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1. UV-vis. spectra of AB and Keggin type POMs in H2O

                       
                                      (a)                                                                              (b)

Figure S1. UV-vis spectra of AB (a) and Keggin type POMs (b) in H2O where SiW12 (black); 

PW12 (red); PMo12 (blue); PMo10V2 (pink)

Figure S1 shows the UV–vis absorption spectra of AB in aqueous solution. The absorbance at 

about 332 nm (B-band) in the ultraviolet region (before 380 nm) the transition arises from the 

lower LUMO π-levels. The absorption of Q-band resulted from the transition between the 

highest occupied molecular orbital au and the lowest excited orbital (eg) have two peaks at 

approximately 678 nm and 606 nm, which are due to monomer and aggregate of AB, 

respectively. The above absorption peaks are characteristic in phthalocyanine materials 1-3. 

Figure 3b shows the UV–vis absorption spectra of Keggin type POMs in aqueous solution.4 The 

maximum absorption peak appearing at 263 nm for SiW12, 255 nm for PW12, 214 nm for PMo12 
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and 213 nm for PMo10V2 are assigned to bridge oxygen to tungsten/molybdenum charge transfer 

transition. The absorbance at 312 nm for PMo10V2 is the typical absorption of polyoxometalates 

containing vanadium 5-6. 

2. XPS of composite films
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Figure S2. XPS spectra of (PAH/PSS)3(AB/SiW12)8 multilayers films: Cu2p (a), W4f (b),N1s (c) 

and Si2p (d). For comparison the XPS spectra of Si in glass substrate is also shown (e). 

It should be mentioned that the peak of Si2p in the glass substrate appears at 102.4 eV 

(Figure S2(e), while there are two peaks appearing at  102.3 eV and 103.9 eV for Si2p in the 

films (Figure S2(d), showing that former one is from the glass substrate and the latter one is from 

the SiW12 of the (PAH/PSS)3(AB/SiW12)8 multilayered films.

             

                                            (a)                                                                          (b)

                   

(c)                                                                        (d)

Figure S3. XPS spectra of (PAH/PSS)3(AB/PMo12)8 films, (a): Cu2p; (b): Mo3d; (c): N1s; (d): 

P2p.
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                                            (c)                                                                        (d)

                                                                                  (e)

Figure S4. XPS spectra of (PAH/PSS)3(AB/PMo10V2)8 films. (a): Cu2p; (b): Mo3d; (c): N1s; 

(d): P2p; (e): V2p.
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3. The calculation formulas of third-order nonlinear optical parameters

The following formula are used to calculate the third-order nonlinear refractive index n2 (esu), 

the nonlinear absorption coefficient β (esu) and the third-order optical nonlinear susceptibility 

(3) (esu).7
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where, ΔTP-V is the normalized peak-valley difference, Δφ0 is the phase shift of the beam at 

the focus, K = 2/λ is the wave vector, I0 (unit: W/m2) is the intensity of the light at focus, Leff is 

the effective length of the sample defined in terms of the linear-absorption coefficient α0 and the 

true optical path length through the sample, n0 is the linear refractive index, and γ is optical Kerr 

constant. The conversion can be realized between n2 (esu) and γ (m2/W) by eq (4). 

When the sample is measured under open aperture, the normalized transmittance T (z, s = 1) 

can be expressed as
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From eq (5) we can get β. From eq (6), we can get the third-order optical nonlinear 

susceptibility (3).
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3. The Z-scan curves
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 (a)                                                                   (b)

Figure S5. Z-scan curves of precursor films (PAH/PSS)3 modified quartz substrate, (a) the open-

aperture configuration (b) the closed-aperture configuration, E = 9.99μJ.

                      

                                           (a)                                                                      (b)

Figure S6. Z-scan curves of SiW12 in H2O (10-3 M), (a) the open-aperture configuration (b) the 

closed-aperture configuration, E = 10.4μJ.

                             

(a)                                                                              (b)
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Figure S7. Z-scan curves of PW12 in H2O (10-3 M), (a) the open-aperture configuration (b) the 

closed-aperture configuration, E = 10.19μJ.

                        

                                          (a)                                                                       (b)

Figure S8. Z-scan curves of PMo12 in H2O (10-3 M), (a) the open-aperture configuration (b) the 

closed-aperture configuration, E = 10.1μJ.

                        

                                            (a)                                                                 (b)

Figure S9. Z-scan curves of PMo10V2 in H2O (10-3 M), (a) the open-aperture configuration (b) 

the closed-aperture configuration, E = 9.7μJ.
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Figure S10. Schematic diagram of surface state trapping.

4. Cyclic voltammetry

                                                                                                 

                     (a)                                                          (b)

                        

                                          (c)                                                          (d)
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                                                                                        (e)

Fig. S11. Cyclic voltammograms of AB (a), SiW12 (b), PW12 (c), PMo12 (d), and PMo10V2 (e) in 

0.1 mol/L DMF solution of TBAP (tetrabutylammonium hexafluorophosphate). All the 

compounds have the concentrations of 1 mM.

Cyclic voltammetry is used to calculate the HOMO-LUMO levels. The HOMO-LUMO gap Eg 

of AB is derived from the absorption edges of the spectra by equation Eg = 1240/λ (λ is 

absorption edge).8, 9  Then the lowest unoccupied molecular orbital (LUMO) level of AB is 

obtained by ELUMO (eV) = -e (4.71 + Eox) + Eg (4.71 is the vacuum level of Ag/AgCl electrode, 

Eox is the onset of oxidation potential of AB), while the LUMO levels of the POMs were 

obtained by ELUMO (eV) = -e (4.71 + Ered) (Ered is the onset of reduction potential of POMs).
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