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Table S1 The effect of reaction parameters, including reaction temperature, reaction time, Rh/Ni precursors, margaric acid/(Rh + Ni), BTM/(Rh + Ni),

Ge(C,Hs)4/( Rh + Ni) molar ratios on the octahedrons percentage, average size, and chemical composition of Rh,Ni nanooctahedrons.

Sample Reaction Reaction time  Rh/Ni margaric BTM/(Rh + Ge(C,Hs)4/(Rh + Octahedrons Average Chemical Rh/Ni
temperature / °C / min precursors acid/(Rh + Ni) Ni) Ni) percentage / % size / nm composition  atomic ratio
1 200 45 1:1 1:1 1.2 0.1 100.0 16.8 Rhge 79Nizzp  2.01
2 190 45 1:1 1:1 1.2 0.1 100.0 12.9 Rhgg¢7Niz333  2.00
3 180 45 1:1 1:1 1.2 0.1 100.0 8.6 RhggesNizzzn  2.00
4 170 45 1:1 1:1 1.2 0.1 84.1 7.3 RhggosNizj 95 2.13
5 160 45 1:1 1:1 1.2 0.1 67.2 59 Rh7004Nizg 76 2.36
6 140 45 1:1 1:1 1.2 0.1 55.7 44 Rhy347Nipg 53 2.77
7 180 30 1:1 1:1 1.2 0.1 40.0 32 Rhg; 24Nize 76  1.72
8 180 90 1:1 1:1 1.2 0.1 100.0 8.8 Rhge7Nizsn  2.01
9 180 45 1:1 2:1 1.2 0.1 100.0 8.6 RhgegoNizzqp  2.02
10 180 45 1:1 1:2 1.2 0.1 95.0 11.2 Rhg753Nizn4  2.08
11 180 45 1:1 1:3 1.2 0.1 40.0 13.0 Rhgo4pNizss  2.27
12 180 45 1:1 1:4 1.2 0.1 20.0 13.0 Rhy; 75Niyg s 2.54
13 180 45 2:1 1:1 1.2 0.1 95.7 9.6 Rhg700Nizz00 2.03
14 180 45 1:2 1:1 1.2 0.1 84.5 8.0 Rhg745Nizp s 2.11
15 180 45 1:1 1:1 1.3 0.1 88.9 7.4 Rhg73,Nizpes  2.06
16 180 45 1:1 1:1 1.1 0.1 63.4 9.1 Rhg701Nizpg9  2.03
17 180 45 1:1 1:1 1.0 0.1 45.8 10.8 Rhg743Nizp 57 2.07
18 180 45 1:1 1:1 1.2 0.125 100 8.6 RhgegoNizzz  2.00
19 180 45 1:1 1:1 1.2 0.05 98.5 11.3 Rhge6sNizz3,  2.00
20 180 45 1:1 1:1 1.2 0.033 97.1 13.8 Rhgg¢7Niz333  2.00
21 180 45 1:1 1:1 1.2 0.025 95.6 16.7 Rhgs71Nizz09  2.00




Table S2 The effect of reaction parameters, including reaction temperature, reaction time, Rh/Ni precursors, margaric acid/l1-aminoheptadecane, BTM/(Rh + Ni),

Ge(C,Hs)4/( Rh + Ni) molar ratios on the truncated octahedrons percentage, average size, and chemical composition of Rh;Ni truncated nanooctahedrons.

Sample Reaction Reaction Rh/Ni margaric acid / BTM/(Rh+  Ge(C,Hs), truncated average Chemical Rh/Ni
temperature / °C  time / min precursors 1-aminoheptadecane Ni) /( Rh + Ni) nanooctahedrons size / nm composition  atomic
percentage / % ratio
1 200 45 1:1 1:1 1.2 0.1 100.0 15.7 Rhg¢7Niz333  2.00
2 190 45 1:1 1:1 1.2 0.1 100.0 12.4 Rhge7oNiz3p  2.01
3 180 45 1:1 1:1 1.2 0.1 100.0 8.7 Rhgs71Nizz309  2.00
4 170 45 1:1 1:1 1.2 0.1 81.4 7.3 Rhgs74Nizz06  2.10
5 160 45 1:1 1:1 1.2 0.1 65.6 5.7 Rhge70Niz330  2.30
6 140 45 1:1 1:1 1.2 0.1 52.5 4.8 Rhgs70Niz710  2.69
7 180 30 1:1 1:1 1.2 0.1 43.1 11.8 Rhgs90Nize10  1.77
8 180 90 1:1 1:1 1.2 0.1 100.0 8.6 Rhg700Nizs300 2.03
9 180 45 1:1 2:1 1.2 0.1 50.0 9.7 RhgegoNizz3  2.00
10 180 45 1:1 1:2 1.2 0.1 48.9 11.0 RhggoaNizi g6 2.22
11 180 45 2:1 1:1 1.2 0.1 93.2 9.2 Rhge7sNizsn  2.01
12 180 45 1:2 1:1 1.2 0.1 81.3 7.9 Rhgg 1sNiz1 g5 2.14
13 180 45 1:1 1:1 1.3 0.1 84.2 7.1 Rhg723Niz 77 2.05
14 180 45 1:1 1:1 1.1 0.1 66.1 8.6 RhggesNizzzn  2.00
15 180 45 1:1 1:1 1.0 0.1 423 10.4 Rhg774Nizp06  2.10
16 180 45 1:1 1:1 1.2 0.125 100.0 8.7 Rhge7oNizsp  2.01
17 180 45 1:1 1:1 1.2 0.05 96.2 10.8 Rhgg¢7Niz333  2.00
18 180 45 1:1 1:1 1.2 0.033 94.2 13.1 RhgegoNizzy  2.02
19 180 45 1:1 1:1 1.2 0.025 92.3 15.4 Rhgg67Niz333  2.00




Table S3 The effect of reaction parameters, including reaction temperature, reaction time, Rh/Ni precursors, 1-aminoheptadecane/(Rh + Ni), BTM/(Rh + Ni),
Ge(C,Hs)4/(Rh + Ni) molar ratios on the cubes percentage, average size, and chemical composition of Rh,Ni nanocubes.

Sample Reaction Reaction time  Rh/Ni 1-aminoheptadecane BTM/(Rh+  Ge(C,Hs)4/( Rh  Cubes average size Chemical Rh/Ni
temperature / °C / min precursors /( Rh + Ni) Ni) + Ni) percentage /%  /nm composition  atomic ratio
1 200 45 1:1 1:1 1.2 0.1 100.0 13.8 Rhgs71Nizz00  2.00
2 190 45 1:1 1:1 12 0.1 100.0 11.0 Rhgg oNiz333  2.00
3 180 45 1:1 1:1 1.2 0.1 100.0 8.5 Rhgs eoNizzz  2.00
4 170 45 1:1 1:1 1.2 0.1 78.4 6.2 RhgaNizz s 2.09
5 160 45 1:1 1:1 1.2 0.1 63.5 53 Rhge04Nizz 96 2.23
6 140 45 1:1 1:1 1.2 0.1 52.1 3.6 Rh7p30Niz770  2.61
7 180 30 1:1 1:1 1.2 0.1 434 2.5 RhgoNizzs 168
8 180 90 1:1 1:1 1.2 0.1 90.0 9.8 Rhg700Niz300 2.03
9 180 45 1:1 2:1 1.2 0.1 100.0 8.7 Rhgs6sNizzzn  2.00
10 180 45 1:1 1:2 1.2 0.1 97.0 9.8 RhggouNizi o5 2.22
11 180 45 1:1 1:3 12 0.1 432 112 RhygsoNisga;  2.40
12 180 45 1:1 1:4 1.2 0.1 17.2 13.0 Rhyy 7sNiygps  2.54
13 180 45 2:1 1:1 1.2 0.1 92.7 8.9 Rhgy23Nisn 77 2.05
14 180 45 1:2 1:1 12 0.1 82.3 6.7 RhggosNizp 75 2.15
15 180 45 1:1 1:1 1.3 0.1 89.4 6.4 Rhg711Nizpg9  2.04
16 180 45 1:1 1:1 1.1 0.1 61.9 7.6 Rhgg 7oNizz o 2.01
17 180 45 1:1 1:1 1.0 0.1 47.0 8.9 Rhg764Nizp36  2.09
18 180 45 1:1 1:1 1.2 0.125 100.0 8.7 RhgsgoNizsqp  2.02
19 180 45 1:1 1:1 1.2 0.05 93.2 9.8 RhgsaaNizzss 198
20 180 45 1:1 1:1 1.2 0.033 91.1 12.3 RhgegoNizz3  2.00
21 180 45 1:1 1:1 1.2 0.025 89.2 13.9 Rhgs s6Nizzqq  1.99




Table S4 Catalytic performance of different catalysts for decomposition of hydrazine in aqueous solution to produce H,

Samples Temperature / K H, generation volume / mL  Hj selectivity /% Time/min TOF/min’ TTON  ATOF / min’
Rh,Ni nanooctahedrons/C in this work 293 2195.2 100.0 21 15.7 27,723 154
Rh;,Ni truncated nanooctahedrons/C in this work 293 2041.5 93.0 31 10.6 - -
Rh,Ni nanocubes/C in this work 293 1756.6 80.0 54 6.1 - -
RhsgNip@MIL-101 323 141.4 100.0 7 5.73 - -
Rh-Cu nanoframe 7 298 448 31.4 300 0.56

In situ RhNiB * 298 89.6 100.0 22 - - -
RWNi@Sio, * 298 91.7 99.4 90 1.1 - -
In situ RhyNi ® 298 89.6 100.0 160 0.25 - -
In situ Rhy goNi/graphene 15 298 89.6 100.0 49 1.91 - -
NigsPts/MIL-96 % 298 141.4 100.0 12 1.91

NiggPt,,@MIL-101 *! 298 87.8 100.0 42 1.09 - -
Nig;Pt;3/meso-ALO; 323 89.6 100.0 5 2.67

In situ Nigo3Pto o7 ° 298 89.6 100.0 190 0.0021 - -
NiPty 057/ALO; ! 303 70.2 98.0 11.5 0.28 - -
Amorphous Nig 0Pty /Ce,05 298 172.0 100.0 43 0.47 - -
In situ Nig sIrg o5 >’ 298 89.6 100.0 390 0.26 - -
Pt, ¢Nio4/PDA—Rgo* 293 - 100.0 35 11.43 - -
NigsPt,¢/graphene*’ 298 87.8 100.0 42 2.22 - -
Ni@NiePt/La,05* 323 - 100.0 2.6 5.20 - -
Nigslr,s@MIL-101% 298 - 100.0 - 0.4

In situ Nig¢Pdg4 ™ 298 71.7 80.0 300 - - -
NiFe 298 89.6 100.0 190 - - -
Ni-ALO;-HT ' 303 - 93.0 70 0.033 - -
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Figure S1. (a)The high resolution STEM (HR-STEM) image of a single Rh,Ni nanooctahedron;
(b, c¢) Corresponding HR-STEM images of the regions marked in (a).
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Figure S2. The XRD patterns of the as-prepared (a) Rh nano-octahedrons; (b) Rh,Ni

nano-octahedrons; (c) Ni nano-octahedrons.
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Figure S3. (a) The high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM); (b) Rh/Ni atomic ratios recorded along the white cross-sectional compositional
line shown in (a); (c) the Energy-dispersive X-ray spectroscopy (EDS) at points 1-3 in (a);
(d)-(f)the elemental maps of the as-prepared Rh,Ni nano-octahedrons
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Figure S4. In-situ overall XPS spectra of (a) Rh, (b) Ni and (c) the as-prepared Rh,Ni

nano-octahedrons in this work.
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Figure S5. In-situ Rh3d XPS spectra of (a) Rh and (b) the as-prepared Rh,Ni nanooctahedrons in

this work.
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Figure S6. In-situ Ni2p XPS spectra of (a) Ni and (b) the as-prepared Rh,Ni nanooctahedrons in

this work.
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Figure S7. Depth profile curves obtained using X-ray photoelectron spectroscopy of the
as-prepared Rh,Ni nanooctahedrons in this work.
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Figure S8. STEM images of the as-prepared Rh,Ni: (a) without Ge(C,Hs),; (b) without margaric
acid

—— with Ge(C,H,), —— without Ge(CH,),
Rh,Ni growth

N

o

o
1

(@]
o
1

(©))
o
1

N
o
1

1 Rh° nucleation

N
o
1

The percentage of M° in all M species

o

L) *: ) L3 L) L ) ® L)

0 8 16 24 32 40 48

Time / min

Figure S9. The Rh’ and Ni° percentage in all Rh and Ni species obtained from the in-sifu XPS
measurement during the preparation process of RhyNi NCs with or without the presence of

Ge(C,Hs)y, respectively.

11



cozp,,
Ge2p,, 3d
- —
© ©
> 2
2 =
c [
] 2
= £
C(KLL) O(KVV) Ge(LMM)
C Ge3dp
Ge 3s Ge 3d
1250 1000 750 500 250 O 48 44 40 36 32
Binding energy / eV Binding energy / eV
(a) (b)

Figure S10. (a) Overall XPS spectrum and (b) Ge 3d spectrum for the reaction residue after the

preparation of Rh,Ni nanooctahedrons.
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Figure S11. The Ge” percentage in all Ge species obtained from the in-situ XPS measurement

during the preparation process of Rh,Ni NCs.
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Figure S12. FT-IR spectra of (a) margaric acid; (b) the as-prepared Rh,;Ni nanooctahedrons only
washed with water; (c) the as-prepared Rh,;Ni nanooctahedrons washed with ethanol; and (d)
commercial Rh,Ni NPs.
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(e)
Figure S13. STEM images of Rh,Ni synthesized by varying the amounts of margaric acid: (a)
0.01 mmol; (b) 0.025 mmol,, (c) 0.05 mmol, (d) 0.075 mmol and (d) 0.1 mmol, respectively.
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(c)
Figure S14. STEM images of the RhyNi NCs prepared using (a) Ni(acac),; (b) NiC,04 and (c)
NiCl, as the iron precursor.
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(e)
Figure S15. STEM images of the RhyNi NCs synthesized by varying the molar ratio of
Ge(C,Hs)4/( Rh + Ni)= (a)1:40, (b)1:30, (c)1:20, (d)1:10 and (e)1:8, respectively.
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(c)
Figure S16. STEM images of Rh;Ni synthesized by varying the molar ratio of margaric acid

/1-aminoheptadecane : (a) 2, (b) 1, (c) 0.5, respectively.
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Figure S17. FT-IR spectra of (a) margaric acid; (b) 1-aminoheptadecane; (c) the as-prepared
Rh,Ni nanooctahedrons with the molar ratio of 2 for margaric acid /1-aminoheptadecane only
washed with water; (d) the as-prepared Rh,Ni nanooctahedrons with the molar ratio of 1 for
margaric acid /l-aminoheptadecane only washed with water; (e) the as-prepared Rh,Ni
nanooctahedrons with the molar ratio of 0.5 for margaric acid /1-aminoheptadecane only washed
with water; (f) the as-prepared Rh;Ni nanooctahedrons with the molar ratio of 2 for margaric
acid /1-aminoheptadecane washed with ethanol; (g) the as-prepared Rh,Ni nanooctahedrons
with the molar ratio of 1 for margaric acid /1-aminoheptadecane washed with ethanol; (h) the
as-prepared Rh;Ni nanooctahedrons with the molar ratio of 0.5 for margaric acid

/1-aminoheptadecane washed with ethanol; and (i) commercial Rh,Ni NPs.
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Figure S18. (a)The high resolution STEM (HR-STEM) image of a single Rh,Ni trunked
nanooctahedron; (b, c) Corresponding HR-STEM images of the regions marked in (a).
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Figure S19. XPS Depth profile curves obtained using X-ray photoelectron spectroscopy of the
as-prepared Rh,Ni trunked nanooctahedrons in this work.
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Figure S20. The Rh” and Ni’ percentage in all Rh and Ni species obtained from the in-sifu XPS
measurement during the preparation process of RhoNi NCs with or without the presence of

Ge(C,Hs)4, respectively.

Figure S21. The elemental maps of the as-prepared Rh,Ni trunked nanooctahedrons in this work.
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(e)
Figure S22. STEM images of Rh;Ni synthesized by varying the amounts of 1-aminoheptadecane:
(a) 0.01 mmol; (b) 0.025 mmol, (c) 0.05 mmol, (d) 0.075 mmol and (d) 0.1 mmoll, respectively.
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Figure S23. FT-IR spectra of (a) 1-aminoheptadecane; (b) the as-prepared Rh,Ni nanocubes only
washed with water; (c) the as-prepared Rh,Ni nanocubes washed with ethanol; and (d) commercial
Rh,Ni NPs.

Corresponding HR-STEM images of the regions marked in (a).
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Figure S25. XPS Depth profile curves obtained using X-ray photoelectron spectroscopy of the
as-prepared Rh,Ni nanocubes in this work.
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Figure S26. The Rh” and Ni’ percentage in all Rh and Ni species obtained from the in-sifu XPS
measurement during the preparation process of RhoNi NCs with or without the presence of
Ge(C,Hs)4, respectively.
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20nm

Figure S27. The elemental maps of the as-prepared Rh,Ni nanocubes in this work.
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(@) (b)

(e) ®
Figure S28. (a) STEM image and (b) enlarged STEM image of the 8.6 nm Rh,Ni
nanooctahedrons supported on carbon; (c) STEM image and (d) enlarged STEM image of the 8.6
nm Rh,Ni truncated nanooctahedrons nanospheres supported on carbon; (¢) STEM image and (f)

enlarged STEM image of the 8.6 nm Rh,;Ni nanocubes supported on carbon.
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Figure S29. The n(H; + N;)/n(N,H,4) and H,/N; molar ratio versus time for 0.297 mmol of surface

“clean”

(a) Rh nanooctahedrons,

(b) Rh,Ni

nanooctahedrons,

(c) RhyNi truncated

nanooctahedrons, (d) Rh,Ni nanocubes and (e) Ni nanooctahedrons supported on 30 mg carbon

during the decomposition of 100 mL of hydrazine in aqueous solution with a concentration of 0.49

mol L' at 293 K.
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Figure S30. Typical UV-Vis spectra of hydrazine in aqueous solution (a) before and (b) after the
completion of hydrazine decomposition reaction over surface “clean” Rh,Ni or Rh or Ni NCs
supported on carbon.
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Figure S31. Mass spectral (MS) profile of (a) the gases released from the complete
decomposition of hydrazine in aqueous solution at room temperature over surface “clean” Rh,Ni
nanooctahedrons/C, (b) the gases released from the complete decomposition of hydrazine in
aqueous solution at room temperature over Rh,Ni truncated nanooctahedrons/C, (c) the gases
released from the complete decomposition of hydrazine in aqueous solution at room temperature
over Rh;Ni nanocubes/C; (d) Hy; (€)Ny; (f) NHs; (g) H,O; (h) NH3+H,0; and (i) carrier Ar.
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Figure S32. Plots of volume of hydrogen generated versus time during the hydrazine
decomposition over 0.297 mmol of surface “clean” (a) Rh,Ni nanooctahedrons, (b) Rh,Ni
truncated nanooctahedrons and (c) Rh;Ni nanocubes supported on 30 mg carbon at different
temperatures in the range 293 K—333 K ([N,H,] = 0.49 mol L™").
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Figure S33. The plot of Ink versus 1/T during the hydrazine decomposition over 0.297 mmol of
surface “clean” (a) Rh;Ni nanooctahedrons, (b) Rh,Ni truncated nanooctahedrons and (c) Rh,Ni

nanocubes supported on 30 mg carbon at different temperatures in the range 293 K—333 K ([N,Hy]

=049 mol L™).
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Figure S34. The differential heat of H, adsorption distribution histograms of surface “clean” (a)
Rh;Ni nanocubes, (b) Rh,Ni truncated nanooctahedrons and (¢) Rh,Ni nanooctahedrons.
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Figure S35. Mass spectra of H,-TPD for surface “clean” (a) Rh,Ni nanocubes, (b) Rh,Ni
truncated nanooctahedrons and (c) Rh,Ni nanooctahedrons.
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Figure S36. Mass spectra of NH; TPD-MS for (A) NH; desorption signal and (B) N, desorption
signal for surface “clean” (a) Rh,Ni nanocubes, (b) Rh,Ni truncated nanooctahedrons and (c)
Rh,Ni nanooctahedrons.
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Figure S37. Plots of TOF value and hydrogen selectivity versus NaOH concentration over 0.297
mmol surface “clean” (a) Rh,Ni nanocubes, (b) Rh,Ni truncated nanooctahedrons and (¢) Rh,Ni

nanooctahedrons supported on 30mg carbon at 293 K.
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Figure S38. Hydrogen selectivity versus N,H,4 concentrations for the decomposition of N,H4 over
0.297 mmol surface “clean” Rh,Ni nanooctahedrons supported on 30mg carbon at 293 K.

1000

800~

600 -

H2 volume / mL

0 125 250 375 500
Time /s

Figure S39. Hydrogen released from 20mL N,H, solution with different concentrations (a) 0.01,
(b) 0.02, (c) 0.03, (d) 0.05, () 0.075, () 0.1, (g) 0.2, (h) 0.5, (i) 1, (j) 5, (k) 7.5 and(l) 10.0molL "
in the presence of 0.297 mmol surface “clean” Rh,Ni nanooctahedrons supported on 30mg carbon

at 293 K.
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Figure S40. Viscosity versus N,H4 concentrations at 293 K.
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Figure S41. Solution gravimetric hydrogen densities versus N;H; concentrations for the
decomposition of N,H4 over 0.297 mmol surface “clean” Rh,Ni nanooctahedrons supported on
30mg carbon at 293 K.
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(c) (d)
Figure S42. (a) STEM image and (b) enlarged STEM image of the deactivated Rh,Ni
nanooctahedrons/C; (¢) STEM image and (d) enlarged STEM image of the deactivated Rh,Ni
nanooctahedrons/C after reactivation by solution plasma process.
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Figure S43. XRD profiles of (a) Rh nanooctahedrons; (b) the deactivated Rh,Ni
nanooctahedrons/C; (c) the deactivated Rh,Ni nanooctahedrons /C after reactivation by solution

plasma process; (d) Ni nanooctahedrons.
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Figure S44. in-situ (A) Overall XPS spectra; (B) Ni2p3/2 XPS spectra; (C) Rh 3d XPS spectra;
and (D) Ols XPS spectra of the deactivated Rh,Ni nanooctahedrons /C (a) before reactivation and

(b) after reactivation by solution plasma process.
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Figure S45. Time profiles for decomposition of hydrazine in aqueous solution in the presence (a)

fresh and (b) reactivated Rh,Ni nanooctahedrons /C
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Figure S46. Hysteresis loop and magnetic properties of Ni nanooctahedrons.
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Figure S47. Heck-type coupling reaction between cyclohexyliodide and styrene over catalysts.
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Figure @ S48. Dependency  of the  cyclohexyliodide  conversion

(E)-(2-cyclohexylvinyl)benzene selectivity on reaction time over

mL), T =353 K, stirring rate = 800 rpm.
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20.0 wt.%
nanooctahedrons/C and PVP-Rh,Ni nanooctahedrons. Reaction conditions: a catalyst containing
10 mg Rh,Ni, cyclohexyliodide (5.0 mmol), alkenes (6.0 mmol), Na,COs (7.5 mmol), DMF (10
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Figure S49. Hydrogenation of LA to GAL over catalysts
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Figure S50. Recycling tests of 20.0 wt.% Rh,Ni nanooctahedrons/C and Brij-93-Rh,Ni
nanooctahedrons for LA hydrogenation to GAL. Reaction conditions: catalyst containing 10 mg of
Rh,Ni nanooctahedrons, 20 mmol of LA, 50 mL of n-dodecane, PH, = 4.2 MPa H,, T = 413 K,

reaction time = 2 h, stirring rate = 1100 rpm.
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