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We present the discovery by optical and near-infrared imaging of an extremely
red, low-luminosity population of isolated objects in the young, nearby stellar
cluster around the multiple, massive star ¢ Orionis. The proximity (352 parsecs),
youth (1 million to 5 million years), and low internal extinction make this cluster
an ideal site to explore the substellar domain from the hydrogen mass limit
down to a few Jupiter masses. Optical and near-infrared low-resolution spec-
troscopy of three of these objects confirms the very cool spectral energy
distribution (atmospheric effective temperatures of 1700 to 2200 kelvin) ex-
pected for cluster members with masses in the range 5 to 15 times that of
Jupiter. Like the planets of the solar system, these objects are unable to sustain
stable nuclear burning in their interiors, but in contrast they are not bound to
stars. This new kind of isolated giant planet, which apparently forms on time
scales of less than a few million years, offers a challenge to our understanding

of the formation processes of planetary mass objects.

Recent deep photometric and spectroscopic
searches have revealed that brown dwarfs, ob-
jects unable to stably fuse hydrogen, are very
common in star-forming regions, galactic clus-
ters, and the solar neighborhood. Young brown
dwarfs in stellar clusters (/) have been unam-
biguously identified with masses ranging from
the hydrogen burning limit [75 Jupiter masses
(M;,,p); 1 solar mass is 1047 M, ] down to the
deuterium burning threshold (about 13 M, ).
This minimum mass limit has been recently
proposed (2-4) to set the boundary between
brown dwarfs and giant planets; while brown
dwarfs are capable of fusing deuterium into

3He, one of the lowest threshold energy nuclear

reactions, planets never sustain any nuclear
burning in their interiors. This nuclear criterion
applied to define the term “planet” is indepen-
dent of any signature based on, so far, rather
poorly known formation processes of substellar
objects. Radial velocity searches (which al-
ready make use of the nuclear definition for
separating brown dwarf and planet detections)
have shown that brown dwarfs and giant plan-
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ets with masses ranging from 75 M, (the
hydrogen buming limit) down to 0.25 M, ,
exist in orbits around solar-type and low-mass
stars (5—7). Whether objects with just a few

M;,,, or less can form in isolation from stars
remains an open issue. Theoretical models de-
scribing the fragmentation of collapsing clouds
are uncertain regarding the lower mass limit for
this process (§—10). However, recent observa-
tions of the number of objects per mass interval
in Orion and other young star-forming regions
(11-14) suggest that isolated planetary mass
objects could also form.

Optical and near-infrared photometry.
With the objective of finding isolated planetary
mass objects, we carried out a deep photometric
survey in the optical and near-infrared wave-
lengths over an area of 847 arc min? around the
multiple 09.5-type star o Orionis (Fig. 1). This
survey intentionally covered the same region as
the one explored in Béjar et al. (15), but to
much greater sensitivity. According to previous
papers (15, 16), which describe an analysis of
possible reddening using photometric and spec-
troscopic data of objects in the area, this is a
very low extinction region in Orion. Photome-
try in the J band (1.2-um wavelength) has been
collected with the Omega Prime near-infrared
camera of the 3.5-m telescope at the Calar Alto
Observatory (Almeria, Spain) during 27 to 31
October 1998. Optical 7 (870 nm) and Z (920
nm) images were acquired with the Wide Field
Camera (November 1998) of the 2.5-m Isaac
Newton Telescope at the Roque de los Mucha-
chos Observatory (Canary Islands, Spain). Ob-

Fig. 1. Location of the o
Orionis star cluster (region
around the brightest star in
the bottom right side of the
figure) and finding charts (45"
by 45") for three spectroscop-
ically confirmed very young
cluster members with masses
in the interval 5 to 15 Myup.
North is up and east is left. The
background image has been
taken from ROE/Anglo-Aus-
tralian Observatory.
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Table 1. o Orionis member candidates with masses around and below the deuterium burning mass limit.
Coordinates are accurate to +2". Uncertainties in the photometric data are given in the text, except for
those objects labeled with “1,” for which the uncertainty is a factor 2 larger. RA, right ascension; DEC,

declination.
DEC
Name IAU designations A (J2000) 15600 I ok Spectral
(hr, min, s) o 1 ) type
S Ori 47t S Ori J053814.5-024016 0538145 —024016 2053 3.15 435 L15+05
SOri50 S Orij053910.8-023715 0539108 —023715 2066 3.12 448
SOri51  SOrij053903.2-023020 0539032 023020 2071 3.50 458
SOri52t S Ori J054000.2-022632 0540092 —022632 2095 359 468 L00+05
SOri53  SOrij053825.1-024803 0538251 -024803 21.17 328 4.72
SOri54  SOrij0538333-022100 0538333 -022100 2129 330 435
SOri55  SOriJ0537259-023432 0537259 —023432 2132 3.0 432
SOri 561 S Ori J0539009-022142 0539009 —022142 2174 330 465 L05+05
SOri 57 S OriJ053047.0-022525 0539470 —022525 2187 324 -
SOri58 S OriJ0539036-022536 0539036 022536 2190 330 503
SOri 60t S Ori J053937.5-023042 053937.5 —023042 2275 358 507 L40+10
SOri61  SOriJ0538526-022846 0538526 —022846 2278 3.16 -
SOri62 SO J053942.1-023031 0539421 -023031 2303 359 536
SOri64 S Orij0536533-022414 0536533 —022414 2313 360 451
SOri65 SO J053826.1-022305 0538261 —022305 2323 333 441
SOri66 SO J053724.7-023152 0537247 —023152 2323 340 -
SOri67 SO j053812.6-022138 0538126 —022138 2340f 349f -
5,0ri 68 S OriJ053830.1-022805 053839.1 022805 23.77f 3591 -
$'0ri69 S Ori J053918.1-022855 053918.1 —022855 23.89f 3.64f -

. 0ri 47 lies very close to the deuterium burning mass threshold at the age of the cluster. The / photometry is taken

from (75).

jects were first identified in the J frames and
then correlated with their counterparts detected
in the /-Z optical observations. Raw data were
processed with standard techniques in the near-
infrared and in the optical (/7). The limiting /
(Cousins photometric system) and J [UK Infra-
red Telescope (UKIRT) photometric system]
magnitudes of our survey are 23.8 and 21.2,
respectively, whereas the 90% completeness
magnitudes are estimated at 21.5 and 19.5,
respectively. These later values are those at
which the distribution of number of stars per
magnitude interval in our survey clearly de-
viate from an exponential law assumed to
describe the star counts in the Galaxy. Un-
certainties in the / and J photometry range
from about 0.05 mag at completeness to 0.2
mag close to the limit of our search. Addi-
tional observations in the K band (2.2 pm)
with an accuracy of 0.15 mag or better were
completed on selected individual targets, us-
ing the 1.5-m Carlos Sanchez Telescope at
the Teide Observatory (Canary Islands, Spain),
the 2.2-m telescope at Calar Alto Observato-
ry, and the 3.8-m UKIRT at the Mauna Kea
Observatory (Hawaii, USA).

In the left panel of Fig. 2, we show the /
versus /-J color-magnitude diagram for the 18
candidates found in our survey, which are seen
to follow the expected photometric sequence of
the o Orionis cluster. This sequence is defined
in the magnitude interval / = 16 to 20.5 by
previously known objects (15, /8) whose mem-
bership in the cluster has been confirmed by
optical spectroscopy. The coolest of these
members is the L1.5-type substellar object S
Ori 47 [the newly defined L spectral class (19,

+Optical and near-infrared spectroscopy confirms their membership in the o Orionis cluster.

20) is the cooler extension to the M-type
dwarfs]; because of its age and luminosity, S
Ori 47 lies very close to the deuterium burning
mass limit (/8). We concentrate here on 18
candidates with 7 > 20.5 and I~/ > 3.1 magni-
tudes, i.e., fainter and redder than S Ori 47.
Their names [based on International Astronom-
ical Union (IAU) rules], coordinates, and pho-
tometric data are provided in Table 1. The right
panel of Fig. 2 illustrates the / versus /-K color-
magnitude diagram where K photometry is

Fig. 2. Optical-infrared color-
magnitude diagrams for o
Orionis cluster candidate mem-
bers found in our /Zf, 847 arc
min? area survey. Filled cir-
cles denote those substellar
objects fainter than S Ori 47
whose masses are estimated
to be close and below the
deuterium burning mass limit
(13 times M,;), whereas the
asterisk symbol stands for
brown dwarfs above this lim-
it. Those cluster members
spectroscopically confirmed
are indicated with an open
circle around their corre-
sponding symbols. Error bars
are given to the left side of
the diagrams when they are
larger than the symbol size.
Overplotted to the data are
the theoretical, solar metal-
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available (70% of the sample). Our candidates
also define a tight sequence in the /-K color,
thereby conforming a natural extension of the
photometric sequence of the cluster toward
very low luminosities. They appear as point
sources in the J and K images with a full width
at half maximum (FWHM) of 1.3", which is the
average FWHM of many other objects in the
same frames.

Contamination by red galaxies in our sam-
ple is expected to be rather low; any extended
objects would have been resolved and identi-
fied during the visual inspection of the targets.
Comparable deep surveys (27) searching for
extremely red objects (EROs) reveal that gal-
axies can be distinguished from star-like sourc-
es down to K = 19 mag in images with typical
FWHMs of 1.1". Unresolved galaxies, quasars,
and other extragalactic EROs exhibiting colors
as red as those of our candidates should be
contributing no more than one to two objects to
the list, according to statistics inferred from the
Hubble Deep Field survey (22). Giant stars
reddened and dimmed by interstellar extinc-
tion are a negligible source of contamination
in our search (23) because of the high galactic
latitude of the cluster (b = —17°). Our pre-
sumed planets in ¢ Orionis should display
L-type spectral energy distributions. There-
fore, the main source of contamination in our
survey is probably due to the L-class, which
includes more massive and much older brown
dwarfs and low-mass (<<0.2 solar mass) stars
(19, 20) located in foreground and in the
direction toward the cluster. From recent dis-
coveries (19, 24, 25) by the Deep Near-
Infrared Southern Sky Survey (DENIS) and
the Two Micron All-Sky Survey (2MASS), it
has been established that the sky density of
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id line; dusty models, dashed line) and by the Arizona (3) group (dotted line). Masses for two
different ages of 5 and 1 My are provided to the right.
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objects with early- to mid-L spectral types in
the solar vicinity is about 0.0053 objects in a
volume of 1 parsec® (pc?), and about 0.0073
objects/pc? for the latest L classes. Consider-
ing the depth and area coverage of our search
in the o Orionis cluster, we would expect five
foreground objects in the LO-LS spectral in-
terval to be present in our sample, while
late-L field dwarf contaminants would be rare
(<1). This compares with 18 candidate clus-
ter members found by our survey for this
L-spectral class. Recent deep optical-infrared
searches for EROs (21) show a contamination
level of galactic L dwarfs consistent with our
estimate. We are confident, therefore, that a
majority of the candidates in Table 1 are
members of the o Orionis cluster.

Optical and near-infrared spectroscopy.
For three of these candidates (plotted with dif-
ferent symbols in Fig. 2) we have obtained
follow-up spectroscopy with the Keck I and
Keck II telescopes at the Mauna Kea Observa-
tory. Optical spectra for S Ori 52 and S Ori 56
were acquired using the low-resolution imager
spectrograph (LRIS) on two nights (5 and 6
January 2000) with a resolution of 1.9 nm and
a spectral range from 355.5 to 1125.1 nm. We
calibrated in wavelength with the emission
spectrum of He Ne Ar lamps. Correction for
instrumental response was made using spectra
obtained on the same night of a flux standard
star (GD140) with fluxes available in the liter-
ature. Near-infrared spectroscopy in the wave-
length range from 1.4 to 2.5 wm was acquired
with the near-infrared camera (NIRC) in Feb-
ruary 2000 for S Ori 47 and S Ori 60. Telluric
absorptions due to the terrestrial atmosphere
were corrected, and flux calibration was per-
formed using the spectrum of the faint photo-
metric standard star FS13 (spectral type G2),
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observed immediately after the science objects.
In Fig. 1, we provide the finder charts for S Ori
52, S Ori 56, and S Ori 60, and Fig. 3 shows
their final optical and near-infrared spectra.
Spectral types have been estimated under cur-
rent classification schemes (20) in the optical,
and by direct comparison with published L-type
spectra of field dwarfs in the near-infrared; the
values obtained are given in the last column of
Table 1. We also considered the slope of the
near-infrared spectra in the wavelength region
of 1.65 to 1.78 wm (where our data show a
reasonable signal-to-noise ratio) for measuring
the spectral type of S Ori 60. This slope, which
is mainly due to the water vapor absorption in
the atmospheres of the objects, becomes notice-
able at late types. The claimed 1o uncertainties
in the spectral classification come from the
dispersion in the spectroscopic criteria adopted
for the calibration. Our data confirm that these
candidates are not red giants, background red-
dened stars, high-redshift quasars, or reddened
galaxies, in agreement with our previous anal-
ysis of contamination. These candidates display
energy distributions within the L-class (LO-LS5,
atmospheric effective temperatures in the inter-
val 1700 to 2200 K) corresponding to our ex-
pectations for young substellar objects mem-
bers of the o Orionis cluster. The low resolution
and modest signal-to-noise ratio of our spectro-
scopic data prevent us from carrying out further
detailed studies of membership. However, we
can estimate the individual membership proba-
bilities in our survey for each of these objects,
taking into account their spectral classification
and location in the color-magnitude diagrams,
the absolute magnitudes and density of L
dwarfs (25), and the uncertainties of the photo-
metric measurements. These estimations, which
were derived using J and K data, are totally

Tt

Fig. 3. Optical (left panel)
and near-infrared (right
panel) Keck spectra for
three young isolated plan-
et candidates (S Ori 52, S
Ori 56, and S Ori 60) in
the o Orionis cluster. A
boxcar smoothing of 5
pixels and a convolution
with a 4 o gaussian kernel
has been applied to all
the optical spectra and to
the near-infrared spec-
trum of S Ori 60. The
main spectroscopic fea-
tures are indicated. The
spectra of S Ori 47 and
the field brown dwarf De-
nis-P J1228-1547 are
shown for comparison. In
the near-infrared spectra
figure, the dashed lines
stand for the wavelength 0
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independent of evolutionary tracks and mainly
rely on the accuracy of photometry, spectral
types, and absolute magnitudes of L-type ob-
jects. It turns out that S Ori 52 (88%), S Ori 56
(71%), and S Ori 60 (81%) are likely members
of o Orionis, defining a tight spectroscopic
cluster sequence down to rather cool spectral
types with effective temperatures (26, 27)
around 1700 K.

Planetary masses. To estimate the masses
of our candidates in Table 1, we have to com-
pare observed magnitudes with those predicted
by evolutionary tracks. Mass determinations are
then model-dependent and are subject to possi-
ble systematic effects arising from the descrip-
tions of the atmospheres and the structure and
composition of the interiors. The age of o Orio-
nis stars and brown dwarfs (including the most
massive star in the cluster, o Orionis) was
determined (28, 29) to be within 1 million to 5
million years (My). Plotted over the observed
photometry of our candidates in Fig. 2 are the
5-My isochrones from the Lyon group (30, 31)
and from the Arizona group (3); all modeis
were shifted to the distance of o Orionis using
the Hipparcos satellite-reddened distance mod-
ulus (m-M = 7.73, the extinction in the visible
wavelengths is around 0.15 mag). The Lyon’s
tracks facilitate magnitudes and colors in the
wavelengths of interest as a function of mass,
whereas in order to transform the effective tem-
peratures and luminosities of the Arizona’s
models into observables, we have considered
the bolometric corrections given by the former
tracks at a certain age. The “dust-free” next
generation (NextGen) Lyon’s models are used
down to I = 20, because we do not expect dusty
effects in the atmospheres of M-type cluster
brown dwarfs; recent computations of NextGen
dusty models are considered for fainter magni-
tudes. We note that the isochrones reproduce
the trend of our near-infrared observations. A
direct comparison with the tracks reveals that
our candidates could have masses in the interval
of 15 to 8 M, , when we adopt the oldest age of
5 My. Hence, a majority of the candidates are
well within the planetary mass domain below
the threshold of 13 M, . If the cluster is as
young as 1 My, the masses of our fainter iso-
lated, giant planets could be as low as 5 M.
Those objects, unable to sustain stable thermo-
nuclear reactions in their interiors, radiate ener-
gy because they are still undergoing gravita-
tional contraction.

Several sources of uncertainty could affect
the mass determinations; however, we have
been rather conservative in our estimates. We
remark that there is no clear evidence for an
infrared excess in our K photometric data that
could be associated to individual objects: no
dispersion beyond 0.75 mag (ascribed to equal
mass binaries) is observed in the color-magni-
tude diagrams of Fig. 2. The spectra presented
here also offer additional proof of the low in-
ternal reddening of the cluster. The use of the
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Lyon’s evolutionary models yields larger mass-
es than other recent models available in the
literature (3, 32). On the other hand, and in
favor of the Lyon’s isochrones, it can be argued
that they have been successful in fitting the
mass-luminosity relation in various optical and
infrared passbands (30), as well as in predicting
coeval ages for the members of several young
multiple systems (33, 34). The distance and the
age of the cluster are important parameters for
obtaining masses. Ages not older than 7 to 10
My can be assumed for the massive 09.5-type
o Orionis star, given its present evolutionary
status in the main sequence. Adopting the same
argument of evolution and based on the photo-
metric and spectroscopic properties of this star,
it cannot be located farther than the very young
Orion 1b association, i.e., around 450 pc (29,
35), to which o Orionis belongs. The Hipparcos
distance we used here is slightly smaller than
previous measurements found in the literature,
which in turn implies older ages for the cluster
sequence. This indeed favors larger mass esti-
mations. In Fig. 4, we illustrate the Herzsprung-
Russell diagram (absolute magnitude as a func-
tion of effective temperature) for the least mas-
sive members of the o Orionis cluster with
available spectroscopy and overplot the Lyon
models for two different ages. Effective tem-
peratures were derived from spectral types and
averaging the values given by different temper-
ature calibrations (26, 27). We note that one of
these calibrations (26) is based on the same
atmosphere models as those used in the evolu-
tionary tracks. The error bars in the tempera-
tures include uncertainties in spectral type and
differences in the calibrations. The error bars in
the absolute magnitudes take into account a
factor 2 uncertainty in the distance to the clus-
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ter, corresponding to the Hipparcos error asso-
ciated to the ¢ Orionis star. From the diagram,
we infer that the location of our objects is
consistent with ages as young as 1 to 5 My, in
very much agreement with all previous works
based on more massive stellar and substellar
members. S Ori 47 appears to be overluminous
for its spectral type in Fig. 4. A natural expla-
nation is that it could be a nearly equal mass
binary, like PPl 15 in the Pleiades (36). This
would make S Ori 47 less massive than previ-
ously estimated (/&) and, therefore, within the
planetary regime of the cluster. We also deduce
from the Herzsprung-Russell diagram that S
Ori 60 could have a mass in the range 5 to 10
Mlup’ which identifies it as the smallest cluster
member with planetary masses known so far.
Our findings suggest that the formation of
unbound planetary objects can take place with-
in a few million years. This could, therefore, be
the result of some rapid gravitational processes
and rather short mass accretion stages. The
optical spectroscopy does not show any evi-
dence for active accretion (no Ha is detected in
emission nor is an infrared excess observed in
the K-band of any of the candidates), so appar-
ently they have already reached their final mass.
Additionally, the relatively high number of
planetary mass candidates discovered in our
survey indicates that the population of this very
low mass objects is rather numerous, compara-
ble to that of brown dwarfs in the o Orionis
cluster. This, in combination with the results
obtained from other searches carried out in
different star-forming regions (//—/4), implies
that isolated giant planets form commonly in
nature, and may be significantly populating the
galactic disc and the solar neighborhood. Stan-
dard theoretical models describing the process

Fig. 4. Absolute M(K) I
magnitudes as a function
of effective temperature
for the faintest S Ori ob-
jects with available spec-
troscopy and K photome-
try. Overplotted are the
Lyon's dusty models (37)
for ages of 1and 5 My and
for temperatures cooler
than 2200 K, and dust-free
models (30) for warmer
temperatures. Solid lines
are isochrones and dotted
lines indicate the evolu-
tion of substellar objects
of different masses (la-
beled in M, ). Luminosi-
ties (in solar units) from
the models are provided
to the right. Vertical error
bars account for the un-

certainties in the pho-
tometry and the distance
to the o Orionis cluster,
and horizontal error bars

L
2000 1500
Teﬂ (K)

cover different temperature calibrations available in the literature (26, 27) for the cool spectral
types of the objects. The possible decomposition of S Ori 47 into an equal mass binary is indicated

with an arrow. S Ori 60 (10 to 5M,, )

is the least massive cluster member so far identified.

of collapse of low-mass molecular clouds are
unable to explain the formation of numerous,
single planetary bodies down to a few M,
unless external mechanisms (such as the wind
from a nearby supernova) are able to prema-
turely stop the mass accretion onto the central
object. Other alternative processes (37-39)
have been then proposed, such as multiple
cloud fragmentation during collapse, disinte-
gration of massive, gravitationally unstable pro-
toplanetary discs, and core accretion followed
by capture of gas in discs around protostars.
However, these processes typically produce
substellar objects with similar masses or several
massive objects that form a multiple-object sys-
tem. Under these scenarios, efficient mecha-
nisms would have to exist for ejecting planetary
objects from their orbits around stars in the
relatively short period of a few million years.
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Optically Defined
Multifunctional Patterning of
Photosensitive Thin-Film Silica
Mesophases

Dhaval A. Doshi,’ Nicola K. Huesing,® Mengcheng Lu,"
Hongyou Fan,'> Yunfeng Lu,* Kelly Simmons-Potter,®
B. G. Potter Jr.,° Alan J. Hurd,® C. Jeffrey Brinker'5*

Photosensitive films incorporating molecular photoacid generators compart-
mentalized within a silica-surfactant mesophase were prepared by an evapo-
ration-induced self-assembly process. Ultraviolet exposure promoted localized
acid-catalyzed siloxane condensation, which can be used for selective etching
of unexposed regions; for “gray-scale” patterning of refractive index, pore size,
surface area, and wetting behavior; and for optically defining a mesophase
transformation (from hexagonal to tetragonal) within the film. The ability to
optically define and continuously control both structure and function on the
macro- and mesoscales is of interest for sensor arrays, nanoreactors, photonic
and fluidic devices, and low-dielectric-constant films.

The ability to pattern porous thin films is
important for a number of technological ap-
plications, including sensor arrays, optics,
and microfluidic devices. Mesoporous silicas
(1) are attractive for such applications be-
cause they have internal connectivity and
variable density that can be tailored by prep-
arative conditions. Soft lithographic ap-
proaches (2) have been used to pattern meso-
porous films but require long processing
times (3, 4) or have been limited to physical-
ly defining the presence or absence of dis-
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crete isolated regions (3, 4). Rapid patterning
of organofunctionalized mesoporous thin
films by means of pen lithography, ink-jet
printing, and selective dewetting has also
been demonstrated recently (5), but to date no
one has successfully patterned thin-film meso-
structure or properties.

Here we report patterning of the mesostruc-
ture within a thin film. Our procedure uses
evaporation-induced self-assembly to prepare a
photosensitive thin-film mesophase containing
a photoacid generator (PAG). We then exploit
the pH sensitivity of both the siloxane conden-
sation rate and the silica-surfactant self-assem-
bly process to optically define film location,
mesostructure, and properties. The procedure
begins with a homogeneous solution of silica,
surfactant, PAG (a diaryliodonium salt), and
HCl1 (6), with initial acid concentration de-
signed to minimize the siloxane condensation
rate (7, 8). Preferential ethanol evaporation dur-
ing dip- or spin-coating (9) concentrates the
depositing solution in water and nonvolatile
constituents, thereby promoting self-assembly

(10, 11) into a photosensitive, one-dimensional
hexagonal (1-dH) silica-surfactant mesophase.
Because it bears a long-chain hydrocarbon, the
PAG serves as a cosurfactant during the assem-
bly process, which promotes its uniform incor-
poration within the mesostructured channels of
the 1-dH film.

Irradiation of the PAG at a maximum
wavelength (\,,) of 256 nm (reaction 1)
results in homolytic or heterolytic photode-
composition to yield the Brensted superacid,
H*SbF,~, plus an iodoaromatic compound
and organic byproducts (/2). Thus ultraviolet
(UV) exposure of the photosensitive me-
sophase through a mask creates patterned re-
gions of differing acid concentrations compart-
mentalized within the silica mesophase (Fig. 1).
Co-incorporation of a pH-sensitive dye (ethyl
violet) allows direct imaging of these patterned
regions as in Fig. 2A, where the yellow (ex-
posed) and blue (masked) regions correspond to
pH 0 and pH 2, respectively (/3).

Suppression of the siloxane condensation
rate during film deposition enables several
modes of optically mediated patterning. Be-
cause acid generation promotes siloxane con-
densation, selective UV exposure results in pat-
terned regions of more and less highly con-
densed silica (/4). Differential extents of silox-
ane condensation result in turn in differential
solubility, allowing selective etching of more
weakly condensed regions in aqueous base (0.2

SbF,

6
+
0
/\/\/\/\/\/Y\o
OH
+
C,H5OHM,0
(Solvent)

R-Ar-l + Are + H*SbFg ™ + Solvents
R = alkyl chain Ar = aryl

Reaction 1
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