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ABSTRACT
In the n*(p*) — p(n) InSb1—xPx- crystalline alloy, 0 < x < 1, all the

numerical results of electrical-and- thermoelectric coefficients,

*Corresponding Author obtained in our previous work (Van Cong, 2018; Van Cong et al.,

Prof. Dr. Huynh Van C . . :
e Bn IR ey 1984), are now revised and performed, by basing on our basic

Université De Perpignan

Via Domitia, Laboratoire expressions, given Equations (1, 3, 5, 7, 11, 14, 19). Some remarkable

De Mathématiques et results could be cited in the following. In Tables 5n (5p) given

Physique (LAMPS), EA Appendix 1, for a given impurity density N and with increasing

4217, Département De temperature T, and then in Tables 6n (6p) given Appendix 1, for a

Physique, 52, Avenue Paul

Alduy, F-66 860 Perpignan,
e decreases, and other thermoelectric coefficients are in variations, as

given T and with decreasing N, the reduced Fermi-energy &n (p)

indicated by the arrows as: (increase: #, decrease: \). Further, one

notes in these Tables that with increasing T (or with decreasing N) one

obtains: (i) for &n (p) =~ 1.8138, while the numerical results of the See beck coefficient S

present a same minimum (S) min. (= —1.563 x 10’4%), those of the figure of merit ZT
show a same maximum (ZT) max. = 1, (ii) for &n (p) = 1, S, ZT, the Mott figure of

merit (ZT) Mott, the Van-Cong coefficient VC, and the Thomson coefficient Ts present

y

the same results: —1.322 x 10°*¥, 0.715, 3.290, ~1.105 x 10°*%, and 1657 x 10 %,
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respectively, and (iii) for & N =~ 1.8138, (ZT) Mott = 1. It seems that these same results

could represent a new law in the thermoelectric properties, obtained in the degenerate case.

KEYWORDS: Electrical conductivity, Seebeck coefficient, Figure of merit, Van-Cong
coefficient, Thomson coefficient, Peltier coefficient.

INTRODUCTION

In the n*(p*) — p(n) X(x) = InSb1—xPx - crystalline alloy, 0 <x < 1, all the numerical
results of electrical-and-thermoelectric coefficients, obtained in our previous work (Van
Cong, 2018; Van Cong et al.,1984), are now revised and performed, by basing on our
following basic expressions (Van Cong, 1980 and 2024; Van Cong and Debiais, 1993; Van
Cong and Doan Khanh, 1992).

(1) The effective extrinsic static dielectric constant law, &(ry,, X), due to the impurity size

effect, is determined in Eq. (1).
(2) The generalized Mott criterium in the metal-insulator transition is expressed in Equations

(3, 5, 6), showing that N¢p,cpp) IS just the density of electrons (holes) localized in the

exponential conduction (valence)-band tail, Nebaosr with a precision of the order of 2.

86 x 107, as given in our recent work (Van Cong, 2024), and the effective electron
(hole)-density: N* = N — Ngpyeppy = N — NBweowr, as that observed in the compensated
crystals.

(3) The ratio of the inverse effective screening length ksn (sp) to Fermi wave number

Kengepy at OK, R (N*), defined in Eq. (7), is valid at any density N*,

sn(sp)

(4) The Fermi energy for any N and T, Egnp), determined in Eq. (11) with a precision of the
order of 2.11 x 10~ (Van Cong, 1993), and it is present in all the expressions of
electrical-and-thermoelectric coefficients.

(5) Our expressions for the electrical conductivity, o, and for the Seebeck coefficient,
S, determined respectively in Equations (14, 19) are the basic expressions for

determining the following electrical-and- thermoelectric coefficients.

OUR STATIC DIELECTRIC CONSTANT LAW-AND-GENERALIZED MOTT
CRITERIUM IN THE METAL-INSULATOR TRANSITION
First of all, in the n*(p*) — p(n) X(x) = InSb1—xPx - crystalline alloy at T=0K, we denote

the donor (acceptor) d(a) -radius by r,, the corresponding intrinsic one by: ry,., = rSp(In),
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the unperturbed relative effective electron (hole) mass in conduction (valence) bands by:

mc(v) (XYMo, the unperturbed relative static dielectric constant by: eo(x). Then, their values

are reported in Table 1 in Appendix 1.

Therefore, we can define the effective donor (acceptor)-ionization energy in absolute values

13600 X [myy vy () /my]

Edoqao)(x) =
as: (291 meV, and then, the isothermal bulk modulus, by:

Edo(ao)( .‘()

Bdo(ao ) (X) - (%)X(l'do(ao))g

Effect of Impurity ry, -size, with a given x
Here, the changes in all the energy-band-structure parameters, expressed in terms of the
effective relative dielectric constant ¢ (y,, X), developed as follows.

At Iy = Tgo@o) the needed boundary conditions are found to be, for the impurity-atom

volume V = G/3) % (faw) " Vaowo) = (47/3) < (faciae)” (for the pressure p, po = 0, and for the
deformation potential energy (or the strain energy) a, g = 0. Further, the two important

equations (Van Cong, 1984 and 2018) used to determine the a -variation, Aa = a —a, = a,

. giving: —( %)= g. Then, by an integration, one gets:

are defined by: ———V and p=— v aviav

dv

v 3
20 >- Eda(aoj{x) [ d(a} — 1] % In (ﬁ) =0

[ﬂﬂf{rd(aj:x)] n(p) -Bao ao) B o-Vao oy ,dnm} Fao(ac)
Furthermore, we also shown that, as ryn) > T'ag(ao) (Tage) < Tdogeo)), the compression
(dilatation) gives rise to the increase (the decrease) in the energy gap Egn(gpj{rd(a),x), and the

effective donor (acceptor)-ionization energy Ed(aj(rd(a),x) in absolute values, obtained in the

effective Bohr model, which is represented respectively by: + [ﬂa(rd(a],x)]n(pj,

( 20(x) )2_ -
e(rg(a))

n(p) )

Egno(gpo]{:rd(aj!x) - Ego {X) = Ed(aj {:rd(aj!x) - Edo(aaj {X) = Eda(aoj {X} X
+ [ﬂu(rd(ajrx)}

for rd(aj = I‘dataoj, and for rd(aj = I‘dataaj,

2
2o(x)
Egno(gpo]{:rd(aj!x) Ego {X) Ed(aj {:rd(aj!x) Edo(aaj{x) Eda(aoj{x) I ° ) - 1] =

e(rg(a))
[ﬂu(rd (a)’ x)}n(m
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Therefore, one obtains the expressions for relative dielectric constant & (ry,, X) and

energy band gap Esnee (Fae %) ag;
£ (%)

r 2 r .3
(rﬂ:gl)) ‘1])‘1“(rag$i.).)

i ) i ) ) e o V3
Egnoapo) (Taga) %) — Ega(®) = Eaay(Tagay ¥) — Edogasy () = Edo(ac) (%) X [(L) - 1] X In (L) =0, (1a)

Tdo(ao). Tdo(ao)

< £,(x), being a new £(Tg(,), X)-law,

(i)-for rq(a) = Tgo(ac)> since £(rgpy), X)= [
[1+
\

According to the increase in both E g (), X) and Eyg, (rge, X), with increasing ry,, and for

a given x, and

Eo(x)

(i))-for rga) = Tqo(ao). since £(Igea), X)=— = = g,(x), with a condition, given by:

I [( Fa@ \* Ta \*
Jl ’(rdo(au).) 1 ><ln("clo(acu‘].)
Tda)

3 3
Ta@ ) _ @ ) ; i
[(l'do(ao)) 1] X In (rﬂotau)) < 1. being a new £(rq(a), X)-law,

) ) . ) 3 3
Egnoapo) (Td(a) X) — Ego(®) = Eqga) (Tata), ) — Edotan) () = —Edo(ae) (x) X [(r;:z:;]) - 1] xIn (,;:722)) =0. (1b)

Corresponding to the decrease in both Ey, ) (Fy, X) and By (rge), X), With decreasing ry,

and for a given x; therefore, the effective Bohr radius ag, g, (ryc), X) is defined by

g(r x)xh? _ £(r X
L)z — 0.53 x 1078 cm x S8@%)
M) (X Xmoxq - @)

aBn(Bp)(rd(a)'X) =
Generalized Mott Criterium in the Metal-Insulator Transition
Furthermore, it is interesting to remark that the critical total donor (acceptor)-density in the

metal-insulator transition (MIT) at T=0 K, N¢p,npp (fye, X)>» was given by the Mott’s

criterium, with an empirical parameter, M, as:

1 )
NCDn(CDp)(rd(a)JX) /3 x aBu(Bp)(.rd(a)JX) = Mn(p)- Mn(p) = 0.25,

©)

Depending thus on our new &(ryg, X)-law.

This excellent one can be explained from the definition of the reduced effective Wigner-

Seitz (WS) radius r characteristic of interactions, by:

sn(sp)

Fontopy (N Tae) %) = (i)l/g X 11723 % 10° x (1)1/3 X

4N aen(Bp)(ra(a)x) N

M) (X) XM

E(l'd(a]:x} ) (4)

Being equal to, in particular, at N= NCDn(CDp) (rd(a), X)Z Fsn(sp) (NCDn(CDp) (rd(a), X), Fd(a), X) =
2.4813963, for any (rd(a), X) - values. Then, from Eg. (4), one also has:

1
1 3\z 1
Neon(opp) (Faa) ¥) /3 X agn(p) (fa) X) = (_)3 X Zas13063 ~ 025 = (WS)ag) = Magp)

4t

(®)
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Explaining thus the existance of the Mott’s criterium

Furthermore, by using M_ ., = 0.25, according to the empirical Heisenberg parameter

n(p) n(p)

= 0.47137, as those given in our previous work (Van Cong, 2024), we have also showed

that Nepncpp 1S just the density of electrons (holes) localized in the exponential

conduction (valence)-band tail, NEEE(CD.”, with a precision of the order of 2.86 x 10 7.

It should be noted that the values of M, and #{,, could be chosen so that those of

EBT - - - -
Necpn(cpp) @nd Neon(eor) are in good agreement with their experimental results.

Therefore, the density of electrons (holes) given in parabolic conduction (valence) bands can

be defined, as that given in compensated materials, by:

N*(N,rq(a) X) = N = Nepninop) (Taca) X)= N for a presentation simplicity. (6)
In summary, as observed in Table 1 of our previous paper (Van Cong, 2024), one remarks
that, for a given x and an increasing rya), &(rd), X) decreases, while Egnogpoy (Fa), X),

Nconnop) (Fda), X) and Neon(cop) (rd(a). X) increase, affecting strongly all the physical

properties, as those observed in following Sections.

PHYSICAL MODEL
In the n* (p*) — p(n) X(x) = InSb1—xPx - crystalline alloy, if denoting the Fermi wave

3N

8vtv>) the reduced effective Wigner-Seitz (WS) radius fsnsp),

an(Fp)(N_) = (

characteristic of interactions, being given in Eq. (4), in which N is replaced by N#, is now

number by:

- - k;l}l Fp)
J(NY) = —En(Fp) - 1.
) aBn(Bp)

defined by: ! fentsp

“13 Here. y = (4/9m)1/3 Kz}

Being proportional to N (Fe) means the averaged distance between

ionized donors (acceptors), and ag, g, (rd(a), x) is determined in Eq. (2). Then, the ratio
of the inverse effective screening length ksn(sp) to Fermi wave number kg, at 0 K is

defined by:

Y ksn(sp) Eé(Fp) -r -
Rsn(sp)(N*) = =71 = RsuWS(spWS) + [RsnTF(:spTF) - RsuWS(spWS)]e fsnsp) < 1,
kFU(FPJ ksn(sp}

(7)

Being valid at any N*
Here, these ratios, Ry rrsyrr @Nd Ryywsspws) €an be determined as follows. First, for N >

WwWw.wjert.org 1SO 9001: 2015 Certified Journal 94




Cong. World Journal of Engineering Research and Technology

Neonnop) (Fd(a), X) , according to the Thomas-Fermi (TF)-approximation, the ratio

Ranrreprr) (N7) is reduced to
N KsnTE(spTE) kl:IJi[F]J) 4yTsn(sp)
R (NY) == = — = B < 1,
snTF(spTF)\!Y . Ken(rp) kSI%TF[SpTF) -

-1/6

(8)

Being proportional to N*

Secondly, for N&Ncpynpp (fg@) according to the  Wigner-Seitz  (WS)-

approximation, the ratio RS"WS"WS) js respectively reduced to

; Ksn(sp)ws ( 3 a[rZy sp)*Ece )]
Ren N*) == — 05 x |2 — p—SRGRCE 1)
sn(sp)WS( ) Ken i 4 drsnsp)

©)

Where E.¢ (N*) is the majority-carrier correlation energy (CE), being determined by (Van
Cong, 2018):

0.87553 L (2[1—In(2)] -y
P, 0-0908+rsnc;sp3'( = )X]n(lsn(_sp)_} 0.093288

0.0908+Tsn(sp) 1+0.03847728xrL67378876

sn(sp)

Ecg(NY) =

Furthermore, in the highly degenerate case, the physical conditions are found to be given
by (Van Cong, 2018)

Ky T : ke o
FO(Fp) _ Inp 1 < Fn(Fp_]_R V2nN* 2),71/2

2lra) 4 Fonisp)-

- - — ey << LT N*) =
2Bn(Bp) Efno(Fpo) Anp) ksr%(sp) sn(sp) ]n(p)(

(10)
EFnO[:FpD)(N*)
Which gives: Anp) (N*) = Me®)

FERMI ENERGY AND FERMI-DIRAC DISTRIBUTION FUNCTION

Fermi Energy and generalized Einstein relation

Here, for a presentation simplicity, we change all the sign of various parameters, given in
the p* — X(x) - crystalline alloy in order to obtain the same one, as given in the n* — X(x)-

crystalline alloy, according to the reduced Fermi energy,

E (Nrg(a)xT) :
Fn(Fp) N Td(a).X > 0({ 0)

e N, rgea), % T) = . . .
) (N Tago %) kgT " obtained respectively in the degenerate (non-

degenerate) case.
For any (N, ryq, X, T), the reduced Fermi energy &, (N, Iy, X, T) or the Fermi energy Ernep)

(N, ry@, X, T), obtained in our previous paper (Van Cong and Debiais, 1993), obtained

with a precision of the order of 2.11 x 107, is found to be given by:
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EFnF y () G(11)+AUBF(11) V{u)
By (W) = o2 AT = e A= 0.0005372 and B = 4.82842262, (11)
-
: : N, g% T) = ———— | Neo(T,%) = 28 X
Where u is the reduced electron density, " e@-* D =005+ New (T3 = 28ew)
(7]%[")[’2;:;)(}(BT)E (em™®), goyy = LF(0) = alﬁ(l +bu =+ cui) fla= [3Vr/4] 2/3 ( )

62.3739855
oz ()

V27

3
and G(u) ~ Ln(u) + 272 xux e” 4 4 = 23/2 [,L_f%] > 0.

So, in the non-degenerate case (U « 1), one has: Eg, (u) = kgT x G(u) = KkgT x Ln(u) as

u — 0, the limiting condition, and in the very degenerate case (u > 1), one gets:
’E - hzxkf_-n(l:pj(N')

2 4 a
kgTxauz{l+buz+cus
B ( + + ) 2xmeyy(x)xmg 9§ YU —> 0

Erngp (U > 1) = KgT x F(u) = , the

_ Erngp)

limiting condition. In other words, Su» ="t js accurate, and it also verifies the correct

limiting conditions. In the following, it will be present in all the electrical-and-

thermoelectric coefficients.

In particular, at T=O0K, since u' = 0, Eg. (11) is reduced to:
thk%n(Fp)(:N*)

Efnor N*) =
Fo(epo) (V') 2xmev)(*)XMo haing proportional to (N*)

25 and also equal to 0, according

to the MIT. In the following, it should be noted that such the accurate expression of &, (N,

rd@. X 1) is present in all the following electrical-and-thermoelectric.

FERMI-DIRAC DISTRIBUTION FUNCTION (FDDF)

The Fermi-Dirac distribution function (FDDF) is given by: (E) = (1 + e")!, y = (E —
Ernep)/(KgT). So, the average of EP, calculated using the FDDF-method, as developed in
our previous work (Van Cong, 2018) is found to be given by:

df 1 eY

. p ~ 00
(EP)eppr = Gp(.EFn(Fp)) X Epn(pp) = J_oo EP X (__) dE. T 3E RB_T X (1+e¥)2"

Further, one notes that, at 0 K, ~ 3 = 8(E ~ Erso(sze)) . 8(E ~ Eraorpe)) being the Dirac delta (8)-
function. Therefore, Gy (EFno (Fpo)) =1.

Then, at low T, by a variable change y = (E—Er(Fp))/(ksT), one has:

-p o e¥ _ i B
GP(EFH(:FP)) =1+ EFn(Fp) x -[—oo (1+eY)2 (kBTY + Epa FP)) dy =1+ Eu 12 X (kBT)ﬁ X EFn(Fp)

JO

I, where CE =p(p—1)..(p— B+ 1)/p! and the integral I is given by:
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w  yPxe¥ oo vB
=" 2 dy=[ ———
B - 2 —co 24 —v/2)2 . .
(1teh) (e¥2+e%)" dy vanishing for old values of . Then, for even values of

w y2xe¥

. N T
B=2n, with n=1, 2 one obtains: " I TRy,

Now, using an identity(1 +e¥)7 = T (-1 s x eY(s_i)', a variable change: sy = —t, the

“tdt=T(2n+ 1) = (2n)!

- @ 2n . . .
Gamma function: Jo £ e and also the definition of the Riemann’s

2n) = 22" 1x21|B,,|/(2n)!. By,

zeta function; being the Bernoulli numbers, one finally gets: I,

= (2°"-2) x 1™ x |B,y|. So, from Eq. (22), we get in the degenerate case the following ratio:

__ {EP)FDDF p(p—1)..(p—2n+1) . .
Gy (Erngep)) = . =1+ EE:lT X (227 = 2) X |Byy| X y** = Gpzq (¥).
n(Fp

(12)

1 leBT

Where Y Eﬂi:p)(N*'T) B EFn(Fp)(N*-T)I

Then, some usual results of Gp>1(y) are given in Table 2 in Appendix 1, being important

ones in this work.

ELECTRICAL-AND-THERMOELECTRIC PROPERTIES

Here, if denoting, for majority electrons (holes), the electrical conductivity by o (N, rqeq), X,

w

T), expressed in ohm—1xcm—1, the thermal conductivity by k(N, rge), X, T), expressed in cmxx

Wxohm

2
L= (%) = 24429637 (*2Z) = 24429637 x 107 (V2 X K™2)

and Lorenz number L by:

K

then the well-known Wiedemann-Frank law states that the ratio, < is proportional to the

temperature T(K), as:

K(N'rd(a)Jx'T) _ L % T
G(Nrg()xT) ’ (13)

We now determine the general form of o in the following.

hZxk2

Ep=——"—
First, it is expressed in terms of the kinetic energy of the electron (hole), K 2xmenepme’ o

the wave number Kk, as:

. 12
o) = L5 £ [k x agyap] X (i)

mxh kSI’l(S]J] iy

Which is thus proportional to E,2.

nkgT -

. 2 — S 2 —(- 2y .
Then, for E>0, we obtain: (E")epor = G2 (v = =) X Egy(pp). and G=(1+%) = Go(Nrgepx .
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withy = —, = N,y % T . . .. .
Y= Gy ) Sn) (N Taco ) for a presentation simplicity. Therefore, one obtains:

kpnerp)(N*)
0N T) = [0 X EE s e ) (N°) X g ()] X Ao (V)] [G (N, £y T) X

EFn{Fp](l‘l-l‘ri[a)"‘:r))2 1 ¢ v 10-5 -1 " _EFno(Fpo)(N*)
( Erno(rpo)(N') (o)~ = 77480735 X 10 b Angp) (V') = ) ™) (14)

P(N,142), % T) = 1/6(N,14(5), % T)

Which also determine the resistivity as:, noting that N*= N —

Nconnop) (fa@), X). This o(N, ra@), x, T)-result is an essential one in this paper. In Eq. (14),

one notes that at T= 0 K, o(N, rq@, X, T = OK) is proportional to Erworeo) OF t0 N, Thus, o(N =

Nconop), fd@), X, T = 0K) = 0 at N* = 0, at which the metal-insulator transition (MIT) occurs.

Electrical Coefficients

The relaxation time 7 is related to o by:

mcw]{x}xmo

q2xN*

T(N,rg(a), % T) = 6(N, 14, % T) X
d(a) 4@ Therefore, the mobility p is given by:

qXT(N,rd(aJ,x,T) - G(N,rd{_a).&T:} (‘_11‘12

Here, at T = OK, p (N*, rqm, T) is thus proportional to (N*)', since o(N*, ry@, T = OK) is
proportional to (N*)*3. Thus, u (N* = 0, rg@, T = OK) = 0 at N* = 0, at which the metal-
insulator transition (MIT) occurs. Then, since t and ¢ are both proportional to Egyep) (N*, T)Z,

as given above, the Hall factor can thus be determined by:

: (**)rDDF Ga(y) T mkpT
Nr “dla)r !T = == - - - - = .
(N ro), % ) {t)rpprF]? (G2 (V)]? G MN@*T)  EmEn(Na@*T) o0y therefore
the Hall mobility yields:
cm?
B (N g 5 T) = p(Nrg(q), x T) X rg (N T (555 (16)

noting that, at T = OK, since ry(N, rq@, X, T) = 1, one then gets at N = Nconop): HH(N, rd@), X,
T) = p(N, rq@, X, T) = 0 at N* = 0, at which the metal-insulator transition (MIT) occurs.

Finally, our generalized Einstein relation is found to be defined (Van Cong, 1980) as:

D(.N,l‘d(a).x,T;) _ N_* % dEFn(Fp) _ kgxT % (Ll dEﬂ(p)(“))-

n(Nrgo)xT) q dN* du (17)
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Where D (N, rq@), X, T) is the diffusion coefficient, &yp)(u) is defined in Eq. (11), and the
mobility p (N, rq@), X, T) is determined in Eq. (15). Then, by differentiating this function

Ay (W
Enp)(u) with respect to u, one thus obtains 4« Therefore, Eq. (17) can also be rewritten as:

D(Nrg(a)xT)  kpxT XU V(W) xW(u)-v(u)xw’(u)

0 (IN,rd (=) .x,T:) q w2(u)

2
3

4 -
where W'(W) = ABuB™! and VW) =u ' + 2~ ze —du(] —du) + ZAuP T F () | (1 + 33) +2 %

1tbu 3+cu 3

One remarks that: (i) as u — 0, one has: W2 =~ 1 andu [V' x W —V x W'] = 1, and therefore:

Dngy(w) _ kpxT ~ Zau2/3 A2y 2B
" 9 and (ii) as u — oo, one has: W2 AP andu [V xW-V x W] :

and therefore, in this highly degenerate case and at T = OK, the above generalized Einstein

D(N'rdfa)'xJT:O K)

relation is reduced to the usual Einstein one; "(¥a@=T=0K)

144

2
—Ep (F )(N")/Q-
3 TROURO In other words,

Eq. (17) verifies the correct limiting conditions. One also notes that, for N* = 0, p (N* = 0,
ra@, T = OK) =0, as remarked in above, and therefore, for any rym, D (N*=0, r4@, T = 0K) =
0, according to the MIT.

Further, in the present degenerate case (u>1), Eq. (17) gives:

_2 .
(bu 2+2cu 3)“

D(.N,l‘d(a)._‘(,T)
1 N.rd(a).x,T)

Erno(rpo) (W)
q

X 1—|—§x <

2
=3X 2 =
(1+bu 2+cu 3)

2/3 62.3739855 (ﬂ)

. b= é(g)z and c = 970

where a = [3\/5/ 4]
In Tables 3n (3p) given in Appendix 1, for given X, N > N¢p, and T (= 4.2 K and 77 K), and
from Equations (14, 15, 16, 18), the numerical results of the coefficients: o, p, uH, D,

102 10%x cm? 10%x cm? 10xem?

expressed respectively in T I ) are found to be decreased with

increasing rac), respectively.

Thermoelectric Coefficients
First off all, from Eq. (14), obtained for o(N, rye), X, T), the well-known Mott definition for

the thermoelectric power or for the Seebeck coefficient, S, is given by:

dlnc(E) - kg Olno(t,)
S(Nld(a),x T)——X XkBTX IE B . _TX_Xé‘—'
E—EFn(Fp) q EHIP)
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Then, using Eq. (11), for &n(p) (N, ld(a), X, T) = 1, one gets, by putting Fs(N, Id(a), X, T)=

2
1-—F—|.
swoafrg)

_ —n? kg _ 2Fsu(N*T) 3xL 2xEn(p) v
S(N,r %, T :—)(_BXSbi:— —Xip—,
( ld(a) X ) 3 q En[p) w2 (l+gxi:§ )Z) (K)
(19)
.. 1) at &y = L 1.8138. one gets: S = —/L = —1.563 x 10~* 7) and at Enip) = 1 one
Giving here: ® s K ®
~ 11 1074 (¥
Obtaing: S = ~1322% 10 (3).
Further, the figure of merit, ZT, is found to be given by:
§2xoxT  §? i ) 2
ZT(N» T4(a): % T_) = ——=—= (ZT)Mmott X [2 X Fs]*. (ZT)Mott = TwEz -
L sxin(p)
(20)
Giving here: (1) at &) = \/% =~ 1.8138. one gets: ZT = (ZT)poy = 1, and af &,y = 1 one obtains: ZT =
2
0.715 and (ZT)yore = 5 = 3.290.
Furthermore, from Eq. (19), one gets:
6 _ JTLLX Y x %) apng 45 - 85 Ohp) d(zT)  2xS  dS . d(ZT) 2xS _ dS
S ™ xEn(p)” Far o dtyy o oT aN' Oty AN —=—x—and—=— =3
(1+T) dT L~ dT dN L dN
and

afn(p)

Noting that: (i) at given (N, rqe), X), and for 7

>0 (or <0). &y .
( T (or decreases) for

afn(p]

decreasing (or increasing) T, (ii) at given (rq@), X, T), and for °T

>0(or <0).Eyeny
' »&® increases (or

decreases) for increasing (or decreasing) N.

Finally, the Van-Cong coefficient, VC, is defined by:

LodS (VY a5 B : . _ e
VC(N,I-d(a),x,T)—N xﬁ(—)-N X—x—= . being equal to 0 for E“(P)_J;

K By N 22)
The Thomson coefficient, Ts, by:
Ts(:N, Ta(a) %o T) =Tx % (% ) =TXx % X ai:% being equal to 0 for &,y = E )
And then, the Peltier coefficient, Pt, as:
Pt(N, rg@), x, T)=T x S (V). (24)
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Furthermore, from Equations (17, 22), we can obtain a new electrical-and-thermoelectric law

kBXT as . D(.Nlrd[aj:XJT) (VZ)
q

X VC(N, Ta(a) X T) = <)

by: o5y H(Nra(aT) -
95 _ [3xL e
FEn(p) w2 ( +w)
Where, as given in Eq. (21), =

Now, in the lightly degenerate n(p)-type X(x)— alloy, in which N=5%x1017 cm 3(101°
cm 3)>Ncpn(cpp), and for T=3K and 80K, the numerical results of various thermoelectric
coefficients are reported in Tables 4n(4p) in Appendix 1, noting that their variations with

increasing rqc) are represented by the arrows: 2 (increase), and v (decrease), respectively.

Then, in Tables 5n(5p) given Appendix 1 for a given N and with increasing T, and then in
Tables 6n(6p) given Appendix 1 for a given T and with decreasing N, the reduced Fermi-
energy &n(p) decreases, and other thermoelectric coefficients are in variations, as indicated by
the arrows as: (increase: 7, decrease: \). One notes here that with increasing T (or with

decreasing N) one obtains: (i) for &yp) = 1.8138, while the numerical results of S present a

~ —1.56: —4Y .
same minimum (S)min. (* 1563 10 K) those of ZT show a same maximum (ZT)max =1,

(i) for &np=1, those of S, ZT, (ZT)mor, VC, and Ts present the same results:

—1.322x 1074 0.715. 3290, —1.105 x 10~*Y. and 1.657 x 104 <.
K K K

respectively, and (iii) for &, =~ 1.8138, (ZT)mor = 1. It Seems that these results could represent

a new law in the thermoelectric properties, obtained in the degenerate case.

CONCLUDING REMARKS

In the n*(p+ — p(n) X(x) — cristalline alloy, all the numerical results of electrical-and-

thermoelectric coefficients, obtained in our previous work (Van Cong, 2018), were revised

and performed, by basing on our following basic expressions.

1. The effective extrinsic static dielectric constant law, &(ry), X), due to the impurity size
effect, is determined in Eq. (1).

2. The generalized Mott criterium in the metal-insulator transition is expressed in Equations

(3, 5, 6), showing that Ncpncpp) IS just the density of electrons (holes) localized in the

- - - EBT - - -
exponential conduction (valence)-band tail, Neonceop) with a precision of the order of

2.86 x10 7 , as given in our recent work (Van Cong, 2024), and the effective electron
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(hole)-density: N* = N — Ncpncop) = N — NEEE(CD.”, as that observed in the compensated
crystals.

3. The ratio of the inverse effective screening length Ksnp) to Fermi wave number Kenp) at
OK, Rsnespy (N*), defined in Eq. (7), is valid at any density N*.

4. The Fermi energy for any N and T, Egn(rp), determined in Eq. (11) with a precision of the
order of 2.11x10* (Van Cong, 1993), and it exists in all the expressions of electrical-and-
thermoelectric coefficients.

5. Our expressions for the electrical conductivity, o, and for the Seebeck coefficient, S,
determined respectively in Equations (14, 19) are the basic expressions for determining
the electrical-and-thermoelectric coefficients.

6. Our new electrical-and-thermoelectric law is given in Eq. (25), by:

kgxT as D(Nrgry) xT) [V2 as L M—l
E— % VC(N, Ta(a) % T) = 2 x & (—) — = 3% X —T ~E
q ) M(NrgxT) K/ 0% m (Hexzmp] )
1-[2

7. Finally, in Tables 5n(5p) given Appendix 1 for a given N and with increasing T, and then
in Tables 6n(6p) given Appendix 1 for a given T and with decreasing N, the reduced
Fermi-energy &) decreases, and other thermoelectric coefficients are in variations, as
indicated by the arrows as: (increase: /7, decrease: \). One notes here that with increasing

T (or with decreasing N) one obtains: (i) for &np) = 1.8138, while the numerical results of

~ 156 7).
S present a same minimum (S)min. ( 196310 K)' those of ZT show a same

maximum (ZT)max =1, (ii) for &p=1, those of S, ZT, (ZT)mor, VC, and T; present the

same results:

~1.322 % 10—45 0.715. 3.290. —1.105 X 10—% and 1.657 X 10—45.

Respectively, and (iii) for &,~1.8138, (ZT)mox=1. It seems that these results could
represent a new law in the thermoelectric properties, obtained in the degenerate case. In
summary, all the numerical results of electrical-and-thermoelectric coefficients, given in

our previous work (Van Cong, 2018), are now revised and performed.
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APPENDIX 1
Table 1: The values of energy-band-structure parameters are given in the following.

In InSby_P-alloy. in which 740(a0)=Tsp(my=0.136 nm (0.144 nm). we have: gepy(x) = 1 X x +1 X (1 — x). ey (x)/m, =
0.007 (0.5) X x + 0.1 (0.4) X (1 — x). £,(x) = 12.5 X x + 16.8 x (1 — x). Ego(x) = 1424 X x + 0.23 x (1 — ).

: Gpaa(y = 7). . o ,
Table 2: Expressions for " ®we” due to the Fermi-Dirac distribution function,
. G1:J=1(yE E“kBT = EL) =1 . . .
noting that FaFp)  In(p) used to determine the electrical-and-thermoelectric
coefficients.
G, /2 (¥) G,(y) G /2 §2) Gs(y) G, /2 (62] G,(y) Gg /2 ()
(1+5+30) (+5) (#5530 (o) (35+50)  (ez+Ty) (34

Table 3n: Here, one notes that, for given X, N>N¢p, and T(=4.2 K and 77 K), the

103 10%x cm? 103X cm? lUZXClDz)

functions: o, p, py, D, expressed respectively in (Ohm“m’ Vxs T Vxs T s

decrease with increasing rg

Donor P As Sb Sn
ry (nm) 7 0110 0.118 0.136 0.140

For x=0. the values of (5, 1, py, D) at 4.2K

N (10*% em™3)

3 1.69, 3.525.3.526. 1.78 1.48. 3.098. 3.099, 1.56 1.33.2.793,.2.794, 1.40  1.32,2.779.2.780, 1.40
10 4.39, 2.745,2.746, 3.09 3.82,2.387.2.388, 2.69 3.41,2.136,2.136, 241 3.40,2.124,.2.124,2.39
40 14.0, 2.185,2.185, 6.21 12.0, 1.874. 1.874, 5.33 10.6, 1.658, 1.658,4.71 10.5, 1.648. 1.648. 4.68
70 22.7,2.026,2.026, 8.36 19.4,1.730. 1.730, 7.14 17.1,1.524,1.524, 6.29 17.0,1.515. 1.515. 6.25

For x=0.5. the values of (g, i, py, D) at 4. 2K

N (10'® cm™3)

3 1.36, 2.850, 2.851. 162 1.20.2.512,2.513, 1.43 1.08,2.266.2.267.1.29 1.07,2.255.2.256.1.28
10 3.47.2.168.2.168. 2.76 3.04.1.899.1.899,2.42 2.73.1.707.1.708. 2.17  2.71.1.699. 1.699, 2.16
40 10.7. 1.665. 1.665. 5.35 9.22.1.439.1.439. 4.62 8.20.1.281.1.281.4.11 8.16.1.274.1.274.4.09
70 17.1,1.525.1.525.7.11 14.7.1.311. 1.311. 6.12 13.0. 1.161.1.161. 541  12.9.1.154, 1.154,5.38

For x=1, the values of (g, 11, iy, D) at 4.2K
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For x=1, the values of (o, 1, pg, D) at 4. 2K

N (10*% cm™3)

3 1.09,2.289,2.289,1.50 0.96,2.012,2.012,1.31 0.86,1.809,1.809,1.18 0.86,1.799, 1.800, 1.17
10 2.76,1.723,1.723,2.52 2.43,1.517,1.517,2.22 2.19.1.368,1.369,2.00 2.18,1.362,1.362,1.99
40 8.20,1.280, 1.280,4.72 7.14,1.115,1.115,4.11 6.40,0.999,0.999, 3.68 6.36,0.993, 0993, 3.66
70 12.9,1.155,1.155,6.19 11.2,1.000, 1.000, 5.36 10.0, 0.892,0.892,4.78 994, 0.387, 0.887,4.75

For x=0, the values of (o, i, pg, D) at 77 K

N (10*% cm™3)

3 1.76,3.683,4.038,1.84 1.55,3.237,3.550, 1.61 1.39,2919,3.201,1.45 1.38,2.904, 3.185,1.45
10 4.33,2.770,2.825,3.11 3.85,2.409,2.457,2.71 344 2.155,2.198,2.42 343,2.143,2.186,2.41
40 14.0, 2.188, 2.195,6.22 12.0,1.877,1.883,5.33 10.6, 1.660, 1.666,4.72 10.6,1.651, 1.656, 4.69
70 22.7,2.028,2.031, 8.37 19.4,1.731,1.734,7.14 17.1,1.525,1.528,6.29 17.0,1.516, 1.518,6.26

For x=0.5, the values of (o, i, g, D) at 77 K

N (10*% cm™3)

3 1.41,2950,3.175,1.67 1.24 2.600,2.799 147 112, 2346,2.526,1.32 1.11,2334 2513132
10 349 2183,2217,2.77 3.06,1912,1942 243 275,1719,1.746,2.18 273,1.710,1.737,2.17
40 10.7,1.667, 1.671,5.35 923, 1441,1444 462 821,1282,1286,412 817,1.275, 1278, 409
70 17.1,1.525, 1527, 7.11 14.7,1311,1.313,6.11 130, 1.162,1.163,542 129 1155 1.156,5.39

For x=1, the values of (g, p, py, D) at 77 K

N(10*¥ cm™)

3 1122349 2.486,1.53 099, 2.065,2.186,1.34 0.88,1857,1966,1.20 088,1847 1955119
10 277,1.732,1.753,2.53 244 1525 1543,2.23 220,1376,1392,201 2.19,1.369 1.385,2.00
40 8.21,1281,1283 473 7.15,1.116,1.118 412 6.40,0999 1.001,3.69 6.37,0994 099, 3.67
70 12.9, 1.155,1.156,6.19 11.2,1.001,1.002, 5.36 10.0,0.892,0.893,478 995 0.887,0.888,4.75

Table 3p: Here, one notes that, for given x, N > Ncp, and T(=4.2 K and 77 K). the functions: g, 1, iy, D. expressed

) ) 10? 10¥x ecm? 10%x cm? 10xcm? o ]
respectively in , , , . decrease with increasing r,.
ohmxcm Vxs Vxs s
Acceptor Ga Mg In cd
I, (nm) 2 0120 0.140 0.144 0.148
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For x=0, the values of (o, i, py, D) at 4. 2K

N (10%*® cm™%)

3 0.47,1598,1613,147 037,1460,1477,121  037,1454, 1470,120 036,1.448, 1464,1.19
10 192,1356,1.358,353 167,1210,1.211,3.08 165, 1203, 1204, 3.06 164,1.196,1.197,3.04
40 752,1209,1209,843  6.63,1072,1072, 744  6.58,1.065, 1.065, 739 6.54,1.058, 1.059, 7.34
70 12.8,1.164,1.164,11.9 11.3,1.031,1.031,105 11.2,1.024,1.024,104 11.2,1.018,1.018, 104

For x=0.5, the values of (o, 1, py, D) at 4. 2K

N (10'% cm™%)

8 084 0951,0953 161 068 0858 0861135 067 0854 0856134 0670849, 0852, 133
10 111,0922,0923,191 093, 0828 0829, 163 092, 0823 0825 162 091, 0819, 0820, 161
40  4850807,0807.488 424 0716,0716,429 421,0712,0712,426 418, 0.707,0.707, 424
70 8380775, 0775694 737,0687,0687,612 732 0682 0682 608 7.27.0678,0678,6.04

For x=1, the values of (o, 1, ug, D) at 4. 2K

N (10*% cm™3)

8 02806890695 063 0.5 06810696 040 014, 0683,0699 039 0.13,0.686, 0703, 0.38
10 04706410644 086 032 0596 0.600,065 031, 0595 0599 064 030,0593, 0597063
40 294.0530,0531.274 252, 0472.0472,238 2500469 0470,236 248, 0467, 0467, 234
70 524.0507,0507,397 45704500450, 347 453, 0447, 0447345 450, 0444, 0444 3 43

For x=0, the values of (o, p, py, D) at 77K

N (108 ecm™3)

3 0.65,2.188,6.522,2.73  0.54,2.109,6.844,242  053,2.108, 6.874,2.40 0.53,2.107, 6.907, 2.39
10 225 1586,2.094,399 196 14231894 351 195, 1416,1.885 349 193, 1408, 1875,3.46
40  7.70,1237,1301,858  6.78,1.096,1.154, 757 6.74,1.090,1.147,752 6.69, 1.083, 1.140, 7.47
70 12.9,1.177,1206,12.0 114 1042, 1.063,106 114, 1.036,1.061,105 11.3,1.029,1.054,104

For x=0.5, the values of (o, i, py, D) at 77K

N (10*® cm™)

8 1.11,1256,2.082,2.52  0.91,1.138,1.991,231 090, 1.133,1.988, 229 0.89,1.127, 1.985,2.28
10 140,1.157,1.694,240 118, 1056,1.583,2.14 117, 1051,1584,2.13 1.16,1.047, 1.580,2.11
40  5.00,0.831,0.888,500 438,0739,0.790,440 435 0.734,0.785,4.37 4.32,0.730, 0.780,4.34
70  850,0.786,0811,7.02  7.47,0.696,0.719,6.18  7.42 0.692, 0.714,6.14 737, 0.688,0.710,6.10

For x=1, the values of (g, 1, uy, D) at 77K

N (10*% cm™3)
10 0610838 1707.160 042 0776,1960,117 041, 0775, 1986, 1.15 0.40,0.775,2.015,1.13
40  3.06,0553 0604283 264 0493 0541246 261 0490 0538 244 259 0488 0535, 242

70 5.34,0.516,0.537,4.02  4.65,0.458,0.478,3.53  4.62, 0.456, 0.475, 3.50 4.59, 0.453, 0.472, 3.48
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Table 4n: In the lightly degenerate n-type X(x) — alloy, in which N=5x10*" cm™, and for
T=3K and 80K, the numerical results of various thermoelectric coefficients are
reported. Further, their variations with increasing rqe) are represented by the arrows: 2

(increase), and v (decrease).

Donor P As Sb Sn
For x=0.
A— . 87.31 86.776 86.209 86.178
En(T=80K) \ 330 3.270 3240 3.238
-5
Kerzax) (%) N 3.077 2.678 2384 2370
—a
XT=20K) (%) . 10.84 9.429 8.384 8.335
ey
~S(reag) ) N 6.491 6.531 6.574 6.576
ey
—S(T=g0K) {me ) N 13.201 13.260 13.324 13.327
ey
VCirax) (“’T") P 4322 4349 4377 4379
107 5%V
VC(r=gox) (T) 6.477 6.472 6.463 6.4629
107 %%V
—Tsr=21) (_NTX) v 6.434 6.523 6.566 6.568
—Ptgoag (105 x V) X 1.947 1.959 1.972 1.973
—Ptrogox) (1072 X V) % 1.056 1.061 1.066 1.0662
2T p=at) (107%) 7 1725 1.746 1.769 1.770
2T r=s0k) ” 0.713 0.7197 0.72665 0.72704
For x=0.5,
En(T=3K) N 98.57 97.941 97272 97.235
o (=s0K) \ 3.85 3.823 3.791 3.790
—5
Ker=3x) (“Em:;") N 2451 2.115 1.868 1.857
—4
Kermsor) Cott) ™ 8.668 7.485 6.612 6.571
—S(rear) ) S 5.750 5.787 5.827 5.829
sy
—S(T=80K) (“’T>< ) N 12.048 12.106 12.169 12.173
ey
VCirmay () 7 3.830 3.854 3.881 3.882
1075 %V
VC r=z0x) ( - ) 6.055 6.093 6.133 6.135
~TS(roag) (Fm) ™ 5.745 5.782 5.821 5823

1075V
) 9.083 9.140 9.200 9203

—Tsi1=g0x) (T
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~Plaroaiy (1075 X V) N 1.725 1.736 1.748 1.749
~Plrrsor(1072XV) N 0964 0.968 0.973 0.974
ZT =3k, (1073) A 1353 1371 1.390 1.391
2T =s0x) 7 0594 0.600 0.606 0.6065
For x=1.
En(T=3K) N 1132 112.4 111.6 111.5
En(T=80K) N 448 4.446 4413 4411
L1075 xW
Krma) Comg) ™ 1.888 1.615 1.417 1.408
104w
Kepmsorg Gy 6.519 5.588 4912 4.880
ey
~Ser=agy) =) N 5.009 5.043 5.080 5.082
ey
—S(T=g0K) (me ) N 10.880 10.934 10.992 10.995
107 %=V
VCir=ay () 7 3337 3.360 3384 3386
107 5%V
VCir=so) (T) 5255 5288 5324 5326
10" %%V
—Ts(r=3x) (_NTX) v 5.006 5.040 5.076 5.079
1075xV
—TS(r=e0K) (T) \ 7.883 7.932 7.986 7.989
—Ptr=ay(10° x V) N 1.503 1513 1.524 1.5247
—Ptresoxy (102X V) N 0870 0.875 0.8793 0.8796
ZTir=ax) (1072) 71027 1.041 1.056 1.057
ZT(r=80K) 7 0484 0.489 0.4946 0.4949

Table 4p: In the lightly degenerate p-type X(x) — alloy, in which N=10'° cm™, and for
T=3K and 80K, the numerical results of various thermoelectric coefficients are
reported. Further, their variations with increasing rqe) are represented by the arrows: 2

(increase), and v (decrease).

Acceptor Ga Mg In Ccd
For x=0.
Epcr=3x) \ 151 147.97 147.8 147.63
Ep(T=s0K) N 5.88 5.776 5.769 5763
—4
Kirma) Comgs) N 141 1221 1212 1203
-3
Kermsor (o 0) 445 3876 3849 3821
ey
~S(roar) () 3.76 3.831 3.835 3.340
ey
—S (1=g0K) (— )N 8.80 8.936 8.943 8.951
ey
VCir—ak) ) 7 2.50 2553 2.556 2.559
1075 %V
VC(T=s0K) (T) ’ 451 4546 4548 4550
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~TS =3k, (j%) N 3.75 3.8296 3.834 3.838
—5
—TS(r=g0K) (%) . 677 6.8193 6.822 6.825
—Ptroag (1075 x V) 1.13 1.1494 1.151 1.152
—Ptiroaor, (1072 x V) 7.04 7.1486 7155 7.161
ZTzax) (107%) ” 5.78 6.008 6.022 6.036
ZTr—s01,(107%) g 317 3268 3274 3280
For x=0.5.
Ep(T=3K) . 120.52 114.57 11423 113.88
£p(T=80K) \ 4.76 4.532 4519 4.505
—4
Krmsr) Cart) ™ 0.81 0.679 0672 0.666
-3
K(r=s0K) (%) N 277 2338 2317 2.295
—&
—S(1=2x) (— K"V ) N 470 4.948 4962 4978
107 5%V
—S(r=gor) () > 10.39 10.78 10.806 10.830
—6
VCiroaky ) 7 3.13 3.296 3306 3316
—5
VC(1=s0x) (10 va) 5.00 5.199 5212 5226
—Ts(r=2x) (j—m_va ) N 4.70 4.9442 4.959 4974
107 5%V
—TS(T=a0K) (T) 7.50 7.7982 7.8183 7.839
—Pliraag) (1075 X V) N 1.41 1.4843 1.4887 1.4933
~Ptrogor) (103 X V) ™ 8.32 8.6265 8.645 8.664
ZT -2k, (107%) ” 9.05 10.02 10.08 10.14
ZT=g0k, (1071 » 442 4.7596 4.780 4.80
For x=1.
Ep(T=2K) N 77.688 63.188 62.320 61.42
o T=80K) \ 2.786 2.020 1.975 1.928
—4
Kerma) C—0) N 034 0.234 0.229 0.223
-3
K (r=a0K0) (%) \ 1.19 0.820 0.803 0.786
107°xV
—S(rar) ) N 729 8.966 9.090 9.224
sy
—S(T=80K) (me ) N 14.29 15.54 15.573 15.600
1075%V
VCir=ak) (T") » 4.85 5.963 6.046 6.134
sy
VC r=sok) (me) 5777 1.791 1432 1.042
1078xV
—Ts(r_ag) (,Tx) N 728 8.945 9.069 9.201
1075 %V
—TS(r=s0x) ( Kx ) 7 3.66 2.6%6 2.147 1.563
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—Plr=ag)(107° X V) N 2.19 2.689 2.727 2.767
—Ptrogor)(1073 X V) 1143 12 432 12459 1248
ZT r=ak) (107%) » 21.78 3290 33.826 34825
ZT r=g0x)(1071) » 836 988 9928 9962

Table 5n: Here, for a given N and with increasing T, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the
arrows as: (increase: 2, decrease: ). One notes here that with increasing T: (i) for
£,=1.8138, while the numerical results of S present a same minimum (S)min.

(= 7156317 those of ZT show a same maximum (ZT)max=1, (ii) for &-=1, those of S,

_ 107¢Y
ZT, (ZT)mow, VC, and T present the same results: 1.322x 10775 0.715. 3.290.

—1.105 % 107*Y and 1.657 x 107* 2,
T K respectively, and (iii) for £,=1.8138, (ZT)mou=1.
For x=0_

In the degenerate P- X(x) — alloy. for N = 2 X Ngpn(rp). one gets:

T(K) 2. 10 10.528 12 14.325731 145
£, N 1.974 1.8138 1.442 1 0972
4V

S (10 4?) —1.557 ~  —1.563 2 —1.523 A2 —1.322 2 — 1301

ZT 0.993 Ve 1 ~ 0.949 x 0.715 N~ 0.693

(ZT ) mote 7 0.844 1 1.581 3.290 3484
. _aV

VC (10 4 E) 0142 0 w —0.423 N —1.105 N~ —1.153
_aV

T, (10 4;) —0213 7 0 7 0635 7 1.657 7 1.730

Pt (1073V) —1.557 N —1.645 ~  —1.827 % —1.893 A —1.887

In the degenerate As- X(x) — alloy. for N = 2 X Ngpp(as). one gets:

T(K) 2 10 12.813 15 17.435302 17.5
N N 2.685 1.8138 1372 1 0.991
_aVv
S (1{) 4§ —1.450 w  —1.563 7 —1.504 7 —1.322 s —1315
ZT 0860 /7 1 N 0.926 N 0715 N 0.708
(ZT) More 7 0.456 1 1.748 3.290 3348
. _aVv
VC (10 4E) 0.547 0 v —0.519 w  —1.105 v —1.120
_aV
T, (10 “E —0.820 7 0 7 0.779 7 1.657 7 1.680
Pt (1073V) —1.450 N —2.003 N —2.256 N —2304 ~ —2302

In the degenerate Sb- X(x) — alloy. for N = 2 X N¢pp (s ). one gets:

T(K) 2 10 15.0335 16 20.4571662 20.5
£, . 3.382 1.8138 1.631 1 0.995
_a Vv
S (10 4E) —-1302 N —1.563 7 —1554 7 —1.322 7 —1318
ZT 0694 7 1 N 0989 0715 N 0.711
(ZT) pore 7 0.287 1 1.236 3.290 3.322
o a V
VC (10 4E) 0.647 0 N —0.191 Nv—1.105 N —1.113
AV
T, (10 4;) -0971 7 0 7 0.286 7 1651 /7 1.670
Pt (1073V) —1302 % —2350 N —2.487 v—2704 2 —2.70
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In the degenerate Sn- X(x) — alloy. for N = 2 X N¢pn (r'sp ). one gets:

T(K) e 10 15.1525 16 20.6188 207
N w 3418 1.8138 1.654 1 0.991
_aV
S (10 4;) —1.294 N —1.563 7 —1.556 7 —1.322 7 —1315
ZT 0.686 /7 1 ~ 0991 0715 N 0.708
(ZT) more 7 0.281 1 1.203 3.290 3.351
q—aV
VC (10 4E) 0.646 0 N —0.165 N —1.105 N —1.121
a4V
T, (10 4;) -0969 /7 0 2 0.248 2 1.657 /7 1.681
Pt (1073V) —1204 N —2368 N —2.490 N 25 A 2722
For x=0.5,

In the degenerate P- X(x) — alloy. for N = 2 X N¢pn(rp). one gets:

T(K) A 10 12.25241 14 16.672601 16.675
£, N 2.508 1.8138 1.436 1 0.9997
a4V
S(1074= —1.484 N —1.563 72 —1.521 A —1322 7 —1.3215
K
ZT 0902 /7 1 N 0.947 \ 0.715 N 0.7148
(ZT) pore 70523 1 1.595 3.290 3.292
am—a V
VC (10 4E) 0477 N 0 N —0.432 v —1.105 N —1.1055
_aVv
T, (10 4;) —-0716 /7 0 7 0.648 7 1657 /7 1.6582
Pt (1073V) —1.484 N —1.915 N —2.130 N —2.204 2 —2.203

In the degenerate As- X(x) — alloy. for N = 2 X Ngpp(ras). one gets:

T(K) 2 12 14.9117 16 20.291589 204
£, N 2.563 1.8138 1.608 1 0.987
_aV
8(10 “E) —1.474 N —1.563 e —1.552 7 —1322 /7 —1313
ZT 0889 7 1 N 0.986 N0T715 N 0.705
(ZT) pore 7 0.501 1 1.272 3.200 3374
_qV
VC (10 4E) 0.501 0 N —0.217 N —1.105 0 N —1.126
4V
T, (10 4E) -0851 /7 0 7 0325 7 1657 /7 1689
Pt (1073V) —1.769 No—2331 N —2.483 v —2682 o~ —2.678

In the degenerate Sb- X(x) — alloy. for N = 2 X Ngpp (s ). one gets:

T(K) 2 15 17.4965 20 23.808502 239
£ N 2.324 1.8138 1.435 1 0.991
_aV
S(107 %= —1.516 —1.563 2 —1521 7 —1322 7 —1315
K
ZT 0941 /7 1 N 0947 0.715 0.708
(ZT) pmore 7 0.609 1 1.598 3.290 3.350
_aVv
VC(10™*= 0384 0 e —0.433 N —1.105 N —1.120
K
_aV
T, (10 4;) —0576 7 0 7. 0.650 7 1.657 7 1.680
Pt (1073V) —2.274 N —2735 N —3.042 v —3.147 2 —3.14

In the degenerate Sn- X(x) — alloy. for N = 2 X Ngpp (rsp ). one gets:

TK) 7 15 17.6345 20 23.996614 24
En N 2.352 1.8138 1.456 1 0.9997
_aV

S (10 4E) —1511 ~ —1.563 7 —1526 7 —1.322 7 —1321

ZT 0935 /7 1 N 0953 0.715 N 0.714

(ZT) more 7 0.594 1 1.552 3.290 3.292
_aV

VC (10 4E) 0.400 0 N —0.405 N 1105 N —1.1055
_aVv

T, (10 4;) —0.600 /7 0 7 0608 7 1657 7 1.658

Pt(1073V)  —2267 ~ 2756 N —3.052 v—3172 2 —-3.171
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For x=1,

In the degenerate P- X(x) — alloy, for N = 2 X Ngpp(rp). one gets:

T(K) Pk 10 14.6428 17 19.925354 20

Zn w 3.263 1.8138 1.394 1 0.991
a4V

S (10 “E) —1.327 w —1.563 7 —1.510 7 —1322 7 — 1315

ZT 0.721 5 1 N 0.934 w 0.715 “w 0.708

(ZT) Mo 7 0309 1 1.693 3.290 3348

In the degenerate Mg- X(x) — alloy. for N = 2 X Ngpp (I'yg). one gets:

T(K) 2. 30 59.722 70 81.26823 813
& N~ 4.658 1.8138 1.369 1 0.999
v
S(107*= —1.057 v —1.563 7 —1.503 2 —1.322 7 —1.321
K
ZT 0457 7 1 N 0.925 N 0.715 N 0.714
(ZT) motr 7 0.152 1 1.756 3.290 3.296
v
VC(107*= 0.508 0 N —0.524 v —1.105 v —1.106
K
_aVv
T, (1074= —0.762 7 0 7 0.786 7 1.657 7 1.660
s K
Pt (1072V) —0.317 ™ —0.934 N —1.052 v —1.07412 7 —1.07402

In the degenerate In- X(x) — alloy. for N = 2 x Nepp (T'm). one gets:

T(K) 2. 30 60.135 70 $1.828665 819
& N 4.689 1.8138 1.387 1 0.998
v
S (10_4 E) —1.052 v —1.563 7 —1.508 72 —1.322 7 —1.320
ZT 0453 7 1 u 0.931 u 0.715 N 0.713
(ZT) pore 7 0150 1 1.710 3.290 3.303
_aV
vVC(107*= 0.506 ™ 0 N —0.499 v —1.105 N —1.108
K
_aV
T (10 4;) -0.759 /7 0 7 0.748 7 1.657 7 1.663
Pt (1072V) —0.315 ™ —0.940 N —1.056 ~  —1.08153 / —1.0812

In the degenerate Cd- X(x) — alloy. for N = 2 X N¢py(rcq). one gets:

T(K) 2. 30 60.558 70 82.404885 82.5
& N 4.721 1.8138 1.405 1 0.997
_aV
S(l{) 4E) —1.046 N —1.563 7 —1.513 s -1322 7 —1.320
ZT 0.448 /7 1 \ 0.938 \ 0715 N 0.713
(ZT) Mo 7 0.147 1 1.666 3.290 3.308
A V
VC (10 4 E) 0503 ™ 0 N —0473 v —1.105 N —1.109
_aVv
T, (10 4;) -0.755 7 0 2 0.710 2 1657 7 1.664
Pt (1072V) —0314 N —0.9465 N —1.059 v —1.08915 /7 —1.0888
For x=0.5,

In the degenerate Ga- X(x) — alloy. for N = 2 X N¢pp (rga). one gets:

TK) 7 70 77.2013 80 105.052709 105.1
& N 2.127 1.8138 1.708 1 0.999
_aV
S(107*= —1.543 v —1.563 7 —1.560 7 -1322 7 —1.321
K
ZT 0975 /7 1 \ 0.996 \ 0715 N 0.714
(ZT) port 70727 1 1.128 3.290 3.297
vc(10-+Y 0.259 0 N —0.106 v —1.105 N —1.107
K
4V
T, (10 4;) —0.388 /7 0 7 0.160 7 1657 /7 1.660
Pt (1072V) —1.080 N —1.207 N —1.248 “ —1.3884 /7 —1.3883
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In the degenerate Mg- X(x) — alloy. for N = 2 X N¢pp(rpg). one gets:

T(K) 2. 80 88.3555 20 120.231045 120.5
g ~ 2.132 1.8138 1.758 1 0.995
—_a Vv
S(107*= —1.543 v —1.563 7 —1.562 2 —1.322 7 —1.318
K
ZT 0.974 2 1 \a 0.999 \, 0.715 u 0.711
(ZT) more 7 0.724 1 1.064 3.290 3.325
4V
vCc(10~*= 0.262 0 N —0.054 “  —1.105 N —1.114
K
_a Vv
Ts(lO 4;) —0.394 7 0 7 0.081 7 1.657 7 1.671
Pt (1072V) —1.234 —1.381 v —1.406 w —1.589 7 —1.588

In the degenerate In- X(x) — alloy. for N = 2 X N¢pp (11 ). one gets:

T(K) 2 80 88.964 95 121.06018 121.1
N ~ 2.155 1.8138 1.622 1 0.999
_a Vv
8(10 “E) —1.540 w  —1.563 7 —1.553 7 —1.322 7 —1.321
ZT 0.970 7 1 “ 0.987 “ 0.715 N 0.714
(ZT) more 7 0.708 1 1.251 3.200 3.295
. _a Vv
vVC(107%= 0.279 0 ~ —0.201 N —1.105 N —1.106
K
_aVv
T, (10 4E) —0.418 /7 0 7 0.302 7 1.657 7 1.659
Pt (1072V) —1.232 N —1.390 N —1.475 u —-1.600 7 —1.599

In the degenerate Cd- X(x) — alloy. for N = 2 X Ngpp (req). one gets:

T(K) 2. 80 89.5919 95 121.912654 1222
) ~ 2.179 1.8138 1.642 1 0.994
_aVv
8(10 4E) —1.540 y —1.563 7 —1.555 7 —1.322 7 —1.318
ZT 0.967 7 1 N 0.990 N 0.715 x 0.711
(ZT)mote 7 0.692 1 1.221 3.290 3.326
4V
vCc(10 %= 0.295 i] w —0.179 u —1.105 w —1.114
K
—_a Vv
T, (10 4;) —0.442 7 0 2 0.268 e 1.657 2 1.671
Pt (1072V) —1.229 N —1.400 N —1.477 N —1.611 7 —1.610
For x=1,

In the degenerate Ga- X(x) — alloy. for N = 2 X N¢pp (rg,). one gets:

T(K) 2, 100 117.825 120 160.33191 160.5
& N 2361 1.8138 1.759 1 0.997
4V
S(l{) “E) —1510 ~ —1.563 s —1562 7 1322 7 —1.320
ZT 0934 7 1 N 0.999 N 0.715 0.713
(ZT) Mot 7 0.590 1 1.063 3.290 3.306
g gV
VC(107%= 0.404 N 0 N —0.054 N —1.105 N —1.109
K
—aV
T.(107*=) —o0e606 ~ 0 7 0.081 7 1.657 7 1.664
s K
Pt (1072V) -1.510 —1.842 N —1.875 N -2119 7 —2.118

In the degenerate Mg- X(x) — alloy. for N = 2 X Nepp(Tmg)- one gets:

TK) 120 134.8488 140 183.49716 1836
& N 2.191 1.8138 1.702 1 0.999
4V
8(10 “E) —1535 N —1.563 7 —1560 7 -1322 7 —1321
ZT 0965 /7 1 N 0.996 N 0.715 % 0.714
(ZT) pote 7 0.685 1 1.135 3.290 3.298
AV
VC (10 4E) 0.303 0 N —0.112 v —1.105 \ —1.107
a4V
T, (10 4;) —0.454 7 0 7 0.168 V4 1657 /7 1.661
Pt (1072V) —1.842 —2.108 N —2.184 N -2119 /7 -2.42
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In the degenerate In- X(x) — alloy. for N = 2 X N¢pp(r'1n). one gets:

T(K) 2 120 135.779 140 184.76258 185
5 x 2.215 1.8138 1.723 1 0.997
v
S(lO“‘E) —1.532 N —1.563 7 —1.561 Ve —1.322 7 —1.319
ZT 0.961 7 1 x. 0.997 x. 0.715 ~ 0.713
(ZT) Morr 7 0670 1 1.109 3.290 3310
v
VC(10™*= 0.318 N 0 N —0.091 N —1.105 N —1.110
K
_a Vv
T, (10 4;) —0.477 7 0 7 0.137 7 1.657 7 1.665
Pt (1072V) —1.839 —2.122 N —2.185 v —2442 7 —2.44]

In the degenerate Cd- X(x) — alloy. for N = 2 X Ngpp(req). one gets:

T(K) 2 130 136.735 140 186.06364 186.5

g ~ 1.971 1.8138 1.743 1 0.994
a4V

8(10 4?) —1.558 N —1.563 7 —1.562 7 —1.322 7 —1.318

ZT 0.993 Ve 1 N 0.998 N 0.715 N 0.711

(ZT) pore 7 0.847 1 1.082 3.290 3326
P _a Vv

VC (10 4E) 0.140 % 0 ~  —0.070 N —1.105 N —1.114

AV
T, (10 4;) —0.210 /7 0 7 0.105 7 1.657 2 1.671
Pt (1072V) —2.025 N —2.137 N —2.186 N —-2.459 7 —2.458

Table 6n: Here, for a given T and with decreasing N, the reduced Fermi-energy &n
decreases, and other thermoelectric coefficients are in variations, as indicated by the
arrows as: (increase: 2, decrease: \). One notes here that with increasing T: (i) for
£,=1.8138, while the numerical results of S present a same minimum (S)min.

(= ~1563% 10" those of ZT show a same maximum (ZT)max=L, (ii) for &=1, those of S,

—V vl bl
ZT, (ZTmow, VC, and T, present the same results: 132210745, 0715, 3.290,

v

-1V - -4
105 X107 md L6STX A0 L aspectively, and (i) for £,=1.8138, (ZT)wo=L.

For x=0,
In the degenerate P- X(x) — alloy, for T=10.528 K, one gets:

N(10%cm™3) % 3 25042062 23 211428385 2.11
£, N 2.42542 1.8138 1.336 1 0992
qr—a ¥V

S (10 “E) —-1499 N -1563 7~ —1493 A —1322 7 — 1316

ZT 0920 7 1 N 0.912 N 0715 N 0.709

(ZT) pore 7 0559 1 1.844 3.200 3345
v

vC (10“" E) 0438 0 N~ —0571 o —L105 M —1.119
_aV

T, (10 4;) —0657 7 0 2 0.856 72 1.657 7 1.678

Pt (1073V) —1.578 N —1.645 2 —1571 2 —1.391 A —1.385

In the degenerate As- X(x) — alloy, for T=12.813 K, one gets:

N(10¥cm™) ~ 4 3.4831608 3 2.8387545 2838
£, N 2.395 1.8138 1.221 1 0.999
g —a ¥V

5(10 “E) —-1.504 » —1.563 A —1.448 A —1322 7 —13209

ZT 0927 7 1 N 0.858 0715 N 0.714

(ZD More 7 0.574 1 2206 3.200 3297
v

VC(lO“"E) 0422 0 N —0.742 N —L105 N —1.107
v

T, (10‘4 E) -0633 2~ 0 2 1114 7 L6577 1660

Pt (1073V) —1.928 N —2.003 2 —1.856 A —1693 7~ —1.692
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In the degenerate Sb- X(x) — alloy, for T=15.0335 K, one gets:

N(10%em™) N 45 44268778 4 3.6078456 3.607

£ . 1.880 1.8138 1411 1 0.999
_4V

8(10 “E) -1562 v -1563 7 -1514 7~ -1322 /7 -—132

ZT 0999 /7 1 v 0939 N 0715 N 0.714

(ZT)ptoe 7 0.930 1 1.653 3200 3.296
_aV

VC (10 "‘E) 0.062 0 v 0466 v -L105 v 1106

_aV
TS(IO 4E) -0092 7 0 7 0699 7 1637 2 1660
Pt(1073V) 2348 N 2350 S~ 2277 2 —1987 ~  —1986

In the degenerate Sn- X(x) — alloy, for T=15.1525 K, one gets:

N(10%em™) s 35 44704468 4 3.6507193 3.65
L2 M 227 1.8138 1364 1 0.999
_4V

8(10 “E) -1524 v -1563 2~ -15:2 A -13n 72 -13
T 0951 7 1 b 0923 0715 % 0714
(2T poe 7 0.638 1 1.768 3.290 3295
vC (10“” %) 0353 " 0 w~  —0530 W —L105 —1.106
T, (10‘43 -0.529 2 0 2 0.796 ” 1.657 e 1.659

Pt (1073V) -2310 ~ —2368 A~ —2275 A —=2003 -~ —2.002

For x=0.5,

In the degenerate P- X(x) — alloy, for T=12.25241 K, one gets:

N(10%*¥em™@) ~ 3 27117476 2.5 2.2100481 22

£ N 2233 1.8138 1.490 1 0981
A

S (lD*‘*E) —1.530 W —1.563 A —1533 A —13n2 A — 1308

ZT 0958 A 1 N 0.962 N 0715 N 0.701

(ZT) pore 7 0660 1 1.482 3.200 3415

—aV

vC (10 "‘E) 0329 0 N —0.361 W —L105 —1.136
v

T, (10*";) —0.494 2 0 2 0.541 2 1.657 7 1.705

Pt (1073V) —1.874 v —1915 A~ —1879 A —1619 7 —1.603

In the degenerate As- X(x) — alloy, for T=14.9117 K, one gets:
N(10%¥em™®) N~ 4 3.04098 35 29673356 296
E N 2203 1.8138 1.656 1 0.990

510““E -1534 v -1563 A~ -1556 2 -1322 & —1314
K
Ny

¥ 0963 /7 1 \ 0992 0715 v 0707
(ZD)pore 7 0.678 1 1.200 3.200 3357
v
VC(lO“‘E) 0310 0 v —0163 v -L105 N -1122
4V
TS(IO 4E) —0466 7 0 70245 71657 2 1683

Pt(107%V) 22287 & -2331 7 2321 7 -1871 7 -1960

In the degenerate Sb- X(x) — alloy, for T=17.4965 K one gets:

N(10%¥em™) v 3 4.6274562 4 37713369 375

£, N 2133 1.8138 1235 1 0.977
v

S(lO‘*E) -1543 % -1563 2~ -1454 2 -13122 2 —1305

ZT 0974 7 1 \ 0866 0715 N 0.697

(ZT) o 7 0723 1 2155 3200 3447
_aV

VC(lO "‘E] 0263 0 Y0720 v 1105 v —1144

_aV
TS(IO 4?) —-0394 7 0o 7 1080 /7 1657 7 1716
Pt (107%V) 2699 v 2735 2 2545 S 2312 7 ~2283
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In the degenerate Sn- X(x) — alloy, for T=17.6345 K one gets:

N(10%%cm™3) ~ § 4.682407 4 3.8160012 3.81

£ N 2.083 1.8138 1.889 1 0.993
_aV

5(10 “E) —1.548 %~ —1.563 2 —1433 A —1.322 A —1317

ZT 0981 A 1 N 0841 N 0715 N 0.710

(ZTMore 7 0.758 1 2328 3.200 3.333
_a4V

VC(lO 4§) 0227 0 N —0.793 N —1105 0 —1.116
_aV

T, (10 4;) —0341 7 0 2 1.190 A 1.657 7 1.674

Pt (1073V) —-2730 N -2756 A -2527 A -2331 A~ —2.323

For x=1.

In the degenerate P- X(x) — alloy, for T=14.6428 K, one gets:

N(10%ecm™) N~ 3 2.8752424 25 2.3432046 234
£, N 1.987 1.8138 1259 1 0.994
_aV
5(10 “E) -155% N —1.563 7 —1464 A —1312 7 —1318
ZT 0992 7 1 N 0.878 0715 N 0.711
(ZT) ptore 2 0833 1 2.076 3.200 3328
v
vC (10“” E) 0.153 ™ 0 N —0685 v —1105 v —1.115
v
T, (10_4E) -0229 7 0 Ve 1.027 2 1.657 /7 1.672
Pt (1073V) —2279 N —2289 N —2144 A -1935 2 -1929
In the degenerate As- X(x) — alloy, for T=17.821 K, one gets:
N(10%¥ecm™) v 4 3.8604904 35 3.1462495 3145
£, N 1.907 1.8138 1.375 1 0.998
v
S(lO“‘E) —1.561 % —1.563 A —1505 A —1322 2 —1320
ZT 0997 7 1 N 0927 0715 N 0.714
(ZT)sore 7 0.904 1 1.740 3.200 3.300
v
vC (10“’ E) 0.086 0 N —0.515 o —L105 % —1.108
T, (10‘4;) -0129 7 0 b 0.773 A 1657 2 1661
Pt (1073V) —2.400 v —2785 2 —2313 A —2355 7 —2353
In the degenerate Sb- X(x) — alloy, for T=20.91 K, one gets:
N(10%¥ecm™) ~ 55 4.0064514 435 3.0087166 3995
£, N 2236 1.8138 1420 1 0.996
a4V
5(10 “E) -1529 v 1563 7 -1517 2 -—1312 7~ —1319
ZT 0957 2 1 N 0942 N 0715 v 0.712
(ZD e 7 0.658 1 1.630 3.200 3314
_aV
VC (10 4E) 0331 v 0 vo—0452 N -1105 v —111
_aV
T, (10 4;) -0497 7 0 7 0679 7 1657 7 1667
Pt (1073V) -2759 N -3268 7 2737 7 =2764 7 =278
In the degenerate Sn- X(x) — alloy, for T=21.0748 K, one gets:
N(10%¥em™) ~ 55 4.0647154 45 4.0461555 4.045
£ N 2.186 1.8138 1374 1 0.999
a4V
5(10 “E) -153%6 ~ -L36 ~ -1505 2~ -1322 2 —132
ZT 0966 7 1 N 0927 N 0715 % 0714
(ZT)More 7 0.689 1 1.742 3.200 3.297
4V
VC (10 "‘E) 0299 0 v 0516 v -L105 N —1.107
4V
T, (10 4;) -0448 7 0 2 0775 2~ 1657 7 1660
Pt (1073V) —2793 N -3294 2 2735 A -2785 7 -2.784
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Table 6p: Here, for a given T and with decreasing N, the reduced Fermi-energy &,
decreases, and other thermoelectric coefficients are in variations, as indicated by the
arrows as: (increase: 2, decrease: ). One notes here that with increasing T: (i) for
&p=1.8138, while the numerical results of S present a same minimum (S)min.
) those of ZT show a same maximum (ZT)max=1, (ii) for &,=1, those of S,
ZT, (ZT)Mott, VC, and Ts present the same results:

(: 1563 x 1074

~1322 X 107+ 0.715.3.290, —1.105 X 10—4% and 1.657 X 10—4%

respectively, and (iii) for
&p=1.8138, (ZT)mot=1.

For x=0.

In the degenerate Ga- X(x) — alloy. for T=52.184 K. one gets:

N(10%®cm™3) ~ 2.5 2.2902686 2 1.8665662 1.866

g N 2.176 1.8138 1.276 1 0.999

4V

8(10 4?) —1.537 “  —1.563 7 —1471 7 -1312 7 —1.321

ZT 0968 7 1 w 0.886 N 0.715 N 0.714

(ZT) Mott 7 0.695 1 2.021 3.290 3.298
4V

vCc(10 % 0292 N 0 N —0.659 N —1105 N —-1.107
_aV

T, (10 4 E) —0438 7 0 7 0.088 7 1.657 7 1.660

Pt (1073V) —8.023 N —8.156 7 —7676 7 —6.897 7 —6.893

In the degenerate Mg- X(x) — alloy. for T=59.722 K. one gets:

N(10*¥cm™) ~ 3 2.8041452 25 2.2853372 2.28

& N 2.001 1.8138 1.358 1 0.990

8(10‘43 —1.547 v —1.563 7 —1.500 7 —-1322 7 —1.315

ZT 0980 /7 1 N 0.921 N 0.715 N 0.708

(ZT) pote 2 0752 1 1.784 3.290 3.353
a4V

VC(lO 4?) 0233 N 0 N —0.530 v L1058 N 1121
_aV

T, (10 4 E) -0.350 7 0 7 0809 7 1.657 7 1.682

Pt (1073V) —-9.241 N —9.334 7 —8.956 72 —7893 2 —7.853

In the degenerate In- X(x) — alloy, for T=60.135 K, one gets:

N(10¥cm™2) ~ 3 2.8332018 2.5 2.30904345 2.305
5 N 2.048 1.8138 1.317 1 0.993
a4V

5(10 4E) —1.551 v —1.563 7 —1.486 A -1322 7 —1.317

ZT 0985 /7 1 N 0.904 “ 0.715 0.710

(ZT) Mot 70784 1 1.896 3.290 3.337
a4V

VC(lO 4E) 0201 0 N —0.598 v —1105 N -1.117
4V

Tg (10 4 E) -0.301 7 0 7 0.897 s 1.657 7 1.676

Pt (1073V) —0.330 —9.400 7 —B.937 7 —7.948 7 —7.918

Tn the degenerate Cd- X(x) — alloy, for T=60.558 K. one gets:

N(10"¥cm™3) ~ 3 2.8631806 2.5 2.3334658 2.33

g e 2.004 1.8138 1.275 1 0.994

%

S (10“‘ E) —1.555 v —1.563 2 —1.471 7 —1.322 7 —1.317

zT 0990 7 1 u 0.885 N 0.715 0.710

(ZT) Mot 7 0819 1 2.022 3.290 3.330
a4V

vC (10 4E) 0.167 0 N —0.659 N —L105 N —1.115
4V

T, (10 4 ﬁ) -0.250 7 0 7 0.989 2 1.657 7 1.673

Pt (1073V) —9.418 —9.465 7 —8.907 7 —8.004 & —7.978
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For x=0.5,

In the degenerate Ga- X(x) — alloy. for T=77.2013 K. one gets:

N(10¥cm=3) v 5 4,9176652 4.5 4.0078454 4
& N 1.881 1.8138 1.461 1 0.992
4V
5(10 4?) —1.562 v —1.563 7 —1.527 7 132 7 —-1.316
ZT 0900 7 1 \ 0.954 0715 N 0.709
(ZT) Mott 70930 1 1.542 3.200 3.343
4V
VC(lU 4;) 0.062 0 N —0.399 N —L105 N —1.118
Y
T, (10 4E) —0.094 7 0 7 0599 7 1.657 7 1.678
Pt (1072V)  —1.206 -1207 /7 -1179 2~ -—1.020 7 —-1.016
In the degenerate Mg- X(x) — alloy. for T=88.3555 K. one gets:
N(10*8cm™3) v 6.5 6.021061 5.9 4.9070987 4.89
& \ 2.129 1.8138 1.732 1 0.986
4V
S(lO 4E) —1.543 v —1.563 7 —1.561 7 -1322 72 —1311
ZT 0975 7 1 N 0.998 N 0.715 0.704
(ZT) Mot 7 0.726 1 1.096 3.200 3.385
4V
VC (1[] 4?) 0260 % 0 N —0.081 voo—L105 N —-1.129
sV
Ts (10 4E) -03%0 7 0 7 0.122 7 1657 7 1.694
Pt(1072V)  -1.363 —1381 7 —1379 7 —1.168 /7 —-1.159
In the degenerate In- X(x) — alloyalloy, for T=88.964K. one gets:
N(10¥cm™3) v 6.5 6.0834514 59 4.95792 4.95
& N 2.086 1.8138 1.691 1 0.993
v
S(lO“‘E) —1.548 v —1.563 7 —1.559 7 -1.322 7 —1.317
ZT 0981 7 1 N 0.995 \. 0715 0.710
(ZT) Mot 7 0.756 1 1.150 3.290 3.333
4V
VC (10 * E) 0220 N 0 v —0.125 v —L105 N —1.116
\4
T, (1[]‘4 E) -0344 /7 0 7 0.187 b 1.657 7 1.674
Pt (1072V) —-1377 N~ —1.390 7 —1.387 2 —-1176 7 —1.172
In the degenerate Cd- X(x) — alloy, for T=89.5919, one gets:
N(10¥ecm™3) N 6.5 6.1478218 6 5.0104274 5
& N 2.042 1.8138 1.716 1 0.991
Y
5(10 4§) —1.552 N —1.563 7 —1.560 7 —-1322 7 —1316
ZT 0.98 /7 1 N 0.997 g 0715 0.708
(ZT) Mot 7 0.789 1 1.117 3.290 3.346
4V
VC (10 * E) 0.196 0 v —0.098 N O-L105 N —1.119
\4
T, (10‘4 E) -0294 /7 0 7 0147 /7 1657 7 1679
Pt(1072V)  -1.390 ~  —1400 /7  —1398 ./ —1.184 /7 -1.179
For x=1,
In the degenerate Ga- X(x) — alloy. for T=117.825 K. one gets:
N(10¥%cm™3) » 1.1 1.0859611 0.89 0.885047 0.884
g, N 1.866 1.8138 1.022 1 0.995
a4V
8(10 4%) —1.562 N —1.563 7 —1.337 s -1322 7 —1.318
zZT 0.999 1 N 0.732 N 0.715 0.711
(ZT) Mot 70945 1 3.146 3.290 3.322
\%
VC (10_4E) 0.049 N 0 v —1.066 v —1105 0 N —1.113
_aV
Ts (10 4%) —-0.073 7 0 7 1.600 Ve 1.657 7 1.670
Pt (1072V) —1.841 N —-1.842 7 —1.576 s —1.3557 7 —1.553
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In the degenerate Mg- X(x) — alloy. for T=134.8488 K. one gets:

N(10%%m=3) ~ 1.35 1.3296224 1.3 1.08362885 1.08
g N 1.875 1.8138 1.723 1 0.986
_aV

5(10 4;) —1.562 v —1.563 7 —1.561 7 —-1322 7 —1.312

ZT 0999 7 1 . 0.997 N 0.715 0.704

(ZT) Mott 7 0935 1 1.108 3.290 3.381
_aV

VC (10 4;) 0.057 0 N —0.090 v —1105 —1.128
_aV

T, (10 4 E) —0.086 7 0 7 0.136 Ve 1.657 /7 1.692

Pt (1072V) —2.106 N —2.108 /7 —2.105 7 —1782 7 —1.769

In the degenerate In- X(x) — alloy. for T=135.779 K. one gets:

N(10%m™3) ~ 1.35 1.3434 1.3 1.09485865 1.00
& N 1.833 1.8138 1.682 1 0.982
_aV
8(10 4;) —1.5629 ~ —1.563 7 —1.558 2 -1322 7 —1.308
ZT 0999 7 1 N 0.994 N 0.715 0.701
(ZT) Mot 70978 1 1.163 3.290 3412
_aV
VC (10 4E) 0019 N 0 N —0.134 v —1105 0 N —1.136
4V
T (10 “E) —0.028 7 0 7 0.201 7 1.657 7 1.704
Pt(1072V)  —2122 v @ -2122 7 —2.116 7 —1794 7 —1.777
In the degenerate Cd- X(x) — alloy. for T=136.735 K. one gets:
N(10¥%cm™) ~ 1.38 1.3576148 1.3 1.10644304 1.10
& \ 1.880 1.8138 1.640 1 0.976
_aV
8(10 4E) —1.562 v —1.563 7 —1.555 2 —-1322 7 —1.305
ZT 0000 7 1 N 0.990 N 0.715 N 0.697
(ZT) pott 70931 1 1.223 3.290 3.451
_aV
vC (10 4;) 0061 0 N —0.180 v —L105 N —1.145
_aV
T, (10 4E) -0.092 /7 0 7 0.271 2 1.657 7 1718
Pt (1072V)  -2136 ~  -2137 /7 —2.126 7 —1807 7 —1.784
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