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Synthesis and Solution Spectral Properties of Scheme 1. Formation of [(Pc)SK(OH),JF Starting from
Antimony(lll) Phthalocyanine and Free Base Phthalocyanine
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93040 Regensburg, Germany  jnyestigated in some detd13 The present study was under-
. taken to characterize the catalytically more relevant antimony
Receied August 20, 1996  derivatives in solution.

Introduction Experimental Section

Ever since their accidental discovery early this century, the  pnthalocyanine (Strem Chemicals), antimony(lll) fluoride (Merck),
phthalocyanine molecule XPc) and its derivatives have been and aqueous hydrogen peroxide solution (Merck) were applied as
among the most intensely studied macrocyclic compounds in purchased without further purification. Acetone was freshly distilled
dyestuff and coordination chemistty.More recent research  prior to use. All photophysical experiments were carried out in
developments include unique applications of phthalocyanines spectrograde solvents. Absorption spectra were recorded with aU_vikor_1
and metallophthalocyanine complexes in materials sciénce, 860 double-beam spectrophotometer using 1-cm quartz cells. A Hitachi
medicine? electrochemistry, and photocatalyéidhe electronic 820 spectrofiuorometer equipped with a Hamamatsu 928 photomulti-
spectra of many metallophthalocyanines quite closely resembleP!€" Was used to obtain luminescence spectra, which were corrected

. . o .~ _for monochromator and photomultiplier efficiency.
the absorption properties of natural photosynthetic pigments like : ) ) )
chlorophylls and bacteriochlorophylls, and their potential use Synthesis of the desired low- and high-valent metallophthalocyanines

. . was achieved in a straightforward reaction sequence (Scheme 1)
as photosensitizers for the collection and storage of solar energyacCorcling to established routésWhen free base phthalocyanine was

has been investigatéd.While progress in this latter field ¢ iously heated with an excess of SKEO equiv), the solids rapidly
remains in its infancy, it seems clear now that the creation of fysed to a dark green mixture. Methanol extraction of this crude
any practical “artificial photosynthetic” system will require a material yielded the green antimony(lll) phthalocyanine complex [(Pc)-
very efficient combination of both light harvesting and multi-  Sb]F, while the bluish-green dihydroxoantimony(V) derivative [(Pc)-
electron catalysis. One of the promising new strategies to Sb(OH}]JF was obtained after treatment of the reaction mixture with
overcome the problems of accumulating multiple redox equiva- stoichiometric amounts of 30% hydrogen peroxide, subsequent acetone
lents is the reversible photochemical interconversion of low- €xtraction, and filtration over dry silica g&l. The antimony(V)
and high-valent main group metal catalytsn this context, derivative shows a gradual aging process, which is connected with a
our studies on antimony porphyrin complexes have been strong decrease in solubility. Most probably, as reported for other main
extended toward the phthalocyanine sensitizer family. Although 9'°1UP (phthalocyaninato)metal complexdhis compound undergoes
antimony phthalocyat)nines hg.d already been pre?)l.ared in ?hean axial polycondensation reaction that leads to oxo-bridged oligomers.
pioneering works of Linstead et & almost nothing is known Results and Discussion

about the chemical and physical properties of these compounds

so far®~'* Phthalocyanine complexes containing the group 15  Both reduced and oxidized forms of the antimony phthalo-
central atoms bismuth and phosphorus have previously beencyanine complexes investigated in this study are readily soluble
in polar media like alcohols, acetone, or acetonitrile. Although

(1) (a) Coordination Compounds of Porphyrins and Phthalocyanines ; ; ; ; ;
Berezin, B. D., Ed.. Wiley: New York, 1981. (Bhe Phthalocyanines ion migration tests have not been carried out, this behavior,

Moser, F. H., Thomas, A. L., Eds.; CRC Press: Boca Raton, FL, 1983; together with mass spectral ddtastrongly suggests a formula-
Vols. | and II. (c) Phthalocyanines: Properties and Applications  tion as cations [(Pc)3H* and [(Pc)SK(OH);]* in analogy to

Leznoff, C. C., Lever, A. B. P., Eds.; VCH Publishers: New York, i -
1989-1993; Vols. HIII. (d) Phthalocyanine Research and Applica- the related group 15 metalloid porphythsThe redox conver

tions Thomas, A. L., Ed.; CRC Press: Boca Raton, FL, 1990. sion between the low- and high-valent complexes can be
(2) Hanack, M.; Lang, MAdv. Mater. 1994 6, 819. followed spectrophotometrically, as shown in Figure 1. Several
(3) (a) Rosenthal, I.; Ben-Hur, Ent. J. Radiat. Biol 1995 67, 85. (b) isosbestic points indicate that this net two-electron transforma-

Bonnett, R.Chem. Soc. Re 1995 19. ; ; o :
(4) Wohrle, D.; Schlettwein, D.; Schnurpfeil, G.; Schneider, G.; Karmann, tion proceeds !n a clean and quar_1t|tat|ve reaCtlon_' )
E.; Yoshida, T.; Kaneko, MPolym. Ad. Technol 1995 6, 118. The absorption spectral properties of monomeric antimony-

(5) Darwent, J. R.; Douglas, P.; Harriman, A.; Porter, G.; Richoux, M. i i i i
C. Coord. Chem. Re 1082 44 83, (1) phthalocyanine and dihydroxoantimony(V) phthalocyanine

(6) (a) Bard, A. J.; Fox, M. AAcc. Chem. Re4995 28, 141. (b) Balzani, in ethanol solution are displayed in Figure 2 and summarized
V.; Juris, A.; Venturi, M.; Campagna, S.; SerroniGem. Re. 1996 in Table 1. Tetrapyrrole-type macrocycles with main group
96, 759, p 774. o _ central atoms in lower oxidation states frequently show pro-

) égg’mﬁﬁl\ggglelrég’ Roffia, S.; Paolucci, F.; Balzani, \Chem. nounced metal-to-ligand charge transfer (MLCT) transitions in

(8) Barrett, P. A.; Frye, D. A.; Linstead, R. B.Chem. Soc1938 1157. the visible region of their spectPa.This is also the case with

9) YS??yer, P.; Gouterman, M.; Connell, C. &cc. Chem. Red.982 15, antimony(lll) phthalocyanine, whose absorption features are best

(10) (aj Stillman, M. J.; Nyokong, T. IRhthalocyanines: Properties and
Applications Leznoff, C. C., Lever, A. B. P., Eds.; VCH Publishers:  (12) Isago, H.; Kagaya, YBull. Chem. Soc. Jpr1994 67, 383.
New York, 1989; p 201. (b) Lever, A. B. P.; Milaeva, E. R.; Speier, (13) Liu, J.; Zhang, F.; Zhao, F.; Tang, Y.; Song, X.; YaoJGPhotochem.

G. In Phthalocyanines: Properties and Applicatigheznoff, C. C., Photobiol A: Chem.1995 91, 99.
Lever, A. B. P., Eds.; VCH Publishers: New York, 1993; Vol. lll, p  (14) Sirlin, C.; Bosio, L.; Simon, JI. Chem. Soc., Chem. Comm@887,
23. 379.

(11) Fedorov, M. L.; Shorin, V. A.; Maslenikov, S. V.; Lukina, V. Buss. (15) [(Pc)SH'IF: FD-MS m/z633.0 (GzH16Ns!2!Sk"); [(Pc)SE (OH),]F:
J. Phys. Cheml1992 66, 910. FD-MS m/z667.0 (GzH1gNgO-12:Sh).
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Figure 1. Spectral changes during the oxidation of % 2.0°¢ M [(Pc)-
SH"F in the presence of T8 M H,0; at (a) 0, (b) 1, (c) 2, (d) 3, (e)
5, and (f) 15 min reaction times (acetone, 298 K).
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Figure 2. Electronic absorption spectra of (a) [(Pc)$® and (b) [(Pc)-
SbY(OH),]F in ethanol.
Table 1. Absorption Data for (a) [(Pc)S4F and (b)
[(Pc)SK (OH),]F in Ethanol
compd Ama/nm (1073 €/L mol~t cm™Y)

a 257 (66.1), 338 (81.4), 381 (59.8), 660 (42.6), 729 (171.7)
b 298 (64.0), 350 (56.5), 385 (37.7), sh 628 (32.6), 699 (190.8)

described as an irregular “hyper” spectimith both B (Soret)
and MLCT bands in the 368500-nm region, together with a
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Figure 3. Fluorescence emission (solid lines) and excitation spectra
(broken lines) of [(Pc)SHOH),JF in argon saturated ethanol at 298

K. Excitation and emission wavelengths used to record the spectra are
shown.

Table 2. Photophysical Properties of [(Pc)§®H);]F in Ethanol
at 298 K

parametey S: emission 2(Soret) emission
Eo-o/cm™? 14 200 26 400
Stokes shift/cm?! 300 4800
TradNS 6.9 15
7e/ns 0.5 0.1
oF 0.078 0.07F

aLifetime values were estimated according to the method of Strickler
and Berg"’ P Fluorescence quantum yield relative to EUTTA standérd.
¢ Quinine sulfate standard.

fluorescence at 696 nm and by its characteristic Q band
excitation spectrum. The room temperature emission and
excitation spectra of the antimony(V) derivative [(Pc)Sb(gH)
in deaerated ethanol are shown in Figure 3. Corresponding
energies, quantum yieldg), and calculated lifetimest) are
listed in Table 2. Dihydroxoantimony(V) phthalocyanine
exhibits a moderately strong red fluorescence from the lowest
excited singlet state. The; S~ S emission spectrum is an
approximate mirror image of the Q absorption band pattern
(Figure 2b), and the Stokes shift of the emission maximum is
rather small. As shown in Figure 3, the fluorescence excitation
spectrum agrees very well with the absorption spectrum of the
compound. Even though thg ¥ S phosphorescence of the
[(Pc)Sb(OH)JF complex cannot be detected at 298 K, an
estimated triplet energy of 104 kJ mél(1150 nm) is obtained
from the electronic origin of the ;Sluorescence and the; S
T, energy gap usually obsenfdor regular metallophthalo-
cyanines. This triplet energy value is higher than the energetic
limit® of about 94 kJ mol' (1270 nm) necessary for a
photosensitized generation of singléA] molecular oxygen.
Besides this quite “normal” behavior, the photophysical
properties of the antimony(V) derivative are remarkable in that

red-shifted Q band maximum at 729 nm (Figure 2a). In contrast, a conspicuous blue luminescence with a maximum at 420 nm
the dihydroxoantimony(V) complex (Figure 2b) shows a regular is observed upon ultraviolet excitation of [(Pc)Sb(GH)in
m—a*-dominated absorption spectrum, which is characteristic ethanol solution (Figure 3). Well-documented examples of

of a nonaggregated, diamagnetic metallophthalocyahine.

To examine the luminescence properties of the antimony (17) (a) Strickler, S. J.; Berg, R. Al. Chem. Phys1962 37, 814. (b)

phthalocyanines, dilute spectrograde ethanol solutions were
thoroughly purged with argon and measured at room temper-
ature. No authentic emission could be observed for the low-
valent [(Pc)Sb]F complex. In some samples, however, traces
of free base phthalocyanine were identified by its strong red

(16) Kndr, G.; Vogler, A.lnorg. Chem.1994 33, 314.

Photophysics of Aromatic Molecule8irks, J. B., Ed.; Wiley
Interscience: New York, 1970; p 100.

(18) (a) Winston, H.; Marsh, O. J.; Suzuki, C. K.; Telk, C.L1.Chem.
Phys.1963 39, 267. (b) Gudmundsen, R. A.; Marsh, O. J.; Matovich,
E.J. Chem. Physl1963 39, 272.

(19) Demas, J. N.; Crosby, G. A. Phys. Cheml971, 75, 991.

(20) An average singlettriplet splitting of 5500 cm* was calculated from
published data: Gouterman, M. Tihe Porphyrins, Vol. lllDolphin,
D., Ed.; Academic Press: New York, 1978; p 41.



7918 Inorganic Chemistry, Vol. 35, No. 26, 1996 Notes

anomalous upper excited state emission in condensed phaserecently for a series of zinc phthalocyanine analogée$he
are extremely rarél and knowledge on the so-called, S S, emission band is broad and rather structureless and exhibits
fluorescence of phthalocyanirféds still very limited. The a large Stokes shift. As shown in Figure 3, the corresponding
occurrence of — S emission is presumed to be possible due fluorescence excitation spectrum closely matches the- S,
to the relatively large £-S, energy gap of 12 200 cm (Table (Soret) absorption band of the compound in both shape and
2), which should considerably slow down the radiationless decay energy.
process of the upper excited singlet statépart from its much In summary, the present study for the first time gained some
higher quantum yield, the characteristics of the observed blue information on the redox chemistry and electronic spectroscopy
[(Pc)Sb(OH)]F luminescence resemble closely those reported Of low- and high-valent antimony phthalocyanines. Future
investigations will focus on potential applications of these
(21) Modern Molecular PhotochemistryTurro, N. J., Ed.. Benjamin compognds in the fields of photosensitization and photoredox
Cummings: Menlo Park, CA, 1978; p 148. catalysis.
(22) Kobayashi, N.; Togashi, M.; Osa, T.; Ishii, K.; Yamamuchi, S.; Hino,
H. J. Am. Chem. Sod.996 118 1073. 1C961013+




