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Abstract 

 

Multifunctional oxides offer huge potential for technological applications owing to their inclusive 

physical properties such as ferroelectricity, piezoelectricity, and electro-caloric. The natural 

occurrence of piezoelectricity, a tunable bandgap of ferroelectrics, opens a path to study the light-

material interaction, leading to photoconduction and photovoltaic effects. Such light-controlled 

based devices yield additional advantages of weight reduction, wireless, and remote-controlled 

functionality over the heavy electric circuitry, hence, projected as an alternative solution to the 

traditional piezoelectric-based devices. Among these materials, lead-free BaTiO3-based 

ferroelectric materials are a good choice for their potential applications with recently discovered 

light-controlled functionality. However, until now the coupling of light with the chemistry of 

ferroelectricity of the BaTiO3 crystal has been elusive, although the ferroelectricity and 

piezoelectricity are well studied. Here, the present study reports the photostrictive effect of the 

order of 10-4 in the dimension of the c-domains of the tetragonal-BaTiO3 crystal and domain 

reorientation at room temperature under the unpolarized, coherent visible-light illumination, 

consequently enhancement in polarization. The electronic origin of domain evolution and 

photostriction is explained by the light-induced modification in Ti 3d-O 2p hybridized orbitals. 

This facilitates the perspective of combining mechanical, electrical, optical, and functionalities in 

future generations of remotely controlled devices. 
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Introduction 

The coupling of ferroelectric material with light is currently attracting interest due to its 

tremendous applications in photovoltaic devices. Besides the photovoltaic, the photostriction 

effect (non-thermal changes in the lattice dimension) is another interesting product of the coupling 

between light and ferroelectric properties, which has generated huge interest in recent years.1-3  

The natural occurrence of piezoelectricity in ferroelectrics plays a crucial role in the transformation 

of optical energy to mechanical strain and offers a huge prospect in wireless optomechanical 

applications, such as light-controlled elastic micromotors, microactuators, sensors, solar energy 

harvesting units, photoacoustic devices, etc.4-8 Such optomechanical devices yield additional 

advantages of weight reduction, wireless, and remote-controlled functionality and therefore, are 

projected as an alternative solution to the traditional piezoelectric or magnetostrictive based 

electromechanical units. 

BaTiO3 (BTO) is a classic lead-free ferroelectric material with a significantly higher 

piezoelectric constant (d33 ≈ 85.6 pC.N-1) at room temperature (RT) 9-10 and hence may reveal 

better prospects for the photostrictive effect. Paillard and Yang et al. 11-12 theoretically investigated 

the opto-ferroelastic behavior of BTO (R3m symmetry) and found that the pseudo-cubic lattice 

constant of BTO shrinks upon increasing the number of photoexcited electrons. Rubio-Marcos et 

al. showed the reversible photoresponses of BTO single crystal under the polarized, coherent 

visible light illumination, such as photo-strain, domain wall motion, switching, and macroscopic 

changes in polarization.4,13-14 Owing to the large bandgap of BTO, the possibility of the 

photovoltaic effect was discarded for such photo-induced effects in these reported studies. 4,13-14 

Besides this, recently, the role of bulk photovoltaic effect as well as the light polarization in the 

optical control of domain configuration, is reported.15 BTO crystal exhibits alternating 
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arrangement of in-plane polarized a-domains and out-of-plane polarized c-domains at RT with 

head-to-head (H-H) and tail-to-tail (T-T) configuration of polarization. It is reported that the a/c 

domain wall (at H-H configuration, appearing at the ridge) is under the larger stress as compared 

to the c/a domain wall (T-T configuration, appearing at the trough) due to the large accumulation 

of the charges.16-19 It was revealed microscopically that the direction of polarization of incident 

light mainly affects the 90 domain wall, which leads to the domain wall motion. Under the 

illumination, this accumulation of the charges is responsible for the origin of b domains, 

interestingly only in the c-domain region at the a-c domain wall, to release the accumulated 

stress.13-14 In BTO crystal, it was observed that under the light illumination, c and b-domains 

evolve at the cost of a-domains irrespective of the dominance of the domain in the crystal.13-14 

These evidences suggest that in BTO single crystal the polarization direction of domains plays key 

factor for the photosensitivity of these domains and hence probed by using the angle dependence 

of polarized light.15 However, the previous studies are utterly limited to the optical control of 

domain-configuration utilizing the in-plane polarization of incident light, where a necessary 

question in poly-domain configuration systems remains unanswered why only the certain polarized 

state of domains, primarily the out-of-plane polarized domains (c-domains) and adjacent domain 

wall in BTO, is more photosensitive as compared to the in-plane polarized domains even under 

the unpolarized light?  

In this study, we present conclusive proof of the origin of photostriction in the c-domain 

of BaTiO3 single crystal. The higher surface energy of the c-domains becomes a cause of the 

preferential location for water absorption and responsible for higher sensitivity towards the 

photoresponse, which can be switched by illumination even with unpolarized visible light. The 

electronic origin of domain evolution and photostriction is explained by the light-induced 
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modification in Ti 3d-O 2p hybridized orbitals and demonstrated by polarized x-ray absorption 

spectroscopy (pXAS). The observed relative photostriction in the out-of-plane lattice parameter of 

the c-domain is found to be of the order of 10-4. Moreover, 12% a to c-domain switching is 

observed under the illumination. Consequently, the polarization along the ferroelectric axis of the 

c-domain is enhanced by 40% at RT. The present study explicitly reveals conjointly interacting 

among different facets such as structure, domains, polarization, light, mechanical distortion with   

strong applicative   potential in oxide-based future electronics. 

 

Results and Discussion 

Light-induced changes in the crystal structure of BaTiO3 single crystal. The basic 

identification of the structure and crystalline orientation of the single crystal was performed using 

x-ray diffraction (XRD). Additional material and structural details are provided in Supporting 

Information S1. The /2 XRD patterns of BTO crystal recorded with and without the visible light-

illumination (532 nm and 633 nm) depict the (002) and (200/020) Bragg reflections of c-domains 

and a-domains respectively (Figure 1a, b). XRD patterns reveal the higher relative intensity of the 

a-domains than the c-domains, suggesting the dominance of the a-domains in the studied BTO 

single crystal. Under the light illumination, (002) orientation, the peak corresponding to c-domains 

shifts towards the higher 2 value, which accounts for the photo-strain (ɛ), estimated by ɛ (%) 

= (
𝐿𝜆−𝐿𝐷𝑎𝑟𝑘

𝐿𝐷𝑎𝑟𝑘
) × 100, where, LDark and L are the lattice parameters in the dark and under the 

illumination condition respectively, and found to be compressive of 0.07% (Table 1). 

Interestingly, the peak corresponding to a-domains, (200/020) orientation does not show any 

observable deviation. Also, the full width at half maxima (FWHM) of these peaks is found to be 

decreased with the illumination, more details of light-induced changes in the XRD peaks are 
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provided in Supporting Information S2. Besides this, the ratio of integrated intensities ( Imax.B, 

where Imax is the maximum intensity and B is FWHM) of c-domains to a-domains (R = Ic / Ia) 

enhances from RDark = 0.036 to RLight = 0.049 for 532 nm and 0.053 for 633 nm, suggesting the 

enhanced fraction of c-domains, at the cost of a-domains, i.e. 90 domain reorientation. The 

percentage of 90 domain reorientation N ; [N = {(RDark - RLight) / (RDark +2 RLight)}100] is 

estimated to be 9.7 and 11.9% for 532 and 633 nm respectively, similar to the earlier report, which 

suggests the switching of 7.5%.14 The observed enhancement in the intensity of the c-domains is 

akin to the electric field effect on BTO substrate applied perpendicular to its plane, which also 

mimics similar variation in intensity, i.e., Ic / Ia ratio.20-21 We shall like to emphasize here that the 

observed photo-domain effect does not arise due to local temperature changes upon the light 

illumination, since in that scenario, contrary to our observation, (i) the intensity of diffraction peaks 

should decrease, and (ii) FWHM B should increase.22 Besides, earlier it is reported that the 

intensity ratio Ic / Ia remains constant in ferroelectric BTO with enhanced temperature, as well as 

both the (002) and (200/020) peak positions shift in the opposite direction.21 The possibility of 

domain coalescence is also ruled out since the diffuse scattering (SD) between (002) and (200) 

degenerated reflections remain unaltered (Figure 1a,b), which is directly related to the domain wall 

fraction of the material.23 We also observe that the system retains its original structural parameters 

after eight hours of light illumination, which gives strong evidence of optical memory storage 

properties of BTO single crystal.  

Photopolarization effect in BTO single crystal. To probe the consequences of the observed 

photostriction and photo-domain effect on the ferroelectric properties of BTO single crystal, we 

have performed the polarization versus electric field (P-E) measurement in the presence of light-

illumination with the applied electric field direction being along the out-of-plane (c-axis) of the 
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BTO crystal at RT. Figure 1c, d depicts the enhanced polarization along the c-direction of BTO 

crystal, under the illumination of 532 nm and 633 nm light respectively. The maximum 

enhancement is observed at remanent polarization Pr, defined by the photo-polarization effect Δ 

Pr %, [∆𝑃𝑟% = (
𝑃𝑟

𝑙𝑖𝑔ℎ𝑡
−𝑃𝑟

𝐷𝑎𝑟𝑘

𝑃𝑟
𝐷𝑎𝑟𝑘 ) × 100] is found to be as high as ~ 40%, which manifests that light 

excitation can be an alternative to the electric field to tune the remanent polarization state. It 

transpires that the combination of light with the electric field eases the reorientation of the domains 

along the polar axis of the c-domains. Here, one can argue that the origin such changes in the P-E 

loop can be arise due to the photocurrent via photovoltaic effect. Therefore, we  have also estimated 

the contribution in the polarization changes owing to the photovolatic effect, considering the 

photocurrent of the order of 10-11 A15. The changes in the polarization owing to this photocurrent 

are found to be five times lesser order than the changes we observed in the P-E loop under the light 

illumination. Therefore, such a negligible contributions from the photovolaic effects are omitted 

as a cause of polarization changes under the light illumination. 

Light-induced modification in the electronic structure of BTO single crystal. It is known that 

the Ti 3d-O 2p hybridization is responsible for the ferroelectric instability in the BTO system.24 

Thus the observed photo-strain, photo-domain, and photo-polarization effects must arise from the 

modification in Ti 3d-O 2p orbital hybridization strength with light-illumination. To probe the 

electronic origin, we have recorded the RT pXAS in the absence and presence of visible light (532 

nm and 633 nm) at O K and Ti L-edge as shown in Figure 2 and Figure 3 respectively. In the 

absorption process for O K-edge, an electron undergoes a transition from the oxygen 1s orbital to 

unoccupied states of oxygen-metal hybridized p-d orbitals and hence provides the information 

related to the covalent mixing of metal and oxygen orbitals, whereas, Ti L-edge is very much 

sensitive to the subtle variation in the local environment at the Ti-site. Features A and B in O K-
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edge (Figure 2) arise due to hybridized states between O-2p and Ti 3d t2g and 3d eg respectively, 

which are separated by the TiO6 octahedral ligand field splitting (ΔCF), and further split due to the 

tetragonal distortion  [Schematic I]. Feature C is attributed to O-2p derived states hybridized with 

Ba-5d orbitals.25 The O K-edge spectra have been recorded in E||c and E⊥c configurations of x-

ray polarization with and without the illumination of 532 nm and 633 nm light. In the present 

study, we considered all the in-plane polarized domains as a-domain. Since the absorption spectra 

are not domain-specific, therefore, the spectra recorded at E⊥c will have the dominant contribution 

of in-plane orbitals of a and c-domain, whereas, E||c will have the dominant contribution of out-

of-plane orbitals contributions in the absorption spectra. Accordingly, as illustrated in Schematic 

II, at E⊥c condition, either dz
2 or dx

2
-y

2 or both of the orbitals of a-domains and dx
2

-y
2 of c-domains 

predominantly contributes to the Ti 3d eg -O 2p overlapped intensity, while at E||𝑐, dx
2

-y
2 of a-

domain and dz
2 of c-domains contributes dominantly. For E||c, O K-edge spectra (Figure 2a, b) 

reveal that with the light illumination, feature B (Ti 3d eg -O 2p) shifts marginally towards the 

lower photon energy side and becomes narrower. A careful observation of feature B of O K-edge 

spectra in the dark state suggests that this feature comprises of two shoulders B1 (at lower photon 

energy side) and B2 (at higher photon energy side). Since the tetragonal structure of BTO has a 

larger c lattice parameter than a or b, the Coulombic interaction energy for dz
2 will be lower than 

that dx
2

-y
2 [Schematic I]. Therefore, the lower energy feature B1 should represent the dz

2 states of 

the c-domains, while the higher energy feature B2 should represent the dx
2

-y
2 states of the a-

domains. 

Under the illumination condition, the narrowing of feature B suggests the reduced energy 

difference in the Coulombic repulsion energy for the abovementioned orbitals. This is possible 

only when the tetragonal structure system tends to the higher symmetry configuration upon light 
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illumination. It is evident that feature B1 enhances with the illumination, whereas feature B2 

diminishes. Since the probing area of the sample is not changed under the illumination, therefore, 

the change in the intensity of B1 is not solely related to the enhanced hybridization of O 2p-Ti 3 

dz
2 of c-domains, (in that scenario the ΔCF would increase) rather it is also related to the enhanced 

c-domain fraction under the light illumination. The decreased intensity of feature B2 reflects the 

decreased contribution of a-domains in feature B. The average peak position of feature B shifts 

towards the lower photon energy side due to the intensity variation of B1 and B2. The increased 

relative intensity of features B1/B2 is reflecting the domain reorientation of the fraction of a-

domains to c-domains under the light illumination, consistent with the XRD findings. The intensity 

of feature C is also observed to be decreased slightly, suggesting the reduced overlap of  Ba 5d-O 

2p orbitals due to a change in the tetragonality under the light illumination. 

At normal incidence (E⊥c) also (Figure 2c, d) under the light illumination condition, it is 

observed that feature A remains unchanged, however, the intensity of feature B is slightly 

increased, whereas the intensity of feature C is slightly decreased. These observations suggest the 

modification in the axial overlap of Ti 3d-O 2p and Ba 5d-O 2p orbitals under the light 

illumination, causing structural modification as well as change in the polarization distortion. 

Figure 3a,b, and 3c,d depicts the Ti L3-edge spectra, taken at E∥c and E⊥c configurations 

respectively under the illumination of 532 and 633 nm light. Ti L3-edge reveals two features LA 

and LB arise due to the octahedral crystal field splitting, corresponding to Ti 3d t2g and Ti 3d eg 

states at lower and higher energy positions respectively. With the illumination of light, for the E||c 

case, feature LB slightly shifts towards a lower photon energy value. Feature LB is comprised of 

two features corresponding to the Ti 3dz
2 (LB1) of c-domains (at lower photon energy side) and 

3dx
2

-y
2 (LB2) state of a-domains (at the higher photon energy side). The detailed variation in these 
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features of Ti L3 edge under the light illumination is described in Supporting Information S3. The 

narrowing of feature LB  is related to a decrease in the energy gap between the dz
2 or dx

2
-y

2 states 

of eg derived band. The enhanced intensity ratio of LB1/ LB2 is concomitant with the O K-edge 

observations of domain reorientation. For E⊥c, we do not observe any noticeable change in the Ti 

L edge.  

Discussion. 

In previous studies, the role of photovoltaic effect for the photo-domain or photo-strain effects 

owing to the large bandgap of BTO is under debate.4, 13-14 It is known that the BTO surface layer 

consists of the stable chemisorbed and physisorbed humid species.26 He et al.27 revealed that 95% 

of humid water droplets choose c- domains as the preferential adsorption location to nucleate. The 

AFM image of the studied BTO crystal, as shown in Figure 4 also suggests that the c-domain and 

the adjacent domain wall of crystal are fully humidified, whereas the 𝑎 domain of the crystal does 

not show the water droplet coverage. The presence of water droplets on the BTO crystal surface is 

also confirmed by x-ray photoemission measurements, discribed in Supporting Information S4, 

which reveal the feature corresponding to water adsorption at higher binding energy position in O 

1s core-level spectra, as also reflected from the AFM micrograph. The detail investigation of these 

AFM micrographs are provided in the supporting infromation S5. Since the c- domains are 

polarized either upward (c+) or downward (c-) direction with respect to the a-b plane of crystal, the 

induced charges on the surface lead to the higher surface and electrostatic energy as compared to 

the a-domains. Polar H2O molecules prefer to absorb on the c-domain to neutralize the surface 

charge, whereas the a-domain has no surface charges.28-30 The chemisorbed water droplets create 

sub-bandgap states leading to the inarticulate bandgap energy values reported in the literature from 

1.81 eV to 3.4 eV in its ferroelectric ground state.31-36 The existence of sub-bandgap states allows 
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the absorption of visible light by the c-domains of BTO dominantly as shown in the Supporting 

Information S6, hence the photo-voltaic effect. Whereas, a-domains show lesser sensitivity to the 

visible light illumination. Thus, the c-domains of the BTO crystal is more responsible for the 

observed changes in the various properties upon light illumination as compared to the a-domain.  

The P-E study reveals the maximum photo-polarization at remanence state  40 % with the 

0.07 % out-of-plane compressive photo-induced strain and 12 % a to c-domain switching. Earlier 

the cause of reversible change in domain rearrangement was attributed to the light-driven domain 

wall motion. The accumulated charges at the domain wall create an asymmetric saw-teeth 

potential,37-39 leading to the so-called ratchet effect, which causes the domain wall motion.40-41 In 

our study, under the light illumination, besides the emergence of b-domain, which is confirmed by 

Raman measurements, discribed in the Supporting Information S7. It is also observed that the 

photo-induced effects take few hours to relax, in contrast to reversible nature, Therefore, the origin 

of these effects in the present study is not solely linked with the reversible domain wall motion. 

As discussed above, the photovoltaic effect can not be discarded, particularly for c-domains. The 

photoferroelectric phenomena in BTO crystal is associated with the extreme filling of traps and 

domain boundaries by the localized carriers and recharging of these traps with the illumination by 

the visible light. Photoejected charge carriers enhance the charge concentration at the surface of 

the crystal, which decreases the screening length. Consequently, the redistribution of electric fields 

and charges occur inside the crystal. The increase of field in crystal volume accelerates the 

nucleation of domains and the system gets its minimum energy with the process of 

polydomainization via domain reorientation. Accordingly, the studied BTO single crystal, which 

contains the majority of a-domains, undergoes the c-domainization with the light-illumination, as 

confirmed from the XRD pattern under the illumination. The redistribution of electric fields also 
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causes the converse piezoelectric effect in BaTiO3 leading to the observed 0.07% photo-

compressive strain in the c-domain. It should be noted here that the corresponding photo-strain 

energy can also be partially accountable for the observed photo-domain effect. The 

photodomainization also leads to the enhanced polarization of the crystal. A careful observation 

of the P-E loop also reveals notable irreversibility in the P-E loop, since the chemisorbed water  

droplets create a local strain field, which is responsible for the irreversible domain wall motion. 

It is known that in the non-centrosymmetric BTO ferroelectric, polarization is caused due 

to shifting of the cation (Ti4+) and the anions (O2-) in opposite directions along the c-axis about the 

Ba positions.42 In the tetragonal BTO crystal, owing to the P4mm symmetry of both a- and c-

domains, the electronic structure of both the domains will be same, however in the present study 

owing to the presence of water droplets at the c-domains, the electronic structure of c-domains will 

be modified and different from the a-domains. Under the light illumination, owing to the larger 

photovolatic effects in c-domains owing to the subbandgap states created by the chemi and physi-

absorbed water droplets shows the predominent changes in the electronic structure of c-domains. 

Here, we want to mention that owing to the P4mm symmetry of both a- and c-domains, the 

unpolarized light illumination differ the both domains based on the strength of the photovoltaic 

effects rather based on the polar axis direction. In the overall study, it is observed that as compared 

to Ti 3d eg -O 2p overlap, Ti 3d t2g - O 2p overlap does not reveal noticeable variation upon light 

illumination, possibly owing to smaller separation between the tetragonally splitted t2g orbitals due 

to relatively weaker π bonding. Besides, Song et al.43 have shown that in BTO, Ti eg orbitals are 

more responsible for the change in c/a  ratio than the t2g orbitals. It is also quite evident from the 

E|| c O K-edge study, under the illumination, such that the Ti 3d dz
2-O 2p hybridization of the c-

domain dominates over dx
2

-y
2-O 2p of a-domain, reflecting the domain reorientation from a to c-
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domain as observed in the XRD measurement. The narrowing of the eg derived band in the O K-

edge as well as in Ti L3 edge reflects the reduced energy difference between the Ti 3d dz
2-O 2p 

and dx
2

-y
2-O 2p, hybridized states, concomitant with the structural changes towards higher 

symmetry configuration with the light illumination. Under the light illumination, it was observed 

earlier15 that the photoresponse of the Ba-O bond depends upon the domain type and was dominant 

for a-domain as compared to the c-domain. Under the light illumination, the significant domain 

reorientation from a-domain to c-domain can modify this contribution, leading to the reduced 

intensity of Ba 5d -O 2p overlap hybridized states. All the observations are reproducible e.g. the 

XAS spectra, recorded with and without the light illumination, are shown in Supporting 

Information S8. Indeed, the visible light illumination changes in the c-lattice parameter of c-

domain, intensity of c-domain, Ti 3d eg -O 2p and Ba 5d-O 2p hybridization, which give rise to 

modification in the ferroelectric properties.  

 

Conclusion 

To summarize, here we report the photostrictive properties and photo domain effect in ferroelectric 

BTO crystal. The c-domain of BaTiO3 compresses along the polar axis under the illumination with 

visible light and relative compression of 10-4
 is observed. The illumination modulates the kinetics 

of the domain wall motion. The a to c-domain switching of 12% is observed with the visible light-

illumination. The enhanced fraction of c-domains leads to the enhancement in the polarization 

along the (00l) direction. These observations are accounted for the domain wall motion as well as 

the converse piezoelectric effect.  A careful observation of the trend of Ti 3d –O 2p orbitals overlap 

in the presence of light illumination suggests that the intensity ratio of the dz
2
 states of c- domain 

to the dx
2

-y
2 states of the a- domain increases with the light illumination. The present study 
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explicitly reveals conjointly interacting different facets such as structure, domains, polarization, 

light, mechanical distortion of an otherwise robust  d0- ferroelectrics. This opens the new way for 

potential applications in several types of wireless devices and sensors, light-controlled elastic 

micromotors, microactuators, and other interesting optomechanical systems. 

 

▪ Associated Content 

 

EXPERIMENTAL SECTION  

Sample details: High quality commercial BaTiO3 (BTO) single crystal (4 mm × 4 mm  × 0.5 mm) 

was used for the study (supplied by Crystal GmbH). No additional chemical and thermal treatments 

were employed to reveal the domain structure. 

 

X-ray diffraction measurement: X-ray diffraction (XRD) measurements were carried out using a 

Bruker D2 PHASER setup with Cu K lab source (=1.5406 Å), collecting data in /2 geometry. 

At room temperature, it is well known that the BTO exhibits the tetragonal (P4mm) phase 

containing a-domain (l00/0l0) and c-domain (00l) with the ferroelectric ground state. In the present 

study, we considered all in-plane polarized domains as a-domain (l00/0l0) and all out-of-plane 

polarized domains as c-domain (00l). At humid environment, water droplets easily grow on the 

BTO surface. To do the experiment in the illumination condition, we have used the unpolarized 

coherent visible laser diode with the wavelength of 532 nm and 633 nm and of the power of 40 

mW for illumination, whereas the data collected during the off condition of light illumination is 

considered as the dark condition. The light spot was adjusted at 1.0 mm diameter using the iris. 
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Polarized X-ray absorption spectroscopy: To investigate the electronic origin of photoresponses, 

we have performed the room temperature polarized x-ray absorption spectroscopic (pXAS) 

measurements at O K-edge (520-550 eV) and Ti L – edge (450-470 eV) in total electron yield 

(TEY) mode under 10-8 Torr vacuum at polarized light soft X-ray absorption beamline at RRCAT, 

Indore, India. To collect the data in different polarization configurations, we have tilted the sample 

about the incident beam direction. For E ⊥ c configurations, the surface normal of the BTO crystal 

is made parallel to the incident beam direction, whereas in E || c configurations, the angle between 

the direction of beam propagation and surface normal is kept at 75. During the pXAS 

measurement after the illumination light, another dark state spectra is collected after eight hours. 

To illuminate the sample, laser diode of 532 and 633 nm with 40 mW power were used. The spot 

size of incident beam is 0.5 mm diameter in our XAS measurements, which is much greater than 

the domain size, present in the studied crystal of BTO. The energy resolution during the XAS 

measurements is better than 0.25 eV at room temperature for the O K and Ti L-edge energy range.  

 

Atomic force microscopic measurements: An atomic force microscope (AFM) was used to collect 

the topographic information of the domain structure at the surface of the single crystal. AFM 

measurements were performed by the Bruker Biscope Resolve set up with Silicon Nitride tip 

(Si3N4), in the contact mode configuration. 

 

Polarization versus electric field (P-E) measurement: P-E measurements were performed using 

the Precision Materials Analyser, Radiant Technologies. Inc. Thin layer of silver paste was coated 

on both sides of the BTO sample. Two metallic pins were connected to front and back electrodes 
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via mechanical contact. To do the experiment under the illumination conditions, a laser diode of 

532 and 633 nm with 40 mW power were used. 
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Table 1.  Quantification of photoresponses of BTO crystal: Calculated lattice parameters [ 

0.001 Å] of BaTiO3 single crystal in different conditions during XRD measurements (Dark and 

with the illumination of light of different wavelength) and corresponding photostrain ɛ (where  

= 532 and 633 nm) and change in the polarization in the remanent state (ΔPr%).  

 

 

 

 

Table. 1: 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Dark 532 nm ɛ (%) 633 nm ɛ (%) 

 c  4.041 Å 4.038 Å -0.07 4.038 Å -0.07 

a  3.999 Å 3.999 Å 0 3.999 Å 0 

c/a 1.010 1.009 - 1.009  

ΔPr [%] - +23 - +39.4 - 
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Figure captions: 

 

Figure.1. Unequivocal evidence of optically induced structural changes in ferroelectric 

domains and its ferroelectric response at macroscopic scale: Magnified room temperature x-

ray diffraction (XRD) patterns of (002) and (200/020) Bragg reflections of tetragonal BaTiO3 

single crystal with and without light illumination (a) 532 nm and (b) 633 nm. SD indicates the 

diffuse scattering, related to the domain wall fraction.  Room temperature polarization versus 

electric field (P-E) study of BaTiO3 single crystal with and without light illumination (c) 532 nm 

and (d) 633 nm. In the diagram black, green and red colored pattern represents the data collected 

in three different condition dark, 532 and 633 nm light illumination respectively. 

 

Schematic I.  Rearrangement of Ti 3d orbitals of BaTiO3 single crystal owing to the tetragonal 

distortion.  

Schematic II. Schematic diagram of polarized x-ray absorption of poly-domain BaTiO3 single 

crystal. 

 

Figure.2. Dramatic photo response of Ti 3d-O 2p overlap: Polarized x-ray absorption spectra 

(pXAS) of BaTiO3 single crystal at O K-edge with and without light illumination, (a) and (b) at 

E||c with 532 nm and 633 nm respectively, (c) and (d) at E⊥c with 532 nm and 633 nm respectively.  
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Figure.3. Light induced modification in the electronic structure of BTO: Polarized x-ray 

absorption spectra (pXAS) of BaTiO3 single crystal at Ti L3 edge with and without light 

illumination, (a) and (b) at E||c with 532 nm and 633 nm respectively, (c) and (d) at E⊥c with 532 

nm and 633 nm respectively. 

 

Figure.4. Topographical image of the BTO crystal: (a) and (b) Atomic force Micrograph of 

BaTiO3
 single crystal of 60 × 60 m2 dimension and its schematic.  
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Schematic I: 

 

 
 

 

Schematic II: 
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Figure. 2: 
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Figure. 3: 
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Figure. 4: 
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• A compressive photo strain is only observed in the c-domains of BaTiO3 single crystal. 

• In BaTiO3 single crystal, a partial a to c-domain switching is observed with visible light 

illumination. 

• Under the visible light illumination, the enhanced relative fraction of c-domains 

consequent to 40 % enhancement in the polarization at room temperature. 

•  Under the visible light illumination, the electronic structure of c-domains is modified. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 


