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Figure S1. (a) The average diameter distribution of the Ga-MOF-nd. The diameter of the Ga-MOF-nd is

about 300 nm; (b) the average thickness distribution of the Ga-MOF-nd. The thickness is about 80 nm.
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Figure S2. The EDS maps of the nanodisk-like Ga-MOF structure [molecular formula: Ga(OH)(BDC)]. The

Ga (red), C (green) and O (aquamarine) elements in the Ga-MOF show a very uniform distribution.
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Figure S3. (a) The Raman spectrum (blue line) of the Ga-MOF-nd; (b) the Raman spectrum (black line)
of the free H,BDC. After coordination, the CCC bending vibrational band of the aromatic ring at 816 and

826 cm™ in the free H,BDC (see the red circle of figure b) became a single band at 802 cm™ in the Ga-
2



MOF (see figure a).

Figure 4. (a) The time-dependent growth picture of Ga-MOFs from left to right at 15, 20, 25, 30 and

35 min; (b) the FE-SEM image of the Ga-MOF at 25 min.

Figure S5. The FE-SEM images of the Ga-MOF samples synthesized at different crystallization times: (a)
10 h; (b) 24 h. It can be seen that cuboid structures with clear crystal faces begin to appear on the edge
of the nanodisks after 10-hour crystallization. Extending to 24 h with crystallization time, the nanodisk
structure totally disappeared leaving the irregular microcubes. This phenomenon is due to the Ostwald

ripening-induced particle growth in the late crystallization stage.
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Figure 6. (a) The FE-SEM image of the Ga-MOF sample obtained under the same preparation conditions

as the Ga-MOF-nd, but in the absence of B-CD; (b) the XRD pattern of the Ga-MOF (blank line) in the

absence of B-CD.



70

(a) 220-240 601 (b)
el 45-55
50 -
d 50‘ 4
N o
> 40 5 40
g 5 30
= b | 1
g o8 240-260 g =
% o0 - 20+ 65-75
260-270
10 4 104 3545
200-220 |'—|
0 0
Radius /nm Thickness /nm

Figure S7. (a) The average outer diameter distribution of the B-Ga,0s-nr. The outer diameter of

nanorings is about 230 nm; (b) the average height distribution of the rings. The height is about 50 nm.

Figure S8. The EDS maps of the B-Ga,0;-nr. Both Ga (red) and O (aquamarine) elements have a uniform

distribution, which is indicative of a single-phase microstructure.
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Figure S9. The thermogravimetric analysis and mass spectrometry curves of Ga-MOF. Color scheme of
MS signals: black, water (m/z=18); red, CO, (m/z=44); blue, DMF (m/z=48); purple, BDC ligands
(m/z=78), recorded during pyrolysis/oxidation of the Ga-MOF-nd. The heating rate is 20 K/min starting
from 298 K. The weight loss at the orange zone is corresponding to the pyrolysis of DMF. At the gray

zone, a small amount of H,0 and CO, released, corresponding to the pyrolysis of free H,BDC (Figure S6
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ESI). No other signal was detected, indicating the integrity of the Ga-MOF at this zone. When the time

reached the ultramarine zone, three sharp peaks appeared, corresponding to H,0, CO, and benzene.
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Figure S10. (a and c) The thermogravimetric analysis of the Ga-MOF-nd. (b and d)The mass spectra at
different times correspond to the blue and red lines in (a and c). The mass spectra at different times
show different pyrolysis processes. The blue line in (a) represents a dimer formed by free H,BDC
pyrolysis, corresponding to m/z = 252 in (b). Instead, the pyrolysis of the Ga-MOF-nd produced benzene
(m/z = 78) and CO, (m/z = 44) as shown in the red lines of (c) and (d). During the pyrolysis of the Ga-
MOF-md, no signal of m/z at 252 was detected. These results indicate that, the pyrolysis process of the
MOF framework occurred after free H,BDC pyrolysis. In other words, before the Ga-MOF started

pyrolysis, free H,BDC were pyrolyzed.
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Figure 11. The evolution of XRD patterns of the Ga-MOF-nd during the calcination process from 0 to 60

min.



Figure S12. The FE-SEM images of the B-Ga,0; samples obtained at different crystallization times: (a)
10 h; (b) 24 h. These results show the integrity of the two samples without producing hollow structures.

The gas release caused by the pyrolysis of organic ligands led to the generation of porous structures.
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Figure S$13. The FE-SEM image of the B-Ga,05;-mr. The length of the microrods is about 5 um, and the
width and height are about 0.5 um. The microrods show a smooth surface.

N

| i |||I|| Ll

20 40 60 80
20 Idegree

Figure S14. The XRD pattern of the B-Ga,03;-mr. The peaks are in good agreement with those of pure

B-Ga,0; (JCPDS card No: 43-1013).
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Figure S15. The epoxidation recycling test of the B-Ga,0s-nr. After eight cycles, the catalyst still shows
a good catalytic performance.
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Figure S16. Calculated Gibbs free-energy profiles (kcal-mol™) for proposed Payne route.! With the

addition of alkali, H* ions produced by initial dissociation will be combined with OH~ ions. As a result,

H* ions do not bind to C=N bonds in the IM1. Instead, it will go through a process of transferring

hydrogen from the OOH to the N in C=N bond through forming the TS2. From the calculated results,
the bond length of the N---H bond is 1.67 A. Considering the negative charge of N atoms, therefore,
strong hydrogen bonds can be formed between them. Additionally, on the basis of the fact that the
free energy barrier and electron energy barrier of TS2 are —1.5 and 0.06 kcal/mol, respectively, the

hydrogen transfer process is extremely prone to occur and ultimately exposes the B-O for nucleophilic
epoxidation.
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Figure 17. (a) The XRD pattern of the B-Ga,03;-m and (b) EPR spectra of B-Ga,0s-nr, -10, -24, -mr and -
m. The B-Ga,0s-m was synthesized via a simple chemical route followed by calcination, according to
the literature?: Typically 0.1 M of Ga(NOs); was dissolved into 100 mL water with continuous stirring.
The temperature of the solution gradually increased from room temperature to 365 K. After reaching
the final temperature, ammonia was added drop by drop to the solution until the pH of the solution
reached about 9. Subsequently, the solution was kept for 4 h at that temperature and then cooled

down naturally to the room temperature. The collected white precipitate was dried overnight at 333 K

and calcined at 1273 K for 3 h.
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Figure S18. The NH; temperature programmed desorption (NH3-TPD) curve of the B-Ga,0s-nr. The peak

at 373 K shows the weak acid properties of Ga3* sites in the B-Ga,0s.



Figure 19. (a) The photo of the acetonitrile solutions with the B-Ga,0s-nr catalyst on the left and
without the B-Ga,0;-nr catalyst on the right; (b) the photo of the same solutions after half an hour of
placement at room temperature. The two solutions on the left sides of (a) and (b) in the figure are both
turbid, while the two solutions on the right sides are transparent. From these photos, especially from

those of the same solutions after half an hour, we conclude that the B-Ga,0; catalyst can be well

dispersed in acetonitrile solution.
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-0.84976200

0.29289500

0.30438100



O O O O O o b o o o o o o o o o o o o

@] 2

@]

o O

16

-4.89089200

-4.90389100

1.22926500

1.58031300

1.20330600

3.60128800

3.58826600

3.57526800

3.56227800

-2.50573100

-2.51852800

-2.53179500

-0.13341200

-0.14667600

-0.15976800

-0.17242600

5.96077200

5.94776800

5.93476500

-1.10113300

-1.17530000

-0.36904000

-2.03584400

-1.03719200

-0.06398800

-4.03436700

-3.64287600

-4.41025600

-4.10033700

-3.63041900

-3.34530700

0.22775000

-1.01263700

1.49694400

4.53688400

-3.03849100

0.00990400

3.04142500

-4.54565700

-1.50582800

1.53446700

4.57419600

-3.04994100

-0.01014700

3.02940200

-4.55679000

-1.51708200

1.52329200

4.56305200

-3.01230300

0.02764800

3.06759700

-1.46140700

-0.63280100

-0.66714300

0.55301500

1.82261500

1.89914400

-0.07018600

-0.11543900

0.83705400

-0.96050700

0.77552000

-1.04912900

0.24888800

-0.69839100

0.31589100

0.32736700

0.71593900

0.39683900

0.73895300

0.00111900

0.01269000

0.02415600

0.03559500

-0.41039600

-0.39930000

-0.38714600

-1.27783200

-1.26631500

-1.25488700

-1.24336000

-0.85476300

-0.84327100

-0.83177800

1.75475300

2.67994300

3.95505600

2.63847600

1.64127300

1.76487000

2.86910600

4.17602300

2.40543700

2.24866300

4.79507700

4.64344900

4.02648700

4.84047400
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0.29483800

-1.53171100

3.93962400



