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a b s t r a c t

The double salt materials platinum(II)tetrakis-R-�-methylphenethylisocyanide tetracyanoplatinate(II)
(R-1) and platinum(II)tetrakis-S-�-methylphenethylisocyanide tetracyanoplatinate(II) (S-1) have been
synthesized with highly enantiomerically pure isocyanide ligands. The vapochromic behavior of R-1 and
S-1 has been studied in the presence of a chiral probe vapor to determine if enantiomerically selective
sensing is possible with these materials. The wavelength of maximum emission values (�max) for solid-
eywords:
apochromic
hiral
as sensor
latinum double salt materials

state vapoluminescence spectra of R-1 and S-1 in the presence of enriched R- and S-2-butanol vapor
differ by approximately 10 nm while the �max values for R-1 and S-1 under nitrogen are nearly identical.
Principal component analysis has been performed on datasets that consist of a series of vapoluminescence
spectra of R-1 and S-1 as a function of the R/S-2-butanol ratio. Plots of principal component one versus
R/S-2-butanol ratio show mirror image trends for R-1 relative to S-1. While care must be taken to control

R-1 a
ble o
water vapor and monitor
that R-1 and S-1 are capa

. Introduction

The search for enantiomerically selective materials for sensors
1], heterogeneous asymmetric catalysis [2], and chromatographic

edia [3] is an active area of research. New materials that could
otentially fulfill any of these needs would be welcomed. Chro-
oatographic techniques are without a doubt the best method for

btaining quantitative information on enantiomeric purity. Nev-
rtheless, sensing materials are useful in that they can provide
uick semi-quantitative information on enantiomeric purity at a

ow cost. Enantiomerically selective sensors based on colorometric
echniques [4], solution fluorescence [5], and solid-state fluores-
ence [6] can be found in the literature. We report here a class of
latinum(II) extended linear chain materials with chiral isocyanide

igands that exhibits enantiomeric selectivity for a chiral alcohol
hrough differences in solid-state vapoluminescence.

The vapochromic behavior of platinum(II) extended linear chain
aterials, particularly platinum(II) double salts, has been well doc-

mented in the literature [7,8]. In particular, platinum(II) double
alts composed of tetrakisalkylisocyanide platinum(II) dications

lternating with tetracyanoplatinate(II) dianions have been shown
o have potential application as sensors for a diverse array of organic
apors and humidity [8]. These compounds are characterized by
eak platinum–platinum interactions along the stacks of alternat-
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E-mail address: sdrew@carleton.edu (S.M. Drew).

925-4005/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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nd S-1 for possible decomposition, the reported results nevertheless show
f enantiomerically selective vapochromic sensing.

© 2010 Elsevier B.V. All rights reserved.

ing platinum(II) dications and platinum(II) dianions as well as a
porous crystalline structure that allows for the reversible facile
penetration of volatile organic compounds (VOC’s) into the lattice.
These VOCs often modify the platinum–platinum interaction, an
electronic interaction that makes these materials highly colored
and luminescent, leading to observable changes in the solid-state
absorption and luminescence spectra. These characteristics make
platinum(II) double salts attractive candidates as vapor sensors.

Herein we report the synthesis and characterization of
two platinum(II) double salt materials composed of enan-
tiomerically pure chiral isocyanides: platinum(II) tetrakis-R-�-
methylphenethylisocyanide tetracyanoplatinate(II) (R-1) and plat-
inum(II) tetrakis-S-�-methylphenethylisocyanide tetracyanoplati-
nate(II) (S-1). The ability of these solid-state materials to
differentiate between R- and S-2-butanol has been used as a test
case to determine if enantiomerically selective vapochromic sens-
ing is possible. Analysis of sets of solid-state vapoluminescence
spectra demonstrates that this pair of materials does detect mix-
tures of R- and S-2-butanol in a differential manner indicative of
enantiomeric selectivity.

2. Experimental
2.1. Synthetic methods

During the course of this study it was determined that high
enantiomeric purity of the R- and S-�-methylphenethylamine
starting materials was critical to making double salts that were

dx.doi.org/10.1016/j.snb.2010.05.059
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
mailto:sdrew@carleton.edu
dx.doi.org/10.1016/j.snb.2010.05.059
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table and demonstrated enantiomerically selective vapochromic
ensing. Chiral HPLC analysis (Chiral Technologies Chiralcel OD–RH
50 × 4.6 mm column, 25:75 acetonitrile:0.1 M KPF6, pH 2) was
sed to determine that Fluka was the best source for R- and
-�-methylphenethylamine (both were found to be >99% one enan-
iomer). The enantiomeric purity of the isocyanide ligands in the
nal double salt materials R-1 and S-1 was assumed to be the
ame as the amine starting materials. Phosphorous oxychloride
ReagentPlus) and anhydrous acetonitrile were purchased from
ldrich. Dichloromethane and triethylamine were purified by dis-

illation before use. Toluene and 88% formic acid were reagent
rade.

FTIR spectroscopy of solids were carried out using the attenu-
ted total reflectance (ATR) method on a ZnSe ATR crystal. Visible
pectra of solid double salt materials were obtained using an in-
ouse constructed visible ATR spectrophotometer based on a cubic
irconium ATR crystal. Thin films of formamide and isocyanide
roducts were cast from dichloromethane solution while thin films
f double salt materials were formed from a suspension of fine
rystallites in diethylether. Combustion analysis was performed by
albraith Laboratories.

.1.1. ˇ-Methylphenethylformamide
Typically 1.0 g (7.4 mmol) of �-methylphenethylamine (Fluka)

nd 4.5 mL of 88% formic acid were dissolved in 50 mL of toluene.
his solution was brought to reflux on a Dean-Stark apparatus. The
olution collected in the Dean-Stark apparatus was recycled back
nto the boiling flask several times over a 2-h period after which
he solution was refluxed for an additional 16–20 h. Rotary evapo-
ation of the remaining toluene afforded an oily product that was
ut under vacuum overnight. Yields tended to be nearly quantita-
ive. R-�-methylphenethylformamide: 1H NMR (400 MHz, CDCl3):
1.30 (d, 3H, CH3), 2.95 (m, 1H, CH), 3.28, 3.72 (E/Z rotamer, m,
H, CH2), 5.40 (broad, 1H, NH), 7.20 (m, 5H, C6H5), 7.80, 8.05 (E/Z
otamer, s, 1H, CHO). FTIR (ATR, ZnSe crystal): �C O 1658 cm−1 (s). S-
-methylphenethylformamide: 1H NMR (400 MHz, CDCl3): ı 1.30

d, 3H, CH3), 2.95 (m, 1H, CH), 3.28, 3.72 (E/Z rotamer, m, 2H, CH2),
.40 (broad, 1H, NH), 7.20 (m, 5H, C6H5), 7.80, 8.05 (E/Z rotamer, s,
H, CHO). FTIR (ATR, ZnSe crystal): �C O 1653 cm−1 (s).

.1.2. ˇ-Methylphenethylisocyanide
Isocyanides were synthesized using the method of Ugi and

eyr [9]. Typically 1.2 g (7.4 mmol) of formamide and 9.7 mL
f distilled triethylamine (TEA) were dissolved in 20 mL of dis-
illed dichloromethane. The solution was stirred at 0 ◦C under
rgon and a mixture of 1.4 mL phosphorus oxychloride and 2 mL
ichloromethane was added dropwise over a 10 min period. The
olution was stirred for an additional hour at 0 ◦C. IR spectra were
aken in order to monitor the progress of the reaction. The dis-
ppearance of the formamide C O stretch and the appearance of
he C≡N stretch indicated completion of the reaction. The reac-
ion was carefully quenched with 30 mL of an aqueous buffer
olution containing 100 mM NaCl and 100 mM sodium dihydro-
enphosphate (pH = 7). The organic layer was then washed five
imes with 30 mL portions of buffer solution. Thorough washes
ere necessary in order to prevent TEA contamination in the
roduct. The final organic layer was dried overnight in a refrig-
rator over MgSO4. The solution was filtered and the remaining
ichloromethane was removed by rotary evaporation to give an
diferous brown oil. Typical yield was 65–70%. Due to the propen-
ity of �-methylphenethylisocyanide to polymerize it was used

mmediately. R-�-methylphenethylisocyanide: 1H NMR (400 MHz,
DCl3): ı 1.41 (d, J = 6.96 Hz, 3H, CH3), 3.10 (sextet, J = 6.84 Hz,
H, CH), 3.51 (ddq, J = 14.65, 6.78, 1.83 Hz, 2H, CH2), 7.28 (m,
H, C6H5). FTIR (ATR, ZnSe crystal): �C≡N 2147 cm−1 (s). S-�-
ethylphenethylisocyanide: 1H NMR (400 MHz, CDCl3): ı 1.41 (d,
tors B 149 (2010) 199–204

J = 6.96 Hz, 3H, CH3), 3.09 (sextet, J = 7.14 Hz, 1H, CH), 3.50 (ddq,
J = 14.65, 6.87, 1.77 Hz, 2H, CH2), 7.27 (m, 5H, C6H5). FTIR (ATR, ZnSe
crystal): �C≡N 2147 cm−1 (s).

2.1.3. Platinum(II)tetrakis-ˇ-methylphenethylisocyanide
tetracyanoplatinate(II)

Platinum(II)tetrakis-acetonitrile triflate ([Pt(II)(CH3CN)4]
(trif)2) and tetrabutylammonium tetracyanoplatinate ((TBA)2
[Pt(II)(CN)4]) were synthesized by literature methods [10–12].
�-methylphenethylisocyanide was used immediately after
it was synthesized to minimize problems with isocyanide
decomposition. The following procedure was followed: 0.17 g
(0.25 mmol) of [Pt(II)(CH3CN)4](trif)2 and 1.0 mmol of �-
methylphenethylisocyanide were dissolved in 8.0 mL of dry
acetonitrile. The solution was stirred at 0 ◦C under argon for
20 min. ATR–FTIR spectra was taken in order to confirm the for-
mation of the platinum(II)tetrakis-�-methylphenethylisocyanide
dication via the expected shift in the C≡N stretch. Next, 0.20 g
(0.25 mmol) of (TBA)2[Pt(II)(CN)4] dissolved in minimum amount
of dry acetonitrile (typically around 5 mL) was added dropwise at
0 ◦C. The solution was stirred at 0 ◦C for an additional hour then
stored at –20 ◦C overnight. By the next day a bright red solid was
present at the bottom of the flask. The product was collected by
filtration and washed with cold, dry acetonitrile and diethylether.
The product had a slight solubility in dichloromethane, however,
decomposition was rapid precluding the acquisition of NMR
spectra. Platinum(II)tetrakis-R-�-methylphenethylisocyanide
tetracyanoplatinate(II) (R-1): FTIR (ATR, ZnSe crystal): �C≡NR
2278 cm−1 (s); �C≡N 2124 cm−1 (m). Visible spectrum (ATR, cubic
zirconia crystal, N2): �max = 495 nm. Solid-state luminescence
(�ex = 405 nm, N2): �max = 689 nm. Melting point: 69 ◦C (dec. to
yellow solid). Anal. Calcd for C44H44N8Pt2·H2O: C, 48.35; H, 4.24;
N, 10.25. Found: C, 48.13; H, 4.41; N, 10.13. Platinum(II)tetrakis-S-
�-methylphenethylisocyanide tetracyanoplatinate(II) (S-1): FTIR
(ATR, ZnSe crystal): �C≡NR 2276 cm−1 (s); �C≡N 2125 cm−1 (m).
Visible spectrum (ATR, cubic zirconia crystal, N2): �max = 495 nm.
Solid-state luminescence (�ex = 405 nm, N2): �max = 692 nm.
Melting point: 69 ◦C (dec. to yellow solid). Anal. Calcd for
C44H44N8Pt2·2H2O: C, 47.56; H, 4.35; N, 10.09. Found: C, 47.88; H,
4.23; N, 10.14.

2.2. Two channel solid-state vapoluminescence measurements

Vapoluminescence measurements were made with an in-house
constructed two channel excitation/emission gas flow apparatus. A
schematic diagram of this solid-state vapoluminescence apparatus
is shown in Fig. 1. The excitation source consisted of two light emit-
ting diodes (LED �ex = 400 nm, RL5-UV1215, SuperBrightLEDs.com).
The light from the LEDs was switched on and off through a pair of
transistors on an LED controller circuit board that was interfaced
to a multifunction data acquisition (DAQ) board on a computer
workstation. The light from each LED was first passed through a
band pass filter (Semrock Brightline, FF01-395/11-25) before each
entered a separate bifurcated fiber optic excitation/emission probe
(CeramOptec, R400-7-2.0M-UV/VIS). Each fiber optic probe guided
excitation light into a separate flow cell (brass Swagelok cross with
0.25 in. compression fittings) each with a double salt sample plat-
form, one that held a solid thin film sample of R-1 (Channel One)
and one that held a solid thin film sample of S-1 (Channel Two).
Sample platforms were constructed from 0.25 in. dia. black Del-
rin pegs. Thin film samples of R-1 and S-1 were prepared by drip

casting from diethylether suspensions onto the ends of the Del-
rin pegs. Nitrogen gas was used to move R/S-2-butanol (Aldrich)
saturated vapor through the flow cell. Saturated vapor was gen-
erated by slowing bubbling N2 through R/S-2-butanol at room
temperature (about 22 ◦C). The vapor exited the flow apparatus



M.J. Cich et al. / Sensors and Actua

Fig. 1. Two channel solid-state vapoluminescence apparatus. (A). LED controller
circuit board. (B). 400 nm LED’s. (C). LED and band pass filter holder. (D). Flow cell. (E).
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and S-1 to R/S-2-butanol was used to probe for the presence of
enantiomeric selectivity in these double salt materials. Note that
the enantiomeric purity of commercially available R-2-butanol was
determined to be 91/9 R/S while S-2-butanol was determined to be
10/90 R/S by chiral capillary column GC. Some representative vapo-
ouble salt sample platform. F. Bifurcated fiber optic excitation/emission probe. Red
rrows indicate direction of nitrogen/vapor flow. Green dashed box: Channel One
ontaining R-1. Pink dashed box: Channel Two containing S-1. (For interpretation of
he references to color in this figure legend, the reader is referred to the web version
f the article.)

hrough an oil bubbler. Nitrogen gas flow was kept at a minimum
o ensure that R/S-2-butanol partial pressure in the flow cell was
lose to its vapor pressure (4.9 Torr @ 22 ◦C) [13]. Vapolumines-
ence from solid thin film samples of R-1 and S-1 on each Delrin peg
as collected by separate bifurcated fiber optic excitation/emission
robes. The emission from the two probes entered another bifur-
ated fiber optic (CeramOptec, UV600/660/2.0 M) that guided the
mitted light into a spectrometer (Ocean Optics USB2000). Note
hat just one spectrometer was needed because only the excitation
ED on Channel One or Channel Two was illuminated at any given
ime. A custom LabVIEW VI (National Instruments) was written to
oordinate the timing of excitation LED illumination on a specific
hannel of the vapoluminescence apparatus with the spectral data
cquisition at the spectrometer.

Through the course of a series of experiments it was deter-
ined that differences in residual water between R-1 and S-1
ere affecting the observed vapoluminescence spectra. These dif-

erences could be minimized by casting the films from suspensions
n “wet” diethylether (saturated with water). A typical vapolu-

inescence dataset was acquired using the following procedure.
efore exposure to R/S-2-butanol vapor, films of R-1 and S-1 were
xposed to either dry nitrogen or nitrogen saturated with acetoni-
rile vapor. Typical equilibration times were 10 min. R/S-2-butanol
xposures followed and were also equilibrated for 10 min before

apoluminescent spectra were recorded. R/S-2-butanol ratios were
etermined by chiral capillary GC (Astec Chiraldex beta-bonded
-PM 30 m × 0.25 mm) of the liquid mixtures used to generate
apor. Random samples of R/S-2-butanol were selected between
2/acetonitrile exposures until all the R/S-2-butanol samples had
tors B 149 (2010) 199–204 201

been used, then the random selection process started again for the
next set of replicate exposures.

2.3. Principal component analysis

The analysis of patterns present in sets of solid-state vapolu-
minescence spectra was aided by Principal Component Analysis
(PCA) [14,15]. In preparation for PCA the spectra were first prepro-
cessed by mean centering. PCA of the mean-centered dataset was
performed using a custom program written in LabVIEW. For all the
data analyzed by PCA in this study 99% of the variance could be
accounted for with two principal components.

3. Results and discussion

R-1 and S-1 were obtained as bright red luminescent solids with
one or two adsorbed water molecules, respectively. While we were
unsuccessful at obtaining X-ray quality crystals of R-1 and S-1, dou-
ble salts of this general type have been previously reported [7,8]
and some have been structurally characterized by X-ray crystal-
lography [7d]. Based on similarities in color and composition, it is
very likely that R-1 and S-1 have a structure similar to the represen-
tation shown in Scheme 1 where platinum–platinum interactions
and vapor channels are present. The proximity of the chiral centers
of the isocyanide ligands to the platinum–platinum interaction axis
suggests that enantiomeric vapor sensing might be possible

Solid-state vapoluminescence spectra were simultaneously
recorded for R-1 and S-1 as known mixtures of R/S-2-butanol
vapor were carried by a nitrogen stream through the two channel
vapoluminescence flow cell. The vapoluminescent response of R-1
Scheme 1. Schematic representation of S-1 showing 1.5 units of the proposed dou-
ble salt structure. Platinum–platinum interactions are indicated by the dotted line.
Each isocyanide chiral center is indicated with an asterisk.
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Fig. 2. Solid-state vapoluminescence spectra. A. R-1; B. S-1. Nitrogen (black), 10/90
R/S-2-butanol (green), 91/9 R/S-2-butanol (orange). (For interpretation of the ref-
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Fig. 3. Principal component 1 versus percent R/S-2-butanol for vapoluminescence
of R-1 (red) and S-1 (blue). Solid line fits are second order polynomials. Error bars are
one standard deviation. (For interpretation of the references to color in this figure
rences to color in this figure legend, the reader is referred to the web version of
he article.) (For interpretation of the references to color in this figure legend, the
eader is referred to the web version of the article.)

uminescence spectra are shown in Fig. 2. The replicate nitrogen
xposures elicited very similar solid-state luminescence spectra for
-1 and S-1 with wavelength of maximum emission (�max) values
f 689 and 692 nm, respectively. The small differences in �max could
e caused by slight differences in the absorbed water content or the
ptical purity of R-1 versus S-1. Exposure of R-1 and S-1 to enan-
iomerically enriched R/S-2-butanol led to much more significant
ifferences in the observed spectra. As seen in Fig. 2A �max for the
olid-state luminescence spectrum of R-1 in the presence of 91/9
/S-2-butanol (739 nm) was at longer wavelength than the corre-
ponding spectrum under 10/90 R/S-2-butanol (729 nm). For S-1
his order was reversed (see Fig. 2B). The solid-state vapolumines-
ence spectrum of S-1 in the presence of 10/90 R/S-2-butanol gave a
max of 737 nm that was at longer wavelength than the correspond-

ng spectrum under 91/9 R/S-2-butanol where �max is 726 nm.
his inverted behavior suggests enantiomeric differentiation is
ccurring in the vapoluminescent spectra of R-1 and S-1.

To further characterize the vapoluminescent response of R-1

nd S-1 these materials were exposed to varying ratios of R/S-
-butanol vapor. Vapoluminescent spectra of R-1 and S-1 were
cquired in the presence of 91/9, 80/20, 65/35, 35/60, 20/80, and
0/90 R/S-2-butanol then analyzed by PCA. As seen in Fig. 3 a
legend, the reader is referred to the web version of the article.) (For interpretation of
the references to color in this figure legend, the reader is referred to the web version
of the article.)

plot of principal component 1 (PC1) versus the R/S-2-butanol
ratio revealed the expected behavior for enantiomerically selective
vapoluminescence. As the percent of R-2-butanol vapor increased,
PC1 for one enantiomer increased (S-1) while PC1 for the other
(R-1) decreased. Qualitative examination of the data indicated a
gentle curvature to the trend. Therefore, a second order polyno-
mial was fit to the data, not as a physical model, but to highlight the
observed trend. Line fits to the data cross near 50/50 R/S-2-butanol
and are approximate mirror images of each other. For the case of
10/90 R/S-2-butanol exposure, the difference in the R-1 versus S-1
vapoluminescent response is great enough to differentiate the two
spectra at the 90% confidence level. However, due to scatter in the
data it is not possible to differentiate the vapoluminescent response
of R-1 and S-1 to 91/9 R/S-2-butanol at the same confidence level.
Interestingly, as the R/S-2-butanol ratio approaches racemic it gen-
erally becomes easier to differentiate the response of R-1 from S-1
until the same response is obtained for racemic R/S-2-butanol.

While the observed vapoluminescence spectral trends for R-1
and S-1 in the presence of R/S-2-butanol vapor are not sufficient
to delineate the precise mechanism for enantiomeric selectivity,
there are several mechanisms that could be possible. For example,
differential solvation could be occurring at the chiral sites near the
Pt–Pt chromophore when R/S-2-butanol vapor is present. If R-2-
butanol intermolecular interactions with the chiral centers of R-1
have a different degree of energetic favorability relative to the inter-
molecular interactions of S-2-butanol at the chiral centers of R-1,
this will manifest itself in a shift of the vapoluminescence spec-
trum of R-1 relative to S-1 following a mirror image trend. As
an alternative explanation, differential selective hydrogen bond-
ing between the R/S-2-butanol and the cyanide ligands [7c] in R-1
and S-1 could result from the introduction of the chiral sites on the
alkylisocyanide ligands. This mechanism will also have an effect of
the electronic state of the Pt–Pt chromophore and, therefore, the

observed vapoluminescence spectra. Another possible mechanism
is that the presence of the chiral centers on R-1 and S-1 could lead to
selective permeation of R/S-2-butanol into the interstitial voids of
R-1 and S-1. This would alter the ratio of R/S-2-butanol in R-1 and
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Fig. 4. The effect of differential absorbed water in R-1 (red) and S-1 (blue). 91/9
R/S-2-butanol (triangles) and 10/90 R/S-2-butanol (squares). Clusters of data are
enclosed in ellipses for clarity. Arrows indicate clusters that merge when differences
i
t
i
t

S
i
m
r
p
t

s
e
v
d
S
[
r
w
u
w
t
t
t
t
R
1
I
n
b
a
p
w
R
t
i
s
P
d
t
fi
d

n absorbed water are minimized. (For interpretation of the references to color in
his figure legend, the reader is referred to the web version of the article.) (For
nterpretation of the references to color in this figure legend, the reader is referred
o the web version of the article.)

-1 relative to the ratio found in the gas phase. Because the sens-
ng mechanism is a convolution of permeation into the double salt

aterial and molecular interaction between the double salt mate-
ial and the chiral vapor, it is very difficult to separate these two
rocesses. It is very likely the observed vapoluminescence spectral
rends are caused by a combination of these three effects.

The vapoluminescence spectra of R-1 and S-1 were found to be
ignificantly affected by water vapor. Therefore, care was taken to
ither minimize the presence of water vapor or ensure that water
apor content remained constant. Unfortunately, the problem of
ifferences in absorbed water content in thin films of R-1 and
-1 could not be dealt with by flash heating of the double salts
8b,c] because of the relatively low melting point of these mate-
ials (69 ◦C). Instead, differences in absorbed water in R-1 and S-1
ere equalized by drip casting films from “wet” diethylether. Fail-
re to follow this procedure led to vapoluminescence spectra that
ere offset in PC1 and required two principal components to cap-

ure most of the variance in the dataset. For example, Fig. 4 shows
he results of an experiment where no effort was made to equalize
he absorbed water content in R-1 and S-1. In this case R-1 and S-1
hin films were prepared by drip casting from “dry” diethylether.
eplicate exposures of R-1 and S-1 prepared in this manner to
0/90-R/S-2-butanol and 91/9-R/S-2-butanol are shown in Fig. 4.

n this case the spectra for R-1 exposed to 10/90-R/S-2-butanol did
ot align along PC1 with the spectra for S-1 exposed to 91/9-R/S-2-
utanol (compare the red squares to the blue triangles) and there is
significant amount of variance found in a second principal com-
onent (PC1: 80%, PC2: 19%). However, when “wet” diethylether
as used to form the films, the spectra for R-1 exposed to 10/90-
/S-2-butanol aligned along PC1 with the spectra for S-1 exposed
o 91/9-R/S-2-butanol (see Fig. 3). In addition, 95% of the variance
n these spectra was represented in PC1 and the variance repre-
ented by PC2 was substantially reduced (PC2: 4%). Presumably,

CA was not able to completely isolate the effects of absorbed water
ifferences into only one principal component. However, the fact
hat PC2 could be minimized significantly by using the appropriate
lm casting method implies that its presence is a good indicator of
ifferences in absorbed water between R-1 and S-1.
tors B 149 (2010) 199–204 203

Films of R-1 and S-1 were observed to have a limited lifetime
in the vapoluminescence flow apparatus. After about 40–50 expo-
sures to 2-butanol vapor the vapoluminescence spectra began to
shift to a lesser degree than observed in the earlier exposures.
If exposed to solvent vapor continuously for a day at room tem-
perature R-1 and S-1 decomposed to a yellow product similar in
color to the product observed when R-1 and S-1 were melted at
69 ◦C. This yellow product was likely the more thermodynamically
stable isomeric “neutral” that would be formulated as cis-Pt(II)(�-
methylphenethylisocyanide)2(CN)2 [16].

4. Conclusion

We have obtained evidence that suggests enantiomerically
selective vapoluminescent sensing is possible with chiral plat-
inum(II) double salt materials. While this particular example is
fraught with problems related to the interference of water vapor
and limited stability, the data nevertheless show that R-1 and S-1
materials are enatiomerically selective under carefully controlled
conditions. Research is ongoing into the enantiomeric selectivity of
other double salt materials composed of chiral isocyanides to deter-
mine if the water sensitivity and stability issues observed with R-1
and S-1 can be overcome.
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