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1. General

Chemicals and solvents were purchased from commercial suppliers. Flash chromatography was carried
out on Kieselgel 60 (230-240 mesh, Merck) and analytical TLC was performed on Merck precoated
silica gel (60 F254). Compounds were visualized under UV light and/or by treatment with a solution of
phosphomolybdic acid in ethanol followed by heating. NMR spectra were recorded on a Bruker Avance
spectrometer at 400 MHz (*H), 100 MHz (*3C). Chemical shifts are given in ppm relative to the NMR
solvent residual peak, coupling constants J are given in Hz. Unless otherwise specified, ultrasonic
mixing was achieved using a Branson sonifier 550 equipped with a 3 mm tapered microtip (300 ms/s
pulses, Output power 50%). Photo-polymerization experiments are carried out using a 40 W low-
pressure mercury UV lamp (Heraeus) emitting at a wavelength of 254 nm. For HRSTEM experiments,
a Titan-G2 probe corrected STEM was used to study the Ru/Rh repartition on the carbon nanotubes.
The emitted X-rays were collected by the four detectors with a 0.7 steradian collecting angle. The
probe was smaller than 2 A and its current was almost 250 pA. K-Lines were used to distinguish Ru and
Rh as illustrated in Figure S1. XPS analysis was carried out with an Escalab 250 XI spectrometer (Thermo
Fisher Scientific Inc.) using a monochromatic Al Ka source (1486.7 eV). The X-ray spot diameter was »
900 um. For the non-conductive samples, the analysis was carried out using a charge compensation
flood gun. The pass energy for high-resolution spectra reported in the following was 20 eV. The data
processing was performed using Avantage software (Thermo Fisher Scientific Inc.). The C-1s signal for
adventitious carbon was used to correct the charge effect. The C—-C/C—H component of C-1s spectra
was fixed at 285.0 eV. The background from each spectrum was subtracted using a Shirley-type
background. Multi-walled carbon nanotubes (MWCNTSs), prepared by catalytic decomposition of
methane according to the previously reported method,* were obtained from the Department of
Chemistry and State Key Laboratory of Physical Chemistry for the Solid Surface, Xiamen University,
China.

2. Ru-Rh particle synthesis

The synthesis of nanoparticles was achieved using a previously reported procedure (Chem. Mater.,
2000, 12, 1622). A solution of RhCl3:3H,0 (39.5 mg, 0.15 mmol) and RuCls:6H,0 (47.5 mg, 0.15 mmol)
in water (5 mL) was mixed with ethylene glycol (100 mL). An aqueous solution of NaOH 0.5 M (5 mL)
was added to the stirred mixture and the reaction was heated to 160 °C. After 3 h, a stable transparent
brown homogeneous colloid of Ru-Rh NPs was formed.

3. Assembly of Ru-Rh nanoparticles on carbon nanotubes

The assembly of Ru-Rh nanoparticles at the surface of carbon nanotubes was achieved according to
our previously reported procedure (Angew. Chem. Int. Ed., 2011, 50, 7533).

S2



4. Spectroscopic data

\/P\/\/\/
Ph 3a

Spectral data in agreement with previous reports from the literature:?

'H-NMR (400 MHz, CDCls): § 0.88 (t, 3H), 1.24-1.27 (m, 4H), 1.40 (m, 2H), 1.62 (m, 2H), 7.44—7.54 (m,
6H, ArH), 7.72-7.77 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCl3): 6 14.0, 21.4, 22.4, 29.7 (d), 30.6, 31.3, 128.5 (4C), 130.7 (4C), 131.6 (2C),
133.5(2C, d) ppm.

Ph 3b
Spectral data in agreement with previous reports from the literature:®

'H-NMR (400 MHz, CDCls): 6 0.89 (t, 3H), 1.23-1.31 (m, 28H), 1.40 (m, 2H), 1.62 (m, 2H), 2.20-2.30 (m,
2H), 7.44-7.54 (m, 6H, ArH), 7.72—7.77 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCl): 6 14.1, 21.4, 22.7, 29.0-29.7 (13C), 30.5 (d), 31.9, 128.5 (4C), 130.8 (4C),
131.6 (2C), 133.2 (2C, d) ppm.

o 3c

IH-NMR (400 MHz, CDCls): & 1.03-1.61 (m, 8H), 2.05-2.27 (m, 4H), 7.38-7.47 (m, 6H, ArH), 7.66-7.71
(m, 4H, ArH), 9.22 ppm (br s, 1H).

13C-NMR (100 MHz, CDCl3): 6 21.15, 25.1, 28.6, 29.3 (d), 30.4, 35.8, 128.6 (4C), 130.8 (4C), 131.7 (2C),
132.9 (2C, d), 179.6 ppm.

O 3d

'H-NMR (400 MHz, CDCls): 6 1.58-1.70 (m, 4H), 2.7 (s, 3H), 2.22-2.29 (m, 2H), 7.42—7.52 (m, 6H, ArH),
7.68-7.74 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCls): 6 21.2, 24.8, 29.5 (d), 30.0, 43.1, 128.6 (4C), 130.7 (4C), 131.7 (2C), 133.0
(2H, d), 208.4 ppm.
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Spectral data in agreement with previous reports from the literature:¥

'H-NMR (400 MHz, CDCls): 6 0.86 (m, 3H), 1.18 (m, 1H), 2.71-2.78 (m, 1H), 3.80 (m, 2H), 4.01 (m, 3H),
7.46-7.57 (m, 6H, ArH), 7.81-7.88 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCl5): 6 13.5, 14.1, 30.8, 44.6 (d), 61.2, 61.5, 128.7 (4C), 130.0 (2C, d), 131.5 (4C),
132.5 (2C), 168.6, 171.4 ppm.

Ph

o)

Ph 3f

Spectral data in agreement with previous reports from the literature:?!

1H-NMR (400 MHz, CDCls): 6 1.19-1.30 (m, 3H), 1.46-1.50 (m, 2H), 1.67-1.80 (m, 5H), 2.17-2.26 (m,
1H), 7.41-7.50 (m, 6H, ArH), 7.74—7.79 ppm (m, 4H, ArH).

3C-NMR (100 MHz, CDCls): & 24.8 (2C), 25.8, 26.3 (2C), 37.3 (d), 128.5 (4C), 131.0 (4C), 131.4 (2C),
132.2 (2C, d) ppm.

Ph
/

Ph
3g

This product was obtained as a 1:1 mixture of 2 diastereoisomers.

IH-NMR (400 MHz, CDCls): 6 0.97-1.0 (m, 3H), 1.16-1.28 (m, 2H), 1.44-2.15 (m, 10H), 2.36 (m, 1H),
5.32 (s, 1H), 7.46-7.50 (m, 6H, ArH), 7.73=7.77 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCls): 6 17.7, 18.1, 23.4, 25.3, 26.4, 27.4, 28.5, 30.6, 32.0, 33.4, 33.7, 34.1, 34.4,
40.1, 120.4, 130.8, 131.5, 134.0 ppm.

Ph 3h
Spectral data in agreement with previous reports from the literature:®®

IH-NMR (400 MHz, CDCl3): & 0.86 (m, 3H), 1.18 (m, 1H), 1.35 (m, 2H), 2.52 (m, 2H), 6.09 (m, 1H), 6.70
(m, 1H), 7.42—7.50 (m, 6H, ArH), 7.50-7.76 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCls): 6§ 13.8, 22.2,30.7, 31.0, 121.3 (d), 128.5 (4C), 130.9 (4C), 131.5 (2C), 134.7
(2C, d), 155.1 ppm.
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Ph 3i

'H-NMR (400 MHz, CDCls): 6 0.88 (m, 3H), 1.19-1.37 (m, 28H), 2.51 (m, 2H), 6.11 (m, 1H), 6.74 (m, 1H),
7.44-7.53 (m, 6H, ArH), 7.74-7.78 ppm (m, 4H, ArH).

3C-NMR (100 MHz, CDCls): 6 14.1, 22.7, 28.8-29.7 (11C), 30.9, 31.0, 31.9, 121.2 (d), 128.5 (4C) 130.9
(4C), 131.5 (2C), 134.6 (2C, d), 155.3 ppm.

Spectral data in agreement with previous reports from the literature:”!

IH-NMR (400 MHz, CDCls): 6 1.49-1.57 (m, 2H), 1.66-1.73 (m, 2H), 3.46 (t, 2H), 6.13 (m, 1H), 6.68 (m,
1H), 7.43-7.52 (m, 6H, ArH), 7.71-7.75 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCls): 6 26.0, 29.9, 31.9, 44.8, 122.1 (d), 128.6 (4C), 130.9 (4C), 131.6 (2C), 134.4
(2C, d), 154.0 ppm.

Spectral data in agreement with previous reports from the literature:®®

IH-NMR (400 MHz, CDCls): 6 1.22 (m, 1H), 1.43=1.84 (m, 10H), 5.93 (m, 1H), 6.24 (s, 1H), 6.88 (m, 1H),
7.43-7.51 (m, 6H, ArH), 7.68=7.73 ppm (m, 4H, ArH).

13C-NMR (100 MHz, CDCl3): 6 21.7, 25.5, 38.0, 71.8, 118.1 (d), 128.6 (4C), 131.2 (4C), 131.9 (2C) 133.0
(2C, d), 162.3 ppm.
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5. Copies of NMR spectra

mw.o N

S8'0
o/

STT
9T
@t

—
o —
[

¥9'T

61'C
mN.N \

9z'e
Yxar4
8T
0€'T

3a

Fare

pree

Bes

S Foee

0.5

1.0

35 3.0 25 2.0

4.0

70 65 60 55 50 45
f1 (ppm)

7.5

8.0

9.5 9.0 8.5

10.0

€L°9L
S0°LL W
LELL

5821
59821
€L°0ET

8°0€T

8S'TET
19'T€T
6L°TET
9L°EET

13C-NMR

—

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S6



Ph

/

Ox

3b

PH

18'0

680
89

1 V
€T —
o1
9T~
poT "

0T
fxard

9T
L& N
0e'e

7/

Fooe
s
T €6'T

W sTT

Fves
s8¢

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

10.0

£TpT —
6612
£'1e
692z
80'67
9€'62
6€'67
5567
19'62
99'6
1967
os'62
T10E
26°0¢
90'TE
€6'T€

vL9L
90°LL W
8ELL

58T
99°8T1T
€L70ET

78°0€T

6S°TET
1971€T
9L72ET
ELTEET

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110f %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S7



OH

3c

£V'E—

f

JULL

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

10.0

ST'TC
8T'1C
80'ST
£9'8C N
86'8C

ocsef
SE'0E
650 \

08'SE

€L9L
S0°LL W
LELL

65'8TT
TL8TT
0L°0€T

6L°0ET

89'TET
TLT€T
8e'zeT
SEEET

79641 —

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110f 100 9 8 70 60 50 40 30 20 10
1 (ppm)

210

S8



3d

f

85°T
6S'T
9T
£€9'T
S9'T
L9'T
89T —7~
oLt 7
0T
we
ste
9T W
67T
8E'T
ov'T
(a4

== Tm.m

Rsze
RS H\SHN

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0
f1 (ppm)

10.0

ST'1C
61'1C
£8'vC
66" V.
LT6T~
T6'6C
66'6C

ey —

vL'9L
90°LL W
8E'LL

T9'8et
Y81
69'0€T

8L'0ET

TLTET
SLTET
8YTET
SYEET

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S9



3e

CO,Et

980
880~y
060"
81T~
61T
121

I

Freoe
Fee

ot
Fot

0'C
0'E

To.w
Fore

0.5

2.0 1.5 1.0

2.5

3.0

35

4.0

95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.0

TSET~
80bT

€8°0€ —

SEbb~
€6'vh

8119~
vST9"

WL
€0°LL W
SELL

TH'82T
£5°8CT
04821
28821
£5°6ZT
0F'0ET
S 0ET
0ETET
6ETET
79'TET
TLTET
TETET
SETET
6ECET

85891
19'891 V
EETLT
6V TLT

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S10



3f

m~.~4
[ s
b1
as
0€'T
9T
8b'T+
051
15T )
€57
ST
L5T
69T

i
8.1

84\

we/

L1041
81'Z

e

612
07z
177
2z
€2z
vzz
sz'z
97z
se'z

il

Feoe

0.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

10.0

6L%T
Nm.vN/.
LS5t v

8L'ST
ﬂm,um\
p'9T
98'9€ ~_
654

vL'9L
wo,nnw
8ELL

9821
L5821
YO'TET

TITET
8ETET
WIET
TLTED
S9°CET

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S11



3g

160

Sow
S 9
—~So

9T'T

o'z

€S —

NNW

Y7

H-NMR

2l

i
L

MV@QA

w 16'S
w 00t

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

10.0

89°1
10014
s0'814
80'8T
SE'€7
8757
9€°92
5502
6082
09°0€
9208
66°TE
£0°2€ —
602
£rze
wee
89°e€
ETve
66°e |
56'6¢
90°0%

90y

LT0b

69°9L
00°LL
1L
ELL

e

0¥ 0ZT
P01 v
6b'82T
19'821
950ET
6S0ET
S9'0ET
89°0ET
8L°0ET
080T
£8'0ET
88'0ET
9P TET
LOEET
86EET
BOPET

13C-NMR

g

N

-10

200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
1 (ppm)

210

S12



3h

81T
48

veT
9TT
0E'T
I€T
€T
SET
LET
0s'T
0S'T
0sT
15C
i8¢
[ay4
[4y4
£5°T
¥S'T
¥ST
ST
s8¢
98T
95T

e e e

Ho0e

ST
86T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

10.0

08'€T —

v —

€9'0€
1L0€
96'0€
86'0€

0L79L
ﬂQRMW
€ELL

€8°0TT ~
€811

SH'8zT
£5°8T1 Vr

68°0€T
66'0€T
SPTET
8V TET

ST'HET
8T'GET

0T'SST —

1BC-NMR

-10

200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

210

S13



O\ /Ph

3i

PH

880

060~
260"
61T~
8TT~_

ET-F
vET
SET
LET

15
Vm,N/
58T
nm.N\

S

s

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 5 1.0 05
f1 (ppm)

10.0

[454 %

0Lt —
S8'8C
81'6C
8E'6T
56T
09'6C
96T
A4
S6'0€
20TE
v6'1E

L9

€0°LL
SELL

SL0TT~
(7t
Ly'8TT
6581 V.
06°0€T
00°TET
6V TET
TSTET
SO'PET
80'GET

9'SST —

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm

210

S14



6¥'T
ST
£ST
SS'T
LS'T

99T
89T
0L'T
Ut
€LT

65T
09'c
9t
€9°C

e
9b'E W
Lr'e

yARva

st
0T

e
o

oo

T@m
Tm.m

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

10.0

2092~
98'67

veisz >
881"

U'vy —

L9

€0°LL
SELL

o091zt
og'zzr
957821
89'8ZT
98'0€T
S6'0ET
€9'TET

99'TET
T8EET
S8PET

€0'PST —

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm

210

S15



3k

mm”m V
S6'S 7
66'

v
649

€89\
68'9 —

ShL
L
0S'Z
15°L

€LL

H-NMR

i

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

10.0

L1z —
8¥'ST—

P6'LE—

SLTL
[A:Rva
€L°9L

S0°LL
LELL

8S°LIT~_
95°81T

85871
0,821 /.
8T'TET

8T'TET V.
98'TET
68'TET
6V ZET

SSEET

67°79T —

13C-NMR

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S16



6. Supplementary Figures
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Figure S1. a) General overview of the nanohybrid; b) Structure of DANTA; c) Structure of PDADMAC.
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Figure S2. HRTEM images of the RURhCNT hybrid.

S17



XPS Rh/Ru-3p O-1s

RuRhCNT
; . CNT support
: L ]
. L]
§ o
. L]
! . Rh-3p
2 . Ru-3p
= $ (_k_\
= g o ‘
@
g i
= °
2 .
g % jh:
= H
2 .
2
3
£

530 510 490 470 450
Binding Energy / eV

Figure S3. XPS spectrum showing Rh-3p, Ru-3p and O-1s regions for the nanotube support without metals (grey dots) and the
RURNCNT catalyst (red dots).
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Figure S4. XPS spectrum highlighting the Ru(0) and Ru(IV) contributions (Ru-3d region) for the nanotube support without
metals (grey dots) and the RURhCNT catalyst (red dots).
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Figure S5. XPS spectrum highlighting the Rh(0) and Rh(IV) contributions (Rh-3d region) for the nanotube support without
metals (grey dots) and the RURhCNT catalyst (red dots).
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Figure S6. Recycling experiments.
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