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We present theoretical confirmation of an intramolecular charge-transfer (CT) state in peridinin in agreement
with experimental results of Frank and co-workefsFhys. Chem. B999 103 8751 andJ. Phys. Chem. B

200Q 104, 4569). Quantum chemical calculations using time-dependent density functional theory under the
Tamm-Dancoff approximation were made on two structures: fully optimized peridinin and a molecule from
the crystal structure of peridinirchlorophyllprotein. The CT state appears as the third and second excited
singlet state, respectively, for the two structures. A dipole-in-a-sphere model is used to estimate the solvation
stabilization energies of each state in a variety of solvents. The energy of the CT state is shown to decrease
dramatically in solvents of increasing polarity while the energy of the darkAg -like) state remains
comparatively constant.

Introduction SCHEME 1. Molecular Structure of Peridinin.

Peridinin, found in peridinir-chlorophylprotein (PCP), a
light-harvesting complex from dinoflagellates, is an unusual
carotenoid deserving special attention. The structure of PCP was
determined by Hoffman et dland reveals that PCP is a trimer
with each monomer containing eight peridinin (Per) and two i\ OH
chlorophyll (Chl) molecules divided quasi-symmetrically into o
two clusters. Peridinin is the only carotenoid known to have
three full rings in its structure (see Scheme 1). In addition, it
has an allene group, an epoxy group, and several carbonyl
groups, including a lactone ring. These structural differences
between peridinin and typical carotenoids could be related to
the unusual function of peridinin in PCP. In assigning impor-
tance to the roles of carotenoids in light-harvesting complexes
the light-harvesting role is not generally vital, whereas their
ability to provide photoprotection in the form of quenching of
triplet chlorophylls, singlet oxygen, and perhaps singlet chlo-
rophyll is necessary.® In PCP, however, the light-harvesting
role of peridinin is essential for the organism’s survival.

The excited-state ordering of carotenoids such as peridinin,
which deviate significantly fronC,, symmetry, is still a topic
of intense interest. Within th€,, symmetry group, the lowest
excited singlet state hasgA symmetry, is optically dark, and

internal conversion from the B to the Ay~ statel4~16 Experi-
mental observation of this stdtel” has proved controversial,
and therefore we will retain the traditional convention of labeling
Ag~ and Bt as the first and second excited singlet states,
respectively. To further complicate the matter, in some caro-
'tenoids, van Grondelle and co-workers have detected an
additional excited-state called S* by means of femtosecond
transient absorption spectroscdgylhe exact symmetry of the

S* state has not yet been conclusively assigned. Finally,
carotenoids with polar groups in their structure may have
significantly different electronic structure than their nonpolar
counterparts. In particular, they have the potential to form
intramolecular charge-transfer (CT) excited states in addition
to standard polyene levels. The spectral properties of the CT

is accessible via two-photon absorption from the ground &fate. state form the focus (_)f the_p_re_sent work via a computational
Strong absorption occurs to a state of approximate &m- study of the carotenoid peridinin.

metry, generally called the,State. The state is accessible from ~ Strong evidence for the presence of an intramolecular CT
the ground state via One_photon’ but usua”y not tWO_photon, state in pel’idinin has arisen from aVariety of eXperimentS. Time-
spectroscopy. The B state is primarily involved in the light-  resolved experimental studies of peridinin were the first to
harvesting function of carotenoids!3 A second optically dark  display peculiarities that could be the signature of a CT state.
state with B~ symmetry is predicted by multireference double Akimoto et al. measured the 8uorescence lifetime of peridinin
excitation configuration interaction calculations using the in CS to be 103 ps? 10 times larger than the; $ifetime of

Pariser-Parr—Pople Hamiltoniart and may facilitate rapid ~ 3-carotene im-hexane€®®?'whereas the Sifetime of peridinin

in PCP was found to be under 3 ps. This suggests that the
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to-chlorophyll energy transfer is generally found to occur electronic structure calculations via time-dependent density
directly from the carotenoid ;Sstate?~13 functional theory (TDDFT). Our goal was to determine whether

The fluorescence results prompted solvent-dependent transieng low-lying CT state could be found at the geometry adopted
absorption studies of peridindd.The S lifetime was found to by peridinin in the PCP crystal structure, or in a fully optimized
be strongly dependent on solvent polarity: 7 ps in trifluoroet- (vacuum) geometry unconstrained by the protein. We clearly
hanol and 172 ps in cyclohexane. The solvent-dependentobserve alow-lying CT state in both geometries. To investigate
transient absorption spectra of five other carotenoids were thenthe stabilizing influence of a polar environment, we also
obtained to investigate the molecular origin of this striking investigated a simple dielectric model for the transition energies
behavior?® For the carotenoids with carbonyl groups as part of 0f Sy and &r in polar media.
their conjugatedr-electron system (peridinin, fucoxanthin, and
uriolide acetate), the excited singlet state lifetime depended Methods
strongly on the solvent polarity. Neoxanthin, a carotenoid that

lacks a carbonyl group but is otherwise structurally very similar ~ 1he structures of peridinin 611 and 612 (nomenclature as
to peridinin, exhibits no solvent dependence in its transient Per the Protein Data Bank fii§ were obtained from the crystal

absorption spectra. Frank et al. concluded that the presence oftructure of PCP Hydrogen atoms were added to the molecules

the carbonyl group as part of the conjugatedlectron system  USing XPLOR® and classically minimized using the POWELL
is the source of the solvent dependefite. command in XPLOR. Semiempirical minimization of the

hydrogen atoms was performed in MOPAC using the AM1 and
PRECISE keywords. Ab initio optimization of hydrogen posi-
tions in peridinin 611 and all the coordinates of peridinin 612
were then performed in Q-Chéfhusing the HartreeFock
method with the 3-21g* basis set, followed by the Becke3

Time-resolved fluorescence spectra and visible to near-
infrared transient absorption spectra of peridinin also displayed
solvent dependencéédIn nonpolar solvents, the fluorescence is
attributed to the §state. In polar solvents, the fluorescence

intensity on the red edge of the emission spectrum is higher 1 . . ;
than in nonpolar solvents, and the vibronic structure observed Is_g:e—Yang—Parr (B3LYP}* functional with the 6-31g* basis

in nonpolar solvents disappears. The fluorescence spectra o .
Once optimized, TDDF#33and TDDFT with the Tamm

observed in polar solvents consists of two overlapping bands, “ -
one of which was attributed to the State?* The near-infrared  Dancoff approximatioff (TDDFT/TDA) were used with the

transient absorption of peridinin in methanol and in PCP reveals Slater-Vosko-Wilk —Nusair (SVWNJ}*# functional and the

stimulated emission bands at 980 and 930 nm, respecét@&ly. 6-31+-+g* basis set to calculate properties of the first four
Frank et al?® Bautista et al’2 and Zigmantas et & singlet excited states. The technique has been used in earlier

. . . work to successfully characterize the electronic properties of
proposed a model, including the presence of an intramolecular

CT state, to explain these dynamics. In this model, the CT state!Inear conjugated polyenes and other caroten&iéSUnlike

; . . in configuration interaction singles (CIS)-type calculations, the
lies above $(the Ag™ I|l_<e statg_) in nonpolar solvents. In polar dark S state is characterized well by TDDFT/TDA.

solvents, the CT state is stabilized more than the-Ake state ; R o . o

and it becomes the lowest excited singlet state. The model can 1€ “plots” function in Q-Chem was utilized to visualize the
account for the drastic reduction of the Adjke state lifetime molecular orbitals involved in transitions to the excited state.
in polar solvents. The second band in the fluorescence spectraE*Cited states composed of a transition involving Kelgiam
and the stimulated emission band observed in the near-infraredM0lecular orbitals with a different spatial localization were

of the transient absorption spectra are both proposed to arise?SSigned to CT states. Such a CT character was subsequently
from the CT state. confirmed by the attachmentletachment population analysis

Quantum chemical calculations of the electronic structure of that shows a change in charge distribution regions. The other

. . . ._excited states, composed of transitions betweerbitals, were
peridinin have been carried out by several groups. Damjanovic h ved ith lik ik X
et al. carried out semiempirical Parisé?ar—Pople self- characterized as eitheike or By -like states (or a mixture),

. ) i Cor . according to symmetry rules depending on the approximate
consistent field configuration interaction (PPP-SCF-CI) calcula- symmetry of the KohrSham molecular orbitals involved in
tions and found that the carbonyl and methyl groups were the transition
important in mediating PerChl coupling?® More recently, ' . .

Shima et al. used modified neglect of differently overlap using __“ dévelopmental version of Q-Chem was used in the present

pseudospectral singles and doubles configuration interactionStUdy- In addition to the excitation energies and oscillator
(MNDO—PSDCI) to investigate the electronic structure of strengths, we have also calculated the detachment and attach-

peridinin in PCP These authors found significant CT character ment densities? The attachn_]ent a_nd detachment density pIo_ts
in the A, -like state, but no low-lying CT state distinct from as well as the molecular orbitals displayed were produced using

the A, -like state. In contrast, Bautista et al. found a twisted (€ output from the plot function in Q-Chem.

intramolecular CT state arising from a HOM@ ¢hain) to To estimate the dielectric solvation energy for each state, we
LUMO (lactone ring) excitation. In the calculations of Bautista Calculated the difference density, defined as the difference
et al., only the conjugated-electron portion of the carotenoid ~ between the attachment and detachment densities. The difference
was used. The ground-state geometry of this structure wasdensity yields the difference in electronic density of the excited
obtained by minimization using the AM1 Hamiltonian. The and ground states. We calculated the expectation value of the
twisted structure consisted of a Qfbtation about the €EC dipole moment of the difference density. The permanent dipole
single bond nearest the lactone ring toward the center of the moment of each excited state is obtained as the sum of the dipole
compound. However, the crystal structure of PCP reveals thatMoment calculated from the difference density and the ground-

the peridinin molecules are twisted by, at most,about the ~ State dipole moment. A dipole-in-a-sphere model is used for
same G-C single bond- estimating the solvation energiE (in eV)*°

In view of the unusual electronic structure of peridinin and .
the lack of consensus on a model for the electronic states and AE = 0.529167727.210/22 € — 1
the energy-transfer dynamics in PCP, we carried out ab initio 4.80298 a2 t1

@)
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TABLE 2: Excited States of Peridinin 611 from SVWN/
6-31++g** TDDFT/TDA and TDDFT Calculations

states E2 b fe ud
TDDFT/TDA
2Ay like 16 394 610 0.0099 1.13
1CT-like 18 597 538 0.1007 3.39
1By-like 19211 521 4.4382 22.15
2CT-like 21138 473 0.0982 3.14
TDDFT
1By-like 15642 639 3.4889 21.76
2A4-like 16 320 613 0.046 2.44
1CT-like 18 600 538 0.006 0.82
state 4 20908 478 0.1605 4.03

a Excitation energies in wavenumbePsExcitation wavelengths in
nanometers: Oscillator strengths! Transition dipole moments in
Debye.

Figure 1. Geometry of peridinin 611 (top) and fully optimized
peridinin (bottom).

TABLE 1: Excited States of Fully Optimized Peridinin from
SVWN/6-31++g** TDDFT/TDA and TDDFT Calculations

/‘[’b

polyenes and most carotenoids, but expected in peridinin because
of its substituents. However, the degree of mixing we calculate

d

states E fe M is too high: the calculated excited-state energy for the-A
_ TDDFT/TDA like state is large, causing the energy gap between gheike
2Aglike 18224 549 0.997 10.77 and B,*-like states to be small. The error in the calculated
igu#-lll?lfe 122 é%%) i%”é %-%78%11 13-%2 excitation energy of the #-like state is within the error of the
i : | TDDFT method. In contrast, the MNDEPSDCI calculations
2B, like 21688 461 2.4922 15.62 . . e
TDDET of Shima et aP’ place the A -like state of all-trans peridinin
>
state 1 16 837 504 26128 18.15 at ‘?E)out 15 800 cmt and th_e B*-like state at about 19 360
state 2 18 755 533 0.4582 7.20 cm~L. They calculate an oscillator strength of 0.23 for thg A
state 3 20 795 481 0.3457 5.94 like state and 1.68 for the B-like state.
1CT 21 369 468 0.0055 0.73 TDDFT/TDA results for Per 611 taken from the PCP structure

are presented in Table 2. As can be seen in Figure 1, Per 611
(top) and free Per (bottom) have similar geometries except near
the allene group. In Per 611, the allene group and its attached
ring are twisted with respect to the conjugated backbone. The
first excited state of peridinin in this conformation also
corresponds to the @A-like state. In the fully optimized
conformation, the proximity of Sto S leads to significant
mixing of the two states and significantly increases the oscillator
strength to the 4 -like state to 0.997. In Per 611, the first two
excited states are further apart, and the oscillator strength to
Excited Singlet StatesFull optimization of peridinin using the Ay~-like state is 0.001, 2 orders of magnitude smaller than
the B3LYP functional and the 6-31g* basis set give the structure in free Per. Oscillator strengths of this transition in the different
of free Per shown in Figure 1. The results of our TDDFT and peridinin conformers found in PCP were also calculated using
TDDFT/TDA calculations using the SVWN functional on free the MNDO—-PSDCI method? These calculations suggest much
Per are presented in Table 1. Previous work showed that forlarger values of the oscillator strengths: between 0.32 and 1.09.
polyene oligomers (butadiene to decapentaene) and the caroA low oscillator strength of the transition to the;Alike state
tenoid rhodopin glucoside, the transition energy for the-B  within the protein agrees with the experiment because y1e A
like state is typically underestimated by 8:@.7 eV using the like state is seen in the absorption spectrum of PCP. We
SVWN, Becke-Lee-Yang—Parr (BLYP) or B3LYP exchange-  calculate the Sstate of Per 611 to be composed of twg A
correlation functionals in TDDFT calculatiod$38 The under- components and no&omponents: 58% HOMO-+ LUMO
estimation of the B"-like energy leads to unreliably high levels and 41% HOMO— LUMO++1. Our calculated gas-phase
of mixing between the 4 -like and B,*-like states. TDDFT/ excitation energy for the #-like state is 16 394 cnt, in
TDA calculations produce much more reasonable reduis. reasonable agreement with the estimate of 17328790 cnr?!
As a result, we limit our discussion to the TDDFT/TDA from MNDO—PSDCI calculations by Shima et &l Figure 2
calculations. It is clear from the results in Table 1 that peridinin shows the difference between the nature of the transitions in
is a unique carotenoid. In most carotenoids, the oscillator free Per from those of Per 611. Attachment (green) and
strength to the first excited state, the dargk Aike state, is very detachment (red) density plots are shown for the first four
small. In free peridinin, we see substantial oscillator strength excited singlet states of free Per (left) and Per 611 (right). The

a Excitation energies in wavenumbePsExcitation wavelengths in
nanometers Oscillator strengths! Transition dipole moments in
Debye.

whereu is the permanent dipole moment of the state in Debyes,

ais the radius of the sphere in A (assumed to be 12 A),and
is the dielectric constant of the solvent.

Results & Discussion

in this transition, most likely due to the proximity o ® the

transition from the ground state tq & clearly mixed in free

S, state and the symmetry-breaking substituents. The two statesPer, whereas in Per 611 the same transition is an almost pure

are separated by only 1237 chwith ~25% of the $
population having B'-like character (in the KohaSham orbital

w—m* transition. The second excited state in free Per is mostly
of By" character, with 24% §character, 45% a mixture of,B

representation this corresponds approximately to the HOMO and CT character, and 26% purg &aracter.

— LUMO transition). The A~-like components still dominate
the S state with 25% of the population coming from a HOMO
— LUMO+1 transition and 37% from a HOMO-% LUMO
transition. Such high degrees of mixing is unusual in linear

In Per 611, the second excited state is quite distinct from the
Ay~ or By*-like states described above and clearly shows
substantial transfer of electron density from the epoxy and
lactone rings to the polyene chain. We assign this state as the
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Free peridinin Peridinin 611

Figure 2. Attachment (shown in green) and detachment (red) density plots for fully optimized peridinin (left) and peridinin 611 (right). From top
to bottom: § attachment density,:Sletachment density,,Sttachment density,.Sletachment density,s&ttachment density, sSletachment
density, g attachment density, and, 8etachment density.

CT state described in the Introduction. We calculated the 37%. Unlike free Per, there is negligible mixing between the
transition dipole moment of the CT state to be 3.4 D. This value CT and the B-like states. We place the,Blike state at 19 211

is very similar to the estimatef@ D obtained from global cm1, compared to the MNDOPSDCF’ estimate of~20 400
analysis of ultrafast polarized transient absorption spectracm1,

conducted by Krueger et & MNDO—PSDCI calculations do The CT state appears as the third excited singlet state in free
not reveal a separate CT stéfénstead, substantial CT character peridinin. The changes in electron density of the free Per CT
is seen in the Ag-like state. and B,™-like states look similar to one another because of the
For Per 611, the third excited state is purely ®ith large amount of mixing between the states. The CT state has a
contributions from two transitions: the HOM©> LUMO small oscillator strength of 0.080 and 0.100 in free Per and Per

transition contributes 51% and HOMO-=2 LUMO contributes 611, respectively.
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TABLE 3: Solvation Energy (AE) and Total Excitation Per 612

Energy (Eey in Wavenumbers for Free Peridinin and g
Peridinin 611 gt Per6ll
state water CECN methanol  n-hexane
Free Peridinin
groundS AE —-159 —155 —154 —60
2A.like AE —1955 —1912 —1903 —743
g Eex 16 427 16 467 16 475 17 542
1B, like AE 7172 —7011 —6979 —2725
Eex 12 447 12 604 12 635 16 796
1CT-like AE —7453 —7286 —7253 —2832
Eex 14 065 14 229 14 261 18 589
2B,-like AE —6256 —6116 —6088 —2377
Eex 15591 15728 15754 19372
Peridinin 611 w‘
ground S AE —152 —149 —148 —58
oA like AE —815 =797 —794 —310 Figure 3. Geometry of peridinin (gray) and chlorophyll (black) in half
g Eex 15731 15746 15749 16 142 a monomer of PCP. The lactone ring of peridinin is also shown in
1CT-like AE —8377 —8189 —8152 —3183 black.
Eex 10 372 10 556 10593 15472 e . . L
. AE —477 —467 —465 —181 of peridinin in solution, a drastic decrease in lifetime of the
1B-like Eox 18 885 18 893 18 894 19 088 Ag -like state in polar solvents is observed. Zigmantas ét al.
oCTlike AE  —4752  —4646 —4625 —1806 attribute this to a greater stabilization of the CT state in polar
Eex 16538 16641 16 662 19390 solvents. In nonpolar solvents, they speculate that the CT state

The appearance of a low-lying CT state in both geometries lies above § whereas in increasingly polar solvents, the energy
is consistent with the strong solvent dependence of the lifetime of the CT state decreases compared faSil it becomes the
of the lowest excited stat&2*Frank and co-workef3attributed lowest excited singlet state. Our simple solvation model predicts
this effect to a CT state strongly coupled to thg Aike state: the qualitative differences in solvent stabilization between the
in nonpolar solvents the A-like state is below the CT state, CT and the A™-like states. In free Per, we calculate the CT
whereas in polar solvents the ordering of states is reversed. Instate to be above thegA-like state inn-hexane, but below the
the protein environment, these authors suggested that the CTAy -like state in methanol.
state would be above thegAlike state. Of course, the energy Speculation on the Role of the CT Stateln view of the
of a state with significant CT character cannot be reliably dramatically different electron rearrangement involved in the
obtained from vacuum calculation. Below we describe a simple Ay™-like and CT transitions, it is interesting to speculate on their
dielectric calculation to estimate the solvent stabilization of this relative Coulombic couplings to the Chl acceptor. Both states
state. were calculated to lie above the Ch| &ate, and, hence, can
The fourth excited state in free Per is mostly of@aracter contribute to Per— Chl energy transfer. Figure 3 shows the
and could be the elusive,Bstate!> 1’ The S state is composed  arrangement of the peridinin and the Chl molecules in half of
of four components in its KohaSham molecular orbital ~a monomer of PCPThe Chl molecule lies with its center closer
representation: 20% HOMO-3> LUMO, 32% HOMO-2— to the allene end of peridinin, away from the lactone ring. For
LUMO, 30% HOMO— LUMO, and 9% HOMO— LUMO+1. example, in Per 611 the separation of the lactone ring from the
The first and last components listed havg éharacter and Chl Mg atom is 13.02 A, while the Mgallene distance is 8.73
comprise 29% of the state. The second component has bothA. The other Per molecules in PCP lie with the allene region
CT and B, character, and the third component haxBaracter. even closer to the Chl, with separations ranging from 4.30 to
In Per 611, we calculated the fourth excited state to be another7.48 A. The transition densities for thegAlike and CT
CT state. Again, the electron density goes from being localized transitions for Per 611 (Figure 4) show the expected charac-
on the epoxy and carbonyl groups to be delocalized along theteristics: the A~-like state reveals extensive cancellation of
polyene chain. In addition, the oscillator strength of the transition positive and negative density along the entire molecule, while
is also small: 0.098. the CT transition involves mainly negative density at the lactone
Solvation Energies.Using eq 1 for the energy of a dipole- end and positive density at the allene end of the molecule.
in-a-sphere and the ground- and excited-state dipole momentsAlthough these results need to be confirmed by detailed
from the TDDFT/TDA calculations of free Per and Per 611, numerical calculation, it seems likely that the Coulombic
we calculated the total excitation energies and the solvation coupling between the ChlQransition and the peridinin CT
energies for both structures in four different solvents: water, transition will be significantly larger than between the CKl Q
methanol, acetonitrile, angthexane (Table 3). Although all of  and the $—S; transition. As a result, energy transfer will be
the states are stabilized more in polar than in nonpolar solvents,enhanced from the CT state. Calculations based on the transition
the stabilization energies for each state in a given solvent vary density cube methdéfor all peridinin conformers in PCP are
considerably. For example, in free peridinin, the CT state currently underway.
stabilization energy is 4621 crh greater in water than in Applicability of TDDFT to CT States. Finally, we comment
n-hexane, whereas thegAlike state is only stabilized by 1212  on the applicability of TDDFT to CT states. Application of
cm~1in water with respect to-hexane. The solvation energy TDDFT to states with CT character is quite appropriate in
is greater for the Per 611 CT state, where the CT state is principle, but can be problematic in practice because of
stabilized by 5194 cmt in water compared to-hexane, whereas  limitations in the functionals currently available. As pointed out
the Ay -like state is stabilized by only 505 crhmore in water many years ago, DFT with local density approximation (LDA)
than inn-hexane. would incorrectly dissociate NaCl into its constituent-charged
These simple calculations are in qualitative agreement with species® Such a ground-state CT problem can be solved by
experimental result¥ In the transient absorption experiments requiring the energy functional to have the correct derivative
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Figure 4. Excited-state transition densities of Per 611.

discontinuity with respect to electron densiitikewise, a good excitations and involves a significant transfer of electron density,
description of CT properties of a molecule requires the proper both factors of importance in peridinin.
derivative discontinuity in the energy functional. One simple, Itis unclear which approximate functional is most appropriate
although somewhat ad-hoc way to incorporate the derivative to use to study vertical CT excited states, because all of the
discontinuity with an LDA functional, is the “shift and splice” commonly used functionals do not have the right derivative
approact#45In this method, the exchange-correlation potential discontinuity. The SVWN functional has been shown to give
in the core region is shifted by a constant value. Such a shift better results than B3LYP for the treatment of the dagk S
will play a role in correcting intermolecular CT problems, but (2*Ag~) state in polyene®’ The Coulombic coupling between
may not be so critical in intramolecular CT systems such as the carotenoid Ag-like dark state and the bacteriochlorophyll
that treated in the present study. Qy state has been obtained for a light-harvesting complex using
Recently there have been several studies using TDDFT (with the SVWN functionaf® The coupling yielded carotenoid &
conventional asymptotically incorrect functionals) for aromatic Pacteriochlorophyll Qexcitation energy-transfer times that are
donor-acceptor systems with CT excited states. The results of N 00d agreement with experimental results. Our results seem
Jamorski and co-workef§; 8 for example, also support a to indicate that SVWN is a reasonable choice in characterizing

twisted intramolecular charge transfer model for understanding the § state in other carotenpids, including per!dinin. We .h".iv.e
the different fluorescence activities among the deremceptor also cpnducted test calcu_latlons of the fully optlmlzec_i peridinin
systems studied. These calculations were performed using the?Y USing the BLYP functional and found that the differences
B3LYP functional and the modified Perdewvang exchange between the SVWN and BLYP functional results are small

: : Its not shown).
and PerdewWang91 correlation functionals (MPW1PW91). (resu . . .
The calculated excitation energies are generally within 0.2 eV The recent success of TDDFT in calculating CT excited states

of expermenial esimates, TODET has aiso been used 1017 e Success of e SV unclonal o eharecirzng
successfully describe the electronic transitions of alkyl peroxy 99 pprop

radicals?® a system where multiconfiguration self-consistent such as penqllnln. However, a _fmal answer r_1ecessar|ly awaits
) . . further experimental or theoretical confirmation.

field calculations are not successtilThe phenyl peroxy radical

absorption spectrum can be successfully described by TDDFT Summary

using the BLYP functionat? The visible band of this molecule In this paper, we have presented quantum chemical evidence
results from a transition with a high percentage of double for a low-lying intramolecular CT state in peridinin using
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TDDFT with the SVWN functional under the Tamnabancoff

Vaswani et al.

(21) Frank, H. A.; Farhoosh, R.; Gebhard, R.; Lugtenburg, J.; Gosztola,

approximation. Our results suggest that, in vacuo, the CT stateD-: Wasielewski, M. RChem. Phys. Letl993 207, 88-92.

may lie above or below the B-like state, depending on the

(22) Bautista, J. A.; Connors, R. E.; Raju, B. B.; Hiller, R. G.; Sharples,
F. P.; Gosztola, D.; Wasielewski, M. R.; Frank, H. A.Phys. Chem. B

geometric structure of the molecule. The solvation energies of 1999 103 8751-8758.
the excited states were calculated using a dipole-in-a-sphere  (23) Frank, H. A.; Bautista, J. A.; Josue, J.; Pendon, Z.; Hiller, R. G.;

model. In qualitative agreement with experimental results, the
CT state of free peridinin is more strongly stabilized in polar
solvents than the f-like state. This results in the CT state
falling below the A~-like state in polar solvents, while it
remains above the A-like state in nonpolar solvents. Similar
calculations for the other native structures of peridinin in PCP,
which all display a low-lying CT state, will be presented in a
future work.
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