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The relation between the critical temperature and

atomic distance for various superconductors are

studies. It is found that these described by some

descrete functions, where the parameter is correlated

to the atomic electron orbit of the superconductors.

From those emperical functions, an upper limit of the

critical temperature is estimated at 310 K for any

superconductor.

-In-this paper the relation betweeti the critical

temperature (Tc ) of the superconductive material and its atomic

distance (a) has been systematically studied, where the atomic

distance is defined as the lattice constant a of a crystal.

Recently a number of high-temperature superconducting

CuO-compounds have been discovered [1]. Including these data,

an extensive study was done for varous superconductive

compounds and elements. According to the theory of Bardeen,

Cooper and Schrieffer [2], Tc is connected exponentially to the

density of states on the Fermi surface and to the interaction

parameter a~sociated with electrons lying close to the surface.

In the present analysis, the exponential function is rearranged

by using the atomic distance as a variable.

There have been found many superconducting materials; the

pure elements (AI, Pb, ets.), the compounds (NbN, Ti3Sb, etc.),
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layered oxide compounds (YBaCuO, TIBaCaCuO, etc.) and the

organic compound. We first discuss the data first for pure

element materials [3]. The plot of the measured critical

temperature Tc versus the atomic distance a for various

elements is given in Fig.l. Table I shows data for the

following elements ; AI, ~-La, Ir, Pb, a-Th, V, Nb, Mo, Ta, Ti,

Zn, Zr, Tc, Ru, Cd, Hf, Lu, Re, Os, TI, a-La, In, a-Hg, Ga~ a-u

and ~-Hg. If we fit these data with an exponential function,

different parameters would be necessary for each group of data.

We tried to fit the data with Tc = Toexp(-aRQ/(2V+l)), V = 0, 1,

2, 3, ... , where TO and RO are the parameters to be determined for

the data. The parameter are obtained as TO = 310 K, Ro = 6.87

A-I and 5.53 A-I with fitting of these experimental data. There

are two groups for the Ro values. Those group are possibly

corresponding to the electron and the hole carrier

superconductors and the parameter V could be related to the

orbital anglar momentum quantum number. This form represents

the overlap integration function of valenced electron in the

chemical bond. According to the discrete phenomena, it is

conjectured that many atomic electron orbits are combined

coherently in the low temperature. Then electron pair can pass

through without resistance in the coherently combined atomic

electron orbit. From Fermi energy EF' the coherent length

could be estimated as hc/EF = 10-6 m. From the relation, also

we can deduce another important result, which is the upper

limit of the critical temperature in superconductivity to 310

K.
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For the compound,the binary compound materials (TiFe,

NbOs, Nb3Al, NbC, MgRh, etc. [3]) are only used to determined

definetly the atomic distance. There are no apparent

correlation between Tc and a, because their relation should be

given by some combination of the different elements which

constitute the compound. But if we attend the abundance of the

supercondactor with nearest interatomic distance, relative

number of superconductor corne to gather around 3, 4, 5 and 6 A.

In Fig.2 is plotted the number of superconductors and normal

conductors [4] as a function of the nearest interatomic

distance in crystal. As shown in Fig.2 there is a big

differences between the distributions for the superconductive

(a) and normal material (b) . It illustrates that there are

some stable points in the atomic distance for the

superconductor.

In the high temperature superconductor, it is considered

that the CuO layer plays the fundamental role for a mechanism

of superconductivity. So the critical temperature Tc is plotted

as a function of the atomic distance a between Cu and ° atoms,

as shown in Fig.1. The data for high Tc superconductors,

NdCeCuO, NdSrCeCuO, BaLaCuO, PbSrLaCuo, YBaCuO, BiCaSrCuO and

TlCaBaCuO [1,5], are given in Table II. The data points lie

close to the predicted lines in spite of a combination of

different atoms. The critical temperature Tc become higher due

to short atomic distances compared to the pure element

superconductors.
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In the fitting, there are some problems. For some

elements (Be, W, etc.), the Tc are largely deviated from the

predicted lines. It is neccessary to measure more precise

value. As described above, the atomic orbits in the compound

is bound with different states. Therefore it is neccessary to

study the more detailed. Also for the high temperature

superconducting material, we must study which

atoms in the compound participate to the mechanism of super­

conductivity in more detailed.

To make progress in the understanding of high Tc

superconductivity, we assume that the critical energy Ec , which

is give by kTc is proportional to the atomic overlap of the

orbital electron density. We can obtain relations as follow.

From the fitting, we can calculate the energy

Ec = kTc = kTO exp[-(6.87a)/(2v+l)],

where k is the Boltzmann constant and a is the atomic distance.

In the calculation of the atomic electron orbits, the energy of

resonance integral between atoms is given by the Pariser's

equation [6]

E ..., f (<j}*H<p>dv ..., A exp [-aD] ,

where His Hamiltonian of the electron, $ is the electron wave

function, and 0 is a constant. If the quantum states of the

electrons are considered, the constant D could be a function of

some quantum number for the electron orbit. In the molecular

orbital method, there is a relation that the overlap integral

is propotional to the resonance integral [7]. Therefore, from

the above point of view, the superconductivity may be connected
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to electrons which play an important role in the overlap

integral.

In conclusion, there is a discre~e correlation in the

relation between the superconducting critical temperature Tc

and atomic distance a for pure element superconductors. These

relations are represented by a simple equation;

Tc = 310 exp(-aRO/(2V+l»,

where RO = 6.87 and 5.53 A-l, and V = 0, 1, 2, .... There are

the other important results. (1) At the limit of a = 0, the

upper limit of the critical temperature Tc is estimated at 310

K. (2) The elements( Li, Na, K, Rb, Cs ,Cu, Ag and Au ) which

belong to the group I in periodic table of the elements, have

one s-state electron on the closed shells. If the s-state

corresponds to V= 0, their critical temperature is estimated at

- 10-5 K. (3) The isotope effect in the superconductivity could

be caused by a change of the atomi9 distance. (4) The high Tc

material could be produced by making the atomic distance short

under the condition that the electrons are coherently bound in

the same quantum electron orbits. (5) There are some stable

points atth~ atomic distanc in a crystal for the

supercondllctor.
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Table I . Critical temperature (Tc ) and atomic distance (a) date
of superconducting elements

Element Critical Atomic Structure
temperature Tc (K) distance a (1\) type

A1 1.175 4.05 A1-Cu
Ir 0.1125 3.84 AI-Cu

J3-La 6.00 5.30 AI-Cu
Pa 1.4 3.93 A1-Cu
Pb 7.196 4.95 AI-Cu
a-Th 1.38 5.08 AI-Cu
Mo 0.91 3.15 A2-W
Nb 9.25 3.30 A2-W
Ta 4.47 3.31 A2-W
V 5.40 3.04 A2-W
W 0.0154 3.17 A2-W
Be 0.026 2.29 A3-Mg
Cd 0.517 2.98 A3-Mg
Hf 0.128 3.20 A3-Mg
Lu 0.10 3.50 A3-Mg
as 0.66 2.73 A3-Mg
Re 1.697 2.76 A3-Mg
Ru 0.49 2.70 A3-Mg
Tc 7.80 2.74 A3-Mg
Ti 0.40 2.95 A3-Mg
Tl 2.38 3.45 A3-Mg
Zn 0.85 2.66 A3-Mg
Zr 0.61 3.23 A3-Mg
a-La 4.88 3.77 A3'-La

J3-sn 3.722 5.83 A5-Sn
In 3.408 3.25 A6-In
a-Hg 4.154 3.46 AI0-Hg

J3-Hg 3.949 4.00 A10
Ga 1.083 4.52 AI1-Ga
a-u 0.68-0.7 2.85 A20-U
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Table II. Critical temperature (Tc ) and Cu-O interdistance
data of high Tc superconductors

Superconductor

,
BiSrCuO
NdCeCuO
NdSrCeCuO
LaBaCuO
PbSrYCaCuO
YBaCuO
BiAlCaCuO
BiSrCaCuO
TlCaBaCuO
BiCaSrCuO

Critical
temperature (K)

22
24
28
30
64
91

114
105
120
120
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Interdistance
of Cu-o (A)

( 1 . 9)
1.93
1.92
1.89
1.9
1.94
1.95
1.92
1.92-1.99
(1 • 9)



10:3

Tc (K)

987

1. NdCeCuO
2. NdSrCeCuO

3. LoBoCuO

4.PbSrYCaCuO
5. BoYCuO
6. BiSrCaCuO

7. TlBoCaCuO

65

310exp(-Roa/(2v+1))

Ro 6.87 A-1

------- Ro - 5.53 A-1

4

Tc

321

1

10

o
a (A)

1) The- critical temperature Tc(K) versus atomic distance a(A)

in the elements [ 0 ] and the predicted lines that obtained

by RO = 6.87 A-I (---) and 5.53 A-I (- - ~). Also there are

the data of high temperature superconductor [0).
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2) .The relative number of superconductor (a) and normal

conductor (b) versus the nearest interatomic distance.
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