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Figure S1 UV-vis spectra of PW (red); PMo (blue); PMoV (pink) in water (A) and composite
films (PAH/PSS/PAH)(POM/CuPTAs), (B - D):(PW/CuPTAs), (B), (PMo/CuPTAs),, (C) and
(PMoV/CuPTAs), (D). Lines from bottom to top for each figure correspond to n = 1 ~ 10,
respectively. Inset: the plots of absorbance values for composite films at corresponding

wavelength as a function of n.

It is found that absorbance intensity at 306 nm has an increase at both SiW and CuTAPc
adsorption steps, while absorbance intensity at 728 nm has an increase only at the CuTAPc
adsorption steps because there is no absorbance for SiW. Thus, the incremental increase is
smaller at 728 nm as compared to that at 306 nm. The absorbance at 336, 728 nm increases
gradually with the number of SiW/ CuTAPc layers, indicating SiW and CuTAPc are smoothly
and constantly integrated in the multilayer.

The UV-vis absorption spectra of Keggin-type POMs in aqueous solution are shown in Fig. S1.
The maximum absorption band appearing at 255 nm for PW, 214 nm for PMo and 213 nm for
PMoV can be assigned to bridge oxygen to tungsten/molybdenum charge transfer transition. The
absorbance at 312 nm for PMoV is the typical absorption of polyoxometalates containing
vanadium (H. So and. M. T Pope, Inorg. Chem. 1972, 11, 1441-1443; M. T. Pope,. Heteropoly

and isopoly oxometalates; Springer Verlag,1983.).
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Figure S2 FTIR spectra of the composite films (PAH/PSS/PAH)(POM/CuPTAs)s where in
POM = SiW (A), PW (B), PMo (C) and PMoV (D) The curves a, b, ¢ correspond to the FTIR of

CuPTAs, (POM/CuPTAs)g, and POMs, respectively, in (A), (B), (C) and (D).
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Figure S3 XPS spectra of the composite film (PAH/PSS/PAH)(PW/CuPTAs)s. A: Cuyp; B: Wy

C: Ny, D: Py,
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Figure S4 XPS spectra of the composite film (PAH/PSS/PAH)(PMo/CuPTAs)s. A: Cuyy; B:

Mosg; C: Nyg; D: Py,
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Figure S5 XPS spectra of the composite film (PAH/PSS/PAH)(PMoV/CuPTAs)s.A: Cuyp; B:

Mosg; C: Nig; D: Pyp; E: V..
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Figure S6 XPS spectra of the composite film (PAH/PSS/PAH)(SiW/CuPTAs)s. A: Cuyp; B: Wy
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Figure S7 XPS spectrum of Si in glass substrate
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Table S1 XPS data of the POMs/CuTAPc films

Cu Cu w w Mo Mo Vv Vv

Films N P(Si)2
2pin 2p3n : (SH2p Af;, 4Asp 3dsp, 3dsn 2pin 2pse

(SiW/CuTAPc)s 9543 934.1 398.6 1064 353 375 — —

(PW/CuTAPc)s 954.0 9342 399.0 133.6 354 375 — —

(PMo/CuTAPc);s 954.4 9345 398.8 133.6 — 232.8 2358 —
(PMoV/CuTAPc)s 954.5 934.4 3989 134.1 — 232.6 2355 5159 5235
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Figure S8 Z-scan curves of precursor films (PAH/PSS); modified quartz substrate under open-

aperture configuration (A) and closed-aperture configuration (B).

S7



1.3 13-

A B
8 1.2 [} 12-
g o
g g
= 114 £ 111
E E
c g
5 1.0 Leene E 1.0 ".0.000'!."."-......Qa"'.'.'........
g H
= 0.94 N 0.94
E £
3 0.8- G 0.8-
=
0.7 — T T — T T 0.7 T T T T T T T
30 -20 -0 0 10 20 30 30 20 40 0 10 20 30
Z(mm) Z(mm)

Figure S9 Z-scan curves of SiW in H,O (10> M), (A) the open-aperture configuration (B) the

closed-aperture configuration.
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Figure S10 Z-scan curves of PW in H,O (10> M), (A) the open-aperture configuration (B) the

closed-aperture configuration.
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Figure S11 Z-scan curves of PMo in H,O (10 M), (A) the open-aperture configuration (B) the

closed-aperture configuration.
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Figure S12 Z-scan curves of PMoV in H,O (103 M), (A) the open-aperture configuration (B) the
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closed-aperture configuration.
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Figure S13 Z-scan curves of DMF solvent, (A) the open-aperture configuration (B) the

closed-aperture configuration.
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Figure S14 Z-scan curves of CuPTAs in DMF (104 M), (A) the open-aperture configuration (B)

the closed-aperture configuration.
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Figure S15 Schematic diagram of surface state trapping formed in film (PSS/CuTAPc),

The calculation formulas of third-order nonlinear optical parameters
The following formulas are used to calculate the third-order nonlinear refractive index n; (esu),
the nonlinear absorption coefficient £ (esu) and the third-order optical nonlinear susceptibility

2% (esu) (Sheik-Bahae, M. Said, A. A. Van and E. W. Stryland, Opt. lett. 1989, 14, 955-957.):

AT, , =0.406(1-8)"*|Ad| 0

A¢0 = kLeﬁ"7]0 (2)
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Ly=(1- e ")/ a, 3)

n,(esu) =

Moo m? W)
7 4)

where, ATp_yis the normalized peak-valley difference, 49, is the phase shift of the beam at the
focus, K = 27/2 is the wave vector, Iy (unit: W/m?) is the intensity of the light at focus, L.4is the
effective length of the sample defined in terms of the linear-absorption coefficient a, and the true
optical path length through the sample, n, is the linear refractive index, and y is optical Kerr
constant. The conversion can be done between n, (esu) and y (m*/W) by eq (4).

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

can be expressed as

T(z,s=1)= Z ~4 )" e

m=0 (m+1)"2

Where

Bl L
qO(Z): o 2 ’
%‘*‘%2)

S is nonlinear absorption coefficient.

From eq (5) we can get f. From eq (6), we can get the third-order optical nonlinear

susceptibility 7.

Z(3):\/(160 — )+ Cﬂ"°/4 3)* (6)
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