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I. Sample characterization of BiVO4

The prepared sample was characterized by x-ray diffraction (XRD), UV-Vis spectrum 

and Scanning Electron Microscope (SEM).  The prepared sample was a monoclinic 

phase and any other phases were not observed (Fig. S1 (A)).  The bandgap was estimated 

as about 2.5 eV by UV-Vis spectrum (Fig. S1 (B)).  The particle size of the prepared 

BiVO4 was evaluated by SEM and its average size was 200 nm (Fig. S1 (C)).  The band 

structure of BiVO4 are displayed in Fig. S1 (D). 1, 2

2

Fig. S1: X-ray diffraction (A), UV-Vis spectrum (B) and the image of BiVO4 particle 

obtained by Scanning Electron Microscope(SEM), (D) A proposed band structure of 

BiVO4.



II. Comparability of transient XAFS spectra of 150 ps and 306 ps

The difference spectra at 150 ps, 306 ps and 500 ps are compared in Fig. S2.  t 
at 150 ps and 500 ps were measured at PF-AR.  The wavelength of the excitation 

laser was 343 nm and the fluence of the excitation laser was about 35 mJ/cm2.  

On the other hand, t at 306 ps was measured at SACLA. The wavelength of 

the excitation laser was 400 nm and the laser fluence was about 200 mJ/cm2.  t 

at 150 ps and 500 ps in Fig. S2 were calculated by multiplying t in Fig. 2 by 

5.7 (= 200/35) to compare to each other.  A normalized chi-square (2) was 

calculated to evaluate the uniformity of t at 150 ps and 305 ps.  2 was 

estimated as 0.6992 for 60 data points. The estimated 2 is small enough for the 
two data sets to be essentially identical to each other. 
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Fig. S2: The difference spectra (t) at 150 ps, 306 ps and 500 ps: t at 150 ps and 500 

ps in the figure were calculated by multiplying t in Fig. 2 and in Fig. S4 by 5.7, 
respectively.  The value was estimated from the difference of the laser fluence between 

t at 150 ps and 500 ps (35 mJ/cm2) and t at 306 ps (200 mJ/cm2)



III. The change of x-ray absorbance in the vicinity of the time zero

The time resolution of our experimental setup was checked by measuring the x-

ray absorption at 13443 eV.  The time resolution was consistent to our previous 

experiments (~500 fs). 3
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Fig. S3: The change of x-ray absorption around the delay time 0 ps: (A) and (B) are at 

13443 eV with 1-ps steps. (C), (D) and (E) are the change of the x-ray absorption at 13430 

eV, 13443 eV and 13460 eV, respectively which are shown in Figure 1.  Solid lines in 

(B), (C), (D) and (E) are fitting lines.
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IV.   Transient XAFS spectra in the nanosecond range

Transient XAFS spectra in nanosecond range were measured at PF-AR and the difference 

spectra are displayed in Fig S4.  Peak A and C monotonously decayed similarly to peak 

B. 
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Fig. S4: The difference XANES spectra of BiVO4 at the delay of nanoseconds.  (The 

spectra are shifted arbitrarily for clarity.) 



V. The comparison of the transient BiVO4 spectrum and the calculated difference 

spectra

Difference spectra between the Bi XANES spectra positively or negatively shifted and 

the ground state are displayed in Fig. S4.  The energies shifted from 1 eV to 5 eV.  Any 

shifted spectra do not reproduce the feature of the difference spectra at 2 ps
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Fig. S5: Bi L3 XAFS spectrum (t(gs)) and difference spectra: t is a difference between 

the excited XAFS spectrum (t(ex)) at 2 ps and the ground state spectrum (t(gs)). 

“t(E+x,gs) - t(gs)” is a difference between the t(gs) which is shifted positively by x 

eV ( 1 ≦ x ≦ 5) and the original t(gs).  “t(E-x,gs) - t(gs)” is a difference between 

the t(gs) which is the t(gs) which is shifted negatively by x eV ( 1 ≦ x ≦ 5) and the 
original t(gs).



VI. Bi L3 XANES and difference spectra calculated by FEFF 

The difference spectra of Bi L3 XANES were calculated by FEFF to understand how 

structural changes affect Bi L3 XANES features.  The structures where the position of 

the Bi atom shifts to a VO4 unit represent the feature of the difference spectrum between 

the excited state and the ground state.
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Fig. S6: FEFF calculations of Bi L3 edge XAFS. A Bi atom moved towards each V atom 

(V1,.V2, V3 or V4).  The difference spectra are shifted arbitrarily for clarity.

The distances between the Bi atom and each O atom are: Bi-O(V1, V2): 2.373 Å, Bi-

O(V3, V4) : 2592 Å.
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Fig. S5: Solid lines are Bi L3 edge XAFS spectra modulated with Debye-Waller factors 

((k)).  The modulated spectrum were calculated as t*exp(-2k22(T)) where k is 

(0.2626*(E-E0))^(1/2) (E0 = 13410 eV).  Bi L3 XANES spectrum (t(gs)) and the 

difference spectra at the time delay of 2 ps and 306 ps (t). 


