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Abstract: We have studied the adducts formed by eosin (E) with a fourth generation dendrimer (D) that
comprises 30 tertiary amine units in the interior and 32 naphthyl and 32 trans azobenzene units in the
periphery. We have found that: (i) the all trans dendrimer D(32t) can be converted by irradiation with 365
nm light (©=0.12) into species containing, as an average, 4 trans and 28 cis azobenzene units, D(4t28c),
that at 313 K undergoes a D(4t28c) — D(32t) thermal back reaction (k= 7.0 x 1075 s7%); (ii) D(32t) and
D(4t28c) extract 8 and, respectively, 6 eosin molecules from water at pH 7, yielding the species D(32t)>8E
and D(4t28c)D6E; (iii) eosin uptake is significantly faster for D(32t) than for D(4t28c); (iv) irradiation at 365
nm of the D(32t)D8E species at 298 K leads to the release of two eosin molecules with formation of a
photostable D(15t17¢c)>6E species (® = 0.15) that is also obtained from the back thermal reaction of
D(4t28¢)D6E at 313 K (k= 2.7 x 1075 s71); (v) thermal release of E from D(32t)D>6E is much faster than
from D(4t28¢)D6E; and (vi) excitation of E in the adducts sensitizes the cis — trans (but not the trans —
cis) isomerization. The results obtained show that the isomerization of the 32 peripheral azobenzene units
controls to some extent the hosting capacity of the dendrimer and, viceversa, eosin molecules hosted in

the dendrimer affect the isomerization process of its azobenzene units.

Introduction

Dendrimerd? are complex, but well defined, chemical

compounds that can contain selected functions in predetermine
sites of their structure. They usually consist of a core upon which
radially branched layers are covalently attached. Because of thei
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Scheme 1. Structure Formulas of Dendrimer D in its All-Trans Form D(32t) and Eosin, E
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trans cis

and (iv) photochemical reactions can change the structure andpoly(propylene amine) family functionalized with naphthyl and

other properties of dendrimers. trans azobenzene units. The investigated dendrimer (Scheme
Continuing our studiesin the field of photoactive dendrini@fe’s 1) comprises 30 tertiary amine units in the interior and 32
we have investigated the adducts formed by eosin' ¥ (2,7'- naphthyl and 32 trans azobenzene units in the periphery.
tetrabromofluorescein dianion, hereafter simply called eosin and It is well-known that azobenzene-type compounds undergo
indicated byE) with a fourth generation dendrimebY of the an efficient and fully reversible photoisomerization reacfion.

For this reason, they have been extensively used to construct
(8) See for example: (a) Balzani, V.; Ceroni, P.; Giansante, C.; Vicinellii, v.; Photoswitchable devicés. It is also known that they are

Klarner, F.-G.; Verhaelen, C.; \gtle, F.; Hahn, UAngew. Chem.Int. i i i i
Ed. 2005 44, 4574, (b) Bergamini, G. Saudan, C.: Ceroni. P.- Maestri, reversibly switched from the trans to the cis form by UV Ilg_ht
M.; Balzani, V.; Gorka, M.; Lee, S.-K.; van Heyst, J.: §tte, F.J. Am. and can then be converted back to the trans form by heting.

Chem. Soc2004 126, 16466. (c) Bergamini, G.; Ceroni, P.; Maestri, M.; i7ati its i
Balani V.. Lee. S_K.. Vatle. F. Photochem, Photobiol. SC2004 3, Isomerization of azobenzene units involves a large structural

898. (d) Vicinelli, V.; Ceroni, P.; Maestri, M.; Lazzari, M.; Balzani, V.;

Lee, S.-K.; van Heyst, J.; \gile, F.Org. Biomol. Chem2004 2, 2207. (9) (a) Rau, H. InPhotochromismMolecules and SystemBiirr, H., Bouas-
(e) Bergamini, G.; Ceroni, P.; Balzani, V., "gte, F.; Lee, S.-K. Laurent, H., Eds.; Elsevier: Amsterdam, 1990; Chapter 4. (b) Kumar, G.
ChemPhysCher004 5, 315. S.; Neckers, D. CChem. Re. 1989 89, 1915.
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rearrangement (Scheme 1), because in going from the trans tc0.8
the cis isomer the distance between gaga carbon atoms of
azobenzene decrease from 9 to 5.5 A and the dipole moment
increases from zero (because the trans form is planar and
symmetric) to 3.0 . Dendrimers containing azobenzene
groupstin the core, branching points, or periphery can modify
their structure and flexibility according to the isomerization state

of the azobenzene units. In particular, structural changes in the 0.4+
peripheral units of a dendrimer can modify the surface properties
and cause rearrangements in the internal cavities. For all these
reasons, dendrimers bearing azobenzene groups in the peripher
could play the role of photoswitchable hosts, a result that would 027
be of interest in the field of controlled drug deliveéd/The
dendrimer studied in this paper differs from a previously
examined compouriél because of a different bridging unitto .0 | -
the poly(propylene amine) (POPAM) dendrimer and, especially, 250 300 350 400 450 500 550

the presence at the periphery of 32 naphthyl units that are o M"n?
Figure 1. Spectral changes observed in dichloromethane solution at 298

eXpe(_:ted to Increase steric crowdlng and t_herefore tc_) amplify K upon irradiation of the all trans dendrimex(32t) (blue line) with 365
the difference caused by the transcis photoisomerization of  nm light. The product obtained at the photostationary state (green line)
the azobenzene units on the permeation through the dendrimerorresponds to the specieg4t28c)! (Inset a) Extrapolation of the apparent

o ] (320 a

0.11 A

0.10 1

0 05 1

1 D(4128¢)

3
t/(s x 105)

surface. quantum yield values versus time to obtain the real quantum yield of the
D(32t) — D(4t28c) photoisomerization. (Inset b) Absorption changes at
Results and Discussion 325 nm observed during tHe(4t28c)— D(32t) back reaction at 313 K.

DendrimerD(32t) (Scheme 1) is a fluorescent and photore- Table 1. 1somerization Quantum Yields and Kinetic Constants of
. .. Thermal Cis — Trans Isomerization (k.—) and of Eosin Release
active compound. The fluorescence of the naphthalene units is ) in pichloromethane Solution

partially quenched by the tertiary amines (via electron transfer)

; ; . b o k105571 K/10 65t
as well as by the trans and cis azobenzene units (via energy (3650m, 298K)  (540nm, 298K)  (313K) (313K)
transfer)}* In dichloromethane solution at 298 K upon irradiation

; . , . D(32t) 0.12
with 365 nm light, the all-trans dendrim@&x(32t) is converted D(4t28c} 70
into species containing, as an average, 4 trans and 28 cisD(32t)>8E 0.15 -
azobenzene unitf)(4t28c)® Figure 1 shows that the photo- g(it22t)836E6E - 011 (031 . <18,0103i -
reaction proceeds maintaining isosbestic points up to the (4128cp 11, (031 i Rt
photostationary state. The quantum yield of the trangis a Species obtained at the photostationary stamta obtained using 2.5

photoisomerization reaction, extrapolated at zero time, i.e., whenmL of solution in the presence of an aqueous phase (0.5 mL, pH 10) at
. . . . . c 1
all the incident light is absorbed by the trans form, is 0.12 298 K.©Deaerated solution.

(Figure 1, inset a, Table 1). In dichloromethane solution at 313 phase, but less sensitive to the nature of the units appended in
K, the rate constant of the(4t28c)— D(32t) back reactionis  the periphery. In the present case, dichloromethane solutions
7.0 x 107> s* (Figure 1, inset b, Table 1. of dendrimeD were mixed and shaken with aqueous solutions
Eosin Extraction. It is well-knowrP®*7that poly(propylene  of the disodium eosin salt at pH 7.0 (phosphate buffer). This
amine) dendrimers in dichloromethane solution can exteact pH value has been chosen because eosin is present On|y as its
from aqueous solution. The numberBfextracted is strongly  E2- form and extraction is efficient. Indeed, according to
dependent on the generation number and pH of the aqueousyrevious studie$s extraction efficiency is maximum between

. : } i ) pH 5 and 7 and is practically negligible at pH 12. The extraction

(10) (a) Balzani, V.; Venturi, M.; Credi, AMolecular Devices and Machines- .. R . .

A Journey into the NanowordWiley-VCH: Weinheim, 2003. (b) procedure, based on mixing and shaking the two solutions, is
Molecular SwitchesFeringa, B. L., Ed.; Wiley-VCH: Weinheim, 2001.  described in the experimental section. No extraction occurs when
(c) Shinkai, S. InComprehensie Supramolecular Chemistratwood, J. . . .

L., Davies, J. E. D., MacNicol, D. D., \igile, F., Eds.; Pergamon: Oxford, ~ the dendrimers are not present in the dichloromethane phase.
1996; Vol. 1, p 671. ; ;

(11) (a) Liao, L-X- Stellacci, F.. McGrath, D. \d. Am. Chem. S0@004 The number of eosin molecules extracted can be easily measured
126, 2181. (b) Grebel-Koehler, D.; Liu, D.; De Feyter, S.; Enkelmann, V.; from the changes in absorbance of the water phase at 540 nm,
Weil, T.; Engels, C.; Samyn, C.; Muellen, K.; De Schryver, F. C. ihi ; ;

Macromolecule2003 36, 578. (c) L1, S.: McGrath, . V. Am. chem.  WhereE exhibits an intense absorption band.
So0c.200Q 122, 6795. (d) Weener, J.-W.; Meijer, E. WAdv. Mat. 2000

12, 741. (e) Junge, D. M.; McGrath, D. \J. Am. Chem. S0d.999 121, (16) (a) Vicinelli, V.; Bergamini, G.; Ceroni, P.; Balzani, V.;"gte, F.; Lukin,

4912, (f) Tsuda, K.; Dol, G. C.; Gensch, T.; Hofkens, J.; Latterini, L.; 0. J. Phys. Chem. R007, 111, 6620-6627. (b) Hahn, U.; Gorka, M.;

Weener, J. W.; Meijer, E. W.; DeSchryver, F..IL. Am. Chem. So200Q Vogtle, F.; Vicinelli, V.; Ceroni, P.; Maestri, M.; Balzani, VAngew. Chem.

122, 3445. Int. Ed.2002 41, 3595. (c) Balzani, V.; Ceroni, P.; Gestermann, S.; Gorka,
(12) (a) Darbre, T.; Reymond, J.-lAcc. Chem Re006 39, 925. (b) Amir, M.; Kauffmann, C.; Vatle, F. Tetrahedron2002 58, 629. (d) Balzani,

R. J.; Shabat, DAdv. Polym. Sci2006 192 59. (c) Svenson, S.; Tomalia, V.; Ceroni, P.; Gestermann, S.; Gorka, M.; Kauffmann, C.; Maestri, M.;

D. A. Adv. Drug Deliv. Rev. 2005 57, 2106. (d) Boas, U.; Heegaard, M. Vogtle, F.ChemPhysChen200Q 4, 224.

H. Chem. Soc. Re 2004 33, 43. (17) (a) Aumanen, J.; Lehtovuori, V.; Werner, N.; Richardt, G.; van Heyst, J.;
(13) (a) Archut, A.; Azzellini, G. C.; Balzani, V.; De Cola, L.;\dde, F.J. Voegtle, F.; Korppi-Tommola, JChem. Phys. Let2006 433 75. (b)

Am. Chem. S0d.998 120, 12187. (b) Archut, A.; Vgtle, F.; De Cola, L.; Teobaldi, G.; Zerbetto, FI. Am. Chem. So003 125, 7388. (c) Kdn,

Azzellini, G. C.; Balzani, V.; Ramanujam, P. S.; Berg, R.Ghem—Eur. F.; Hofkens, J.; Wiesler, U.-M.; Cotlet, M.; van der Auweraer, M.:IMn,

J. 1998 4, 699. K.; De Schryver, F. CChem=—Eur. J.2001, 7, 4126. (d) Baars, M. W. P.
(14) Vogtle, F.; Gorka, M.; Hesse, R.; Ceroni, P.; Maestri, M.; Balzani, V. L.; Kleppinger, R.; Koch, M. H. J.; Yeu, S-L.; Meijer, E. \ltingew. Chem.

Photochem. Photobiol. S&002 1, 45. Int. Ed. 200Q 39, 1285. (e) Sideratou, Z.; Tsiourvas, D.; Paleos, C. M.
(15) The absorption spectra indicate the overall number of trans and cis Langmuir 200Q 16, 1766. (f) Pistolis, G.; Malliaris, A.; Tsiourvas, D.;

azobenzene moieties present in the experimental condition used. Paleos, C. MChem=—Eur. J.1999 5, 1440.
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Figure 2. Absorption spectra of the speciB$32t)>8E (full blue line), D(13t19¢)
D(4t28c)p6E (dotted green line), anB(15t17cp6E (dashed black line).
(Inset) Extrapolation of the apparent quantum yield values versus time to cis —» trans ) 0.0 =3
obtain the real quantum yield of th®(32t)>8E — D(15t17cpH6E during E uptake =
photoisomerization (dichloromethane solution, 298 K, 365 nm light). For D(4128¢c) L UC,P
more details, see text and Scheme 2. 2
. B
Scheme 2. Photochemical (Dashed Arrow) and Thermal (Solid 004+ — — — — — |— Intheabsenceof B " 2lo0~
Arrow) Processes Taking Place Starting from D(32t) in A AAAAa
Dichloromethane Solution and Extraction of E from a Water Lt
Solution (Dotted Arrows) -1.0 4 "
$=0.12 E A
365 nm, 298K S E
D(321) D —— D(4128¢) < N
313K =
% k=7.0x105s1 -3.0 1 E uptake
A
+F (N . ] ‘
pH=7 i pH=7 A
298K
D(18t14c)D4E i 298K -5.0 : b
- T |memasasannnad
v m-r b4 T I I T
D(320D8E 21313k « DE28IE 0 20 40 60 t/(sx 103)
. 5. = o Figure 3. Kinetics of eosin uptake &, Assqo nm) and cis— trans
\f% 1 5¢sﬂ‘+ 3K isomerization @, Aszsnn) for a dichloromethane solution of (8)(32t) and
ﬁi\\g L o ‘o 2-?~ 1055 (b) D(4t28c) in contact with a water solution & at pH 10 at 298 K. For
2O ’ = s RS comparison purposes, cis trans isomerizationd, panel b,Agzsnn) for a

dichloromethane solution db(4t28c) not in contact with the water phase
is reported. For more details, see the experimental section.

D(15t17¢)D6E
As shown in Scheme 2 and Figure 2(32t) andD(4t28c)
extract 8 and 6 eosin molecules, respectively, from water at pH  To investigate the kinetics of eosin extraction as a function
7 yielding the specieB(32t)>8E and D(4t28c)H6E. Because of azobenzene isomerization state, dichloromethane solutions
the number of extracted is only slightly sensitive to the nature of D(32t) andD(4t28c) were brought into contact with a water
of the units appended in the periphery, we believe that the mainsolution of E at pH 10 (for more details, see experimental
driving force for extraction is the interaction betweEnand section), at variance with previously described experiments in
the tertiary amine units in the interior of the dendrirf&\When which vigorous shaking was employed to accelerate the extrac-
E is encapsulated in the dendrimers, its fluorescence quantumtion process. The water solution was buffered at pH 10 and not
yield (0.65 in dichloromethane) is strongly quenched (0.027 for 7, as in the previous experiments, to slow down the extraction
D(32t)>8E and 0.011 foD(4t28c)H6E). A similar quenching rate constant and make easier the detection. As reported in
effect had previously been reported for encapsulatida ioside Figure 3, substantial differences can be observed: in the case
the dansylated POPAM dendrimerk & 0.020}5¢dand it was of D(32t), eosin uptake (pink triangles in Figure 3a) starts as
attributed to photoinduced electron transfer between the aminesoon as the two solutions are in contact, wherea®{dit28c)
units andE. The different degree of quenching observed for a delay is observed (pink triangles in Figure 3b) and no eosin
D(32t)>8E and D(4t28cH6E can be related to a different  extraction takes place until a significant fraction of azobenzene
location ofE inside each dendrimer. The fluorescence quantum units is converted from cis to trans, i.e., when D€L 3t19c)
yield of E encapsulated into the dendrimer is not sensitive to species is formed. Furthermore, eosin extraction is faster in the
dioxygen, as expected because of the short lifetime (a few ns)first case. The rate constant for the thermal eis trans
of the lowest singlet excited-state Bf The results obtained  isomerization, monitored by absorbance changes at 325 nm, is
show that the hosting abilities dD(32t) and D(4t28c) are the same, starting with a dichloromethane solutioD@ft28c)
somewhat different presumably because the isomerization statealone (empty circles in Figure 3b) or in contact with a water
of the azobenzene peripheral units affects the dendrimer cavitiessolution ofE (full circles in Figure 3b) until no extraction &

J. AM. CHEM. SOC. = VOL. 129, NO. 35, 2007 10717
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E release from D(4128c)26E ! =3
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Figure 4. Kinetics of eosin releasea( Asso nm) and cis— trans isomerization®, Aszsnm for a 1 x 1076 M solution of D(4t28c)H6E in dichloromethane
solution at 313 K. For comparison purposes, the kinetics of the-ctsans isomerization fob(4t28c) is also shown, Aszs nm).

takes place, whereas it is significantly slowed down as soon as -0.88

eosin molecules are encapsulated in the dendrimers. Such a
decrease of the cis* trans thermal isomerization rate is likely E )
related to steric effects and suggests that the presence of the % -0.927
guest molecules modifies the dendrimer structuidg infra). 'E

Eosin ReleaseAfter extraction, the dichloromethane phase
containingD(32t)>8E or D(4t28c)>6E was separated from the
aqueous phase and experiments were performed on the dichlo- T T T T
romethane phase. Upon irradiation at 298 K with 365 nm light, 00 10 20 30 40 50
D(32t)>8E is converted to a photostable spec@€l5t17cH6E t/(s x 103)
(Scheme 2, dashed black line in Figure 2). This process requires E release b
photoisomerization of about half of the trans azobenzene units .
as well as the release of 2 eosin molecules that precipitate. The E
initial quantum yield of the photoisomerization reactich £ @
0.15, Figure 2 inset, Table) is not much different, considering i
the experimental errors, from that found f@(32t). The -
photostationary state reached @¢32t) andD(32t)>8E upon
irradiation at 365 nm is substantially different (Scheme 2), and I T T T
this is likely due to steric hindrance imposed by the hosted eosin 0.0 1.0 2.0 3.0 4.0 5.0
molecules that hamper the trafscis isomerization. Note that t/(s x 103)
such a different behavior cannot be due to the light absorbed Figure 5. Kinetics of eosin release: (a) in dichloromethane solution at

[ i 313 K, fromD(4t28cp6E (a) andD(32t)D6E (O); (b) in dichloromethane
by E, which is negligible at 365 nm, as shown by the fact that solution in contact with water at 298 K, fror®(32t)>6E (a) and

no spectral change has been observed upon irradiation ofp4128c1H6E (a). Eosin release is measured in both cases from the decrease
D(4t28cH6E under the same experimental conditions. of absorbance at 540 nm in dichloromethane.

The dichloromethane solution @ (4t28c)>6E was heated n a very long time scale eosin release and -gistrans

at 313 K and the absorbance changes at 325 nm, measuring the, o 1« rization become strongly entangled @82t) can be
relative concentration of trans and cis azobenzene units (black,gcovered.

circles in Figure 4), and 540 nm, measuring the hosted €osin |y order to understand whether the isomeric form of the
molecules (pink triangles in Figure 4), were monitored. The a70henzene units is related to the release of the guest, we have
cis — trans isomerization within th®(4t28cD6E species 3150 compared the rate of eosin release in dichloromethane
occurs at the beginning (up to about110* s) by a first-order  sojytion at 298 K from eD(32t)>6E species (open circles in
processk = 2.7 x 107°s™*) without any loss o, leading to  Figure 5a) and ®(4t28c)>6E (full circles in Figure 5a), both

the sameéD(15t17cp6E species obtained from light irradiation  of them prepared by extraction & from an aqueous solution

of D(32t)>8E. Apparently, eosin release is substantially pre- at pH 7 (see experimental section). We have found Ehis
vented until about half of the peripheral azobenzene units remainreleased from the beginning following a first-order process with

in the cis form. Note also that, as evident from Figure 4 (open rate constant Ix 1075 s~1. In an additional experiment, we

vs full circles), the rate constant for the isomerization process have compared the rate of eosin release at 298 K from

E release a

ID(4t28¢)D6E
A Ai—l—L—LL.L—H_‘_‘_L_‘_L_‘_

D(32t)D6E

D(4t28¢c)D6E

A m—*—‘—l—ﬂ—‘—&—ﬂ_‘_‘_‘

D(32t)J6E

is much smaller than that found f@(4t28c), 7.0x 105 st
(Table). In a successive steR, begins to be released from

dichloromethane solutions @(32t)>6E andD(4t28c)>6E in
contact with an aqueous phase (see experimental section) at pH

D(15t17cp6E with a concurrent increase in the rate of the cis  10. As shown in Figure 5b, eosin release occurs by a first-order

— trans isomerization process (Figure 4). After about 20*
s, the average composition correspond®(@8t14cp4E and
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process that is about four times faster in the cade(8Rt)>6E
(k=1.33x 10°stvs 3.09x 1078 s7%). The results shown
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Scheme 3. Photochemical (Dashed Arrow) Interconversion
Processes upon Excitation of the Dendrimer Host (365 nm) or the
Eosin Guest (540 nm) and Thermal (Solid Arrow) Processes
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767 » D(4t28¢)
i 540 nm :
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trans dendrimer. Therefore, the isomerization state of the
peripheral azobenzene units controls, to some degree, the
permeabilityof the dendrimer cavities tB and, viceversa, eosin
molecules hosted in the dendrimer cavities affect the velocity
of thermal isomerization process of its peripheral azobenzene
units. The results obtained suggest that a more extensive study
of dendrimers with isomerizable azobenezene units in the
periphery may lead to photocontrollable membranes and drug
delivery systems.

Experimental Section

Extraction Experiments. To check the maximum hosting ability
of the dendrimer, 5 mL of the dichloromethane solution of dendrimer
D (1 x 10¢M) and 1 mL ofE (5 x 10°* M) in water buffered (pH

in Figure 5 demonstrate that the presence of cis azobenzene= 7 or 10) solution are mixed together and shaken vigorously. To

units in the periphery of the dendrimer does reduce the rate of

prepare species with lower eosin content, éd§32t)>6E, 5 mL of D

eosin release, as expected because of the larger steric hindrandé x 10°°M) and 5 mL of E (6 x 10°° M) in water buffered solution
caused by the cis compared with the trans isomer. Such a resultvere mixed and shaken.

is relevant to the problem of photocontrolled drug delivery.

Photochemical Interconversion ProcessesAs shown in
Figure 2,E exhibits an intense absorption band withax =
540 nm, well separated from the dendrimer absorption bands.
We have found that excitation & at 540 nm sensitizes the cis
— trans but not the trans—> cis isomerizatio® Indeed,
irradiation of D(4t28c)H6E in dichloromethane solution with
540 nm light leads td(32t)>6E (Scheme 3). The sensitized
cis— trans isomerization quantum yield is strongly dependent
on dioxygen concentration (Table 1), indicating that the
sensitized mechanism involves triplet excited states, as previ-
ously observed for other acceptdPs.

As illustrated in Scheme 3, light excitation at 365 nm in the
absence oE leads to a photostationary state rich in the cis
isomer, whereas in the presencebofrradiation with 540 nm
light leads to the all trans form. It follows that, in principle,
this photocontrollable dendritic system may be used to darry
molecules from a water solution to another one, across a
dichloromethane phase.

Conclusions

A fourth generation dendrimeD)] of the poly(propylene
amine) family functionalized with 32 naphthyl and 32 azoben-

zene units can host eosin molecules in dichloromethane solution

as a function of the isomerization state of the peripheral
azobenzene unitPd(32t) can be converted tB(4t28c) upon
irradiation with 365 nm light. The hosting capacity of the two
isomeric forms of the dendrimer is not much differeD{32t)>8E
andD(4t28cp6E species are formed. Trans cis isomerization
quantum yield is not significantly affected by eosin encapsula-
tion, but cis— trans thermal reaction is noticeably slowed down
by the presence d& in the dendritic structure and the kinetics
of eosin uptake or release is much faster in the case of the all

(18) In a prevoious papéf2 a different solvent was employed and direct
absorbance of azobenzene at 540 nm was not negligible, at variance with
the present case, because of the very low numbé&r eficapsulated into
the dendrimer.

(19) (a) Ronayette, J.; Arnaud, R.; LemaireCan. J. Chem1974 52, 1858.

(b) Bortolus, P.; Monti, SJ. Phys. Chem1979 83, 648.

Kinetic experiments on eosin encapsulation has been performed in
a quartz cell of 1.0 cm path length containing 2.5 mL of dendrimer (1
x 1076 M) and 0.5 mL ofE (5 x 107 M) in water at pH= 10. Kinetic
experiments on eosin release has been performed in a quartz cell of
1.0 cm path length containing 2.5 mL of dendrimerx110-¢ M) in
the presence or absence of 0.5 mL of water at5H0.

Photophysical Experiments.The experiments were carried out in
air-equilibrated dichloromethane or water solution at 298 K.-ié
absorption spectra were recorded with a Perkin-Elid# spectro-
photometer, using quartz cells with path length of 1.0 cm. Fluorescence
spectra were obtained with a Perkin-Elmer LS-50 spectrofluorimeter,
equipped with a Hamamatsu R928 phototube. The estimated experi-
mental errors are: 2 nm on the band maximum, 5% on the molar
absorption coefficient, 10% on the fluorescence quantum yield.

Photochemical Experiments. Photochemical experiments were
performed by a medium-pressure mercury lamp. An interference filter
(Oriel) was used to select a narrow spectral range ivith= 313 nm.

The irradiated solution (2.5 mL, % 107% M) was contained in a
spectrophotometric cell. The intensity of the incident light was measured
by the ferrioxalat&é® or Aberchrome 540 actinomet&rThe photoi-
somerisation quantum yield¢. or ®..¢) was calculated by extrapola-
tion to zero time of the apparent quantum yield values obtained for
short irradiation periods. The relative amounts of cis and trans isomers
during photochemical experiments has been calculated on the basis of
the previously reported resufts.

The rate of thermal cis> trans reaction has been calculated by
plotting changes of absorbance, namaAk = A, — A (where A, is
the absorbance at the end of the reaction, i.e., for the all trans species),
versus time and by determining the slope of the corresponding straight
line.

The estimated experimental errors are: 10% on the photoreaction
quantum yield, 5% on the composition of the photostationary state.
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