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Abstract

Meso-tetrakis-(3,4,5-tris{2-[2-(2-methoxyethoxy)ethoxy]ethoxy}phenyl)porphyrin TEG12PH2 is
reported as an ‘omnisoluble’ TPP reference for singlet oxygen (*0,) generation quantum yield
(®Dso) estimation. TEG12PH; is a highly soluble, nonionic compound possessing excellent 10, QY in
a wide variety of common solvents, including water. TEG12PH2 was prepared on multigram scale
by the 12-way O-alkylation of tetrakis(3,4,5-trihydroxyphenyl)porphyrin using 2-(2-(2-
methoxyethoxy)ethoxy)ethyl 4-toluenesulfonate as reaction solvent. The corresponding Zn(ll)
complex TEG12PZn was also prepared and studied. Its 10, QYs in the different solvents studied
were found to be 0.86 (acetone), 0.59 (acetonitrile), 0.66 (chloroform), 0.85 (methanol), 0.45
(toluene) and 0.51 (water). TEG12PH2 can be considered a reliable and easy to implement
omnisoluble reference compound for the estimation of the 'O, generating activities of new

materials, especially new porphyrinic compounds.
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Introduction

Chromophores possessing electronic structures that allow access to triplet excited states
are capable of interacting with molecular oxygen, whose ground state is also a triplet, leading to
the generation of singlet oxygen (102).%? 10, is a reactive oxygen species (ROS) often considered
deleterious but which is gaining increasing recognition for its positive uses including in organic
synthesis,? for elimination of pollutants* (e.g., for water purification®) and more importantly for
photodynamic therapies® involving cancer treatment’ or microbial inactivation.® Photodynamic
applications rely on the localized destructive properties of 10, based on its high reactivity with
organic materials and moderate lifetime, which allow for instance, selective targeting of tumors.
There now exist several promising classes of chromophores (Figure 1) with appropriate
properties for implementation of the aforementioned applications with new classes appearing.®
'0,-generating properties of these compounds can be screened and assessed by simple
comparison with a reference material whose properties under equivalent conditions are
known.19 Since applications such as PDT are conducted in aqueous media, this requires the
availability of water-soluble reference compounds although methods exist for estimating the 10,
quantum yield (®so) between different media.'? Several useful water-soluble reference materials
exist including Rose Bengal (RB; ®so 0.75 in water),'? tris(2,2'-bipyridine)ruthenium(ll) salts
(Ru(Bipy)sCly; ®so 0.22 in water)® and phenalenone (PN; ®so 1.0 in water).!
Tetraphenylporphyrin (TPPH2; ®so 0.69 in toluene)® has also been used as a convenient
reference material in organic solvents being notable for its synthetic flexibility and availability of
many transition metal complexes although generally only free base (TPPH,)* and zinc(ll)

complexes (TPPZn)!” have been used as 10, ®so references. Several water-soluble TPP derivatives



are also available including tetrakis(4-sulfonatophenyl)porphyrin (TPPS)*® and tetrakis(methyl-4-
pyridinium)porphyrin (TMPyP),'® which have also been investigated for their PDT properties.?°
However, the use of these compounds as PDT agents or 0, ®so references are both
compromised by their strong tendencies to aggregate in aqueous media. Aggregation of
chromophores is one of the main routes to deactivation of their 10, generation capabilities
representing a significant disadvantage. Furthermore, TPPS and TMPyP are insoluble in non-polar
solvents so that cross-media comparisons of relative activity are not convenient and require post-
processing of data. Since TPPH; derivatives compose a large class of compounds of interest for
10, generation, it would be useful to establish a cross-medium ‘omnisoluble’ reference with
excitation wavelengths in the visible region to facilitate and standardize the relevant property

data and facilitate the estimation of quantum yields of 10, generation.

In this work, we report such an ‘omnisoluble’ TPPH; reference for 10, QY estimation.
Meso-tetrakis-(3,4,5-tris{2-[2-(2-methoxyethoxy)ethoxy]ethoxy}phenyl)porphyrin TEG12PH: is a
highly soluble,?! nonionic compound possessing excellent 10, QY in a variety of common solvents,
including water. The properties of the corresponding meso-tetraphenylporphinatozinc(ll)
compound TEG12PZn are also reported and a convenient large scale synthesis of the parent

TEG12PH2 compound is provided.
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Figure 1. Chromophores commonly used for 'O, photosensitization and as ®so reference
compounds. Abbreviations: TPPH, (5,10,15,20-tetraphenylporphyrin); TMPyP (5,10,15,20-
tetrakis(4-methylpyridinium)porphyrin); TPPS (5,10,15,20-tetrakis(4-sulfonatophenyl)
porphyrin); Ru(Bipy)sCl; (dichlorotris(2,2’-bipyridyl)ruthenium(Il)).

Experimental

General. Reagents and dehydrated solvents (in septum-sealed bottles) used for syntheses and
spectroscopic measurements were obtained from Tokyo Kasei Chemical Co., Wako Chemical Co.,
Nacalai Tesque Chemical Co. or Aldrich Chemical Co. and were used without further purification.
Electronic absorption spectra were measured using JASCO V-570 UV/Vis/NIR
spectrophotometer. FTIR spectra were obtained using a Thermo-Nicolet 760X FTIR
spectrophotometer equipped with a SMART-iTX ATR accessory. H-NMR spectra and proton
decoupled 3C-NMR spectra were obtained using a JEOL AL400SSS spectrometer operating at 400
MHz and 101 MHz, respectively, with tetramethylsilane as an internal standard. Data were

processed using Delta version 5.0.5.1, Always JNM-AL version 6.2 and MestReNova 6.0.2



programs. *H NMR chemical shifts (6) are reported in ppm relative to TMS for CDCls (6 0.00) or
the residual solvent peak for other solvents. 3C NMR chemical shifts (8) are reported in ppm
relative to the solvent reported. Coupling constants (J) are expressed in Hertz (Hz), shift
multiplicities are reported as singlet (s), doublet (d), triplet (t), quartet (q), double doublet (dd),
multiplet (m) and broad singlet (bs). High resolution electrospray ionization time-of-flight mass
spectra (ESI-TOF-MS) were measured using a Thermo Scientific Q-Exactive Plus instrument.
Tetrakis(3,4,5-trimethoxyphenyl)porphyrin was prepared according to the method of Adler et

al?? (after Albery et a/?®) and purified according to Barnett et al.?*

Tetrakis(3,4,5-trihydroxyphenyl)porphyrin.?® Tetrakis(3,4,5-trimethoxyphenyl)porphyrin (2 g,
2.05 mmol) was dissolved in dichloromethane (20 mL) and the resulting solution cooled to 0 °C.
BBr3 (5 mL, 1 M in CHxCl;) was then added dropwise with stirring followed by stirring at room
temperature for 48 h. A second aliquot of BBr3 (5 mL, 1 M in CH,Cl,) was added and stirring
continued for a further 48 h. Methanol (20 mL) was carefully added to the reaction mixture and
the resulting dark precipitate was filtered and washed with acetone and dichloromethane then
dried under reduced pressure yielding the dihydrobromide salt of the title compound which was

used in the next step without further purification. Yield 1.45 g (73 %).

Meso-tetrakis-(3,4,5-tris{2-[2-(2-methoxyethoxy)ethoxy]ethoxy}phenyl)porphyrin,

TEG12PH2.>> The dihydrobromide salt of tetrakis(3,4,5-trihydroxyphenyl)porphyrin obtained in
the previous step (1.45 g, 1.5 mmol) was suspended in TEGTs?® (32 g, 0.1 mol) and the resulting
mixture was purged with nitrogen gas. Solid anhydrous potassium carbonate (6 g, 43.5 mmol)
was added and the dark colored mixture stirred at 100 °C for 4 days. The resulting bright red-

purple mixture was poured into water followed by extraction with chloroform (100 mL x 2).



Organic fractions were combined and dried over anhydrous sodium sulfate. Following filtration,
the solvents were removed under reduced pressure, and the resulting bright red residue was
dissolved in chloroform and chromatographed on silica gel eluting first with chloroform until all
TEGTs had been eluted followed by CHCl3/5 % CH3OH to elute the porphyrin. Fractions containing
the product were combined and solvent removed under reduced pressure. Crude TEG12PH; was
further purified by size exclusion chromatography using Biobeads SX-1 eluting with
dichloromethane. The latter two chromatography procedures can be repeated until the material
is judged to be sufficiently pure by using 'H-NMR spectroscopy. Overall yield of these procedures
is estimated to be 85 %. Chemical analyses for TEG12PH; are identical with those reported by Lee
and Kim.2> UV/Vis: Amax (nm; € / molt dm3 cm™): (CH3),C=0: 422 (2.67 x 10°), 515 (12,300), 551
(5,700), 592 (3,700), 648 (2,900); CH3CN: 421 (2.86 x 10°, 515 (12,600), 551 (5,200), 590 (3,600),
647 (2,700); CHCls: 425 (2.98 x 10°), 518 (12,900), 555 (5,800), 592 (4,200), 648 (3,000); CH30H:
420 (2.89 x 10°), 516 (13,000), 551 (5,800), 590 (3,900), 648 (2,800); CsHsCH3 426 (2.85 x 10°),
518 (11,700), 554 (5,600), 593 (3,700), 651 (3,000); H,0 409 (1.39 x 10°), 420 (1.39 x 10°), 519
(9,000), 556 (4,300), 589 (3,100), 648 (2,100). *H NMR (CDCls, 400 MHz, 298 K): 6 = 8.89 (s, 8H),
7.47 (s, 8H), 4.52 (t, /= 5.2 Hz, 8H), 4.31 (t, / = 4.6 Hz, 16H), 4.04 (t, J = 5.0 Hz, 8H), 3.91 (m, 24H),
3.75(m, 32H), 3.63 (m, 24H), 3.53 (m, 16H), 3.41 (s, 3H), 3.38 (m, 24H), 3.23 (s, 24H), -2.83 (s, 2H)
ppm. 33C NMR (CDCls, 100 MHz, 298 K): § = 150.87, 138.24, 137.44,119.89, 115.11, 72.59, 71.97,
71.87,70.92,70.76,70.73,70.69, 70.65, 70.54, 70.38, 69.91, 61.80, 59.15, 59.11, 58.98 ppm. FTIR
(ATR): v =3320.3 (w, N-H(str.)), 2871.9 (s, C-H(str.)), 1641.5 (w, C=C(str.)), 1577.4 (m, C=C(str.)),
1559.3 (w), 1540.4 (w), 1497.2 (m), 1471.1 (m, C-H(def.)), 1452.9 (m, C-H(def.)), 1418.5 (m, C-

H(def.)), 1349.5 (m, C-H(def.)), 1330.7 (w), 1297.5 (w), 1238.7 (m), 1199.4 (w), 1094.9 (vs, C-



O(str.)), 1027.7 (m, C-O(str.)), 978.9 (w), 929.9 (m), 886.5 (w), 849.1 (m), 805.1 (m), 761.7 (w),
738.5(m), 664.0 (w) cm™. HR-MS (ESI-TOF; methanol): m/z calc’d for [C128H197048N4*]: 2558.3092

amu, found: 2558.2944 amu.

Meso-tetrakis-(3,4,5-tris{2-[2-(2-methoxyethoxy)ethoxy]ethoxy}phenyl)porphyrinatozinc(ll),

TEG12PZn. TEG12PH; was treated with zinc(ll) acetate in chloroform/methanol according to a
literature method.?” The crude product was purified using column chromatography
(SiO2/CHCI3:CH30H 19:1) and size exclusion chromatography (BioBeads SX-1/CH;Cl>). UV/Vis: Amax
(nm; £ / mol’t dm3 cm-1): (CH3),C=0: 427 (3.89 x 105), 557 (14,400), 597 (5,400); CH3CN: 427 (4.01
x 10°), 557 (14,900), 597 (5,500); CHCls: 427 (4.11 x 10°%), 556 (15,900), 596 (4,800); CH3OH: 426
(5.00 x 10%), 558 (17,800), 598 (6,700); CsHsCH3 429 (3.64 x 10°), 556 (14,300), 597 (5,000); H20
427 (2.56 x 10%), 560 (14,000), 600 (6,100).*H NMR (CDCls, 400 MHz, 298 K): & = 8.94 (s, 8H), 7.49
(s, 8H), 4.52 (t, J = 4.9 Hz, 8H), 4.31 (t, J = 4.4 Hz, 16H), 4.04 (t, J = 5.0 Hz, 8H), 3.91 (m, 24H), 3.75
(m, 32H), 3.63 (m, 24H), 3.53 (m, 16H), 3.41 (s, 3H), 3.38 (m, 24H), 3.23 (s, 24H) ppm. 13C NMR
(CDCls, 100 MHz, 298 K): 6 = 150.65, 150.05, 138.46, 138.01, 131.89, 120.64, 115.38,71.95, 71.42,
70.92,70.88, 70.76, 70.69, 70.66, 70.64, 70.53, 70.19, 61.78, 59.16, 59.10, 58.64 ppm. FTIR (ATR):
v=2871.7 (s, C-H(str.)), 1641.2 (w, C=C(str.)), 1576.9 (m, C=C(str.)), 1560.4 (w), 1540.2 (w), 1521.5
(w), 1486.5 (m, C-H(def.)), 1452.8 (m, C-H(def.)), 1417.5 (m, C-H(def.)), 1344.8 (m, C-H(def.)),
1316.3 (w), 1291.2 (w), 1239.5 (m), 1202.3 (w), 1094.5 (vs, C-O(str.)), 1027.8 (m, C-O(str.)), 1000.3
(w), 950.8 (m), 849.3 (m), 797.7 (m), 762.6 (w), 723.4 (m), 663.0 (w), 645.6 (w) cm~. HR-MS (ESI-

TOF; methanol): m/z calc’d for [C128H196048NaZnNa*]: 2644.2203 amu, found: 2644.2300 amu.

10, Quantum Yield Measurements. ‘0, photoluminescence spectra were measured using a

Horiba Jobin Yvon Fluorolog NIR spectrofluorimeter equipped with an Nz-cooled InGaAs NIR



detector. A right-angle detection method and quartz curvettes with 4 polished faces were used
for emission measurements. Solutions of TEG12PH2 and TEG12PZn were absorbance normalized
(ca. 0.15 — 0.3 a.u.) with the reference compound at the relevant excitation wavelength in the
different solvents. Singlet oxygen quantum yields (®so) were determined by comparison of the
10, photoluminescence maxima values of the reference (Iref) and compound being studied (lsample)

at approximately 1270 nm using the formula:

Isampt
sample x d)ref

[0)] =
SO Iref so
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Scheme 1. Preparation of TEG1PH2 from tetrakis(3,4,5-trimethoxyphenyl)porphyrin.
Tetrakis(3,4,5-trihydroxyphenyl)porphyrin dihydrobromide was isolated by filtration and used
without further purification. Triethylene glycol monomethyl ether tosylate was used as reaction
solvent in the O-alkylation step.

Synthesis

As shown in Scheme 1, TEG12PH2 was prepared in two steps from tetrakis(3,4,5-
trimethoxyphenyl)porphyrin.  Tetrakis(3,4,5-trimethoxyphenyl)porphyrin ~ was  prepared
according to the method of Adler et al?? (after Albery et al*®) and purified according to Barnett et

al?* The purified porphyrin was treated with BBrs?®) to give tetrakis(3,4,5-



trihydroxyphenyl)porphyrin, which was  subsequently reacted with 2-(2-(2-
methoxyethoxy)ethoxy)ethyl 4-toluenesulfonate (TEGTs) in the presence of potassium
carbonate. The O-alkylation of tetrakis(3,4,5-trihydroxyphenyl)porphyrin is significantly more
effective for the preparation of TEG12PH2 than preparing the corresponding benzaldehyde
followed by acid catalyzed condensation with pyrrole due to the low yields generally obtained
for the triple O-alkylation of 3,4,5-trihydroxybenzaldehyde using tosylates.?® Using our
procedure, it is possible to prepare large multigram batches of TEG12PHz. It was found convenient
to use TEGTs also as solvent in the O-alkylation procedure with excess of that reagent being
recycled following completion of the reaction. TEG12PH2 was isolated by flash column
chromatography (SiO3; gradient elution CHCl; — CHCI3/5% methanol). The resulting red oil was
then purified by size exclusion chromatography (Biobeads SX-1, CH,Cl,). For convenience, these
purification procedures were performed on 1 g batches of the crude product obtained by flash
chromatography. TEG12PH2 prepared by this method is identical with that prepared previously by

Lee and Kim.?> TEG12PZn was also prepared during this study.

The chemical structure of TEG12PH2 and a 3-dimensional structure obtained using MM?2
energy minimization are shown in Figure 2. TEG12PH; has a relatively large molecular weight with
a diameter around 3.5 nm for conformations involving extended substituents. In non-polar
solvents this is expected to be considerably lower based on intramolecular H-bonding

interactions and non-extended conformations of the chains caused by O-atom substitution.



Figure 2. Molecular structure of TEG12PH2. Upper: chemical structure showing the porphyrin
macrocycle with highly substituted meso-phenyl substituents. Lower: space-filling model of an
energy minimized (MM2 in Chemdraw 3D) structure of TEG12PH,. Non-all-trans conformations of
the substituents are also favored in highly oxa-substituted O-alkyl chains.

Singlet Oxygen Generation

Studies of 02 photosensitization using organic chromophores are usually conducted in the
solution state with estimations of ®so based on comparison with a known reference standard
material such as RB,*?>2° PN derivatives'#3° or tetraphenylporphyrin derivatives.'>1%3! Selection
of a material as reference is dictated by the solubility of the prospective reference in the required

solvent(s) and its absorption spectrum in those solvents (it should have a significant absorbance



at the required excitation wavelength for normalization). TEG12PH; is a tetraphenylporphyrin
(TPPH>) derivative exhibiting sufficient solubility/miscibility (it is a liquid at r.t.p.) in many solvents
including polar and non-polar solvents commonly used for ®so studies. For this reason, we have
studied the ®so of TEG12PH2 using phosphorescence spectroscopy in different solvents. Relevant
electronic absorption and singlet oxygen phosphorescence spectral data is shown in Figure 3 for
acetone, acetonitrile, chloroform, methanol, toluene and water. Also, shown in each panel of
Figure 3 are the normalized electronic absorption spectra of the reference compound used for
the estimation of ®so according to the relative intensities of the corresponding 0,
phosphorescence spectra in the NIR region (1270 nm), which are shown in the insets of each
figure. The values of ®sp of TEG12PH; obtained from the data shown in Figure 3 are summarized
in Table 1. TEG12PH2 is highly miscible with acetone, acetonitrile, chloroform, methanol, toluene
and water at all proportions studied with only a minor solvatochromatic shift observed in the
absorption maxima of the Soret band. Extinction coefficients (Table 1) are consistent with those
reported for other tetraphenylporphyrin derivatives, except for TEG12PH. in water, which shows
a lower than expected value probably due to aggregation as indicated by the enhanced
absorption shoulder on the short wavelength side of its Soret band and its lower extinction
coefficient.3? @5, values between 0.45 and 0.86 obtained for TEG12PH2 were determined relative
to known literature references (either TPPH, or Ru(Bipy)sCl2) each in the same solvent to

eliminate errors introduced by the use of solvent correction factors.
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Figure 3. UV-Vis absorption and 0, phosphorescence (inset) spectra of TEG12PH2 (black solid
lines) and references (blue dashed line) in various solvents. (a) Acetone, normalized to TPP at 414
nm. (b) Acetonitrile, normalized to Ru(bipy)sCl, at 424 nm. (c) Chloroform, normalized to TPP at
421 nm. (d) Methanol, normalized to Ru(bipy)sClz at 424 nm. (e) Toluene, normalized to TPP at
422.5 nm. (f) D20, normalized to Ru(bipy)sCl; at 423 nm.

Table 1. Photophysical properties of TEG12PH; in different solvents

Solvent Amax (nm) e(Micm?) Intensity (C.P.S.) Dso
Acetone 422 266,700 £ 7200 10423 0.86°
Acetonitrile 421 285,500 + 900 7268 0.59°
Chloroform 425 298,200 £ 2200 15036 0.66°¢
Methanol 421 288,700 £ 800 747 0.85¢
Toluene 426 284,500 £ 5200 2052 0.45¢
Water 420 138,700 + 1600 2161 0.51f

a Compared to TPPH; (intensity — 7861, ®so— 0.65); Ref. 33.

b Compared to Ru(Bipy)s?* (intensity — 6963, ®so— 0.57); Ref. 34.

¢ Compared to TPPH; (intensity — 12567, ®so— 0.55); Ref. 35.

d Compared to Ru(Bipy)s?* (intensity — 644, ®so— 0.73); Ref. 34.

e Compared to TPPH; (intensity — 3080, ®so— 0.68); Ref. 15.

f Measurements carried out in D20. Compared to Ru(Bipy)s2* (intensity — 930, ®so— 0.22); Ref. 13.



TEG12PH: exhibits excellent @5, in each of the solvents studied. For ease of comparison with the
other commonly used ®s, reference materials Figure 4 shows values for @, in different solvents
(where available). Notably, phenalenone is the only other compound exhibiting sufficient
solubility in a range of solvents. The appropriate functionalization of any of the dyes might
establish solubility in a selected solvent (see Ref. 30 for other phenalenone derivatives).
However, TEG12PH: is a single compound with excellent solubility/miscibility in most solvents
(even beyond those studied here) facilitating cross-solvent comparisons without requiring
additional synthetic modifications of the chromophore. Obviously, any cross-solvent
comparisons must also take into consideration different properties of the reference molecule in
the individual solvents although the use of a single compound avoids the necessity of strident
variations in chemical structure which might be required to establish solubility of any particular
chromophore in any particular solvent (e.g., introduction of methyl-4-pyridinium groups to
solubilize TPPH; in water). In fact, TEG12PH2 combines the solubility characteristics of TMPyP,
TPPS and TPPH,, still achieving similar ®so values, but obviating the requirement for multiple
reference compounds. From Figure 4, it can be appreciated that PN also possesses substantial
cross-solvent solubility although the usefulness of this compound is not available for excitation
above 420 nm. However, TEG12PH; has additional absorbance maxima in the visible region (so-
called Q-bands), which can also be excited for singlet oxygen generation. Several of the currently
used reference compounds (e.g., TMPyP, TPPS, Rose Bengal and Ru(bpy)sCl) are charged in
solution and can perturb the solution pH in protic media while TEG12PH; is inactive in this respect

due to its neutral hydrophilic structure.
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Figure 4. Comparison of solubility and ®s, of TEG12PH2 compared to common literature reported
references. Solubility level is represented by the colour of shading. Green: highly soluble (>10 mg
mL™1), orange: poorly soluble, white: insoluble. TMPyP: ref. 19; TPPS: ref. 18; TPPH,: refs. 15, 33,
35; Rose Bengal (RB): ref. 12, 36; Ceo: ref. 35; phenalenone (PN): ref. 14; Ru(bpy)s**: refs. 13, 34.

Stability of TEG12PH2 compared to the commonly used reference compounds was
assessed by continuous irradiation of normalized solutions of the compounds (Figure 5a) at the
absorption maxima whilst monitoring the SO emission signal intensity at 1270 nm (Figure 5b).
The commonly used reference material TPPS and TEG12PH. are somewhat susceptible to loss of
activity (losing 20 — 30 % activity within 20 min; see Figure 5b) but are sufficiently stable on the
timescale of these measurements to be used to estimate ®so. Notably, TMPyP appears of
excellent stability under the same conditions exhibiting no loss of activity over the same time
period of irradiation, albeit with a lower phosphorescence intensity. We note here that TEG12PZn

is not suitable for use in the context of this work despite TPPZn being a very commonly applied



compound for this purpose. During measurements to assess ®so of TEG12PZn, it was found that
irradiation of its solutions led to the rapid (within 120 s) and irreversible loss of their singlet
oxygen generating capacity as shown in Figure 5. These observations suggest that aggregative
processes of the porphyrins might play a role in loss of activity in water since both TPPS and
TEG12PZn undergo aggregation in solution — for the former through J-aggregation3’ and for the
latter through coordinative interactions®® involving ethylene glycol substituents and Zn(ll)
coordinated at the porphyrin moiety. The profound loss of activity in TEG12PZn suggests

decomposition or photobleaching (details of these matter will be reported elsewhere).
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Figure 5. Photostability studies of TEG12PH2 and TEG12PZn in D,0. (a) UV-Vis absorption spectra
of TEG12PH; (Green), TEG12PZn (Blue), TMPyP (Black) and TPPS (Red) in D,O with the Soret band
absorption normalized to ca. 0.3 a.u. (b) 02 phosphorescence kinetics measurements of



TEG12PH; (Green), TEG12PZn (Blue), TMPyP (Black) and TPPS (Red) in D,0 irradiated at 419, 426,
421 and 413 nm, respectively, with monitoring of the intensity of the phosphorescence signal at
1270 nm.

Conclusion

In summary, we propose the meso-tetraphenylporphyrin derivative TEG12PH2 as a convenient
reference material for the estimation of quantum yields of singlet oxygen photosensitization
involving solution state organic chromophores in different polar and non-polar solvents including
water. Our recent work on 10, generation involving different types of materials3**° has revealed
the importance of having available a reliable and easy to implement reference compound for the
estimation of the activities of new materials. TEG12PH2 can be considered such a compound
although we note that the TEG12PZn derivative is not suitable for this purpose due its instability

under irradiation.
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