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B 1 (a) SIOZKIR, (b) SiO,@TiO,, (c) Si0,@Cu*"-TiO,,
(d) SiO,@Cu-TiO,@Si0,-800fJ TEM &

Figure 1 TEM images of (a) SiO, nanospheres, (b) SiO,@TiO,, (c)
SiOz@Cu2+—Ti02 and (d) SiO,@Cu-TiO,@Si0,-800 samples.
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Figure 2 (Color online) XRD spectra of SiO,@Cu,-TiO,@SiO,
samples sintered at different temperatures: (a) SiO,@Cu,-TiO,@SiO,-
700; (b) SiO,@Cu,-TiO,@Si0,-800; (c) SiO,@Cu,-TiO,@Si0,-900.
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Figure 3 (Color online) N, isothermal absorption-desorption curves
(a, ¢, e) and the corresponding pore size profile (b, d, f) of SiO,@Cu,-
TiO,@Si0, samples sintered at different temperatures: (a, b) SiO,@
Cu,-TiO,@Si0,-700, (c, d) SiO,@Cu,-TiO,@Si0,-800, (e, f) SiO,@
Cu,-TiO,@Si0,-900.
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Figure 4 (Color online) (a) XANES spectra at the Cu K-edge of Cu
foil, Cu,0O, CuO and SiO,@Cu-TiO,@Si0,-800 samples. The inset is a
partial enlarged view of the absorbing edge. (b) Fourier-transformed
EXAFS spectra of SiO,@Cu,-TiO,@SiO,, Cu foil, Cu,0 and CuO
samples.
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Figure 5 (Color online) (a) Catalytic performance of SiO,@Cu,-
TiO,@S10,-800 catalysts with different Cu loading amounts. (b)
Comparison of catalytic performances of SiO,@Cu,-TiO,@SiO,-800
and Cu-TiO,-800 catalysts. (c) Catalytic performance of catalysts
prepared at different calcination temperatures. (d) Catalytic performance
at different reaction temperatures in case for the SiO,@Cu,-TiO,@
Si0,-800 catalyst.
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[ PRIRAEH, S8R RAE. B, 800°C 21l
IR AR RIS, TEAEIR AN Z Si0, i FL &5 F 1) )
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JER S S I EAT, SEPERE T %, S 4, ALFIZE 3k
TEIR G, PR R NI A 1185% /i 4. HAE G
B EAL TR R A% e 45 K DR R, Wbt EIS4 R 7R, LA &5
SR AT A IR I A AR e

9 B Si0,@Cu,-TiO,@Si0,- 8001 4k 71 i 4k 12

F 1 COFAIURIR IR R B S50 AL M R Y

B IEYE, I T SR Ah 48 1 i A S b 2311
HNIEA, DREFHABPTA SRR, FEH KT 5CO,
BEATHRARNL, FTEMEAE RINEZ 7R, SRR RE
B e 5 KT REAL TR AS [ B e T AR R AL I SR AT
PP EYE. (HAETEREE — e FEE B2 ANF AR
LI VAi 0} 2P L NGB SEC N LN
BUREE, MEAGGTIRBL R O HEALIE T, TR 1
BRI, XHEWA —EMBLIER, R AL
HPEREA P T B

3.5 MEAEHLEERST

it 'H NMRAEFA T HEALFIHICs,CO, 5K L2
IR ELAE D, TR R 2R S S LER. 6T, 24
I Cs,CORE G, JEM A HIE 5 (6=3.35)
JUFH %, MR SHEATIRR S R, haig
R R R AR AR, (HE IR R T, IX L Cs,
CO; 7] LA IR 2R R A, A 25 514k, Tk 7
HITEVEA S S C=CH M AR, IR E 1L 2
WA — KR,

BT RREER, BAMEH T KR RICOo, B
BRACRIATRENLEE, WE7R . (1) R IECs,CO;,
(VR R 220 T-A%, 5 CulSr SR EE T U4 o [ 4k

Table 1 The catalytic performance for CO, with various terminal alkynes, catalyzed by SiO,@Cu-TiO,@SiO, catalysta)

2

— H+ CO, 1. Catalyst, CsCO;, DMF R
2. HCI

COOH

ek 7]

4 7 (%)

elelede,

-n

elo]

6

@%COOH 82.4

~—i == COOH 70.6
\O—Q%COOH 717
—@%COOH 71.0

2 >;: COOH 81.1
F@%COOH 53.3

a) [ AL Si0,@Cu-TiO,@Si0,-800 (80 mg), JEA(0.5 mmol), 80°C, 12 h
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Figure 6 (Color online) (a) 'H NMR spectra of phenylacetylene with
various samples. (b) Localized magnification of the 'H NMR spectra.
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Figure 7 (Color online) Schematic diagram of the catalytic mechan-
ism for the reaction between CO, and phenylacetylene.
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Core-shell SiO,@Cu-TiO,@Si0, catalysts toward CO, carboxylation
reactions
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Abstract: As for the Cu-based heterogeneous catalysts toward CO, carboxylation reactions, there exist self-coupling
reaction of end-alkyne and low conversion toward alkyne acid. In this study, an “outer-shell layer protection” strategy
was developed to synthesize the Si0,@Cu-TiO,@Si0, catalysts with low loading amount of Cu species. The SiO, outer
layer can promote the formation of anatase TiO, during the calcination process. Meanwhile, there were abundant pore
formed within the SiO, layer during the calcination process. The as-formed pores could effectively inhibit the self-
coupling reactions of end-alkyne through the spatial limiting effect. More importantly, under the optimal conditions, a
yield of 82.4% was achieved for the phenylpropionic acid catalyzed by the as-developed SiO,@Cu-TiO,@SiO,
catalysts. Our findings will guide the design and syntheses of non-precious metal heterogeneous catalysts for CO,
utilization.

Keywords: non-precious metals-based catalysts, CO, utilization, high-value chemicals, alkyne acid
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