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Abstract—Both dynamic and permanent optical gratings were 

recorded in the suspension of absorbing pigment nanocrystallites in 
organic solvent. The dynamic gratings were recorded due to the transfer 

of nanocrystallites in a temperature gradient induced by a light 

interference pattern, and the permanent gratings were formed due to 
light-induced adsorption of nanocrystalites on the surface of a cell 

substrate.  

 

 

It is traditionally considered that giant effects of light-

induced refractive index changes are characteristic of 

liquid crystals, and that these effects are rather weak in 

isotropic liquids [1]. This statement is correct in the case 

of traditional mechanisms of optical nonlinearity (thermal 

nonlinearity, orientational nonlinearity, and photo-trans-

formation nonlinearity), but isotropic liquid suspensions 

also reveal a strong optical nonlinearity due to the 

thermophoresis of absorbing particles in a solvent. The 

movement of the particles in a temperature gradient due 

to the absorption of spatially modulated light irradiation 

(light-induced thermophoresis or light-induced Soret 

effect) results in the redistribution of particle 

concentration in the liquid matrix. Since the refractive 

index of the suspension, nsusp, and the absorption 

coefficient, susp, are proportional to the concentration of 

particles, cpart, the spatial modulation of particle 

concentration results in a modulation of nsusp and susp. 

This opens up an application opportunity for the light-

induced Soret effect in developing highly-sensitive non-

linear optical media. 

The light-induced Soret effect was first observed by 

Thyagarajan and Lallemand in 1978 [2]. Bloisi et al. 

suggested that this effect could be used for recording 

concentration amplitude and phase optical gratings  [3]. 

Later, the recording of such dynamic gratings was 

reported by Köhler  [4]. The light-induced Soret effect in 

different kinds of suspensions was also studied by the 

non-linear lens method [5–7]. Dynamic optical gratings 

and nonlinear lenses were used for the measurements of 

Soret coefficients and thermo-optical coefficients. 
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Here, we present the study of the recording effective 

phase and amplitude gratings in a suspension of absorbing 

elongated nanocrystallites. We observed not only 

dynamic but permanent gratings in this suspension. The 

permanent gratings were found to be due to light-induced 

adsorption of nanocrystallites on the substrates of the cell 

filled with the suspension.   

The gratings were recorded in a suspension of 

elongated nanocrystals of Pigment Red 176 (Novoperm 

Carmine HF3C, Clariant, Germany) in dodecane. The 

production of these nanoparticles and their suspension in 

dodecane are described in detail in [8]. The length of the 

nanoparticles was 230nm  ±  70nm and their diameter was 

46nm ± 20nm. The nanocrystals are photo-stable and 

absorb light in a green part of the visible spectrum (the 

absorption coefficient of the suspension is =3·10
5
 m

-1 
at 

an optical wavelength  =532nm). The volume fraction of 

the nanoparticles was cv=2.4%. The suspension was 

isotropic at this concentration (the transition to a nematic 

phase occurs at cv15%) [8]. 

The suspension was confined in cells made from two 

glass substrates, the inner surfaces of which were covered 

with transparent ITO electrodes. The cells of the thickness 

L=20μm were sealed with epoxy glue. 

We used a standard setup for recording dynamic 

holograms. Two linearly polarized YAG laser Gaussian 

beams of equal intensities (=532nm) and parallel 

polarizations overlapped in the plane of the cell, creating 

a sinusoidal interference pattern with a spatial intensity 

variation  I = I0·(1+cos qx) , where q=2π/Λ is the grating 

vector and =10÷50 m is the period of the interference 

pattern. The diameter of the beams in the plane of the 

interference pattern was d=0.34 m.  

The holograms were monitored by photodiodes, either 

in the self-diffraction regime, by observation of the first-

order non-Bragg diffraction beams behind the cell, or by 

observation of the first-order diffraction of the probe 

beam of a He-Ne laser (probe=632 nm). The polarization 

of the probe beam was parallel to that of the recording 

beams.  
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Due to the Soret effect, switching on the recording 

beams gives rise to the redistribution of the nanoparticles 

in the interference pattern and therefore - to the 

appearance of the self-diffraction orders and the 

diffraction orders of the probe. Both amplitude and phase 

dynamic gratings were observed in the self-diffraction 

regime because the beams of the recording lasers were 

absorbed by the suspension. The wavelength of the He-Ne 

laser lies in the transparency region of the suspension. 

Therefore, only the phase grating was monitored by the 

probe laser. In this case, the diffraction efficiency of the 

grating reads: 
2

1  
    

  

,
suspd

probe

probe

n LI

I
 

where 1

dI is the intensity of the first order diffraction 

beams and nsusp is the light-induced change of an 

refractive index of the suspension at the maximum of the 

interference pattern. 

For typical values I65W·cm
-2

 and =40m, the 

diffraction efficiency was probe2%. In first 

approximation, the modulation
 
nsusp

  
is proportional to 

the amplitude of the modulation of particle concentration, 

cv~I and nsusp=n2I, where n2 is the non-linear parameter 

of the suspension. For I65W·cm
2
 and =40m, 

nsusp10
-3

 and n210
-2

kW·cm
-2

. These values are very 

high; the value n2 is actually of the same order as that of 

molecular thermotropic liquid crystals whose 

nonlinearities are called "giant' [1]. 
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 Fig.1. Dependence of the diffraction efficiency 

 upon the period of the grating. 

 

The diffraction efficiency, probe, depends on the 

period of the grating. It increases almost linearly with the 

period of the grating up to the values comparable with the 

cell thickness L=20µm, and then saturates (Fig.1).  

The dynamics of grating recording and relaxation after 

switching on and off the recording beams is presented in 

Fig. 2. If the recording beams are switched off right after 

reaching the steady-state value of Id, the dynamics is well 

described by single exponential laws with the 

characteristic times ton=29s and toff =15s (I 65W·cm
2
 and 

=40m) although the dynamics were also well fitted 

with two exponential functions in some experiments. 

Both the recording and relaxation characteristic times 

almost linearly increased with the period of the grating, in 

the accessible range =10÷45m.  
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Fig.2. The diffraction efficiency of the grating upon switching the 

recording beams on and off. 

 

It should be noted that the inequality ton>toff is very 

uncommon. Usually, the recording time is either equal or 

shorter than the relaxation time because of an accelerating 

drag force during the recording [9]. We suggest here that 

the unusual dynamics could be related to the anisotropic 

rod-like shape of the nanocrystals. Indeed, the 

characteristic times of the grating recording and 

relaxation are proportional to the time required for 

nanoparticles to diffuse parallel to the grating vector over 

a distance of the order of /2. This time is inversely 

proportional to the diffusion coefficient of the nanorods in 

dodecane. The diffusion of hard rods in a dense (nematic) 

colloid depends on their orientational order parameter, S, 

D|| /D ≈ (2S + 1)/(1 −S) , where D||  and  D are the 

diffusion constants parallel and perpendicular to the 

anisotropy axis [10]. At the beginning of the recording, 

the colloid is isotropic, S=0, and the diffusion is 

determined by the average diffusion constant, Ḋ = D|| /3 + 

+ 2 D /3. During the recording, the nanorods are aligned 

in the flow due to the Soret effect. Therefore, the 

subsequent relaxation is governed by the constant D|| > Ḋ    

and the relaxation is therefore faster than the recording. 

Since 
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and the estimation flow-induced order parameter has a 

reasonable value S  0.5.  

If the recording beams remain switched on for a long 

time (minutes), the intensity of the diffracted beams 

decreases and the grating eventually disappears. 

Evidently, this is due to a complete light-induced transfer 

of nanoparticles to the periphery of the Gaussian envelope 

of the interference pattern. 
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Fig.3. Cycling recording/relaxation of the gratings. 

 

In addition to the dynamic gratings arising from the 

modulation of particle concentration in the bulk of the 

suspension, permanent gratings were also observed. To 

record this permanent grating, we repeatedly recorded and 

erased the dynamic gratings several times (Fig.3). The 

disassembling of the cell and removal of the suspension 

showed the presence of a permanent grating on the 

substrate (Fig. 4). The diffraction efficiency of the 

permanent grating is about 5-10 times lower than that of 

the dynamic grating.  

After disassembling the cell and removing the excess 

suspension from the substrate by an air jet, a layer of 

adsorbed nanocrystals was found in the irradiated area 

(Fig. 4), whereas no trace of an adsorbed layer was found 

in non-irradiated areas. The thickness of the adsorbed 

layer was spatially modulated with the period of the 

interference pattern. Thus, permanent gratings are due to 

light-induced adsorption of the pigment onto the 

substrates. Recently, this effect was observed and studied 

by us on irradiation of the suspension with a Gaussian 

beam [11].  

To conclude, the light-induced Soret effect was 

applied for recording dynamic holograms. The particles 

transfer in the temperature gradient brings about strong 

changes of the absorption coefficient and refractive index 

of the suspension. The corresponding large non-linear 

optical coefficient is comparable to that of nematic liquid 

crystals and allows recording efficient optical gratings 

with low-power continuously operating lasers.  

 

 

Fig.4. Permanent grating formed by the light-induced adsorbed layer 

of nanocrystallites on the cell substrate. 
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