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The efficiency of stabilization of H centers as well as its dependence on the degree of uniaxial deformation 
are considered within the framework of the modified geometric model of alkali halides. It is shown that stabiliza-
tion of H centers is difficult in KI and RbI crystals, while in other NaCl-type crystals it becomes quite probable. 
Under uniaxial deformation, the interstitial space, in which the defect will be located, decreases, and the effi-
ciency decrease. In the case of cesium halides, the orientation of the H centers takes place predominantly in the 
<100> direction; therefore, the criteria for their stabilization differ from the NaCl-type alkali halide crystals. Ac-
cording to calculations, in CsI, large displacements of the nearest neighbors are required to stabilize H centers; 
while in CsBr their stabilization becomes sensitive to the effect of uniaxial deformation. The efficiency of H cen-
ter stabilization obtained by the geometric model is compared with the corresponding efficiencies obtained from 
the theory of local excitations and the calculated total probability of accumulation of H centers under the influ-
ence of uniaxial deformation. 

Keywords: Н center, alkali halide crystal, radiation defect formation, anion, cation, uniaxial compression, 
interstitial. 

 
 

1. Introduction 

It has now been well established that radiation defects 
in alkali halide crystals (AHC) arise at regular lattice sites 
during the decay of electronic excitations with the produc-
tion of anionic Frenkel defects: F centers and H centers 
(interstitial halogen atoms), as well as α centers (halogen 
vacancies) and I centers (interstitial ions halogen) [1–11]. 
Such radiation point defects are very common color centers 
created by various types of radiation (UV light, electrons, 
gamma rays, neutrons, heavy fast ions) in many other binary 
and complex metal halides [1, 4, 7, 10–19] including such as 
alkaline earth fluorohalides, perovskite halides, sodalities, 
etc. [9, 21–26]. 

Uniaxial deformation of alkali halide crystals affects the 
change in luminescence intensity and the corresponding 
efficiency of radiation defect formation, since the energy of 
electronic excitations changes, the final relaxation stage of 
which are competing radiation and non-radiation channels 
[27–36]. 

Based on the results of absorption spectroscopy, it was 
concluded that the application of uniaxial compression at 

80 K causes a decrease in the efficiency of creating stable 
radiation defects in KI and RbI crystals, while a similar 
effect does not change the efficiency of radiation defect 
formation in pure KCl and KBr crystals [36]. 

The experimentally established effect of a decrease in 
radiation defect formation in KI crystals (like RbI crystals) 
is due to elastic deformation of samples subjected to uniaxial 
elastic deformation and it is not associated with a change in 
the association of primary interstitial defects in a deformed 
sample [26, 37]. 

Thus, the only explanation for the decrease in defect 
formation in elastically deformed KI and RbI crystals is the 
decrease in the efficiency of the nonradiative channel for 
the decay of the self-trapped excitons into radiation defects 
in the field of elastic deformation of the lattice. 

2. Model and results 

In explaining the reasons for the difference in the effect 
of uniaxial elastic deformation in KI (RbI) crystals on the 
one hand [35] and KCl, KBr on the other hand, we relied 
on the modified updated method of the geometric model of 
AHC considered in [39]. According to this model, anions 
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(X )−  are accepted as “elastic”, and cations (M )+  and halo-
gen atoms 0(X )  are absolutely rigid (non-deformable). 

It is assumed that the size of the creating H center is de-
termined by the atomic radius 0( ),aR  and the maximum 
possible interstitial radius max( )R  in which the H center 
should be located is determined by the elasticity of the 
anions [40]. If 0

max aR R> , then a favorable situation is real-
ized for the formation of the H center in the lattice, if 

0
max aR R< , on the contrary, the halogen atom (and hence 

the H center) does not fit into the interstitial place. 
The maximum possible interstitial radius for the pro-

posed H center according to the geometric model [40], 
presented in Fig. 1, is determined: 

 2 2
max

1 2 cos
2 cR a L aL R+= + − α − , (1) 

where a is the lattice constant, L is the bond length in the 
H center, which is determined in the interval 

0 02a a aR R L R− + ≥ ≥ , cR+ is the cation radius. 
If we assume that uniaxial compression (or expansion) 

along the <100> crystallographic direction will occur due 
to the elasticity of the anions, then the angle α, which is an 
indicator of the effect of deformation on the crystal, will 
change depending on the degree of elastic stress. 

From Fig. 1, it follows that 
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Here Q is the relative change of lattice parameter due to 
external compression or tension, a′  is the lattice parameter 
in compression (or expansion), ε is the uniaxial defor-
mation degree (in %). 

The crystal lattice is expanding at Q > 1, and at Q < 1 is 
compressed. In this work, we consider the effects associat-
ed only with the compression of the crystal lattice. Under 
the assumption that L = 2 0

aR  and taking into account (1) 
and (2), we obtain 
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Then the maximum value of elastic deformation max( ),ε  
for which the placement condition of Н center is fulfilled 

0
max( )aR R=  we can evaluate from (3): 
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The calculation results of maxR  and maxε  (%) at 
0

max aR R=  are presented in Table 1, from which it follows 
that for RbI and KI crystals the probability of stabilization 
of the interstitial halogen atom (H center) is very small, 
while for the other crystals it is high 0

max aR R> , because 
0

max aR R< . 
Moreover, this situation persists for RbBr, KBr, NaBr, 

and LiBr up to maxε  = 21–45 %, and for RbCl, KCl, NaCl, 
and LiCl up to maxε  = 39–61 %. For RbF, KF, NaF, and 
LiF crystals, regardless of the degree of elastic defor-
mation, the condition 0

max aR R>  is always satisfied. 
By systematizing the calculated data of Table 1, it can 

be argued that in the case of alkali iodides (LiI, NaI, KI, 
and RbI), the accumulation of H centers is sensitive to 
elastic stresses, and this dependence becomes larger with 
an increase in cation size (LiI → RbI). Special note should 
be made in the case of KI and RbI crystals, where initially 
(before deformation) the stabilization of the H center inter-
stitial atom is unfavorable, since its size is larger than the 
size of the interstitial 0

max( )aR R> . Thus, the effect of re-
ducing the stabilization efficiency of H centers in KI and 
RbI crystals from the degree of elastic stress, in contrast to 
KCl and KBr crystals, becomes apparent. 

Evaluation of the stabilization efficiency of H centers in 
cesium halides occurs in a slightly different way. At normal 
pressure and room temperature, cesium halides (CsCl, CsBr, 
Csl) have a lattice of type 1

hO , which is two simple cubic 
lattices inserted into each other [9, 13, 15, 41, 42]. In these 
crystals, the directions of <100> should be the preferred 
directions of motion of the H centers. For CsBr, as follows 
from the analysis of induced optical dichroism, the orienta-
tion of the H center occurs in the <100> direction [41, 42]. 

To calculate the possibility of placing the H center in 
one anion site in the <100> direction in a CsCl-type lattice, 
the following condition was set, namely, the longitudinal 
dimensions of the hard core of the H center 04 aR  should be 
less than the anion diameter, i. e. 0(2 2 ),aa R−−  as follows 
from Fig. 2. The corresponding calculated data are presented 

Fig. 1. The structure of Н center for the calculation of Rmax in 
face-centered AHC when compressing in the direction <100>. 
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in Table 2. As can be seen from Table 2, in the CsI crystal, 
the formation of the H center requires large displacements 
of the nearest neighbors, which reduces the stabilization 
efficiency of the H centers in the lattice. On the other side, 
in a CsBr crystal, under uniaxial deformation up to 2 % 
( 1 4.6 / 4.68 1.7%),δ = − =  a decrease in the efficiency of 
accumulation of H centers should be observed. 

This was established in [41], where the results of stud-
ies of the features of defect formation in oriented CsBr 
crystals, which were simultaneously subjected to mechanical 

stress and γ radiation, are presented. It follows from the F 
center accumulation curves that the presence of elastic 
deformation by the <100> direction leads to a decrease in 
the efficiency of F center formation. It can also be seen 
from Table 2 that the obtained geometric criteria correlate 
with the quantum yields of stable F centers. As it was re-
ported in [9] in alkali halides with close-packed (110) CsCl 
(bcc) structure, the stable F center production efficiency in 
CsCl, CsBr, and CsI is in good correlation with correspond-
ing S/D parameters, the ratio of the separation between 
halogen ions in the <100> direction and the diameter of the 
halogen ion D. Low-temperature defect production occurs 
much more efficient in the materials where S/D > 0.45, 
where there is enough space to accommodate an intersti-
tials. The corresponding EF values are given in Table 2. 

Thus, based on the modernized geometric model of the 
formation of radiation defects in the alkali halide crystals, 
the stabilization efficiencies of H centers have been calcu-
lated. In this case, the influence of uniaxial deformation 
reduces the stabilization efficiency of the H center. 

To compare the results, we consider the stabilization effi-
ciency of H centers under the influence of electronic factors. 

Table 1. Parameters of the lattices of face-centered AHC: a is the lattice constant, 0
aR  is the atom radius, Rmax is the maximum possi-

ble interstitial radius for placing the H center, Rmax / 0
aR  is the ratio of the radii of the anionic site of the lattice and the H center, εmax is 

the maximum value (in %) of deformation at which the H center fits into the lattice 

Crystal a, Å 0,aR  Å max ,R  Å 0
max / aR R  max , %ε  

at 0
max aR R=  

RbI 
RbBr 
RbCl 
RbF 

7.342 
6.890 
6.582 
5.63 

1.4 
1.15 
1.0 
0.5 

1.441 
1.47 

1.477 
1.541 

1.03 
1.28 

1.477 
3.082 

–5.13 
21.11 
39.46 

– 
KI 

KBr 
KCl 
KF 

7.066 
6.597 
6.293 
5.348 

1.4 
1.15 
1.0 
0.5 

1.372 
1.243 
1.143 
1.443 

0.98 
1.08 

1.143 
2.88 

–0.16 
24.41 
43.18 

– 
NaI 

NaBr 
NaCl 
NaF 

6.474 
5.977 
5.640 
4.028 

1.4 
1.15 
1.0 
0.5 

1.155 
1.166 
1.161 
0.989 

0.825 
1.013 
1.161 
1.978 

11.09 
33.24 
49.37 

– 
LiI 

LiBr 
LiCl 
LiF 

6.000 
5.502 
5.140 
4.028 

1.4 
1.15 
1.0 
0.5 

1.000 
1.009 
0.995 
0.989 

0.71 
0.877 
0.995 
1.978 

22.31 
44.89 
60.61 

– 

 

 

Fig. 2. Model of the H center in AHC lattice. 

Table 2. Criteria for the formation of H centers and F center 
production efficiency EF (eV/center)  

Crystal a0, Å 02( ),aa R−−  Å 04 aR , Å EF [9] 

CsI 4.57 4.74 5.6 2.5∙107 
CsBr 4.3 4.68 4.6 8.1∙102 
CsCl 4.11 4.6 4.0 15∙102 
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According [44], the stabilization of H centers directly 
depends on the ratio of the frequencies of a self-trapped 
exciton STEω  and optical lattice vibrations Oω . For crystals 
in which STE Oω > ω  there is an effective decay of electronic 
excitations with the formation of F–H pairs, and, conversely, 
the process is not effective for crystals in which STE Oω < ω . 
Moreover, it was shown that the energy of optical vibra-
tions depends on the degree of relative deformation under 
uniaxial compression: 

2
3uC C+ δ

= , 

where 1δ = − ε is the degree of relative deformation, C is 
the energy of optical vibrations. It follows from this that 
the energy of optical vibrations decreases with an increasing 
degree of deformation. Obviously, with an increase in the 
degree of deformation, the frequency of optical oscillations 
will decrease and the condition STE Oω > ω  must be satis-
fied under which an increase in the stabilization efficiency 
of the H center is observed. Let us consider the possible 
correlation of the stabilization efficiency of the H center at 

various degrees of deformation according to the theory of 
electron-vibrational interactions and the geometric model. 

For a CsBr crystal, the stabilization efficiency of the H 
center is 1.017. According to the geometric model, under 
uniaxial deformation, the efficiency decreases to 1.007 at 
1 %; up to 1.002 at 1.5 %; up to 1 at 1.7 %. According to 
the theory of local oscillations, the efficiency is 1.33, with 
1 % — 1.337, 1.5 % — 1.34, 2 % —1.342. 

From the calculations, it can be noted that, according to 
the geometric model, the probability of stabilization of the 
H center decreases with an increase in the degree of uniax-
ial deformation, and according to the theory of electron-
vibrational interactions it increases (Table 3). That is, we 
can calculate the total probability of two processes occur-
ring simultaneously by multiplying the probability of stabi-
lization of the H center, which depends on the geometry of 
the lattice and depends on the electron-vibrational process-
es. Table 4 shows the results of the calculation of the total 
efficiency under the action of uniaxial deformation. As 
follows from the Table 4, that, taking into account geometric 
and electronic factors, the stabilization efficiency of the H 

Table 3. Efficiency of stabilization of the H center at various degrees of uniaxial deformation according to the theory of local 
excitations 

Crystal STEω , 
cм–1 

Oω , 
cм–1 

/STE Oω ω  
/STE Oω ω  

at 1 % 
/STE Oω ω  

at 1.5 % 
/STE Oω ω  

at 2 % 

0
max / aR R  
at 1 % 

0
max / aR R  

at 1.5 % 

0
max / aR R  
at 2 % 

RbI 
RbBr 
RbCl 

112 
148 
241 

105 
128 
197 

1.06 
1.12 
1.22 

1.07 
1.16 

1.227 

1.072 
1.162 
1.229 

1.073 
1.164 
1.232 

1.025 
1.273 
1.472 

1.024 
1.272 
1.47 

1.022 
1.269 
1.467 

KI 
KBr 
KCl 
KF 

101 
147 
238 
450 

1403 
160 
210 
333 

0.721 
0.91 
1.13 

1.351 

0.724 
0.922 
1.137 
1.356 

0.725 
0.923 
1.139 
1.358 

0.726 
0.925 
1.141 
1.36 

0.96 
1.189 
1.375 
2.874 

0.959 
1.186 
1.373 
2.87 

0.957 
1.185 
1.37 

2.864 
NaI 

NaBr 
NaCl 
NaF 

104 
142 
238 
452 

169 
199 
257 
442 

0.615 
0.713 
0.92 
1.02 

0.617 
0.716 
0.929 
1.026 

0.618 
0.717 
0.931 
1.028 

0.62 
0.718 
0.932 
1.029 

0.822 
1.01 

1.157 
1.97 

0.82 
1.008 
1.155 
1.968 

0.819 
1.006 
1.153 
1,964 

 

 

Table 4. The total stabilization efficiency of the H center at various degrees of uniaxial deformation, taking into account the 
geometric model and electron-vibrational interactions 

Crystal 1 % 2 % 3 % 4 % 5 % 6 % 7 % 8 % 
RbI 1.09803 1.09814 1.09825 1.09836 1.09849 1.09863 1.09877 1.09892 

RbBr 1.47828 1.47820 1.47813 1.47807 1.47802 1.47799  1.47797 1.47795 
RbCl 1.80705 1.80677 1.80650 1.80625 1.80601 1.80578 1.80557 1.80538 

KI 0.69555 0.69565 0.69565 0.69575 0.69585 0.69596 0.69608 0.69620 
KBr 1.09630 1.09631 1.09631 1.09632 1.09633 1.09635 1.09639 1.09643 
KCl 1.56377 1.56360 1.56345 1.56330 1.56317 1.56305 1.56294 1.56284 
KF 3.89783 3.89545 3.89311 3.89080 3.88852 3.88629 3.88410 3.88194 
NaI 0.50762 0.50774 0.50787 0.50799 0.50813 0.50826 0.50840 0.50854 

NaBr 0.72346 0.72354 0.72362 0.72370 0.72379 0.72389 0.72399 0.72409 
NaCl 1.07521 1.07522 1.07522 1.07527 1.07531 1.07535 1.07540 1.07546 
NaF 2.022174 2.02145 2.020744 2.02074 2.02005 2.01938 2.01872 2.01808 
CsBr 1.339 1.328 1.319 1.309 1.30 1.29 1.28 1.27 
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center is very low in KI, NaI, and NaBr crystals. With an 
increase in the degree of uniaxial deformation, a very small 
increase in probability is obtained.  

Thus, it can be seen that if H centers defect can be sta-
bilized in RbI, KBr, NaCl crystals, while in RbBr, RbCl, 
KF, NaF crystals, a high stabilization efficiency of H centers 
is demonstrated. From the obtained data it also follows that 
the uniaxial deformation leads to an insignificant increase 
in the efficiency of H center stabilization in crystals of RbI, 
KI, NaI, NaBr, NaCl, and to a decrease in the remaining 
crystals. In addition, it follows that in the case of CsBr 
crystals, the stabilization of the H center decreases with an 
increase in the degree of uniaxial deformation. In conclu-
sion, using a modified geometric model of alkali halides, it 
was demonstrated that the accumulation efficiency of the 
H center is inefficient in KI, NaI, NaBr, and CsI crystals, 
while it is higher in alkali metal chlorides. The data ob-
tained correlate well with experimental data on lumines-
cence and radiation defect formation of stable F centers in 
alkali halides. 
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Ефективність стабілізації H-центрів у лужно-
галоїдних кристалах при низькотемпературній 

одновісній деформації 

N. Zhanturina, L. Myasnikova, K. Shunkeyev, 
A. Maratova, A. I. Popov 

Ефективність стабілізації H-центрів, а також її залежність 
від ступеня одновісної деформації розглянуто в рамках мо-
дифікованої геометричної моделі галогенідів лужних мета-
лів. Показано, що стабілізація H-центрів ускладнена в крис-
талах KI та RbI, тоді як в інших кристалах типу NaCl вона 
стає вельми вірогідною. При одновісній деформації міжвуз-
ловий простір, в якому буде розташовуватися дефект, змен-
шується, та ефективність знижується. У разі галогенідів цезію 
орієнтація H-центрів відбувається переважно в напрямку 
<100>, тому критерії їх стабілізації відрізняються від лужно-
галоїдних кристалів типу NaCl. Згідно з розрахунками, в CsI 
для стабілізації H-центрів потрібні великі зміщення найближ-
чих сусідів, тоді як в CsBr їх стабілізація стає чутливою до ефе-
кту одновісної деформації. Ефективність стабілізації H-центрів, 
отримана за допомогою геометричної моделі, порівнюється з 
відповідною ефективністю, отриманою з теорії локальних 
збуджень, та з розрахованої повної ймовірності накопичення 
H-центрів під дією одновісної деформації. 

Ключеві слова: Н-центр, лужно-галоїдний кристал, форму-
вання радіаційних дефектів, аніон, катіон, 
одновісне стиснення, міжвузловина.
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