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I .  INTRODUCTION 

Systems we are deal ing with here are physi cal objects translational ly 

periodic  along the l i ne. Stereoregul ar polymers belong to thi s class , but in  

quasi-one dimensional conductors and semiconductors �e fi nd other important 

exampl es. 

Properties we are i nterested in are mol ecular ones, v iz .  those that 

reflect and are es$ential ly dependent on the primary 11 stereochemical 11 structure 

of the polymer and much less ( and i n  a di sti ngui shable way) on i ts secondary 

and tertiary structure. The sf ogle i nfi nite chai n model provides a basi:s for 

calcul ation of electron.band structure and phonon di spersion curves for poly­

mers , and for i nterpretation of related X-· and UV- photoel ectron , IR and 

Raman spectra , etc. 

Research i nterest for the above problems i s  both fundamental (e . g. 

Peierl s transitions , CDW"s and SDW "s , comensurabi l i ty, sol itons) / 1 , 2/ and 

appl icational (e. g .  role  of polymers as el ectronic materials -�A�� been revi ­

ewed i n  /3/ ) . The number of attractive systems is i ncreasi ng and in addition 

to 11old1
1 ones l ike (SN)x ' (CH)x ' TTF-TCNQ, • • •  , we now have poly(pyrrol e)

and poly(p-phenyl ene) . a most recent (and very promi sing) one is the (Se)x
chain structure in a zeol ite matrix. 

SYJ1J11etries of these objects are not trivial ( note that there are l a·· 

teral degrees of freedom! ) :  they are properly. described i n  terms of tine {Jl'OtJPB 

/4/ .  I rreduci bl e representations of these groups are derived i n  /5/ . 

Appl i cations of synmetry considerations i ncl ude assi gnation of the 

spectra , deri vation of symmetry-adapted bases, block-diagona l ization of HaIJJi­

l tonians and other ( i n  general ,  tensor) observabl es ,  compatibi l i ty relations , 
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selection rul,s , etc. E lectron band structure was extensively analysed from 

thi s  point of veiw i n  /6/ , and in the sequel we wi l l  discus s  - in  tenns of a 

simple  example - the case of phonons , and electron-phonon interaction. 

I I .  SMALL V IBRATIONS OF ,:HE (BeH2)x CHAIN

Beryllium hydride polymeric sol id consi sts of molecul ar chai ns , the 

"most l i kely" /7/ geometry of whi ch is represented i n Fig .  1 .  The symmetry of

such a chai n is described by the .!:,42/mcm l ine group . The characteristic symme­

try elements of thi s group· i ncl ude a screw axi s  { 42) ,  and the vertical and ho­

rizontal mirror planes , as indi cated i n the picture. 

Fi g. 1 .  

However, we wil l  - for simpl i -

city - consi der J:.4z11c, whi ch i s  a sub-

0 _ e group of ,b.4
2
/mcm, i n what fol lows . The 

• - H irreducib le  representations of .h_42mc
a - per iod  

are either one-dimensional { kAo; kA2 ,

kB0 ,kB2) or two-dimensional ( kE1 '- .1 ) ;

the matrices are given in /5/ . The gu­

antum numbers are the guasi-momentum k

(-w/a<k�w/a) , the quasi -angul ar momen­

tum m {m=O ±1 , 2) and the parity with. 

respect to the vertical mirror pl ane 

(A = even , B = odd) .  

Let (i) label the i-th atom ( i= 1 ,2 ,  • • • •  ,6) in the t-th el ementary cel l

( t=O ,± 1 ,  • • • , ±N) , and let ell( i> describe the di splacement of thi s  atan .i n the

direction a{a=x,y,z) for a length unit .  The set of al l ea(i) spans a 18( 2N+1 ) ­

-dimensional vector space vdis , and transforms accordi ng to ·a certain reduci ­

ble representation odis (.h4z11c) . One can show,-that

Thus we have detennined the number and degenerdcy of vi brati on branches for 

each symmetry species . 
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More detailed information i s  obta ined by constructing a symmetr.y­

adapted basi s (SAB) i n  vdi s . For each value of k , thi s  SAB contai ns 1 8  vec­

tors , derived e .g .  by symmetry-projecting ,tne ea( r) ' s . One thus fi nds

where 

+ .... o 1 r+ + • + + '1 
kf2 = P ( kAo)ezC2) = 4 U<e2z+ke3z+exp ( -, ka/2 ) ( ke5z+ke6zU

etc, through f 180 

Appropriately combining kfia 's wi thin ea.eh symmetry species one can

further separate longitudi nal ( L) from transversal (T) vi brations and al so ac­

ousti cal (A) from optical ( 0) ones . The resul ti ng classi fi cation i s  given i n

Tabl e 1 .  

Table 1 . 

{
2xLO 

kE1 ,_1 6xTO
2xTA 

In  thi s basi s the dynami cal problem i s  evidently greatly simpl ified. 

in addi tion ,  one obtai ns some geometrical and {via the quantum numbers ) physi ­

cal insight i nto the nature of the vi brational modes . We i l lustrate some of 

them in Fig .  2 .  
1 . 2.

LA L O  

k A o 

3. 

TO 
\ 

Fig .2 .  
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I I I .  VIBRONIC COUPLING IN THE (BeH
2
)
x 

CHAIN

Band structure. The dynami cs of electrons i n  a polymer chain can be 

described in tenns of the fol l owing Hami l tonian: 

where · R  and r denote the total i ty of nuclear and electronic  coordinates, respe­

ctively. If R0 i s·the· equi l i brium chain configuration , the electron band stru­

cture i s  obtained by solving ·  

0 0( ) 0 He( Ro
,r)�k� = £1 k fk� { 2) 

for each k-point. � is the band index .

Symmetry analysi s of the band str�cture of the (BeH2)x chain shows

that some of the babds (viz. those of kE 1 . -i Symletry species) are twofetld degenerate

throughout the:Bri l loui n zone. From the ab initio SCF HF LCAO computations of /7 ,8/ 

we know thi s  to be the case for the hi ghest occupied val ence band (whi ch i s  of

ls (H)  ,2P
x
(Be)

1
, 2pyCBe)4 character) .  Noti ce that· dimers, trimers etc • . do not

exhib it  degeneracy so that the effect i s  an essential ly polymeric one. More 

preci sely, it appears when the number of monomers i s  great enough for 42- scr.ew

axis syrmnetry to be fel t.  

V ibronic coupl ing.  Now let the chain change sl i ghtly its configuration 

from R0 into R = R0+Qi ' where Qi is a vi brational mode. The electrons are per­

turbed by 

3V 1 a2v 
V = t < aQi

)
oQi + 2· { J < aQi aQj

)oQiQj + • • • • •

For a nondegenerate energy level , the l i near terms should vanish; however, thi s  

need not be true for the degenerate kE1 ,_1 -type band that we are considering.

If we denote thi s  band cal culated at R
0 

by e0( k) and the correspondi ng eigens­

tates by ,1�, �2� ,  one finds that

ae8 = J �o* ( r. ) . av l[,o (r)d3r I o ,atfi" ak a'Q; ak 

where a= 1 ,2 ,  for certain modes Qi of specifi ed synmetry properties . ·We have
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identified these active modes for each of the l i ne groups, thus est�bl i shi ng 

a complete pol�eric anal ogue of the Jahn-Tel l er theorem. 

In our f4t11c case the Jahn-Tel l er active modes are detennined by compa­

ring { 1 )  with 

[ E 2] {
qAo ID qA2 6l qB2 wi th q=2k 

k 1 ,-1 � qAo e qA
2 

6l qBo with q=2k�2n/a
( 3) 

where -w/a<q�w/a . Notice that these modes incl ude some TO modes, l i ke Q3 in

Fig. 2 .  Lateral i nstabi l i ties in quasi - 1D  systems have not been studied in  much 

detail yet and a symmetry argument provides a good starting point. 

Next, l et us stress that a 1
1paradox11 actual ly exi sts concerning the 

band structure of (BeH
2
)x /8/ :  the stabi l i zation energy for the dimer {BeH2)

2 

was calculated to be greater than for the polymer {BeH
2
>x· Noti ce that geometry

optimization perfonned in that computations did not go beyond the ful l !,4
2/mcm

syrrmetry. The answer may be sought for in either static (di storsion) or dynami c 

(vibronic states} effects . 

Final ly, let us remarkthat the degeneracy along some special l i nes or 

pl anes in the k-space of 2D- and 3D-systems is i n  general relatively unimportant, 

since s,Ymmetri c k-vectors are outnumbered by the rest. Here, on the contrary, we 

have bands degenerate for e\ery k. the consequences of thi s  fact mi ght be rat­

her pronounced in some cases . 
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