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Photoinduced change in diffusion coefficient as revealed by holographic
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We show that not only holographic relaxation, but also luminescence recovery studies of diffusion based on

formation of photoinduced optical inhomogeneity and subsequent monitoring its relaxation reveal changes in the

diffusion coefficients caused by exposure. This makes it possible to study photoinduced aggregation, destruction, and

release of particles. Holographic relaxometry and modified fluorescence recovery after photobleaching techniques

are outlined. Experimental examples of the luminescence recovery technique applied to colloid solutions of quantum

dots are provided that cannot be described by simple Gaussian profile model. Possible variants of relaxation curves

and spatial luminescence profiles reflecting photoinduced changes in diffusion mobility are simulated. Comparative

study of diffusion in a model system using the two techniques is fulfilled.
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Introduction

Nanoparticles and nanostructures are widely used in

various applications of nanophotonics, optoelectronics, in-

cluding lasers, photovoltaics, material engineering, sen-

sor devices, catalysis and biomedicine [1–6]; they have

crucial value in formation of holograms in both, mod-

ern photopolymers, and in silver-halide materials.‘ Along

with the spectral properties of nanoparticles, information

about their diffusion mobility is important, which, in

particular, determines both the formation and destruction

of holograms in polymer materials. [7]. The speed of

particles motion is directly related to their size, and it

can be used to evaluate their destruction, transforma-

tion, and aggregation. To determine the hydrodynamic

sizes of particles by their mobility various optical and

spectroscopic approaches are used based on statistics

of scattered light fluctuations (dynamic light scattering,

photon correlation spectroscopy [8]) or luminescence in-

tensity (fluorescence correlation spectroscopy [9]), direct

trajectory tracking, non-radiative energy transfer also as-

sessed by spectra and intensity of luminescence. A

separate group consists of methods where dynamics of

the photoinduced spatial inhomogeneity is observed, e.g.,

fluorescence recovery after photobleaching and holographic

relaxometry (holographic grating relaxation, forced Rayleigh

scattering), which are very rarely applied to nanoparti-

cles [10,11].
The study is aimed at comparing results on diffusion

obtained by two methods using creation of optical in-

homogeneity by means of light exposure and observa-

tion of subsequent changes by diffraction (holographic

relaxation method) or luminescent (luminescence recov-

ery method) response. A thorough knowledge of the

microscopic mobility of molecules and nanoparticles ob-

tained from formation and observation of concentration

and related optical inhomogeneities, provides important

information not only about the size of nanoparticles

and the local viscosity of their environment, but also

about the phototransformation of nanoparticles due to

the changes in their diffusion and optical properties; as

well as it also makes it possible to create efficient vol-

umetric diffraction elements for augmented reality, dis-

tributed feedback lasers, holographic and luminescence

sensors [5].

Materials and research methods

The following materials were used in the study:

camphoroquinone (CQ, CAS 10373-78-1, Aldrich),
2-carboxyethyl acrylate (CAS 24615-84-7, Aldrich),
phenolphthalein dimethyl ether (PDE, CAS 6315-80-

6) synthesized in the Institute for Physical Chemistry

(Johannes Gutenberg Universität Mainz, Germany). CQ

solution in molten PDE 1 : 100 was placed between two

cover slides 22× 22mm (Duran, Germany) and formed

a transparent layer during cooling. CdSe/ZnS quantum

dots with an average core diameter of 3.5 nm stabilized

by trioctylphosphine oxide (TOPO) were synthesized

by Dr. A. Dubavik in the International Scientific and

Educational Center for Physics of Nanostructures of ITMO

University according to the procedure described in [12,13].
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To provide their colloidal stability in 2- carboxyethyl

acrylate a method described in [14] was used.
To maintain the temperature of the samples, a tem-

perature stabilizer Termodat 16 (Control Systems, Russia)
and a thermally stabilized stage THMS600 (Linkam, Great

Britain) were used.

The holographic relaxation experiment was performed

using an optical system similar to that described in [15],
equipped with a diode-pumped continuous-wave Nd:YAG

laser with frequency doubling (532 nm); electromechanical

shutters with a response time of at least 0.02 s and an

avalanche photodiode photodetector SPCM-AQR (Perkin
Elmer, Canada).
The modified method of fluorescence recovery after

photobleaching sFRAP was implemented by using a laser

scanning microscope LSM710 (Carl Zeiss Microimaging,

Germany) with a 405 nm continuous-wave diode laser. The

essence of the two optical methods of diffusion research is

described below.

Method of holographic relaxometry

Method of holographic relaxometry [16–18],
also known as holographic (grating) relaxation

technique/spectroscopy [18–21], method of dynamic

gratings [22] or transient gratings [23,24], forced Rayleigh

scattering (FRS) [10,25], is based on the formation of

periodic optical inhomogeneity (grating) in the studied

material caused by exposure to an interference pattern

(holographic recording) and monitoring the intensity of a

probe light beam diffracted on such a structure. According

to the change in this intensity after recording, it is possible

to evaluate the processes that cause these changes, in

particular, heat transfer, chemical processes, but above all

diffusion.

When recording an interference pattern of two plane

waves with a spatial intensity distribution in the studied

material,

I (x, 0) =
I m

2

(

1 + cos

(

2πx
3

)

)

(1)

assuming the linearity of the recording, a one-dimensional

harmonic spatial distribution is formed in it associated

with the concentration of B product of photosensitive

particles Aphoto-transformation;

CB(x, 0) = C1

(

1 + cos

(

2πx
3

)

)

, (2)

this distribution repeats the light intensity spatial distribution

in the interference pattern (1), and its anti-phase distribution

of particles A that remains in the primary state

CA(x, 0) = C0 −C1

(

1 + cos

(

2πx
3

)

)

, (3)

where C0 stands for particles concentration before exposure,

C1 is amplitude of modulation of their concentration

right after exposure to the interference field (recording of

holographic grating), x — coordinate along the grating

vector.

One-dimensional equation of diffusion with a constant

coefficient
∂C(x, t)

∂t
= D

∂2C(x, t)
∂x2

, (4)

where D — diffusion coefficient, C — concentration,

t — time, x — spatial coordinate at harmonic initial

conditions (2), (3) indicates the cosine shape of distribution

of components A and B:

CA(x, 0) = C0 −C1

(

1 + cos

(

2πx
3

)

exp

(

−4π2DAt
32

)

)

,

CB(x, 0) = C1

(

1 + cos

(

2πx
3

)

exp

(

−4π2DBt
32

)

)

.

Modulation amplitudes C1A and C1B of the obtained

distributions decay exponentially with time because of the

diffusion of particles A and B:

C1A,B(t) = C1 exp

(

−4π2DA,Bt
32

)

= C1 exp(−t/τA,B), (5)

where DA,B are diffusion coefficients of particles A and B,

3 = λ/(2 sin2) is spatial period defined by the convergence

angle 2 of the interfering beams in the course of recording

and their wavelength λ.

The characteristic relaxation times of these gratings

τA,B = (3/2π)2
/

DA,B are inversely proportional to the dif-

fusion coefficients of the particles in their initial and photo-

transformed states and are generally different. Together with

the optical parameters of the particles, they determine the

observed evolution of the photoinduced grating. In the

weak grating approximation, which is usually true for the

holographic relaxometry, allowing to take into account

neither the ratio of amplitude and phase contributions

to the diffraction efficiency, nor the specific functions

of the diffraction efficiency versus modulation [18], this

evolution is delineated by the squared difference of two

exponentials (5) [20]:

I (t) = I (0)[Aexp(−t/τA) − B exp(−t/τB)]2, (6)

where coefficients A and B describe contributions of the

initial and photo-transformed particles, respectively, into

the complex refractive index modulation of the medium.

Depending on the ratio of characteristic time periods τ

and coefficients A and B the relaxation curve (6) may be

represented as one of three options(1-3) shown in Fig. 1.

In cases i and i i the modulation of optical parameter

associated with the light diffraction on the grating has a

permanent sign, in i i i this sign changes at some specific

point moment of time, and the diffraction efficiency drops
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Figure 1. Three possible versions of the relaxation curves of the

photoinduced gratings diffraction efficiency corresponding to the

equation (6).

down to zero. If the photo-transformation changes the

diffusion coefficient of the particle, then i i or i i i cases apply.

Non-monotonic relaxation of the photo-induced grating

caused by contributions of initial and transformed forms A
and B, is known in the holographic relaxometry as a

complementary grating effect [26].

In case of a nonlinear response of a material to light

exposure caused by concentration saturation [15] or the

combined action of a chemical reaction and multicomponent

diffusion in photopolymerizable media with nanoparti-

cles [27], a non-sinusoidal grating is formed, which is

clearly visualized in a luminescent image when quantum

dots (QD) are used as a neutral component [14,27]. When

the grating thickness is sufficient to meet the conditions of

Bragg diffraction, the relaxation of each spatial harmonic

of such a grating can be recorded independently, taking

into account the Bragg conditions for the corresponding

harmonic component [15,28].

In some cases, for example, in spatially inhomogeneous

media such as polymers near the glass transition temper-

ature, the grating relaxation components deviate from pure

exponential shape, but can be described by the stretched ex-

ponential (Kohlrausch function) [18]. Another manifestation

of the spatial inhomogeneity of a medium may be nonlinear

dependence of the grating relaxation rate on the squared

spatial period; in this case, diffusion can be characterized by

an apparent coefficient that depends on the spatial scale set

by the grating period. Analysis of this dependence allows

characterizing the medium inhomogeneity [29,30].

Luminescence technique for diffusion
study

An optical approach to the study of diffusion, which is

alternative to the holographic method and is also based on

the analysis of changes in photoinduced inhomogeneity, is

focused on the luminescent rather than diffraction signal.

The original version of fluorescence recovery after photo-

bleaching (FRAP) technique consists in the local change

of the photoluminescence (PL) efficiency (conventionally
referred to as bleaching) in a microscopic region of the

sample under exposure to intense light followed by further

monitoring the intensity recovery in this region due to the

spatial redistribution of particles with changed and initial PL

efficiency [31,32].
The use of laser scanning microscopy allows for forming

the optical inhomogeneities of almost arbitrary shape in the

studied sample and analyzing not only the integral lumines-

cence intensity, but also the redistribution of luminescence

intensity in space over time [33–36]. This makes it possible

to determine not only the diffusion coefficient but even,

for example, the apparent diffusion dimension [33], as well
as take into account any possible gradual discoloration of

the sample caused by luminescence-exciting radiation and

visualize the spatially inhomogeneous pattern.

Reduction to one-dimensional diffusion is convenient for

measuring and analyzing the results. To neglect the effect

of diffusion in axial direction, the sample thickness shall

not be large compared to the depth of field of the optical

system, and the formation of a stripe-shaped inhomogeneity

also excludes diffusion along it, leaving only lateral diffusion

in the transverse direction. Such version of FRAP method

may be named Stripe-FRAP (sFRAP).
The solution of the one-dimensional equation (3) with an

initial condition corresponding to a xc symmetrical stripe

with a width of 2h, represents itself a sum of two error

functions:

C(x, t) =
C0

2

(

erf

(

h + x − xc

2
√

Dt

)

+ erf

(

h− x + xc

2
√

Dt

)

)

,

(7)
approaching the Gaussian function, the fundamental solution

of the diffusion equation describing diffusion from a point

source,

C(x, t) = C0

exp
(

− (x−xc)
2

4Dt

)

2
√
πDt

= C0

exp
(

− (x−xc)
2

2〈1x2〉

)

2π〈1x2〉 , (8)

the faster, the narrower is the original stripe relative to

a root-mean-square displacement of the diffusing particles
√

〈1x2〉 =
√
2Dt .

Then, assuming the linearity of the luminescent response,

which implies low absorption and independence of the

luminescence quantum yield from concentration, the lumi-

nescence intensity distribution in the direction perpendicular

to a fairly narrow exposed stripe is described by

I (x, t) = I 0 + A
exp
(

− 2(x−xc)
2

w2

)

w
√
π/2

, (9)

where ω = 2
√
2Dt = 2

√

〈x2〉 is the parameter of the Gaus-

sian profile width. Its square physically means a fourfold

mean square of the particles diffusive displacement during t

Optics and Spectroscopy, 2024, Vol. 132, No. 9
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0 1.0 1.4 3.0 4.5

Figure 2. Luminescent images of 850× 850 µm region of quantum dots colloidal solution in hexane (0, leftmost image) and in 1−4.5 s

after the stripe-shaped exposure. Gradual expansion and disappearance of the stripe are noticeable caused by the diffusion mixing of

the QD solution.

under one-dimensional diffusion and is proportionate to the

diffusion coefficient D:

w2 = 8Dt = 4〈x2〉. (10)

From Stokes−Einstein formula [37]

D =
kBT
6πηr

, (11)

where kB is Boltzmann constant, T is absolute temperature,

it is possible to define the size of the particles, if we

know viscosity of the solvent η or visa versa, find the

apparent viscosity of the environment knowing the size

of the diffusing particles. This allows us to evaluate

the transformations, aggregation, release, destruction of

particles, micro-viscosity and the degree of uniformity of

their environment, and tracking the displacement of the

coordinate of the center of the Gaussian contour xc provides

with information about particle drift, for example, in a

magnetic [38,39] or electric field.

However, until recently, the possibility of simultaneous,

in a single experiment, investigation by the luminescent

method of diffusion of the original and photo-transformed

forms of particles, similar to a possibility provided by the

effect of complementary gratings in holographic relaxom-

etry, was neither mentioned nor used. The next section

presents the results of experiments with colloidal quantum

dots, indicating this possibility.

Example of luminescence recovery for
quantum dots in colloid solution

To study the nanoparticles diffusion by sFRAP method

using a scanning laser beam of the confocal laser scanning

microscope LSM710 (Carl Zeiss Microimaging, Germany)
a narrow 20µm stripe (oriented along the lines) of

CdSe/ZnS QDs colloidal solution in hexane was exposed;

for this purpose the solution was placed into a 1mm quartz

cell in such a way that the intensity of luminescence in it is

decreased by 10−20% from the initial value. Exposure was

carried out through the lens 10x/0.2 by emitting the 405 nm

diode laser with a power of 1mW.
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Figure 3. Transverse luminescent patterns of QD solution in

1−4.5 s after exposure, normalized to the original profile (dot)
(before exposure), and the results of their Gaussian approximation

(curves).

A higher change in the luminescence intensity would

probably increase the image contrast and signal-to-noise

ratio, but it would require a long exposure, and as a result,

information about the initial relaxation phase would be lost.

Both, before and after exposure, with a frequency

depending on the rate of change in the intensity distribution,

luminescent images of a solution area with a stripe were

captured when scanning with attenuated (30 µW) laser

radiation to minimize any additional bleaching. Some of

such images obtained after various periods of time after

exposure are shown in Fig. 2.

To increase the signal-to-noise ratio, the luminescence

intensity was averaged over several hundred columns along

the exposed stripe. As a result, for each frame, a one-

dimensional intensity distribution was obtained along the

coordinate perpendicular to the stripe (Fig. 3), which is then

normalized to the original distribution and approximated

by the Gaussian function (9) to compensate for possible

intensity inhomogeneity.

Calculated from the slope of a linear dependence

of w2 on time, the diffusion coefficient 350 ± 30µm2/s

Optics and Spectroscopy, 2024, Vol. 132, No. 9
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Figure 4. Sequential luminescent images of QD colloidal solution in hexane, demonstrating the expansion of a bright PL stripe formed

in the exposed area.

2 4 6 180

Figure 5. Luminescent images of 425× 425 µm region of colloidal solution of QD in 2-carboxyethyl acrylate before exposure (0) and

in 2, 4, 6, 18 s after exposure, demonstrating separation of the exposed stripe in two stripes with a black stripe between them that

obviously cannot be described by a single Gaussian function.

corresponds to the diffusion of spherical particles with a

hydrodynamic radius of 2.0 ± 0.2 nm.

Conventional name of FRAP method implies a decrease

in luminescence intensity as a result of a decrease in

the quantum yield or the number of luminescent centers

under high-intensity exposure to laser radiation, referred

to as photobleaching. For the luminescent semiconductor

nanocrystals, such as QDs, both are typical: the decrease in

photo-luminescence quantum yield (Fig. 2) and its increase

(photo-activation observed at relatively small exposures as

shown in Fig 4)[40]. Surely, this doesn’t hinder the diffusion
coefficient to be determined from expanding Gaussian

luminescence intensity profiles.

However, the shape of the PL profile observed in a

number of experiments is clearly not described by the

simple representation (9), (10) of the diffusion of particles

differing only in the quantum yield of PL. The representative

example of the sequentially observed PL QDs patterns in

2-carboxyethyl acrylate is shown in Fig. 5.

It is possible that the change in the quantum yield of

luminescence as a result of exposure does not exhaust the

factors determining the shape and width of the spatial profile

of its intensity.

It is known that photochemical transformations of molec-

ular probes lead to significant changes in their mobility. For

example, according to holographic relaxation measurements,

the diffusion coefficient of camphoroquinone molecules in

polycarbonate at temperatures near the glass transition

temperature decreases more than tenfold upon addition of

a hydrogen atom in a photochemical reaction which, appar-

ently, could not lead to a significant increase in molecular

volume [41]. The diffusion coefficient changes even more
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Figure 6. Transverse profiles of PL images intensity as shown

in Fig. 5, normalized at initial profile (dot), and results of their

approximation (lines) by the function (12).

drastically — by orders of magnitude — when phenan-

threnequinone is photoattached to the macromolecules of

polymethyl methacrylate, which can be used to create self-

manifesting highly selective holographic elements [42]. The
possibility of changing the diffusion properties should now

be taken into account, along with changes in the quantum

yield of PL, when considering the results of luminescent

measurements.

Then, the spatial profile of the luminescence intensity

will be defined not by the Gaussian function, but by the

difference of such functions (with a common center) one of

which is responsible for distribution of luminescent centers

Optics and Spectroscopy, 2024, Vol. 132, No. 9
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corresponds to the sequence of the profiles over time.
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Figure 8. Examples of luminescence profiles for cases of double deceleration (a) and acceleration(b) of diffusion during exposure

without changing the luminescence quantum yield. The numbering of the curves corresponds to the sequence of the profiles over time.

in their initial state A, and the other one — in the photo-

transformed state B; their constants are defined by the

quantum yield of PL, absorbance of excitation light and

degree of transformation of A in B. The width of each of

these Gaussian functions will change with a rate defined by

the diffusion coefficient DA,B of particles A and B, similar

to (9).

I (x, t) = I 0 + B
exp
(

− (x−xc)
2

4DBt

)

2
√
πDBt

− A
exp
(

− (x−xc)
2

4DAt

)

2
√
πDAt

.

(12)

Indeed, expression (12) accurately describes the profiles

of the PL intensity distributions shown in Fig.5 (Fig. 6).

In contrast to the mixtures of particles of various sizes

considered in the paper [43], the mixture of original

and photo-transformed particles formed during exposure in

sFRAP experiments in this study generates the opposite

concentration profiles and shall be considered separately.

Modeling of changes in the spatial profile
of luminescence

In order to illustrate what possible combinations of

changes in the quantum yield of luminescence and par-

ticles diffusion coefficient can manifest themselves in the

experiments, the development of the luminescence intensity

spatial distribution as a result of one-dimensional diffu-

sion was simulated using the Mathcad software. Fig. 7

illustrates the results of intensity profiles calculation by

formula (12) for the case of photo-induced decrease

(bleaching) (a) and increase (photo-activation) (b) of the

luminescence quantum yield without changing the diffusion

coefficient.

Fig. 8 depicts the photo-induced decrease (a) and

increase (b) in the diffusion coefficient without changing

the PL quantum yield are considered. In this situation,

there is no inhomogeneity of PL intensity immediately after

exposure (line 1 in Fig. 8), it appears over time as a bright

Optics and Spectroscopy, 2024, Vol. 132, No. 9
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band between two dark ones (Fig. 8, a) or dark between

two bright ones (Fig. 8, b), with the difference between the

intensity of the PL the stripes and background change non-

monotonously.

Thus, the implementation of the diffusion mobility re-

search method, which was originally based on photo-

bleaching and has this word in its name (Fluorescence
Recovery After Photobleaching), is possible without the
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bleaching itself, i.e. without changing the quantum yield

of luminescence.

More general cases of simultaneous changes in the

quantum yield of PL and the diffusion coefficient are shown

in Fig. 9. The family of curves standing for simultaneous

growth (b) and decrease (c) of the luminescence quantum

yield and diffusion coefficient, are qualitatively symmetrical

relative to each other, similar to the profiles family observed

during PL growth with diffusion deceleration (a) and during

decrease of PL with diffusion acceleration (d). However,

change of diffusion properties is noticed in the luminescence

profiles, only if both forms of the substance A and B
are luminescent, otherwise the profile and its variation are

defined only by the luminescent form A or B.

Thus, all possible situations of changes in the diffusion

coefficient and quantum yield of PL, which can be obtained

in sFRAP experiments, were modeled. The situation

observed in series of sFRAP experiments with colloidal QDs

in a monomeric medium (Fig. 6) qualitatively corresponds

to the modeled situation describing simultaneous increase in

both the quantum yield of PL and the diffusion coefficient

of nanocrystals (Fig. 9, b).

Experimental check of the diffusion
coefficient variation

To verify the idea of the photoinduced change in diffusion

mobility, comparative experimental studies of camphoro-

quinone (CQ) diffusion in phenolphthalein dimethyl ether

(PDE) using holographic relaxometry and sFRAP lumi-

nescence recovery were conducted. Measurements were

carried out at 50−70◦C in PDE melt, the glass transition

temperature of which is 21◦C. The relaxation properties of

PDE are given in details in article [44].

The results of previous holographic relaxation studies

indicated the change in the diffusion mobility of camphoro-

quinone during its photoreduction in polymer systems [28],
while PDE was earlier used as a matrix for the photo-

sensitive systems subjected to holographic relaxation stud-

ies [45], and the photoreduction of phenanthrenequinone in

it was successful [15]. The methyl groups of PDE act as a

source of protons and participate in photo-reduction of CQ.

The holographic relaxation experiment was performed

using an optical system similar to that described in [15],
equipped with a diode-pumped continuous-wave Nd:YAG

laser with frequency doubling, electromechanical shutters

with a response time of at least 0.1 s and an avalanche pho-

todiode photodetector SPCM-AQR (Perkin Elmer, Canada).
In the samples placed between the cover slides, an interfer-

ence pattern of two beams with a diameter of about 1mm

was recorded, forming a transmission grating with a spatial

period of 0.9−80µm, depending on the angle between the

recording beams.

Fig. 10, a shows the light intensity versus time depen-

dences measured at 50◦C for the light diffracting on the

photo-induced gratings (in terms of shape they obviously

relate to case i i i Fig. 1), and in Fig. 10, b depicts

the relaxation rates as a function of the squared spatial

frequency obtained from the analysis of these curves.

For clarity, the dependencies are shown in Fig.10, b on

a logarithmic scale, although the slope of the dependence

on a linear scale is used to determine the diffusion coef-

ficient. From this data we have found the diffusion coef-

ficients 0.015 ± 0.004 and 0.0024 ± 0.0006 µm2/s, where

the largest coefficient stands for CQ, and the lowest

coefficient stands for the photo-reduction product based on

the assumption, that the latter has larger amount of atoms

and, therefore, may have larger volume.

In the course of sFRAP luminescence experiments con-

ducted in the temperature range of 50−70◦C, sequences of
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Figure 12. Diffusion coefficients of CQ (dark symbols 1, 2)
and its photo-transformation product H-CQ (light symbols 3, 4)
in PDE at various temperatures measured by holographic

(squares 1, 3) and luminescent (circles 2, 4) methods; results of

linear approximation of data for CQ (solid line) and H-CQ (dashed
line) are given for better perception.

luminescent profiles were obtained, an example of which

related to the temperature 50◦C is shown in Fig. 11, a. In

contrast to the results of holographic relaxometry, from the

luminescent profiles we may clearly see that the diffusion

coefficient of the photo-product, the concentration of which

is is increased in the illuminated stripe, is lower than that

of the original form of CQ. This confirms the assumption

made during the discussion related to Fig. 10. The quantum

yield of the photoproduct luminescence is higher than that

of CQ itself. The profiles are qualitatively consistent with

the situation shown in Fig. 9, a.

Dependencies of the squared Gaussian width of the

complex profile components (obtained through approxi-

mation of data in Fig. 11, a by formula (12)), on time

are given in Fig. 11, b. Based on the slope of these

dependencies the diffusion coefficients 0.037 ± 0.015 and

0.0016 ± 0.0008µm2/s, were found relatively close to the

values obtained by holographic technique.

The results of measuring the diffusion coefficient of

CQ and its photo-transformation product H-CQ at various

temperatures are shown in Fig.12.

By comparing the temperature dependences of the

diffusion coefficients shown in Fig. 12, it can be stated with

confidence that the results obtained by these two optical

methods have good mutual correlation.

Conclusion

Similar to complementary gratings in holographic relax-

ometry, the evolution of the spatial profile of luminescence

intensity used to study diffusion by means of luminescence

recovery after photobleaching is influenced by changes in

the diffusion coefficient of particles caused by exposure.

Information about diffusion coefficients of both the original

and photo-transformed forms is contained also in the

relaxation curves of the diffraction efficiency and, as newly

noticed, in the luminescence intensity profiles. At the

same time, the actual bleaching (change in the quantum

yield of luminescence), on which the basic method of

luminescence recovery and its very name are based, is no

longer necessary for the implementation of the method. The

two optical methods mutually confirm the adequacy of the

results obtained with their help and the reality of the change

in diffusion coefficients under light exposure.
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