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Sol-gel synthesis has been used to disperse an emissive chromophore within a poromaifix) leading

to xerogels and aerogels doped with tethered and unbound pyrenyl groups. Steady-state fluorescence was
used to probe the interactions of neighboring pyrene groups within the gel matrix. Changes in the relative
intensity of the monomerl{) emission peak as a function of chromophore concentration indicated a local
interaction between included dyes for both tethered and unbound pyrene groups, likely thrstagking.

Partial matrix methylation or phenylation failed to produce a significant effect on the relative intensity of the

I, signal in either the xerogel or the aerogel. Changes in the relative intensity of excimer emission with
changes in matrix composition, however, do suggest that the presence of either phenyl or methyl groups
within the TiO, matrix impedesrt stacking between pairs of tethered pyrenyl groups. Compared with strong
excimer emission in the xerogels containing pyrenyl groups at relatively high concentrations, excimer formation
was inhibited in the corresponding aerogels, for which BET analysis indicated a broad pore size distribution
in the mesoporous range, ca. 100 A.

1. Introduction resulting porous inorganic matr#¢-30 Although most sotgels

Nanocrystalline semiconductors have been studied extensivelyStUdIEd so far are silica-based, the same synthetic routes also

as suspended small particles,powders; 8 and polycrystalline apglyl to tlltatl.n'a' b . ; di ted ont lid
films.®~12 In particular, nanocrystalline TiOhas received ol solutions can De spin-cast or dip-coated onto soli

considerable attention because of its high photocatalytic activity, tsupp(2)4rt255F§o fzrm th!tnh films g cast as btl_0(|:k mon(;)_hihbsttr_uc-
especially in applications for solar energy conversion and in ures: owcers with monodisperse particie size distributions

the oxidative degradation of pollutarifs.18 Photosensitization 2" also be obtalnéé.SoI—geI-dgrlved inorganic oxides are
of the metal oxide surface by immobilized dyes, such as often preferred as supports for immobilized reagent species,

metalloporphyrins or carboxylated ruthenium polypyridines, because of the relative optical transparency, thermal stability,

gives rise to extended wavelength responsiveness beyond thai?‘r.‘OI molegular permeability of these mate.rlals. Reported ap-
plications include usage as chemical sen3biis,optoelectron-

attained by band gap irradiatidfr.2? In this application, high N 132 . s
surface area supports are preferred because photosensitizatiolr?s' *2and in photonics: .
The spectroscopy of dye-modified gels can be used not only

efficiency is diminished at surface coverages in excess of one . .
monolayero. 23 as probes to characterize the internal structure of these porous
host matrices but also to monitor the influence of the local

The successful use of silicate saels as high surface . . . . .
supports for the dispersion of catalysts suggests that similar €Nvironment on excited-state properties of the included dye. This

improvements in dye-sensitized photocatalysis might be achievedtech'_1Ique was first applied to spg(_als by Avnl_r et al. who

if a highly porous titanate gel were employed. If a dye is bound monitored the fluoregcence emission of an included pyrene
covalently or is physisorbed within such a matrix, the adverse throughout sol formatlon, gelation, "?‘”d condensatfeiiTwo
effects of self-quenching should be minimized because single 2SPECts Of the excited-state dynamics of pyrene were found to

molecules of the dye might be isolated in the condensed titanium P€ €SPecially significant with respect to the physical character-

oxide matrix?” This composite would also permit achieving high .

ization of a sot-gel-derived host matri®e-3"-40 First, pyrene
optical density of the absorptive dye. We are particularly forms an excimer that emits at wavelengths significantly longer
interested therefore in examining how chromophore-loade

d than those characteristic of an isolated pyrene monomer. Second,

titanate sot-gels can affect excited-state properties of included the emission signal att.nbuyed to pyrene monomer exhibits

molecules that can act as photosensitizers. vibronic structure that is highly sensitive to environmental
Sol—gel synthetic methods have been used to produce

apolarity. Because a metal oxide sa@el contains a finite number
variety of inorganic and inorganicorganic composite materials of terminal bonds, hydroxy and alkoxy functional groups are
with varying morphological properties. The hydrolysis and

present on the internal surfaces of the metal oxide m&t#%3’
polycondensation of organic titanates proceed rapidly under mild gnhanc:jn% I?ﬁal p:)larltyf. t;]rhus,l tge tgeometlrl!c cofn;sr':ralntf
reaction conditions and at low temperatures, enabling the IMmposed by the nature of the sof, by the swelling of the gé
preparation of single-phase mixtures of metal and semimetal matrix, and b_y the Interactions of included pyrene probes with
oxides and a uniform dispersal of organic molecules within the surface functional groups will impact the observed fluorescent

response.
" Part of the special issue “George S. Hammond & Michael Kasha [N our current study, Ti@block monoliths (xerogels and
Festschrift”. aerogels) were doped with pyrene derivatives, either covalently
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bound to or trapped without chemical bonds within the matrix.

A dye-functionalized titanatelj bearing a 1-pyrenylmethyl
group (R-Ti(OCHMey)s; 1, R = CHy—Pyr (Pyr is 1-pyrenyl);
2, R = CgHs; 3, R = CHg) was copolymerized with tetrakis-
(isopropoxy)Ti(lV) to produce a functionalized Ti@natrix. The
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described’-28HClI, distilled—deionized water, anhydrous etha-

nol, and tetrakis(isopropoxy)titanium(lV) were mixed in the

molar ratio 0.6:0.4:1:0.1, respectively. The Ti(IV) was added
to a solution of the remaining reagents while stirring. Gelation
occurred within 5-10 min. After 3 min of stirring, 1.9 mL

introduction of an additional coupling component such as a aliquots of the sol solution were dispensed into polystyrene vials,

trichlorosilane or phosphate functional grotfd, reported to

which served as monolith molds. Gels were aged in capped vials

stabilize metal oxide matrices, proved to be unnecessary in thefor 7 days. After 1 week, the vial caps were removed, drilled

synthesis of structurally rigid monoliths. The local chemical
environment within the gel matrix could be further altered by
including an alkyl or aryl titanate with the monomer sol solution.
For this purpose, specially functionalized Ti(IV) monomers
(phenylated® and methylate®) replaced titanium isopropoxide

with a 3/16 in. drill bit, and replaced on the sample vials. The
gels were then stored at room temperature at a relative humidity
in excess of 70%, allowing for the gradual evaporation of solvent
from the sample vials.

The resulting gels were aged under these conditionsf@ 3

in the copolymerization. Steady-state fluorescence was then useqyeeks. During this period, the gels exhibited massive contrac-
to characterize the excited-state properties of the dye containedion, The mass of a fully aged gel was approximatély of

within a composite monolith.

2. Experimental Procedure
2.1. Materials. Tetra(isopropyl)orthotitanate, chlorotri(iso-

propoxy)titanium(lV), and anhydrous hydrazine were reagent

grade and used as received from Aldrich. Potasstent

butoxide (Aldrich) was stored in a drybox after opening.
n-Butyllithium (1.6 M in hexanes, Aldrich), phenyllithium (1.8
M in cyclohexanes/ether 70%/30%, Aldrich), methyllithium (1.4
M ethyl ether, Aldrich), hexane (Fisher), ethylene glycol

(Fisher),n-amyl acetate (Fisher), anhydrous ethanol (Fisher),
pentane (Fisher), pyrene (Aldrich), and 1-pyrenylcarboxaldehyde
(Aldrich) were used as received. Anhydrous ethyl ether and
tetrahydrofuran purchased in Sure SealTM bottles (Aldrich) were

used for Schlenk line procedures.
2.2. Synthesis of (1-Pyrenylmethyl)triisopropoxytitanium,

1. The preparation was adapted from a preparation of (1-

pyrenylmethyl)trimethoxysilan€ Potassiuntert-butoxide (5.3

mmol) was added to a solution of 5 mmol of 1-methylpyrene

in 50 mL of EpO under Ar.n-Butyllithium (5 mmol) was added

slowly, generating a deep burgundy-colored solution. The

resulting solution was stirred fa3 h under Ar. Chlorotris-
(isopropoxy)titanium(lV) (5 mmol) in ethyl ether was added
dropwise while stirring over 45 min. The resulting solution,

which was cloudy and yellow, was stirred for 10 h and then
filtered under Ar. The yellow crystals obtained upon solvent
extraction were redissolved in anhydrous ethyl ether (0.01 M)

and stored under Ar. Upon long-term storage in moist Air,

the mass of the initial aliquot of the sol solution. This contraction
was accomplished by an appreciable weight loss resulting from
the evaporation of solvent, water, and 2-propanol formed during
condensation. A corresponding reduction in volume was also
observed as the gel contracted and solvent was expelled from
the porous matrix. Fully formed gels were hard and transparent.
The final shape of the gel corresponded to the shape of the
polystyrene mold. The use of a round vial as mold allowed for
a uniform contraction.

To introduce the absorptive pyrenyl dye, the functionalized
monomerl was added to the ethanol/water/acid solution prior
to the addition of the tetrakis(isopropoxy)Ti(IV) monomer.
Concentrations of the dye-functionalized monomer in the sol
solution ranged from 1@ to 10°° M. To attain optical matching,
the gels were doped at equivalent concentrations of bound and
occluded groups. In the phenyl-functionalized g@lseplaced
1% of the Ti(IV) monomer precursor. At higher concentra-
tions, gels turned white and opaque. In the methyl-func-
tionalized gels, concentrations 8fas large as 5% monomer
could be used successfully. Again, at higher concentrations, the
methylated gels turned white and opaque over the course of
aging.

2.6. Aerogel Preparation.Aerogels were prepared from wet
gels, followed by supercritical drying in G@84445With n-amyl
acetate as an intermediate solvent, the gels were aged in capped
vials for 7 days prior to ethanol extraction and supercritical
drying. Smaller aliquots of the sol solution were used for the

underwent complete hydrolysis, so surface isopropoxy ligands @erogel samples to limit the thickness of the wet ge (nL).
converted to hydroxy groups. The hydrolyzed structure was usedAS these gels dried, they formed an extremely brittle monolith.

in the structural analysis of the doped gédls.!H NMR(CDCl,
400 MHz)6 2.99 (2 H, s), 7.86 (1 H, d] = 8.0 Hz), 7.97 (1
H, t,J = 8.0 Hz), 8.01 (2 H, m), 8.08 (1 H, m), 8.10 (1 H, d,
J=19.2Hz),8.15 (1 H,m),817 (1 H, m), 8.24 (1 H, d~=
9.2 Hz);13C NMR (CDCk, 400 MHz)6 31.19, 123.93, 124.90,

Some yellow discoloration, attributable to residual solvent, was
usually observed. At low concentrations of the dye-function-
alized monomer, the gels remained translucent, but at dye
concentrations greater than £V, the aerogels became white
and opaque.

124.97, 125.04, 126.00, 126.65, 127.34, 127.77, 128.09, 129.43, 2.7. Spectral AnalysisSteady-state emissions were recorded

129.95, 131.21, 131.67, 132.48; FABY 314.27 (9), 313.27
(31), 273.28(16), 272.27(34), 217.25 (44), 216.24 (100).

2.3. Synthesis of Phenyltriisopropoxytitanium(lV), 2.The
preparation of2 has been describéd.’H NMR(CDCl;, 300
MHz) 6 1.24 (18 H, d,J = 6.3 Hz), 4.45 (3 H, sep] = 6.3
Hz), 7.32 (1 H, tJ= 7.2 Hz), 7.42 (2 H, tJ = 7.5 Hz), 7.58(2
H, d,J = 7.8 Hz).

2.4. Synthesis of Methyltriisopropoxytitanium(lV), 3. The
preparation of3 has been describéd.'H NMR(CDCls, 400
MHz) 6 1.20 (3 H, s), 1.24 (18 H, d] = 6.4 Hz), 4.51 (3 H,
sep,J = 6.4 Hz);13C NMR (CDCk, 400 MHz)o 25.56, 26.756,
76.42.

2.5. Preparation of Xerogels.The preparation of Ti®
monolith gels from tetrakis(isopropoxy)titanium(lV) has been

on a PTI spectrofluorimeter equipped with a model A-1010 arc
lamp housing and a model 810/814 photomultiplier detector.
Aged xerogels and aerogels were transferred to methacrylic
cuvettes for spectral analysis. Aerogels were prepared in an
autoclave (Thermo VG Scientific, E 3000 Super Critical Point
Dryer).H and3C NMR were recorded on 300 and 400 MHz
Varian spectrometers.Norption analysis of gel porosity was
performed on a Quantachrome Autosorb-1 gas analyzer. BET
analysis of aerogel samples indicated a pore size distribution
in the mesoporous range, ca. 100 A. No results could be obtained
for xerogel samples, indicating that the average pore size fell
below the measurable range of the instrument. Average pore
sizes in the microporous range have been reported fop TiO
xerogels®
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SCHEME 1: Gelation of Titanate Derivatives (R = TABLE 1: Relative Emission Intensities for Monomer and
CH,Pyr, CH3, Ph) Excimer from Bound or Encapsulated Pyrenyl Groups Held
within a TiO , Sol Gel Matrix2
RTi(OCHMe3)s -

monomer monomer excimer

l4/(11 + 1s) l4/(11 + 1s) E/E + 1)

samplé at103M at10°M at103M
H0 1 0.57+0.05 0.50+ 0.02 0.40+ 0.20
2 0.60+ 0.03 0.55+ 0.05 0.25+ 0.15
3 0.62+ 0.04 0.58+ 0.02 0.35+ 0.15
4 0.64+ 0.01 0.62+ 0.02 0.15+ 0.05
5 0.60+ 0.02 0.59+ 0.04 0.04+ 0.01
6 0.62+ 0.01 0.57+ 0.01 0.05+ 0.01
CHMez  pCHMe, 7 058£001 058003  0.10t0.05
8 0.52+0.01 0.48+ 0.02 0.15+ 0.02

R O OCHMe;

a Reproducibility was determined as the range of values from which
OCHMe, R was calculated the reported average value of three measurements on

each of the separately prepared sampl&ample 1= xerogel from
Ti(OCHMe,)4 doped with tethered pyrerieaged 5-6 weeks; sample
2 = xerogel from Ti(OCHMe), doped with tethered pyrenk aged

H,0 3—4 weeks; sample 3 aerogel from Ti(OCHMg, doped with tethered
pyrenel; sample 4= xerogel from Ti(OCHMeg), doped with tethered
pyrenel aged 5-6 weeks with 5% functionalized Ti(IV) monomer
in sol solution; sample 5 xerogel from Ti(OCHMg), doped with

CHMe; CHMe> tethered pyrend aged 3-4 weeks with 5% functionalized Ti(IV)
monomer2; sample 6= xerogel from Ti(OCHMeg)s doped with
Ti Tj R tethered pyrené aged 3-4 weeks with 1% of phenyl functionalized
R/ / Ti(IV) monomer3; sample 7= xerogel from Ti(OCHMeg), doped with
MezHcoT OCHMe, encapsulated unbound pyrene ageét3veeks; sample & xerogel
i/O\ | from Ti(OCHMe,), doped with encapsulated unbound pyrene agedl 3
R ( T‘ R weeks with 1% of phenyl functionalized Ti(IV) monoma&r
TCHMeZ TCHMez -
Me,HC! 0] -
O\'r/ O\T[— OCHMe;
( 2.0e+6 -
R R
1.5e+6
Hzo 1.0e+6
= 5.0e+5
g
3. Results and Discussion % 00 A
(2]
The preparation of dye-modified aerogels and xerogels was ~
easily achieved through the condensation illustrated in Scheme 350 400 450 500 550 600
12° When 1-pyrenylmethyl-substituted titandtevas included Wavelength (nM )

within the reaction mixture, a covalently modified composite _. .

. . . . Figure 1. Steady-state fluorescence for covalently bolifgolid line)
was _attaln_ed. If 'T‘St_ead’ pyrgne |tse_lf were present in the and occluded (dashed line) pyrene for titanate xerogel samples aged 3
gelation mixture, similar quantities of included dye could be \eeks as monoliths prepared from-20M sol solutions containing a
trapped within the pores, as shown by concentration-dependentg:1 ratio of Ti(OCHMe)/CHsTi(OCHMe)s. Excitation wavelength
optical matching. = 343 nm under air.

Various synthesis mixtures have been employed to control
the local chemical environment within a gel matrix. Prepared to asl; andls, respectively, have been correlated to the local
samples can be categorized as eight distinct sample typessolvent polarities with a decreaséd(l; + Is) ratio indicating
prepared by different methods. These eight treatments are listeda reduction in local solvent polarifi. 38
in Table 1. Specific treatments include the length of aging, the  In Table 1, the relative intensities of (11/(11 + Is)) and of
use of supercritical drying to form aerogels, and the displace- the excimer emissions are recorded as a function of sample
ment of one of the hydroxy functionalities in titanium alkoxide treatment. The most striking feature is the absence of major
by 1-pyrenylmethyl, methyl, or phenyl groups. The last two changes in intensity on gel type, except in the relative intensity
sample types shown in Table 1 include unbound pyrene in placeof the observed excimer emission. The first and third columns
of the covalently bound species. describe monomer and excimer emission from gels at a dye
The representative fluorescence spectra of the resultingconcentration of 1G° M of either the tethered or unbound pyrene

monoliths shown in Figure 1 were obtained for optically species in the sol solution, while the second column describes
matched encapsulated (dashed line) and covalently boundmonomer emission from a less highly doped geif1d). Type
1-methylpyrene (solid line). The spectra exhibit vibronic bands 1 and 2 gels (aged xerogel titanates) show strong monomer
in the 376-400 nm region that are characteristic of pyrene emission, indicating isolation of the pyrene groups within the
monomer emissici with somewhat higher emission intensity polar titanate matrix. The relative, intensity among these
observed with the covalently bound chromophore. The relative xerogels was slightly lower, on average, for less compact gels,
intensities of the highest and lowest frequency bands, referredtypes 2 and 3. These samples also showed weaker emission
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35046 presumably by providing hydrophobic pockets that could receive

the pyrenyl chromophore and compete with excimer emission.

The same effect was observed, although somewhat less pro-
nounced, in monoliths doped with unbound pyrene, gels 7 and

8.

3.0e+6 4
2.5e+6 4

2.0e+6

1.5e+6 -| 4. Conclusions

Steady-state fluorescence was used successfully to probe the
interaction between a substituted pyrene either covalently bound
as a 1-pyrenylmethyl group or noncovalently trapped as neutral
1-methylpyrene within a Ti@ gel monolith. The relative
intensities of monomer and excimer emissions of the included

. . pyrene were used to characterize the polarity of the local
850 400 450 500 850 environment encountered in the gel interior. Reduction in the
Wavelength (nM) relative intensity ofl; as a function of pyrene concentration
Figure 2. Steady-state fluorescence for xerogels of covalently bound and local polarity suggests that aggregation of nearby pyrene
pyrenel aged 5 weeks as titanate monoliths aged 3 weeks. Initial groups can readily take place. The presence of a matrix-induced
chromophore concentration in the sell0~° M (dashed line) and 16 methyl or phenyl group was observed in either the tethered or
M (solid line). Excitation wavelength= 343 nm under air. unbound pyrenes to inhibit pyrer@yrene association through

than did the samples prepared through longer aging of xerogels” stacking. Changes observed in the relative intensity of the

or by preparation of the aerogel. Type 4 gels, in which methyl e>_<ci_mer emissipn suggest that_ t_he phenyl or meth_yl groups
grogpg hgd replaced a pOI"[iO?] of tr{g brid%ing hydroxy group);, within the matrix reduce the driving force for association of

exhibited the highest relative intensity flar consistent with a ne!g_hbor_lng tethered pyrenes. Excimer emission was less
lower local polarity for the entrapped dye. efficient in less compact gel samples, specifically in incom-

At lower concentrations of the tethered pyrene (column 2), Eletelé/ aglef[jhaetrog(_atls and xerogels and in trapped (noncovalently
the type 1 gels exhibited lower relative intensitylgf except ound) clathrate sites.
for type 7 gels, which contained unbound pyrene. These samples Acknowledgment. We gratefully acknowledge support of

e e et o a1 WOt by th Naonal Sience Foundatio (rants CHE-
' 99 q Py 9901213 and CHE-9876674). The authors also thank Professor

groups into hydrophobic pockets induces a reduction in the . - .
relativel; intensity by favoring arenearene interaction, likely Maryanne Cpllmson of.Kansas State University, who performed
the N, sorption analysis.

throughz stacking’® Aging permitted sufficient migration of
the hydrophobic dye to the more favorable emission site, as
can be seen in the small intensity changes from sample 4 to
sample 5. Somewhat less efficient emission is observed when (1) Boilot, J.-P.; Biteau, J.; Brun, A.; Chaput, F.; De Morais, T. D.;
the pyreny| probe is rapped but not covalently bound, as in D2y B Gecor T La, K, Lein, oA Lew i Maler, L
gels 7 and 8. With a less polar environment, the enthalpic gain (%) Fyjii, T.; Tanaka, N.: Tai, H.: Obara, S.; Ellis, A. Bull. Chem.
from 7 stacking within a pyrene aggregate is minimized. A Soc. Jpn200Q 73, 809.
similar shift was also seen in sample 6. Pak(?ﬁ)chli-ag Mﬁjrlése;g’ 'F-)-Jéliquth-leé;te"r'gboGd fé: \é\g\zgy X.; Min, Y. H.;
The speptral shifts in Figure 2 reflect the effect .of pyrene @) Huber, R.. sp'dein, S.- Moser, J. E.. Gtael, M.. Wachtveitl, JJ.
concentration on the magnitude of the observed excimer signal.phys. Chem. 200q 104, 8995.
Strong excimer signals (ca. 470 nm) are observed for highly  (5) Zheng, J.-P.; Gu, M.-Y.; Jin, Y.-P; Jin, Y.-P.; Wang, H.-H.; Zu,

polar aerogels and xerogels (types3) when the concentration P-'F(-é)T;‘r’]é EQ; 'j(e; é’f‘g%hgﬁi'fh%gﬂé Bf?v é:g- v Chai X. Ba
: 3 y A ) O y Yo , L y Y y A )
of the bound pyrend is 10> M (Table 1, column 3). Type 1 v . |jangzhi, X.: Li, T. Thin Solid Films1998 327-329, 563.

gels, which are the most compact, exhibited the highest relative  (7) lvanda, M.; Mu&, S.; Gotis, M.J. Mol. Struct.1999 480-481,
excimer intensity. Less compact gels, like type 2 and type 3 645.

ihi ; ; ; (8) Znaida, L.; Sephimova, R.; Bocquet, J. F.; Colbeau-Justin, C.;
gels, exhibited a somewhat weaker excimer signal. This trend Pommier, C Mater. Res. Bull2001 36, 811.

is consistent with results obtained for pyrene adsorbed on' ™ (g) Mao, H.; Deng, J.; Li, H.: Shen, Y.; Lu, Z.; Xu, H. Photochem.
preformed silica, for which the intensity of the excimer signal Photobiol., A: Chem1998 114, 209.

was smaller for large pore silicds404748The strong excimer (10) Yang, J. H.; Chen, Y. M.; Ren, Y. L.; Bai, Y. B.; Wu, Y.; Jang, Y.

signal exhibited by type 1 gels is also consistent with the giiostgbéi MA‘;_Ygﬁgﬁq\%o%;lngnf' Y. Q. Zao, B.; Li, T.dI.Photochem.

observed reduction .in the relatiwe!nte_r‘Sit}"- . . (11) Osora, H.; Li, W.; Otero, L.; Fox, M. Al. Photochem. Photobiol.,
In a study of the kinetics of gelation in silica matrices, Avnir  B: Biol. 1998 134, 232.

et al. found that the intensity of the excimer signal reached a (SlleszAagSg%rg;B ggggné, 1EE.;;9 Tempesti, E.; Frigeri, C.; Sberveglieri,
maximum value as condensation proceeded and then graduall (13) (a) Fox, M. A.Trace Met. Eairon. 1993 3, 163. (b) Fox, M. A.

declined within 3-6 weeks®®3¢ The gradual decline was  Acc. Chem. Re<983 16, 314.

attributed to the isolation of individual molecules within the (14) Fox, M. A.; Dulay, M. T.Chem. Re. 1993 93, 341.

porous structure. The difference between this earlier study and14§12)7;20”m0t01 T.,Fox, R. J., 1l Fox, M. AJ. Electrochem. S0d996

our current analysis may be attributed to fundamental differences (16) Yamashita, H.: Kawasaki, S.: Ichihashi, Y.: Harada, M.: Takeuchi,
in the surface structures and porosity of T@hd silica xerogels, M.; Anpo, M.; Stewart, G.; Fox, M. A.; Louis, C.; Che, NI. Phys. Chem.

especially when an organic substituent is bound to an included B 1998 102, 5870. _ _
titanium atom (17) Yamashita, H.; Ichihashi, Y.; Harada, M.; Stewart, G.; Fox, M.
. L . ... A; Anpo, M. J. Catal.1996 158 97.
The inclusion of methyl and phenyl functional groups within (18) Al-Ekabi, H.; Serpone, N.: Pelizzetti, E.: Minero, C.; Fox, M. A.;

the matrix (gels 46) obstructed the formation of excimers, Draper, R. B.Langmuir1989 5, 250.
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