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AB3LACT

The ways of degradation of electronic excitation
enercsy of sinclet states of complex molecules in the
csas phase with various character of depcudence of the

guantuu vield and lifetime of fluorescence on the ex-

cess vibrational cnergy of excited molecules, A[;vib’
arc discussed, From the analysis of literature data on
phtnalimide and anthracene derivatives and perylene, and
also from the results of investigations conducted in the
oresent study for 9,10-dimethylanthracene and 9, 10-di-
nhienylanthracene it follows that in the majority of ca-
ses radiationless degradation of electronic excitation
energyv is realized both by means of intersystem crossing

and internal conversion. For all studied molecules, with

the excention of anthracene, an increase in intersystem
=

crossing with increasing AR ib
vi

te is observed, while the internal conversion probabili-

of excited singlet sta-

ty nay either increase or decrease. In particular, an
125
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increase in tine quantun yield and lifetime of fluores-
3

ceuce of 1,10-dimethylanthracene with increasing A&E vib

sroved to be due to a decreasc in the internal convers-

ion arobability.

An increase in the excess vibrational energy of
sinclet excited states of the majority of polyatomic or-
sanic compounds in the gas phase is known to be accompa-
nied witiv an increase in the nrobability of radiation-
less transitions!. As a result, the quantum yield, v',
and lifetime,'f , of fluorescence of free comnlex mole-
cules usually decrease with increasiung enecrgy of the
exciting ra:iiation quantum, hY exc’ and vapour tempera-
ture, T.

Radiationless degradation of electronic energy of

the first excited sinclet 3, state can be realized in

1
two ways: by neans of intcrsystem crossing (SI-*Tn tran-

sition), and iuternal couversion (Sl~OS transition).

o
Thie role of each of the channels in the radiationless
dissipation of electronic excitation energy of free po-
lyatomic molecules, however, remained uniuvestigated
until recently. In our studies?"3 it has been shown for
a series of phthalimide derivatives in the gas »hase
that the Sl state energy degradation is realized through
both chaunels. :ioreover, with increasing excess vibrati-

onal energy of the excited molecules, o E the inter-~

vib’

system crossing probability usually increases more ra-

»idly, thus causing a sharp decrease in 6 and T .
ilowever, there are some compounds whose a' remains

k.
practically constant with increasing AL (anthracene,

vib



04:16 30 January 2011

Downl oaded At:

SINGLET EXCITED STATES 127

. . 1
perylene), or even increases (9, 10-dimethylanthracene) .
For the anthracene molecule in the gas phase intersystem
crossing proved to be the main channel of radiationless

deactivation of the S state, its probability being in-

* 31
vib °
in the gas phase, internal conversion effectively compe-

dependent of A E In the case of perylene molecules
tes with intersystem crossing in the course of radiation-
less dissipation of the electronic excitation energy. The
probabilities of these processes change so that their sum
remains practically constant 4.

The principnle aim of the present studv was to estab-
lish the ways of the degradation of electronic energy of
the Sl states of complex molecules in the case when the
fluorescence quantum yield and lifetime increase with in-
creasing a E*vib' Vapours of 9,10~dimethylanthracene
(9,10-D¥MA) and 9, 10-diphenylanthracene (9,10-DPA) were
studied. The first compound is characterized by an inc-
T

rease of the values of 'v and with increasing ex-

cess vibrational energy of the excited molecules,
*

AE vib®

The triplet-triplet absorption spectra and gquantum

while the second compound, by their decrease.

yields of triplet state formation of the vapours of the-
se compounds were measured in order to determine the

probabilities of intersystem crossing, d, and inter-

31’

nal conversion, dSS'

The molecules under study were excited by the se-
cond harmonic radiation of a giant-pulse ruby laser.
Triplet-triplet absorption was recorded 100-200 nsec

after the excitation of molecules. Photoelectric method
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was used to determine the intensity of tihe radiation of
the spectrosconic flash after passing through an unexci-
ted samnle, T , and throurh the excited one, I .

unexc exc
The exnerimentally measured ratio, Iu/I , was used to

determine the excited samale ontical density:

X ) T
wiiere nT is the triplet state ropulation; 2 and F ,

unlecular coefficients of sinczlet and trinlet absornst-
ion, resnectively; 1, ontical nath lengtn iu the samnle
(14 cm). The excess vibrational energyv was varied by
means of introduction into the vanour of the foreien gas
- pentane - at different oressures. It is knowus that
the interaction of foreign gases with molecules in elect-
ronic excited states results in vibrational encrgy excha-
nge which leads to the change of radiationless transition
probabilities. The studied molecules, excited by the rubyv
laser second harmonic radiation into the Sl state, may be
considered isolated under the vapour pressures used, and
have the vibrational energy excess of 2600 cm—l. As a re-
sult of introducing of the foreign gas (400 mm lg) into
the vanour, the oractically equilibrium distribution of
molecules over the S1 state vibrational levels is reali-
zed. Figure 1 displays spectra of triplet-triplet absor-
ntion of 9,10-DMA and J,10-DPA in pure vapour and in the
presence of the foreign gas.

To determine L and ZT, we used here as well as in
our previous works the method suggested in Ref.é. The

absolute values of the triplet state formation quantum
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Spectra of singlet absorption (1), fluorcs-
cence (2) and ontical density, D, (3.4 -
at different pressures of pentane, [ ):

a - 9,10-dimethylanthracene vanours a

(P =0.23 mm Hg, T = 443 K), 23 - Po=0;

4 - P = 360 um He; b - 9,10 -diphenyl-
anthricene vapours (P = 0.3 mm lig,

T =525K), 3 -P =0, 4 -7P =200 wn Uy,
n o]
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Yield,q . were found froa the ratio ~{ the erncentrat-
ion of trinlet mwolecules to that of molecules whicii ab-
sorbed the exciting radiation. In these exwerinents
nearly a half of the incident exciting radiation energy
was absorbed in the cuvette. The excitin: radiation po-
wer density was maintained =~racticallv coustant alon:s
the entire cuvette length ov means of decrcasina of the
cross-section area of the li.ht beau from the begivning
of the cuvette towards its eud wita tne hel»n o1 a focus-
inz lens. No nore than 158% of .iolecules present in the
excited volume were converted inte the trinlet state.
The error of determination of the absolute values ot'
did not exceed 407, errors in reclative measurements ui

N were less than 1§%, Using tie values of N outain-
ed and those of U and T frow the literaturc data, we
estimate the nrohahilities of irtersvstem crossiug,

R
23

and internal conversion, d_._, from the &1 states of the
heYeo)

molecules under study, at various excesses of vibratio-
nal enercgcy (scece Tablec 11,

In the case of 9,10-dimethylantiracene, radiation-
lecs degradation of electronic energy »nroceeds thirough

both channels. The internal conversion vield in the 31

state decreases with increasing excess viorational ener-
gy (within the studied limits) from 0.§? to 0.1?, the

internal conversion probability, d is reduced threc-

83’
fold, while the intersystem crossing probability, dsr,
increases approximately by a factor of 1.5, Thus an in-

T with increasing AT vib in this ca-

crease of U and
se is due to a more rapid decrease of dq< as cownarced 1o

the i R
e increase of dST
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TABLE 1
Intersystem Crossing and Internal Conversion Probabilities
Compound Vapour T-T absorption T-state Fluo- S_state dST. dSS'
tempe- coefficient, quantum rescen- life- . 10-5 .107°
rature, ZT’ M~lem™! yield, ce time, 1 .
K n quantum T ns s s
yield, [7]
v [7]
9, 10-di- 443 11900 + 1700 0,67 0.14 3.5 1.9 0.5
methyl~ (Y =24390 em™ D
anthra- nonrelaxating
cene molecules
30100 i 4500 0.37 O.11 3.0 1.3 1.7
-1
(VY =24390 cm )
relaxating
molecules
(360 mm Hg
pentane)
9,10-di- 525 12400 + 1300 0.34 0.76 3.3 1.0 -
-1
phenyl- (Y =25000cm )
anthra- nonrelaxating
cene molecules
11000 + 1600 0.26 0.8 3.3 0.3 -

(V =23800 cm_l)
relaxating
molecules

(400 mm Hg

pentane)
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It can be seen from Fig.la that the optical densi-
ty, DT, of 9,10-DMA vapours in the vicinity of the tri-
nlet-triplet absorption band maximum in the presence of
pentane exceeds DT of rarefied vapours, although the
triplet state formation yield is reduced on a decrease
of excess vibrational energy of singlet-excited molecu-
les caused by the foreign gas addition (Table 1). This
is due to an increase of the triplet-triplet absorption
coefficient resulting from vibrational relaxation of
complex molecules during interaction with the foreign
gas molecules. The increase of triplet-triplet absorp-
tion coefficient near the band maximum successfully com-

ctea with the decrease of triplet molecules concentrat-

ion, due to a decrease of the probability dST upon

Dy
addition of pentane to the 9,10-DMA vapours. This can be
seen from the time dependencies of DT (Fig.2). In the
case of rarefied vapours, within the investigated time
interval, the intermolecular vibrational relaxation in
the triplet state does not occur, and DT remains cons-
tant (curve 3). Contrary to this, with the pentane pre-
ssure being 360 mm Ilg, the relaxation is already comp-
leted (curve 2). In the presence of pentane at 13 mm Hg,
the molecules of 9,10-DMA during their lifetime in the
excited singlet state undergo approximately one collis-

ion, and the probability d T must be less than in the

S
case of rarefied vapours. Consequently, at the initial
T
instant of observation, D° (curve 1) is also less than
T .
for rarefied gases. With time, D increases due to an

increase in triplet-triplet absorption coefficient du-

ring intermolecular relaxation in the triplet state,
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Fig.2. Dependence of trinlet-trinlet absorption of
7, 10-dinethvlanthracene vapours at the fre-

quency VY = 24390 em~} on time at different
pressures of nentane (1 - 13, 2 - 360,
3 - 0 mm Hg)

and becomes larger than DT at 360 mw Hg of pentane,
which is attributable to a considerably lower intersys-
tem crossing wnrobability at high pressure of pentane.

The sum of quantum yields of triplet state forma-
tion and fluorescence of 2, t0-dinhenylanthracene va-
pours is equal to unity within experimental error li-
mits, which means that the radiationless deactivation
of the S1 state of this compound proceeds by intersys-
tem crossing and its oprobability increases with an inc-
rease in excess vibrational energy, thus causing the
decrease of the fluorescence quantum yield.

From the analysis of the data obtained by us for

different classes of compounds in the gas phase (phtha-
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limide and anthracene derivatives, perylene) it follows
that in tie majority of cases radiationless degradation
of elactronic excitation energy is realized throuch both
cliannels. For all rnolecules studied, with the excention
af anthiracene, an incre2ase in intersystem crossing pro-
Dability withi increasing excess vibrational cuergy of
the excited state is observed, while the nrobability of
internal conversisn may either increase or decrease, be-

ine oractically negligible for sone molecules. This does
not agree with the -sublished calculation datas’o, accor-
dinz to which the internal counversion probability must
increase with increasinec excess vibrational energy of
sinrlet-excited molecules.

In the solutions of the studied aromatic hydrocar-
bons - nerylene, anthracene, ?,10-dimethylanthracene and
9, I0=-divhenylanthiracene - the channel of electronic exci-
tation radiationless decradation is the intersystem cros-
singlo. This result agrees with the empirical remularity
established for solutions of aromatic hydrocarbonsll’lz,
accovrding to whicih the internal conversion orobability
is reduced with an increase in the energy interval betwe-
en the combininyg sinclet electronic states. Since the
valuc of energy gan between the SO and Sl levels of the
above~mentioned comnounds exceeds 20000 cm-l, the inter-
unal conversion orobability must not be more than 1065-1
on the order of magnitude, which is much less than the
suim of »robabilities of radiation transition and inter-
3 -1

system crossing, 10°s .

As we have shown earlier, in the case of perylene

and ), 10-dimethylanthracene vapours, unlike the conden-
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sed phase, internal conversion is an effective channel
of radiationless energy degradation. A possible reason
for this behaviour of free molecules, the importance of
which was underlined by Terenin13, is the enhancement
in the gas phase of torsional and deformational vibrat-
ions causing a greater molecular skeleton mobility than

in the condensed phase.
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