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Energies of Excited States Calculated
with MNDO and AM1
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Summary. Singlet excitation energies of 18 organic molecules have been calculated using MNDO and
AM1 semiempirical methods with limited configuration interaction. While both procedures syste-
matically overstabilize energies of excited states, the ordering of states and the effects of substituents
are reproduced, with AM1 being slightly better suited than MNDO. The best agreement with ex-
periment was obtained for conjugated systems.
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Energien fiir angeregte Zustinde mittels MNDO- und AM1-Rechnungen

Zusammenfassung. Es wurden die Singlet-Anregungsenergien von 18 organischen Molekiilen mittels
der semiempirischen MNDO- und AM1-Methode mit beschrinkter Konfigurationswechselwirkung
berechnet. Beide Methoden zeigen eine systematische Uberstabilisierung von angeregten Zustinden,
die Reihenfolge der Zustinde und die Substituenteneffekte werden jedoch gut wiedergegeben, wobei
sich AM1 als etwas zuverlissiger erwies. Die beste Ubereinstimmung wurde fiir konjugierte Systeme
gefunden.

Introduction

Theoretical study of excited states is one of the most interesting but also most
difficult tasks of quantum chemistry. Correlation effects play an even more im-
portant role than in the ground state and therefore ab initio calculations of excited
states require inclusion of large basis sets and extensive configuration interaction.
Therefore high quality ab initio calculations of excited states have so far been
limited to small systems. Accordingly theoretical photochemistry is still a field for
application of well parametrized semiempirical methods.

Currently there exist a large number of semiempirical parametrizations and
almost all have been, with more or less success, used in theoretical photochemistry.
A semiempirical procedure must properly describe both the ground state and excited
state energy surfaces. However, specially parametrized spectroscopic methods, such
as CNDO/S or LNDOY/S, yield very good vertical absorption energies but fail in
describing nonvertical areas of excited state hypersurface, as well as the properties
of the ground state. Although CNDO/INDO methods correctly describe geometries
of excited molecules, problems arise with conjugated or strained systems, and the
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worse in unrealistic overstabilization of on* and no* transitions. Parametrizations
MNDOC [1] and SINDOI1 [2] were used for the study of excited states with better
success [3, 4].

The most used semiempirical methods currently are Dewar’s group models
MNDO [5] and AM1 [6]. In the study of ground state reactions they have displaced
all other methods. Therefore they could also be proper candidates for the study
of excited states. Such calculations, although quite rare, seem promising, indeed.
Chiroptical properties of organic molecules [ 7], photochemical hydrogen shifts 8,
9], and various photoisomerizations [10-12] were calculated in this way. We have
tested both methods for optimizing geometries of molecules in excited states, and
especially AMI1 has been shown to give very good results [13].

The goal of the present work was to calculate AM1 vertical excitation energies
and compare them with experimental data and earlier MNDO results [ 14, 15]. We
are aware of the fact that MNDO and AMI1 cannot yield excitation energies of
the same quality as specially parametrized methods, but unless these procedures
have been shown to give at least the correct ordering of excited states, they cannot
safely be used for study of reaction paths of photochemical reactions.

Calculations

MNDO [5] and AM1 [6] methods in standard parametrization were used for the calculations. We
used the MOPAC-PC package [16] which we augmented by subroutines for configuration interaction
(CI). Two types of CI were used, namely: (i) CI based on the SCF closed shell MOs, (SDCI) with
inclusion of 6 x 6 monoexcited and limited number of biexcited configurations, and (i) CI based on
the half-electron MOs [17] (HECI) with inclusion of 6 X 6 monoexcited configurations from the
reference open-shell singlet, (i.e. also some biexcited configurations from the closed shell ground state
were used in this way). Although the extent of CI was very limited (total number of configurations
used were 30-30), we believe that the results may provide useful indications to the reliability of the
MNDO and AM1 methods for calculation of energies of excited states.
All excitation energies were calculated for optimized ground state geometries.

Results and Discussion

The calculated excitation energies for eighteen molecules of various structural types
together with experimental data are listed in Table 1. Results are given for both
MNDO and AMI1, with two types of CI. An average absolute error in calculated
spectra may be a criterion of reliability of particular treatments. That is for both,
AM1 SDCI and AM1 HECI on the same level, about 0.9eV. MNDO results are
a little worse with an average absolute error exceeding 1eV.

MNDO and AM1 were parametrized exclusively for proper description of
ground state properties, and therefore we cannot expect results of the same quality
as from specially parametrized spectroscopic methods. The overstabilization of
excited states in MNDO was already reported by Dewar [18]. It is caused by
overestimation of correlation energy through both parametrization and CI. Un-
derestimation of the antibonding character of virtual MOs may also be important
[19].

From Table 1 it can be seen that the best results were obtained for conjugated
systems where errors are within 0.5eV. On the other hand nn* transitions in isolated
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Table 1. Vertical excitation energies (eV) calculated with MNDO and AM1

Molecule State MNDO MNDO AMI  AMI  Exp.  Ref.
SDCI HECI SDCI  HECI
H,C=CH, B, mn* 605 621 649 669  7.65 [23]
=/ A’ nr* 5.78 5.98 6.07 6.30 7.19 [23]
= A, mnt 559 580 586 606 674  [23]
[:/ B, wn* 553 577 572 594 708  [23]
> B, nn* 492 544 500 528 719  [23]
- B, nn* 544 567 564 587  7.03 [23]
H,C=CHF A 564 576 587 602 719 [23]
H,C=CF, N 543 551 559 535 759 [23]
H/ A, mint 388 459 510  5.10 -
7 B, mr* 520 513 507 544 592 [24,25]
A, it 379 441 430 473 -
@ B, nn* 431 423 451 447 520  [26]
B, mn* 314 269 331 289 344  [27,28]
@C A, mr* 435 393 468 434 528 [27,28]
H,C=0 A, nr* 313 281 294 261 420  [29]
H,CCH=0 A" g 298 270  3.01 275 428 [30]
Me,C=0 A, nr* 308 257 331 286 448 [31]
H,C=CH-CH=0 A" nr* 310 402 301 249 321 [32]
N 540 554 568 601 640  [23]
HC=C—CH=0 A" nn* 313 281 .12 281 3.56 [33]
O=CH-CH=0 A, nn* 239 281 224 258 273 [32]
B, nn* 3.21 308 326 315 371 [34]
{Ox B, nn* 505 517 439 457 431 [35]
B, mn* 419 435 440 475 470  [35]

double bonds are in some cases underestimated by more than 2eV. However, the
ordering of states is reproduced correctly.

Qualitative disagreement with experiment was obtained only in the case of
pyridine: the nn* state was predicted to be the lowest by MNDO, however, nn*
is the lowest one. Such incorrect ordering of states was also ‘obtained with the
MNDOC method [3]. AM1 yields the nn* transition as the lowest.

On the basis of our results (Table 1) it can be said that although the methods
under investigation overstabilize energies of excited states, they yield correct or-
dering of states and satisfactorily reproduce effects of substituents. AM1 gave
slightly better results than MNDO. Both types of CI used are of about the same
quality, but because relaxed excited state geometries are reproduced by half-electron
orbitals much better [13], we recommend AM1 HECI. This method has been used
successfully to study excited state processes, such as photoisomerizations around
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polar double bonds [20], and photoisomerization of pentadieniminium [21] and
dimethylaminobenzonitrile [22].
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