
COND�NSED MATTER PHYSICS AND BIOPHYSICS -· 

APPLICATION OF EXCITON AND FERRO.ELECTRICITY THEORIES ON BIOPHENOMENA 

EaA.Hadziselimovic, Institute of Physics, University of Sarajevo 
M.M.Marinkovic, Boris Kidric Institute or Nuclear Sciences, Belgrade
B.S.Tosic, Institute of Physics, Faculty of Sciences, Novi Sado

Introduction 

Great effort are made last few decades in order to explain 
biological phenomena on the ground of physical laws and to intro­
duce physical methods in biological researches as much as possible. 
Having in view the structural and dynamical characteristics of the 
biomatter it is obvious that condensed matter physics, compared 
with other parts of physics has a higher chance to render those 
efforts successful. The object of this paper is to estimate the 
possibilities and the field of application of the condensed mat­
ter physics in :the frame of biological researches . 

The first serious efforts to transcend the frame of a pure 
description in the analyses of processes taking place in the 
living matter l�d to the question whether the laws of physics 
are sufficient to explain the processes in the biomatter. So . 
two extreme views were formulated : the vitalistic, that believed 
that the bases of life are not resting upon the physical laws 
and the opposite view according to which all biological pheno­
mena are bound to obey the physical laws and that the life it­
self can be explained by those laws. The vitalistic view was 
at one time supported even by great embriologists, zoologists 
and others, such as G.Drish, L.S .Berg, A.G.Gurvich1,2) .

Bohr, Wigner, Elsaser and others attempted - to make a 
compromise between those views3-G) . Bohr was of the oppinion
that physical laws may be used for the understanding of life 
processes but only if complemented by some nonphysical postu­
lates ( a  generalization of the complementarity principle) . 
Wigner made the next step and tried to describe the living, 
the feeding and the reproduction by a system of equations, the 
unknown quantities of which representing the degrees of freedom 
characteristic for the processes mentioned _ Using the S-matrix 
formalism he demonstrated that his analysis leads to an incon­
sistent system of equations having a number of equations that 
exceeds the number of unknown quantities. Be concluded that 
the analysis of biological processes can't  be performed by 



physical methods as the possibility of the existence of a set 
of variables satisfying simultaneously all those equations 
would be highly improbable. Eigen?) pointed out that the men­
tioned Wigner' s  analysis �s incomplete as it does not take 
into account the possibility of an influx of informations in 
the system under consideration. An additional information 
causes the seltorganization of the system and is able to 
direct the processes such as the living, the feeding and the 
reproduction. So the number of independent equations is re­
duced and becomes equal to the number of unknown variables .  
That was for the first time that it become clear that the 
processes in the living matter are not to be tr�ated as spon­
taneous but as directed. It was simultaneously pointed out 
that this directionality is not to be expl�ined by nonphy­
sical laws as it is explicitely due to processes taking place 
in a number of open and nonlinear thermodynamicul systems. 
So the methods of nonlinear thermodynamics are able to ex­
plain the selforganization and the directionality of biolo­
gical · processes without to call for nonphysical arguments. 

So Eigen offered a justification for the adherents, 
such as Schrodinger , Volkenstein, Apter, Raven and others8-ll)

of the conception that the basis of life and of its origin 
are founded on physical laws . He also pointed out the way, 
one has to follow in applying physical laws. in the analysis 
of the life phenomena. It consists in the efforts to find 
the basis of the life in those physical processes where the
selfinstruction, due to the decrease of entropy is parti­
cularly present and perceptible. 

Nonconservation and selforganization 
The impression is that it is more difficult to explain 

the origin of li.t'e on the basis of physical laws than to 
explain the existing phenomena in an already constituted 
organism using those laws. Tfte problem of the origin life 
was attacked by Oparin, Kalvin, Volkenstein, Monod and ma­
ny others. It would �e difficult to review all the ideas 
that appeared in connection with tha� problem. Here we con­
fine ourselves to ideas of Prigogine and of his collabo­
rators12-l3) as well as to those of Eigen.

Elaborating on the nonequilibrium thermo�amics 
Prigogine concluded that in 9pen, nonlinear, thermo�a-



mical systems, conditions leading to a decrease of entropy 
i.e. an influx of information may take place. This he consi­
ders as a fundamental fact .tor the appearance of the auto­
catalysis and selforganization of the system leading finally
to the transition from the inanimate to the living matter.
According to Prigogine, the substantial element for the
appearance of the autocatalysis is the entropy having a
periodical time dependence characterized by a damping factor.

Starting from the fact that the autocatalysis may take 
place in chemical reactions and that those reactions are 
characterized by the fact that the number o.t molecules of 
the initial substances is not conserved we shall try, using 
an appropriate microscopic theoretical model, to estimate 
the character of the entropy due to the nonconservation 
effects. As a model we propose an exciton system. This mo­
del will be us.ed in the following for the analysis o.t the 
particle system ( the mixture of chemically reacting sub­
stances).  

The Hamiltonian of the exciton system is;4)

. H  =-f l Z(KJBf Bt + t YflJ[ B}B-i + 8-t Bt JJ , ci) 

z ( K J = /J + X (�) ; /j � 5 e v ; X, Y � 0.05 - 0.5 e V. 
Owing to the term proportional to Y, the exciton number 
is not conserved. Starting from the equations of motion 
for the operators B+B, BB �d B+B+ one finds the following
time dependences: 

!J}(t>PJ-;l-0= r11 +d�B;(o)Bl(O)+�B-1(0) B;fo) +-�� Bkto) B!l to� , 
·B.:;�) 8Rlt) =/34 +� Bito)Btfo)-f-�3 B-ifo) Btfo)+ A Bt lO) .B�t /O) , (2)

Btlt) B�{i) =4� +(?,� B}(o)�(o) +�; Bi (o) B�i(o) -tf'{ B-itlDJ Bi (o) , 

where 

6,=-fJAl,t)=-rl.3; /!J2.:..fi,.(l.t) =2�,; o/� E o/1 (�t)= § ( /- £.tj2fl.t );
A _ IJ.. ('il".1)- _ 12.i + J2

2.
t.fl� �2_fl.t; -i, �l1t1L2.!l.t; /JJlf: fi,(t,+,) =- <if; 

Pa= f"'! "'" - 1Q1 2.Sl: -a1-

di=-J2.(l;t) = 1 +. Jti... (, - C#j2.4t ); ...Q.�;-.a;;· ..Q:fld); �=f'Z ft) ;1 

d =a- t�) = 1lril2 (l-llj2..n..t) +i& 1sin211.t; n .. =SJi'tJ=t'Yl�.
3 3 r, 2. ..Q. 2..fL ..... d 
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It has to be pointed out that the substitution of ( 2) 
in ( 1) leads to a Hamiltonian that remains time independent. 
Nevertheless , the specific time-dependence of operators as 
given in ( 2) leads to some biophysically important phenomena 
such as the irreversibie absorption of light energy, high 
dissipation and an entropy having a periodic time-dependence 
characterized by a damping factor ( see e.g.15-l?)). Our con­
cern here is primarily the entropy. It is possible to find a 
basic set leading to exciton energy eigenvaluesl?) equal to
those that would result after a u-v transformation of the 
�amiltonian ( 1)18). The eigenvalues belonging to the particle
numbe� operator are time-dependent for this basic set. The 
quantum mechanical mean values for the energy and the par­
ticle number are: 

('\ I H,dx>-=- r (fK-Z,r.) +Ei: N(�o) ; <x I N((l)l x)=N(�f)-=}1 rtt+1)N(�tl3) 

hi.: = vz:-'(: ;  f =1{£,t) =[Y�?.-ZdZr..-E'")]E;2 (1-l01 212i<.t); .Q.K :;(
1
£� 

Since it is t�e question about a bose gas ,  the entr9py 
can be deduced in the standard way, i.e. counting the micro­
states and it has the form : 

C [ -t c(b__t) -I - - t,�i,t )
] 

t. _. �) f{Jc.; , f\ v _  -J 
S(Rt) "' \l!.,t '[e 8 - 1  J-lnL1-e ; d,:,t1= itJ ,t.o' 0 � ... <"')

Taking into account the expression (3) for the function 
f it is obvious that the entropy has a periodic time-depen­

'dence. 
The analysis derived here may be applied in a straight­

forward way on a chemically reaO.ting particle system. The 
Hamiltonian of the particle mixture can be written as: 

H = z:. l ii� If') at ( t)4,(i) ,. .t J, ( K) [cM--iJa,,{K_) -t a:ma: (-�� 1 (5)
�/ � t .. 

Operators Cl it) create a molecule of the substance V. in the
state K • •.mie Hamiltonian ( 5) being constructed in analogy 
to the multilevel exciton Hamiltonian, the cross terms ( i.e. 
the terms �fl,�-=O for Ji.� Y ) are deleted. It is obvious that 
this model represents a model of the mixture of noninterac­
ting gases. The coe:tficients XJ, are taken as X..,(i):.Av�fK2'(tMfi 

where the first term A..,, is the Pauling energy o:t hybridi­
zation that induces the molecules to uni:ty , the second term 
being the kinetic energy of the molecule. For �(,J it is 
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assumed that it is proportional to the kinetic energy, i.e. 
��1{t) =6J/tK1�J�here G"<- i . Taking

_ into account the moiecu­
lar masses and the usual values of the hybridization ener­
gies, the coefficients X and "J are of the order of· 10 kB
so that . for , room temperatures one has X :J. & e • This inequa­
lity will be used in the following for the calculation of 
the entropy. This calculation, starting from the Hamilto­
nian ( 5) will not be quoted here as it is too clumsy but 
it finally leads to the following conclusions: 
a) After a sufficiently large increase of time the entropy
becom�s an oscillatory functio� of time having a damping
characterized by the factor --1,-f . This result is just in
accordance with Prigogine' s  and Eigen ' s  criteria for- the
appearance of the autocatalysis.
b) After a sufficiently large increase of time the pressure
becomes periodically equal to zero which means the �ingula­
rity in the entropy flux. It is out of doubt that sudden
jumps, i.eo drops of the entropy flux .meaning the increase
of i�formation, can play a fundamental role in the autoca­
talytic process o It is precisely in those ,:noments that the
substantial information, able to direct the reaction, is
transmitted.

Concluding this paragraph it should be pointed out 
that the mixture of substances itself can be a seat _of ex­
citons and ferroelectric excitations which on their part
may also have an oscillatory entropy with damping. I� can 
be shown that in the system particles + antiparticles, the 
entropy of the particle system may decrease at the expense 
of the increase of the entropy of the quasiparticle system 
so that the quasiparticle system may play the role of a 
source of information for the particle system. 

Proton currents in the O - H - 0 bonds 
In the preceeding paragraph it was pointed out that 

a system of f erroel.ectric excitations in a mixture of bio­
logical substances ( such as proteins and nucleic acids) can 
serve as a source of information for the particle mixture. 
Here we shall analyse the possibility of protonic currents 
in O-H-0 bonds and their properties. According to Crick' s  
and Watson� s  ideas19-2l), the proton currents cause the



instabilities in the O-H-0 bonds, those bonds constituting 
the binding elements of the DNA. Those instabilities and 
the recombination processes open the possibility for the 
crossingover. 

Let us examine the 0-H-O bond of the length 2L 
assuming the following model potential in the region of the 
bond: 

V('i.) = v� r (1.) + .1 �,_ c sci-L 1+ ici+L) 1 (6) 
This potential simulates the double well potential 

which is assumed for the 0-H-O hond. The advantage of this 
potential is that it admits the exact solution of the eigen­
value problem as well as the penetration from bond . to bond 
since the transmission coefficient is different from zero. 

The differential equation of the problem is: · 

lcp - f  cp = W1 8(x)<p t f W1l8(x-L) to/X+L)]<P , l= \"'/ . C7�
,1y.2. W, = 2.

1..
�Vt ; L= f,'l..

The problem can be solved using the Fourier expansion, 
since the solution has to be periodical, the period being 
2L. For E(. 0 the following secular equation is obtained: 

M ; L \ w \  � \\11 � - \ w\ 
1 -=  )..L � Wi.-= -(S"\w\ <0)

with the corresponding. solution in the form: - - _,. 
cp,. f1'J = C sti .. x � t'= Ml ; SJ,,)..x = s"'- .x (x ±.2.L) • <9>

The equation (8) is solved - for the case of KH2Po4, i.e. it
is assumed that L:::3.5 nm and 2 Jl:;l F1-f.z.la20�00 cm-1•

It may be demo�strated that the functions <Pi are not 
orthogonal so that one takes the following combinations : 

-- iY, _.,. - . _., 
o/1. = sJ..A1X -A e sJ,, Ai X ; t2- = sk�x + i  A �  e,' 1s�}1x c10>

the parameters A ,  'P, f and the constants C i. . ere determi­
ned from the orthonormality conditions. In the result of the 
numerical analysis one has: 

< 4't I H I  V,> = -3tto�•- i. �52.�(; <�1-\ \I \  "12-)=-3, a2.. ��+i �s.2. �1 

2. Q = Re E. - �£.2. = 2.8� �1 <n> -
:rror 'Pi given in (10) the probability current reigning in 
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the bond is different from zero and in the same way is the 
proton current. The expression is : 

j 1 = t;te ()< JJ..xif0..i1,-}/J:>-,.·,Jl>,.. x)A �� f; j1 = -$ � j� c,� 'f. c12)

The proton currents are odd functions with respect to 
, both are approximately of the same value and are confined 

in the interval from O r or x=O to I 5pA for X = ± L • 
Concluding this paragraph it should be noticed that : 

a) Proton �urrents exist in O-H-0 bonds.
b) They have the maximal value on the boundary or the bond
which makes the penetration in the neighbouring bond possible.
c) The system or ind.i vidual bonds analysed here may b.e used
to construct a linear structure endowed with ferroelectric
excitations. Taking (11) into account it is seen that the
excitations taking place in the linear structure are expec­
ted to be instable with a lifetime of the order of 10-14s.

Conclusion 
We have demonstrated the possibility to apply the 

methods belonging to the condensed matter physics to the 
realm of phenomena taking place in the prebiological phase. 
More specifically : owing to those methods , the microscopic 
theoretical schemes and models tor the basic conoepts actu­
ally used in the an•lysis or the prebiologic phase , are de­
rived from the first principles. Those concepts are: the 
irreversible light-energy absorption, the high dissipativity, 
the periodical entropy characterized by a damping· and the 
appearance of proton currents in the system of 0-H-O bonds. 

Concluding· this �ysis one should remind that the 
prebiological phase presents a more difficult problem for 
the research as ·compared to the phase concerning the pro­
cesses in the already constituted �iomatter. The researches 
belonging to the latter phase are highly developed and 
divers. Theoretically as well as experimentally rheology 
and other blood phenomena are examined. A lot is already 
done to shed some light on the transfer of mass, energy 
and information moving within the living organisms. Great 
efforts are made to clar�fy the natur, of the cancer and 
of its origins. The biophysics of membranes is also a field 
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of intense research, Frolich, Davydov and many others taking 
part in it. The eye and the vision are also the object of 
physical researches, attempts bei:1g made to develop microsco­
pic theories of the eye and of the vision by the application 
of methods from crystalooptics. Methods taken from physics 
are successfully applied in the realm of neurobiology. Nerves 
and processes in nerve networks are examined experimentally as 
well as theoretically, the analogy with electric networks 
being successfully applied. The details concerning the men­
tioned researches may be found in appropriate references22-27? 
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