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Materials

In our experiments, the required ingredients include benzotrithiophene tricarbaldehyde (BTT), [2,2'-
bipyridine]-5,5'-diamine (BPDA), zirconium tetrachloride (ZrCly), tetrahydrofuran (THF), methanol
(MeOH), acetic acid (HAc), 1,4-dioxane, N,N-dimethylformamide (DMF), 2-aminoterephthalic acid
and 2,5-dihydroxyterephthalic acid were supplied by Aladdin Chemistry Co. Ltd. (Shanghai,
China).CR (C;3,H2,NgNa,06S,, 99.0%), MG (C,3Hp5CIN,, 99.0%) and RB (CpsH31CIN,O3, 99.0%), all
purchased from Sinopharm Chemical Reagent Co. Ltd. China. All the chemicals are of analytical grade
without any further treatment. Deionized water (DI) was used throughout the experiments.
Characterization

X-ray powder diffraction (XRD) analysis (Bruker, Cu-Ka, A = 1.5418 A) was used to describe the
crystallinity and crystal structure of the samples. FTIR spectra was recorded in the range of 400-4000
cm'(Mattson Satellite Infrared Spectrometer). X-ray photoelectron spectroscopy (XPS) (Shimadzu
Axis Supra, Al Ka) was used to characterize the surface elemental composition. The surface
morphology was presented by SEM (JEOL, JSM-F100). Auto Specific Surface Area and Porosity
Analyzer (Micromeritics, ASAP2460), Talos F200C at an accelerating voltage of 100 kV was
applied to keep track of TEM images.

Adsorption experiments

A typical adsorption test was performed by adding 5 mg adsorbent to a 20 mL vial containing certain
concentrations of adsorbates (RB, CR and MG) solutions. The vials were ultrasonicated for 5 minutes,
then moved to a shaking table and oscillated at 298 K for 2 h. Next, let the solution stand for about 1 h,

the solid—liquid mixture can be separated. Thus, the residual concentration of sorbents was determined



by UV-Vis spectrometer at 554, 497 and 617 nm for RB, CR and MG. Experimental details and

equations are shown in supplementary material.

Batch adsorption experiments were used to investigate the effects of initial solution pH, contact time,

ambient temperature and initial concentration of adsorbent on the removal of RB, CR and MG.

Typically, 5 mg of adsorbent was added to a vial containing 20 mL of adsorbent solution. The vials

were transferred to a shaking table and oscillated at 298 K for 2h to complete the adsorption process.

The effect of initial solution pH was studied by changing the solution pH (2-12) with 0.1 M

hydrochloric acid and 0.1 M sodium hydroxide. To study the adsorption kinetics, the residual

concentrations of adsorbed masses were detected at predetermined time points (3,5, 10, 15, 30, 60, 120,

240, 320 and 360 min) during the adsorption process. To investigate the adsorption isotherms, different

initial concentrations were tested for each dye: methylene blue (MG) and rhodamine B (RB) at 100—

500 mg/L (in 100 mg/L increments), while Congo red (CR) was studied at lower concentrations (50—

250 mg/L in 50 mg/L increments). After 240 minutes of adsorption, the residual dye concentrations

were measured to determine the adsorption capacity. Experiments were conducted at three different

temperatures (298 K, 308 K, 318 K) to investigate the effect of ambient temperature on adsorption.

After the adsorption, the solid-liquid mixture was separated by natural standing and the concentration

of adsorbed substances was measured with a UV-Vis spectrometer (PERSEE, TU-1901) at 554, 497

and 617 nm, respectively. The concentration was calculated as follows:
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where C (mg L) is the initial concentration of the dye solutions, C, and C, (mg L) represent the

concentration of the residual adsorbates at a certain time and adsorption equilibrium respectively, g, or



g. (mg g) are the adsorption capacities at a certain time t or the adsorption equilibrium, m (g) is the

mass of the as-used adsorbent, and V(L) is the volume of the solutions.

Adsorption kinetics

To explore the adsorption mechanism, several kinetic models were applied to analyze adsorption

processes, including pseudo-first-order, pseudo-second-order and intraparticle diffusion models. The

corresponding equations are expressed as follows:
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where ¢, (mg g'!) are the adsorption capacity at equilibrium, k is the rate constants of the kinetic model,
h (mg g~ ' min™ ") can be defined as & = kyq.? at t — 0, K; (mg-(g-min'?)") is the intraparticle diffusion
rate constant, and 7 (mg-g™") is related to the thickness of the boundary layer.

Adsorption isotherms

To reveal the interaction between the adsorbent and the adsorbates, the adsorption isotherm of the
adsorbent was investigated. In this study, the adsorption isotherms were fitted by Langmuir, Freundlich
models.

The Langmuir isotherm can be written as
KLque (6)
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where g,, (mg g!) is the maximum adsorption capacity assuming the monolayer adsorption, K; (L/mg)

is the Langmuir constant and R;, the equilibrium parameter, is used to reflect the basic properties of the

Langmuir isotherm. The equation can be linearized as
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The Freundlich isotherm can be written as

Y
.= KFCe n' (9)
where Kz (L mg™") is the Freundlich constant, and 1/n is the adsorption intensity. The equation can be
linearized as
1
Inq, = InK; +-InC,, (10)
n

Adsorption thermodynamics

The corresponding thermodynamic equations are listed as follows

AG = AH - TAS, (11)
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where AG represents the change in the Gibbs free energy, AH is the enthalpy change, and AS is the

entropy change, K. = ¢, /C., R =8.314 Jmol~! K~!, and T (K) is the experimental temperature in Kevin.
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Fig. S1. XRD patterns of UiO-66-NH,
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Fig. S2. High-resolution C 1s XPS spectra of BTT-BPDA COF and UiO-66-NH,@BTT-BPDA.
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Fig. S3. XPS spectrum of BIT-BPDA and UiO-66-NH,@BTT-BPDA
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Fig. S4. Contact angle measurements of BTT-BPDA and UiO-66-NH,@BTT-BPDA.



Fig. S5. TEM image of BTT-BPDA
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Fig. S6. SEM images of UiO-66-NH,@BTT-BPDA
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Fig. S7 Possible mechanism of dyes adsorptions on UiO-66-NH,@BTT-BPDA
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Fig. S8. (a) Effect of temperature and (b) the Van’s Hoff equation model for the adsorption process by
UiO-66-NH,@BTT-BPDA.
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Fig. S9. FT-IR spectra of BTT-BPDA, UiO @COF and UiO @COF after adsorption of MG.
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Fig. S10. Comparison of UV visible absorption spectra between the original solution and the adsorbed

solution



Table S1 Fractional atomic coordinates for BTT-DPDA COF: space group P 6/m; a=b= 37.013 A,
¢=3.535 A; alpha=beta=90°, gamma=120°

Atom x (A) y (A) z(A)
Cl1 0.37048 0.66577 0
C2 0.33274 0.62863 0
S3 0.41503 0.75234 0
C4 0.38279 0.7735 0
C5 0.3406 0.74449 0
C6 0.18136 0.57981 0
N7 0.84502 0.40678 0
C8 0.88933 0.43344 0
N9 0.90675 0.47557 0
C10 0.94875 0.5016 0
Cll1 0.97655 0.4857 0
Cl12 0.95817 0.44172 0
C13 0.91488 0.41592 0
H14 0.31587 0.75204 0
H15 0.17055 0.54667 0
H16 0.95948 0.53446 0
H17 0.97621 0.42624 0
H18 0.90099 0.38235 0

Table S2. Summary of the nitrogen adsorption/desorption measurement results of all materials.

BET surface area (m?%/g) Average pore diameter (nm)
BTT-BPDA 63.2 5.1
UiO-66-NH, 668.5 2.1

UiO-66-NH,@BTT-BPDA 181.5 4.1




Table S3. Crystallite size determination for compounds BTT-BPDA and UiO-66-NH,@BTT-BPDA

using the Scherrer equation.

M (hKkD) 20 (°) FWHM (°) s R~F (nm)
Ui0-66-NH. (100) 7.3 0.68 58.3
Ui0-66-NH. (110) 8.4 0.18 42.7
BTT-BPDA (100) 2.8 0.32 26.3
BTT-BPDA (110) 4.8 0.25 32.6

Table S4. Comparison of UiO-66-NH,@BTT-BPDA with some other adsorbents recently reported.

Gmax

Equilibrium Temp.

Materials Target ] pH Refs.
(mgg™) time (h) (K)
Fe;04 @ ZTB-1 CR 458 2 308 7 [1]
ZIF-8@ZIF-67 CR 291.5 1 273 8 [2]
AA-alk-MXene CR 264.4 1.5 308 7 [3]
MABC-P50 CR 435.9 2.5 298 6.5 [4]
This
U@BTT-BPDA CR 1001.3 4 308 7
work
COF-CTTD RB 684.9 2 303 7 [5]
PDA-Ttba-COF RB 833 2 303 7 [6]
silicate/carbon RB 244 2 328 7 [7]
MIL-68(Al) RB 1111 1.5 308 7 [8]
This
U@BTT-BPDA RB 1616.8 4 308 7
work
CS-ZIF-2 MG 3448 3 308 7 [9]
ZIF-8@CS/PVA-ENF MG 1000 3 308 6 [10]
ZIF-L/NF MG 5103 2 293 7 [11]
KGM/ZIF-67 MG 2891.3 3.5 303 7 [12]
This
U@BTT-BPDA MG 1837.3 4 308 7

work




Table S5 COD value of Initial and final of MB, RB and CR dye.

Organic Concentration of Initial COD Final COD Removal
dye dye (ppm) (mg/L) (mg/L) efficiency (%)
RB 100 201.44 27.24 86.50
MG 100 221.39 16.13 92.71
CR 100 142.52 25.51 82.10
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