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1. IBTRODUOTIOli

S7J11D1etries of the stereoregular polymer molecules are des­

cribed adequately in terms of line groups , which were derived 

and classified in Ref. 1. In quant:.uu theoretical studies of 

these physical systems ,  such as calculations of their electro­

nic spectra (band structure)  one should use the irreducible re­

presentations(ireps) of the line groups 2 , as these ireps des­

cribe the action of the symmetry operations in the correspon­

ding state space . The ireps of all the line groups were deri­

ved and tabulated in Refs 3 and 4. 

In the sequel we are concerned with a quantum theoretical 

description (by me&Jls of an effective one-electron Hamiltoni8.Il 

Reff) of the motion of 8II electron in a potential created by a

stereoregular polymer molecule having the symmetry LDP . These

are the simplest among the line groups , they appear as subgroups 

of all the others , so that the following results have general 

validity. Every elemeDt of LDP is of the form (O� lt+t) , mo­

ving c � . �. z) into ( f,�-s�,z-(t+�)a) ,  where �=2lf/n , n is the

order of the main axis , p , s=0 ,1 ,  • • •  ,n-1 , t=o ,!1,!2 ,  • • •  ;tN/2 

=Fr(sp/n) ,  a is the fiber period. Hence , the screw axis np
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characterizes 'this family of line groups. 

The ireps of LDP are given b7

JAn(O: \ t+'C ) = ·  exp(ik(t+'t)a] exp {imsol )

where kE(-:Jl"/a,�/a) and m--0 1±1, • • • ,±(n-l)/2 tor n odd, 

ir.=0,±1� • • •  ,±(n-2)/2 ,n/2 tor n even. These are good quan­

tum nUl)lbers originating in the symmetry of the qstem. They 

furthermore possess pqsical meaning and are related to the 

observables ot the linear and/or the angular momentum. type. 

2. SYMMETRY-ADAPTED BASES

(1) 

Once the ireps �m. 
ot Lnp ee known, one can adapt a gi­

ven function f(!) to this symmetry app�g the corresponding 

projection operator : 

f
klu

(f)= ;P.t(i) = (1/nli)� , texp(-imsal) exp[-ik(t+'t)a] t(i' ) ,  (2)

where r' = co: \t+'t)-1r • The functions t
km 

al!e 8Ilalogous to

the so-called Bloch sums, well known in solid state physics ,  

where one sums over the translations only. 

Next, one can easily show that for each f(r) one C8D write

(3) 

where u.icn(r) is invariant under all the operations from Lnp .

This statement is analogous �o Bloch's theorem. 

One caJJ also show that in the orbital state space there 

ensts a complete· orthoi:iorma1 basis l e
km

� (i) \ such that it

is (quasi)contil:Juous in k ,  aJJd periodic in k,m (as required 

by the equivalence of the ireps) , in addition to the property 

that each function e
km

�(!) is ot the form (3) .
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3. ADVAITAGES OF THE USE OJ' TD SYMAIETRY-ADAP'!BD BASIS

The first and obvious benefit is  the block diagoualization 

of the Hamiltonian �in \ekm� \ , which means

(ek'm'� , ,lfi.e
tm�>  = 0 unless k'�k , a':am .

This greatly facilitates the task of finding energy spectra and 

eigenfunctions. Furthermore ,  the latter are completeq determi­

ned once their values iD 0( J<- , O , s,$<cl , O ,  z < a are lalown. 

The energy eigenvalues can be denoted ?Y Em(k) • These functi­

ons are continuous and analytic in k , and periodic in k ,and 

m ;  thus one has the energy bands . Next, one can show that m 

is conserved along one fixed band, i .e.  that the energ7 bands 

are labelled by the symmetry quantum number m .  This finds ap,­

plication iD understanding the different ph;ysical processes in 

such systems through the selection rules. 

4.  SELECTION RULES 

Let Bq)'- be an obsenable satisfyillf5 

co: 1t+i >aqr<c: 1t+t >-1=exp[1qct+�>a] exp(irSot.)iqr ,

i.e. tr�sforming according to the irep qAf of Lnp , ID other

words , Bq� is an irreducible tensor operator of Lnp , Then one

has the following selection· rule : 

(4) 

Here Ak=k'-k , Am=m'-m, and "=" m.eans "equal up to equivaleDce

of the ireps . Note that this selection rule in principle allows 

the "Um.klapp" processes .such as k'=k+q-Zl\'/a, m'=m+/-P etc. 

But these interesting possibilities cannot be discussed here 

for reasons of brevity. 
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Let us assume that an electron is iD a statioDary initial 

state �� of the UDpezturbed effective HamiltODian Reff ,

and that it is excited into 'f> i'm' by the action of a (time-

dependent) perturbation �ert . The trans1tioDa1 probability
f '"' i 2 v ('l1

1 .. 't f) ie proportional to ('f'k"m' •�ert'-"1cm> 1D first 

order of time-dependent perturbation theory. To apply the se­

lection rules (4) one has to decompose �ert il:Jto its irredu­

cible components.  

ID Ref J this technique is  applied to the analysis of the 

iDteractioD of light With the electrons of a polymer molecule. 

It tul!ns out that the mere kllowledge of the lille group descri­

bing the e�try of the system sUffices to obtain some impor-' 
tant qualitative features of the absorption spectra discussed. 
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