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Temperature Dependence of Anchoring Energy of 
MBBA on SiO-Evaporated Substrate 

M.V. KHAZIMULLIN, A.P. KREKHOV and Y.A. LEBEDEV 

Institute of Molecule and Crystal Physics, Russian Academy of Sciences, 
450025 Ufu, Russiu 

The temperature behaviour of the anchoring energy of nematic liquid crystal MBBA at the 
substrates with oblique SiO evaporation and director orientation at the interface have been 
studied by means of magnetic FrCedericksz transition technique. The temperature depend- 
ence of the coefficients in the phenomenological model of surface anchoring energy has been 
determined. 

Keywords: nematic liquid crystal; anchoring energy; orientational transition 

INTRODUCTION 

Thc ccpilibriurri dircctor oricnt,atiori in a nematic liquid crystal (NLC) 
layer st,rongly depwds on the anchoring properties of the tjouiidirig 
substrates. In  t,he abserict. of an cxtm-rial field the confining siirfaccis 
impose the orimt,;ttion in  the bulk of nematic la,ver. If an axt,ernal 
firld is present, the direct or dist,ribut,ion resiilts froni t,he cornpcti- 
tion Iiet,wecii t,he surfacc and bulk torques. Study of tlic orient,a- 
tiorial lwhaviour in  an external field provides t,he information allout 
anchoring propcdcis of NLC at the Iminding siibst,rat,es [l, 21. Bv- 
sidcs, a useful tool for t,lie invest.igatioii of int.erfac:ial phrnoiriena is 
t h r  temperature-induccd orieiitat,ional t,ransit,ions which have been 
foiind at sonic iritt'rfaws [3. 4 .  51. 

Rcceiit.1.v tho t~cin~ierat,iirc-i~idllc.c'd orirntat,ional t,rarisit,ions pla- 
liar -+ tilted -+ horricwt,ropic close to t,hc clearing point (neinat,ic. - 
isot,ropic t,ransitiori) liaw t)ccii foilrid at thc irit,crfacc between hIBR.4 
and a SKI-evaporated subst,ratc [6] .  To describe this orient.at iouiil 
Ixliavicjur t.hr ~ ~ h o ~ i o i r i ~ ~ n o l o g i ~ ~ ~ ~ l  niotld of surface energy similar t o  
[7, 81 t,akiiig irit,o ac:c~oiirit, t h c .  siil)st,rat,c micro relief has I)ecw srrg- 
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388 M.V. KHAZIMULLIN et crl. 

gestt.d. 
In this paper we present the results of cxpt:rinierital investigations 

of the orientational bchavionr of t h e  nematic liquid crystal 14BB.4 
ill  a magriet’ic field OII the same intrrface as in  [GI in  t,hc tcrnprrature 
range wherr the orientational transitions occurrc?d. Thc? direct,or tilt 
angle at the substrate as a function of temporat,urc has tjecn r n w -  
siired and compared with theoretical predictions. The paranirt,ers of 
the pheIionienologicaI model are tiet,ermiriatctl and t,he tc?mpcrat,iire 
dcp(?n(lc?ncr of siirfacti ericrgy is fourid. 

BASIC EQUATIONS 

W(? consider a Iieniatic liquid crystal layer of t,hickness 1 confined 
betwoen two identical plates at t = 0 arid z = 1. Weak anchoring is 
provided by the substrates with micro relief (grooved surface). Thcx 
substrate with micro relief is charact,cristrd by thc grooves axis (along 
5 axis) arid normal vcctor. Thcn the pheriorncriological exprrssion for 
the surface anchoring ctncrgy f3 for such substrate can 1 ) ~  obtained 
using the expansion i n  terms of the nematic: tcnsor order paranietclr 
Qtj  = S(T)[71 ,7~~ - 1/36i,] up to second order in the scalar order 
parameter S ( T )  (see [6] for details) 

with 
C ( S )  = nS + 65’‘ , D ( S )  = dS’ , (4 

where Bo is t,hr a~iglt: betweon the diroctor at, the substrate arid t he 
5 axis and a, 6, d arc thc temperature indcpendent model paranic- 
ters which depend on thc micro relief properties and t h e  neniatic - 
substratr intoraction. If thcw is 110 rst,crnal field the dirertor dist,ri- 
hit,ion i n  t h  wmat,ic layer is defined by the surface angle Bo> which 
can be foilrid hy niininiisatiori of the siirfare energy fs wit,h respect 
to Bo.  Dqwnding on the model parameters ( ( 1 .  b and d) onc c~oultl 
haw differcmt, sccnarios for t,hc t,cniprrat,iirc~ hhwior i r  of t,hc surf;w> 
iinglr 00. For cxaniple. IL = 0, h < 0. d > 0. b + 2d > 0 describrs it 

t.cmperat,urc intlcprntlent prct,ilt,, or, if n > 0. 6 < 0, d > 0, (1, + 6 < 0. 
(1, + b + 2d > (1. O I I O  has R tAt,rd -+ honirot,ropic t,ransit,ion silllililr to 
that, fouiitl i n  [ 3 ] .  Hcrc. we focus on the case of n > 0, b < 0, d > 0. 
(L + b < 0, (1 + 6 + 2d < 0 whe~i the teiiil)rrat,urc-iiiduc:cd orieiit,at,ioiial 
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ANCHORING ENERGY OF MBBA O N . .  . 389 

t,rarisitiori planar + tilted homootropic takes plac:e. Miniruisation 
of surface energy (1) gives thc teniperature behaviorir of surface angle 

with transition points planar -+ tiltrd (S,) and tilted + horriwtropic 

The temperature dependence of thci surface anglr Bo can be fou~id 
from Eq.(3) using the experiniental data for the scalar order param- 
cter S ( T )  191. 

In the cast when a magnetic field H is applicd along the z axis, 
the director distribution can be obtained by minimisation of the total 
free energy (per unit, area) 

where K(B)  = I<l cos2 0 + K 3  sin2 19, I<, and K:3 are elastic constants 
for “splay” and “bend” deformations respectively, xQ is the diamag- 
nc.tic anisotropy and fs, are t,he surface energies for the lower ( i  = 1) 
and uppw ( i  = 2) substrates. Aft,er the stmdard procedure one get,s 
the  equation for t,he director profile (first integral of Euler-Lagrange 
equation) 

and boundary condition ( in  thc casc of idcritical srihstrat,es j ,$ ,  = 
j s 2  = fs) 

= H yoI<(-(e,)(~os2 00 - C O S ~  H,,,) , ( 7 )  
d L  - 

where O,,, is the angle in thr midplane of t,he 1irinat.ic layer and t,hc 
svnirnetry of t,he solrit,ion with resprct, to the midplane has t m n  used 
(dO/dz = 0 at z = l / 2 ) .  Int,cgrat,ing ( 6 )  from 0 0 ( z  = 0) to OIn( :  = / / 2 )  
gives t hr relation betwcwi B,,, arid 4 1  t)y 
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390 M.V. KHAZIMULILIN e t a /  

whrrc H,; = ( 7 r / l ) , / z  is ttic Frkedericksz t,ransition ficld f o r  
strong planar anchoring anti 71 = K:, /K,  - 1. 

Using expressions ( l ) ,  ( 2 ) )  (4) and (7 )  thcl t,tmpt'ratnrc> bchavionr 
of the surfacr angle Ho in thr prrscncc? of a iriagnetic. fiold (XI 1)c 
derived i n  the following forin 

S h  

s,, - sin(2Bo)6S{(S - S,,) - (1 - - ) S c d  0") 

Thc values of S,,, S h  can be easily found from t h  c~xpcriiric~nt,iil data 
on the planar --t t,iltrd + homeotropic transitlion i n  zero inagrieti: 
fioltl. Measuring thr t.ctriperaturct tlepciidence of thr surfacc ariglo 
H(, at, different valucs of the niagnc:tic field onc WII verify thr p111,- 
nonienological r r i o d e l  ( I ) ,  (2 )  and d(.terniint. t,hc r r i o d r l  corfficirrirs 
(which should be independent of t,he inagrict,ir field). 

EXPERIMENTAL 

The experimental cell consists of two glass plates wit,h rnylar spawrs 
of thickness N 35 pin filled by ticmatic liquid c:rystal MBBA. Thc ill- 

ncr surfacci of the confining platos was co\vwd by thin layer of  S,/O. 
which was vacuum waporated undrr the ariglc 60" with respect t.o 
the surface normal. At, room ternperatlire onr obt,ains honiogcnt~ous 
planar orient,ation (along z axis). The cdl was tnountc.d in  t,ho hot, 
st,age and deirionstrated t,lie t,cinparaturf~-intiii(~i~(~ oriwt,atioiial t.raii- 
sition planar -+ tilted -+ iiorncot,ropic iintier hratiiig. Thr iiccurac? of 
tlic tempcraturc mcasnrcincnts was M t c r  than 10 inK.  To st,ntlg t I i ( 1  

oricntational Iwhavioiir of KLC i n  a niagnetic field tlir cxperirllrntiil 
setup consist,ing of an clrct,roinagnet with maximum firltl 12 kOe and 
12 nini gap I)(~twccw t,hr poles has tmw designed. Thr st,al)ilitg of thc 
rniignctic. field was kl(1 Or. The. int,rnsit,y of tr;tnsniit,tcd light iis ii 

fiiiict,ion of teniperat,urr I ( T )  at. the fixed valucs of  iiiagnet,ic f i ~ l d  
has t)ecw rricasured by a phot,oinctcr MPM-100 (Zeiss) (liglit soiirc(1: 
Hc-Ne laser, X = 632 nin). .dl1 nirasrircd signals (niagnt~tic. field. f , r i i i -  

pc'rat,iirt, itnd t.ransniit,trd intensity) wcrc processed by a coiiipiit,or 

.A DC-c*ard. 
For t,hc case of cross polars iintl .I' axis at 45" t,o t,hr polariscm o i i c ~  
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ANCHORING ENERGY OF MBBA ON.. . 39 1 

has for tlie transniit td light intensity 

with 

27r f b 
2 '  A 0  

I = Iosin2 - 6 = - R ( H ) ~ Z  

Here b is the pliase difference; X is wavelengt,li of light; n(,, n ,  are 
thri ordinary and extraordinary refractivc indiccs. Since b = b(T)  is 
rrioriotoriically dccrcasing to zero during planar -+ t,ilt,e!d -+ hornrotro- 
pic t.rarisition, it can 1)c easily obtainrd from the experimental dat,it 
on the  kmperature drpendt:nco of the t,ransmit,ted light, intensity. 
Then, taking into account (6 ) ,  (10) and (1 1) one obtains tlie rt?lat,ion 
bctween the phase tiifferencc and surface anglr 

Using tht> temperat,urr dcpctndence of the material paramet,ers It', 
I<:$ arid ,yn of MBBA [9], expressions (12),  (8) allow t,o calculate thc 
temperature dependence of the surface angle &(T) from the exper- 
irnerital dat,a on t,hr phase difference 6(T) for the different, valrirs of 
riiagnctk field. 

RESULTS 

In Fig. 1 the typical dependence of t,hc t,raIrsrnit,tcd light intoiisitv on 
thc reduced temperature T = T/Tc for zero magiic%ic field closc~ to tlie 
clwring point is showw. Thr t,emperatrirr depederiw o f  thr surfwe 
angle. H o  derived from these cxpprirrirntal dat,a is piottt?d i n  Fig. 2 
(t,rianglrs). The correspoiiding t,ritnsitiori point,s planar -+ t,ilt,ed ( T ~ )  

and tilttd -+ 1ionitx)tropic (71,) arc' sho\vvn at  Fig. 1 by arrows. Ttw 
t l c p ( ~ n d ( ~ ~ i c ~  & ( T )  for zero ~iiagri~tic f i t M  has becn fittcd by Eq.(3) 
a r i d  t,hr t.ransit.ion poir1t.s have. l m r l  det,rrniiIietl: rp = 0.9961 arid 

I n  the prwericc of a rnagnctic ficltl the surface ariglr deviat,rs from 
the init.ial vs luc~ Ho = 0 and thrn nionotonically increases rip t,o 00 = 
7r/2 wit,h iiicwasing tcmprraturt' (Fig. 2) .  Note, that t,lie tcniprratiirt' 
of  thc t,iltcd + hamcwtropic, transition is decrrased with incrwsiiig 
Iiiagnctic field. Thr. solid lines in  Fig. '2 show the twhaviour of the 

Th = 0.9984. 
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392 M.V. KHAZIMULLIN et al. 

0.9 

j 0.6 
m 

bm +---. 
0.994 0.995 0.b96z ' 0.997 ' 0.99X t 'G 

Figurt. 1 : Typical temperature depcntiencc of the transmitted light 
intcnsity in the range of tfir orirntational transition (thickness I = 
36.9 pm) 

0.09s 0.996 0.997 -03X- 

Figurc 2. Espcrinirntal (syrribols) and t hcorrtical (solid liws) trni- 
perature dcpendenccx of the surfarc. anglr 19" i i i  a SIBBX l q w  (t1iic.h- 
ncss I = 36.9 p i ) .  
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s 
4 -1.5- 
d 

-2.0 
9 

1.0, 

/ 
I' 

D . - '  , . . . .  C+2D c' _ - -  c 
I' 

--- 

393 

Figure 3: Teniperaturc~ dependencies of the surface energy fP and 
c.oeficirnts C ,  0, C + 2 0  in the niodd (1). 

surface angle calculat,etl from the theoretical model for corresponding 
niagnetic fields. Using in Eq.(9) the valnes of rp and Th found for 
zero magnetic field, one obtains 6 = -0.055 erg/c:m2 by fitting t,o tlir 
experimental data for & ( T )  for different values of rnagrictic field. In 
a wide range of magnetic field in the experiments the coefficient, 1) 
was found to be indepcndcnt of H .  

Finally, in Fig. 3 the temperature dependence of the coefficients 
C(T) ,  D ( r )  and C(T)  + 2 0 ( 7 )  are prcsented together with the surface 
cxicrgy f S  [Eq.(l)]. One sees that C(T)  changes sign at, thc tilted + 
homcot,ropic transition point ( ~ h )  and C(T) + 2 0 ( 7 )  at the planar 
+ tilted transition point. Thr surfacc energy fs is quitc small and 
decreascs t,o zero at, the clearing point. -4t8 t,cinperat,ure T = 26 "C 
one gct,s for t,he siirfacr energy 8 .  lo-:' erg/cm2. 

It, should be noted, t,hat MBBA is R r a h r  iinstablc substance. 
which can haw ail iiifliience on the deterrninat,ion of model coeffi- 
c:icmt,s. For estimation of possible errors t hc coefficient,s C ,  D ww 
calciiliit,rd taking into account t,he uncert,winties in the esperinicii- 
t,al dat,a and Iriat,crial paramet,ers. \'arying t,hc material paranict rrs 
i n  t,hc rang(> of *lo'% rcsu1t)s i n  - 20% uncertaint,y in ttlie anrlmr- 
ing fwwgy. Tlic influencc of inacciiracics i n  thr nicasurcd qiiant,it iw 
(magnetic ficld, t,emperat,iirr, thickness rt,c.) was rssentially siiialli>r 
(- 3 + 5%). 
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394 M.V. KHAZIMULLIN e? a/.  

‘Thus, the ternpcrat urr-iritiucrd oricnt,at,ional t,ransitions planar -+ 
tilted -+ homeotropic at, thc MBBA - SiO-evaporat,f?d substrate has 
hccn investigated. Froni t h e  cxpttrimental data on thc transrnittrtf 
light intensity i n  the presencc of a niagnctic: fic4d the t.rniprrat.urt1 
tlepentlc?nce of thc surface angle has l m n  found and the paranicters of 
t,lic! ~,henonicriologic.al niodcl of  surfaw cnrrgv have twm d(~t~cmiinrd. 
The results tlenionstratc~ a good qiiantit,at,ivc, agrcwiicwt, I)c%wccn t h :  
rxpcrirncntal data and the siiggcst,rd surface cwrgv uiotirl .  
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