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Experimental details
1. Precise control of the crystal size of MOF's
1.1 ZIF-8

A desired amount of Zn(NO3),"6H,0 (x mmol, 11.1 mmol/L Zn*"/Methanol solution) was pre-
added to 250 mL methanol containing 2.05 g 2-methyl imidazole (25 mmol). The value of x varied
in the range of 0-0.44 mmol to give R = 0, 0.0044, 0.0088, and 0.0176, where R was the mole ratio
of (pre-added Zn?") / (total ligand). After ultrasonic treatment for 10 min, the solution was well
mixed with 250 mL methanol containing 3.67 g Zn(NOs), 6H,O (12.5 mmol) and kept at room
temperature without stirring for 24 h. The precipitated ZIF-8 was washed with methanol three times
and vacuum-dried for 12 h at room temperature.
1.2 Zn5yCos5,-BMOF

A desired amount of Zn(NOj;), 6H,0 (x mmol) was pre-added to 80 mL methanol containing
3.70 g 2-methyl imidazole (45 mmol). The value of x varied from 0 to 0.30 mmol to give R = 0,
0.0034, and 0.0067, where R was the mole ratio of (pre-added Zn?*)/ (total ligand). After ultrasonic
treatment for 10 min, the solution was well mixed with 80 mL methanol containing 0.84 g
Zn(NOs),; 6H,0 (2.83 mmol) and 0.84 g Co(NOs),-6H,0 (2.89 mmol) and kept at room temperature
with vigorous stirring for 24 h. The precipitated ZnsyCoso-BMOF was washed with methanol three
times and vacuum-dried for 12 h at room temperature.
1.3 Zn,;,Cog-BMOF

Similarly, x mmol of Zn(NO;), 6H,0 was pre-added to 80 mL methanol containing 3.70 g 2-
methyl imidazole (45 mmol). The value of x varied from 0 to 0.30 mmol to give R =0, 0.0034, and

0.0067, where R was the mole ratio of (pre-added Zn?*) / (total ligand). After ultrasonic treatment



for 10 min, the solution was well mixed with 80 mL methanol containing 0.34 g Zn(NOs), 6H,0

(1.14 mmol) and 1.34 g Co(NO3), 6H,0 (4.60 mmol) and kept at room temperature with vigorous

stirring for 24 h. The precipitated Zn,yCogy-BMOF was washed with methanol three times and

vacuum-dried for 12 h at room temperature.

1.4 NPs@ZIF-8

PVP-stabilized metal nanoparticles (Pt, Pd, Ru, and Rh)

The metal nanoparticles were prepared by a method modified from the literature!. For the

synthesis of Pt NPs, 5 mL of NaOH/ethylene glycol (EG) solution (0.3 M) was mixed with 5 mL of

H,PtCls 6H,O/EG (0.02 M) at room temperature. After adding 100 mg polyvinylpyrrolidone (PVP,

MW =58 000), the solution was heated to 150 °C and kept at this temperature with vigorous stirring

for 3 h to form a homogeneous black Pt/EG solution. The Pt NPs obtained were washed with ethanol

and hexane three times, collected by centrifugation and finally dispersed in methanol.

Other metal nanoparticles were prepared using the same procedure described above except for

the following differences: (a) For Pd NPs, the solution was heated to 100 °C and kept at this

temperature for 1 h; (b) For Rh NPs, the solution was heated to 160 °C and kept at this temperature

for 3 h; (c) For Ru NPs, the solution was heated to 180 °C and kept at this temperature for 3 h.

Precise control of the crystal size of NPs@ZIF-8 (NPs = Pt, Pd, Ru, and Rh)

The NPs/methanol solution was added into 250 mL methanol containing 2.05 g 2-methyl

imidazole (25 mmol) followed by ultrasonic treatment for 10 min. Then x mmol of Zn(NOs),-6H,0

(11.1 mmol/L Zn**/Methanol solution) was pre-added to the above solution. The value of x varied

from 0 to 0.22 mmol to give R = 0, 0.0009, 0.0022, 0.0044, and 0.0088, where the R was the mole

ratio of (pre-added Zn?*) / (total ligand). After ultrasonic treatment for another 10 min, the solution



was well mixed with 250 mL methanol containing 3.67 g Zn(NOj3),-6H,0 (12.5 mmol) and kept at
room temperature without stirring for 24 h. The precipitated NPs@ZIF-8 was washed with methanol
three times and vacuum-dried for 12 h at room temperature.
2. Catalyst characterization

The X-ray diffraction (XRD) powder patterns of MOFs were characterized by a Bruker
Advance D8 X-ray diffractometer with Cu Ko (A = 1.5406 A) monochromatic radiation, where the
samples were prepared by tableting the powder on a single crystal Si substrate. The actual loading
of Pt on Pt@ZIF-8 was measured by inductively coupled plasma (ICP) analysis, where the metals
were dissolved by boiling the catalyst powders in aqua regia. HR-TEM images, elemental mapping,
and EDS of the MOFs were obtained by high-resolution transmission electron microscopy (JEM
2014) operated at 120 kV, where the samples were ultrasonically dispersed in ethanol for 30 min
and the solution was dropped on a carbon film supported on a copper grid. The single crystals of
ZIFs showed a polygonal structure in the TEM images. For consistent comparison, the length of ¢,
was used as the particle size of ZIFs (Fig. S1). More than 100 particles were collected to analyze
the particle size distribution of MOFs. The N, adsorption isotherms were obtained at -196 °C on an
Autosorb-1Q,-MP-C system (Quantachrome, USA). Before analysis, the samples were evacuated at
room temperature for 10 h. Thermogravimetric analyses (TGA) were carried out using

TGA/DSC1/1600LF with a heating rate of 10 °C/min.

Figure S1. The length of ¢, was used as the particle size of ZIFs.



3. Catalytic experiments

The hydrogenation experiments of 1-hexene, cyclohexene and cyclooctene were carried out at
23 °C and 1.2 MPa hydrogen pressure. In a typical experiment, 23 mg catalyst, 30 mL ethanol and
0.3 g reactant (1-hexene, cyclohexene or cyclooctene) were loaded in an autoclave. After purging
with hydrogen 5 times, the autoclave was flushed with hydrogen to 1.2 MPa and stirring at 800
r/min. The conversion was calculated as:

Conversion (%) = (Nap — Nay) / Nayp )]
where N, g was the initial mole of reactant in feeding stream, and N, , was the mole of reactant after
reaction.

The reaction rate based on the total weight of Pt was calculated at the conversion about 50 %

by:
7= (Mibexene X X) /(8 X Mear X Winerat) () (2)
where 7] pexene Was the initial weight of 1-hexene, X was the accurate conversion around 50%, ¢ was

the reaction time, m.,; was the catalyst weight, and W, was the Pt metal loading.
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Figure S2. TEM images and crystal size distribution of ZIF-8: (a) ZIF-8 744, (b) ZIF-8 601, (c)
ZIF-8 490, (d) ZIF-8 271, (e) ZIF-8 93, (f) ZIF-8 43 and (g) ZIF-8 27.
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Figure S3. TEM images and crystal size distribution of ZnsyCos,-BMOF: (2) ZnsoCosg-
BMOF 128, (b) ZnsoCoso-BMOF 71, and (¢) Zns5oCoso-BMOF_46.
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Figure S4. TEM images and crystal size distribution of Zn,;yCogo-BMOF: (a) Zn,oCogo-
BMOF_23 1, (b) Zn20C080-BMOF_71, and (C) ZIlz()COgo-BMOF_SZ.
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Figure S5. TEM images and crystal size distribution of Pt@ZIF-8 crystal; (a) Pt@ZIF-8 440, (b)
Pt@ZIF-8 204, (c) Pt@ZIF-8 111, (d) Pt@ZIF-8 60, and (e) Pt@ZIF-8 45.
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Figure S6. XRD Patterns of ZIF-8: (a) ZIF-8 744, (b) ZIF-8 490, (c) ZIF-8 271, and (d) ZIF-
8 27.
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Figure S7. XRD patterns of ZnsoCoso-BMOF: (a) ZnsoCoso-BMOF 128, (b) Zns,Coso-BMOF_71,
and (c) ZnsyCoso-BMOF_46.
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Figure S8. XRD patterns of Zn;oCogp-BMOF; (a) Zn,yyCogp-BMOF 231, (b) Zn,yCogo-BMOF_71,

and (c) Zn,yCogp-BMOF_52.
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Figure S9. XRD patterns of Pt@ZIF-8 crystal. (a) Pt@ZIF-8 440, (b) Pt@ZIF-8 204, (c)
Pt@ZIF-8 111, (d) Pt@ZIF-8 60, and (e) Pt@ZIF-8 45.
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Samples Co:Zn mole ratio (EDS)
(a) ZnsoCos-BMOF 128 56:44
(b) ZnsoCos-BMOF_71 54:46
(c) ZnsyCoso-BMOF_46 47:53

Figure S10. HRTEM images, elemental mappings, and EDS resutls of ZnsoCoso-BMOF: (a)
Zn50C050-BMOF_128, (b) Zn50C050-BMOF_71, and (C) Zn50C050—BMOF_46
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Samples Co:Zn mole ratio (EDS)
(a) ZnyCogp-BMOF 231 79:21
(b) Zny,Cogy-BMOF 71 76:24
(¢) ZnyyCogo-BMOF 52 69:31

Figure S11. HRTEM images, elemental mapping, and EDS resutls of Zn;(Cogp-BMOF: (a)
Zn20C080-BMOF7231, (b) Zn20C080-BMOF771, and (C) ZIlzoCOgo-BMOFisz.
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Figure S12. N, adsorption isotherms (1) and size distribution (2) of the catalysts at 77 K: (a)
Pt@ZIF-8 440, (b) Pt@ZIF-8 204, (c) Pt@ZIF-8 111, (d) Pt@ZIF-8 60, and (¢) Pt@ZIF-8 45,
and (f) pure ZIF-8.

The N isotherms were Type I, except that with Pt@ZIF-8 X (X =204, 111, 60 and 45) there
was a sudden increase in the high relative pressure region (near P / Py = 1). This sudden increase
was ascribed to physisorbed liquid nitrogen on the external surface of the crystal or interparticle
mesopores®. The pore size distributions of the catalysts were shown in Fig. S12 (2). All of the
Pt@ZIF-8 samples showed the typical pore size distribution of ZIF-8, indicating that the

incorporation of Pt NPs into ZIF-8 did not alter the pore-size distribution of the ZIF-8 matrix.
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Figure S13. TGA analysis curves of Pt@ZIF-8 in air.

The TGA curves of Pt@ZIF-8 X (X =2, 5, 10 and 20) were identical to that of Pt@ZIF-

8 440, where the initial decomposition temperature was about 300 °C.
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Figure S14. HRTEM images of the fringes of the catalysts: (a) Pt@ZIF-8 440,

(b) Pt@ZIF-8_204, (c) Pt@ZIF-8_111, (d) Pt@ZIF-8_60, and (¢) Pt@ZIF-8_45.

15



Figure S15. TEM images of the samples in solution after the addition of Zn?*: (a) Pt@ZIF-8 440,
(b) Pt@ZIF-8 204, (c¢) Pt@ZIF-8 111, (d) Pt@ZIF-8 60, and (e) Pt@ZIF-8 45. (Scale bars are
20 nm)

250mL 50mmol/L
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30s 1 min 2 min 3 min 5 min 10 min 20 min 30 min

Figure S16. Photographs at different times of the growth process of Pt@ZIF-8: (a)
Pt@ZIF-8 440, (b) Pt@ZIF-8 204, (c) Pt@ZIF-8 111, (d) Pt@ZIF-8 60, and (e)
Pt@ZIF-8 45
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Figure S17. Effect of metal loading on the size modulation of Pt@ZIF-8 at R = 0.0022: (a)
1.0%-Pt@ZIF-8, (b) 0.5%-Pt@ZIF-8, (c) 0.1%-Pt@ZIF-8, and (d) 0.05%-Pt@ZIF-8.
For 1.0%-Pt@ZIF-8 and 0.5%-Pt@ZIF-8, the Pt NPs were sufficient for the nucleation

process with R = 0.0022, thus the crystals had a similar narrow distribution and mean particle

size (~110 nm). However, when the metal loading was further decreased to 0.1% and 0.05%
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(0.1%-Pt@ZIF-8 and 0.05%-Pt@ZIF-8), the number density of seeds was limited by the
amount of Pt NPs, thus the crystal size only decreased to 230-300 nm and showed a wider

distribution.

500 nm

Figure S18. TEM images of M@ZIF-8 with size controlling: (a) Ru@ZIF-8 (R = 0), (b)
Ru@ZIF-8 (R =0.0044), (c) PA@ZIF-8 (R = 0), (d) PA@ZIF-8 (R = 0.0044), (¢) Rh@ZIF-8
(R=0), (f) Rh@ZIF-8 (R = 0.0044).
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Table S1. Reproducibility of Pt@ZIF-8 with R = 0.0044
R, 103 Run 1# Run 2# Run 3#
Particle size, nm 4.4 59.5+10.3 63.8+10.7 60.0£11.2

Table S2. Catalyst characterization.

Samples R, 10>  Ptloading®, %  D¢,nm  W¢ g BET,m%g VoS, cmi/g
PL@ZIF-8 440 0.0 1.05 440 037 1734 0.64
Pt@ZIF-8 204 0.9 1.18 204 0.36 1631 0.64
Pt@ZIF-8 111 2.2 1.04 111 0.35 1662 0.65
Pt@ZIF-8 60 4.4 1.03 60 0.35 1683 0.64
Pt@ZIF-8 45 8.8 1.01 45 0.35 1632 0.66

@ R is the mole ratio of (pre-added Zn?")/ (total ligand), ® metal loading determined by ICP analysis, ¢ D is the average
diameter of the samples measured from TEM images, ¢ W is the final weight of the products, € Vyicro is the micropore
volume calculated by the HK method

The Brunauer—-Emmett-Teller (BET) surface area and micropore volume (Vo) are

summarized in Table 1. Pt@ZIF-8 X has a slightly smaller BET surface area than pure ZIF-8 (1901

m?/g) due to the encapsulation of Pt NPs2.

Table S3. Comparison of catalysts in hydrogenation of 1-hexene, cyclohexene and cyclooctene.

Conversion, %

Catalysts t,h
1-hexene cyclohexene cyclooctene
Pt-0.32/Si0, 5 78.6 11.6 3.8
Pt-1.05@ZIF-8 440 7 63.2 0.2 -
Pt-1.18@ZIF-8 204 5 79.5 0.4 -
Pt-1.04@ZIF-8 111 3 80.5 0.9 -
Pt-1.03@ZIF-8 60 2 79.6 1.1 -
Pt-1.01@ZIF-8 45 1 77.7 24 -
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Table S4. Reaction rates () based on the total weight of Pt at a conversion of about 50%.

Samples Crystal size (D), nm Reaction rate (r), s°!
Pt-1.05@ZIF-8 440 440 0.043
Pt-1.18@ZIF-8 204 204 0.084

Pt-1.04@ZIF-8 111 111 0.18

Pt-1.03@ZIF-8 60 60 0.36

Pt-1.01@ZIF-8 45 45 0.43
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