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Abstract 

We report the behaviour of 3-(2-benzothiazolyl)-7-hexadecyloxycoumarin (HDBOC) mixed with stearic acid (SA) at the air-water 
interface. Detailed studies of the surface pressure vs. area per molecule isotherm measurements of mixed films of HDBOC and SA indicate 
the formation of organized aggregates. Miscibility studies reveal that distinct regions of mixing and demixing exist and are dependent on the 
molar composition and surface pressure exerted on the mixed film. Spectroscopic studies suggest that the HDBOC molecules are sandwiched 
between SA chains and form J aggregates. A comparative study of the spectroscopic properties in solution and in Langmuir-Blodgett films 
suggests differences in the molecular conformation of HDBOC in the two systems. 
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1. Introduction 

Ordered ultrathin Langmuir-Blodgett (LB) monolayers 
and multilayers of amphiphilic molecules containing various 
functional groups have been the subject of intense research 
in recent years [ 1,2]. Such films are important in the design 
of future generation optoelectronic and photonic devices [ 3-  
6]. In addition, the close resemblance of natural biomembra- 
nes to LB films provides a unique platform for studying and 
mimicking biomolecular reactions in energy-harvesting pho- 
tosynthetic reaction centres, self-assembled pattern formation 
and molecular recognition processes [7-12].  The chief 
advantage of using the LB technique over other methods is 
that the optical and electronic properties of these films may 
be tailored with ease. Moreover, LB films belong to a family 
of systems representing restricted geometries which are of 
interest. Fluorescent dyes incorporated into such systems pro- 
vide interesting information on the photophysical properties 
of the dyes in restricted geometries and the interactions 
between the dye molecules and the microenvironment, which 
may lead to a better understanding of the correlation between 
the photophysical and morphological characteristics of these 
systems. 

LB films are not as perfect as they seem, despite their 
representation as highly organized molecular assemblies in 
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which the functional groups are specifically oriented and 
homogeneously distributed. Real LB films rarely satisfy such 
a description. In addition to defects [ 13-16], the immisci- 
bility of components and the inhomogeneous distribution of 
functionalized groups cause the formation of aggregates and 
crystallites [ 17-32 ]. Recent studies have revealed that even 
amphiphilic molecules form aggregates [ 20--26]. However, 
little information is available on the mechanism of their for- 
mation, much less a complete theory that quantitatively 
describes the aggregates in terms of their size and distribution. 
Although aggregation may be undesirable in some cases, it 
is extremely important in others, e.g. organized aggregation 
results in extremely high unidirectional conductivities [ 33- 
35] and controls the efficiency of fundamental processes, 
such as energy and electron transfer reactions in real photo- 
synthetic reaction centres [ 36,37 ]. 

In an effort to understand better the photophysical and 
aggregated properties of dyes in LB films, we have chosen 
3- (2-benzothiazolyl)-7-hexadecyloxycoumarin (HDBOC) 
for our study. There are several reasons for this. HDBOC is 
a coumarin-based dye which exhibits intense fluorescence in 
the blue-green region of the visible spectrum, in addition to 
unique properties such as intense lasing capabilities, low self- 
quenching, high non-linear optical (NLO) coefficients, pro- 
nounced twisted intramolecular charge transfer (TICT) 
effects and extreme sensitivity to the local environment [ 38-  
41]. 
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In this work, we report the behaviour of HDBOC mixed 
with stearic acid (SA) at the air-water interface at different 
mixture compositions. Detailed studies of the surface pres- 
sure vs. area per molecule isotherms of the mixed films at the 
air-water interface reveal concentration- and pressure- 
dependent mixing~lemixing of the components. Spectro- 
scopic studies reveal the formation of J aggregates, and 
polarization studies confirm the specific orientation of the 
HDBOC molecules in LB films. Detailed studies suggest that 
the molecular conformations of HDBOC in solution and in 
LB films are different. 

2. Experimental  details 

HDBOC was purchased from Lambda Chemical Com- 
pany, Switzerland and was used as received. Prior to use, the 
purity of the samples was checked by thin layer chromatog- 
raphy. SA was obtained from Sigma Chemical Company and 
was used as received. All solvents were of spectroscopic 
grade and were used as received from Cica-Merck, Japan. 
The behaviour of the dye mixed with SA was studied at the 
air-water interface in a commercially available LB trough 
(Lauda MGW-Filmwaage) obtained from Lauda Inc., Ger- 
many. Deionized water, obtained by purifying double dis- 
tilled water through a Diastill water purification system, was 
used as the subphase. The pH of the subphase was 6.4 in 
equilibrium with atmospheric carbon dioxide and the tem- 
perature of the subphase was maintained constant at 20 °C by 
a closed cycle refrigerating system provided by Lauda Inc. 
The surface pressure was measured by a piezoelectric sensor 
with an accuracy of 0.1 mN m-  t, and constant surface pres- 
sure was maintained by the movable barrier which was inter- 
faced to the piezoelectric sensor through a computer. 

Fluorescent grade quartz plates were cleaned by chromic 
trioxide and subsequently with boiling nitric acid to remove 
all traces of organic matter and repeatedly washed with water. 
The slides were then sonicated in spectroscopic grade chlo- 
roform for about 15 min, dried and stored in dust-free vacuum 
chambers until use. 

Absorption spectra in solution and in LB films were 
recorded on a Shimadzu 2010 UVPC absorption spectropho- 
tometer and emission spectra were recorded on a Hitachi 3010 
fluorometer. Fluorescence emission from the LB films was 
collected by placing the LB films in special holders such that 
they were inclined at an angle of 45 ° to both the source and 
detector. Polarized emission was recorded using polymer- 
based polarizing sheets which were transparent in the 350- 
800 nm region in the path of incident and emission beams. 
Fluorescence micrographs were obtained on a commercially 
available BioRad confocal scanning fluorescence microscope 
and the photographs were recorded by a Nikon camera 
attached to the microscope. Excitation of the dye molecules 
in the LB films was achieved by a helium-cadmium laser (5 
W) at 420 nm. 
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Fig. 1. Surface pressure vs. area per molecule isotherms of HDBOC mixed 
with SA at different mole fractions of HDBOC in the mixture: (a) 0; (b) 
0.28; (c) 0.49; (d) 039; (e) 1.00. 

3. Results and discussion 

3.1. Surface pressure vs. area per  molecule isotherms at 
the air-water  interface 

When a small volume (100 /zl) of a solution of pure 
HDBOC (5 X 10 -3 M) in chloroform is spread at the air- 
water interface and compressed slowly, after allowing suffi- 
cient time for the volatile solvent to evaporate, the I I -A  iso- 
therm obtained typically represents the isotherm of 
non-amphiphilic molecules which form clusters and are 
pushed together at the air-water interface [ 1,2]. Although 
the pure and mixed films of HDBOC formed at the air-water 
interface are extremely stable with time, as obtained from a 
plot of the area per molecule vs. time at constant surface 
pressure (figure not shown), all attempts to transfer the films 
of pure HDBOC from the air-water interface onto quartz 
substrates failed. However, mixing HDBOC with SA results 
in the formation of uniform, homogeneous LB films which 
can be readily transferred onto solid supports with a high 
transfer ratio of about 0.98. 

Fig. 1 shows the surface pressure vs. area per molecule 
isotherms of pure and mixed films of HDBOC with SA. The 
low area per molecule of pure HDBOC suggests that the 
HDBOC molecule does not lay flat at the air-water interface, 
but probably stands on its edge. The average area per mole- 
cule decreases with increasing concentration of HDBOC and 
attains magnitudes much lower than the area occupied by 
pure SA. These results suggest that the molecules are either 
squeezed in between SA chains, so as not to occupy area at 
the air-water interface, or precipitated in the subphase. To 
confirm whether or not HDBOC moieties are precipitated 
into the bulk of the subphase, a large number of small aliquots 
of water drawn from the subphase were examined spectro- 
scopically in a fluorometer. The failure to detect the charac- 
teristic fluorescence emission of HDBOC confirmed that the 
dye molecules were not precipitated into the bulk of the sub- 
phase. On the other hand, the increase in absorbance and 
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emission with increasing concentration of HDBOC (figure 
not shown) suggests the incorporation of HDBOC molecules 
in LB films. A reasonable possibility seems to be that the 
HDBOC molecules are squeezed in between the SA chains 
so as not to occupy any area at the air-water interface. Polar- 
ization studies, discussed in Section 3.3, confirm that the 
HDBOC molecule stands on its edge and is sandwiched in 
between the SA chains, such that the S1-So transition dipole 
moment has its maximum component parallel to the dipping 
direction. 

The immiscibility of the components is one of the principal 
causes of aggregation. Although non-amphiphilic molecules 
mixed with fatty acids separate in phase owing to the large 
dissimilarity between their physical and chemical properties, 
amphiphilic molecules and fatty acids form partially miscible 
systems. Extensive studies [20-36] have demonstrated that 
the extent of  miscibility or immiscibility depends on several 
factors, such as the molar composition, temperature and sur- 
face pressure. Brewster angle microscopy (BAM) [ 33-35 ] 
and fluorescence microscopy [36] provide unique method- 
ologies for visualizing the formation of  aggregates and phase 
separation processes. A simple and reliable estimate of the 
miscibility of the components in a mixture and the nature of 
interaction between the components at the air-water interface 
may also be obtained from the excess average area per mol- 
ecule vs. the molar concentration of the mixed films at dif- 
ferent surface pressures. In an ideal system of molecules, 
where all possible interactions between the molecules are 
assumed to be absent, the average area per molecule is given 
by the relation [ 37-40] 

Ai2 =NiAi + N e A  2 

where NL, N2 and A i, A, correspond to the mole fractions and 
areas per molecule of  the individual components of the mix- 
ture and A t2 is the average area per molecule of the mixture. 
Deviations from the ideality curve in real systems originate 
from the existence of interactions between the components 

i n  the mixture. While a repulsive [41-43] interaction 
between components causes a positive deviation from the 
ideality curve, a negative deviation suggests an attractive 
[44-46]  interaction between the components. Deviations 
from the ideality curve suggest immiscibility of the compo- 
nents which may be accounted for in terms of  the specific 
orientation, organization and packing of the components in a 
monolayer. 

Fig. 2 shows a plot of the excess average area per molecule 
(AA) vs. the molar concentration of HDBOC in a mixed film 
of HDBOC and SA at different surface pressures. The excess 
average surface area is the difference between the observed 
average area and the sum of the areas of the pure components, 
and is mathematically expressed as A A =  [ A ~ - ( N ~ A t  + 
N2A2) }. The line corresponding to zero difference ( AA = 0) 
suggests ideal mixing, whereas deviations from the zero line 
suggest demixing of the components. A close examination of 
Fig. 2 reveals that the extent of mixing and demixing is both 
concentration and pressure dependent. The deviation of the 
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Fig. 2. Plot of the excess average area per molecule (AA) vs. the mole 
fraction of HDBOC in a mixture of HDBOC and SA at different surface 
pressures: (a) 5 m N m  ~;(b) 1 0 m N m - ~ ; ( c )  2 0 m N m  ~;(d) 25mN 
In ~:(e) 3 0 m N m  ~. 

excess area vs. mole fraction curve from the ideality curve is 
larger at low surface pressures than at high surface pressures. 
This implies that, at low surface pressure, the components of 
the mixture tend to demix more than at high pressures. 
Another interesting feature observed in this study is that, 
although maximum demixing is observed at 0.5 mole fraction 
of the mixture at all surface pressures, a larger miscibility is 
observed at concentrations higher or lower than this value. 

At the air-water interface, in addition to a strong interac- 
tion between the molecules and the water surface which tends 
to orient the chromophores in a specific manner, other pre- 
dominant interactions are the SA-SA, HDBOC-H DBOC and 
SA-HDBOC interactions; these contribute strongly towards 
the mixing-demixing process at the air-water interface, 
which also determines the spatial distribution of  the compo- 
nents in the film and the formation ofcrystallites. Interactions 
between similar species, namely SA-SA and H D B O C -  
HDBOC. are much stronger than SA-HDBOC interactions, 
which tends to promote demixing processes resulting in the 
formation of domains of pure components. As the strength of 
interaction between the molecules is dependent on the dis- 
tance of  separation between the molecules, the extent ofmix- 
ing-demixing is expected to depend on the molar 
composition of  the mixture as well as the surface pressure. 
Moreover, the observation that maximum demixing occurs 
at a molar composition of 0.5, independent of the surface 
pressure, confirms that the SA-SA and HDBOC-HDBOC 
interactions prevail over the SA-HDBOC interactions. In 
addition, the larger miscibility observed at higher surface 
pressures, independent of the concentration, indicates that 
with increasing pressure the molecules are forced into close 
proximity with each other enhancing the attractive interaction 
between the components and hence the miscibility. 

Concentration-dependent studies have revealed that, at low 
mole fractions of HDBOC in the mixture, the components 
tend to be completely miscible independent of  the surface 
pressure. One plausible reason may be that, at low concen- 
trations of HDBOC, SA molecules offer a microphase in 
which the dye molecules are readily accommodated. Fluo- 
rescence micrographs discussed in Section 3.2 confirm the 
high miscibility of the dye molecules in the SA microphase, 
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Fig. 3. Plot of the modulus of elasticity of the mixed tilm of HDBOC and 
SA vs. the surface pressure at different mole fractions of HDBOC in the 
mixture: (a) 0.28; (b) 0.49: (c) 0.79: (d) 1.00. 

solid crystallites. These results are also consistent with those 
of H-A isotherms. Identical observations have been made by 
Alekseev et al. [50] for mixed films of myristic acid and an 
amphiphilic aminocoumarin derivative. Perhaps the most 
outstanding feature observed in this study is the behaviour of 
pure HDBOC at the air-water interface; the elasticity vs. 
surface pressure curve is a straight line almost parallel to the 
surface pressure axis, which implies the formation of incom- 
pressible solid crystalline domains of HDBOC at the air- 
water interface independent of the surface pressure. These 
features readily confirm the low area per molecule of pure 
HDBOC and the existence of intense hydrophobic interac- 
tions between the HDBOC and water molecules and strong 
van der Waals' interactions which contribute to the formation 
of crystallites. 

forming almost homogeneous mixed phases in the LB films 
at low concentrations of HDBOC. However, at higher con- 
centrations, demixing results in phase separation of the com- 
ponents, forming microcrystallites and domains of pure dye 
molecules, the existence of which is confirmed by fluores- 
cence microscopy. Similar results have been observed in the 
mixed system of w-anthrylalkanoic and alkanoic acids with 
the formation ofcrystallites confirmed by BAM studies [47]. 
In this context, it may be pointed out that the above-men- 
tioned observed effects are not due to specific interactions 
between the functional group and the neighbouring fatty acid, 
but are a general feature of mixed systems where, as men- 
tioned previously, the mixing-demixing process is controlled 
by the interaction between the molecules in the mixture. 
Detailed thermodynamic studies by Dorfler et al. [48] have 
demonstrated that, while complete miscibility of pure alka- 
noic acids is observed when the chain lengths of the com- 
ponents in the mixture differ by a maximum of four C H  2 

units, phase separation results when this limit is exceeded. 
Fig. 3 shows a plot of the elasticity of the mixed films of 

HDBOC and SA at different molar compositions vs. the sur- 
face pressure applied at the air-water interface. The modulus 
of elasticity is obtained from the II-A isotherms using the 
mathematical relation [49 ] 

K = - A ( 017//~A ) a = constant 

These dynamic elasticity measurements provide much infor- 
mation on the mechanical properties of the mixed film at the 
air-water interface during compression. As is evident from 
the figure, the dependence of elasticity on the surface pressure 
is complex. The sharp changes observed at low surface pres- 
sure possibly correspond to the different phase transitions 
undergone by the mixed film during compression. With 
increasing surface pressure, the coefficient of elasticity 
decreases continuously and becomes almost constant, indi- 
cating that a solid condensed phase has been attained. This 
seems justified in view of the fact that, with increasing surface 
pressure, the intramolecular interactions between the com- 
ponents increase resulting in the formation of incompressible 

3.2. Morphological aspects of the LB films of  HDBOC 
mixed with SA studied by scanning confocal fluorescence 
microscopy 

Fig. 4 shows the fluorescence micrographs of mixed LB 
films of HDBOC and SA at different molar compositions at 
aconstant surface pressure of 25 m N m  ~. Fig. 4(a) and (b) 
correspond to the fluorescence micrographs of HDBOC at 
molar concentrations of 0.05 and 0.1 in the mixed film. The 
homogeneous, bright green islands observed correspond to 
the fluorescence from the HDBOC dye dispersed in the SA 
microphase, whereas the dark regions correspond to non- 
fluorescent SA. The homogeneous appearance of the islands 
and the lack of granular and crystalline structures indicate 
that the HDBOC molecules are probably solubilized in the 
SA matrix; this is confirmed by the excess surface area vs. 
mole fraction curves discussed in Section 3.1. With increas- 
ing molar concentration of HDBOC in the mixed film, in 
addition to the overall island structure, bright spots appear in 
a variety of colours, shapes and sizes as shown in Fig. 4(c).  
Close examination of these structures reveals that the spots 
correspond to microcrystallites. It should be noted that Kopel- 
man and coworkers [ 51,52] have reported different coloured 
crystallites of perylene and tetracene doped in a poly(methyl 
methacrylate) (PMMA) matrix, and detailed studies have 
revealed that the colours depend on the size of the crystallites. 
Furthermore, it has been observed that, with increasing dye 
concentration, the average size of the crystallites increases, 
although an assortment of different sized clusters are availa- 
ble. Fig. 4(d) shows a magnified view of a large cluster of 
HDBOC formed in the LB film at a high molar composition 
of 0.25, which confirms the extensive demixing of the com- 
ponents in the mixed film. Indeed, these results are consistent 
in view of the completely different physical and chemical 
characteristics of SA and HDBOC, discussed earlier. In addi- 
tion to the visual evidence of the phase separation of the 
components in the LB films, as revealed by fluorescence 
microscopic studies, spectroscopic studies (discussed in Sec- 
tion 3.3) confirm that the molecules forming the crystallites 
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Fig. 4. Fluorescence micrographs of  mixed films of HDBOC and SA deposited on quartz slides at a constant surface pressure of 25 mN m -  J at different mole 
fractions of H DBOC in the mixture: (a)  0.05; (b) 0.1 : (c)  0.2; (d)  0.25. The bar on the photograph represents 20 l, zm. 

are not randomly oriented within the crystallite, but are highly 
oriented and organized. 

3.3. Spectroscopic study of  HDBOC in solution and in 
mixed LB films with SA 

Fig. 5 shows the absorption spectra of  HDBOC in carbon 
tetrachloride and in mixed LB films with SA. The solution 
absorption spectrum shows bands at 380 and 395 nm, with 
the 0 -0  band at 420 nm. The LB film absorption spectrum 
shows bands at 395 and 415 nm, with the 0-0  band at 440 
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Fig. 5. Absorption spectra of HDBOC in carbon te;rachloride ( broken line ) 
and in an LB film with an HDBOC : SA molar ratio of 1 : 10 ( 10 layers) 
(full l ine),  

rim. The broadening and large red shift of  the absorption 
bands by about 20 nm suggest aggregation and strong dipole- 
dipole interaction between the moieties in the aggregates. 

According to the exciton theory proposed by Kasha and 
coworkers [53-55] ,  dipole-dipole interactions lead to the 
formation of an exciton band which is located either above 
or below the monomeric band, and the shift is determined by 
the relation 

A ~ = (2 /hc)  ( [ N -  1 ]/N)tx2/r3( 1 - 3 cos 2 O) 

where A v is the shift of  the exciton band, N is the number of 
monomers in the aggregates, /x is the dipole moment, O is 
the angle between the dipoles and r is the vector joining the 
centres of the dipoles. From the above mathematical relation, 
it is clear that 0 ° < 6)<54.7 ° causes a red shift, and the cor- 
responding aggregates are referred to as J aggregates [54 -  
56] ; for 54.7 ° < 6)< 90 °, a blue shift of the bands occurs and 
the corresponding aggregates are referred to as H aggregates 
[56-58] .  It is evident from the exciton coupling theory that 
the aggregates formed in the LB films are very probably J 
aggregates, unlike the H aggregates of  7-aminocoumarin. 
Furthermore, Alekseev et al. [50] reported large changes in 
the absorption and emission band positions and shapes 
depending on the type of deposition and surface pressure at 
which LB deposition was achieved. Such changes have been 
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Fig. 6. Emission spectra of HDBOC in carbon tetrachloride (broken line) 
and in an LB film with an HDBOC : SA molar ratio of I : 10 (10 layers) 
(full line) (A~,~:400 nm) 

interpreted to arise from the interaction between the interlay- 
ers. However, no such changes were observed in this case for 
HDBOC. 

Fig. 6 shows the emission spectra of  HDBOC in carbon 
tetrachloride and in mixed LB fihns with SA. In solution, the 
emission bands are located at 437,459 and 487 nm, whereas 
in the LB films they are located at 440 and 465 nm. Although 
the 0-0  bands of absorption and emission R~r HDBOC in 
carbon tetrachloride are separated by about 17 nm, there is 
almost no shift between the 0-0  bands for absorption and 
emission in LB films. Although these results do not seem to 
be readily explicable, one possible explanation may be that 
the molecular conformations of HDBOC in solution and in 
LB films are different. Estimates of the polarity (A f) obtained 
from the relation 

A f =  ( e -  l ) / ( 2 e +  I) - (n ++- 1 ) / (2n :  ~ l ) 

show that Af  for SA is 0.008, whereas Af  for carbon tetra- 
chloride is 0.011. The refiactive index (n) and dielectric 
constant (e) values used ++or the calculations were obtained 
from Ref. [59].  A change in molecular conformation of 
HDBOC may originate from the different polarity in the two 
systems. One possibility may be the rotation of the benzo- 
thiazolyl group about the coumarin group; this is justified in 
view of the fact that similar large, polarity-dependent spec- 
troscopic changes have been reported in the literature and 
have been attributed to TICT effects [ 60 ]. 

Polarization studies of LB films of HDBOC mixed with 
SA reveal that the fluorescence intensity of VV polarization 
is larger than that of VH polarization, where VV and VH 
polarizations correspond to the axis of polarization directed 
parallel or perpendicular to the dipping direction. These 
results suggest that the long axis of the molecule, correspond- 
ing to the S~-So transition 1611, has a larger component 
parallel to the dipping direction of the substrate than perpen- 
dicular to it. However, a precise determination of the orien- 
tation of the moieties is not possible by this method. An 
estimate of the polarization anisotropy parameter (r) 
obtained from the polarized fluorescence spectra, using the 
relation r =  ( I v v - - l v H ) / ( I v v + 2 I w z ) ,  yields r=0 .4 ,  corre- 
sponding to the 0M3 band of fluorescence. Using the auxiliary 
relation r =  0.2( 3 cos 2 c/~- 1 ), where @ is the angle between 

the directions of the transition moments corresponding to the 
absorption and emission dipole moments [62],  yields q)= 0 °, 
which indicates that absorption and emission occur from the 
same electronic state (a general feature of most rigid aromatic 
hydrocarbons). These results are again sharply in contrast 
with those obtained for rigid amphiphilic 7-aminocoumarins 
assembled in LB films, where q~ is estimated to be about 63 °, 
suggesting that the absorption and emission occur from dif- 
ferent states. Although photons are absorbed by the mono- 
mers, efficient energy transfer from the monomers to the 
aggregates occurs, resulting in emission from the lowest 
excited singlet state, corresponding to the aggregates of ami- 
nocoumarin [631. 

4. Conclusions 

Our preliminary studies report the formation of  highly flu- 
orescent LB films of  HDBOC mixed with SA. Detailed stud- 
ies of the surface pressure vs. area per molecule isotherms at 
the air-water interface indicate that the HDBOC molecules 
stand almost vertically at the air-water interface and are sand- 
wiched between SA chains. Plots of the excess area per mol- 
ecule vs. mole fraction of the mixed films of  HDBOC and 
SA show large deviation from the ideality curve indicating 
immiscibility of the components of the mixture. Close exam- 
ination of these curves reveals distinct mixing--demixing 
zones which are dependent on the molar composition and 
surface pressure of the mixed system. Fluorescence micro- 
scopic studies of  the films confirm the partial miscibility at 
low mole fractions of the dye in the mixture and the formation 
of clusters due to immiscibility of the components at larger 
dye concentrations. Elasticity measurements of the mixed 
films of HDBOC and SA at the air-water interface show a 
sharp decrease at higher surface pressures. This indicates the 
formation of incompressible microcrystalline clusters formed 
at the air-water interface, explained by the dissimilarity 
between the physical and chemical properties of SA and 
HDBOC. Spectroscopic studies confirm the formation of 
highly organized J aggregates of  HDBOC in the LB films. 
Polarization studies suggest that the HDBOC molecules stand 
with their long axes ahnost parallel to the normal of the 
substrate and are stacked as J aggregates. Moreover, the sep- 
aration of the 0-0  bands of absorption and emission by about 
17 nm in solution and the lack of separation in LB films 
suggest differences in the molecular conformations of 
HDBOC in solution and in LB films. 
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