W2k W6 Y B % i) Vol. 26, No. 6

1977 11 A ACTA. PHYSICA SINICA ' Nov., 1977

REFBEAELEXLERNNE T
EHA®EE (1)°

P 5 2 AR\ T AR Y 3 - 2R PR B R
LiNbO;, LiTa0O,;, KNbO;, BNN

R A I R R A SR R
o4 X

(hEREERRY RE WA

1’ =

AR (1] hATiR M (MO,) B FEFEA, IH5 LiNbO,, LiTaO,, KNbO;, BNN
HRANEEFREMAR, BILE 0) IWRE, X G & b 9 E/\ H K R A R R R
PR, NBEHFRERRTBIE Cu, Coo WHRERF/NEANERMIRBE L,
#E A ABDP BGHHE SN EATMEAAK, HREARNLBFAEHELUTF. AUFNE
0 R AR T X BRI R A BN SR \E R BT S RS R, BRI DAB BT B A
Z5ik: (1) BE/\TANE TR AR REE BT E%F A, AN GERTLE RS,
LiNbO, FiAkl, (2) ZEMHFHFA, LiNoO, Bgbhkidh, {HR"E T8 % d e s M IE
HEERR, RN ET LiTa0, PR AE LiNbo, X, [Hifi LiTaO, HIIREHEEICFERN
b LiNbO; /)N,

FECHER 111, BRATRIASE/ AT AR E R ER TSy Tpb s
FRAE TSR, B e SCHE (2] i BX —BIRN BT o-LilO; ZUATE}, SR ERA A
B RERIMER -GN ABEE & (MO,) Bids 77 Rae5eks” 55 F #20R LiINbO,
RIBEH BRI RESTER o . Horp DL LiNDO,, LiTaOs £ 2% (MO,) £ B s = R J7 ] W 28
HIFRER 5 KNbO, Z(MOy) ZEH 1 IR BT M 28 IR, BNN(Ba;NaNbO;5) J2& (MO) 25
B BE 25 PO R B LAy — Rk 7 MR A R A I RR, IE R — S B R BN ERE HER I
HIGHIEREE . RSy NS FREA IR S HE a7, R85
THEMIBG —E, BE LiNbO,, LiTaO;, KNbO,, BNN & & & i &/ \HKLZE 0,

* 197541 B 18 RIRE: 1976 4 1 B 7 BIRENHE K.



6 BREIK: &4 EMAER RN T2 F# R ) 487

BRI HORE 4% B Bk R BCRARRIRY, REF AR RERBEE Cuy, Co WREERIX
S A SR AR B RE 2 B2 B BRBR, AT 5 8 S T AT REE AT s B RO SRR BT 5L

.

LiNbO,, LiTa0, IR LEM B Abrahams®® Fili%E, AR B T ERBZ 4K, 84
ST AN FIsRmds.  KNDO, /9 Sk 2 M S0k [5] Bide, EERTEA G Xt
Pk, AR/ \EAE R Eh G TMEEE. BNN (&%
SEMECE (6] Tl E, ERE TRNEESE C.\ MR,
[BAES— Bl RS\ E AR S R, HPH
FEH C. R, BANERTERHREE, R Ei1mE
TR AR P R i TR 28 R R B O [
iy s B, BRULAE A —FSERE ML, BATTAA
% BNN ffgrh g —# A C, WHNWE/N\EK, T
() E B A T R APk . B 1 BRI T
FREAERNEBEGR, BR, XERRNE ]
NERBE H RN EENE R (BE 0, Wk B (MO FATAN =R
)BT S PUIR SR R B A AR E, Bk Bk O REET: e —MEHT

P i R SR\ TR O T AR B R BB FT EL BB 0, SEFRBERD (MO,) 2 FRIEII BE R
AR RIESCER (11, BA1H (T BRI 0, SRR S 8\ E AR
PR, M BEFORES T A M\ R FRYEE 0, RSBV BRa BN, SRR
BRI RG] T R4 e

(T,'P,-rpi/> = ZS,’;';P,.,W/]T,‘Q). (1)

(1) ey [TPopy > FRORER O, AEEHY T R LRI T R AR EMRA FRAERR P AR H]
WFRT A TRBERI. BRI Sy I (2) BATIE, DR TIRE— 8 B %
RERERL.

. nP," I'i P:.'§
SEipiror ~ - 2 ; D,-,-,(R)DH; (R), 2>
R

FRIAWT 05— C, VAL Sp ., RE(BEHEET v #,My L m). K245
BT 0,— Co RIS o BREL, SEIN Co B ZIRESEAT T O, RIFRISAIPH IR 5,
FIFEHAH 0, — Co WHIIA—1L S5ip 0 REGABIN Co, M ZIREEET 0, XK
FaPdykEh. M 1—3 BIT] 43 BI4E A1 LiNbO;, LiTaO,, KNbO,, BNN £ Bkt &/ \ H & 1Y
HE D 47 B4NE 1 Be HAB RZ IR PRI bR 5K

EABT, TERAHEE C, AR LiNbO, BAh &/ \HAIRER T ZE BT
AN eS8

T~ A,:

[T\A)> = |T1> = |58(+)), (3)



488 7 b} B bicd 26 &

B 05> Gy, BRTAME ST p, HEREE

Pé\\f:_ Tl | T2 | Pl | Fis2 | Fis3 | Fagl | Tis2 | Fap3'| Tas1 | Tas2 | Tas3 | Fasl | Tas2 | Ty

P I I Y Y Y P P P P I P Y Y

e B R

o | VT - VA -

o o | A [V ALVEE AL
R2 04— Cop BRTRALN ST, 5 BB B R TEAT T IE R ) ‘

Pp\ri Tl | Ta2 | Tl | T2 | T3 | Tl | Tig2 | Tis3 | Tayl | Tas2 | T3 | Tagl | Tag2 | I3
4, 1 0 o | o 1 0 o { o | o] o] o] o 0 1
Ao 0 1 o | o [ 0o o] o 1 0o | o 1 0 o | o
o o [ 5| e s e |7 e
o |0 | e oo o [k o [k o] e ]

£3 04> Cop BFRAMLK ST p, MR AM(CREEE TR

Pp"-\’i\ Fiel | T2 | Tl | Tis2 | Tay3 | Dusl | Fis2 | Faw3 | Tasl | Toy2 | Tay3 | Fagd | Fogi2 | Ty
4 1 o |-l oo | o] o ||l oo 0 !

V2| vz 2 | V2

4, o | o | oo 0 —71=2= % o | o | o 1 1/#7 71? 0
B, 0 1 VI—7 717 o | o o 1 1/#7 —717 o | o 0 0
B, 0 o | o 0 1 717 %7 o L o | oo —-1-/1——2— —‘/1—7 0
R dulET Nb g F-FHERR 44, 55, 5p (Ta 7B 54, 65, 6p),Eebr R F K 2p H138.

Ir',—E. ,

[TRE1) = |Ty,> = [4d(322 — r2)), |TLE2> = [T = |4d(2* — y%)>, (4)
Ay: [T dy)y = \/% (14d(zx)> + |4d(zy)> + [4d(xy))),

I’y - '

[Ty E1) = é— (— [4d(zy)> — |4d(zx)) + 2]4d(x9)D), (5)
~E. _
TwE2> = ‘/—;— (14dCay)> — [4dCs2)),



6 BREIR: SdetfndRaRi v ers TR A E R 489
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(3) RISk [1] Brés ik, RRERT LB e i (EIR 2 R 23 R T B # 1 1
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£EA X BaTio; MER AL 5).
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NS RBEE 4T, HERI B TRILI SR

(i) MR TFEARREERCMENTEFEY, FTUNEE EURXE & 4&
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BT MR R AR bR A X B IR AR M Y SR8 B O BOR AL BE 1,
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ERT; N RELARRNE TR, ST (NbO,) ENER, M, BIEEEZER
%, AffEMARIARNERERET V() f1 L® (BEREER e HHX). RE\ERK
W 4 RIS FIE, ARSI R, B 44 BUERTIBRKY Tos M FRBEEEIEL To 253 FRBEER
BB RPIIR 1.7 eV 24, BWfy LO(T, = Tay; Ty, —> T b LO(Ty > Ty; T, —> 1)
AR 2345, B 2 BT EFMARRNIRAS THOR SRR ZUE L XRE, 76 X 1
TEKXAp, % Ty BPESH Ty FrorReoses, WEREBK, R 25/, Flans 8\ mE
AIE Co EFREER, TR BRERIR B 728 X8 REATE R PR TS Ty HI5 36
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Aft4 BNN &k X8 ~ X§, 1 KNbO, @AM X 5 X RS ,HNENN
HIEBEFRANES, XXTERATXFHMMENABRERRE C., BE/N\ERNIEE
FHRMZEERE., 3k (6] Fi, BNN Rkt (NbOg) S /\HEkZA Ly ok ihJ7 A
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AN IONIC GROUPING THEORY OF THE ELECTRO-OPTICAL
AND NON-LINEAR OPTICAL EFFECTS OF CRYSTALS (III)

A THEORETICAL CALCULATION OF THE ELECTRO-OPTICAL AND
OPTICAL SECOND HARMONIC COEFFICIENTS FOR LiNbOs, LiTaOs,,
KNbOs, AND BNN CRYSTALS BASED ON A DEFORMED OXYGEN-
OCTAHEDRA IONIC GROUPING MODEL

CaEN CHUANG-TIAN

(Fujian Institute of the Structure of Matter, Academia Sinica)

ABSTRACT

Based on (MOs) ionic grouping model as previously proposed in (I), we have
calculated the various electro-optical coefficients as well as the optical second harmonie
coefficients for LiNbOs;, LiTaOs;, KNbOs;, and BNN ecrystals. If we assume that the
oxygen-octahedra in the crystal lattice of these crystals of O. symmetry all possess the
same energy level and wavefunctions, then the energy level and the wavefunction for
LiNbO,, LiTaOs;, KNbO;, and BNN erystals of Cs, or C,, symmetry can be found upon
applying the theory of group representations. Furthermore, by using the ABDP theory,
we have calculated their electro-optical and optical second harmonic coefficients. It is
interesting to note that without introducing any adjustable parameters the caleulated
values agree satisfactorily with the experimental data. The dependence of the magnitude
and the sign of the optical second harmonic coefficients for these crystals upon the
degree of the oxygen-octahedra distortion has also been interpreted theoretically in this
paper. We have thus arrived at the following conclusions:

(1) The ionic grouping theory of the deformed oxygen-octahedra model proves
to be appropriate not only for the perovskite-type structure but also for the tungsten
bronze and LiNbO; type structures.

(2) In erystals of the tungsten bronze and LiNbO; type structure, it is the ionie
bonds that make major contribution to the electro-optical and optical second harmonie
cffects. As the covalent nature of bonds in the LiTaO; erystal exceeds that in the LiNbO,
erystal, the non-linear optical effects in the LiTaOs erystal are weaker than those in
the LiNDO, crystal.

(3) The magnitude and the sign of the optical second harmonic ecoefficients for
these crystals depend upon the degree of the oxgen-octahedra distortion.



