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                                 Abstract  
 
The basic idea is that we try to find some materials in 
which bosonic ions with sufficiently small effective mass 
are used as charge carriers instead of Cooper’s pairs in 
order to provide high temperature ionic superconduc-
tivity. Ionic crystals LiCl, LiF, LiBr and LiI were con-
sidered with lithium isotope Li6. Calculations show that 
Bose condensation temperature for lithium ions in these 
crystals is of the order of 10-34 -10-43K. If, however, the 
crystal is compressed so that the wave functions of 
neighboring lithium ions are sufficiently overlapped, 
then Bose-condensation temperature of Li6-ions can be 
increased significantly. Our estimates show that com-
pressing the crystals by 20-22% in all three directions 
one can raise the Bose-condensation temperature in all 
crystals considered to above room temperature. To real-
ize materials with room temperature superconductivity 
in practice the use of molecular beam epitaxy is pro-
posed for the formation of heterostructures from thin 
and thick layers of thoughtfully-chosen composition. 

I. INTRODUCTION 

 
e consider ionic crystals LiF, LiCl, LiBr and 
LiI with NaCl crystal structure. The distribu-
tion of lithium ions in the crystal lattice is 

governed by Schrödinger equation with appropriate 
translational symmetry. Eq. differs from well-
known equation for electrons in a periodic potential 
only by the mass of the particle considered. As a 
consequence, from well known analysis of this 
equation one can conclude that ion energy in ionic 
crystals is a function of wave vector  and solutions 
for real-valued ion eigenenergies exist only for spe-
cific energy intervals. Note, that naturally occurring 
ionic crystals composed from single-charged ions 
are formed from fermions. The only exception is the 
ion of Li6 isotope which consists from even number 
of fermions i.e. 3 neutrons, 3 protons and 2 elec-
trons. Let us estimate the possible characteristics of 
ionic crystals LiF, LiCl, LiBr and LiI with Li6 isotope 
using tight-binding approximation (an analysis is 
quite similar to that for electrons). 

 II. PROBLEM DEFINITION AND THEORY  

If  is the difference of the ion potential 
energy in the crystal and in the corresponding mole-

cule (the molecule is composed from positive lithium 
ion and negative halogen ion) and 
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iE is the ground 
state energy of lithium ion in the molecule, then for 
the rock salt cubic structure we obtain taking into 
account only nearest neighbor interaction 
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Here, , ,  are wave vector projections on 
different crystallographic axes, is lattice constant 
and 
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iψ  is normalized Li6 ion wavefunction. For the 
calculation of Li6 ion effective mass in the crystal we 
can use a well-known (in tight-binding approxima-
tion) expression for NaCl-type lattice 
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The form of molecular potential  (Ui) used in the cal-
culations is fitted to experimental molecular dissocia-
tion energies, as well as their size, and elastic proper-
ties and lattice constants of ionic crystals [1]. In a 
paper [1] the calculation of wave functions is ful-
filled. 
Inserting the ground state wavefunction into (3) one 
can calculate the overlap integral E(100) and then the 
effective mass of lithium ion from (4). Finally, the 
temperature of Bose-condensation ( ) can be esti-
mated [2] from 

bT

2 2

2
3

2
3

3
2 2 0

2.612
2.612

2

b
B B

NT
Vm k m k a

π π
∗ ∗

⎛ ⎞
⎜ ⎟

⎛ ⎞ ⎜ ⎟= =⎜ ⎟ ⎜ ⎟×⎝ ⎠ ⎛ ⎞⎜ ⎟×⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

h h .5   

   
where kb is Boltzmann constant, N/V is boson num-
ber density. The calculations have shown, that 
m*>1038 me, Tb< 10-33  K , where is a free electron 
mass [1].    Due to a huge value of lithium ion effec-
tive mass all ionic crystals are dielectrics at any real 
temperature. Indeed, if we assume that in a defect-
free crystal the dominant scattering mechanism for Li 
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ions is scattering by acoustical phonons, we can esti-
mate the specific resistivity of ionic crystal cρ  in 
comparison with that of metal mρ  as  ρс ≈ρm(m*/me 
)5/2  , where mρ =10-5    Ohm cm is a typical metal re-
sistivity. No contradiction with experiment is ob-
tained since real ionic conductivity in available crys-
tals is completely dominated by defects and is many 
orders of magnitude higher. If, however, the ionic 
crystal is compressed so that Li wavefunction overlap 
becomes significant, than Bose-condensation tem-
perature for Li6 ions can be increased significantly. In 
earlier work [1] the following expression has been 
used for overlap integral 
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where sa is lattice constant of compressed crystal. A 
more consisting approach would be to use 
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In this case the periodic potential is replaced by its 
minimal value and pressure-induced modification is 
properly taken into account. Since the volume of one 
molecule in the crystal is 2r3 the ion binding energy 
in the crystal under pressure is given by  
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where P is pressure, α =1.748 is Madelung’s constant 
and ro=a/2.The connection between pressure (P) and 
inter-ion distance (r=as/2) in NaCl lattice is given by 
dUk/dr=0. Parameters   ρ were taken from [3]or[1]. 
The calculated pressure dependence of lattice con-
stant is shown in Figure 1. 
 

 
 
  
   
 
 
 
 
 
 

Inserting the ground state wavefunction into (7) one 
can calculate the overlap integral E(100) and then to 
obtain the effective mass of lithium ion and the tem-
perature of Bose-condensation (Tb) from (4),(5), 
when a=as’   The results are shown in Figure 2 and 
Figure 3.    Our calculations have shown that in order 
to make Bose condensation temperature greater than 
300K one should compress LiF by 22%, LiCl by 
21,3%, LiBr by 21%, LiI by 20,3%. The pressures 
required to achieve these compressions are 200, 100, 
70 and 50 GPa for LiF , LiCl , LiBr and LiI respec-
tively. Since exact results are presently unavailable it 
is difficult to estimate the errors involved due to ap-
proximations used in the calculations. However, even 
if the calculated effective mass of lithium ions is in-
creased by a factor of 30, the Bose condensation tem-
perature of Li ions in crystals compressed by 21-22% 
is greater than 300K. 
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Fig.1. The pressure required to decrease lattice constant
from a to as. 
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Fig. 2. Effective mass of Li6 ions m* as a function of crystal
compression, as is the lattice constant of compressed crys-
tal, a is lattice constant of strain-free ionic crystal, meis free
electron mass. 
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         Fig.3. Bose-condensation temperature
for Li6 ions as a function of crystal compression.
(6)
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And the tight-binding approximation, when applied 
to electrons, does not lead to errors in the order of 
magnitude of the calculated effective mass. As can be 
seen from Figure 3 the compressions greater than 
18% are of interest for performing practical meas-
urements. For these large compressions the notion of 
lattice site as a point where lithium ion energy is at 
minimum become meaningless. The lithium ion bind-
ing energy  in the crystal  (Ec) can be easily calcu-
lated. 
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 α =1.748– is Madelung’s constant, ro=a/2, r=as/2  
As long as this energy is less than binding energy of 
the ion in a molecule the ions occupy lattice sites. In 
opposite case, which is realized already at 18-20% 
compression, the potential reach a minimum value 
not at a point but on the surface similar to spherical 
surface in a molecule. The problem then becomes 
quite similar to that of electron in the solid and appli-
cation of tight-binding approximation would appear 
more appropriate. See Figure 4, which exemplifies 
the dependence of ion binding energy on the distance 
between Li and Br ions in the crystal and in the 
molecule. Parameters  Ui,  ρ  were taken from [1,3] 
 

 
 
 
 
 
It has been amply demonstrated in semiconductor 
technology that during epitaxial     growth   of one  
semiconductor (e.g., Ge) on the substrate of another 
semiconductor (e.g., Si) the pseudomorphic film can 
be obtained [4] if the grown film thickness is less 
than the so called critical thickness (which is about 
several monolayers (ML) for the Ge/Si heterosystem 
with a lattice mismatch ~ 4%). Often a mixed alloy 
(SixGe1-x) buffer layer is provided on Si substrate in 
order to reduce the dislocation density. Similar be-
haviour is observed in epitaxial growth of ionic mate-
rials [5]. Epitaxy is greatly assisted by similarity of 
the structure and chemical bonding in the substrate 
and overlayer materials. In our case it means that 
desired compression can be accomplished if the ionic 
crystal with larger lattice constant is grown pseudo-

morphically on the substrate from another ionic crys-
tal with smaller lattice period. In fact, a thin (1-3 ML) 
working layer can be overgown by a thick (10-100 
ML) layer of substrate material forming thus a double 
heterostructure  or even a multi-quantum well struc-
ture  An epitaxial route to highly compressed ionic 
crystals seems to be worthy to attempt at using, for 
example, the molecular beam epitaxy. Evidently, 
very thin layers (in the 2-3 monolayer range) are de-
sirable since compression of thick layers to the tar-
geted 20% is practically impossible. Assuming lattice 
constant of the compressed crystal is equal to that of 
the substrate we estimated through (4)-(5) when 
a=as. the effective mass of lithium ion and Bose con-
densation temperature for some combinations. Re-
sults are shown in Tab. I.   In fact, a thin layer of the 
crystal to be compressed could be patterned  and 
overgrown by a thick layer of substrate material. In 
that case it will be compressed along all three axes.  
                         TABLE I 
  Calculated Bose-condensation temperature for epi-
taxially- compressed ionic crystals 
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LiF    Li6Cl 9.7 4700 0.784 
LiF    Li6Br 3.1 14200 0.732 
LiF    Li6I 3.3 13600 0.671 
NaF   Li6I 2.7 13100 0.772 
LiH   Li6Cl 510 86 0.793 
LiH    Li6Br 3.3 14500 0.741 
LiH   Li6I 2.4 13000 0.680 

B
in

di
ng

 e
ne

rg
y 

(e
V

) 

 
In order to reduce the layer/substrate lattice mismatch 
even further, both members of heteroepitaxial com-
position can be made from solid alloys. As an illus-
tration let us take the following example. In the Li6I / 
NaF system the lattice mismatch is about 22,8% 
(as/a=0.772). Admixing Li6F we get the solid solu-
tion (Li6I)1-x (Li6F)x. For x < 0,5 the electronic prop-
erties of the alloy will not, probably, differ substan-
tially from that of pure Li6I in a sense of wave func-
tion overlap between neighboring lithium ions. But 
the average distance between nearest- neighbor ions ( 
ac ) in the (Li6I)1-x (Li6F)x could be made much closer 
to that of the NaF substrate (as). As a result the dislo-
cation density in epilayer could be reduced. Due to 
Vegard’s law ac = (a(1-x) +xb), where b is the lattice 
constant of admixed Li6F, a is the lattice constant of 
Li6I. For x=0,3 we have ac=2,7042 , aÅ s/ac=0,9014. 
Under condition of equality of the lattice parameters 
of the compressed (Li6I)1-x (Li6F)x film and substrate, 
compressing (Li6I)0,7 (Li6F)0,3 by only 9%, we will 
compress the Li6I by 22,8%.!  Note also that ionic 
crystals can be compressed much more easily than 
semiconductors since their bulk moduli (B) are 
smaller (for example, BGe/BLiI ≈4.4). In any case, the 
pressures to be applied are in excess of 50 GPa.. It is, 
however, possible to reduce the magnitude of this 
pressure a few times. To this end it is sufficient to 
fabricate the heterostructures with less than 10% lat-

Fig, 4.  Binding energy as a function of distance between Li
and Br ions in the crystal (Ec) and in the molecule (Ui). 
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which are more easily realizable in 
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 example, one can consider a thin 
iBr substrate or thin layer of LiBr on 

It is possible to use (Li6I)x (Li6Br)1-x 
nd (Li6Br)x(Li6Cl)1-x instead of Li6Br. 
gy allows to obtain hydrostatic pres-
e 8-100 GPa only in very small vol-
ond anvils. For pressures less than 8 
 of the working chamber is almost 

efore, it is reasonable to try first to 
i6I/LiCl or (Li6I)1-x LiClx/LiCl. het-

l is a substrate) and then to subject it 
mpression with P<8 GPa. 

HNICAL APPLICATIONS 

that ionic superconductor is created. 
en is what can be done with that. 

uctivity has its own peculiarities. The 
e full range of differences between 
nic superconductivity must be post-
erimental validation. Some points, 
 mentioned. The usage of ionic su-
n direct current electrical circuits 
blematical, because one must be able 
e loss of ions at the one end of ionic 
and fight with their excess at the 
peculiarity can be used in advantage 
on of capacitors. The metal-ionic su-
etal structure forms the capacitance. 
agnitude of the capacitance will be 

ric field is concentrated in thin near-
(electrons from the metal can not 

ionic superconductor, whereas ions 
 are unable to diffuse into metal). The 
see any obstacles for the application 

onductors in alternating current cir-
quency alternating current can be 
tically lossless through transformer 
ugh the system composed from ionic 
with ohmic contacts, which can be 

 a saturated water solution of some 
LiI) involving Li6 ions. Ohmic con-

e made from pure Li6 metal since in 
6 ions could probably tunnel from the 
 superconductor and vice versa. A 

ade from ionic superconductor could 
 the bulky windings of electric gen-
ors. A cavity inside ionic supercon-
n ideal lossless cavity for ultra-high 
ations. When ionic Bose condensate 

 magnetic field the current is gener-
ses the penetration of the field deep 

ctor material and which persist after 
hed off. It is thus possible to generate 
agnetic fields on the premise that 

exists in ionic superconductors. 
tion I recollected a funny idea that 

ind some 15-20 years ago (at that 
 my friends wished to check it). An 

cribed as follows. If a spinning ring 
rconductor is stopped the charge car-

riers responsible for superconductivity keep on spin-
ning and generate magnetic field. In case of Bose 
particles remaining at rest during spinning the source 
of the magnetic field will be a rotating superconduc-
tor. In its turn the expulsion of magnetic field from 
superconductor volume  (Meissner effect) will make 
some amendments. For usual superconductors the 
topic can be developed in many directions – one can, 
for example, to spin the superconductor above critical 
temperature, next cool it down and only then to stop 
in order to see what magnetic field will be produced. 
All this is somewhat unusual but for the generation of 
ultra-high magnetic fields using ionic superconduc-
tors the idea has an added bonus because the ion 
number density in ionic superconductors is many 
orders of magnitude higher than that of Cooper’s 
pairs in traditional superconductors. Moreover, the 
magnetic field will, probably, be generated even if 
the Meissner effect is absent in ionic superconduc-
tors. 
              IV. DISCUSSION OF RESULTS 
 
 Below I am going to enlist some objections to my 
work  that have been received in discussions and cor-
respondence with different specialists adding short 
comments as to why the arguments appear not very 
convincing for the author. 
1. It can be argued that in ionic crystals there are no 
such things as positive or negative ions. The notion of 
ions is merely a simplification with unclear applica-
bility range. However, the measured conductivity of 
ionic crystals at room temperature is determined by 
ion movement through crystal vacancies and is of the 
order of 10-7-10-6 (Ohm cm)-1 at RT.  
 2. Some doubts are cast upon the possibility to make 
the effective mass of the ion many orders of magni-
tude smaller than its gravitational mass since in met-
als the electron effective mass is of the order of me.       
Similar doubts would probably come also to my mind 
before the work was started if I did not know that in 
several semiconductors the effective electron mass is 
much smaller than me (a factor of 20 in GaAs and a 
factor of 70 in InSb).  
3. Objection consists in that the relevance of tight-
binding approximation is called in question. 
In the situation when exact solution is impossible the 
appropriateness of any approximation could be tested 
only by experiment. It is known, however, that tight-
binding approximation gives qualitatively correct 
results in the calculations of electronic band structure 
for both metals and semiconductors. This approxima-
tion does not lead to errors in the order of magnitude 
of calculated values for electron and hole effective 
masses. And the smaller the magnitude of the overlap 
integral is, the better (more exact) the calculated re-
sults are. In considering the ionic crystals we have 
exactly the case of small overlap integrals when the 
size of compressed lattice constant is larger than 2rm 
(rm is the distance between ions in a molecule). How-
ever, even if the calculated effective mass of lithium 
ions is increased by a factor of 30-40, the Bose con-
densation temperature of Li ions in the crystals com-
pressed by 21-22% is greater than 300K. 
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For more exact solution of the problem it is necessary 
to find a periodic potential. Inserting this potential 
into Schrodinger equation and using plane wave 
method one can obtain the secular equation for exact 
dispersion  in single-ion approximation. To find )(kE

r

the lithium ion periodic potential in compressed crys-
tal it seems to be necessary to solve self-consistently 
the quantum mechanical problem for the crystal con-
taining sufficiently large number of molecules 
(greater than 100x100x100). As a preliminary, a 
complete system of lithium ion molecular wave func-
tions must be constructed and a method similar to 
that of Hartree-Fock is to be used. In contrast to HF, 
however, the solution must be represented not as the 
Slater determinant, but as a sum of the products  for 
different permutations of the lithium ion molecular 
wave functions. The problem at hand is far from be-
ing simple and even if somebody will be able to get a 
solution it is unlikely to enjoy more confidence than 
estimates obtained in the present work. 
  4. For some readers it seems that in order to get the 
useful result the pressures required should provide 
the sufficient overlap of lithium nuclei wave func-
tions. These pressures are orders of magnitude 
higher than those presented in my work. 
The argument is relevant if we compress pure Li6. 
But for compression of ionic crystals the situation is 
different. In a molecule composed from lithium and 
halogen the wave function of lithium ion have a 
maximum near the surface of the sphere with radius 
rm. Beyond this distance the wave function is sharply 
diminished. Consequently, upon crystal compression 
the surfaces of neighboring spheres come close to-
gether and overlap integral steeply increases during 
compression as long as the distance between oppo-
sitely charges ions in crystal lattice is grater than cor-
responding distance in a molecule (rm). When the 
distances mentioned above become equal the spheres 
are in touch and further compression does not lead to 
substantial increase of the overlap integral. Numeri-
cal results for the lithium ion effective mass (which is 
inversely proportional to the overlap integral) con-
firm this conclusion. These results can be interpreted 
qualitatively if one notes that in undeformed crystals 
the binding energy of ion in the crystal is lower than 
corresponding binding energy of ion in a molecule. 
Consequently, lithium ions occupy lattice sites. But 
already in crystals compressed by 18-20% the bind-
ing energy of ion in the crystal becomes greater than 
that in a molecule. Due to disappearance of potential 
barrier the lithium ions can now move through the 
crystal.1  
5. For some people it seems that reasonable results 
could be obtained only if correlational interaction 
between lithium ions is taken into account. Their ar-
                                                 
1For example, it has been reported in [6] that in Na halides 
the type of crystal structure changes from NaCl to CsCl in 
the pressure range of 20-30 GPa.. If similar structural 
changes do occur in Li halides then ion movements in crys-
tals is possible at least in the conditions of structural trans-
formation and ionic superconductivity should probably be 
looked for at these conditions. 
 

gument goes as follows. Since lithium ion is firmly 
sitting in the lattice site of ionic crystal and do not 
allow to occupy this site by other lithium ions then 
correlational effects must be accounted for. 
In my opinion it is not necessary. The fact that lith-
ium ions arrange themselves over crystal lattice sites 
is already accounted for by the potential used in the 
calculations. The potential is specifically constructed 
to agree with observed lattice parameter, elastic prop-
erties, dissociation energy and molecular size. The 
fact that ion occupy the lattice site means only the 
high probability to find it in that place. The notion of 
lattice site for Li6 ions in compressed crystals can 
become meaningless. The binding energy of Li ion at 
the site can be easily calculated. As long as this en-
ergy is lower than binding energy of the ion in a 
molecule the ions can be thought of as occupying 
lattice sites. In opposite case, which is realized al-
ready at 18-20% compression, the potential reach a 
minimum value not at a point but on the surface simi-
lar to spherical surface in a molecule. 
         At present it is difficult to state with any cer-
tainty about the technical possibility for the fabrica-
tion of the proposed heterostructures since the author 
is unaware of any experiments on epitaxial growth of 
very thin lithium halogenides films on ionic crystals 
substrates. Published experiments with other ionic 
materials [5] have shown that pseudomorphic films 
(several monolayers thick) can be produced for 
layer/substrate mismatch up to 10%.It is hoped that 
using solid alloys between LiI (or LiBr) and other 
ionic compounds in order to reduce their misfit with 
corresponding substrates can lead to success espe-
cially if one takes into account a very high com-
pressibility (almost record-high among binary chemi-
cal compounds) of LiI. It is quite possible that for the 
fabrication of materials with high temperature ionic 
superconductivity a combination of epitaxy and hy-
drostatic compression will be required. 
As can be seen from Figure 3 very high pressures (> 
50 GPa) are required in order to compress bulk crys-
tals. In real experiments at such a high pressures a 
substantial disordering of crystalline structure is al-
ways observed. And one can suspect that due to ava-
lanche growth of lattice irregularities at very high 
pressures the crystal lattice as a periodic ansemble 
cease to exist.  
Heterostructures could be a remedy in that respect.  
To obtain the necessary compression in a heterostruc-
ture (for example in LiI/LiBr with ~9% misfit) the 
pressures required are several times lower than 50 
GPa, which must be applied for bulk LiI. The use of 
perfect substrates and growth of dislocation –free 
pseudomorphic layers can be regarded as additional 
factors for preservation of crystalline order upon sub-
sequent compression. 
  It may be of interest to consider a natural question: 
“Why the wave-like ionic conductivity is absent in 
common ionic crystals?” Let's consider for an exam-
ple Li7I crystal.  Since there is spin - degeneracy for 
Li7 ions the number of available states in ionic va-
lence band must be much higher than ion number 
density. The absence of wave-like ionic conductivity 
19
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is then possible only if the spin-degeneracy is some 
how removed. It is easy to see , however, that only 
one spin state is energetically favorable for ions in 
ionic crystals. Indeed, in Heisenberg approximation 
(used in treatments of ferromagnetism) it has been 
shown that for a system consisting of two atoms or 
ions the energy change due to spin moment reversal 
is given by 

r r
 where U  is the ex-2 ( )exc i jU A S= − S exc

change energy and S , i
r

jS
r

 are the spin moments of 

interacting atoms.  All known calculations of ex-
change integral (A) indicate that it has a positive sign 
(the only exception being exchange interaction be-
tween the atoms with incompletely filled internal 
electronic shells) and the magnitude of A is about 
several eV. Under these circumstances the antiparal-
lel spin orientation of lithium and halogen ions will 
provide the minimum of the system energy and the 
difference of exchange energy due to spin change by 
1 for any ion in the pair will be   

kTSSASSA jiji >>−− )1(22
rrrr

   Then all lithium ions 
in the crystal (or it’s part) are forced to have the same 
spin value, corresponding to the minimum of system 
energy. That is almost equivalent to completely filled 
ionic valence band. In our opinion, this is a reason for 
absence of wave-like ionic conductivity in common 
ionic crystals. Another reason, however, can be a 
small ionic wave function overlap in those crystals. 

          V. CONCLUSION 

It is far from being clear to what extent the 
band-structure theory can be applied to the ions in 
ionic crystals. As to electrons, the theory already has 
a multiple experimental confirmations. Unfortu-

nately, for ions there is presently no experimental 
facts supporting or denying its applicability, simply 
because it is impossible to study magnetic and elec-
trical properties of any substance at 10-40 K. It seems 
also that nobody has ever compressed ionic crystals 
with lithium isotope by 20% and more. only experi-
ment is able to definitively answer the question about 
the adequacy of our calculations to reality. The au-
thor hopes that some of the readers will be conduc-
tive in doing experiments and discovering ionic su-
perconductivity. Some additional information con-
cerning ionic superconductivity can be found on the 
site www.v-ioffe.ru. 
      The author should like to express his sincere 
thanks to Maksutov A.I., Korenev A.G., Startsev A.I. 
and especially to Dr. Chikichev S.I. for their help in 
my work. 
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