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Incorporation of a Non-Amphiphilic Nematic 
Liquid Crystal into a Host Monolayer 

VALENTINA S. U. FAZIOa, L. KOMITOVa, S. T. LAGERWALLa and 
D. MOBIUS~ 

'MINA, Liquid Crystal Physics, Chalmers University of Technology & Goteborg 
UniversiQ, S-41296 Goteborg, Sweden and 'Mux-Plank Institute for Biophysical 

Chemistry, P. 0. Box 2841, 0-3400 Gottingen, Germany 

Many nematic liquid crystals are not able to form stable monolayers at the aidwater interface 
because of the lack of a polar headgroup. A possible way to obtain a monomolecular film 
with these compounds is to incorporate them into host monolayers of amphiphilic com- 
pounds. Stable monolayers containing a high fraction of the liquid crystal can be obtained. 
We have prepared stable and transferable monolayers of MBBA (which is not an amphiphilic 
compound) using octadecylmalonic acid (OMA) as host. The monolayers at the aidwater 
interface have been characterized by measurements of surface-pressure/area and sur- 
face-potential/area isotherms. The monolayers deposited on quartz plates have been charac- 
terized by determining the transfer ratio and by spectroscopic measurements. 

Kqjwords: Langmuir-Blodgett monolayers; amphiphilic compounds; surface-pressure; bur- 

face-potential; incorporation 

Organized monolayers at thc air/water interface are usually formed by 
spreading arnphiphilic molecules. i.e. molecules that are composed of a 
liydropliilic head group and a hydrophobic tail [ 1-51. Such monolayers 
can he t,ransferred sequentially to solid substrates for the construction 
of dc~signed fiinc-t,ional assemblies [5]  or to preparc miiltilayrr systems 
(I,atigriiuii,-Rlodgett filnis). The lack of a hydrophilic head group 1101'- 

~ i ia l ly  tiisqualifies a molecrile for t.he format ion of organized monolayers 
at  t h e  air/water interface. However, in some cases such molecules as 
quinthiophenc have been incorporated in a matrix monolayer of a m -  
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404 VALENTINA S .  U. FA210 et al. 

phipliilic molecules [6]. Ariot,her possible way t,o obtain ~~iono~~iolccu-  
lar filnis of hydrophobic Iiori-arni)hiphilic coinpounds is to incorporate 
them into host monolayers providing appropriate cavities [7-9]. 

The ne~natic liquid crystal MBBA (N-(4-methoxybenzyIidene)-4- 
butylaniline) is not amphiphilic and no ordered layers of very well 
defined thickness of this compound can be deposited using the Langmu- 
ir-Blodgett (LB) technique. Nevertheless, we have bee11 able to pre- 
part, stablfa two-component monolayers wit.11 a high fraction of M H H A  
iiicorporat irig it into host, monolayers of the bifurcated aniphiphile oct- 
adccyliiialoiiic acid (OMA).  'I'hesr~ two-coniporiciit monolayers have 
bccn transferred onto solid su1)stratc.s and the organization of the 
M R R A  molecules in the monolayers has been invcstigatctl by ahsorp- 
t,iori spectroscopy. 

Monolayers at the  airlwater interface wew prepared wi th  a liSVS000 
Laiigniuir-Hlodgett trough hc4tl i r i  a cleanroom environnierit . I l l -  
trapurc Mi1li-C) water (ph 5. .5)  wm used. The molecular arrangc- 
merit. of the monolayers at  the air/water interface has been studied hy 
measuring the surface-pressure/area (Wilhelmy method) and surface- 
potential/arca (vibrating capacitor method) isotherms. 

LB monolayers were deposited onto quartz glass plates. The trans- 
fer ratio, i.e. the ratio of monolayer area removed from the water and 
solid area coated, was monitored during the deposition arid the LR 
films were characterized by measuring absorption spectra wit,h a spec- 
t rophotonietcr . 

RESIrL1'S .4ND DISCUSSION 

Monolayers at the air/water interface 

111 Figure 1 t.lie surface-pressure/area (x /A)  isothcrm of OM,4 is coni- 
pared wi th  the well knowii isotherm of stearic acid (CIS) .  The two 
isotliernis are quite different. In the case of ('IS the packing of t,lic in+ 
Icculcs. and t,hus shape of the isotherm, is mainly due to the intcrac- 
tions between the hydrocarbon chains. Two liquid-condeiised pha.ses 
(LC and LC') which differ in the orientation of the chains, and a more 
condensed phase, also called solid phase (S) in which the carboxylic 
chains are vertically oriented, can be identified [l,?]]. ('oilapse takes 
place at a surface-pressure of 50 niN/m. On the ot,lier Iialids, in  t h e  
casc of Ohl.4. as pointed out  by V. Vogcl r t  nl. [7,S]. hecansc o f  the 
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Figure 1: C’omparison betweeii the surface-pressure/area ( x / A )  isotherms 
of (‘1% arid OMA. 

presence of two carboxylic acid groups i n  the same molecule, the shape, 
of the isotherm is determined by the polar headgroups. The isotherm 
shows a plateau between 0.51 and 0.38 nm2/rnolecule. Collapse takes 
plat(, at a surface-pressure of 3 3  niN/m. 

MRR.4  is a non-amphiphilic conipourid and thus cannot form stable 
ino~iolayers at. t.he air/water interface ( the  surface-pressure/area iso- 
t,tierni of purv MBBA is shown in Figure “(a)) .  We prepared mixed 
solutions of OMA and MRBA with different molar fractions of MBBA 
and studied the behavior of the mixed monolayers at the airlwater 
interface. The surface-pressure/area-per-host-molecule ( . / A h )  and 
surface-poteritial/area-per-host-molecule (AV/Ah) isotherms for the 
mixtures arc shown in Figure “(a), where the area-per-host-molecrile, 
. A h .  is defined as: 

areaof the trough 
number of host molecules‘ 

. 4h  = 

The addition of MBBA to the OMA matrix influences considerably 
OMA‘s rl.4 isotherm. On increasing the molar fraction of MBBA the 
platmu shri~iks, the collapse pressure increases, and the shape of the 
isot,lierm resembles more and more that of a fatty acid. Moreovvr, 
all isotherms in Figure “(a) arc stable, which means that the surface- 
pressure is iiiaintained wi th  time at all areas. For irtolar fract,ions of 
M R R A  larger than 0.5 M R R A  niolecules in excess are squeezed out, of 
the monolayer during compression and the isotherms are desta.bilized. 

To distinguish between additive and cooperative incorporation of 
M H H A  i n  OMA we have plotted the collapse pressures rc, and  t.he 
areas-per-tiost,-mole~~ile A,, at, different surface prcwures. versw t t i e  

iiiolar fraction of M R R A  in Figure ”(b). If the iiicorporat.ioii is ad- 
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Figure 2 :  (a) Surface-pressure/area-per-Iiost-iiiolecuIe ( * / A h )  arid surfare- 
po~,~i i~, ial /~r~a-per-t iost-niol~cule  (Ab’/Ah) isotherms for different molar 
fractions of MBBA,  arid for pure OMA and pure M B B A .  (b) 1)epend- 
ence of tlie collapse pressure and tlie area-per-host-molecule on tlie riiolar 
fraction of MBBA. 

ditiw K,. and . 4 h  of mixed O M A / M H R A  monolaycrs should follow a 
l i i i c w  relation wi th  the molar fraction of oiie of t,lw two suljst.aiiccs 
[ 1 ,!I]. Any tieviation from this behavior would tw an evid(~nw of cc- 
operative incorporat,ion. In oiir case, as we can sce from t I ic  figiirrs. 
T T ,  aiitl follow an almost linear d a t i o n  with the niolar fraction 
of MBBA which indicatcs taliat, the incorporation is additive: M H H A  
molecules penetrate into the chain region of the OMA irioriolaycr as 
depicted in  Figure 3. 

‘I’he presence of MBBA also influences the Ak’/.4,, isotherms. 111 

gericml [ I  ,2,i’,S] the surface potential is proportiorial t,o tlw cliaiige 
of the iiormal conipoiimt of the dipole density with rcywct to the 
piir(’  water. For OMA A\,’ is expcctcd to be iiegat,ive I)ec~iise this 
imltwlr has two polar heads ( / i ~ o o ~  = -0.201 I)) aid oiie tclri i i ir ial  

CH:{ group ( p C H 3  = $0.351 D ) .  Wit,ti the additioii of MHBA only the 
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HOOC‘ 
.COOH 

1 

I water I substrate I 

Figure 3: Scheme of MBBA molecules incorporated into an OMA matrix. 

n i i i i i t w r  of ( ‘H:3 groups incrcascs aiid, as a consequence. the surface 
poteiit,ial also increases arid hrronics positive. 

‘I’hc dipole niorrieiit of a (IH3 group at the interface with air has the 
sanw sigii as at  the interface with water. Thus, the AV/& isotherms 
do not tell 11s about the orientation of MBRA molecules in the OMA 
matrix. Here we assume that MBBA molecules orient as in Figure 3 
since the COH3 groups are more hydroyhilic than the CH3 ones and 
thus it, is reasonable to think t,hat they prefer to orient toward t tw 
polar lieadgroups of the host Iiiolccules [9]. 

1)epositioii 

We havc ticposited monolayers of pure OMA and of the 0 M A : M B B A  
1: 1 mixture onto quartz glass plates. 

O M A  can be deposited at all surface pressures with unitary trans- 
fer ratio. provided that the deposition speed is not too large (not more 
tliari -5-6 i i i ~ i i / n i i n ) .  On thc other Iiarids. OMA:MBBA 1:l iiionolayers 
resiilt(d ~ i i o r e  difficult to be deposited without molecular rrarraiige- 
i i i ( * i i t  o r  c.ollapse during the t,raiisfcr onto tlic substratos. Deposition 
pressure. deposition speed, and substrate characterist.ics (wc havc also 
pcrfornicd depositions onto 1‘1‘0 coated glass plates that are  not, re- 
ported here) can influence the transfer ratio as shown in ‘I’able 1. 
(:ood t,ra.nsfer ratios were obtained on quartz when depositing the 
mixed 0MA:MBBA 1:l monolayers at 10 and 15niN/m at, all tlepos- 
i t  ioii spewls. 
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408 VALENTINA S.  U. FAZIO et u1 

deposition 
pressure 
1 0 r r i N / m  

deposition I transfer 
speed I ratio 

IOrniii/rnin I 1 

15m m lOmm min 
15m m 5mm min 
20mN m 10mm min 
20 m N  rn 5 m m  niin <<1 
20 m 2 111111 in in  <<1 

However, transfer ratio measureiiients are not sufficient. for the 
characterization of the films. We recorded IJV spectra of thc 11ioncF 

layers with thca setup depicted in Figure 4. 'IYie spectra a r e  shown 
i n  Figure ,5( 1)) for mixed 1: I monolayers depositd at two different, 
surface pressures and at the deposition speed of 10 mm/rnin (first and 
th i rd  rows i n  Table 1) .  

At normal incidence (a  = 0" i n  Figurcx 4 )  only a very small frac- 
tion of the light is absorbed by the mixed LB film and thc spectra 
are almost flat. At 45 degrees angle of incidence instead, a.nd for 
the same monolayers, the spectra present a structure and a peak at 
:326iini. This tells us not only that MBBA is present in the I,H film, 
hut also that it is homeotropically aligned. Indeed, at normal incid- 
ence the polarization of the light lies in the plane of the glass plate 
perpendicular t,o the long axis of the MBBA molecules. arid light, is not 
absorbed. At. any other incidence anglc thc  polarization of t tic light. 
has a compoiirnt along the long Inolrcular axes which is absorbed. 

Tlic fact. that the films deposited at the higher surface-pressure 
absorb more can be explained in tcrms of molecular density. In films 
tlcposiitrd at. I5 mN/m surface-pressure t,lw molecules are more densely 
packed and t.he numbrr of MHBA molecules per unit, area is about 
1.6 times that of films deposit,ed at, 10mN/rn. The first, filrns are thus 
expected to show ahsorption spectra about 60 % more inteiise. This 
c,spIains. in the limits of the ex~~criiiierit.aI error [ 101, thc diffrrriicvs 
in t hc  sprctra of Figure 5(b). 
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R 

SAMPLE 
OSCILLATING and ROTATING 

lJiguie 1: Setnp for nieauring absorption spectra of 1 3  rrronolayers. The 
light coining from a UV-lamp is first sent through d rrionochroiiiator and 
and then to the sample. The sample oscillates so that the light beam hits 
alternatively the clean part of the glass plate and the part coated with the 
LB monolayer. The difference in light transmission between the two cases 
(AT) is collected by a detector. The sample can also be rotated to perform 
the analysis at different incidence angles a. 

I / n m  h l n m  

Figiiir 5: (a) Absorption spectrum of MHHA in chloroform (0.13 mM). 
The spectrum presents two peaks, at 281rrin and at 326nm. (b) Spec- 
tra of OMAMBBA 1:l I,B monolayers on quartz glass plates deposited at 
two different siirfacepressures. CY is the angle of incidence of the liglrt ds 
depicted in Figure 1. A t  normal incidence (a = 0') there is almost no 
absorption, while a structure is present for a = 15'. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

41
 1

6 
A

ug
us

t 2
01

2 



410 VALENTINA S.  U. FAZIO er a/. 

C '0 N c' LI  ' S  10 N S 

We have deposited Langmuir-Blodgett rnonolayers of thc. xion-arnplii- 
philir nematic liquid crystal MBBA incorporating it into a host IIIOII(F 

layer of octadecylmalonic acid (OMA) .  By studying thr inolrcular 
arrarigeriirrit at the  air/water interface MBBA resulted to tw atf- 
tlit.ivc4y incorporated into the host riionolayrr. Mixcd ruoiiolayers 
0 M A : M H H A  1:1 could be deposited at  certain surfac:e-prcssiirrs arid 
dtlpositioii spretls without, molecular rearrangement aiitl/or collapse. 

Ttiv niit1ioi.s would l i k e  to thaiik tlr.  H.  Huc~snianri for assistnricca iii 

t l i t ,  tsxptariiiitwtal work. Valtwtiiia S.  IT. Fazio woiiltl likc to  tliaiik the, 
'I'MH programme (contract Iiumher E:RHI.'MBIC"I'S83[~~:~) for fixian- 
rial support. 
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