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1.  Motivat ion  

NiO physical 

characteristics 

2.  Goals  

Å To examine effects of multiple NiO synthesis methods 

on both physical properties and electrochemical 

performance through the scope of the methanol 

oxidation reaction.  Physical properties studied using: 

Å SEM, BET, TGA, DSC, and XRD 

Electrochemical properties studied using: 

Å CV and EIS 

To determine an optimum synthesis method for 

maximum electrocatalytic activity and stability. 

3.  Synthesis Methods  

Three aqueous-phase methods were investigated: 

Method A:  NH4OH-induced reflux precipitation 

Å 0.5M Ni(NO3)2 in 10M NH4OH solution boiled 

under reflux for 24hrs, then capped at room 

temperature for 24hrs.  Precipitated precursor 

(Ni(OH)2) rinsed, dried, and calcined in air at 500°C. 

Method B:  Room temp. NaOH-induced precipitation 

Å Finely-ground NaOH pellets gradually added to 

0.5M Ni(NO3)2 in water at room temperature, then 

capped at room temperature for 24hrs.  Precipitated 

precursor rinsed, dried, and calcined in air at 500°C. 

Method C:  Boiling temp. NaOH-induced precipitation 

Å Finely-ground NaOH pellets gradually added to 

0.5M Ni(NO3)2 in water at the solutionôs boiling 

point, then capped at room temperature for 24hrs.  

Precipitated precursor rinsed, dried, and calcined in 

air at 500°C. 

4.  SEM and BET  

Figure 1.  Scanning Electron Microscopy (SEM) micrographs of Method A 

(A) Ni(OH)2 and (B) NiO, and Method B (C) Ni(OH)2 and (D) NiO. 

Ni(OH)2 BET Specific Surface Areas (m2/g) 

Method A Method B Method C 

17 140 212 

NiO BET Specific Surface Areas (m2/g) 

Method A Method B Method C 

42 22 31 

Å Average particle sizes much larger for Method A than 

for Methods B and C, yielding lower surface area. 

Å Methods B and C produce spherical agglomerations; 

Method A maintains bladelike structure even after 

calcination. 

Å High calcination temperature and times result in 

lower and more uniform surface areas after 

calcination to NiO. 

5.  TGA and DSC  
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Figure 2.  (A) Differential Scanning Calorimetry (DSC) and (B) 

Thermogravimetric Analysis (TGA) for Methods A and B Ni(OH)2 

nanoparticles.  Heating and cooling rate 15ÁC/min, temperature range 25-

1100ÁC. 

Å Three sections of weight loss3: 

Ni(OH)2ÅxwH2O Ą Ni(OH)2 + xwH2O 

Ni(OH)2 Ą NiO + H2O 

NiOx Ą NiO + (x-1)/2 O2 

Å All reactions irreversible; no return scan activity. 

Å Smaller crystal size for Method B leads to 30°C 

decrease in calcination temperatures over Method A4. 

6.  XRD  

Figure 3.  X-ray Diffraction (XRD) patterns for (A) Method A, (B) Method 

B, and (C) Method C precursor Ni(OH)2 nanoparticles.  Inset shows 

Scherrer Equation average grain boundary sizes. 

Figure 4.  X-ray Diffraction (XRD) patterns for (A) Method A, (B) Method 

B, and (C) Method C calcined NiO nanoparticles.  Inset shows Scherrer 

Equation average grain boundary sizes. 

Å Narrow peaks for Method A precursor XRD pattern 

indicate pure, hexagonal b-Ni(OH)2 
3. 

Å Broader peaks for Methods B and C precursors 

suggest: 

i. Smaller particles leading to greater surface areas; 

ii. Disordered stacking/growth faults and/or 

proton vacancies in the b-Ni(OH)2 structure; 

iii. Less stable, amorphous or poorly crystalline, 

a-phase Ni(OH)2 
4. 

Å Grain boundary trends consistent with BET data. 

Å NiO patterns more uniform. 

7.  CV and EIS  

Figure 5.  Cyclic voltammogram (CV) for Methods A and B NiO in 

0.005M KOH.  Range from -0.1 to 1.05V vs. SCE at 20mV/s. 

Å Ni(OH)2 layer forms instantly on NiO electrode 

surface in alkaline media2. 

 

 

 

 

 

 

 

 

 

  

  

  

Figure 8.  IR-corrected electrochemical impedance spectroscopy (EIS) 

Nyquist plots for (A) Method A and (B) Method B NiO in 0.005M KOH/0.1M 

CH3OH, and (C) Method A and (D) Method B in 0.1M Na2CO3/0.1M CH3OH.  

Frequency ranged from 100mHz to 1MHz. 

Å Method B resistances ~30% lower than Method A. 

Å Around 85% average decrease in resistances for 

Na2CO3 vs. KOH solutions ï consistent with ~3-4x 

larger currents seen in CVs. 

Å No noticeable differences in electrocatalytic activity 

between Method B and Method C; Method B preferred 

due to ease of synthesis. 

Figure 7.  Stability CVs in 0.1M Na2CO3/0.1M CH3OH for Method A NiO (A) 

current build-up and (B) current deterioration, and Method B NiO (C) 

current build-up and (D) current deterioration.  Range from -1.0 to 1.1V 

vs. SCE at 20mV/s.  200 scans performed for each. 

8.  Conclusions  

NiO nanoparticles fabricated using three different 

synthesis methods. 

Method B showed several advantages over Method A: 

Å Structural faults and/or poorer crystallinity 

leading to improved electrocatalytic activity. 

Å Lower reaction resistances yielding greater 

methanol oxidation performance. 

Å Improved cyclability and stability in alkaline 

media of moderate pH. 

Lower resistances and higher currents for CO3
-2 

solutions than OH- solutions at similar pH: 

Å Less aggressive medium prevents rapid 

electrode and membrane degradation7. 

Å Potential for alternative to hydroxide-driven 

alkaline devices. 

b-Ni(OH)2 

g-NiOOH 

b-NiOOH 

a-Ni(OH)2 

NiOOH + CH3OH 

 

Ni(OH)2 + product 

Ni(OH)2 + OH- 

 

NiOOH + H2O + e- 
ź Ÿ 

Oxygen evolution reaction (OER): 

4OH- ź O2 + H2O + 4e-  

NiO electrochemical 

performance 

Connections between physical characteristics and 

electrochemical performance are often unknown. 

Methanol oxidation is used as a tool to examine 

electrocatalytic activity and make these connections.  

b-Ni(OH)2 

b-NiOOH 

g-NiOOH 

a-Ni(OH)2 

Figure 5.  CVs for Methods A and B NiO in (A) 0.005M KOH/0.1M CH3OH 

and (B) 0.1M Na2CO3/0.1M CH3OH.  Range from -0.1 to 1.05V vs. SCE at 

20mV/s. 

Å Electrode degradation sources: a/g phases, OER5,6. 

Å Method A degrades 50 scans sooner than Method B. 

Å Cathodic scan oxidation peak: surface reactivation. 

i. More prominent for Method B than Method A. 

Å Na2CO3 currents = 3-4x higher than KOH currents. 


