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Experimental details

Materials

All the experiments were carried out using the as-supplied analytical grade reagents without
purification. Phosphonitrilic chloride trimer (PNC, 99%, Sigma Aldrich), tetrahydrofuran (THF,
SRL), melamine (Sigma-Aldrich), 4-hydroxybenzaldehyde (99%, Sigma Aldrich), dimethyl
sulphoxide (DMSO, Fisher Scientific), hydrochloric acid (HCI, Merck), epichlorohydrin (SRL),
epibromohydrin (Avra), styrene oxide (Alfa Aesar), glycidyl phenyl ether (Alfa Aesar), propylene

oxide (Alfa Aesar) and 1,2-epoxyhexane (Alfa Aesar).

Synthesis of catalysts (HNM and CHNM)

The synthesis of HNM and CHNM have been carried out in two steps.>? In the first step, the
precursor was synthesized by reacting PNC and 4-hydroxybenzaldehyde dissolved in THF under
argon atmosphere for 48h, at RT under stirring condition. The second step involves the
condensation of precursor with melamine and pyrrole to produce HNM and CHNM,
respectively.™? In a typical synthesis of HNM, 1:3 ratio of the precursor (1 mmol) and melamine
(3 mmol) dissolved in 30 ml DMSO were refluxed for 48 h under N2 atmosphere. An off-white
product was collected after washing with methanol, THF followed by Soxhlet extraction with
diethyl ether, and dried at 100 °C in hot air oven. A brown monolith of CHNM was synthesized at
180 °C for 48 h by a solvothermal treatment of 1 mmol of the precursor and 6 mmol of pyrrole
(freshly distilled) dissolved in 5 ml 1,4-dioxane which was pre-treated for 1 h at 70 °C under N>
atmosphere. The monolith was washed several times with methanol and THF and dried in vacuum

at 80 °C. Structures of HNM and CHNM frameworks are shown in Fig.S1.
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Fig. S1: Framework structure of HNM and CHNM.
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Catalytic conversion of CO:2 into cyclic carbonates

As shown in scheme S1, in a typical synthesis, about 0.5 ml of the epoxide and 10 mg of the
catalyst (either HNM or CHNM) was placed in a Teflon lined stainless-steel high-pressure reactor
pressurized with 4 bar of CO.. It was heated at 100 °C and the experiments were carried out for
different time interval from 4 to 40 h. The reactor was allowed to cool naturally and the reaction
mixture was diluted with ethyl acetate from which the catalyst was separated by centrifugation.
The product was obtained by evaporating the solvent under reduced pressure. The obtained crude

product was characterized by *H and *C NMR spectroscopy.
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Scheme S1: Conversion of CO, and epoxides to cyclic and polycarbonates using heteroatom

enriched high surface area materials HNM and CHNM.
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General characterization

The FT-IR spectra of the synthesized specimens HNM and CHNM were recorded using
PerkinElmer Spectrum two FT-IR spectrophotometer with the wavelength range of 400-4000 cm’
1. Chemical environment and oxidation state of the elements in the specimens were investigated
using XPS (X-ray Photoelectron spectrometer, PHI-5000 VersaProbe I1l, ULVAC-PHI INC) and
spectra was recorded using Al Ka as radiation source with analyzer pass energies of 280 eV for
survey scan and 55 eV for high resolution scan of individual elements. The TGA/DTG analysis
were carried out at the temperature range of 25-900 °C with heating rate of 10 °C/min under Ar
atmosphere on EXSTAR TG/DTA 6300. The XRD pattern was recorded on Rigaku ultima IV in
20 range of 5-80° using Cu Ka (A = 1.5405 A). The microstructure of the specimens investigated
using FE-SEM (Carl Zeiss Gemini 300) and TEM (TECNAI G2S-TWIN). The Brunauer Emmett
Teller specific surface area (SAgset) were estimated using the standard N2 sorption analysis in
Autosorb iQ2, Quantachrome instruments, USA. Prior to the analysis, the sample was degassed at
120 °C for 6 h. The investigation of the products formed after cycloaddition of CO; to epoxides
using HNM and CHNM as organocatalyst were carried out using liquid state *H and *C NMR

using JEOL RESONANCE ECX-400.
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Table S1: Assignment of FT-IR bands for CHNM and HNM.

Bands Assignment

Bands (cm™)

Precursor HNM CHNM
N-H stretching - 3405 3430
Aromatic —C—H stretch 3100 3105 3105
Aliphatic C—H stretching - 2930 2930
Aldehydic C-H stretching 2840 - -
—CHO stretching 1700 - -
Pyrrole -C-N stretching - - 1690
C=C aromatic ring stretching 1585 1600 1600
Quadrant stretching of s-triazine - 1548 -
ring
S_emicircle stretching of s-triazine - 1477 -
ring
Quadrant stretching of s-triazine - 1548 -
ring
Pyrrole ring stretching - - 1500
N-H bending - 1650 1400
Ring and side chain CN stretching - 1360 -
Vas(P=N-P), 1210-1130 1210-1160 1210-1160
vas(P-O-C) vibration 980 986 960
ring deformation, (N-H, C2-H) - - 895
C-H out of plane wagging 793 850 760
C=C aromatic ring bending 680 814 685
d(P=N-P) vibration 525 584 510
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Fig. S2: (), (c) **C CP-MAS NMR and (b), (d) 3P CP-MAS NMR spectra of HNM and CHNM.
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Elsevier.

S7



Intensity (a. u.)
Intensity (a. u.)

204 292 290 288 286 284 282 406 404 402 400 398 396 394
Binding Energy (eV) Binding Energy (eV)

(c) (d)

HNM
/

M
CHNM }/{ V\

u.ul—'?”y N"m

142 140 138 136 134 132 130 128 538 536 534 532 530 528
Binding Energy (eV) Binding Energy (eV)

Intensity (a. u.)
Intensity (a. u.)

Fig. S3: XPS high resolution XPS spectra; (a) C 1s, (b) N 1s, (c) P 2p and (d) O 1s for CHNM and
HNM.

S8



100

(00}
o

Weight(%)
3

N
o

N
o

200 400 600 800 1000
Temperature (°C)

Fig. S4. TGA of HNM and CHNM measured in argon atmosphere.

CHNM

lintensity (a.u.)

HNM

10 20 30 40 50 60 70 80
20 (degree)
Fig. S5. X-ray diffraction patterns of HNM and CHNM.
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Fig. S7. EDAX mapping of elements C, N, O, and P in HNM.
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Table S2: Reaction parameter optimization using epichlorohydrin as epoxide substrate.

S.No. | Catalyst HNM (mg) | Time (h) | Pressure (bar) | Conversion (%)
1. 20 36 4 100

2. 10 36 4 100

3. 5 36 4 51

8. - 36 4 -

9. 10 36 2 44

Epoxide = 500 pl; Temperature =100 °C.

S11




7500

A {‘0 hR °T\°t > (@) |

cl Olm Cl

6500
de 6000

5500

J \ i

8 T

S - . 000

Chemical sh ‘rﬁ%‘ (ppm)
4500
F4000
3500
3000
2500
2000
1500

1000

200

o

aaaaaa 3 | 500

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 L1} -1 -2 -3 4

i:>>444J/ a4 o I
i /\Eo al _lo o O)ﬂko ( b) 28000
& I % 26000
d 24000

22000

100 SIOChemiggl shift é‘?ppm) 2 0 | 20000
18000
16000
14000
12000
10000
8000
6000
4000

o BRI P I

ro

-2000

240 230 220 210 200 190 180 170 160 150 140 130 leO( 11)0 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm
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catalyzed by CHNM.
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Table-S3: Current literature on CO cycloaddition with epichlorohydrin over various metal free

and metal-based catalysts.

S. Catalysts SABeT Epoxide Co- Time | Temp. | pCO:2 % Ref.
No. (m2g?) catalyst (h) (°C) /bar | Conv./
Yield
1. IT-POP-1 245 Epichlorohydrin - 10 120 10 99 3
2. HB-CTP 51.2 Epichlorohydrin TBAB 12 80 20 99 4
3. MOSB 33.64 | Epichlorohydrin - 2 120 20 99 5
4, cCTF-500 1247 | Epichlorohydrin - 12 90 10 95 6
5. IPF-CSU-1 - Epichlorohydrin TBAB 48 25 1 95 7
6. COF-JLUES, 1450, Epichlorohydrin TBAB 48 40 1 92 8
COF-JLU7 1392
7. TBICOF 1424 Epichlorohydrin TBAB 24 26-28 1 95 9
8. MOP-0 211 Epichlorohydrin TBAB 24 100 10 89 10
9. CUP 13 Propylene oxide - 12 120 60 99 11
10. COP-Al 34 Epichlorohydrin - 18 90 10 98.1 12
(metal based)
11. | MIL-101(Cr) 1146 Epichlorohydrin - 1 120 10 99.4 13
(metal based)
12. POP-PBNCI- 411 Epichlorohydrin - 48 40 1 99 14
TPPMg-12
(metal based)
13. MAS500 635 Epichlorohydrin - 15 150 15 >99 15
14. B-SBA-15- 250 Epichlorohydrin Kl 6 120 20 75 16
NH:
14. HNM 807 Epichlorohydrin - 36 100 4 100 This
work
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