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S1 Experimental Procedures

S1.1 Chemicals

All chemical reagents were used without purification and dehydration. (Core) Tris(4-bromophenyl) amine; (linker)
phenylenediamine or 1,4-dichlorobenzene; (catalyst) bis(dibenzylideneacetone) palladium (0) (Pd(dba).); (ligand) 2-
dicyclohexyphosphino-2’,4°,6’-triisopropylbiphenyl (XPhos, 97%); (base) sodium tert-butoxide (NaOtBu, 97%) were
of AR grades, which were purchased from Shanghai Aladdin Biochemical Technology Co., Ltd. Tetrahydrofuran (THF),
trichloromethane, 1,4-dioxane, HgCl,, Cu(NO3)2, Zn(NO3)2, La(NO3)2, Pb(NO3)2, Co(NO3)2, Ni(NO3),, HCl and NaOH
were of AR grades, which were purchased from Sinopharm (China) Chemical Reagent Co., Ltd.

S1.2 Synthesis of FZU-PTPA in the autoclave without degassing procedures under different temperatures

Compared to conventional synthetic procedures, our methodology using an autoclave showed a simple and facile nature.
The starting materials, i.e., p-phenylenediamine (1 mmol), tris(4-bromophenyl) amine (1 mmol), catalysts, i.e., Pd(dba),
(0.05 mmol), XPhos (0.09 mmol) and NaOtBu (3.5 mmol), and the solvent THF (70 ml, AR, without any dehydration)
were directly charged in a 100 mL autoclave for reaction without any tedious degassing operations, while 2 MPa of the
Nz was inserted. After the seal-up of the autoclave, the mixture was heated to 100160 °C, respectively under the stirring
allowing for the B-H coupling reaction for 5 h. The reactor was then cooled to room temperature, and the products were
washed by 100 ml THF, CHCIs, ethanol and hot water, respectively, and dried in a vacuum oven at 70 °C for 24 h. Notes
these PTPAs were insoluble in the common organic solvents.

S1.3 Synthesis of FZU-PTPA in the autoclave without degassing procedures with different pressures

The starting materials, i.e., p-phenylenediamine (1 mmol), tris(4-bromophenyl) amine (1 mmol), catalysts, i.e., Pd(dba),
(0.05 mmol), XPhos (0.09 mmol) and NaOtBu (3.5 mmol), and the solvent THF (70 ml, AR, without any dehydration)
were directly charged in a 100 mL autoclave without any tedious degassing operations. After the seal-up of the autoclave,
the pressure was further increased from 0 MPa to 2 MPa, respectively using the N>, and the mixture was then heated to
120 °C under the stirring allowing for the B-H coupling reaction for 16 h. The reactor was then cooled to room
temperature, and the products were washed by 100 ml THF, CHCIs, ethanol and hot water, respectively, and dried in a
vacuum oven at 70 °C for 24 h.

S1.4 Synthesis of FZU-PTPA in the autoclave without degassing procedures with different reaction times

The starting materials, i.e., p-phenylenediamine (1 mmol), tris(4-bromophenyl) amine (1 mmol), catalysts, i.e., Pd(dba),
(0.05 mmol), XPhos (0.09 mmol) and NaOtBu (3.5 mmol), and the solvent THF (70 ml, AR, without any dehydration)
were directly charged in a 100 mL autoclave without any tedious degassing operations, while 2 MPa of the N, was
inserted. After the seal-up of the autoclave, the mixture was heated to 120 °C under the stirring allowing for the B-H
coupling reaction for 1 h, 5 h and 16 h, respectively. The reactor was then cooled to room temperature, and the products
were washed by 100 ml THF, CHCl;, ethanol and hot water, respectively, and dried in a vacuum oven at 70 °C for 24 h.

S1.5 Synthesis of PTPA-CI in the autoclave without degassing procedures

The starting materials, i.e., 1,4—dichlorobenzene (1 mmol), tris(4-bromophenyl) amine (1 mmol), catalysts, i.e., Pd(dba),
(0.05 mmol), XPhos (0.09 mmol) and NaOtBu (3.5 mmol), and the solvent THF (70 ml, AR, without any dehydration)
were directly charged in a 100 mL autoclave without any tedious degassing operations, while 2 MPa of the N, was
inserted. After the seal-up of the autoclave, the mixture was heated to 120 °C under the stirring allowing for the B-H
coupling reaction for 5 h. The reactor was then cooled to room temperature, and the products were washed by 100 ml
THF, CHCl3, ethanol and hot water, respectively, and dried in a vacuum oven at 70 °C for 24 h.

S1.6 Characterization

The infrared characteristic peaks were tested by a Nicolet-iS50 Fourier-transform infrared (FTIR) spectrometer with the
range of 4000400 cm!. The solid-state '3C cross-polarization magic angle spinning nuclear magnetic resonance (SS
13C CP/MAS NMR) spectra were conducted on a Varian VNMRS-600 spectrometer. The thermogravimetric analysis
(TGA) was measured by a thermal Gravimetric Analyzer PerkinElmer TGA-7 America at a heating speed of 10 °C min-
. N, adsorption/desorption isotherms, CO, adsorption and H, adsorption isotherm studies were performed on a

5



Micromeritics ASAP 2020 HD8S after the sample degassing under a high vacuum at 120 °C for 5 hours. The Brunauer—
Emmett-Teller (BET) equation was applied to calculate the surface area, while the pore size distribution (PSD) and pore
volume (PV) were calculated based on the non-local density functional theory (NLDFT). The adsorption heats of CO»
were calculated using the package in the Micromeritics ASAP 2020 HD88 based on the adsorption data conducted at
273 K and 298 K. Surface morphology of samples was observed by a field scanning electron microscopy (SEM) using
a FEI Nova NanoSEM 230. Solid-state ultraviolet-visible near-infrared (UV-vis/NIR) spectra were recorded on an
Agilent Cary 7000. Concentrations of heavy metal ion were obtained through an inductive coupled plasma emission
spectrometer (ICP) of Shimadzu ICPE-9000.

S1.7 Mercury ion adsorption experiment

Mercury ion solution, which was the main pollutant in the wastewater from the polyvinyl chloride (PVC) industrials,
was prepared by the HgCl, and deionized water. The dose of all adsorption experiments was fixed at 1 g L' (with 10 mg
of the adsorbent in 10 mL of the heavy metal solution). During the adsorption process, the oscillation speed was kept at
200 rpm, and the solution after treatment was collected using a filtration via. a syringe filter (0.45 pm membrane filter)
for the ICP test. The maximum adsorption capacity towards the mercury ions was acquired in the mercury ion solution
with an initial concentration of 1200 mg L' without a pH adjustment (the pH was around 6), and the samples with the
best adsorption capacity were selected for more detailed adsorption kinetic, isotherm and thermodynamics investigations.
In the kinetic experiment, mercury ion solutions with differential initial concentration of 50 mg L-!, 200 mg L' or 400
mg L' were used to estimate the adsorption rate of the porosity improved PTPA under different contact times (0-180
min) at 298 K. In the isotherm study, the FZU-PTPA was mixed with mercury ion solutions with differential initial
concentrations for 5 h. In the adsorption selectivity study, PTPA was added to a mixed solution containing HgCl,,
Cu(NOs)2, Zn(NO3),, La(NO3),, Pb(NO3)2, Co(NOs3),, Ni(NOs), with 200 mg L! for each to investigate the adsorption
selectivity and applicability towards Hg(II) of our samples in the practical application.

S1.8 Methodology

S§1.8.1 Kinetic study

In kinetic study, pseudo-first-order kinetic model and pseudo-second-order kinetic model were adopted to extract the
adsorption kinetic parameters of mercury ions on PTPA. The mercury ions transfer situation and rate control steps in the
physical and chemical reaction could be conducted by model fitting. For each model, the linear and nonlinear fitting
methods were used. The formulas used are as follows,

pseudo-first-order kinetic model

% =k, In(Q,—Q,) (nonlinear, S1),

Qr =Q.(1—e™b) (linear, S2),

where the k; is rate constant for pseudo-first-order kinetic model, and Q. (mg g') and O, (mg g') are the absorption
capacity of equilibrium and at time # (min), respectively.

pseudo-second-order kinetic model

% =k, In(Q, — Q,)? (nonlinear, S3),
kaQe?t

Q¢ =

= 0. (linear, S4),

where the k> (g mg™! min) is rate constant for pseudo-second-order kinetic model, and Q. (mg g') and O, (mg g™') are the
absorption capacity of equilibrium and at time ¢ (min), respectively.

S1.8.2 Isotherm study

As for isotherm, the mercury ion adsorption capacity could be evaluated by the Freundlich model and Langmuir model
with linear and nonlinear fitting. Freundlich model is an empirical formula based on hypothesis that adsorbents can be
adsorbed at multiple sites, while the Langmuir model is based on a monolayer adsorption theory.

Freundlich model

1
Q. = KpC,n (nonlinear, S5),



InQ, =InKp + %ln Ce (linear, S6),

where the Q. (mg g!) and C, (mg L") are the absorption capacity and concentration at equilibrium, respectively, and K
stands for the Freundlich constant;

Langmuir model
— KiLCe .
Qe = Qmax 14K,C, (nonlinear, S7),
Ce 1 1 .
—= Ce + linear, S8),
Qe Qmax KLQmax ( )

where the Q. (mg g™') and C.(mg L) are the absorption capacity and concentration at equilibrium, respectively, and K,
stands for the Langmuir constant.

S1.8.3 Thermodynamic study

The adsorption thermodynamic model was adopted to describe the spontaneity of the adsorption process, the disorder
degree of system and the temperature influence on adsorption. The Van Hoff equation describing thermodynamics is as
follows,

Kp =2 (89),
AG = —RT In K, (S10),
InK, =2-2 (S11),

where Kp is the distribution coefficient, where the C, . and C. refer to the concentration of adsorbed and solution when
adsorption reach equilibrium, respectively; T is for temperature (K) and R is the gas constant could be calculated as
8.314(J mol! K'1). While the 4G (kJ mol ™), 45 (J mol'! K-') and AH (kJ mol™") refer to Gibbs free energy change, entropy
change and enthalpy change as usual.

S1.9 DFT calculation

The structural optimization of FZU-PTPA and the interaction between the FZU-PTPA and mercury ions were calculated
by a Gaussian 16 W software. The basis set of b3pw91/6-31g(d) was used for the structural optimizing of FZU-PTPA,
and the calculation for the interaction between FZU-PTPA and mercury ions was performed with the GeneECP basis set
(b3pw91 for FZU-PTPA and SDD for mercury ion). All calculations were performed on a water-based solvation model.



S2 Results and discussion

S2.1 Successful coupling of 1,4-dichlorobenze and tri(4-aminophenyl) amine

The successful coupling of the 1,4-dichlorobenze and tri(4-aminophenyl) amine, even reacted in a very short 5 h time
period, could be also verified by the FTIR investigation in Figure 3(b), which showed the characteristic peaks assigned
to the core tri(4-aminophenyl)amine and linker 1,4-dichlorobenze, but showed the absence of peaks assigned to C-Cl in
the 1,4-dichlorobenze (situated at around 1004 and 1070 cm™!, shown in a purple strip) and the extensive reduce of peaks
ascribed to —~NH; in the tri(4-aminophenyl) amine (situated at around 3400 and 3300 cm™!, shown in a yellow strip).

S2.2 Doping in the PTPA-CI

The PTPA-CI1 was doped by the CI, which could be confirmed by the SS '*C NMR spectra, FTIR and XPS shown in
Figure 3 (b-d). Specifically, an additional peak at 1146 cm™! and a significant broadening of the quinoid amine peak at
1580 cm! highlighted in green strips could be observed in the FTIR spectrum compared to that of the FZU-PTPA, first
suggesting some degree of electron delocalization and the doping on the quinoid amine on the PTPA-CIl chain.
Additionally, a clear new peak assigned to the positively charged N (-N*-) at 401.4 eV arose in the XPS Nls spectra,
again revealing the doping state of the PTAP-CI. This doping caused a slight response in the SS '3C NMR at a chemical
shift of ca. 119.9 ppm (in a green strip in the Figure 3(b)), which was another indicator for the doped PTPA-CL. We
reasoned the doping fact was caused by the by-product HCI during the reaction; the Cl- with a smaller radius than Br
would be easier to be doped onto the PTPA-CL.!-2

S2.3 Detection of the -NH; from the XPS results

We could also observe a new species of -NH; in the XPS N1s spectra, which also caused a small new peak in the FTIR
spectrum at ca. 3400 cm’!, indicating the presence of the unreacted amine group from the core in the PTPA-CI. This may
be caused by the relatively inert 1,4-dichlorobenze that could not fully consume the amine during the coupling.

S2.4 Confirming the synthetic mechanism of the FZU approach from the Hansen-solubility-parameter point of
view

The influence of solvents with differential Hansen solubility parameters (HSP, dt) on the over-heating temperature also
support the mechanism very well. It could be seen from Figure S21 and Table 1, the specific surface area of PTPA
synthesized in the toluene was lower than that in THF when presented in the same reaction temperature, while its over-
heating temperature was higher than that in THF. According to the HSP theory, the solvent with the larger difference in
ot between the solvent and polymer would result in less compatibility for the polymer polymerzation, thus an earler
stage of the phase separation during the polymerization and a poorer porosity for the polymer would be occured. As we
calculated, the toluene with Jt of 18.2 was more imcompatible for PTPA polymerization (with dt of 22.6) compared to
THF with 1 0f 19.5 (|07, Toluene—0T, prPa|=4.4 vs. |01, THF—OT, PTPA|=3.1).? Consistently, for a richer porosity, higher reaction
temperature should be applied to ensure a more effective polymerzation before the easier phase separation when in the
toluene compared to that in THF.



S3 Supplementary Figures
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Figure S1 Calculated '3C NMR spectrum of the PTPA oligomer through the ChemDraw software package
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Figure S5 N, adsorption isotherm (a), pore size distribution (PSD, b) and pore volume distribution (PV, ¢) of FZU-
PTPA synthesized under differential temperature
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Figure S11 SEM images of FZU-PTPA synthesized under differential reaction time

The sphere grew with the reaction time from 1 h to 5 h, but slightly decomposed after 16 h synthesis, with no porosity
changed (Table 1). We reasoned that for this approach, 5 h was enough for the reaction to finish, and a further reaction,
under a strong stirring, would break the sphere physically. As such, broken spheres could be seen in the SEM images of
FZU-PTPA with 16 h reaction, with approaching porosity to the sample synthesized within 5 h.
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Figure S12 Synthesis of PTPA via Buchwald—Hartwig cross-coupling of 1,4-dibromobenzene and tris(4-
aminophenyl)amine.
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Figure S13 Synthesis of PTPA-CI via Buchwald-Hartwig cross-coupling of 1,4-dichlorobenzene and tris(4-
aminophenyl)amine.
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Figure S14 FTIR spectra of FZU-PTPA (120 °C) and PTPA-CL
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Figure S15 FTIR spectra of FZU-PTPA synthesized under differential pressure of inserted N»
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Figure S16 XRD spectra of FZU-PTPA (120 °C)
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Figure S17 XRD spectra of PTPA-CI (120 °C)
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Figure S18 N, adsorption isotherm (a), pore size distribution (PSD, b) and pore volume distribution (PV, ¢) of FZU-
PTPA synthesized under differential pressure of inserted N
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Figure S20 SS UV/Vis spectra of FZU-PTPA synthesized under differential pressure of inserted N>
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Figure S21 SEM images of FZU-PTPA synthesized under differential pressure of inserted Na

The presence of O2 would impede the growth of polymers during the polymerization through influencing the Pd-catalysis
efficiency, resulting in smaller radius of sphere compared to that of the samples synthesized with lower partial pressure
of O (for example, samples produced under additional 2 MPa of N»).
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Figure S23 illustration of the nucleate growth of PTPA synthesized in a poor polymerization process (for example, the
process by using the conventional polymerization method) ¢
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Figure S24 illustration of the nucleate growth of PTPA synthesized in a favorable polymerization process (for
example, the process by using the FZU polymerization method under a mild temperature) 4
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Figure S25 illustration of the nucleate growth of PTPA synthesized in an over-fast polymerization process (for
example, the process by using the FZU polymerization method under an over-high temperature) 4
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Figure S26 the relationship between the reaction temperature and the specific surface area of PTPAs synthesis in
different solvent
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Figure S27 FTIR spectra of FZU-PTPA synthesized in toluene under differential temperature
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Figure S28 N, adsorption isotherm (a), pore size distribution (PSD, b) and pore volume distribution (PV, ¢) of FZU-
PTPA synthesized in toluene under differential temperature
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the adsorption data conducted at 273 K and 298 K
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Figure S30 fitting of kinetic data with the pesudo-first-order model of FZU-PTPA
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Figure S31 fitting of kinetic data with the pesudo-second-order model of FZU-PTPA
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Figure S32 fitting of isotherm data with the Langmuir model of FZU-PTPA
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Figure S33 fitting of isotherm data with the Freundlich model of FZU-PTPA
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Figure S35 Selectivity coefficients of Hg(Il) against other cations obtained from the batch adsorption experiments

43



60
40

Removal
efficiency (%
S

o

1 2 3 4 5
Cycle number

Figure S36 The Hg(II) removal efficiency of our FZU-PTPA in a 5-cycles reuse
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Figure S37 FTIR spectra of FZU-PTPA (120 °C) before and after mercury adsorption

The intensity of the peak assigned to the benzenoid amine (-NH-) situated at 1480 cm! (highlighted in blue) reduced,
while that of the peak assigned to the quinoid amine (—-N=) situated at 1590 cm™' (highlighted in green) increased after
mercury adsorption, indicating a consumption of -NH— by the mercury during the adsorption and the corresponding
production of —N=.
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Figure S38 full-scan XPS spectra of FZU-PTPA synthesized under different temperature
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Figure S39 N1s XPS spectra of FZU-PTPA synthesized under different temperature
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Figure S40 C1s XPS spectra of FZU-PTPA synthesized under different temperature

48



Intensity (a.u.)

540 53 530 525
Binding energy (eV)

Figure S41 Ols XPS spectra of FZU-PTPA synthesized under different temperature
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Figure S42 full-scan XPS spectra of FZU-PTPA synthesized under different pressure
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Figure S43 N 1s XPS spectra of FZU-PTPA synthesized under different pressure
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Figure S44 C 1s XPS spectra of FZU-PTPA synthesized under different pressure
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Figure S45 O 1s XPS spectra of FZU-PTPA synthesized under different pressure
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Figure S46 full-scan XPS spectra of FZU-PTPA synthesized under different reaction time
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Figure S47 N 1s XPS spectra of FZU-PTPA synthesized under different reaction time
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Figure S48 C 1s XPS spectra of FZU-PTPA synthesized under different reaction time
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Figure S49 O 1s XPS spectra of FZU-PTPA synthesized under different reaction time

57



FZU-PTPA
(120°C)
U

’P\LL'.L‘_

1200 800 400 O
Binding energy (eV)

Intensity (a.u.)

Figure S50 full-scan XPS spectra of FZU-PTPA (2 MPa, 120 °C, 5 h) and PTPA-CI
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Figure S51 C 1s XPS spectra of FZU-PTPA (2 MPa, 120 °C, 5 h) and PTPA-CI
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Figure S52 O 1s XPS spectra of FZU-PTPA (2 MPa, 120 °C, 5 h) and PTPA-CI
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Figure S53 full-scan XPS spectra of FZU-PTPA before and after mercury adsorption

61



Before adsorptiﬂ/\

./\\‘.
N
3\

Intensity (a.u.)

405. = .4(I)OI - l395
Binding energy (eV)

Figure S54 N1s XPS spectra of FZU-PTPA (120 °C) before and after mercury adsorption
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Figure S55 Cl1s XPS spectra of FZU-PTPA (120 °C) before and after mercury adsorption
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Figure S56 O1s XPS spectra of FZU-PTPA (120 °C) before and after mercury adsorption
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Figure S57 Hg 4d XPS spectra of FZU-PTPA (120 °C) after mercury adsorption
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Figure S58 optimized structure of the oligomers of FZU-PTPA before (a) and after mercury adsorption (b) by
Gaussian 16 W using a B3PW91/6-31g(d) basis set.
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Figure S59 Information of molecular orbital (in a unit of a.u.) of an oligomer of FZU-PTPA calculated by Gaussian 16
W using a B3PW91/6-31g(d) basis set.
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Figure S60 Information of molecular orbital (in a unit of a.u.) of an oligomer of FZU-PTPA after interaction with the
mercury ions calculated by Gaussian 16 W using a B3PW91/6-31g(d) basis set.
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S4 Supplementary tables

Table S1 peak positions and specific surface area of the SS UV/Vis spectra of FZU-PTPA

Sample A (nm) Specific surface area (m? g!)
Control 595 58

100 °C 610 688

120 °C 620 1145

140 °C 615 804

160 °C 604 332
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Table S2 CO; adsorption capacity of advanced porous materials

Adsorbent Adsorption capacity Adsorption capacity Ref
(mmol g!) (Wt%)
FZU-PTPA 4.06 (1 bar) 17.86 this work
POM 3.73 (1 bar) 16.40 7
PCP-CI 2.29 (1 bar) 10.17 8
PRP-1 2.09 (1 bar) 9.20 ?
HCS-S 2.63 (1 bar) 11.57 10
OMC 3.00 (1 bar) 13.20 1
NAB-2 3.18 (1 bar) 14.20 12
mPTPA-2 2.41 (1 bar) 10.60 13
BoxPOP-2 1.25 (1 bar) 5.50 14
Al-PMOF 0.25 (1 bar) 1.10 15
MUF-16 2.23 (1 bar) 9.81 16
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Table S3 The isosteric heat of adsorption Qs of various samples

Samples The isosteric enthalpy of adsorption QO Ref.
BILPs ca.28 kJ mol ™! 17,18
Azo-COPs ca.24-29 kJ mol™! 19
TB-COP 25.9 kJ mol™! 20
ALPs ca. 27-28 kJ mol™! 21
MAPOPs ca. 18-30 kJ mol™! 22
Networks ca. 25-26 kJ mol™! 23
FZU-PTPA 28.9-30.1kJ mol ™! This work
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Table S4 kinetic parameters of the FZU-PTPA (120 °C) towards the mercury ions fitted by the pseudo-first-order and
pseudo-second-order model

Pseudo-first-order constants

Pseudo-second-order constants

Co « « h
e 1 Qe 2
(mg L) _ R? . mg' min- R?
(mg g (min'!) (mgg) | (gmg'minh) | @ %)
50 49 1.42 0.999 49 0.52 1250 0.999
200 170 1.02 0.992 175 0.008 250 0.999
400 414 0.971 0.980 435 0.002 370 1
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Table S5 initial adsorption rate / of benchmark adsorbents

Adsorbent initial adsorption rate 4 (mg g*! min') Ref.
FZU-PTPA 1203.65 this work
PANI-F-S 147.80 2
MMS/CS 478.47 %
Fe;04@DTIM-MOF@SH 16.12 2
ZrSulf 5.31 2
Co-N-C 16.12 28
COFrrpBTH 71.43 2
PAF-SH 49.20 30
PAF-Sme 152.39 30
PSN-N; 27 3
MMS/MoS; 476 32
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Table S6 isotherm parameters of the FZU-PTPA (120 °C) towards the mercury ions fitted by the Langmuir and

Freundlich model

Langmuir Model Freundlich Model
Temperature
qm Kz Kr
°C) R? n R’
(mg g™) Lgh (mg g™)
25 1111 6.76 0.984 2.72 80.87 0.979
35 1250 9.12 0.994 2.67 92.31 0.947
45 1429 9.07 0.997 2.47 87.07 0.900
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Table S7 Properties of cations used in competitive adsorption experiments.

lons Tonic radius (A) Stokes radius (A) Hydrated radius (A)
Ni2* 0.70 2.92 4.0
Co* 0.72 3.35 4.2
Pb** 1.32 2.83 4.0
Cu? 0.72 3.25 4.2
Zn** 0.74 3.49 4.3
La®* 1.15 3.96 4.5
Hg?" 0.69 ] 3.0
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Table S8 thermodynamic parameters of the FZU-PTPA (120 °C) towards the mercury ions

AH AS AG (kJ mol™)
(kJ mol™!) (J mol"' K 298K 308K 318K
27.16 105.42 426 -5.19 -5.96
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Table S9 adsorption capacity towards the mercury ions of other advanced porous materials

Adsorbent Omax (mg g™) Ref.
TAPB-BMTTPA-COF 734 3
TLMSM 954.7 4
MT-PNPs 297 3
COF-LZU8 236 36
PAF-1-SH 1014 37
MOF-808-SH 971.5 38
Fe;04@DTIM-MOF@SH 756.9 26
PNE-S 971 3

Thiol functionalized porous

. 1216 40
organic polymer
Fe;04@TMU-32 905 41
FS@PTL-SH 1001.2 42
Bi-I-functionalized 264 23
Fe;04@Si0@HKUST-1
sulfur/reduced GO 908 44
nanohybrid
SWCNT-SH 131 4
amide functionalized 46
178
cellulose
MOP-SH 703 47
AzoPOP-SH 910 47
UiO0-66-DMTD 670 48
SMP 595.2 49
MNPC 476 0
PTPA-120 1429 this work
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Table S10 XPS N1s spectra information of FZU-PTPA synthesized under differential temperature.

=N-/ tertiary amine —-NH-
Peak position/eV | Peak area lz(eji/rzi?n Peak position/eV | Peak area :( T;;Ztsifm
100 °C 399.4 4344 0.49 399.9 4547 0.58
120 °C 399.4 9679 0.58 400 7018 0.42
140 °C 399.6 9342 0.58 400.2 6649 0.42
160 °C 399.5 8274 0.50 400 8185 0.50
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Table S11 XPS Cls spectra information of FZU-PTPA synthesized under differential temperature.

C-0/C=0 C=N C-N C-H/C-C
Peak position/eV | Peak area | Peak ratio | Peak position/eV | Peak area | Peak ratio posi?c?ﬁ/eV I;f:;( lr)aet?l; posi?c?ﬁ/eV I;f:;( lr)aet?l;
100 °C 287.5 1904 0.040 285.5 17942 0.366 284.8 17088 | 0.349 284.3 12042 0.245
120 °C 287.6 2586 0.031 285.6 27383 0.331 284.9 28152 | 0.341 284.3 24542 0.297
140 °C 287.6 3909 0.048 285.6 26152 0.320 284.9 27865 | 0.341 284.4 23796 0.291
160 °C 287.7 3918 0.047 285.7 27101 0.321 284.9 31086 | 0.369 284.3 22207 0.263
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Table S12 XPS Ols spectra information of FZU-PTPA synthesized under differential temperature.

0=C c-0
Peak ratio Peak ratio
Peak position/eV | Peak area Peak position/eV | Peak area

A©=cy/Asum A(c-0/Asum
100 °C 532.2 5426 0.88 533.7 725 0.12
120 °C 531.7 3801 0.38 533.1 6136 0.62
140 °C 531.7 6248 0.35 533.1 11396 0.65
160 °C 532.2 11733 0.60 533.8 78880 0.40
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Table S13 XPS N1s spectra information of FZU-PTPA synthesized under differential pressure.

=N-/ tertiary amine —NH-
Peak ratio Peak ratio
Peak position/eV | Peak area Peak position/eV | Peak area
An-/Asum ANH-/Asum
0 MPa 399.5 4487 0.48 400 4796 0.52
2 MPa 399.4 9679 0.58 400 7018 0.42
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Table S14 XPS Cls spectra information of FZU-PTPA synthesized under differential pressure

C-0/C=0 C=N C-N C_H/C_C
Peak Peak Peak Peak
position Peak Peak position Peak | Peak position Peak | Peak position Peak Peak
area ratio area ratio area ratio area ratio
eV eV eV eV
l\fI)P 287.7 3167 0.068 286.0 6406 | 0.136 285.3 11969 | 0.255 284.5 | 25406 | (.541
1\/%1) 2876 2536 0.031 2856 | 27383 | 0331 2849 | 28152 | 0.341 2843 | 24542 | 0.297
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Table S15 XPS Ols spectra information of FZU-PTPA synthesized under differential pressure

0=C c-0
Peak ratio Peak ratio
Peak position/eV | Peak area Peak position/eV | Peak area
A©=c)/Asum Ac-0y/Asum
0 MPa 531.3 3332 0.32 532.5 7167 0.68
2 MPa 531.7 3801 0.38 533.1 6136 0.62
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Table S16 XPS N1s spectra information of FZU-PTPA synthesized under differential reaction time

=N-/ tertiary amine —NH-
Peak position/eV | Peak area i(iii/rztsfn Peak position/eV | Peak area Alz fﬁ:;ﬁﬁm
lh 399.6 8549 0.50 400.2 8621 0.50
5h 399.4 9679 0.58 400 7018 0.42
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Table S17 XPS Cls spectra information of FZU-PTPA synthesized under differential reaction time

C-0/C=0 C=N C-N C-H/C-C
Peak position/eV | Peak area | Peak ratio | Peak position/eV | Peak area | Peak ratio Pc.eak Peak Pegk Pc.eak Peak Pee.lk
position/eV | area ratio position/eV area ratio
lh 287.6 3757 0.043 285.7 27990 0.323 285 28126 | 0.324 284.5 26873 0.310
5h 287.6 2586 0.031 285.6 27383 0.331 284.9 28152 | 0.341 284.3 24542 0.297
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Table S18 XPS Ols spectra information of FZU-PTPA synthesized under differential reaction time.

0=C c-0
Peak ratio Peak ratio
Peak position/eV | Peak area Peak position/eV | Peak area
A©=cy/Asum A(c-0/Asum
lh 531.5 4015 0.27 532.8 10794 0.73
5h 531.7 3801 0.38 533.1 6136 0.62
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Table S19 XPS N1s spectra information of PTPA-C1

=N-/ tertiary amine —NH- —N*— N-ClI
Peak Peak Peak Peak
position/e | Peak area | Peak ratio | position/e | Peak area | Peak ratio | position/e | Peak area | Peak ratio | position/e | Peak area | Peak ratio
\Y% \Y% v v
FZU'P(,TC};A (1201 3994 | 9679 0.58 400 7018 0.42 NA. NA. NA. NA. NA. NA.
PTPA-Cl 399.5 15701 0.23 400.1 23636 0.34 401.4 10303 0.15 402.3 19524 0.28
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Table S20 XPS Cls spectra information of PTPA-CI

C-0/C=0 C-C=N C-N c-C
Peak
Pc.eak Peak Pegk Peak position/eV | Peak area | Peak ratio | Peak position/eV | Peak area | Peak ratio Pc.eak Peak | ratio
position/eV area ratio position/eV | area
FZU-
PTPA 287.6 2586 | 0.031 285.6 27383 0.331 284.9 28152 0.341 284.3 24542 | 0.297
(120 °C)
PTPA-CI 284.4 106533 | 0.313 284.9 108397 0.319 285.6 87932 0.259 286.5 36881 | 0.109
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Table S21 XPS Ols spectra information of PTPA-CI

O=C CcC-O
Peak Peak Peak Peak
position/e Peak ratio position/e Peak ratio
v area v area
FZU-P}g;A(IZO 531.7 3801 0.38 533.1 6136 0.62
PTPA-CI 532.0 13339 0.60 533.2 95488 0.40
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Table S22 XPS N1s spectra information of FZU-PTPA before and after adsorption with the

mercury ion.

=N-/ tertiary amine _NH-—
Peak Peak Peak ratio Peak Peak Peak ratio
position/eV area A/ Asum position/eV area Acxiy/Asam
ad}z'sfg;eon 399.4 9679 0.58 400 7018 0.42
After adsorption N.A. N.A. N.A. 399.8 13709 1
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Table S23 XPS Cls spectra information of FZU-PTPA before and after adsorption with the mercury ion

C-0/C=0 C=N CN C-H/C-C
Peak Peak Peak
Peak Peal Peal position Peak area | Peak ratio | position | Peak | Peak - pogifion | Peak | Peak
position/eV area ratio area ratio area | ratio
eV eV eV
Before 287.6 2586 0.031 285.6 27383 0.331 2849 | 28152 | 0.341 2843 | 24| 029
adsorption 2 7
. 1173 | 0.17
After adsorption 287.2 5980 0.088 285.5 29534 0.437 284.8 | 20330 | 0.301 284.3 ; .
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Table S24 XPS Ols spectra information of FZU-PTPA before and after adsorption with the

mercury ion

o=C c-O

Peak Peak

Peak Peak ratio Peak Peak ratio

position/eV area | A_cy/A, | Position/eV area Ac-

um O)/Asum
Before

) 531.7 3801 0.38 533.1 6136 0.62
adsorption

After 531.6 6884 0.34 533.1 10230 0.66
adsorption
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