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Faradaic Efficiency Calculation:  

 % O2 % N2 Ratio 

Air 20.3 79.7 rair = 0.2547 

Blank 21.2 78.8 rblank = 0.2690 

Fe1.1Mn0.9P 27.0 73.0 rCoMnP = 0.3699 

 

Head space volume = 10.4 mL 

Volume of solution = 35.7 mL 

Henry’s law constant (K) = 769.23 
௅.௔௧௠

௠௢௟
 

nO2 in head space before catalysis (A) = 90.5 µmol for 10.4 mL 

O2 produced in headspace = 
௥೗್ି	௥್೗ೌ೙ೖ

௥ೌ೔ೝ
	ൈ 	ܣ ൌ 	 ଴.ଷ଺ଽଽି଴.ଶ଺ଽ଴

଴.ଶହସ଻
ൈ 90.4	 ൌ 35.8	μ݈݉݋ 

O2 dissolved   = nO2 final – nO2 initial  

= 
௣ೀమ	೑೔೙ೌ೗

௄
*Vsolution - 

௣ೀమ	೔೙೔೟೔ೌ೗
௄

*Vsolution  

= (0.297-0.203)(
ଷହ଻଴଴	ஜ௅

଻଺ଽ.ଶଷሺಽ.ೌ೟೘
೘೚೗

ሻ	
) = 4.4 µmol 

Total amount of O2 produced = nO2 in headspace + nO2 dissolved  

=35.8 + 4.4 

= 40.2 μ݈݉݋ 

n O2 based on charge = 
ொಽಳି	ொ್೗ೌ೙ೖ
ସൈ଴.଴ଽ଺ସ଼ହ

ൌ 	 ଵ଼.଴଻ି	ଵ.଻ଶ
ସൈ଴.଴ଽ଺ସ଼ହ

 = 42.4 μ݈݉݋ 

Faradaic efficiency = 
௡ೀమ	೐ೣ೛೐ೝ೔೘೐೙೟ೌ೗

௡ೀమ	೎೓ೌೝ೒೐
ൈ 100 ൌ 	 ସ଴.ଶ

ସଶ.ସ
	ൈ 100 ൌ 95	% 

 

 

 

 



 

S3 
 

 

Figure S1. (a) TEM images of Fe2-xMnxP nanorods as a function of time (targeted ratio Fe/Mn = 

0.75/1.25). (b) Histograms for the rod length and width distribution (measured from TEM) for 

different compositions of Fe2-xMnxP. The Mn composition indicated was determined by ICP-MS 

(Table S1). 
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Table S1. Composition analysis (from EDS and ICP analysis) of Fe2-xMnxP nanorods prepared 

from a Mn/Fe ratio of 1.25/0.75 at 320 ºC. 

Reaction time (h) 
Actual ratio from 

EDS (Mn : Fe)  
Actual ratio from 

ICP (Mn : Fe) 
0.5 0.21 : 1.79 0.20 : 1.80 

1 0.31 : 1.69 0.32 : 1.68 

2 0.48 : 1.52 0.49 : 1.51 

3 0.70 : 1.30 0.71 : 1.29 

6 0.71 : 1.29 0.73 : 1.27 

10 0.69 : 1.31 0.71 : 1.29 

5 (2nd injection) 0.92 : 1.08 0.91 : 1.09 

 

Table S2. Target compositions and product compositions (from EDS) of Fe2-xMnxP 

nanoparticles after 2 h reaction. 

Starting ratio   
(Mn : Fe)  

Actual ratio from 
EDS (Mn : Fe) 

1.0 : 1.0 0.36 : 1.64 

1.25 : 0.75 0.48 : 1.52 

1.4 : 0.6 0.48 : 1.52 

1.5 : 0.5 0.55 : 1.45 

 

 

 

Figure S2. (a) TEM image and (b) PXRD pattern of the product after 10 h reaction (grey) and 

the product after size-selective precipitation (red). (c) TEM image of the product after size-

selective precipitation to remove the small, spherical MnO nanoparticles. 
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Figure S3. PXRD pattern of different compositions of Fe2-xMnxP nanorods, revealing a shift in 

the (111) reflection (ca 40° 2θ) to lower angle with increasing x. 

 

Figure S4. PXRD pattern of Fe1.3Mn0.7P nanorods. Reference patterns are for hexagonal Fe2P 

(PDF # 85-1727) and orthorhombic Fe1.3Mn0.7P (simulated).1 
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Table  S3 Comparison of  the OER activities of  the Fe1.1Mn0.9P catalysts  reported here  in 

alkaline conditions with recently published results.  

 

Materials 
Overpotential at 10 

mA cm‐2 (mV) 
Electrolyte 

Main Paper 

ReferenceSI reference 

IrO2  320  1 M KOH  32 

IrO2  360  1 M KOH  93 

IrO2  470  0.1 M KOH  374 

CoP nanorods/C 

(0.71 mg/cm2) 
340  1 M KOH  115 

CoP nanoparticles/C 

(0.71 mg/cm2) 
320  1 M KOH  115 

Ni2P nanowires/FTO 

(∼0.10 mg/cm2) 
400  1 M KOH  76 

Ni2P nanoparticles/FTO 

(∼0.10 mg/cm2) 
500  1 M KOH  76 

FeP@Au nanoparticles 

(0.2 mg/cm2) 
320  1 M KOH  397 

NiCoP/rGO hybrids 

(0.15 mg/cm2) 
270  1 M KOH  408 

CoFeP 

(∼0.57 mg/cm2) 
370  0.1 M KOH  149 

CoP/C 

(0.40 mg/cm2) 
360  0.1 M KOH  3810 

CoP hollow polyhedrons 

(~0.10 mg/cm2) 
400  1 M KOH  1311 

CoMnP 

(0.28 mg/cm2) 
330  1 M KOH  2012 

Fe1.1Mn0.9P nanoparticles 
(0.28 mg/cm2) 

350  1 M KOH  This work 
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Figure S5. (a) TEM images of Fe2P nanorods and histograms for the rod length distribution 

(measured from TEM). 

 

 

Figure S6. HAADF image and its corresponding STEM elemental mapping data for Fe1.1Mn0.9P 

nanorods. 
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Figure S7. (a) FT-IR spectra of oleylamine and Fe1.1Mn0.9P/C nanorods, revealing the existence 

of both oleylamine ligand and phosphate on the surface of FeMnP nanorods (C-H stretch: 2852 

and 2924 cm-1; C-N stretch: 1385 cm-1; N-H stretch: 3250-3450 cm-1; P=O stretch: 1000-1050 

cm-1); (b) TEM images (element ratios measured from EDS) and (c) XRD patterns of 

Fe1.1Mn0.9P/C nanorods before and after annealing. The low-contrast curved features in the 

annealed sample (b) are ascribed to residual carbon black. 

As prepared After annealing

100 nm100 nm

1000 1500 2000 2500 3000 3500

 

 

T
ra

n
sm

it
ta

n
ce

 (
a.

u
.)

Wavenumber (cm-1)

 

 Oleylamine
 As prepared
 After annealing

(a) 
  
  
  
  
  
  
  
  
  

(b) 
  
  
  
  
  
  
(c) 
  
  

  Mn : Fe : P =  
29.6 : 34.8 : 35.6

 Mn : Fe : P =  
31.5 : 37.0 : 31.5
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Table S4 ICP-MS data of the electrolyte solution before and after a fifteen-hour controlled 

potential electrolysis (CPE) experiment, which was carried out in 1.0 M KOH, by applying a 

constant potential of 1.58 V (vs RHE). 

Element 
Before (5 h soak) 

Concentration (ppb) 
After CPE 

Concentration (ppb) 
After CPE 

(Mole change ratio x : Mn) 

P K 11.6 208.84 24.27 

Mn K 2.08 16.50 1 

Fe K 22.32 42.51 1.38 

 

 

Figure S8. TEM images of Fe1.1Mn0.9P nanorods before and after CPE. 
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