
  

 

Abstract—In this work, we had shown that the 

conjugated-polymer poly(9,9-dioctylfluorenyl-2,7-diyl) (PFO) in 

benzene can produce amplified spontaneous emission (ASE) 

with tunablity more than 100 nm from 410nm to 510 nm.  And 

then we had shown that the conjugated polymer poly 

[2-methoxy-5-(2-ethylhexyloxy)-1, 4-phenylenevinylene] 

(MEH-PPV) in benzene could produce ASE and lasing from 550 

to 650 nm. Finally, we added appropriate molar concentration 

of these conjugated polymers in benzene to form a solution 

which has highest optical gain for each conjugated polymer 

individually. The results showed that these conjugated polymers 

could lase individually as well as by an energy transfer process 

from one conjugated polymer to another in tandem.  

 

Index Terms—Tunable laser, conjugated polymer,  

broadband, amplified spontaneous emission (ASE).  

 

I. INTRODUCTION 

Conjugated polymers have recently attracted the attention 

of laser scientists because of the rigidity of their molecular 

structure, which leads to a high fluorescence quantum yield 

and to a large Stokes shift [1]-[4]. Moreover, the polymers 

can be easily modified through the attachment of different 

molecular moieties, which could shift the wavelength region 

of the lasing action from the UV to the visible to the IR region. 

These capabilities are comparable to those of conventional 

laser dyes [5]-[7].     

The Stokes shift can be quite large; for example, 

MEH-PPV, which absorbs at 500 nm and fluoresces at 560 

nm, exhibits a Stokes shift as large as 60 nm. Concentration 

quenching, which leads to re-absorption, is almost absent. In 

comparison, the benchmark laser-dye medium R6G has a 

Stokes shift of only 30 nm (peak absorption at 520 nm and 

emission at 550 nm). Finally, conjugated polymers can be 

easily prepared in the form of neat thin film and optically 

pumped laser action has been achieved from such thin films 

[8]–[10]. In due course, the same material has the potential to 

get electrically pumped to produce laser action. In near future, 

the conjugated polymers lasers in solid state are a viable 

reality. 

 

 

 

 

In recent years, conducting conjugated polymers have 

become a promising new gain media for lasers and optical 

amplifiers [11]-[15]. We have previously reported ASE from 

the excimeric state of poly [2- methoxy -5- (2- ethylhexyloxy) 

-1, 4- phenylenevinylene] (MEH-PPV) in liquid solution [16]. 

Later, in 2013, we also reported a laser from the double 

excimer of MEH-PPV [17] and 

poly[9,9-di-(2'-ethylhexyl)fluorenyl-2,7-diyl] (PDHF) [18].  

Tunable lasers are needed for research in the medical, 

engineering and basic science fields. Until recently, few 

optically pumped tunable lasers, such as Ti: sapphire and 

first-rate lasers, have been available. Solid-state lasers are 

very expensive, are delicate to handle and have limited 

tenability. Dye lasers that use dyes such as Rhoda mine and 

coumarone derivatives have an excellent capacity for 

tenability; however, these dyes have shortcomings related to 

their photochemical stability. In contrast, conjugated 

polymers are new types of laser materials that exhibit better 

photochemical stability than conventional dye solutions. 

Hence, optically pumped, tunable, conjugated-polymer lasers 

in solution are good competitor to dye lasers in the near 

future. 

 

II. EXPEIMENTAL 

A. Materials 

The polymer poly (9, 9-dioctylfluorenyl-2, 7-diyl) (PFO), 

and poly [2-methoxy-5-(2-ethylhexyloxy)-1, 

4-phenylenevinylene] (MEH-PPV) were purchased from 

American dye source and used as received. The molecular 

structure is given in Fig. 1(a) and Fig. 1(b).  

 
Fig. 1. (a). Molecular structures of polymer of PFO. 

 

 
Fig. 1. (b). Molecular structures of polymer of MEH-PPV. 

These are macromolecules with a molecular weight of 7264 

and (70000 -100000) respectively. The absorption and 

fluorescence spectra of PFO and MEH-PPV in benzene were 

studied under wide range of concentrations. 
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B. Experimental Setup 

The spectra for the solutions measured using a small quartz 

cuvette with the dimensions 1×1×4 cm with an optical path 

length of 1 cm. UV-VIS absorption spectra were taken using a 

Perkin Elmer spectrophotometer UV-VIS 950 and the 

fluorescence spectra were measured on a Perkin Elmer LS55 

spectrofluorometer. 

 
Fig. 2. Schematic representation of the experimental setup. 

The main pump source for our work was a 

frequency-tripled Nd: YAG laser with 5 ns pulse width. The 

pump laser was employed to transversely excite the 

conjugated polymer solution kept in cuvatte. The flat quartz 

wall of the cuvatte was kept canted to avoid feedback. The 

output was recorded using an ICCD camera. 

 

III. RESULTS AND DISCUSSION 

In Fig. 3, spectrum (a) shows the absorption spectra of poly 

(9, 9-dioctyl fluorenyl-2, 7- diyl) (PFO) in benzene at 

concentration 22µM. It shows that there is an absorption peak 

at 390 nm and other absorption peak around 437 nm. Note 

that the optical density was not to the scale. The peak at 437 

nm could be attributed to ground state aggregation, because 

this peak was absent for the lower concentrations. 

Spectrum (b) of Fig. 3 shows the laser induced fluorescence 

(LIF) spectrum of PFO in benzene at 22µM, this is to be 

compared with absorption spectrum under same 

concentration. For two absorption peaks, there are three 

fluorescence peaks. We attribute the LIF peaks at 420 nm, 

445 nm and 470 nm to the monomeric state, excimeric state 

and dimeric state of PFO respectively.  

 
Fig. 3. absorption spectra of  (a) PFO, (c) MEH-PPV and LIF of (b) PFO and 

(d) MEH-PPV 

 

In the same Fig. 3 spectra (c) was absorption of MEH-PPV 

in benzene as recorded at concentration 100µM. It could be 

found that there were two peaks: one around 333 nm and the 

other around 500 nm. 

The spectrum (d) was fluorescence spectra of MEH-PPV in 

benzene at concentration 100µM. The result showed that 

there were three peaks of the LIF: one around 560 nm, next 

around 600nm and last around 650nm.  

A. Tunable Laser 

Fig. 4 shows the spectral profile of LIF and amplified 

spontaneous emission (ASE) recorded without a cavity 

resonator. This indicates that the active media in solution have 

a large gain bandwidth. This ASE bandwidth represents the 

optical gain bandwidth of any given active medium and this is 

the measure of range over which laser action is possible, when 

put into the conventional resonator cavity.  

To prepare a proper solution combination, solutions of 

MEH-PPV at concentration 100µM and PFO at 22 µM in 

benzene were prepared. This two solutions where added in the 

ratio 1:1. This solution was kept in a cuvette placed in 

experimental set-up and the output was coupled with ICCD 

camera to record the spectral results. The pump power of 100 

mJ at 355nm was used to excite the sample and the laser 

spectrum was recorded.  

In this mode the ASE output was tunable from 410nm to 

470nm with average output pulse energy of 10mJ. At this 

stage it is important to note that the PFO is capable of 

producing ASE with three peaks at 425 nm, 450 nm due to the 

monomer and excimeric state of PFO and there was a peak at 

470 nm which could be due to the dimer with a FWHM of 

4nm. Note the one-to-one correspondence between the LIF 

shown in Fig. 3 and ASE as shown in Fig. 4.  

With the same experimental setup, the output of MEH-PPV 

was tunable from 550 to 650nm with average pulse energy of 

30mJ. It is known from our earlier work that the MEH-PPV 

produced an ASE at 570 nm, 600nm and 650nm with a 

FWHM of 8nm [17].  

 

 
Fig. 4. LIF of (a) PFO, (c) MEH-PPV and ASE of (b) PFO and (d) 

MEH-PPV. 

 

As shown above the two conjugated polymers produce 

ASE from 400 – 500 nm and then from 550 to 650nm. In 

order to fill the gap of 50nm (500 to 550 nm), we plan to use 

one or two of conjugated polymers, such as poly [4, 

4’Bis(diphenylvinylenyl)-anthracene] (BDPVA) (emission 

peak at 509 nm) and poly {9,10-Bis 
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[(9-ethyl-3-carbazoyl)-vinylenyl]-anthracene} (BECVA) 

(emission peak at 509 nm)  to get the laser action from 500 to 

570 nm. This cocktail solution of benzene, THF is expected to 

give  a flat tunable laser throughout the visible region of the 

spectrum (from 400 to 650 nm). 

 

 
Fig. 5. A projected model of the tuning curves of conjugated polymers in 

solution. 

 

IV. CONCLUSION 

In this work we had shown that, 

The PFO and MEH-PPV mixture solution was capable of 

high power laser action tunable from 410 to 510nm and 550 

nm to 650nm respectively. 

In near future, a solution mixture which is capable of flat 

tunable laser from 400 to 700nm.  
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