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Quantum structural approach to high-T. superconductivity theory:
Herzberg-Teller, Renner-Teller, Jahn-Teller effects and intervalent geminal charge transfer
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We use quantum molecular structure and spectroscopic thoughts of various possible vibronic interactions for
the position space of two-electron geminal orbitals with Bloch sums. Our geminals have different degeneracy
from one-electron molecular orbitals and are different from the momentum space of BCS free electrons. Based
on Herzberg-Teller expansions, our consideration of the aspect of the Renner-Teller effect for cyclic boundary
crystals(instead of the usual linear moleculdavolves first-order vibronic interaction with isotope effects
different from the second-order electron-phonon energy of BCS theory, bipolaron theory, etc. Our consider-
ation of the Jahn-Teller effect with equal-minimum double-well potential leads to the intervalent charge
transfer between two degenerate vibrationally affected electronic structures. Our considerations of different
style vibrations other than the antisymmetric vibration for the nearest neigblwpr displaced oscillator, €}c.
may possibly be related to the case of special chemical structures with special doping and special coherence
length. Our simple structural illustrations of such different vibronic Renner-Teller, Jahn-Teller effects and
intervalent charge transfépf La, ,Sr,CuQ, and YBgCu;O,_,) may promote some possible thoughts of
guantum chemical structures compared and mixed with the physical treatments of specigl bigrercon-
ductors.[S0163-18207)05809-9

[. INTRODUCTION proaches differ from other past consideratidng'as well as
recent discussiorf$:%

Instead of free electrons for the Cooper paif BCS
theory:for low-T, sgperconductors as We'II as correlation Il LINEAR COMBINATION OF BONDING GEMINALS
effects; we emphasize the_: guantum chemical structural as- AND VIBRONIC MOLECULAR BONDING
pec_:ts of(tyvo-elect_ror) geminals E_qs(2_) an(_JI(3). Instead of _ GEMINALS (LCBG-MBG )
Peierls’ single solid-state potential distortion, we emphasize
positive and negative vibration in spectroscopy’s Jahn-Teller While the BCS theori of Cooper pair uses(opposite
effect = which gives rise to right and left equétiouble- ~momentumvik for each free electron,
well) potential minimd Eqg. (9), Figs. Zc), 3, 4]. Instead of

the (nearest-neighbordisplaced-oscillator interaction in bi- P(1,2)=""+aydya(1) P _s5(2)
polaron theory® [Eq. (26)], we emphasize unique vibrations
for doped systems that will have rigimple antisymmetry tacqbk-galDd-kiqp(2) T (D)

vibration for the movement to nearest neighb@ig. 5, Sec.
V), this is similar to goindeyondthe conjugate double-bond
charge transfer to the nearest neighborisiggle bond. In-
stead of Van Vleck's methdd and canonical
transformatiod*? to yield second-orderH® electron-
phonon interaction energy for th@ouble-wel) potential

we consider pseudoangular momentyr) for the (two-
electron bonding geminal of periodic Bloch structures. As
an illustration, consider the hypothetical large linear conju-
gate bonding molecular structure with cyclic boundary con-
dition Coy 4 3H an-5. The C=C doubles bonding structure

! with two-electron geminal may be replaced by the GuO
[Egs.(7), (10), and(12)], we propose dfirst-orde) crystal gy ctyre of hight, superconductors. The linear combination

Renner-Teller(vibronic) effect' [Egs.(14), (15), (39), Figs. bonding geminal{LCBG) to yield molecular bonding
2(c) and 3 that will give different isotope effects for differ- 5ominais(MBG) as a Bloch sum of the cyclic boundary con-
ent doping hight, superconductors. Instead of theee-  gition with A=0,1,2 ... 2N+1:

electron zero momentum spadg&—k=0) for high-T,

superconductivity? we study position space of the structural N1

electron/hole pairs withvibronic zero pseudoangular mo- Ua(1,2)= 1 E @2mMAN(2N+2) (1.2
mentum(A—A=0) for the cyclic boundary condition over AL J2N+2 =0 n,n+13 =

the finite crystal structurfEgs.(3) and(25)]. Aside from the

conductivity principles; we study the role of charge- 1 ANt ‘

transfer effect$®>~8We also propose special stat&ec. 1)) = N2 Zo e M nn+1(1,2)= (1,2,
for excitons and consider their excited charge transfer by "

nonantisymmetric vibrationEq. (38), Fig. 5. Our ap- 2
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55
where fik=27hAA/(2N+2)a is the momentum and the
bonding geminal is ¢y 1(1,2)=1/2[¢hn(1) b 1(2)
+ dn(2)Pny 1 ()] (@182~ B1ay) where aside from ther
orbital ¢ may bes,p,d, . .. atomic electron/hole orbital de-
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pending on the different cases of superconductor structures.
For zero momentumk(—k=k—qg—k+qg=0) to satisfy the
London equation and for vibronic interaction mixing to com-
pare with Cooper pairs Eql), we choose overalh —A=0:

1,2
W12=9o(12+3 (¥l

EO—EA—fzw_A

1

$(1234. .. CHNTIN+1)1(2N+2)!

N+2)=

Pa(1,2xH(Q- )

12A2N+2)!

21 8,P (1 2(3,4) - (2N+1,2N+2). (3)
=

The (2N+2)! permutations ofP, have antisymmetry signg,. The P, also contains the permutation movement of
(N+1) sets of geminalfy(n,n+1)]. Because the geminals are S|m|Iar therefore they need the refibival)!] /2 . TheP,

also contains the double permutation of the two elect@hsof (N+1) sets of geminals. Because the double permutanon was
also done in the geminals, therefore they need the rem@28MN "] Y2 In Eq. (3), x° and x* stand for zero and one
vibrational quantum number of the eigenfunctions, and the vibrational n@ges taken to be the linear combination of

=&n—

qn n+1—

&,4+1 Similar to the linear combination of bonding geminéig. (2)]. The choice of the besh among the

summation of allA’s may depend on structures and doping. It will be illustrated in Sec. V. Our second-order vibronic energy

is

E®? =

(A (1,2](aH1Q - )| ¥o(L1,2)) 2 x(

Q_)|Q_AIX%Q_ 2

EO_EA_fLw_A

4

It may be compared with Davydowssecond-order Hamiltonian energy after canonical transformation

H=e SHelS=e 1S(Ho+HipeS=Hq+H,,

|:|1=Him+i[Ho,S]=0,

~ i
HZZE [HintS—SHind,

— ; + Nt ot +
Him—% [iDgak—qax@q—iDg ay ax—qq ],

®)

where for one electrony is the annihilation operator and” is the creation operator. The movementsagfand a_q are

shown in Fig. 1. The transformation operator is

+
Dgay_qakaq

+ +
Dqay ak-q2q

S=

k,q Ek—l—ﬁwq—Ek,q

and only(T1x%(Qg)|aqa 4 [T x°(Qy))=1 butaja,, a; a,

q qry

<HqXO(Qq)| |:|2|HqXO(Qq)> = <Ophonor“:|2| Ophonor)

+ + + +
DgDgq o qakay ay_q

- Ek,q—Ek—ﬁwq (6)

+ ; .
andagay, etc., yield zero:

+ + 2
@ qayay g9 D

_ q
_kE’q =

k,q—Ek—ﬁw

whereq=2k yields zero momentum for one electrémand another electrorrk [Fig. 1@)]. E,_q—E=E_,—

D2>)

E2—_ 2
ka Ex-q—Ex

ﬁwq

)

—hwq

E,=0 and

DD a“:>D2. However this case has an approximation of the sBrg (dH/9Q)Q) for all differentk andq instead of
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E(2) = Z <¢k—qX0(Qq)|(aH/aQq)Qq| ¢kX1(Qq)><kal(Qq)|(aH/aQq)Qq| (ﬂk—qXO(Qq»

k.q Ek,q—Ek—hwq
oH 2 (Y- gl e qard ) e are— gl i)
“ <¢kq 5_Qq ‘/’k> |<X1(Qq)|Qq|XO(Qq)>|2 Ekf —Er— ﬁwq
T2 1 Q) (9H19Qq) Qql - X (Qu)I* g
B hiwg ®

This is becauséyy|ay ay_ gl q) =1 and(gy_qla_qail i) =1 wherea is the annihilation and" is the creation operator

for one electron. Our emphasis will be to search for a unique pseudoangular momppatit?)~ ¢, (1,2)] of the bonding
geminals interacting with unique vibrational mod8g . We also want to emphasize the Jahn-Teller effect with degenerate
electronic geminal states), ,/_,) leading to double-well potential. The perturbed electronic part is

b7 (12) perturbed(l( Q=)

(= (12X (Q20)|(9H/9Q20) Q24| A (12) X°(Qu20)

| YeallH Eia—Esa—Tiwigy

‘ﬂ:A(lZ)Xl(Q:zA) Xl(Q:A)-

The second-order energy is

£ | a(L2I(PHI5Q 2[4 A(1.2) | (X (Q-24)|Q-2a]X*(Q-20)) ?
B E_A_EA_ﬁw_zA

_ [{ea(1.21(H19Q_20) |- 5 (1,2)](1] Q24 0)?

—fw_z
__ {n(L2IHIQ_20)ly- (L) ©
/ Our simple illustration for the above will be the geminal
state of cyclicC,H, [Sec. V, Fig. 2a)] with degenerate real
kq=-k (\F?k wave functionsy’ and ¥ [Eq. (29), Fig. 2a)] under the
vibration of »(Qu2_y2) [Fig. 2()]. This is because
|(1|Q|O)|2 1/2B= ﬁ/me Such a second-order lowering
energy is the vibronic binding energy related to the gap of
2k \ superconductivity from bipolaron theofyOur Jahn-Teller
= result may be reached by Davydov's cdsgg. (7)] with
“SS kq=k g=2k similar to our Q. and E,_4—E=E_,—E
=0. It also may be compared with the nondegenerate
second-order energy operator for the Cooper pair
(a) \ [Eq. (1)] _in Kittel's book!® with canonical trans-
formation H=e SHeS=Hy+1/2[H’,S]=H,+H" where
H'=iDSyqa s qan(ag—a’y), and
/ =3 ianankaq ian;,qakaa
@ Kk,q Ek+ﬁwq—Ek+q Ek—Ek_q—ﬁwq )
k-q
—‘k*q 13 When we setk’=—k and also sefy=2k, similar to our
Q2n,
hw
D2 q + +
\ k 2 % (Ex—Ex—q)*— (hwg)? Fhr+q Tk Fhma i
gq=2k DZ D2
% = Tka a;a,kafkaki— ﬁwzk = E(Z) (10)

Both Egs.(7) and(10) are illustrated by Fig. 1. Both solid-
FIG. 1. (a) The electron-phonon interaction states that lead toState equation&’) and(10) are limited second-order vibronic
second-order vibronic interaction energy related to &).(b) Re-  energy with zero isotope effe¢for =0 in m™* without
lated to Eq.(10). massm) because Eq(9) shows thatw= /f/m and
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(LCBG) (LCAQO)
Degenerate State of Linear Degenerate State of Linear
Combination of Two-electron Combination of One-electron
n-bonding Geminals C4Hy n-atomic Orbital C4Hy*
( four nt-electrons ) ( three n-electrons )
oyDz b — @ (xyz) by —— E
E Ey

Hrore con — @ 17+

X

YA

(x +y2)z au 4+ @ (xz’yz) Z ayy H— E I
(b)
€gxz €gyz

N sz-yl v 0 \/ / Q 292

(c)

FIG. 2. (a), (b) Comparison of the degeneracy of two-electron geminal §liaar combination of bonding geminals-molecular geminals
LCBG-MG) and one-electron LCAO-MO state. If there are four electrons in LCAO-MO, the degenerate states that can compare with the
geminal states areag,e5yLqy»82u€gxL5y2) OF (a5,8gxD1u, 25,64y D1), bt (@5,e3) has no degeneracy in LCAO-M@c) The Jahn-

Teller effect of the degeneratectronic geminal state(W}, WY) and electronic LCAO-MO state €g4y,,€4y,) and their extension to
second-order vibronic energy and double-well potential. Also the comparison with the related vibrational effect on the degenerate electronic-

vibrational (Renner-Teller vibronicstate(¥1Q,, ¥Q,) or (¥,Q_4, ¥_,Q,) [see Eq(14)].

and

D Q) D? dHI9Q| i _ 2
(D)= <¢AX1( ‘ Q‘l// ax! (Q)> E<2>————h —_—|<¢A| 5 2| W)l -
= H R\ UNRERIECIANE
<¢A ’lﬂ A><2 ) (11 [l . 729%] 0 (12

We propose from Eq.3) the possibility of first-order energy
similar to the Renner-Teller effect of linear molecules with
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cylindrical electronic statege.g., m-electronic state with [Fig. 2(b)] under the perturbation Hamiltonian of
A==1 and bending vibration, e.gQ,*iQ,=Q.,). The (1/2)(&2H/a¢9x¢90y) 0,0, . This is because the cyclic bound-
linear molecules have(>~) and (I1..) V|brat|ons ofA=x1  ary condition of a linear infinite crystal will also have a cy-
only, although they have electronic states of arbitrarylindrical electronic running-wave state with pseudoangular
A=3ILA® ... etc. Their advanced vibrational angular momentumA in ¢, as well as cylindric vibrational states
momentuml = £ n* 2S depends only on the distribution of also with pseudoangular momentumin Q, . It has a dif-
the total number of quantan] into *A==*1 (with n—S)  ferent isotope effectm™“) from second order, for example,
and*A==1 (with S). But our Renner-Teller effect of cyclic

boundary crystals will have(A) vibrations with many pos-

sible A’s other than 0 andt1 and with possible electronic (1]Q%1)=(1|Q|0)0|Q|1)+(1|Q|2)(2|Q|1)=

geminal states withh up to the geminal sizésay 2N+2) of 2,3 28
the crystal, A=0,1,2 ...(2N+1).
Instead of the equation related to Pople and
Longuet-Higging* = i = i = iwm V_m-a g= 1
28 2mo 2 mf 2
W= xH(Q-1Ifr? cos e byl xH(Q:1)),
(13 (15

where ¢, and ¢, are the azimuths of electrons and vibra-
tions. We pr Pose the first-order energy &=H,,
+H,,=E,+ AE® which stands for degeneracy gibronic
states (not pure degeneracy of electronic states oflize
choice of such vibronic states with a spediatan depend on

Our use of the higher-power perturbation Hamiltonian
(1/2)(9*H/9Q?) Q? is part of the Herzberg-Teller expansion
for vibronic interaction:

the Fermi level or doping structure. _ ﬂ i *H
H—Ho+§q‘, 70, " 71 % ? 700y 2
AEW=2 <m<1 2xHQ-») PH
7333 so0,70y %t
X 2 2 1,2 x* (14) (16)
mQﬂ\ P_A(1,Dx7(Qyp) ).

This higher-power approach is not considered by the quan-
Our simple illustration(Sec. VJ will be cyclic crystal GH,  tum approacfr of electron ¢)-phonon Q) interaction for
with degenerate real vibronic wave functiopg6, andyy6,  atomic displacemert) from fixed local lattice positior

"= D (KV(r—1—&)|k')YCi C = dre kr — > ea I8y ek ricic,
k \/— k
kk’

kk'

= 2 ei(k/_k>'(|+§')Vkr,kC;Ck, = z
kk' kk'

VkrkC;Ck/ . (17)

) 1 ) :
el(k/—k)~|+i(k/_k) = 2 eI(k/—k)~|elql(g
VN “g K

This is becausg=k—k’ in the integration ovedr and be- Egs. (7) and (10). We consider the relative importance of
cause of thdimited expansion first-order vs second-order vibronic interaction for special
electronic geminal states and special vibrational mddes,
nearest-neighbor antisymmetric mode vs next-to-nearest-
el(k'—k& - 1+i(k'=k) &+ neighbor modesfor different highT . superconductors with
different dopings. As a simplified illustration of our proposed
Renner-Teller effect for cyclic linear crystals, consider the
> eiq-IQq+ .-, (18  case of cyclic GH, geminal states with fourr electrons £~
N “g (linear combination of bonding geminals to molecular bond-
ing geminals LCBG-MBG@. It is not the linear combination
which yields a first-order electron-phonon perturbation simi-of atomic orbitals-molecular orbital{LCAO-MO) state
lar only to (9H/9Q)Q of the Herzberg-Teller expansion and [consider € instead of & in Fig. 2[@] which has no such
similar to Davydov'sH;, [Eq. (7)] and Kittel's H' [Eq.  degenerate vibronic interaction becagseh electron has a
(10)]. This expansion upon canonical transformation givessymmetry stateTherefore, aside from,,(1)a,,(2), the re-
only second-order electron-phonon interaction energy likenaining two electrons inK, ,E,) yield nondegenerate states

=1+i(k' —
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of Alg[Ex(B)Ex(4)+Ey(3)Ey(4)]! AZQ[ Ex(3)Ey(4) ® >
—Ey(3)Ex(4)],  Byg[Ex(3)E,(4)+Ey(3)Ex(4)], and b+, D, *

0.1 3
B1gl Ex(3)Ex(4)—E,(3)E,(4)]. Forgeminal statefl CBG- —/-\’ N 2 — Z\_/‘/:\\ Y
MBG), there must béwo electrongo have asymmetry state =i v \-/ .S
Therefore, aside fronay,,(12), there will be degeneracy of o

Ex(3,4) andE(3,4) or E;(3,4 andE_,(3,4). It is similar to

C,H; with three electrons in LCAO-MO and with degen- < —7 E N 7 AE

eracy ofE,(3) andE(3). The double-well potential and the \ / .

first- and second-order vibronic interactions are shown in =@ J s e

Fig. 2, whereQ2;=(Q5—Q7) —i(QxQ,+Q,Q,) leads to a

similar first power interaction. SCAAR R SN N

Y Y=

I1l. SPECIAL EXCITON THEORY OF RUNNING WAVES A /\//%_'

OF PAIRED-ELECTRON PRODUCTS — —- - . —

WITH THE VIBRONIC INTERACTION

FIG. 3. Start with five atom§0,1,2,3,42N+3) and six elec-
trons(1,2,3,4,5,62N+4) [Egs.(20)—(23)]. The (nearest-neighber
antisymmetric vibration(top) causes double-well potential of the
degenerate special states under the Jahn-Teller effect. The other
vibration (bottom may also have Jahn-Telletand Peierls
¢o(1234 . . ,):H (U + Vka;afk)wac), (19 distortion. There can also be Renner-Teller effect for

k P, (1,2,34...22N+4)xHQ_,) and ¥_, (1,234...2N
+4)x%(Q,). The relative importance of the different vibration, dif-

lect irs. But Id rath hemical struct ferent special bonding and different Renner-Teller effect depend on
electron pairs. but we would rather use cheémical SIruClUry, o yerais of chemical structure. Such a difference will also yield a

base§ to determine these electron-pa!r coefficients. We EMYitferent double-well potential barrier related to the superconduc-
phasize the product of structural geminal electrons reactlngvity energy gapAE.

with appropriate vibrational modes. As an illustration con-

sider the hypotheticaC,y3H on15 With (2N+4)e” and  gpecial statep? with four electrons. Therefore it needs the
with the c_ycllc boundary condm_on. The speual staEwe  removal (4!)717'2_ For zero momentum and double-well po-
propose is comparable to excitofisBut it may stand for tential due to Jahn-Teller vibronic interaction betwegn

specially doped orbitals in highz superconductors. For the andy_, we also consider states similar to Eg)
case of nearest-neighbor conjugate bonds

The quantum theory of solifddeals with the approxima-
tion of the product of ‘pair” free electrons in different mo-
mentak,°

where U, and V, are constant coefficients for the special

Y(1234 ... N+4)

1/2 2N+2
Ya(1234 . N+4)=A| 51— EO @2miAS/(AN+3) x| =o(1234 ... N+4)
&£
@0 (X Q) [(IH19Q_ 1) Qs [ ¥oX°(Q_ )
s-3 2N+1 + E_E._#
A 0" EATRO_y
¢::¢: H bnn+1 H bmm+1; S=o0dd,
n=024... m=s+25+4,... 21 X hp (1234 ... N+4)x (Q_,). (25)
There can also be a Renner-Teller effect between
s-3 2N+2 (1234 .. . N+4)xH(Q_,) and ¢_,(1234... N
pi=¢* Il oner 1l bmms1; S=even, +4)x}(Q,). This Jahn-Teller effect case is illustrated in
n=135... m=s+2s+4,... Fig. 3. It is a special case for nearest-neighbor conjugate

(22)  ponds. Therefore it makes use of nearest-neighbor antisym-
metric vibrations. Different high. structures with different
. ) ) electron/hole pair distributions will require different vibra-
bs :2_\/4—, = SuP ubs—1(1) s(j) sx (K) s a(l) tions for double-well potential and tunneling motighe-
' tween the two double-well potential bages

41

X(aiBja B+ BiajBra— ai B fra; — BiajaB),
(23) IV. APPLICATION TO HIGH- T, COPPER OXIDE
SUPERCONDUCTORS

1 22N 4 We have been emphasizing the alternate conjugate gemi-

A= 412NN+ 4)! ;;1 6uPus (24 nal structures and the double charge transfer movement un-
der the effect of antisymmetric vibrations with double-well
where A stands for antisymmetrization, aidy stands for the potential. We propose that the superconducting geminals
even or odd factor of the permutatidt), . similar to Cooper pairs exist at the bottom of the double-well
It contains the double permutation of two electrons 2! ofpotential minima. But, at the top of the double-well potential
(2N/2) geminals. Therefore it needs the removalbarrier where the vibration () is zero, the extension/
[(21)2N2]712 |t also contains the double permutation of the contraction of superconducting geminals, and the boson state
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of antibonding/bonding of holes/electrons no longer existselectrons under no vibration -5C-—C-—-C-—C, or un-
Therefore we consider the double-well potential barrier to beaqually distributedvith geminal holes on one quadruple unit

the superconducting gap. Our second-order engEgg.(9),

cell and not on neighboring quadruple unit cell similar to the

(12)] of the Jahn-Teller effect is comparable with the energyconjugate bonding £-C—C=C—C, (Fig. 4). With short-

gap of the bipolaron theory for high; superconducting

long bonds due to vibrational contractions/extensions, such

which deals with the action of displaced nearest-neighboringieminal structures can be applied to the linear combination
oscillators, e.g., the first-order vibronic interaction is similarof bonding/antibonding geminal theofgf Sec. 1) and the

t027
27A o\
H =; 2 NH28, cos—— )(mex)
X (ay+a, )bib,, (26)
where 'Y)\:<¢n|‘9H/‘9Q>\|¢n>! 5)\:<¢ntl|‘9H/‘9Q)\|¢n>i

bi=a,arz, and bA=aAﬁaAa. It is related to

(H")= 22 <\PAX Q)

1 N-1
\I,A__ 2 eZﬂ'IAn/N¢n_

Qx

= e|kna ,
N nEo Pn

(27)

Ql

1 1/2
<X1(Q>\)|Q>\|XO(Q>\)>: \/?,8: ( me)\) .

In H=H°+H’, upon canonical transformatithit yields

only the second-order Hamiltonian and energy as follows,

which is comparable with Eq$7) and (10). It is related to

2
o D)
En+1—En—fiw,
dHl9 2
_KemaQuer L
Ens1—En—fiw,
D2bib
H(Z)Z_Z E LA' (28)
A A ﬁw)\
2 2
<H<2>>:_D_:_ KaH/aQuI"
hwy x me)z\
aH/a 2
——E< QQ ~m %=m% a=0.
x

Therefore it has zero isotope effect also.

We have gone beyond the second order and study the

special exciton theoryof Sec. Ill). The emphasis will be to
investigate our proposed first-order Renner-Teller effect be-
sides the second-order effect of BCS theory and bipolaron
theory, etc., which a special situation under doping will have
more mixing of first- and second-order energy, remains to be
investigated. In addition, the location of the doper Sr in our
quadruple unit cell must also be related to the short-long
bondings of electron/hole geminals in CuQVith emphasis

on the chemical spectroscopy of the Renner-Teller and Jahn-
Teller effect and on chemical structures, we can also con-
sider different vibrations for different electron/hole geminals
and dopers. As an examplesdC—C=—C—C uses vibration
«—CC—+CC—«C for double-well potential transfer to
C—C=C—C=C. But C=C=C—C=C may use a differ-

ent +CCC—C«+C vibration to yield G=C—C=C=C.
Such a difference will be related to conductivity, energy gap,
and isotope effects, etc. The case of ¥B8&a0,_, will also

be compared in the next section. Our approach has some
aspects different from other worR%:3®

V. SIMPLIFIED ILLUSTRATIONS OF CHEMICAL
STRUCTURAL AND CHARGE-TRANSFER APPROACH

For the linear combination of bonding geminalsof the
hypotheticalC,y . 3H 5y 5 [EQ. (2)] with N=1, the case is
CsH 7 with major structureC gy~ C(3y— C(2)— C(3y~ C(a).
With the cyclic boundary condition the@, is equal toC
and the case is similar to the cycliyH, with D4, symme-
try and with four bonds where the geminal(say electrons
No. 1 and No. 2can lie in(Fig. 2), i.e., LCBG-MBG of the
two-electron geminal case defined in Eg) plus the vibra-
tional modeQ, :

3
1
Yp(12)= i go 2™ 11(12),
1 3
QA:ﬁ nzo ezmAnmqn’nH,

Renner-Tellefirst-order effect Furthermore we also want to
demonstrate the alternative conjugation of geminal bonding/
antibonding in hight, superconductors in comparison with

1 1
P1(12)= v [1(12)+¢_1(12)]= v [ $01(12)

low-T, superconductors. There have been recent sttidits —¢$2(12)], (29
of isotope effects and transitions of JGuO,. As an example

consider the special doping of ttiea, g7551 1,4CUOy), unit

cell which we multiply by four to extend to a quadruple unit P(12)= — [lﬂl(lz) v 1(12)]— — [¢12(12)

cell La;sSrCy04,. For neutrality we could either illustrate it

as the change from G@& to Cui?Cu™® or from O;f to — bao(12)]. (30)

05;70". The truth, of course, is the local Cy@lectron or- o
bital distribution. But for simple illustration we consider the These are similar to four sets of quadruple @@SE}
O™ hole eitherequally distributedamong all quadruple unit

cells similar to the delocalized equally distributeebonding  with alternating double O holes[Fig. 4(a)] between differ-
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FIG. 4. (a) Start with(La,CuQy),4. The illustration of a doped quadruple unit c@lBy g7:Sty 16CUOy) . 4=LafESI 2Cug 205,0™ with
one O (1X1/2=half on the top(CuG,), layer and X 1/2=half on the bottom laygr When every quadruple unit has the same number of

O, this is comparable with th€—C—C—C—C with equal distribution of the delocalizedingle = electron. lllustration of four top

layers of(CuQ,), of 4(La,CuQy),.4 With alternating zero O and two O [2X1/2=o0ne on the togCuO,), layer shown, X1/2=one on the

bottom (CuG,), layer not showh Such alternation 20=20 X1/2+20 X1/2 with two sets are comparable with the case of
C—C=C—C=C with alternating conjugaté&wo) m-electron bonding(b) Simplified illustration of the antisymmetric vibrational Jahn-

Teller effect with intervalent charge transfer of degenerate alternating conjugate double-electron bonding structures. The double-well
potential barriertAE, is considered to be related to the energy gap for the superconducting double-electron=p@irs@=C—C being

raised and disintegrated in6—C—C—C—C.
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ent cells, e.g.5=[=[- [=]- jandy{=[- [=[- [=]- tical to Q_y) is by4(x*~y?) [0r byy(xy)]. We may consider

They are affected by the aftisymmetric vibrafi@y—0  only the high levely, ; or ¢_; (compare with the Fermi level
1—+2 3—«<4 for the Jahn-Teller effedFig. 4). It is simi-  of one-electrol.CAO-MO) of two electrongNo. 3 and No.
lar to intervalent charge transfer. 4 aside from the lowest level with two electrons No. 1 and

For D4, symmetry the molecular bonding-geminal  No. 2a,,(1,2]. The Jahn-Teller vibronic perturbatibit=":3®
statesyy is @y, Y1 1S (Egxz,€4y2) OF expressed a$(,E)), leading to double-well potential of the degeneraig3,4)
and ¢, (identical asy_, ) is bzu(x —y?)z. For the(planaﬂ and ¢_4(3,4 high electronic levels with zero vibronic
vibrational stateQ is a;4,Q+1 is (eux, €uy), andQ, (iden-  pseudoangular momentum is as follows:

1/ 1(34)pertubed(l(QI D=\ ¥+ 1(34)X0(Qt2)

<¢+1(34 l(Q+2)|(f7H/f7Q+2)Q+2|l/’+1(34)XO(Q 2))

E.;—E-1—fiw., P-1(3HxH(Q2) | ¥H(Q51). (3D

This perturbation is similar to the splitting in Fig. 2 ¢rf{ and ¢ by Q,2_,2. If there is astructural alternativeJahn-Teller
mixing by adifferent (higher power, with two vibrational quanta) vibratidrwill give a second-order energy of a different
isotope effect:

1<¢+1(34)X2(Q+1)|(r92H/(9Q+1)Q+1|¢+1(34)X°(Q 1)

P-1(3Hx%(Qu1)+ E.,—E_,—2hw., Y1349 x*(Qx1)
(*H19Q%1)17(2]1Q%4|0)? |<02H/aQ%1>|2ﬁ 1 1
E@=_— - _ ~———msm Y=me g==
dhw.q 8m?w3 , Jm ' 2’

, 2 [1 v
(21Q210)=(21QI1(UQAN= V55 \35= 3mo- @)

There is also the Renner-Teller vibronic interactj@ys. (14) and (15)] which has isotope effect similar to the above.
o Q%
IQ%

This is the case of the vibronic interaction of mainly two electr@ds. 3 and No. 4 without the other two electrondNo. 1
and No. 2. But, for the low-energy quasiparticle boson state with zero vibronic pseudoangular momentum, we will have

+1211(7H/5:: 120:
12 = go(12) + P2 1RXQ 1>|E<_E Q_;)Qillw Q=) 1) Qe
0 +1 (21

AEW= <l//+1(34))( (Q- 1) 1(34))( (Q1)>

<‘/’2(12)X1(Q 2)|( ﬁH/ﬁQ 2) Q5| 0(12) X°(Q-2))

Eo—E,—fiw_, P2(12)xH(Q-2). (33

12 4!

; P, (12)y(34)

It will have similar vibronic interactions as the upper level

case of electrons No. 3 and No. 4. But the unique case of the P(1234 = (W)
nondegeneratg,(12) x}(Q_,) at theend of the top may be O
related to the unique doping structure’s limit value of the 1\172

cyclic boundary condition. If the boundary is large, there —(5) [#(12)(34) — y(13) §(24)
may be other values of\>1 and the . ,(12)x1(Q=,)
is related to an interaction with a different vibrational — (14 $(32)]. (39
mode such asQ?Z,. Also (. ,(12)x(Qp0)|(dH/

9Q24) Qo] 22 (12)x%(Q-24)) has a Jahn-Teller effect This will have Jahn-Teller and Renner-Teller vibronic effects
for Q.,, beyondQ..,. By putting all electrons in theame on all (four) electrons. Our detailed chemical considerations
guasiparticle boson state of vibronic linear combination ofof the first- and second-order vibronic interaction of running
geminals, there should be no electronic and vibrational resisnvaves are different from the recent treatment by the pertur-
tance of highT, superconductivity: bation Hamiltonian of Kresin and co-workéts®
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part ..,(1234 .. .9,10 for the Jahn-Teller effect. Such dif-
Hr=g1> o ej(a’ +a)+0,> o/ a;(af +a)?, ferent considerations will be related to different doping and
. ! different highT. structures*=>" It will be related to the
(35 ¢ ;
charge-transfer movement of a hypothetical quadruple cell of
which deals with the creatiof”) and annihilation(e) of  the doped (YBa,CusO,_g .04, i.€., Ya° Bag2Cu;705:05
localized single electrons as well as the creatiah) and  with two oxygen holes O or two Cu™® in
annihilation @) of local movements of atoms. Our first-/ Y [3Bag?Cu;2Cu;0,;. The real degenerate special wave
second-order chemical considerations are also different frorfunctions we will consider aréy, =)
the bipolaron theory’s second-order energy and Davydov’s
bisoliton theory?® Anderson’$! resonating valence bond 1
theory, highT, superconductivity>**and also Su, Schrief- _~ (Yot ¢-1)(1234...9,10=A 7
fer, and Heeger's soliton of polyacetyléfi@s well as other
consideration§>™*’ Instead of the product of two-electron 1 1
quasiparticle boson€Eq. (34)], an alternative way to arrive e A S l
at the whole set of electrons is our Bloch sum running wave V2 V2
of products of conjugate bé)gnds and the spegial[Eq. (20), 1
Sec. Il related to excitons: - _ 4=
As a simplified illustration of Sec. IlI, consider the hypo- W) (1= ¢y-1)(1234...9,10=A7
thetical case of CqH;; with ten = electrons,
C(O)_C(l)_C(Z)_C(S) * C(7)—C(8) W|th the CyClIC n i x i * ok i * 3
boundary condition th€ g, is identical toC g and the case is A 3 3 s — ¥e A ¥7 |- (37)
similar to cyclic CgH 5. It is different from theCgH 5
simple casé’ Our cyclic structure has emphasis aside fromThe addition of the special structures is illustrated in the
the local Jahn-Teller effect witl,;, structur@® and aside cyclic CgH g with multiple positive(+) and negative(—)
from other (local) unit-cell vibronic interactions>®2 There  probability amplitudes in Fig. 5. The real vibrational state we
are eight bonding positions for the placement of one excite¢onsider for the Jahn-Teller effect of the above is
special¢? with four 7 electronsg[Eq. (23)] and for the ad-  1iv2(Q2—Q_5).
ditional placement of three more-bonding pairs¢; [Eq.

l//*""i'ﬂ*_i(/f*
0 V3 1 V3 3

1
* + *
v U1t

(21) and (22)], €.9., ¥, = ¢* daabsshro With a structure like L oo =t g gt g
o CECy oGy Co o Gy, The linear > (Q2=Q-2)= 5 [A12~Gzat Gs6— Aol
combination of the special structured of vibrations) as (39
running waves are as follows: 1 1
— (Q2+Q-2)= 5 [do1— 23+ d4s— 67
1/2 10! V2 2
wA(1234--.9,10)=(m> Zl The vibration of —(1iv2)(Q,—Q_,) is «0 <1 2—
a 3—«—4+5 6—-7—0. It will also have a Jahn-Teller effect
1\12 7 . on the specialcyclic) structureqof the linear chains of qua-
xéﬂPM(g) Z g2mAs/8y % druple cells 4<(YI3Ba§2Cu1+2202;502’)] with oxygen O
s=0 holes ) or 4x(Y}®Bag2Cu;éCui®05;] with copper
1\v2.7 [bonding (cu]. In Fig. 5 we consider only four
=A(—) e2miAsB % Cd' (of Cu™) inside the eight coppers with
8/ 0 vibration changes the cyclic structure(Cuy, is
. (36) the same as Gu which resembles W2(—y_y),
1 AT CyOCU}—Cu50CU—Cu,0Cu-—CugOCu—Cu,  into
QA—% nzo e Ann+a- another cyclic structure which resembles/2iy,+y_,),

CubOCuy—Cu,0Cu}—CuflOCu—CuOCul—Cuf. Aside
Because of the small cyclic structure, for the unique androm the Jahn-Teller effect, there should also be n{first-
different structures of eaclt¥ we choose to use a different ordep Renner-Teller effects than th€,H, casé’ as the

example from before and let LCBG-MBG of Sec. II[Eq. (14)]. Namely, aside from the
. 1x*(Q~,) Renner-Teller effect there is also the Renner-
WS = b bsi 25t 3Pstast5Pst6s+ 7 Teller effect of
When s+m=8,9,10,11,12,13,14,15 they are the same as
0,1,2,3,4,5,6,7. The antisymmetric special linear combina- > < Yo(1234 ...9,10¢1(Q_,)
tions as well as the antisymmetric vibration are foe=4.

With antisymmetric vibration Q,=Q,), the degenerate 92H
special state for the Jahn-Teller effecifis,(1234 . . .,9,10. X 07 Q2_2 W_»(1234...9,10v%(Q,) ). (39
Such a case of antisymmetric vibration has been illustrated Q>

for LCBG-MBG of C,H, related to the charge-transtér There could also be the importance of the structural differ-
movement of théla, g;551 1,6CUO),. 4. We will consider a  ence to be compared with high: superconductivity
different, not antisymmetric vibratiomot A=4 butA=+2  properties®~® The extra loss of oxygens in Fig(& may

for CgH g) reacting with a different degenerate electronichave been transferred from the neighbor or may have come



6032 YING-NAN CHIU 55

(YBa,Cu3Q,), .,
along x(a) and
(a) Yy(b) axes.

NV EINIONV N OOV IO 70

Cuy, O C“;—CUZO Cujemm Cu, 0 CUgemm Cug 0 Cujemm Cuy —gu¥(b)
o/\o/\o/\o/ \o/\o/\o/\o/ No

1D 1D e Do

——('P, ¥_,) changed by
1

-0 -1 22— -4 45 66— a0
1
- 1(Q- Q)
145'02 Z o

CO1O2(D3 4 (Os O (D7 &o

1
‘F( ¥+ ¥))  resembles

NN IO\ 0,

Cuo 0 Cujem Cu, 0 Cu3_ Cu4 Cug Cu6 0 Cuyem Cuo —-Y(b)

(b) /\ /\ /\0/ \o/\ /\ /\O/ N\No

FIG. 5. (a) lllustration of a(squarg quadrupole unit cel(lYBa,Cu0-),«» alongx(a) andy(b) axes.(b) The hypothetical Cu@linear
chain with eight Cu along at the middle center and front ling(df) out of the four doped cells,(¥Ba,CuO;_g 2522, Of (). We consider
all of the four[4X(—0.25X%2X 2] lost oxygens, each lost oxygen is inside the two coppers: Cu-Cu in the front lin@nfBesides the eight
oxygen O holes of Y;2Baj?Cu 205,05, We consider the alternative eight copper “€ubonding (stand as Cb of
Y 18BagfCuiéCug *0gs. Part of the four C%J, because of the high positive Clisituation, would like to be away in the back line yfb)
to interact with the true oxygen Owith more negatives than O We consider only the other four €to interact with two of the loss of
oxygens, e.g., CuCU" and another C4CU'. We also consider the need of vibrations to move the positivea@ay from the loss oxygen
with zero negative. The eight copp@r CU'+4Cu are labeled as 02, . . 7 (with the showing of an additional zero 0 as the eight number
of the cyclic case instead of the linear situajidBu,OCU—Cu0Cy—Cu,OCE— CULOCU,—Cuy,. The multiple+ and— signs stand for
the relative real probability amplitudes of the special geminal electron pairs(3y. The vibration Q,=Q.,) for the Jahn-teller
perturbation to yield double-well potential is shown by arrows It causes the movement from one degenerate &téwd)(¥V,—¥_,) to
another degenerate stdev2)(V,+W¥_,) [Eq. (37)] as shown in(c). (c) The cyclic structure of eight coppers with the Jahn-Teller effect
of two degenerate states under the vibratibv2)(Q,—Q_5,).
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