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polymers and other matriceSAlthough the use of existing sensing g6 1. Chemo-selective response of CL on nanomaterials. (A) The
mechanisms and already-developed data processing procedures havggerprint profiles of integrate CL intensity on nine nanomaterials for (a)
contributed much to improving the discrimination and recognition ethanol, (b) hydrogen sulfide, and (c) TMA. The nanomaterials are, from

ility of th istin nsor arrays, the discovery of new sensin left to right, ZrO/EWt, MgO, Al,O3, WOz, ZrO,/Th3t, SICQ, Fe0Os, Y20s,
atbl Itty c.) the ?jXIStltg .S? §0 ?" ays tfet;]j Sco et y 0 ? t fact 9 and ZrQ. (B) A comparison of CL spectra on the sensing materiaj©4l
strategies a,“ materials is stll one 0_ e mqs Important factors ZrO./JEW?T, Y,0z, and ZrQ for (a) ethanol, (b) hydrogen sulfide, and (c)
that determine the development of this technique. TMA.

Chemiluminescence (CL) generated on the surface of solid 1A give bright luminescence, but hydrogen sulfide gives almost
materials is an interesting phenomenon which has been observed,q [uminescence.
during the mixing of porous silicon with nitric acid or persulfate, The CL spectral shapes of a compound are different on various

and also in the agglomeration of copper or silver atoms in a matrix nanomaterials. As shown in Figure 1B, the spectral shape of ethanol
of noble gas atoms to form small clustéré/e have investigated s gifferent on AbOs, ZrOJEW*, Y,Os and ZrQ. The peak

the CL behaviors of many analytes on catalytic nanomaterials and e mission of ethanol on ZiIEW* is at a wavelength of 620 nm,
developed a series of sensors for measuring alcohols, amines, thiolsyhile that on AyOs is 425 nm. In the same way, the spectral shapes
and other gases or vapdtsThose compounds are oxidized of different compounds on the same nanomaterial are also different,
catalytically by oxygen from the air on the surface of nanomaterials. gych as those of ethanol, hydrogen sulfide, and TMA shown in
The released energy of the catalytic reaction is absorbed by somerigure 1B. The chemo-selective responses of CL on catalytic
of the reaction products, forming excited intermediates which decay nanomaterials provide abundant optical information which motivates
from this excited-state to the ground state with light emission. The the fabrication of cross-reactive chemical sensor arrays.
excited intermediates can also transfer their energy to dopant metal  For demonstration purposes, &3 array of nine catalytic nano-
ions such as Ed or Tk** in the catalytic nanomaterials, forming  materials was fabricated on a ceramic chip with a temperature con-
excited states of doped ions which relax by light emissfofihe troller (Figure 2A). We examined three kinds of compounds,
materials used to produce CL are not limited to traditional alcohols, amines, and thiols, to represent a wide range of chemical
catalysts: even those which are not commonly thought of as functionality. When the array is exposed to air without any sample,
catalysts, such as MgO and Srg®@ave strong CL emission at g blank image is recorded (Figure 2B-a). The CL images for ethanol,
nanoscale sizes. In addition, the morphological and structural hydrogen sulfide, and TMA on the sensor array are distinct, as
differences of the catalytic nanomaterials lead to different CL shown in Figure 2B-b,c,d. For example, ethanol is identified by its
responsest strong CL emission at spots 2,2 and 3,2, medium CL emission at
In the present study, we find that luminescent efficiencies of 1,1, 1,2, and 3,3, and weak CL emission at 1,3 and 2,3. Hydrogen
the CL are different for a given compound on different nanoma- sulfide is identified by strong CL emission at spots of 3,1, medium
terials. As shown in Figure 1A, ethanol gives the strongest emission CL emission at 2,1, and weak CL emission at 2,2 and 3,2, while
signal on ZrQ/Tb3" (ZrO, doped with 5% TB"), while no signal TMA is identified by strong CL emission at 2,2, medium CL emis-
is seen on nanosized W@nd FeOs. Hydrogen sulfide generates  sion at 1,1, 1,3, and 3,2, and weak CL emission at spots 1,2, 2,1,
an obvious emission on WOF&0s;, and Y:0s, but no emission 3,1, and 3,3. Therefore, a compound can be “fingerprinted” by the
on others. Trimethylamine (TMA) produces strong signals onZrO  positions of the luminous spots and their relative CL intensities.
EWw' (ZrO, doped with 5% E#&"), on Al,Os, and on ZrQ/Th®", Though the present sensor array allows recognition of compounds
but only weak signals on others. Similarly, the same nanomaterial of different chemical functionality as described above, the dis-
exhibits different CL properties upon exposure to different analytes. crimination of compounds within a given chemical class remains
A strong signal can be obtained on,Bg for the detection of a challenge. Here, we show the results for discrimination of four
hydrogen sulfide, while there is only a weak response for TMA alcohols, namely methanol, ethanwipropanol, aneh-butanol, with
and no signal for ethanol (Figure 1A). On Zf®b3*t, ethanol and the CL sensor array. A comparison of images for the four alcohols
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with a detection limit of 3.0 ppm. TMA on XOs is linear from
60—42000 ppm with a detection limit of 10 ppm. It should be
pointed out that the linear range and detection limit for each analyte
vary significantly for different catalytic nanomaterials.

It is expected that the present sensor array could be extended to
discrimination of samples in solution, since we have found that

a b [ d

8 amino acids, saccharides, and steroid pharmaceuticals can produce

CL emission on the surface of nanomateridlgve are at present

working to develop sensor arrays with more sensing elements and
. R . . completing fabrication of an integrated device for the recognition

and discrimination of real samples. We intend to apply this
technique to the analysis of explosives and to volatile organic
compounds in metabolic disorders.
Figure 2. Schematic diagrams of the CL sensor array and the images  Acknowledgment. This work is supported by grants from the
recorded upon exposure to various samples. (A) Scheme_mc diagrams of \gEC (Grant Nos. 20575034, 20375022, and 20535020). We thank
the CL sensor array (a) and the arrangement of nanomaterial spots (b). TheProf John Lewis at University of Arizona for the improvement of
sensor elements are arranged as follows: 2@ (1,1), MgO (1,2), A}O3 " y p o .
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and ZrQ (3,3). (B) Images obtained by the sensor array after exposure to for their constructive suggestions.
air for 1 min without any sample (a), with ethanol vapor (b), hydrogen
sulfide (c), and TMA vapor (d). (C) Images obtained by the sensor array  Note Added after ASAP Publication. In the version of this
upon exposure to four alcohol vapors: (a) methanol, (b) ethanol, (c) paper published ASAP on October 21, 2006, the incorrect panels

n-propanol, and (dip-butanol. The integrated CL intensities were recorded. ) . .
prop (@ g of Figure 2B were cited in the fourth sentence of paragraph 5. The

corrected version was published ASAP on October 23, 2006.
Supporting Information Available: Related experimental proce-
dures and additional data. This material is available free of charge via
the Internet at http://pubs.acs.org.
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