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Table S1. Dimensions of naked nanorods used for the phosphidization reactions. 

Length of starting 
Co NRs Lm (nm)

Diameter of starting 
Co NRs dm (nm)

Phosphidized 
NRs Lm (nm) dm (nm)

61.2 ± 7.7 4.1 ± 0.3 Co-P0.2/165

Co-P0.7/165

60.2 ± 6.3
60.7 ± 6.0

4.2 ± 0.4
4.8 ± 0.5

68.5 ± 7.5 4.1 ± 0.5 Co-P0.5/250 na na
62.7 ± 8.5 4.2 ± 0.4 Co-P3/165 65.5 ± 8.3 5.4 ± 0.5
71.6 ± 7.3 4.3 ± 0.4 Co-P3/250 na 6.4 ± 0.6
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Figure S1. Naked Co NRs (a) TEM image; (b) DRX diffractogram. The blue vertical lines 
correspond to the expected reflections of hcp Co structure (COD file 9008492, P63/mmc, 
a=2.507 Å, c=4.068 Å).
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Figure S2. Co-P0.2/165: (a) HRTEM, (b) FFT and the corresponding spots of whole NR part 
shown in (a), (c) STEM-HAADF, (d, e) EDX maps of Co (cyan) and P (yellow); Co-P0.7/165: (f) 
STEM-HAADF, (g, h) EDX maps of Co (cyan) and P (yellow).
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Table S2: ICP and VSM derived evaluations of the phosphidization degree of the samples

Entry Sample Reaction 
time
(min)

Ms 300K

(A.m2.kg−1)
Ms-derived 

Co0 

(wt% / gat%)a

ICP Co
(wt%/gat%)

ICP P
(wt%/ gat%)

P in 
Co2P

(gat%)b

Composition % 
(Exp.)

Composition 
% (Theor.)c

1 Co 134.1 83.7 / 1.42 100 Co 
2 Co-P0.2/165 90 59.2 37.0 / 0.63 61.4 / 1.04 5.96 / 0.19 0.21 60.6 Co / 39.4 Co2P 60 Co/40 Co2P
3 Co-P0.7/165 90 24.1 15.1 / 0.26 64.9 / 1.10 17.1 / 0.55 0.42 23.6 Co / 76.4 Co2P 100 Co2P 
4 Co-P0.5/250 180 10.2 6.4 / 0.11 63. 8 / 1.08 15.5 / 0.5 0.48 10.2 Co / 89.8 Co2P 100 Co2P 
5 Co-P3/165 180 3.3 2.1 / 0.04 69.5 / 1.18 17.4 / 0.56 0.57 3.4 Co / 96.6 Co2P 100 Co2P 
6 Co-P3/250 180 1.3 0.8 / 0.01 52.4 / 0.89 22.2 / 0.72 1.4 Co / 98.6 CoP 100 CoP 

a: The Co0 content was calculated by considering the Ms value of the sample at 300 K and dividing it by the Ms value of bulk Co (160 A.m2.kg−1).
b: This value was calculated by using the relation: xCo = yCo(0) + zCo2P where xCo are the total gat (gram-atoms) of Co in the sample, derived by the 
ICP analysis of the sample, yCo(0)  are the metallic Co gram-atoms derived from the Ms values of the sample and zCo2P are the Co gat of the Co2P 
phase. Considering that the P gat incorporated in the Co2P phase are equal to ½ of the Co gat of the Co2P phase we can calculate the P gat in 
Co2P and the experimentally evaluate the extent of the phosphidization reaction. This value is in good agreement with the ICP-derived P gat.
c : values calculated considering a 100 % yield of phosphidization according to the starting molar ratio (considering exclusively the phases 
experimentally evidenced in each sample).
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Figure S3. EDX line analysis image of (a) Co-P0.5/250 NRs and (b) Co-P3/165 NRs.
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Co-P0.5/250

Figure S4. HRTEM images of Co-P0.5/250 NRs.  The contrast change and the different 
orientation of the lattice planes in different regions of the NR indicates that the NR are 
polycrystalline.
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Co-P3/165

 Figure 
S5 HRTEM images ofCo-P3/165 NRs.  The contrast change and the different orientation of the 
lattice planes in different regions of the NR indicates that the NR are polycrystalline. 

Figure S6. An assembly Co-P3/250 nanorods oriented perpendicularly to the grid and the 
electron beam: (a) bright field image; (b) Overlay of an EDX line analysis on a HAADF image 
(blue: intensity of Co characteristic peaks; green: intensity of Co characteristic peaks).
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Table S3. Crystal coherence lengths of the main reflections indexed in Fig. 7c obtained by 
Rietveld analysis of Co-P3/250 using MAUD software

Cristallite size, nmdhkl, Ålkh

8.63.76101
8.22.83110
6.72.80200
7.52.54002
9.62.47111
8,02.45201
8.22.31102

10.22.01012
8.41.96211
9.91.89112
8.61.88202
7.41.75301
9,01.64020
9.31.63212
7.11.62310
7.91.62103
7.71.55311
9.41.50121
8.31.50302
9.31.45113

Table S4. ICP-OES and XPS characterizations of the catalysts.

Catalyst Co/P - at.
(ICP-OES)

Co/P - at.
(XPS)

Co 2p3/2

(eV)
P 2p3/2

(eV) Co(0)/CoOx

Co-P0.2/165 5.5 2.2 778.0
780.4

129.2
132.3 0.5

Co-P0.7/165 2.0 1.2 778.2
779.7

129.3
132.3 1.2

Co-P3/250 1.2 0.3 778.6
779.6

129.3
132.8 10.2
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Figure S7. High resolution XPS Co 2p spectra of (a) Co-P0.2/165; (b) Co-P0.7/165; and (c) Co-P3/250 
NRs. High resolution XPS P 2p spectra of (d) Co-P0.2/165; (e) Co-P0.7/165; and (f) Co-P3/250 NRs.
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Figure S8. TEM micrographs of (a) Co/FLG; (b) Co-P0.2/165/FLG; and (c) Co-P0.7/165/FLG catalysts. 
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Figure S9. Conversion versus selectivity curves for PhA hydrogenation on unsupported Co NRs 
(violet circles) and Co/FLG catalyst (black circles).

Co-P0.7/165/FLG 

no water + 1 mL water

a

no water + 1 mL water

Co-P0.7/165/TiO2b

no water + 1 mL water

Co-P3/250/TiO2c

Figure S10. Photographs of 0.1 g of WO3 mixed with catalysts and treated under the reaction 
condition in the absence of PhA in the presence or not of water (for each sample and 
conditions, the left photograph is before test and the right photograph after test. (a) Co-
P0.7/165/FLG catalyst.  The grey color is due to the FLG support; (b) Co-P0.7/165/TiO2 catalyst; 
and (c) Co-P3/250/TiO2 catalyst.

ba

Figure S11. TEM micrographs of the (a) Co-P0.7/165/TiO2 and (b) Co-P3/250/TiO2 catalysts. 

11



Figure S12. (a) Conversion versus time; (b) activity versus conversion; and (c) selectivity 
towards styrene versus conversion for the Co-P0.7/165/FLG without water (green symbols), Co-
P0.7/165/FLG with water (blue symbols), Co-P0.7/165/TiO2 without water (orange symbols), and 
Co-P0.7/165/TiO2 without water (orange symbols) systems.
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Figure S13. (a) STY versus time of reaction; (b) selectivity towards styrene versus conversion 
for the Co-P3/250/FLG and Co-P3/250/TiO2 (with and without water addition) catalysts.
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Figure S14. Recyclability tests carried out at 100 °C and 5 bar H₂ for 6 hours on catalysts (a) 
Co-P3/250/FLG and (b) Co-P3/250/TiO2 . 
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Figure S15. TEM micrographs of (a) the fresh Co-P3/250/FLG catalyst; (b) and (c) the used Co-
P3/250/FLG catalyst; (d) fresh Co-P3/250/TiO2 catalyst; and (e) and (f) used Co-P3/250/TiO2 
catalyst. (a), (b), (d), and (e) scale bar = 100 nm. (c) and (f) scale bar = 20 nm.
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Table S5. Catalytic performances of metal phosphide catalysts for phenylacetylene 
hydrogenation.

Catalyst T
(° C)

PH2

(bar)
Productivity

(molPhA molM-1 h-1)
SST (%)a) Ref.

Ni2P 85 6 1.67 96 (98 %) 11

Ni2P/Al2O3 100 3 5.5 88.2 (98.6 %) 22

Ni2P/zeolite 100 10 50.9 93-96 (< 94%) 33

Ni2P/CNF 100 5 0.02 94.6 (100 %) 44

Co1.2P 100 7 0.03 95 (13 %) 55

Co2P 100 7 0.625 86 (100 %)b) 66

Co-P0.7/165/TiO2 90 5 38 83.9 (100 %) This work
Co-P3/250/TiO2 100 5 20 94 (30 %) This work

a) The number in parenthesis is the conversion at which the selectivity was measured. b) 
Results obtained in the presence of an additive, tri-n-butylphosphine.
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