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Abstract. The “germanium-vacancy” (GeV) center in diamond can be used as 

Temperature Sensors. The idea of GeV-based thermometry is based on optical 

measurements of the spectral shift of the zero-phonon line and its spectral width as a 

function of temperature changes. At the same time optical characteristics of GeV 

center which is located near-surface could be modified by formation of defect states 

in the band gap based on surface impurities and dangling bonds. The electronic 

structure of the GeV center determines its optical properties. The goal of this study 

was to investigate comparatively the geometric characteristics and electronic struc-

ture of the GeV center in the volume and near-surface (100) of nanodiamond in 

cluster approximation. It was shown for the first time that formation of isolated 

dangling bond on the (100) diamond surface leads to formation of unoccupied state in 

the band gap in vicinity of 1 eV, which is located on the distance of 1.9 eV of 

conduction band edge. This state in the band gap may influence optical properties of 

GeV in diamond. 
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Introduction 

The “germanium-vacancy” (GeV) center in diamond by analogy with the well-known 

“nitrogen-vacancy” (NV) center can be used for integrated quantum-optical and 

quantum-information systems including remarkable Temperature Sensors [1-3]. The 

idea of GeV-based thermometry is based on optical measurements of the spectral 

shift of the zero-phonon line and its spectral width as a function of temperature 

changes (see e.g. [2,3] for recent reviews).  

At the same time optical characteristics of the GeV center which is located near-

surface could be modified by formation of defect states in the band gap based on 

surface impurities and dangling bonds. But, as mentioned in [4], the geometry and 

optical properties of a single color centers positioned in the vicinity of a diamond 

surface using different surface termination species remain poorly understood, despite 

theoretical and experimental studies on the effects of different surface defects on the 

PL of color centers near a diamond surface.  

Thus, as noted above the electronic structure of the GeV center determines of its 

optical properties. For this reason, the goal of this study was to investigate compara-

tively the geometric characteristics and electronic structure of the GeV center located 

in the volume and near (100) surface of nanodiamond. The (100) surface was chosen 

because at present, it is the most often employed and promising of diamond surfaces. 

 

Methods and basic results 

Here we are presenting the analysis of results of computer simulation for 

the negatively charged GeV- color center using density functional theory (DFT) to 

elucidate spatial structure and electronic properties for the “volume” H-terminated 

diamond-like cluster C69[GeV-]H84 containing 69 carbon atoms hosting the GeV- 

center in its central part and 84 hydrogen atoms which saturate dangling bonds on the 

surface of volume cluster (Fig. 1a). Beside it, we considered “surface” cluster 

C64[GeV-]H68_(100)_11H having one dangling bond at the (100) diamond surface 

(see [5]). “Surface” cluster was obtained from the “volume” H-terminated cluster 
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C69[GeV-]H84 (Fig. 1a) by elimination of five carbon atoms to form the (100) surface 

consisted in this case of the 6 superficial C atoms, for which 11 of 12 dangling bonds 

were saturated with hydrogen atoms while one was left to be not saturated. For this 

cluster denotation (100) 11H means, that 11 hydrogen atoms are adsorbed on surface 

(100) (Fig. 1b). DFT calculations were performed using the ORCA program package 

[6]. The spatial structure of the clusters was optimized using the 

DFT/UKS/PW91/RI/def2-SVP level of theory. As shown in [7] this functional and 

basis set is large enough to yield good results in the geometry optimization and in the 

calculation of the electronic structure for the GeV center. The GeV- center has the 

spin-doublet (S=1/2) ground state. During geometry optimization the Ge atom moves 

to new interstitial position as it is substantially larger than the carbon atoms of the 

diamond lattice (Fig. 1a). The DFT calculations have been done with the fully relaxed 

“surface” clusters with reconstructed (2×1) symmetry (Fig. 1b).  

 

  

a)                                                                     b) 

Fig.1. Structures of the a) “volume” C69[GeV-]H84  cluster and b) “surface” C64[GeV-

]H68_(100)_H11 cluster optimized by DFT/UKS/PW91/RI/def2-SVP level of theory. 

The colors of the atoms: C – yellow, Ge - red, C nearest neighbors to Ge- pink, , 

surface C - dark blue, C with dangling bond –green, H – blue. 
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Preliminary analysis for the electronic structure of the “volume” cluster and possible 

influence on the electronic structure of cluster of the surface dangling bond on is 

presented in this paper. Results of electronic structure calculation of the clusters 

under investigation are presented on the Fig. 2. 

 

 

 

 

 
 

a)                                            b) 

Fig.2. Electronic structure of the a) “volume” C69[GeV-]H84 cluster and b) “surface” 

C64[GeV-]H68_(100)_H11 clusters optimized by DFT/PW91/RI/def2-SVP level of 

theory. Energy is referred in units of eV. Different direction of arrows ↑ and ↓ 

indicates spin orientation (α and β) for given electronic level. Red color defines 

occupied levels for α orientation, and blue does for β orientation. While yellow 

defines unoccupied levels for α orientation and cyan does for β orientation.  

 

It was established that the germanium-vacancy center in volume of nanodiamond 

gave two levels in the band gap, similar to the silicon-vacancy center. The lower level 

is filled by α electrons and the upper one is filled by β electrons. These results are 

coincident with results of supercell model calculation [7] 

It was shown for the first time that formation of isolated dangling bond on the (100) 

diamond surface leads to formation of unoccupied state in the band gap in vicinity of 

1 eV, which is located on the distance of 1.9 eV of conduction band edge. We 
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conclude that this state in band gap may influence optical properties of GeV in 

diamond.  
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