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1. Experimental details for (ZnTSPc/LDH), TFs.

1.1 Reagents and materials: Zinc tetrasulfophthalocyanine tetrasodium salt (NasZnTSPc) was
purchased from Sigma Chemical. Co. Ltd. Analytical grade Mg(NO3),-6H,0, Al (NO3);-9H,0 and
urea were purchased from Beijing Chemical Co. Ltd. and used without further purification.

1.2 Fabrication of (ZnTSPc¢/LDH), and pristine ZnTSPc¢ TFs: The processes of synthesis and
exfoliation of Mg-Al-LDH were similar to that described in our previous work." 0.1 g of
Mg-Al-LDH was shaken in 100 cm® of formamide for 24 h to produce a colloidal suspension of
exfoliated Mg-Al-LDH nanosheets. The quartz glass substrate was cleaned in concentrated NH3/30%
H,0; (7:3) and concentrated H,SO,4 for 30 min each. After each procedure, the quartz substrate was
washed thoroughly with deionic water. The substrate was dipped in a colloidal suspension (1 g -L™)
of LDH nanosheets for 10 min followed by washing thoroughly, and then the substrate was treated
with a 100 mL of ZnTSPc aqueous solution (1 mmol/L) for 10 min. The multilayer (ZnTSPc/LDH),
TFs were fabricated by alternate deposition of LDH nanosheets suspension and ZnTSPc¢ solution for
n cycles. The resulting films were dried under a nitrogen gas flow for 2 min at 20 °C. The EDX
present the relative percentage content of the element in the (ZnTSPc/LDH)s; film: Mg: 12.13%; Al:
7.26%; Zn: 3.87%; C: 23.19%; O: 40.11%; S: 7.51%. The real composition for the thin film can be
expressed as: Mg 9ssAl; 042(OH)6[(C32H16N5012S4Z1n)0.230][(CO3)0.061]. The pristine ZnTSPc film was
fabricated by the solvent evaporation method; a solution of ZnTSPc in ethanol (10° M) was
thoroughly dispersed under ultrasonic and then extended on a quartz substrate that was fully cleaned
by an ultrasonic anhydrous ethanol bath.

1.3 Sample characterization: The UV-vis absorption spectra were collected in the range from 300
to 900 nm on a Shimadzu U-3000 spectrophotometer, with the slit width of 1.0 nm. The fluorescence
spectra were performed on RF-5301PC fluorospectrophotometer with the excitation wavelength of
610 nm, and both the excitation and emission slit were set to 10 nm. The incident and emissive light
direction is 45 degree respective to the film, respectively. Steady-state polarized photoluminescence
measurements of ZnTSPc/LDH TFs were recorded with an Edinburgh Instruments’ FLS 920
fluorospectrophotometer. X-ray diffraction patterns (XRD) of ZnTSPC/LDH TFs were recorded
using a Rigaku 2500VB2+PC diffractometer under the conditions: 40 kV, 50 mA, Cu Ka radiation
(A = 0.154056 nm) with step-scanned in step of 0.04° (26) in the range from 3 to 10° using a count
time of 10 s/step. The morphology of thin films was investigated by using a scanning electron
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microscope (SEM Hitachi S-3500) equipped with an EDX attachment (EDX Oxford Instrument Isis

300), and the accelerating voltage applied was 20 kV. The surface roughness and thickness data

were obtained by using the atomic force microscopy (AFM) software (Digital Instruments, Version

6.12).
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Fig. S1. Excitation and emission spectra of ZnTSPc in aqueous solution (10 uM).
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Fig. S2. (a) The small angle XRD profiles for the (ZnTSPc/LDH), TFs with 8, 16, 24, 32 bilayers; (b)
The structural model of ZnTSP¢/LDH. (¢) The XRD profile for (ZnTSPc/LDH)3; in the range 3-70°.
It can be speculated from the XRD observation that the ZnTSPc exhibit perpendicular to the LDH
layers, which is similar to that of the Cu-Pc intercalated LDH system.'® It can also be observed that
except for a broad band in the range 20-30° (the amorphous diffraction peak of the quartz substrate),

there is no other peaks can be observed.
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Fig. S4. The side view of SEM images for the (ZnTSPc/LDH), TFs with a) 8, b) 16, ¢) 24 bilayers.

Table S1: The depth and thickness parameters for the TFs with 8, 16, 24, 32 bilayers
n 8 16 24 32

rms roughness (nm)"! 6.175  8.034  11.045 13.737
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SEM thickness (nm)™ ca.24 ca.47  ca.60 ca. 83

2 The values of statistical rms roughness were obtained by AFM.

I The SEM thickness were obtained from the side view of (ZnTSPc/LDH), TFs, see

Fig. S4.
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Fig. S5. Polarized fluorescence profiles for the VV, VH modes and anisotropic value (r) for a). the

ZnTSPc solution (10 uM) and b). the pristine ZnTSPc film.

2. Calculation details and analysis of (ZnTSPc¢/LDH), TFs.

Building of the structural model of ZnTSPc/LDH system and computational method: An ideal
LDH layer with R3-m space group containing 8 Mg atoms and 4 Al atoms was built. The lattice
parameters of the 2-dimensional layer are ¢ = b = 3.05 A, which is in accordance with other
literatures.” Every octahedral layer has 12 metal atoms and 24 OH groups, and a supercell was
constructed with lattice parameter a =10.57 A, b =9.15 A and the initial interlayer spacing ¢ = 25 A,
a =B =y =90° The supercell was treated as Pl symmetry, and a three-dimensional periodic
boundary condition was applied. Then the ZnTSPc (C32H16N301284Zn4') with four negative charges
was introduced into the simulated supercell, in which the sulfonate groups are normal to the LDH
layer as the initial configuration. As a result, the formula of the simulated structure can be expressed
as: MggAls(OH)4(Cs2H N3O 12S4Zn). All calculations were performed with the periodic density
functional theory (DFT) method using Dmol3**® module in Material Studio software package.* The

initial configuration was first fully optimized with fixed positions for the atoms in the layer by
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classical molecular mechanics method employed cff91 force field,**"

and then further optimization
was implemented by both Perdew-Wang (PW91)*¢ generalized gradient approximation (GGA) and
Vosko—Wilk—Nusair (VWN)3h local-density approximation (LDA) methods with the double
numerical basis sets plus polarization function (DNP). The core electrons for metals were treated by
effective core potentials (ECP). SCF converged criterion was within 1.0x10” hartree/atom and
converged criterion of structure optimization was 1.0x10~ hartree/bohr. The Brillouin zone is

sampled by 1x1x1 k-points, and test calculations reveal that the increase of k-points does not affect

the results.

13.78A

Fig. S6. a) The tetragonal superlattice model for Mg-Al-LDH layer (Color codes: white: H; red: O;
pink: Al; green: Mg); b) the structural model of ZnTSPc (C32H16N801284Zn)4_.

Fig. S7. The typical HOMO and LUMO profiles calculated by the VMN functional for a) the
pristine ZnPc and b) the pristine ZnTSPc. The arrows show the direction of the transition dipole
moment of the ZnPc and ZnTSPc.

For the zinc phthalocyanine (ZnPc) and ZnTSPc molecules, it can be observed from Fig. S7 that
the HOMOs are mainly distributed on the C atoms of the heterocyclic ring and phenyl ring in

ZnTSPc; the LUMOs, comprised of two degeneration orbitals, are mainly located on the C and N
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atoms in the heterocyclic ring. The results demonstrate that the sulfonate group does not influence
the excitation and emission processes of the ZnTSPc. The DFT results in this work are well

consistent with that of Morley’s work™ calculated by the combination of the AM1 and CNDO/S

method.
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Fig. S8. a) A typical calculated band structure around the Fermi energy level of ZnTSPc/LDH
system calculated by the VMN functional. I'(0,0,0), Z (0,0,1/2), F (0,1/2,0), and Q (1/2,0,0) are the
selected reciprocal points in the first Brillouin Zone (BZ). The energy gap between conduction band
(CB) and valance band (VB) at I" point (0,0,0) in the first BZ is 1.41 eV.

The energy bands around the Fermi levels show independence on the k electron wave vectors
along the I'Z line ([001] direction), indicating the strong valence electron confinement effect of the

LDH monolayer in the normal direction.

Table S2: The calculated band gap energy of the ZnPc, ZnTSPc and ZnTSPc/LDH

Band energy (eV) ZnPc ZnTSPc ZnTSPc/LDH
VMN-LDA 1.45 1.42 1.41
PWI1-GGA 1.43 1.41 1.38

The band gap of the ZnPc calculated by both methods mentioned above is lower than that of
Liao’s work (1.9leV);4b whereas the results are very close to the other M-Pc systems: Fe-Pc (1.38

eV); Ni-Pc (1.47 eV); Cu-Pc (1.42 eV); Mg-Pc (1.38 eV) in literature.*

S7



280
260
240

DOS per electron/eVv-
53833888
1 1 1 1 1 1 1 1

I =)
o o o
Lot

o

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

N atoms in the ZnTsPc

—s
I
—d
——sum

180

160

140

120

100

©
S
1

DOS per electron/eV-!
T

N
S
1

S atoms in the ZnTsPc

0

—Ss

hn.

300+

N

a

S
1

200+

100

DOS per electron/eVv-1

o
=}
1

Zn atom in the ZnTsPc

-25

T T
-20 -15

DOS per electron/ev-1

DOS per electron/ev-!

700

600

500

400

300

200

100

C atoms in the ZnTsPc

100

DOS per electron/ev-!

700

600

500

400

300

200

100

@
S
1

=)
S
1

IS
S
1

N
S
1

—s
- P
—d
——sum

H atoms in the ZnTsPc

EleV

O atoms in the ZnTsPc
—p
—d
sum

Fig. S9. PDOS of the atoms in ZnTSPc anions for the ZnTSPc/LDH system.
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Fig. S10. PDOS of the atoms in LDH monolayer for the ZnTSPc/LDH system.

It can be observed from Fig. S9 and Fig. S10 that for the ZnTSPc/LDH system, the top of the
valence band (TVB) is mainly located on the conjugated C atoms in ZnTSPc; the bottom of the
conducting band (BCB) is mainly dominated by the C and N atoms in ZnTSPc. Around the Fermi
level, the TDOS mainly consists of the 2p electrons of conjugated C atoms in ZnTSPc. The O 2p and
Mg/Al 3s, H 1s orbitals from the LDH monolayers contribute to the TDOS below and above the
TVB and BCB, respectively, with the gap of ca. 5.7 eV.
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