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2.1. Chemicals and characterization equipment

Copper nitrate trihydrate (Cu(NO;),-3H,0, >99.0%), zinc nitrate hexahydrate
(Zn(NOs),-6H,0, >99.0%), trimesic acid (CoHgOg, >99.0%), polyvinylpyrrolidone
((C¢HoNO),, >99.0%), glucose (C¢H; 206, >99.0%), N,N-dimethylformamide
(C3H;NO, >99.0%), ethanol (C,HsOH, >99.0%), methanol (CH;0OH, >99.0%), sodium
hydroxide (NaOH, >96.0%), hydrochloric acid (HCI, >36.0%), perchloric acid (HCIO,,
>65.0%), nitric acid (HNOs, >65.0%), sulfuric acid (H,SO4, >65.0%) were purchased
from China Pharmaceutical Chemical Reagent Co..

The surface morphology, characteristics, and the synthesized samples’ elemental
composition were observed using scanning electron microscopy (SEM,
GeminiSEM300, DE) and energy-dispersive X-ray spectroscopy (EDS, OXFORD X-
Max, UK). The structure and crystal phases of the materials were identified using X-
ray diffraction (XRD, D8 Advance, Bruker, DE) within the range of 5°<26 <80°. The
samples were prepared using the potassium bromide method, and Fourier-transform
infrared spectroscopy (FT-IR, Nicolet NEXUS 670, Thermo, U.S.) was employed to
analyze the surface functional groups of the adsorbent. Quantitative analysis of N,
adsorption-desorption data was conducted at 77.15 K using an Autosorb-1Q analyzer
(Micromeritics, ASAP2020, U.S.) to assess the pore volume, specific surface area, and
pore size distribution of the adsorption material. X-ray photoelectron spectroscopy
(XPS) was employed to determine the samples’ elemental composition and chemical

states (XPS, Escalab 250XI, Thermo, U.S.). The zeta potential of the adsorption



material was measured using a Zetasizer Nano ZS (Malvern, UK), with water as the
dispersant. Before measurement, the samples were heated at 373.15 K under vacuum

for 12 hours to remove moisture and impurities.
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Scheme S1 PFOA stick model diagram.
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Scheme S2 Perspective view of the topology of SPC (Cu/Zn-BTC).



Scheme S3 Resonance structure of PVP.

Table S1 The main properties and structure of perfluorooctanoic acid.

Organic Molecular Molecular Molecular .
. : pia
pollutants structure formula dimension
Perfluorooctanoic  ~/ "/ "/ | 1.05%0.5%0.6
: W CsHF50, -0.5
acid A NANS. nm

Table S2 The high-performance liquid chromatography chart of perfluorooctanoic

acid.

Retention period  Area high degree  breadth trailing  Theoretical
(min) (LV*s) (nv) (s) tail plate number
6.22 263807 37700706 33.00 1.21 18116

Table S3 Structural properties of SPC(5-(Cu/Zn-BTC)) samples.

SBET Viotal Average pore diameter
Sample
(m?/g) (cm’/g) (nm)
SPC(Cu-BTC) 998 0.42 2.05
SPC(Zn-BTC) 683 0.31 3.62



SPC(5-(Cu/Zn-BTC)) 901 0.52 4.02




Table S4 Adsorption isotherm models used in this study and their linear forms.

Isotherm Nonlinear form Linear form Plot
. . K,C. C_ 1, e Ce
angmuir Qe =757+ —= —)® —
° 1+K,C, a. q°K, q ° 9e versus C,
1 1
Freundlich q,= Kf CE Inq, = InK f + (E)olnC . Inq, —— InC,
‘ RT _RT RT InC
Temkin e = (K, c) br 4. = b_Tan Tt b_Tl”Ce Qe versus e
Ing, = Inq, - KDeZ
2
] (-Kpe" Ing 2
Where ¢, is the D-R 4. =4s€ E= 1 e versus & maximum

2K,

capacity of adsorption  in

mg/g; K; is a constant related to the affinity of the binding sites in L/mg; ‘K7 and ‘n’ are the measures of adsorption capacity and intensity of
adsorption; R is the universal gas constant; by is related to the heat of adsorption in kJ/mol. T is the absolute temperature in K; R is the universal
gas constant; K7 is the Temkin constant about the capacity of adsorption in L/g; ¢, is the D-R isotherm constant in mg/g; K, stands for the constant

that is relevant to the adsorption energy in mol?/kJ?; ¢ represents the Polanyi potential constant in kJ/mol.



Table S5 Summary of fitting parameters of the adsorption isotherm model of PFOA by SPC(Cu-BTC) and others.

Langmuir

Freundlich

Temkin

D-R

Ce/Qe:(l/Qmax) *Ce+ 1/(KL *Qmax)

Ing.=InK+(1/n)*InC,

Go=RT/br*InK(Ce)

Inge=Ings-Kpe’

Samples
bT KT KD (10'
K, (L/mg) R? Ky (L/g) n R R* g, (mglg) R
(mg/g) (J/mol)  (L/mg) 3mol?/ kJ?)
SPC(Cu-BTC) 223.71 0.0154 0.9943 8.7921 1.8752  0.8980 57.1364 0.2103 0.9769 128.1378  0.0144 0.7015
SPC(Zn-BTC) 289.12 0.0070 0.9853 8.4637 1.7213  0.9256  38.5023 0.1342 0.9737 165.6832  0.0249 0.6568
SPC(5-(C/Z-BTC)) 458.11 0.0084 0.9921 12.6742  1.7289 09326 24.3652 0.1162 0.9825 256.3523  0.0362 0.6391




Table S6 Comparison of adsorption capacity of different adsorbents for PFOA.

PFOA PFOA
Adsorbent adsorption Adsorption References
capacity (mg/g) equilibrium time (h)

MIL-101(Cr) 460 1 1
MIL-101(Cr)-NH, 290 1 1
MIL-101(Cr)-NMe, 493 1 1
MIL-101(Cr)-DMEN 534 1 1

MIL-101-Cr-QDMEN 754 1 1
ZIF-7 22 1 2

ZIF-8 177 2 2

ZIF-L 244 2 2

Ui0-66 388 1 3
UiO-66-F4 467 1 3
Ui0-67 743 1 3

MIL-125-NH, 42 4 4

MIL-100-Fe 427 1.5 5

MIL-101-Fe 490 1.5 5
MIL-96-RHPAM?2 340 186 6

NU-1000 507 0.5 7
PCN-999 1089 12 8
F-MOF 420 1/3 9
DUT-5-2 92 10 10
DFB-CDP 33 13 11
MWNTs 140 3 12
FCX4-p 189 2 13
AC 53 33.5 14
All-silica Beta (B) 371 6 15
CZDM-3 627 1 16
CMs 303 4 17
OMC-900 87 / 18

SPC(5-(C/Z-BTC)) 460 2 This work

Table S7 Adsorption kinetic equations.



Name

Equations

Pseudo-first order model

Pseudo-second order model

Intra-particle diffusion model

Dunwald-Wagnen diffusion
model

In (qe - qt) =In (qe,cal) - Klt

t 1 t
qt que qe
q:= K3t1/2

where ¢, and ¢, (mg/g) are the sulfur uptake capacities at equilibrium and at time ¢

(min), respectively, K; (1/min) is the adsorption rate constant, K, (g-mg!-min’!) is the

rate constant of the second-order equation, K3 (mg-g!'min-'?) is the intra-particle

diffusion rate constant.



Pseudo-first-order kinetic model

Pseudo-second-order kinetic model

Intra-particle diffusion model

ln(qe-q,)=1n(qe cal) 'Klt

t/g=1/(K>*q)+i/q. qt=K;t"+C
Samples
q (mg/g) qg,cal K] 2 A(] A(] qe,cal KZ 2 Aq A(] C K3
o (mg/g)  (1/min) (mg/g) (%) (mg/g) (g/mg=min) (mg/g) (%)  (mg/g) (mgg R’
Min!/2)
SPC(Cu-BTC) 210.35 85.61 0.0157 0.4938 124.74 59.30 233.62 0.0002 0.9681 23.27 11.06 40.67 13.11 0.7337
SPC(Zn-BTC) 291.57 217.02 0.0211 0.6726 74.55 25.57 353.4 0.0001 0.9419 61.83 21.21 15.05 20.86 0.8538
SPC(5-(C/Z-BTC)) 427.39 722.51 0.0241 0.8409 295.12 59.15 534.83 0.0003 0.9256 107.44 25.14 53.79 33.95 0.9670

Table S8 Kinetics parameters on the adsorption of PFOA in solution by SPC(Cu-BTC) and others.
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Table S9 Diffusion coefficients of PFOA adsorbed onto SPC(Cu-BTC), SPC(Zn-BTC)

and SPC(5-(C/Z-BTC)).

Samples K (min!) Dy, (*10°12 cm?/s)
SPC(Cu-BTC) 0.008 0.018
SPC(Zn-BTC) 0.079 0.020

SPC(5-(Cu/Zn-BTC)) 0.274 0.025

Table S10 Adsorption thermodynamic parameters equations.

Name Equations
Gibbs equation AG=-RTInK,
A% Hoff InK AH + A
't t n = _
an OI1 equation d RT R

where AG (KJ-mol!) is the change in Gibbs free energy for the adsorption
reaction, AH (KJ-mol!)is the change in enthalpy of adsorption, AS (J-mol-'-K-!) is the
change in entropy of adsorption, K; (L-mg!) is the adsorption equilibrium constant,
substituting the value of K; (L-mg™), R is the universal gas constant (8.314 J-mol-!-K-

1, T'is the temperature (K).
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T AG AH AS
Sample Ln(K)
(K) (KJ-mol) (KJ'mol'')  (J:mol!-K1)
298.15 -0.032 0.01
SPC(5-(Cu/Zn-BTC)) 308.15 0.296 -0.12 -16.633 -55.060
318.15 0.603 -0.23

Table S11 Thermodynamics adsorption parameters of PFOA onto SPC(5-(C/Z-BTC)).
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Fig. S1 The high-performance liquid chromatography chart of perfluorooctanoic acid.
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Fig. S2 XRD patterns and simulated curves.
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Fig. S3 The Langmuir (a), Freundlich (b), Temkin (c), and D-R
isotherm models of SPC(Cu-BTC), SPC(Zn-BTC), and SPC(

PFOA were established.
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Fig. S4 The pseudo-first-order (a) and pseudo-second-order (b) kinetic models of

PFOA adsorption on SPC(Cu-BTC), SPC(Zn-BTC), and SPC(5-(Cu/Zn-BTC)) were

established.
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