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A B S T R A C T 

Because of their special spectral characteristics and wide range of applications luminescence studies 

of dyes doped in polymer are very important. Several members of this class have been recommended 

as luminescent standards while other have found their use as fluorescent probe indicators of 

microscopic environment, especially in enzyme and membrane. In this paper we will discuss 

emission and absorption spectra of rhodamine B + crystal violet doped in poly methyl 

methaaccrelate (PMMA) is studied. We also check the possibility of energy transfer in above 

mentioned pair. Different spectroscopic parameters such as molar extinction coefficient, oscillator 

strength, critical transfer distance etc. have also been calculated from emission and absorption 

spectra. 
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Introduction 

Luminescence studies provide the information 

regarding the various radiative and nonradiative 

processes by which an excited molecule returns to 

its normal state. The xanthenes dyes are probably 

the most intensely studied class of luminescent 

dyes, Interest has been spurred both by the special 

spectral characteristics of the dyes and by their 

wide range of applications. Rhodamine B and 

related Xanthene dyes have been extensively 

studied in solution and polymer (Yu et al. 1977, 

Fleming et al. 1977, Cramer and Spears 1978,  

Tripathy et al. 2004, Rodgers and Da-silva-

Wheeler 1978, Kubin and Fletcher 1982, Casey 

and Quitevies 1988, Lopez et el. 19889, Loring et 

al. 1982, Miller et al. 1983). Several members of 

this class have been recommended as luminescent 

standards while other have found their use as 

fluorescent probe indicators of microscopic 

environment, especially in enzyme and membrane 

studies and found that the dipole moments of 

excited state were lower than those of the ground 

state in acitonitrile and acitonitrile benzene 

solvent mixture. F.Lopez et.al. studied the 

fluorescence self quenching of the molecular 

forms of rhodamine B in aquous and ethanolic 

solutions (Lopez et el. 19889, Philip et.al. 2005) 

studied rhodamine 6G and rhodamine B dyes 

doped in PMMA. (Biswas et al. 1999) studied the 

absorption and emission spectroscopic properties 

of fluorescin in n-alcohals, miceller and 

microemulsion.  

Polymers are high molecular weight compounds, 

having structure composed of a large number of 

simple repeating units of comparatively low 

molecular weight units known as monomers. Most 

of the natural and synthetic polymers don’t show 

luminescence properties (Barashkov et al. 1994) 

however luminophoric properties can be 

introduced in polymer by doping dyes in it. The 

photo induced excited state relaxation processes 

in various polymers are useful for the study of 

different specific interactions between dye and 

host polymer, which change the photo physics, 

and photochemistry of excited molecules due to 

various microenvironment effects (Barashkov et 

al. 1994, Hoyle and Torkenson 1987,  Dewey 

1991). The fluorescence parameters of a 

flurophore besides its own characteristic also 

depend upon its environment. Polymers 

appropriately doped with dye molecule, emitting 

in the visible spectrum provide stable sources of 

light for displays and illumination sources at a 

significantly lower cost than semiconductor. 

Organic light emitting diodes may indeed evolve 

as the most inexpensive alternatives to fluorescent 

light sources. Polymer fibers doped with organic 

dyes have proved to be potential candidate for use 

in fiber lasers and fiber amplifiers media of 

holographic recording and permanent optical 

memory, solar energy converters etc. (Jiang 2000, 

Carlson 2002). 

Experimental Materials and Methods 

Poly (methyl methaaccrelate) (PMMA) was 

obtained from City chemical corporation, New 

York. Rhodamine B, erythrosin B, rose bengal 

was obtained from BDH chemicals ltd., Poole 

England. Crystal violet was obtained from Glaxo 

laboratories (India) Ltd. Bombay. Samples of 

PMMA were prepared by mixing PMMA grains 

in dichloromethane thoroughly and stirring with a 

glass rod, the appropriate concentration of dyes 

dissolved in dichloromethane was mixed PMMA 

and stirred thoroughly. Now the homogeneous 

mass was then poured in the polypropylene dish 

to obtain transparent sheets of about 1 mm 

thickness. Than by doping the different dyes in 

host PMMA were made to study the luminescence 

properties of the dye doped polymer samples. The 

emission spectra of dye-doped polymer were 

taken by Jasco made FP-777 spectroflurometer. 

The absorption spectra of the samples were taken 

by PC controlled double beam UV-VIS 

spectrophotometer (ECIL’s UV 5704 SS).  

Result and Discussion 

The absorption and emission spectra of rhodamine 

B (molar conc.= 0.4×10-4 M) doped in polymithyl 
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methaaccrelate (PMMA) is shown in Fig.1 and 

Fig.2 respectively.  

 

 

 

 

 

The sample shows the emission peak at 578 nm 

when excited by wavelength 525 nm and the 

absorption peak comes out at 556.5 nm. The 

emission and absorption spectra of crystal violet 

(molar conc.= 0.4×10-4 M) doped in polymithyl 

methaaccrelate is shown in Fig.3 and Fig.4  

respectively. The sample shows the emission 

peak at 614 nm when excited by wavelength 

550 nm and the absorption peak comes out at 

591 nm. The emission and absorption spectra 

of mixture of rhodamine B and crystal violet 

(molar conc.= 0.4×10-4 M each) in PMMA is 

shown in Fig.5 and Fig.6 respectively.  

 

 

Fig. 1: Absorption spectra of rhodamine B 
(0.4×10-4 M) in PMMA. 

Fig. 2: Emission spectra of rhodamine,  
            B (0.4×10-4 M) in PMMA. 
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Fig. 3: Emission spectra of crystal violet 
(0.4×10-4 M) in PMMA. 

Fig.4: Absorption spectra of crystal violet 
(0.4×10-4 M) in PMMA. 
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Different spectroscopic parameters of 

investigated dyes doped in polymer have been 

calculated using the following relations: 

The intensities of absorption transitions are 

measured in terms of Pexp which represents the 

number of classical oscillators present in one ion, 

more commonly referred to as the probability for 

absorption of radiant energy or oscillator strength. 

In the case of absorption band, it is given by 

𝑃 = 1.31 × 10
𝑛

(𝑛 + 2)

𝐾 𝐻

𝑛
 

Where, P_exp  is oscillator strength, n is refractive 

index of medium (for calculation; n is taken 1.49 

for PMMA), 𝑛  is conc. of ion/cm3, Kmax  is 

absorption coefficient in cm-1 at the peak and H 

is half width of the band in eV. 

The molar absorptivity at a given energy is 

computed from the Beer-Lambert law 

                           𝜀 =
1

𝑐𝑙
(𝑙𝑜𝑔

𝐼

𝐼
) 

Where, c is the molar concentration of the 

absorbing ion per unit volume, l is the path length 

and log (I0/I) is the absorptivity or optical density.  

The value of critical transfer distance (ROA) 

between donor and acceptor molecule is 

calculated spectroscopically by using Forster’s 

energy transfer relation (Pandey and Pant 1991, 

Birks 1970,  Mishra et al. 2000) 

            𝑅 =
(5.86 × 10  )𝛺 𝜙

(𝑛)
 

Where, 𝛺  is the overlap integral for 

overlapping fluorescence spectra of donor, ϕ_Dis 

quantum yield of standard donor, n is refractive 

index of medium. 

Reduced concentration for donor-acceptor 

overlapping is calculated by using. 

                                𝛾 =  
𝐶

𝐶
 

Where, C_A is acceptor concentration and C_OA 

is critical acceptor concentration. Critical acceptor 

concentration can be calculated by the relation. 

(Pandey and Pant 1990).   

𝐶 =  
3000

2𝜋 / 𝑁(𝑅 )
 

Where, N is Avagadro’s number. 

The wavelength of absorption and emission 

maxima for different dyes and mixture of dyes 

doped in PMMA have been given in Table 1, 2 

and 3 respectively with some other spectroscopic 

parameter calculated from absorption as well as 

emission spectra of respective dyes. 

The absorption spectra of rhodamine B (donor) 

and crystal violet (acceptor) along with 

Fig.7: Overlap between rhodamine B (donor) 
emission and rhodamine B (donor) 
absorption      in PMMA. 

         

a) Rhodamine B emission.  
b) Rhodamine B absorption 

Fig.6: Absorption spectra of rhodamine B + 
crystal violet (0.4×10-4 M each) in 
PMMA 
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fluorescence spectra of rhodamine B have been 

shown in Fig.7 and Fig.8.  

 

 

Considerable overlap area between donor 

emission and acceptor absorption in PMMA 

suggests the possibility of energy transfer from 

rhodamine B to crystal violet ([Forster 1949, 

Forster 1948, Dexter 1953).  

 

Parameters / 
Dye 

Rhodamine 
B 

Crystal 
violet 

Host polymer PMMA PMMA 

Molar conc.(M/l 0.4 × 10-4 0.4 × 10-4 

(𝜆max)ab (nm) 556.5 591 

(Δν)1/2 (nm) 36 64 

εmax (lM-1 Cm-1) 1.55 ×105 2.14 ×105 

Pmax 09.61 ×10-2 07.54 ×10-2 
Table 1: Spectroscopic parameters of investigated 

dyes in polymers from absorption   spectra 
of single and mixed dye doped in polymers. 

Where:  

(λmax)ab is wavelength at maximum 

absorption; (Δν)1/2 is half band width; εmax is the 

molar absorptivity at wavelength (λmax)ab; Pmax 

is the oscillator strength at peak. 

The value of overlap integral is 14 × 10-15 cm6 

M-1 and corresponding critical transfer distance is 

33.7 Å for donor acceptor pair in PMMA 

respectively. The overlap integral, critical transfer 

distance and reduced concentration are also 

calculated for donor- donor overlap along with 

donor-acceptor pair (Table 4),  

Parameters / 
Dye 

Rhodamine 
B 

Crystal 
violet 

Host polymer PMMA PMMA 

Molar 
conc.(M/l 

0.4 × 10-4 0.4 × 10-4 

𝜆exc (nm) 525 550 

(𝜆max)em (nm) 578 614 

 v Cm-1 17301 16286 

(Δν)1/2(nm) 38 45 

stoke shift Cm-1 668.41 633.83 
Table 2:  Spectroscopic parameters of investigated 

dyes in polymers from emission spectra 
of single and mixed dye doped in 
polymers. 

 

Where: 

 λexc is excitation wavelength; (λmax)em is 

wavelength at maximum emission; ν is energy in 

cm-1 at peak, (Δν)1/2 is half band width. 

a) Rhodamine B emission.  
b) Crystal violet absorption 

Fig.8: Overlap between rhodamine B (donor)      
emission and crystal violet (Acceptor) 
absorption in PMMA          
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Where: 
 λexc is excitation wavelength; (λmax)em 

is wavelength at maximum emission; ν is energy 
in cm-1 at peak, (λmax)ab is wavelength at 
maximum absorption. 

Where: 
ΩDA is overlap integral for 

overlapping fluorescence spectra of donor 
with absorption spectra of acceptor, ROA is 
critical transfer distance between donor and 
acceptor molecule, and γOA is reduced 
concentration. 
Assuming fluorescence quantum yield of 

rhodamine B as 0.9. These values can be 

compared with those obtained by Pandey et. al. for 

tripaflavine and cresyl violet (Pandey 1992) for 

acriflavine and rhodamine 6G system (Mishra et 

al. 2000). 

Conclusions 

In this paper the emission and absorption spectra 

of different dyes doped in poly (methyl 

methaaccrelate) (PMMA) is studied. The 

considerable overlap of overlap fluorescence 

spectra of donor i.e. rhodamine B with absorption 

spectra of acceptor i.e. crystal violet in PMMA 

shows the possibility of energy transfer from 

rhodamine B to crystal violet. Other spectroscopic 

parameter such as molar extinction coefficient, 

oscillator strength etc. have also been calculated 

from emission and absorption spectra of various 

dyes doped in polymers. Critical transfer distance 

and reduced concentration for rhodamine B and 

crystal violet system is also calculated from 

overlap integral. The value of overlap integral is 

14 × 10-15 cm6 M-1 and corresponding critical 

transfer distance is 33.7 Å for donor acceptor pair 

in PMMA respectively. 
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