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Table S1. Catalytic results of N-methylation of aniline using Pt/M-ZrO; with different

methylating agents.

Aniline NNDMA
S. No. Ci source )
Conv. (%) Yield (%)
2 Formalin 99.7 68.4
(formaldehyde)
2° Paraformaldehyde 25.4 1.2
3° Methanol 19.3 --
49 CO2 18.1 -

Reaction conditions: 0.5 mmol aniline, 25 mg Pt/M-ZrO; (0.003 mmol Pt), 15 g MeOH,
50 °C, 20 bar Ha, 0.5h. 2150 mg formalin. ®70 mg paraformaldehyde. ¢ methanol solvent
used as an alkylating agent. 910 bar COx.

Table S2. Comparison of the catalytic efficiency of the present study with the existing studies.

Entry Catalyst Conditions Yield -{:)1'): Ref.
1 Ru/C 70 °C, 8h, 25 bar H, ~99 13 1
2 Pt/C 70 °C, 8h, 25 bar H, 95 17 1
3 Pd/C 70 °C, 8h, 25 bar H, 99 30 1
4 Rh/C 70 °C, 8h, 25 bar H, 76 13 1
5 Raney Ni 70 °C, 8h, 25 bar H2 99 } 1
6 Raney Co 70 °C, 8h, 25 bar H2 99 } 1
7 Raney Ni (6) 180 °C, 7h, 17 bar H, 65 31.0 2
8 CuAlOx 120 °C, 5h, 10 bar H, %B(N) 1.2 3
9 Ni/NiO@C 80 °C, 6h, 20 bar H» 99 0.6 4

10 Pt/M-ZrO2 0.5 mmol, 50 °C, 0.5h, 20 bar H 68.4 622 This work

11 Pt/M-ZrO2 4 mmol, 50 °C, 2h, 20 bar H 81.6 1484  This work

S2



Table S3: Physicochemical properties of parent and Pt supported on ZrO,.

S. No. Catalyst Surface Area BJH Pore Size Total Pore Volume

(m?/g) (D=nm) (cc/g)
1 M-ZrO, 106.8 31.0 0.60
2 PtYM-ZrO, 116.3 17.3 0.58
3 T-Z1O, 6.9 0.1 0.01
4 PY/T-Z10, 7.3 1.7 0.15

Table S4: Metal dispersion and particle size of Pt supported on ZrOs.

S. Catalvst Dispersion (%) Particle size (nm)
No. atalys CO-pulse HAADF-STEM/HRTEM

1 Pt/M—ZrO2 27.7 0.72

2 P‘[/T—ZrO2 4.8 27.5

Table S5: Surface composition of elements of parent and Pt supported on ZrO based on

XPS analysis.
Zr 3d; B.E O 1s; B.E Pt 4f; B.E (eV)
S. (V) (eV)
No. Catalyst PO Pt™ P Pt
: 3dsp 3dsn OL Oa
Afsp  Afsp  Af3p  4Af3p
529.5 531.1
M-ZrO - - - -
1 ) 1815 1839 (66.3) (33.7)
529.7 531.4
T-ZrO - - - -
2 o, 181.9 184.3 (77.4) (22.6)
3 PUM-ZIO, 1816 1840 2200 531.1 (gzlfg) 731 750 765
2 L0 Y (621) (37.9) ' i
529.6 531.3 70.6
Pt/T-ZrO
4 0, 181.8 184.2 (73.7) (26.3) (68.4) 719 739 753
529.4 531.0 71.3
*  Pt/M-ZrO
5 0, 1816 184.0 (66.1) (33.9) (62.2) 728 749 76.6

*Spent catalyst, Values in the parenthesis are the percentage of corresponding species.
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Table S6: Catalytic activity of Pt/M-ZrO, towards the synthesis of NNDMA from

nitrobenzene via a one-pot two-step process.

Entry substrate product Time (h)  conversion Yield
1. Stepl  Nitrobenzene Aniline 1.5 >99 94.8
2. Step 2* Aniline NNDMA 1.25 >99 89.6
3. One-pot  Nitrobenzene NNDMA 4 95.6 56.0
4. One-pot?  Nitrobenzene NNDMA 4 >99 89.7

Reaction conditions: 0.5 mmol Nitrobenzene, 25 mg Pt/M-ZrO, (0.003 mmol Pt), 50 °C, 20
bar H.. *reaction mixture from entry 1 was directly used for entry 2, #100 °C.

NH2 \N F
Pt/M-ZrO, (S/Pt=173.7)
+ CH,0 —
40 bar H,, 50 °C, 75 min
2g 52¢g Y=79.7%

Scheme S1: Scale up experiment of the N, N-dimethylation of aniline using Pt/M-ZrOa.
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Figure S1: a) GC chromatogram of blank reaction without a catalyst (Table 1, entry 1)

and b) GC-MS fragmentation of imine intermediate (IM-1).
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Figure S2: GC chromatograms of the reaction mixture with Pt/M-ZrO. as a catalyst after
a) 0.5h and b) 1.25h.
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Figure S3: a-c) HRTEM images and d) SAED pattern of M-ZrO,.

Figure S4: HRTEM images of Pt/T-ZrO..
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Figure S5: Zr 3d XPS spectra of a) T-ZrO2; b) M-ZrO..
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Figure S6: O 1s XPS spectra of a) T-ZrO2; b) M-ZrO..
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Figure S7: NHs-DRIFT spectra of Pt/T-ZrO..
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Figure S8: NH3-DRIFT spectra of Pt supported on ZrO; catalyst at 50 °C.

S9



——Pt/M-ZrO,
1443; LAS PUT-Zr0,

1489;LAS+BAS
1521; BAS
)

Intensity (arb. units)

1400 1420 1440 1460 1480 1500 1520 1540 1560
Wavenumber (cm™)

Figure S9. Pyridine DRIFT spectra of Pt/M-ZrO; and Pt/T-ZrO..
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Figure S10: DRIFT spectra of Pt supported on ZrO> catalyst.
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Figure S11: CO,-DRIFT spectra of Pt/T-ZrOx.
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Figure S12: H,-DRIFT spectra of M-ZrOo.
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Figure S13: In-situ DRIFT spectra of aniline-formaldehyde mixture adsorbed over M-ZrO>

and Pt/M-ZrO.. Ane: aniline; Fald: formaldehyde; Ane-Fald: aniline-formaldehyde mixture.
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Figure S14: XPS spectra of a) Zr 3d, b) O 1s, ¢) Pt 4f of spent Pt/M-ZrO; (After 4™ run).
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Figure S15: GC chromatograms of N-methylation of furfurylamine.
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Figure S16: GC chromatograms of N-methylation of 5-methylfurfurylamine.
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Figure S17: GC chromatograms of N-methylation of cyclohexylamine.
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Figure S19: GC chromatograms of N-methylation of naphthylamine.
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Figure S20: GC chromatograms of N-methylation of 4-bromoaniline.

S17



260000

240000
220000
2000004
180000
160000
« 1400003
120000 4-Flouro-N,N-dimethylbenzylamine
1000003 . /
800003 |
$00003
400003
200003 21.09
E 240 382 596 9.74 12.23 1428 1600 1768 | 2194 2773 3007 3144 3491 3600 37.18 4189 4308 4397 5135 5250 5583
L e s e e e B e e AN S by et B ) Wt i L b s s
5 10 15 20 25 30 35 40 45 50 55
Time (min)
-mn‘f °109.05
o]
9o 58.08
85: |
80 N\
751
703
Bk
3 603
é SS: F
R 153.12
f[n Sﬂ:
§ 457
&
409
83.03
209
153
104
sE 59.09 o S1nusrg 136.07
El ‘H‘ Lot “ 12107 ”“ | ‘ 165.00 19105 207.06 22122 25283 26213 28123 20615 32505 33433 35523 38458
\ 1 t T T t t t t Ty T T T T T T
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
mz
Figure S21: GC chromatograms of N-methylation of 4-flouro-benzylamine.
115000 100— 13412
1100003 ]
1050004 905
100000 N,N-Dimethyl-p-toluidine ]
95000 ] Ny
s0n00] 80 N
850003 ]
800003 2081 704
g
& 60
e ]
2 50
o
2 1
2 404
L3 1
304
] 91.07
250004 21,00 20{ 118.10
20000 4
15000 3 65.06
10000 o 7706 | 9209
P09 N as 4o om0 o57 1005 wmae o mso Ml sz e w0 20z uw smes arzm sess o ol ! il ‘ RLEAE 19302 20706 22325 L7 ze1od 31414
: 10 1 2 - 30 3 20 50 100 150 200 250 300

Time (mir)

miz

Figure S22: GC chromatograms of N-methylation of p-toluidine.
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Figure S23: GC chromatograms of N-methylation of m-anisidine.
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Figure S24: GC chromatograms of N-ethylation of aniline.
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