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• NH3  has enormous potential as (a) hydrogen storage and 
vector, and (b) carbon-free fuel for power generation. 

• Complete or partial reforming of ammonia to hydrogen via  
                                                (                                                                ) is 
commonly catalyzed by transition metals (Ru, Ni, Fe, and Ir) at 
600 °C and elevated pressures. 

• Novel concept: Energize the internal states of NH3 (vibrational 
and electronic) by electron impact in non-equilibrium plasmas 
and promote bond breaking at lower temperatures (200 °C) 

• Objectives: (1) Characterize experimentally yield and energy 
efficiency; (2) Validate a computational model for vibrational 
excitation of ammonia

Efficient reforming of NH3 to H2 via plasma

2NH3 ��! 3H2 +N2
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2.4. Our team’s preliminary results on CO2 splitting to CO and O2 by plasma discharges 
demonstrate the potential of successful ammonia reforming – Preliminary measurements were 
performed to quantify energy efficiency and optimal plasma properties when reforming CO2 
partially to CO/O2/CO2. Much like for NH3, CO2 reforming does not generate unwanted stable 
products. Performance was quantified by specific energy input, or the amount of electrical energy 
added to the plasma per reactant molecule, and total amount of CO2 conversion. Efficiency was 
calculated by dividing the SEI by the enthalpy 
required to break a C-O double bond (8.3 eV). 
Measurements show that (1) plasma energy 
efficiencies vary dramatically depending on 
excitation mechanism (ranging from 1 to 
100%) and (2) increasing electrical input 
energy results in higher conversion. This 
tradeoff illustrates how differences in 
excitation of rovibrational transitions and 
energy losses through translational relaxation 
control performance. These results motivate 
the exploration of Dielectric Barrier 
Discharges (DBD) and nanosecond pulsed 
discharges (NPD) for NH3 reforming as they 
have different tradeoffs between energy 
efficiency (NPD is higher – Fig. 3) and size of 
the discharge volume (DBD is higher).  
2.5. Depending on discharge parameters and geometry, specific internal states of ammonia are 
excited, controlling reforming efficiencies – Discharges differ with respect to the mechanism by 
which free electrons transfer energy to reactants. Examples include DBDs, microwave discharges 
(MW), and NPDs. Each feature different ranges of excitation energies, timescales, spatial 
uniformity, and temperatures of the background gases. Distributed reforming of NH3 requires 
plasmas that are energy efficient, operational over a 
large pressure range, and spatially diffuse. In its 
ground state, NH!(X,) is a non-planar molecule with 
a pyramidal conformation with N-H single bond 
energies equal to 4.7, 4.0, and 3.4 eV, from first to 
last. Ammonia is easily ionized at 10.2 eV [10] and 
has four fundamental vibrational modes (0.12 to 0.42 
eV). Of particular importance to our research plan is 
the electronic excitation of NH3, which leads to pre-
dissociation [11]. The ground state is excited to 
NH!(A,) (band origin at 5.7 eV), which is known to 
decompose to NH2 and H radicals within O(100 fs) 
[12]. For the present purpose, electron cross-section 
data identify a second lumped NH3 excited state at 
8.75 eV [10], which is pre-dissociated also. 
Available cross sections [13] are shown in Fig. 4. 
 

Figure 3. CO2 conversion into CO/O2 as a function of 
specific energy input for various types of plasma 
discharges. 
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Figure 4. Electron-NH3 cross-sections (in m2) for 
vib./elect. excitation and ionization [13]. 
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performed to quantify energy efficiency and optimal plasma properties when reforming CO2 
partially to CO/O2/CO2. Much like for NH3, CO2 reforming does not generate unwanted stable 
products. Performance was quantified by specific energy input, or the amount of electrical energy 
added to the plasma per reactant molecule, and total amount of CO2 conversion. Efficiency was 
calculated by dividing the SEI by the enthalpy 
required to break a C-O double bond (8.3 eV). 
Measurements show that (1) plasma energy 
efficiencies vary dramatically depending on 
excitation mechanism (ranging from 1 to 
100%) and (2) increasing electrical input 
energy results in higher conversion. This 
tradeoff illustrates how differences in 
excitation of rovibrational transitions and 
energy losses through translational relaxation 
control performance. These results motivate 
the exploration of Dielectric Barrier 
Discharges (DBD) and nanosecond pulsed 
discharges (NPD) for NH3 reforming as they 
have different tradeoffs between energy 
efficiency (NPD is higher – Fig. 3) and size of 
the discharge volume (DBD is higher).  
2.5. Depending on discharge parameters and geometry, specific internal states of ammonia are 
excited, controlling reforming efficiencies – Discharges differ with respect to the mechanism by 
which free electrons transfer energy to reactants. Examples include DBDs, microwave discharges 
(MW), and NPDs. Each feature different ranges of excitation energies, timescales, spatial 
uniformity, and temperatures of the background gases. Distributed reforming of NH3 requires 
plasmas that are energy efficient, operational over a 
large pressure range, and spatially diffuse. In its 
ground state, NH!(X,) is a non-planar molecule with 
a pyramidal conformation with N-H single bond 
energies equal to 4.7, 4.0, and 3.4 eV, from first to 
last. Ammonia is easily ionized at 10.2 eV [10] and 
has four fundamental vibrational modes (0.12 to 0.42 
eV). Of particular importance to our research plan is 
the electronic excitation of NH3, which leads to pre-
dissociation [11]. The ground state is excited to 
NH!(A,) (band origin at 5.7 eV), which is known to 
decompose to NH2 and H radicals within O(100 fs) 
[12]. For the present purpose, electron cross-section 
data identify a second lumped NH3 excited state at 
8.75 eV [10], which is pre-dissociated also. 
Available cross sections [13] are shown in Fig. 4. 
 

Figure 3. CO2 conversion into CO/O2 as a function of 
specific energy input for various types of plasma 
discharges. 
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Figure 4. Electron-NH3 cross-sections (in m2) for 
vib./elect. excitation and ionization [13]. 



Experiments demonstrate H2 production 
with RF excitation & low-energy electronsExperimentsExperiments



Elementary reactions

Preliminary modeling shows  effect of 
vibrationally “hot” ammonia on volcano plots
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