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Highly Efficient Aqueous Ammonia Modified Graphene Oxide for
Knoevenagel Condensation
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Abstract: A series of aqueous ammonia modified graphene oxide samples were prepared by impregnation
method and used to catalyze Knoevenagel condensation reaction between benzaldehyde and malononitrile.
The prepared materials were characterized by X-ray diffraction, Raman spectra, Fourier transform infrared
spectroscopy, NH3-TPD and elemental analysis. Moreover, the influence of technological conditions on the
performance of catalyst was investigated. The results indicated that NH; was successfully immobilized on
the surface of graphene oxide. The aqueous ammonia modified graphene oxide samples exhibited excellent
catalytic performances in the Knoevenagel condensation reaction between benzaldehyde and malononitrile.
The catalytic activity increased gradually with increasing the concentration of aqueous ammonia. 93.6%
benzaldehyde conversion and 94.8% benzylidene malononitrile selectivity were obtained when the reaction
was carried out at 60  for 4 h in the presence of aqueous ammonia (5% mass fraction) modified graphene
oxide (AW-GO-5%). Catalytic activity was still excellent after the AW-GO-5% catalyst could be recycled
four times.
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XRD patterns of GO (A), AW-GO-1% (B),
AW-GO-5% (C), AW-GO-25% (D) samples

Fig. 1
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Table 1 Elemental analysis results of GO and AW-GO
samples
w(C)/% W(N)/% w(H)/%
GO 66.23 0 1.64
AW-GO-1% 67.15 0.39 1.71
AW-GO-2% 67.92 1.07 2.08
AW-GO-5% 69.20 2.61 2.63
AW-GO-10% 69.85 2.69 3.17
AW-GO-25% 70.41 2.84 4.01
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It HARAIE VLR AW-GO B 5 il 45 3o B2 v A FH 42
JK B B S IR 24 K R A O #)
5%, SRR AL RN 93.6%, H A HAR™=
PRI G ) MR 94.8%, Hirr=¥i
R A% 88.7%. 5 AW-GO-5%H L, AW-GO-25%
1) 2R F AL AL S H AR = e Bt s A 4 v, X
S AL AR 25 R — 5
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Table 2 Catalytic performances of AW-GO samples in
Knoevenagel condensation

Entry Catalyst Conv./% Sel./% Yield/%
1 — 12.7 80.1 10.2
2 GO 14.9 83.7 12.5
3 AW-GO-1% 52.3 93.2 48.7
4 AW-GO-2% 73.4 94.4 69.3
5 AW-GO-5% 93.6 94.8 88.7
6 AW-GO-10% 93.8 94.9 89.0
7 AW-GO-15% 94.0 95.0 89.3
8 AW-GO-25% 94.5 95.2 89.9
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Fig. 5 Effects of reaction time (a) and reaction temperature
(b) on Knoevenagel condensation catalyzed by
AW-GO-5% sample
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Fig. 6

Blo7 PR 4 WG AW-GO-5% (A) il i
AW-GO-5% (B) #J XRD 3[4

XRD patterns of the spent AW-GO-5% sample after
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Fig. 8 FTIR spectra of the spent AW-GO-5% sample after
four catalytic tests (A) and the fresh AW-GO-5% (B)

Fig. 7
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Table 3 Catalytic performances comparison of AW-GO
and ammonium salts samples in Knoevenagel
condensation

Entry Catalyst Conv./% Sel./% Yield/%
1 AW-GO-5% 93.6 94.8 88.7
2 TR IR 92.0 94.6 87.0
3 T TR 91.9 94.2 86.5
3 4

(1) AR AR, 5 3 SR i 45 AR TR
R I A SR 0 A R R AW-GO-x, il &
SRR, FORLSME R NI (A HLE ) A1
WL HrBiE

(2) fEALFIRIEL R BN, AW-GO-x L1
RICE U NHLWIE A, 2l 2K P iES GO
T AR I S I T A4 3 I FR IR 44 - AW-GO FF Fh FE 2R
FHEEFIN —JIEH Knoevenagel 46 K i 30 H ¢
R A TS PE R 4 Y 0 PR RO MERE . LU
AW-GO-5% ML, #E RN 60 KR 4 h
I, SRR 93.6%, “FF N ik aE
9 94.8%.,
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