This article was downloaded by:

On: 29 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

e==~ | Supramolecular Chemistry

upramo lecular | Publication details, including instructions for authors and subscription information:
hemist ry http://www.informaworld.com/smpp/title~content=t713649759

ted by b b el Py

Diffuse Reflectance Laser-flash Photolytic Study of Aromatic Ketones

within Calixarene Solid Matrices
Mbénica Barra®;, Kazim A. Agha*

* Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada

To cite this Article Barra, Ménica and Agha, Kazim A.(1998) 'Diffuse Reflectance Laser-flash Photolytic Study of Aromatic
Ketones within Calixarene Solid Matrices', Supramolecular Chemistry, 10: 1, 91 — 95

To link to this Article: DOI: 10.1080/10610279808055399
URL: http://dx.doi.org/10.1080/10610279808055399

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informaworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713649759
http://dx.doi.org/10.1080/10610279808055399
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 42 29 January 2011

Downl oaded At:

SUPRAMOLECULAR CHEMISTRY, Vol. 10, pp. 91-95
Reprints available directly from the publisher
Photocopying permitted by license only

) 1998 OPA (Overseas Publishers Association) N.V.
Published by license under

the Harwood Academic Publishers imprint,

part of The Gordon and Breach Publishing Group.
Printed in Malaysia.

Diffuse Reflectance Laser-flash Photolytic Study
of Aromatic Ketones within Calixarene Solid Matrices

MONICA BARRA* and KAZIM A. AGHA™

Department of Chemistry, University of Waterloo, Waterloo, Ontario, Canada N2L 3G1

(Received 6 April 1997)

The photochemistry of benzophenone and xanthone
within calix[6]arene solid matrices is dominated by
their triplet excited states. Triplet decays within hexa-
t-butyl-37,38,39,40,41,42-hexaethoxycalix[6larene
host matrices are remarkably simple; while benzo-
phenone triplet decays can be adequately described
by a two-exponential function, decays for xanthone
(a less flexible ketone than benzophenone) are very
well reproduced by a single discrete lifetime model.

Keywords: Laser-flash photolysis, aromatic ketones, calix-
arenes :

The past decades have witnessed an everincreas-
ing number of investigations on photophysical
and photochemical processes in organized and
constrained media [1,2]. The media studied are
many and include organic systems such as
micelles, vesicles, microemulsions, and inclusion
compounds (complexes) to inorganic systems
such as silica, alumina and clays. A major goal of
such studies is to utilize the order and restric-
tions imposed by the host matrix to the reactant
molecules (as well as to the reactive intermedi-
ates) so as to increase the selectivity of chemical
processes, particularly in the solid state where
effects can be quite dramatic.
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Calixarenes, cyclic oligomers of phenol-for-
maldehyde condensates are rather recent arri-
vals in the field of organized and constrained
media [3]. Calixarenes are able to form inclusion
complexes {with guest molecules occupying
intramolecular cavities), as well as clathrates
(with guest molecules held in intermolecular
voids or channels of the crystal lattice). Most
studies and (as a consequence) industrial uses of
calixarenes are related to their metal ion com-
plexing properties. The complexation of organic
molecules also seems to offer interesting possi-
bilities, and studies are being carried out in
solution as well as in the solid state [3].

Time-resolved diffuse reflectance laser-flash
photolysis, on the other hand, is a relatively new
technique which has been successfully applied
to the detection of excited states at interfaces,
and in various opaque and crystalline systems
[4]. Application of spectroscopic techniques of
this type should be of value in understanding
the effects of solid host matrices on photoin-
duced processes. To the best of our knowledge,
there has not been any report on photochemical
properties of organic compounds within calix-
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arene solid matrices. Thus, and in an effort to
characterize calixarenes as host media, time-
resolved diffuse reflectance laser-flash photo-
lysis techniques have been applied, for the first
time, to the study of the photobehavior of aro-
matic ketones such as benzophenone (BP) and
xanthone (XTN) within calix[6]arene matrices
(Chart 1) [5].

Laser excitation of BP and XTN within calix-
arene solid matrices (air equilibrated samples)
leads to the readily detectable ketone triplet—
triplet (T -T) transient absorption spectra (Fig. 1)
[6]. The intensity and kinetics associated with
these T-T absorptions depend on the nature
(i.e., type of phenolic substituent R) of calixarene
employed. Both in the case of BP and XTN the
strongest signals are obtained when working
with E6 matrices.

The T-T absorption spectrum of XTN is
known to be dependent on the polarity of the

K6 | 6  CHIIL

media (i.e., Amax=655nm and 615nm in Cl,C
and 2-propanol, respectively) due to close pro-
ximity of n, =* and m, n* triplet states {7]. BP
triplet, on the other hand, retains n, 7" character
under most experimental conditions as a result
of a larger energy gap between n, n* and #, 7"
triplet states [8]. Spectra such as those shown for
XTN in Figure 1B (An.x=640nm) indicate that
XTN senses a sufficiently nonpolar environment
within calixarene solid matrices to have a low-
lying n, =* triplet state. Triplet states of the type
n, 7* are able to undergo radical-like hydrogen
abstractions [9]. Furthermore, in non polar media
the reactivity of triplet XTN is about an order of
magnitude larger than that of triplet BP [7, 9].
Thus, and taking into account that phenols (and
phenol ethers) are known to act as quenchers of
carbonyl triplets of the type involved in this
study {10], one could anticipate (some) photo-
induced hydrogen abstraction. Indeed, short-
lived T-T absorptions are particularly observed
in the case of XTN/C6. However, (i) no ketyl
radical transient absorption could be detected in
any case, and (ii) no substrate consumption
could be detected after 12 hour-lamp irradiation
of solid samples in a Rayonet reactor [11].
Therefore, if any hydrogen abstraction occurs
at all, ketyl radicals are decaying rapidly by
back hydrogen transfer regenerating the guest
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FIGURE 1 Triplet - triplet absorption spectra in hexa-t-butyl-37,38,39,40,41,42-hexaethoxycalix[6]arene solid matrix for (A} ben-
zophenone (obtained within 1.4 ps (e) and 36.2 ps (o) after laser pulse); and (B) xanthone (obtained within 1.0 us (s} and 32 s (o) after
laser pulse).
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FIGURE 2 Normalized transient decay traces, recorded at different time domains, in p-t-butylcalix|6larene (C6) and hexa-
t-butyl-37,38,39,40,41,42-hexaethoxycalix[6]arene (E6) solid matrices for (A) benzophenone, and (B) xanthone. Inset: linear
representation of In (A]/fo) vs. time for xanthone triplet decay within E6.

ketones. This observation is not surprising
considering the close proximity between chemi-
cal partners in the solid samples, and the
restrictions imposed by the host matrix on the
mobility of the guest species.

For all samples, transient decay traces were
recorded on several time scales. Stretched
representations (i.e., reflectance changes vs. log
(time)) are most convenient for systems invol-
ving transient decays covering several orders of
magnitude in time scale, as frequently observed
in solid system. Typical strectched representa-
tions for BP and XTN triplet decays are shown
in Figure 2.

The time course of triplet decays can in
principle be described as a sum of discrete ex-
ponentials:

AJ/loft) = Y aiexp(t/7) (1)

where 7; and q; are the individual triplet life-
times and associated preexponential factors of
the ith component, respectively. Triplet decays
corresponding to E6 solid matrices, much to our
surprise, are remarkably simple. While BP triplet
decays can be adequately described by two ex-
ponential terms (in ca. 1:1 ratio), triplet traces for

XTN (a less flexible ketone than BP) are very well
reproduced by a single exponential function
(Fig. 2B, inset) [12]. Single or double exponential
functions, however, fail to fit triplet decays
within C6 matrices.

For comparative purposes, triplet decays (not
shown) corresponding to crystalline BP and
XTN, and mechanical mixtures of similar con-
centration as those employed for solvent evapo-
rated samples, were recorded. In the case of
crystalline XTN, extremely weak signals are
obtained, which could be ascribed as being
the result of efficient self-quenching (processs
shown to be of relevance in nonpolar media)
[7]. Single and double discrete exponential
models fail to describe triplet decays in crystal-
line BP and XTN, which overall are shorter-lived
than those observed when using samples iso-
lated by slow solvent evaporation. Also, decay
traces corresponding to mechanical mixtures
resemble, as expected, those for crystalline
ketones. These results clearly indicate that the
signals observed with the E6 and Cé6 solid
samples isolated by slow solvent evaporation
do not correspond to microcrystalline ketones.
Consequently, the changes observed can be
taken as indications of inclusion phenomena
(either intra or intermolecular), in agreement
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with preliminary solid state >C-NMR observa-
tions, as described below.

Recent conformational studies, based on the
application of C (CPMAS) solid state NMR,
indicate that both in the case of C6 an E6, the
presence of a single, well-resolved resonance
line for the bridging CH, groups supports the
cone conformation [13]. Transient studies, in turn,
show that the phenolic substituent plays quite
a significant role in governing triplet decays
within these two matrices. While structural de-
tails of the samples involved in this study awaits
indeed further investigations, preliminary solid
state *C-NMR determinations show no changes
in NMR spectra, as expected, when mechanical
mixtures are analyzed, in agreement with kinetic
decays resembling those for microcrystalline
ketones [14]. However, upon incorporation of
BP or XTN in either C6 or E6 by slow solvent
evaporation, the alkyl region of the solid state
spectra of calixarenes is modified (resonance lines
move upfield). These changes are a clear indica-
tion of ketone/calixarene interactions. Unfortu-
nately, no information that could be correlated
with the differences observed in kinetics when
comparing BP vs. XTN could be obtained from
these spectra.

As already mentioned, a two-exponential
function adequately describes BP triplet decay
within E6 matrices, whereas a single decay is
observed in the case of XTN. The resulting life-
times (average of three to four determinations)
are 7,={460+10)ns and 7,=(42 +6) us for BP,
and 7=(5.24+0.5) ps for XTN. These values were
independent of ketone to calixarene mole ratio.
It is quite remarkable the fact that XTIN seems
to probe a rather ‘homogeneous’ environment
within E6 matrices. Furthermore, the bimodal
decay observed in the case of BP could be
attributed to two different sites of inclusion with-
in the matrix, or, alternatively, to two different
conformations for the more flexible BP. On the
other hand, the fact that complex kinetics are
observed in the case of C6 matrices would be
indicative of a larger diversity of environments

and/or in the conformational structure of guests
and host. Crystallographic studies are currently
under way in an attempt to obtain sufficient
structural information that could correlate with
the kinetic results here presented.
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