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Abstract 

Cesium is material with a low work function and, accordingly, atomic Cs has a low value of ionization 
energy. Therefore cesium is regarded as a good source material for electrons in plasma heating module. One of 
plasma heating technologies using Cs grid is foreseen as a candidate for the tokamak within the framework of 
project ITER. Among the possible impurities that can coexist in this module are CsO or CsO+, due to presence of 
oxygen traces in the heating chamber. We conducted CCSD(T) energy calculations of the cesium oxide (X 2

Σ
+) 

and its cation (X 3Σ-). Here are presented the bond lengths and spectroscopic parameters of both species and 
ionization energy (IE). Our IE (6.88eV) is in good agreement with previous theoretical results, experiment 
indicates substantially lower value (6.22eV). 
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Introduction and formulation of objective 

The tokamak (nuclear fusion reactors) is one of perspective candidates for producing 

controlled thermonuclear fusion power. It is a device which using magnetic field to confine 

the plasma in the shape of a torus. The fuels are deuterium (D) and tritium (T). D and T are 

heated to temperatures more than 150×106 °C, forming hot plasma. Strong magnetic fields are 

used to keep the plasma away from the walls; magnetic field lines that move around the torus 

in a helical shape. These are produced by superconducting coils surrounding the vessel, and 

by an electrical current driven through the plasma.  

The fusion between deuterium and tritium will produce one helium nucleus, one 

neutron and energy. The helium nucleus carries an electric charge which will respond to the 

magnetic fields of the tokamak and remains confined within the plasma. However, some 80% 

of the energy produced is carried away from the plasma by the neutron which has no electrical 

charge and is therefore unaffected by magnetic fields. The “runaway” neutrons will be ab-

sorbed by the surrounding walls of the tokamak, transferring their energy to the walls as heat. 

The heating of the plasma is mainly obtained by the injection of high-energy 

hydrogen/deuterium neutral beams, coming from the neutralization of high-intensity H–/D– 

negative-ion beams. H–/D– negative-ions are produced in a low-pressure plasma source and 

subsequently extracted and accelerated. Heating device is being built at Max-Planck IPP 
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Garching, Germany within the framework of EUROFusion. Crucial module of the heating 

device is the expansion region where Cs grid provides electrons to form the H–/D– negative-

ion beams.  

The deposition of materials with low work function inside on surface of Plasma Grid 

(PG) is an efficient solution to produce high negative-ion current. Work function (WF) of 

bulk material is given as the energy required to take out an electron from Fermi level, while 

ionization energy (IE) in atom/molecule is the energy required to take out an electron from 

highest occupied orbital to vacuum. WF is an experimentally obtained parameter and is most 

simply determined from the photoelectric effect experiment. The low work function of 

materials allows increasing the amount of negative ions produced as backscattering of the 

positive ions H+, D+, T+  or neutral H gas from the metal surface. Overlap with metal states 

causes electron tunneling and negative ion formation. Therefore, the covered materials with 

the lower work function give the higher probability of the negative ion formation [1, 2]. 

 

 

 

 

 

Fig. 1. Scheme of H-/D- source built at IPP Garching and positive ion neutralization 

 

1172



Cesium has the lowest IE = 3.89 eV. If the impurities like CsO or CsO+ or higher 

oxides are formed in the expansion region (Fig. 1), they may affect the process of the negative 

ion formation energy. NIST Standard Reference Database does not provide any spectroscopic 

data on CsO/CsO+ except the mass spectrometric measurement yielding IE = 6.22 eV [3]. 

Therefore, it is desirable to extend our knowledge on (so far incomplete) molecular data of 

cesium oxides.  

Objective of the work is to revise the determination of the ionization energy and 

spectral characteristics of CsO with the purpose of right selection of method and basis set for 

further study of this material. 

 

Materials and methods 

The calculations have been carried out within the MOLCAS software package [4]. 

Ionization energy and harmonic frequency were investigated using the highly reliable post-HF 

method - CCSD(T) (Coupled-Cluster Singles Doubles and Non-iterative Triples). Relativistic 

effects were accounted for by the Douglas-Kroll-Hess (DKH) method. We calculated the 

CsO/CsO+ using different basis sets and two versions of correlated electrons: 15/14 and also 

25/24. Our results are compared with the experimental and theoretical studies and we selected 

the ANO-RCC VQZP basis set for O and Cs [5].  

The 2Σ+   state is established, from microwave and infrared studies [6], as the ground 

electronic state of CsO. Ionization of CsO from the X 2
Σ

+   state by the removal of an electron 

leads to a cation with the lowest electronic state X 3
Σ

–. 

 

Result and discussion 

Energy calculations were performed in order to identify the ground states for neutral 

molecule and for cation. We have obtained the bond lengths (Re) for both species, Tab. 1. The 

Re value of  X 2Σ+ = 2.32 Å may be compared with the experimental value 2.30 Å [6] and the 

theoretical value 2.337 Å [7]. Our Re value for CsO+ (X 3
Σ

–) 3.381 Å is compared with other 

theoretical value of 3.38 Å [7].  

To calculate the ionization energy we used basis set ANO-RCC-VQZP and its 

systematic extensions. Extensions of the basis set have not led to significant differences in the 

values of the ionization energy, Tab. 2. It is worth noting that inclusion of relativistic effects 

has a minimum effect on the ionization energy, while there is a huge effect in individual total 

energies, Tab. 3. 
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Tab. 1. Calculated data, ANO-RCC-VQZP basis, correlated 25/24 electrons 
 

 Re [Å] HF CCSD CCSD(T) 

CsO  X 2
Σ

+ 2.32 -7855.735920 -7856.292544 -7856.310260 

CsO+  X 3
Σ

- 3.38 -7855.568862 -7856.045140 -7856.056078 

IE[au]  0.167058 0.247404 0.254182 

IE[ev]  4.55 6.73 6.92 

IE[cm -1]  36 682 54 324 55 812 

 

Tab. 2. Calculated ionization energy in basis sets of varying complexity [eV] 
 

Basis HF CCSD CCSDT 

ANO-RCC-VQZP 4.55 6.73 6.92 

ANO-RCC-Large 4.63 6.69 6.88 

ANO-RCC-Large plus 

Cs(+1s1p1d2f2g3h)O(+1s1p1d1f1g) 

4.64 6.72 6.92 

 

 
 

Fig. 2 Ionization energy of CsO 

 

 

 

 

 

 

IE 
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Tab. 3 Results with and without relativistic effect in totally decontracted ANO-RCC basis set 
 

 HF CCSD CCSD(T) 

nonrelativistic 

X2
Σ

+ -7529.163121 -7529.880753 -7529.904287 

X3
Σ

- -7528.991565 -7529.633305 -7529.649315 

IE[au] 0.171556 0.247448 0.254973 

IE[ev] 4.67 6.73 6.94 

IE[cm -1] 37 669 54 333 55 986 

relativistic 

X2
Σ

+ -7855.739197 -7856.464094 -7856.487266 

X3
Σ

- -7855.565107 -7856.218360 -7856.234254 

IE[au] 0.174090 0.245734 0.253012 

IE[ev] 4.74 6.69 6.88 

IE[cm -1] 38 226 53 957 55 555 

 

The calculated ionization energies for CsO have been determined from difference 

between minimum points of energy of the neutral and cation states (adiabatic IE). Ionization 

energy is in not such good agreement with experimental value. Our theoretical value is 

6.88 eV (Fig. 2.), while experimental value is 6.22 eV [3]. Although, we have similar value as 

other theoretical calculations [7], where authors gotten 6.89 eV by RCCSD(T) calculations 

and they employed aug-cc-pv5z basis set for O and ECP46MWB designated for Cs. 

With regard to the harmonic vibration frequency ωe for neutral CsO, this was 

determined as 349 cm-1, which compares well with values 286 cm-1 and 312 cm-1 obtained in 

Ref. [8, 9]. The resulting value ωe cation X 3
Σ

- is 87 cm-1 compared to the value of 67 cm-1 

from the work of Lee at al. [7]. 

 

Conclusion 

In this work we have calculated spectroscopic properties and ionization energy of 

cesium oxide. The results were analyzed and compared with available experimental and 

theoretically studies. The analysis allowed us to make a proper choice of the method ab initio 

calculations in favor CCSD(T) and basis set ANO-RCC-VQZP has been selected for future 

calculations. Our value of the ionization energy of CsO is 6.88 eV. Our calculated values of 

harmonic vibration frequency are 349 cm–1for CsO and 87 cm–1 for CsO+, respectively.  

Taking into account our value of the CsO ionization energy, 6.88 eV, previous 

theoretical value of Lee et al. [7], 6.89 eV which rather differs from the experimental value of 
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6.22 eV [3] we are urging for a new experimental data. Our claim is based on following facts: 

i/ extension of the present basis set did not lead to significant change in IE, ii/ contribution 

from triple excitations did not lead to significant change in IE, iii/ increasing number of 

correlated electrons to d-electrons did not lead to significant change in IE, iv/ inclusion of 

relativistic effects by the DKH method did not lead to significant change in IE and thus also 

more sophisticated relativistic as well as electron correlation methods hardly can covered the 

difference of 0.66 eV. 
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