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A semiempirical SCF LCAO MO-CI calculation has been performed for the nucleotide
bases. According to the results we obtain a better agreement with the experimental singlet
excitation energies, if we use the SCF eigenvectors of the Pople-type matrix in the CI calcula-
tion instead of the eigenvectors obtained after the first iteration step. On the basis of some
parameter variation a set of integrals has been determined which yields as largest deviation
between the experimental and theoretical excitation energies for the first two intensive
excitations of the five bases (A, T, G, C and U) 1 eV. The possibilities of further improvements
are discussed.

In the second part of the calculations the oscillator strength values (f) of the G-C base
pair and of the GpG, GpC, CpG and CpC dinucleotides have been determined using the first 16
singlet excited configurations of these composite systems for the CI calculation. The compari-
son of the results obtained with the appropriate f values of the constituent single bases shows
a hypochromicity of the first absorption band system in the case of all the four dinucleotides
and a slight hyperchromicity in the case of the G-C base pair.

Fiir finf Nukleotidbasen wurden semi-empirische SCF MO-CI Rechnungen angestellt,
wobei sich nach Variation bestimmter Parameter ein Satz von Integralen ergab, der fiir die
ersten beiden starken Banden aller untersuchten Basen eine Abweichung von hichstens 1 eV
liefert. Ferner wurden die Oszillatorenstirken des G-C-Basenpaares sowie der GpG, GpC,
CpG und CpC Dinukleotide bestimmt. Dabei wurden die ersten 16 einfach angeregten Zu-
stinde in die Konfigurationswechselwirkung eingeschlossen. Ein Vergleich dieser f-Werte mit
denen der einfachen Basen zeigt hypochromes Verhalten der ersten Absorptionsbanden aller
vier Dinukleotide, wihrend im Falle des G-C-Basenpaares ein schwacher hyperchromer Effekt
auftritt.

Un caleul semi-empirique SCF LCAO MO-CI a été effectué pour cing nucléotides. Par
variation de certains paramétres on obtient un jeu d’intégrales qui conduit a des énérgies
d’excitations pour les deux premiéres bandes intenses de chacune de ces bases (A, T, G, Cet U)
ne déviant plus qu’ 1 eV. De plus, les forces oscillatrices de la paire de bases G-C et des dinue-
léotides GpG, GpC, CpG et CpC sont calculées, les 16 premiérs états singulets excités étant
compris dans le calcul CI. Le comparaison de ces f avec ceux des bases constituantes montre
un effect hypochrome du premier systéme de bandes pour les quatre dinucléotides et un faible
effet hyperchrome pour la paire G-C.

Introduction

In a previous paper [§] we have reported some PARISER-PARR-POPLE type
calculations {13, 74] on uracil (U). In the case of U a good agreement with the
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first two experimental excitation energies has been achieved by performing a
limited CI between the singlet excited states using the wave functions which we
have obtained as the eigenvectors of the Pople-type matrix after the first iteration
step. This was, however, not the case, if we performed the limited CI with the
SCF eigenvectors. To be able to decide, whether this is the general situation with
pyrimidine and purine type molecules, or whether it is only accidentally so for U,
it seems to be interesting to extend these calculations also to the other nucleotide
bases: thymine (T), cytosine (C), adenine (A) and guanine (G). Further we intend
to investigate the effect of the variation of the offdiagonal elements of the core
Hamiltonian (g;, ; integrals) on the results. The present calculations have been
performed with three sets of values for the §;, ; integrals.

It should be mentioned that VEILLARD and PorLmax [18] previously have carried out a
semiempirical SCF LCAO MO calculation for the ground states of the nucleotide bases and
some related compounds. Since they have approximated the different integrals occuring in the
ParIsER-PARR-POPLE method in a slightly different way than we have done, it seems inter-
esting to compare their resulting charge distributions with ours. Further, NmspEr [12] has
recently published a semiempirical SCF LCAO MO calculation with limited CI for the excited
states of the nucleotide bases. It is also interesting to compare his results with ours.

In the second part of the calculations we have performed alimited CI ecalcula-
tion between the singlet excited states of the G-C base pair and the GpG, CpC,
GpC and CpG dinucleotides*. In these calculations we have stopped the iteration
procedure of the Pople-type matrix after the first iteration step and we have
performed the CI with the eigenvectors obtained in this way. From the results we
have calculated not only the excitation energies, but also the oscillator strength
values (f) of the excitations of these systems. Comparing the latter with the
appropriate f-values of the single bases, we could try to interpret the hypochromi-
city of the dinucleotides also on the basis of calculations, which assume only
overlap type (and no exciton type [17]) interactions between the superimposed
bases of DNA. Thus this part of our work is a refinement of a previous calculation,
in which an attempt has been made to attack the problem of hypochromicity of
polynucleotides on the basis of Hiickel caleulations performed on dinucleotides [6].

Method

First we have solved the eigenvalue problems of the Hiickel matrices of the single nucleo-
tide bases and of the GpG, CpC, GpC and CpG dinucleotides (for the SCF LCAO MO calcula-
tion of the G-C base pair see a previous publication [75]). The used «; and 8, 5 values for the
single bases are given in ref. [7] with the exception of f¢, x and f¢, o. For fic, x we have used
the values f¢, x = 0.80 8, 1.25 g, and for B¢, o the values 8¢, o = 1.30 §, 2.00 8, 1.50 3, respec-
tively. For G-C and for the dinucleotides we have used only the values fic, v = 0.90 § and
Bc, o = 2.00 f. In the case of the dinucleotides, we used those values of 3, ; integrals between
atoms belonging to different bases, which have previously been determined on the basis of the
appropriate overlap integrals (for the details see [7]).

Substituting the elements of the Hiickel charge-bond order matrices O into the elements

* By this notation we refer to dinucleotide systems, which contain two superimposed bases
in the same relative steric position as they occupy in a single helix of the Watson-Crick model
of DNA.

Thoreet. chim, Acta (Berl,) Vol, 4 10



134 J. Lapik and K. ArpeL: Pariser-Parr-Pople Calculations on DNA Constituent

of the appropriate Pople-type matrices, the matrices # with clements

F = — Is‘['% PP (L —E) +;§¢(pg)—zj) i {n
ngl) = Py % pzs?) Vij s (2)

were constructed and their eigenvalue problems solved. (The notation here is the same as
used by PorLze [14]).
The Coulomb integrals y:; have been approximated by the expression [17]
2
[
= ; 3
Vi R, + a4, 4 ®)
Here the Ry,; internuclear distances have been computed in the case of the single bases from

the geometry given by SPENCER [16] and in the case of the dinucleotides from the data given
by LANGRIDGE et al [9]. The constants a;, ; were obtained by using the relation

efag; = % (Ii—E:+ 1;,—E;), (4)

-t

!
'

Fig. 1. The first 16 excited configurations of a composite system containing two parts

where I; and E; are the ionization potential and electron affinity respectively, of the ¢’th atom
in its appropriate valence state (see Hince and JAFF# [5]). In the case of thymine we have
used for I; and E; of the C-atom of the methyl group values — 4.473 g and — 0.870 § (values
for an aliphatic C-atom), respectively, while for a C-atom in the ring they are —4.478 # and
— 0.243 B, respectively. For §;, ; the same values have been used in units of § as in the Hiickel
caleulation (fo,c =1 f = — 2.39 eV according to PARISER and Parr [13]).

Self consistency (constancy of the elements of the charge-bond order matrix up to three
decimals) has been reached in five or six iteration steps.

With the aid of the eigenvectors of the matrix 4 a limited CI calculation has been perform-
ed for the first singlet excited states. For this we have used the eigenvectors of the matrix &
obtained after the first iteration step in all cases. Further we have repeated the calculation
for the nucleotide bases also with the SCF eigenvectors. For the single bases we have taken
into account only the first four excited configurations m —m + 1,m —>m + 2,m —1 —m + 1
and m — 1 —m + 2 (m denotes the quantum number of the highest filled MO). In the case of
G-C and of the Gp@&, CpC, GpC and CpG dinucleotides the 16 excited configurations, which
arise from the abovementioned first four excited configurations of the constituent single
bases, have been included in the CI calculation (see Fig. 1).

The elements of the interconfigurational matrix '¢ for singlet-singlet transitions have the
form [8]

n n
g g__;;c = <1Q5 i—k l H I IQj._>1> = 21 21 (2 Crp Cip Ckr Cir— Cip Cip Ckr Clr) Vor+ (&‘Ic—b‘i) 61]' Okt - (5)
p=1r1=

Fig. 2. The SCF charge densities of the nucleotide bases: a) S¢,n = 0.80 8, fc,0 = 1.30 8;
b) Bo,n = 0.90 B, fo,0 = 2.00 8 -~
I
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Here # is the number of centers, ¢;» denotes the p’th component of the I’th eigenvector of &,
& and g;arethe k’th and ’th eigenvalues of &, and 8;; and &x; are Kronecker 8’s. In the case of
a ginglet-triplet transition we have an expression which differs from (5) only by the absence of

the first (exchange) term in the parenthesis.
Using the eigenvectors of '@, b,, we have also calculated the transition moment vectors

of the different excited states by the expression

Ry = X by, i Rt - (6)

—>k
Here ¢ and % run over the quantum numbers of the filled and unfilled states, respectively, in
those excitations 7 — k, which were taken into account in the CI calculation. The different
transition moment vectors Ri—: can be calculated most easily from the simplified expression

(3]
Ri sy = V§ 2 CupCip ¥ {7)

p=1

where 7, denotes the position vector of the p’th atomic nucleus.
Finally with the aid of the R, vectors and the different E, eigenvalues of 1% we have ob-
tained the different oscillator strength values of the excited states:

fo =1.085 x 1075y, B2; v, = Eufhe . )

Results

In Fig. 2 we give the SCF charge densities for the five nucleotide bases a) with
ﬁc, N< == 080‘8 and ‘30, o= 130‘8 and b) with ﬁo, N< = 090‘8, ﬂ(j’ 0= QOOﬁ

In Tab. 1 we give the first four singlet excitation energies of the nucleotide
bases obtained by a limited CI together with experimentally found first two

Table 1. The first singlet excitation energies of the nucleotide bases in eV

U T A G ¢
| Lit | SOF | Lit | SCF | Lt | SOF | Lin | SOF | Lit | sCF

a) Bo, ne = 0.80 B, fo, o = 1.30 § (8 = —2.39 &V)

~

A B, 480 | 5.65 | 4.85 | 5.64 | 4.20 | 457 | 2.04 | 3.96 | 2.80 ’ 4.40
4 B, 558 | 649 | 561 | 646 4.73 | 501 | 449 | 522 | 5.05 | 5.65
A By 5.83 | 6.94 | 585 | 6.96 | 5.35 583 | 5.33 | 592 | 5.76 | 6.79
4B, 734 | 830 | 7.33 | 838 592 | 6.45 Tss‘ﬂso 8.14 | 824

‘ (4.63 shoulder)
A By, exp [16] 4.81 4.67 4.75 4.49 4.61
A Ba, exp [17] 641 | 594 | 59 503 | 626

b) Bo. n = 090 8, o, o = 2.00 § (8 = —2.39 &V)

A B, 578 | 649 | 5.25 | 619 | 421 | 475 | 2.99 | 411 | 2.99 | 4.68
AE, m*ﬁ!mm 4.73‘5.021%'5?2’ 5.01  5.86
A E, T8L| 832 71| 832 | 562 | 847 5ID | 833 | 636 | 740
A, 10.21 1047 J 9.54 1047 | 609 | 674 | 7.21 | 841 846 | 8.39

| (4.63 shoulder)‘ |
A By, exp [16] 4.81 \ 4.67 475 | 449 4.61
A B, exp [17] 611 594 599 | 503 . 626
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transition energies A, oxp and AH,, exp. The significance of the underlined values
will be explained in the discussion.

Tab. 2 contains the oscillator strength values and the transition moment
vectors. The directions of the latter are given by the angle between the vectors
and the line pointing from atom 1 to atom 2 (for the numbering of the molecules
see Fig. 2).

In Tab. 3 we give the first triplet
excitation energy of the nucleotide bases

1 h .
Ee). %8 o] @2 caleulated without CI.
LS Ll .
83 w° > @ In Tab. 4 the 16 first singlet excita-
& —
%i g, P | @% tion energies of the G-C base pair are
. 0 d . . » .
8|7 = - | ¥ given which we have obtained using a
~ . *
% = — « limited CI and only parameters b).
B 9 < o ® >
55
e <+ ©
v © o« I~ o
SF R R R
g |
. 2 o
10 v |—] = | il
2§ NS
50 128 ¢ HH—— 7 2
HS 7] N -
2 Bl &2 mig s The specification of the direction of the transition
o moment vectors
S o ]
o 1
% - - [©) . =1 Z g
o1° $3 © e For the purpose of comparison in
;| e =2 . .
° 2]l ®g 5o we Tab. 5 we give the first four triplet
. ~ [l ] D N “ . . .
< 3 l 7| @ = excitation energies of the G-C base pair
@ ™= . .
8 10 © § 9 again calculated with the parameters
3 Bl &S £ A = X
o B < sk |®| & D) and withoutCL
Bls S o .
= ol o= 3 [ In Tab. 6 we give the f-values of
S =] == S ® 9
g Ao Sy |~ 23 GC and of the GpG, CpC, GpC and
s < \/ CpG dinucleotides obtained with CI
= o0 O =2 . .
= g % S > z ol 88 using parameters b). For comparison
[S) [\l . S . .
5| <« — & = ®“  we have included in the table also the
o .
) = I ™~ 5 first four f-values of the G and C single
: : 3 w| @A . .
o A I § < ©  bases computed after the first iteration
3 © 0 2 o — step with the same f;, ; parameter
2l B aa & |«| BR ]
2 2| &iod p < values.
|7 T o o . Finally in Tab. 7 we compare the
) + o .
= i N .
£ i c »| 3% sum of the fvalu.es of the single bases
= —| and of the composite systems. In column
5 p y
=l s 38 «| &8 o we give the sum of the f-values of the
¥ o A . - .
glo sl e composite systems while column b gives
o | 2% | 55 the sum of the f-values of the consti-
3 R ot ¥ tuent bases. The underlined values in
& " the table indicate the sums of f-values
~— s belonging to the first two intensive
30 = . .
< absorption regions.
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Table 7. Sums of f-values within spectral regions for base compounds (a) as compared with those
for the constituent bases (b} ; negotive values of (@ — b)/b indicate hypochromicity, positive values

hyperchromicity
-b
Cormpound T Region (eV) a = X feomp b = X foases “ 5

|

GpG 2.6 —3.6 0.803 0.870 —0.077

4.2 —48 0.246 0.196 0.255

5.0 — 5.6 0.196 0.138 0.420

6.3 —8.2 0.540 0.488 0.107

GpC 2.7—3.2 0.625 0.651 —0.040

4.0—5.3 0.179 0.279 —0.359

53 —6.5 0.894 0.984 —0.091

i 72178 0.262 0.244 0.074

I 1.9-—96 0.375 0.149 1.517

G-C 2.7—3.2 0.667 0.651 ! 0.025

40—53 0.188 0.279 \ —0.326

| 53—65 0.719 0.984 L —0.269

72178 0.271 0.244 0.111

' 7998 0.053 0.149 —0.064

CpG 27—32 0.628 0.651 —0.035

‘ 4.0—53 0.190 0.279 —0.319

53 —6.5 0.829 0.984 —0.158

7.2 —178 0.260 0.244 0.066

7.9—96 0.080 0.149 —0.463

CpC | 2737 0.379 ‘ 0.432 —0.4123

4.9—51 0.257 0.224 0.147

5.9—171 2.036 1.968 0.035

| 85-98 0.363 | 0.298 0.218

Discussion

Comparing the obtained charge densities of the single bases in cases a) and b)
(see Fig. 2) with those obtained by VEILLARD and Purrman [18] we can see that
on the one hand there are only slight differences in the charge distributions be-
tween the cases a) and b). On the other hand the results of VEILLARD and PuLr-
MAN show a little larger deviation, especially in the cases of nitrogen atoms in the
sp® hybrid states, which contribute two electrons to the delocalized 7 electron
system. The general picture is that the §;, ; integral values, used by these authors,
allow a larger delocalization for the 2 7z electrons of the sp?-N atoms, than the f, ;
values used by us.

Turning now to the problem of the excitation energies of the single bases we
have to mention first of all that our attempt to obtain realistic singlet excitation
energies with the parameter values f¢,v= 1258 and f¢ o0=1508 (=
— 2.39 eV), which proved previously [§] successful in the case of U, failed com-
pletely in the case of C. Therefore we have not continued the calculation of the
other nucleotide bases with these parameter values.

In Tab. 1 which gives the results obtained from the performed semiempirical
limited CT calculation of the singlet excitation energies of the bases in cases a) and
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b) the underlined values are those excitation energies which belong to the first
two transitions having large oscillator strength values (underlined f-values in
Tab. 2) as compared to the f values of the other excitations. Since the more
intensive absorption bands usually cover the weaker ones, which occur in their
neighbourhood, we have to compare only the two underlined excitation energies
with the known two experimental values.

In connection with this selection of “measurable excitations” we have to make some
comments. A detailed analysis of the numerical data obtained has shown that since the inter-
configuration matrix elements between singlet excited states are rather small (the inter-
configurational matrix elements between triplet excited states are somewhat larger), the
obtained excitation energies differ only slightly from those, which we should obtain without
CI. Therefore we can expect that a more detailed CI calculation, taking into account a large
number of configurations, would influence the values of the first excitation energies and the
corresponding f-values only slightly. This has the consequence that the choice of the first
two intensive excitations would probably remain the same. On the other hand we can see from
Tab. 2 that changes in the used §;, ; integral values can influence the resulting f values more
seriously. This can be demonstrated also if we compare our f values with those givenin NESBET8
[12] paper. The change of the f values with the S, ; values will only in the case of U influence
our choice of the first two intensive excitations. Here as second intensive band should be
chosen the third excitation with parameters a) and the second one with parameters b)*. It
should be mentioned that with NEsBET’s [12] results the choice of the first two intensive
excitations is completely the same as with our parameter values (NEsBET does not treat U
and T separately). It is also interesting to compare in Tab. 2 the f values obtained with the
first iterated and SCF eigenvalues of the & matrix. We can see that in some cases (for in-
stance in case a) f, and f; of G and C, or in case b) f, of A and f, of C, (see Tab. 2) there are
drastic changes, which may change also the choice of the first two intensive excitations. For
this reason the use of the SCF f values and excitation energies seems more founded. From all
these we can conclude that although the selection of the first two intensive excited states of
the nucleotide bases is of course somewhat arbitrary, yet it seems probable that the experi-
mentally measured first two absorption maxima are due to the excitations, whose excitation
energies we have underlined in Tab. 1.

Comparing now the underlined two excitation energies of the single bases in
Tab. 1 with the first two experimental excitation energies we can find the following
regularities.

1. For the two excitations of U and T and for the first excitation of A, the
excitation energies calculated with the first iterated eigenvectors show a better
agreement with the experimental ones in both cases a) and b), than the theoretical
values calculated with the SCF eigenvectors. At the same time, however, for the
first excitation of G and C in both cases a) and b) they give a very bad agreement
(deviations of 1.5 — 1.6 eV). Therefore and for the reasons mentioned above it is
better to restrict ourselves to the SCF results**.

2. Comparing the SCF-CI excitation energies in cases a) and b) we can see that
using the f;, ; values of case b) we obtain for the first excitation energies of G and

* It should be mentioned that in the cases of U and T with both sets of parameters a) and
b) our fourth excitation is more intensive than the second or third one. Since, however, this
fourth excitation lies about 1.5 — 2.0 eV above the third excited state, it is not probable that
it will cover the third one. Furthermore using other f;,; values NusBET [12] obtained approxi-
mately the same f values for the third and fourth excited states of T. Therefore the above
choice of the second intensive excited state is probably the correct one.
** A further disadvantage of the method of limited CI after the first iteration of the &
matrix is, as one can see from Tab. 1 and 2, that the results are more strongly depending on
the choice of the f;,; parameters, than the results of the SCF-CI calculations.
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C somewhat better agreement than with the parameters of case a). On the other
hand, however, the SCF-CI results with the parameters b) give a considerably
worse agreement for both excitations of U and T and for the second absorption
maximum of C (deviations up to 2.00 V). The use of the parameter values of case
a) pointed out by G. BERTHIER [2] gives a tolerable compromise, in which larger
deviations between the experimental and theoretical excitations than about
1.00 eV do not occur (we find the maximal deviation by the second excitation of
T to be equal of 1.02 V). It should be mentioned that NESBET [12] in this case
only has a deviation of 0.50 eV, but his results for G and C show a worse agreement
with the experimental values, than ours.

To reproduce better the spectra of the nucleotide bases it would be necessary to perform
similar calculations on larger series of substituted purine and pyrimidine type compounds
varying the used i, ; integrals. From these rather time consuming calculations it would be
possible to determine the best possible set of §;, ; integrals for the reproduction of spectra. It
should be pointed out, however, that according to our opinion, since the nucleotide bases are
chemijcally rather different compounds, this “best” series very probably will be just another
compromise and will not describe exactly the experimental spectra.

Turning now to the problem of oscillator strength values we find the usual
situation in that the agreement between the theoretical and experimental values
in both cases a) and b) is bad (see Tab. 2). In most cases also the ratio between the
two underlined theoretical f-values differs from the experimental ratio. We can
further see from the data given in Tab. 2 that the directions of the different
transition moment vectors (the «; angles) are extremely sensitive to the choice
of the f;,; parameter values. We find also larger changes in the «; angles, than in
the absolute values of the R; vectors, if, instead of SCF eigenvectors, we use the
eigenvectors of the & matrix obtained after the first iteration step. All this indi-
cates that the simple Pariser-Parr-Pople method is not suitable for a good approxi-
mation of the intensity of such complicated systems as the nucleotide bases.

From Tab. 3, which gives the first triplet excitation energies of the nucleotide
bases calculated without CI and with the sets a) and b) of f; ; integrals, we can see
that the SCF values are about 2.00 eV for G and C and are higher for A, T, and U.
We find that the values obtained with the eigenvectors of the & matrix after the
first iteration step are in all cases considerably smaller than the SCEF values.
Comparing the SCTF triplet excitation energies of cases a) and b) we can see that
the change of the used f;,; parameters has smaller effect on the first triplet excita-
tion energies of the nucleotide bases than on the singlet ones (see Tab. 1).

The values of the first 16 singlet excitations of a G-C pair given in Tab. 4 were
obtained after a CI of the 16 configurations, which arise from the previously
considered four configurations of the appropriate single bases (see Fig. 1), using
the f;,; integrals of case b). Comparing these SCF results with those referring to the
G and C single bases (see the second part of Tab. 1), we can see that some excita-
tions preserve their identities (for example the first excitation of the G-C base pair
can be classified as the first excitation of G, or the third excitation of G-C comes
from the third excitation of C).

For most excitations, however, we do not find such a clear situation after the
CI, and so we cannot classify the different excitations as pure G type, or pure
C type, or as “mixed” excitations (see Fig. 1).
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Tt is interesting to point out that the first two SCF triplet excitation energies
of a G-C base pair are again around 2eV (1.99eV and 2.11 eV, respectively;
see Tab. 5). This is not in too bad agreement with the experimental result of
Douzov et al., who have found for the first triplet excitation of DNA the value of
2.55 eV [4].

Since for the semiempirical CI calculation of the GpG, GpC, CpG, and CpC
dinucleotides we have used only those eigenvectors of the & matrix, which we
obtained after the first iteration step, and since we have applied only the f;;
parameters of set b), we do not try to compare the resulting excitation energies
with the experimentally determined first two singlet excitation energies of the
single bases. Therefore in Tab. 6 we compare only the obtained oscillator strength
values of the mentioned dinucleotides with the f-values of the appropriate single
bases calculated in the same approximation with the same parameter values. With
this comparison we try to make a further step [6] for the interpretation of hypo-
chromicity of DNA assuming only overlap type interaction between the superim-
posed bases. In the case of GpG and CpC on the basis of the singlet excitation
energies (given in Tab. 6 in parentheses) we can divide the different excitations
into four parts. The excitations within each part of the spectrum lie approximately
in the same spectral region and their excitation energies do not differ much from
one of the excitation energies of the single G or of the single C base. In the case of
the GpC and CpG “mixed” dinucleotides and of the G-C base pair the sitution is
somewhat more complicated. If we investigate simultaneously the excitation
energies of G and C we can see that now we have five spectral regions: the first
around 3 eV (the first excitation of G and C), the second at about 4.5 — 5 eV (the
second and third excitations of G and the second one of C), the third around 6 eV
(the third excitation of C), the fourth around 7 eV (the fourth excitation of G) and
finally the fifth above 8 eV (the fourth excitation of (). We have indicated these
spectral regions by horizontal lines in Tab. 6 and we give them explicitly in the
first column of Tab. 7. In the bottom of Tab. 6 we give the sum of the oscillator
strength values of the different systems and for the composite systems also the
sum of 2 f of their two constituents (in parantheses). We can see that with the
exception of OpC the two sums do not agree.

In Tab. 7 we compare the sums of the f-values of the constituent bases and
those of the composite systems. The summation is always extended to all the f-
values, which belong to excitations lying in the indicated region. In the last
column is given the change of total intensity of the region under consideration in
percent of the original intensities (negative values: hypochromicity, positive
values: hyperchromicity). The underlined two values indicate the values which
belong to the first two intensive absorption regions, which we have selected in a
similar manner as the first two intensive singlet excitations of the single bases
(see above). From the results obtained we can see that we have for all the four
investigated dinucleotides a hypochromicity in the first intensive absorption
region, which is small for the “mixed” dinucleotides (— 4 9, for GpC and — 3.59%
for CpG, respectively), it is greater for GpG (— 7.7%,) and has its largest value for
CpC (— 12.39%,). At the same time for the G-C base pair we find a slight hyper-
chromicity (+ 2.5%). In the case of the second intensive absorption region we find a
rather large hypochromicity for GpC, CpG and G-C (— 9.1%, — 15.89%,, and
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— 26.99, respectively), while for the “pure” dinucleotides we have a hyperchromi-
city (+ 25.5%, for GpG and - 3.59, for CpC).

These promising results show that there is a possibility to describe the observed
hypochromicity of DNA with the aid of a model which assumes only overlap
interaction between the superimposed bases. Of course it would be highly desirable
to continue the calculation with the SCF eigenvectors of the # matrix and to
investigate the effect of the uncertain f; ;integrals on the hyperchromicity results.
Further, in order to establish a more precise theory it would be necessary to
investigate the effect of the number of configurations included in the CI calcula-
tion on the results, and to extend the calculations as first step to the other 12
dinucleotides and later to polynucleotides. Finally, a still more realistic calcula-
tion would take into account simultaneously overlap type interactions and excition-
van der Waals type interactions between the superimposed bases of DNA.
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