = 6.74 

H = 5.70 KcaVmolc ' 
S = 18.1 cal/mole/T I 

315.6 K I 
I T. Supercooled 

Smectic B Glass 

For this study we made a disc-shaped sample of Sn-UBBA by enclosing 
it in a teflon washer ( 1 1  mm in diameter and 1 mm thick) with mylar 
windows. The sample was aligned, with orientation angle 8 = 0" (8 is 
the angle between the liquid crystal director or equivalently the mag- 
netic field and the normal to the sample disc which was parallel to the 
direction of the Mossbauer y-ray beam) in the following way. First the 
sample was heated to about 10-15" C above the smectic C-isotropic 
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MAGNETIC ALIGNMENT OF SMECTICS 71 

FIGURE 1 The configuration of periodic boundary grains described in Ref. 1 1 .  This is 
the most probable configuration of the smectic A phase, for the geometry shown, under 
the influence of a magnetic field. The parallel continuous lines denote the smectic planes. 
The figure is not drawn to scale. 

liquid transition temperature. After being kept there for more than 20 
minutes, it was cooled down to room temperature in the presence of 
the field generated by a 9 inch Magnion magnet. Subsequently the 
sample was securely mounted on the sample supporting rod and 
immersed in the liquid nitrogen of an Andonian (Option 0-24/7M-H) 
Mossbauer absorber cryostat. Thus a liquid crystalline glass of Sn- 
UBBA was formed. The spectra of glasses aligned with different inten- 
sities of the magnetic field were accumulated using a Mossbauer spec- 
trometer which has been described e1se~here . I~  The Mossbauer spectra 
were fitted to a single Lorentzian line using a Burroughs 5500 computer. 

RESULTS AND DISCUSSION 

In the static case, one tries to  align the liquid crystalline samples by dis- 
torting the existing structure with the application of a magnetic field. 
The case which is of most interest in this work is the dynamic case, in 
which the distortion occurs as the compound is cooled from the melt to 
the lowest temperature smectic phase, in the presence of a magnetic 
field. 

It should be pointed out that despite the fact that prior to  this work 
the existence of a nematic phase was considered essential for the 
alignment of a smectic liquid crystal by cooling from the melt in the 
presence of a magnetic this does not seem to  be as important 
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72 P. I. KTORIDES and D. L. UHRICH 

as claimed. From the results of our experiments on tin bearing samples 
of Sn-UBBA and p- (  1 1-trimethy1tin)undecyloxybenzylidene-p’-n-octyl- 
aniline (Sn-UBOA)’* one can infer considerable alignment, despite the 
fact that they do  not have a nematic phase. 

We should point out that the effect of the misalignment in the de- 
termination of the order parameter is evidently important. It is also 
important in the determination of the lattice contribution to the nuclear 
vibrational anisotropy EL. Consider the following equation 

which is applicable to the case of perfect planar alignment of a smectic 
A or B liquid crystalline glass (when the intramolecular contribution to 
the nuclear vibrational anisotropy EM is small). Here A (0) is the ME in- 
tensity corresponding to the orientation angle 0. C i s  a constant which 
accounts for the fact that the A ( 0 )  values are not known with zero sta- 
tistical uncertainty.” Misalignment causes the ratio A (90)/A (0) to ap- 
proach unity and has the effect of causing the measured value of e~ to 
be too low in magnitude. Thus since the penetration region is a func- 
tion of the magnetic field intensity H ,  the effective value of EL is a func- 
tion of H and the values of EL and the order parameter S determined in 
Mossbauer experiments (with the present status of the rep- 
resent lower limits of the real values of these quantities.” 

As can be seen from Figure 2 which gives the absorption area vs. H 
data, for the 0 = 0” orientation of pure Sn-UBBA, the alignment is 
achieved in an asymptotic way with increasing magnetic field. (The 
sample which yielded the data in Figure 2 did not meet the “thin ab- 
sorber” criterion for Mossbauer experiments. Subsequent experiments 
with samples of similar thickness, however, showed that the experi- 
mental A (90) /A  (0) value differs from the ratio of absolute fractions by 
less than 3% 18,19). Therefore, there is considerable competition be- 
tween forces from the sample boundaries and from the magnetic field. 
In the case of periodic boundary grains, Parodi found that in the case 
of the smectic A phase, above a critical magnetic field H,  = 9kOe, for a 
sample of thickness equal to 1 cm, the bulk of the sample is aligned by 
the magnetic field, but two thin layers of thickness A,  adjacent to the 
plates are not aligned. He found that: 

wheref’i is a dislocation core energy and X ,  is the magnetic anisotropy 
of the material. 
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MAGNETIC ALIGNMENT OF SMECTICS 73 
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FIGURE 2 The area under the Mossbauer peak vs. field intensity Hfor pure Sn-UBBA 
in the  glass phase, at 77 K,  for 0 = 0'. The solid line results from the fitting of Eq. (3) to 
the area under the Mossbauer spectrum peak vs. H data, assuming that x is given by 
Eq. (71. 

Without claiming to  fully understand the phenomenon of the align- 
ment of the smectic phases in the dynamic case, we will try to  approxi- 
mate the relation between A and H in this case. Fo r  this we assumed 
that the alignment was complete in the middle of the sample, and we 
disregarded the effect of the washer surface. Thus we essentially have a 
configuration like the one of Figure 3. In this case, as  in Ref. 17, the 
bulk of the sample is aligned with the director li normal to  the win- 
dows, but in the two thin layers adjacent t o  the windows, li is parallel 
to the windows. In this case, as in Ref. 17, the recoil-free fraction (rfQ is 
the highest for the 0 = 0" orientation, while its value for the unoriented 
glass (at the same temperature) is close to  the rff of the 0 = 90" orienta- 
tion. Thus the area under the Mossbauer peak (which in the small 
thickness approximation is proportional t o  the recoil free fraction) is 
given by the relation: 

A = 2xf(90) 4- (1 - 2 x ) f ( O )  (3) 
thus 
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74 P. I. KTORIDES and D. L. UHRICH 

L d  I 
FIGURE 3 The most probable configuration of the smectic liquid crystalline glass 
samples, which were aligned by cooling the sample from the melt in the presence of a 
magnetic field (for B = 0’). The parallel continuous lines represent the smectic planes. In 
contrast to  Figure 1, in this case the long axes of the molecules are parallel to the mylar 
windows of the cell near the windows. The figure is not drawn to  scale. 

where x = h/d, d is the sample thickness, andf(0) andf(90) are the 
normalized peak areas for perfect alignment of the sample at 6 = 0” 
and 6 = 90”, respectively. Thus one can calculate x provided that good 
approximations forf(0) andf(90) are available. Then these values of x 
can be fitted to a “reasonable” function x ( H ) .  It is evident that for the 
geometry of our samples, which is approximated by Figure 3,  if one 
neglects the effect of the washer surface, a function of the form: 

1 
31 H‘ 

x=- 

where B1 and c are constants, would not be valid, since for H - 0, 
x - m, while in reality the maximum value of x is equal to 0.5. To alle- 
viate this discrepancy we added a constant to the denominator of Eq. 
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MAGNETIC ALIGNMENT OF SMECTICS 75 

( 5 ) ,  which resulted in the following: 

1 
E + B1 H' X =  

or 

xo 
1 + B H ' '  X =  (7) 

This form is more appropriate for the geometry of our samples. Here 
xo = 1/E is equal to the value of x for H = 0, and B = B d E .  As good 
approximations off(0) andf(90) we took the ME intensity values at 
8 = 0 and 8 = 90", respectively, for the highest fields attainable with 
our magnets. 

The result of the fitting of Eq. (7) to the experimental data is shown 
in Figure 2. It corresponds to xo = 0.369, B = 0.153 and c = 1.540. 
This least squares fit was accomplished with the use of the Gauss-Seidel 
method for the solution of a system of simultaneous equations. Since 
the sample thickness is approximately 1 mm, we finally get: A = 0.369/ 
(1 + 0.153 H'.54) mm. 

The problem of whether the quantities XO, B ,  and c depend on the 
orientation angle 8 remains to be investigated. We should point out 
that in the case of the Freedericksz transition of nematics, the critical 
field H, has been found to be 8-dependent.I2 Similarly, the deviation 
from the original direction of the director, at a certain point of the 
sample, under the influence of the magnetic field is &dependent. To 
check this problem one can measure the &dependence of the ME 
intensity: 

A = 2Xfpo) + (1 - 2xy(e).  ( 8 )  

Similar considerations should be taken into account when one deals 
with the area ratio of the two transitions of a quadrupole split doublet. 
In that case we have: 

(9) 
A m  - 2xfn(90) + (1 - 2 ~ ) j x e )  
A,(e)  2xfq(90) + (1 - 2 4 f m  
-- 

where A,,(B)/A,(O) is the ratio of the apparent (experimental) areas for 
the T and u transitions, respectively.f,(8) andf,(B) are the correspond- 
ing parameters for the perfect planar alignment of the whole sample. 
Afterf(8) andf,,(6)/fq(8) are known one can use the formula given in 
Ref. 14 to connect thef(8) vs 8 andf,(8)/f0(8) vs 8 data to the order pa- 
rameter s, the intramolecular contribution to the nuclear vibrational 
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76 P. 1. KTORIDES and D. L. UHRICH 

anisotropy E M  and the intermolecular contribution to the nuclear vibra- 
tional anisotropy EL. 

References 

1. P. G. deGennes, The Physics of Liquid Crystals, Oxford University Press, London 

2. H. Zocher, Trans. Faraday SOC., 29, 945 (1933). 
3. V. K. Freedericksz and V. Zolina, 2. Kristallogr., 79, 225 (1931). 
4. V. K. Freedericksz and V. Zolina, Trans. Faraday SOC., 29, 219 (1933). 
5 .  A. Rapini and M. J. Papoular, J. Phys., 30, C4-54 (1969). 
6. F. C. Frank, Discuss. Faraday SOC., 25, 1 (1958). 
7. A. M. Rapini, Prog. Solid State Chem.. 8, 337 (1973). 
8. A. M. Rapini, J.  Phys.. 33, 237 (1972). 
9. J. W. Helfrich, J. Chem. Phys.. 55, 839 (1971). 

10. J. P. Hurault, J. Chem. Phys., 59, 2068 (1973). 
11. 0. Parodi, Solid State Commun., 11, 1503 (1972). 
12. M. Goscianski, L. Leger and A. Mircea-Roussel, J. Phys. (Lett.),  36, L-313 (1975). 
13. R. M. d’Sidocky, Ph.D. Dissertation, Kent State University (1978), unpublished. 
14. D. L. Uhrich, Y. Y. Hsu, D. L. Fishel and J. M. Wilson, Mol. Cryst. Li9. Crysr., 20, 

15. A. Berman, E. Gelerinter, G. C. Fryberg and G. H. Brown, in Symposium on Or- 
dered Fluids and Liquid Crystals (American Chemical Society, Chicago, 1973). 

16. G. H. Brown, J. W. Doane and V. D. Neff, A Review of the Structure and Physical 
Properties of Liquid Crystals, Critical Reviews of Solid State Sciences, CRC Press 
Cleveland, Ohio (1971) page 329. 

17. D. L. Uhrich, V. 0. Aimiuwu, P. I. Ktorides and W. J. LaPrice, Phys. Rev., A12,211 
(1975). 

18. P. I. Ktorides, Ph.D. Dissertation, Kent State University (1981), unpublished. 
19. P. I. Ktorides and D. L. Uhrich, to be published. 

(1974). 

349 (1973). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

1:
50

 2
1 

Fe
br

ua
ry

 2
01

3 


