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Time-Resolved Study of the Triplet State of 4-dimethylaminobenzonitrile (DMABN)
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Nanosecond time-resolved resonance Raman spectra of the triplet states of DMABN, DMARNdd
DMABN —N? have been obtained over the frequency range from 700 to 2308 &sotopic shifts identify

modes associated with the dimethylaniline subgroup. There is no significant difference between spectra recorded
in polar and nonpolar solvents implying that the lowest triplet stitg 6tate has only one form. Our results
characterize it as planar or near planar in structure, with a high negative charge localization on the cyano
group and a substantial loosening of the ring skeleton with conjugation extending to the amino group.
Nonradiative deactivation of the singlet intramolecular charge transfer 819 through intersystem crossing

is discussed in relation to the transient absorption spectra.

Introduction conformation of the dimethylaniline subgroup. Frequencies of
the amino nitrogen-phenyl ring stretching moa#&gh-N)) and

ring modes, such as=€C stretching vibrations, are essential in

the evaluation of its bonding configuratiéh?® The lack of
structural data has led to some controversy for both the triplet
geometry (planar or TICT) and the ISC mechanism. In this
paper, we present and discuss resonance Raman and transient
absorption data that directly resolve these issues.

Since its discovery in 1954 the solvent dependent dual
fluorescence of DMABN (4-dimethylaminobenzonitrile) has
been interpreted in terms of an intramolecular charge transfer
(ICT) reaction from a Locally Excited'(E) state to artiICT
state that occurs only in polar solvedtEhe ILE andICT are
singlet states emitting the normal and anomalous red fluores-
cence, respectively. The electronic and geometric properties of
these states have been verified by extensive experiniehtal
and theoreticdi 12 investigations. ThéLE state was found to

have conjugated planar chara¢te}®*:*%and a dipole moment Nanosecond-TR spectra were obtained using a system
of 10 D,*® and the electronic decoupling TICT (Twisted ICT)  described previousl§¢ The sample was pumped by a 308 nm
model for the highly polar (17 B} 1CT state was recently  excimer laser pulse and probed at 532 nm using the second
confirmed by picosecond Kerr gated time-resolved resonanceharmonic output of a Nd:YAG laser. Pump and probe energies
Raman (ps-K-TR spectroscopy and time-resolved infrared  \vere between 0.5 and 1 mJ, and the repetition rate was 10 Hz.
(TRIR) studies performed by several grodp$.We therefore  The laser beam was loosely focused(5 mm beam diameter)
designate théICT state asTICT in the text below. onto a quartz sample tube (3 mm diameter) and light scattered
The triplet state has also been extensively studied experi-at 9¢ was imaged onto the spectrograph slit. To reduce
mentally**>2° and theoretically:**?*23 Intersystem crossing  fluorescence background (40600 nm, ~3 ns lifetime) of
(ISC) has been shown to be the principal nonradiative deactiva-pMABN appearing in methandi?” a gated G-SMA diode
tion channel for singlet states, irrespective of solvent polar- array detector was used to obtain the3&pectrum shown in
ity.161820Most of these studies suggest that the lowest triplet Figure 2(b). The gate width was 50 ns witfb ns rise time
state £T1) of DMABN has a planare* state nature and only  and jitter. To enable direct comparison, the same detector and
this non-ICT triplet state is active in thd; — S ISC and  conditions were used for the spectrum of DMABN in hexane

Experimental Section

phosphorescence proces$es??2% However, this view is i Figure 2(a) although the fluorescence background is small
challenged by TRIR studies performed by Hashimoto and in this case. Figure 3 shows hexane spectra for DMABN and
Hamaguchi which identify &TICT state in polar solveritThe isotopically substituted DMABN recorded with better resolution

electronic and structural properties of ik, state and their  ysing a more sensitive nitrogen-cooled CCD detector. Spectra
sensitivity to solvent polarity thus remain unclear. In particular, were accumulated over 2000 min with pump only and probe

no vibrational bands 0fT, have previously been reported, other  only spectra being subtracted. The solution was circulated during

than the &N stretch? Although the frequency of this mode  the experiments, and argon was bubbled through the reservoir
reflects the extent of negative charge localization on the cyanoto remove oxygen. UV absorption measurements before and
group;*’#it alone cannot be used to determine the structure of after sample use revealed no degradation. Similar spectra were
the excited state of DMABN, which is mostly related to the optained using nitrogen bubbling but oxygen bubbling quenched

the Raman signal. Acetonitrile Raman bands were used to

*To Whom Correspondgnce Should_ be Addressed. E-mail: c.ma@ic.ac.uk. calibrate the TRspectra with an estimated accuracytf et
T Department of Chemistry, Imperial College.

#Central Laser Facility, CLRC Rutherford Appleton Laboratory. in absolute frequency. The spectra are not corrected for
8 Department of Physics, Clarendon Laboratory. variations in throughput and detector efficiency.

10.1021/jp004497a CCC: $20.00 © 2001 American Chemical Society
Published on Web 04/20/2001



Time-Resolved Study of DMABN

308 nm pump
Hexane
0.02 |

532 nm probe Methanol

240 260 280 300 320

Wavelength (nm)

3000 ps 340

AO.D.

0.01

1000 ps

o

400 450 500 550

Wavelength (nm)
Figure 1. Transient absorption spectra of DMABN in ethanol obtained
with 267 nm excitation. The inset displays ground-state absorption
spectra of DMABN in hexane and methanol.
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Figure 2. Time-resolved resonance Raman spectra of the lowest triplet
state of DMABN in hexane (a) and methanol (b) obtained by using
gated G-SMA diode array detector with 308 nm pump and 532 nm
probe wavelengths at 100 ns delay time.

Transient absorption (TA) was measured using the arrange-

ment described in ref 4, with a pump wavelength of 267 nm,
under “magic angle” conditions.

Spectroscopic grade solvents were used as received. Com

mercially available DMABN was recrystalized three times
before use. DMABN-g and DMABN—N?® were synthesized
according to refs 13, 28, and 29, and the purity was confirmed
by NMR and mass spectroscopic analysis. Sample concentra
tions were +5 x 1072 mol dm3 for the TA and TR
experiments.

Results

I. Transient Absorption Spectroscopy. TA spectra of
DMABN in ethanol from 400 to 700 nm recorded at various
delay times are displayed in Figure 1. A broad band peaking at
~550 nm grows in as the420 nm peak decays on a time scale
extending to 3 ns. An isosbestic point @450 nm indicates
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Figure 3. Time-resolved resonance Raman spectra of the lowest triplet
state of DMABN (a) and DMABN-N*® (b) and DMABN-¢ (c) in
hexane obtained by using CCD detector with 308 nm pump and 532
nm probe wavelengths at 50 ns delay time.
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also observed in nonpolar solvéfitenable the~550 nm band
observed here to be attributed to triptétiplet absorption from

the 3T, state of DMABN. The TR probe wavelength was
therefore chosen to be 532 nm. Ground-state absorption spectra
of DMABN in hexane and methanol are shown in the inset.
Pump and probe wavelengths are indicated by arrows.

The time-dependence of thdICT to °T; conversion is
consistent with the~2 x 10® s71 ISC rate constant reported
before and found to be only slightly dependent on solvent
polarity, being 2.15< 1% and 1.36x 10® s~ in heptane and
acetonitrile, respectivel}-2° Because the-550 nm3T,, — 3T,
absorption band observed here is consistent with*The-3T;
band recorded on ns to ms time scales by Waagd Kdler
et al.18 it is important to point out the precursesuccessor
relationship between tHEICT and®T; state in polar solvents.
This rules out the possibility of other transient species partici-
pating in the!TICT—3T, ISC process and is in good agreement
with the results of Okada et.& who measured the temporal
evolution of the othePT,—3T; absorption band maximum at
~370 nm. It is also consistent with the proportionality of the
intensity of the triplet &N TRIR band to the amount of the
ITICT staté (although, as discussed below, we find no evidence
for the 3TICT structure proposed by these authors).

Il. Time-Resolved Resonance Raman Spectroscogyigure
2 shows TR spectra of DMABN in hexane (a) and methanol
(b), recorded at 100 ns delay time (the spectra obtained at 50
ns delay time were identical). All transient Raman bands

decrease and eventually disappear with oxygen bubbling.
Considering also the transient absorption results for DMABN
in polar solvent, it is clear that only thd; state is populated

at 100 ns delay time in both solvents. We therefore attribute
the spectra in both solvents to the triplet state.

The resemblance seen in Figure 2 between the spectra in the
two solvents is striking evidence that the same state is formed
in both. We find that DMABN-@ spectra are also independent
of solvent. Because tH&E and'TICT states dominate at early
times in hexane and metharfaY, respectively, both are precur-

conversion between two distinct states. Picosecond measuresors of the same triplet state. The2040 cnt?! frequency of

ments in polar solvent by Okada etléland ourselvesmake it
straightforward to attribute the-420 nm band to'S,—'S;
absorption from the!TICT state. Laser photolysidT,—3T;
spectra of DMABN in ethanol presented by lder et al.l®
which show two bands peaking-a870 and~550 nm, the latter

the =N band coincides with the TRIR =N frequency
recorded by Hashimoto and Hamaguchi in butanet 400 ns
delay time’ and we conclude that we are probing the same state
here, in both methanol and hexane. However, Hashimoto and
Hamaguchi observe only one unusually broad and low intensity
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TABLE 1: Frequencies (in cm?) and Assignments of Raman Bands Observed for the Lowest Triplet State of DMABN and Its
Isotopic Substituted Equivalent$

tentative Ty 'S 'TIcT*
assignment DMABN DMABN-N15 DMABN-ds DMABN DMABN
C=N 2035 (1.00) 2035 (1.00) 2033 (1.00) 2210 2095
ring C=C (8a) 1564 (1.10) 1562 (0.90) 1562 (0.87) 1600 1580
ring C=C (8b) 1513 (0.08) 1510 (0.07) 1513 (0.08) 1544
O%vie 1481 (1.13) 1475 (0.86) 1482
ring C=C (19a) 1441 (0.63) 1438 (0.62) 1442 (1.62) 1525
O%vie 1422 (0.15) 1422 (0.17) 1132 1446, 1417
v(ph-N) 1361 (0.43) 1349 (0.65) 1360 (0.69) 1370 1281
v(ph-CN) (7a) 1219 (0.17) 1218 (0.15) 1221 (0.16) 1227 1221
ring CH in-plane bending (9a) 1170 (0.23) 1168 (0.21) 1163 (0.07) 1180 1170
PMe 1150 (0.47) 1149 (0.36) 1014 (0.12) 1162 1116
' pSMe 1120 1118 918 (0.24) 1124
1086 (0.279 1080 (0.109
v (NCy) 937 (0.15) 933 (0.17) 808 (0.05) 943 907
902 (0.06Y 898 (0.06)
852 (0.10% 849 (0.05) 850 (0.04Y

a Relative intensities are indicated in parentheses. Frequencies (i ahiRaman bands of the ground atidCT state are listed for comparison.
bRefs 14, 30°¢ Ref 14.9 Bands are weak features with uncertain assignments.

IR absorption band in hexane,aR000 cnt?. As they observe DMABN bands are attributed to the methyl deformation
the 2040 cm! band only in polar solvents (butanol) and find it  vibration ©Sve).243%32 Identification of the 1014 crit DMABN-
to be sensitive to the presence of oxygen, they conclude thatds band as the counterpart of the 1150 @ndDMABN band
the band stems from a second distinct triplet species. At this and attribution to the methyl group rocking modei) is
stage, we are unable to comment further on the TRIR observa-straightforward: it appears at 1166/1033 ¢nfior DMABN/
tions in hexane as we fail to make similar observations. Our DMABN-dg in $,.1430 Assignment of the 918 cm band in
TR? results indicate that the same triplet species is present in DMABN-dg is rather tentative. Correlation with the 937 ©m
both polar and nonpolar solvents and this is similar to the one DMABN band ¢(NC,), see above) is hardly reasonable because
Hashimoto and Hamaguchi observe in butanol. a downshift of~110 cnt! is expected in & as observed on
The Raman bands can be seen in greater detail in Figure 3,going from DMABN (943 cm?) to DMABN-dg (835 cn1?).
where a more sensitive detector was used to obtain spectra ofThis band is assigned provisionally to another methyl rocking
DMABN, DMABN —N5 and DMABN-d in hexane. These are  mode (oSve) by analogy with DFT calculated bands 866
shown in Figures 3(a), (b) and (c), respectively. Fits to (observed at 898 cm)/1105 cn?! of the § of DMABN-d¢/
unconstrained Lorentzians gave the band frequencies and relativé®MABN. 30 This assignment is also supported by the Raman
intensities listed in Table 1. Frequencies of the corresponding bands recorded at 911/1130 chnfor the closely related
bands of the ground ¢Band!TICT states of DMABN are listed ~ compounds DMA-¢DMA (dimethylaniline)?* The DMA as-
for comparison. On the basis of Figure 2, it is assumed that signments were confirmed by theoretical calculati®nk. is
any solvent dependence is small enough to be neglected. Theprobable that the weak shoulders~at120 cnt? in DMABN
assignments listed in Table 1 are based on vibrational analysesand DMABN—N? (Figure 3(a) and (b)) can be assigned to the
of the S by Okamoto et al? Schneider et af! Gate et af? same mode. Weak features-at087, 902, and 852 cr will
and also on our recent ps-K-FfRata for the same isotopically  not be discussed here.

substituted compound$ As vibrational coupling is extensive, Sensitivity to methyl group deuteration similar to that seen
the assignments indicate the dominant contributions. in Figure 3 has been observed in the 8a@00 cn1! region in
Intense bands at2035,~1564,~1441,~1219,~1170 cnT?! several dimethylamino aromatic compourd$2425>For ex-

(shoulder) and a weak shoulder-at513 cnt! are common to ample, thevS(NC;) mode of DMABN (937 cm?) is not

all the three compounds and insensitive t Slbstitution and observed in DMABN-g. The same behavior was seen in TR
amino methyl group deuteration. With the exception of the study of the triplet states of AN(N-dimethylamino)biphenyl
~2035 cnt! C=N vibration, these are therefore attributed to (DMAB) and DMAB-d¢3® and was explained in terms of
local phenyl ring modes. The strong features are assigned topotential energy redistribution of related modes upon deuteration
totally symmetric ring vibrations described consecutively in of the methyl groug#2>

Wilson notation as 8a, 19a, 7a and 9a, and the weak feature at

~1513 cn1lis assigned to Wilson 8b. Comparing Figures 3(a) Discussion

and (b), it is clear that only two bands, 1361, 937 épmare

sensitive to amino N substitution, showing-12 and~4 cn! I. Electronic and Geometric Property of the Triplet State
downshift, respectively, on going from DMABN to DMABN of DMABN. The frequencies of the=£N, »S(ph-N) stretches
N.1® Considering also the assignments and isotopic shifts and ring G=C stretch modes such as Wilson 8a, are important

observed in §'**they can be confidently attributed to th& in determining the DMABN structure. The first provides direct
(ph-N) and the amino group nitrogemethyl stretching - information on the extent of charge localizatibh®the second
(NC2)) modes, respectively. relates to the conformation of the dimethylaniline part (planar

The bands at 1481, 1422, 1150, 937/1475, 1422, 1149, andor twisted)814.24.2533and the third reflects the structure of the
933 cnt!in DMABN/DMABN —N15 are replaced by two bands  ring skeletor?14242533The basic electronic and geometric
of moderate intensity at 1014 and 918 ¢hin DMABN-de. structure of®T; can be inferred by comparison of thg;
The sensitivity to methyl group deuteration associates them with frequencies of these modes with those in states whose structure
vibrations of the amino methyl group. The 1481 and 1422%tm is known. We take the iSand 'TICT for reference because
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frequencies are availaBfe®® and thelTICT is directly related results of several recent theoretical investigatibHs21221n

to 3T; via ISC in polar solvent$>18 structural studies of théT; states ofpara-disubstituted and
The structure of crystalline DMABN has been determined monosubstituted benzenes, Malar et al. found thatThstates
by X-ray analysis to be slightly nonplanar with11° wagging have appreciable quinoidal character and less aromatic nature

angle34 However, Gorse et df have suggested that the effect than the corresponding, States’” 38 The indication for this is

of solvent polarity on the &dipole moment indicates a planar the pronounced enlargement and quinoidal deformation of the
structure in the solution phase_ The frequencies of typ|Ca| sing|e ring. Our result is consistent with this. We also note that Poizat
and double &N bonds are~1200 and ~1600 cnrl35 et al. have reported similar resonance Raman frequencies of
respectively, so that the 1370 cnt? »S(ph-N) frequencif3° bands related to the amino group, such as/{gh-N), v(NC5)

in S implies significant double-bond character and a high bond andp‘ve modes observed here and also downshifts of the ring
order for ph-N; oz conjugation is therefore extensive i§.%25 C=C stretching frequency for th&; states of DMAB? and

On the other hand, th&TICT in methanol was found to be ~ N,N,N',N'-Tetramethylbenzidine (TMB}? A planar or near
twisted, with full charge transfer from the amino to the Planar structure with quinoidal character was suggested. For

benzonitrile subgroup being indicated by 60 cnt down- the 3T, state of DMABN, the ring quinoidal character is possibly
shift of thevS(ph-N) on going from the §o ITICT (1281 cnt?), indicated by the observation of a substantially larger downshift
and by the resemblance o= and phenyl ring local modes ~ Of the Wilson 19a {84 cnt*) than 8a (-36 cnT*) on going
frequencies ifTICT to those found in benzonitrile aniéri#It from the $ to 3Ty, because they are dominated bys&=Cortno

was proposed that the transferred charge was delocalized oveRNd Grinc=Cmeta Stretching vibrations, respectivel§®
the whole benzonitrile moiety and only partially localized on The charge-separated character of ¥fie proposed here is
the cyano group, as reflected by-d 15 cnt* downshift of the also consistent with previous results. It accounts for the
C=N frequency on going from the,2210 cn?) to TICT substantially higher dipole moment of the triplet state (12 D)
(2095 cntd).” than of $ (6.7 D)2 It is also in full agreement with the ESR
From Table 1, it can be seen that thesl® and G=C (Wilson measurements of Kder et al'® and Wagner et &° who found
8a) stretching frequencies decrease progressively on going fromd charge-separated 1,4-biradicaloid structure for ¥he of
S to UCT to 3T;, with successive downshifts of the=m\ DMABN with high spin density on the cyano group, the amino
frequency of~115 and~60 cnT?, respectively. This impliesa  group acting ast-delocalizer conjugated with the ring.
significant decrease of the=EN bond order, which can be Taking the amino and cyano group as donor (D) and acceptor
interpreted as being due to intensive localization of the (A) substituents, respectively, DMABN is a typicalara-
transferred charge on the=IN antibonding orbital in théT; disubstituted benzene of type D-ph-A. Systematic studies by
state. On the other hand, the 8a mode sho@8€ and~16 cnt?! McGlynn et al*! show that theé’T; of this type of molecule is
downshifts on going tdT; from & and ITICT, respectively, generally ofzzr* nature, described &%\ 1, with 1,4-biradicaloid
indicating reduced ringr bonding density and substantial character derived from tHé, singlet state and unrelated to the
enlargement of the ring skeleton upon formation . donor and acceptor abilities of the substituents. Our results taken
However, contrary to the trend of thesDl and 8a modes, the  together with previous studies suggest that this is also valid for
frequency ofvS(ph-N) changes little betwe€iT; and $ (1361 the 3T, state of DMABN. Therz* nature of the®T; state of
and 1370 cm?), but is much lower idTICT (1281 cnT?). Two DMABN is confirmed by our observation that its ¥Bpectrum
other modes associated to amino group vibratief{8lC,) and is independent of solvent polarity. The DFT/SCI study of
pSme, also have frequencies #71 comparable to those ingS Bulliard et al?2 found that the3T; of DMABN is related, in
but significantly different from théTICT state, suggesting that  terms of orbital occupation, to tH&, state, the second excited
the conformation of the amino group #; resembles that in  state in the FC region with transition moment along the long
So. We therefore propose a conjugated planar or near planaraxis of DMABN molecule. This and the similarity of the amino
structure of théT, state. Electronic conjugation does not extend group in the3T; and $ imply that the3T; state of DMABN

beyond the ring and dimethylamino subgroups. Fecnr? does not have strong CT character, which is consistent with
downshift of thevS(ph-N) frequency on going from¢So 3T the 3T, having a lower dipole moment than tHEICT state.
implies a slight lengthening of the ph-N bond and therefore ||, |SC Processes of DMABN. The temporal evolution of
somewhat less/n conjugation in®T; than that in § but not the transient absorption spectra presented by us (above) and
enough to affect the planar or near planar character ofithé Okada et al5the ns to ms time scafd,,—3T; spectra presented

Because the amino group is similarfify and S, it is reasonable by Wangd® and Kahler et all® and the phosphorescence
to infer that it is the ring that acts as the donor from which measurementéi8are all consistent with tha'l state being the
charge is transferred onto the cyano group ifthe This charge  only intermediate involved in the nonradiative deactivation
separation leads to substantial weakening of thezxibgnding channels of the singlet excited states of DMABN, independent
strength and the amino group remains almost intact. of solvent polarity. Therefore, ISC deactivation of excited-state
In summary, our data provides direct and detailed evidence DMABN in the solution phase channels can be described as:
that the3T; state of DMABN is a charge-separated state of LE — 3T; — S and!TICT — 3T; — S,.
planar or near planar structure in both polar and nonpolar  ThelTICT — 3T; ISC process can be viewed as back charge
solvents, with high negative charge localized on the cyano group, transfer from the phenyl ring to the amino group accompanied
and having electronic conjugation between the ring and dim- py back twist of the amino group with more negative charge
ethylamino group. We find no evidence for tREICT state localizing on the cyano group. Considering the conjugated
proposed in ref 7. character of the §state81214.30the 3T; — S, ISC phosphores-
The proposed structure is in good agreement with previous cence process is seen as charge recombination occurring mainly
work. For example, Kboler et al'® and Gunther et al” suggest between the ring and cyano group. As to the deactivation of
the same structure for the triplet based on the similarity of LE becauséLE,*6812 3 and $ are all planar or near planar,
phosphorescence aftl,—3T; transient spectra from DMABN  ISC takes place without significant structural change, consistent
and forced planar DMABN derivatives. It is also supported by with the conclusion of the LIOAS studf.
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Conclusion (11) Serrano-Andres, L.; Merchan, M.; Roos, B. O.; Lindh JRAm.
Chem. Soc1995 117, 3189.

Nanosecond time-resolved resonance Raman spectra of the (12) Gorse, A.-D.; Pesquer, M. Phys. Chem1995 99, 4039.
3T, of DMABN, DMABN-dg and DMABN—N?> have been (13) Schuddeboom, W.; Jonker, S. A.; Warman, J. M.; Leinhos, U.;
obtained. Similar spectra were recorded in polar solvent Kuhnle, W.; Zachariasse, K. Al Phys. Cheml992 96, 10809.
methanol and nonpolar solvent hexane. Bands associated Withl'osljé? V*f,W(%k %W“ﬁié"\"@';CU'h"gggﬁfgﬁ;h@sz@heﬁ%.WA'Z'OFE)T"'{’OS& D
vibrations of the amino, ring and cyano groups were observed gga.
and assigned with reference to isotopic shifts. The 2035'cm (15) Okada, T.; Uesugi, M.; Kohler, G.; Rechthaler, K.; Rotkiewicz,
C=N stretch frequency, 1361 crth vS(ph-N) frequency and K. Rettig, W.; Grabner, GChem. Phys1999 241, 327.
substantial downshift of the ring=eC mode of thé’T; relative (16) Chattopadhyay, N.; Rommens, J.; Auweraer, M. Van der; Schryver,

s . . ... F.C. De.Chem. Phys. Lettl997 264, 265.
to & indicate that the triplet state is planar or near planar with (17) Ginther R.')(l)elkrug D.. Rettig, Wi. Phys. Chen.993 97, 8512.

high negative char_ge |9ca|izati0n_ on the Cyano group and  (18) Kehler, G.; Grabner, G.; Rotkiewicz, KChem. Phys1993 173
conjugation of the ring with the amino group. Taking previous 275.
studies into account, it is concluded that tAE, state of (19) Wang, Y.J. Chem. Soc., Faraday Trank988 84, 1809.

isq3 i i nh- (20) Chattopadhyay, N.; Auweraer, M. Van der; Schryver, F. C. De.
DIV(IiABN |sba gl sta@g o(; the k|nij t)f[pltcal qfﬂli) EZ%FO(Tpolungs Chem, Phys. Let1997 279, 303,
and can be esc_n e as_m[ state i oo Ira _'Ca N . (21) Purkayastha, P.; Bhattacharyya, P. K.; Bera, S. C.; Chattopadhyay,
character and quinoidal ring conformation. Combined with N. Phys. Chem. Chem. Phyk999 1, 3253.
transient absorption measurements, our results suggest that, the (22) Bulliard, C.; Allan, M.; Wirtz, G.; Haselbach, E.; Zachariasse, K.
ITICT — 3T, ISC is dominated by a mechanism of back charge A Detzer, N.; Grimme, SJ. Phys. Chem. A999 103 7766.

: f B (23) Lipinski, J.; Chojnacki, H.; Grabowski, Z. R.; Rotkiewicz, Bhem.
transfer from the ring to the amino group accompanied by back Phys. Lett198Q 70, 449,

twisting of the amino group, whereas tfi&;, —~ S ISCisa (24 poizat, 0.; Guichard, \d. Chem. Phys1989 90, 4697.
charge recombination process occurring mainly between the ring  (25) Brouwer, A. M.; Wilbrandt, RJ. Phys. Chem1996 100, 9678.
and cyano group. (26) Fournier, T.; Tavender, S. M.; Parker, A. W.; Scholes, G. D;
Phillips, D.J. Phys. Chem. A997, 101, 5320.
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