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Figure 1. Structure of synchrotron vacuum ultraviolet photoionization mass spectrometry: (A) with laser desorption at

NSRL and (B) with ion desorption at ALS (reproduced with permission from Takahashi et al. [S] and Wen et al. [6],
copyright ACS 2009, Wiley 2020).

BITAE (R A8 BRI RN “Iith B A 100 B DL R A 2
1, SEILEE ARG RLFHEAR)” RS0, BRSNS B WA (Beta-deAD
VERGURAIRL T (Cu NPs) SCHVIMEIHTHE, PR S AR R T Aa E
PEFIVERE [7]. BITRR FL/RFE AN 2 — i LARS 37 1t <6 J AR (S0 S0 R RRE 1
KGR (8] KM V2 R T T8, (B AR E 2% T AEAE 2 ke
SRR, MM BRAC A R . @ ISR B WA, BFFT N R
T BT Ry BLOR AR AL, ANTITERAT BN FH e 1 A0 208 3 B vy P A K ] R fh
AT IR T 2 Sk R SR AR AR KA ST A A R P AR AR 2 A AL
., fEIREE AR, SVUV-PIMS S 7t 5 ik A5 o 4 5 18 v T8] 7= 40 B — R
WA RTIEW JT1% . SVUV-PIMS AJ DS A7 s 4 4 751 A4 ) L 1) 2 T 42 ) A
L, M ELE T REIES B b b Ak () A 9 KR R Zh AT N

B 2(A)B/R T B A HELE A f DU 0 A7 A5 2 i 14D S ) B e B /R 1
P RANEERE R 7EB 2B), HERALH S EARIR) XRD B BoR
FAEEJBHA Cu0 M. FEE W B HERS, I EEALBE 5 AT 5 BEIFE & W P IKE
BIHR, R\ RBR CHHER. Hif CwSio, B X S £ W ici i 45 1
(XANES) Jtitt (B 2(C)) £W, Cu® M Cu'MZMEisS Cu/Sio, —5, H
H Cu¥-O-SiO« AHEAEH . HEEI G, B THPURIRREL, R 75 A
WHERI A BAER, Cu/SiO, G E R &I, § 8 X 5 4R IBOR 40 45 1
(extended X-ray absorption fine structure, EXAFS) 734t (& 2(D)) &, H
BEALPE S5, Cu-Cu SERIECAIEL (CND Hghn, A Cu-O B Cu-O-Cu 155 .
/Beta-deAl 1) 751 1 BE M RG34 0& 5 F 7 2 58% (high-angle annular dark-field
scanning transmission electron microscopy, HAADF-STEM) K% (& 2(E)) &



TEEREIRM S 510K 2024, 2(3), 228

/Ns Cu/Beta-deAl SZHREY)_EIIGREURL /N 2.2 nm, A R 2S00 4
$i. SVUV-PIMS W (B 2(F)) 7EHEEZR A S T4, FRIFLE
TR EEPFAES Cu MR TE=) . ffH Cu/Beta-deAl-18% 1 17 E b
DMO, fE 200 °C. ¥R 2=# % (liquid hourly space velocity, LHSV) A 0.6
h' 44T, 2B Cethylene glycol, EG) =3 ik#| 90.8%; fE 230 °C.

LHSV 4 3.6 h ' IR SR, 77k H 90.1% (B 2(G)) .« ZEAFIFEIES:
R 200 h JE PRFERRE, BRI N 4.0+ 1.0 nm (B 2(H))

L]
A B Cu,0 ®Cu C - & . D methanol-treated
ul u,0 —— Cu foil /\,\ CulB
Py 1 1'x6 x2 . CuBeta-deAl
M fresh — B -
e TR b i
. o | s
b ! | methanol-treated for f \ Irech CuBstrdAl
mmW“Wamz b 5 =4 d
| ! il = —— methanol-treated Cu/Beta-deAl methanol-treated
s . an| 8| | /i ronCupoiaen e /o,
2z ' ! m————————+ I [] i—— methanol-treated Cu/SiO, R [
E | ] w |l e g \M
i ! ) o W\_,— | M
8h| < - =
s (it s Cu,0
23 >S|/ By M,
Yo HY -~ - e

_
M, <5 V12 |

N
S
L

HO
S s
AR
.. silanol nest - T . T T T
£8% %8 30 40 50 60 70 8960 9000 9040 9080 91200 0 1 2 3 4 s €
26(°) Energy (eV) R (A)
F e G ' (3339339339333 100
2 90 4 %
He
3Cu,(CH,0H)" | 8 HO, g
1(CH, [ <
70 - o ~OH L gy o)
CH,OH, 0.65 Pa / = N _ CulBeta-deAl _ (EG), major b
. A S 6017 —_— T Fe0 5
= =
|72} o
2 O 50 (DMO) 0. 50 ©
& | CH,OH, 1.15 Pa t 2 o OH =
= i 2 401 F40 2
a bl MG), minimal >
=3 ovon ([ S ap (MG) L5 2
CO 3 5 ©
—: i ’ 20 4 r2o 2
4 LHSV, 2]
wam 10 4 . F10
Hy =3 s sgw E [Mesel i
ML RRN N, B ! : ol 23999933 0
2 4 6 8 10 48 14 60 70 8 90 100 110 120 130 140 0 20 40 60 80 100 120 140 160 180 200
Diameter (nm) : — mlz Time on stream (hours)
2
H oo | O O O CulSiO, @ @ @ Cu/Beta-deAl [ 100 095 TS Osi @0 OH @c @cu,-Cu; Ccu,Cug
90 o @ (CHO)Cu* @ CO(g)+H,(g)
80 - 9
o :3' 057 Ts4
= w3 29 @ it -1.64
< 60 5 3 &
5 8 B || CuyCuy @ 0) @ TS5
‘@ 50 S § 4+ (CHO)Cu,*+H(Zeolite)»Cu@Beta-deAl+CO(g)+H,(g) 377 = -3.72
9] i 34
B 2 g |cucy @ col@) o
8 2 & |(CHOCU " +Cu;~HCU#CO(g) - (CHOCU,"+HCU—Cus+COg)+Hy(g)
30 =
O
K
[7
n

o o
L

T T T T T T T T T + 0
0 20 40 60 80 100 120 140 160 180 200 0
Time on stream (hours)

9 £

TS3
Reaction Coordinate

K 2. (A) 7 Beta-deAl A I Cu NPs i B Hr PL/R S 2L [ BoBndE g . (B) SR XRD KIS 3R1E 171 200 °CH
e Ab 3 I IA] Cu/Beta-deAl b Cu NPs 1324t (C) JH—4kLH) Cu K-121 XANES Y. (D) S£40 1% Cu K-121 EXAFS
Sk B B AR (Fourier-transformed, FT) M#Z . (E) Cu/Beta-deAl ') HAADF-STEM El{%. (F) M &
ATIF RS (36 SVUV-PIMS J6il%) . (G) Cu/Beta-deAl LTI IR AME . (H) F B A B AR AL 751 1 i 1
oM, () Bz R R R A (2 Liu % [7]9F0], BRBUITA 2024 AAAS) .

Figure 2. (A) State-of-art for reverse Ostwald ripening of Cu NPs on Beta-deAl support. (B) In-situ XRD patterns
characterizing change of Cu NPs on Cu/Beta-deAl during methanol treatment at 200 °C. (C) Normalized Cu K-edge
XANES spectra. (D) Fourier-transformed (FT) magnitudes of experimental Cu K-edge EXAFS spectra. (E) HAADF-
STEM images of Cu/Beta-deAl. (F) Time-of-flight mass spectra for reactions (inset: SVUV-PIMS spectra). (G)

Durability of Cu/Beta-deAl catalyst. (H) Effect of methanol treatment on performances of catalyst. (I) Energy profile
during nucleation process (reproduced with permission from Liu et al. [7], copyright 2024 AAAS).
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Commentary

Utilizing synchrotron-based SVUV-PIMS technique to capture (CHO)Cu;
species in dimethyl oxalate hydrogenation

Zeeshan Abbasi, Jie Ren”

National Synchrotron Radiation Laboratory, Department of Thermal Science and Energy Engineering, University of Science and Technology of
China, Hefei 230027, Anhui Province, China
* Corresponding author: Jie Ren, renjie@ustc.edu.cn, renchemie@hotmail.com

Abstract: Utilizing synchrotron vacuum ultraviolet photoionization mass spectrometry (SVUV-PIMS) to capture intermediates has
significantly enhanced the understanding of catalytic reactions. This commentary introduced the structure of SVUV-PIMS and then
revisited an excellent work in science that utilized SVUV-PIMS to elucidate the mechanisms of dimethyl oxalate (DMO)
hydrogenation into ethylene glycol over copper nanoparticles (Cu NPs) supported on dealuminated Beta zeolite (Beta-deAl). The
observation of key intermediates, particularly (CHO)Cu;" species, using SVUV-PIMS provided real-time, in-situ insights into the
dynamic behavior of Cu NPs in DMO hydrogenation. The findings highlighted the formation of a silanol nest and the presence of
metallic Cu and Cu,O phases following methanol treatment. This treatment helped maintain a small nanoparticle size, resulting in
high EG yields and prolonged catalyst stability. Additionally, their catalyst addressed common issues, such as silica leaching, which
often compromises the durability of CuSiO-based catalysts. By re-examining their work, this commentary underscores the
transformative potential of SVUV-PIMS in catalysis research, and the operando adaptation of intermediates in reactions is
invaluable for developing more efficient and durable catalysts.

Keywords: SVUV-PIMS; dimethyl oxalate hydrogenation; copper nanoparticles; dealuminated Beta zeolite; intermediates; catalyst
stability



