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SPIN - LATTICE RELAXATION AND TENSOR
ORDER PARAMETER FLUCTUATIONS IN NEMATICS

BULAT KHASANOV
Department of Physics, Kazan State University,
Kazan, USSR, 420008

Abstract The nuclear magnetic resonance spin -
lattice relaxation time, both in laboratory and
rotating frames, T, and T p are calculated for
nematic liquid cryStal. I¥ is shown that T, has
logarithmic frequency dependence, and both-?of
them - a complicated temperature dependence.

INERODUCTION

Many theoretical and experimental works are devoted
to the problem of nuclear spin-lattice relaxation in
nematic liquid crystals. Nematic order fluctuations
are known to play an important role in the NMR rela-
xation of molecules. It is well known that the order
parameter in nematics is a symmetric traceless second
rank tensor Q“P' Thus, fluctuations of a new degree
of freedom include the longitudinal, transverse and
biaxial fluctuations. First of them is connected with
fluctuations of order parameter modulus and the sec-
ond -~ with director fluctuations. Another important
peculiarity of nematics, as well as of any other de-
generate system, is the presence of singular longi-
tudinal fluctuations which are connected with a tra-
nsverse i‘luc’cuations./I In this paper we examine the
influence of the tensor order parameter fluctuations
on the frequency and temperature dependences of the
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nuclear spin~lattice relaxation rate in nematics.

THE NEMATIC - ISQTROPIC PHASE TRANSITION

The free energy density in the de Gennes model has
the form ( VU, =2/ ®X)

] _ 1 1 2
Fe=5 AQ«pQﬁM BQo(P PJ xa T r C(QupQ}oJ

'qudeQ “p* -2- LT QT

where A:a(T—T*), B and C are constants, X, is the

(1)

anisotropy of the diamagnetic constant, H is the mag-
netic field. Since of the equivalence between the ten-
sor Qs &nd the spinor Ql with l=2, one can rewrite
(1) over the scalar order parameter Q—<Q1> and fluc-
tuations of Ql in the Gauss approximation

3 2, ~0A0
F=§AQ—§BQ+ZCQ—hQ+-2-(ro+LV)Q2Q2

+ (0/Q +IT2)QRQTS + (n/Q +3BQ+LIZ)Q5Q75 (2)

where h=1/3 X, H=(0,0,H), r, =Q, B(t+t172),

b= (T -1)/(T*-1%), Q_=(B/30)(1+(1=h/n_)/2), h_=83/2702,
T+=T*+B2/3ac, T+ 1s the temperature of the contn.nuous
phase transition. The temperature of the first order
phase transition is 'l‘ =7* +(2B /9aC)(’1+h/2h ) and there
is no phase transition for h>h,, T (h )= T . If h=0,
then T% must be replaced by T = 1* +B /4&0 which
determines the superheating temperature of nematic
phase. Further we will show how the fluctuations <‘ng>
can be used to calculate nuclear relaxation rate in
the nematic phase of liquid crystals.
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SPIN ~ LATTICE RELAXATION

Let us consider well known model of two nuclear spins
1/2 located on the long axis of nematic molecule.

The spin-lattice relaxation arises from order parameter

fluctuations in intramolecular dipolar interaction,

and relaxation rates in the laboratory frame and in the

(%gaf (3)

2

ngz gxuhzr—6 [EGOQ“%>+2G4(wo>+£G2(2“%)](%%) ()

rotating frame are

w77 2y*he laq(u%) + Gy (20)

where (ﬂ1=XHq, H, is the r.f. field, r is the fixed
separation between spins, Gi(w) are the spectral den-
sities of corresponding correlation functions. This
functions are easy to obtain from (2) in q - space
2)—1

6o (@)=(ry11a) ™!, Gy(@)=5(0/Q +1a®) ,  (58b)

Gg(q)=;(h/Q +38Q+Lq®) ™, (5¢)

which are the correlation functions of longitudinal,
transverse and biaxial fluctuations of the tensor or-
der parameter. The gap in the spectrum of longitudinal
fluctuations r, decreases strongly for T e-TC in
comparison with the gap in the spectrum of biaxial

fluctuations

_ 3 _ 1/2.4h 1/2, -1
A = 3 Qc(h-O) Bl1+t +9hc(1+t ) . (6)

note, that for h=0 [&(T*)/[S(TC)=3/2. Nevertheless,
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both of them are of the same order of magnitude. The
transverse fluctuations (5b) are suppressed only by
external magnetic field.

Together with fluctuations of the modulus Q (5a) we
shall consider the longitudinal fluctuations caused
by strong transverse fluctuations. Such connection
due to the modulus retain pr1n01p1e exists in any
degenerated systequ 2QQ2--Q2Q2 « For the correla-
tion function G ~~<Q2Q2> one can get in q- space

- 1 d
o= S( L5 6,326, - (7)

The function like this had been calculatedq,where
the influence of the order parameter fluctuations on
the light scattering in nematics had been investiga-
ted. One can show that fluctuations (7) prevail over
the order parameter modulus fluctuations for A< Qq, >
what corresponds to the wave length 5000 A.Using the
Landau-Khalatnikov equation for the Fourier component
Qa(q) the corresponding order parameter relaxation
time can be obtained 1? -LQ' (q + ), where the
coherence 1gngth is deflned as §=§ (t+t 2) 1/2, and
§ =(3IC/2B )1/2 Q -effective viscosity coefficient.
Then the complete expression for GO(U)) in (4) inclu~-
ding both kinds of fluctuations is

W, 1/2 2y 4. 1+u
G, (W)= t <) —1} 1 ¢ (8)
£ Tl:( u*i +64Q2L3 2 n’l—uc Ue 12

u =172 W (10202 )4/2_,])1/2

C,X %

where W, is the critical cutoff frequency, q, - cut-

y



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:56 19 February 2013

SPIN -LATTICE RELAXATION AND TENSOR ORDER see [6551/219

~

off wave vector, X - viscosity coefficient.

For nematic phase of MBBA a=5.3%. 1O5erg/Kcm5 B =

5.1 1O6erg/cm , C=1,1. 107erg/cm 5, 1-=0,5-10 6erg/cm
YLNXNO 1P, 9\ c=2:10 ~7cm, and thus W =3 10%s~

(DE =5 107 . In the typical spln-relaxatlon techni—
que in rotating frame (U1<§(U ,LUC, therefore, one
finds the ratio of the second term to the first in the
right-hand side of eq. (8) 0.51n(4W_/eW,)>1. This
estimation indicates that the longitudinal order para-
meter fluctuations induced by the transverse fluctuat-
ions gives essential contribution to the T;q. The
transverse correlation function (5b) is nothing more
than director fluctuations in nematic. If we shall
neglect terms of the order of Wy/W<K 1, W,=h/QY ,
then for the spectral density G1 it is easy to obtain
well known expression

6 (W) = s ® (W /w2, 9)

Neglecting of the (LL/U) terms in deriving (9) is a

" good approximation on the frequency range of NMR re-

1axation experiments (10 —1O8Hz) Really, for’x =10~ 7
H*ﬂo ‘G we have Uh*=102Hz. That is why the frequency de-
pendence of G1 is not the same as for the first term
in the right-hand side of eq. (8). The case QMTLU in
the real magnetic fields may be realized in a parama-
gnetic liquid crystals with a large magnetic suscepti-
bility. But in the known to date paramagnetic liquid
crystals “ the susceptibility is not so large. For

the same reason we shall neglect the field depen-
dent term in (&), and after that the calculations
for G2 lead to
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where ug has the form like in &8) with CU_Q=Q(’I+t1/2),
Q =3Q B/LJ-VL The estimation for -L gives 1, 2 ’!078—1.
Finaly, from (8)-(10) in the limit <<LU% , we
find out
=12 2.6 (po\“ Te UWeiqso [, 3172 1/2\=1/2
Tap =5l (411) Tevs () T (5) )

+(’l+t"|/2)"'/]/2 [«]+(14{2fui_32(1+t'1/2)—2)’1/2] -1/2 (1)

2 mR¥ 2w
Q172 4 2,-6 ¥ c

and

= 94;_ ‘oz We a2 Q aye
S e T

(12)
2W
+(’l+t1/2)—1/2 [’1 +(1+(Q—O>2(’|+t1/2)-2)1/2] —4/2} R

The temperature and frequency dependences of obtained
eqs. (11), (12) are complicated enough and strongly
depend on the ratio /Sz. Equation (12) reduces in
the limits Q«w and Q>>(,U to T, ~ Ll)ﬂ/2

whereas in the case (A) oJ _Q the full expre351on
(12) has to be retalned.
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