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Nitrogen-doped carbon materials as multi-task metal-free catalysts

Arai, Masahiko
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The present work aims to develop metal-free multifunctional carbon-based catalyst
s by doping nitrogen species to parent carbon materials. The nitrogen doping has been performed by heat tr
eatment in a stream of ammonia and air under different conditions and the carbon materials so prepared hav
e been applied for different organic reactions that are known to be catalyzed by alkali and metal catalyst
s. _The nitrogen-doped carbon materials were active for Knoevenagel condensation, reduction of nitrobenzene
with hydrazine, and aerobic oxidation of xanthene. There were a few different types of nitrogen species o
n the carbon surface and catalﬁtically active species were believed to depend on the reactions examined. F
or Knoevenagel condensation, there was a good correlation between the activity and the amount of pyridine-
type nitrogen species. The activity for nitrobenzene reduction was correlated with the amount of nitrogen
and oxygen species present on the carbon surface.
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Tablel SREOBEERL*x525 )% L ORE
Py gy | CER SESE  mExwaECY
= (mmol g”h?)  (mmolg™) C 0O N(1) N(2)
1 AC 6.3 0.426 921 79 0 0
2 ACNO-400 209 0484 90 84 10 06
3 ACNO-800 386 0.570 §72 105 11 08
4 AC-AO0-400 26.1 0.615 913 61 18 08
3 AC-AOQ-300 712 0.758 8§78 81 21 2.0
6 PAN(200) 10.8 0.342 752 88 127 33
7 PAN(200)-A0-400 749 0592 719 91 109 8.1
g PAN(200)-AO-600 153, 0.964 735 56 146 63
9 PAN(400)-AO-400 129, 0.811 787 66 85 62
10 PAN(300)-A0-400 199, 1.122 665 73 173 89
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Table 2 Catalytic activities of surface treated
carbons for reduction of nitrobenzene with
hydrazine hydrate.
Entry Catalyst Yield of aniline (%)
1 AC 40.3
2 RAC 36.3
3 OAC 79.8
4 AMAC(800) 47.9
5 AOAC (400)* 46.4
6 AOAC (600)* 41.5
7 AOAC (800)* 473
8 OACP 66.8

Reaction condition: Catalyst, 10 mg; NB, 8.5 mmol;
hydrazine, 4 cm’; temperature, 100°C; time, 2 h.

* Preparation temperature was given in the parenthesis.

® OAC was further ammoxidized at 600°C for 1 h.
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Fig. 3 Influence of the total concentration of O and N
species on the surface of AC upon its activity.
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Table 3 XPS
O N
NH;+Air > NH3 > NO
(Entries 2-4) NH;+Air NH;
NO
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Table 3
(Entry 2,6)
XPS Nls
Tahle 3 BHREF-Fh-fnEEDTHRIEE SEIRE
Atomic Surface Vield
Entry  Catalvst Concentration (%) e
T VR 0
1 Fresh &G ] I 1148
2 MH:-800C-1h 6.6 al 304
3 MHg+Air-200°C—1h [i!] a4 aa0
4 MNO-800°C-1h 13.2 18 167
b NO-300°C-4h 13.0 2h 1737
i NO-300°C-8h a0 a8 190
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