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The deactivation process of excited 1-(dimethylamino)-9-fluorenone (1-DMAF) was investigated by means
of steady-state and time-resolved fluorescence spectroscopy. Fluorescence decay profiles for 1-DMAF, which
has a relatively short lifetime (several tens of picoseconds in low viscosity solvents at ambient temperature)
are much affected by the fluidity of the surrounding solvent. The lifetimes increase in glassy solvents at 77
K as well as with increasing viscosity. These results indicate that conformational relaxation by the
dimethylamino group plays an important role in the deactivation process of 1-DMAF. Detailed analysis of
the temperature dependence of the fluorescence lifetime revealed that the conformational relaxation process
has a very small intramolecular activation barrier (5.4 kJ/mol). Results of MO calculations suggest that the
dimethylamino moiety of 1-DMAF is pretwisted in the ground state and that the most stable structure in the
excited state is a twisted intramolecular charge transfer (TICT) state. 1-DMAF could be a new model molecule
that exhibits the TICT phenomena.

1. Introduction is not a TICT process but a planar intramolecular charge transfer

| . ited ¢ molecules having | lecul (PICT) process, in which the dimethylamino, which ha$ sp
Electronic excited states of molecules having intramolecular .o structure, converts to a planar2sgtructure to achieve

chlarg?_ tranﬁ‘ﬁ r excited j_tates lare ?Lfetct?d nbot 0n|3f1 by Stglverl]tintramolecular charge transfer without twisting of the dimethy-
relaxation of the surrounding solvent but aiso by contformational i, group® Other mechanisms, for example, the WRET

relaxation of the exc!ted molecule itself. Abovg aII,. it has begn (wagged ICT) model, in which the dimethylamino group wags
reported that the excited states of many aromatic dimethylamino ' . . . .
and in so doing forms a pyramidal structure in the excited state,

compounds deactivate efficiently by conformational relaxation e ; .
at thg dimethylamino moiety:4 O);le)(/)f the best-known typical and the RICT® (rehybridization ICT) model, in which the cyano
. group undergoes a change in hybridization in the excited state,

examples is the twisted intramolecular charge transfer (TICT) h Iso b d. To establish which hanism is valid
process of dimethylaminobenzonitrile (DMABN)? proposed ave aiso been proposed. 10 establish which mechanism IS vaiid,
2 theoretical calculatiofsand time-resolved vibrational spectros-
by Grabowski- .
copy*112 have been performed by several groups. Phillips et
al., have carried out a time-resolved resonance Raman study of
DMABN and its derivatives to distinguish between the TICT,
PICT, WICT, and RICT mechanisni$. They successfully
detected and identified the frequency of the phenyl-amino
stretching mode and observed the downshift of the mode, a result
that is well harmonized with the TICT mechanism. More

The conformational relaxation of DMABN has been rational-
ized by the twisting motion of the dimethylamino group toward
a perpendicular conformation, coupled with intramolecular
electron transfer to the aromatic ring in order to minimize the
orbital overlap between the cation at the dimethylamino moiety
and anion at the aromatic moiety. Also, the intramolecular
conformational relaxation process is complicated by the crossing . x
of the potential energy curves for the first singlet excited state examples are further required to understand the conformational

(Sy) and second singlet excited state)(8ue to a difference of relaxation phenomena in more detail, especially_ to establish
the degree of stabilization by the polar solvég10 whether the TICT model can be generally applied to other
At present, several mechanisms other than TICT have beenSyStems or not S )
proposed in order to explain the conformational relaxation of A Step toward simplification and further understanding of the
DMABN.6-9 Zacchariasse et al., for example, examined the conformational relaxation process is to separate the first singlet
fluorescence spectroscopy for many DMABN derivatives and €xcited state and upper excited singlet state to avoid the crossing
reported that the mechanism of the conformational relaxation and an interaction between the two excited states such as the
proximity effect!31*Molecules exhibiting strong intramolecular

* Corresponding author. E-mail: inoue-haruo@c.metro-u.ac.jp. charge .tranSfer (ICT) may be good pro_bes, because the_ first
fTokyo Metropolitan University. absorption band of such molecules consists of the ICT excited-
£ Hungarian Academy of Sciences. state only, and the energy of the ICT excited stat® (Ssuf-
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City University, 3-3—138 Sugimoto, Sumiyoshi, Osaka 558-8585, Japan. “ficiently separated from the second excited stag {Sneglect

TCREST (Japan Science and Technology). the interaction between the two excited statesai®l ).
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TABLE 1: Photophysical Properties of 1-Aminofluorenones at 298 R

EO—O kf leC kIC
compound solvent @ (109 7t (NS) (10t cm™) (10°s™) (1s 1s™?)
1-AF acetonitrile 5.7 2.3 2.16 25 4.2 0.045
EtOH 6.8 4.0 2.10 1.7 2.0 0.35
1-MAF acetonitrile 6.5 4.2 2.04 1.7 2.1 1.1
EtOH 6.4 2.8 2.01 2.3 2.0 1.4
1-DMAF acetonitrile 0.05 0.02 2.02 2.0 0.0 440
EtOH 0.05 0.02 2.01 2.2 0.0 480
aReferences 15 and 17.
R, R, function in all wavelength regions (48®50 nm). The deute-
R rium isotope effect on the fluorescence decay in ethanol was
o 1\N,R2 1AF H H measured with a femtosecond fluorescence up-conversion
system (CDP systems, FOG-100). The fundamental of a Ti-
Q O 1MAF H CH; sapphire laser (800 nm, 1 kHz,) was used to generate the second
harmonic (400 nm) in a BBO nonlinear crystal. The second
1IDMAF CHj, CH;, harmonic was used for excitation of the sample, and the

remaining fundamental was delayed and used as a probe beam
Figure 1. Molecular structures of the 1-aminofluorenones used in the to up-convert the fluorescence signal in the BBO nonlinear
present work. crystal. The up-converted signal, after passing through a
monochromator, was detected with a photomultiplier. The fwhm
For the past several years, we have been studying theof the instrumental response, estimated by cross-correlation, was
photophysical properties of aminofluorenones having ICT 200 fs. The sample cell (thicknessl mm) was rotated to avoid
excited state$>"!” The deactivation process of aminofluo- any heating effect. The concentration of 1-DMAF was .0
renones is strongly dependent on the type and substitution at10-4 M for all time-resolved emission measurements.
the amino group. We have already found that excited 1-DMAF  The microscopic viscosities of the solvents at various
deactivates efficiently via internal conversion, unlike other temperatures were measured by the fluorescence depolarization

1-aminofluorenones [1-aminofluorenone (1-AF) and 1-methy- method using perylene as a probe molecule. The procedure has
laminofluornone (1-MAF)], which deactivate mainly by inter- peen described elsewhéfe.

system crossing, as summarized in Tabfé-T. Molecular orbital (MO) calculations were performed with

De"?altio';s rf]romla ””ea:j correlation be“"’e%” thhe i%”iza“c,’“ MOPAC 97 (PM3, C. .= 6). The details of the optimization
potential of the electron-donating group and the absorption o oo e will be described in section 3.3.

maximum and the results of simple MO calculations both
suggest that the dimethylamino group of 1-DMAF suffers steric
hindrance from the carbonyl oxygen, and a conformational

relaxation process may play an important role in the deactivation 3 1. Confirmation of Conformational Relaxation. 3.1.1.
process of excited 1-DMAR*In this paper, we have extended  Rigid Sobent EffectSolute motions such as rotation are strongly
our investigation to confirm and discuss the conformational inhibited in a glassy solvedt Supposing that there is some

relaxation process by means of steady-state and time-resolve¢:onformational relaxation process, photophysical properties
fluorescence measurements and observation of their temperaturgnhould be much affected in a glassy solvent. From this point of

3. Results and Discussion

and viscosity effects. view, fluorescence spectra and the resulting lifetime of 1-DMAF
. ) were measured in ethanol at 77 K and compared with those at
2. Experimental Section 298 K. These results are shown in Figure 2 and Table 2. At 77

The structures of the 1-aminofluorenones used in this paperK, the fluorescence intensity was strengthened and the decay
are shown in Figure 1. The preparation and purification of these lifetime was much greater than that at 298 K. Such behavior
compounds were reported previoushAll solvents employed ~ was not observed for 1-AF and 1-MAF (Table 2). The
were spectrometric grade. fluorescence spectrum at 77 K showed a slight blue shift as

The absorption spectra were recorded on a Shimadzu UV- compared with that at 298 K. This shift is presumably caused
2100PC spectrophotometor, and the corrected fluorescencedy a restriction of solvent relaxation in the solvent glass.
spectra were measured with a Hitachi F-4010 spectrofluorome-Furthermore, we could observe phosphorescence in methyltet-
tor. The time-resolved fluorescence spectra were measured witHahydrofuran (MTHF) at 77 K, while the triplet yield measured
a polychromator (CHROMEX 2501S)-streakscope (Hamamatsu, at ambient temperature was negligible (Table 1). These results
C4334) system. The samples were excited by 450-nm light pulsestrongly suggest that there is a deactivation pathway that
from an optical parametric generator (EKSPLA, PV-401,420 involves a change of molecular conformation and is much more
650 nm, fwhm 25 ps> 1 mJ) pumped by a third harmonic of  €efficient than radiative decay or intersystem crossing at ambient
Nd:YAG laser (EKSPLA, PL2143B, 25 ps fwhm, 15 mJ, 5 Hz), temperature. The conformational change is inhibited at 77 K to
under time-correlated single photon counting conditions. The suppress the nonradiative decay and increase the relative
laser flux was adjusted by attenuation with neutral density filters contribution of a radiative process or intersystem crossing to
to avoid multiphoton absorption processes and nonlinear effects.the triplet excited state.

The control of solvent temperature was carried out with a  We have reported that the molecules having an ICT excited
cryostat (Oxford, ITC601). Fluorescence decay profiles after state deactivate efficiently through hydrogen bondfg?23.24

the time region of solvent relaxatiorr (0 ps) were almost same  Therefore, one may consider also that excited 1-DMAF in
among all wavelengths monitored. Consequently, the decayethanol deactivates partly via intermolecular hydrogen bonding.
profiles of all conditions were fitted by single-exponential Our recent study, however, reported that the degree of ICT
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Figure 3. Deuterium isotope effects on the fluorescence decay of
(b) 1-DMAF in ethanol: (dotted profile) in ethanol; (lined profile) in
77K deuterated ethanol (EtOD)Excitation wavelength was 450 nm.
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Figure 2. Fluorescence decay profile (a) and spectra (b) of 1-DMAF &
in ethanol at 298 and 77 K. Excitation wavelength was 450 nm. é"

Analyzed emission wavelength was 48860 nm. [1-DMAF]= 1.0
x 1074 M.

0

TABLE 2: Fluorescence Lifetimes of 1-Aminofluorenones at 23S - 1

77 and 298 K (RT) gg RN 2

lifetime in ethanol (ns) 248 2o 3

Mo AR 4

compound 298 K 77K
1-AF 4.0 2.7 Time ( 250 ps / div)

igGiF ggz 32 Figure 4. Eluorescence decay profiles of 1-DMAF at ambien_t
1-DMAF(in MTHF)?2 0.03 28 temperature in glycerin, ethylene glycol, and their mixtures: (1) glycerin

(y = 566 cP); (2) glycerin/ethylene glycet 4:1 (y = 168 cP); (3)

a|n methyltetrahydrofuran. glycerin/ethylene glycok 2:3 (3 = 50.0 cP); (4) ethylene glycok(

. . . = 18.9 cP). Excitation wavelength was 450 nm. Analyzed emission
estimated for 1-aminofluorenones is not so large compared towavelength was 486650 nm. [1-DMAF]= 1.0 x 104 M.

that for the other aminofluorenones, and thus the deactivation

rate is not greatly affected by hydrogen bondiAddoreover, 4
we observed almost no deuterium isotope effects on the 5
fluorescence decay of 1-DMAF in ethanol-O-H and ethanol-
O-D (Figure 3). This result clearly indicates that deactivation
induced by hydrogen bonding does not affect the excited
1-DMAF at all.

3.1.2. Salent Viscosity Effectdf the deactivation process o
of 1-DMAF is governed by some motion of a certain atomic 1F
group, the motion should also be influenced by the solvent &59
viscosity. To verify the existence of conformational relaxation, 0 e
the solvent viscosity dependence on the fluorescence lifetime 0 0.01 0.02 0.03 0.04 0.05 0.06
was examined at 298 K. As described later, the photophysical 1/m (P
properties of 1-DMAF are also affected by solvent polarity. To Figure 5. Correlation between deactivation rate of 1-DMA &nd
exclude the effect of solvent polarity, ethylene glycol and the reciprocal of the viscosity ().
glycerin, which have different viscositieg &t 298 K: 18.9 cP
for ethylene glycol and 566 cP for glycerin), and similar polarity depolarization of perylene. The results are shown in Figures 4
(dielectric constant at 298 K: 37.7 for ethylene glycol and 42.5 and 5. All of the decay profiles were fitted by single-exponential
for glycerin) and their mixtures were used for the measurements.functions. The fluorescence lifetimes showed an increase with
The viscosity of each mixture was estimated by the fluorescenceincreasing viscosity. All of the results thus indicate that the
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Figure 6. Fluorescence decay profiles of 1-DMAF in ethanol at 160 N‘)F r) A~

K (1), 190 K (2), 230 K (3), and 260 K (4). Excitation wavelength ' g = Moving into Free Space

was 450 nm. Analyzed emission WaVeIength was 4680 nm. —_— ) —= Intramolecular Barriar

[1-DMAF] = 1.0 x 104 M. A E» ( LA/ —+ Solute-Solvent Interaction
AN/ - /

efficient deactivation of the excited 1-DMAF is induced by i ) )
conformational relaxation of the molecule. This result clearly Q Solute (Dimethylamino group)

indicates that the deactivation of 1-DMAF is strongly governed (O Solvent

by solvent viscosity. Judging from the molecular rigidity of the Figure 8. Diffusion process proposed for a microviscosity model that
fluorenone skeleton, the motion of the dimethylamino group includes two processes (making free space and moving into the free
must be responsible for the conformational relaxation. space; see ref 22).

3.2. Activation Energy for Conformational Relaxation.
3.2.1. Temperature Dependence on Fluorescence Lifetime.
Figure 6 presents fluorescence decay profile changes of
1-DMAF in the temperature range 16298 K in ethanol. From
this figure, it can be seen that a temperature decrease leads t
an increase of fluorescence lifetime. On the other hand, the
absorption spectra did not show particular changes other than
slight red shift (<4 nm) due to solvent polarity change and
absorbance change with the change of solvent expansion in thisC
temperature range (16298 K). The decay profiles could be
fitted by single-exponential functions, and the time constants
obtained by the fitting can be regarded as conformational
relaxation times, because the 1-DMAF lifetime is almost
completely governed by the conformational relaxation, and the
other deactivation rates (radiative decay and intersystem cross
ing) are small enough to neglect compared to the conformational
relaxation time [see section 3.1 and Table 1: even the shortes
decay at 165 KK = 3.8 x 10° s71) as shown in Figure 6 is
much faster than the radiative decdy £ 3.8 x 10° s 1)]. In
this case, the deactivation rate can be closely correlated with
the diffusional motion of the solute represented as a diffusion- kn
controlled process. Supposing that the diffusion process follows T~
Stokes-Einstein behavior (eq 1), the deactivation rate should
be proportional to the temperature and inversely proportional Here,E;, andE; are the activation energies for each process in
to the viscosity. Figure 7 and R is the gas constaBi.in eq 2 corresponds to

the activation energy of the viscosity and can be obtained easily
K= AT 1) by use of an Arrhenius-type equation (eq 3).

n
n=n'expE,/RT) ®3)
Here, k, , T, and A are the deactivation rate constant of
1-DMAF, the solvent viscosity, the solvent temperature, and a Here,#' is the viscosity at infinite temperature. To obtain the
constant, respectively. However, the plots of deactivation rate activation energy of viscosityg;) in ethanol, the viscosity was
constant vs temperature divided by viscosityjidid not show estimated by the fluorescence depolarization methbg use
a linear relationship (Figure 7). The deviation from eq 1 suggests of perylene as a probe. An Arrhenius-type plot for solvent

that a more microscopic interpretation should be applied to
obtain a more correct description of the conformational relax-
ation process. Therefore, the decay rate constant was analyzed
by taking the free volume concept into consideration.

0°3.2.2. Concept of the Free Volumihe treatment of the free
volume in the diffusion process is reviewed by Birks et?dh
Hetail. In this paper, we give only the essence.

When microscopic and macroscopic friction are taken into
onsideration, the rotational and translational diffusion process
should include two processes: (a) a process by which the
surrounding solvent makes free volume, and (b) a process by
which the dimethylamino group moves into the free space
created by the surrounding solvent molecules (Figure 8). The
former process should strongly depend on solvent viscosity, and
the latter process should be dependent on the interaction between
solvent and solute (dimethylamino group) and the intramolecular
factivation barrier. In this case, the deactivation rate of 1-DMAF,
which is equal to the rotational diffusion rate of the dimethy-
lamino group, is expressed by eq 2:

A+ B expE, — E,)/RT) )
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6 TABLE 3: Solvent Decay Rate Constant and Solvent
Properties (298 K)
° solvent 7 (cPp e k (100 s7Y)e
4r o benzene 0.60 2.27 3.2
G butyronitrile 0.60 24.8 4.0
= ethanol 1.08 24.6 4.8
L 1-octanol 7.36 10.3 1.7
1,4-butandiol 71.5 30.2 15
ethylene glycol 18.9 37.7 3.4
(o]
. . . aSolvent viscosity (ref 19) Dielectric constant (ref 19¥. Deacti-
8_003 0004 0005 0006 0.007 vation rate constant (reciprocal of fluorescence lifetime).
1/T (K"

Figure 9. Arrhenius type plot for the viscosity of ethanol.

23 non-polar solvent (np)
0] D H O N + polar solvent (p)
< »
~21 K\- ;!..-
= " AE, < AE
P ' p < A
E , kop < kp
S 1 1 ”
18 L L . Figure 11. Potential curve of the conformational relaxation process
0003 0004 0005 0006 0.007 of 1-DMAF excited in polar and nonpolar solventsE, andAE,; are
1/T XM the activation energy for conformational relaxation in the polar and
Figure 10. Arrhenius-type plot for the conformational relaxation of ~nonpolar solvents, respectively, andks, denote deactivation rate in
1-DMAF taking the microdiffusion process into consideration. polar and nonpolar solvents, respectively.

viscosity obtained by the fluorescence depolarization method _3-3. The Properties and Structure after Conformational
is shown in Figure 9. The logarithm of viscosity showed good Relaxation. 3.3.1. Salent Polarity and Hydrogen Bonding
linearity with the reciprocal of temperature. This indicates that Effects.The property of the state after conformational relaxation
the depolarization process of perylene is not affected by the an be discussed in terms of a solvent polarity effect on the
latter process, in which the perylene moves into free space andfluorescence decay rate. The decay rates of 1-DMAF in several
is determined only by viscous flow of the surrounding solvent. Solvents are shown in Table 3. From Table 3, it can be seen
The activation energy obtained by the slope in Figure 9 (15.5 that the decay rate was affected not only by solvent viscosity
kd/mol) thus can be employed as the activation energy of but also by solvent polarity and hydrogen bonding ability (see
viscosity. the results in benzene, butyronitrile, and ethanol). This result
3.2.3. kaluation of Intramolecular Actiation Energy.Ac- suggests that as _Compared with benzer_le, increasing solvent
cording to eq 2, the logarithm d6;/T — A was plotted vs the polarity (but_yronltrlle_) ar_ld hydrogen bonding (et_hanol) lead to
reciprocal of temperature by choosing the vafudhe results a d_ecrease in t_he activation energy for conformatlona_l relaxation.
are shown in Figure 10. The good linearity of the plots with This behavior is expla_uned based on the interpretation that the
the value ofA = 1.1 x 107 (cP/K-s) supports the validity of eq ~ State after conformational rglaxatlon is stabilized by a polar
2. SubstitutingE; estimated from eq 3 into eq 2, we obtain an Solvent, and hydrogen bonding at the carbonyl oxygemd
E, value of 5.4 kd/mol from the slope. As mentioned above the degr.ee of the stqblllzatlon is greater than that of th_e initial
(section 3.2.2), the activation enerfyis independent of solvent ~ ICT excited state (Figure 11). Based on the speculation that
viscosity and dependent on the intramolecular barrier and thethe state after conformational relaxation should have a larger
interaction between the dimethylamino group and the solvent dipole moment than the initial ICT excited state, the relaxed
(ethanol). It is expected that the interaction between the Stateis probably an intramolecular charge-separated (ICS) state,
dimethylamino group and ethanol should be small, because mostvhere the intramolecular charge transfer from the nitrogen atom
of such an interaction is nonspecific and thus weak. A possible to the carbonyl oxygen is more distinct and complete charge
specific interaction, e.g., hydrogen bonding between the lone Separation is established by the rotation of the dimethylamino
pair of the dimethylamino nitrogen and the alcohol proton, 9roup.
becomes rather small by intramolecular charge transfer transition In this study, emission of the state after conformational
from the dimethylamino nitrogen to the carbonyl oxygen. relaxation could not be observed. To explain this result, the
Therefore, 5.4 kJ/mol oE, should correspond mainly to the following hypotheses were considered: (1) the energy of the
intramolecular activation barrier for conformational relaxation, conformational relaxation state is so stabilized that radiationless
and the results obtained from egs 2 and 3, and Figures 9 anddeactivation is promoted according to the energy-gap’fe(®)
10 suggest that the intramolecular activation energy of 1-DMAF radiative decay is forbidden by the collapse of the symmetry
for conformational relaxation is rather small. Such a fast of 1-DMAF after conformational relaxation at the dimethy-
deactivation process dependent on solvent viscosity is similarlamino group; and (3) the potential energy curve ptisses
to that reported for the molecular propeller triphenylmethane that of §, and a nonadiabatic transition from the conical
dyes?”28 The mechanism of ultrafast decay of the triphenyl- intersection may occf.To evaluate these hypotheses, transient
methanes has been well explained in terms of a barrierlessabsorption studies and ultrafast spectroscopic studies are now
potential?® in progress.
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H cw rotation(—)
-90 deg

+270 deg '
JEENY — L
10— 0 Dipole =3.6 D
5 g Charge (N) =-0.01
£ s H-105 ; (0)=-033
= 3 Figure 13. Optimized structure of 1-DMAF estimated by MO
g 90 | %0 § calculations in the ground and excited state.
= 2
£ o5 S4(¥) 17 £ in dicular direction wi
g 7 Z perpendicular direction with respect to the fluorenone plane.
g 6 2 To estimate an activation energy for the conformational
=60 S1(X) relaxation from ¥Y) to Sy(X), the potential energy change was
?é e N N 2 § estimated for a reaction pathway_ofastraightforward (_:onversion
TS T RN g Y ) demee from S(Y) to S;(X) on the potential surface of the excited state
@ Angle / degree B Ang

indicated in Figure 12. Figure 13 shows the reaction pathway.
Figure 12. Definition of dihedral angled, ) and correlation between ~ Excitation of the pretwisted ground state to the excited Franck
heat of formation and dihedral anglg)(at each fixed (see in text). Condon state leads to the(8) state in a shallow local minimum
Si(X) is the minumum giving the lowest heat of formation, an@\§ that allows the further relaxation to the more stable staf¥)S
is the nearest local minimum to the ground state (Fras@indon state). ith an activation energy of 2.0 kJ/mol, which is comparable
'rrehsepzkgﬁ\rlz\l/;/?nons cw and cew indicate clockwise and counterclockwise, to the experimentally obtained value of 5.4 kJ/mol. Substantial
o increases in the dipole moment and the negative charge on the
3._3.2. Estlmatu_)n of the Most Stab_le Structure after Confor- carbonyl oxygen and the positive charge on the dimethylamino
mational Relaxation by MO Calculatiods shown above, the  hitrogen in the twisted structure{&)] indicate that the twisting
existence of an ICS state generated by conformational relaxation,s he dimethylamino group is coupled with the intramolecular

was proposed on the basis of the experimental results. TOgectron transfer. Figure 13 clearly shows that the structure of
estimate how the dimethylamino group changes conformation yhe |Cs state after conformational relaxation is a TICT state.
and what the conformation of the ICS state is, semiempirical Recently, an interesting rotational relaxation behavior of

(PM3) MO calculations were perfp rmed for the groung).(z&d 1-dimethylaminonaphthalene has been reported, where a pretwist-
excited states ($ The conformational change of the dimethy- ed dimethylamino group in the Franecondon state reverts

Iam||no gr?up Wati retpresen:ﬁdl by changt::‘s 'r:] ?? t;/\r/]o d'.?edralto a planar position to induce an efficient deactivatid#: The
angles between the two metny! groups attached 1o the Nirogeny a5 ctjyation induced by the rotational relaxation was explained

and t?.e fl(;mf[efgr(‘f rmgfx( andﬁf in Figure 13 (‘jl’hea Va“éef in relation to the potential energy surface-crossing. The rotation
were lixed & iscrete positions (every €grees bEWeen;, this case is in the reverse direction to that for the TICT

—2r and—l(?‘?"_), af‘d th? heat of formatior_l was evaluated_ by phenomena. The compound used in the present work, 1-DMAF,
structural optimization without any constraints except the fixed however, exhibits a rotation to a completely twisted form, with
values ofo ands. The angle was varied gradually with respect a more highly charge-transferred (charge-separated) state as

tq gach value_o_fx (Figure 12). At the pair obx 3”0.“ \(alues described above. 1-DMAF, thus, provides a well-defined model
giving the minimum heat of formation, optimization was for understanding the TICT phenomena

performed again without any constraint, and the structure Aminofluorenones include a large number of derivatives and

?ot;t?]gedr(\)/ﬁsdt?gnaggnes;gﬁ;%dsigtgs {tsh(e) irrr]mFsit jﬁgbllz]sﬁ:]ucmr%hus studies of other fluorenones, having various substituents
g 9 ’ at various positions (e.g., 4-dimethylaminofluorenone and
the ground state, the most stable conformation was revealed to

o _ . . 4-pyrrolylfluorenone) and the comparison of their behavior with
be ata = — 80° andﬁ = 149, namely, the dimethylamino that of 1-DMAF, will provide sufficient information and
group 1s pretwisted with respect t_o the fluorenone_ pIane._For explanation for the mechanism of conformational relaxation.
the excited gstate, the MO calculation afforded very interesting Aminofluorenones could be good probe molecules for under-
and suggestive information about the conformational relaxation. standing TICT phenomena
Two local minimum points [Y) and S(X)] were distinctly '
observed, as shown in Figure 12. Thg€\3 state, which is the
nearest local minimum to the ground state, has almost the same,
conformation of dimethylamino group, with = — 77° and
= 151°, with that of the ground state. The statg\9, thus,
should be nearly the FranelCondon excited state. Another
local minimum point $X), which is more stabilized than;S
(Y), has an almost perpendicular conformation of the dimethy- (1) Grabowski, Z.; Dobkowski, Pure Appl. Chem1983 245.
lamino group with respect to the fluorenone plane — 87° (2) Rotkiewicz, K.; Grellmann, K. H.; Grabowski, Z. @&em. Phys.
and 8 = 87°). Since the state8Y) is situated on a shallow tﬁﬁiﬁgzgég's?;lf' Rotkiewicz, K.; Grabowski, Z. R.; Krowczynski, A.
minimum potential surface, the excited 1-DMAF would be (3) Rettig, W.: Lippert, EJ. Mol Struct.198Q 61, 17.
expected to slide down easily to the more stable minimum point,  (4) Rettig, W.Angew. Chem., Int. Ed. Engl986 25, 971.

(S1(X), where the dimethylamino group is completely twisted (5) Rotkiewicz, K.; Rubsdzewska, \&hem. Phys. Letl98Q 70, 444.
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