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CORRELATION OF THE ZERO-PHONON ELECTRONIC TRANSITION
PROBABILITIES (DEBYE-WALLER FACTORS) FOR MOLECULAR
IMPURITY CENTRES IN AMORPHOUS HOSTS WITH
SPECTRAL MATRIX SHIFTS

(Presented by K. K. Rebane)

The relative intensities of purely electronic zero-phonon transitions (the Debye-
Waller factors, DWF) for organic molecules imbedded in polymer and frozen solvent
glasses have been gleaned from the literature and tabulated. Correlations were established
between the DWF and the spectral matrix-shifts of the transition frequencies as well as
with related parameters, such as the changes of the dipole moments (Ap) and polarizabi-
lities (Aa) on electronic excitation.

The spectral band-maxima of several dyes have been measured as a function of
the refractive index and dielectric permittivity of the solvent. Small solvent-shift of the
S, — Sy band maximum as a function of the solvent polarizability, which corresponds to
the low value of Aa, can explain the weakness of the coupling to low-frequency quasi-
local and matrix modes in case of porphyrins. Zero-phonon transitions are observable
for the molecules with Ap values not much exceeding 2 D. Useful predictions about the
maximum zero-phonon hole depth at liquid helium temperatures can be made on the
basis of room temperature solvent-shifts.

1. Introduction

Broad-band spectral contours can be often regarded as a convolution
of the spectrum of a single center (the homogeneous spectrum) and the
distribution function of the resonance frequencies in disordered environ-
ment [']. The homogeneous spectrum is described as a superposition of a
narrow zero-phonon line and a broad sideband of vibronic origin. The
integral zero-phonon line to zero-phonon-line-plus-phonon-wing intensity
ratio (the Debye-Waller factor, DWF) [!] critically depends on the
structure of the dopant.

Despite the relevance to site-selection and hole-burning spectroscopy,
the interrelation between the DWF and the parameters of the guest
molecules as well as the nature of low-energy excitations forming the
phonon wing have not been extensively discussed. y

The absence of site-selection effect (DWF=0) in amino-substituted
arenes was ascribed to strong electron-phonon coupling associated with
intramolecular charge transfer on electronic excitation [?]. It was pointed
out that the phonon wing is stronger for ionic dyes than for uncharged
porphine [®]. Earlier, it was noticed that hydrogen bonding between
cationic proflavin and ethanol may result in dense manifold of low-
frequency levels and lead to the disappearance of sharp-line spectrum [%].

On the basis of accumulated experimental data it became possible at
present to establish reasonable correlations between the DWF and the
differences of intermolecular interaction parameters in the ground and
excited states (dipole moments, polarizabilities).

According to the Franck-Condon principle, the probability of exciting
low-frequency intermolecular vibrations in the course of electronic transi-
tion is higher when the minima of the intermolecular interaction potentials
are displaced. In other words, in case of a large difference between the
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van der Waals forces in the ground and excited states, small DWF values
are expected, and vice versa. On the other hand, the transition energy
shift is explained in terms of relative stabilization of the respective
electronic levels upon transfer of the free molecule to the condensed phase
[°]. For instance, the strengthening of the interaction with surrounding
molecules in the S, state results in the downward shift of the S;,— S,
transition frequency, and vice versa.

The highest probability of zero-phonon transitions should therefore
correspond to the systems with small matrix shifts. ,

The DWF values were collected from the literature. In several cases
the DWF have been estimated by us simply as relative saturated depth of
a spectral hole (in optical density scale) burned near the band maximum.
This is a crude approximation which presupposes that all centres are
photoactive («burnable») and the inhomogeneous site-distribution function
is considerably broader than the phonon side-band. The hole was con-
sidered to be saturated when a pseudo-wing of remarkable intensity
appeared, i.e. the less efficient burning via phonon-wing absorption has
been started.

The matrix shift was calculated as a difference between the resonance
frequency of the free molecule seeded in the supersonic jet (vo) and the
frequency at which the spectral hole was burned, or alternatively, bet-
ween v, and absorption band maximum.

The largest contributions to the spectral matrix shift arise from the
dispersion interaction and the reaction field effects characterized by the
variations of polarizabilities (Aa) and dipole moments (Ap) of the guest
molecules and by refractive indices (n) and dielectric permittivities (e)
of the host [%].

The Ap and Aa values are taken mostly from spectral Stark shift
studies. Centrosymmetric molecules doped into amorphous polymers show
a linear Stark broadening of the spectral hole at relatively weak electric
field strengths [6-#]. The average matrix-induced values of Ap obtained
this way are also included in Table 1.

: Table 2
Solvent-induced shifts of the S,<-S, absorption maxima at 20°C
Compound Solvents? gl;:%‘tlb Slope, ecm—!: ¢ Illct:ll}le‘[)dt. Ne |r|f

Tetraphenylporphine s=n? [(n2) —639 15613 5 0.994
Coronene - - —8204-20[%2]
Tetracene® e=n? . —5137 22 512 6 0.997
Cryptocyanine iodide = e=const " —3 802 14 999 3 0.992

& n=const f(e) 86 13 887 3 0.907
Quinizarin e=n?; | f(n?) —2413 19 850 4 0.999
Resorufin Na salt g=const e —2 840 17 585 3 0.997
Rhodamine 640 (101) = » —1975 17 768 3 0.980
perchlorate n==const (&) —386 17 625 3 0.963
Cresyl violet perchlo-
rate g=const f(n?) —3 956 17 665 5 0.975
DCM e=n? % —8 145 24 050 4 0.999
Cresyl violet, neutral g=const p —15000 24 481 8 0.948

2 Three sets of solvents. were used: .n:alkanes with e=n?, and those with constant e

and n.

b The peak maxima were plotted vs. f(n?)= (n2— 1)/(n?42) or f(s)=(s(—é— 14))/

¢ Depending on the solvent set, the slope is equal to A, B, or C oi Eqgs.

4 Depending on the solvent set; the intercept is equal to wo, V<
¢ Number of solvents.

f Linear regression coefficient.

g Data from [%3].

9L

or v

0,n "
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It was necessary to complement the electrochromism data with spectral
solvent-shift measurements, since the Ap and, particularly, the Aa data
are scarce.

Within a set of structurally related solvents, e. g. n-alkanes, the rela-
tionship between the peak frequency (v) of the absorption band and the
solvent polarizability function f(n?)= (n?—1)/(n*4-2) is perfectly linear
(Table 2). With f(n?) approaching zero, v extrapolates to the purely
electronic resonance frequency of the free molecule (vo).

In case of non-polar solvents, when n?=eg, the band maximum is a
function of the ground and excited state dipole moments (ug, pe) and
polarizabilities (ag, ae) [°], see also [°*]:

1.25(pg—pe) , 0g—ae[3 LI ]}nz—l

V=V°+{ Phe ' rhe L2 G0 Vg2’ (1)

where h and ¢ are the Planck constant and the velocity of light, r is the
Onsager cavity radius of the solute, / and /” are the ionization potentials
of the solute and solvent molecules, respectively. If p is given in Debye
units, @ and 7® are in A3 and /=/"~10 eV, the slope A (in cm~!) of the
plot of v vs. f(n?) becomes: E

A=[6.3-10° (% — p2 ) +6.0- 10* (e — ) ] /. (2)

When e is kept constant, e. g. within a set of solvents like acetonitrile,
nitromethane, dimethylformamide, y-butyrolactone and nitrobenzene, the
slope B of the linear plot of v vs. f(n?) is given as:

B=[—6.3-10% (2 — 2pugpto 08 D+1i2) +6.0- 104 (ag — ) 1 /7%, (3)

where @ is the angle between dipole moments in the S, and S, states.

In a set of solvents with n=const, e. g. chloroform, 1,2-dichloroethane
and dimethylsulfoxide, the slope C of the plot of v vs. f(e)=(e—1)/
/(e + 2) reflects only the contribution of orientational reaction field [°]:

C=1.25- 104 (11g — pe cos @) /7%, (4)

The average v, value for free ionic dyes, which do neither evaporate
nor dissolve in apolar media, can be evaluated by combining the solvent
shift measurements at constant ¢ and n:

Vo= 1/2[V0,2+V0,ﬂ =5 Bi(nz)_ Cf(S)], (5)

where vq, . and vy, , are the intercepts for e==const and n=-const, respect-
ively.

The polarizability difference Aa for the molecules without dipole
moments in S, and S, states may be calculated from Eq. (2) or (3),
provided that the cavity radius is known.

The slopes A, B and C as well as intercepts vo, voe and vy, are given
in Table 2. The details of absorption measurements at 20°C will be
published elsewhere.

2. Debye-Waller factors for various groups of organic compounds

It is evident from Table 1 that most molecular impurities with high
DWF are centrosymmetric and formally without dipole moments in both
ground and excited states (porphyrins, arenes, cyanine dyes, dimethyl-s-
tetrazine, thioindigo).

Tetrapyrrolic pigments (porphyrins, phthalocyanines) possess out-
standingly strong zero-phonon lines. Moreover, in contrast to the other
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organic impurities, zero-phonon holes have been observed even at 80 K
for phthalocyanine [5°] and tetraphenylporphine ['*]. Well-resolved vibro-
nic structure was observed in site-selection spectra of iron-free porphyrin
cytochrome ¢ and Zn-cytochrome ¢ at 60—77 K [%6 57].

On the other hand, porphyrins are characterized by unusually small
matrix-shifts of the S,—S, transition frequency. The trace of the polari-
zability tensor difference between ground and excited states Tr{Aa}=
=2.7-+1A3 [15] and the slope of the plot of the absorption band maxi-
mum vs. f(n?)A=—639cm~! (Table 2) for tetraphenylporphine are
approximately, by an order of magnitude, smaller than the corresponding
values for polycyclic arenes. The matrix-induced dipole moment difierences
in polar polyvinylbutyral host are 0.06—0.1 [''] and 0.51 D [?*] for
octaethylporphine and perylene, respectively, which are in accordance with
their Aa values. Thus the strength of dispersion interaction between
porphyrin and matrix molecules is very close in both S, and S, states.

The blue-shift of the S;<-S, band in polar media is caused by diminish-
ing of the S;— S, splitting as a result of the screening of electrostatic
repulsion between the central hydrogens. This interesting phenomenon
will be discussed elsewhere.

The saturated hole-depth and the apparent DWF of the porphine
magnesium complex is smaller by a factor of two [] due to the
degeneracy of lowest excited energy level in metallo-porphyrins of D
symmetry.

Polycyclic aromatic hydrocarbons (arenes) are another large group of
the compounds thoroughly studied by high-resolution laser spectroscopy.
The fluorescence line-narrowing spectrum of the pyrene is accompanied
by weaker side-bands than that of the perylene, at vibronic excitation
within the « and p transition regions, respectively [*¥]. Very sharp site-
selection spectrum was reported for chrysene at a band excitation [*].
It is well established that weak a('Ly) bands are less solvent-sensitive
than strong p('L.) bands [5°]. Consequently, weak electron-phonon coupl-
ing is expected for S;«S, transition of the coronene, because the slope
Ais as small as —820-+20 cm~! [52]. Indeed, a phosphorescence spectrum
of the coronene displays hardly any phonon wings in glassy I-bromobutane
[6] (although Aa may be diiferent for T, — S, and S;— So transitions).

The DWF for the third group of m-electronic systems — cationic
polymethine dyes (cyanines) does not exceed 0.15 [32 3], The quasi-line
structure in their vibronically excited fluorescence spectra disappears
already at 25 K [¢']. Bulkier heterocyclic rings as well as the bridging
and halogene subtitution in the polymethine chain result in better line-to-
background ratio [¢']. Fairly large solvent-shiit for cryptocyanine i —
— 3802 cm~!, Table 2) reveals that the polarizability of the molecule
greatly increases in S, state. Intramolecular torsional vibrations may also
contribute to the phonon wing intensity in these flexible-chain molecules.

Tricyclic dyes with oxygen and/or nitrogen containing heterocyclic
central ring and with a pair of symmetrically substituted amino or oxy
groups on the side-rings (rhodamines, oxazines, etc.) are characterized
by large variations in DWF (Table 1). High probabilities of zero-phonon
transitions, reported for resorufin ['%] and rhodamine 640(101) [*],
may be ascribed to small Ap (0.2 [*'] — 0.42 [*2]) and solvent shift values
(B=—1975, C=—386 cm™') for these dyes, respectively. An angularly
annelated benzoderivative of the oxazine, the cresyl violet, which is devoid
of twofold symmetry, shows an appreciable dipole moment difference
(Ap==2.1D [*2]) and smaller DWF. On the contrary, for unsubstituted
rhodamine 110 [2] and proflavine [*] the site-selection effect was not
observed. It still remains unclear, whether the diversity in DWF-s within
this group of structurally related dyes can be explained solely on the
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basis of the changeés in dipole moments and polarizabilities or, alternat-
ively, the role of torsional modes of phenyl and amino substituents should
be taken into account.

From Table 2 it follows that the transitions accompanied with
pronounced intramolecular charge transfer (An>6D) display no zero-
phonon component. Extensive band shifts in apolar solvents or in the
solvents with constant dielectric permittivity (A=-—8145 and B=
=-—15000 cm~! for DCM and neutral cresyl violet, respectively) arise as
a result of summation of both dispersion and dipole-induced-dipole contri-
butions in Eq. (2) and (3), when p.>p,. It is worth noticing that a
great number of intramolecular low-frequency modes (=30 cm~!) be-
comes active in optical spectra of relalively fixed structures with large Ap,
such as in jet-cooled coumarins with rigidized amino groups [3'].

3. Some criteria for the selection of impurity systems with improved
properties

Low-frequency wing accompanying purely electronic transitions in
amorphous host can ruin otherwise promising spectrally highly selective
photochromic materials by badly lowering the hole-to-background contrast.
Desirably, the DWF ought to be close to unity. Such an impurity system
must possess a small spectral matrix-shift, i. e. small dipole moment and
polarizability differences between the ground and excited states.

Besides the porphyrins, the arenes with S, state of the a rather than
the p type are weakly affected by the matrix. For instance, coronene
imbedded in a polar host or carrying some subtituents in order to enhance
the forbidden §,—~S, transition probability seems to be a promising
case.

An interesting possibility arises when the dipole moment diminishes
or changes its direction upon excitation. In this case the weakening
electrostatic dipole-dipole interaction can compensate the increase of
dispersion interaction (the latter is always stronger in the excited state
[°]. Thus the equilibrium distance between the solute and solvent
molecules remains unchanged and, consequently, the probability of excit-
ing quasi-local vibrations may be low. Further investigation of quinizarin
derivatives and other dihydroxy-p-quinones with hydrogen-bonded six-
member cycles, whose dipole moments in S, state are lower than in S,
state, may be of interest for testing the validity of this reasoning.

The application of perfluorinated matrices with low polarizabilities
should also lead to the improvement of DWF. However, the dependence of
the DWF on matrix properties is weak, since the solvent shifts relative
to the free molecule for commonly used polymers and frozen solvents are
quite close. Still the DWF for resorufin and cresyl violet decreases by a
factor of two in highly polar protic matrices compared to those less polar
ones [%]. In line with the reasoning given above, the charge redistribution
on hetero-atoms occurring on electronic excitation will bring about a
displacement of equilibrium geometry of hydrogen-bonded complexes. This
should inevitably promote intermolecular vibrations. In poly-hydroxylated
host with stronger and more numerous hydrogen bonds a drop of DWF is
expected.

In conclusion it should be noted that the coupling strength of an
electronic transition to the low-energy vibrational excitations is closely
related to the matrix-induced frequency-shift of this transition in non-
crystalline environment. A quantitative study of this relationship may
provide useful evidence about the nature of both intermolecular guest-host
interactions and low-frequency modes in glassy matrices.
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Indrek RENGE

AMORFSESSE KESKKONDA VIIDUD MOLEKULAARSETE LISANDITSENTRITE
PUHTFONOONSETE ELEKTRONULEMINEKUTE TOENAOSUSTE (DEBYE-WAL-
LERI FAKTORITE) JA SPEKTRAALSETE MAATRIKSINIHETE VAHELINE
KORRELATSIOON

On koostatud iilevaade suhtelistest foononvabade elektroniileminekute toendosustest
(Debye-Walleri faktoritest — DWF) orgaanilistes molekulides, mis on viidud amorfse-
tesse poliimeersetesse ja kiilmutatud lahustimaatriksitesse. On kindlaks tehtud seos
DWF-i ja spektraalnihke vahel maatriksis, aga ka dipoolmomendi (Apn) ja polariseerita-
vuse muutuste (Aa) vahel.

On moodetud mitmete viarvainete neeldumismaksimumide asukoht erineva murdu-
misnditaja ja dielektrilise ldbitavusega lahustites. Porfiiriinide S, <« S, iillemineku sage-
duse viike lahustinihe, mis vastab viikesele Aa-le, seletab ka norka vastastikmoju ma-
dalasageduslike kvaasilokaalsete ja maatriksi vonkumistega. Foononvabad jooned ilm-
nevad molekulidel, mille Ap ei ileta 2 D. Spektraalsilgu maksimaalse siigavuse kohta
vedela He temperatuuril saab teha olulisi jdreldusi toatemperatuuril ilmnevate solvendi-
nihete pohjal. e

Hndpex PEHTE

KOPPEJIILUSA BEPOSITHOCTENM BEC®OHOHHBIX 3JIEKTPOHHbIX NMEPEXOLOB
(®PAKTOPOB JEBAS—BAJIJIEPA) JJISI MOJIEKYJISIPHBIX NMPUMECHbIX
ILEHTPOB B AMOP®HbIX CPEJIAX CO CHEKTPAJIbHBIMH MATPHYHbBIMH
CABUTAMH

[Ipeacrasiien surTepaTypHblil 0630p OTHOCHTE/NbHBIX BepOATHOCTEH 6eChOHOHHBIX JICKTPOH-
HbIX nepexoaoB (dakropos [lebGas—Baanepa, ®JIB) B orpanHuyeckux MoJEKyJax, 3aKJio-
YeHHbIX B aMOp(Hble MATPHIbI, NOJHMEPOB H 3aMOPOKEHHBIX PacTBOPHTeJed. YCTaHOBJEHbI
koppeasiunn Mexay ®JIB u MaTpHuHBIM CABHIOM YacTOTHl Nepexoja, a TakKe H3MeHe-
HHEM /HIMOJbHOrO MOMeHTa (Ap) H NOJSPH3YEMOCTH MOJeKyabl (Aa) NpH 3/]eKTPOHHOM
nepexoje.

Jasi psiga KpacHTeJeH H3MepeHbl MAKCHMYMbl 10JIOC MOTVIOUIEHHS B 3aBHCHMOCTH  OT
KO3 (HIUHEHTa NpPEJOMJEHHs: M JAH3JEKTPHUECKOi mnpoHuuaemoctu pacrsoputens. He-
60JIbLIONH COJILBEHTHBIA CABHT Y MOP(GHPHHOB, COOTBETCTBYIOUIHH MajJoMy Aa, ob6bscHsieT
TakxKe caaboe B3aHMOJeHCTBHE ¢ HH3KOYACTOTHBHIMH KBA3HJOKAJbHBIMH H MaTPHUYHBIMH KO-
ne6aunamu. BecdoHOHHBle JHIMH MOIYT HaGJI0AaThesi TOJNLKO Y MOJIeKya ¢ Ap He Bbiue 2]1.
Ha ocHoBe cOJIbBEHTHBIX C/ABHIOB NPH KOMHATHOH TeMmepaType MOXKHO c/leJaTh BHIROALI O
MaKCHMAJIbHOH TJy6HHe CNeKTPaJbHOro MpoBaJa NpH TeMiepaTtype XKHAKOrO TeJins.
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	Рис. 4. Зависимость необ]ратимого уширения провала, наблюдаемого при отжиге образца, от АТ= (Тотж—Твыж). Экспериментальным данным, полученным при разных Твыж., соответствуют обозначения: 1 — Tlum,=s K 2 — Тьнж.=ls K, 3 — Tnux.=2o K.
	Рис. 1. ЭПП, полученный на растворе мезо (С.Н,СН;), ТБП-7п в ПММА при 4,2 К (/== Е/Г», Г»==2,l7хolo* В/см): / — двухполярный, 2 — однополярный эксперимент.
	Рис. 3. Зависимость ширины — профиля от интенсивности выжигающего света. Примесь — Me3O(CH;)y TBII-Zn; точки = — эксперимент, сплошная линия — расчет по формуле (6), В==///о, /о== 65 мВт/см?.
	Рис. 2. ЭПП, полученные при — разных интенсивностях выжигающего света. Примесь — мезо (С.Н;), ТБП-7п; /(мВт/см?): 1 — 0,22; 2 — 0,65; 8 — 2,3; 4 — 7,2; 5 — 23; 6 — 65; сплошные линии — расчёет по формуле (5) при Г, (хlo* В/см): а — 1,33; 6 — 61),75; cš—— 2,67; г — 3,9; — 5,0.
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	Рис. 1. Структурные формулы и спектры поглощения (а) и флуоресценции (6) (при УФ-возбуждении, №==3oB нм, на высокие вибронные подуровни) растворов полиметиновых красителей в эталоне при Г ==4,2 K. На выставке — участок спектра возбуждения флуоресценции 20 (1) и после (2) выжигания (Aper.=s93 HM, Ahper.=l нм, Аулаз.==o,3 см”!, Рдаз.== 5 мДж/см?). .
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	Рис. 2. Спектры возбуждения флуоресценции (а) и спектры флуоресценции (6) (при селективном возбуждении вблизи o—o-перехода) растворов полиметиновых красителей в этаноле при Т==4,2 К, А%возв.==o,ol нм (0,3—0,2 см-!), Айрег. ==0,05 нм: I (a) —Av = 158, 266, 321, 369, 383, 408, 568, 616, 793, 810, 1027 см-'; (6) — Ау == 158, 266 см-!. П (а) — Ау == 177, 316, 398, 443, 500, 534, 568, 576, 625, 697, 843, 917, 1171, 1234, 1248, 1338, 1369, 1394, 1441, 1490, 1591 ем-!. 111 (a) —Av = 17, 170, 502, 1239, 1332, 1371, 1427, 1467, 1506, 1583, 1603, 1 638 см-!. (6) — Ау == 47, 175 см7!. 1У (а) — Ау == 148, 297, 439, 562, 647, 729, 939, 1 058, 1 124 см-'; (6) — Ау == 446, 573, 741 см-!.
	Рис. 1. Спектрально-кинетические параметры агрегатов хлорофилла (сверху — вниз): структурная формула; кинетика изменений оптической плотности; дифференциальный спектр при пикосекундном возбуждении; спектры поглощения и флуоресценции; спектры поляризации флуоресценции; сдектры кругового дихроизма, –
	Puc. 2. Дифференциальные спектры поглощения агрегатов хлорофилла: через 10 ne (7) и через 70 пс (2) после возбуждения на длине волны 446 нм, а также после стационарного нагрева образца на 10°С (83; нормировано к максимуму спектра [ на длине волны 680 нм),
	Рис. 3. Зависимость MH3MEHEHHÜ оптической плотности раствора arperata PEO (Хрег.==69s нм) от энергии возбуждения (Лвозв.==42B нм) в логарифмическом масштабе при задержках зондирующего импульса 10 пс (1) и 500 пс (2; черные и белые кружки — две разные серни экспериментов).
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	Fig. 1. Fluorescence spectra of powder (/) and 19 NaHCO; (2) solution of Yb-TSPP complex at 77 K. Fig. 2. The Stark structure of Yb3+ levels in Yb-2,4-di(a-methoxiethyl) DPIX complexes in phosphatidylcholin liposomes (7), 19 aqueous solution (2), in the form of powder at 77K (3), in Yb-TSPP complex in liposomes (4), in 19% aqueous solution of soda (5); Yb3+ Jevels in YAG [!']: experimental values for rhombic (D;) distortion of the cubic symmetry of the crystal (7) and calculated values for cubic symmetry only (8).
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	Fig. 3. Fluorescence spectra of the Yb-24- -di (a-methoxyethyl) DPIX complex: a — in 1% solution of soda (/) and liposomes (2) (in the fluorescence region of the Yb3+ jon); b — the same as in «a» in deuterized aqueous solution (/) and liposomal aqueous suspension (2); ¢ — the same as in «a» (in the region of molecular fluorescence).
	Fig. 4. Luminescence kinetics of Yb-porphyrin complexes (0.5 s/div.): Yb-TSPP (powder) (1); the same in 19 soda solution (2); isomer Yb-TSPP No 1 (powder) (3); the same in 19 soda solution (4); isomer Yb-TSPP No 2 (powder) (5), the same in 1% soda solution (6). Solid-phase complexes: Yb-TPP (7); Yb-4Br-TPP (8): Yb-12Br-TPP (9). Yb-2,4-di(a-methoxyethyl) DPIX complexes: powder (10); liposomal form (/) and chloroform solution (/2). 13 — the pumping pulse,
	Untitled
	Рис. 2. Структуры 3!,5!'-циклодимера (/) u Zn-3's'-unkaoaumepa (2) и взаимная —> ориентация дипольных моментов переходов (и) в донорной () и акцепторной (А) компонентах.
	Puc. 3. Спектры флуоресценции 7п-3!, 5!-циклодимера при 4,2 К в смеси петролейный эфир — диэтиловый эфир — изопропанол (5:5:2): / — возв ==5940 A (S, S;-nepeход в А); 2 — Лвозв == 5815 Ä (S,— Si-nepexoz B D).
	Fig. 1. Tautomers of benzotriazole: IH-tautomer with C; symmetry and 2H-tautomer with Cyp, symmetry. <
	Fig. 2. Fluorescence excitation spectrum of jet-cooled benzotriazole. Band intensities are not normalized to the laser intensity.
	Fig. 3. Dispersed fluorescence spectrum following the excitation into o—Oo band at 34 929 cm-!. Resolution 0.23 nm (26 ст-!).
	Fig. 4. Rotationai contours of some vibronic bands. Resolution 0.3 ст-!.
	Fig. 5. Dispersed fluorescence spectra from the excitation of 34929 (0—0), 35409 and 35724 cm—! bands. Resolution 1 nm (115 ст-!),
	Puc. 1. Спектры флуоресценции $,->s, (2) и поглощений ss,<-$, и s»<-5, (3—5) pe тинилацетата (1—83), ДФО (4) и ДФГ (5) в н-гексане при 293 К.
	Puc. 2. Спектры поглощения s,<-$, (1) и флуоресценции S,—S, (2) В-каротина в изопентане при 77 К; спектры поглощения s„<-$, В-каротина в н-гексане (3) и хинолине (4) при 293 К.
	Рис. 3. Спектры ‘поглощений s,<-$, (1, 2) и s,„+-$, (3—5) протонированного (5) и непрёетонированного Шиффова основания ретиналя в хн-гексане (1, 3,5) и этанолс (2, 4) при 293 К.
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	Рис. 2. Зависимость константы скорости тушения триплетного состояния мезопорфирина кислородом от фактора Т/т).
	Puc. 3. Зависимость ks-m/TlO-% or n°s.
	Рис. 4. Зависимость констант — скорости тушения ks (1), Ёт (2) и коэффициента диффузии Во, () от 17 '/?.
	Fig. 1. Luminescence spectra of malignant (p) and normal (n) tissues of human rectum, recorded 2 hours after oncosurgery. Nitrogen laser excitation, T=3oo K.
	Fig. 2. Luminescence spectra of malignant (p) and normal (n) tissues of human rectum, recorded 2 (lower pair of spectra) and 20 hours. (upper pair of spectra) aiter oncosurgery. Argon ijon laser excitation, 7=300 K. .
	Fig. 3. Luminescence spectra of malignant (p) and normal (n) tissues of human rectum, recerded 2 hours after oncosurgery. Argon ion laser excitation, 7=77 K.
	Fig. 4. Luminescence spectra of malignant (p) and normal (n) tissues of human rectum, recorded 2 hours after oncosurgery. Helium-neon laser excitation, T=77 K.
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