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The fluorescence of dimesityl-pyrroloboranes with different ground state twist angles is investigated by
absorption, steady state, and time-resolved fluorescence spectroscopies. Only one strongly Stokes shifted
charge transfer fluorescence band is found, characterized by monoexponential decays. This fluorescence is
connected with extremely low fluorescence rate constdats (1—2) x 1C° s™1) which are nearly solvent

and temperature independent and indicate the forbidden character of the emission. The pretwisted compound
shows reduced; values and only a lengthening of the lifetimes with decreasing temperature whereas the
planar compound shows a lifetime maximum (increase followed by decrease) upon cooling. This is interpreted
as evidence that the planar compound relaxes to a more twisted structure in the excited state. Large-scale ab
initio ClI calculations on a smaller model system confirm the nearly full charge-transfer character present for
all twist angles and the energy minimum in the excited state for twisted geometries.

Introduction Franck-Condon principle, a geometrical relaxation int&kes

Dyes exhibiting a large Stokes shift possess applicational Place leading to an energetic minimum connected with an
advantages in several respects. For example, they can imprové)rthogonal twist of donor vylth respect to acceptor subunit. The
the performance of fluorescence solar collectors due to the corresponding wave function is strongly dominated by charge
reduction of unwanted reabsorption processEsrthermore, transfe_r co_ntrlbutlons. Cpnsequen_tly, the emission (_)r_lglnatlng
they can be used for the development of fluoro-ionophares, from this hl_ghly polar excited state is gxpected to exh|_b|t alarge
i.e., fluorescent probes capable of binding to metal ions Stokes S.hlf'[ and.a marked sensitivity to the polarity of the
selectively and thus can serve to monitor ion concentrations in Surrounding medium. ) _
biological systems or heavy metal ions in wastewater. In these _ Within the scope of this paper, the spectroscopic properties
cases, the large Stokes shift offers the advantage that theof two borane compounds, closely related to the theore_uc;ql TICT
redshifted probe fluorescence is clearly separable from that of Model HN—BH,, are compared to large-scale ab initio Cl
the impurities, which are usually present in biological matrices calculations. Experimentally, the B,B-bis(mesityl)pyrroloboranes
or wastewater. PBMes and DPBMes were chosen, with pyrrole (P) as the

In general, large Stokes shifts result from electronical or donor and a dimesitylborane (BMgsacceptor (Scheme 1),
geometrical relaxation processes of photoexcited molecules.Pecause boranes possessing mesityl substituents are commonly
Several different mechanisms are known which produce large known as stable compounéfs** On the theoretical side, the
Stokes shifts. One of them is the molecular geometry relaxation corresponding model system PRhwvhere the mesityl groups
describable by the TICT (twisted intramolecular charge transfer) Were replaced by hydrogen atoms (Scheme 1), was investigated.
model (for reviews see refs-3). According to the TICT model,
which is of a controversial natifreand has originally been
introduced for the study of doneacceptor substituted benzenes, The B,B-bis(mesityl)pyrroloboranes PBMeand DPBMes
the charge transfer reaction occurring in the excited state iswere a gift of D. Britelli and D. F. Eaton. Synthesis and
accompanied by a simultaneous twisting motion around the bondpreparation have been described in défdih their paper, dual
connecting the donor and acceptor subunits. Unfortunately, thefluorescence spectra are reported, which were not identical with
TICT emission process is usually connected with a reduced the emission spectra observed by our group. We therefore tried
value of the transition moment due to the smelbverlap of to purify the compounds further by repeated recrystallization
the strongly twisted arrangement of chromophdieslhis from n-hexane. After this, high-performance thin-layer chro-
property is counteractive regarding the applicational use, becausamatography (HPTLCGP17still produced evidence for traces of
high fluorescence yields are usually desirable. Meanwhile, impurities. With a HPTLC plate (type silicagel 60 F254) and a
however, there are already TICT compounds available possessmobile phase oh-hexane/diethyl ether (70:1), three different
ing large fluorescence quantum yieldswhich allow a new species could be detected. The main component with an
access to the development of fluorescence probes. absorption maximum for PBMegsat 274 nm ¢ = 14000

Aminoborane HN—BH; also represents a doneacceptor M~Icm™1 in n-hexane) was well separable from the two other
system and has been studied theoretically as model structureones, which were present in traces only and showed a blue-
for the TICT process using large scale ab initio configuration shifted absorption (260 nm). Using the diagonal separation
interaction?~11 Starting from an excited aminoborane molecule procedure, i.e., the development of the HPTLC plate into two
with a planar structure, reached by absorption according to the orthogonal directions, we could exclude that the minor com-
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SCHEME 1: Chemical Structures of the Experimentally (PBMes, DPBMes) and Theoretically (PBH,) Studied
Pyrroloborane Compounds

T R Y

PBMCS; \ / DPBMCSZ \Q/ PBHZ Q

SCHEME 2: Schematical Representation of the
Symmetry Constraints during Geometry Optimization:
(a) Cs, Symmetry; (b) C,, Symmetry

ponents were decomposition products, directly formed during
the time of the chromatographic development. Whereas the
absorption range of the bis(mesityl)pyrroloboranes coincides
with those of the impurities, the energetic range of the ket 1 kT B

fluorescence spectra differs strongly. The impurities produce a a) : f/ \> : b) : / \ :
| i |

short wavelength fluorescence band which, together with the L e !
redshifted emission of the boranes, could be taken as dual ':;N:ZH‘J’O‘ ' N<1_+J/°‘
emission® especially since the excitation spectra for the two Ir ‘ \: : l ﬁl
emission bands are very similar. ! B ! | B i

A further important point concerns the stability of the bis- H/ \" “( \:
(mesityl)pyrroloboranes in polar and nonpolar solvents. The RN \P'{

thermal and photochemical decomposition of the sample solu-
tions was monitored by absorption. A high degree of thermo-
chemical and photochemical stability of the pyrroloboranes was ! > an 8
noted in nonpolar and weakly polar solvents. In strongly polar 4s, 2p) for C, B, and N, with one additional polarization function
solution, however, decomposition was observed which results ©" @ll atoms (DZP). _
in a strong blue shift of the maximum of the absorption band.  FOr the optimization of selected geometrical parameters of
Therefore, for the spectroscopic studies every sample squUonthe ground and excited-state geometries, the molecule was fixed
had to be freshly prepared from the compound purified by thin- in aC; or C, symmetry. Additionally, the structural parameters
layer chromatography. of the pyrrolo subunit were takt_an from thelllteraturg and used
Absorption spectra were measured on a Cary 17 spectrometelas fixed values. These gepmgtrlgal constraints take into account
and quantum-corrected fluorescence spectra (concentration?” the one hand the prymldallzathn .Of the borane part (Scheme
<1074 M) on a Perkin-Elmer 65860 fluorimeter. 2a) and on the other hand the twisting of the Bhhit around

Basic Blue 38 was used as quantum counter to extend the th?l_r?N bonlg as shotvvrt\ sb(I:hematlcatII_y |nf S(f[Eeme Zba d first
correction range of the emission up to 700 nm. Fluorescence € resulting most stable geometries for the ground and firs

guantum yields were determined relative to a solution of quinine excned_ state are planar and ful!y .tW'.StEd i}a(}structurgs,
bisulfate in 0.1 N HSQ (¢ = 0.515}°20and corrected for the respecnvely. Further geometry optimization o_f thestate WIt|_’l
refractive index of the solvents. Fluorescence spectra, measure fixed wist anglea = 0° has been carried out, which

in aerated solutions, were independent of concentration and'czorresk;ic?dsdto Ehe excited tPB!-FhoIe;:tuIe be.'tn% f'Xedl In a I
excitation wavelength. The determination of low-temperature ' &/ cK*-0ndon type geometry, 1.€., after excitation only sma

fluorescence quantum yields took into account the temperaturegeomemcal variations (e.g., bond length changes) were allowed.

dependence of the refractive index as well as the increasingEXpe”mema"y‘ this situation is found in a rigid environment

solvent contraction (density increase) with decreasing temper- conqmon. . . .
ature. Single-point CI calculations have been performed using a

i i i 6
Fluorescence decay times of the aerated soluions werey B EERAte, SHPE PR SHE & E0ER o aon
determined with the time-correlated single-photon counting ’ 9p y 9

(SPC) techniqu@ using an equipment described elsewt@re. of excited states of systems of low molecular symmetry.

Comparative measurements with polarization filters set to the lzlés'?g a DZbF?t bIaS|_? set, tthet trrr:oleculzr baf5|s set (’;OBS'.StS IOf
magic angle position were carried out but were not used as atomic orbitals. 10 restrict the number ot génerated singly

standard condition because of the low intensity of the emission. and dou_bly excited configuratio_ns, 12 doubly (_Jccgpied molec-
Synchrotron radiation from the Berlin electron storage ring ular orbitals were used as a flxe.d core. Taklng Into’ account
BESSY operating in the single bunch mode was used for two or three reference conflgur_atlon_s, depending on the state
excitation?223 The decay times were fitted using the iterative symmetry, more than % 10° configuration state functions were
reconvolution procedure (Marquard algorithm), which allowed generated.

a time resolution down to 0.1 ns and a relative precision of Furthermqre, the importance of Rydberg excitations within
about 0.1 ns. the absorption spectra of pyrroloborane was checked by ClI

Solvents for fluorescence spectroscopy were of Merck Uvasol cg:rcu(;z_alftflo;es lg ajssrorf] i(g%isblii';.szgxg&egfg Vg'r:ha%rsnet of
or Aldrich spectrophotometric grade quality, with the exception very difiu y g functi 12 trog )

of butyronitrile, and were used without further purification.

contraction of Dunning and Ha,(4s, 2s) for H and (9s, 5p;

Butyronitrile was purified by column chromatography £8%) Results
and repeated vacuum distillation. (a) Spectroscopy at Room TemperatureOne of the most
Computational Details and Choice of the Reaction Coor- remarkably features of the spectroscopy of the B,B-bis(mesityl)-

dinate. Geometry optimizations have been carried out at the pyrroloboranes PBMesind DPBMesis the very large apparent
RHF/ROHF level including analytical gradient techniques. Stokes shift between the absorption maximum and the emission
Furthermore, a DZ basis set (Huzinaga) was used with the maximum (Figure 1), reaching values of 13100 <énfor
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Figure 1. Absorption and fluorescence spectra of (a) PBMe=l (b)
DPBMes at room temperature in solvents of different polarity (EOE
= diethyl ether; ACN= acetonitrile).

PBMes and 15800 cm! for DPBMes, even in the nonpolar
solventn-hexane. The effect is more strongly pronounced for
the dimethyl substituted compound DPBMéBigure 1). There

is also some difference in their absorption spectra. The absorp-

tion band of DPBMesis slightly red shifted with respect to
that of PBMesg and exhibits a weak shoulder on the red edge
which was also observed in the excitation spectra.

J. Phys. Chem. A, Vol. 103, No. 22, 1994373

TABLE 1: Spectral and Photophysical Data at Room
Temperature for (a) PBMes, and (b) DPBMes in Solvents of
Different Polarity

2 Avsl

solvent nm cm?® ¢ wins  kist K/ S™2

(a) PBMes (A2 = 274 nm)

n-hexane 428 13100 0.015 7.4 2010° 13.3x 107

dibutylether 455 14500 0.024 15 1610° 6.5x 107

diethylether 475 15400 0.038 30 1.301¢° 3.2x 10/

butyronitrile 497 16400 0.020 18 1.2010° 5.4x 107

ethanol 495 16300 0.020 19 1.6510F 5.2x 107

acetonitrile 510 16900 0.018 16 1.1510° 6.1x 107
(b) DPBMes (2% = 291 nm)

n-hexane 538 15800 0.012 13.6 &8l¢° 7.3x 10/

dibutylether 566 16700 0.006 8.5 7010F 11.7x 107

diethylether 580 17100 0.004 5.5 8010° 18.1x 107

1800 0.002
no fluorescence
observable at room temperature

dichloromethane 610
butyronitrile
acetonitrile

for DPBMes by a factor of 2 as compared to PBMgeeaching
values larger than 1000 ns. This enlargement is possibly due to
the sterical hindrance by the ortho methyl groups, which force
the molecular geometry into a more twisted conformation. The
long radiative lifetimes of PBMesand DPBMes can be
compared to the emission of TICT compounds which is
generally known to exhibit a highly forbidden charactér.
Within the TICT model, the stronger red shift of the fluorescence
spectra of DPBMess understandable by the better donor ability
of the ortho-methyl substituted pyrrol ring, a fact supported by
photoelectror-spectroscopic dat&:° From the difference of
their donor ionization energies (0-D.8 eV), a red shift of
~6000 cnt! would be expected if the emission is of pure CT
character. Experimentally, a red shiftab000 cn is observed

in alkanes, supporting the CT assignment.

By means of the LippertMataga equation (eq 383,32 an
estimation of the excited state dipole moment can be given.
Rigorously speaking, this equation cannot be applied for cases
where absorption and emission processes correspond to different
excited states, which is the case for nearly all TICT compounds.
The alternative treatment of the fluorescence alone (Mataga
equation, eq 3b), however, leads to identical excited-state dipole

The absorption maxima of both compounds are insensitive Moments if the absorption spectra are solvent insensitive, as

to changes of solvent polarity, but the fluorescence exhibits
significant solvatochromic effects indicating that the emission
originates from a charge transfer state. In the case of DPBMes
the strong red shift of the emission band in solvents of high
polarity is accompanied by a loss of fluorescence intensity.

The fluorescence decay curves are monoexponential within

the time limitation of our instrument (0.1 ns), which allows the

evaluation of radiative and nonradiative rate constants according

to egs 1 and 2, wher&?' corresponds to the sum of all

nonradiative processes including population of the triplet state.
ke = ¢ty (2)
v =Ko — 1) 2)

P =

The measured data and calculated photophysical rates are

collected in Table 1.

Apart from the larger value of the Stokes shift, the compound
DPBMes differs from PBMes by the observed fluorescence
intensity, which vanishes in highly polar solvents. The radiative
rate constantsk; are extremely small and decrease with
increasing solvent polarity (Table 1). The corresponding radia-
tive lifetimesz, = k; — 1 are thus very long and even lengthened

observed here, and the ground-state dipole moment can be
neglected®

2Af

~ __ o~ _~ Al _ 2
AV =Dy — V= e a3(Msl Hs)” + const (3a)
with
(-1 (-1
(2¢+1) (@2n*+1)
. 2AF
V= — Ea“sl(“% — ug) + const (3b)

with

(e—1) 1 (n°—1)
f' — =
A (2¢+1) 2@2n?+1)

The Onsager radii were evaluated by the matensity
formula 43435

a= /3M/4zN,p (4)
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Figure 2. Low-temperature effects on the fluorescence spectra of
PBMes in ethanol.

TABLE 2: Temperature Dependence of Photophysical Data
of (a) PBMes and (b) DPBMes in the Solvent Mixture
Methylcyclohexane:Isopentane (1:4) and Ethanol

(a) PBMes (A% = 274 nm)
max

MCHI/IPE EtOH

Amad ke X Amad Knr® %
TK nm ¢ 1wins 1Fs?t nm ¢t twlns 1Ps?
298 428 0.015 7.9 1.24 495 0.020 18.5 0.53
273 430 0.020 9.3 1.05 499 0.025 22.7 0.43
253 432 0.019 11.1 0.88 502 0.029 25.6 0.37
233 434 0.024 502 0.041
213 435 0.022 14.2 0.69 505 0.046 35.6 0.27
193 435 0.026 504 0.050
173 436 0.030 14.9 0.65 499 0.064 46.1 0.20
133 438 0.040 185 0.52 458 0.076 55.8 0.17
116 429 0.042 429 0.084
77 415 450 16.8

(b) DPBMes (2% = 291 nm)
MCH/IPE EtOH

Amad K X Amal
TIK nm o w/ns  1Bst nm o 7/ns
298 539 0.011
273 539 0.012 16.4 0.60
253 538 0.012 17.8 0.56
233 540 0.015
213 542 0.015 20.6 0.48
193 544 0.016
173 551 0.018 26.8 0.37
133 555 0.021 30.3 0.32 571 0.003
116 546 0.044 522 0.034
77 500 70.0 512

aThek values were nearly temperature independent, with an average

valuek = 2.0 x 10° s for PBMes in MCH/IPE. k; = 1.2 x 10°
s 1 for PBMes in EtOH. ¢k = 7.0 x 10° s for DPBMes in MCH/
IPE.

We useda = 5.08 A anda = 5.23 A, for PBMes and
DPBMes, respectively. With the observed solvatochromic
slopes based on the data in Tablex{PBMes) = 11.4 x 10°
cm tandm(DPBMes) = 9.4 x 1% cm™1, the dipole moments
were calculated to be 17.2 D for PBMeand 16.3 D for
DPBMes, i.e., very large but of comparable magnitude.

(b) Spectroscopic Measurements at Low Temperature.
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Figure 3. Temperature dependence of the fluorescence lifetimes of
PBMes and DPBMes in solvents of different polarity (MCH=
methylcyclohexane/isopentane (1:4), BGBdi-n-butyl ether, etOH

= ethanol).

TABLE 3: Arrhenius Parameters (Activation Energy E,,

Preexponential Factork?, and Correlation Coefficient () for
PBMes, and DPBMes in the Solvent Mixture
Methylcyclohexane/lsopropane (1:4) and in Ethanol

E+/kJ mol? Kr/st |
PBMes in MCH/IPE 3.64 5.2x 10° 0.978
in EtOH 3.23 1.8x 10 0.970
DPBMes in MCH/IPE 1.92 1.4x 1¢° 0.998

constank(T) of the solvent. For temperatures below the melting
point of the solvent, a hypsochromic shift of the emission band
occurs. This temperature behavior is exemplified for PBMes
in ethanol (Figure 2). The blue shift below 173 K results from
the freezing out of solvent relaxation proces¥egreventing

the stabilization of the solute charge transfer state. This effect
is also observed for MCH:IPE as solvent, although at lower
temperature (Table 2).

The photophysical data of PBMgeand DPBMes measured
at different temperatures are collected in Table 2a,b. For
DPBMes in ethanol, fluorescence is observable only for
temperatures below 133 K, and increases strongly with decreas-
ing temperature. Consequently, the process connected with the
nonradiative deactivation of the excited state can be frozen out
at very low temperatures.

On the basis of the temperature-dependent values of the
fluorescence quantum yields and lifetimes, an evaluation of the
rate constant&, andk: was carried out, using egs 1 and 2.

The nonradiative rate constaai(T) shows a strong decrease
with lowering temperature, whereas thevalues remain almost
temperature independent. From a plot lgf(T) versus 1T
according to the Arrhenius eq 5, the activation energies and
preexponential factors can be determined and are collected in
Table 3.

ke'(T) = K exp(AE,/RT) (5)

A significantly lower activation energy is found for the dimethyl
pyrrolo compound DPBMesas compared to PBMgsand there
is no obvious solvent polarity dependence observable.

The fluorescence decay times, which were exclusively

Emission spectra have been measured in the temperature rangmonoexponential, exhibit a qualitatively different temperature
from 298 K to 77 K. The temperature effects have been studied dependence for both pyrroloboranes (Figure 3). The fluorescence
in the nonpolar solvent mixture methylcyclohexane:isopentane lifetimes of PBMeg possess a maximum value around 140 K,

(MCH:IPE) as well as in polar ethanol. Upon lowering the

with the 7 value at 77 K being considerably smaller. This has

temperature, a weak redshift of the fluorescence maxima canto be interpreted by a changelgfi.e., a change of the character
be observed (Table 2), explainable by the increasing dielectric of the emitting state, if an increase lof for low temperatures
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TABLE 4: Direct Cl/(DZP) Energies for the Singlet Sy, Sy, TABLE 5: Direct Cl/(DZP) Energies for the Singlet Sp, S;
S, and the Triplet T,,T, States of PBH in the Optimized and the Triplet T, State of PBH; for the Planar and the 9C°
Planar Ground State Geometry Twisted Conformation Optimized in the S; Excited State
state energy/au  AEadeV  AEadnm  u/D f geometry state energy/au AE/eV AEnm  u/D
S 1'A —234.484 480 0.28 planar ) 1'A  —234.466582 0.49 1.48
S 1'B  —234.313702 4.65 267 7.75 0.08 (a~0°) S 1'B  —234.323126 391 318 7.44
S 21A —234.265 271 5.97 209 425 0.12 Ty 1°B 234.341688 3.40 365 5.17
T 1B —234.355131 3.52 352 2.51 twisted Y 1A —234.436042 1.32 2.48
Tz 13A  —234.302 146 4.96 250 5.75 ax~90° S 1'B  —234.329591 2.89 430 7.31

. T 1B —234.330941 286 433 7.28
a Referring to the ground state energyS,) of the § optimized ! 30
geometry. aEnergy difference of the FranelCondon ground state referring
to E(So) in a geometry optimized for the planar ground state 0°).

; At ; ; b Referring toE(Sy) in a geometry optimized for the planar Sate (
. n : : e i
is ruled out. Such lifetime maxima have previously been found ~ 0°). ¢ Referring toE(Sy) in a geometry optimized for the twisted S

for donor-acceptor stilbenésand were interpreted as evidence N
. - ; state ( ~ 90°).

for state switching. Unfortunately, a direct proof of the increased
ki values at 77 K could not be done becausegihealues at 77 differences connected with thg S S; and $ — S transitions
K could not be determined. were calculated as 4.65 eV (267 nm) and 5.97 eV (209 nm).

Contrary to the behavior of PBMgsthe lifetime values of The comparison of theoS— S, transition energy of the model
the dimethyl-substituted pyrrolo compound DPBMe&rease compound PBRand the observed band maximum of PBles
monotonically upon cooling, caused by reduction of a temper- (274 nm) shows a quite satisfactory agreement. But the energy
ature dependent nonradiative process, and possess a highesénge of the second transition, i.e., that calculated for the S
value at 77 K indicating a very strongly forbidden emission state of PBH, is considered to correspond to a high-lying
(compare the lovk values in Tables 1 and 2). At temperatures excited state of the experimental system PBjleshich
above 130 K, the decay times of both compounds in MCH:IPE possesses lower lying locally excitetl { and Ly, type) states
become similar. This can be understood by the above-mentionedof the mesityl substituents which should be situated around 260
state switching for PBMes which is consistent with a geo- and 290 nr’ and which are not included in the calculation.
metrical relaxation process for this compound, which can be We therefore expect the LE and CT state to be situated in the
frozen out and which leads to a larger twist-angle as inherent same energy range for the experimental system PBMes
for DPBMes. Therefore, at 77 K, the emission of PBMes DPBMes, where the CT state will be red shifted by 0.54 eV
should originate from the geometrically unrelaxed Franck by comparison of the ionization potentials of the corresponding
Condon state connected with a shorter radiative lifetime. Due pyrrolo moieties®-38the long wavelength shoulder at 350 nm
to the sterical hindrance of the ortho methyl groups, the in the absorption spectrum of DPBM€§igure 1b) is therefore
conformation of DPBMesis more strongly twisted in the interpreted to correspond to the CT state, because the local
ground state and frozen excited state. The results at 77 Kexcitations of the mesityl groups (absorption maximum at 291
indicate, thatk; should be angle dependent, with a reduction nm) are not expected to shift into this energy range.
for larger twist angles. To simulate the geometrical relaxation process, which takes

(c) Ab Initio Calculations. Apart from the spectroscopic  place during the lifetime of the excited molecule, a geometry
investigations of the B,B-bis(mesityl)pyrroloboranes PBMes optimization of the first excited state has been carried out. The
and DPBMes an ab initio large-scale Cl study of a corre- symmetry was restricted to the point group, allowing
sponding model PBi{Scheme 1) has been performed. Different molecular rotations around the BN bond, but not pyramidal-
types of symmetry constraint€4,, C,, Cs) which allow several ization movements at the B and N centers. Analogous to the
distinct relaxation processes were taken into account, especiallyH,N—BH; system, the Sminimum was found at the orthogo-
regarding twisting movement€4f) and pyramidalisation effects  nally twisted geometry for PBH Consequently, the first singlet
(Cy (Scheme 2). The geometry optimization of the model excited state can also be characterized as a TICT state with a
system shows, however, that regardless of the symmetryperpendicular minimum. This is further confirmed by the
constraint, a planar structure of the ground-state molecule is energetic proximity of the corresponding triplet state (Table 5).
favored. Using this geometry as starting point, the absorption Furthermore, a geometry optimization of thesate restricted
spectra were calculated, assuming vertical transitions. Theto the planar conformationu(= 0°) was carried out. Within
variation of basis sets shows clearly that Rydberg states do notthese geometrical constraints (fixed angles 0° or oo = 90°),
contribute to the low lying transitions of PBHThe CI energy the optimized excited-state structures differ from the ground-
values, the calculated dipole moments, and the oscillator state geometry by a significant lengthening of the BN bond from
strengths of the ground and the excited states for the planar S 1.44 to 1.61 A. A comparison of energies and dipole moments
conformation are collected in Table 4. for the optimized planar and perpendicular molecule in the

The S state possesses a dipole moment of ado8iD and excited state is given in Table 5, and the optimized structures
can be characterized by an electron-transfer process from theare summarized in Table 6.
pyrrolo unit to the boron atom. Although this dipole moment is In contrast to the & S; transition energy (4.65 eV referred
much smaller than the experimental omel{ D) due to the to the planar ground state geometry), corresponding to the CT
neglect of the mesityl groups in the calculation, its considerable absorption process in sterically unhindered compounds,ghe S
size means that;Sorresponds to a pure charge transfer state S; energy gap of the optimized twisted structure possesses a
even for the planar geometry. This behavior is contrary to that remarkably lower value (2.89 eV). The corresponding redshift
of the TICT model aminoborane ;N—BH,%1° and to the of the fluorescence energy is to a large extent caused by the
experimental results for the prototype of TICT molecules, strong destabilization of the twisted ground-state molecule (1.32
dimethylaminobenzonitrile (DMABNY. 533 eV).

The oscillator strength calculated for thg-S S, transition The dipole moments of the, State in the planar and twisted
for the planar structure is rather smdill=€ 0.08). The energy = conformation are almost identical due to the twist angle
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TABLE 6: Selected Geometrical Parameters Resulting from
the Geometry Optimization of the § Ground and First
Excited State §

parameter 8 52 SP

r (BN)/A 1.441 1.608 1.613
r (BH)/A 1.185 1.191 1.189
o (NBH) 118.9 114.9 113.8
a(CNBH): 0° log 0°

aFull optimization of all geometrical parameters around the boron
atom.P Fixed twist angle during geometry optimizatidriTwist angle,
see Scheme 2b; pyramidalization was found negligible in all cases.

SCHEME 3: Model of the Geometrical Arrangement of
x-Systems in PBMes

independent decoupliA®?® of the boron and the pyrrolo unit,
contributing to the charge transfer as outlined above.

Discussion
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SCHEME 4: Schematical Model Explaining the
Absorption Bands of PBMes and DPBMes: (—) Singlet

States of PBMes and (— — —) Singlet States of DPBMes
= N SgS,(T)
o> s
5 w
= \
w Abs(D  Abs(ID) \
‘ . SeCTaD
— \)_
S, — e 2 N
1=PBMes, [I1=DPBMes,

Because of the methyl groups on the pyrrolo moiety in
DPBMes, the donor capability is increased by 0.55&Mading

to a stronger stabilization of the CT state. Furthermore, the
dimethyl substituted compound DPBMeshould be more
strongly twisted in the ground state in comparison to PBiVes
reflected in a reduced ¢S— CT transition moment, i.e.,
decreased CT absorption intensity. Both points justify the
assignment of the weak shoulder in the red edge of the
absorption spectrum of DPBMgt#o the $ — CT transition.
The emission originates exclusively from a highly polar excited
state as is evidenced by the strong solvatochromic effects (Figure

Although the experimental and the calculated ab initio 13 b).
transition energies agree satisfactorily, the question should be Therefore, the strongly anomalous Stokes shift of the B,B-

considered if the theoretical model compound BBHows an
adequate description of the pyrroloborane PBMesudied

experimentally. There are two points of particular importance.

One of them concerns the planarity of the pyrroloborane system
in the ground state. Moreover, the effect of the exchange of the
mesityl groups by hydrogen atoms in the calculated model

compound should be discussed.

There are numerous experimental investigations available in

the literature referring to these points. Dynami¢aINMR40-42

and3C NMR?*3-46 measurements, investigations by means of

electrochemical cyclic voltammetfy, 1B and 1N NMR48:49
as well as X-ray studi€$52 have been performed for several

triarylboranes, pyrroloboranes, and aminoborane derivatives.

bis(mesityl)pyrroloboranes PBMgand DPBMeg, as measured
with respect to the absorption maximum, can be interpreted as
resulting partly from the energy loss due to the internatS;
conversion processes, partly from the intramolecular geometrical
and partly from the dipolar solvent relaxation.

There are both experimental and theoretical indications for
the existence of an intramolecular geometrical relaxation
process. Moreover, the comparison of the low-temperature
fluorescence lifetimes for PBMgand DPBMesas well as the
calculated relative energies of the optimized s$ate of the
model compound PBHndicate a connection of this geometrical
relaxation with the twisting motion around the-Bl bond.

Most of them indicate the existence of a structure analogous to  This twisting relaxation is a large amplitude motion in
that given in Scheme 3, i.e., corresponding to an almost planarPBMes which can be stopped in low-temperature frozen solvent

pyrroloborane unit with twisted mesityl substituefts®2 The

matrix at 77 K and which produces the lifetime maximum

twist angle varies strongly and is generally assumed to be Observed for PBMesin Figure 3 for temperatures where the

situated in the range 86-90°. This twisted geometry should

matrix is soft enough to allow for the geometrical relaxation.

prevent a strong coupling between the locally excited states of The lengthened lifetime upon temperature increase from 77 to
the mesityl groups and the charge transfer state, the energy levell30 Kis an indication that the geometry relaxation leads toward

of which is considered to be very close lying.

a conformation of reduced transition moment, such as the

Summarizing all theoretical and experimental aspects regard-Wwisting process. A nonradiative process always shortens the
ing the spectroscopic features of the pyrroloboranes, the fluorescence decays and cannot be the cause of such a lifetime

following interpretation can be proposed: In view of (i) the

lengthening. A similar lifetime maximum has been observed in

occurrence of a |arge fluorescence red shift in nonpo|ar and the case Ofadonefacceptor stilben&An additional relaxation

even in rigid media (Figure 2), (ii) the low value of the oscillator
strength as calculated for thesSCT transition and the low

component could be connected with a small-amplitude motion
because part of the anomalously large Stokes shift remains in

fluorescence intensity found experimentally, (iii) the energetic frozen solvents (Figure 2) and even at 77 K (Table 2). Such a
neighborhood of the CT state and the locally excited state of Small amplitude motion could be the variation of the 8 bond
the mesityl group (LE), it can be assumed that the experimen- length as indicated by the calculations.

tally observed absorption band of PBMéms to be character-
ized as a superposition of a forbiddes55, (CT) and a more

allowed $—S; (LE) transition. These assumptions are sche-

matically depicted in Scheme 4.
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