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Figure S1. Optimization of reaction conditions for the synthesis of CITCFs (See also Figure
3). Ar adsorption (filled) and desorption (empty) isotherms of CITCFs obtained at 77 K of
CITCFs. CITCF-X-Y represents X = mole ratio of ZnCl, with respect to the precursor (1:5 and
1:10), Y = reaction temperature of 400 and 500°C. CITCFs synthesized using 5 eq. of ZnCl,
showed the highest surface area.

Table S1. BET surface area of CITCFs (See also Table1)

Sample BET 2, Langmuir,  Smico ®  Sext Viotal © Vit @ Gtz ©
(m?g’) (m?g’) (m?g”)  (m*g") (m?*g") (ecm’g") (nm)
CITCF-5-400 780 929 581 198 0.41 0.2 0.47
CITCF-5-500 1589 1901 772 817 0.89 0.25 0.47
CITCF-10- 525 628 353 172 0.26 0.13 0.5
400
CITCF-10- 1347 1635 665 682 0.72 0.23 0.47
500

2 BET surface area calculated over the pressure range (P/Po) obtained from Rouquerol plots.® Micropore surface area calculated
from the adsorption isotherm using the t-plot method. ¢ Total pore volume obtained at P/Po = 0.99. ¢ Micropore volume calculated
using the t-plot method. ¢ Micropore diameter calculated from NLDFT method.
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Figure S2. NLDFT pore size distribution (PSD) of CITCFs (See also Figure 3). CITCF-X-Y
represents X = mole ratio of ZnCl, with respect to the precursor (1:5 and 1: 10), Y = reaction
temperature of 400 and 500°C.
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Figure S3. BJH pore size distribution analysis of CITCFs. CITCF-X-Y represents X = mole ratio

of ZnCl, with respect to the precursor (1:5 and 1: 10), Y = reaction temperature of 400 and
500°C.
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Figure S4. Rouquerol plots and BET linear plots of (A), (B) CITCF-5-400 and (C), (D) CITCF-5-
500. CITCF-X-Y represents X = mole ratio of ZnCl, with respect to the precursor (1:5 and 1:

10), Y = reaction temperature of 400 and 500 °C.
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Figure S5. Rouquerol plots and BET linear plots of (A), (B) CITCF-10-400 and (C), (D) CITCF-
10-500. CITCF-X-Y represents X = mole ratio of ZnCl, with respect to the precursor (1:5 and
1:10), Y = reaction temperature of 400 and 500 °C.
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Figure Sé6. The impact of ZnCl, amount on the surface area of CITCFs. CITCF-X-Y represents
X =mole ratio of ZnCl, with respect to the precursor (1:5and 1: 10), Y = reaction temperature
of 300, 400 and 500°C. (A) The effect of ZnCl, mole ratio and (B) the reaction temperature on
the porosity of CICTFs.



Table S2. The impact of ZnCl, amount on the surface area of CITCFs.

Sample BET ¢, Langmuir, Srmicro ° S Viotal © Viicro ©
(mZ gf1> (mZ gf1> (mZ gf1> (mZ gf1> (Cm3 gf1> (Cm3 gf1>

CITCF-2.5- 416 507 373 43 0.17 0.13

500

CITCF-5-500 1589 1901 772 817 0.89 0.25

CITCF-10-500 1347 1635 665 682 0.72 0.23

2 BET surface area calculated over the pressure range (P/Po) obtained from Rouquerol plots. ® Micropore surface
area calculated from the adsorption isotherm using the t-plot method. < Total pore volume obtained at P/Py =
0.99.¢Micropore volume calculated using the t-plot method.
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Figure S7. PXRD Analysis of CITCFs. CITCF-X-Y represents X = mole ratio of ZnCl, with
respect to the precursor (1:5 and 1: 10), Y = reaction temperature of 400 and 500°C.



Supplemental Experimental Procedures
Synthesis of Model Compounds:

Synthesis of 1,3,5-triphenyl-1,3,5-triazine-2,4,6-trithione (Model Compound 1): Phenyl
isothiocyanate (0.8 mmol, 108 mg) and the salt mixture of NaCl/KCIl/ZnCl (1.05 mmol, 2.65
mmol, 4.15 mmol, total 830 mg) are transferred into a Pyrex ampoule under an inert
atmosphere. The ampoules were evacuated and sealed at room temperature. Then, the
ampoule was transferred into a box furnace and the temperature was raised to 250 °C (3 °C
min” ramping) and kept it under these conditions for 24h. Afterwards, the ampoule was
cooled down to room temperature and opened carefully. The black colored crude product
was crushed, transferred to ethyl acetate (200 mL) and stirred for 1 h. The solid was removed
by filtration and the dark brownish filtrate was washed with H,O. The organic phase was dried
using Na,SOs and concentrated under vacuum. The model compound 1 was isolated by

preparative TLC using ethyl acetate/hexane (1:9) mixture as the mobile phase.

1,3,5-triphenyl-1,3,5-triazine-2,4,6-trithione "H-NMR (500 MHz, CDCl3) § = 7.52 (t, 6H), 7.45 (t,
3H), 7.32 (d, 6H) ppm. C-NMR (500 MHz, CDCls) 6 = 172.7 (C=S), 143.9 (NCa), 129.9 (2CHa,),
129.1 (CHa), 128.5 (2CHa) ppm. HRMS: m/z = 406.0506 [M + H]* (calc. for CyH1eN3Ss :
406.05006). Yield 5 %.

Synthesis of 1,3,5-tri([1,1'-biphenyl]-4-yl)-1,3,5-triazine-2,4,6-trithione (Model Compound 2):
4-biphenyl isothiocyanate (0.8 mmol, 211 mg) and the salt mixture of NaCl/KCIl/ZnCl (1.05
mmol, 2.65 mmol, 4.15 mmol, total 830 mg) are transferred into a Pyrex ampoule under an
inert atmosphere. The ampoules were evacuated and sealed at room temperature. Then, the
ampoule was transferred into a box furnace and the temperature was raised to 250 °C (3 °C
min” ramping) and kept under these conditions for 24 h. Afterwards, the ampoule was cooled
down to room temperature and opened carefully. The dark brownish crude was crushed,
transferred to dichloromethane (200 mL) and stirred for 1 h. The dark orange solution filtered
to remove the remaining solids and the filtrate was washed with H,O. The organic phase was
dried using Na;SO4 and concentrated under vacuum. The model compound 2 was isolated
by preparative TLC using dichloromethane/hexane (1:2) as the mobile phase.

1,3,5-tri([1,1'-biphenyl]-4-yl)-1,3,5-triazine-2,4,6-trithione "H-NMR (500 MHz, CDCl;) 6 = 7.73
(d, 6H), 7.66 (d, 6H), 7.44 (t, 6H), 7.41 (d, 6H), 7.36 (t, 3H) ppm. *C-NMR (500 MHz, CDCl;) 6 =
172.7 (C=S), 142.9 (NCa), 141.9 (CCa), 139.9 (CCa/), 128.9 (2CHa,), 128.8 (2CHa,), 128.6 (2CHa,),
127.9 (CHa), 127.4 (2CHa) ppm. MALDI: m/z = 740.3802 [M + Ag'] (calc. for CssHz;AgN3sSs* -
740.0413). Yield 54 %.
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Scheme S1. Synthetic scheme for the preparation of model compounds under ionothermal
conditions. 1,3,5-triphenyl-1,3,5-triazine-2,4,6-trithione (Model Compound 1) and 1,3,5-
tri([1,1"-biphenyl]-4-yl)-1,3,5-triazine-2,4,6-trithione (Model Compound 2) were obtained from

phenylisothiocyanate and 4-biphenyl isothiocyanate, respectively.
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Figure S8. '"H NMR (500 MHz, CDCl;, 298 K) spectrum of Model Compound 1.
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Figure S9. *C NMR (125 MHz, CDCl;, 298 K) spectrum of Model Compound 1.
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Figure S10. High-resolution mass spectrum (HRMS) of Model Compound 1.
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Figure S11. 'H NMR (500 MHz, CDCls, 298 K) spectrum of Model Compound 2.
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Figure S12. *C NMR (125 MHz, CDCls, 298 K) spectrum of Model Compound 2.
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Figure S13. Matrix-assisted laser desorption/ionization (MALDI) analysis of Model Compound
2.

Note: All the further characterizations were performed for the samples synthesized using 5
eq. of ZnCl, due to their higher surface areas. Thus, the samples denoted as CITCF-3, CITCF-
400 and CITCF-500 are for the samples synthesized at 300, 400 and 500°C , respectively.
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Figure S14. FT-IR analysis of model compound 1, model compound 2, CITCF-300, -400 and
-500. Model compound 1 and 2 exhibited the three characteristic bands of thiocarbonyl
derivatives (highlighted with blue and light-orange colors). CITCFs also showed these
characteristic bands thus verifying the formation of isothiocyanurate linkages.



Table S3. Elemental analysis (EA) of CITCFs synthesized at different temperatures.

Sample Elemental Analysis (wt%)
C N H S Total amount
48.95° 14.27 @ 4112 32.67° 100

CITCF-5- 50.6 13.5 1.5 18.0 83.6

300

CITCF-5- 55.2 14.2 1.0 17.5 87.9

400

CITCF-5- 58.0 14.6 0.6 13.9 87.1

500

2 Theoretical elemental analysis (EA) value is calculated based on C24H24NSs.
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Figure S15. TGA curves of CITCFs. The thermal stability of CITCFs were assessed in the
temperature range of 25 - 1000 °C under (A) air and (B) nitrogen atmosphere.
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Figure S16. Raman analysis of CITCFs. Raman spectra of (A) CITCF-300, (B) CITCF-400 and
(C) CITCF-500, which were measured using 532 nm laser source on powder samples.

Table S4. Raman analysis of CITCFs. The peak positions of D, G and 2D bands and the

corresponding of Ip/lg ratios.

D band (cm~ G band (cm-
") ")

2D band (cm- I/l
")

CITCF-300 1346.1 1546.5
CITCF-400 1374.2 1550.6
CITCF-500 1355.7 1569.0

2905.6 0.62
2831.1 0.94
2859.1 1.03
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Figure S17. XPS analysis of model compound 1 and CITCFs. XPS Survey spectra of (A) Model
Compound 1, (B) CITCF-300, (C) CITCF-400 and (D) CITCF-500. Indium holder was used for
the analysis of CITCF-500, resulting in the observation of In3d peaks in the survey spectrum.
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Figure S18. XPS analysis of model compound 1 and CITCFs. Deconvoluted XPS spectra of
model compound 1 and CITCFs. (A) C1s, (B) N1s and (C) S2p of model compound 1. (D) C1s,
(E) N1s and (F) S2p of CITCF-300. (G) C1s, (H) N1s and () S2p of CITCF-400. (J) C1s, (K) N1s,
and (L) S2p of CITCF-500.
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Figure S19. Solid State-NMR analysis. (A) '"H MAS NMR spectra of CITCF-300, 400 and 500.
(B) 2D 'H single-quantum double-quantum (SQ-DQ) correlation NMR spectrum of CITCF-500.
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Figure S20. Solid State-NMR analysis. Comparison of the *C CP/MAS NMR spectra of CITCFs
with the solution-state *C NMR spectrum (500 MHz, CDCl;, 298 K) of Model Compound 1.
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Figure S21. Solid State-NMR analysis. >N CP/MAS NMR spectrum (600 MHz, 100 K) of CITCF-
500. The magic-angle spinning (MAS) rate was set to 8 kHz.



Figure S22. Morphology of CITCFs synthesized at different temperatures. SEM images of (A)
CITCF-400, zoomed in regions (B), (C) and of CITCF-500 (D), zoomed in regions (E), (F)

Figure S23. Expanded SEM micrographs of CITCF-500. From the SEM images, it can be
observed that CITCF-500 has more defects.
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Figure S24. The fitting result of Pd(ll) adsorption isotherm of CITCF-500. Fitting with the

Langmuir adsorption model.
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Figure S25. The fitting result of Pd(ll) adsorption isotherm of CITCF-500. Fitting with the

Freundlich isotherm model.
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Figure S26. Pd(ll) adsorption kinetic study. Pseudo-second order model was used for Pd
adsorption kinetic of CITCF-500.
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CITCF-500.



Table S5. Pd Capture performance summary with previously reported Pd adsorbents.

BET Maximum Pd k Kd
Sample Binding Motif Binding (g Uptake (mg g’  (gmg'min™)  (mLg-1) REF
m g a b c
Trithiocyanurat 5.6 x This
1d CITCF-500 ; Pd-S 1589 909.1 3.26 x 10%
ering 10° work
Pd-N idi
POP-oNH,- » (pyridine) 1.1 x
24 p 0-NH:-Pyridine Pd-CI-HN 359 752 - 10° !
y (o-amine)
3d COP-214 Pyrazole Pd-N 308 103 - - 2
Cationic pyridyl
44 CPTPN-CI o Pd-N 384 339.8 0.0208 - 3
trizaine
5e MOF-802 Zr-oxo-cluster Pd-Cl-Zr 4.8 25.8 0.048 - 4
6¢ MOF-808 Zr-oxo-cluster Pd-Cl-Zr 1314 163.9 4.159 - 4
7¢ UiO-66 Zr-oxo-cluster Pd-Cl-Zr 1507 105.1 9.518 - 4
. Zr-oxo-cluster
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Figure S28. Chemical characterization of CITCF-500 before and after Pd(ll) uptake. FTIR
spectrum of CITCF-500 (top) and Pd*@CITCF-500 (bottom). Here the formation of Pd-S
coordination bond can be clearly seen at 277 cm. Additionally, band shifts of
trithiocyanurate ring (from 1599 to 1602 cm™' and from 1150 to 1207 cm™) also confirm Pd(ll)
binding.
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Figure $29. XPS analysis of Pd(I)@CITCF-500. (A) XPS survey spectrum and the deconvoluted
(B) C1s (C) N1s (D) S2p (E) Pd3d spectra of Pd(I/@CITCF-500.
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Figure S30. Extended X-ray Absorption Fine Structure (EXAFS) of Pd(I)@CITCF-500. (A) Pd-
K edge EXAFS for comparison of Pd(I)/@CITCF-500 and palladium reference chemicals. (B)
k?-weighted Fourier transform of the EXAFS function for Pd(I)@CITCF-500 (C), (D) Fitting
EXAFS result of PA(IN@CITCF-500 with a combination of Pd-S and Pd-O interaction mode.

Table S6. The EXAFS fitting results of Pd(I)@CITCF-500 with Pd-S and Pd-O mode.

Scattering path S02 N o2 (A2) e0 (eV) R (A)

Pd-S 0880 29+0.3  0.0058 = 0.001 1.5 2.31 +0.01
Pd-O 0.880 0.8+0.2  0.0025 = 0.001 1.5 2.05+0.02




Figure S31. Energy-dispersive X-ray spectroscopy (EDX) analysis of CITCF-500 after selective
Pd(ll) capture from waste water conditioned metal mixture solution. EDX mapping of S, N,
Pd, Ni, Fe, Zn and Cd. We observed high intensity and homogeneous distribution of Pd and
the absence of other transition metals.
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Figure S32. Pd/Pt selectivity of CITCFs using 5 ppm Pd and Pt mixture solution. Selective Pd
capture at pH 0 and pH 7 of (A), (B) CITCF-400 and (C), (D) CITCF-500. CITCFs showed higher

Pd(ll) uptake efficiency compared to Pt(IV).
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Figure S33. P(IV) adsorption kinetic study. Pseudo-second order model was used for Pt(IV)

adsorption kinetic of CITCF-500.
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Figure S34. Pt(IV) adsorption kinetic study. The calculation of distribution coefficient (Kq) of
Pt(IV).
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Figure S35. Pd(Il)/Pt(IV) selectivity of CITCF-500 for equimolar (0.05 mM) mixture of Pd(Il) and
Pt(IV).

Table S7. Catalytic performance of Pd(I)@CITCF-500 in the Suzuki Miyaura cross coupling
reaction.

HO, Pd(I)@CITCF/ K,CO3
' H O’B Toluene: H,0 (6:1,0.083 M)

100 °C Air 18 h

Catalyst ® 4-lodo Phenyl boronic KoCOs Conversion Selectivity (%) °
toluene acid 2
(Pd mol (mole eq) (mole eq) (mole (%) Ph-Ph-CH; HsC-Ph-Ph-CH3
%) eq)
1 9 1 1.5 1 13.0 99.0 1.0
2 9 1 1.5 3 99.9 10.0 90.0
3 9 1 1.5 6 72.0 71.1 28.9

210 mg Pd(II)@CITCF-500 (containing 450 mg/g Pd) was used as a catalyst.
b Calculated from GC-MS data.
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Figure S36. Suzuki Miyaura cross coupling reactions catalyzed by Pd(I)@CITCF-500. GC
analysis of entry 1-3 of Table S7The corresponding peaks of reactants and products are
highlighted in yellow on the chromatograms.
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Figure S37. Morphology analysis of PA@CITCF-500. TEM image shows average size of 1.49
nm Pd nanoparticle (Pd NPs) after the reduction.
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Figure S38. Surface area analysis Pd@CITCF-500 before and after catalytic tests. BET surface
area analysis of (A) freshly prepared Pd@CITCF-500 and (B) PA@CITCF-500 after five catalytic
cycles (4-amino-bromobenzene and phenyl boronic acid, entry 4 in Table 2).
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Figure S39. Suzuki Miyaura cross coupling reactions catalyzed by PA@CITCF-500. GC analysis
of entry 1-7 of Table 2. The corresponding peaks of reactants and products are highlighted
in yellow on the chromatograms.
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