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Table S1. ICP data of Pt and Bi content in Pt-Bi/Cu-MOF, Pt/Cu-MOF, and Pt-

Bi/CuO catalysts before and after the cycle.

Sample Pt% (before) Bi% (before) Pt% (after) Bi% (after)

Pt-Bi/Cu-MOF 4.77 4.71 4.69 4.83

Pt/Cu-MOF 4.56 - - -

Pt-Bi/CuO 4.77 4.63 - -



Figure S1. SEM images of Cu-MOF.



Figure S2. TEM images of (A) Pt/Cu-MOF and (C) Pt-Bi/Cu-MOF catalysts. (B, D) 

The corresponding size distribution of Pt particles in the catalysts.



Figure S3. EDS spectrum of Pt-Bi/Cu-MOF catalyst.



Figure S4. SEM images of CuO.
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Figure S5. SEM images of Pt-Bi/CuO.



Figure S6. TEM images of Pt-Bi/CuO. The inset in (C) represent the size histogram 

of Pt nanoparticles.



Table S2. The Cu2+ 2p3/2 peak positions, Cu LMM peak positions, and peak area 

ratios of the three catalysts.

Sample Cu2+ 2p3/2 Cu LMM Ssatellite peak: Smain peak

Cu-MOF 935.3 eV 572.1 eV 0.97

Pt/Cu-MOF 934.4 eV 571.2 eV 0.27

Pt-Bi/Cu-MOF 935.7 eV 572.5 eV 0.83
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Figure S7. Comparison of XPS spectra of Cu-MOF before and after NaBH4 

reduction. (A) survey, (B) C 1s, (C) Cu 2p, and (D) Cu LMM.
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Figure S8. XRD patterns of CuO and Pt-Bi/CuO.



Figure S9. The XPS spectra of (A) Cu 1s and (B) Cu LMM in Pt-Bi/CuO and CuO.
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Figure S10. The XPS spectra of (A) Pt 4f and (B) Bi 4f in Pt-Bi/CuO.



0.0 0.2 0.4 0.6 0.8 1.0
0

5

10

15

20

25

0 20 40 60 80 100 120 140

0.0000

0.0004

0.0008

In
cr

em
en

ta
l P

or
e 

V
ol

um
e 

(c
m

3 /g
)

Pore Diameter (nm)

 Absorption
 Desorption

SBET = 16.9 m2/g

Q
ua

nt
ity

 A
bs

or
pt

io
n 

(c
m

3 /g
 S

T
P)

Relative Pressure (P/P0)

A B

0.0 0.2 0.4 0.6 0.8 1.0
0

50

100

150

200

250

300

350

400

0 1 2 3 4

0.00

0.04

0.08

0.12

In
cr

em
en

ta
l P

or
e 

V
ol

um
e 

(c
m

3 /g
)

Pore Diameter (nm)

0.9 nm

1.5 nm

Q
ua

nt
ity

 A
bs

or
pt

io
n 

(c
m

3 /g
 S

T
P)

Relative Pressure (P/P0)

 Adsorption
 Desorption

SBET = 598.0 m2/g

Figure S11. N2-adsorption-desorption isotherms of (A) Pt-Bi/Cu-MOF and (B) Pt-

Bi/CuO samples. The insets represent the corresponding pore size distributions.



Figure S12. N2-adsorption-desorption isotherms of Cu-MOF samples. The insets 

represent the corresponding pore size distributions.
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Figure S13. The relationship between the product selectivity and reaction time over 

Pt-Bi/Cu-MOF.
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Figure S14. Oxidation of (A) DHA and (B) glycerol over Bi/Cu-MOF and Cu-MOF. 

Reaction conditions: catalyst 59 mg, 90 °C.



Figure S15. Stability of DHA over Pt-Bi/Cu-MOF, Pt/Cu-MOF, and Pt-Bi/CuO. 

Reaction conditions: catalyst 59 mg, 90 °C.
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Figure S16. The XRD patterns of Pt-Bi/Cu-MOF and Pt-Bi/CuO before and after 
catalytic cycles.
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Figure S17. SEM images of Pt-Bi/Cu-MOF catalyst after reaction cycles.



Figure S18. TEM images of Pt-Bi/Cu-MOF catalyst after cycles. The inset in (C) 

represents the size histogram of Pt nanoparticles.
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Figure S19. SEM images of Pt-Bi/CuO catalyst after reaction cycles.



Figure S20. TEM images of Pt-Bi/CuO catalyst after reaction cycles.



168 166 164 162 160 158

In
te

ns
ity

 (a
.u

.)

Binding Energy (eV)

Pt-Bi/Cu-MOF-fresh
Bi 4f

Bi(0)

Bi2O3
BiO(OH)

Pt-Bi/Cu-MOF-post

Bi 4f5/2Bi 4f7/2

159.8 eV

158.1 eV
159.2 eV

960 950 940 930

In
te

ns
ity

 (a
.u

.)

Binding Energy (eV)

Pt-Bi/Cu-MOF-fresh

Pt-Bi/Cu-MOF-post

Cu 2p

Cu2+ 2p3/2Cu2+ 2p1/2
Sat.

Sat.

936.5 eV

580 575 570 565
In

te
ns

ity
 (a

.u
.)

Binding Energy (eV)

Pt-Bi/Cu-MOF-fresh

Pt-Bi/Cu-MOF-post

Cu LMM

Cu2+

A B C

D E

295 290 285

In
te

ns
ity

 (a
.u

.)

Binding Energy (eV)

PtBi-Cu-MOF-fresh

PtBi-Cu-MOF-spent

C 1s

C-C
C-OO-C=O

84 82 80 78 76 74 72 70 68

Pt-Bi/Cu-MOF-post

Pt 4f

Pt-Bi/Cu-MOF-fresh

In
te

ns
ity

 (a
.u

.)

Binding Energy (eV)

Pt 4f5/2 Pt 4f7/2

Pt2+ Pt0

Pt4+

Figure S21. The XPS spectra of (A) C 1s, (B) Bi 4f, (C) Pt 4f, (D) Cu 2p, and (E) Cu 

LMM for Pt-Bi/Cu-MOF catalyst before and after cycling.
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Figure S22. The XPS spectra of (A) Pt 4f, (B) Bi 4f, (C) Cu 2p, and (D) Cu LMM for 

Pt-Bi/CuO catalyst before and after cycling.



Figure S23. The color change in the glycerol solution after the reaction with (A) Pt-

Bi/CuO and (B) Pt-Bi/Cu-MOF catalysts.



Table S3. Comparison of the glycerol-to-DHA performance over the catalysts.

Catalysts
Potency and 
temperature

Reaction 
time

Conv. 
(%)

S. of 
DHA 
(%)

Carbon 
balance 

(%)

Y. of 
DHA 
(%)

Ref

Pt-Bi/Cu-
MOF

0.3 M glycerol, 
90 oC

6 h 94.2 68.8 97 62.9
This 
work

Pt/NCNT+Bi(
NO3)·5H2O

0.1 M glycerol, 
60 oC

6 h 29.3 64.4 100.0 ★18.9 [1]

5%Pt-5%Bi/C
1 M glycerol, 

60 oC
6 h 91.5 49.0 94.0 42.1 [2]

Pt-Bi/SBA-15
0.2 M glycerol, 

30 oC
15 h 62.8 40.9 88.0 22.6 [3]

Pt-Bi/HT
1 M glycerol, 

60 oC
6 h 25.1 80.6 100.0 ★20.2 [4]

Pt/0.1Bi@NC
0.1 M glycerol, 

30 oC
15 h 86.8 87.0 90.0 67.9 [5]

Pt/CeO2-
ZrO2-Bi2O3-

SnO2/
SBA-16

1 wt% 
glycerol, 30 oC

4 h 74.0 72.0 100.0 ★54 [6]

PtSb/MWCN
Ts

0.1 M glycerol, 
60 oC

- 90.0 51.4 91.0 42.1 [7]

Sb@PtSb2/NC
2 M glycerol, 

60 oC, 6 atm O2
3 h 65.3 39.2 100.0 ★25.6 [8]

Au/Cu-NPC-
15%-H2

0.1 M glycerol, 
60 oC

4 h 65.6 92.1 98.0 59.2 [9]

AuSiO2-550
0.25 M 

glycerol, 140 
oC, 30 atm O2

8 h 16.5 55.1 100.0 ★9.1 [10]

0.98wt%Au/Z
n2.15Ga1.0-LDH

0.1 M glycerol, 
60 oC, 5 atm O2 

4 h 72.9 63.8 97.0 45.1 [11]

AuPd/ZnO–
CuO

1 M glycerol, 
75 oC, 4 atm O2

4 h 78.2 86.0 97.5 65.5 [12]

Cu(II)-cat
5 g glycerol, 
100 mL 3% 
H2O2, 60 oC

4 h 40.3 52.9 100.0 ★21.3 [13]

Bi2O3/TiO2

0.5 M Na2SO4, 
0.1 M glycerol, 

25 oC, 0.1 V
10 h 50.0 75.4 100.0 ★37.7 [14]

★:The production of DHA is estimated only based on the conversion and selectivity, 

without the carbon balance correction.
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Figure S24. Kinetic studies of glycerol oxidation reactions catalyzed by (A) Pt-

Bi/Cu-MOF, (B) Pt/Cu-MOF, and (C) Pt-Bi/CuO. Reaction conditions: 90 °C, 0.5 M 

glycerol solution, n(glycerol): n(metal) = 200, oxygen supplied under atmospheric 

pressure.
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Figure S25. Concentration evolution of (A) DHA and (B) GLD + GLA over Pt-
Bi/Cu-MOF and Pt-Bi/CuO catalysts in H2O or D2O.



3460 3480 3500 3520 3540

hydroxyl radical











CuOIn
te

ns
ity

 (a
.u

.)

Field (G)

Cu-MOF

Figure S26. Room-temperature electron paramagnetic resonance spectra of Cu-MOF 
and CuO in water.



 

Figure S27. Photos of contact angle experiments. (A, B) Pt-Bi/Cu-MOF, (C, D) Pt-

Bi/CuO.



Figure S28. Proposed catalytic cycle of Pt-Bi for DHA formation from glycerol.
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Figure S29. In situ FTIR spectra of glycerol oxidation on Bi/Cu-MOF.
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