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PRI B A2 B 2 w4 [ 47 B Y AR 1k, tan]
RESTETE 48 SRR 2 [81)E BUBT B A BRI, 3
SRR Sy Y PR A R R B A BB AL T AT R, AE R
PEAL I RE T A — eV ).

BATIE T —Fh ey 1,10-FE 0k (L)) &40 1 171
K Cu AL (Cu/ALO,-L,) FHT PRERS Ay

Cu/ALO4

BRPEINEL ML TARIERIAK Cu L] (Cu/ALOS),
TZAEALTR T R Jn ST PE B = 3 99%, (R AT
DLSE I ik 95% 1y R A BE e B (BT 1), SE5% A
DFT i3 45 LW, 16 1E4 8 Cu Sk L, Z [Ef7
TEAHEAEH, BRI T H, 76 Cu RIS RE, $2
TAEALTI BTG TE. AR, B AY 2s TRl BELBR i 1
PRVRETEES 1) T TET IR B, PR ) S R Pl i 2 4T 3%
D7 IEFTIE T AN URL RIS i & 005 P R o 2 22 ] 1) FR
i, A 22 T D 3 A A i A T R i AR
HETE%EE L.

Kl 1 AEERETE Cu/ALO; Al Cw/ALO;-L, fEALHR 1 i SN X He7R T ]
Fig.1 Diagram of CAL reacting on Cu/Al,O5-L and Cu/Al,O5-L,
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1.1 SEIG# A

SR T Y 25 AL FE AR ER (AL(NO5),-9H,0).
fi§ R (Cu(NO;),'3H,0). JTo/K ik R #H (Na,COs).
W fk8 (NaBH,). 1,10-3EME Bk (1,10-Phenanthro-
line), 1,7-FEMZ L (1,7-Phenanthroline). 4,7-3F W& ik
(4,7-Phenanthroline), MEIE (Pyridine), 2,2 -k IE
(2,2-Bipyridine). 2,3 *- Bk Nt B¢ (2,3'-Bipyridine).
2,4°-BR ML IE (2,4'-Bipyridine). £ % (Ethylenedia-
mine); AT HAFEIE TR, o B, ECk.
TSR Al AR S A 1 25 4 A Ak 2
FIA BRA L BT R E 7K e = Al DL ERr
A B R E R, Rt — 4k,
1.2 EeFIHE

ALO; Bk . RAFDIELHIF T ALO,
Ak ¥ 4.28 g AI(NO;),-9H,0 HTAF] 250 mL 4
H A 100 mL 55 TR IR T k. fEnidt
b A& v, A E E Js 21 A 30 mL Na,CO; (2.71 g)
W IR AR SR T ke ii sk 5 h )5, B IRS
PrEsts . HEFKUER, HE LIHR pH = 7. /)5,

B A EALE 100 C B RTHRAA T8 12 h, f£ 5
L 5 °C/min Y BURTHE 2 350 C IR EFIX
TREABE 5 h, MG AR, i2h ALO;.
Cu/ALO, il £&. R AL 2F38 JEUT R il 28 T
Cu/ALO; #EALF. 4 0.15 g Cu(NO;),-3H,0 #1 0.60 g
H 1 ALO, 24K AN A 250 mL B, Sl A 100 mL
EBTK S, A 10 mL i NaBH, 7 (0.023 g).
Ptk 10 min J5, {1 1H E I} A 20 mL Na,CO,
(0.076 g) WL, REEIEFE 5 h ¥ R IR AP O
FEFKPEG, HE LW pH A = 7. SR J57E 100 C
W X TRAE Th TR 12 b, ZES IR LL 5 °C/min
BT F] 350 °C IR IFIZ IR EEBURE 5 h, a5 L
5 °C/min R THEF) 350 °C IARFRZIEE, {4l
H, it )i 3 h, 5 FREAKK, idh Cw/ALO;.
Cuw/ALO;-L #14. ¥ Cu/ALO, (40 mg). [ ik
(0.1 mmol) FIF A (3 mL) BIRS WM A B IS, &
F 100 mL A9 R A8 H, 25 A T H, S #e 3k
3K, 7F 140 °C. 1.0 MPa H, FJ )i 12 h. W 45
JE R R, BT R IR B 4 B8 R,
FHHRPER 3 k. S Ja i LI AE 80 °C FL2s T
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FErP T 6 h, i0h Cw/ALO;-L.
1.3 BFIRAE

XRD il # 3% Fl STADIP-X 5 28 #5 A7 55 1%
(STOE), IZ{\#sHilss T AGHEHIUE R ALY, CuKal
BRI Z, FL AT 5390 40 kV 1 150 mA, 494
TG 10°~90°, A4 4 5 2y 6(°)/min. FCHfE il bR
F WinXpow (STOE) %% {4 1 [ b £i7 5 £ 4k b O
(ICDD) # A A5t 3 (PDF) #idis .

X SR TRERS (XPS) Ml VG ES-CALAB
210 {UAFHEAT, ZALARBCAS T RUBE/A5 FERR X SRR |
K BRIE L ZS 4N HT 28 5 keV Ar BTG, B F45 4
AELL 284.8 eV 1Y C Ls N BLMERTIE, SC0T 5tE T
INTF 1077 Pa. SR FHER LTS 58025 Y 5 072548 26
PN WEAE, AT, WAL oo Z AR R
JEIR TR F- RN A3 BT A 04 fe i pR 50

7 METTLER TOLEDO [f] £ #3 #r4% _F 347
PE T (TGA). 45 100 °C T4 10 h J5 kLS, 78
25 A5, PL 10 C/min BERTHE S 450 °C, 345
TGA Hhk.

SR FH L B A 2 B TR R T & S (CP-
AES), #|H Iris ff;# Thermo Jarrel Ash %% & il % |
AR R Cu B &

% Bruker VERTEX 70 FTIR Yt 34X % BE i
PEFTLLANE RFHERE (IR) 437

A 3] Y Ee 2 T AR AT AL AR R CR FE SR
Qantachrome iQ2 4= [ a1 AR it 431X FE-196 C
T S A R - B A TR AR U R T,
FEMLL 10 Comin ' AR THE] 100 °C IR EHZ IR
M A TRARTE 12 h, BEJS 7E—196 °C 38 200 B
i Brunauer-Emmett-Teller (BET) J7 #2115 b %
1] AR, L 4% 4> 4 >k A Barrett, Joyner 1 Halenda
(BIH) M A 2 7113, TfLR ST 43 A ffi H DFT
JFIEHE.

15 0 BE R T IR AR I K (HR-TEM) SR
FH Tecnai G2 F30 S-Twin &1 HE, TAEHE 300kV,
X Tecnai G2 F30 S-Twin Field Emission TEM £
STEM #5 F HEA7 Bk 1 EDX 43#r. A4k L Sl
T R P U A HOAE 2B, DT RULE B A J2 1) B
% I

H,-TPR 7 Bl A5 A SR K #% (TCD) R HESE
K5R 5 A BR N F) TP-5080D F #EAT. FE &L (30 mg)
7£ 100 °C. 25 mL/min He Fi4b# 3 h, #£ 25 mL/min
H, %45 100 °C, & 2] TCD BI{5 5% B 2 34 5 DL

10 °C/min M\ 100 Jin#E] 800 °C, K15 H,-TPR i1 £k.
1.4 fELFIHEEENEL

HEAGIHARBIIRL. KA PAVEERE (1 mmol), FI%E (3 mL)
AT (40 mg) FIR-SWIIMABINE, BT 100 mL
P R R R 42 v, K v R R v A2 B, A H, 22
R 30, LA CWALOS-L AL, 15 140 °C.
1.0 MPa H, T J)ii 8 h. S W 250w, 4 w8 R s 48
BRI R R, JH/ MO ). SR E FIIA 40 mg
AR bR, B 5 mL AR B IR &Y, B
Ui IS GC-FID (Agilent 7890B-5977A) 4T
FE AT, LAt SR AT RS I8t R FH [ RE 1Y)
HEF T,

WEALTEZR ST, i (LA A T P e A4 350 38 5 0
MR HRA o35 ik, FHH R 3 1K, 78 80 C
B2 TR T T4 6 b I, I B RN
VA — A e e B 48 N R AT T — IR AL TG 38

2 HR5IE

2.1 fELFIA R EIF N

56, VRSB I SRR Ny, B9 T
A LB 7 208 Cu fEFLF] (Cw/ALO;) AL RE
BRI (6 1), BB MLEC R AT Cw/ALO; i 1L 57 78
140 °C. 1.0 MPa H, = & e i 22 W 57 S B 8 h, 1R
AW a0 BRI TR S AR A R AR e A
Cw/ALO;-L, HoH L Fm s iy A ALEC .

e 1 PR, AT LA BIASEARR) Cu/ALO;
HEALFRAT T 20% M REERE LR, IF A &
B EAR =) PUEERE (5 1, Entry 1), Hih— 20k,
JEHGE 1,10-FEME 0k (L), 7T DL 25 52 5 A 1 BE,
CAL Y 1k 3k 5] 91%, COL By k.1 1 85%
(3 1, Entry 2). CwW/ALO; £33 1,7-3EM 0k (L,). 2,2-
WK I BE (L) M E (L) 55 BC AR A& i 5, B 44
Cuw/ALO,-L AT AT LAARAS B i 1 PR R e 1h 28,
A B4 N B AR B (32 1, Entry 3.
5 1 8). JiAk, A FRA FC AT AL BE B4R FHVE
AR, U 4,7-FE0& 0k (Ly). 2,3-BEMLIE (L) M2 %
(Lg) (% 1, Entry 4. 6 F1 7). )\ F3RGE R IR AR LA
e, Cu/ALO,-L fEL M RETT e 5 A LR PR
AN A7 B SR B A G (EAS T B AR,
AR TR B4 i 2% 7 245 2 R [H) 42 )8 M/ALO,-L, 1k
#I, W Fe/AlL,O,-L,. Co/AlLOs-L, Fl Ni/ALOs-L, Jf
BeA M Cu/ALO,-L, BEIFAIZE 5 (32 1, Entry
10-12). oAl sy S54RSS R R R e 3R 2 h,
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Table 1 Optimization of ligands for Cu/Al,O;-L and comparison of different metals

X
@/MO + H Catalysts ©/\A\O . ©/\A0H . ©/\/\()H

Cinnamaldehyde Hydroci ldehyde  Hydrocinnamyl alcohol Cinnamyl alcohol
CAL HCAL HCOL COL
. Selectivity/%"

Entry Catalysts Ligands Conversion/% HCAL HCOL COL
1 Cu/ALO; - 20 94 6 0
2 Cu/ALO; 1,10-Phenanthroline (L)) 91 6 9 85
3 Cu/Al 0, 1,7-Phenanthroline (L,) 93 27 50 23
4 Cu/AlL O, 4,7-Phenanthroline (L;) 14 75 3 22
5 Cu/Al 0, 2,2'-Bipyridine (L) 63 10 7 83
6 Cu/ALO; 2,3'-Bipyridine (Ls) 23 66 4 30
7 Cu/AlO, 2.,4'-Bipyridine (L) 25 40 4 56
8 Cu/ALO; Pyridine (L,) 74 21 28 51
9 Cu/Al 0O, Ethylenediamine (L) 22 26 4 70
10 Fe/Al O, 1,10-Phenanthroline (L)) 22 3 2 95
11 Co/AlL O, 1,10-phenanthroline (L,) 79 11 7 83
12 Ni/ALO; 1,10-Phenanthroline (L,) 55 38 62 0

a: The conversion of cinnamaldehyde was determined using a calibrated GC-FID using biphenyl as the internal standard, and the product selectivity was

determined by GCMS. Reaction conditions: cinnamaldehyde (1 mmol), catalysts (40 mg, 4.2% Cu), toluene (3 mL), 1.0 MPa H,, 140 C, 8 h

R 2 AEEBEEUEMSRMEFRL

Table 2 Optimization of reaction condition for selective hydrogenation of CAL

o Selectivity/%"

Entry Catalysts Solvent Temperature/°C  Mass of L;/mg  Conversion™/% a b e

1 CwALOsL, Toluene 100 20 0

2 Cu/ALO5-L, Toluene 120 20 3

3 Cw/ALOsL, Toluene 140 20 91 6 9 85

4 Cw/ALOs-L, Toluene 160 20 97 5 13 81

5 Cw/ALOsL, Toluene 180 20 96 6 14 81

6 Cw/ALOs-L, Water 140 20 95 12 30 58

7 Cw/ALOsL, DME 140 20 16 89 3 8

8 Cu/ALO5-L, Hexane 140 20 13 99 1

9 CwWALOsL,  14-Dioxane 140 20 4 95 4

10  CwALOsL" Toluene 140 20 >99 2 91 7

11 CwALOyL/"™ Toluene 140 20 5 87 13

12 CwALO;L," Toluene 140 20 7 96 4

13 CwALO,L," Toluene 140 20 12 95 5

[a]: All conversions of cinnamaldehyde were determined by calibrated GC-FID using diphenyl as standard and selectivity was determined by GCMS. Reaction
condition: cinnamaldehyde (1 mmol), catalyst (40 mg, 4.2% Cu), toluene (3 mL), 1.0 MPa H,, 8 h; [b]: 2.0 MPa H,, 8 h; [c]—[e]: Catalysts of 2%, 7% and 10%
Cu, toluene (3 mL), 1.0 MPa H,,4 h

TSN . PUALBRE ] SRR A, R Al RERO AL AR BN, AR R B W R
PRI RO RE A SEIRAR K. Wi, A HIZ85d 12 h A B fEALGRI I, PY AR
QAT 2(a) B 7w, Bl AL BRIEE] B 08, PR ORI B i R (E (86%), 24k £ HiE < 3T 4k B I (] £
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& R 2
S 40t 140 & S 40t 140 3
20! . 120 » {20
oL | | I_n_l_ 0 0 J_A_I H 0
3 6 9 12 15 10 20 30 40

Pretreat time/h

Mass of L,/mg

K2 Cu/ALOs-L, BIAEBRZEAFAIPEAL () CWALOs-L, RYTRAR BRI [A]; (b) L1 AYAS I (Pre R N EERE AL, +E
RERAS I PR P, 15 O IR AEERE, 2L O RAENEE, K OIERRNE)
Fig.2 Optimization of pretreating conditions for Cu/Al,0;-L,(a) pretreating time of Cu/Al,O5-L; (b) mass of L,

(The broken line chart for the conversion of CAL, and the bar chart for selectivity: cinnamylalcohol in blue,

phenylpropanol in red, and phenylpropanal in gray)

15 h, RAERERBERE TR R I L, AES X ikt
PR A5 RALA B EE 0, TEAH R RN 45, 25 L,
1Y U N HAE 20 mg (ffE 4k 77 5 B AR (9 BT & LR
200 1) B, PRREEE (%) 5 Ak 5 R R R B 1) e B M R ik
B KAA (B 2(b)).
2.2 EUFIRLE

R RS20, Cu/ALOs-L, A HAI A
FERE I A PO g A T AR R I SRR
PE. R TS Ly WAL BRJS Cw/ALO,-L, #4751 25 #
EiEtEZ MBI R, KA X SH6H FEEI% (XPS).

500 250

X SHEATHETE (XRD). 18 5T 214048 B A5 46
J6i% (DRIFTS), #ESH T W8 (TEM), HLEHE
A5 BT IRIEF & 56 (ICP-AES) . #4EE 43#7
(TGA). N, W BE-Jid B . H, P2 ¥ FHR L )5 (H,-
TPR) &5 — R F B K FAFE Cw/ALO;. Cuw/AlLO;-L,
Fl Cu/ALLO5-L,-used #EALF].

14, FATME A Qantachrome iQ2 4= H s &
W B AT S 52 T AR 70 B4 o B AR, HE e N,
JI5E A 45 TR 2 e B ELA RIS BRI TV S5 R 28 SIF
BT HAFLAR I (1 3). A2, 5 Cu/ALO; M

300

(a) Cu/ALO, (b) Cu/ALOsL, (©) Cu/ALO;-L,-used
400 | 200 | 250 1
= = = 200 -
g 300 - oo 150 - o
- L L 150 L
§ 200 E 100 E 100
3 3 3 r
~ ~ ~
100 - 50 - 50|
0r 0 0k
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
Relative pressure (P/P,) Relative pressure (P/P,) Relative pressure (P/P,)
10 (@) Cu/ALO, 25 1©) Cu/ALO,-L, 0.07 LD Cu/ALO;-L,-used
T T o 0.06
‘T?‘J 8 T'NJ 2.0 T?‘J 0.05 |
£ £ g O
F e F st F o004t
g, Sl 5 o003t
N S = 0.02f
g 2 § 0.5 § 0.01
= = = ol
0 0
1 1 1 1 1 1 _0‘01 1 1 1 1 1
0 10 20 30 0 10 20 30 0 10 20 30 40 50

Pore radius/nm

Pore radius/nm

Pore radius/nm

P 3 FHEALTAIG N, e R 2 S AL AR 20 Al

Fig.3 N, adsorption-desorption analysis and pore size distribution of catalysts
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kb, CwALOs-L, 7E Wl L, i kb 2 i AL 325.071
W0 F T 137.580 m’/g, F 4 FLAR AL A 0.684 3
FEAREN T 0.332 6 m’/g, M L, Ab B0 3020 W A4
[ R | o TT = S W e T S 1 B R A
Uﬂid\m]-

(2)

1100

Percentage/%

175

60 120 180 240 300 360 420
Temperature/°C

(© Cu2p

I
— R 932.0 eV

951.8 eV

Intensity (a.u.)

931.8 eV

965 960 955 950 945 940 935 930 925
Binding energy/eV

(O] Nlis

I
399.6 eV :
i !

Intensity (a.u.)

408 406 404 402 400 398 396 394
Binding energy/eV

B, 8 ST (TGA) IERH T Cu/ALO;-L,
LAY AELE (K 4(a)), Cu/ALO,. Cu/ALO;-
L, fil CwALO;-L-used i K & R 43 5] 4 4.8%.
21.5% F1 19.7%. Hrfr, o1 TR 2 Srh 2 fff
BT IKZESA CO,, T Cw/ALO; R BAFE—E M

(b)

1450~1 580 cm™ 1 425 cm™

N\

1645 cm™! 1375 em

Absorbance (a.u.)

2000 1800 1600 1400 1200 1000 800 600
Wavennumber/cm™

(d) Cls

284.8 eV

Intensity (a.u.)

292 290 288 286 284 282 280
Binding energy/eV

- Cu(111)
P
\ Cu(200)

Cu(220)
i

10 20 30 40 50 60 70 80
20/°)

Intensity (a.u.)

Kl 4 Cu/AlLO;. Cuw/ALOsL,. CwALO;-L,-used LI
(a) TGA; (b) IR-DRS; (c) XPS Cu 2p; (d) XPS C l1s;
(e) XPS N Ls; (f) XRD (i, Cu/AlL,0s, ii, Cu/Al,05-L,, iii, Cu/Al,05-L,-used, iv, L,)
Fig.4 Series of characteristic of Cu/Al,O;, Cu/Al,O;-L,, Cu/Al,O;-L,-used
(a) TGA; (b) IR-diffuse reflectance spectrum; (c) XPS of Cu 2p; (d) XPS of C 1s; (e) XPS of N Ls;
(f) XRD (i, Cu/Al,0Os, ii, Cu/AlO;-L,, iii, Cu/Al,O5-L,-used, iv, L,)
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o R (& 4(a), fh 26 0). L, CwALO;-L, il
Cuw/ALO;-L,-used 1) 52 Br 2% 5 22 43 3|y 16.7% FiI
14.9%, I 2 5 R0 22 5800, R Cw/ALO;-
L, A —@Emfeoett (& 4(a), 2R i A1 iii).

P21 A8 5K R, 5 Cu/ALO; fiE 4k 7
(K 4(b), th<k 1) #LE, L, X} Cu/ALO, FEA7 AL B 5
(8] 4(b), HIZE ii) 76 1 645 F1 1425 cm ' 4b23 51 31
T C=NHI C— N i i 45 4ig 20 W BfF 0% . 1 4h
CwALO,-L, 7£ 1 450~1 580 cm ' 7l [Bl N WAEE 5| — &
W & T Ly BRI 2R3N, 1375 em ' &b
fR I FfF e Sk T L, B C—H T NS IR 3. Bl
X Cw/ALOs-L,-used #E AT H 2T HME 2 53 FAE
REWLEEE LR B A RRIEIE (] 4(b), T2 iil), X ALIE
BT CwALO;-L, LI AR EE.

FH X FEOEH T RETE (XPS) BFSE T ik 7]
T S HAL IR 2R L. 78 Cw/ALO; HHFETE
B85 C Ls {5 T, %0552 AR i T Yede | i
() (K 4(d), ik 1), [RAT7E Cu/ALO, LA N 1s
H{5 516 (F 4e), 4k i). 52, Cw/ALO,-L,
1E284.8 eVAL HHEL 5 L, W C Ls AH ] AY 45 £iF 18
(A 4(d), thk iv), [FIBHLIEL 2IAE 399.6 eV 4R N
1s {5 506, XA 506 20k 1 T lCMR Ly, ke
ML, AT A FA E A7 AE T Cu/ALO; %1 (& 4(d) Al
()L 7E Cu 2p i XPS %5 & fig L 7T LI & B,
CwALO;-L, ) Cu 2p 45 & fE f7 T 932.0 eV, [t
Cu/ALO; ) 45 & fE 17 &5 Be 7 17 i # T 0.2 eV
(% 4(c)), W CwWALO;-L, H1#) Cu &b T Her 7k
A, HILEE— N Cu 5 L, 2 (a7 AR AR
BT Cu il LY. A, Cu/ALOs-L,-used B9 Cu
2p FI N 1s 454 fE S Cw/ALOL-L, HHIL2Z A K,
WAEB T CwALOs-L, 7EM & RN AR i R A
WA kA AR Ak

T X LTS (XRD) R AT T
FRAE. WAL 4(0) PR, R WALFRAY Cu/ALO; fiEfL 7
TE 43.3°F1 50.4°40 B0 T ISR S5 A AT 0, 43315
I F Cu(111) Al Cu(200) 7751 (PDF#85-1326).
T Cu/ALO; Fl L, ZMIfEFEAHEAEH, L, L
FETE Cuw/ALO, F T, 15 Cu/ALO,-L, 1 Cu/ALO;-
L-used {1 FILE L3R A BE 047 S5 I AT SR A7 A (R s
T 55 (K 3(), ’hZk i A1 iii). A BRAY2, PiabH 5
AL FITE 43.3°40 TSI S Cu/ALO, AH LIS A
2 (K A(D), 22 b Af/INED), FRBTAL S i fh R
Cu(111) H B T UM A A& R K. BT IiAb 3R L, 1Y

TE1EC % TGA, IR-DRS 1 XPS HIE 5L, i1 IA K
Cu(111) /9 A% BEZAK il LU PR F 2 01 Cu 55 L,
FIAH EAEH.

150 0 HER G ) L R (HR-TEM) K4 i
7~ Cw/ALO, FRAFFE 4 8 Cu 44 K IBURL, Cu(111) 1)
EaAE T EE R 0.207 nm (8] 5(a)—(c)). £ L, Wikt FH )5,
CwALOs-L, H' Cu(111) F & % [a] FE m& G 38 K Ch
0.209 nm, & 5(e)—(g)), X 5 XRD M ELH i 45 SR AH
56, [FEE, EDXS BHRWE/R T Cu GK IR 77
e, I H C Al N ¥ 5) 7 BOrEf Ak ) 3R 1, TR T
L, BUEAAE T Cu il (B 5(h)). Cu/ALO;-L,-used
B TEM 78 H Cu(111) /AR RHE R 0.209 nm,
55 Cw/ALO;-L, M 7], & B0 7 E S i i i 22 5
AR (E 53)—(k)), o i BEaT AAEI Cu(111) () 5 Hs
R T Cu 755 Ly (A EAEH S300.
2.3 ELHHEIRRR

R T 5T Cu/ALOS-L, AL 51 e A Ji K],
FIFHXT RESEYG . H,-TPR 5 A DFT 3185 H 451 -
PERE Y ¢ R AE T3 — 20 0 #r. Al & A SRR
C=C S I/ [R5 47 35 18 P I 1) o) JIE 5 6
(3 3). LI A5 R o, BAT AR i 1 5L FI K i C=C
MU RPN EROR RAF, R IR RO HE
4% (36 3, Entry 1-3). 8810, HA W REY JLF
WA KA INE N, I 2-T 4. 2-36H (3¢ 3, Entry
4-5). 4 [5] — 43 - v [7] B A7 AE R iy 1 L RN OK ity
C=C XURI, 7 & #RAE & 2 & N (3% 3, Entry
6). MR FRAELE L T LIHEWT, B L, 78 Cw/ALO; %
] A B 5 Cu & AE A EAE L, Cu & LAY HE 38
5% 32 B2, 5 AL TN S M 2 P L A,
T CwALO,-L, E i L, TFFE, RERE %551 H

) C=C BEMA NI B Cu E AL A2 2 H], A
LR T REERREREE (F 6).

FIH H-TPRIL 5, #F 55 T Cuw/ALO; Fll
Cw/ALO,-L, i 4k 71 7E H, 1% {68 1 75 M 1Y 22 5+
Cu/ALO;, Cu/ALO;-L, fE4L ] %) H,-TPR [ £ 34 78
100~800 °C. 715 Bl P9 Y B 3 A~ i, e B AL 7] I
FEAE 3 FIOR AR H, b 22 W B s (B 7(a)). Herp
CwALO,-L, 1Y fi ik 1 J5 i & b 210 C, 1k F
Cw/ALO, ) 273 C, W CwALO;-L, H.A 5k Y
Wb JERE F1, 3% A fiE 2 Cw/ALO,-L, /& % M i J&
Z—.

T UER] AR AR A B, AT T L,
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(a) Cu/ALO; ) HR-TEM EI%; (b) 1 (c) 24 (a) HET €0 DX 5 i)l R MG RN 6 €0 KT DX 35 & TR E; (d) Cw/ALO, 7T E
EDXS EI%; (e) Cw/ALO,-L, [ HR-TEM [EE; (f) T (g) A (e) Hr &L I R UG RN (I DX I otes [ B
(h) Cu/ALOs-L, fICZE EDXS E4; (i) Cu/ALO;s-L-used 1) HR-TEM 1% (§) Fil (k) R (i) &L X sk A Ok R Al a JE T
X ek A4 A& ] (1) Cu/ALO,-L-used HYJCE EDXS K4
Fig.5 The TEM results for Cu/Al,O;, Cu/Al,05-L, and Cu/Al,0O5-L,-used

(a) HR-TEM images of Cu/Al,Os; (b) and (c) magnified pictures of red region from (a) and lattice distance of blue region;
(d) elemental EDXS mapping of Cu/Al,O;; (¢) HR-TEM images of Cu/Al,O5-L;; (f) and (g) magnified pictures of red region from
(a) and lattice distance of blue region; (h) elemental EDXS mapping of Cu/Al,O;-L;; (i) HR-TEM images of Cu/Al,05-L;; (j) and
(k) magnified pictures of red region from (i) and lattice distance of blue region; (1) elemental EDXS mapping of Cu/Al,05-L,
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% 3 Cu/ALO;-L, L HLFIRTRIXIE
Table 3 Control experiment for selective source of Cu/Al,O5-L,
Entry Catalysts Substances Conversion/%" Hydrogenation products Selectivity/%"
1 Cu/ALOL, o 15 @A 99
o OH

2 CuwALO;-L, @N 73 @N 99
3 Cu/ALO;-L, {/740 26 (\(_)/7/\0}1 99
4 Cu/AlLO5-L, ~ 0 A~ -
5 Cu/AlLO5-L, P N 0 PN -

_0
O X

-0 OH
6 Cu/AlLO5-L, @N 89 §/©/\/ 32

a: The conversion of cinnamaldehyde was determined using a calibrated GC-FID using biphenyl as the internal standard, and the product selectivity was

determined by GCMS. Reaction conditions: substrate (1 mmol), catalyst (40 mg, 4.2% Cu), toluene (3 mL), 1.0 MPa H,, 140 °C, 8 h

Kl 6 Cu/ALO,-L, AL R
Fig.6 The schematic diagram of catalytic mechanism of Cu/Al,O;-L,

£ Cu/ALO; AW BAASERL, X [ 3B I 25 A 854 7
T, B, AT T Cw/ALO; F1 Cw/ALO;-L,
i H, ke IR 2E 5. fE4l Cu Fif, H, IR
FEE-N—0.06 eV, H, TEILAYFESRESR N 0.45 eV (&1 7,
TS-A). #HHLZ T, 24 L, FA7ERT, Hy 75 Cu 1R
M HEM—0.10 eV, H, Y% L 2 g 22100 0.34 eV
(¥l 7(b), TS-B), B AKX F 4l Cu K 1fii, F B H, 7F
Cw/ALOs-L, b Dy kA i 5, X N ke L, ab 3
J& Cw/ALOs-L, AL s i P L T8 i 4l
i Cw/ALO,-L, AL FIBFSY T 0 B[] 5
AL PERE Z R G R, B Ak -mtal th 4 o, B &
J I [R] R 14 o0, PR S ) e Ak 5 S8 I B, 7E
10 h Ze AL SRR 2] 98%, PR it () e Mt A4
FE 95% BHT. AkSRAE 4 S B s (] 22 12 h, RS 58
Gl Ak, AT PR T 1Y) 26 5 M R AIG, 0 4 14

(1 7(c)). R 1 I3k v P A 4 e 2 5 A R o A
WA 32 % Cu/ALO,-L, #E4T T #ast g S 56
MR S5 BT A P i g A5 2 UV, 38 ICP-AES
S3HE, AUA 0.11 mg-L ' #Y Cu JE R, ix—45
ST AL AR B ARG BR (0.1 mg-L ™). B, K
T 8 JE R VR AR S LV 2~6 h, BB AR
HE— i Ak, IESC T Cuw/ALOS-L, HEALF 9 2 A0,
HALIE YRR AR B4R Cu (B 7(c)).
Bifi 5 Fe AT %) Cu/ALO;s-L, #1 Cu/AlLO5-L,-used F¥)
AL FE R EFT T ICP-AES 4347, BRI Cu JT
FE I BAE 4.1%~4.2% 2 8], Ui Cw/ALO,-L, fi#
eI Cu TR A B Bk, AR5, FATE AL
TEFR 2 HE— L WFSE T Cu/ALO,-L, fALF Y 7] T
SRR E M, 455 WK, 1A T LA B
KT EDERAMA S5 UK, [ A TS A
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Fig.7 Comparison of reducing and activation capacity of H, on different catalysts and catalyst performance of Cu/Al,O;-L,
(a) H,-TPR (i, Cu/Al, 05 ii, Cu/Al,0;-L,); (b) Energy profiles of H, activation on Cu/Al,O; and Cu/AlL,O;-L, catalyst (black and TS-
A, H, on bare Cu(111) of Cu/Al,Os, red and TS-B, H, on Cu(111) with L, of Cu/Al,O5-L,, H atom in white, C in black, O in red, N in
blue and Cu in pink); (c), different reaction time of Cu/Al,O5-L, and hot filtration; (d) catalytic runs of Cu/Al,O;-L,

(Cinnamylalcohol in blue, phenylpropanol in green, and phenylpropanal in red)

FEREEPEVEBCA B T B, B SEBR H i%
J1 (F 7(d)).

3 &t

FRAI3E oL R T BB SRS, & T 1,10-9F
Wbk (L) M 1) R 2 A48 K Cu AL (Cw/ALO;-
L), 599K Cu fiLH] (Cw/ALO;) H I, ZAEAL I 7]
D[] S B 5 P R 9 1 ) S S B T, AR AR L
58 AL LT R HEEE (COL) i £ 1 i ik
95%. FKAEFI DFT 455 %W, Cu 5 L, Z[EIfF
FEHR R, ART L, B, R L, 59723 B A2
B AR AT T PRI A P ) T TR R B, R B R T L
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N-Ligand Regulated Heterogenous Copper Catalyst for Selective

Hydrogenation of Cinnamaldehyde

HE Dong-chengl’z, LI Tengl, LIU Shu-juanl, QIU Bo-wen'”, CUI Xin-jiangl*, SHI Fengl*

(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,

Chinese Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: Cinnamaldehyde (CAL) as a representative substance of a,f-unsaturated aldehydes, its selective

hydrogenation is an extremely important transformation, while developing efficient catalysts with desirable

selectivity to highly value-added products is challenging. Herein, we report a supported nano-Cu catalyst modified
by 1,10-phenathroline (Cu/Al,O5-L,), which achieved an extraordinary cinnamylalcohol (COL) selectivity (95%)
with almost complete transformation of CAL. The characterization and DFT showed that the excellent results

were attributed to the interaction between Cu and 1,10-phenathroline and steric hindrance of L, which constrained

the flat adsorption configuration of CAL and improves the selectivity of COL. In addition, the new surface of

catalyst strengthens the interaction between Cu and H,, which reduced the dissociation energy of H,, benefits to

improve the activity of catalyst. This work highlighting the importance of precisely controlled catalyst surface

with N-Ligand and provides the possibility to break the trade-off between activity and selectivity for

hydrogenation of chemicals containing variety of reducing groups.

Key words: copper catalyst; selective hydrogenation; catalyst surface modification; cinnamaldehyde
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