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ABSTRACT: Efficient photocatalysis is important for sustainable energy. Recently, an unconventional photocatalyst 
based on intrinsic plasmon, called intrinsic plasmonic photocatalyst (IPP), seems promising for higher efficiency in 
hydrogen evolution. This catalyst seems to benefit from the advantages of visible light absorption, plasmon-assisted 
hot carrier generation and good catalytic stability over conventional semiconductor photocatalysts. In this work, we 
report the relative hydrogen evolution efficiency under visible light irradiation of a family of IPP based on alkaline 
earth niobates (MNbO3, where M=Ca, Sr or Ba), with efficiency of CaNbO3 > SrNbO3 > BaNbO3. The contributions of 
electron-phonon coupling time constant and solar energy absorption to the hydrogen evolution efficiency are 
identified as key based on our comprehensive study and characterization of carrier density (1022 cm−3), plasmon 
absorption, carrier dynamics and surface area. This study demonstrates a generic approach to create a family of IPP 
and validates solar energy absorption by an intrinsic plasmon resonance as an additional knob in the enhancement 
of photocatalytic efficiency. 

Introduction 

Photocatalysis has attracted considerable attention because it is a very promising strategy to 

meet the goal of sustainable development.1–3 In a photocatalytic process, a photocatalyst can 

absorb the photons and generate hot carriers to induce chemical reactions, unlike the 

electrocatalysis of which the electrical power is the energy source of the redox reactions.4–6 For 
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instance, hydrogen is now a widely used chemical raw material and will be a very important clean 

energy source, one promising approach of hydrogen production is through the redox reaction of 

hot carrier with the hydrogen ion or proton. Meanwhile, the photocatalysis has been studied  and 

applied in the field waster water treatment because the specific organic pollutants in the waste 

water can be decomposed by the hot carrier.7 Finally, photocatalysis also shows promise in the 

fields of air purification and mitigating global warming.8 

In a conventional semiconductor photocatalyst, the hot carriers are generated from the 

photon-excited interband transition of electrons and holes when the catalyst is under 

irradiation.9,10 Nevertheless, the practical application of semiconductor photocatalyst is rare due 

to (i) the conflict between visible light absorption and catalytic stability and (ii) the limitation on 

the maximum efficiency imposed by the diffuse energy source of solar irradiation (100mW/cm2). 

Thus, novel approaches have been proposed to overcome the limitation of conventional 

semiconductor photocatalyst, such as co-catalyst/semiconductor system,9,11 Z-scheme 

system12,13 and metal nanoparticle/semiconductor system.14–16 In particular, the metal 

nanoparticle/semiconductor system demonstrates unique advantages of localized surface 

plasmon resonance (LSPR), including (i) tunability where wavelength of LSPR can be easily tailored 

by modifying the composition, size or shape of nanoparticles,1,2 (ii) a strong local electric field 

induced by LSPR near the surface which will promote the excitation of hot carriers3 and (iii) a 

relatively short migration distance of the hot carriers compared with those generated by 

interband transition.17 

With a recently-discovered strong plasmonic resonance in the visible range,18 SrNbO3, a 

metallic oxide with a degenerate Fermi level and an extremely large carrier density (∼1022 cm−3), 

can act as a photocatalyst.19 In a plasmonic system, the hot carriers are generated via the Landau 

damping by converting plasmon quantum into a single electron-hole pair excitation during the 

decay of plasmon resonance.20,21 Unlike the metal nanoparticle / semiconductor plasmonic 

system in which the carriers are generated in the metal nanoparticle and the catalysis occurs in 

the semiconductor only after a charge transfer process (please see Supporting Note 1 for more 
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detail), both carrier generation and catalysis in SrNbO3 take place in the same system - leading to 

an intrinsic plasmonic photocatalyst (IPP),22 as illustrated in Figure 1(a). However, the IPP material 

thus far is still limited to only SrNbO3 and the methods to enhance the performance of IPP has 

been limited. Hence, there is a large need to identify a family of IPP material and appropriate 

approaches to increase the hydrogen evolution rate of such a family of photocatalysts. 

In this study, we identified a family of plasmonic photocatalysts, MNbO3 (M=Ca, Sr or Ba) which 

share the same perovskite structure and where all M-elements have the same group number in 

periodic table of elements. Plasmon-assisted photocatalysis is realized in all three MNbO3 IPP 

materials, and among them CaNbO3 has the highest photocatalytic efficiency. Then, the working 

mechanism of the IPP is studied by investigating the efficiency of the powder samples and the 

intrinsic carrier dynamics and optical properties in single-crystalline MNbO3 thin films. Finally, the 

crucial role of the solar energy absorption of plasmon resonance in the IPP is identified. 

Results and discussion 

Figure 1(b) shows the amount of the H2 evolution as a function of time for MNbO3 normalized by 

the catalyst mass. All MNbO3 (M=Ca, Sr or Ba) are active photocatalysts under visible light 

irradiation and CaNbO3 can produce the largest amount of hydrogen gas compared with SrNbO3 

and BaNbO3 within the same time. The figures inset show that the colors of MNbO3 powders are 

dark blue, red and reddish brown for CaNbO3, SrNbO3 and BaNbO3, respectively. To know the role 

of surface area in the photocatalytic activity, the size distribution of MNbO3 powder particle was 

measured and the effective surface area of these catalysts can be estimated with the particle size 

distribution (see Supporting Note 2). As shown in Figure 1(c), the surface area of CaNbO3 powder 

is  the largest one (676.98 cm2), compared with SrNbO3 and BaNbO3 , which are 430.04 and 

449.58 cm2, respectively. Therefore, the H2 gas evolution rate including the factor of surface area 

can be estimated. 
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Figure 1(d) shows the H2 evolution rate of these MNbO3 materials including all the factors of 

catalyst mass and surface area. The performance of CaNbO3 is the best among these three 

niobates. It has an efficiency of 4.42 × 10−2 µmol/(g·h·cm2) which is 24.2% higher than that of 

SrNbO3 (3.56 × 10−2 µmol/(g·h·cm2)) and 125.5% higher than that of BaNbO3 (1.96 × 10−2 

µmol/(g·h·cm2). The photocatalytic performance of MNbO3 is also very stable (see Figure S4). As 

we have mentioned in the introduction, all MNbO3 share the same perovskite crystal structure of 

ABO3 with different A site cation. Thus, we can conclude that the replacing the A-site cation can 

not only maintain the photocatalytic activity, but also possibly improve the photocatalytic activity 

of the perovskite catalyst. 

To unravel the Pt particles distribution on MNbO3 particle surface we employed atomic-

resolution scanning transmission electron microscopy - annular dark field (STEM-ADF) imaging. 

The STEM-ADF image collects inherent elastic scattered electrons; thereby the image contrast is 

dependent on the Z atomic number as approximately Z1.6-1.7.23 Hence, the bright dots in Figure 2 

are regions containing Pt nanoparticles due to the huge Z atomic number between Pt (78) and Nb 

(41), O (8). It can be seen that Pt particles are uniformed decorated on the CaNbO3 and SrNbO3 

surface, and the averaged lateral size of Pt particles is ∼1.8nm. The Pt particles may agglomerate 

on BaNbO3 surface. This could be accounted for the poor performance of BaNbO3 and 

investigated further in future. 

To explore how the A site cation in ABO3 affects the performance of these catalysts, one has 

to characterize the intrinsic properties of MNbO3, including the electronic transport properties, 

the photon absorption properties and the hot electron dynamics of them. However, the large 

amount of grain existed in powder sample would bring in enormous grain boundaries and varying 

grain size. These would significantly affect the electronic transport property,24–26 photon 

absorption property27,28 and hot electron dynamics29–32 of one sample and even make it almost 

impossible to measure. Hence, high quality thin film of these materials epitaxially grown on single 

crystal substrates are required. 
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The perovskite thin films of MNbO3 can be obtained by deposited on LaAlO3 (100) (LAO(100)) 

(LaAlO3 (110) (LAO(110)) for BaNbO3) substrates in an ultrahigh vacuum environment (3 × 10−6 

Torr) and 760°C on substrates by pulsed laser deposition (PLD). The X-ray diffraction (XRD) 

spectra of the θ−2θ scan present the peaks of MNbO3 thin films along the out-of-plane direction. 

These peaks indicate the thin film’ lattice constants along the [001] crystal axis of CaNbO3, SrNbO3 

and BaNbO3 are 3.95, 4.07 and 4.14Å, respectively (see Figure S6, Figure S7 and Figure S8 The 

atomic resolved high angle annular dark field - scanning transmission electron microscope 

(HAADF-STEM) images shows the epitaxial growth and high quality of single-crystalline films on 

LAO substrates (see Figure S7). The elemental mapping by STEM-EELS (electron energy loss 

spectra) demonstrate the homogeneous chemical composition of thin films. (see Figure S8). 

Figure 3 presents the electronic transport properties of MNbO3 thin films. As seen in Figure 

3(a), the resistivity of MNbO3 increases when the temperature increases, showing metallic 

behavior. According to the density functional theory calculation,19,21 the free carriers in MNbO3 

come from the Nb-4d states and only one electron per unit cell can be provided by the Nb4+ ion. 

Thus, the theoretical maximum carrier density of CaNbO3, SrNbO3 and BaNbO3 are 1.62 × 1022, 

1.48 × 1022 and 1.41 × 1022 cm−3, respectively, based on the lattice constant of MNbO3. Figure 

3(b) shows that the actual carrier densities of our samples measured using Hall effect are of a 

similar order, namely 1.34 × 1022, 1.14 × 1022 and 8.22 × 1021 cm−3 for CaNbO3, SrNbO3 and 

BaNbO3, respectively, proving the good crystallinity of our thin films. In contrast, the mobilities 

of CaNbO3, SrNbO3 and BaNbO3 at room temperature are 2.08, 1.70 and 0.5cm2/(V·s), 

respectively, which are relatively unremarkable in comparison with reported metallic oxides with 

high mobility.334 Therefore, the carrier mobilities in all MNbO3 are very normal and likely do not 

have significant effect on the photocatalytic performance of MNbO3.19 

Figure 4(a), (b) and (c) show the ultraviolet-visible-near infrared (UV-Visible-NIR) optical 

spectra of MNbO3 thin films including transmission and reflection. The bandgap absorption edges 

near 300 nm is very significant feature in the transmission spectra of all MNbO3 thin films, which 

means the bandgaps of MNbO3 are around 4 eV. The accurate bandgaps of MNbO3 can be 
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calculated by Tauc plots as presented in Figure 4(d). the bandgap of CaNbO3 is at 4.03eV which is 

a little larger than that of SrNbO3 and BaNbO3 of which both are close to each other (3.73 and 

3.76eV, respectively). The reflection spectra of MNbO3 at the range from 600 to 1600 nm are 

fitted well by the Drude-Lorentz model including plasmon. The fitting results are corresponding 

to the blue curves in Figure 4(a), (b) and (c).34 The fitting results demonstrate the plasmonic 

properties of all MNbO3 with peaks of CaNbO3, SrNbO3 and BaNbO3 positioned at around 672, 

688 and 711nm, respectively. The intrinsic UV-Visible-NIR absorption spectra of MNbO3 can be 

calculated with the equation Eq.1, 

 A = 1 − T − R (Eq.1)  

where A is the absorption intensity, T is the transmittance and R is the reflectance. All of A, T  

and R are shown in percentage. The intrinsic absorption spectra are indicated by the dark blue 

curves with triangle symbols. In the absorption spectra, all MNbO3 have an absorption edge at 

300 nm due to the bandgap absorption which is beyond the visible range. This is also consistent 

with the absorption edges in MNbO3’s transmission spectra. Beside that a new absorption peaks 

can be observed near 700 nm in all the absorption spectra of MNbO3. These three absorption 

peaks correspond to plasmonic resonance which is still in the visible range. Obviously, it is the 

only absorption peak in the visible range. Taking everything into account, it can be said that  the 

plasmonic resonance excited in MNbO3  when under visible irradiation should be responsible for 

the absorption of photon and generation of hot carriers.7,35 Furthermore, since all three MNbO3 

act as IPP, we also demonstrate that the A site replacement is an effective approach to create a 

wide family of IPP materials. 

To understand the photocatalytic mechanism of MNbO3 and further enhance their 

performance, carrier dynamics measured by the time-resolved transient absorption spectroscopy 

needed to be studied. The ultrafast laser pulse used in the time-resolved transient absorption 

spectroscopy can selectively heat the electron to a very high temperature due to the much 

smaller heat capacity of electrons (Ce) compared with that of lattice(Cl), i.e. Ce ≪ 𝐶𝑙 . The 

temperature of electron will have a significant effect on the plasmonic property since plasmonic 
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resonance is the collective oscillation of free electron gas.36 Thus, we can use the time resolved 

transient absorption spectroscopy to study the carrier dynamics in MNbO3. Figure 5(a) shows the 

differential reflection (∆R/R) spectra at the time delay of 1.0ps of MNbO3. For all alkaline earth 

metals these spectra are similar with a peak at around 600nm and a valley at around 720nm 

(More time-dependent differential reflection spectra are shown in Figure S9 in the Supporting 

Information). The dynamic time constants listed in Table 1 are estimated by fitting the dynamic 

curves with the probe pulse at 600nm of all MNbO3 with a tri-exponential model (see Figure 5(b)). 

The dynamic curves of MNbO3 can be well fitted by the triexponential functions, 

corresponding to three dynamical processes subsequent to the laser pulse excitation. Once the 

pump pulse incidents into the sample, the laser pulse would first heat the electrons to a very high 

temperature as we have mentioned earlier. The excited electrons will reconfigured into a broad 

non-thermalized distribution in which the energy of electrons can be as high as the energy of 

pump pulse plus the Fermi level and their effective temperature (𝑇𝑒0) could be as high as around 

50,000 K, much larger than the ambient temperatures.5 Then, these hot electrons will be cooled 

by redistributing their energy with relatively cooler electrons via electron-electron scattering. 

This process will eventually reach an intermediate thermalized distribution which is similar with 

a Fermi distribution characterized by a relatively lower effective electron temperature (Te_inter) 

compared with before, i.e. 𝑇𝑒_𝑖𝑛𝑡𝑒𝑟 < 𝑇𝑒0. The reported timescale of this process was around 100 

fs to 1 ps, which is consistent with the time constant of t1 in our results.20  However, at this point 

the effective temperature of electron (Te) is still much larger than that of the lattice (𝑇𝑙), i.e. 𝑇𝑒 ≫

𝑇𝑙. With the reduced velocity the hot electrons would excite the phonons and heat the lattice via 

the electron-phonon coupling.35 Thus, the energy of hot electrons would be transferred to the 

phonons. This process usually takes several picoseconds, corresponding to time constant t2 in 

Table 1. Finally, the excited phonon energy in the lattice would be relaxed to the surrounding 

environment and reach thermal equilibrium through a relatively slower phonon relaxation 

processes which takes from 100ps to several ns depending on the material,36 corresponding to 

time constant t3 in Table 1. 
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When the time constants t1, t2 and t3 are compared, it is noted that the time constant of 

CaNbO3 is similar with that of SrNbO3 and both are much larger than that of BaNbO3, indicating a 

strong electron-phonon coupling effect in the BaNbO3. This is consistent with the transport 

properties of MNbO3. The electron-phonon coupling effect will influence the mean free path or 

the relaxation time of electrons37,38 and this will play an important role in the photocatalytic 

activity of MNbO3, allowing the hot carrier to have enough time migrating to the catalytic surface 

to induce chemical reactions before recombination. Thus, the weaker electron-phonon coupling 

strength of CaNbO3 and SrNbO3 compared with that of BaNbO3 would help to improve their 

photocatalytic performance. 

Table 1: The time constants of carrier decay kinetic curve at 600nm for MNbO3 thin films 

after excitation at 350nm (500Hz, 100fs, 52.0µJ/cm2) 

 t1 (ps) t2 (ps) t3 (ps) 

CaNbO3 0.6026 5.23 2337 

SrNbO3 0.7566 5.05 2069 

BaNbO3 1.0420 2.52 4170 

 

The spectrum of solar radiation is not uniform, and the solar radiation absorption is the first step 

in the photocatalytic process. To better analyze the photocatalytic efficiency differences of 

MNbO3, the quantitative analysis of solar energy harvesting ability of MNbO3 should be conducted. 

To achieve this objective, the absorption spectra (as shown in Figure 4(a), (b) and (c)) of the films 

are multiplied by the solar emission spectrum (ASTM G-17303).39 Figure 5(c) shows that CaNbO3 

absorbs the most compared with SrNbO3 and BaNbO3, while SrNbO3 is second. Therefore, the 

solar energy absorbed by CaNbO3, SrNbO3 and BaNbO3 are consistent with the trend of their 

photocatalytic performance and this means solar energy absorption ability will play a dominant 

role in the photocatalytic process of MNbO3. According to the integration results of the solar 

energy absorption spectra shown in Table 2, the absorption solar power of CaNbO3 is 

48.71mW/cm2, which is much larger than that of SrNbO3 (37.21mW/cm2) and BaNbO3 

(35.14mW/cm2). Regardless of the surface area, the absorption solar power is the dominant 
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reason why the CaNbO3 can show the best photocatalytic performance compared with SrNbO3 

and BaNbO3 since another factor, electron-phonon coupling time constant, of CaNbO3 and 

SrNbO3 are similar and both are larger than that of BaNbO3. Figure 5(d) shows the H2 evolution 

rate as well as the product factor of solar power absorption, the time constant of electron-

phonon coupling and surface area. The details of these parameters are present in Table 2. The H2 

evolution rates are consistent with the product results of each MNbO3. Hence, it can be  

concluded that the differences of solar power absorbed, time constant of electron-phonon 

coupling and surface area can account for the differences in photocatalytic efficiencies of CaNbO3, 

SrNbO3 and BaNbO3. 

Table 2: The H2 evolution rate, absorption solar power, time constant of electron phonon 

coupling, surface area and product factor (Pabsorption solar power·τtime constant·Asurface area) of MNbO3 

 

 

H2 evolution rate 

(µmol/(g·h·cm2) 

Absorption solar 

power 

(mW/cm2) 

Time 

constant 

(ps) 

Surface 

area 

(cm2) 

Product 

factor 

(102 mW·ps) 

CaNbO3 29.89 48.71 5.23 676.98 34.49 

SrNbO3 15.31 37.21 5.05 430.04 16.16 

BaNbO3 8.81 35.14 2.52 449.58 7.95 

 

Conclusions 

In a new family of IPP materials (MNbO3, M=Ca, Sr and Ba), it was found that the photocatalytic 

hydrogen production efficiency follows the sequence of CaNbO3 > SrNbO3 > BaNbO3. All these 

materials have a carrier density of ∼1022 cm−3, and this corresponds to a strong plasmonic 

resonance in visible range, which is consistent with the Drude model fitting results of MNbO3’s 

reflection spectra. As the plasmonic resonance provides the only available state within the visible 

range, it can be concluded that the hot carriers solely generated through the decay of photon-

excited plasmon resonances are responsible to the photocatalytic properties of MNbO3. We find 

that the solar energy absorbed by MNbO3 follows the same order of their photocatalytic 
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performance and this strongly affects their photocatalytic performance. Normalizing surface area, 

the photocatalytic efficiency is determined by the product of the time constant of electron-

phonon coupling and solar energy absorption, which have been overlooked in previous studies. 

This work would provide very useful directions to explore more IPP material systems and to 

improve the performance of IPP with a purpose of addressing the issue of sustainable energy. 

Experimental Section 

MNbO3 powder and PLD targets. The powders of CaNbO3, SrNbO3 and BaNbO3 were fabricated 

by solid-state synthesis methods. The starting materials were pure MCO3 powder (Alfa Aesar 

CaCO3, 99.997%; SrCO3, 99.994%, −22mesh; BaCO3, 99.997%, −22mesh) and Nb2O5 powder (Alfa 

Aesar 99.9985%). They were weighted according to the chemical formula of M4Nb2O9  as a 

precursor and followed by manual grinding for one hour to a thorough mixing. The typical 

sintering temperature was 1200◦C  and the reaction time is 12h. Then the grinding and sintering 

process will be repeated once again to avoid any unexpected phase. After that, the pure Nb 

powder (Alfa Aesar, 99.99%, −325mesh) were weighted and added to the prepared MNbO3 

powder according to the chemical formula of MNbO3. Manual grinding was conducted for one 

hour to guarantee a homogeneous mixing. Then, the mixture was pressed into pellets under a 

pressure of 20 MPa using a 0.8-inch diameter die. Finally, the pellets were sintered at 1400◦C for 

20h in a furnace tube filled with pure Argon gas to avoid oxidation. After calcination, some of the 

pellets were manually grinded into powder for the catalytic experiments and the remaining 

MNbO3 pellets was used as targets for thin film growth by PLD. The size distribution of powder 

particles was measured by 90 Plus Particle Size Analyzer (Brookhaven Instruments Corporation). 

Photocatalytic measurement. In a typical process, the H2PtCl6 aqueous solution with 1mg/mL 

Pt concentration was first prepared. Then, the H2 evolution and photodeposition of Pt were 

performed in a closed gas circulation evacuation system with a top window Pyrex reaction cell. 

50mg of MNbO3 powder was suspended in the 99.5mL 0.025M oxalic acid solution at 25◦C. Then 

the solution was added with 0.5mL of prepared 1mgPt/mL chloroplatinic acid (H2PtCl6, Sigma) 
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solution, mixed under ultrasonication and then stirring for 15min, subsequently purged before 

exposed to irradiation under Xe lamp with a power of 300 W equipped with a long pass filter of 

420nm for 30min. Then the system was evacuated and refilled with Ar for 10 times to remove the 

trapped air. The reaction temperature was kept at around 20◦C by surrounding photoreaction cell 

with jacketed cooling water. The amount of H2 evolution was measured by online gas 

chromatograph (Agilent 6890N, 5Å molecular sieve column and thermal conductivity detector 

(TCD)). The H2 peak was calibrated by the injection of pure H2 gas to obtain the working curve. 

Thin film samples preparation. PLD was used to deposit MNbO3 thin films with a thickness of 

∼350 nm by the excimer laser (Lambda Physik Excimer KrF ultraviolet laser, λ = 248 nm, pulse 

period = 25 ns) ablation of the respective prepared MNbO3 pellet targets with an energy density 

of 2.6. J/cm2 at a frequency of 5Hz. The LaAlO3 (100) substrates were used for CaNbO3 and SrNbO3 

thin films deposition and the LaAlO3 (110) substrates were used for BaNbO3 thin film deposition 

to get a better crystallinity for BaNbO3. Before deposition, the substrates were heated to 760°C. 

The PLD chamber pressure was always kept at high vacuum (3 × 10−6 mbar) during the whole 

deposition procedure including the substrates’ heating and cooling processes. 

Structural, optical and electronic characterization. High resolution X-ray diffraction (Bruker 

D8, λ = 1.5406Å) was used to study the crystal structure and crystallinity of MNbO3 thin films. 

Shimadzu UV-Visible-NIR spectrophotometer (SolidSpec-3700) was used to measure the optical 

spectra of the MNbO3 films including transmission and reflection. Ohmic contacts were formed 

by using Al wedge bonding connected to the sample surface. A Quantum Design Physical 

Properties Measurement System (PPMS) was used to characterize the electronic transport 

properties. 

TEM characterization. The focused ion beam milling with a 30 kV Ga ion beam on an FEI versa 

3D workstation was used to prepare the TEM thin film specimens. After ion milling, the specimens 

were thinned by Argon ion beam milling (Bal-Tec Res-120). The HAADF-STEM imaging and STEM-

EELS elemental mapping of thin film specimens experiments were carried out at 200kV with an 
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ARM200CF microscope equipped with a cold field emission electron gun, a probe Cs corrector 

and quantum EELS system. The STEM-ADF imaging experiments of powder samples were also 

carried out on an aberration-corrected STEM (JEOL ARM-200F) equipped with a cold field 

emission gun but operating at 80kV and an ASCOR probe corrector. The convergence semiangle 

of the probe was ∼30mrad. STEM-ADF images were collected using a half-angle range from ∼68 

to 280mrad. A dwell time of 19 µs pixel−1 was set for single-scan imaging. 

Transient absorption measurement. Femtosecond-time-resolved transient absorption 

spectroscopy was used to investigate the carrier dynamics in MNbO3. In our experimental setup, 

the laser source is amplifier laser system seeded by a Spectra-Physics Ti:sapphire oscillator which 

can generate 800 nm pulse with  an energy of 2mJ and a frequency of 1kHz. To achieve both the 

transient absorption and pump probe dynamics, one small portion of the beam would be focused 

onto a 1mm thick sapphire window to generate the white light continuum. Then, the white light 

continuum was divided into two beams once more: one beam was the probe beam and the other 

one was used as a reference to correct the fluctuation of laser energy. The pump beam was 

generated by passing the remaining large portion of the output beam into a TOPASC optical 

parametric amplifier to tune the pump pulse wavelength. Both the pump and probe beams were 

focused onto the same spot of sample. The diameter of focus spot of probe beam was about 100 

µm which could be fully covered by that of pump beam of around 350 µm. A translation stage 

was used to tune the time interval between the pump and the probe pulses. After reflecting or 

transmitting from sample, the probe beam will be passed into a monochrometer and its intensity 

can be monitored by a photodetector attached at the output port of monochrometer. 
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Figure 1: Photocatalytic performance of alkaline earth niobates. (a) The general progress of 
intrinsic plasmonic photocatalyst.22 (IPP: intrinsic plasmonic photocatalyst, S.P.: surface plasmon 
energy level, Ef: Fermi energy.) (b) Typical time courses of H2 evolution of MNbO3 (M=Ca, Sr or Ba) 
powder in aqueous oxalic acid solution (0.025 M) with 50 mg catalysts (with 1wt% Pt). (c) The 
particle size distribution and corresponding surface area of CaNbO3, SrNbO3 and BaNbO3 powder. 
(d) The H2 evolution rate per hour (red line) and the H2 evolution rate per hour per unit area (blue 
line) of CaNbO3, SrNbO3 and BaNbO3 powder. 
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Figure 2: STEM-ADF images of alkaline earth niobate powder samples. ((a) CaNbO3, (b) SrNbO3 

and (c) BaNbO3). The bright dots are the regions of Pt nanoparticles. The Pt particle as highlighted 

by white dashed line circles in (c) may agglomerate on BaNbO3 powder surface. 

  



19 

 

Figure 3: Electronic transport properties of MNbO3 thin films. (a) The temperature dependence 
of resistance of MNbO3 thin films, which shows a metallic behavior of MNbO3. (b) the carrier 
density and mobility as a function of temperature of MNbO3.  
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Figure 4: Optical properties of MNbO3 films. The UV-Visible-NIR reflection, transmission, 
absorption spectra represent by area and reflection spectra fitted by the Drude-Lorentz of 
CaNbO3 (a), SrNbO3 (b) and BaNbO3 (c). (d) The Tauc indirect plot of MNbO3 (M=Ca, Sr or Ba), 
which shows the bandgap of MNbO3. 
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Figure 5: The origin of the photocatalytic efficiencies’ differences in MNbO3 materials. (a) 

Differential reflection (∆R/R) spectra of CaNbO3, SrNbO3 and BaNbO3 with the time delay at 1.0ps 

after excitation at 350nm (500Hz, 100fs, 52.0J/cm2).(b) Normalized decay kinetic curve at 

600nm for MNbO3 thin films after excitation at 350nm (500Hz, 100fs, 52.0J/cm2). (c) The solar 

energy absorption spectra of MNbO3 which is calculated by multiplying the UV-Visible-NIR 

spectrum with the standard solar spectrum (ASTM G173-03). (d) The strong correlationship 

between the H2 evolution rate per hour per gram with the product of solar energy absorption 

power, the electron-phonon correlation time constant and surface area of each MNbO3 material. 


