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Acetylation makes the difference: a joint experimental
and theoretical study on low-lying electronically
excited states of 9H-adenine and 9-acetyladenine†

Gernot Engler,a Kai Seefeld,a Michael Schmitt,*a Jörg Tatchen,b Oliver Grotkopp,c

Thomas J. J. Müllerc and Karl Kleinermannsa

Vibronic spectra of 9H-adenine, 9-acetyladenine and several alkyladenines have been recorded by

resonant two-photon ionization spectroscopy of the laser-desorbed molecules, entrained in a molecular

beam. While adenine and the alkyladenines exhibit similar electronic spectra, 9-acetyladenine behaves

considerably different. Theoretical absorption spectra of 9H-adenine and 9-acetyladenine were

calculated using the combined density functional theory/multi-reference configuration interaction

approach and using second order coupled cluster theory, in order to explain striking differences in the

experimental spectra. The major differences between the 9H-adenine and the 9-acetyladenine

absorption spectra can be traced back to the different configurations, which contribute to the

excitations, both of the lowest pp* and the np* states. While the excitations in 9H-adenine are localized

in the chromophore, they show considerable charge transfer character from the chromophore to the

acetyl group in the case of 9-acetyladenine.

1 Introduction

The intrinsic UV stability of DNA and of its constituting
nucleobases is of uttermost importance for living organisms,
exposed to sun light, since the short wavelength part (lo 400 nm)
of the solar radiation might cause a multitude of potentially
harmful photochemical reactions. Without effective protective
processes, life would not have developed under these ubiquitous
environmental circumstances that promote mutagenic and/or
carcinogenic effects. In the past years, a joint effort between theory
and experiment has been made, in order to reveal the mechanisms
that are behind the surprisingly high photostability.1–11

It is commonly accepted now that the decisive processes that
are responsible for the high photostability of adenine are
ultrafast non-radiative relaxation pathways through conical
intersections which comprise highly efficient photochemical

funnels between low-lying excited np* or pp* states and the
ground state. It is well-known in the literature12–14 that there is
not a single lowest excited state in 9H-adenine, but three close-
lying states, comprised of one np*- and two pp*-states. The
latter are commonly named Lb and La states following a
convention by Platt,15 which was introduced using symmetry
arguments for molecules of at least C2v symmetry. The Lb state
is slightly lower in energy in the vertical excitation spectrum,
but most of the absorbance of adenine in the 277 nm region is
due to the La state. Conical intersections between these three
low-lying states and between one of these states and either the
ground state or a further excited state, the repulsive ps* state,
are thought to be involved in ultrafast relaxation of adenine
after UV irradiation.14,16,17 Two major deactivation models have
been discussed. According to Sobolewski and Domcke, a con-
ical intersection forms along the NH stretching coordinate,
between the Franck–Condon (FC) excited pp* state and the
repulsive ps* state.16 The latter state corresponds to an excita-
tion into an anti-bonding valence orbital causing dissociation
of the N9–H-bond (for the atomic numbering refer to Fig. 2).
Another coordinate, which drives the primarily excited pp* state
into a conical intersection with the np* state and subsequently
into the ground state was postulated by Marian.18 This coordi-
nate can be described as puckering motion about the C2 atom
in the adenine six-ring.
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In comparison to decay via CI, an alternative mechanism
involving vibronic coupling between the lowest singlet pp* and
np* states (called proximity effect by Lim19) seems to be of less
importance in adenine as stated by Crespo-Hernández.1 Never-
theless, rejection of this mechanism is mainly based on the
small correlation between the vertical energy gaps of the DNA
bases and their fluorescence lifetimes. Since the coupling
matrix element of the different bases might be very different,
the energy gap is not the only criterion for the extent of vibronic
coupling. In a recent work, it has been shown, how the La and
the Lb state of indole couple vibronically in a mode selective
manner at low vibronic energies.20,21 Since the proximity effect
is only applicable in the weak coupling limit, which may not
be the case in adenine and the other nucleobases, vibronic
coupling as a source of fast nonradiative decay should not be
excluded a priori. Indeed, for the np* and the ps* deactivation
paths these couplings have been postulated in a recent pub-
lication on ultrafast radiationless transition pathways in photo-
excited 9H-adenine.17 Conti et al.22 gave an assignment of the
four major bands in the R2PI spectrum of 9H-adenine, based on
both Franck–Condon and Herzberg–Teller induced contributions.

In the enormous research efforts spent during the last
decade to unravel the ultrafast deactivation mechanisms of
the nucleobases, derivatives of 9H-adenine play an important
role (e.g., ref. 2, 23–32). As deuteration or methylation in
9-position is expected to hinder or block passage through the
ps* deactivation channel, these compounds provide means to
assess the importance of this decay channel. One should not
a priori exclude, however, that already alkyl substitution might
modify low-lying electronically excited states notably. Conclu-
sions for the parent compound can only be drawn in a decisive
manner when these substituent effects are known. In this
contribution we present a comparative study of the R2PI
spectra of 9H-adenine, 9-acetyladenine, and several 9H-alkyl-
substituted adenines. The observed differences in their spectra
are interpreted and explained by means of a quantum chemical
investigation of the excited state potential energy surfaces. The
discussion focusses on 9H-adenine and 9-acetyladenine which
show the most pronounced differences in their spectra.

2 Experimental details

Adenine was purchased from Fluka and used without further
purification. 9-Methyladenine was synthesized from adenine by
methylation with iodomethane in 28% yield.33 Starting from
9-methyladenine 2,8-dideutero-9-methyladenine was obtained
by hydrogenation in D2O in 92% yield.34 9-Butyladenine was
prepared by alkylation of adenine with 1-iodobutane in the
presence of cesium carbonate in 52% yield.35 Adenine was
acylated with acetic anhydride to give 9-acetyladenine in 55%
yield.36 For details of the synthesis and the characterization of
the products, see the ESI.†

The experimental setup for R2PI spectroscopy of laser-
desorbed molecules has been described in detail elsewhere.37

Solid samples of the substituted adenines were entrained into
an argon jet (3 bar) after laser desorption and investigated by

two-color R2PI spectroscopy. The adenine derivatives were
mixed with graphite powder (Aldrich) in a 1 : 1 ratio and
applied to the edge of a 2 mm thick graphite wheel (diameter
60 mm), which was placed beneath the orifice of a 300 mm
pulsed valve (General Valve). A slow rotation of the graphite
wheel (1 turn per 45 min) constantly provided fresh material to
be exposed to the desorption laser (Minilite, Spectra Physics,
1064 nm, fluency 5 mJ cm�2). The skimmed molecular beam
(skimmer diameter = 1 mm) is crossed at right angles with the
two counter-propagating UV-laser beams inside the ion extrac-
tion region of a linear time-of-flight (TOF) mass spectrometer in
Wiley–McLaren configuration. The molecules were electronically
excited by a tunable frequency-doubled dye laser (LAS) operated
with Rhodamine 6G and Fluorescein 27 and ionized using the
193 nm radiation of an ArF excimer laser (PSX-501, Neweks).
Both UV laser pulses were spatiotemporally overlapped in the
ionization region. The pulse energy of the excimer laser was
strongly attenuated so that no ions were detected from the
193 nm radiation alone. With this two-color technique the
signal-to-noise ratio was significantly improved, compared to
the corresponding one-color scheme.

3 Computational details

The equilibrium geometries of the electronic ground and the
lowest excited singlet states were optimized using the approxi-
mate coupled cluster singles and doubles model (CC2) with the
resolution-of-the-identity approximation (RI) and linear response
methodology for excited states.38–40 Correlation consistent basis
sets of valence triple zeta quality of Dunning (cc-pVTZ) were
chosen.41 Ground state and excited state vibrational frequencies
were calculated using numerical derivatives of analytic gradients
using the NumForce script.

For the CC2 optimized geometries, electronic excitation
spectra were obtained by means of the combined density
functional theory/multi-reference configuration interaction
(DFT/MRCI) approach of Grimme and Waletzke.42 The idea of
the DFT/MRCI method is to account for the static correlation
effects by an as short-as-possible MRCI expansion, but to
include most part of the dynamic correlation economically via
DFT. To this end, a multi-reference configuration interaction
wavefunction is built up from Kohn–Sham (KS) orbitals. Utilizing
highly efficient configuration selection techniques, converged
DFT/MRCI computations for large systems can be performed at
rather moderate costs. For further details we refer to the original
publication by Grimme and Waletzke.42 The DFT/MRCI method
is capable of yielding excellent electronic excitation spectra of
organic compounds, including charge-transfer and Rydberg
states as well as double excitations.

For completeness, we give in the following a short resume of
technical details and dimensions of the DFT/MRCI calculations
in this work: the one-particle basis set for the DFT/MRCI was
comprised of KS orbitals for the closed-shell ground state as
obtained with the BHLYP functional and cc-pVTZ basis sets.
The 1s orbitals of carbon, nitrogen, and oxygen were frozen. All
valence electrons were correlated and the twelve lowest singlet
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roots were computed. The final reference spaces were com-
prised of not more than 70 to 80 configurations in all cases.
Employing the standard energy cut-off parameter dE = 1EH for
the configuration selection resulted in MRCI expansion lengths
from around 15 000 to 70 000 configurations per symmetry
block.

4 Experimental results
4.1 R2PI spectra of 9H-adenine and 9-acetyladenine

Fig. 1 shows the two-color R2PI spectra of jet-cooled (a) 9H-
adenine and (b) 9-acetyladenine. Band 1 at 36 062 cm�1 in the
spectrum of 9H-adenine was previously assigned to the np*
origin and band 2 at 36 105 cm�1 to the pp* origin.7 The
vibrationless pp* origin of the 9-acetylsubstituted derivate
shows a large red shift of 1204 cm�1 with respect to the pp*
origin absorption of 9H-adenine. The assignment of band 1 in
the 9-acetyladenine as being due to the pp* origin is discussed
in detail in Section 5.

While the vibronic activity of 9H-adenine (and of the four
9-alkylsubstituted adenines, which are shown in the ESI†), is
limited to a small range of a few hundred wavenumbers blue to
the electronic origin, 9-acetyladenine is vibronically active up to
more than 1500 cm�1 above the origin. For the alkyl-substituted
adenines torsional splittings show up and not all vibronic
bands will belong to one conformer, but several rotamers will
contribute to the vibronic envelope. Therefore, the true spec-
trally active range for these compounds should be even more
limited. For 9-methyladenine, e.g., a splitting into A and E
subtorsional components is expected, while for 9-ethyladenine
an additional complexity via two possible conformers arises.
For 9-(n-butyl)adenine even more than four different confor-
mers are expected from the comparison to a similar n-butyl-
benzene system.

The wavenumbers of the observed vibronic transitions of
9-acetyladenine are given in Table 1, along with their relative
intensities and a preliminary assignment based on the com-
parison to the CC2/cc-pVTZ calculated vibrational frequencies
in the lowest electronically excited pp* state.

The lowest experimentally observed vibration is n52, an
in-plane bending motion of the acetyl group. n54 and n53 are
out-of-plane vibrations and are not observed in the experiment.
n51 is a ring puckering mode with large amplitude at the C2
atom (cf. Fig. 3 for numbering), while n50 can best be described
as a butterfly motion of the adenine chromophore. Vibration
n49 is the torsion of the methyl moiety in the acetyl group and
n48 a ring wagging mode with large amplitude at the C2 atom,
like n51. The following vibration n47 represents an in-plane
bending mode of the amino and the acetyl groups, while n46

is a rather unspecific out-of-plane motion with largest ampli-
tude about the N3 atom. n45 is an in-plane ring deformation,
mostly located in the six-ring and n44 an in-plane bending mode
of the acetyl group. n39 and n34 are out-of-plane modes of the
chromophore, n33 and n30 are in-plane modes. n29, n28, n25, and
n24, n20, n19, n18, and n15, can be described as in plane CH
wagging modes, the last two with considerable in-plane ring
deformation properties. A Molden frequency file with the
excited pp* state normal modes is contained in the ESI.†

5 Results of the quantum chemical
calculations
5.1 Geometry optimizations using coupled cluster theory

The geometries of the ground state and of the lowest excited
singlet states have been optimized, employing second order
coupled cluster theory. The CC2/cc-pVTZ optimized structures
of both 9H- and 9-acetyladenine in the electronic ground state
have been found to be planar in the chromophores (cf. Fig. 2
and 3). However, the amino group is slightly pyramidalized in
both cases. The rotational constants of 9H-adenine from the
CC2 optimized geometry are in good agreement with the results
from microwave spectroscopy in ref. 43 (cf. Table 2). Although
the experimental rotational constants are vibrationally aver-
aged, while the ab initio values are equilibrium constants,
deviations of less than 1% are expected, from the comparison
to other similar monomer systems investigated in the group of
one of us.21,44,45 Even for weakly bound molecular complexes
like purely van der Waals bound clusters of noble gases with
aromatic chromophores46 or hydrogen bound dimers47 theFig. 1 Two-color R2PI spectra of (a) 9H-adenine and (b) 9-acetyladenine.

Table 1 Observed (~nexp) and calculated (~ncalc) wavenumber and relative
intensities Iexp of the vibronic transitions in the R2PI spectrum of 9-acetyladenine.
Tentative assignments from a normal mode analysis using the CC2/cc-pVTZ
optimized structure of the lowest excited pp* state

Nr ~nexp Iexp ~ncalc Assign. Nr ~nexp Iexp ~ncalc Assign.

1 0 100 0 0,0 12 601.2 6 610 n34
2 142.8 28 156 n52 13 613.4 8 631 n33
3 146.8 37 166 n51 14 914.6 8 912 n30

4 169.8 14 190 n50 15 935.2 19 961 n29

5 214.8 21 222 n49 16 958.6 26 994 n28

6 225.2 11 231 n48 17 1093.0 21 1101 n25

7 231.4 7 257 n47 18 1109.4 8 1156 n24
8 319.0 6 309 n46 19 1216 6 1222 n20
9 339.4 6 335 n45 20 1260 8 1256 n19

10 362.6 45 372 n44 21 1290 7 1281 n18

11 557.8 20 541 n39 22 1350 10 1340 n15
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differences between vibrationally averaged and equilibrium
rotational constants are always less than 2%.

The lowest electronically excited singlet states of both mole-
cules have been found to be puckered also in the chromophore
(cf. Fig. 2 and 3). All tentative planar np* and pp* geometries of
the lowest electronically excited states of 9H-adenine and
9-acetyladenine turned out to be first order saddle points at
the CC2 level of theory. Displacement along the coordinate(s)
with imaginary frequencies directly leads into the local
minima, which are puckered about the C2 atom and inverted
at N10 (cf. numbering in Fig. 2). Distortions from planarity
allow for configurational mixing among the nearly-degenerate
np* and pp* states and may therefore entail an energy-lowering
for some state (pseudo-Jahn–Teller effect). In such cases, the
planar structures correspond to saddle-points on the PESs of
the respective states.

It has to be mentioned however that deviations from planarity
of the chromophore are considerably smaller in the excited states
of 9-acetyladenine compared to 9H-adenine. The reason for this
behavior might be the possibility for an extended delocalization
including also the acetyl group in the case of 9-acetyladenine.

At the same time, assigning some local excited-state PES
minimum to a certain excited state configuration cannot be
done anymore without ambiguity because of the configura-
tional mixing arising from the non-planarity of the excited
states. The assignment has therefore been made on the basis
of a comparison of geometry optimizations both with Cs point-
group symmetry imposed and without. The energy difference
between the planar and the nonplanar geometries of the lowest
pp* state amounts to more than 3500 cm�1 for 9H-adenine,
but to less than 1000 cm�1 for 9-acetyladenine. For the np*
geometries both barriers to planarity are low (421 cm�1 for
9H-adenine and 1195 cm�1 for 9-acetyladenine).

5.2 Excited state configurations

Due to the non-planarity of the excited state structures, the
determination of the excited state electronic configurations is
difficult as described in the previous section. Fig. 4 shows the
relevant frontier orbitals of adenine and 9-acetyladenine and
the excitations to the lowest np* and pp* states. The excitation
to the lowest non-planar singlet state in adenine is composed of
HOMO-1 to LUMO (40%) and HOMO-2 to LUMO (50%) excita-
tions (Table 3). The first emerges clearly from a pp* excitation,
the second from a np* excitation. Already the lowest singlet
states of adenine are thus heavily mixed. Excitation to the
second excited singlet state is composed of 53% HOMO to
LUMO excitation and 26% HOMO-2 to LUMO, also here a
strong np*/pp* mixing.

For an understanding of the large differences between the
spectra of 9H-adenine and 9-acetyladenine it is crucial that the
LUMO of 9-acetyladenine is delocalized over the chromophore
and the acetyl side chain and displays large amplitudes at the
carbonyl group in the side chain. In contrast, the HOMO has
almost zero amplitude in the side chain and is seemingly
identical to a p MO of the parent compound 9H-adenine.
Consequently, the HOMO - LUMO excitation exhibits

Fig. 2 CC2 optimized geometries of ground and lowest excited singlet states of
9H-adenine (cc-pVTZ basis sets). Because for these C1 symmetric geometries both
orbitals and CI wave functions are strongly mixed, the electronic classification is
somewhat arbitrary.

Fig. 3 CC2 optimized geometries of ground and lowest excited singlet states of
9-acetyladenine (cc-pVTZ basis sets).
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considerable charge-transfer character from the aromatic ring
to the side chain. This HOMO–LUMO transition turns out to
dominate the lowest pp* state. Similarly, the np* state of
9-acetyladenine is due to an entirely different excitation as
compared to the lowest np* excitation in 9H-adenine. In the
case of 9-acetyladenine, the excitation takes place from the

lone-pair of the carbonyl group (nCQO, HOMO-3 in Fig. 4) into
the LUMO, cf. Table 4. In 9H-adenine, it is one of the deloca-
lized nitrogen lone-pair MOs (compare e.g. n/s, HOMO-1 in the
right half of Fig. 4 with n/s, HOMO-2 in the left half of this
figure) located on the chromophore skeleton which is involved
in the lowest np* transitions.

5.3 Calculated spectroscopic parameters

An important indicator for the electronic nature of an excited
state which is available from experiment is the direction of the
transition dipole moment (TDM). The orientation of the TDM
with respect to the inertial axes of a conformer is defined as:

ma = m sin f cos y

mb = m sin f sin y

mc = m cos f. (1)

Here, f and y are spherical polar coordinate angles of the
transition moment vector in the molecule fixed frame (a,b,c).
The squares of the projections along the inertial axes are
directly proportional to the experimentally observed contribu-
tion to the band type in the electronic absorption spectrum.

The DFT/MRCI calculated TDM of 9H-adenine for excitation
to the lowest pp* state is located nearly exactly in the ab-plane
of the molecule (f is 861) and makes an angle y of 121 with the
inertial a-axis. The angles of the TDM in the lowest np* state of
adenine are computed to be f = 301 and y = 471.

These calculated transition moment values were used for a
simulation of the rotational contours of the origin bands of
9H-adenine, which have been reported by Lee et al.7 Fig. S2 of the

Table 2 Rotational constants (in MHz), zero-point energy corrected adiabatic excitation energies n0 (in cm�1), and transition dipole moment orientation angles y and f
(in degrees) for 9H-adenine and 9-acetyladenine from DFT/MRCI/cc-pVTZ at the CC2/cc-pVTZ optimized geometries

9H-Adenine 9-Acetyladenine

S0 np* pp* S0 np* pp*

Calc. Exp.a Calc. Exp.b Calc. Exp.b Calc. Calc. Exp.

A 2361 2371.9 2331 2422 2328 2374 1772 1797 1726 —
B 1575 1573.3 1552 1483 1548 1530 625 631 629 —
C 945 946.2 934 945 930 926 463 469 463 —
n0 — — 35 363 36 062 35 481 36 105 — 32 005 34 351 34 901
y — — 47 54 12 62 — �24 2 —
f — — 30 31 86 64 — 73 89 —

a Experimental rotational constants from ref. 43. b Experimental rotational constants and TDM angles from the contour fit of ref. 7.

Fig. 4 Contour plots of the highest occupied and lowest unoccupied molecular
orbitals of 9H-adenine and of 9-acetyladenine CC2 optimized geometries, MOs
from DFT/MRCl/cc-pVTZ (isosurface value = 0.04). The transitions to the S1 states are
drawn with continuous arrows, to the S2 state with dashed arrows. The contribution
to the configurations is given as number to the left of the respective excitation.

Table 3 Electronic configuration of lowest two excited electronic singlet states of
adenine (DFT/MRCI, cc-pVTZ basis sets, MO numbering refers to Fig. 4, only
contributions with |ci|

2
Z 0.1 are listed)

State Contribution (|ci|
2) Configuration

S1 11A(n/s/p-p*) 0.50 n=s! p�LU
0.40 pHO-1 ! p�LU

S2 21A(n/s/p - p*) 0.53 pHO ! p�LU
0.26 n=s! p�LU

Table 4 Electronic configuration of the lowest two excited electronic states of
9-acetyladenine (DFT/MRCI, cc-pVTZ basis sets, MO numbering refers to Fig. 4,
only contributions with |ci|

2
Z 0.1 are listed)

State Contribution (|ci|
2) Configuration

S1 11A(nCQO - p*) 0.45 nC¼O ! p�LU
0.14 nHOMO-5 ! p�LU

a

0.11 nC¼O ! p�LUþ1
S2 21A(p - p*) 0.84 pHO ! p�LU
a nHOMO-5: a lower n orbital with main contributions from ring
nitrogens and the oxygen.
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ESI† shows the simulation of the vibronic band at 36 062 cm�1

using the rotational constants for the ground and np* excited
state, and the orientation of the transition dipole moment of
the np* state from the CC2//DFT/MRCI calculations. The agree-
ment between the experimental spectrum and the simulation
using the ab initio parameters is very good. Fig. S3 (ESI†) shows
the simulation of the vibronic band of adenine at 36 104 cm�1

using the rotational constants for ground and the lowest two
pp* excited states, and the orientation of the respective transi-
tion dipole moment from the CC2//DFT/MRCI calculations.
Clearly, the simulation using the rotational constants and the
transition dipole moment of the lowest pp* state gives good
agreement with the experimental contour. However, for the pp*
state parameters, the agreement is not as perfect as for the np*
state (Fig. S2, ESI†). The reason for this deviation might be a
slight saturation in the R2PI signal on the experimental side, or
vibronic coupling to another close lying state, which mixes
character of a b-band into the contour. One has to keep in mind
that the rovibronic contours in ref. 7 have been fit to a number
of molecular parameters, while we present here a simulation,
solely based on ab initio calculated parameters.

As the oscillator strength for the np* state of 9-acetyladenine
is marginal for the non-planar equilibrium geometry in both
the CC2 and the DFT/MRCI calculations, we conclude that the
experimentally observed state is the pp* state.

The CC2/cc-pVTZ calculations predict the lowest excited
singlet pp* state of 9-acetyladenine to be shifted by 1130 cm�1

to the red of the pp* state of 9H-adenine and 1012 cm�1 to the
red of the np* state. Such a large red shift from single substitu-
tion is quite particular, but close to the experimentally observed
one (1204 cm�1). In Fig. 4, some frontier molecular orbitals of
9-acetyladenine are shown, which are important for under-
standing the aforementioned differences to the excitation
spectrum of 9H-adenine. As described in Section 5.2, the
HOMO–LUMO transition dominates the lowest pp* state of
9-acetyladenine and exhibits a strong ring-to-side chain charge-
transfer character, responsible for the large red-shift.

6 Conclusions

The electronic absorption spectrum of 9-acetyladenine shows a
large red-shift of 1204 cm�1 relative to that of 9H-adenine. This
red shift is explained on the basis of very different excitations
for the two molecules. In the case of 9H-adenine the lowest pp*
excitation is localized in the chromophore (as for the alkylsub-
stituted adenines), while the lowest pp* excitation in 9-acetyl-
adenine exhibits considerable charge transfer character from
the chromophore to the side chain. The vibronic spectrum of
the pp* state of 9-acetyladenine has been assigned on the basis
of a normal mode analysis using the CC2/cc-pVTZ optimized
geometry of this state.

The lowest electronically excited state in 9H-adenine has been
shown to be the np* state from a comparison of the rotational
contour of the vibronic band of adenine at 36 062 cm�1 with a
simulation using the ab initio determined molecular parameters
for this state. The energetically second state is mainly a pp* state.

Independent of these conclusions, one has to state that the
nonplanarity of all electronically excited states of adenine heavily
mixes these states, making an unambiguous electronic assign-
ment difficult.

While the pp* nature of the second excited state in adenine
was proven by simulation of its rovibronic contour, the higher
of the excited pp* states has not been found experimentally
until now. From the simulation using the ab initio parameters,
it should exhibit predominantly a b-type contour. However, it is
not surprising that this state has escaped from a direct spectro-
scopic detection, since it shows fast radiationless deactivation.13,14

The lowest electronic pp* excitation of 9-acetyladenine is
dominated by a strong ring-to-side chain charge-transfer char-
acter, responsible for the large red-shift. The main contribution
to the (hitherto unobserved) lowest np* state of 9-acetyladenine
is an excitation from the lone-pair of the carbonyl group into
the p-LUMO. This is completely different from the lowest np*
state of 9H-adenine, which arises from excitation of a non-
bonding orbital with main contributions from the ring nitrogen
atoms to the LUMO. The reason for the much longer FC
absorption spectrum of 9-acetyladenine compared to 9H-adenine
does not seem to be different FC regions for the two com-
pounds but the closing of a deactivation channel, which is
energetically accessible in 9H-adenine but not in 9-acetyladenine.
A possible candidate for this deactivation channel is a ps* state,
which does not follow the pp* state to lower energies upon
acetylation. Nevertheless, there are many other possible candi-
dates due to the completely different excitation schemes of
adenine and 9-acetyladenine. Further experiments have to be
performed to obtain a definite answer on that topic.
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20 C. Brand, J. Küpper, D. W. Pratt, W. L. Meerts, D. Krügler, J. Tatchen
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