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1. A representative GC-MS chromatogram

(x100. 000}
5 SR HE 2544 BERT 30 EE
6.09 ~
[ )Y | Internal standard
5.0 /\[/*o =
4. S
\ =0
20 A - l g [‘} O g
RGN
= o
1.0 = / @ el
MW A Rt ol
1% LS 176 2bo " Z2a" 25 2% abo  abs 250 a7 4b0 495 450 T 475 5b0 525 550 595 Bb0O 626 6500 675 700 7.25

Fig. S1 Gas chromatogram of the reaction.



2. Supplementary electron micrographs
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Fig. S2 (a) HAADF-STEM image and (b) particle size frequency distribution diagram
of Rh/g-C;Ny (6.41 wt%).



Fig. S3 HAADF-STEM images of (a) L11-Rh/g-CsNy4 (1.0wt%) before reaction, (b)
L11-Rh/g-C3N,4 (1.0wt%) after the second recycle, (c) Rh/g-C3Ny4 (1.7wt%) and (d)
Rh/g-C3Ny4 (3.49wt%).



3. Solid-state 3'P MAS NMR spectra
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Fig. S4 Solid-state 3'P MAS NMR spectra of L1-Rh/g-C3Ny, L1/g-C3N, (obtained by
impregnating g-CsN4 with L1 under standard Schlenk conditions) and L1.



4. Hydroformylation activity testing of 1,3-butadiene

Table S1 Effect of reaction temperature on the hydroformylation of 1,3-Butadiene by
L1 l-Rh/g-C3N4.a

0, 0,
o 04\/\/\?°+%+8+M°+/\/\¢°+/\/\¢°+/\/\¢°*/\(§°
1 2 3 4 5 7 8
Conv. Sel.b(%) Carbon
Entry T/°C
(%) | 2 3 4 5 6 7 8 balance %
1 110 100 1.5 0.4 154 6.2 5.7 0 53 17.8 95.1
2 100 99.7 8.5 0.6 10.8 0.5 10.3 0 66.1 3.2 92.3
3 90 98.1 13.7 0.1 3 0.5 8.4 0 56.8 17.5 98.7
4 80 95.9 11.8 0.7 0.3 3.9 56.1 0 27.2 0 93.9

3 Reaction conditions: 1 g 1,3-Butadiene solution (6.21 wt% in toluene), 4 g toluene, 1 mol% L11-

Rh/g-C5Ny4, 4 MPa CO/H, (1:1), 10 h.
b Selectivity of aldehyde products in the liquid phase.



Table S2 Effect of the initial CO/H; (1:1) pressure on the hydroformylation of 1,3-

Butadiene by L11-Rh/g-C3N,.?

catalyst

[e) [e)
N N
N—>04\/\/\¢0+:\< + 5*/\/\?0*’/\/\?0*/\/\?0*/\/\?0*'/\(%0

1

2

3

4

5

6

7

8

Entry p/MPa

Conv.

Sel.?(%)

Carbon

(%) 1 2 3 4 5 6 7 8§  balance %
1 1 97.7 5.4 1.2 53 10.6 102 0 624 4.9 96.7
2 2 97.4 7 2.1 6.1 0 16.6 0 68.1 0.1 97.5
3 3 98.6 129 0.7 5.1 0 212 0 589 1.2 99.3
4 4 98.1 13.7 0.1 3 0.5 8.4 0 5638 17.5 98.7
5 5 99.4 7.1 0 3.5 0 0 0 607 287 92.1

a Reaction conditions: 1 g 1,3-Butadiene solution (6.21 wt% in toluene), 4 g toluene, 1 mol% L11-
Rh/g-C;3Ny, 90 °C, 10 h.
b Selectivity of aldehyde products in the liquid phase.



Table S3 Hydroformylation of 1,3-Butadiene with different ligands. #

[e) [e)
catalyst \g \g
N 04\/\/\?0 + + + MO + /\/vo + /\NO + /\/\70 + /Y§O
1 2 3 4 5 6 7 8
Conv. Sel.*(%) Carbon

Entry Catalyst
(%) 1 2 3 4 5 6 7 8  balance %

L1-Rh/g-

1 CsNy (1.0 89.6 48 0.1 34 56 221 145 49.1 04 91.2
wt%)
L2-Rh/g-

2 CsNy (1.0 65.6 0 0 0 45 103 818 0 3.4 82.3
wt%)
L3-Rh/g-

3 C3N,4 (1.0 85.8 4 08 0 71 39 222 252 1.7 92.6
wt%)
L4-Rh/g-

4 C3Ny4 (1.0 68.3 0 0 75 22 3 716 22 15 81.5
wt%)
L5-Rh/g-

5 C3Ny4 (1.0 75.2 06 03 29 58 321 246 283 54 81.6
wt%)
L6-Rh/g-

6 C3Ny4 (1.0 97.8 0 0 227 09 7 51 587 5.6 934
wt%)
L7-Rh/g-

7 C3Ny (1.0 67.1 0 0 0 27 112 745 58 58 83.8
wt%)
L8-Rh/g-

8 CsNy (1.0 73.1 0 0 0 24 81 783 55 57 85.1
wt%)
L9-Rh/g-

9 CsNy (1.0 70 0 0 0 7.6 269 392 129 134 86.3
wt%)
L10-Rh/g-

10 CsNy (1.0 77.2 0 0 0 47 108 674 78 93 80.9
wt%)
L11-Rh/g-

11 C3Ny (1.0 98.1 137 0.1 3 0.5 84 0 568 175 98.7
wt%)
L11-Rh/g-

12¢ C3N,4 (1.0 87.3 99 2 1.1 44 164 355 305 02 96.3
wt%)




L11-Rh/g-
134 C3N4 (1.0 75.9 1.8 12 0 6.1 185 60.6 114 04 91.2
wt%)
L11-Rh/g-
14 C3N4 (0.23 93.6 2 62 7 09 197 0 641 0.1 91.7
wt%)
L11-Rh/g-
15 C3Ny (1.7 985 101 02 1.7 52 0 139 479 21 923
wt%)
L11-Rh/g-
16 CsN4 (3.49 98.9 85 04 19 74 65 0 472 28.1 91.4
wt%)
L12-Rh/g-
17 CsNy (1.0 77.2 0 03 33 26 129 677 173 59 85.0
wt%)
L13-Rh/g-
18 CsNy (1.0 94.8 23 02 5 22 266 O 56 7.7 86.8
wt%)
L14-Rh/g-
19 C3Ny (1.0 74.4 0 0 0 25 19 85 56 75 81.8
wt%)
L15-Rh/g-
20 C3Ny (1.0 89 1.4 03 27 68 45 0 436 02 92.1
wt%)
L16-Rh/g-
21 C3N4 (1.0 98.6 2 0 43 5 53 98 439 297 923
wt%)
L17-Rh/g-
22 C3N4 (1.0 83.1 06 03 31 29 262 306 306 5.7 89.7
wt%)
L18-Rh/g-
23 CsN4 (1.0 97.9 0 0 19 4 43 271 295 332 89.9
wt%)
L19-Rh/g-
24 CsNy (1.0 93.8 42 05 44 28 468 62 282 69 91.5
wt%)
L20-Rh/g-
25 CsNy (1.0 100 83 04 54 66 0 3.1 593 169 97.3
wt%)
a Reaction conditions: 1 g 1,3-Butadiene solution (7.81 wt% in toluene), 4 g toluene, 1 mol% Rh
catalyst, 4 MPa CO/H, (1:1), 90 °C, 10 h.
b Selectivity of aldehyde products in the liquid phase.
¢ The first recycle of the catalyst L.11-Rh/g-C5Ny (1.0wt%).
4 The second recycle of the catalyst L11-Rh/g-C3Ny (1.0wt%).




