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ABSTRACT

In degenerate, compensated and viscous n(p) — Mg- alkali metal
(Mg-AM), the Global Einstein -and- Van Cong relations, as those
given in Equations (25, 32), and electrical thermoelectric laws,
enhanced by: our static dielectric constant law given in Equations (5,
6), our electrical conductivity model in Eq. (19), and especially our
accurate Fermi energy expression in Eq. (17), are now investigated, by
basing on the same physical model and the mathematical treatment
method, as those used in our recent works.!**! Their numerical results
are obtained and given in next Tables in Appendix 1, suggesting an
equivalence between degeneracy-and-viscosity concept, given in this
Mg-AM. Here, the well-known “local” Einstein relation, being valid
only at the lowest degeneracy and lowest viscosity, is now globalized
by our “Global” Einstein -and- Van Cong relations, valid at any

degeneracy and viscosity, as showed in Equations (25, 32).
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INTRODUCTION

In the degenerate, compensated and viscous n(p) — Mg- alkali metal (=Mg-AM), the
Global Einstein -and- Van Cong relations, as those given in Equations (25, 32), and various
optical-electrical-thermoelectric laws, enhanced by : (i) our static dielectric constant law
given in Equations (5, 6), (ii) our electrical conductivity (c)-model obtained in Eq. (19), and
especially (iii) our accurate Fermi energy expression in Eq. (17), with a precision of the order
of 2.11 x 10™*, affecting strongly all the expressions of electrical coefficients, are now
investigated by basing on our physical model and Fermi-Dirac distribution function, as those

given in References.!*®!

Then, some important remarks can be summarized as follows.

(1) As observed in our recent work.!! the critical impurity density Ncpn(cpp): defined by the
generalized Mott criterium in the metal-insulator transition (MIT), is just the density of
electrons (holes), localized in the exponential conduction (valence)-band tail (EBT),
Nebn(cppy: Deing obtained with a precision of the order of 3.2028 x 1077, as given in
Table 1 in Appendix 1, and also in our recent work.!! Therefore, the effective electron
(hole)-density can be defined as: N* = N — Nepn(epp) = N — N&ohcepp): N being the total

impurity density, as that observed in the compensated metals.

(2) The ratio of the inverse effective screening length Ky, sp) to Fermi wave number Kgpip)

at0K, R (N*), defined in Eq. (13), is valid at any N*.

sn(sp)

Therefore, by basing on this o-expression, the Global Einstein -and- Van Cong relations
defined in Equations (25,32) and various electrical thermoelectric laws are determined.
Finally, the numerical results of the electrical thermoelectric coefficients are obtained,
discussed and reported in Tables (3-7) in Appendix 1, suggesting an equivalence between

degeneracy-and-viscosity concept, given in this Na-AM.
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Our Static Dielectric Constant Law and Generalized Mott Criterium in the Metal-
Insulator Transition (MIT)

First of all, in the Mg-AM.[Y' we denote : the donor (acceptor) d(a)-radius by T4@), the
corresponding intrinsic one by: rgecae)=rmg = 0.141 nm, the unperturbed reduced effective
electron (hole) mass in conduction (valence) bands by: m,y = 1, the unperturbed effective
electron (hole) mass in conduction (valence) bands by: mny X m,, m, (= 9.109558 X

10728 g) being the free electron mass, and the vacuum dielectric constant by: &, = 1.

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

_ 13600)([1’(1 (V)]
Edo(ao) - T]zc meV,(l)
and then, the isothermal bulk modulus, by :

— Edo(ao)
Bq4 = w3 (2)
o(ao) (4?)X(rdo(ao))3

Effects of impurity size
Here, one shows that the effect of the size of donor (acceptor) d(a)-radius, rqc,), strongly

affects the changes in all the energy-band-structure parameters, which can be represented by

the effective relative static dielectric constant €(rq(a,)), as follows.

Al rqa) = I'do(ao), the needed boundary conditions are found to be, for the impurity-atom

volume V= (4m/3) x (rd(a))g, Vdo(ao) = (41/3) X (rdo(ao))sa for the pressure p, as: p, =
0, and for the deformation potential energy (or the strain energy) o, as: o, = 0. Further, the

two important equations, used to determine the o-variation: Ac= 6—0, = o, are defined by:

3_5:_5 and p:—j—f, . giving: d%(%): \E,. Then, by an integration, one gets:
[A0(raca))] =B x(V=V, )>x In ( v )= E X (rd(a) )3 — 1l x
O0(Td(a) np) _ do(ao) do(ao) Vaotao) = Edo(ao) Fao(ac)

In (L)?’ > 0. (3)

T'do(ao)

Furthermore, we also shown that, as rqe) > 'qocao) (Tda) < Tdo(ao)) . thé compression
(dilatation) gives rise to: the increase (the decrease) in the effective donor (acceptor)-

ionization energy Eq,) (rd(a)) in the absolute values, being obtained from the effective Bohr
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model, and then such the compression (dilatation) is represented respectively by:

+ [Ac(rd(a))]n(p)’

i ,
Eq@)(Tda)) — Edo(ao) = Edocao) X ( - ) — 1| = + [Ao(rga)]

i €(rdca)) n(p)’

for I'qca) = I'do(ao): and for I'q(a) < I'do(ao):

- (4)

i ,
Eq)(Td@)) — Edo(ao) = Edo(ao) X ( - ) — 1| = — [Ao(rac)]

| \&(Td(a)) n(p)

Therefore, from above Equations (3) and (4), one obtains the expressions for e(rq(,)) and

Eaca)(Taca) as:

€0
1+ (—rd(a) )3—1 xln( fd(a) )3
T'do(ao) Tdo(ao)

r 3 r 3
Edq (rd(a)) — Edo(ao) = Edo(ao) X [(ﬂ) - 1] X In (&) >0, (5)

T'do(ao) Tdo(ao)

<g,, and

(i)-for Td(a) = Tdo(ao) since s(rd(a)):J

according to the increase in Eqc)(rqc ), and

€0

. Xm(mf
Tdo(ao)

> ¢g,, With a condition,

(“)-for rd(a) < rdo(ao)v since S(rd(a)): \/ ( )3
[ fd(a)

T'do(ao)

given by: [( d(’") - 1] X ln 4@ ) <1, and

rdo(ao) do(ao)

r 3 r 3
Ea() (Td@@)) — Edotao) = ~Edo(ao) X [(ﬂ) - 1] X In (ﬂ) <0, (6

T'do(ao) Tdo(ao)
corresponding to the decrease in Eqc)(raca) )-

Furthermore, the effective Bohr radius agp(gp)(raca)) is defined by:

S(Fd(a))xhz _ _ 053 % 10—8 cm g(r d(a)) (7)

dBn(Bp) (rd(a)) = (Me(r) XMo)Xq Me(vy)

where —q is the electron charge; q > 0.

Generalized Mott Criterium in the MIT

Now, it is interesting to remark that the critical total donor (acceptor)-density in the MIT at

T=0 K, N¢pn(cpp)(Ta))s Was given by the Mott’s criterium, with an empirical parameter,
(1

S.

Mnp),

1
Ncon(epp) (Tacay) /3 X agncep) (Faa)) = Mngp), Mngp) = 0.25, (8)

depending thus on our new &(ryc,))-law.
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This result can be explained by using the definition of the reduced effective Wigner-Seitz

(WS) radius rgpsp) M. in the Mott’s criterium, being characteristic of interactions, by:

— = 3 3 ! = i 3 =
I'sn(sp),M(N = Ncpn(cpp) (rd(a))' rd(a)) = (4TTNCDn(CDp)(rd(a))) X apnep)(Td@) (4-11) x4 =
2.4814, (9)

for any rq(,)-value. Therefore, one also has :

1
Ncon(epp) (Faca)) /3 x apnep) (Ta@) = 1/4 = 0.25 = M), (10)

explaining thus the existence of the Mott’s criterium.

Furthermore, by using M) = 0.25, according to the empirical Heisenberg parameter
H ) = 0.47137, as that given in our recent work.! we have showed that Ncpn(cpp) IS Just
the density of electrons (holes) localized in the exponential conduction (valence)-band
tail Népncopy »  With a  precision ~ of  the  order  of

3.2028 x 1077, as also showed in Table 1 in Appendix 1 . S0, Nepnpp)(Fd@) ) =

NEbacop) Td@)- (11)

Here, it shoud be noted that the values of My,,,) and 3,y could be chosen such that those of

Ncpn(cpp) and NEpcpp) are found to be in good agreement with experimental results.

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

bands, N*, can be defined, as that given in compensated materials:

N*(N,r4(a)) =N = Nepnnop) (Fag) = N = Nepnepp) (Tac) = 0.(12)

One notes here that, with increasing rqc,) and for a given N, Nepnnpp)y (Taca)) increases, as
observed in Table 1 in Appendix 1, and therefore, N*(rg(,) decreases, according to the

increasing compensation.

In summary, as observed in our recent paper.l! for an increasing T4(a), €(Taca)) decreases,
while Ncpnvpp) (Tay) increases, affecting strongly all the electrical-and-thermoelectric

coefficients, as those observed in following Sections.
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Physical model
In the Mg-AM, the reduced effective Wigner-Seitz (WS) radius rgp(spy, characteristic of
interactions, being given in Eq. (9), in which N is replaced by N*, is now defined by:
3 )1/3 1

X

* _ keagp) . _
v x rsn(SP)(N 'rd(a)) = K(BI;) <1, rsn(sp)(N 'rd(a)) = (m

being

agn(ep)(Td(@)
1
proportional to N*™*/3. Here, y = (4/9m)3, Kpnerpy(N*) = (3n2N*)5 is the Fermi wave

number.

Then, the ratio of the inverse effective screening length kgpspy t0 kpp(kpy is defined by:

— ksn(sp) kErll(Fp) —r
RSH(SP)(N*) =k = k1 = RanS(spWS) + [RsnTF(spTF) - RanS(spWS)]e sn(sp) <
Fn(Fp) sn(sp)

1, (13)

being valid at any N*.
Here, these ratios, Rsntr(sprr) and Rgaws(spws), can be determined as follows.
First, for N > N¢pnnpp) (fa))» according to the Thomas-Fermi (TF)-approximation, the

ratio Rgnr(sprr (N*) is reduced to:

Ksn Kgn 4yTgn . )
RenTr(sprry (N*) = —CTD = Tl — / yr‘;(sp) &1, (14) being proportional to

Kpn(Fp) KenTr(spTF)

N*—1/6

Secondly, for N < Nepnnpp) (Tagay), according to the Wigner-Seitz (WS)-approximation,

the ratio Rs,ws(snws) is respectively reduced to:

_ d[Tgn(Sp)XECE(N*)]

drsn(sp)

* J— ksn S
Rsn(sp)WS(N ) = % =0.5x (%

). @5)

where Eqcg(N*) is the majority-carrier correlation energy (CE), being determined by:

087553 (2[1—1n(2)]
—0.87553 N 0.0908+Ign(sp) 2

0.0908+Tsn(sp) 140.03847728xrg5/ 378876

)XIn(rsn(sp))—0.093288

Ecg(N*) =

Furthermore, in the highly degenerate case, the physical conditions are found to be given by:

kg v LG V2TxN-
Fn(Fp) < n(p) = lir;(Fp) = Rsn(sp) <1 , [Un(p)(N*:rd(a)) = X %
aBn@p)  EFno(Fpo)  Anp)  Ksnesp) £(rq(a))

0K (s (16)
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A2 XK Ep)(N")
2XMc(y)XMgo '

ErnoFpo) (N

which gives: An(p) (N7, rd(a)) = [Un(p)(N*'rd(a))

) EFno(Fpo) (N*’rd(a)) =

Here, one remarks that: (i) the generalized Thomas-Fermi energy [Un(p)(N*, rd(a)) can thus be

approximately expressed as: C X ——, C being a constant, and (ii) Uy ( rqca)) increases

e(tgca))’

with increasing rqc,) and for a given N, since e(rq(,)) decreases, as given in Ref."!

Fermi Energy and Fermi-Dirac Distribution Function
Accurate Fermi Energy Expression
Here, for presentation simplicity, we change the sign of all various parameters, given in the

Mg-AM, in order to obtain the same one, as given in its degenerate n-type , according to the

. Erncrp) (N Taca), T
reduced Fermi energy Epncep) , &nepy(N* Taq), T) = — (Fp)li Trd” ) 0(< 0), obtained

respectively in the degenerate (non-degenerate) case.

For any (N* rqa), T), the reduced Fermi energy &,.)(N*, rqa), T) or the Fermi energy
Egnerp)(N¥, Tq), T), obtained in our previous paper'® obtained with a precision of the order

of 2.11 x 1074, is found to be given by:

B
= SWHAV W) _ YW 4 — 0005372 and B = 4.82842262, (17)
1+Au w)'

_ Ern (w
En(p) (u) 3 (Fp)

where u is the reduced electron density, u(N*,rd(a),T)ENN—*(T), New)(T) = 2 %
c(v)

2

mepy xmoxkgTNy - _ 2 I N 2/3 12
(R o BTN (em3), F(u) = aus (1+bus +cus) |, a=[3va/4]”, b=1(0)"

2mh?

_ 62.3739855 (n)

3
30 and G(u) =~ Ln(u) +2zxuxe 9% d =23/2

[ -2 >o

So, in the non-degenerate case (u < 1), one has: Epyppy(u) = kgT X G(u) = kgT X Ln(u)
as u — 0, the limiting non-degenerate condition, and in the very degenerate case (u > 1),

2
2 _t C8NTF B2 (N
one gets: Epperpy(u > 1) = kgT X F(u) = kgT X aus (1 +buz +cu 3) 3 o DX ()

2Xm(y)Xmg

Fn(FD)

as u — oo, the limiting degenerate condition. In other words, &, = is accurate,

and it also verifies the correct limiting conditions.
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In particular, as T— 0K, since u"! -0, Eg. (11) is reduced to: Efnorpo)(N¥) =

7% XK (pp) (N)
2XMe(y)XMg

, being proportional to (N*)?/3. Further, at T=0 K and N* = 0, being physical

conditions, given for the metal-insulator transition (MIT).

In the following, it should be noted that all the optical and electrical-and-thermoelectric

properties strongly depend on such an accurate expression of &, (N*, Td(a) T).[Q]

Fermi-Dirac Distribution Function (FDDF)
The Fermi-Dirac distribution function (FDDF) is given by: f(E) = (1 +e¥)™ !, y= (E—
Egneep))/(kgT).

Thus, the average of EP, calculated using the FDDF-method, as developed in our previous

works.[*®! is found to be given by:

_ p _ of of 1 eV
(EPYeppE = Gp(Epnerp)) X Epygrpy = J_ o, EP x (_ a_E) dE, ——-= kaT < (LreV)?

. of .
Further, it should be noted that, at T=0 K, ——_ = 8(E — Efno(rpo))» 8(E — Erno(rpoy) being

the Dirac delta (8)-function. Therefore, G, (Epno(rpoy) = 1.

Then, at low T, by a variable change y = (E — Epngp))/(kgT), One has:

eY

_ _ oo p _ B
Go(Brncemn) = 1+ Benrpy X oo G X (K6TY + Brnce ) dy = 1+ Ly Cp X

(kgT)P x EFE(FP) X Ig, where CE =plp—1..p—B+1)/B! and the integral Ig is

given by:

[o'e) B B . -
=/ & xe? L dy, vanishing for old values of B. Then, for even

—o (1+eY)? dy = f_°° (eW2+e‘W2)2

values of B = 2n, with n=1, 2, ..., one obtains:

= foo anxey

IZn 0 (1+ey)2 Y .

Now, using the identity(1 + e¥)™2 = 3122 ,(—1)5*'s x Y6~V a variable change: sy = —t,
the Gamma function: f0°° t?Me"tdt =T (2n + 1) = (2n)!, and also the definition of the
Riemann’s zeta function: {(2n) = 22" 11?%|B,,|/(2n)!, B,, being the Bernoulli numbers,
one finally gets: I,, = (22" — 2) X 2" x |B,,|. From the above Eq. of (EP)gppr, We get in

the degenerate case (§,p) > 1) the following ratio:
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_ mkgT T _ (EP)eppF p plp-1)..(p—2n+1) on
G (:“B = <1):—=1+ _ X (22" — 2) X |Byy| X
p>1 Y Epn(rp) En(p) gn(pp) Zn—l (2n)! ( ) | 2n |

which can thus be approximated by:

Gps1(y < 1) = 1+p(p— 1) X |B,| xy?, B, ==.(18)

Then, some usual results of G, (y < 1) are given in the Table 2 in Appendix 1, suggesting
that, with increasing T (or decreasing T) and for given (N, rgq), since &, (T) decreases (or

increases), the function G, (T) increases (or decreases).

Electrical Properties

Now, the electrical conductivity o can be defined and expressed in terms of the Kinetic energy

2 2
of the electron (hole), E, = & k being the wave number, as:
2><mn(p)(x)><mo
1
_axk Kk B \2 , 1 o - 2
o(k) = 7 % T X [kx aBn(Bp)] X ([Un(p)) (4=7)» Which is thus proportional to E;”,

q? _ _ . . . .
where —— = 7.7480735 X 10 5 ohm™ and U,,,)(N*, rqca)) is determined in Eq. (16).

TIkBT
EFn(Fp)

} 2
Then, we obtain: (E?)pppr = Go(y = )xEén(Fp) , and Gy(y) = (1+y?)5

Go(N*, Tq(a), T) , With yEEn%’ Entp) = &n(N* Taa), T) for simplicity. Therefore, for

EFno(Fpo) > 0and T =0K, GZ(y = 0) = 1.

Therefore, if denoting the function H(N*, rqc,), T) by:
H(N", rgca), T) =

Ken(rp) (N . +\ _ EFno(Fpo)(N")
[Rsn(sz)(N*) X [an(Fp)(N ) X dBn(Bp) (rd(a))] X An(p)(N ) = —Un(p(;(l\l::rd(a))

G (N*,rqca), T), which can be approximately expressed in terms of: EZ ,mpe)(N) X

e(ra( )) . ) . .
GZ(N*, rd(a),T) X —f Thus, with increasing rqc,) and for given T and N, the function
(N9)%

H(rqca)) therefore decreases since (rq,)) decreases, as noted in Ref.!

Therefore, the electrical conductivity o may be determined by:

2
O(N', raa T) = o X HN' rage T) % (5222 ) - (20), (19)

EFno(Fpo) Qxcm
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noting that, at T=0K, it can thus be approximately expressed in terms of

[e(raca)x)

13
Egno(Fpo)(N*er(a);X)XF , being proportional to: [e(rge), x) x (N)z , for

EFno(Fpo) > (0 and T =0K.

Electrical Properties

Here, if denoting, for majority electrons (holes), the thermal conductivity by:

w
cmXK

oth. (N, T4, T) in : and the Lorenz number L by:

2

L="x (%B)Z = 2.4429637 (WX"hm

K2

) = 2.4429637 x 1078 (V2 x K-2) , then the well-

OTh.
o i)

known Wiedemann-Frank law states that the ratio, is proportional to the temperature

. 0th (N rga)T)
T(K i ——————=LXT.(2
( )’ as O'(N*,rd(a),T) ( 0)
Further, the resistivity is found to be given by: p(N*, rgc), T) = 1/06(N", rqca), T), noting
again that N* = N — N¢pnnpp) (Taa), X)-

New Electrical Coefficients

The relaxation time < is related to by'®!

mc(V)X m

T(N*, rq@a), T) = o(N”, rqa), T) X N 2 . Therefore, the mobility p is given by:

axt(N"ra@T) _ o(N"ra@T) (ﬂ) 1)
Me(y)X Mg gqxN* Vxs 7'

u(N*, rqqa), T) =

O'(N*,I'd(a),T)

being expressed in terms of NE . Further, as noted in above Eq. (19) for

o(N*, rge), T) and at T=0K, p(N*,rqc), T) can thus be expressed in terms of:

fs(rd(a))

El%“no(Fpo) (N*' T'd(a), X) X N*%

Then, from the well-known idea of Stokes, Einstein, Sutherland and Reynolds, we can define

our viscosity coefficient, V(N*, rq(,), T), and its reduced one, RV(N*, r4c,), T), by:

VIN"ra@D _ 1 (v s ) . _ V(N*rg@)T
= X — ), RV(N*, r4ca), T) = ————=——
q 6TXp(N* rqa),T)XRws(N*) ( d@» T)

— = 2
cm  cm? W(N*,rd(a),T=0K)’( )

1/3
where Ryyg(N¥) = (ﬁ) is the effective Wigner-Seitz radius, decreasing with increasing

N*.

www.wijert.org ISO 9001: 2015 Certified Journal 216




Cong. World Journal of Engineering Research and Technology

Further, as noted above foru(N*,rd(a),T), V(N*,r4ca), T) can thus be expressed in terms of

19 1
(N)T2X[Ncpnnpp) (Fda)*)]®
Efnerp) (N Td(a) T)XG2(N"raca) T)

, giving raise to some concluding remarks as follows.

—With decreasing T and for given N and rg(,), and

—with increasing N and for given T and rq,), corresponding to the high degeneracy
conditions,

V(N) thus increases, suggesting an equivalence between degeneracy-and-viscosity

concept, and being used to explain the numerical results of V, given next Tables.

Then, the activation energy, AE(N*, rg(a, T), can be defined as.!'"!
AE(N", gy, T) = kpT X Ln (RV(N", 14, T)) < 0 €V, (23)
according to the reduced activation energy, RAE(N*, rgca), T), given by:

RAE(N®, rg(a), T) = W = Ln (RW(N*, rd(a),T)) <o0.

Furthermore, the Hall factor, r(N*, rqc,), T), is defined by:

% _ (t™®)rDDF G4(y) _ s kg T
N*, ,T) = = , V= = , and the Hall
r(N" ra@) T = faeom? = Geor * Y En (N Ta@T)  Epngep)(N“racayT)

mobility is found to be given by:

2
MH(N*, I‘d(a),T) = u(N*,rd(a),T) X I‘(N*,Fd(a),T) (ﬁ) (24)

VXs

Global Einstein -and- Van Cong relations
By taking into account Equations (21, 22) and for any N, rqc,), and T, our global relations
are found to be defined by:

D(N*rqea).T) _ D(N*rge)T)
W(N*rqe).T) ~ o(N*rac)T)

R(N*, I'q(a), T) =

X @ X N* = D(N*, rge), T) X YOV ra@ ™) 'r;‘("‘)'T) X

N* _ dEpnepp) _ kgXT % (u dEn(p)(u)) _ [3xL

Sy e Eap@y ks
67-’:XRWS(N)_qX dN* T q du 2 )’

xTX(u 0

where D(N*, rgca), T) is the diffusion coefficient, £, (u) is defined in Eq. (17), the mobility
w(N*, rqca), T) is determined in Eq. (21), the conductivity o(N*, rga), T) is determined in Eq.
(19), and the viscosity coefficient V(N*, rqc,), T) is defined in Eq. (22).
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Ernrp)(W) _ G(w)+AuBF(u) _ V)
kgT  1+AuB  — w)'

By differentiating this function &,y (u) = with respect to u,

Enm)()

being defined in Eq. (11), one obtains ————. Therefore, Eq. (24) can also be rewritten as:

kB ><T V' (W) xW(w)-V(u)xW’'(u)
xu w2()

R(u) = where W'(u) = ABu®! and V'(u)=u'+

4 8
275e ~du(1 — du) + 2AuPTIF(u) [ (1 + 2B) + dxlu Stzen 3 2t2en %] One remarks that: (i) asu — 0,

1+bu 3+cu 3

one has: W2 =~ 1 and u[V' Xx W —V x W'] = 1, and therefore: R(u - 0) = KpxT

well-known local (u — 0) relation given by Einstein, and (ii) as u - oo, one has: W? =~
A*u?B and u[V' x W —V x W'] = Zau?/3A%u®®, and therefore, in this highly degenerate

case and at T=0K, our relation (24) is reduced to a correct result: R(N*, rqc), % T = 0K) =

2 *
E EFno(Fpo) (N )/q

It should be noted that the well-known “local” Einstein relation, being valid only at the
lowest degeneracy (or u — 0), is now globalized by our “Global” Einstein -and- Van Cong

relations (25), valid at any degeneracy (or any u).

Furthermore, in the present degenerate case (u > 1), Eq. (25) can be rewritten as:

% 2 _, Erno(rpo)(w) 4 <bu_§+2cu_§>
Revey(N*, raea), x, T = 0K) =X X T o X |
<1+bu 3+cu 3)

where a = [3\/5/4]2/3 == (“) and ¢ = 23739855 (m)*

1920 a

Then, in Tables 3n and 3p in Appendix 1, for given rqy,), and T=(4.2 K and 300 K), the

numerical results of V, pand D, expressed as functions of N, are obtained by using Equations
(22, 21 and 25).

Further, in Tables 4n and 4p in Appendix 1, for given rq.,) and N, the numerical results of

Fermi energy Epnrp)(r=ok)(eV) [or reduced Fermi energy &, (N*,rq, T)], and viscosity

coefficient V(N*, rqca, T), expressed in (%xi) are obtained, as functions of T, by

2

using Equations (17, 22), respectively.
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Thermoelectric Coefficients
Then, from Eq. (19), obtained for o(N*,rgc), T), the well-known Mott definition for the

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

- dln -n? _k dlno
S(N*, Faa), T) = T X 22 x kT x 220 LY VLG
3 q> OE E=EFn(Fp) 3 q aEn(p)

[ 2
= _2\/— X— ZTMOtt (!) < 0, ZTMOtt T[_

1+ ZTMOtt K 3><En(p)1

Then, using Eq. (17), for the degenerate case, &,y =0, one gets, by putting

2

— y
Ysp (N* T4y, T) = [1 = ——F——|,
3XG2<y_En(p)>
-m? Kk 2Y 3XL 2X JZT \Y%
S(N* Ty, T) = == X 2 x =S = — |22 2w o T x Y ZTMo (—) <
3. a4 &) m (1+3X«En<p> ) 1+ ZTpmott \K
2
0, ZTvott = - EZ , (26) according to:
3XEn(p)”
0S _ 3Ly o w2 1 _ 3Ly o5 ZTMouX[1- ZTmotl
6§n(p) TEZ ( 3><En(p)2>2 T[Z [1+ ZTMOtt]Z
W

Here, one notes that: (i) as &,(,) — +0 or &,,) — +0, one has a same limiting value of S:

S— =0, (ii) at &) = \/7— 1.8138, since = 0, one therefore gets: a minimum

aEn(p)

(S)pmin. = —VL = —1.563 x 10~* (E) and (iii) at &, =1 one obtains: S =~ —1.322 x
0 (2)

Further, the figure of merit is found to be defined by:

SZxoxT _ S2 4x ZTMott

=2 = e (97)

[14 ZTmott]?

ZT(N*, rq), T) =

a(ZT) S as

Here, one notes that: (i) —= T =2X-X TV S <0, (ii) at &,y = E ~ 1.8138, since
n(p) n(p)

=0, one gets: a maximum (ZT)max =1, ZTyore = 1, and (iii) at §,,) = 1, one

a(ZT)
n(p)

2
obtains: ZT = 0.715 and ZTyge = “? ~ 3.290.

Finally, the first Van-Cong coefficient can be defined by:
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" — _ N* ds ! % as _azn(p)
VCL(N*, rg(a, T) = —N* x> (X) = N X e X~ (28)

being equal to 0 for &,,) = \/g , and the second Van-Cong coefficient as:

VC2(N*, g, T) = T X VC1(N*, 14(a), T) = T X N* X agnfp) X —agfgf), (29)
the Thomson coefficient, Ts, by:

Ts (N I'd(a), T) T X (K) T % azrjp) % En(p)’ (30)

being equal to 0 for &,,) = \/g and the Peltier coefficient, Pt, as: Pt(N*, rqc,), T) = T X S.

Then, in Tables 5n and 5p in Appendix 1, for given rg and N, the numerical results of
Enep): ¥, AE, oy, S, VC1, VC2, Ts, Pt and ZT are obtained, as functions of T=(4.2 K, 300 K),

by using Equations (17, 22, 23, 20, 26, 28, 29, 30, 31, and 27), respectively.

Further, in Tables 6n and 6p in Appendix 1, for given rq,) and T=0K, the numerical results

cm?
=, (mcm) u( ) , and D (T) are
obtained, as functions of N, by using Equations (17, 22, 19, 21, 25), respectively.

of Fermi energy Epnrp)(eV), V(10° x—mx

cm?

Finally, in Table 7 in Appendix 1, for given physical conditions: rgc,), N (or T), the same
values of &, decrease, according to the increasing T (or to the decreasing N), and other

thermoelectric coefficients are in variations, as indicated by the arrows as: (increase: /7,

decrease: \v). One notes here that (i) for §,,) = 1.8138, while the numerical results of S
present a same minimum S, ( —1.563 x 1074 ) those of ZT show a same maximum
ZThax = 1, (||) for &,y = 1, those of S, ZT, ZTyer, VC1, and Ts present the same results:
—1.322 x 107 =, 0.715, 3.290, 1.105 x 10~ -4 and 1.657 x 107*= respectlvely, and (iii)

for §,¢p) = 1.8138, (ZDon = 1.

Furthermore, it is interesting to remark that the VC2-coefficient, defined in Eq. (29), is related

to our Global Einstein -and- VVan Cong relations (25), by:

9s ., D(N"rqe.T) (V_Z) ks _ [3xL

ks * = - a
. X VC2(N*, g, T) = Onp)  M(N“rqe).T)

q A w2
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according, in this work, with the use of our Eq. (26),
to: VC2(N,rge), T) = T X VC1(N,rq(a), T) =
_ D(N*rgc)T) ZTmottX[1= ZTMott] _ . m

H(N*rgca),T) X2 X [1+ ZTMmott]? W), ZTMote = 3><Eﬁ(p).

Therefore, we obtain in this work:

D(N*rgca).T) _ D(N*rgc)T)
W(N*rqe).T) ~ o(N*rac)T)

VC2(N,r ,T 1+ ZT 2 N* dE
_ (N.rgca).T) x [ Mott] = Fn(*Fp) ’ (32)
2 ZTymottX[1- ZTmott]  q dN

R(N*,rgea), T) = X q % (N*/geww)) = D(N*,rq@a), T) X

YW ra@D o o 5 Rws(N¥) =

being new results.

Concluding Remarks

In the n(p) — type degenerate Mg — AM, the electrical and thermoelectric coefficients,
enhanced by : (i) our static dielectric constant law, €(rqc,)), given in Equations (5,6), (ii) our
accurate reduced Fermi energy, &, (), given in Eq. (17), being accurate with a precision of the

order of 2.11 x 10~4P affecting all those coefficients, and finally (iii) our electrical
conductivity model, given in Eg. (19), are now investigated by basing on our physical model
and Fermi-Dirac distribution function, as those given in our recent works.*!

Finally, the numerical results of those coefficients are given and discussed in Tables 3n, 3p,

4n, 4p, 5n, 5p, 6n, 6p, and 7 in Appendix 1.
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APPENDIX 1

. N
Table 1. In the n(p) type degenerate Mg — AM, the numerical results of Byoao) = 1.8554766 x 1011 () €,
Nepn(cop) and NEBT cppy, Were given and discussed in Ref.l! It should be noted that the relative deviations in absolute

EBT
1 — Xeoneon)|  giving rise to their maximal value equal to 3.2028 x 10~7. It means that

values are defined by: |[RD| = |

Ncpn(cdp)

such the critical d(a)-density NCDH(NDP)(rd(a)) given in the parabolic conduction (valence) band, is just the density of

electrons (holes) localized in the EBT, NEBH (cpp) ( Tdca))-

Donor P As Sh Sn Mg
rq (NnM) 2 0.110 0.118 0.136 0.140 0.141
e(rg) N 1.2816 1.1331 1.0056 1.0002 1

Nepn(f) in 1022 cm™ ~ 49857167 72146410  10.320752 10.488212 10.495313
NEBT(r.)in102 cm™ ~  4.9857154 7.2146387  10.320750 10.488209 10.495310

[RD| in 1077 25092 3.2028 1.6640 2.4201 2.9654
Acceptor Ga Mg In Cd

ry (nm) 7 0.126 0.141 0.144 0.148

e(ry) 1.0521 1 0.9979 0.9888
Nepp(ra) in 102 em™ 2 0.9011263 1.0495313 1.0560207 1.0855359
NEBT(r,) in 102 cm™3 2 0.9011261 1.0495310 1.0560204 1.0855356

[RD| in 1077 2.4709 2.9668 2.8218 2.8911

mkgT _ ™
Ern(rp)  Sn(p)

Table 2: Expressions for G5, (y = ), due to the Fermi-Dirac distribution function, are used to

determine the electrical-and-thermoelectric coefficients, suggesting that, with decreasing T and for given

(high N, rg), the function Gp1(y) decreases as: Gp>1(y = 0) - 1.

G3/2 o) G, (y) G'5/2 ) G3(y) G'7/2 o) G4(y) G9/2 W)

(1+y§) (1+y3—2) (1+%) (1+y?) (1+¥) (1+ 2y?) (1 +¥)

Table 3n: For a given rq, and T=(4.2 K and 300 K), the numerical results of V,pand D, expressed

6 2 2
respectively in (M x—; & ;ﬂ), as functions of N, are obtained by using Equations (22, 21 and 25),

cm c?; VXs S
noting that, in this very degenerate case, for same physical conductions, all the corresponding physical results

are found to almost be the same.

Donor P As Sb Sn
rq (nm) 2 0.110 0.118 0.136 0.140
At T=4.2 K,

N (102 cm™3)

3 (5.046; 1.068;10.30)  (5.647; 0.925;8386) (6.074; 0.819:6.733)  (6.087 ; 0.815; 6.662)
4 (6.059; 0.995;12.01)  (6.915; 0.853;9.854) (7.665; 0.744 ;8.048)  (7.694 ; 0.740 ; 7.972)
5 (6.931; 0.946;13.50)  (8.001; 0.805;11.11) (9.017; 0.697;9.146)  (9.060 ; 0.693 ; 9.064)
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6 (7704 ; 0.909 ; 14.84)

(8.964 ; 0.771 ; 12.24)

(1021 ; 0.663 ; 10.10)

(10.26 ; 0.659 ; 10.02)

At T=300 K,

N (1023 cm™3)

3 (5.046 ; 1.068 ; 10.30)
4 (6.059; 0.995;12.01)
5 (6.931; 0.946 ; 13.50)
6 (7.704 ; 0.909 ; 14.84)

(5.647 ; 0.925 ; 8.386)
(6.915; 0.853;9.854)
(8.001 ; 0.805; 11.11)
(8.964 ; 0.771 ; 12.24)

(6.074 ; 0.819;6.733)
(7.665 ; 0.744 ; 8.048)
(9.017 ; 0.697 ; 9.146)
(10.21; 0.663 ; 10.11)

(6.087 ; 0.815 ; 6.662)
(7.694 ; 0.740 ; 7.972)
(9.060 ; 0.693 ;9.064)
(10.26 ; 0.659 ; 10.02)

Table 3p: For a given r,, and T=(4.2 K and 300 K), the numerical results of V,pand D, expressed

. . 107 xeV s cm?
respectively in { ——— ;

sz

cm cm2’ Vxs’ s

), as functions of N, are obtained by using Equations (22, 21 and 25) ,

noting that, in this very degenerate case, for same physical conductions, all the corresponding physical results

are found to almost be the same.

Acceptor Ga Mg In Cd
rq (nm) 7 0.126 0.141 0.144 0.148
At T=4.2 K,

N (1023 cm™3)

(6.0878; 0.8147; 6.6592)
(7.6956; 0.7398; 7.9687)
(9.0620; 0.6924; 9.0608)

(6.0924; 0.8131; 6.6320)
(7.7069; 0.7382; 7.9396)
(9.0785; 0.6908; 9.0295)

(6.1118; 0.8064; 6.5106)
(7.7560; 0.7310; 7.8102)
(9.1516; 0.6836; 8.8904)

3 (5.9417; 0.8554; 7.3421)
4 (7.3983; 0.7822; 8.7059)
5 (8.6415; 0.7351; 9.8587)
At T=300 K,

N (1023 cm™3)

3 (5.9415; 0.8554; 7.3423)
4 (7.3982; 0.7822; 8.7060)
5 (8.6414; 0.7351; 9.8588)

(6.0876; 0.8147; 6.6593)
(7.6955; 0.7398; 7.9688)
(9.0619; 0.6924; 9.0609)

(6.0923; 0.8132; 6.6321)
(7.7067; 0.7382; 7.9397)
(9.0784; 0.6908; 9.0296)

(6.1116; 0.8065; 6.5107)
(7.7559; 0.7310; 7.8103)
(9.1515; 0.6836; 8.8904)
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Table 4n: For given rq and N, the numerical results of Fermi energy Egy(r=ok)(eV) [or reduced Fermi energy

E.(N*, 14, T)], and viscosity coefficient V(N*,rq, T), expressed in (% X c;_Z)’ are obtained, as functions of T,

by using Equations (17, 22), respectively. In particular, from these numerical results of V(T), one observes that,

for such given (rgq and N), they increase with decreasing T, in good agreement with those, obtained in liquids by

Ewell and Eyring.!"” and complex fluids by Wenhao.!"® and from those of V(ry), one observes that, for given (T

and N), they increase with increasing ry.

Donor As Sb Sn

rq (nm) [4] 7 0.118 0.136 0.140
For N=4 x 10?3 cm3,

Ncpy in 1022 cm™3 7.214641 10.320752 10.488212
Efn(r=or)(€V) N 19.79616573 19.79616572 19.79616571

Vior 2 6.9149557 x 10° 7.6648498x% 106 7.6944390 x 106
Encrotz) N 47892915 x 10% 44818079 x 10% 44649334 x 10*
V (426 2 6.9149557 x 106 7.6648498 x 106 7.6944390 x 106
Encrorriy 2.6123413 x 103 2.4446230 x 103 24354187 x 103
V (771 7 6.9149498 x 106 7.6648424 x 106 7.6944315 X 106
En(T=100K) 2.0115030 x 103 1.8823600 x 103 1.8752727 x 103
V (1006 7 6.9149458 x 10° 7.6648374 x 106 7.6944264 X 106
En(T=150K) 1.3410025 x 103 1.2549072 x 103 1.2501823 x 103
V (150%) 2 6.9149335 x 106 7.6648218 x 106 7.6944106 x 106
En(T=200K) 1.0057524 x 103 941.1809615 937.6373337

V (200%) 2 6.9149163 x 106 7.6648000 X 106 7.6943886 x 10°
En(T=250K) 804.6024991 752.945359 750.110459

V (250%) 2 6.9148942 x 106 7.6647720 x 106 7.6943603 x 106
En(T=300K) 670.5026448 627.4550667 625.0926523

V (300%) 2 6.9148671 x 106 7.6647378 x 106 7.6943256 X 106
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Table 4p: For given r, and N, the numerical results of Fermi energy Egy(r=ox)(eV) [or reduced Fermi energy

Ep (N*, 1y, T)], and viscosity coefficient V(N*, r,, T), expressed in (% X c;_z)’ are obtained, as functions of T, by

using Equations (17, 22), respectively. In particular, from these numerical results of V(T), one observes that, for

such given (r, and N), they increase with decreasing T, in good agreement with those, obtained in liquids by

Ewell and Eyring.!"” and complex fluids by Wenhao.

and N), they increase with increasing r,.

[18]

and from those of V(r,), one observes that, for given (T

Acceptor Ga Mg Cd

r, (nm) 2 0.126 0.141 0.148

For N=4 x 10?3 cm3,

Nepp in 1023 cm™3 ~ 0.90112629 1.0495313 1.0855359
16.6984824 16.1610073 16.0292632

Epp(r=oy(eV) N
Vo) 7
Ep(T=42K)
Viaz2r) 7
Ep(r=77K)
V7 7
€p(T=100K)

V (1001) 7
€p(T=150K)

V (1501 7
Ep(T=200K)

V 200x) 7
Ep(T=250K)

V 2501 7
Ep(T=300K)

V 300k 7

7.3983195 x 10°
4.6126860 x 10*
7.3983195 x 10°
2.5160110 x 103
7.3983128 x 10°
1.9373288 x 103
7.3983082 x 10°
1.2915530 x 103
7.3982940 x 10°

968.6653306
7.3982741 x 10°
774.9328376
7.3982486 x 10°
645.7779484
7.3982174 x 10°

7.69567220x 10°
44642172 x 10*
7.6956721 x 10°
2.4350281 x 103
7.6956647 X 10°
1.8749719 x 103
7.6956596 X 10°
1.2499818 x 103
7.6956438 x 10°
937.4869212
7.6956218 x 10°
749.9901292
7.6955934 X 10°
624.9923775
7.6955588 x 10°

7.7559952%x 10
44278250 x 10*
7.7559951 x 106
24151778 x 103
7.7559875 x 10°
1.8596872 x 103
7.7559823 x 10°
1.2397920 x 103
7.7559661 x 10°
929.8445714
7.7559435 x 10°
743.8762542
7.7559145 x 10°
619.8974866
7.7558790 x 10°
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Table 5n: For given rg and N, the numerical results of &,,V, AE, oy, S, VC1, VC2, Ts, Pt and ZT are
obtained, as functions of T=(4.2 K, 300 K), by using Equations (17, 22, 23, 20, 26, 28, 29, 30, 31, and 27),

respectively. In particular, from the numerical results of V(T), one observes that, for such given (rq and N), they

increase with decreasing T, in good agreement with those, obtained in liquids by Ewell and Eyring"” and

complex fluids by Wenhao!'™ suggesting an equivalence between degeneracy-and-viscosity concept, and

from those of V(rq), one observes that, for given (T and N), they increase with increasing rq.

Donor As Sb Sn
rg (nm) [4] 7 0.118 0.136 0.140
For N=4 x 10?3 cm3,
Ncpp in 1022 cm™3 7.214641 10.320752 10.488212
Enroazio X 1074 N 4.7892915 4.4818079 4.4649340
En(T=300K) N 670.502645 627.455067 625.092652
V 4210 (% X ﬁ) x1076 /  6.9149557 7.6648498 7.6944390
Vizook) (% x #) x1076 » 69148671 7.6647378 7.6943256
—AE 425 (€V) x 10" 7 9.0820067 10.370927 10.449470
—AE 300k (€V) x 107 2 33097610 3.7794855 3.8081073
Ot ai (oo )X 107 N 4.5961332 3.6311341 3.5899837
Omn. G00K) (oo )X 10 N 3.2829943 2.5937051 2.5643119
~Stak (E )x 10° ” 1.1838767 1.2650990 1.2698802
=S 300K (% )x 107 ” 84561773 9.0363177 9.0704681
—VC1 1 (E )% 10° » 7.8925115 8.4339934 8.4658682
—VC1 300k (%) x107 2 5.6373381 6.0240734 6.0468387
—VC2 (4t (% yx10° 2 33148548 3.5422772 3.5556646
—VC200k) (g) x10% 7 1.6912014 1.8072220 1.8140516
~TS a0 (E )x 108 ” 1.1838767 1.2650990 1.2698802
~Ts 300k (g) x107 7 8.4560071 9.0361101 9.0702581
~Ptgai(V) x 108 2 4.9722823 53134159 53334970
~Pt 001V ) x 10 » 2.5368532 27108953 2.7211404
Iz % 10° 7 57371466 6.5513683 6.6009814
ZT 300k X 10° 7 2.9270567 33424580 33677697
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Table Sp: For given r, and N, the numerical results of &,,V, AE, oy, S, VC1, VC2, Ts, Pt and ZT are
obtained, as functions of T=(4.2 K, 300 K), by using Equations (17, 22, 23, 20, 26, 28, 29, 30, 31, and 27),

respectively. In particular, from the numerical results of V(T), one observes that, for such given (r, and N), they

increase with decreasing T, in good agreement with those, obtained in liquids by Ewell and Eyring!” and

complex fluids by Wenhao!'™ suggesting an equivalence between degeneracy-and-viscosity concept, and

from those of V(r,), one observes that, for given (T and N), they increase with increasing ry.

Acceptor Ga Mg Cd

Ta (NM) 7 0.126 0.141 0.148

For N=4 x 10%3 cm 3,

Ncpp in 1023 cm™3 ~ 0.90112629 1.0495313 1.0855359
Ep(roazio X 107% N 4.612686 4.4642172 4.4278250
Ep(T=300K) N 645.777948 624.992377 619.897487
V 426 (ﬂ x #) x10"6 ~ 73983195 7.6956721 7.7559951
V(3OOK)( xg) x1076 ~  7.3982174 7.6955588 7.7558790
—AE 425 (€V) x 10" 7 9.7907603 10.452821 10.625353
—AE 300k, (V) x 107 2 3.5680537 3.8093294 3.8722043
Om. k) (o) X 107 N 3.9848701 3.5882570 3.5025378
Omh. 300K (oo )X 10 N 2.8463750 2.5630784 2.5018502
~Stazt0 (g )x 10° 2 1.2292037 1.2700840 1.2805228
-S 300K (E )yx 107 » 8.7799312 9.0719234 9.1464836
~VCl a0 (K )% 10° » 8.1946913 8.4672265 8.5368184
—VC1 o0k, ( ) x107 7 5.8531605 6.0478088 6.0975122
—VC2 a0 (— yx108 2 3.4417704 3.5562351 3.5854637
—VC200%) ( ) x10* /2 1.7559482 1.8143427 1.8292536
~TS(aak (— )x 10° ” 1.2292037 1.2700840 1.2805228
~Ts 300k ( ) x107 2 8.7797408 9.0717133 9.1462682
~Ptiyaio(V) x 108 2 5.1626556 5.3343527 5.3781956
~Ptz00k(V ) x 10 2 2.6339794 27215770 2.7439451
I X 10° ” 6.1848718 6.6030997 6.7120872
ZT 300k X 10° 2 3.1554784 33688504 3.4244537
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Table 6n: For given rq and T=0K, the numerical results of Fermi energy Eg,(eV), V(10° x % X ﬁ), o

10%
nxcm)’

2 2
u(%), and D (%), are obtained, as functions of N=[= N¢pp, N1=4 X 1023 cm™3,N2 = 5 X 10?3 cm3,

N3 = 6 X 10?3 cm™3], by using Equations (17, 22, 19, 21, 25), respectively. It should be noted here that (i)

they are cancelled at the MIT-conditions , (T=0K, N=N¢p, or N* = 0), and (ii) those values of Eg, = 0,

V=0,06020,p=0,andD = 0, obtained for N = N¢p,, , thus define the properties of the degenerate (or

viscous) Mg-AM, given in the Mott MIT. In particular, from these numerical results of V, one observes that, for

such given (rq and T=0K), they increase with increasing N (or increasing Eg, ), in good agreement with those,

obtained in complex fluids by Wenhao!'®!

suggesting an equivalence between degeneracy-and-viscosity

concept.
For rq = rp and N¢p,=4.9857167 X 10?2 cm 3,
Epn 2 =0 [0] 18.115 21.418 24.483
v o2 =0 [0] 6.0594 6.9308 7.7043
6 7 =0 [0] 5.5805 6.8201 8.0170
THERN =0 [0] 0.9947 0.9456 0.9095
2 =0 [0] 12.010 13.499 14.842
For rq = rys and N¢p,=7.214641 x 10?2 cm™3
Epn 2 =0 [0] 17.338 20.705 23.817
v o =0 [0] 6.9149 8.0011 8.9637
c 7 =0 [0] 4.4795 5.5210 6.5209
THERN =0 [0] 0.8528 0.8054 0.7710
2 =0 [0] 9.8545 11.114 12.240
For rq = rg, and N¢p,=1.0320752 x 1023 cm 3,
Epn 2 =0 [0] 16.225 19.690 22.873
v o2 =0 [0] 7.6648 9.0169 10.211
c 7 =0 [0] 3.5390 4.4306 5.2798
VRN =0 [0] 0.7442 0.6969 0.6633
D ~ =0 [0] 8.0481 9.1463 10.112
For rq = rg, and N¢p,=1.0488212 x 1023 cm~3,
Ern 2 =0 [0] 16.164 19.635 22.822
v 2 =0 [0] 7.6944 9.0602 10.266
c 7 =0 [0] 3.4988 4.3847 5.2279
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VRN =0[0] 0.7400 0.6926 0.6590
7 =0 [0] 7.9719 9.0642 10.024

S

—),

cm

Table 6p: For given r, and T=0K, the numerical results of Fermi energy Eg,(eV), V(10° x%x

2 2
(2, u(%), and D (%), are obtained, as functions of N=[= N¢pp,, N1=3 X 103 cm™3, N2 = 4 X

Qxcm
10?2 cm~3, N3 = 5 X 10?3 cm3], by using Equations (17, 22, 19, 21, 25), respectively. It should be noted
here that (i) they are cancelled at the MIT-conditions, (T=0K, N=N¢p, or N* = 0), and (ii) those values of
Epp 2 0,V20,0=20,u=0, andD = 0, obtained for N = N¢p,, thus define the properties of the

degenerate (or viscous) Mg-AM, given in the Mott MIT. In particular, from these numerical results of V, one

observes that, for such given (rq and T=0K), they increase with increasing N (or increasing Eg, ), in good

1

agreement with those, obtained in complex fluids by Wenhao!™ suggesting an equivalence between

degeneracy-and-viscosity concept.

N 2 Nepp = Nepp N1 N2 N3

For 1, = Ig, and N¢p,=9.0112629 x 10?2 cm~3,

Epp 7 =0 [0] 12.878 16.698 20.121
v o =0 [0] 5.9417 7.3983 8.6415
c 7 =0 [0] 2.8764 3.8837 4.8277
TN =0 [0] 0.8554 0.7822 0.7351

2 =0 [0] 7.3421 8.7059 9.8587

Epp » =0 [0] 12.264 16.161 19.632
A =0 [0] 6.0878 7.6957 9.0620
c 72 =0 [0] 2.5458 3.4972 4.3828
TN =0 [0] 0.8147 0.7398 0.6924

2 =0 [0] 6.6592 7.9687 9.0608

Erp 2 =0 [0] 12.237 16.137 19.611
A =0 [0] 6.0924 7.7069 9.0785
c 7 =0 [0] 2.5326 3.4818 43652
TN =0 [0] 0.8131 0.7382 0.6908

2 =0 [0] 6.6320 7.9396 9.0295
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For r, = r¢q and N¢p,=1.0855359 X 10%3 cm 3,

Epp 7 =0 [0] 12.113 16.029 19.513
A =0 [0] 6.1118 7.7560 9.1516
c 7 =0 [0] 24736 3.4136 42872
TN =0 [0] 0.8064 0.7310 0.6835

2 =0 [0] 6.5106 7.8102 8.8904

Table 7: In the n(p) type degenerate Li — Metal, for given physical conditions: rqc,y, N (or T), the same
values of &, decrease, according to the increasing T (or to the decreasing N), and other thermoelectric
coefficients are in variations, as indicated by the arrows as: (increase: 7, decrease: ). One notes here that (i) for

Eam = 1.8138, while the numerical results of S present a same minimum S, (= —1.563 x 107* E), those of
ZT show a same maximum ZTy,,, = 1, (ii) for &,y = 1, those of S, ZT, ZTyoy, VC1, and Ts present the same
results: —1.322 X 1073 , 0715, 3290, 1.105 X 103, and 1.657 X 107, respectively, and (i) for
Ea = 1.8138, (ZT)pmore = 1.

Enp) 1.880 [1.880] 1.8138 [1.8138] 1.750 [1.750] 1[1] 0.998 [0.998]
5(10-43 —1562[—1.562] v —1.563[—1.563] » —1.562[—1.562] 7/ —1.322[-1.322] 7/ —1.320[—1.320]
ZT 0.999[0.999] 101] N 0.999[0.999] N 0.715[0.715] N 0.713[0.713]
Dyt 7 0.931[0.931] 1[1] 1.074 [1.074] 3.290 [3.290] 3.306 [3.306]
vC1 (10—43 —0.061[—0.061] 7 01[0] 7 0.063[0.063] 7 1105[1.105] /~  1.109[1.109]
Ts(10—4§) —0.092 [<0.092] 7 0[0] 7 0.094[0.094] / 1.657[1.657] /7  1.663[1.663]

www.wijert.org ISO 9001: 2015 Certified Journal 232




