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I nfluence of Structural and Rotational |I|sonerism on the Triplet

Bl i nki ng of Individual Dendrimer Ml ecules

T. Vosch, J. Hofkens, M Cotlet, F. Kohn, H Fujiwara, R G onheid,
K. Van Der Biest, T. Wil, A Herrmann, K Millen, S. Mkanel, M

Van der Auweraer, F. C. De Schryver

Sanpl e preparati on and neasurenment conditions.

For the single nolecule experinents, sanples were prepared by
spincoating at 1000 RPM on a glass coverslip a toluene solution of
15 mg/m Zeonex (polynorbornene) containing a 10 M of 1. AFM
measurenents showed a film thickness between 500 to 1000 nm As
excitation light we used the 488 nmline of a continuous wave Argon-
| on-Laser (Stabilite, Spectra-Physics). A 488 nm notch plus filter
of Kaiser Optics was put in the detection path to suppress renaining
excitation light. The applied power was 400-600 Wcnf at the sanple.
The Conf ocal FI uor escence M cr oscope t hat wor ks in t he
epi l um nescence node and the analysis nethods are described

el sewhere in nore detail.!!



Fl uorescence decay neasurenents.

For the fluorescence decay neasurenents, the frequency doubled
output of a TiSa laser (Spectra Physics) was used to excite
i ndi vi dual nol ecules (repetition rate of AVHz) . Passing a
beansplitter a part of the light was focused onto a Photodiode
(Newfocus) to obtain the trigger pulses. After a linear @ an-Thonson
pol arizer (Newfocus) a |/2 waveplate was used to adjust the I|inear
excitation polarization. The sane setup as in [2] was used. The
single photon counting signals of the APD were split: One part was
collected in a frequency counter PC card (Keithley, CTMO05/A) to
obtain the fluorescence intensity trajectory with a binning tine of
10 ms (not shown). The other is acquired in a Tine-Correlated Single
Photon Counting (TCSPC) PC Card (SPC 630, Picoquant GrbH) together
with the trigger signal to record the fluorescence decays of the
single nolecule in continuous steps of 10 seconds. Details on the

anal ysis of the single nolecul e decays can be found in [3].

Tripl et absorption nmeasurenents.

The recording of the triplet absorption spectrum was done using
acetonitrile, benzene and toluene (Fluka, spectroscopic grade) as
solvents w thout further purification. Benzophenone (Aldrich, gold
| abel) and Fluoren-9-one (J.T. Baker Chemcals, Photosensitizers
Kit) were used as triplet energy donors. The ns-transient absorption

nmeasurenents were perforned by the set up previously described in



[4]. The direct excitation of the sanples at 460 nm was carried out
using the output of an Optical Paranetric Gscillator (OPO | = 460
nm pulse width ca. 7 ns, energy ca. 1.0 ml/pul se Continuum which
was punped by the third harnmonic of a Nd:Yag laser. 1In the
sensitisation experinents the sanples were excited at 355 nm using
the output of the third harnonic of a Nd:Yag laser (lexc = 355 nm
pulse width ca. 5 ns, energy ca. 1.5 mJ/pulse, Continuun). Transient
absorption spectra were constructed based on neasurenents every 10
nm over the 300-800 nm spectral range, averaging at |east 10 shots
wavel engt h recor ded. The triplet-triplet nmol ar extinction
coefficients (er) were determ ned by the energy transfer nethod using
benzophenone and fl uoren-9-one as energy donors.!® The product fr ~ er
for each conpound was obtained by the laser energy effect on the
change of absorbance (DA) neasured at the | for the sanples under
i nvestigation and usi ng an optically mat ched sol ution of
benzophenone in acetonitrile (ft = e = 6500 Micm?)2 The plots of DA
vs. laser dose were |inear and passed through zero indicating that
only one-photon processes were occurring. The triplet quantum yields

were cal cul ated fromthe experimantal values of fr =~ er and er.

Details on cal cul ati ons.
The two mnimzed structures were obtained wusing a nolecular
mechani cs optim zation nmethod (Merck Mol ecular force field) present

in SPARTAN®. The ZINDO code was first applied to generate the INDO S



Ham [ tonian wusing geonetry’'s obtained from nolecular nechanics
cal culations (Merck Mdlecular Force Field). In a next step, the
Hartree- Fock ground-state density matrix is calculated which is used
as input to the following CEO calculations. In detail, this neans

t hat we conpute the reduced single-electron density matrix

ﬁ,m 0 <gcr+ncn|g>, where cfc,) are creation (annihilation) operators of

an electron at the nth atomc orbital and |g> Is the ground-state
many- el ectron wave function. The diagonal el enents ﬁnn represent the
el ectronic charge density at the nth orbital, whereas the off-
di agonal elenents, nin, reveal the bonding structure (i.e., bond
order) associated with each pair of atomc orbitals. Wen the

nol ecule interacts with an external driving field, its electronic

density matrix acquires a tine-dependent conponent &f(t), which can
be explained as an(t) = é aft)x, +a(t)x’. a(t) are tine-dependent
expansi on coefficients and the electronic normal node x, is a matrix
representing the optical transitions between the ground-state |g> and

an electronic excited state [f). Its matrix elements are given by

T o

c,;cn|g>. The electronic normal nodes allow us to interpret

and visualize the changes induced in the electronic structure upon
excitations in ternms of collective notions of the electronic density

matri x. The di agonal elenents [i,),, represent the net charge induced

on the nth atomc orbital by an external field, whereas (1;), ntn are

\



t he dynam cal bond orders (or electronic coherence) representing the
joint anplitude of finding an electron on orbital m and a hole on
orbital n. The CEO approach provides a sinple conputationa

algorithm for optical excitations of large and conplex nolecules
w th hundreds of heavy atons. Furthernore, the resulting nodes allow
a direct real-space interpretation of these absorption spectra.

Besi des absorption spectra one can also calculate the coupling
val ues anong the chronophores wusing the CEO approach. Further
information on the calculations can be found in [6]. Al calcul ated
val ues reported below apply to a nolecule in vacuum at zero Kel vin.

Only the absorbing parts are considered in the calculation. The
hydrogen atons are not shown in the density matrices. The density
matrix is nunbered from chronophore 1 to 3, neaning that the first
37 atons correspond to the atonms of chronophore 1. These 37 atons
can be divided in subgroups. Atons 1-20 build up the perylene unit,

atons 21-25 represent the imde region, atons 26-31 represent the
phenyl and atonms 32-37 represent the two isopropyl groups. From the
transition density matrices shown in figure 2, one can see that
there are different interactions anong the chronophores. Transition
frequencies, oscillator strengths of the transitions in isoner A and

B are given in Table 1.



| soner A Fi r st Second Third

Ener gy 19032.83 cm?' |19033.21 cm!® |19068.59 cni’

Gscillator strength |25.16 eVe’A* |24.89 eVe®A® 1. 64 eVe’l?

| soner B Fi r st Second Third

Ener gy 18959. 83 cmi® [ 19044.19 cmi' [19150.42 cm'

Oscillator strength |1.43 eVeA? 21.19 eVe’A? 28. 25 eVe’A?

Table 1:Transition frequencies, oscillator strength of isomer A and B

The transitions of isomer A are delocalized over the three
chronophores. The first and second transition are degenerated
transitions and we see in the first transition mainly contributions
on chronophore one and two, and in the second transition mainly
contributions on chronophore one and three. The third transition is
equal ly delocalized over chronophore one, two and three. |sonmer B
shows a conpletely different behavior. The first transition is
delocalized only on chronophore two and three. These are two
chronmophores that are closer together. The second transition is
| ocalized on chronophore one, and the third transition is again
situated on chronophore two and chronophore three. This denonstrates
that if two chronophores are closer together, their photophysical
behavior can be different. From purely delocalized transitions over
the three chronophores in isomer A, we go to localized transitions

on pair two and three and a | ocalized transition on chronophore one.
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