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In the past two decades, various types of zeolite films have

been coated on different electrical sensor devices to function
primarily as semipermeable barriers or selective adsorbing

overcoats for improving the detection sensitivity and
selectivity! 8 Some pioneering research works have also
revealed that the optical properties of zeolite crystals, for

example, refractive index and Raman spectra, change

dramatically upon loading and unloading guest molecules
in the zeolitic pores.In principle, such adsorption-induced

changes in optical properties of zeolites can be used for

chemical sensing with high sensitivity.

Recently, we have successfully fabricated a new type of
optical chemical microsensors by directly growing dense MFI
zeolite thin films ¢4 um thick) on the cleaved endfaces of
regular communication optical fibe¥sllluminated by a laser

capability, and robustness for in situ monitoring in hostile
environments.

However, the optimum design of the zeotitigber device
requires in-depth knowledge of the adsorption-dependent
refractive index of zeolite. Unfortunately, as a result of the
polycrystalline nature of the films and current lack of suitable
optical models, it is rather challenging to measure the
refractive index of zeolite thin films. Striebel et'&lused a
microcrystal prism method to measure the wavelength-
dependent refractive index of A1PO4-5 zeolite single crystals
in the UV/vis region. A large birefringence was observed
when the zeolite was loaded witb-nitrodimethylaniline
(PNDMA). Bjorklund et al*® reported adsorption-induced
refractive index changes for silicalite thin films determined
by spectroscopic ellipsometry in a wavelength range of250
1000 nm. However, quantitative data of the refractive index
was not reported because of the uncertainty about the optical
model of the zeolite film. Nair et &t measured the refractive
index of MFI zeolite thin films coated on polished porous
o-alumina substrates by analyzing the reflectance Fourier
transform infrared spectra in the nonabsorbing region from
1500 to 3000 cmt. The authors found that adsorption of
p-xylene caused a significant increase in the refractive index
of the zeolite thin films.

So far, there have been no quantitative studies reported
on the zeolite refractive index and its adsorption-dependency
in the near-IR region 41550 nm). Information on the

diode, the light power reflected from the zeolite-coated fiber refractive index in the near-IR region is of great interest to
was found to change monotonically and reversibly with the the sensor community because a number of photonic devices,
variation of 2-propanol concentrations in gas and liquid mc]ucﬂng I!ght sources, detectors, and f|ber.dev.|ces_, aIr_eady
phased?®1! The sensor outputs exhibited clear correlations €Xist in this wavelength range for developing in situ fiber
with the 2-propanol concentration appropriate for quantitative OPtic chemical sensors.
analysis. The zeolite-coated fiber chemical sensors offer the In this study, dense silicalite thin films were grown on
advantages of small size, immunity to electromagnetic the cleaved optical fiber endface by in situ crystallization in
interference, passivity and intrinsic safety, remote operation a clear synthesis solution obtained by mixing 30 mL e®H
5.65 mL (1 M) of tetrapropylammonium hydroxide (TPAOH),
and 10.2 mL of tetraethyl orthosilicate. The optical fiber was
single mode with a 12xm-diameter cladding and a/8s-
: diameter core (Corning SMF28). Figure 1 shows the scanning
8; \?\felﬂnéaTi'u(;heAmAn'\gFt&li%%Agia?ggé 284 1 electron microscopy (SEM) images of the dense silicalite
(3) Osada, M.; Sasaki, I.; Nishioka, M.; Sadakata, M.; Okubo, T. film on the fiber tip. The thickness of the zeolite layer was
Microporous Mesoporous Matel998 23, 287. ~10um by SEM measurement. This zeotitiber integrated
(4) Hugon, J. O.; Sauvan, M.; Benech, P.; Pijolat, C.; Lefebvr&dns. . : .
Actuators, B200Q 67, 235. microdevice was used to study the change of the refractive
index of the zeolite film when adsorbed with 2-propanol.

(5) Mintova, S.; Mo, S. Y.; Bein, TChem. Mater2001, 13, 901.
(6) Rauch, W. L.; Liu, M.J. Mater. Sci.2000 38, 4307. The apparatus for optical experiments is shown schematically
in Figure 2.
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Figure 1. Cross section (fracture) SEM image of the zeolite-coated fiber. +'“-~
Inset: SEM image of zeolite-coated fiber endface. 0
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Figure 3. Spectral interferograms at various 2-propanol concentrations.
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The zeolite-coated fiber was placed in a chamber made Cp (ppm)
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of a 1/8 in. o.d. stainless steel tube. The 2-propanol vapor 0 1000 2000 3000 4000 5000 6000
carried by pure nitrogen gas flowed through the tube to Cip (pPM)

Con_taCt the. zeolite-coated fiber t'P- The 2-propanol Con(?en' Figure 4. Optical thickness and refractive index as functions of 2-propanol
tration Cp) in the gas flow was varied to study the adsorption concentration. Inset: effective physical thickness as a function of 2-propanol
dependence of the optical properties of the zeolite film. The concentration.

optlcaRlzreerctlfons froml the ;|b§r/zgol;§¢ (R1)2 qnd zfeoh;e/ silicalite film in pure N, was calculated to be 1.3361, which
gas ( t) |trr11ter ?‘Cesl (err;_arhge wgm;mt '(?Ere )|ntt§r elre © \as in good agreement with the literature valt€$.The
generate the signal, which was detected by an optica powerrelationship betweem, and the 2-propanol concentration

sensor (Pps). The mterference spectra for th_e silicalite film shown in Figure 4 is reminiscent of the type- isotherm and
were obtained by scanning the tunable laser in a wavelength

range of 1526-1640 nm. An additional power sensor (PDm) Iseuvgegl;.ests a deterministic dependence,afn the adsorption
was used to cpmpensate for the power vanapon of the twn The optical thickness of the zeolite film in pure {L,on;0)
able laser during wavelength tuning in r.eal time. All tests was calculated to be 12.86an using the equation
were conducted at 22C and atmospheric pressure (0.87
bar). L. — ;( 1 )

The spectral interferograms of the silicalite film in contact 20720 MU oo™ Yming
with gases of different 2-propanol concentrations are shown
in Figure 3. The sinusoidal spectral interferograms indicated Where Amaxo and Amino are the spectral positions of the
high quality interference signals generated by the silicalite adjacent interference maximum and minimum, respectively.
film. The amplitude of the interferogram decreasedCas The optical thicknessL¢u,, k =0, 1, 2, ..., 7) of the
increased, indicating an increase in the refractive index of silicalite film at a specificCipx was calculated from the
the silicalite film (). The spectral positions of the interfer-  spectral shift 0flmink-1 t0 Aminx Using the following equation:
ence maxima and minima shifted toward longer wavelengths
when increasindCi, indicating an increase in the optical L, =
thickness I(,n,) of the silicalite film. Then, value was
calculated from the maximunSga) and minimum §qin)
intensities of the interferogram using the equation

)

/1min,k

l Lz,k—lnz,k—l (3)

mink—1

The optical thicknesd ¢n,) of the silicalite coating is also
plotted in Figure 4 as a function @,. The numerical values

2 (/5 4+ /5 of Figure 4 are given in Supporting Information.
= (VS Sh"")nf @) The inset of Figure 4 shows the physical thickness of the
2+ (y/Snax T +/Snin) silicalite film (L, = (L,n,)/n,) as a function ofCy,. The

Wher_e the refractive index of the fibem(= 1'4682_) was (15) Grahn, M.; Wang, Z.; Lidstrom-Larsson, M.; Holmgren, A.; Hedlund,
provided by the manufacturer. The refractive index of J.; Sterte, JMicroporous Mesoporous MateR005 81, 357.
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calculatedL,o was 9.626um, which agreed well with the The results of this research not only enhance the funda-
value estimated by SEM. The increased with the 2-pro-  mental understanding of the optical properties of zeolite thin
panol sorption level in the zeolite as a result of the structure films but also provide guidance to the development of
expansion upon adsorbing molecules. Expansion of thezeolite—fiber microsensors for highly sensitive, in situ
silicalite lattice structure upon sorption of 2-propanol was chemical detections. Such optical chemical sensors may find
confirmed qualitatively by X-ray diffraction (XRD) examina-  important applications in biochemical and energy processes,
tions. environmental management, and homeland security. With
The adsorption dependence of th@ndL, of the silicalite the knowledge of the quantitative relationship between the
film found in this study elaborates the principle of chemical ;¢ jite refractive index and the sorption level, the zeslite
sensing using the zeolitdiber integrated microdevice inour  gner microdevice is also potentially useful for studying the

i 10,11 i i 1 A ) ) ) i A
previous work: When_mterr_ogated with a f|x_ed laser molecular adsorption and diffusion behaviors in zeolites.
wavelength, the sensor signal (i.e., the reflected light power)

depends on the initial film thicknesk ) and the specifid
employed. For the zeolitefiber device under study, the
sensor response to @, of 83.2 ppm was greater for the
wavelength of 1610 nm (Il) than that for 1555 nm (1) as
indicated in Figure 3. Although the, and L, changed
monotonically withCi,, monitoring the reflected power ata ~ Supporting Information Available: ~Material synthesis pro-
fixed wavelength did not provide monotonic correspondence c€dure, MFI lattice measurements by XRD, and optical inter-
between the reflected power a@} in the tested range. ference model ar_ld palculgtlons of optical Iengt_h and refractive
Therefore, quantitative measurement in a large Concentration'ndex' This material is available free of charge via the Internet at
range may require monitoring, or (L,n,) of the silicalite hitp://pubs.acs.org.

film. CM0525353
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