Proc. Estonian Acad. Sci, Phys. Math., 1991, 40, N 3, 198—204
https://doi.org/10.3176/phys.math.1991.3.07

YIK 535.15—577.336

Mark GAIDUK*, Vil GRIGORYANTS*, Andrei MIRONOV**, and Valen-
tina RUMYANTSEVA**

SPECTRO-LUMINESCENT CHARACTERISTICS AND KINETICS OF
Yb3* COMPLEXES OF PORPHYRINS

(Presented by K. K. Rebane)

Results of spectro-iuminescent investigations and measurements of luminescence
kinetics of a number of ytterbium complexes of porphyrins which present interest as the
IR region fluorescent markers of malignant tumors are presented. The Stark structure of
Yb3+ levels is interpreted in the framework of a crystal field (CF) model via comparison
with CFs of garnets. A comparative study is made of the efficiency of fluorescence
excitation of Yb®+ and molecular portion of porphyrin complexes in liposomes and
aqueous solutions (HyO and D,0). The effects observed are associated with both pos-
sible monomerization of complexes in liposomes and processes of radiationless relaxation
of energy. The lifetime of the metastable level of Yb3+ in porphyrin complexes is found
to be dependent on their aggregate states and on the number of Br atoms in bromo-
substituted porphyrins. The complex Yb-2,4-di(a-methoxyethyl) DPIX was selected as
the most perspective of fluorescent markers. For it the luminescence contrast between
the tumor and healthy tissue reached approximately 90.

Rare-earth ions attract ever increasing interest as spectroscopic probes
in such a field of investigation as medicalbiology, in addition to probes
common to these fields, such as, in particular, porphyrins, whose rigid
ring of tetrapyrrolic macrocycle is used for luminescent probing of, e. g.,
nucleotides [']. Such porphyrins as derivatives of hematoporphyrin
(HPD) are of wide usage in luminescent diagnostics of malignant tumors,
and as photosensitizers for photodynamic treatment of such tumors [? 3].

In [*°] we reported new possibilities opened by using «probe in the
probe», i. e. ytterbium complexes of porphyrins in diagnostics of malignant
tumors in the near IR spectral region.

The present paper describes results of spectro-luminescent investiga-
tions and measurements of luminescence kinetics for a number of solutions
and solid-phase complexes of some ytterbium porphyrin complexes. The
Stark structure of Yb3+ levels in this isostructural series has been identi-
fied. The data obtained can help in selecting the most promising com-
plexes for luminescent diagnostics of tumors in experimental animals,
using the method of fiber-laser spectrofluorimetry.

Experimental

The block diagram of the fiber-laser spectrofluorimeter (FLSF) [*°]
built around a two-fiber introscope (TFIS) used in biological experiments
is given in [*?]. In spectro-luminescent studies of samples in the form
of powders and solution, the conventional experimental arrangement
(without TFIS) was used. As light sources, an LGN-70 He-Cd laser
(=442 nm), LTI-702 or LTN-401 YAG-Nd lasers with oscillation
frequency doubling (A=532nm) (for stationary luminescence measure-
ments) and an LTI PCh-5 laser (for luminescence kinetics measurement)
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were used. MDR-3 and MDR-4 served as monochromators. In lumines-
cence kinetics measurements, an S1-91 oscillograph .was used whose
screen was photographed.

Results

The synthesis of Yb-complexes of porphyrins used in our experiments
is described in [*7 °]. Besides, two isomers of Yb-complex of tetrasulfo-
phenylporphyrin (TSPP) (Yb-tetra (4-methoxy-2-sulphophenyl)tetraphenyl-
ponhyrin (No 1) and Yb-tetra (3-methoxy-4-sulphophenyl) TPP (No 2))
and Br-substituted porphyrins Yb-4Br-TPP and Yb-12Br-TPP. were
synthesized. Apart from solutions and aqueous liposome suspensions, we
also studied solid-phase compounds of a number of Yb-porphyrins (with
partially extinguished molecular luminescence) preserving ability for
intracenter 4f-4f fluorescence of the Yb®* ion. This constitutes an addi-
tional advantage of the lantanoid «probe in the probes» like Yb-por-
phyrins. As an example of such
solid-phase fluorescence, Fig. 1
shows spectra of an Yb3+ complex 2
with TSPP which, as seen from the
Figure, preserve full similarity to
the solid and liquid phases. The si-
milarity mentioned proves the stabi-
lity of the coordination sphere of
the metal ion. Note that the exis-
tence of an isostructural series of
lantanoid complexes is itseli a
substantial help in interpreting
their electronic spectra, e. g. as bas- 1
ed on the theory of the CF [!°]. 2

2/

Fig. 1. Fluorescence spectra of powder (/) C ,-MJ \

and 19% NaHCO; (2) solution of Yb-TSPP 300 1000 A,nm
complex at 77 K.
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The results of identifying the Stark structure of Yb®** levels in some
of the complexes investigated are shown in Fig. 2 (/—5).
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Fig. 2. The Stark structure of Yb®+ levels in Yb-2,4-di(a-methoxiethyl) DPIX complexes
in phosphatidylcholin liposomes (/), 19 aqueous solution (2), in the form of powder at
77K (3), in Yb-TSPP complex in liposomes (4), in 1% 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
19 solution of soda (/) and liposomes
(2) (in the fluorescence region of the Yb3+
jon); b — the same as in «a» in deuterized
aqueous solution (f) and liposomal

aqueous suspension (2); ¢ — the same as
bt in «a» (in the region of molecular
600 700 A,nm fluorescence).

~ The effect of inclusion of one of the Yb-porphyrin complexes into
liposomes, which we observed together with deuteration of aqueous solu-
tions (liposome aqueous suspension) and kinetics of Yb®* luminescence
decay are shown in Figs. 3 (a, b, ¢) and 4, respectively.

Discussion of results

For comparison, Fig. 2 (6—8) shows in the same scale the Stark
structure of Yb3t levels in YAG interpreted in [''] (in ['?], similarity of
CFs for Yb** in garnets and a number of porphyrin complexes is shown).
From comparison of Fig. 2 with the diagram of the Stark splitting of the
level with /=7/2 in a CF with the cubic symmetry (with the quantization
axis along the symmetry axis of the 4th order) [!%], the following values
for x*** are obtained in accordance with the column numbers in Fig. 2:
1,2 — 052, 3 — 05354 — 0.51,5 — 054, 6 — 0.67, 7 — 0.66, and 8§ —
0.60. Given the similarity of Yb3* electron spectra in complexes with
Eorphyrins and garnets observed (cf. /—5 and 6 in Fig. 2), notice should

e made of a lesser isolation of the lower sublevel I'; of the main level 2F7/,
and especially that of the upper level 2Fs/; (T'; are unreduced representa-
tions presented in the right-hand side of Fig. 2 [!']). The accompanying

#*% According to ['%], the parameter x(—I<Cx<C1) characterizes the relative

contribution of the 6th- and 4th-order parameters into CFs, i.e. B;"/B:" (for J=3).
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decrease in the x values for Yb complexes as compared to Yb-YAG
demonstrates a correspondingly larger contribution of the 6th-order CF
parameters into metal-porphyrin CFs. Keeping in mind the aforesaid, the
significant 2Fs/, level splitting observed in Yb-porphyrin spectra is evi-
dently due to a larger contribution of rhombic rather than tetragonal B?
parameters (n<<4). This agrees with the concept of the rare-earth por-
phyrin complexes ['*] and possible contribution into the CF made by two
anion radicals of the Yb%* jon (see also ['°]).

Because of paucity of the structure of Yb%t energy levels its detailed
analysis is impossible without a resort to additional data. Of certain
help may be an analysis of distribution of intensities of transitions
between Stark components of the 2Fs/,, 2F7/; levels. The most characteristic
feature of this distribution is a noticeable predominance (which was noted
in ['2]) of the intensity of the resonance 2Fs/, I'/—2F/5, I'; transition,
which may mean a not too large admixion of the low-symmetry component
to the CF (an extremely small deviation of basis-wave functions of Yb3+
(4f'3) from «cubicity» was noted in ['']). If we assume that the 2Fso—
2F./, transition is purely magneto-dipole, the intensity distribution men-
tioned above, which for transitions |J, J.>—|J", J/.> is regulated

: . -1l 1V
by the Wigner 3j-symbol (_jz g
tion, cf. ['6] and also ['°]), may be represented by Table 1 (in the brackets
polarization type is given to be o(¢=0) or n(¢==1)). The Table also
shows unreduced representations I'; with respect to which corresponding
combinations |J, J,> are transformed. From Table 2 it follows that for
[>T transition of the probability will be highest (and 5 times higher
than that for the I''Is transition for the transition between the com-
ponents T(|5/2, F3/2>), I';(|7/2, 45/2>). At the same time [!*] it
may be seen that the same components are given for the cubic symmetry
with the maximum weight. These observations, to our mind, provide an
exhaustive explanation (within the framework of the magneto-dipole
nature of the transition) of the prevalence of the resonance 2Fs/, TI'r—
—2F,/5, T'; transition of the Yb3+ and serve as an indirect proof of a
significant contribution of the cubic symmetry into the CF.

) (here ¢g=0, +1 is the polariza-

Table 1

The intensity distribution for magneto-dipole |J, J,>—|J’, I.”>> components of the
2Fss5, T—>F77, T7 Yb3+ transition

17>
. T's Iy
F1/2 F3/2 +5/2
Ts F1/2 1/14 (o) 1/56 ()
r { F3/2 5/84 (o) 1/168 ()
¥ +5/2 5/56 () 1/28 (o)

We turn now to Fig. 3 (a, b and c), giving pairs of fluorescence
spectra for the same excitation conditions. Ratios of areas kg at fluor-
escence curves permit, using this complex (Yb-2,4-di(a-methoxyethyl)-
DPIX), a certain degree of judgement about the processes taking place
when metal-porphyrin molecules penetrate into phospholipide vesicles.
Constant values of ks in Fig. 3 (a and b) evidently indicate that the
effect of the liposomal membranes on the efficiency of Yb3+ fluorescence
excitation is indirect via the molecular portion of the complex (this is
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indirectly confirmed by a conclusion about a high effic’ency of excitation
energy transfer from porphyrin molecules to the metastable Yb3t+ level
drawn in ['7]). At the same time, deuteration of water lowers the ks
values down to 4 (Fig. 3b), from which it follows that the effect observed
is difficult to explain as caused by the monomerization of complexes
during their penetration into liposomes as it is assumed in ['®] for metal-
free porphyrins. Otherwise, substituting ordinary water by heavy water
in solutions and liposomal aqueous suspensions should not decrease ks
values so much (more than two and a half times). Evidently the pene-
tration of complexes into phosphatidylcholine liposomes involves both
polymerization (if the molecules tend to aggregate in aqueous solutions)
and weaking of radiationless energy relaxation of the metal ion. Note that
for Yb-TSPP complex the ks values for ordinary and heavy water were
4 and 1.5, respectively, which probably means a lower aggregation
capability of this complex as compared to the former, with radiationless
refaxation by water molecules being of the same order of magnitude for
the two complexes.

‘While examining the averaged values of t given in Table 2, we noticed
that they were greater for solid-phase Yb3* complexes than for their
solutions. Since in the case of solutions we also observed, as a rule, lower
Yb3+ fluorescence intensity, these facts might be related to the extin-
guished effect of water molecules. The same correlation was observed for
Yb-TSPP isomers No 1 and No 2. This makes the latter preferable as a
fluorescence marker in the subsequent biological experiments.

Table 2
The average values of T for some Yb3+ porphyrin complexes (ps)
Sample Powder Solution | Chloroform | Lipcsomes
Yb-TSPP 3k 0.6 - —
Yb-TSPP
isomers

N1 0.9 0.5 — —

N 2 1.0 1 — —
Yb-TPP 0.6 — — —
Yb-4Br-TPP 0.8 — — —
Yb-12Br-TPP 0.9 - — —
Yb-2,4-di (a-methoxiethyl) DPIX 19 — 1.8 1.5

Fig. 4. Luminescence kinetics of Yb-porphyrin complexes (0.5 s/div.): Yb-TSPP (pow-

der) (1); the same in 1% 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 (/0); liposomal form (/) and
chloroform solution (12). 13 — the pumping pulse,
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It is interesting to note that an increase in v accompanying transition
from Yb-TPP complexes to 4- and 12-Br substituted porphyrins (see Fig.
4 and Table 2) correlates with the increase of photostability of the
complexes in this series, which we observed. This is particularly interest-
ing in connection with data on increased photochemical activity in haloid-
substituted porphyrins with the increase of the number and atomic weights
of halogens in the porphyrin cycle obtained at the Lomonosov Moscow
Institute of Fine Chemical Technology. Y

As a result of spectro-kinetic investigations of Yb-porphyrin complexes,
the Yb-2,4-di(a-methoxyethyl)DPIX complex was selected as the most
promising for use as a fluorescent marker. In the biological experiments
carried out using a fiber-laser spectrofluorimeter, the luminescence
contrast between the sarcoma tumor and the healthy tissue was about
90..[!2]. :

Further spectroscopic investigations are required, including those using
kinetic methods and helium temperatures for better understanding of the
relation between the spectro-kinetic and structural parameters of synthe-
sized Yb-porphyrin complexes. This will help, in particular, in the search
for and selection of the most efficient markers and photosensitizers.
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PORFURIINIDE Yb*+-KOMPLEKSIDE LUMINESTSENTSI SPEKTRAALKARAKTE-
RISTIKUD JA KINEETIKA

On esitatud luminestsentsi spektraalomaduste ja kineetika mootmiste tulemused mo-
nede porfiiriinide {iterbiumikomplekside puhul, mis pakuvad.- huvi kui pahaloomuliste
kasvajate infrapunases spektripiirkonnas fluorestseeruvad markerid. Kasutades ana-
loogiat granaatkristallidega on interpreteeritud Yb3+ nivoode Starki struktuur ning paku-
tud seletus resonantse iilemineku 2Fs/,(I';)—>2F;/2(I';) intensiivsuse domineerimisele
spektris. On késitletud fluorestsentsi intensiivsuse kasvu, mis kaasneb iileminekuga Yb-
komplekside H,O- ja D;O-lahustelt nende liposoomides esinevatele vormidele. On tuvas-
tatud Yb%+ 2Fs/-nivoo eluea sdltuvus uuritud komplekside agregaatolekutest, aga ka
broomiaatomite arvust broomasendajatega porfiiriinide korral.

Mapx TAHJAYK, Bua I'PHTIOPbSIHL, Andpei MHPOHOB, B'a/zen'nma PYMSHI[EBA

CINEKTPAJIbBHO-TIOMUHECULEHTHBIE XAPAKTEPUCTHKH W KHHETHKA
JIOMHUHECILLEHILHH Yb*+-KOMIIJIEKCOB NMOP®UPUHOB

Pesy/ibTaThl CHeKTPaJbHO-JIOMHHCCUEHTHBIX — HCCJAEAOBAHHI H H3MEPeHHH  KHHETHKH
JIOMHHECICHIIHH HEKOTOPBIX HTTepGHEBbIX KOMIJIEKCOB MOP(HPHHOB MPeACTABJSIOT HHTEpec
B KauecTBe ()JyOpecUeHTHbIX METOK 3JI0KaueCTBEeHHbIX HOBcoOpasoBauuit B MK-amanasoure,
rjae OTCyTCTByeT (OHOBasi JIOMHHECUEHIHs 3HJIOTeHHBIX BellecTB OnoTKaneit. MHrepnpera-
IlHsl LITAPKOBCKOH CTPYKTYpHl ypoBHel Yb*+ mpoBesena B paMKax MOJe/H KPHCTaJJIHYCCKO-
ro noas (KII) comocraBiennem c¢ KII rpanatos. Caenan BbIBOA O 6OJLIIOM BKjaajae B
H3ydyeHHBIX Kommiekcax napamerpos KII 6-ro mnopsiika oTHOcHTeabHO napamerpoB  4-ro
nopsilka, a Takxe poMOHueckHx napaMeTpoB. [Ipeo6/iasanie WHTEHCHBHOCTH Pe30HAHCHOTO
2Fs5/5(I'7)—2F7/2(T'7) -nepexoga HaxoAHT oObsiCHEHHe NPH COXPAHEHHH, KaK M B TrpaHarax,
JIOMHHHpYIOLIeH KyOuueckoii koMnoneHTsl KI1 B mpeano/iokeHHn MarHHTHO-AHNOJbLHOMN MpPH-
poAbl mepexoja.

[TpoBeneno cpaBuuTeJbHOE H3yyeHHe 3(hGeKTHBHOCTH BO30yXKAeHuss ¢JyopeclueHIHH
Yb®+ u MosekyasipHOii yacTH MOPGHPHHOBBIX KOMIJIEKCOB B JIHIIOCOMax H BOJHBIX PacTBO-
pax (H:O u D,0). HaGaonaeMble 3¢((exTs CCOTHeCeHB KaK ¢ BO3MOMKHO MoHOMepH3a-
1Hell KOMIVIEKCOB B JIMNIOCOMAX, TaK W ¢ mpoueccamu  6esbisjyyaTesuHOll  pesakcauis
IHePTHH.

Ha6JiioaeTcss 3aBHCHMOCTL BpeMeH KH3HH MeTactabuiapHoro 2Fs,-ypoBua YD3+ B
KOMIJIeKcaX NMOP(HPHHOB OT HX arperaTHbIX COCTOSAINHI, a TAKXKe OT yHCJa aroMon Gpoma
B GpoM3aMenleHnblx nopdupunax. PaccMoTrpena koppessius MeXAy 3THMH ( akTopaMu H
3¢hHeKTHBHOCTLIO BO30YXKAeHHs (i1yopecleHIHH HIH ee (OTOCTaOHIbHOCTHIO.

B pesyjbraTe CHeKTpaJbHO-KHHETHUECKHX HCC/ael0BaHHii Yb-KoMmJekcos nophupuuos
OJHHM M3 CaMbiXx NEPCNeKTHBHBLIX B KauyecTBe (PJIYOpecleHTHbIX Mapkepos Obl1 oTOGpaH
KoMmmaeke Yb-2,4-au (a-metokcustua) — DPIX. B mocaeayiomux OGHOMOrHUECKHX 3IKCMepH-
MEHTaX, MPOBEJIEHHBIX C HCMOJb30BAHHEM BOJOKOHHO-J1a2epPHOrO CNEKTPO payopumerpa B
MHHUOMU um. Il. A. T'epuena, 3HayeHHe JIOMHHECIEHTHOrO KOHTPACTa OMyXOJb — 3/10pOBas
TKaHb joctHrano 90.
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	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.
	PesyanaTu измерений навёденного дипольного момента, ширины профиля и полуширины БФЛ

	СЕЛЕКТИВНАЯ СПЕКТРОСКОПИЯ ТВЕРДЫХ РАСТВОРОВ ПОЛИМЕТИНОВЫХ КРАСИТЕЛЕЙ
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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-!.
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	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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	SPECTRO-LUMINESCENT CHARACTERISTICS AND KINETICS OF Yb3+ COMPLEXES OF PORPHYRINS
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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,
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	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).
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	SPECTROSCOPIC STUDY OF JET-COOLED BENZOTRIAZOLE
	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-!.
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	Table 2 Relative positions (in cm-!) and intensities of the bands in the dispersed fluorescence spectrum о! o—o (34 929 ст-!) band with the corresponding Raman and IR frequencies and assignments for fundamentals from [?]
	: Table 3 Relative freguencies (in cm-!) and intensities of ihe features in the low-rcsolution dispersed fluorescence spectra of 35409 and 35724 cm-! bands and their correspondence with freguences irom o—o (34 929 cm-!) band DF spectrum or Raman and IR data from [°]

	ЛАЗЕРНАЯ СПЕКТРОСКОПИЯ НИЖНЕГО СИНГЛЕТНО-ВОЗБУЖДЕННОГО СОСТОЯНИЯ В РЕТИНОИЙИДАХ, ДИФЕНИЛПОЛИЕНАХ И ẞ-КАРОТИНЕ
	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 '/?.
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	LASER-EXCITED AUTOLUMINESCENCE OF SOME MALIGNANT TISSUES
	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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	Fig. 1. Schematic of actual levels and transitions. Solid arrows — «fast» transitions resulting in the quasiequilibrium population of the three-level system; dashed arrows — «slow» photoburning.
	Untitled
	Fig. 2. Model distribution of homogeneous linewidths (a — I'y/T' = =2O) and the shapes of probe holes (b) before (/) and after (2,3) the saturative preburning at the scanning rates wvo/ma=l.o (2), 0.2 (3). The dimensionless intensity parameter В/Г==2.o. АП holes are normalized to the same amplitude.
	Fig. 3. Dependences of the probe hole width on the dimensionless intensity of the pre. burning B/T for different ratios of the limit widths Ty/T''=lo (7), 20 (2), 50 (3) The preburning scanning rate volna=l.o.
	Рис. 1. Блок-схема — автоматизированной установки AJA — исследования — эффекта Штарка на провалах.
	Puc. 2. Временная диаграмма изменения напряжения на образце при регистрации поле вых кривых. А/ — шаг сканирования, т, — время накопления в каждой точке.
	Рис. 3. Изменение относительной ши;›[ины провала с ростом эволюции при выжигании. Минимальная экспозиция (Рl)мин==Но==6o мкДж/см?, максимальная плотность мощности при выжигании — Ро==6o мкВт/см?. Разным мощностям выжигающего излучения соответствуют обозначенся: I — P=Py, 2 — P=P,/6, 3 — P=P,/15.
	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-!.
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	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,
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	Fig. 2. Fluorescence excitation spectrum of jet-cooled benzotriazole. Band intensities are not normalized to the laser intensity.
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	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.
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