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Orientation Dependence of an 
U nresolved Moss ba uer Quad ru pole 
Doublet in an Aligned Liquid 
Crystalline Glass? 
PETROS I. KTORIDES and DAVID L. UHRICH 

Physics Department and Liquid Crystal Institute, Kent State Univeristy, Kent, Ohio 44242 

( Rweirvd December 8, 1976) 

In an aligned system, an unresolved Mossbauer quadrupole doublet will appear to be a broad- 
ened single line absorption with an orientation dependent line position (1.p.). Previously, we 
have reported an orientation dependent 1.p. for the Il9Sn absorption for the solute, 4-tri- 
methyltin-benzylidene-4'-n-butylaniline (Sn-BBA). in the smectic B glass of 4-n-butoxybenzyli- 
dene-4-n-octylaniline (BBOA). The 1.p. depended on the angle (6) between the preferred 
molecular direction as  determined by a 9 kG magnetic field and the direction of the y-ray beam. 
In this report, we present a method of obtaining the isomer shift ( I S . ) ,  the quadrupole splitting 
(A&) of the unresolved doublet, and the orientational order parameter [ S  = (3 cos2 6 - -f>] 
for the Sn-bearing molecules. The angle S is the angle which a given molecule makes with the 
field direction and for the glass phase the brackets indicate a spatial average. The method 
consists of constructing a doublet spectrum for each based on initial guesses of IS., A&, 
S. and the single line linewidths. The constructed doublet spectrum is then computer fit with a 
single Lorentzian lineshape which shows a 0-dependent position and linewidth. The Mossbauer 
parameters are then adjusted to reproduce the 6 variation of the line position and linewidth of the 
apparent singlet experimental spectrum. This method yields AEa = - 0.33 mmjsec and S = 0.48 
for Sn-BBA in the BBOA glass at 77°K. This S-value is compared to other determinations of S 
for "Fe and Il9Sn bearing solutes which show resolved doublet spectra in liquid crystalline 
glasses. 

I NTROD UCTlO N 

In recent years there have been several Mossbauer studies of liquid crystalline 
materials.'-' For the most part they have consisted of observing the orienta- 
tion dependence of the Mossbauer parameters of solute molecules containing 
57Fe, 119Sn, or 1 2 9 1 .  In particular, for 57Fe and '19Sn, the recoil-free fraction 

t Presented at the Sixth International Conference on Liquid Crystals, Kent State University. 
Kent, Ohio 44242. August. 1976. 
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(f) and the relative intensities (Az/&) of the two quadrupole split absorption 
lines exhibit a dependence on the angle (0) between the preferred molecular 
direction as determined by the external magnetic field and the gamma ray 
direction. To insure an observable f value the measurements are usually 
performed in the liquid crystalline glass phase which is produced by rapid 
cooling from the normal liquid crystalline p h a ~ e . ' - ~ , ~ . '  In the rapid cooling, 
the molecular alignment evident in the normal liquid crystalline phase is 
preserved. 

Recently, we observed the &dependence of the line position (1.p.) of an 
apparent singlet ' "Sn Mossbauer absorption from 4-trimethyltin-benzyli- 
dene-4'-n-butylaniline (Sn-BBA) in the smectic B glass of 4-n-butoxybenzyli- 
dene-4-n-octylaniline (BBOA or 40.8).6 The 1.p. vs. 8 data were interpreted in 
terms of an unresolved quadrupole doublet. That is, as the intensity ratio 
(A,/&) changed with 8, the observed result consisted of a slight change in the 
line position of an apparent singlet absorption. By assuming that Sn-BBA 
in BBOA had the same order parameter (S = 0.17) as triethytinpalmitate 
(Sn-Palm) in 4-n-hexoxybenzylidene-4-n-propylaniline (HBPA or 60.3)' 
we were able to estimate a value for the quadrupole splitting (AEu) of the 
unresolved doublet.(' 

The aim of this paper is to give computer results as well as an analytical 
approximation for the law of variation of the apparent singlet 1.p. vs. 0 
and computer results for the variation of the linewidth of the apparent 
singlet vs. 8. Further, we are able to determine AEQ, S,  and the isomer shift 
( I S . )  for Sn-BBA in BBOA by generating 1.p. and linewidth vs. 6 data which 
reproduce the experimental data to within the experimental error. 

THEORY 

As our starting point we will use previously derived formulae which give 
the variation of &'A, and f as a function of 0 for transmission Mossbauer 
spectra. 1*2,6 

Here S is the spatial order parameter of the solute molecules in the host liquid 
crystalline glass and it is defined as S = (3(3 cos2 6 - 1)) where 6 is the 
angle between the preferred direction and the long axis of a particular 
molecule; cL = ( l/it2)((x: ,), - (x:),) is the intermolecular contribution 
to the nuclear vibrational anisotropy of the Mossbauer nuclei. Equations 1 
and 2 were derived assuming that the intermolecular vibrations and the 
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MOSSBAUER STUDIES [ I O O l ]  / 287 

intramolecular vibrations are uncoupled as is usually assumed in molecular 
crystais.’ Further, the intramolecular contribution to the vibrational aniso- 
tropy cM is assumed to  be approximately zero’ and the liquid crystalline 
glass is assumed to be either a nematic glass or an untilted smectic structure 
(e.g., smectic A or smectic B). 

Experimentally, f’ in Eq. ( 2 )  is the total probability for a Mossbauer 
absorption and therefore the sum of probabilities for the 71 and G transitions. 
For a true singlet the ratio of peak height to the background gives an adequate 
representation off ;  however, for an unresolved doublet where the apparent 
singlet linewidth may have a slight &dependence the total area of the 
absorption should be used. That is f(e)/f(e = 0) of Eq. (2) should be replaced 
with A(e) /A(6  = 0). The relationship between Eq. ( 2 )  and the areas for 
Lorentzian lineshapes is given by: 

( 3 )  

Here, f’*(O) and fU(@ are the peak heights divided by the background for the 
7r and o transitions, respectively. A,(6) and A,(@ are the areas of the 7r and G 
transitions, respectively. and is the linewidth at half height for each line. 
This latter assumption that = rll = r, will be valid in the absence of a 
spread of electric field gradients at the site of Mossbauer nuclei. By using 
Eqs. (1) and (3) ,  we obtain the amplitudes of the 7c and G transitions as 
follows : 

1 + i ( 3  cos2 e - 1)s 
nr  fn(0) = A(O)exp(&, sin’ 0) 

When analyzing Mossbauer spectra one usually fits Lorentzian lineshapes 
to the experimental data. In particular, the resultant transmission spectrum 
is given by 

.ti. y ( ~ )  = Background - 

and E ~ ~ ,  ri, and 11 are, respectively, the centroid, linewidth and amplitude 
of the ith absorption. Putting Eq. (4) into Eq. ( 5 )  we get: 

4 0 )  
7rr y(c) = Background - - exp(e, sin’ 0) 
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To simulate the observed variation of the line position and linewidth of the 
apparent singlet, we can use Eq. (6) to generate n data points (n  = number of 
channels used in the multichannel analyzer) for each 8. The constructed 
doublet spectrum may then becomputer fit with a single Lorentzian lineshape. 
(Of course, this procedure is only useful i f  (reXp/2) 2 /eon - eO,,[ = lAEQl.) 
Then the 1.p. vs. 8 data and the r/2 vs. 8 data for the constructed unresolved 
spectrum can be compared to experiment. 

The respective effects of varying AEQ, S and r, = rn on the 1.p. and the 
linewidth of the constructed unresolved doublet spectrum are shown in 
Figures 1-6. An increase in the AEQ or S have similar effects on the 8 de- 
pendence of the 1.p. To be noted, however, is that changes in r, = r, affect 

- 0  10 20 30 UU 50 60 70 80 so 
0 

FIGURE 1 The 0 variation of the 1.p. of the constructed unresolved doublet spectrum for 
several values of AEa with fixed S = 1.00 and fixed tr,, = $r, = 0.48 mmjsec. Here the 
values of AEQ (in mmjsec) are (a) 0.35, (b) 0.25, and (c) 0.15. 
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- 0  10 2 u  30 4U  50 60 70 80 90 
e 

FIGURE 2 The 0 variation of the 1.p. of the constructed unresolved doublet spectrum for 
several values of S with fixed AEa = 0.35 mmjsec and fixed :r, = tr, = 0.48 mmjsec. Here 
the values of S are (a) 1.00. (b) 0.75. (c) 0.50, (d) 0.25, and (e) 0.00. 

the variation to a lesser degree. Note, also, that the total 8 variation of the 
unresolved doublet linewidth is very small for reasonable values of AEQ, S, 
and rn = I-,,. In fact, the total variation of the apparent singlet linewidth 
(-0.02 mm/sec) as shown in Figures 4-6 is of the order of the accuracy of 
the experimental measurements. 

For given AEQ and r, = rb we see in Figure 5 that all of the unresolved 
doublet linewidth vs. 8 curves coincide for 8 such that 3 cos2 8 - 1 = 0. 
As a result, the linewidth of the constructed singlet is independent of S 
at 8 z 55" as one could also conclude by noticing that at 8 z 55", y ( ~ )  in 
Eq. (6) is independent of S .  Therefore, for fixed rn = r,, the experimental 
linewidth of the apparent singlet at 8 = 55" is determined by AEQ of the 

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
 0

5:
31

 2
3 

Fe
br

ua
ry

 2
01

3 



290 / [I0041 P. I .  KTORIDES AND D. L. UHRICH 

3 
4 I I 1 I I 8 I 

- 0  10 20 30 U O  50 60 70 80 
e 

0 

FIGURE 3 The 0 variation of the 1.p. of the constructed unresolved doublet spectrum for 
several values of $r, = tr, with fixed AEa = 0.35 mm/sec and fixed S = 1.00. Here. the 
values of $I-, = tr, (in mm/sec) are (a) 0.51, (b) 0.48, and (c) 0.45. 

unresolved doublet. In practice, the linewidth of the singlet Lorentzian used 
to fit the constructed doublet spectra is adjusted to yield the experimental 
linewidth at 0 = 55" by varying AE,." Once AEQ is determined, the IS. 
and S are adjusted in Eq. (6) to reproduce the experimental 1.p. vs. 0 data for 
the apparent singlet.' ' 

To get an analytical expression for the 1.p. vs. 0 variation for the case of 
IAEQl 4 rcxp one can minimize y(&) in Eq. (6) with respect to E.  To first order 
the result is: 
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0 
(D 
In I I I I 

?.J 
K. 
LI. - 

3 
3 

m i  
3 I I I I 

. o  10 20 30 UO 50 60 70 80 
0 

FIGURE 4 The 0 variation of the half-width of the constructed unresolved doublet spectrum 
for several values of AEQ with fixed S = 1.00 and fixed )r, = tr, = 0.48 rnrnjsec. Here, the 
values of AEQ (in rnrn/sec) are (a) 0.35, (b) 0.25, and (c) 0.15. 

or 

= I.S. + - A 4 2  ( 3  cos2 e - 1)s. 
8 

Note that for 0 zz 55" the approximate expression for E yields the I S .  Eq. (8) 
gives the general shape of the 1.p. vs. 0 curves which are generated with the 
computer. For IAEal < 0.5 mm/sec Eq. (8) yields results which are very 
close to the results obtained using Eq. (6). Furthermore, Eq. (8) can be used 
to obtain initial values of AEQ and S for use in the computer analysis using 
Eq. (6).  
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3. 
u3 

C 

9 
N 
Lo , I I I I I - 
. o  10 20 30 UU 50 60 ‘7 U 80 

8. 
0 

FIGURE 5 The 0 variation of the half-width of the constructed unresolved doublet spectrum 
for several values of S with fixed AEQ = 0.35 mm/sec and fixed $, = tr, = 0.48 mm/sec. 
Here, the values of S are (a) 1.00, (b) 0.75, (c) 0.50, (d) 0.25, and ( e )  0.00. 

RESULTS AND DISCUSSION 

The experimental spectra” were analyzed using a modified version of 
a program entitled PARLORS MF which fits a sum of independent 
Lorentzians plus a curved background to the data.I3 The data analyzed here 
were from folded spectra obtained using a triangle wave Doppler velocity 
drive system. As a result, the curved background was very small. 

For Sn-BBA in BBOA at 77°K the experimental half width of the apparent 
singlet was reXp/2 = 0.55 mm/sec and independent of 8. Assuming that 
r,/2 = r,/2 = 0.48 mm/sec which was the half-width of true singlets for 
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I I I I 

10 20 30 110 so 60 ' I  U 80 
e 

0 

FIGURE 6 The 8 variation of the half-width of the constructed unresolved doublet spectrum 
for several values of tr, = $r, with fixed AEQ = 0.35 mmjsec and fixed S = 1.00. Here the 
values of g, = $I-, (in mmjsec) are (a) 0.51, (b) 0.48, and (c) 0.45. 

the same BaSnO, source and similar solutions of Sn-bearing molecules in 
BBOA,14 then the method described in the previous section yielded BE,  = 
-0.33 mm/sec,S = 0.48,andI.S. = 1.24mm/~ec . '~  Theapparentsing1etl.p. 
vs. H variation obtained using Eq. ( 6 )  with the above results is compared to 
the experimental data in Figure 7. Table I shows how AEQ and S depend on the 
initial estimates of the individual linewidths of the CJ and n transitions. 

In Table I1 the computed value of S = 0.48 for Sn-BBA in BBOA is 
compared to the S values for several s7Fe-bearing solutes16 in the smectic B 
glass of BBOA and in one case the solute Sn-Palm in the smectic H glass of 
HBPA.' All these samples were aligned in a 9 kG field and the Mossbauer 
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d - 0  -4 10 20 30 UO 8 so 60 70 80 90 

FIGURE 7 The apparent singlet 1.p. vs. 0 variation as obtained from Eq. 6 with AEQ = 
-0.33 mm/sec, S = 0.48, and jr, = :r, = 0.48 mm/sec (solid line) is compared to the ex- 
perimental data points for Sn-BBA in the smectic B glass of BBOA at 7 7  K .  The experimental 
points are average values obtained from several Mossbauer runs at each 8. The mean deviation 
for each point is +0.02 mmlsec. For Sn-BBA, AEQ = con - con < 0 so the 1.p. increases with 
increasing 8 in contrast to the curves in Figures 1-3 where BE, > 0 was assumed in the com- 
puted curves and the 1.p. decreases with increasing 8. From Eq. 8 one sees that the range in the 
1.p. variation is independent of the sign of AEQ.  

runs taken at 77°K. Of all the solutes the molecular shape of Sn-BBA is 
most like that of the liquid crystalline host molecules and its flat central 
core will pack well with the central cores of the BBOA molecules and produce 
fairly good alignment of the Sn-BBA molecules. Furthermore, the Sn-atom 
in Sn-BBA is bonded directly to the rigid core (the benzylidene group) and 
thus experiences the order characteristic of the central core portion of the 
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TABLE I 

A comparison of A E Q ,  S,  and 1,s. values as determined 
from the 8 dependence of the apparent singlet line posi- 
tion for Sn-BBA in BBOA for different input values of 
the half-widths of the u and x transitions. Here, we 
assume that r, = r, and E, = 0. Each set of data 
listed here. when used in Eq. 6 essentially reproduces 

the smooth curve in Figure 7. 

rn/2 = r 0 j 2  *EQ I.S." 
(mmjsec) (mm/sec) S (mmisec) 

0.45 -0.38 0.41 1.24 
0.47 -0.35 0.45 1.24 
0.48 -0.33 0.48 1.24 
0.49 -0.31 0.53 1.24 
0.51 -0.25 0.66 1.24 

" T h e  isomer shift values are with respect to a 
BaSnO, source. 

host molecules. In contrast, the Mossbauer probe nucleus in the other four 
molecules resides in the end-chain region of the host liquid crystal molecules. 
The positioning of the 57Fe-bearing probe molecules has been discussed in 
detail, previously.'6 The relatively large S values obtained for FMA and 
FBA are due to the attraction between the polarizable benzine rings in their 
end-chains and the polarizable central-core regions of the BBOA molecules. 
This aligning mechanism is absent in DOF which lacks benzine rings in its 
end-chains. Sn-Palm has a very long flexible chain which lacks polarizable 
units. The result is that the Sn-end of the molecule probably resides in the 
host end-chain region and the flexible tail is only weakly aligned by the central 
cores of the liquid crystal molecules. Therefore, that S for the Sn-Palm 
molecule is less than S for the Sn-BBA molecule is not unreasonable. 

TABLE I 1  

A comparison of order parameters for Fe and Sn bearing solutes in smectic 
liquid crystalline glasses at 77'K. 

Host Liquid Crystal Mossbauer Probe Molecule S 

BBOA (smectic B) Sn-BBA 0.48 
BBOA ferrocenyl-4'-methoxyaniline (FMA) 0.37 
BBOA ferrocenyl-4'-butylaniline (FBA) 0.27 

HBPA (smectic H) triethyltin palmitate (Sn-Palm) 0.17 
BBOA I ,  1'-di-n-octanol ferrocene (DOF) 0.11 
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CONCLUSION 

P. 1. KTORIDES AND D. L. UHRICH 

The analysis techniques presented here enable the determination of AE,, 
I.S. and S from the orientation dependence of an apparent single line absorp- 
tion from aligned solute molecules in liquid crystalline glasses. The resulting 
S-value for the molecule Sn-BBA in the smectic B glass of BBOA is consistent 
with S-values found for probe molecules exhibiting well-resolved quadrupole 
doublets. Furthermore, for unresolved doublets, we have a sensitive way 
of determining AE, and the I S .  
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