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The dominance of order director fluctuations or molecular diffusion as the nuclear spin re- 
laxation mechanism in MBBA has recently been discussed again. By measuring TI ,  TI,, ?,, 
and applying spin thermometry the two mechanisms can be separated to give their respective 
contributions to the relaxation. It follows that diffusion is the dominant relaxation mode. 
Discussion of this and previous results are given. 

Recently several research groups reported studies on the effectiveness of the 
order-director fluctuation (ODF) as a spin-lattice relaxation mechanism in 
the liquid crystal p-methoxybenzylidene-p-n-butylaniline (MBBA). It was 
proposed that, if ODF is the predominant relaxation mechanism, both TI 
and TI ,  should display an angular dependence.'V2 

With the order director N,' parallel to the magnetic field H,' the contri- 
bution of ODF to T;' has been shown2 to be -0.2 sec-' at 291 K and 
30 MHz. In this note we derive the ODF contribution by spin thermometric 
analysis of the experimental results in high and low fields.3 The results of spin 
thermometric analysis support the published data. 

+ This research supported by National Research Council of Canada. 
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124 R. T. THOMPSON, D. W. KYDON AND M .  M. PINTAR 

The sample of MBBA was obtained commercially from Eastman Kodak 
Co. had a liquid crystal range between lo" and 45°C. The relaxation times 
TI, T I P  and T I ,  were measured with the 90"- 90°, field locking and Jeener-- 
Broekaert 90"- 45"- 45" pulse sequences, respectively. A Spin Lock Elec- 
tronics CP2 coherent spectrometer was used for the measurements. 

It has been shown that the relaxation in the rotating frame can be written3 
as a weighted average of T ;; and T ;d. 

where H I  is the strength of the rotating field and Hi- is the local field in the 
rotating frame. Introducing, H ,  = H, /H; ,  this equation can be written as: 

When we plot ( H :  + 1)T;; against H,? the slope of the resulting line is equal 
to T;: and the intercept, T;; (0) should be equal to T;;. This is called a low 
field thermometric plot as the equation is only valid when 3Hi, 2 H I  2 H i .  
At high fields, when the dipolar and Zeeman energies are decoupled, we 
have T;: = T;;. 

At 295°K in MBBA the low field thermometric plot gives T;; (0) - T;d 
within experimental error, Figure 1. Also, the slope from this plot is equal to 
T;; obtained from the measurement of TIP at high H I .  

In the next step the following molecular motions were considered: One 
contribution to spin-lattice relaxation is by ODF. The ortho benzene protons 
are usually considered as the main source of the ODF relaxation but the CH, 
protons in the alkyl tail contribute as well. In fact the ODF relaxation ofinter 

I I 

HP 

FIGURE 1 Low field spin thermometric plot for MBBA at 295°K. 
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CH, group proton pairs is comparable4 in effectiveness to the relaxation by 
the ortho benzene protons. However, the “intra CH,” relaxation by ODF, 
which is stronger than the ODF relaxation of the benzene protons, has to 
be considered separately as the p-p vector is not parallel to H ,  . 

In the situation where there is no molecular motion the p - p  vector 
for the intra CH, would be perpendicular to H,, .  Since we have molec- 
ular motion this is not true. It has been obtained experimentally that 
RoDF(intra CH,) = 3RLDF, where RbDF is the rate due to the ortho benzene 
protons. If the molecules were rigid the factor would be 6 instead of 3.5 It has 
been recognized that the molecular diffusion contributes a dominant 
relaxation rate (RL). In addition, there is also a slow molecular motion which 
adds to T;: and T;; but does not contribute to T;’ (i.e., W ~ T ,  & I ,  but 
olr, 5 1). Such contribution by a slow molecular mode has to be in- 
voked to give the relaxation equations real solutions. It remains unproven 
at the present time whether the slow mode is a cooperative angular dis- 
placement of molecular groups or a zone boundary drift in the liquid crystal. 
With this in mind the following spin thermometric equations can be written: 

T;’ = 8 R b  
21 ODF + RODF(inter CH2) 
+ & RoDF(intra CH,) + R, 

= T;’(ODF) + RZ 

T,’ = 2.5T;’(ODF) + Rz + R, (4) 

8 4 
- M,(Benzene)RbDF + - M,(CH, inter) 

3 
T;; = 

M,(MBBA) 21 21 

x RODF(CH2 inter) + & M,(CH, intra) RoDF(intra CH,) 

+ RZ + wR, ( 5 )  

where the factor “ w ”  in T;: can be between 1 and 2. When W,T < I ,  we 
can write T;’ = T;; =*T;d. When w0r ‘v 1, we have T;; < T;; 
< 2T;,’.Inthetemperatureregionwhereo,~ 9 1 a n d o , r  4 1,T;; = T;;. 
Note that the weights for intra CH, and inter CH2 are different because two 
of the protons have a negligible inter contribution. 

In our system of equations we have one more unknown than equations 
therefore we must make an estimate as to the size of “w.” The value “ w ”  = 1 
is used and can be justified by comparison with the p-pentylbenzoic acid 
(PPeBa).4 If the slow mode is thermally activated then it should be much 
slower in MBBA than in PPeBA since there is about 100°C difference in the 
temperature of their nematic phases. Therefore w(MBBA) < w(PPeBa) - 1.5. 
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Experimentally we found that M,(MBBA) = 2.4 + 0.2G2. The value for 
the other second moments have been estimated in a study of the alkoxy- 
benzoic acid homologous series4 and these values will be used here: 
MJCH, inter) - 1.6 k 0.4G2, M,(Benzene) - 1.6 t 0.2GZ and M,(CH, 
intra) z 1.8 0.4G2. With these values, and considering R k D F  = RoDF(inter 
CH,) = 4RODF (intra CH,) the equations become: 

TT' = 1 . 4 R b ~ ~  + R, 
T;: = 3.5R& + R ,  + R, 
T;: = 3.OR& + 2R, 4- wR,  

As mentioned, we set w = I and obtain at 22°C: 

RkDF = 0.3 & 0.2 sec-' 
R, = 5.0 & 1.0 sec-' 
R, = 9.1 & 2.0 SCC-' 

The value of 0.3 sec-' for T ;'(ODF) is within experimenta1 accuracy 
(_+0.2 sec- ') equal to the value obtained by the angular dependence.2 It 
should be noted that if no slow mode were considered the value of the ODF 
contribution would be an order of magnitude too high. This further sub- 
stantiates the existence of the slow mode. As can be seen the ODF contributes 
more to T;; than it does to T ;  but in T;: there is also the contribution of 
R, which is much larger than RbDF. On the other hand the diffusion contri- 
bution is almost by an order of magnitude larger than ODF rate. Thus, the 
frequency dependence of T;' gives information on the dispersion of R, 
rather than RODF. Of course, the above equations only hold for N o  parallel 
to H, . If the angular dependence is considered the corresponding modifi- 
cations of Eqs. 3 to 5 have to be made. 
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