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The ro le  of nea r - f i e ld  and f a r - f i e ld  in teract ions  in de termining  the conformat ive  mobil i ty  of 
m a c r o m o l e c u l e s  is analyzed he re .  An a lgor i thm i s  p roposed  for  finding the global min imum 
energy  of nea r - f i e ld  i n t r amolecu la r  in terac t ions .  

The calculat ion of t r a n s p o r t  p r o c e s s e s  in c e r t a i n  types of mo lecu la r  s t r uc tu r e s  is of g rea t  in te res t ,  
as  it r e l a t e s  to the p rob lem of producing s e m i p e r m e a b l e  m e m b r a n e s .  

T r a n s p o r t  p r o c e s s e s  in complex  mo lecu l a r  s t r uc tu r e s  such as  p o l y m e r s ,  for  instance,  a r e  d e t e r -  
mined l a rge ly  by the nature  of in terac t ions  between molecu les  of the po lymer  and i ts  conformat ion.  

In t r amolecu la r  in te rac t ions ,  which de te rmine  the conformat ive  stabil i ty of i ts  var ious  spat ia l  s t r u c -  
tu res ,  a r e  usual ly  c lass i f ied  accord ing  to the dis tance between the in te rac t ing  groups along the pr incipal  
valence chain. Effec ts  within chain f r agmen t s  containing 1-3 rad ica l s  a r e  usual ly  defined as near - f i e ld  
in te rac t ions .  It is convenient  to single out this c lass  of in terac t ions ,  f r o m  the in te rpre t ive  point of view, 
inasmuch as the spat ia l  s t ruc tu re  of a molecule  which va r ious ly  combines  s table  conformat ions  of its 
f r agmen t s  has  p r o p e r t i e s  that g rea t ly  s impl i fy  many p rob l ems  in the configurat ion s ta t i s t i cs  and the con-  
fo rmat ion  ana lys i s  of such molecu les ,  at  l ea s t  within the quali tat ive scope.  

When cons ider ing  the i n t r amolecu l a r  energy  of a po lymer  molecule  in t e r m s  of m o n o m e r - m o n o m e r  
in terac t ions ,  one can conveniently desc r ibe  these in ma t r ix  form:  the diagonal ma t r ix  e lements  uii r e p r e -  
sent ene rg ies  de te rmined  by means  of potent ial  maps  of the r e spec t ive  m o n o m e r s ,  while the m a t r i x  e l e -  
ments  ui,i+ 1 r e p r e s e n t  ene rg ies  of in terac t ion  between adjacent  m o n o m e r s ,  e tc .  

It is  well  known that conformat ions  even by m o n o m e r  e lements  in a row a r r a n g e m e n t  co r r e l a t e  ve ry  
weakly,  as  a rule ,  because  of coexis t ing s t e r e o s t r u c t u r e s  in the f r a m e w o r k  [1]. Thus,  the contr ibutions 
of in te rac t ions  uij a r e  a l m o s t  comple te ly  de te rmined  by the nature of the contact  between the i - th  and j - th  
monomer  e l ement s .  The re la t ive  location of i - th  and j - th  monomer  e lements  is obviously becoming  less  
cons t ra ined  k inemat ica l ly ,  meanwhile ,  as the indices i and j move f a r the r  apa r t  in sequence.  

This  can be explained as  follows. Let  us a s s u m e  that a smal l  d i sp lacement  R (.~) of the k - th  func- 
tional group re la t ive  to the j - th  conformat ion  

(%) = " ( 1 )  

q~n 

can be effected so that the sum of the squares  of angular  d i sp lacements  due to in terna l  rotat ions (~_~,)2 
will be min imum.  

With sma l l  d i sp lacements  desc r ibed  by the express ion  [3] 

R j~=  ~ ( 0 ~  + E,~ • 9h) Ar (2) 
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and with 

we have 

where  the e lements  of m a t r i x  T a r e  

Am = �9 - -  co', (3) 

RT~ ~ Aq)TA(1), (4) 

t~h =/(~i _>_W xPj ) (O}~-:-~k x ,o-j ) for i > k ,  
(s) 

t 0 for i < k .  

The thus formula ted  condition can be wri t ten  as 

V ( A ~  - -  I.tA~TA~) = A~ - -  ~TA~ -- O; (6) 

where  ~ is  a Lagrangian  mul t ip l ie r .  

The sought solution will be an e igenvector  Y which co r r e sponds  to the eigenvalue 1/~ of ma t r ix  T, 
where  

y,,.2= __l Y T Y =  .1 R~k (7) 

and for  a uni ta ry  R i k  

r 1 

on the assumpt ion  that ~ does not depend on n, as  in the case  of a b lock-diagonal  ma t r i x  T, for  ex-  
ample ,  the mean "compensat ing"  change in the rota t ion angle A~0 i is propor t iona l  to 1/~fn. 

If T is a b lock ma t r ix ,  then 1/~ i n c r e a s e s  propor t iona l ly  to n and 

(s) 

I 
CArpi ~ n 

In actual  s t r uc tu r e s  the re la t ion  should be  somewhere  in te rmed ia te .  

If, ins tead of A~ 2, the deformat ion  ene rgy  

(9) 

AUm A~AAO (10) 

is  min imized  (here A denotes  the m a t r i x  of the second der iva t ives ) ,  then an analogous r e su l t  will be  ob- 
tained for  m a t r i x  A - i T .  

Another  e s t ima te  can be made using, instead of Eq. (6), the r equ i r emen t  that the sum of the squares  
of changes in the coordinates  of many a toms  be min imum f o r  any given change of the i - th  angle by A~oi:. 
This  quantity may  be approx ima ted  by 

P~Aq~  S'A q), (11) 

where  e lements  of m a t r i x  S' a r e  defined as  

i /" 

Sly = X X  (Oi + El • Pk )(Oy + ~,j • p, ). (12) 
k = l  t = 1  

On the ba s i s  of the concepts  developed in [4], the magni tudes  of the component  vec to r s  in  pa ren theses  
a r e  a s s u m e d  to have a no rma l  dis t r ibut ion with the d i spe r s ion  a 2. 

F r o m  the condition 

V p = SA~ = 0 (13) 

we find 

SF~ = A~A, (14) 
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where  

p=J= i; z~ = 

Z~i j 

p =/= i, 

and ma t r ix  S is  obtained f r o m  m a t r i x  S' by delet ing the i - th  row and the i - th  column. It is  not difficult to 
a s c e r t a i n  that the diagonal e l ements  Sii have a • dis t r ibut ion with 3(n-i)  degrees  of f reedom and with the 
mean  value of Sii equal  to 3a2(n-i) .  

The d i spers ion  of e lement  Sij is  

2 s u  ---= o ~ ( n  - -  i )  (n  - -  ] ) ,  

and the d i spers ion  of ra t io  A~0k/A~0 i is 

2 
~A~0 h 

by vi r tue  of ma t r i x  S being a near ly  diagonal one. 

(15) 

n - -  i 

9 (n - -  k) (16) 

Expres s ion  (16) r e l a t e s  the dis tr ibut ion of A~o k to the quantity Ik- i[  and may be used in a feas ibi l i ty  
study of "compensa t ing"  for  a deformat ion  of the spat ia l  s t ruc tu re .  

Concepts of this so r t  point to the feas ibi l i ty  of descr ib ing  the said in teract ions  thoroughly, without a 
loss  of accu racy  in the resu l t s ;  since it  is  the calculat ion of f a r - f i e ld  in terac t ions  which takes  up mos t  of 
the machine t ime n e c e s s a r y  for  computing the conformat ions  of a r a t he r  unwieldy object ,  on the other  hand, 
it s e e m s  worthwhile to introduce here  effect ive r a d i c a l - r a d i c a l  potent ials  and, at the same  t ime,  to re ta in  
the f o r m e r  level  of detai l izat ion in descr ib ing  the nea r - f i e ld  in te rac t ions .  

According to the calculat ions in [4], widening the "zone" of accountable in teract ions  along the p r in -  
cipal  valence chain, i . e . ,  accounting for  the type i ~ i + 1 and. i ----* i + 2 effects  will r e su l t  in a s ignif i -  
cant change in the e s t ima te  of local  spat ia l  conditions,  as compared  to the map of a m o n o m e r  e lement .  
Accounting for  nea r - f i e ld  in te rac t ions  within o l igomer  f r agmen t s  will br ing out a new aspec t  of the s i tua-  
tion, namely  the pa r t i a l  over lapping of such f r agmen t s .  By the same  token, the conformat ions  of all  
r ad ica l s  appea r  interdependent  and the energy  of nea r - f i e ld  in te rac t ions  becomes  a nontr ivial  c h a r a c t e r i s -  
tic of molecule  conformat ions ,  unlike, for  example ,  the sum of the energ ies  of s epa ra t e  monomer  e l e -  
ments  which co r r e spond  to a given conformat ion.  

Let  Uk(~i,  ~i+1 . . . . .  ~i+k-1) denote the conformat ion  energy  of a f r agmen t  containing k monomer  
e lements  in some sequence,  beginning f rom the i - th ,  and let  

%i % 
_ _  o 

% = (17) 

J 
r e p r e s e n t  the set  of in t e rna l - ro ta t ion  angles  cor responding  to the j - th  m o n o m e r  e l e m e n t .  The energy  of 
nea r - f i e ld  in te rac t ions  will be e x p r e s s e d  as  

k-~-i 

+ Z [gh (~v' ~j+1 . . . . .  ~a+u-~) - -  Uk-x (~j '  ~j+a . . . . .  ~a+h-e )]. (18) 
] = 2  

When k is smal l ,  the p rocedure  for  minimiz ing  E with r e spec t  to all  in te rna l - ro ta t ion  angles is  
r a t h e r  s imple .  As in s ta t i s t i ca l  phys ics  of p o l y m e r s ,  accounting for  nea r - f i e ld  in terac t ions  only has,  
analogously,  made it poss ib le  to u s e t h e  a l ready  avai lable  f o r m a l i s m  of the Eas ing model ,  which appea r s  
to provide  some concepts  of dynamic p r o g r a m i n g  [2] suitable he re  a lmos t  without any modification.  
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i . e . ,  

We seek  the global m i n i m u m  E, i . e . ,  the quant i ty  

rain E (~1, ~2, " . ' ,  ~,~) 

= min rain . . .  rain {U h (~x, ~1~ . . . . .  ~ ) 

k+l 

] = 2  

= rainmin . . .  min{U k ( ~ ,  ~2, . . - ,  ~h ) 

k + t  

+ mi~ m~n . . .  m~n Z [v~ (~, ~,+, . . .  ~,+~_, ) - v ~ _ ,  (~,  . . .  ,,+~_, )1 }. 
- - ~k ~ k + t  rDn ]=2 

We in t roduce  the funct ion 

--m~, m~n . . .  m_~{V~ ( ~  . . .  < )  
(I)1 (I)2 CPi 

i 

- ]~ Iv,, (~, . . .  g,§ , _ v ~ _ ,  t~,  .. ~,§ il 1. 
i + 2  

It is  not diff icul t  to p rove  that  

0~+~ ( ~ i + . .  �9 . -  ~+,~ } 

-- min rain . . .m in{U k (~1 . .-  ~k 
(P 1 ~P~ (Di+ 1 

+ ]~ [u~ ( ~ ,  ~ + ,  . . . . .  ~§ ' 
i=_'2 

- u ~ _ ,  (:~, ~,+._. )1} 

= rain rnin . . .  rain {U~(~,, ~ . . . . .  ~ ) 

t" ..e_ 

]~ Iv, (~, . . .  ~,+~_11 - U ~ _ l ( ~ ,  . . .  % ,_ . .  !1 
1'=2 

=u~(m, .1  . . .  g,+~ ) - u ~ _ ,  (~ , . ,  . . .  ~,.~_, ]; 

(19) 

(20) 

Obviously, 

Of+a = rain [Oi (@i+l ". ~),,k ) 

(2.1) 

o, = rnin u (~1, a'~ . . . . .  ~ ), (22 )  

The authors propose to solve Eq. (19) by successive computations of functions 0 i. 

The minimization requirement does formally limit the dimensionality of the problem of calculating 
any 0 i to a level which corresponds to the dimensionality of the potential function for a molecular frag- 
ment consisting of k monomer elements, but in a direct numerical implementation of each separate varia- 
tional procedure this requirement is, apparently, irrelevant. An important merit of the algorithm de- 
scribed here is that, if the global minimum for a fragment consisting of n radicals differs only locally in 
the angles ~t, .. ~n from the global minimum for a fragment consisting of n + I radicals, the final results 

of this computation will be the global minimum E. 

It must be emphasized that we deal here with a situation where there is no interaction between con- 
formations of monomer elements n and n + k through the framework or as a result of correlated changes 
in the conformations of the lateral radical groups in intermediate monomer elements. Already for k > 3 

such effects appear improbable [3]. 

772 



The desc r ibed  a lgor i thm can be eas i ly  used  for  calculat ing the energy  of nea r - f i e ld  in teract ions  with 
the aid of the following combina tor ia l  s cheme .  

Suppose we have de te rmined  al l  s table  conformat ions  in re la t ive ly  smal l  f r agmen t s  of a molecu la r  
chain by  success ive  detaching f rom it  k r ad ica l s .  This p rocedure  mus t  then be repea ted  for  al l  f r agments  
of a molecule  which contain one l e s s  m o n o m e r  e lement .  The energy  of nea r - f i e ld  in teract ions  (up to 
i ~ ~ i + k - 1  in te rac t ions  inclusively) in the en t i re  molecule  whose conformat ion is given on the potential  
map  of each m o n o m e r  e lement ,  accura te ly  down to the local  min imum,  can be evaluated f rom (18) with 
the values  for  each Uk, Uk_ 1 taken fo r  s table  o l igomer  conformat ions  cor responding  to one another  (radical  
by radical)  within the in te rsec t ion  range  and within an accu racy  down to the vicini ty of the local  min imum.  

The following comment  is in o rde r  he re ,  with r e g a r d  to the e s t ima ted  e r r o r  in calculat ing the n e a r -  
f ield in terac t ions  in the approx imate  manner  shown here .  Le t  the in te rna l - ro ta t ion  angles (,) ~r = (2a) 

T k 

r e f e r  to the f i r s t  of the over lapping f r agmen t s ,  let 

r e f e r  to the second one, and let  

r e f e r  to the i r  in te rsec t ion .  

At some  local  min imum,  

T i n ,  . 

(24) 

(25) 

the energy  of the f i r s t  two f r agmen t s  wilt be wri t ten as 

u,~-., u~~ 
<; :  u (~0.t. (2~) 

--0 If Tab denotes  the conformat ion  of the cen t ra l  f r agment ,  c lose  to Ta and Tb,  then the energy  of n e a r -  
f ield in terac t ions  will be 

E = U~ + U~ - -  U (T~b) (27) 

m 

accura te ly  down to the effect  of angles T a b - T 0  on U~0 and U b. 

It can be shown that, among any ~ b '  ~'bb conformat ion  pa i r s  of in te rsec t ing  f r agment s ,  the point 
-0  (~ab + ~'bb)/2 used for  Tab yields the sma l l e s t  e r r o r .  Indeed, with A denoting the ma t r ix  of second d e r i -  

va t ives ,  the total  e r r o r  of the e s t ima te  made he re  is 

- - a  --0 " - - a  - - 0  /T~o Too) (?~o -o -b - o  = , - -  T,~o ) A i T~, T.a t. (28) A E  ( T a b  - -  T a b )  A - -  4 -  , - -  

- - 0  Minimizing AE with r e s p e c t  to Tab, we obtain 

" - a  - - 9  - b  - - 9  f Tab - -  Tab) + (Tao - -  T~b.1 -- O; 

- o  1 -,~ ~[~ ( 2 9 )  
v ~  = ~ -  (To,, --- ). 

Exper ience  with calculat ions of this kind shows that s a t i s f ac to ry  resu l t s  a re  a l so  obtained by an inde-  
pendent minimiza t ion  of the in te rsec t ion  f r agment .  

A m o r e  thorough ana lys i s  of specif ic  r e su l t s  obtained by this p rocedure  will be made in subsequent  
a r t i c l e s .  
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