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Selective Oxidation of Methane to Methanol over Palladium-
Metallophthalocyanine Composite Catalysts at Room Temperature
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Abstract: Iron(II), cobolt(IT), and copper(Il) phthalocyanines encapsulated inside the supercage of zeolite-Y were prepared by the in situ
ligand synthesis method via heating the solid mixture of iron(II)-, cobolt(Il)-, and copper(Il)-exchanged NaY with phthalic anhydride and
urea. Using hydrogen peroxide as the oxidant, the catalytic activity of these composite catalysts for methane selective oxidation was tested,
and the reaction conditions were optimized. All these composite catalysts showed activity in selective oxidation of methane by hydrogen
peroxide at room temperature. These composite catalysts were further loaded with Pd, Au, or PdAu, and their catalytic activity for methane
oxidation with dioxygen as oxidant were examined. The coupling of encapsulated metallophthalocyanine catalysts with precious metal,
which could catalyze the in situ generation of H>O,, realized the activation of methane by molecular oxygen at room temperature. The results
showed that the synergism between palladium and copper(Il) phthalocyanine led to the improved catalytic activity in selective oxidation of
methane at room temperature.
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1.1 EEFREE

O K NaY 73 1 (7 25— 2 A7 RO AT
A, SUALEE R 2.7) ¥, 9 BUBURE FE /N T 80 H ¥
MR, FEAE 500°C K5 HE 4 h i 45 H . B 2 g I NaY 43
043 93] 100 ml ) FeCly, CoCl, it CuCl, % (5
mmol/L) ', = i i ¥ 20 h, FF FH 2 & 7 /K PE B AE A
25 CUKLH, FRAE 120 °C T8 12 h, 73 Aid 4 Fe/y,
Co/Y #1 Cu/Y.

K 2RI - PR 219 4% NaY 2 70 B 36 1 & s
Pk 5 AL 77 (MPe/Y)!> 101 8 — 58 i MY (Fe/Y, Co/Y
o Cu/Y). B . KEF. FACE AR (A
1:0.1:0.5:1:1) W BE 35 2], £E 240 °C Hi £ 20 min )5, 7€
220°C X W 8 h. X5, FEAE i BE I i 2 N 2R TG HE U3,
DA T ] ik 2 2 35 79 €4, K6 A i 7E 100 °C T 12 h,
B A3EE 5 2 9138 B FePe/Y, CoPe/Y Fil CuPc/Y.

K S5 PR BRI o £ 35 )8 (Pd, Au BR
Pd-Au) [f] MPe/Y AL HF 0.5 g 111 MPc/Y 4303l 5 A
lvi] $% 4 J R I WVAE 4 R BEFE 10 h, SRS #E 100 °C
T4 24 h, BTAFAE 5 2 5132 1%Pd-MPc/Y, 1%Au-
MPc/Y F10.5% Pd-0.5%Au-MPc/Y.

1.2 ELFIRRE

i 4k 57 (1) 28 Ah -7 WL (UV-Vis) 18 & 56 3% 78
JASCO V-500 B! 28 k- n] W38 S S5 6 i A w45
F70 [l 400~850 nm, F1 4 2 % 100 nm/min.
1.3 EEFIFEEIEMN

PR R 4040 S5 Y. A TR B B 5 < v Hs o
ST BN A A R R A 0 P A, A R AR
21 30ml. ¥5 0.1 g AT — o m 7 (3 AL,
BB 6ml) HEEIHHET IR RN . H
CH, & ¥ [ V.5 3 X )&, 78 A\ 2 MPa [¥] CH, BL & 0.5
MPa [£] CO F1 0.5 MPa [f] O, (¥ 43 S2 96 W AT 5 I CO
1 Oy). B S B3 TN T, T 3 B I 70 1 e i R
NSO IR A SO 5 R 9 AR SR, K SN S
RN VKK 74 1 30 min. F A8 ISCER MR i EAT
SR BT IBAARE B0 43 B BRI RT3

FE S22 M7 7E Agilent 6890N 1 A AH 1 3 4% |- 13k
1T. TCD &9 2% % PN H 72 4% (3 mmx1.5 m) Al
TDX-01 ¥ 78 A (3 mmx1.5 m); FID Il 2% % 4%
HP-PLOT Q &4 & 4 (0.53 mmx30 m).
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TE R Q W Hs. B 1 45 H T FePe/Y, CoPc/Y Al
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500~800 nm iz [ P 3547 465 J8 Bk 75 2K 40 1 I REAIE Q It
Wy, RIS S SRS, b T T, B 1
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JT AR B 3 0 48 0, e BRI UV-Vis 3%t B 2
RAARA. HE 1) ATEUE ), CuPe 15T 740 14 JE
(RPPE 5 43 7 X6 Bk ) X6 H UV-Vis 3 (1 521 24 CuPc
VEIRAE E R I, A7 673 nm AL IR 0 X T Q
W CE, T 606 nm Ak 55 W g U T Q W Wity ¥ 31 20
syl CuPe T = LRI, CuPe (19 Q WK
WAL R IF R A0y 4, #E 684 I 717 nm 4L JE i 3 AN W
WU, 3X & 1 T CuPe it 44 #) CuPc-2H' 731 Xt
FRUEAR T Dy, 3 Q WM 4 53 24 Q1 Q, PB4,
A I TR AT W, 73 5 Rl 7 A U181 CuPe A 1 R v
T B 58 42 0T A6 1) CuPe-4H", JLXS FRVE VR 524 Dy,
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1 FePc/Y, CoPc/Y F CuPc/Y ¥ U KB RREARE BT B FePe, CoPc F1 CuPc #r#EHY UV-Vis i
Fig. 1. UV-Vis diffuse reflection spectra of FePc/Y (a), CoPc/Y (b), and CuPc/Y (c) and absorption spectra of FePc (d), CoPc (e), and CuPc (f) in

chlorobenzene (1), trifluoroacetic acid (2), and sulfuric acid (3).
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MPc/Y Ak 7t LL FePe/Y 4K 70 1R 3% 1k 5% v,
B HaO, 73 il BE 00t 5 it AR A2 1 10% O, &
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Table 1 Selective oxidation of methane by H,O, over MPc/Y cata-

lysts
Product yield

Catalyst Solvent

CH;0H (umol) CO, (umol) O, (%)
FePc/Y H,O 0.33 11.7 9.0
FePc/Y CH;CN 0.33 17.6 10.8
CuPc/Y H,O 0.82 1.8 2.4
CoPc/Y H,O 0.50 4.8 4.8
Pd/Y H,O 1.05 — 4.6
— H,O 0.37 — 4.4

Reaction conditions: 2 MPa CH,, H,0O, as oxidant, room temperature
(RT), 10 h.
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N AR AL S 43 1 AR AR HL0, 1 VAR B, 5
27 TR 48 1 MPe/Y i 46 76 43 1 4%k B4
TR IE SR IR AL R B, 45 R4 T3 2. T LU Y, B
1%Pd-FePc/Y A AL, [ B A I 0.5 MPa 1]
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80°C FHEHAT, P+ AT CO,, il T AN E A=
WO 4 R A (SRR 3 R 6). FAE, B
0.5%Pd-0.5%Au-FePc/Y A fi {471 1, 80 °C I CO, 4=
J B A SR N 6 £ DAL (S5 4 A1 7). skl O,
& JE CRR A2 Pd) 1 I AR HE T &R 4 I A
AT F 4 R o R AR AL, RO iR R TR v A
TR AR T PR B v (R R T P e B A 58 4
AN A AR A5 B ™ i PR R R A A D
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Table 2 Selective oxidation of methane by O, over precious metal promoted MPc/Y catalysts

Product yield (umol)

Entry Catalyst p(Hy)/MPa p(CO)/MPa Temperature (°C) Time (h) CHOH co,
1 1%Pd-FePc/Y — 0.5 RT 10 0.45 59.5
2 1%Pd-FePc/Y - — RT 120 0.00 1.7
3 1%Au-FePc/Y - 0.5 RT 10 0.00 6.0
4 0.5%Pd-0.5%Au-FePc/Y - 0.5 RT 10 0.00 45.6
5 1%Pd-FePc/Y - 0.5 80 10 0.00 223.1
6 1%Au-FePc/Y - 0.5 80 10 0.00 24.9
7 0.5%Pd-0.5%Au-FePc/Y - 0.5 80 10 0.30 288.6
8 1%Pd/Y - 0.5 RT 10 2.45 14.0
9 1%Pd-CoPc/Y - 0.5 RT 10 1.96 42.8

10 1%Pd-CoPc/Y - — RT 10 0.00 —
11 1%Pd-CuPc/Y - 0.5 RT 10 4.41 30.3
12 1%Pd-CuPc/Y - — RT 10 0.00 —
13 1%Pd/Y 0.5 — RT 10 2.62 —
14 1%Pd-CuPc/Y 0.5 — RT 10 9.30 —

Reaction conditions: 2 MPa CHy, 0.5 MPa O,, 6 ml H,O as solvent.
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VIS A i A TR 308 99 A A D 9 TR AR i KD
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i (S5 13 71 14), (BB I s A AL ) Ho 2 5 T i
Pk 2. 2 AR T A I o BF, T8 ik A B
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S B Y T 4 SRS I ) R B (S50 10 A0 12). 3K gk —
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PER 23 1 S A TR e S
3 e
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b S . b, Pd 5 CuPe/Y 1 Bir [ 4 Fi A 45 PR 1)
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