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1. Experiments and Equipments
1.1 Materials

Branched polyethylenimine (PEI, Mn ~60,000) was purchased from Acros Organics.
Poly(acrylic acid) (PAA, Mw ~450,000) and zinc sulfate heptahydrate were purchased
form Aldrich. Iron trichloride hexahydrate and calcium chloride anhydrous were
purchased from Sinopharm Chemical Reagent Co., Ltd. Nickel chloride hexahydrate,
magnesium chloride hexahydrate and manganese chloride tetrahydrate were purchased
from Macklin. Barium chloride dehydrate was purchased from Tianjin Beilian Fine
Chemicals Development Co., Ltd. Aluminum sulfate was purchased from Tianjin
Zhiyuan Chemical Reagent Co. Ltd. Sodium chloride and potassium chloride were
purchased from Genaral-Reagent and TCL, respectively. All chemicals were used without
further purification. Deionized water (DI, pH ~6.5) was used for all the experiments.

1.2 Preparation of layer-by-layer assembled polymeric films

The newly cleaned quartz slide was immersed in PEI aqueous solution for ~20 min to obtain a
PEI-modified surface and was ready for the multilayers deposition. The LbL deposition of
PAA/PEI multilayer films was conducted automatically by a programmable dipping machine

(SYDC-100 M, Shanghai SAN-YAN Technology Co., Ltd) at room temperature. The PEI-



modified substrate was immersed in 4 mg/mL PAA (pH adjusted to 2.5 with 1 M NaOH and 1 M
HCI) for 15 min to obtain a layer of PAA polymer. The substrate was then immersed in DI water
for 1 min two times. Next, the substrate was immersed in aqueous solution of 4 mg/mL PEI (pH
adjusted to 8.5) for 15 min to obtain a layer of PEI polymer, followed by immersing in DI water
for 1 min two times. Repetition of the above procedure allows the preparation of multilayer films
of PAA/PEI, as shown in Scheme 1. Similar assembling processes by LbL assembly were
described in the literatures.[1, 2] All the substrates were not dried between the adsorption steps
but were blown dry with N, gas after the final step of the film deposition. All the assembled
(PAA/PEI)*n multilayer films were heated at 50 °C for 1 h in an oven to remove the physically
absorbed water in the polymeric ﬁlm\s.

All samples for Fourier transform infrared (FTIR) measurements were prepared on the
CaF, substrates. Before assembling, the plasma treatment was produced to obtain a
reactive hydrophilic surface on the CaF, substrates. Then pure PEI monolayer and
(PAA/PED)*5 multilayers were assembled by the same LbL-deposition method. The
sample of pure PAA was prepared by drop-casting method.

1.3 Sample characterizations

UV-vis spectra were recorded using a HITACHI U-2910 spectrophotometer.
Fluorescence microscopic images for the LbL-assembled polymeric films were recorded
using an inverted fluorescence microscope of OLYMPUS IX73. Nanosecond
fluorescence lifetime experiments were performed by the time-correlated single-photon
counting (TCSPC) system. A 375 nm picosecond diode laser (Edinburgh Instruments
EPL-375) was used to excite the samples. The fluorescence was collected by a
photomultiplier tube that was connected to a TCSPC board (Edinburgh Instruments FLS-
1000). FTIR spectroscopy was performed on a JASCO-FT/IR-4700 in a transmission

mode at a scan resolution of 4 cm™!.

1.4 Fluorescence quenching effect by metal ions



The fluorescence excitation/emission spectra and quantum yield were recorded on a FS5
fluorescence spectrometer (Edinburgh Instruments) at room temperature. The fluorescence
quenching experiments were performed by immersing the (PAA/PEI)*n multilayer films in
aqueous solution of various metal ions for a period of time and then collecting the fluorescence
data at the excitation wavelength of 340 nm, immediately. All of the fluorescence detections
were under the same conditions: the excitation and emission silt width were set at 2 nm and 5
nm, respectively. Nanosecond fluorescence lifetime experiments were performed on a FLS-1000

Fluorescence Spectrometer (Edinburgh Instruments).

2. Supporting Data

Figure S1. Digital photographs of 4 mg/mL PAA and 4 mg/mL PEI solutions under the

visible light (a) and UV light of 365 nm (b).
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Figure S2. Fluorescence spectra of bare quartz cell and DI water excited at 340 nm.



In reality, the peak at 385 nm is the Raman scattering peak of water when excited at 340 nm,

which is superimposed atop the fluorescence emission.
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Figure S3. PL lifetime of the (PAA/PEI)*100 multilayers at 375 nm excitation and probed

from 420 to 520 nm.
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Figure S4. Digital photographs of dry PAA film (left), PEI film (middle) and
(PAA/PEID)*100 multilayers (right) under the visible light (a) and UV light of 365 nm (b).

Pristine PAA powders were dissolved with a little DI water and then put in a vacuum oven at
50 °C for 2 days. A dry film of PAA was then obtained (left sample). Pristine PEI solution (50

wt.%) couldn’t be dried by this way even after drying for one week. Therefore, freeze drier was



used. After freezing for up to one week, a viscous PEI solution was obtained, but not a dry PEI

film. Then the viscous PEI solution was coated on a quartz slide (middle sample).
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Figure S5. (a) Emission and (b) excitation spectra of the bare quartz slide when excited and

emitted at different wavelength, respectively.

U-FUW

U-FBW

U-FGW

10 Bilayers 30 Bilayers

50 Bilayers

70 Bilayers

100 Bilayers

Figure S6. Fluorescence microcopy images of (PAA/PEI)*n multilayers membranes excited by

UV, blue, and green lights using three mirror units of U-FUW (exciter filter 340-390 nm), U-



FBW (exciter filter 460-495 nm), and U-FGW (exciter filter 530-550 nm), respectively. The
scale bar is 200 um. The exposure time is fixed at 210.5 ms for U-FUW unit, 526.3 ms for U-

FBW unit, 2.4 s for U-FGW unit, respectively.
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Figure S7. Fluorescence characteristics of (PAA7.2/PEl)*n polymeric multilayers. (a)
Photographs of (PAA7.2/PEI)*n multilayers with different bilayers under the visible light (top)
and UV light of 365 nm (down). (b) Fluorescence spectra of the (PAA7.2/PEl)*n multilayers
with different bilayers excited at 340 nm. (c¢) Normalized absorbance and fluorescence spectra,
(d) emission spectra, (¢) commission internationale de 1’Eclairage (1931) coordinates and (f)

excitation spectra, respectively.
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Figure S8. FTIR spectra of (PAA/PEI)*5 multilayers upon immersing in 3.0 mM Fe3* solution

with different time.
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Figure S9. Changes in (Fy-F)/Fy (A = 405 nm) of (PAA/PEI)*n multilayers with different

bilayers upon the different immersion time in 3.0 mM Fe3* solution.
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Figure S10. Changes in the emission spectra (Ax = 340 nm) (a) and the fluorescence
quenching ratio (b) of (PAA/PEI)*30 multilayers upon the different immersion time in
3.0 mM Ag" ions. (c) Relationship between (F-F)/F and different concentrations of Ag*

ions.
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Figure S11. Quenching and recovery tests of (PAA/PEI)*30 multilayers for Fe**. The used

concentrations are 3 mM Fe3" and 5 mM EDTA, respectively.
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Fig S12. Photofading behavior of the (PAA/PEI)*30 multilayers (Ax=340 nm). The
experiment was conducted with Edinburgh FS5 fluorescence spectrophotometer, which is
equipped with 150-Watts CW Ozone-free Xenon arc lamp. The inset is the change in

fluorescence emission spectra of (PAA/PEI)*30 multilayers before and after light irradiation.

Table S1. Lifetime of the (PAA/PEI)*100 multilayers at 375 nm excitation and probed at

different wavelength sections.

Wavelength T Percent T, Percent T3 Percent | Tayerange 2
(nm) (ns) (%) (ns) (%) (ns) (%) (ns) x
440 0.24 24.95 2.77 46.54 7.76 28.52 3.56219 1.301
460 0.25 25.31 3.25 45.96 8.51 28.72 4.001047 | 1.294
480 0.22 34.21 2.96 32.95 7.79 32.85 3.609597 | 1.448
500 0.28 22.61 3.01 39.27 8.28 38.12 4401671 | 1.301
520 0.24 41.74 2.44 23.68 7.2 34.58 3.167728 | 1.346




Table S2. Comparison of sensing performance of different fluorescent probes for Fe’" ions

detection.

Type of probe Plﬁgiﬁzal:n L1ne(211111~1\l/};1 nge (IrJn %,[D) Solvents Ref.
Polyurethane foam based Synthesis 0.02-0.1 1.64x10° water  [3]
on rhodamine derivative
Poly(5-cyanoindole) film  Electro-polymerization  2.0x104-0.5 1.6x10°  water [4]

Poly(1-amino-5- Polymerization. 1.0x107-0.1 2.0x10% DMF/H,0 [5]
chloroanthraquinone)
Probes based on EtOH/
rhodamine B/amino acid Step-synthesis 0-0.02 2.5x104 PBS buffer [6]
derivatives (RhB-His)
Conjugated microporous
organic polymer Schiff-base reaction 0-0.2 1.02x102  DMF [7]
(TPA-Bp)
Conjugated polymer Tris-HCI
combined with rhodamine Synthesis 0-0.1 3.0x10* gls%f [8]
spirolactam (CP1) uLer

gggﬁggﬁ gfgf%’(i%lrz_ﬁir) Electrochemical exfoliation  0.03-1.0  2.49x102  water [9]

Nitrogen-doped carbon

quantum dots with Hydrothermal method 0-0.2 1.5x10*  water  [10]
ch@tosan (N-CQDs)
Vigna radiata” based Hydrotherhal 012  14x10%  water [l1]

Chitin based C-dots ~ Synthesis (deep eutectic 04 6 43x104  water  [12]
solvent treatment)

S. chinensis Ethanol precipitation and

: ) -4
Polysacg_lgglt(;e based hydrothermal carbonization 0.1-1 5.7x10 water  [13]
Tetraphenylethylene-

based covalent organic Schiff-base reaction 0.01-10  3.07x103  water  [14]

framework (TTPE-COF)
Terbium(I1T) lanthanide—
organic framework Solvothermal reaction 0-0.1 0.13 water  [15]
(534-MOF-Tb)
[(CH3):NH,]-[Tb(bptc)]-

xsolvents (MOF) Solvothermal reaction 0-0.1 0.1801 EtOH [16]
3+ O. ~
Eu b%‘%gé?w%}gzo) Hydrothermal reaction 0-1.2 1.28x102  water  [17]
(PAA/PEI)*30 films LbL assembly 0130  7.6x102  water
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