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1. Chemicals and instruments

All chemicals including tetracycline, 1,4-dicarboxylic acid (H.BDC), iron chloride
FeCls.6H20, and potassium chloride KCI were commercially purchased from Merck, and

directly used without any purification method.

The D8 Advance Bruker powder diffractometer was used to record the X-ray powder
diffraction (XRD) profiles using Cu-Ka beams as excitation sources. The 54800
instrument (Japan) was implemented to capture the scanning electron microscope (SEM)
images with the magnification of 7000 using an accelerating voltage source (15 kV). The
JEOL JEM 1400 instrument was used to study the transmission electron microscopy
(TEM). The FT-IR spectra were recorded on the Nicolet 6700 spectrophotometer. The N
adsorption/desorption isotherm and pore size distribution data were recorded on the

Micromeritics 2020 volumetric adsorption analyzer system. The mapping element
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profiles were recorded on the JEOL JSM-7600F (USA). The UV-Vis spectrophotometer

was used to determine the TCC concentration at 272 nm.

2. Mathematical formula

The kinetic and equilibrium adsorption capacities Q: and Q. (mg/g) were calculated by

the following equations (Eq. S1, S2):

C,-C
Qt: o t
m

V (S1)

C,-C

Q=="=V (52)

where, Co, Cy, and Ceare initial, time and equilibrium concentrations (mg/L), respectively;

m (g) and V (ml) are the amount of adsorbent and volume of solution, respectively.

3. Synthesis of MIL-53 (Fe) and MPC material

The production route of MIL-53 (Fe) was based on the previous work [1]. Firstly,
135 g of FeCls.6HO and 0.83 g of H:BDC were dissolved in 25 mL N,N-
dimethylformamide (DMF). The mixture was then transferred into a Teflon-lined
autoclave and heated up at 180 °C for 6 h. The solid was extracted, washed with C2HsOH

for several times, dried at 110 °C, and used for the synthesis of MPC in the next procedure.

The MPC were produced by the direct pyrolysis of MIL-53 (Fe) as a self-sacrificial
precursor. The procedure could be carried out as follows: 0.8 g of MIL-53 (Fe) was
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carefully embarked on a heat-resistant vessel, and pyrolyzed at 800 °C for 4h under N
(100 cm?/min). The as-received black samples were finally stored in a desiccator cabinet,

ad denoted as MPC (MIL-53 (Fe)-derived mesoporous carbon).
4. Determination of pHpzc (pH point of zero charges)

The pHpzc determination was determined according to a previous report [2]. In a
typical experiment, 5.0 mg of materials were poured into six flasks containing 25 mL of
KCl1 0.1 mol/L at the different pH values (pH: = 2, 4, 6, 8, 10, 12) adjusted using the HCI
and NaOH solutions. The solutions were stirred for 10 minutes and maintained stable
during 24 h. The solids were then separated from the mixture, and their final pH> were
measured by a pH meter. The curve was plotted via pH: versus pHi and the pHp.c was

visualized at pHi = pHoa.

5. Error analysis

In the nonlinear kinetic and isotherm studies, error functions can be applied for
the optimization process to compare the fitness between experimental and calculated
data. Herein, three common error analysis functions were utilized to assess the nonlinear
models including coefficient of determination (R?), mean relative error (MRE), sum
square error (SSE) in Eq. S3-55. The kinetic and isotherm parameters were identified by

minimizing the error functions over using the Origin ® 9.0 software (Massachusetts,

S4



United States) [3]. Note that Qi and Qiexp are the theoretical and experimental values,

respectively.

6. Kinetic models

i(Qi,exp - QTexp)2 - i (Qi,exp - %)2
R? =12 - i=1
Z(Qi,exp - Qi,exp)z

(S3)

Qi cal Qi exp

i,exp

MRE (%) = 1002
n 54

(S54)

SSE= Zn:(Qi,cal - Qi,exp )2 (55)
i=1

In kinetic studies, we addressed several nonlinear models to evaluate the uptake

and elucidate the factors affecting adsorption in heterogeneous phase. Therefore,

adsorption of TCC onto MPC was simulated by kinetics models including pseudo first-

order, pseudo second-order, Elovich and Bangham equations (Eq. S6-510). By comparing

with coefficient of correlation R?, MRE, SSE values, their fitness was suggested to choose

the most compatible model for the description on experimental and calculated data.

Initially, we applied the nonlinear kinetic model, namely “pseudo first-order

model” to reveal the correlation between the rate of adsorption and the number of

unabsorbed sites. The mathematical form of pseudo first-order model could be described

as follows (Eq. S6) [4].
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Q =Q,.(1—exp(—k;t)) (S6)

Where, ki is the pseudo first-order rate constant (min!), Q: (mg/g) is the adsorption
capacity at the time t (min), and Q1 (mg/g) is the adsorption capacity at the equilibrium

time (min)

One the most common kinetic model proposed is that “pseudo second-order
equation” (Eq. S4), which assumes that adsorption process is controlled by chemisorption
mechanism. The mathematical form of pseudo second-order model could be described in

Eq. S7:

t
T 1 &

— +—
kZQZ QZ

Qt =

H =k,.Q? (S8)

Where, k2 (g/mg min) is pseudo first-order rate constant, Q: (mg/g) is the adsorption
capacity at the time t (min), Q- (mg/g) is the adsorption capacity at the equilibrium time

(min), H (mg/g min) is initial adsorption rate, which is determined in Eq. S8 [5].

The nonlinear Elovich model (Eq. S9) is used to elucidate the chemisorption
processes, which solid/gas adsorption is carried out through heterogeneous adsorbing

surfaces [6,7]. The characteristic of this chemisorption is a reversible process between
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adsorption and desorption, which are defined by the adsorption rate o (mg/g min) and

the desorption rate 3 (g/mg).

Q- % In(L+ ) (S9)

Meanwhile, the nonlinear Bangham equation (Eq. S10) is used to explain the
adsorbate pore diffusion activities, where as and ks are its constants [6].

Q, =k, 1% (510)
7. Intraparticle diffusion

The Weber-Morris intraparticle diffusion equation (Eq. S11), which assumes that the
mechanism for TCC adsorption occurs the bulk, external mass transfer, or diffusion of
TCC molecules through the micropores of MPC material and chemical reactions
(adsorption/desorption) in heterogeneous phrases. Its mathematical form can be

described as follows:
Q, =k t?+C, (S11)

Where, Where, ki is the intraparticle rate constant (mg/gmin®°) and Ci is the Weber—
Morris constant (mg/g). The slope of plot of Q: versus t'2 gives the value of the

intraparticle rate constant [8].
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8. Isotherm models

In this study, we carried out the experiments to assess the effect of initial TCC
concentration (1040 mg/L) at room temperature on the adsorption capacity, then
experimental data were converted into the nonlinear forms, which were proposed by
Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich (D-R) models (Eq. 512 - Eq.
S19). Similarly, their fitness was used to choose the most compatible model to explain the

adsorption mechanism and the correlation between experimental and calculated data.

Firstly, Langmuir equation is used to describe the adsorption mechanism of TCC
drug onto MPC via monolayer adsorption behavior [9]. The mathematical form of

Langmuir equation could be described in Eq. S12.

Q,K.C

= mLZe (512
Q 1+KLCe( )
R —— 1 (S13)

11K, C,

Where, Q. (mg/g) is the equilibrium adsorption capacity, C. (mg/L) is the
equilibrium TCC concentration, Qm (mg/g) is the maximum adsorption capacity, Kt

(L/mg) is the Langmuir constants.

Note that Ri, which is described in Eq. 513, is used to evaluate the favorability of
a process according to the following description:
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If Comment

Re=0 An unfavorable process
O0<Ru<1 A favorable process
Re=1 An irreversible process

Secondly, Freundlich isotherm is used to describe an adsorption process, which
tends to occur the multilayer adsorption behavior of TCC onto MPC. This mechanism is
suggested by adsorption of adsorbate on heterogonous phase surfaces without any
uniform distribution of heat of energies [2]. The mathematical form of Freundlich

equation could be described in Eq. S14.
Q, =K. C'" (S14)

Where, Kr (mg/g)(L/mg)'~ is the Freundlich constant, and 1/n is the equation’s
coefficient. Also, they can be calculated via the intercept and slope of the Freundlich

equation (Eq. S14).

Thirdly, we used the Temkin isotherm to study the influence of “indirect
interactions” between TCC molecules and the surface of adsorbent on the adsorption

process. The mathematical form of Temkin equation could be described in Eq. S15 [10].
Q. =B, In(k;C,) (S15)

B, = % (S16)
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Where, Br is the Temkin coefficient, Q. (mg/g) is the equilibrium adsorption
capacity, Ce (mg/L) is the equilibrium concentration, Kr (L/g) is the the constants of

Temkin equation, and R is the gas constant (8.314 J/mol K) (Eq. 516).

Finally, to explain the state of chemical/physical adsorption, we used Dubinin and
Radushkevich (D-R) isotherm (Eq. 517). The mathematical form of Temkin equation

could be described in Eq. 517.

Q, =Q, exp(-Bz?) (S17)

£=RTIn [1+ i] (S18)
C

e

1
E= = (S19)

Where, B (mol?/k]?) and Qm (mg/g) are the D-R and activity coefficients, Polanyi
potential € (kJ/mol) and energy of adsorption E (kJ/mol) can be calculated from Eq. S18

and Eq. S19.
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Table S1. Several properties of TCC antibiotic (Source: Drugbank)

Molecular =~ Melting point pKainwater  Solubilityin =~ Wavelength ~ Number of

formula °C) (25°C) water (mg/L) (nm) H-bond
pKai=3.3

C22H24N20s 172.5 pKaz=7.7 231 272 17
pKa:=9.7

Table 2. Matrix of observed and predicted values.

Independent factors TCC removal (%)
Run

A (mg/L) B (g/L) C() Actual Predicted
1 5 0.05 4 84.0 77.4
2 15 0.05 4 71.0 67.7
3 5 0.15 4 93.0 93.7
4 15 0.15 4 91.0 89.5
5 5 0.05 8 67.0 64.3
6 15 0.05 8 60.0 55.1
7 5 0.15 8 72.0 71.1
8 15 0.15 8 65.0 67.4
9 1.6 0.1 6 83.0 86.6
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10 18.4 0.1 6 73.0 75.3
11 10 0.016 6 50.0 58.4
12 10 0.184 6 85.0 82.5
13 10 0.1 2.6 80.0 84.3
14 10 0.1 94 53.0 54.7
15 10 0.1 6 80.0 79.8
16 10 0.1 6 78.0 79.8
17 10 0.1 6 79.0 79.8
18 10 0.1 6 82.0 79.8
19 10 0.1 6 78.0 79.8
20 10 0.1 6 83.0 79.8
Table S3. Confirmation test
Concentration Dose  pH Removal (%)
Desirability
(mg/L) (g/L) ) Predicted Tested Error
1.9 0.15 3.9 96.0 99.7 +3.9 1.0000
59 0.16 4.0 93.3 98.0 +5.0 1.0000
5.1 0.13 3.8 93.4 93.4 0.0 1.0000
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