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Table S1. Summary of ICP-MS results for the amorphous NixPy nanoparticles synthesized under
different conditions by varying the amount of TOP used and the reaction time.

Amount of TOP Reaction time Ni P
(mL/mmol) (min) (mol%) (mol%)
0.05/0.11 10 - -
30 72 28
60 99 1
120 98 2
0.20/0.45 10 98 2
30 98 2
60 95 5
120 96 4
0.50/1.12 10 94 + 1 6+1
30 87+ 8 13+£8
60 86+ 10 14+ 10
120 74+ 3 26+3
1.00/2.24 10 77+ 6 23+6
30 75+4 25+4
60 72+3 28 +7
120 73+3 27+7
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Table S2. Summary of the particle size measured from TEM and the formula derived from ICP-
MS results for each sample.

Amount of TOP Reaction time Size from TEM Formula derived from
(mL/mmol) (min) (nm) ICP-MS
0.05/0.11 10 - -
30 7.7+1.0 Ni72Pag
60 48.4+8.3 NigoP;
120 52.8+8.8 NiogP>
0.20/0.45 10 31.6+3.7 NiggP2
30 29.3+29 NiogP>
60 33.7+5.4 NiosPs
120 390.8+3.9 NigsP4
0.50/1.12 10 21.8+2.5 Nig4Ps
30 21.0+3.3 Nig7P13
60 204 +£3.8 NigeP14
120 12.0+1.0 Ni76P24
1.00/2.24 10 10.0+1.0 Ni74P26
30 12.5+1.0 Ni72Pos
60 12.7+ 1.0 Ni7Pas
120 15.7+2.0 Ni7sPos
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Figure S1. LCF analysis of amorphous NixPy with different compositions using the XAS of

metallic Ni and NioP data: (A) NiggP2; (B) NiosPs; (C) NigoP10; (D) NigsP1s; (E) NigoP2o; (F) Ni7sP2s;

and (G) NizoP3o.
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Table S3. Summary of the percentages of Ni and P derived from the LCF analysis of the XANES
data of the amorphous NixPy nanoparticles.

NixPy Ni metal (%) Ni2P (%) Ni (%)? P (%)°
from LCF from LCF
NiogP2 71.5+1.3 30.0+1.2 91.5 8.5
NiosPs 67.0x1.3 332+1.2 89.1 10.9
NigoP10 42.8+1.9 573+1.8 81.0 19.0
NigsP1s 42.8+14 57.8+1.3 81.3 18.7
NisgoP20 164+ 1.8 84.5+1.6 72.8 27.2
Ni7sP2s 23.0+2.1 79.4+£2.0 76.0 24.0
NizoP30 234+1.6 77.8 1.5 75.3 24.7

. The percentage of Ni is calculated from the LCF results using equation.

Ni (%) = Nimetal (%)+ Ni,P (%)x2/3

b The percentage of P is calculated using equation: P (%) = 100 — Ni (%).
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Figure S2. Continuous cauchy wavelet transform of a k’-weight in R space and k-range of 3.3-12

for the series of samples from metallic Ni to amorphous NixPy with different compositions. The

intensity scale is the same for each data set
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Figure S3. The real (brightly colored) and imaginary (faded color) components of the Ni K-edge
EXAFS results for NiggP> (black), NigsPs (red), NigooP1o (green), NigsPis (blue), NigoP20 (cyan),

NizsP2s (magenta), NizoP3o (orange) with their corresponding fits (dashed lines).
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Table S4. Ni K-edge EXAFS fit results for NixPy where x and y were the mol% of each sample
derived from the ICP-MS results.

Scattering 2 Reduced

Sample Structure Path R(A) CN c Eo(eV) . R-factor
Metallic Ni (Ref.) Ni-Ni 2.49 12
NiP (Ref.) Ni-P 2.21 2
Ni-Ni 2.61 4
NigsPo2 fee Ni Ni-Ni 2.49+0.00 9.3+£0.6  0.007+£0.000 6.75£0.45 123.2  0.015
TOP/Ni(acac),: 0.5
Rxn. time: 120 min
NiogPo2 fce Ni Ni-Ni  2.48+0.01 9.1£0.5 0.006+0.000 7.5£0.23 66014 0.011

Ni,P Ni-Ni 2.60+0.01 1.540.6  0.005+0.000 -2.45+0.83
Ni,P Ni-P; 2.214+0.00 0.4£0.3  0.007+0.001 -2.45+0.83

NiosPos fece Ni Ni-Ni 2.494+0.00 8.7£0.5 0.007+0.000 6.75+£0.45 1232  0.015
TOP/Ni(acac),: 2.5
Rxn. time: 60 min

NiosPos fec Ni Ni-Ni 2.48+0.01 9.8+£0.5 0.006+0.000 7.5+0.23 66014 0.011
Ni,P Ni-Ni 2.60+0.01 3.240.6  0.005+0.000 -2.45+0.83
Ni,P Ni-P; 2.214+0.00 0.3£0.2  0.007+0.001 -2.45+0.83

NigoP19 fce Ni Ni-Ni 2.49+0.00 7.4+0.6  0.007+0.000 6.75+0.45 123.2  0.015
TOP/Ni(acac),: 5.5 Ni,P Ni-Ni 2.61+0.01 3.2+£0.6  0.006+0.001 -0.46+0.97 0.015
Rxn. time: 10 min Ni;P Ni-P; 2.2340.01 0.9+£0.3  0.008+0.002 -0.46+0.97 0.015
NigsPis fee Ni Ni-Ni 2.49+0.00 6.2+0.4 0.007+0.000 6.75+0.45 123.2  0.015
TOP/Ni(acac),: 5.5 Ni,P Ni-Ni 2.61+0.01 2.5+£0.5 0.006+0.001 -0.46+0.97 0.015
Rxn. time: 30 min Ni,P Ni-P; 2.23+0.01 1.2+£0.2  0.008+0.002 -0.46+0.97 0.015
NigoP2o fee Ni Ni-Ni 2.49+0.00 3.5+¢1.1 0.007+0.000 6.75+0.45 123.2  0.015
TOP/Ni(acac),: 5.5 Ni,P Ni-Ni 2.61+0.01 1.4£1.1  0.006+0.001 -0.46+0.97 0.015
Rxn. time: 120 min ~ NioP Ni-P; 2.2340.01 2.4+0.8 0.008+0.002 -0.46+0.97 0.015
Ni7sPas fce Ni Ni-Ni 2.49+0.00 2.9+0.3 0.007+0.000 6.75£0.45 123.2  0.015
TOP/Ni(acac),: 11 Ni,P Ni-Ni 2.61+0.01 1.8£0.3  0.006+0.001 -0.46+0.97 0.015
Rxn. time: 10 min NizP Ni-P; 2.2340.01 2.5£0.3  0.008+0.002 -0.46+0.97 0.015
NizoP30 fee Ni Ni-Ni 2.49+0.00 3.3+0.5 0.007+0.000 6.75+0.45 123.2  0.015
TOP/Ni(acac),: 11 Ni,P Ni-Ni 2.61+0.01 2.4+0.5 0.006+0.001 -0.46+0.97 0.015
Rxn. time: 60 min Ni,P Ni-P; 2.23+0.01 3.0£0.3  0.008+0.002 -0.46+0.97 0.015
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Table S5. Ni K-edge EXAFS fit results for crystalline nickel phosphide nanoparticles and their
comparison to the bulk crystalline structures.

Sample Structure Scz:it:;mg R(A) CN o? Eo (eV) Re(;gced R-factor
Ni2Ps (ICSD# 108640) Ni-P 2.22 1
Ni-Ni 2.54 3

Ni2Ps nanoparticles Ni2Ps Ni-P 2.21£0.03  2.6£0.06 0.006+0.003 -4.1+£3.2 6549.3 0.038
Ni-Ni  2.50+£0.02  1.6£0.09  0.005£0.003 -4.1£3.2 6549.3 0.038

Ni;P (ICSD# 27162) Ni-P 2.21 2
Ni-Ni 2.61 4
Ni,P nanoparticles NizP Ni-P 2.24+0.02 2.2+0.5 0.007+0.002 -2.9+1.8 70564 0.013
Ni-Ni_ 2.60+0.01 3.1£0.7  0.006+0.001 -2.9+1.8 7056.4 0.013
NisP4 (ISCD# 76671) Ni-P 2.30 2
Ni-Ni 2.65 4
NisP4 nanoparticles NisPy Ni-P 2.29+0.01 3.840.7  0.006+0.001 1.9+1.4 3270.2 0.006

Ni-Ni ~ 2.58+0.01 5.2£1.6  0.001+£0.003 1.9+1.4 3270.2 0.006
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Figure S4. (A) TEM image of NigoP31 nanoparticles (5.0 + 1.0 nm) synthesized at TOP/Ni(acac):
=56 1in 5 mL of TOP and 1 mL of OLAM; (B) TEM image of NisoP31 nanoparticles (3.8 + 0.6 nm)
synthesized at TOP/Ni(acac)> = 66 in 6 mL of TOP alone; (C) XRD pattern of the sample in (A);
and (D) XRD pattern of the sample in (B). The elemental compositions of the samples were

measured by ICP-MS.
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Figure S5. (A) UV-vis spectra of the aliquots taken from the reaction where 40 mg bis(1,5-

cyclooctadiene)nickel(0) (Ni(COD),) was reacted with 6 mL of TOP under argon. For comparison,

the UV-vis spectrum of Ni(COD)2 (Amax

= 300 nm) before TOP was introduced is also provided

(dashed line). (B) Calculated UV-vis spectrum of a tetrahedral Ni(II)-TOP4 complex showing two

peaks at 252 and 325 nm, respectively.
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