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Abstract
New ytterbium complexes were synthesized on the base of tetraphenylporphyrin modified with
ethylenediaminetetraacetic acid at the ortho- and para-positions of only one phenyl ring. Such a modification allows
the sensitization function of the porphyrin to be retained with respect to the Yb3+ ion and eliminates the problem of
lability of traditional lanthanide-porphyrin core-coordinated complexes. A new selective synthetic route for the
mono para-nitro-derivative of tetraphenylporphyrin (the main precursor of the target compound) has been
proposed. 4f-Luminescence in the near-infrared range as well as non-quenched molecular fluorescence of porphyrin,
are observed in all synthesized complexes, which makes these complexes dual-emissive. Since the obtained results
show that both Yb-porphyrin isomers have no changes in terms of fluorescence effectiveness in comparison to their
corresponding ditopic edta-porphyrins, it proves the absence of ISC and ISD acceleration in these systems. It was also
found that the 4f-luminescence intensity of the ortho-isomer is higher compared to the para-isomer. This is due to
changes in the spatial structure, leading to the edta-Yb fragment being closer to the porphyrin core. Additional
experiment of luminescence quenching by strong paramagnetic ion was performed. When the copper (II) acetate was
added to the modified edta-porphyrin isomers, a significant difference in the efficiency of luminescence quenching
was observed as the result of non-core interaction; thus, the luminescence intensity decreased more for the ortho-
isomer than for the para-isomer. This also proves that the efficiency of interaction between porphyrin and the
peripheral substituent is very sensitive to the distance changes between them. Enhancing of 4f-luminescence
effectiveness can be explained simultaneously by both decreasing the donor-acceptor distance and the absence of
notable ISD acceleration, which is typical for core-coordinated compounds.
Keywords: porphyrins; lanthanides; luminescence; energy transfer.

I9-JIIOMIHECOEHIIA I0HIB ITEPBIIO B I3BOMEPHUX KOMIIVIEKCAX EATA
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AHoTarniqa
CHHTe30BaHO HOBi KOMIJIEKCH iTep6ilo Ha ocHOBI TeTpadeHiinopdipuHy, MogupikoBaHOTO eTUIEeHJiaMiHTeTpa-
OLTOBOI0 KHCJOTOKW MO 0pmo- i napa-noJioKeHHsM oAHoro d¢eHinbHoro nmukiay. Taka moaudikanis ao3Bosise
3a/IMIIUTH CeHCcuGiizaniiny ¢pyHknio noppipuHy BigHOCHO ioHy Yb3+ Ta ycyBae npo6/ieMy J1a6i/iIbHOCTI Tpaauiiii-
HUX JIAaHTaHiA-noppipMHOBHX cOre-KOOPANHOBAHUX KOMIIJIEKCIB. 3alIpONIOHOBAHO HOBUII CeJIeKTUBHUII COCi6 CHH-
Te3y MOHO napa-HiTponoxigHoi TeTpadeHimop¢dipuHy (0CHOBHOT0 NpeKypcopy LijiboBoi croJIyKH). B ycix cuHTe30-
BaHMX KOMILJIEKCAX CNIOCTepiraeTbcs 4f-1omMiHecneHuia B 6,imkHboMy [Y-giana3oHi, a Takoxk HenoraiieHa MoOJIEKY-
AsapHa ¢uiyopecneHnisa nopdpipuHy, 0 poGUTh Ii KOMILJIEKCH ABOeMiciiHUMU. OTpUMaHi pe3y/IbTaTH NOKa3yI0Th, IO
o6uaBa isomepu Yb-nopdipuny MawTh Taky kK epeKTUBHiICTh ¢iyopecueHuii, K i BignoBigHi guTonHi egra-nop-
¢ipuHy, it e JOBOAUTH BiACYTHiCTh NPUCKOpPEHHA NpoueciB iHTepkoM6GiHaniiiHoi koHBepcii (ISC) Ta iHTepkoM6GiHa-
niHoi Aerpagauii (ISD) y nux cucremax. ByJio BUsiB/IeHO, 110 iIHTEeHCUBHICTb 4f-/1I0MiHecLeHLii opmo-i3oMepy Buma
NMOPiBHAHO 3 napa-izomepoM. lle NoB’A3aHo 3i 3MiHAMH NPOCTOPOBOI CTPYKTYPH, 1[0 NPU3BOAUTD 40 HAG/IMKEHHA
¢parmenTy edta-Yb go aapa nopdipuny. 'aciHHA J1lOMiHecHeHLii CUJIBHUM NapaMarHiTHUM iOHOM MOKa3aJjio, Lo
AoJaBaHHA A0 MoaudikoBaHUX i3oMepiB eara-nopdipuny aunerary miai (II) npuBoauTh A0 icTOTHOI pi3HUILI B
eeKTUBHOCTI raciHHs JloMiHecleHIIii B pe3y/IbTaTi non-core B3a€MO/ii; TAKUM YMHOM, 3MEeHIIeHHsI iIHTEeHCUBHOCTI
JMiHecHeH1ii 6ible A8 opmo-i3oMepy, Hixk A4 napa-izomepy. Lle 70BOAUTH, 0 ePEeKTHUBHICTh B3aEMOJII Mixk
nop¢ipuHoM i nepudpepUIHNUM 3aMiCHUKOM JAy»Ke UYyTJIMBA A0 3MiHU BiAcTaHi Mi>k HUMU. [liABUIIEHHS ePeKTUBHOCTI
4f-momiHecueHIii MOXKHA NMOSICHUTH OJAHOYACHO SIK 3MEHIIEHHSAM BiJCTaHi JOHOp-akuenTop, Tak i BijgcyTHicTIO
MOMiTHOro npuckopeHHs ISD, xapakTepHOro /s core-KOOpAWHOBAaHUX CIIOJIYK.
Katouogi ca06a: nopoipuHy; JaHTaHIAY; JTIOMiHECIeHIIisT; TepeHoC eHepril.
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Introduction

The near-infrared region (NIR) is widely used
in optical applications [1-5] and biomedical
practice [6-9]. This is due to its safety when
interacting with biological objects, minimal
scattering, and the ability to easily penetrate
biological tissues, compared to ultraviolet and
visible light [10].

Macrocyclic tetrapyrrole compounds, along
with their metal complexes, are the subject of
widespread research. This is primarily due to their
characteristic and powerful light absorption and
emission properties. Moreover, they are of
significant interest for their efficacy as catalysts
and as a fundamental component in various
applications, including sensors and solar panels
[11-13].

Considering these perspectives, the use of
lanthanide complexes with porphyrins shows
considerable potential because of both their low-
resonance energy levels, which enable them to
emit in the NIR, and the low triplet levels (T1) of
porphyrins, which are responsible for the
sensitization mechanism [14]. For example, Nd
(IH) emits at 850-1850 nm due to 41:3/2—>419/2.15/2
transitions, and Yb (III) emits at 950-1050 nm due
to 2Fs/,—2F7/,; transitions.

Although lanthanide spectroscopy offers
numerous benefits, a notable characteristic is the
inability of lanthanide direct excitation, as per
Laporte's rule, due to the inherently weak f-f
absorption of these ions. Nevertheless, this
limitation can be readily overcome by employing
organic chromophores capable of efficient light
absorption and energy transfer to lanthanide ions
[15]. Porphyrins, for example, can serve as
effective chromophores for NIR 4f-luminescence
sensitization.

[t is known that the stability of lanthanide core-
coordinated complexes with porphyrins is lower
in comparison to cyclic and acyclic
aminopolycarboxylates of lanthanides. Even a
recent study on obtaining huge quantum yields of
Yb3+ luminescence up to 69 % in special
conditions does not solve the main stability issue
of this class of compounds [16]. Consequently,
different  researchers [17-20]  suggested
producing porphyrins that have been modified
with aminopolycarboxylic acids (e.g.
ethylenediaminetetraacetic acid, Hsedta) along
their periphery. This strategy has resulted in
notably improved stability of lanthanide-
porphyrin systems, which does not have direct
chemical bonding between porphyrin and

lanthanide, but reveal sensitization mechanism
between porphyrin and lanthanide ion.

Previous numerous studies have shown that
the direct core interaction of paramagnetic
lanthanide ion with porphyrin leads to complete
molecular fluorescence quenching as a result of
significantly accelerated intersystem processes -
both ISC (intersystem crossing, S1—T1) and ISD
(intersystem degradation, T1—So) [21]. Although
100 % ISC should provide more effective 4f-
luminescence sensitization process (through T;
donor level), nevertheless, accelerated ISD
competes with sensitization process (Ti—Lnn+)
and this can be one of the reasons of relatively low
4f-luminescence efficiency in lanthanide-
porphyrins. Lanthanide ion transfer to the
porphyrin periphery (edta-fragment at para-
position of phenyl) restores values of intersystem
processes, which results in fluorescence recovery.
Moreover it was demonstrated that under such
sensitization circumstances lanthanide-porphyrin
systems have comparable efficiency with
lanthanide core-coordinated complexes [22],
although the first ones do not have direct chemical
bonding between lanthanide and porphyrin.

Since any known sensitization mechanism is
sensitive to the donor-acceptor distance and there
is still no clear proof for exact type of porphyrin 4f-
luminescence sensitization mechanism for such
systems, so this work deals with the dependence
of the emission features on the distance between
the lanthanide ion and the porphyrin core. Thus,
we study the emission of edta-lanthanide
complexes with ortho- and para-isomers of Hatpp-
modified edta. The idea of such approach is to find
optimal Ln-porphyrin distance, which has
balanced contributions of as efficient as possible
Ti—Lno* transfer and as low as possible ISD to
reach the highest 4f-luminescence efficiency.

Experimental section

Both 4f-luminescence excitation and emission
spectra  (4f-luminescence and  molecular
fluorescence) were recorded on a
spectrofluorimeter "Fluorolog FL 3-22" ("Horiba
Jobin Yvon") using Xe-lamp (450 W). Integral
intensity of emission was measured using
software of the device [21].

All reagents used were laboratory grade and
were not further purified, except for DMF and red-
fuming nitric acid. To purify and absolutize DMF,
KOH was first added and shaken well. When the
2 phases (DMF and water with KOH) were
separated in the flask, the DMF phase was
transferred to the flask and subjected to vacuum
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distillation. ~The first collected fraction
corresponds to absolute DMF. To obtain red-
fuming nitric acid, equal volumes of sulfuric and
nitric acids were added to a 500 mL flask, after
which a simple distillation was carried out. The
first fraction at 83 °C corresponds to fuming nitric
acid.

Synthesis of para-isomers of
tetraphenylporphyrin (in accordance with [18],
Scheme 1)

5,10,15,20-tetraphenylporphyrin (1a)

The synthesis was carried out according to the
Adler-Longo method. Pyrrole (3.12 mL, 45 mmol)
and benzaldehyde (4.78 g, 45 mmol) were added
to boiling propionic acid in a round-bottom flask
with a reflux condenser. After heating for 30
minutes, the reaction mixture was cooled to room
temperature. The mixture was filtered and
washed first with methanol and then with hot
water. The obtained violet crystals (1 g, 1.63
mmol) of tetraphenylporphyrin were used for the
synthesis of substance 2a.

5-(4-nitrophenyl)-10,15,20-triphenylporphyrin
(2a)

The crude product from the previous step was
dissolved in 150 ml of chloroform and cooled to -
20°C, then fumed nitric acid (1 g, 15.8 mmol) was
added and this mixture was kept at -20 °C for
24 hours. After washing with water (3x150 ml)
the solution was concentrated for further passage
through silica gel with chloroform as an eluent.

5-(4-aminophenyl)-10,15,20-
triphenylporphyrin (3a)

The crystals of the substance 2a obtained after
drying were dissolved in 40 ml of concentrated
hydrochloric acid in an N; atmosphere. Metallic tin
(3 g) was added and the reaction mixture was
heated to 65 °C. Every hour, with the help of TLC,
the percentage of substance conversion was
monitored, and a few more grams of metallic tin
were added. After =2 hours, when the conversion
of the substance was complete, the reaction
mixture was cooled to room temperature, and
300 ml of cold water was added. The pH of the
solution was adjusted to 8 using a concentrated
ammonia solution. The aqueous phase was
extracted with 300 ml portions of chloroform and
dried on a rotary evaporator. Purification of the
substance for the next stage of synthesis was
carried out by the PTLC method, using
chloroform : petroleum ether (1: 1) as an eluent.
The total yield of the two stages was 45 % (0.45 g,
0.72 mmol). UV-vis (DMF): Amax, nm 418, 517, 556,
592, 648.

{Carboxymethyl-[2-(carboxymethyl-{[4-
(10,15,20-triphenyl-porphyrin-5-yl)-
phenylcarbamoyl]- methyl}-amino)-ethyl]-amino}-
acetic acid (4a)

The substance 3a was dissolved in absolute
DMF and then added dropwise to a solution of
EDTA dianhydride (0.35 g, 1.36 mmol), which was
mixed in absolute DMF with a catalytic amount of
triethylamine at 80 °C. The reaction proceeded for
1 hour until the starting substance was detected
by TLC, after which the product was precipitated
with water, filtered, and dried. Purification of the
substance was carried out using PTLC, using
chloroform: methyl alcohol (10:1) as an eluent.
After completion of the reaction, the product was
precipitated with water, filtered, and dried. UV-vis
(DMF): Amax, nm 418, 516, 551, 592, 647. MS (TSQ):
m/z anal. calcd. for Cs4sH4sN707904.345; found:
904.65.

Yb-para-edta-Htpp-xH;0 (5a)

The complex was synthesized at room
temperature by adding a solution of YbCl3-xH0 to
a solution of compound 4a in absolute DMF. The
yield was 95% (0.63 g, 0.59 mmol). UV-vis (DMF):
Amax, Nm 418, 516, 551, 592, 647. MS (TSQ): m/z

anal. calcd. for Cs4H42N707Yb 1074.26; found:
1074.89.

Synthesis of ortho-isomers of
tetraphenylporphyrin (2b and 3b as in [23, 24],
Scheme 1)

5-(2-nitrophenyl)-10,15,20-triphenylporphyrin
(2b)

Benzaldehyde (7g, 66 mmol) and ortho-
nitrobenzaldehyde (5 g 33.1 mmol) were
dissolved in 200 ml of glacial acetic acid. Pyrrole
(6.9 mL, 99.6 mmol) was quickly added to the
reaction mixture, which was already heated in a
round-bottom flask with a reflux condenser. The
reaction continued for 20 minutes under the same
conditions. After cooling the reaction mixture, it
was filtered and washed with water, ammonia,
methanol, and then dried in air at 100 °C. The
concentrated solution was then passed through
silica gel (60-100 mesh) with chloroform as an
eluent.

5-(2-aminophenyl)-10,15,20-
triphenylporphyrin (3b)

The final product of the previous was dissolved
in 100 ml of concentrated hydrochloric acid in an
N atmosphere. After adding metallic tin (5 g), the
reaction mixture was heated to 65°C for %8 hours.
Every hour, with the help of TLC, the percentage of
substance conversion was monitored, and a few
more grams of metallic tin were added. After the
reaction, the reaction mixture was cooled to room
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temperature, and 300 ml of cold water was added.
The pH of the solution was adjusted to 8 using a
concentrated ammonia solution. The aqueous
phase was extracted with 300 ml portions of
chloroform and dried on a rotary evaporator.
Purification of the substance was carried out by
the PTLC method, using chloroform : petroleum
ether (1:1) as an eluent. The total yield of both
stages was 2 % (0.38 g, 0.66 mmol). UV-vis (DMF):
Amax, nm 418, 515, 549, 590, 646.

{Carboxymethyl-[2-(carboxymethyl-{[2-
(10,15,20-triphenyl-porphyrin-5-yl)-
phenylcarbamoyl]- methyl}-amino)-ethyl]-amino}-
acetic acid (4b)

The previously obtained substance 2b was
dissolved in absolute DMF and then added
dropwise to a solution of EDTA dianhydride
(0.26 g, 1 mmol), which was mixed in absolute
DMF with a catalytic amount of triethylamine at
80°C. The reaction proceeded for 10 hours, the
degree of conversion of the substance was

< 7*>
+\ /| CaHecooH

reflux; 20 min

glacial  CH3COOH

checked by TLC every hour, and a small amount of
EDTA dianhydride and a few drops of
triethylamine were added. After completion of the
reaction, the product was precipitated with water,
filtered, and dried. Purification of the substance
was carried out using PTLC, using
chloroform : methyl alcohol (10 :1) as an eluent.
The yield was 83% (0.49 g, 0.55 mmol). UV-vis
(DMEF): Amax, nm 419, 515, 551, 591, 646. 1H NMR
(dmso-ds) 6 8.85 (s, 6H), 8.23 (m, 6H), 7.85 (m,
9H), 7.60 (m, 3H), 7.51 (m, 3H), 3.5 (br, 12H). MS
(TSQ): m/z anal. calcd. for Cs4HssN707904.345;
found: 904.49.

Yb-ortho-edta-H tpp-xH20 (5b)

The synthesis of complexes with Yb(III) was
carried out at room temperature by adding a
solution of 4b to a solution of YbCl3'xH20 crystal
hydrate in DMF. The yield was 95 % (0.56, 0.52
mmol). UV-vis (DMF): Amax, nm 419, 515, 551, 591,
646. MS (TSQ): m/z anal. calcd. for
Cs54H42N707Yb 1074.25; found: 1074.94.

Sn; 2h; 65°C
HCI; atm. N,

Sn; 8h; 650C
HCI; atm. N,

edta dianhydride;
1h; 80°C
Et;N, DMF

edta dianhydride;
10h; 80°C
Et;N, DMF

Scheme 1. Synthetic routes to the target compounds

Results and discussion

Synthetic procedures (Scheme 1) are well-
known and standard for this kind of compounds,
but one step needs to be discussed since we
propose its improvement. Nitration of Hatpp is
known to be performed by several different
approaches to reach para-nitrophenyl derivatives
mono-, bis- (cis- and trans-), tris- and
tetrasubstituted porphyrins. If the latter can be
obtained selectively as a result of full nitration
(para-positions of phenyls only) of Hatpp, so all
other products can be obtained only in a mixture
with other nitrated products. Of course, it is
possible to reach certain nitro-derivatives through

the dipyrromethane technique, but it does help for
only trans-di-nitroderivative of H.tpp. Here we’d
like to propose selective nitration of H,tpp, which
gives high-yielded mono-nitro-derivative. Thus,
we propose to use the well-known old approach of
H»tpp nitration by red fuming nitric acid in CHCl3,
but in contrast to authors [25], we propose to use
deep freeze (-20°C). Using the temperature,
which is 20-25°C smaller than in the original
approach, prevents further nitration of mono-
nitro-porphyrin. It can be explained by the
deactivation of the macrocycle by a strong
electron-withdrawing group, which leads to the
inability of further nitration at such low
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temperatures in contrast to temperatures higher
than 0 °C.

A special attention should be paid to the initial
stages when discussing the differences in the
synthesis of the ortho- and para-derivatives. The
synthesis of the para-derivative was carried out
using the well-known classical Alder-Longo
method. However, the subsequent nitration of
porphyrin 1a differs from the standard
methodology, as noted earlier. Regarding the
ortho-derivative, the synthesis of compound 2b
occurred in a single step through the cross-
synthesis of ortho-nitrobenzaldehyde, pyrrole,
and benzaldehyde, takenina 1 : 3 : 2 ratio. During
cross-synthesis, undesirable competing reactions
may occur, leading to the formation of by-
products, which results in a low yield of product
2b.

As seen in Scheme 1, the following stages are
similar for both the ortho- and para-derivatives.
The only difference is the reaction rate - In the
case of the ortho-derivative the synthesis time is
significantly longer due to the sterically hindered
ortho-group. Special attention should also be
given to the purification of the compound from by-
products. This stage is carried out only after
obtaining the amino derivatives (3a, 3b). This
specificity is due to the challenging separation of
the nitro derivatives by chromatography, as the Rf
values of the target product and the main by-
product Hotpp are too close. The only purification
that can be performed at this stage is the removal
of some by-products (mainly - tar with Rf=0) of

the cross-synthesis, which is achieved by passing
the reaction mixture through silica gel.

Synthesized edta-porphyrins have a standard
5-band absorption spectrum profile - 1 band at
the near UV region (Soret band) and 4 Q-bands at
the visual range. Note, that there are no spectrum
distortions under complexation reaction. Both
edta-porphyrins and  their  coordination
derivatives have an intensive emission at 600-
800 nm. The fluorescence profile of both isomers
has two bands with maxima at 650 (0-0 band) and
720 nm (0-1 band). Note, that there are no
perceptible changes in the fluorescence profile
under the formation of edta-coordinated
porphyrins with Yb3+, i.e. neither band positioning
nor their intensities.

It seems like the paramagnetic metal ion in the
edta fragment does not affect porphyrin emission,
but we have performed a separate experiment
with the formation of Cu2?* coordination
compounds with both ditopic edta-porphyrin
isomers to ensure that the strong fluorescence
quencher (Cu?* ion) can affect the emission
without direct covalent bonding to the porphyrin
chromophore (Fig. 1). Therefore, this experiment
is based on the interaction of free ditopic edta-
porphyrins with Cu?*ion. Since the formation of
core-coordinated copper complexes with
porphyrins needs much tougher conditions than
room temperature, so under the circumstances of
the present experiment there is no formation of
the core-coordinated copper complexes (UV-Vis
checking shows no formation of the core-
coordinated complex).

4 s
Ccuqny 1076, mol /L

6 7 8 9 10

Fig. 1. Luminescence quenching curve of the ortho-isomer (—) and para-isomer (---) edta-tpp by adding Cu(II)

Points, which correspond to 1:1 ratio of
metal : poprhyrin are transition points between
static (intramolecular interaction) and dynamic
(intermolecular interaction) fluorescence
quenching. The presumed composition of the
complexes is 1 : 1 due to the fact that the bends in
the curves correspond to this point. Expectedly,
the ortho-isomer of copper complex notably

higher affects fluorescence effectiveness.
Fluorescence of ortho-isomer is quenched by 30 %
and para-isomer fluorescence is quenched by only
20 %.

Synthesis of Yb3* complexes with ortho- and
para-Hzedta-H,tpp was performed in situ by the
interaction of the corresponding edta-porphyrin
with YbClszaq. at room temperature in methanol.
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As it was mentioned above, in contrast to Cu?+
the ion Yb3* does not have a quenching effect in
these systems, and the fluorescence profile
remains unchangeable (Fig. 2). Both isomeric
forms of the Yb3+ complex have emission in the
NIR with maxima at ca. 980 nm. Both types of
radiation (fluorescence and 4f-luminescence) can
be realized upon excitation at the maximum of any

3
2,5

band (Soret band and 4 visual bands), i.e. these
systems are capable of simultaneous dual-band
radiation. 4f-Excitation spectra of both isomeric
complexes of Yb3* demonstrate full identity with
porphyrin absorption spectra, which proves the
participation of the porphyrin chromophore in the
4f-sensitization process in both cases.

Fig. 2. Emission profile of isomeric Yb complexes: molecular fluorescence (¢¢¢) of both porphyrin-edta isomers and
their Yb-complexes, 4f-luminescence of ortho- (—) and para-isomer (- - -)

4f-Emission of ortho-isomer is about 50 %
more efficient than for para-isomer (Fig. 2).
Efficiency is expectedly differing since the 4f
sensitization process previously has been shown
as distance-sensitive as occurring through both
Forster and Dexter mechanisms, which
effectiveness strongly depends on the donor-
acceptor distance [26]. On the other side, it was
proposed that sensitized Yb3* luminescence
occurs via a long-range electron transfer (ET)
process as photoinduced electron transfer (PET)
[27]. Similar conclusions were made in early 1984
- authors studied edta-lanthanide complexes
modified by different chromophores without
chemical bonds between them and lanthanides
[28]. The most powerful argument for the last one
is the absence of any overlapping between
porphyrin emission and absorption of Yb3+ ion.
Note, that porphyrin-free edta-Yb complex does

not reveal 4f-luminscence at all since ther are no
appropriate sensitization pathways in this case.
The optimal donor-acceptor distance for the
effective energy transfer is zero angstroms, i.e.
direct covalent bonding of Ln ion to the
chromophore. On the other side, the distance
between the lanthanide ion and the porphyrin
core drastically affects the Kkinetic features of
intramolecular transfers. Previously it has been
proved [29] that heavy atoms cause acceleration
of the intersystem processes both ISC
(intersystem  crossing, S1—»Ti) and ISD
(intersystem degradation, T1—So). Thus, both ISC
and ISD endure significant acceleration in core-
coordinated lanthanide-porphyrins in comparison
to any other non-core (peripheral) lanthanide-
porphyrin systems or free porphyrin molecules.
Thus, core-coordinated lanthanide-porphyrins
reveal almost 100 % effectiveness of S1—=T,
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transfer, which should make the whole pathway of
4f-sensitizing (So—»S1=T1—Lnn) almost
quantitative. However, since ISD is accelerated
too, it should compete with T;—Lnn* process and
the rate of ISD should reduce the efficiency of 4f-
sensitization.

The structure of ortho- and para-isomers
differs not only by the orientation of the Yb-edta
fragment relative to the phenyl group but also
primarily by its spatial position relative to the
porphyrin chromophore. It is known that the
interplanar angle between the phenyl group and
the porphyrin cycle in meso-phenyl porphyrins
can be approximately within an interval of 60-90°
depending on the nature of the ortho- and meta-
groups in the phenyl ring [30]. Thus, Yb3+ should
be spatially located directly above the porphyrin

ring. Calculations of respective optimized
structures have confirmed these suggestions
(Fig. 3). The calculated distances between the
center of the porphyrin core and the lanthanide
ion in ortho- and para-isomers are respectively 6
and 12 A.

Since there is no overlapping between
porphyrin emission and absorption of Yb3+ ion, so
there can be no through space transfer and,
presumably, only PET can be only one possible
mechanism of sensitization. Thus, in frames of the
present work, we show that halving the distance
between porphyrin and lanthanide ion results in
halfincrease of Yb3+ luminescence supposedly as a
consequence of more efficient PET and the
absence of ISD.
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Fig. 3. Optimized structures (HyperChem, MM+) of ortho- and para-isomers of Yb-edta-tpp

Conclusions
The present study aimed to construct and study
the lanthanide-porphyrin system, in which the
donor and acceptor are as close to each other as
possible, wherein the absence of direct covalent
bonding between them will provide no (or minor)
effect of ISD on the 4f-sensitization process in
contrast to core-coordinated lanthanide-
porphyrins. The obtained results show that both
Yb-edta-porphyrin isomers have no changes in
terms of fluorescence effectiveness in comparison
to their corresponding ditopic edta-porphyrins,
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