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Abstract: 
 
 This paper reports the time dependent changes of molecular arrangement in the mixed LB films of 
nonamphiphilic 9-phenyl anthracene (PA) in stearic acid (SA) and polymethyl methacrylate (PMMA) in 
the light of absorption and fluorescence spectroscopic study. Molecular movements have been observed in 
the recently lifted LB films and about 200 hours is required to get the films in stable condition. Dimer and 
higher order n-mers exist in the LB films lifted at higher surface pressure of 30 mN/m. 
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1. Introduction: 

There is much current interest in the 
spectroscopic study of organic molecules 
incorporated into various restricted geometry, 
namely micelles, cyclodextrines, zeolites, 
polymer latexes, silica gel and Langmuir 
Blodgett (LB) Films [1]. Properties of the 
molecules are largely modified by the 
microenvironment in which they are located. 
However unlike other techniques, the unique 
advantage in Langmuir Blodgett films is that this 
method enables us to design and control the 
spatial arrangement of organic molecules in a 
two dimensional plane and have their potential 
applications in sensors, optoelectronic devices 
and as models mimicking biological membranes 
[1]. Typically LB compatible materials are 
amphiphilic in nature, however recent 
investigations [2-5] suggest that certain non-
amphiphilic molecules can also form an 
excellent LB films at the air-water interface 
when mixed with long chain fatty acid viz. 
stearic acid, arachidic acid etc. or with some 
inert polymer matrices such as polymethyl 
methacrylate and polystyrene etc. Recent studies  
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also reveal that the spectroscopic and 
aggregating properties of these non-amphiphilic 
molecules are quite identical with their 
amphiphilic counterparts. 
 In this paper, we report the ageing  
effect of LB films of nonamphiphilic 9-phenyl  
anthracene abbreviated as PA in stearic acid as  
well as in polymethyle methacrylate (PMMA). 
Also the photophysical characteristics of LB 
films lifting at different surface pressures and 
different layer thickness have also been studied. 
It is observed that once the multilayered 
Langmuir-Blodgett films are deposited onto 
quartz substrates, it would take several hours 
(sometimes more than 200 hours) to get the films 
in stable condition. Also dimer and higher order 
n-mers of 9-phenyl anthracene are formed in the 
LB film lifted at a higher surface pressure of 30 
mN/m. 
 
2. Experimental: 
 
 9-Phenyl anthracene, abbreviated as PA 
was purchased from Aldrich chemical Co. USA, 
and followed by repeated recrystalization before 
use. The purity of the sample was checked by 
absorption and emission spectroscopy before 
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use. Stearic acid (purity>99%) and isotactic 
Polymethyl methacrylate (PMMA) purchased 
from Sigma chemical Company and Polyscience 
respectively were used as received. All solvents 
(chloroform, ethanol) used were of spectroscopic 
grade and their purity was confirmed by 
fluorescence spectroscopy before use. Langmuir-
Blodgett film deposition instrument (Apex-
2000C, India) was used to study the surface 
pressure vs. area per molecule isotherm 
characteristics as well as for multilayer film 
deposition. Triple distilled deionised water was 
used as subphase and the temperature was 
maintained at 24o C. Solutions of PA, PMMA, 
SA as well as PA-PMMA, PA-SA mixtures at 
different molefractions were prepared using 
chloroform as solvent and spread on the 
subphase by a micro syringe. After a delay of 15 
minutes, to evaporate the solvent, the film at air-
water interface was compressed very slowly at a 
rate of 2×10-3 nm2mol-1s-1 to record the surface 
pressure versus area per molecule isotherm. 
Fluorescence grade quartz slide cleaned by usual 
procedure [2] dipped with a speed of 5 mm/min 
for the deposition of multilayer. A drying time of 
15 minutes was allowed after each lift. For each 
molefraction of PA, 10 bilayered LB films were 
deposited at a standard surface pressure of 15 
mN/m. for both PMMA and SA matrices. The 
transfer ratio of the mixed layer was found to be 
0.98 ±0.02 on quartz slides. 

UV-Vis absorption and Fluorescence 
spectra of the LB films were recorded by a 
Perkin-Elmer Lamda 25 spectrophotometer and 
Perkin Elmer LS-55 spectrophotometer 
respectively. The UV-Vis absorption spectra of 
the LB films of PA in both the matrices were 
recorded by keeping the slides at an angle of 900 
with the incident beam. As there is no absorption 
of quartz slide in the visible as well as also in the 
Ultra-violet range, hence the base line correction 
was performed with respect to air. The 
fluorescence and excitation spectra of the LB 
films were recorded by positioning the slides at 
an angle of 450 with the incident beam as usual. 
All the observations were repeated after every 24 
hours until the stability of the films achieved. 
The excitation spectra of the LB films of 0.5M of 
PA in SA matrix at two different surface 
pressures were also recorded at three monitoring 
wavelengths viz. 420, 448 and 480 nm 
respectively. 
 
3. Results and discussion: 
 
3.1. Isotherm Characteristics: 
 

 The surface pressure versus area per 
molecule isotherm characteristics of PA mixed 
with SA/PMMA show that the area per molecule 
consistently decreases with increasing surface 
pressure, which indicates successful 
incorporation of PA with SA as well as PMMA 
matrix in the LB films. 
 
3.2. Ageing effect: 
 
 The stability of LB film is of utmost 
important from the point of view of various 
technological applications as time dependent 
organizational changes in the molecules are not 
expected [6]. Study of ageing effect of LB films 
is required prior to any technological 
applications. After the formation of mixed LB 
films of PA on quartz substrate, some molecular 
movement continues and it requires nearly 200 
hours to reach in a stable condition. The stability 
of mixed LB films of PA in SA and PMMA 
matrices have been investigated in the light of 
absorption and fluorescence spectroscopy.  
 Figures 1(a) and 1(b) show the UV-Vis 
absorption and steady state fluorescence 
characteristics of recently lifted and stable (after 
200 hrs.) LB films of PA in SA and PMMA 
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Figure:-(1a): UV-vis absorption and steady 

state fluorescence spectra of recent and 
stable PA/SA mixed LB films along with 
solution spectra. The numbers denotes 
corresponding molefraction of PA in SA 
matrix. 

 
matrices respectively at two different 
molefractions of 0.1M and 0.5M along with 
solution spectra. All the films are 10 bilayered 
and we have observed the absorption and 
fluorescence spectra after every 24 hours 
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however in the figures we have given the spectra 
observed in recently (00 hours) lifted and stable 
(greater than 200 hours) LB films. 

From figure 1(a) it is clear that the 
absorption spectra of recently lifted mixed LB 
films of PA in SA has almost similar band 
structure as in the solution spectrum. These 
spectra have distinguishable vibrational bands at 
325-400 nm regions and an intense high-energy 
band at 263 nm. However in the absorption 
spectra of the stable LB films, the vibrational 
bands are indistinguishable and the high-energy            
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Figure:-(1b): UV-Vis absorption and steady state 

fluorescence spectra of recent and stable 
PA/PMMA mixed LB films along with 
solution spectra. The numbers denotes 
corresponding molefraction of PA in 
PMMA matrix. 

 
band is low intense. Moreover the high-energy 
band is sufficiently blue shifted in comparison to 
the recently lifted LB films.  

In case of PMMA matrix, (figure 1(b)) the 
absorption spectra of recently lifted LB films and 
stable LB films for both the mole fractions, are 
almost identical although comparatively reduced 
in intensity after the stable condition is attained. 
No shifting in band position is observed. 

It may be worthwhile to mention in this 
context that according to the intermediate 
strength exciton coupling theory [7,8], dipole-
dipole interaction results in the raising or 
lowering of the exciton band to a position either 
energetically higher or lower than the monomer 
band. Such a change in energy is given by, 

∆E = 3

22 )11)(31(2

r
NCosM −− θ

 

 Where, M is the transition dipole 
moment vector, N is the number of monomers in 
the aggregate and θ is the angle made by the 
dipole with the vector r and r is the length of the 
vector joining the centers of two dipoles. For 
0°<θ<54.70, the exciton band is located below 
the monomeric band, that causes a red shift and 
the corresponding aggregate are known as J- 
aggregates, while for 54.70 < θ < 900, the exciton 
band is located above the monomeric band and 
this gives rise to a blue shift in the absorption 
spectrum known as H-aggregates. Corresponding 
to the magic angle θ = 54.70, the shift observed is 
almost zero and independent of N & r and such 
aggregates are referred to as I-aggregates.  

The blue shifting of the high energy 
band of stable LB films in comparison to the 
recently lifted LB films in SA matrix [figure 1(a) 
] gives clear indication of the orientational 
change of PA molecules which leads to the 
formation of H-type of aggregates from the 
initial I-type aggregates whereas in case of 
PMMA matrix almost no change in the band 
positions in comparison to recently lifted and 
stable LB films as well as also in the solution 
spectrum definitely leads to the conclusion that 
only I-type of aggregates is formed in the LB 
films and no change in the molecular orientation 
took place. 
 Although the fluorescence spectra of 
both recent and stable LB films have distinct 
similarities with that of the solution spectrum, 
however some changes occur in the intensity 
distribution of various vibrational bands 

The fluorescence spectra of the recently 
lifted as well as also stable LB films for 
molefractions of 0.5 M and 0.1 M of PA in SA 
and PMMA matrices are also shown in figures 
1(a) and 1(b) respectively. In SA matrix [figure 
1(a)] of mixed LB films of both recently lifted 
and stable have well-structured vibrational bands 
in 350-500 nm region and for both the 
molefractions, the fluorescence spectra of mixed 
LB films have distinct similarities with solution 
spectrum. Although some changes occur in the 
intensity distribution of several vibrational 
bands. This may be due to the fact that although 
orientational changes of PA molecules occur in 
the SA-mixed LB films however no closer 
association of molecules took place due to 
translational movements so that only monomeric 
species of PA molecules pre-dominates in the 
SA mixed LB films.  
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However, in the PMMA-mixed LB 
films [figure 1(b)] recently lifted LB films of 0.5 
M molefraction of PA, a broad structure less 
band occurred in the longer wavelength region 
which is certainly due to the formation of 
excimeric sites due to the closer association of 
PA molecules. With passage of time PA 
molecules move away from each other and tends 
to form monomeric sites, which is evident from 
the fluorescence spectra of stable LB films of 0.5 
M of PA in the PMMA matrix. These 
fluorescence spectra of the stable LB films show 
well-structured vibrational bands and have 
distinct similarity with the solution fluorescence 
spectrum. 
 
3.3. Layer effect: 
 

Various technological applications may 
sometime demand somewhat thick LB films. 
Here we have also studied the photophysical 
characteristics of the mixed LB films of PA in 
two different matrices by varying the number of 
layers. For these investigations only stable LB 
films (200 hour) are used. We have investigated 
the spectroscopic characteristics of 5, 10, 15, 20, 
and 25 multilayerd mixed LB films in both the 
matrices i.e. PMMA and SA. Figures 2(a) and 
2(b) represent the absorption and fluorescence 
spectra of different layered mixed LB films of 
PA in SA and PMMA matrices at molefraction 
0.5M. From these spectra it is observed that there 
is no appreciable change in the band profile  
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Figure:-(2a): UV-vis absorption and steady state 

fluorescence spectra of different layered 
stable PA/SA mixed LB films. The 
numbers denotes corresponding layers. 
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Figure:-(2b): UV-Vis absorption and steady state 

fluorescence spectra of different layered 
stable PA/PMMA mixed LB films. The 
numbers denotes corresponding layers. 

 
however the intensity of the peak goes on 
increasing with the number of layers. This may 
be due to the accumulation of large number of 
layers in the LB films. 
 
 
 
 
3.4. Pressure effect: 
 

By varying the surface pressure of 
lifting, the crystal parameters and morphology 
can be changed. Here we have also studied the 
pressure effect of LB films in SA using 15, 20, 
25, 30 mN/m surface pressure. We don’t use 
PMMA matrix as PMMA isotherm donot give 
stable monolayer at higher surface pressure [ 9]. 
 Figures 3(a) and 3(b) show the 
absorption and fluorescence spectra of stable LB 
films of PA mixed with SA at two different 
molefractions (0.1M & 0.5M) for various surface  
pressure of lifting. Here all the films are 10 
bilayered. From figure (3a) it is observed that at 
lower molefraction of PA in SA matrix, no 
appreciable change is observed except in the 
absorption spectra of LB films lifted at higher 
surface pressure, the high-energy band becomes 
indistinguishable. However for higher 
molefraction (0.5 M) of PA in SA matrix some 
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Figure:- (3a) : UV-Vis absorption and Steady 

state fluorescence spectra of PA/SA 
mixed LB films at different surface 
pressure of lifting. Molefraction of PA is 
0.1M. The number denotes corresponding 
surface pressure of listing. 

 
interesting changes are observed [figure 3(b)]. In  
fluorescence spectra of mixed LB films lifted at 
25 mN/m surface pressure a weak hump is 
developed at around 480 nm which was totally 
absent in case of low surface pressure, along 
with a prominent peak at 450 nm with other 
vibrational bands at 420 and 397 nm 
respectively. At higher surface pressure of 30 
mN/m the band at 482 nm becomes more 
prominent along with the band at 450 nm 
whereas all the other vibrational bands are 
considerably reduced in intensity. The 
occurrence of this longer wavelength band as 
well as also the overall broadening of the 
fluorescence spectra of the LB films lifted at 
higher surface pressure may be assigned due to 
the closer association of PA molecules and 
formation of either excimeric sites or dimeric or 
higher order n-meric sites. However, we cannot 
say definitely the nature of the aggregated sites 
unless we study the excitation spectroscopy. 
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Figure:- (3b) : UV-Vis absorption and Steady 

state fluorescence spectra of PA/SA 
mixed LB films at different surface 
pressure of lifting. Molefraction of PA is 
0.5M The number denotes corresponding 
surface pressure of listing.. 

 
 Figure (3c) shows the excitation spectra 
of LB films of 0.5M of PA in SA at two different 
surface pressure viz 15 mN/m and 30 mN/m, 
monitored at 420, 448 and 480 nm respectively. 
The excitation spectra monitored at 420 and 448 
nm show prominent and distinguishable 
vibrational band system at around 300-420 nm 
region with identical peak position which is the 
prototype of absorption spectra. From this we 
can definitely conclude that these band system 
may be due to the monomeric and excimeric 
species present in the LB films. However, the 
excitation spectra monitored at 480 nm is 
somewhat different. Here the vibrational bands 
are diffused and only a broadened longer 
wavelength band exists. At higher surface 
pressure of 30 mN/m there is a shift of about 11 
nm in comparison to the longer wavelength 
broadened band at 15-mN/m pressure. This 
different nature in the spectra definitely leads to 
the conclusion that some higher order n-mers 
(dimer, trimer, tetramer etc) may exist in the LB 
films. 
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Figure:-(3c) : Excitation spectra of PA/SA mixed 

LB films lifted at surface pressure 15 
mN/m and 30 mN/m respectively. The 
monitoring wavelengths are 420 nm, 448 
nm and 480 nm respectively.  

 
 
4. Conclusion: 
 
 In conclusion this paper reports the time 
dependent changes of molecular orientation in 
the LB films of 9-Phenyl anthracene mixed with 
SA as well as with PMMA in the light of UV-
Vis absorption and fluorescence spectroscopy. 
Our observations suggest that once the LB film 
is formed there may be some molecular 
movements in the recently lifted films and it 
would take several hours (sometimes greater 
than 200 hours) to get the films into stable 
condition. Also at higher surface pressure of 30 
mN/m, dimmers and higher order n- mers are 
formed in the mixed PA-SA LB films. 
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