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S1. General procedures, materials and characterization techniques.

Liquid phase 'H and ?H NMR spectra were recorded on a Bruker DRX-400
spectrometer. Spectra were referenced to SiMe, (6 = 0 ppm) using the residual proton
solvent peaks as internal standards. All NMR spectra were recorded at 25 °C.

HRMS experiments were carried out in a Thermo Scientific-QExactive apparatus by
the Mass Spectrometry Service of the Centro de Investigacidn, Tecnologia e Innovacién
— CITIUS (University of Sevilla).

S2. Synthesis of 1,2,3-triazolylidene ligands precursors.

MIC1 precursor

CuSO,, sodium ascorbate

P N—N
NaNg + [— 7 + Ph// /©/\N\/§
DMF, H,0, 48 h Ph

In a round-bottom flask, copper sulphate (0.250 g, 1.1 mmol), sodium ascorbate (0.210 g, 1.1
mmol) and sodium azide (0.806 g, 12.4 mmol) were dissolved in DMF (8 mL) and water (5 mL).
Phenylacetylene (1.1 mL, 10 mmol) and allyl iodide (1.64 g, 9.8 mmol) were added, and the
reaction mixture was stirred under N, for 48 h. After that time, the reaction was quenched using
100 mL of an aqueous basic solution (0.6% NH,0H), producing the precipitation of a solid. The
precipitate was filtered, washed with water (3 x 30 mL), and dried. White solid (1.30 g, 70%).
Spectroscopic data for this product agree to those previously reported in the literature.!

IH NMR (400 MHz, CD,Cl,): & 7.87 (m, 2H, 2 Hpy), 7.84 (s, 1H, Huiszole), 7.56-7.32 (m, 3H, 3 Hpp),
6.11 (m, 1H, CH=CH,), 5.38 (m, 2H, =CH,), 5.03 (d, ¥/ = 6.3 Hz, 2H, CH,).

e N j BF,

N—N

\
Me3zOBF, + /©/ N~ /@\N\&
Ph CH.Cl, Ph

1-allyl-4-phenyl-1H-1,2,3-triazole (0.120 g, 0.65 mmol) was dissolved in CH,Cl, (10 mL). The
resulting solution was cooled to 0 °C, and added to Me;OBF, (0.252 g, 0.85 mmol). The mixture
was allowed to reach room temperature, and stirred for 72 h. The solvent was evaporated under
vacuum, and MeOH (10 mL) was added producing the formation of a precipitate. The solid was
filtered off, and the solution was evaporated to dryness. The residue was washed with diethyl
ether (3 x 10 mL) to yield a white solid (0.091 g, 45%). Spectroscopic data for this product agree
to those previously reported in the literature.?

IH NMR (400 MHz, CD,Cl,): & 8.53 (s, 1H, Hyiazotium), 7.65 (M, 5H, 5 Hpy), 6.19 (m, 1H, CH=CH,),
5.66 (d, ¥y = 17.1 Hz, 1H, =CHH), 5.58 (d, 3y = 10.2 Hz, 1H, =CHH), 5.26 (d, 3y = 6.7 Hz, 2H,
CH,), 4.28 (s, 3H, CH).

13C{*H} NMR (101 MHz, CD,Cl,): 6 143.6, 131.9, 129.7, 129.3, 128.3, 128.1, 124.0, 121.9, 56.2,
38.5.



HRMS (ESI, positive mode): m/z 200.1182 [M*], exact mass calculated for C;,H;4N5: 200.1178.

HRMS (ESI, negative mode): m/z 87.0035 [M]; exact mass calculated for BF,: 87.0034.

MIC2 precursor

_ CuSO,, sodium ascorbate N—N
NaN3 + PN + // O \N _-bn
Ph Br Ph Ph

DMF, H,0, 48 h

In a round-bottom flask, copper sulphate (0.250 g, 1.1 mmol), sodium ascorbate (0.210 g, 1.1
mmol) and sodium azide (0.806 g, 12.4 mmol) were dissolved in DMF (8 mL) and water (5 mL).
Phenylacetylene (1.1 mL, 10 mmol) and benzyl bromide (1.67 g, 9.8 mmol) were added and the
reaction mixture was stirred under N, for 48 h. After that time, the reaction was quenched using
100 mL of an aqueous basic solution (0.6% NH,0H), producing the precipitation of a solid. The
precipitate was filtered, washed with water (3 x 30 mL), and dried. Pale white solid (1.10 g, 46%).
Spectroscopic data for this product agree to those previously reported in the literature.?

1H NMR (400 MHz, CD,Cl,): & 7.79 (m, 2H, 2 He), 7.74 (s, 1H, Huinore), 7.44-7.28 (m, 8H, 8 Hpp),
5.56 (s, 2H, CH,).

BF
CH,Cl, NN j 4

\
PeI
72h Ph

1-benzyl-4-phenyl-1H-1,2,3-triazole (0.150 g, 0.65 mmol) was dissolved in CH,Cl, (10 mL). The
resulting solution was cooled to 0 °C, and added to Me;OBF, (0.250 g, 0.85 mmol). The mixture
was allowed to reach room temperature, and stirred for 72 h. The solvent was evaporated under
vacuum, and MeOH (10 mL) was added producing the formation of a precipitate. The solid was
filtered off, and the solution was evaporated to dryness. The residue was washed with diethyl
ether (3 x 10 mL) to yield a white solid (0.120 g, 55%). Spectroscopic data for this product agree
to those previously reported in the literature.?

N—=N
MesOBF, + /@/\N\/Ph
Ph

'H NMR (400 MHz, CD,Cl,): 6 8.53 (s, 1H, Hyiazolium), 7.57 (m, 10H, 10 Hpy), 5.86 (s, 2H, CH,), 4.28
(s, 3H, CHa).

3C{IH} NMR (101 MHz, CD,Cl,): & 143.6, 132.0, 131.3, 129.9, 129.7, 129.6, 129.4, 129.2, 128.3,
121.8, 57.6, 38.6.

HRMS (ESI, positive mode): m/z 250.1338 [M*], exact mass calculated for C;¢H;¢N5: 250.1337.

HRMS (ESI, negative mode): m/z 87.0035 [M-]; exact mass calculated for BF,: 87.0034.

MIC3 precursor

CuSOQO,, sodium ascorbate

S N*N\
NaN3 + SN + \\/\/ O N—_-Ph
Ph Br Bu

DMF, H,0, 48 h

In a round-bottom flask, copper sulphate (0.250 g, 1.1 mmol), sodium ascorbate (0.210 g, 1.1
mmol) and sodium azide (0.806 g, 12.4 mmol) were dissolved in DMF (8 mL) and water (5 mL).
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1-Hexyne (1.1 mL, 10.0 mmol) and benzyl bromide (1.67 g, 9.8 mmol) were added and the
reaction mixture was stirred under N, for 48 h. After that time, the reaction was quenched using
100 mL of an aqueous basic solution (0.6% NH,0H), producing the precipitation of a solid. The
precipitate was filtered, washed with water (3 x 30 mL), and dried. White solid (1.30 g, 60%).
Spectroscopic data for this product agree to those previously reported in the literature.?

1H NMR (400 MHz, CD;0D): & 7.36 (m, 2H, 2 Hpy), 7.31 (s, 1H, Huiszoe)s 7.25 (M, 3H, 3 Hpy), 5.78
(s, 2H, CH,), 2.66 (t, 3uu= 7.2 Hz, 2H, CH,), 1.61 (m, 2H, CH,), 1.49 (m, 2H, CH,), 1.00 (t, ¥/ = 8.2
Hz, 3H, CHs).

j BF,
N—N CH,Cl, Ny
\ Ph - . N N\
Me08Fy  + AN O
u 72h Bu

1-benzyl-4-butyl-1H-1,2,3-triazole (0.141 g, 0.65 mmol) was dissolved in CH,Cl, (10 mL). The
resulting solution was cooled to 0 °C, and added to Me;OBF, (0.250 g, 0.85 mmol). The mixture
was allowed to reach room temperature, and stirred for 72 h. The solvent was evaporated under
vacuum, and MeOH (10 mL) was added producing the formation of a precipitate. The solid was
filtered off, and the solution was evaporated to dryness. The residue was washed with diethyl
ether (3 x 10 mL) to yield a white solid (0.112 g, 53%). Spectroscopic data for this product agree
to those previously reported in the literature.l*

'H NMR (400 MHz, CD30D): 6 8.59 (s, 1H, Hyiazolium), 7-47 (M, 5H, 5 Hpy), 5.78 (s, 2H, CH,), 4.24 (s,
3H, CH3), 2.86 (t, SJHH =84 HZ, 2H, CHz), 1.74 (m, 2H, CHz), 1.48 (m, 2H, CHz), 1.00 (t, 3JHH =7.8
Hz, 3H, CHs).

13C{IH} NMR (101 MHz, CD;0D): & 145.2, 132.4, 129.2, 128.9, 128.8, 127.5, 56.6, 36.4, 28.4, 22.4,
21.7,12.5.

HRMS (ESI, positive mode): m/z 230.1648 [M*], exact mass calculated for C;4H,oN3: 230.1652.

HRMS (ESI, negative mode): m/z 87.0035 [M-]; exact mass calculated for BF,: 87.0034.



$3. TEM and HRTEM images.

Figure S1. HRTEM images of Ru-MIC3%2 nanoparticles and their corresponding fast Fourier
transform analyses analyses.
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Figure S2. TEM images and size distribution histogram of Ru-MIC1°2 nanoparticles after the
catalytic deuteration of Si-5.



S4. XPS spectra.
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Figure S3. High resolution N 1s photoemission region for MIC2 ligand precursor (top) and
Ru-MIC2°%2 nanoparticles (bottom).
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Figure S4. High resolution N 1s photoemission region for MIC3 ligand precursor (top) and
Ru-MIC3°2 nanoparticles (bottom).



S5. NMR data of deuterated products.
Me,PhSiD (Si-1)

Deuterium incorporation: 96%. Spectroscopic data for this product agree to those previously
reported in the literature.®

'H NMR (400 MHz, CD,Cl,): 6 7.57 (m, 2H, 2 Harom), 7.37 (m, 3H, 3 H arom), 4.45 (hept, 3/, =
3.8 Hz, SiH), 0.37 (s, 6H, 2 CH3).

2H NMR (60 MHz, CH,Cl,): & 4.45 (SiD).
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Figure S5. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in Me,PhSiH (Si-1). (#
denotes residual CH,Cl, from the deuterated solvent).
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Figure S6. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in Me,PhSiH (Si-1). (# denotes
CD,Cl, used as reference).



MePh,SiD (Si-2)

Deuterium incorporation: 85%. Spectroscopic data for this product agree to those previously
reported in the literature.®

1H NMR (400 MHz, CD,Cl,): & 7.62 (m, 4H, 4 H arom), 7.42 (m, 6H, 6 H arom), 4.99 (q, ¥uy = 3.8
Hz, SiH), 0.68 (s, 3H, CH).

2H NMR (60 MHz, CH,Cl,): & 4.99 (SiD).
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Figure S7. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in MePh,SiH (Si-2). (#
denotes residual CH,Cl, from the deuterated solvent, * denotes residual THF, + denotes H,0).
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Figure S8. 2?H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in MePh,SiH (Si-2). (# denotes
CD,Cl, used as reference).



PhsSiD (Si-3)

Deuterium incorporation: 91%. Spectroscopic data for this product agree to those previously

reported in the literature.’

1H NMR (400 MHz, CD,Cl,): & 7.66 (m, 6H, 6 H arom), 7.46 (m, 9H, 9 H arom), 5.52 (s, SiH).

2H NMR (60 MHz, CH,Cl,): 8 5.53 (SiD).
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Figure S9. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in PhsSiH (
(# denotes residual CH,CI, from the deuterated solvent, * denotes residual THF)
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Figure S10. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in PhsSiH (Si-3).



tBuMe,SiD (Si-4)

Deuterium incorporation: 95%. Spectroscopic data for this product agree to those previously

reported in the literature.’

1H NMR (400 MHz, THF-dg): & 3.72 (hept, /4y = 3.8 Hz, SiH), 0.95 (s, 9H, SiC(CHs)3), 0.07 (m, 6H,

2 CH,).

2H NMR (60 MHz, THF-dg): & 3.71 (SiD).
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Figure S11. 'H NMR spectrum (THF-dg, 400 MHz) of the H/D exchange in tBuMe,SiH (Si-4).
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Figure S12. 2H NMR spectrum (THF-dg, 400 MHz) of the H/D exchange in ‘BuMe,SiH (Si-4). (*

denotes residual THF from the deuterated solvent).
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"Pr,SiD (Si-5)

Deuterium incorporation: 92% (SiD), 5% (SiCD,). Spectroscopic data for this product agree to

those previously reported in the literature.?

'H NMR (400 MHz, CD,Cl,): & 3.69 (hept, 3/yy = 3.2 Hz, SiH), 1.40 (m, 3/y4= 7.2 Hz, 6H, 3 CH,), 0.96

(t, 3Juw=7.2 Hz, 9H, 3 CH3), 0.60 (t, *Jyy = 8.1 Hz, 6H, 3 SiCH,).

2H NMR (60 MHz, CH,Cl,): 4 3.76 (SiD), 0.63 (SiCD,).
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Figure S13. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in "Pr;SiH (Si-5). (# denotes

residual CH,Cl, from the deuterated solvent, + denotes H,0).
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Figure $14. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in "Pr;SiH (Si-5). (# denotes

CD,Cl, used as reference).
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iPr,SiD (Si-6)

Deuterium incorporation: 94%. Spectroscopic data for this product agree to those previously
reported in the literature.®

'H NMR (400 MHz, CD,Cl,): & 3.35 (s, SiH), 1.10 (m, 21H, 3 CH + 6 CH3).

2H NMR (60 MHz, CH,Cl,): & 3.36 (SiD).
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Figure S15. *H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in 'PrsSiH (Si-6). (# denotes
residual CH,Cl, from the deuterated solvent, + denotes H,0).
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Figure S16. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in 'Pr;SiH (Si-6). (# denotes
CD,Cl, used as reference).
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(Me),DSiPhSiD(Me), (Si-7)

Deuterium incorporation: 85%. Spectroscopic data for this product agree to those previously
reported in the literature.!°

1H NMR (400 MHz, CD,Cl,): § 7.63-7.61 (m, 2H, 2 H arom), 7.41-7.38 (m, 2H, 2 H arom), 4.72
(hept, 3y = 3.6 Hz, SiH), 0.41 (s, 12H, 4CHs).

2H NMR (60 MHz, CH,Cl,):  4.82 (s, 1D, SiD).
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Figure S17.*H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in (Me),DSiPhSiD(Me), (Si-
7). (# denotes residual CH,Cl, from the deuterated solvent).
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Figure S18. ?H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in (Me),DSiPhSiD(Me), (Si-
7). (# denotes CD,Cl, used as reference).
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(Et0),SiD (Si-8)

Deuterium incorporation: >99%. Spectroscopic data for this product agree to those previously

reported in the literature.!

'H NMR (400 MHz, CD,Cl,): 6 3.85 (q, 3Juyy= 7.0 Hz, 6H, 3 CH,), 1.23 (t, 3/yy= 7.0 Hz, 9H, 3 CH,).

2H NMR (60 MHz, CH,Cl,): 6 4.28 (SiD).

#

1

— 12647
12534
N—12297

)

T

201

HﬁL

T T
8

Figure S19. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in (EtO);SiH (Si-8).
(# denotes residual CH,CI, from the deuterated solvent).
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Figure S20. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exch

(# denotes CD,Cl, used as reference).
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CIMe,SiD (Si-9)

Deuterium incorporation: 73%. Spectroscopic data for this product agree to those previously
reported in the literature.!

1H NMR (400 MHz, THF-dg): & 4.87 (hept, 3y = 3.2 Hz, SiH), 0.52 (s, 6H, 2 CH).

2H NMR (60 MHz, THF-dg): & 4.88 (SiD).
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Figure S21. 'H NMR spectrum (THF-dg, 400 MHz) of the H/D exchange in CIMe,SiH (Si-9). (*
denotes residual THF from the deuterated solvent)
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Figure $22. ?H NMR spectrum (THF-dg, 60 MHz) of the H/D exchange in CIMe,SiH (Si-9).

Ph,SiD; (Si-10)
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Deuterium incorporation: 72%. Spectroscopic data for this product agree to those previously
reported in the literature.'?

IH NMR (400 MHz, CD,Cl,): & 7.69-7.66 (m, 4H, 4 H arom), 7.49-7.42 (m, 6H, 6 H arom), 4.99
(SiH,).

2H NMR (60 MHz, CH,Cl,): 8 5.11 (SiD,).
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Figure $23. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in Ph,SiH, (Si-10). (#
denotes residual CH,Cl, from the deuterated solvent).
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Figure $24. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in Ph,SiH, (Si-10). (# denotes
CD,Cl, used as reference).

PhSiD; (Si-11)
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Deuterium incorporation: 42%. Spectroscopic data for this product agree to those previously
reported in the literature.’3

IH NMR (400 MHz, CD,Cl,): & 7.65-7.40 (m, 2H, 2 H arom), 7.42-7.40 (m, 3H, 3 H arom), 4.23
(SiDs).

2H NMR (60 MHz, CH,Cl,): & 4.31 (s, 3D, SiDs).
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Figure $25. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in PhSiD; (Si-11). (#
denotes residual CH,Cl, from the deuterated solvent).
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Figure $26. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in PhSiD; (Si-11). (# denotes
CD,Cl, used as reference).

Et;GeD (Ge-1)
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Deuterium incorporation: >99%. Spectroscopic data for this product agree to those previously
reported in the literature.’3

'H NMR (400 MHz, CD,Cl,): 8 1.08 (t, 3Juy= 7.6 Hz, 9H, 3 CH3), 0.88 (q, 3/yy= 7.6 Hz, 6H, 3 CH,).

2H NMR (60 MHz, CH,Cl,): & 3.75 (GeD).
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Figure S27. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in Et;GeH (Ge-1). (#
denotes residual CH,Cl, from the deuterated solvent, + denotes H,0)
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Figure $28. 2?H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in Et;GeH (Ge-1). (# denotes
CD,Cl, used as reference).

Ph;GeD (Ge-2)
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Deuterium incorporation: 70%. Spectroscopic data for this product agree to those previously
reported in the literature.’3

IH NMR (400 MHz, CD,Cl,): 6 7.58 (m, 6H, 6 H arom), 7.43 (m, 9H, H arom), 5.75 (GeH).

2H NMR (60 MHz, CH,Cl,): 8 5.99 (GeD).
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Figure S29. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in Ph;GeD (Ge-2). (#
denotes residual CH,Cl, from the deuterated solvent).
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Figure S30. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in Ph;GeD (Ge-2).
(# denotes CD,Cl, used as reference).

"Bu3SnD (Sn-1)

20



Deuterium incorporation: >99%. Spectroscopic data for this product agree to those previously
reported in the literature.!4

'H NMR (400 MHz, CD,Cl,): 6 1.55 (m, 6H, 3 CH,), 1.35 (m, 6H, 3 CH,), 1.00 (t, 3/y4= 8.3 Hz, 6H, 3
CHz), 0.93 (t, 3JHH= 7.5 HZ, 9H, 3 CH3)

2H NMR (60 MHz, CH,Cl,): & 4.84 (SnD).
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Figure S31. 'H NMR spectrum (CD,Cl,, 400 MHz) of the H/D exchange in ("Bu)SnD (Sn-1). (#
denotes residual CH,Cl, from the deuterated solvent).
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Figure $32. 2H NMR spectrum (CH,Cl,, 60 MHz) of the H/D exchange in "Bus;SnD (Sn-1). (#
denotes CD,Cl, used as reference).
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Deuterium incorporation: >99%. Spectroscopic data for this product agree to those previously
reported in the literature.’3

'H NMR (400 MHz, C¢Dg): 6 1.02 (s, 12H, 4 CHs).
2H NMR (60 MHz, C¢Dg): & 4.11 (m, BD).

118 NMR (128 MHz, C¢Dg): & 28.5 (t, Jgp = 20 Hz, BD).
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Figure $33. 'H NMR spectrum (CgDg, 400 MHz) of the H/D exchange in pinBD (B-1).
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Figure S34. 2H NMR spectrum (C¢Ds, 60 MHz) of the H/D exchange in pinBD (B-1). (- denotes
CoDe).
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Figure $35. B NMR spectrum (C¢Dg, 128 MHz) of the H/D exchange in pinBD (B-1).

catBD (B-2)

Deuterium incorporation: >99%. Spectroscopic data for this product agree to those previously
reported in the literature.

IH NMR (400 MHz, C¢Dg): 6 6.96 (m, 2H, 2 Harom), 6.76 (m, 2 Harom)
2H NMR (60 MHz, CsDg): & 4.72 (m, BD).

118 NMR (128 MHz, C¢Dg): 8 28.7 (t, Jgp = 159 Hz, BD).

| E
§ F B 8
48 B8 1T
\;}\ 1[
- e
I
H

W L

T
2 o ppm

Figure $36. 'H NMR spectrum (CgDg, 400 MHz) of the H/D exchange in catBD (B-2).
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Figure S37. 2H NMR spectrum (C¢Ds, 60 MHz) of the H/D exchange in catBD (B-2)
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Figure S38. 1'B NMR
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spectrum (CgDg, 128 MHz) of the H/D exchange in catBD (B-2).
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