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a b s t r a c t 

The rotationally resolved electronic spectrum of the S 1 ← S 0 electronic origin band of 6-methylindole (6- 

MI) has been measured in a molecular beam and has been fit to rigid asymmetric rotor Hamiltonians in 

both electronic states using evolutionary strategies. Rotational constants, dipole moments in both elec- 

tronic states, and orientation of the transition dipole moment in the inertial frame of the molecule have 

been determined and compared to the results of ab initio calculations. Both the values of the permanent 

dipole moments as of the transition dipole moment point to an L b -state as lowest electronically excited 

state in 6-MI. 

© 2021 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license 
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1. Introduction 

The position of electronically excited states of substituted in- 

doles critically depends on the electronic nature of the substituent 

and on the position of substitution. On the other hand, the po- 

sition of the substituent in the chromophore also influences the 

properties of the substituents. In indole and substituted indoles, 

three low-lying electronically excited singlet states are involved in 

the photophysics and photochemistry of these compounds. These 

states can clearly be distinguished by their spectral fingerprints. 

The lowest two excited singlet states arise from ππ ∗ excitations 

and are classified according to the labeling of Platt [1] , later 

extended by Weber [2] as 1 L a and 
1 L b states [3] . Their energetic 

order depends on the electronic nature and on the position of 

the substituent. While in indole [4–7] and in most substituted in- 

doles [8–14] the lowest excited singlet state has L b -character, a few 

exceptions are found, in which the L a -state is the lowest excited 

singlet state [12,13,15–17] . These two states can easily be distin- 

guished by the orientation of the transition dipole moment, which 

points for L b -states away from the pyrrolic NH group, and by 

their permanent dipole moment, which is higher for L a - than for 

L b -states. A third low-lying excited singlet state has been identified 

by Sobolewski and Domcke [18] as πσ ∗ state, which is repulsive 
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along the NH coordinate of the pyrrole moiety and is determined 

by a σ ∗ Rydberg-type orbital centered at the NH group. 

Here, we present a study 6-methylindole (6-MI), in which a 

methyl group is attached to position 6 of the benzene ring in in- 

dole. In the group of Meerts, 3-, and 5-MI have been studied using 

rotationally resolved electronic spectroscopy of the 1 L b origin [19] . 

Korter and Pratt examined 1-, 3-, and 5-MI and their van der Waals 

bound argon clusters and determined the barriers to internal rota- 

tion of the methyl group in the ground and lowest excited singlet 

states [20] . The torsional spectra of several methylindoles along 

with an analysis of the barrier heights in the different electronic 

states was presented by Bickel et al. [21] . 

2. Computational methods 

2.1. Quantum chemical calculations 

Structure optimizations were performed employing a Dunning’s 

correlation-consistent polarized valence triple zeta (cc-pVTZ) basis 

set from the Turbomole library [22,23] . The equilibrium geome- 

tries of the electronic ground and the lowest excited singlet states 

were optimized using the approximate coupled cluster singles 

and doubles model (CC2) employing the resolution-of-the-identity 

(RI) approximation [24–26] . For the structure optimizations spin- 

component scaling (SCS) modifications to CC2 were taken into 

account [27] . Vibrational frequencies and zero-point corrections 
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to the adiabatic excitation energies were obtained from numerical 

second derivatives using the NumForce script [28] . 

2.2. Fits of the rovibronic spectra using evolutionary algorithms 

Evolutionary algorithms have proven to be perfect instruments 

for an automated fit of rotationally resolved electronic spectra, 

even for large molecules and dense spectra [29–32] . They provide 

to find the global optimum in a multi-parameter optimization. In 

general evolutionary strategies are inspired by evolutionary pro- 

cesses in nature, including reproduction, mutation and selection. 

For the analysis of the presented high-resolution spectra we ap- 

ply the covariance matrix adaptation evolution strategy (CMA-ES), 

which is described in detail elsewhere [31,33,34] . 

For the fits the Hamiltonian for a simple asymmetric rotor with 

Watson’s A-reduction is used [32] . For the Stark spectrum addi- 

tional terms arise and the Stark-Hamiltonian can be factorized into 

the three projections of the permanent dipole moment onto the 

main inertial axes with the matrix elements obtained from Gordy 

and Cook [35] . 

3. Experimental methods 

3.1. Rotationally resolved electronic spectroscopy 

6-MI ( ≥ 98% ) was purchased from Fluorochem and used with- 

out further purification. The sample was heated to 85 ◦C and 
co-expanded with 300 mbar of Argon through a 147 μm nozzle 

into the vacuum to record rotationally resolved electronic spectra. 

To form the molecular beam a beam machine consisting of three 

differentially pum ped vacuum chambers with two skimmers, with 

the diameter of 1 mm and 3 mm, linearly aligned inside the ma- 

chine is used. The resulting molecular beam was crossed at right 

angles with the laser beam 360 mm downstream of the nozzle. 

To create the excitation beam, a single frequency ring dye laser 

(Sirah Matisse DS) operated with Rhodamine 6G was pumped 

by 10 W of the 532 nm line of a diode pumped solid state laser 

(Spectra-Physics Millennia eV). The resulting power of about 5 mW 

during the experiments was reached by the frequency doubling 

of the fluorescence light of the dye laser in an external folded 

ring cavity (Spectra Physics Wavetrain). To collect the fluorescence 

light of the sample perpendicular to the plane, defined by laser 

and molecular beam, onto the photocathode of an UV enhanced 

photomultiplier tube (Thorn Emi 9863QB) a light collecting system 

consisting of a concave mirror and two planoconvex lenses is 

used. The signal output was then discriminated and digitized 

by a photon counter and transmitted to a PC for data recording 

and processing. A quasi confocal Fabry-Perot interferometer was 

used to determine the relative frequency. The absolut frequency 

was obtained by comparing the recorded spectrum to the tab- 

ulated lines in the iodine absorption spectrum [36] . A detailed 

description of the experimental setup for rotationally resolved 

laser induced fluorescence spectroscopy has been given previously 

[37,38] . 

3.2. Rotationally resolved electronic Stark spectroscopy 

To record rotationally resolved electronic Stark spectra a static 

electric field is required. The Stark plates consist of a parallel 

pair of electroformed nickel wire grids (18 mesh per mm, 50 mm 

diameter) with a transmission of 95 % in the UV and an effective 

distance of 23.49 ± 0.05 mm, symmetrically aligned with respect 

to the laser beam. The distance of the grids was calibrated using 

the accurately known dipole moment of benzonitrile [39,40] . The 

polarization plane of the incoming laser beam can be rotated by 

90 ◦ inside the vacuum chamber by means of an achromatic λ/ 2 

plate (Bernhard Halle 240 - 380 nm), which can be pushed in 

or pulled out of the laser beam using a linear motion vacuum 

feedthrough. One can choose between a parallel (selection rules 

�M = 0 ) and perpendicular (selection rules �M = ±1 ) set-up by 
changing the plane of polarization. 

4. Results 

4.1. Computational results 

The SCS-CC2/cc-pVTZ optimized structure of 6-MI yields an in- 

ertial defect of -3.12 amu Å 2 in the ground and -3.19 amu Å 2 

in the lowest excited singlet state (L b ). The inertial defect of - 

3.12 amu Å 2 for the S 2 (L a ) state is very similar to the value in 

the S 1 -state. A clear indication for the L b -state being the lowest 

excited singlet state are the main contributions to the excitation 

to the lowest excited singlet state at the SCS-CC2 level of theory: 

56.5 % LUMO ← HOMO-1 + 22.4 % LUMO+1 ← HOMO + 10.9 % 

LUMO ← HOMO and 4.1 % LUMO+1 ← HOMO-1, while the second 

excited singlet state is a nearly pure LUMO ← HOMO excitation 

( Fig. 1 ). 

The molecular parameters (rotational constants A , B , and C in 

both electronic states, the inertial defects �I, the angle θ of the 

transition dipole moment with the inertial a -axis, the angle θD of 
the permanent dipole moment with the inertial a -axis, and the 

zero-point corrected origin frequency ν0 ) of the ground and both 
electronically excited states are compiled in Table 1 and are com- 

pared to the experimental results, which are described in detail in 

Section 4.2 . 

The calculated angle θ of the transition dipole moment (TDM) 

for excitation to the lowest excited singlet state is +16.1 ° ◦ with 

respect to the inertial a -axis, what is another indication for the L b - 

Fig. 1. Molecular orbitals of 6-methylindole with the percentage of the S 1 excita- 

tions according to SCS-CC2/cc-pVTZ calculations. 
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Fig. 2. (a) Optimized ground state structure, inertial axes, transition dipole moment for excitation to the lowest excited singlet state (red, straight), the orientation of 

the permanent dipole moment in the ground (magenta, straight), first excited state (green, straight) and second excited state (turquoise, straight) of 6-MI. The calculated 

transition dipole moment for the excitation to the S 2 state is shown as a blue dotted arrow. A positive sign of the angle θ and θD refer to a clockwise rotation of the inertial 

a -axis onto the dipole/TDM vector. 

(b) Definitions of the axis reorientation angle θT and the angle of the transition dipole moment θ with the inertial a -axis. The doubly primed axes refer to the ground state, 

the singly primed to the electronically excited state. A negative sign of θT refers to a counterclockwise rotation of the inertial axis system upon electronic excitation. 

Table 1 

SCS-CC2/cc-pVTZ computed and experimental molecular parameters of 6-MI. 

Doubly primed parameters belong to the electronic ground and single primed 

to the excited state. θD is the angle of the permanent dipole moment vector 

with the main inertial a -axis. A positive sign of this angle means a clockwise 

rotation of the main inertial a -axis onto the dipole moment vector, shown in 

Fig. 2 . θ is the angle of the transition dipole moment vector with the main in- 

ertial a -axis. The same convention for its sign is used as for θD . For details see 

text. 

Theory SCS-CC2 Experiment 

S 0 L b L a 

A ′′ /MHz 3417.0 - - 3428.83(9) 

B ′′ /MHz 1040.6 - - 1042.09(2) 

C ′′ /MHz 801.6 - - 802.62(2) 

�I ′′ / amu Å 2 −3.12 - - -2.70 

μ′′ 
a / D + 0.63 - - ±0.34 

μ′′ 
b 
/ D −1.92 - - ±1.81 

μ′′ 
c / D 0.00 - - 0.00 

μ′′ / D 2.02 - - 1.84 

θ ′′ 
D / 

◦ + 71.9 - - ±79.4 
A ′ /MHz - 3304.46 3311.2 3347.75(10) 

B ′ /MHz - 1028.62 1027.5 1036.90(3) 

C ′ /MHz - 788.4 788.0 792.78(3) 

�I ′ / amu Å 2 - −3.19 −3.12 −0.88 
μ′ 

a / D - + 0.3 −3.11 ±0.19 
μ′ 

b 
/ D - −2.0 −3.38 ±1.73 

μ′ 
c / D - 0.08 0.01 ±0.09 

μ′ / D - 2.01 4.56 1.74 

θ ′ 
D / 

◦ - + 80.7 −47.7 ±83.7 
�A / MHz - −112.5 −105.8 −81.08 
�B / MHz - −12.0 −13.1 −5.19 
�C / MHz - −13.3 −13.6 −9.84 
θ / ◦ - + 16.1 −54.4 ±21.1(20) 
θT / 

◦ - −0.4 - −1.0 
ν0 /cm 

−1 - 36,237 39,588 34819.41(2) 

�Lorentz /MHz - - - 14.38(1) 

τ / ns - - - 11.07(2) 

τr / ns - 34.1 7.4 - 

state as lowest excited singlet state. The calculated angle θ for the 

L a -state is −54.4 ° . Both TDM orientations, along with the perma- 

nent dipole moments of all three states are shown in Fig. 2 . 

The value of the permanent dipole moment is 2.02 D in the 

ground state and stays nearly constant in the lowest excited singlet 

state at the SCS-CC2 level of theory with 2.01 D, both with larger 

amounts of the b-component of the dipole vector. The angle θD of 
the calculated permanent dipole moment with the inertial a -axis 

increases slightly from +71.9 ° ◦ to +80.7 ° ◦ upon excitation. For the 

Fig. 3. Rotationally resolved electronic spectrum of the electronic origin of 6-MI, 

along with a simulation with the best CMA-ES fit parameters. 

second excited singlet state a considerably larger dipole moment 

of 4.56 D is found, with an angle θD of −47.7 ° cf Fig. 2 . 
The pure radiative lifetime of an isolated molecule in the gas 

phase can be calculated by the following expression [15,41] : 

τr = 

(
2 π · e 2 · f 

ε0 · m e · c · λ2 

)−1 
(1) 

where e is the elementary charge, f the dimensionless oscillator 

strength, ε0 the vacuum permittivity, m e the mass of the electron, 

c the speed of light, and λ the wavelength of the transition. Us- 

ing Eq. (1) and the SCS-CC2/cc-pVTZ calculated oscillator strength 

and transition wavelength we compute a pure radiative lifetime 

τr of 34 ns for isolated 6-MI after excitation of the vibrationless 

origin. 
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4.2. Experimental results 

Figure 3 shows the rotationally resolved electronic spectrum of 

the origin of 6-MI 1 at 34819.41(2) cm 

−1 , which is set to zero on 
the scale of the figure, along with the best fits using the CMA- 

ES algorithm at zero field (trace b) and at a field strength of 

425.49 V/cm (trace c). Traces b and c cover the same spectral 

range. The selection rules �M = 0 for the Stark spectrum hold, be- 

cause the electric field in the chosen set-up is parallel to the po- 

larization of the plane of the exciting light. Some lines in the zero- 

field spectrum are split in the electric field. Experimental spectra 

are shown as black traces, simulations, using the best fit parame- 

ters, as red traces with a very good agreement between both spec- 

tra. The molecular parameters from the fit using a CMA-ES algo- 

rithm are summarized in Table 1 and are compared to the results 

of the SCS-CC2/cc-pVTZ calculations of the S 0 , S 1 (L b ) and S 2 (L a ) 

states. 

Although the structures of 6-MI in the S 1 and S 2 states are very 

similar (they differ by less than 3% in A and by less than 1% in B 

and C), it is clear from the adiabatic excitation energies, and from 

the permanent dipole moments, that the observed state is the L b - 

state. As in most cases, the dipole moment of the L a -state is more 

than twice as high as for the L b -state. 

The analysis of the origin band yields an TDM angle θ of 

±21 . 1(20) ◦ with the inertial a -axis. By comparison to the ab ini- 

tio computed value the indeterminacy of the sign of the TDM ori- 

entation can be removed. However, in the following we will show 

that the positive value of θ can also be deduced from experimental 

findings alone, without referring to the ab initio calculations. 

The determined excited state lifetime of 11.07(2) ns was ob- 

tained from the Lorentzian linewidth of 14.38(1) MHz to the Voigt 

line profile using a fixed Gaussian contribution of 18.70 MHz. The 

Gaussian contribution was determined from a Voigt fit to a few 

single rovibronic lines with the boundary condition of equal Gaus- 

sian contribution to each line for 2-cyanoindole [8] . 

5. Discussion 

5.1. Excited state structure 

The inertial defect of 6-MI with a value of −2.70 amu Å 2 in 
the electronic ground state is more negative than in the lowest 

excited electronically excited state with a value of −0.88 amu Å 2 . 
The apparent increase of planarity upon electronic excitation can 

be traced back to the substantially lower barrier of the methyl tor- 

sion in the excited state, rendering the methyl group more pla- 

nar. Bickel et al. determined the ground state barrier V 3 to be 

123.1 cm 

−1 and the excited state barrier to 28.2 cm 

−1 [21] . 
Another indication, apart from adiabatic excitation energy, 

dipole moment and TDM orientation for the L b -state as lowest 

excited singlet state are the results of the bond lengths changes 

upon electronic excitation from SCS-CC2/cc-pVTZ calculations. The 

changes, with respect to the molecular plane and along the a -axis 

of the molecule, are quite symmetric in contrast to the much more 

irregular changes upon excitation to the L a -state. The difference in 

the structural changes upon electronic excitation for the L a - and 

the L b -state and also for the geometry changes upon electronic ex- 

citation obtained from the SCS-CC2/cc-pVTZ optimized structure 

can be seen in Fig. 4 . The properties of the three lowest sin- 

glet electronic states of the chromophore indole have been calcu- 

1 The observed band is the origin of the sub-torsional A component, which is 

due to the hindered internal rotation of the methyl group. The origin of the E sub- 

torsional component is shifted by 5 cm 

−1 to higher wavenumber and is therefore 
outside of the scanned range. 

Fig. 4. Changes of the bond lengths upon electronic excitation from SCS-CC2/cc- 

pVTZ calculations. (a) Schematic geometry changes of the parent chromophore in- 

dole upon excitation to the L a -state, adapted from [6] . (b) Schematic geometry 

changes of the parent chromophore indole upon excitation to the L b -state, adapted 

from [6] . (c) Geometry changes of 6-MI in pm upon electronic excitation to the low- 

est excited singlet state, obtained from SCS-CC2/cc-pVTZ optimized structures. For 

more details see text. 

lated with second-order approximate coupled-cluster theory (CC2) 

within the resolution-of-the-identity approximation in ref. [6] . 

5.2. Dipole moments 

5.2.1. Permanent dipole moment 

The experimentally determined dipole moment decreases from 

1.84 D to 1.74 D upon electronic excitation. This is a clear indica- 

tion, that the excited state is of L b -character, where the permanent 

dipole moment normally is equal or even smaller than in the elec- 

tronic ground state. The only exception, to use the change of the 

permanent dipole moment upon excitation of the singlet state as a 

sensitive indicator of the electronic nature of this excited state, was 

found for the molecules 2-cyanoindole and 6-methoxyindole [8,12] . 

Geometry changes, the TDM orientation and the orbital contribu- 

tions clearly indicate the experimentally observed state as an L b - 

state, but the change of the permanent dipole moment upon exci- 

tation implies an L a -character for this excited state [8] . 

The angle of the permanent dipole moment with the inertial a - 

axis slightly increases from +79.4 ◦ to +83.7 ◦ upon excitation, what 
is less than the predicted change from +71.9 ◦ to 80.7 ◦. 

5.2.2. Transition dipole moment 

The experimentally angle of the TDM, with respect to the in- 

ertial a -axis, was determined to be ±21 . 1 ◦(20). Referring to the 
uncertainty of 2 ◦ the experimentally determined value is in close 

agreement to the theoretical value of +16.1 °◦ at the SCS-CC2 level 

of theory. As it is well known, the sign of the angle θ between the 

TDM and the a -axis cannot be determined directly from the exper- 

imentally recorded spectra. The assignment of the sign of the ex- 

perimentally TDM was made on the basis of the theoretical value. 

Another method, to obtain the the sign of this angle, is the 

method of Hougen and Watson, where the wave functions of the 

excited state are rotated into the coordinate system of the ground 

state after diagonalization of the respective Hamiltonian. It is pos- 

sible to determine the angle of reorientation of the inertial axis 

system upon electronic excitation for planar molecules θT [42] : 

tan (θT ) = 

∑ 

i m i (a 
′ 
i 
b ′′ 
i 

− b ′ 
i 
a ′′ 
i 
) ∑ 

i m i (a 
′ 
i 
a ′′ 
i 

+ b ′ 
i 
b ′′ 
i 
) 

(2) 

Doubly primed coordinates refer to the principal axis system 

(PAS) in the electronic ground state and the singly primed coor- 
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Table 2 

Electronic nature of the lowest excited state, energetic shift relative to the L b origin of indole �E at 35231.4 cm 

−1 , TDM orientation θ , change of dipole 

moment upon excitation �μ, and excited state life time for various substituted indoles. The TDM angles θ are given with respect to the a -axis of indole for 

better comparison and have been determined experimentally under jet-cooled conditions. 

Molecule L a L b �E/cm 

−1 θ / ◦ �μ/D τ /ns Ref. 

Indole � 0 +39 −0 . 1 17.6 - [4–7,43] 

1-Methylindole � -693.4 - - 17.7 + I [9,20,44] 

2-Methylindole - - - - - 15.5 + I [44] 

3-Methylindole � -356.6 +46 - 13.8 + I [4,19,20,45] 

4-Methylindole - - - - - 16.2 + I [44] 

5-Methylindole � -875.5 +37 - 15 + I [19,20] 

6-Methylindole � -412.0 +32 −0 . 10 11.1 + I [this work] 

7-Methylindole - - - - - 15.0 + I [44] 

2,3-Dimethylindole � - - +0 . 5 6 + I [46–48] 

4-Fluoroindole � + 410.0 +87 −0 . 42 6.0 -I, + M [13] 

5-Fluoroindole � -895.5 ±47 −0 . 30 12 -I, + M [13] 

6-Fluoroindole � ( � ) - −12 +0 . 87 6.4 -I, + M [13] 

anti-4-Methoxyindole � - −62 −0 . 74 3.0 + M [12] 

anti-5-Methoxyindole � -2110.9 +32 −0 . 45 6.7 + M [12,49] 

anti-6-Methoxyindole � -1514.8 +44 - 4.3 + M [12,50] 

syn-6-Methoxyindole � -1283.3 +58 +0 . 57 4.5 + M [12,50] 

2-Cyanoindole � -1808.8 +43 +1 . 50 9.4 -I, -M [8] 

3-Cyanoindole � + 68.0 + 51 −0 . 50 9.8 -I, -M [11] 

4-Cyanoindole � - −28 +3 . 03 11.0 -I, -M [15] 

5-Cyanoindole � - −20 +1 . 03 12 -I, -M [16] 

syn-5-Hydroxyindole � -2558.3 +50 - 10 -I, + M [14] 

anti-5-Hydroxyindole � -2327.4 +39 −0 . 61 7.5 -I, + M [14,51] 

s-cis-Indole-4-carboxylic acid � - −76 - 3.7 -I, -M [52] 

s-trans-Indole-4-carboxylic acid � - −82 - 6.3 -I, -M [52] 

Carbazole � - −75 - 29.4 -M [53,54] 

Oxoindole � - −58 - 16 -M [55] 

dinates to the respective excited state inertial system. m i are the 

atomic masses. We obtain an axis reorientation angle θT of -0.4 
◦

using the PAS coordinates of SCS-CC2 optimized structures for the 

electronic ground and lowest excited state. Since the combination 

of θ negative and θT positive and vice versa had a better cost func- 
tion using an axis reorientation Hamiltonian than the combination 

of both angles negative or positive, we know that θ and θT must 
have different signs. Given that θT is defined geometrically from 

the optimized structures in both states, the sign of θ can be de- 

termined. The absolute orientation of the TDM vector θ with the 

a -axis is +21.1 ◦, as the inertial a -axis calculated in the SCS-CC2 op- 
timized structures rotates anticlockwise upon excitation. 

Relating to the results of indole the orientation of the TDM of 

6-MI is clearly that of an L b -state. In indole the orientation of the 

TDM vector points away from the hetero atom of the pyrrole ring, 

what is known from linear dichroism measurements [4] and from 

rotationally resolved electronic spectroscopy [5] . 

Table 2 gives the electronic nature (L a or L b ), the shift of the 

L b origins with respect to the L b origin of indole at 35231.4 cm 

−1 , 
the TDM angle θ , the excited state lifetime τ and electronic nature 

of the substituent (+M = positive, electron donating mesomeric ef- 

fect, -M = negative, electron withdrawing mesomeric effect, +I = 

positive, electron donating inductive effect, -I = negative, electron 

withdrawing inductive effect) for a series of differently substituted 

indoles. To make results comparable, the angle θ is not defined 

as angle between the TDM and the a -axis of the respective com- 

pound, but as angle between the TDM and the a -axis of the par- 

ent indole. This allows to compare the TDM angles of the different 

indole derivatives directly. Interestingly, there is no obvious con- 

nection between position of substitution, electronic effect of the 

substituent, excited state life lime and the electronic nature of the 

lowest excited singlet state. 

The only correlation that exists between the nature of the ex- 

cited state and an observable is the change of the permanent 

dipole moment upon excitation. In case that the excited state is an 

L b -state, the dipole moment changes are small to moderate neg- 

ative, i.e. the dipole moments in the excited states are slightly 

smaller than in the ground state. For the excited state being an 

L a -state, the dipole moment changes are large and positive. L a - 

state dipole moments are between 0.5 D (2,3-dimethylindole) and 

3.03 D (4-cyanoindole) larger than the corresponding ground state 

moment. 

The energetic shifts of the L b origins of the substituted indoles 

with respect to the L b origin of indole at 35231.4 cm 

−1 show a 

large range between a blue-shift of 410.0 (4-fluoroindole) and a 

red-shift of 2558.3 cm 

−1 cm 

-1 (syn-5-hydroxyindole). Neither sub- 

stitution position, nor electronic nature of the substituent show 

any correlation with the energetic shift. If one compares eg. 4- and 

5-fluoroindole the shift of +410.0 reverses to -895.5 cm −1 ,cm 

-1 al- 

though the substituent and therefore its electronic nature is the 

same. The same holds for a comparison of 2- and 3-cyanoindole 

(-1808.8 vs. +68.0 cm 

−1 ). 

6. Conclusions 

The lowest electronically excited singlet state of 6-MI could be 

identified as an L b -state. Referring to the experimentally deter- 

mined orientation of the transition dipole moment, the absolute 

values of the permanent dipole moments in the ground and ex- 

cited state, and the geometry changes for excitation to the lowest 

excited singlet state this assignment has been made. The fluores- 

cence lifetime of isolated 6-MI in the gas phase could be deter- 

mined from the Lorentz contribution to the Voigt profile of the 

rovibronic lines to be 11.1 ± 0.2 ns. 
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