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Recently proposed method of the so called overlap determinant is extended in thus study to free 
radical and photochemical reactions. In comparison with existing alternative procedures the 
advantage of this generalised formalism consists not only in its simplicity but above all in its 
universality allowing to analyse in a unified manner all types of chemical reactions. . 

In a previous study 1 a simple mathematical formalism was proposed allowing to clas
sify the nature of chemical reactions. The wide applicability of the method was 
demonstrated on a number of examples involving sigmatropic, cheletropic, electro
cyclic and cycloaddition reactions, valence isomerisations etc. In all these cases 
only the ground state reactivity of closed shell molecules was considered 1. The 
formalism of the method is, however, general enough to be extended also to reactions 
of free radicals and excited molecular species. In this paper such generalisation 
is described. 

THEORETICAL 

Photochemical Reactivity 

The extension of the original formalism of the overlap determinant method to photo
chemical reactions can be the most simply demonstrated on pericyclic reactions 
the stereochemical course of which is governed by the Woodward-Hoffmann (W-H) 
rules2• The most important feature of the generalised formalism consists, in this 
case, in reproducing the inversed stereochemical course of photoreactions. As 
an example let us analyse in details the photocyclisation of 1,3-butadiene to cyclo
butene. The principal modification of the formalism appears at the level of the 
construction of the irreducible core. As it has been shown previously1 the butadiene 
cyclisation can be, in the ground state, characterised as a transformation of the type 
2n -+ 1t + E with the irreducible core containing the set of 1t 12 and 1t34 butadiene 
bonds and the set of 1t23 and 0'14 cyclobutene bonds. The fact that in photochemical 
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reaction the butadiene reacts not in the ground but in the excited* state is formally 
respected by replacing one of its n bonds from the irreducible core of ground state 
reaction by what can be called the "virtual" n* bond. The exact definition of this 
term is not at this stage necessarry and will be given later. Here it is sufficient to indi
cate only the analogy with the corresponding antibonding orbital. Having in mind 
the equivalency of butadiene n bonds it is of no importance which of them is actually 
replaced by its virtual counterpart and both alternatives can be considered. Let it be 
e.g. the bond n34 which is replaced by the virtual bond nj4. The irreducible core 
of butadiene photocyclisation is then formed by the set of the bonds n 12' nj4, n23' (J 14 

and the reaction is characterised as a transformation of the type 1t + n* -+ n + 1:. 

This specification is of course only very crude and says nothing about e.g. the exact 
nature of photoreactive states but as suggests the usefulness of closely related W-H 
rules such a detailed characterisation is not necessarry. 

After having determined the irreducible core the corresponding bonds have to be 
specified. Similarly as in the original study1 we use for this purpose the familiar 
linear combinations of certain orbitals X and x' where the primes again denote the 
orbitals in the product (Eq. 1) 

(1) 

In accordance with the above indicated analogy the virtual bond is described by the 
antibonding combination of orbitals X3 and X4 characterised by the presence of the 
node between the corresponding centers. The structure of the "excited" butadiene 
is now characterised in terms of the bonds n 12, n;'4 by the "excited" bonding function 
<P: (Eq. 2) 

(2) 

and the structure of the cyclobutene by the function <Pp (Eq. 3) the form of which 
is just the same as for the ground state reaction 1. 

(3) 

Despite the function <P: is not entirely satisfactory from the quantum chemical 
point of view (it does not describe, even approximately, any of the observed "spectro
scopic" butadiene excited states) it is nevertheless usefull as a simple heuristic aid 
allowing to reproduce the photochemical selection rules. Here it is probably inte
resting to mention that the specific "closed shell" form of this function suggests, 

* Similarly as W-H rules the overlap determinant method does not require the exact speci-
fication of photoreactive states. 
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in analogy with the results of Van der Lught and Oesterhoff3 the crucial role of bi
excited configurations in governing the stereochemical course of the cyclisation. 

After having specified the bonding functions all the subsequent analysis is just 
the same as in the case of ground state reaction. It consists in calculating the overlap 
integral of the function 4': with the function 4'p modified with the aid of the assigning 
tables. Since these tables are completely identical as for the ground state reactions 
it is not necessarry to repeat the whole procedure of their construction. We shall 
restrict ourselves therefore only to the presentation of the final assignment which has 
in the case of conrotatory reaction the following form1 (Eq. 4) 

X~ -+ Xl X; -+ X3 (4) 

X; -+ X2 X~ -+ - X4 . 

Using these tables the bonds in the product can be rewritten in the basis of unprimed 
orbitals X (Eq. 5) 

0"14 = X~ + X~ 

Icon --
Icon --

(5) 

Xl - X4· 

The overlap determinant constructed by the usual way then confirms the inversed 
stereochemical course of the cyclisation and the reaction is forbidden (Eq. 6) 

* 11 1 12 
Dcon = 1 1[ = 0 (6) 

Similarly it can be shown that the analogous disrotatory reaction characterised 
by the assignment (7) leads to nonzero value of 

X~ -+ Xl X; -+ X3 (7) 

X; -+ X2 X~ -+ X4 

the corresponding overlap determinant indicating the allowed nature of the reaction 
(Eq.8) 

* 11 1 12 Ddis = 1 -1 =f: O. (8) 

The same procedure can be analogously applied to the analysis of any other photo
reaction governed by the W-H rules. For all these cases is typical the "closed shell" 
form of the "excited" bonding function. A number of examples presented below 
demonstrates the wide applicability of the proposed formalism. 
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RESULTS AND DISCUSSION 

Cycloaddition reaction. The simple and the most typical representative of the 
whole class of these reactions is the 2 + 2 dimerisation of ethene. In the ground state 
the irreducible core of this reaction is formed by the set of two dissappearing n bonds 
and two newly formed O'bonds. The fact that we do not analyse the thermal but photo
chemical reaction will be again respect(d by formally replacing one of the reactant n 
bonds by the corresponding virtual bond. The reaction can be then characterised 
as a transformation of the type n + n* -+ 21:. (The reversed fragmentation of the 
cyclobutane is to be analogously characterised as a transformation of the type 
1: + 1:* -+ 2n). Let the replaced bond be e.g. the bond n12' Bonds forming the ir
reducible core of the forward photoreaction are then described by the familiar linear 
combinations of atomic orbitals (Eq. 9) 

(9) 

The transformation of the product bonds from the basis of primed orbitals X' into 
the basis of orbitals X requires the use of assigning tables the actual form of which is 
given, for the case of supra-supra mechanism by Eq. (10) (Scheme 1) 

;if~ ~1L 

A~ ~x 
~ J 

SCHEME I 

Iii,. --
f •. 5 --

I 

1-i 

t; 

Xl - X4 (10) 

' I 

'XL 

X' 
~ 

The nonzero value of the corresponding overlap determinant (11) demonstrates 
that in contrast to ground state reaction the 2 s + 2 s photoaddition is allowed. 

* I 1 -112 

D s.s = I -1 -1 =1= 0 (11) 
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On the other hand the 2 s + 2 a mechanism characterised by the assignment (I2) is 
forbidden. 

Xl - X4 (12) 
I.,a ---

As a next example of cycloadditions let us analyse now the well known Diels-Alder 
reaction. This reaction is known to proceed in the ground state as 4 s + 2 s process 
and on the basis of irreducible core can be characterised as a transformation of the 
type 3n -+ n + 2X. This specification is again modified for the case of photoreaction 
by replacing one of the reactant n bonds by its virtual counterpart. The photoaddition 
is thus to be considered as a transformation of the type 2n + n* -+ n + 2X. Such 
a specification is not, however, in this case entirely unambiguous since it does not 
distinguish which of the reacting components is excited (butadiene or ethene). 
The detailed analysis however shows that the value of the overlap determinants 
corresponding to both these alternatives does not depend on which of them is actually 
considered. Let for example the excited component be the ethene. The irreducible 
core can be then described in a usual way by Eq. (I 3) 

{I 3) 

The assignment table of supra-supra mechanism the form of which follows from the 
Scheme 2 allows to transform the product bonds from the basis of primed orbitals 
X' into the basis X in the following way (Eq. 14) (Scheme 2) 

I + X~ f S,iI 

0"16 = Xl --- XI - X6 

0"45 = X~ + X; 
Is.s --- X4 - Xs (14) 

1023 = X; + X~ Is,s 

X2 + X3 -----

0/~' 'X' • 
'. X~ 

X; X,.' 

SCHtME 2 
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The overlap determinant (15) confirms the expected result that the 4 s + 2 s mechan
ism is photochemically forbidden. 

o 1 

D;,s = 0 1 1 = 0 
-1 0 

(I5) 

The next example of 4 + 2 photocycloaddition of aIIylanion to etht:ne is analysed 
as an example of the reaction in which the structure of the reacting molecules can
not be described by only one classical structural formula. Similarly as for the ground 
state reaction it is not in this case possible to construct the overlap determinant 
using classically localised bonds but one has to use directly the de10calised molecular 
orbitals1• Thus the ground state of allylanion is characterised by the set of two 
functions CPl' CP2 the nodal structure of which is identical with the nodal structure 
of occupied molecular orbitals (Eq. (16)) 

CPl = Xl + X2 + X3 (16) 

The remaining ethene double bonds as well as all newly formed (1 bonds in the product 
are already classically localised and can be described in a usual way (Eq. (17)) 

1t4S = X4 + Xs 

(115 = X~ + X; 
f". (17) -----+ Xl - Xs 

(134 = X~ + X~ 
/!!I,S 

-----+ X3 - X4 

n = X; 
Is.s 

-----+ X2 • 

The set of bonds CPl' CP2, 1t4S' (115' (134' n then serves to construct the overlap deter
minant of thermally initiated reaction. If we want to analyse the photochemical 
reaction it is again necessarry to replace one of the reactant bonds by the corresponding 
virtual counterpart. Similarly as in the above example of Diels-Alder reaction 
it is of no importance whether the excitation takes place at the ethene or allylanion 
fragment. The case where the excited component is ethene is entirely analogous 
to already discussed examples and will not be considered. (The 1t4S bond is replaced 
by the virtual 1t1s bond). More interesting to analyse is the second case in which 
the formally excited component is the allylanion. To describe this excitation pro
perly, the function CP2 (representing the analogy of HOMO) has to be replaced by the 
function CP3 the nodal structure of which reproduces the orbital LUMO (Eq. 18) 
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(Scheme 3) 

<fJ3 = Xl - X2 + X:> (18) 

SCHEME 3 

The bonding function of excited reactants (Eq. 19) then corresponds to HOMO-+ 
-LUMO biexcited configuration. 

(19) 

The overlap determinant for the supra-supra addition then shows (Eq. 20) that the 
reaction is forbidden. (In agreement with W-H rules). 

D:,s = 
1 1 
1 1 

-1 -1 

1 2 

-1 = 0 
o 

On the other hand the corresponding supra-antara addition is allowed (Eq. (21) 

* I 1 1 
Ds a = I 1 1 . 1-1 1 

1 ,2 

-1 +0. 
o 

(20) 

(21) 

Electrocyclic reactions. Since the cyclisation of 1,3-butadiene to cyclobutene has 
been already analysed above let us discuss as a next example of this type of reactions 
the cyclisation of 1,3,5-hexatriene to 1,3-cyclohexadiene. Irreducible core characterises 
the parent ground state reaction as the transformation of the type 31t -+ 21t + l:. 
Excitation of the hexatriene as a reactant manifests itself in the modification of the 
irreducible core to the type 21t + 1t* -+ 21t + 4. Similarly as in the previous case 
of Diels-Alder reaction it is not again important which of the three reactant 1t 
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bonds is replaced by the virtual one. Let it be e.g. the bond 1t12 • The bonds forming 
the irreducible core can be then described by Eq. (22) 

1t34 = X3 + X4 1t4S = X~ + X; 

1tS6 = XS + X6 1116 = X{ + X~ 

(22) 

Using the assignment tables for the disrotatory reaction 1 the product bonds can be 
expressed in the basis of unprimed orbitals (Eq. 23) (Scheme 4) 

1t23 = X; + X; 
fdl. 

X2 + X3 --
1t45 = X~ + X~ /dlo 

X4 + X~ (23) --
1116 = X; + X~ 

fdl. 
Xl + X6 --

~~ <:2 X Xs I x' 
:I. "\ 

}J. c 

J., '1, XI ,: I 

SCHEME 4 

The zero values of the corresponding overlap determinant (24) demonstrates, in ac
cordance with W-H rules, that the reaction is forbidden. 

-1 0 1 2 

D:,o = 1 1 0 = 0 
o 1 1 

(24) 

On the other hand the conrotatory cyclisation has to be regarded on the basis of the 
determinant (25) as allowed. 

-1 0 1 2 

1 1 0 
o 1 -1 

(25) 

Valence isomerisations. This type of reactions is represented e.g. by the rearrange
ment of benzene to [2,2,O]cyclohexadine (Dewar benzene), the mechanism of which 
was analysed for the case of ground state reaction in the previous paper1. The analogy 
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of this reaction to the cyclisation of 1,3-butadiene was stressed there (both reactions 
have the same irreducible core). This analogy can be extended also to photoreaction 
which is thus characterised as a transformation of the type n + n* -+ 1t + 1:. We can 
thus expect the rearrangement to proceed by the disrotatory mechanism (reaction a, 
Scheme 5) whereas the analogous conrotatory transformation leading to the product 
b) is forbidden. 

SCHEME 5 

As a next example of this type of reaction let us analyse in details the photo initiated 
rearrangement of benzene to prismane (Scheme 6). As demonstrated in the previous 
studyl the reaction can be in the ground state described as a transformation of the 

2-

1@~ 
, It 

5 

SCHEME 6 

type 3n -+ 31:. Since again the benzene n bonds entering into the irreducible core 
cannot be described in a usual way in terms of localised pairs the set of functions 
({Jh ({J2, ({J3 reproducing the nodal structure of occupied n molecular orbitals has 
to be used (Scheme 7). In the case of photochemical transformation the original 
irreducible core has again to be modified by formally replacing one of these functions 
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Cfi * 

If* 0 1.~ .3 
.2.-

'13 0 0 1! 

'11 

SCHEME 7 

by the corresponding functions cpr, cpi, cpj characterising the nodal structure of anti
bonding molecular orbitals. In contrast to the addition of ethene to allylanion, where 
such modification was trivial (HOMO-+LUMO excitation) in this case the situation 
is much more complex because of degeneracy in both the highest occupied and the 
lowest virtual orbitals. Formal HOMO .... LUMO excitation can be now described 
by several different ways leading to several alternatives in the construction of the 
bonding function CP: (Eq. 26) 

cpi = ICPlCP1CP2CP2CPjcpjl 

cpi = ICPI CPt CP3CP3CPi'cpil 

cpj = ICPlCPlCP2CP2CPicpii 

cp1 = ICP1CP1CP3CP3CP~cpjl • 

(26) 

From the four possible overlap determinants constructed using this set of "excited" 
bonding functions only the alternative based on the function cpj leads to the cor
rect result that the reaction is allowed (expected on the basis of inversion of W-H 
rules). This specific limitation restricting the choice of bonding functions has probably 
some deeper physical reasons (manifesting themselves e.g. in the specific require-

<;ollection Czechoslovak Chern. Commun. [Vol. 50) (1985) 



Topological Aspects of Chemical Reactivity 569 

ments on the symmetry of the photoreactive state4 ) but our aim is not to analyse 
such questions in details. A simple qualitative rationalisation of this restriction would 
be nevertheless usefull. For this purpose it is important to realize that the function 
cPj considering the exitation lP3 -+ lPi is the only alternative excluding from the 
partICIpation on the irreducible core the functions lP3 and lPj which both have 
zero overlap with any of the product (f bonds. * This criterion can be of course 

SCHEME 8 

considered as nothing but a simple empirical recipe the only aim of which is to resolve 
the ambiguity in the selection to the bonding functions. Fortunately such complica
tions arising from the necessity of certain selection of bonding functions are excep
tional and in majority of cases the problem of selecting the proper bonding function 
is trivial. In a number of the above examples the wide applicability ofthe formalism 
of overlap determinant method was clearly demonstrated. In all these cases, however, 
the new formalism only reproduces, even if perhaps in a more simple way, the classical 
W-H rules. Its advantage consists, however, not only in the simplicity but above 
all in a great universality allowing to employ it for the analysis of reactions exceeding 
the scope of applicability ofW-H approach. This aspect becomes especially important 
in photochemistry where such reactions are quite frequent. As an example let us 
mention e.g. the dissociation of toluene to hydrogen and benzylradical, the H-ab
straction by 3 mc* excited ketones, ex-cleavage of alkanones etc. The theoretical inter
pretation of these important photoreactions was the subject of numerous studiess - 9 • 

The most general approach proposed by Salem and Michl is based on the construc
tion of the specific type of correlation diagramss,6,9. The example of such diagram 
is visualised, for the case of H-abstraction reaction in Scheme 8. This diagram naturally 
explains all the experimental observations according to which the reaction requires 
the specific 3 nrc* excitation of the ketone component and does not proceed in the 
ground state. The requirement of the specific ketone excitation is rationalised on the 

* The presence of these functions in the irreducible core automatically leads to the zero value 
of the overlap determinant. 
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basis of the direct correlation of 3mt* excited state of the ketone component with the 
3 D"" biradical representing the most favourable arrangement of primary product 
of the reaction. On the other hand the ground state initiated abstraction correlates 
the ground state of the reactants with the zwitterionic state Zl' The straighforward 
correlation of these states suggests that the reaction should be considered as allowed 
but the high energy of the zwitterionic state makes the reaction unfavourable thermo
dynamically. The remaining zwitterionic state Z2 the energy of which is even higher 
than the energy of the Zl state (owing to its reversed unfavourable polarisation) 
then correlates with the singlet I 1t7t* state of the ketone. In the following part we shall 
demonstrate that all these conclusions resulting from the Salem diagrams can be 
reproduced also in the framework of the overlap determinant method. Let us consider 
the ground state reaction first (Scheme 9). 

SCHEME 9 

e 
OR 

Since all the components participating in the reaction are of the closed shell type 
the irreducible core can be determined by the standard procedure consisting in mutual 
comparing of the sets of the bonds in the reactant and in the product. Applying this 
procedure we find the irreducible core to contain the free (f electron pair of carbonyl 
oxygen no. carbonyl 7t12 bond and (fOH bond of alcohol (from the part of the reactant) 
and from the part of the product the newly formed (fOH bond, the free electron pair 
n~ of the 7t type at the carbonyl oxygen and the free (fOR pair of the alkoxide ion. 
The set of these bonds is described in a usual way by the linear combination of atomic 
orbitals (Eq. 27) 

(fOR = X~ -+ Xo 

7t12 = X~ + X~ (fOH = n~ + h -+ no + h (27) 

(fOH = Xo + h 
It 'It! ft no = X2 -+ X2 • 

The assignment simultaneously presented in these equations expresses the elementary 
fact that the reaction proceeds as a simple migration of hydrogen in the plane 
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C=O ... O (which is the only conserved symmetry element) without the change 
of the nodal properties of participating orbitals. The corresponding overlap deter
minant confirms the direct correlation of So and Zl states suggested by the Salem 
diagram (Eq. (28) 

o 1 0 '2 

Dso= 001 =1=0. 
1 1 0 

(28) 

Let us analyse now the reaction initiated by the 3nn* excitation of the carbonyl com 
ponent (Scheme 10). The specific feature of this reaction is that both the reactan 

100 
;Jl. + H-OR • ... OR. 

SCHEME 10 

and the product are the open shell species. As a consequence of this specificity the 
standard procedure of constructing the irreducible core has to be modified. This 
modification consists in the necessity of separate considering of ex and p spin bonding 
orbitals (at least there where the excitation formally destroys the pairing of electrons 
in the bonds). In our case the irreducible core includes from the part of the reactant 
the electron pair of (10H alcohol bond, the electron pair of carbonyl n12 bond together 
with the unpaired electron with ex spin localised at the no orbital of the carbonyl 
oxygen. The second unpaired electron with the ex spin is placed in the carbonyl 
antibonding n12 orbital. From the part of the products the irreducible core contains 
the electron pair in the orbital X~ at the carbonyl oxygen, the free electron pair 
of the newly formed O'OH bond and two unpaired electrons (with ex spin) localised 
at the XO orbital of the alkoxide fragment and in the X~ orbital at carbonyl carbon. 
The structure of the reacting components is then characterised, using the above set 
of bonds and orbitals in term of bonding functions (29) the form of which clearly 
suggests the analogy with the corresponding configurations of photoreactive states 

(29) 
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Similarly as in the above cases the feasibility of the reaction is analysed in terms 
of the overlap integral of the function tP: with the modified function tPp • Since, ho
wever, these functions are no longer of the "closed shell" type, their overlap cannot be 
calculated in a usual way in terms of only one overlap determinant. Instead, one 
has to use the generalised formula (30) requiring the separate calculation of deter
minants for IX and p spin. * 

The corresponding determinant D~ and Dp are given, in our case by Eq. (31) 

D = ~ 

f o'~Ho'~H do f o'~HX~ do f o'~HXO do f o'~HX~ do 

f1t 12o'bH do f1t12X; do f 1t12XO do f1t12X~ do 

f nOo'bH do f noX; do f noXo do f noxi do 

f1tr2o'~H do f1tr2X; do fnr2XO do fn 1 2Xi do 

(30) 

(31a) 

(3Ib) 

Substituting the actual values of the individual orbital overlap integrals these equa
tions obtain the following final form (Eq. (32» confirming the direct correlation 
of photoreactive states required by Salem diagram. 

1 010 

D = 
0 1 0 1 

=1=0 (32) ~ 1 000 
0 -1 0 1 

Dp = I ~ ~ I =1= 0 

.. If both of the bonding functions are of the closed shell type D(I, = Dp = D and the overlap 
integral is simply equal to the square of the corresponding overlap determinant. 
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The same procedure can be also used to analyse the remaining types of mentioned 
photochemical reactions. Such analysis demonstrates that the proposed formalism 
correctly depicts the mutual assignment of photoreactive states even in the cases 
where the construction of Salem diagrams has to be complemented by the concept 
of the so called natural MO correlations9 (feasible forbidden reactions)lO. As an 
example of such reaction may serve e.g. the ex-cleavage of alkanones (Scheme 11). 

10' la' 
)~ > 11 

c. 
R. R R/ fiR 

SCHEME 11 

The simplified correlation diagram depicting the correlation of primary photo
reactive states is taken from the Salem review6 (Scheme 12). This diagram based 
on simple symmetry arguments relates the 3D"" biradical state of the dissociated 

SCHEME 12 

f 

0«5'"6" 

products with the 31t1t* excited state of alkanone. This correlation despite of being 
formally correct is not, however, confirmed by the detailed quantum chemical 
calculations indicating a considerable energetic barrier separating on the corresponding 
hypersurface the 31t1t* and 3D"" states lO. The detailed analysis performed by Salem 
himself explains this barrier as a consequence of the so called "avoided crossing" 
of original 3 A'e1t1t*) hypersurface of the alkanone excited state with the hypersurface 
of the high lying 3ncr* state of the same symmetry (Scheme 13). The formal assignment 
taking into consideration only the requirement of the correlation of the lowest 
states of the same symmetry is thus in this case misleading and has to be correctfd 
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by invoking the concept of natural MO correlations9 • In contrast, the overlap de
terminant method, the formalism of which automatically includes the criterion 
of the conservation of electronic configurations 10 - 1 3 leads even in this case directly 
to the correct assignment without the necessity of invoking any auxiliary concepts. 

SCHEME 13 

Free Radical Reactivity 

The reason why these in principle ground state reactions are treated together with the 
photochemical reactions originates from the specific open shell character of the 
reacting components manifestig itself in the modification of the formalism at the 
level of the construction of the bonding function. The whole procedure can be the 
most easily demonstrated on a typical example of free radical reaction as e.g. the 
addition to C=C bond (Scheme 14). After the reduction the aim of which is to elimi-

~ 
J.' X' 

1 L 

SCHEME 14 

Collection Czechoslovak Chern. Commun. [Vol. 50J [1985J 



Topological Aspects of Chemical Reactivity 575 

nate the bonds not directly participating in the reaction the irreducible core contains 
the ethene 1t12 bond, the Xx orbital carrying the unpaired radical in the attacking 
radical X, the (fcx bond in the product and the orbital X2 containing the unpaired 
electron in the product CH2CH2 X. The bonding function of the reactants is now 
constructed in the form of RHF determinant (Eq. 33) 

(33) 

Analogously the bonding function ofthe product is given by Eq. (34) 

(34) 

Participating bonds are again expressed using the familiar linear combinations of orbi
tals X and X' (Eq. (35) 

1t = Xl + X2(OC + p) rcx = Xl + X~(oc + fJ) (35) 

Xx = Xx (oc) X2 = X; (oc) . 

The assignment tables the construction of which assumes the reaction to proceed 
by a single step one-end mechanism then allows to express the product bonds in the 
unprimed basis of orbitals (Eq. (36)) 

rex = X; + X~ -+ Xl + Xx (36) 

X2 = X; -+ X2 

The calculation of the overlap integral requires to take into the consideration the open 
shell character of the function CPR and cpp. Consequently one has to use the general 
Eq. (30) which in our case leads to the final result given by Eq. (37) 

(37) 

This result confirms the conclusion of earlier theoretical study14 demonstrating the 
allowed nature of one-end addition. The formalism of the method can be analogously 
applied to the analysis of any other free radical reaction. Thus for example applying 
such approach to the analysis of metathetic reactions (represented e.g. by the hydro
gen abstraction from the CH bonds) the overlap determinant method confirms the 
allowed nature ofthe linear reaction mechanism (Scheme 15) 

SCHEME 15 

.I" 

X· + H- C '" 
, 
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CONCLUSIONS 

In the above example the applicability of the new formalism was clearly demonstrated. 
In summarising these encouraging results it should be emphasized that the proposed 
topological approach is not intended to substitute the more sophisticated quantum 
chemical description in terms of states and potential energy hypersurfaces. Our aim 
was rather to propose a simple and sufficiently efficient procedure allowing to help 
in empirical rationalisation and classification of photochemical reactions. Besides 
the simplicity the most valuable contribution of the proposed formalism consists 
in its universality allowing to analyse in a unified manner all types of reaction ir
respective of whether and which symmetry element is conserved during the reaction. 
In this respect thus the overlap determinant method can be regarded as an alternative 
ormulation of earlier Goddard "orbital phase continuity principle" 15. 
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