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Abstract 

Raman mode random lasing is demonstrated in ZnS- β - Carotene random medium at room temperature. A self 

assembled random medium is prepared with ZnS sub micron spheres synthesized by homogeneous precipitation 

method. β - Carotene extracted from pale green leaves is embedded in this random medium. The emission band of 

ZnS random medium (on excitation at 488 nm) overlaps considerably with that of β-Carotene, which functions as a 

gain medium. Here random medium works as a cavity, leading to Raman mode lasing at 517 nm and 527 nm 

triggered by stimulated resonance Raman scattering. 

 

       Random media consisting of 

monodispersed or polydispersed sub-micron 

particles have been shown to be capable of 

localizing light [1, 2]. Multiple scattering in 

such media causes photons to form closed 

localized loops which in turn may contribute 

to enhance the quantum efficiency of a gain 

medium [3] and trigger stimulated emission 

and random lasing in the medium. Emission 

from a random laser is much similar to that 

from conventional lasers except that it is multi 

directional and can be achieved at low 

thresholds [4]. Random lasing n has been 

reported in many random media such as 

organic and polymer thin films [5], 

semiconductor powders [6], suspensions [7] 

and human tissues [8]. Random lasing has 

potential for applications in a wide range of 

fields such as biomedical imaging, remote 

sensing and display technology [9-11].  The 

possibility of  broad angular emission modes, 

ease of large scale fabrication and cost 

effectiveness makes random lasing attractive 

for technological advancements. One of the 

main challenges in developing random lasers 

is the inability to achieve predictable lasing 

modes [12]. Since light follows a random path 

in random media, it is difficult to establish a 

particular lasing mode. These modes tend to 

shift randomly due to the fact that the random 

paths taken by subsequent pulses within the 

medium would be different. Thus a large 

number of modes coexist and compete for the 

available gain so that no specific frequency 

can dominate and the random laser can have 

different spectral features each time it is 

excited. Thus, controlling the lasing mode has 

been a challenge throughout [13]. However 

the principle of random lasing suggests that if 

an effective control of mode is achieved, the 

lasing wavelengths can be tuned by varying 

the refractive index and the particle size of the 

dispersed particles [4].  A few groups have 

attempted to achieve tuning and control of 

modes in random lasing in different ways such 

as temperature tuning of random lasing [14] 

resonance driven random lasing [15], 

Variation of effective lifetime of the cavity 

[16], and Choice of different pump beam 

profiles[17].  Tuning of lasing peaks from UV 

to blue spectral region has been achieved by 

changing the temperature in the case of a 

random medium made up of ZnO nano 

needles [18]. Random lasing wavelengths of 

ZnO / Al2O3 nano powder were controlled by 

varying the weight fraction of Al2O3. [19].   

 In this letter, we report on the design and 

fabrication of a random medium with 

monodispersed ZnS sub-micron spheres 



embedded with β-carotene molecules and the 

observation of Raman mode random lasing in 

this medium. The significance of the work is 

that mode control is achieved in this case as 

the lasing mode corresponds to the Raman 

mode of the carotene molecule. Most of the 

drawbacks of random lasing from media in 

physical forms of powder and colloidal 

suspension are avoided in the present case 

where the medium is in the form of a self 

assembled film of sub-micron spheres. The 

wavelengths which undergo strong scattering 

in the random media depend on the sphere 

size and refractive index of the material [20]. 

Hence the emission modes of the random laser 

could be tuned by varying the particle 

diameter. Here, we study multiple scattering 

in the ZnS random medium and its effect on 

molecular vibrational modes of carotene 

biomolecule leading to predictable lasing 

modes.  It was reported recently that Raman 

modes of the fluorescent materials get 

enhanced by embedding them in random 

media [21]. Such a possibility can also lead to 

design of Raman lasers with tunable modes 

with specific advantages for applications [22]. 

 

Figure 1 FESEM image shows the randomly 

arranged ZnS nanosphere coated over micro glass 

slides.    

  ZnS is a wide band gap, fluorescent material 

with a high refractive index (2.35) in visible 

region [23] making it an ideal candidate 

material for fabrication of random media. β-

Carotene molecules are chosen for 

incorporation into the ZnS random medium in 

the present work as its fluorescence emission 

peak matches well with the laser (488 nm) 

induced emission peak  of ZnS random 

medium. ZnS (cubic crystalline structure) 

nanospheres are synthesized by the 

homogeneous precipitation method [24]. The 

nanospheres are nearly monodisperse with a 

mean diameter of 215 nm. These nanospheres 

are coated over micro glass slides (2 x 1 cm
2
) 

by solvent evaporation method and the 

resulting random arrangement can be seen in 

Figure 1. The randomness can be improved by 

proper choice of the pH of the ZnS colloidal 

solution [25]. β-Carotene molecules extracted 

from pale green leaves using acetone as the 

solvent are incorporated into ZnS nanosphere 

random media by the solvent evaporation 

technique. Laser fluorescence studies are done 

using HORIBA HR800UV Laser Raman 

spectrometer, with Argon ion laser of 

excitation wavelength 488 nm, focused using 

a 100X objective lens at normal incidence to 

the sample surface. 

 

 

Figure 2: Emission spectra of ZnS random media 

exhibiting ASE. 

The experiment is performed at different laser 

power in the range of 1 µW to 30 µW.  In all 



cases, a broad emission band is observed with 

peak at 560 nm. There is a peak narrowing as 

the power is increased and threshold 

behaviour is also seen around an excitation 

power of 11 µW, shown in inset of figure 2. 

Thus this emission appears to be a case of 

amplified spontaneous emission (ASE) from 

the ZnS random medium as shown in figure 2.  

The emission spectra of ZnS random medium, 

β-carotene (shown in the inset of figure 3) and 

the composite medium are shown in figure 3.  

The emission bands of ZnS random medium 

and β-carotene overlap considerably. The 

Raman modes can be seen as tiny kinks in the 

emission profile of β-carotene at 513 m, 517 

nm and 527 nm.  

                                         

Figure 3: Emission spectra of ZnS-β-carotene random 

media and the individual emission spectra of ZnS 

random media and β-Carotene molecule. 

The emission spectrum from the composite 

medium clearly shows considerable 

enhancement of the Raman modes of β-

carotene, at three specific wavelengths 513 

nm, 517 nm and 527 nm, in sharp contrast to 

the broad spectra obtained for pure ZnS 

random media and pure β-carotene. These 

peaks appear over the incoherent ASE 

background due to the random medium.   

 

On repeating the experiment at different 

excitation powers,  it is observed (Figure 4) 

that the mode intensity   527 nm increase with 

increase in excitation power and clearly 

exhibit a threshold behaviour (at ~ 14 µW), as 

shown in figure 5. The emission intensity at 

527 nm is plotted against the excitation power. 

The emission intensity remains almost 

constant when the power is increased beyond 

20 µW. So the composite system thus 

fabricated exhibits predictable lasing modes. 

Random lasing at the Raman modes of β-

carotene is triggered by stimulated resonance 

Raman scattering (SRRS) assisted by the ZnS 

random medium in view of the spectral 

overlap of the emission bands [26].  

 

Figure 4 : Emission spectra of ZnS- β-carotene 

composite random media with Raman lasing at 513 

nm, 517 nm and 527 nm. 

 

Figure 5 : The threshold behaviour in emission at 

527 nm from ZnS- β-carotene random media. 

   The possible mechanism for random lasing 

at 527 nm can be understood on the basis of 

SRRS in the following manner. Figure 6 

shows the energy level diagram and the 

possible vibrational and electronic transitions 

in the composite media.  The vibrational 



Stokes transition at 527 nm occurs well within 

the emission bands of both ZnS and β-

carotene. As the lifetime corresponding to the 

vibrational transition is shorter than that of the 

electronic transitions, ‘Stokes photons’ are 

present in the system before electronic 

transitions occur.  These pre-existing   photons 

at 527 nm undergo multiple scattering in the 

random media and trigger stimulated emission 

from the excited states of both ZnS and β-

carotene molecules.  

 

Figure 6: Energy level diagram indicating the 

possible vibrational and electronic transitions 

responsible for random lasing Raman lasing in 

ZnS- β-carotene composite random media. 

Thus composite random medium works 

effectively as a laser cavity for the 

wavelengths corresponding to the Raman 

modes of the gain medium.  

           It is also clear from figure 4 that the 

modes at 517 nm and 527 nm do not shift or 

fluctuate with different excitation powers and 

remain stable for any number of repeated 

excitations. Hence, predictable and stable 

emission modes can be obtained from such a 

random composite system. The use of a 

random medium (ZnS), whose fluorescence 

matches with that of a gain medium (β-

carotene) thus leads to lasing at predictable 

Raman modes of the gain medium. As lasing 

occurs at Raman modes, this system has the 

potential to be used as a Raman laser whose 

wavelength can be tuned by varying the 

wavelength of excitation over a certain range. 

Lasing can be achieved at desired wavelengths 

by a proper choice of the gain and the random 

media with spectral overlap of the absorption 

and emission bands. The present study 

highlights the scope of designing low 

threshold random laser media with predictable 

modes and indicates the possibility designing 

Raman lasers.  
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