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Abstract

The photophysical properties of the free base, silver(lll) and copper(lll) dadtaignfused porphyrin complexes were examined. The
free base species exhibits a low fluorescence quantum yieldlot 903, which is completely suppressed in the M(Ill) complexes.
However, high singlet oxygen quantum yields were found for the Ag@) & 0.92) and Cu(lll) p» = 0.66) complexes. These results
were ascribed to the enhanced intersystem crossing rates, induced by heavy atom effect, rather than to a redox quenching involving the
metal ions in unusually high oxidation state. The confused porphyrins are photochemically stable in oxygen-free solution but are bleached
more or less rapidly by the photogenerated singlet oxygen, in the absence of other quenchers.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction all possible tautomeric forms have been determined by DFT

analysig24,25] Interestingly, the aromaticity of the ring es-

The properties of porphyrins and analogous macrocyclestimated from the NICS values seems to be the predominant

have been systematically studied given their prevalence indriving force only in the case of porphyrins and NCPs, while
biological systems and their remarkable photophysical, cat- steric factors were shown to be dominant in the case of the
alytic and electrocatalytic properties. In 1994, the synthe- isomers with higher number of confused pyrrole rings. In
sis of the first true porphyrin isomer, tié-confused por-  fact, in the case of doubli-confused porphyrins, only the
phyrin, NCP, was reported simultaneously by Furuta et al. cis-confused isomer (M-HMCP), which is the most stable
[1] and Latos-Grazynski and co-workej2], starting the regioisomer according to DFT calculations, has been synthe-
systematic studies on this new series of porphyrin analoguessized[26].1 The coordinated M(lll) ion is highly stabilized
[3,4]. This isomer has one confused pyrrole ring, forms and can be reduced only a0.9V (versus SHE), while the
square-planar complexes with both divalent and trivalent macrocyclic ring is oxidized around 1.4[27].
metal ions such as Ni(llJ2,5-7] Pd(ll) [8], Pt(ll) [9], It is known that singlet oxygen is involved in natural pho-
Cu(ll) [10,11], Ag(ll) [12], and Cu(Ill)[13] ions, and their ~ tochemical and photobiological processes, as well as in the
chemistry, spectroscopy, electrochemistry and magnetismtherapeutic action of Type Il PDT drugs. Porphyrins and
have been systematically studi¢t¥—20] More recently, their analogues generally exhibit high absorptivity in the
the cis-doubly N-confused porphyringis-N,CP, and their ~ phototherapeutic window, as well as an excited triplet state
Ag(lll) and Cu(lll) metal complexes have been prepared with appropriate energy and lifetime for efficient energy
and characterize@1-23] Also, the total electronic en- transfer to triplet oxygen. Belair et f18] compared the pho-
ergy (B3LYP level) and nucleus-independent chemical shifts tophysical properties dfl-confused tetraphenylporphyrin in
(NICS, B3LYP/6-31G** level) of 99N-confused isomers in  two tautomeric forms (in dimethylacetamide and fCHp)

with those of analogous porphyrins and chlorophylls demon-

* Corresponding author. Tel455-11-3091-3887; I
fax: +55-11-3815-5579. 1 TransN,CP, wherein two pyrrole rings at the opposite sites are con-
E-mail addresskoiaraki@ig.usp.br (K. Araki). fused, has recently been synthesized.
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time-resolved NIR fluorimeter (Edinburgh Analytical Instru-
ments) equipped with a Nd:YAG laser (Continuum Sure-
lite Ill) for sample excitation at 532 nm. The emitted light
was passed through a silicon filter and a monochromator be-
fore being detected at a NIR-PMT (Hamamatsu Co. R5509).
Methylene blue in air-saturated acetonitrile solution, at room
temperature, was used as standarg £ 0.50). The curve
fitting analysis of the Flash Photolysis and NIR emission
decay curves was carried out using the Igor Pro 4.02 soft-

H,N,CP M-HN,CP . .
272 2 ware (Wavemetrics). The sample solution was refreshed be-
Fig. 1. Structures of the free base doubkgonfused porphyrin (EN2CP) fore each new series of experiments in order to minimize the
and its metal complex (M-HPCP). interference of eventual photodecomposition byproducts.

1,3-Diphenylisobenzofuran (DPBF, 451) was also used
Strating the PDT pOtentIallty of that isomer. Recently, we to determine the Sing'et Oxygen quantum y|e|ds at room
showed that the coordination of Ag(lll) ion enhances about temperature, in air saturated acetonitrile solution. The sam-
four times the efficiency of free base doublyconfused por-  ples were prepared immediately before use by transferring
phyrin, FoN>CP Fig. 1), as Q(*Ag) sensitizef29]. In this 10pl of the DPBF stock solution and 1 ml of Gis-N>CP
work, we report a detailed study on the photophysical prop- acetonitrile solution{0.3 a.u. at 480 nm) into a quartz cu-
erties of the free baseaN>CP and its Ag(lll) and Cu(lll)  vette in the dark. The experiments were carried out by ir-
complexes (M-HNCP), in order to improve the understand-  radiating the stirred sample with a 480 nm light beam pro-
ing of this new porphyrin type macrocycle. vided by an Oriel Spectral Luminator (model 69070), while
the absorbance at 411, 325 and 310 nm was simultaneously
monitored using a diode array UV-Vis spectrophotometer
2. Experimental (Agilent model 8453) in the kinetic mode. No significant
changes were observed in the doubly confused porphyrin
Doubly N-confused 2-ethoxy-5,10,15,20-tetrakis(pentafl- spectra above 500 nm during the experiments. The initial
uorophenyl)-3,7-diaza-21,22-dicarbaporphyrin 2{HCP) solution was used as reference in order to minimize errors.
and its silver (Ad' HN>CP) and copper (CiHN>CP) com- A 150 W Xenon lamp light, filtered by passing through
plexes were synthesized and characterized as previouslya 10 cm water layer and a UV filter (2 cm plexiglass plate)
described?21]. All solutions were prepared using spectro- to remove the infrared and the UV radiation below 300 nm,
scopic grade acetonitrile from Aldrich. The protonated and was used in the photodecomposition experiments in deoxy-
deprotonated species were generated by bubbling a smalenated acetonitrile solution. The samples (typically.20
amount of gaseous HCI or by adding tetrabutylammonium were carefully purged with nitrogen or argon gas and con-
hydroxide (TBAOH), respectively, to the solution. This stantly stirred while measuring the UV-Vis spectra as a func-
base was used instead of gaseous; Havoid the possible  tion of the time. A blanket of the corresponding inert gas was
suppression of theissN,CP excited state by that species.  used during the experiments to minimize the possible con-
The luminescence spectra were recorded on a Pho-tamination by oxygen. The experiments in oxygen-saturated
ton Technology Inc., model LS-100 spectrofluorimeter. solutions were carried out in the same way using das
The luminescence quantum yield measurements wereinstead.
carried out using a deaerated acetonitrile solution of
meso-tetraphenylporphyrin (TPP) as standand £ 0.15).
The triplet state lifetimes and excited state differential spec- 3. Results and discussion
tra were recorded using a time resolved absorption/emission
spectrometer (Edinburgh Analytical Instruments LP900S1) In contrast to normal porphyrins, the doulyconfused
equipped with a Nd:YAG laser (Spectron Laser System, free base porphyrin ($N2CP) exhibits two confused ad-
UK) operating at 532 nm for sample excitation. The probing jacent pyrrole rings, providing two carbon and two nitro-
system was positioned at 9@nd constituted by a 150W gen atoms for coordination of transition metal ions in the
pulsed Xenon lamp, a Czern-Turner monochromator and plane. This conformation is particularly interesting because
a germanium detector for the near infrared. The systemit strongly stabilizes the coordinated Ag(lll) and Cu(lll)
was coupled with a Hewlett-Packard 54510B digital os- ions. Only one of the two outer N-atoms is protonated in
cilloscope and a microcomputer for data acquisition. The the neutral species, but the species with both protonated or
experiments were carried out in the 300—700 nm range anddeprotonated pyrrole N-atoms can be easily obtained in so-
the sample was refreshed before each series of experimentdution by addition of HCI or NH vapour (or other bases),
The singlet oxygen decay rates and the formation quan- respectively{27]. This interesting behaviour allows one to
tum yields were determined from the phosphorescence de-modulate their electronic properties just by controlling the
cay curves at 1270nm. These data were recorded with aacid-base characteristics of the solution.
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;%Zlc()arpltion peak wavelengths and corresponding molar absorptivities (a twfgthe cis-doubly N-confused porphyrins in acetonitrile solution
HoN,CP 345 (4.5) 427 (4.7) 472 (sh, 4.4) 580 (sh, 3.8) 623 (4.0) 668 (3.9) 722 (sh, 3.5)
H4NoCP?* 358 (4.6) 464 (4.8) 510 (4.5) 601 (3.8) 690 (3.9) 750 (3.9)

HN2CP~ 342 (4.49) 402 (4.4) 450 (sh, 4.6) 477 (4.9) 507 (4.4) ~600 (3.9) 655 (3.9) 718 (3.6)
AgHN,CP 364 (4.5) 418 (sh, 4.6) 437 (4,7) 475 (4.4) 511 (sh, 4.1) 570 (3.9) 613 (4.2) 665 (3.9)
AgH2NLCPY 370 (4.5) 470 (4.8) 568 (3.9) 610 (4.0) 650 (3.9) 755 (3.2)

AgN2CP- 361 (4.3) 423 (4.7) 473 (4.6) 496 (4.6) 552 (4.0) 625 (3.9) 680 (3.5)

CUHN,CP 367 (4.6) 415 (sh, 4.6) 437 (4.8) 475 (4.5) 569 (4.0) 606 (4.3) 670 (3.9)

CuHpN,CP* 368 (4.5) 466 (4.9) 562 (3.9) 608 (4.1) 644 (3.9) 758 (3.4)

CuN,CP~ 353 (4.4) 423 (4.8) 469 (4.7) 495 (4.6) 544 (4.1) 595 (4.0) 683 (3.6)

sh:shoulder.

The free base pN2CP in acetonitrile solution exhibits an  coordinates are not very much displaced in relation to the
absorption band profile similar to that found previously in excited state ones. But, it increased to 400 and ca. 908 cm
CHCl, [27], as can be seen ifiable 1 The small shifts for the deprotonated and protonated species, respectively,
in peak positions were ascribed to solvent effects. It should suggesting that they have much distorted excited state
be noted that the lowest energy absorption band of the conformations.
neutral and deprotonated species were similar and found
around 720 nm, respectively, but was red shifted to 750 nm 8 F1 T T L T 60
in the protonated species. This characteristic was confirmed . e e
by the emission and excitation spectra shownFig. 2, 6 oo emission
where the first two species exhibit the fluorescence band
around 737 nm but is red shifted to 820 nm for the last one.
The absorption spectra of the doulNyconfused porphyrin
species are different from that of porphyrins atdonfused
tetraphenylporphyrirf28]. The lower symmetry and aro- 2
maticity of thecis-N,CP ring should be responsible for the
observed differences, where a reminiscence of a porphyrin
spectral profile can be observed particularly for the;@R~ _
species. However, they still exhibit relatively strong absorp- "'9 i _“;Tgf:d state .
tion and emission bands in the porphyrin spectral regionand x 4 [\ - emission . - 60
small Stokes shifts, indicating that the free baseNpCP B excitation
ring is preserving a significant degree of aromaticity and the -,
low energy bands can be assignedrtter* transitions.

No significant changes in the emission or excitation pro-
files were observed by varying the excitation wavelength
or the monitoring emission wavelength, as can be inferred
from the similarity between the absorption and excitation
spectra shown ifrig. 2 Analogous behavior was observed
for the protonated and deprotonated species. Despite the A —— ground state
similarity of the transition energies, the;N,CP emission . gg;i;;iggn
band is much broader and less resolved than that GiGHN ]
species. The luminescence quantum yield of the protonated 4
species (® x 10~3) is more than one order of magnitude
smaller than that for the neutral.(9x 10-3) and deproto- >
nated (67 x 10~3) species, probably due to more efficient
thermal decay pathways associated with structural changes
The measured singlet state lifetime opMpCP is 1.0ns, 0 k1 ! ! ! L ! == 0.0
comparable to that found by Beldi28] for NCP (1.6 ns) 300 400 500 600 700 800 900
and shorter than for TPP (9.2ns in CHELIThe Stokes Wavelength / nm
shift for the neutral spemeg was only 151_&“ smaller Fig. 2. Absorption (left scale) and excitation-emission (right scale) spectra
than forN-confused porphyrin (371 cnt) and comparable  of jiN,CP-, H,N,CP and HN,CF2* species in deaerated acetonitile
to TPP (143 cm?), indicating that the ground state nuclear solution, at 25C.
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S0~ T I ] v of the metal compl_exes for singlet oxygen generation was
........ :ijm 680 nm e e 346 0m 1000 found to be much higher than for the free base, as d(_ascnbed
2 400} oo Telo20M mo Ay 625m » below. Consequently, the electron transfer mechanism can
E 1800 § be ruled out anq the metal iop must .be enh.anc_ing the in-
£ 2001 i tersystem crossing qqantum yield by increasing its rate, by
2 deoo 2 decreasing the intrinsic thermal decay rate or both.
€ 5 The triplet state lifetimes were measured by means of
E 200 Ja00 % the flash-photolysis technique, in absorption mode, and the
kS g differential spectra are compared with the electronic spec-
“ o0k 4500 < tra in Fig. 4. A strong bleaching of the absorption bands
in the 400-500 nm region, consistent with a triplet excited
0 . BN, TN 1o state localized on the macrocyclic ligaf@il], can be ob-
200 400 00 800 served. The lifetimesTable 2 in the 1.1-1.8§.s range are
Wavelength / nm comparable to those of [Ru(bipjLl» analogues and some

porphyrins[32]. The neutral species had the longest triplet
Fig. 3. Excitation (left) and emission (right) spectra ofN4CP in ethanol state lifetimes and, interestingly, the lifetimes of the metal
glass (77K) at different excitation or monitoring emission wavelengths, complexes showed a tendency to be slightly longer than for
as indicated in the figure. P . y gntly . 9

the free base. This corroborates the assumption that the co-

A significant change in the emission spectrum profile of ordination of Ag(lll) or Cu(lll) ions is in fact contributing
the neutral species in ethanol glaBggy( 3 and at room tem- 0 slow down the intrinsic thermal decay. It also confirms
perature was observed also. The luminescence spectrum prothe previous electrochemistry resyi§] showing that those
file in ethanol (739 nm and shouldera817 nm)is very sim- ~ metal ions were stabilized by #N>CP coordination, los-
ilar to that in acetonitrile (730 nm and shoulder&13nm,  ing their typical strong oxidizing character. Presumably, the
Fig. 2), but the bands are slightly red shifted. The spectrum Main thermal relaxation pathways suppressed by coordina-
at 77 K exhibits an intense and sharp band at 692 nm and gtion of the metal ion are those involving the dipole-dipole
shoulder at 760 nm, which are about 50 nm blue-shifted in coupling of the inner ring hydrogen atoms with the solvent
relation to the corresponding spectrum at 298K, as a con-and the ring distortion modes.
sequence of matrix effects.

Generally, the presence of transition metal ions in unusu- 3.1. Sensitization of singlet oxygen
ally high oxidation states completely quenches the lumines-
cence of a macrocyclic liganf80]. Indeed no detectable The oxygen molecule can be found in two singlet excited
fluorescence could be observed for the'®N,CP and states that are 0.97 and 1.63 eV above the ground[8tite
Ag'"'HN,CP complexes, as expected for the availability of This means that the singlet excited state oNRCP (1.7 eV,
rapid non-radiative relaxation pathways competing with the estimated from the absorption and fluorescence spectra) al-
radiative decay. The direct thermal relaxation to the ground most perfectly matches the energy requirement to excite
state is one of the possible pathways, but is competing with the G(3Zq™) to the @ (1Zg") state; the most energetic
the intersystem crossing process to the triplet state, considerstate that quantitatively decays to the lower and more sta-
ing that no other unimolecular or bimolecular processes areble Oz(lAg) state. Generally the singlet excited state is too
taking place. In our case, the relaxation rate can be signifi- short lived to be the main sensitizer, so that energy trans-
cantly enhanced by an electron transfer mechanism involv-fer are generally promoted by the less energetic triplet ex-
ing the coordinated M(lll) ion. Nevertheless, the efficiency cited state (around 1.1-1.2eV). This is probably the case

Table 2
Triplet state lifetime (OT) in N>-saturated solution, bimolecular quenching rate const&pisidded and singlet oxygen quantum yields) for the doubly
N-confused porphyrins

3 (ns) Kohotodec (M 572 x1078) TRIL ¢ (532nm) TRIL éa (kalke x10°) 480 nm DPBF
H2NLCP 1.2 9.8 0.19 0.20 (0.98)
H4NCP+ 1.4 5.4 0.12 -
HN,CP~ 0.6 7.1 0.13 -
AgHN,CP 1.8 1.9 0.81 0.92 (1.08)
AgH2N2CPH 1.1 0.42 0.67 -
AgN,CP- 1.1 5.6 0.71 -
CuHN,CP 1.4 11.7 0.48 0.66 (1.14)
CuHpN,CPt 0.1 1.9 0.22 -
CuN,CP~ 1.2 16.0 0.45 -

The data obtained by time-resolved infrared luminescence (TRIL) and by quenching with DPBF in acetonitrile solution are listed.
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for HoN2CP which should be able to sensitize exclusively

the direct formation of @(1Ag) because of its somewhat 15 <

lower energy content in that electronic state. The same rea- 12r @ [Ru(bipy),ICl,]
soning should apply for the Ag(lll) and Cu(lll) complexes 5 9 A HNCP 4
and for the respective deprotonated species since the ener- 'f 6 : 23:::22

gies of their lowest absorption band are similar. The proto-
nated species exhibits the lowest energy absorption band at
760 nm, which is shifted up to 90 nm to the red, in compar-
ison with the neutral species.

The singlet oxygen is a very reactive spedi&4,35], re-
sponsible for photodegradation processes that may lead to
photocarcinogenesis and photodecomposition like that ob-
served in photobleaching processes. However, this species
was shown to efficiently kill tumoral tissues and therapeu- Fig. 5. Plots oflaspper(—dA/dt)™ vs. 1/A, the reciprocal of the DPBF
tic drugs based in its photoinduced generation are receiving2Psorption at 411 nm according . (2) using [Ru(bipy3]Cl2 (30..M),
regulatory approval in many countries. Consequently, the H2N2CP (M), AGHNACP (8uM) or CuHNoCP (SpM) as singlet

. L ! oxygen sensitizerigxe = 480 nm), in air saturated acetonitrile solutions.
preparation of new compounds able to efficiently transfer pper| = 45,M, 1,50 = 1.15x 107 Ms~1.
energy to molecular oxygen is of great interest from both,
scientific and applied points of view. Accordingly, we mea- Kr/kda can be obtained from the intercept and slope/intercept
sured the singlet oxygen generation quantum yields for dou-ratio of (dA/dt)~* versusA~* plots according tdEq. (2)
bly N-confused porphyrins by monitoring the intensity of dA1L 1 kg 1
Og(lAg) phosphorescence at 1270 nm, after a laser shot of — [d_} =7 = a
5ns width. The neutral, protonated, and deprotonated free ! apacoperl  krlapa
base HN>CP species were found to be poor sensitizers, ex- However, to calculate, it is necessary to determirig, a
hibiting quantum yields in the 0.2 rang&aple 2. Interest- parameter that depends on the experimental arrangement.
ingly, the Ag(lll) complex is more efficient#y = 0.81) It was evaluated as being.16 x 10-’'Ms~! by using
than the methylene blue used as standaid £ 0.5). In [Ru(bipy)x]Cl2 (¢pa = 0.8 at 480nm) as standard. The
fact, that quantum yield is superior to that measured for TPP plots of |asppr(—d[A]/dt) 1 versus 1/p] for the standard
in toluene $o = 0.73) and monoacidic benzoporphyrin and the doublyN-confused porphyrins are shown kig. 5.
(pa = 0.76). This is the active species of Visudfhehe The quantum yields obtained by this method were more
phototherapeutic drug recently approved by FDA for treat- reproducible than those measured by TRIL and are listed
ment of macular neovascularizatig@6—38] The Cu(lll) in Table 2 The value ofkg/k;, wherekq = 1.3 x 10*s™1
complex exhibited intermediary quantum yields. Finally, it is the lifetime of singlet oxygen in acetonitril83] and
is evident fromTable 2that the activity follows the tendency k; the reaction rate constant with DPBF, are shown in
neutral > deprotonated > protonated species. parenthesis. That ratio is not varying very much (aver-

In order to confirm the results obtained byg(é)Ag) age value= 1.1 x 1072 M), as expected for results obtained
phosphorescence laser flash photolysis, the quantum yieldsn a same solvent. Accordingll, was estimated as being
for the neutral species were evaluated employing DPBF 1.2 x 10°M~1s™1, close to diffusion controlled reaction
(1,3-diphenylisobenzofuran), as described by Spiller et rates and in the same order of magnitude of the values
al [39]. This species exhibits a strong absorption band found in DMF and methandB9]. That is about one order
at 411 nm that disappears when oxidized by singlet oxy- of magnitude lower than those found for charge trans-
gen (the reaction product does not have bands in thefer quenching of strong electron donor amines and some
250-1000 nm range). Photodecomposition was minimized aromatic compounds in cyclohexane and benZéag
in this case because a light source of lower intensity The quantum yields obtained by both methods were iden-
(Oriel Spectral Luminator) was employed in the experi- tical for the free base, within experimental error, but were
ments. The quantum yieldix was calculated39,40] using significantly higher for Ag(lll) and Cu(lll) complexes (14

(2)

theEq. (1) and 27%, respectively), as shownTiable 2 Similar results
were obtained by using methylene blue as standard and ex-
_4bPBF] _ 04 1 _, é k[DPBF] (1) citation wavelength of 600 nm. Such relatively large differ-
d ~  dr epped  © Akr[DPBF] + kqg ences between the chemical and photophysical methods has

been previously reportd@9,42] and assigned to the use of
whereA is the absorbanceppgr (2.2-23x 10*M~1cm1) different wavelengths for the excitation of the standard and
[39] the molar absorption of DPBF at 411 nig,the total the compounds in the experiments. This does not apply in
absorbed photon flux per unit volume and unit time, | the our case and probably is reflecting the contribution of pho-
optic path lengthky the 10, decay rate constant, arkgl is todecomposition processes in the TRIL method. This is par-
the 10, quenching rate constants by DPBF. The, and ticularly important in the case of the Cu(lll) complex, that
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was shown to be the most reactive species and a relatively 19
good sensitizer for singlet oxygen generation, as shown be- 1ol
low. i
0.8t
3.2. Photodecomposition of cis-doubly N-confused 08r
porphyrins 04p
02}
An inspection of the @*Ag) phosphorescence decay oop , L -
curves showed that the slope of the dgglot varies as a 10} ! :

CuHN,CP

function of the sensitizer concentratidfig. 6). This is con-
sistent with the occurrence of a second order reaction where
the photogeneratetD; is being quenched by the sensitizer
itself. In order to elucidate the nature of the quenching
process, a careful study was carried out changing the
experimental conditions. We found out thais-doubly 02}
N-confused porphyrins are stable in argon or nitrogen gas
purged acetonitrile solution, when irradiated with a filtered
150W Xenon lamp to remove the infrared and the high
energy fraction of the UV radiation. A quite fast photo-
bleaching was observed though in oxygenated solutions. In
fact, we found out that even a very small amount of oxygen,
which may be diffusing through the septum, was enough
to promote a slow but steady decay of the absorbance as a
functlor'l of t'heilrrad|at|on time. ' 0'0'360 ST B o0 800 800
The irradiation of the samples leads to the disappear- Wavelength / nm
ance of the doublyN-confused porphyrin bands in the
350-500 nm and 600—750 nm range within 45min and to Fig. 7. Decay (photobleaching) of the UV-Vis absorption bands as a
the rise of two new bands at 320-540 nm, clearly indicating function of the time for CuHNCP (10min), AGHNCP (45min), and
the occurrence of a photoreaction process. The absorption 2\2CP (45min) in @ saturated acetonitrile solutions.
spectra of the free base, Cu(lll) and Ag(lll) complexes after
irradiation were similar, suggesting that the photoproducts exponential, which was satisfactory for the metal com-
may be the sameF{g. 7). The higher reactivity of the plexes. A double exponential was more suitable for the
copper derivative is evidenced in the comparative kinetic free base species but the contribution of the slower com-
curves Fig. 8), where it is shown to be completely decom- ponent was estimated to be less than 10%. The calculated
posed after 10 min while the free base and silver derivatives pseudo-first order rate constants are 0:42,x 10~3, and
required up to 45 min, in the same experimental conditions. 1.7 x 10~3s~1, respectively, for the CuHpCP, HN,CP
The decay curves were tentatively fitted using a single and AgHN.CP derivatives in @ saturated acetonitrile

Absorbance
o o
(=] [+

<
™

T T T T T
X AGN,CP (Reye =438 nm)

IS 1.2+ -
g O HN,CP (Age =427 nm)
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(%2}
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o
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Fig. 8. Absorbance decay curves as a function of the time for
Fig. 6. Decay of théo, phosphorescence emission at 1270 nm as a func- AgHN,;CP, CuHNCP and HN,CP, in G-saturated acetonitrile solution,
tion of the time and concentration of AgHRP, in air saturated solution at Aexc = 438 and 427 nm. The AgCP curve was offset 0.08 a.u. for
([O2 = 1.9mM]. The curves were normalized by the concentration of the better visualization. The solid lines are the exponential or double expo-
sensitizer and plotted in lag scale. nential (free base) curve fittings.
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