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УДК Г>39.12

С.П.Кручинин, A.M.Яремко

Межслоеьые взаимодействия с спектрах поглощения и отражения

висмутовых кристаллов ЬТСП

В рмботе теоретически анализируются особенности оптических

спектров отражения и поглощения ЬТСП кристаллов не основа висмута

и таллия. Предложенный подход учитывает сложный характер струк-

туры кристаллов, возможность локализации возбуждений в изолиро-

ванных слоях и последующего обмена возбуждениями, вследствии

межслоевого взаимодействия, между купраташ (СиО) и кваэи вырож-

денными с ними висмутовыми слоями (МО/Зро). Получены выражения

для энергий возбуждений и интенсивностей соответствующих пэрэ-

ходов. Показано, что только часть возбуждений, общее число кото

рых определяется количеством слоев в элементарной ячейке, будет

проявляться в оптических спектрах поглощения а отражения.

U.P.Kruchinin, A.H.Yareinko

fnterlayer Interactions in Absorption find Kefluction Spectra

of P,jn,::uth ilTSC Crystals

TV: ЧТ.'ЗО r e f l e c t i o n r.nd a b s o r p t i o n o p t i ' j apootr i i p«?cijlit j j%itiGJ

a"v iiialviistl in t h e p a p e r on t h e bonia of bi " a u t ! i di!̂ 5 t h a l j . 1:.иг.,

Tin- •pproach su(j(je6-tcd t t ikeь i n t o ^ccouM: tlie oo;;plox oi'-'U'ue : ; c -

oi и.';/с".ахй " t i ' U c t u r e , p c j c i u l c l o c a l i z a t i o n ••>! •..:-:o; lut.i onj i.r.

"!.iie- '.. . o l a t e a l a y e r s and f u r t h e r e x c i it)4;;.пля с ^ о п а ; ^ J'aa i-o i-ii'-

r.ntoj'-lc-.yer i n t e r a c t i o n be two on c i i p r a t c (Oi'C) «nd •:iui.::!\-d:},;e:iuTu~

te bisv:".i.ith. layers (BiO/ЗрО). The expressions for tins jxci iatio,vj

ana intensity energies of the corresponding tranaitio:)." ire ob-

tained. It is shown that only part of excitations \vho3e number

is detercunod by the number of layers in the unit ceil will bo

aanifeet in optical refleoton and absorption apectra. Tlib expu-

rimental rsaulta on spectral dependence of oryatal rofljctioa

coefficients are analysed.

(Cj 1992 Институт теоретической фиалки АН Украины
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1. lu

"ho bismuth 1УТЗС compounda synthesized and dcocriliod recent-

ly (aee, о.;;-» rtefa. j~1-3 j) are now intensively juidied.

Tha general chemical formula characterising those :;ubatances

han the for::: 'iii
2
Sr

p
Ca

ii
_
)
Cu

i
p
?ri+/

, (ft = 1,2 and 3) and contains

no rare-earth elements in It;:- '•.onpo.'jibiorj. Thejc crystals have

tv/o-dirr.onaional aquaro lattice of copper atoms (Си) bonded by

oxyjun atoi.i.T an in the силе of (La, Sr^CuO^ and jT3apCu-,C, but

olso have the apace structure caused ir.ainly by Bi
o
C... layeros.

Considerable effort,- arc focuased on studying tho optical

proportion of these compounds. In particular, a ."pecifi"; interest

ia attracted to the fact how the Bi
o
0

o
 layers effect eaaentially

tho physical properties, optical ones included,of Bi^gOa^-Cu

The purpose of this paper ia to atudy theoretically certain

optical peculiarities inherent to these cryatala proceeding from

their structural properties. Therefore, v/e describe in brief the

experimental fact established ao far for thono compounds and cau-

sed bv the electron transitions (until wo do not deal with peou-

liaritiea of their phonon apectra).

The moat complete data on option! properties of these subs-

tances are given in Itefa. j_4, 5j • Aocordin;'; to the data of the abo-

ve-cited papero there hold the following facts.

а - Measurement of conduction raonocrystals Bi
o
Sr

o
CaCu

o
0

n
 re-

vealo anomalous anisotropy in the conductivity between tha direc-

tions in parallel P and perpendiculai-ly §>. to tn.e O-axia

iy /p ~ iO • ^^-
a
 points out to the fact that the conduction

Quo., layers are well isolated alorî ; tho direction of C-oxiu by

З12О2 l
Q
yo

r s
- 2ha band calculation results reveal then that Bi^O^

layers provide holes for conducting GuOg layera

b - The BipSi'^CaCu^On specimens become superconductors at

T " 80 K. ihe Bi^Si-gCuOg specimens are cietal but they do not ma-

nifest superconductivity higher than 42 K.

с - Tho measuring data on the reflection Г4 1 reveal that

spectra of both compounda BipSr^CaCUpOQ and BigSrgCuOg are rather

close by their properties (I4g.1a) but differ much from the ana-

logous spectra in crystals (Ca,Sr)CuO2 (Pig.1b) and also from the

spectra of (La.Sr^CuG, compounds that have become olaaoic onea,

Jig. 1c (.Fitjs. 1й,Ъ illustrate how the planes are disposed in the



unit coll о" Ji-nontai!i;.nc oi*ystala ).

d - The moat distinguished peculiarity of B1-containing cup-

rate crystals ii ti;e presence of wide, intensive enough pc-ak in

tho ranges of <-5 eV. This maximum is not quite determined because

of rsomplux atructure of crystals of B1-containing cupratoa, alt-

hough, in principle, there arc two possibilities to explain this

maximum:

- the first one is osoociatod with the optical transition in

Bi
o
0g and/or JrO layers between В1 Gp and d2p;

- the second - with the transition between Cu 3d and 0 2p

in С"цО„ layer. In principle, the overlap of theae tranaitiona ia

possible.

e - It is characteristic that the other cuprates, without

Bl
o
0

2
 layers, also raanifest sometimes the peculiarity in ths re-

gion 4 dV, but the maximum observed is narrower (Pig.1b) and

uniLury. The peak ia ascribed to tho internal excitation of CuCu

layer.

Tho wain conclusion of Ref.[4j, based on the data of tho

other authors and oura consists in tho following.

Tho fact that peculiarity of E * 4 eV in BipSr^CaCupO^

ui"d BipQr^CuOg crystals consists of several реака and form rela-

tively intensive and wider reflection band than in (Са,ог)СиС>2

(Pico.1a,b) implies that oxoitationa in CuO^ layer same аз in

BigO^/oiO luy^ra cive, probably, the total contribution to this

wide reflection peak. Generally speaking, the BigOVGrO layers

can а1яо be isolating and have no direct relation to superconduc-

tivity.

2. MODflb Oi
1
 CRYSTAL

According to cxporiiiioutal duta v/o'll алашпо the conducting

pianos and nonconduction 3i
o
0p/3r0 layora to be isolated and tho

ox'jitationrj, offoctod in them, to bo preserved well enough in ze-

ro approximation. Thus, such a crystal oan bo regarded as unidi-

monnional molecular crystal v/haro the above planes intoraoting

betv/oon thonmolverj play the rolo of moloculas. One can use hare

the approach v/ell known in the theory of molecular crystals (_6-0j

having noted one impoz-tant point: not all layers, involved in tho

unit eel], are identical. Froquencieu of tho tranaitiona in them

aro soi-ipwhtit different, so that this situation i« woz-e close to



the оало of combined Formi-Davydov rujoimnco FGlwhero tho fre-

quencies in a single molecule can bo different.

3. EXCIT/i'JIOIJ EI^tGIEU AND БЖ'ЛГЯХ'ПЕЗ OP

Lot tho number of layera in the unit cell of crystal be Ъ

then the wave functions of thu ground Ч' and excited 4^ ata-

teo, and air,о the Hauilto'.iian operator of aucii layered crystal

cuu bo written ar;

*^

Г - П «

'= У г f Г) г «
 (1a)

(2)

Иог« Л/ enuiiierates the nmub.ir of unit "layyrou." cellj in tho

main region of orystal cycle; ^ ^ und М'д^ are thu wave funo-

з of an isolated layer in the ground rind excited statea, ros-
;1
У; H

a d -
 i-

3
 the Hamiltouian of аа isolated layerj

\'\. -. a.
 i a
 the interaction oporatoi- of tl * and

(X
ft(̂

 are the probability amplitude» of the fact that tho oxoi-

tation obcyinc the normalization condition, nriaes in the layer.

The excitation energy of the crystal, containing о molo-

cules in the unit cell, ia determined by the standard expression

which after the Pourier~tx¥an3fonntitiun ta):oo tho fon.i

Д H- Z: ̂  K, Uh+ »J - C^a
K d l

^ M*(к);
 (1
,

Hei'e i/ ia one-dimensional wave vector directed perpendicularly

to the laysra, i.e., along the cryatal axis.

The operator of the interaction between crystal and eleotro-

intignetio field is written aa

mf



of t rcnni t iomj per niiiclo " layered" unit c e l l i s

I e ~ X <1i/*| ^j -?оУ v 'bicii, v/ifch accoani, taken of

~= i\ ^К* s &<?* £(<?-«) . (7a)^ d ~ = i\ К* <?* (

UaLur '-;пл.(4) end (7) and varying then in ^-(5^ we cot tho

syaton; oi' •.j'-.uci'i.ion'j detori.iinin^; the excitation apiictrun of the

layered crystal, i.e. the energy band position and tlioir intensi-

ties are dot,ii-:.i:Lnt;d by the exprcaoioiiJ (t>) and (7)

E
I t v/cs s t a t e d in tiiQ Introductior; that that 1" oxia't.'j t'ie fa--

wily oi' 131 -'jontainiiii; cr^u+ulo. In particular, the r.-tudiea of

i'.i
?
or̂ C-iCr.

o
0jj end Bi-.oiv.CuO^ exhibii; Hir.iilar JJinsularities in the

reflection upoctru (doublet structure in th« опог^у гапцс 4-5 е
т
-
г
)>

although cryutalu hevo rather different unit cells.

V/o olacoify "thuiii as:

• " four-Ia./ored, Bi
o
3r^CaCu.0^, that Uavu tw.-; CuO,-, layera ачй

tv.'O Ex
o
C« layers iij tho unit cell ana

r
 " "у'Гее-loyoroq, BigSr^CuO^

t
 that have ^ne cuprate Cu0

o
 layer

ar.vi t'.vo CioCV'/GrO.

•/с consider oaoh of tho above-weutionod modalo talcing into

account tho following rulea aii.illar for both models: the interac-

tion of the layer neighbours only ic take into account, with

годага to the longwave length appi-oximation the wave vector depen-

dence in the matrix elcnonta irj omitted assuming 'wft l ^ ) ~ Ma

!,. BI^r.^uGUgOj^jj CRYSTALS (I'OUR-LAYEilED CASSj

a) Excitation onorfiea

'Jho .-;odol unit coll corresponding to thia ory3tal it! nhov/n

in j?i^.1a. The apeotrum banda pOJition ia found from the dotoi-mi-

nnnt of tho r.yaten (8). iVith account taken of the unit cell зут-

motry and Va'i о quality



Д 6i - 2>* - Mu = Л

do to I-;,-.. Dont Д --.-an и с va' i ttcn

i!!,^ iiori'j I!.'; I'oplaooi.iojjto

via net

а? = О

-a* * 6d=0,

b) Î undB Intonaj ty

"!IG JHten.-jity cf the corresponding tratiaiiiojio arft deU;rminud
by iiq. (6) in '.vliich tho coefficients &#д — ̂  should be found
from the syotem (R). Wo oxpreas tho coefficients (X^ tlrrough £lj '

and, uainy thu normalization conditicn (7) we get for

-s*) -la*-
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./'d лол una.i 1;,' c a l c u l a t e t h o a urn X-l J j ^ ^ i n J-'q. ( 6 ) , I t

should then be l:o.'i;a ii; m?nd t ! u t 1 und л l-uycru a.j w e l l a s t h e

7i arc: 3 emeu u.i'& it iont J c a i , t h o r o f o r e , fil. j = Cl^ , cL^ ~ d^ с

Tilt;;

4

i с

1 o r a j . r „ i i t ; / , . Л о . 1 ! . и j

;':\i>y с I T O ..i,v,:i'l о : . ( . с и . ; - t ••. Mi-:.: - / M i i c ...f ;.;,..• j -ю i :J :•: . . - q a . U , ^

V l i l u nie.aii i l ,hr. l :.1J : : i , . ; ; ; г - ' , „ о ! o.i ' , ' ; , : ' ' • .'us :;p.. .: ;.T.-f.] t h o bf ihJ;) I

i i.:ft-'. i-.i '.vi.'i "• iiCii, n.j :•• :.,.jf:i V.:K; - i i j : : i : l l - . e j r .! !: t i.-n:; .11 v '^J ;;'.>vo,

'.'JlOti t l i u _.. .i ?.i;*4-.»;l, i o n 1;C t v : 0 0 1 ! -'^ C i ' O l ' O l i ' v 1u_V0i':-: ' i O i i i ' i l l f i t ' J . j
,i , . Л . . . ,-

•'';!.?>!&] l iO/j .^ l t i i ' j 0M'L Q~0 "•'•'" ' ; ; i ( : i'-'Ji.:; £.j ч uX' i'Lis i-iiJ с

-.j..-A '! .5 V-G llu-1'- £^,. ; J Q, . 'i'hff i i l H l U.:!:v:ri: '; . : i /^, ( 1 p ; t ha t

Г 7* i ,- / \ 7 * 7 Г <- > j . >' •

':''\i-_> r w . j i , i t o o v r e s p o i ^ ' l y e x i : t : t l j / i-o t i i o fil'l'eoc o f 1 / a v y . i o v 4

3:!d;; ;.^lav i. „at.i.on for oryaralj !iavi IJ.J. Jayers ,-ritIi .iif forcn":

"ieni-:!.;on of dipole mowent--;.

л) I j^oitat ion iiiier^; ел

'['he ::;i.j«.1 unit c e l l i.a cUov/n in FJ.^.iu. T:iu Ъалс'.о p e j i t i e n

La Qjjain oc-Camiinod from thft ayutdm or et;'.;;.:I:i они (О) whose d e t e r -

minant for • ^ree-layerecl o r y a t a l with m;c:oa." t of t!io ur.it c e l l

uymme';ry anv': tl:a equal i ty
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ia reduced to

<-ij ~ \i.~ &2.+U' }\_{£.~ &&)\tz-~ %L) ~ Z OL J ~ "•

The roots of the equation (18) are equal to

(18)

b) Band Intensities

Using the known scheme we find from the system of equations

(8)

o6j a£ (19)

л*
. (20)

v/here

»fct(£-&*)<- a 2 j f

- a*l.
Substitution of equations civeo the following exproaoion for in-

tensity tUrea-layarod crystal tranoition^

It is readily ooon comparing it witli (13) that v,-:i.th the valuo

of one o£ the datorminant Л.а root.o, иш..е1у £ « £isc>~cL , the

numerator vanishes again.

Thus, for both crystals Bî r̂pC'.iCû Og arjd Ш
о
Лг

о
0и0/- inatoad

of quarton and triplet, roapootively,only doublets of bonds vri.ll

bo oboervod in tho absorption opaotruj," in tho rroquonoy rnnyo of
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гяэопанса irtuiai tiont» of CuC, layers quani-decenerate with tran-

sition.^ in Га-,0
о
/Зг0 layers.

Л datailt'd analyuia, taking into account the ofl'oct of Jif-

ierent parameters! on the npeotra, will be done below. Iloru v;i>

:,-jtts the following:

•ij i'lie rjaulhi oLi rained cuii rondily '.;: applied to explain the op-

tic spectra ami other oryutuis having no ;nore than Л layorc. In

particular, НТЯО cryratals on the buoiu of Tl (tallium) for which

the transitiono only in cuprate_CuC^, layers are actual. For this

it ia auffieiem 1;o take ld.il -Mil and sot the ancle Q between

tlu; dipo^e moment vectors o£ different layers to be zero,

b) Beaiden that, it in the layered crystala the phonon excita-

tions are woli localized in the layera the results obtained can

be u.gt>d alfjo to explain the rules in optical phonon spectra.

6. IIJPI,Ui3IJCE OP CRYSTAL PAaAMliTEUS ON IHTEI-ISITr

ПЬТГ-RIB'-TIOW IN ABSOnPTIOII BANDS (DISCUSSIOI!

OP RESULTS)

T!;o е;:ргояо1оп for the absorption banda poaltion (11a,b)

aijd (18) and their intonuitiea (15) and (22) are dependent in a

л

complicated manner on the cryotal purametere. But parametere О

and ct cive only shift in energies li and %
t
 , thu3, only

the interaction puratMtir of BigOg-CuOg layer.-j v;il3 bo important.

Tho I i.'jo • 3 and 4 rjhovv ноте of auoh dependences. The oirolea (white

and black) ahov/ in enor,;y ocalo the positions of the trnnoition

b«?)da, and vertical linuo from those pointa to tho intersection

with enveloping one (pointa A,B) cive tlia valuea for the correu-

pondin;; intonaitioj. It ia clour that the intensities rntic can

bo .iiffornnt and Jopondr; on mutual orientation of dipole momenta

сГ tho trauoitionn (anr;lu 8 )• The figure 3 character!sao tho

•1-layf>red otruuturo, Plj.4 - tho 3-layorod one. For tho two vo-

liwn of roofco ( E
t
 and \

%
 ) tho intonnity of tho tranaitiona

ia w r o , whoroaa in Pi,™ ' thin io of footed for one root only/g /

For both cry.ital.'i, although they have difforent structure the baud

doublo(;:j only are obaorvod.

?.'on complete information on optical propertien of crystul.y

сап Ъп obtair:nr1 from theoretical .•alculatiorja of opoclral depi.'ii-

'.lc»c«.i of I
J
;' optical i.:harr\<:t'jr!.;;!;if:.'j.

It ••.''!-: notii'J i;i pjr.-t I of lh-i piipar (.hat uxpurii.r.'i,"-. al ro:;nl t;;
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or, optical studies of Bl-^ontninin--; cuprato ГЛ.'ЛС or.yytuls 'vore

connected mainly v/J.tli tho rof "nc'. Ion .;г,ч.-1г::: Я £u>j , ?пм:;,

theoretical r;v;ults obtained *!:e'-j, r:-.a':.i If. •. .о:;л ibie to du tnnr.in-э

t!::: number of band:; luanifoit in tno nyoctr;.:.i, ':!ioir relative irs-

tcnaitios, but do not allow or" to <.тарг«с; <! i:-'f tly the c;ul-:ula-

tioti renulla with ozparir;;":;;..

In thia part of the- pcjpnr V;G inv-vfj'̂ î ato ."poc'jral characte-

riatioa of absorption and rofraoiio'i ooofficir'nt.:; <ft(.j) end

)T/(io) , respectively. I'ho i'roquor.oy dopjiiiionce of tlie refioj.ion

coefficient R(u>) 1я then compare:
1
, to G>:porimont. ?hi."j !';ако.з

i"t poasible not onl.y to vurify tho г'оаяопаЫолегэ of the moclol

3U^C'3tcd, out also to determine so:;o parunotci'o of tho г.....••-.-;tni

such as interlayor interaction constants, transition osicillator

force, unperturbed excitation eiiavjifjn, etc.

7. Jlii'LJCTiMiJ FUNCTION OP ClixSTAL

To study the apeoti-а] diatributior. v/it;.X;.' Iĥ - Li-anjitxonrj it

is convenioni; to go ovor to the oocor.d nuar; cir.ution герго^лг.^ tion

According to the Icnov/j; procedure (aoe, o.j. , [ У » 7 ] ) ^ho. excita-

tion energy operator of i:Ue crystal conserves,in ileitlor-Loudon

approjiii;iatiun,th.G previous form [ 4J, wheru the valuea Q'K
( 1 }

UKA

can nov/ be regarded ao Tiooe-operatora..

The dielectric function is expressed through tho dipole mo-

ment operators f 6,8 J

Ъ U«-) = ̂ . Ш Z d.
M
 d

pK
 ^ ^

Here "\f~t'Sla the unit cell volume, u is tho dimonaion along

the axis, S - the layer area.

In the layer axis /X,^/ the crystal lattice ia square,

thus, $
0
^ *=9 g

c
 ,

CCo find the 3pect2'al dependence S
K X
 (W, KJ it is necessary

to get the Fourier components in the relation (30).

8. EQUATIONS FOR GREISN'3 РШТСГЮПЗ

We вэашпв tho Homlltonlan operator (4) determining tno pro-

perties of the system to be supplemented with tho operator Нрел.

generating the exoitation dampinG ^n^ take into account ito influ-



•jncci in the f-;niU- ?o: .:...:Io.o ihtrouii. in;; the dampinj oonstntii.', ^' t .
Out of Gree^'u f uiicti.orj, ir.corp.i.);; into (23), only those

with renonancuo xn the energy t-a:i(-o 6 ~ £ ; g£ provo to bo of
i:itererj4,., пашеly ,

equation for the Омоч 'п funotiuiio / Л-= j . / (2;*,) with изосшЬ
n of His Pourier-ti"c::j:jfor:iiui;iorj ii. roduood t o :

V/liGl

™iiii3:< ' Ь о . ' j o i u t i o n t o l r ; o ^y ;j*. a::\ i~':i

A {к tJ) = cktj(

t h e d s t o r a i t i U i t / ^ [ Й к ; ) o f t h e i j y j l t - ; - . . T I H I J , t : . o :;nv. J ^

i n t h e r e l a t i o n ( 2 3 ) j c t i . : r b : i ; ; i u r ! , ; , : J t o i ) i : ^ p ~ . ' f • - . , : ) ; . ; ! , о •:•'•;;: i л ;

^ 4,. ctpic Gd p(ш) - Г 4 х ^ , . Д-JIKM. <2S

I t i s BMusutiTv I"K;V; lo ci i loulatf j tho v a l u e s /) ̂  [коо) -i^iii.,,
Hq3. ( 2 6 ) , (20) and t o f l t i a tha аи;:; (29) ue',:;'r..;iTiiJi,; thi> c o i i t j i b u -
t i o n t o t h e d i o l t i c t r - i o ^iUt:Lion of t!ie " - i ^ a t a l (23) of *c-jiinun~e
s t a t e s . The c a l c u l a t i o n v/ill Ъи done f o r eat:h of ti;e u l o v s - s o n -
c e r n e d models of c r y s t a l а С f o u r - с;>1 t h r e o - l a y e r o d O:JOO).

9. Bi
2
3r

p
Ca0u

2
0

8
 CRYSTAL (r-CUn-Î YĴ lCD 0/.ЗП)

The determinant of tho ays ten Л JKtj) coir:ci_"^ with E q . ( 9 ) :

(we a;-o a^ain U n i t e d by tho lori^wavelo.^th approximation K-* Q ) ,



It must bu borne in mind that £,••=* £j ~ ̂ i ~ 6 У.О ̂ £ ̂  ^ ~ ^ь"^[Кг

"akiny tills into account we rewrite: tue deterwinant (9) in a oo-

raev/hat transformed way

Al~ebraic additions "BcL* '
 c a n

 ̂
e
 obtained frow the- relatiena

(26),(23) und Caking into ueoourst that Ct/x - С^
чл
, Й^

л
 = &5X.

the 3q,C29), ai'tor some ci!;nboraoriG, though not coGpiiau5ad trana-

xorrntit iô .'j, v/ill be reduces to

4K 4* £Л

It is cloar from й-.т. (31) that in the frequency гчп,;^ <^
л £i>t-t.

there b.ve only two polea rather than four опел a-; it Jollowo

from the r'xtei:.iinant of the syctoa (30). Tiius, juat the poj.os

\11o) wVioro, b.y po.x't I, the tranai tion intoncitios arc чонгсго,

are conserved.

,/e note the ,fcllor/inr;: :i..f v/e Jjo,™lc-ci, the intc.rr.ction "D'jt'voen

layers oJ uj'fercnt nature, i.Q. CuO
c
 and Bi

o
0

2
/3r0 «issuninr;

Q,~ Oy *--
le я и т

 O'i) is represented ca the cat of tw-v OCC:LJ latorr

T ^ if

ivhere the coefficient 2 trr.kes into .-.ccount the nraaanoc oi two

identical ouprate and biaruath layers. The Oiiift in eueryy by thG

value 0 for В± (Hi2O2/3rO layer) and by the value ct for

£4 (CuOg layer) ic due to the intorarttion be-two ел tlie lay or a

of :no вше type. Therefore, the role of those parantotei-з io non

nr.portant. i'ho parameter a is determinant.

Taking into account Eq. (31) t!io aielectr ic function o£ fclio

„ crystal can be vrrittcr as

.•«си ^it */йг>
 i l 3

 "
l;!
'
lC v u l u o t h u t

 indioatea in relat:vj units

uhe ratio
 :
jotv/o-:-n the components of dipole nioi.icntn of the tranti-

t̂ oi-u (onoillator forco-i) in PipOg/orO D:;«3 C'UOT layers, renpeoJi-



:jo:; I t k, no'; inooujru-y thatv.-Лу (•:.;.vi'j:f: i'.itxX, t

r i r i t : ..;•.'.' з т : ; 1 iijn! :;.:;.с^ : :;CJ. 7 x a t j ol' d ! e.'.cc I r i с p o n . i u a l j i l i t y l(u>j

+ )!•,' ] i : ; G r p lcr jo n r u :ic-';t.i'o oi.c» C(.:;J oH.lt the; indi'.-Q.'; X,X a t

g^ „ , '1'iiO oxpi'u. ri;;ic:i ( 3 3 ) ^"-i t b o n bo r o p r c J e n t o d из

o i.rjcount t!:<.' JaLipiu,;1: of o':cit;.': _ог;л

'toi- ,-i::;,ic. i r ^ - o ^ a t . o ^ ^ introducing

о

by (1

I T :•.: c l - j i . r t h a t i u ^ . ^ i n i . : j 1 p:.-.rl с " i.;..' -J LU': •; , : .

i 'r;.:;. ' ' in. i ' i .o.le X o r t ! : u o::.;i-._y f . b j o ; 1 ; / . :-a:.- !-•;.• !;hu .;;•;.•!.<•:.•

. a f t e r . . -иЬз ! i tu t io t i of ( 3 7 ) , (3B) in'co (3'V) wi tb a c c o u n t

of tilt: a q u a i . i t y

-.) obtai.-i

гГ f
(39a)

(39b)

У о -t- a



-о. ;ii,..::v;;uOG СПУЗТЛЪ:; (vi^^-LAvr:;:.) CKYOTALO)

"Vio 'intoi-.ninant chavactc-i'iain" thu excitation spectrum of

'.r.i.-j ory.-itul ooiiicidG.'] with exprGuoion (17)

(40)

.-^oro, a_: in t;:o previous case, on« should с!тп£ги S j - ^ ^J "'•d j.<

To fin I t!:o dielectr ic permeability ^x*'^) v/e calculate tho sum

'.":'•'). ,.ft'jr :ii!;:p.l'.; ulfjeorciic J:rarjsfonuationn v/e "ei

Г-:-,' •;(u,iotoi."> oo.Tuorioudir:^ t o one oi' t h o \sto"':-:;;j.na:it I 'ootn (17)

.;•;•!;.•) r e d u c e d , 50 ti.c.'.t tlic r o o t t j г € , ~ Л = * ? О'<Х f o r v/hici?. t h o i n -

•"i?:1:;̂  t y cf th.> ooj.-i-oj;;oridin^ t r u ; ; a i t i o : : v:aa z e r o ( 2 2 j , dic(v.pear?--.

V.'h'.'ii thoa'a i : : no ii; co:-ao Lio-J t^Lv/oeii t h e l u y e r s of tiiX.f ortr. ' i i:a~

t u r e (Q = o ) t-'- o:-:pru.-3/;ion (-"I) i s uj>prox:mated by tv,-o i n d s p e n d e n t

.2

iiot't: pay attention !;o the iOllov/iny irnportan

Ли; results (32) and (42) reveal that the approximation с(и.У)

fcr cu; arbitrary «vote;:! by the siun of independent oscillators ia

potiaiblo only unde:.
p
 extro.-.iol.y weak intei'action In ths system. In

'.he ^ei.ural case such an expression should involve also the in-

teraction between the oscillators, but the approximation is deter-

mined by the specific model.

The dielectric function with account taken of (41) гз writ-

ten aa

,5

[ /
..0 single cut trie real and imaginary parts of £(w) . 1'h.e die-

lectric jiarmeu/bility ia vvritten in the standard form
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where v.-o introduce tho nott!!. ion.,'

ffiit'Y?) 'a^+*Pa ^'Уу* £" *a'J}(45}

?hen

(AS)

VE, 2 '

Q that cirar-'tct eri г м lo£;>.:; ;.,•.; a,jain poi.;!';'vtt

t i .* to ;jt; caUcJ ghe t r a n s i t i o n c

ar i ?• •'. s Тот Ъ С t li о г у я t n 1 ' .

r
iude г ̂

(49a)

(•"r9bj

11. R;G'LECTJ.C;I cc^'^ii'i-iiiT, оисизотот-

7hc rftfleo-tioii cooificiant xa uecerii'v

equation [y]

iti-i

/hcT.o th'3 complex rofraccion ir/dox

fitb the O.ielcctrio pennoabil'j ty function

'.VQ the:.' eajily j;ot .̂ I-OBI (44) i.iad (51)

OF ипгялта

oor:neott;d

о t.-..'o Tatt
dex (I i

xprooaions г.ико i t posiniblo t
U ibo аЪ jorption cooff i o i c n t

.v.L: J i.:!ts ro f rac t ion
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€' . (53a)

2 <

Having subs t i tu ted into (53a), (We) the re la t ions (52a),

(!32Ъ) wo re'.-'irtiine the deper.denot." Inking into account th .• apoc.l-
V ' v •'

f ic охргс-ялз on.r.! for the -* - r e a l o.tid •* -imaginary parts of

aufjeoptibi l i t iea obtained, correspondingly, f . r Bi.-Siv.CaCu^O^ and

Bi^Sr^OuO^. Below V/Q g.ivfi a aoriou of t l ' i joretical oar«.-a for the

four- and threa-layered c r y s t a l a . Ли ia eiiovm Ъу г,lie ca lculat ion

dQta, the influence of the parameters 61 -t Э (.6,d arc set to

bo uqual to zero) on the ahaye of the rof leoi ion spiict'i'um, i s ap-

prec iab le , however, t b ; low-frequer!'.:y ed^e ot' totli cry.Ttalii oculd

i:o •!; be :r.ride so sharply vuryir,^ an in ехр:-г1г::уг.': at аь;у variation?!

of the ps!.rarii'.- l-or;boc.;.;oo of Qisre^ar^i of.p] о,;л i-д .^xoi.ta-tiona. lae

l a t t e r can oaaily Ьо 'синап ii;tr. aooouiii •.••ivit;£j c.dderf tho torii;

r , f\ \ 11 v*-j4 li.}r\ i f- I л С у i

minod by the ехргеагаоуя (lO).

The influe'ioo c£ tiie parai.-otur Д , i . e . plaaniu frequency

i»Jp i<j .veil n'uovm in l-'j^.i where tho values uf tho j .rometcrH

OLj Э are chosen so, that tlis peak of two-hui:rp ref lection \лах:±~

тцг! of the Bî tfiVjiiuCUpO^ crystal obue,:v:-d in •r7:p:>rir,iQnt (Fi.^. la)

ia deacrjbod per'^erH:i;, v/ell. Ii' &~0 (Pi^.4 curve 1) the ref-

lection H(i*J) in the low-fro quano;; range jjc t/-; constant value

determined by ''t - If £i i s ijr.mll (fx-oo't curve 2) thi= ref-

lection curve Tjerida dov.n :ihov/ly, «o that there arJ-ses certain

hump, but, havi::.j a t tamea the an;iill«at value, ^oea aiiarp.ly up.

V/hen the» pai'i:-j:i.;tor Д i.g lar^.- enough (. &. - 0.25, ';i:rve 3), v.'h;:'i

correapondiG to fet-Jp ~ 2 eV ( the 2--ji'leotion .jurve fallu abruptly

with next aharp rais ing up to the value R, ~ £ t i . e . in a comp-

le.te analogy ^vith «xperi-r.ental curve (Fi,j.1a). Thus, the main ft---

t a i l a of the reflc-ctloc curve are described by tuduretical d--.'rjen-

dence. ' 'his become."-' ;;le&r froin осарзгЗ.лоп of expsri'.-.ental ;:cou]ts
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vdth calculations. "i/>4 for biz b-i^Cu 0& ;:-'vct;,J a:.d '•'..._..':,

for Bi-Sg^^uijt,^ crycbcl. Two additional dopc-;:do::co.-j (ourvua '3

and 3j Гбап'эо ,iv~ely) aro aljo shown there: tin: гооЛ and ii/ia^inary

(curves 4 and 2) part'j of sufsoop-cibilJ !.y for both typo:: of crys-

tals , Г or X the doublet;, of voakl;/ t-Mccvod bancit: n.re distinctly

manifest, and X he.-: uoaowhni dif'V'•"••;;.; forr.ir; at almost coin-

cident rol'loctio;) upyatra " 'Wj , Vim interlayor iirfcoraotio:.

e.ffect (of 81л@/$г0 a-d uo ^ layoriv io i l lustrated j.n ^'1^.7-

The ci.f feroiicG in i t s influence for Bin $гл Qi Си,- 0$ с:id

£• J Съ Си 0g eryy-tal is o^bvlouu. ID particular, if (Я- -^ D

only onu iaaxinivj.i appetvra in ô .̂  Si% Си 0^ cryatal. oinco the

analytic value.';; £ ^w) arid £ fwj агэ ;.ound,in our cal-

culation the la t tor r.:ay be the tas.:.;j for cl;oo!:irrr '?.o corrcctnor;.;

of applying th3 /Craraoro-JCroni;.; Lint hod v.ldoly U.-JGU ..o dcterr.iiijc

tho other optical o'aaractori,otir:a of cryatal ft ("ŵ  , ЪС-(и1}

etc. accordin," to the reflection apon.tra.

It follow; fror: Pi^.ta that for bot!j oi-yotal;; the reflection

opcotviTi i s a curve Monotonously decreaaing with inoreaoin^. ener-

gy 'V ,'.viiere ths v/ca'.LGnin ; maxims, coincident actually in the posi-

tion for both crystals, t

rjot aricen. I t is noon also that the an-

cond t.->a::ima v/ithin the range В ~ 9-10 eV arc ainilar in ohape

to tae fir3t ones ( E1^ 4-5 eV) v/hat ia espcaially clear £or

В1рЗг„СаСи.р0о crystal. Ti.ia similarity indicateo that the above

maxima rcprcaent hifib-enorcy iterations of the f i rs t doublet

(£~ 4-5 eV). Although they can ahift s l ichtly to the 1ог,-епег^у

aide by analony vrith the ahift of bi^ii-energy atatgs in the oscil-

lator problem. To verify thla aaauiiiption the multiquonta i terations

E = П* Ho (i'l =1,2,. . ,) of tha 1-at doublet £„я: 4.5 eV are shovm

v/ith arrov/з in r i f . i a . i'!.a position of arrows, aa ia readily seem,

follows after the position of maxima in the reflection spectra of

both cryctala.

The maximum vvithin the range £ ~ 30 eV ia jomev/iiut apeoi-

fic, sjirjuo the stata "• б Eo turna out to be clono to a nev/ in-

tenae ex-.-itation E v ~ 30 eV. ho a result of their interaction

thoi'o appeara a v/e31 pronon.-icjd cap in the re fec t ion apoctruw.

The incroacinj; intenaity of th.0 refloction in the quantum transi-

tion region 5Eo also ty.gtifiea in favour of ouch, aaaumption.

Comparing the doublets 5 e and U-Eo (Pie. 1a) vio see that

uaxina rat ia hurj chanaod. 1'хчла oor.ipariaon vritb. tlio calculation

lata (PigG.7a,D,8u,b, cui"/aa 1-3) v/o nay concludo that thia ia
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aayooitttod w'th deoruas i.u;_; •". fii.oi. nn t o'" !;:;•: ; .> h.'runiio.'i : '.•'/.'.'.'•MI

the lnycr:i of d i f f e r e n t or ig in (CO:I.-J1 "nt "г."),

Taking; iiiuO aucouiit the conu.iunto to Bi -cry-sUilo \;>j чьи c-uii-

tiit-'tir tho s i t u a t i o n in VI.;'., 1b for (On.Gr) i;u'J.:, cryatfU. л Ыкир

waximuta £ Q , ' V 1.7 oV шк! i;K:r. unifor;.; £fi ~ 4-S:' oV aro •.:!(:• a r ly

obaerved, гзо "tlio.t in !•;:.-. ••:J-;O.-. •,;;•• rai),j'j E •"" J o,r tliori.' .i л obuov-

ved the tbreai iolc- XX VIM i n d i c a t e with .UITOV; tho omjiy;;,' r-ui.;a

ЗЕа. w» yet tiie p o s i t i o n of tliJ.n tlivcaiiold. ?i-,o Sji'ioirun ha.j

a l so raeveral arrows, p o i n t i : ^ ouv. lo i.-mlt iquon t a itr>rr>!; Lona of

the two f i r a t tran. ' j i t iong (д, Е д . } ГП- t g ) • I t - ^ olo'tr t licit in

t h i s сале there? h.olda tho гоазопаЪЗе сог".-о1а1;ion.

The a n a l y s i s performed rjiioivs tliat ltij-orn in theae оомроипйз

prove t o be important s t r u c t u r a l u n i t e and o p t j c u l propertie. ' j of

tho c r y s t a l are determined by tho p r o p e r t i e d of oeparnto laycrn .

The approach baaed on the molecular cryntalrj c o r r e l a t e s

wltli Prieman concluniona 1.10] no out poj:siblo inportuni; rolo of

excitonrs arisinc in the layai-п nepar/itin^ CuO, Inyoro for 1ITJC
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FIGURE CAPTIONS

Fig.1. Experimental reflection spectra fL(uS) tor the crystals:

a - BipSr^CaCUpOg and BigSrgCuO,; Ъ - (Ca,Sz)CuO
2
.

Pig.2. position of alaorption bands (£V Г ?у^ a
nd their intensi-

tiea (vertical segments) for certain values of the seta

of four-layered crystal parameters: a = 0,^5; b = 0; ctzO',

ft в 0,2; / = 0; E
Q
 = 4,5 eV. 1-0=60°; 2-0=180°.

Fig.3. Position of absorption bands (£f ^ £tJ and distribution

of three-xayered oryatal intensities: a = 0,05, d = 0,

P = 0,2, E Q = 4,5 eV; 1 - 0 = 60°, 2 - 0 = 160°,

Fig.4. Change in the form of the reflection spectrum 8.LD of

tha four-layered crystal in the plasma frequency function

(parameter Д ):

curve - 1, А к 0 ;

curve - 2, Д a 0,05;

curve - 3, A = 0,25;

curve - 4, imaginary parts of ausceptibility in the region

of resonance transitions ( Д -independent). Insertion

ahovra comparison of experiment with, calculation CX' and

У ). Parameters: a = 0,05} b=d=O; <T« 0,1; / = -0,4;

2F -. 0,035; 3
Q
 = 4,5 eV; £ := 3,5; Л =• O,25)«

ourve - 5 real XVfV .

Pig.5. The form of the reflection spectrum R. (S) of three-lay-

ered crystal (curve 1 ). (Parameters: a = 0,05; d <= 0;

(Г- 0,1; 0 = 0,4; P - 0,035; S
Q
 • 4,5 eV, ^ Р З , 5 ;

Д • 0,25). Insertion - compariaon of experiment with

calculation.

Fig.6. The spectral dependence of the reflection coefficient

£ ( C*l) in the region of mixed CuO2 - DigOg/SrO transi-

tion for the four-layered cryntal under varying interaction
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paratneter of the layer?! of d i f ferent o r i g i n : «- -- jf~
a - CU= 0;
b - U- = 0,05;
о - it = 0, 15.

7, Gljanc- ••" J- l l c -feilootion 3peotx%um iL Lw) tor the
Jcyerod c r y s t a l under varying paramnter ^ :
a - ft = 0 ; Ъ - a = 0,05s <• - &~ - u , i 5 ,
The loot perunintors in J-'i .-..• .6,7 are name r>s in
end ",.

20 30 40
Photon Energy (eV)
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