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Certain common Sn21 salts exhibit bright luminescence of
various optical wavelengths upon excitation with 254 nm UV
irradiation at room temperature. Light emission can be
selectively quenched by exposure to low concentrations of
amines, and can in some cases be regenerated with either a
nitrogen purge or exposure to acid vapors, rendering the
compounds useful for application in optical sensing arrays.

Sensor arrays, typically comprised of metal oxides, are an area of
intense interest because of their utility for electronic nose applica-
tions and provide a highly selective means of vapor detection. The
sum of the individual component responses generates a unique
signature of the exposed vapor. In addition to electronic response
patterns, similar arrays have been designed to utilize a visual
response as a means for identification. Sailor and co-workers1

incorporated reflectivity and photoluminescence changes of porous
silicon to enhance array sensitivity while Suslick and Rakow2

exploited the individual color change patterns in a series of
metalloporphyrins to repetitively detect and identify certain
coordinating gases. The sensing of amines, in particular, is
important in a number of industrial contexts, including the food
industry.3

Here we report a small optical sensing array comprised solely of
luminescent tin(II) compounds that are selectively quenched by
amine vapors in either air and nitrogen. These quenching events are
consistently reproducible and can be detected at concentrations as
low as 100 ppb. Reversibility varies for each different tin
compound, but simple nitrogen flush or exposure to acid vapor
can bring about full or partial restoration of the initial emission
intensity.

The role of divalent tin as an s2 type luminescent center within a
host lattice has been thoroughly examined,4 and several photo-
luminescent Sn21 and Sn41 compounds have also been reported
over a wide temperature range.5–9 Tin(IV) oxide, a prevalent semi-
conducting sensor material, has been shown to luminesce at
elevated temperatures in monocrystalline10 and more recently,
nanocrystalline11 form. In order to prepare a convenient optical
sensing array, we chose to examine only those salts with emission at
ambient temperatures.

Of the compounds for which photoluminescence spectra are
reported, only tin(II) sulfate, which emits via self-trapped exciton
emission, fits this description.6 We have, however, determined that
other tin(II) salts, such as tin(II) methanesulfonate, tin(II) triflate,
and tin(II) fluorophosphate, also display visible emission at room
temperature after examining a wide range of compounds (supple-
mentary materials). The effect of amine vapors upon the light
emission of these four tin salts provides the basis for the optical
sensing components of the array.

The tin salts were used as-purchased except for tin(II) methane-
sulfonate which was first isolated from aqueous solution. If desired,
the powders can be pressed into pellet form with no alteration of
emission or quenching effects as compared to the powdered
samples. Similarly, no differences were observed between pur-
chased salts and those prepared via literature procedures.12 Gas
concentrations were prepared with standard mass flow control

units (Cole-Parmer) and introduced into a quartz cell containing
the tin salts. Both static and continuous vapor flow methods
yielded analogous results. The samples were excited at 254 nm with
an Hg/Xe lamp and emission was measured directly with a liquid
nitrogen-cooled CCD spectrophotometer. When the array was
exposed to an amine vapor a distinct, reproducible decrease in the
light emission could be observed in particular array members, as
shown visually in Fig. 1.

The photoluminescence quenching enables selective detection of
amine vapors from other analytes (Fig. 2), and from mixtures.
Acetone did show a slight quenching effect with Sn(CH3SO3)2, but
was small relative to diethylamine quenching at the same
concentration. Similar quenching events were not observed with
other nucleophilic functionalities, including a basic phosphine (tri-
n-butyl phosphine), as shown in the supplementary materials.
More important was the observation that each tin(II) salt responds
differently to the five amines shown in Fig. 3, and thus similar
analytes can be distinguished at a normalized concentration
(Table 1). For example, when the salts were exposed to ammonia,
only the emission from Sn(CF3SO3)2 was affected, but upon expo-
sure to pyridine each member yielded a diminished optical signal,
allowing differentiation between low concentrations of the two

{ Electronic supplementary information (ESI) available: experimental
section. See http://www.rsc.org/suppdata/cc/b4/b406230b/

Fig. 1 Visible detail of the initial versus diminished light emission seen
from the array of Sn21 pressed pellets (left to right: SnSO4, SnPO3F,
Sn(CH3SO3)2, Sn(CF3SO3)2) when exposed to (a) 100 ppm of pyridine and
(b) 1 ppm pyridine.
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Fig. 2 Tin(II) methanesulfonate exposed to 50 ppm of (a) dichloromethane,
(b) acetone, (c) diethyl ether, (d) pentane, (e) ethanol, (f) diethylamine.
(a)–(e) were exposed to the analyte for y5 minutes and then briefly purged
with nitrogen before the next analyte was introduced.
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analytes. SnSO4 is less sensitive to bulky amines (diethyl- and
triethylamine), whereas SnPO3F only responds to pyridine.
Sn(CF3SO3)2 shows no apparent discrimination between amines.
Detection limits varied with the individual tin compounds and
analytes, but generally the highest sensitivity was observed with
pyridine, with a 100 ppb detection limit in all cases with this set-up.

For real world applications, the effect of humidity on the tin(II)
sensing material is critical. The light emission from SnSO4 and
SnFPO3 is unaffected by even 100% humidity in air, while the
intensity of Sn(CH3SO3)2 and Sn(CF3SO3)2 drops significantly
(supplementary materials). The light emission of the latter two

compounds can be completely regenerated by heating in air to
100 uC for 5 or 20 minutes, respectively, and cycled repeatedly in
this way.

The quenching of the light emission by amines was also found to
be reversible in some cases. As shown in Fig. 3, the blue emission
from SnPO3F was able to be regenerated with a simple N2 purge.
The results reveal a very quick response time and a complete
restoration of light intensity after repeated cycling at a 10 ppm
concentration (Fig. 3). This same behavior is observed at 1 ppm
and 100 ppm concentrations as well (supplementary materials).
Tin(II) methanesulfonate and tin(II) sulfate could be partially
regenerated after exposure to trifluoroacetic acid (TFA) vapors. A
14% TFA/air mixture was passed over the salts and light emission
was again restored. The intensity levels, however, never reached the
initial values and continued to decrease as the cycling continued.
No significant regeneration was observed from Sn(CF3SO3)2 when
exposed to either an N2 purge or acid vapors.

The specific method of quenching and reversibility has not yet
been determined, but divalent tin has been shown to form com-
plexes with various amine containing molecules13 despite the fact
that it is less Lewis acidic than tin(IV). We are currently investigating
the conditions under which surface binding or absorption of the
amine compounds to the surface may occur and thereby provide a
pathway for non-radiative decay.

To conclude, the tin(II) salt array provides a quick and con-
venient way of optically differentiating between similar amine
species. The fact that sulfonate groups, R-SO3

2 yield light emitting
tin(II) compounds at room temperature opens the door to further
selectivity via tailoring of the R groups. This approach should assist
in better understanding the mechanism and furthering the utility of
this approach.
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Fig. 3 Reversibility cycling of SnPO3F with a concentration of 10 ppm
pyridine followed by an N2 purge. After exposure to pyridine, the system
was held for 5 minutes and then flushed with nitrogen for 5 minutes before
the next pyridine exposure.

Table 1 Initial photoluminescence and quenching of each salt after
exposure to 1 ppm of analyte in nitrogen for 30 seconds. The x axis of
each plot is in nm, and the color of the plots reflects the color as
observed by the naked eye

Salta NH3 EtNH2 Et2NH Et3N NC5H5

(a)

(b)

(c)

(d)

a (a) SnSO4; (b) SnPO3F; (c) Sn(CH3SO3)2; (d) Sn(CF3SO3)2.
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