
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Alignment of liquid crystal and dichroic dye molecules in mixed Langmuir
and Langmuir-Blodgett films
Tomasz Martyński; Andrzej Biadasz; Danuta Bauman

Online publication date: 11 November 2010

To cite this Article Martyński, Tomasz , Biadasz, Andrzej and Bauman, Danuta(2002) 'Alignment of liquid crystal and
dichroic dye molecules in mixed Langmuir and Langmuir-Blodgett films', Liquid Crystals, 29: 2, 281 — 288
To link to this Article: DOI: 10.1080/02678290110099466
URL: http://dx.doi.org/10.1080/02678290110099466

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678290110099466
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Liquid Crystals, 2002, Vol. 29, No. 2, 281± 288

Alignment of liquid crystal and dichroic dye molecules in mixed
Langmuir and Langmuir–Blodgett � lms

TOMASZ MARTYŃSKI, ANDRZEJ BIADASZ and DANUTA BAUMAN*

Faculty of Technical Physics, Poznan University of Technology, 60-965 Poznan,
Poland

(Received 28 July 2001; accepted 27 August 2001 )

A study of dichroic dye–liquid crystal mixtures (guest–host systems) in monolayers formed at
a gas–liquid interface (Langmuir � lms) and at a solid surface (Langmuir–Blodgett � lms) has
been made. As a host 4-n-octyl-4¾ -cyanobiphenyl (8CB) or 4-n-pentyl-4² -cyano-p-terphenyl
(5CT) were chosen, while three dichroic azo dyes with various molecular structures were used
as guest species. The dyes were added to the liquid crystal matrices at a concentration
corresponding to the whole range of molar fractions and the surface pressure–mean molecular
area isotherms for Langmuir � lms were recorded. On the basis of the isotherms, conclusions
about the molecular organization and the miscibility of the components in the ultrathin � lms
were drawn. The Langmuir � lms were transferred onto the quartz plates at surface pressures
below the collapse point. The polarized absorption spectra of the Langmuir–Blodgett � lms
were recorded and information about the alignment and intermolecular interactions in the
mixtures of the non-amphiphilic dichroic dyes and the liquid crystals with strongly polar
terminal groups were obtained.

1. Introduction which, despite very intense studies of guest–host systems,
As is known, liquid crystal molecules are able to continue to be the subject of speculation. Therefore, in

orient dissolved dichroic dye molecules parallel to their order to have better insights into the intermolecular
long axes. This phenomenon was found by Heilmeier interactions in such systems, one of us has recently
et al. [1, 2] and is called the ‘guest–host’ eŒect. It has undertaken investigations of dichroic dye–liquid crystal
found applications both in science and technology. mixtures in two-dimensional layers formed at the air–
Investigations of dichroic dye–liquid crystal mixtures water interface (Langmuir � lms) and at solid surfaces
are very useful in two important scienti� c areas: optical (Langmuir–Blodgett � lms) [18, 19]. As a host, 4-octyl-
spectroscopy and the physics of liquid crystals. In the 4 ¾ -cyanobiphenyl (8CB) was chosen, while two dichroic
former area, such investigations give information con- dyes: a blue azo dye [18, 19] and a yellow naphthalene-
cerning the electronic spectra of the dyes [3–9], and benzimidazole derivative with excellent � uorescent
in the latter they enable a better understanding of the properties [18] were used as guest species.
intermolecular forces in anisotropic media. In tech- In this paper we have extended such investigations to
nology, the guest–host (GH) eŒect is utilized in the dyes with various molecular sizes and shapes. We chose
construction of electro-optical liquid crystal display three azo dyes, which are known as compounds with
(LCD) devices working in both passive and active modes high order parameters in liquid crystals [15, 20], giving
[10–12]. GH LCDs in comparison with conventional

them the potential to be applied in GH LCDs. As a
twisted nematic (TN) LCDs have advantages such as

host we used 8CB or 4-pentyl-4 ² -cyano-p-terphenyl
wider viewing angle and higher image brightness.

(5CT). These two liquid crystals are able to form homo-
The addition of a dye to a liquid crystalline host

geneous Langmuir (L) and Langmuir–Blodgett (LB)
aŒects some parameters of the host, e.g. the refractive

� lms [21–25]. The dyes were added to the liquid crystal
index [13], the dielectric constant [14], the orientational

host at various concentrations. The main aim of our
order [13, 15], the phase transition temperatures [13–15]

study was to check the miscibility of the components,and the molecular association [14, 16, 17]. The reason
to determine the in� uence of the molecular structure offor these eŒects is the strong microscopic mutual inter-
the dye molecule on the molecular alignment in the Lactions among the dye and liquid crystal molecules,
and LB � lms, and also to estimate the spectral properties

of the dye–liquid crystal mixtures in two-dimensional*Author for correspondence;
e-mail: bauman@phys.put.poznan.pl layers.
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282 T. Martyński et al.

2. Experimental solutions onto the deionized water subphase and surface
pressure–area isotherms were measured by a WhilhelmyThe liquid crystals 4-octyl-4¾ -cyanobipheny l (8CB) and

4-pentyl-4 ² -cyano-p-terphenyl (5CT) were purchased plate balance in a Minitrough (KSV Instruments Ltd.,
Finland). Further experimental details about L � lmfrom E. Merck (Germany) and were used without further

puri� cation; their phase transition temperatures were preparation are given elsewhere [24].
Polished quartz plates (35 3 10 3 1 mm3 ) were usedin substantial agreement with the data given in the

literature [26–28]. as solid substrates with a hydrophilic surface. The sub-
strates were dipped and raised through the � oating layerThe molecular structures of the dyes used are pre-

sented in table 1. This table also gives the molecular vertically at a speed of 5 mm minÕ 1 at diŒerent surface
pressures; the dipping stroke was 25 mm. Deposition ofmass, M, and the wavelength of the absorption maxi-

mum, lmax , of the dyes in ethanol (the absorption spectra the � lm onto the quartz was successful only on raising
the substrate. In the case of 8CB, repeated attempts toin the visible spectra region are shown in � gure 1).

All the dyes were synthesized and chromatographically transfer a � oating layer onto quartz slides failed. There-
fore, for all substances investigated, only one dippingpuri� ed in the Institute of Dyes at � ódź University of

Technology, Poland. and one raising process were used. The transfer ratio
T R, de� ned as the ratio of the actual decrease in theSpectroscopic grade chloroform was used to prepare

the spreading solutions. The dye–liquid crystal mixture subphase area to the actual area on the substrate coated
by the � oating layer, was estimated to be between 1.0solutions were made at a constant concentration in

chloroform of 8CB or 5CT (0.3 g lÕ 1 ) and appropriate and 1.3.
The absorption spectra of the LB � lms were recordedamounts of the dye were used to obtain molar fractions

(MF) of the dye covering the whole range of possible in the UV-Vis region by means of a spectrophotomete r
SPECORD M40 (Carl Zeiss Jena), equipped with Glan–concentrations (depending on the dye solubility). The

guest–host mixtures were then spread from chloroform Thomson polarizers and an angular sample holder. The
measurements were performed in the geometry presented
in � gure 2.

Figure 2. Geometry of the linear dichroism measurements.
E

d
and E) are the electric vectors of the light polarized

parallel and perpendicular to the plane of incidence,
Figure 1. Normalized absorption spectra of dyes 1 (1), 2 (2) respectively; a is the angle of incidence with respect to the

substrate.and 3 (3) dissolved in ethanol.

Table 1. Data for the azo dyes used.

Dye Molecular structure M/g lmax /nm

1 329 472

2 403 515

3 298 507
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283L angmuir and L B � lms of L C–dye mixtures

3. Results and discussion
3.1. L angmuir � lms

The dependences of the surface pressure p on the
mean molecular area Mma (p ± Mma isotherms) for the
pure liquid crystals 8CB and 5CT in Langmuir � lms
obtained in this study were in substantial agreement
with those given in the literature [21–25].

After spreading solutions of the azo dyes at the air–
water surface, we observed large patches of the dye on
the water, and the surface pressure did not rise upon
reduction of the trough area. Thus none of the azo dyes
under investigations can produce a stable and com-
pressible monolayer. However, when the dyes were
mixed with 8CB and 5CT at appropriate concentrations,
compression was possible and we obtained p ± Mma
isotherms. They were recorded for dyes 1–3 dissolved in

Figure 4. Surface pressure–mean molecular area isotherms of
8CB or 5CT up to the concentration at which, just after Langmuir � lms of pure 8CB (1) and of binary mixtures
spreading, microcrystallites in the chloroform solution of dye 2/8CB with MF of 2 of 0.1 (2), 0.2 (3), 0.3 (4),

0.4 (5), 0.5 (6) and 0.6 (7).were not visible with the naked eye. The isotherms are
presented in � gures 3–5 and 7–9.

3.1.1. L angmuir � lms of dye/8CB mixtures
Dye 1 was the most soluble and for 1/8CB mixtures

the p ± Mma isotherms were recorded up to a MF of 1
equal to 0.8 (� gure 3). It is seen, that with increase
in MF the increase of p begins at smaller and smaller
Mma values. The plateau region, very characteristic for
pure 8CB [23–25], becomes narrower and already at
MF 5 0.4 disappears. At MF > 0.4 a rapid increase of p
is observed. The collapse point for two concentrations,
corresponding to MF equal to 0.4 and 0.5 occurs at very
similar values of Mma (# 23 AÃ 2 ), and at higher concen-
trations it appears at Mma < 15 AÃ 2. This latter value

Figure 5. Surface pressure–mean molecular area isotherms of
Langmuir � lms of pure 8CB (1) and of binary mixtures
of dye 3/8CB with MF of 3 of 0.1 (2), 0.2 (3), 0.3 (4),
0.4 (5), 0.5 (6), 0.6 (7) and 0.7 (8).

is too small for even the most dense packing of the
molecules in a monolayer, which suggests the creation
of three-dimensional (3D) groups. It seems that up to
some limiting concentration of 1 in 8CB (MF# 0.5), the
presence of the dye gives a greater stability to the liquid
crystalline host, as is con� rmed by the increase of the
isotherm slope with increase in MF. When the content
of 1 is higher than that of 8CB, the liquid crystal cannot
play the role of host. While it is true that 8CB molecules
can be further aligned on the water (compression is

Figure 3. Surface pressure–mean molecular area isotherms of
possible), the molecules of 1 create irregular 3D groupsLangmuir � lms of pure 8CB (1) and of binary mixtures
and therefore the average area per molecule growsof dye 1/8CB with MF of 1 of 0.1 (2), 0.2 (3), 0.3 (4),

0.4 (5), 0.5 (6), 0.6 (7) and 0.8 (8). smaller.
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284 T. Martyński et al.

The mixtures of dye 2 with 8CB behave diŒerently
from those of 1 with 8CB. At a relatively small concen-
tration (MF 5 0.1), the isotherm has an identical shape
to that for pure 8CB (� gure 4), indicating that the dye
and liquid crystal molecules are aligned in the same way
(tilted with respect to the water surface). When the
concentration of the dye increases, the collapse point
appears at smaller and smaller Mma values, and the
shape of the isotherm becomes irregular. Simultaneously,
coloured shadows are observed on the water surface.
This would suggest that 2 is no longer soluble in 8CB.

In the case of the isotherms for dye 3/8CB mixtures
(� gure 5), a systematic decrease of Mma and increase of
the surface pressure at the collapse point (pC ) up to
MF 5 0.4 is observed. Moreover, the slope of the iso-

Figure 6. Plot of the deviation of the mean molecular area
therm increases, similarly to that in the case of 1/8CB per molecule (AE ) for the dye/8CB Langmuir � lms as a
mixtures. This means that dye 3 is also able to make function of MF of dye at p 5 4 mN m Õ 1 (1 ), 2.5 mN m Õ 1

(2) and 4 mN m Õ 1 (3).the 8CB at the air–water surface more stable. At MF
greater than 0.5 a monolayer cannot be formed, although
compression is still possible. 3.1.2. L angmuir � lms of dye/5CT mixtures

In order to establish whether in the two-component All the dyes investigated were of good solubility, at
Langmuir � lm miscibility or phase separation occurs, least up to MF 5 0.5, in the liquid crystal 5CT.
the mean molecular area as a function of the monolayer For dye 1/5CT mixtures (� gure 7) up to MF 5 0.5, the
composition should be analysed. If the components are value of pC increases with increase in the dye con-
not miscible, the area occupied by the combined � lm centration, although Mma at the collapse point changes
will be the sum of the area of the separate � lms and the irregularly. It seems, however, that the addition of 1 to
mixed monolayers will obey the equation [29]: 5CT improves somewhat the molecular packing of the

liquid crystal. At higher concentrations (MF 5 0.8 and 0.9),A12 5 x1A1 1 x2A2 (1 )
similarly to the case for 1/8CB mixtures, compression is

where A12 is the average molecular area in the two- still possible, but the occurrence of the increase in p at
component � lm, x1 and x2 are the molar fractions of the very small values of Mma indicates that 3D objects or
components, and A1 and A2 are the single component groups are formed.
Mma values at the same p. In the case of dye 2/5CT mixtures (� gure 8), the pC

The excess area per molecule AE 5 A12 Õ (x1A1 1 x2A2 ) value increases systematically, but up to MF 5 0.2 the
for dye/8CB mixtures in Langmuir � lms at a surface
pressure smaller than pC is plotted in � gure 6 as a
function of the dye concentration. It is seen that the
additivity rule is not followed at any MF investigated.
Indeed, we observed small but noticeable deviations
(predominantly negative) from the additivity rule for
1/8CB and 3/8CB mixtures and a more distinct positive
deviation for 2/8CB mixtures. The negative deviation
means a contraction of the two-component � lms due
to the attractive interactions among the dye and liquid
crystal molecules [29, 30]. This fact, together with
the behaviour of pC versus mixture composition, gives
evidence, that the molecules of 1 and 3 are at least
partially miscible with 8CB. In contrast, the mixture of
2/8CB demonstrate rather that phase separation occurs.
Although the additivity rule is not ful� lled and the
positive value of AE indicates the existence of repulsive

Figure 7. Surface pressure–mean molecular area isotherms of
intermolecular interactions, the constant value of pC Langmuir � lms of pure 5CT (1) and of binary mixtures
suggests that the molecules of 2 are not miscible with of dye 1/5CT with MF of 1 of 0.1 (2), 0.2 (3), 0.5 (4),

0.8 (5) and 0.9 (6).8CB.
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285L angmuir and L B � lms of L C–dye mixtures

trations smaller than 0.5, except for the monolayer, 3D
groups must be formed.

Figure 10 presents the concentration dependence of the
excess area per molecule AE for dye/5CT mixtures in
Langmuir � lms at a surface pressure below the collapse
point. The results reveal that in all cases repulsive inter-
actions among the dye and 5CT molecules dominate.
However, only for dye 1/5CT and dye 2/5CT mixtures
one can assume that the two components have good
miscibility because of the change of pC . In the case of
the dye 3/5CT mixtures, pC is constant, independent
of the mixture composition and therefore one should
expect phase separation of the components.

3.2. L angmuir–Blodgett � lms
The Langmuir–Blodgett � lms from the dye/liquidFigure 8. Surface pressure–mean molecular area isotherms of

crystal mixtures were deposited onto quartz slides at aLangmuir � lms of pure 5CT (1) and of binary mixtures
of dye 2/5CT with MF of 2 of 0.1 (2), 0.2 (3), 0.3 (4), surface pressure below the collapse point, meaning here
0.5 (5), 0.7 (6) and 0.8 (7). when the Langmuir � lm on the water surface formed a

homogeneous monolayer.
collapse point appears at similar Mma values to that for The most complex investigations were performed for
pure 5CT. The slope of the isotherms does not change, 1/8CB mixtures, they were made for various MF of dye
which means a lack of any in� uence of the dye on the 1 in 8CB. Figure 11 shows two polarized components of
stability of the Langmuir � lm of 5CT molecules. At the absorption spectra for 1/8CB at MF 5 0.5 deposited
higher concentrations (MF > 0.3), the Mma at collapse onto quartz at p 5 12 mN m Õ 1, as an example. In the
point grows smaller, but the slope of the isotherm would spectra two absorption bands can be distinctly distin-
indicate that the stability of the � lm is not improved. guished: the band in the UV region with a maximum at
From MF 5 0.5, the monolayer seems to be no longer about 280 nm, which is connected with the absorption
homogeneous (3D objects or groups can be created). transition moment of 8CB, and the band with a maxi-

The isotherms of dye 3/5CT mixtures have another mum at about 450 nm, related to the transition moment
characteristic (� gure 9). pC for all the mixtures is smaller of 1 giving the absorption in the Vis region. The values
than that for pure 5CT, but it remains constant. The of the positions of the absorption maxima are given for
decrease of pC may be connected with an incompatibility the parallel component of the spectrum. The positions
in the molecular lengths of the components. At concen-

Figure 10. Plot of the deviation of the mean molecular areaFigure 9. Surface pressure–mean molecular area isotherms of
Langmuir � lms of pure 5CT (1) and of binary mixtures per molecule (AE ) for the dye/5CT Langmuir � lms as a

function of MF of dye at p 5 10 mN m Õ 1 (1), 13 mN m Õ 1of dye 3/5CT with MF of 3 of 0.1 (2), 0.2 (3), 0.3 (4),
0.6 (5) and 0.8 (6). (2) and 8 mN m Õ 1 (3).
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moment direction tilted at an angle b with respect to
the normal.

The values of the angle b for the 8CB (bH ) and 1 (bG )
molecules obtained in this study are listed in table 2.
These are the mean values of at least three results
obtained with independent preparations.

We assume that the transition moment direction of
elongated molecules, like those of the liquid crystals and
the dyes investigated, is parallel (or almost parallel )
to the molecular long axis; then, on the basis of the
results given in table 2 we are able to draw conclusions
about the alignment of the molecules with respect to the
quartz slides.

For pure 8CB, it was previously found [18], that the
Figure 11. Absorption spectra for parallel (A

d
) and per- angle bH between the molecular long axis and the normal

pendicularly polarized light (A) ) for the dye 1/8CB to the slide surface in an LB � lm is about 60 ß , similar
Langmuir–Blodgett � lm at MF 5 0.5. to the angle in the L � lm, measured with respect to the

normal to the water surface [32]. The results from
table 2 show that at relatively small concentrations of 1
(MF < 0.3) the angle bH does not change. Meanwhile,

of the maxima for the perpendicular component, both
bG is # 13 ß , which means an almost vertical alignment

for 8CB and the dye, are shifted towards longer wave-
of the dye 1 molecules. With increase in the dye concen-

lengths. This eŒect, although di� cult to explain, was
tration up to MF 5 0.4, both bH and bG grow smaller,

also observed previously for other dyes dissolved in 8CB
indicating an increase in the molecular packing density.

[18]. It is too large to be connected only with varying
It seems, that dye 1 ‘stiŒens’ the 8CB molecules and

values of the refractive index for the two polarized improves their stability. A similar eŒect was observed
components; other factors have to play some role.

for this dye dissolved in 8CB and other liquid crystals
Nevertheless, comparing the spectra of 1 with 8CB in

in bulk [13, 15, 33, 34]: dye 1 was able to improve the
the LB � lm with that in ethanol (� gure 1), it is seen,

molecular order of the liquid crystalline hosts. When
that the absorption maximum of the parallel component

the contents of 1 and 8CB in the LB � lms are the
is distinctly shifted towards shorter wavelengths. Similarly, same, the values of bH and bG become close. However,
a hyposochromic shift for another compound in the LB at MF 5 0.6, we observed a return of bH to the value of
� lm was found by Sakuhara et al. [21]. # 60 ß and simultaneously an increase of bG . This is

On the basis of the polarized absorption spectra, the
probably because at such a concentration we no longer

linear dichroisms (L D) for both absorption bands were
have a homogeneous monolayer in the L � lm (see

determined. Following N ¾ soukpoé-Kossi et al. [31] L D
§ 3.1.1.). Therefore, in the LB � lm the dye molecules are

was de� ned as: unable to maintain their alignment at the small angle
with respect to the quartz slide normal and they incline.

L D 5
A

d
Õ A)

A
d
1 A)

(2 ) The molecules of 8CB align independently of those of 1.
Only for 1/8CB mixtures was it possible to obtain an

where A
d

and A) are the absorbance values at the LB � lm with the transfer ratio T R 5 1.0. For the other
maxima for the light polarized parallel and perpen- mixtures, in the dipping process movement of the trough
dicularly to the plane of incidence, respectively (see barriers was always observed. As a result T R was greater
� gure 2). than 1.0. This means that we are not sure that we really

L D can also be connected with the angle of incidence
a in the following way [31]:

Table 2. Tilt angles of 8CB (bH ) and dye 1 (bG ) molecules
with respect to the normal to the quartz slide in the LB � lm.(L D)

a
5

(2 Õ tan2 b)
2 1 tan2 b(1 1 cos2 a)/sin2 a

(3 )

MF p/mN m Õ 1 bH /deg bG /deg
where b is the angle between the transition dipole

0.3 4 59.19 13.04moment vector and the normal to the plane of the
0.4 7 49.56 11.73monolayer. Here, we assume that the molecules both of
0.5 12 45.99 33.87the liquid crystal and the dye are distributed in the cone,
0.6 12 57.87 42.92

uniformly on the slide surface, with their transition
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287L angmuir and L B � lms of L C–dye mixtures

have a monolayer in the LB � lm. It is possible that the only a very small angle with the normal to the water
monolayer occurs, but it has another packing from than surface in the L � lm. Sakuhara et al. [21] also found
that in the L � lm. Therefore, the data gathered in table 3 that in LB � lms the terphenyl group of 5CT is oriented
should be considered carefully and rather as indicatory nearly perpendicular to the � lm plane. However, from
results. In this table there are no data for the mixtures the results presented in table 3, it follows that in LB
of both 8CB and 5CT with dye 2, because in these cases � lms of 1/5CT, both the dye molecules and those of
the attempts at deposition of the � oating layer onto the the liquid crystal are tilted strongly with respect to the
quartz failed. quartz slide surface. Similar observations can be made

Figure 12 shows the polarized components of the for the dye 3/5CT mixture, although here both bH and
absorption spectra for 1 in 5CT (MF 5 0.5) deposited bG are slightly greater than in the case of dye 1/5CT.
onto a quartz slide at p 5 15 mN m Õ 1. In the spectra, The data for dye 3/8CB indicate that the dye molecules
similarly to the case for 8CB, two absorption bands are create an angle greater than 50 ß with the normal to the
seen: a band in the UV region with the maximum at � lm plane and do not aŒect signi� cantly the alignment
about 300 nm, assigned to the transition moment of of the 8CB molecules (bH # 60 ß ). Moreover, from the
5CT, and a band in the Vis region connected with the results presented in table 3 it follows that the angle b is
absorption of 1. Here the positions of the maxima for essentially independent of the surface pressure at which
both components are almost the same. However, similarly the deposition onto the quartz slide takes place.
to the case for dye/8CB mixtures, the hyposochromic
shift with respect to the absorption band positions in

4. Conclusionsethanol is observed. It seems, that this eŒect is charac-
Two-component Langmuir (L) � lms at the air–waterteristic for monolayers formed from the liquid crystals

interface as well as Langmuir–Blodgett (LB) � lms onused.
a quartz slide formed from non-amphiphilic azo dye–From the p ± Mma isotherm for pure 5CT (� gures 5–7),
liquid crystal mixtures were investigated. None of theit follows that the molecules of this liquid crystal create
azo dyes used spreads at the air–water interface to
produce a stable and compressible monolayer. However,

when the dyes are mixed with 8CB or 5CT it is possibleTable 3. Tilt angles of the liquid crystal (bH ) and dye (bG )
molecules with respect to the normal to the quartz slide to obtain compressible L � lms on the water surface.
in the LB � lm. From the results obtained in the investigations, the

following conclusions were drawn.
Liquid crystal Dye p/mN m Õ 1 MF bH /deg bG /deg

(1) On the basis of the dependence of the surface5CT 1 15 0.5 50.75 39.98
pressure (p) on the mean molecular area (Mma) it5CT 1 25 0.5 50.35 42.45

5CT 3 7 0.5 57.37 53.27 was ascertained that the azo dyes, even when
8CB 3 4 0.3 57.46 53.27 without a polar terminal group, at the appropriate
8CB 3 9 0.5 62.09 51.93

concentration in� uence strongly the alignment
and the packing of the liquid crystal molecules at

the air–water interface. Characteristic dye con-
centrations are MF 5 0.4–0.5. At such contents of
the dye, it is able to ‘stiŒen’ the liquid crystal
molecules, as seen especially for 8CB. This liquid

crystal is tilted at a very large angle (# 60ß ) with
respect to the normal to the water surface and
is therefore unstable. The addition of the dye
increases its packing density and simultaneously

its stability.
(2) Variation of the surface pressure at the collapse

point (pC ) with the mixture composition, and
deviation from the addivity rule for the average
molecular area, indicate that the dye–liquid crystal

system investigated are at least partially miscible.
In most cases a positive value of the excess areaFigure 12. Absorption spectra for parallel (A

d
) and per-

(AE ) is observed, which suggests the predominancependicularly polarized light (A) ) for the dye 1/5CT
Langmuir–Blodgett � lm at MF 5 0.5. of repulsive interactions among molecules.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
5
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



288 L angmuir and L B � lms of L C–dye mixtures

[8] Bauman, D., Killet, C., Boiadjiev, S. E.,(3) Reliable LB � lms were obtained only for 1/8CB
Lightner, D. A., Schoenhofer, A., and Kuball, H.-G.,mixtures. From the spectral investigations it
1996, J. phys. Chem., 100, 11 546.

follows that similarly to the case for L � lms, the [9] Bauman, D., Schulze, H., and Kuball, H.-G., 2000,
dye 1 at MF 5 0.4–0.5 ‘stiŒens’ the liquid crystal L iq. Cryst., 27, 1357.

[10] Haas, W. E., 1983, Mol. Cryst. liq. Cryst., 94, 1.molecules. The unexpected shift of the perpen-
[11] Wolarz, E., Moryson, H., and Bauman, D., 1992,dicular component of the absorption spectra both

Displays, 13, 171.for dye and 8CB with respect to the parallel
[12] Schadt, M., 1994, in L iquid Crystals, edited by

component remains, however, to be clari� ed. H. Stegemeyer (Darmstadt: SteinkopŒNew York: Springer).
(4) Other dye–liquid crystal mixtures give LB � lms [13] Bauman, D., 1988, Mol. Cryst. liq. Cryst., 159, 197.

[14] Bauman, D., and Haase, W., 1989, Mol. Cryst. liq.with transfer ratios (T R) greater than 1.0. The
Cryst., 168, 155.results of the absorption measurements obtained

[15] Bauman, D., and Moryson, H., 1997, J. mol. Struct.,for these mixtures in LB � lms suggest that the
404, 113.

molecules of 5CT are tilted with respect to the [16] Bauman, D., Fan, Z.-X., and Haase, W., 1989, L iq.
surface normal at a signi� cantly larger angle than Cryst., 6, 239.

[17] Bauman, D., Fan, Z.-X., and Haase, W., 1991, Actain L � lms. It is however possible, that in this case,
Phys. Polon. A, 80, 545.because T R > 1.0, instead of a monolayer, an

[18] MartynÁ ski, T., and Miyake, J., 1998, Supramol. Sci.,irregular multilayer is formed on the quartz slide.
5, 643.

In order to solve which possibility occurs, it is [19] MartynÁ ski, T., and Miyake, J., L angmuir (submitted).
necessary to make comparative measurements of [20] Daniel, M. F., Lettington, O. C., and Small, S. M.,

1983, T hin solid Films, 99, 61.the absorption of the LB � lm on quartz and
[21] Sakuhara, T., Nakahara, H., and Fukuda, K., T hinin situ, and this means directly on the water (for

Solid Films, 159, 345.the L � lm).
[22] Xue, J., Jung, C. S., and Kim, M. W., 1992, Phys. Rev.,

69, 474.
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