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Determination of water contents m organic solvents 1s
miportant m routme chenustry laboratory and many
practical applications in mdustrial processes.” There are a
number of well established methods for the analysis of water
contents in organic solvent systems. such as Karl Fischer
titrations,” chromatography.” and many other spectroscopic
techrques.* However. sunpler and more convenient methods
for the determunation of water content are desirable n
routine laboratory works and industrial processes. One of the
most attractive methods 1s the spectroscopic techmque using
optical signaling systems such as chromogenic and fluoro-
genic devices.™® For the determination of water content in
organic solvents, merocyanne dves.” flavone dervative® and
optical-fiber sensor emploving acndine orange'” have been
successfully utilized.

8-Hydroxvquinolne (8-HQ) and its related derivatives are
known to have mteresting metallochronusm or metallo-
fluorochromism.'" The effects of environment on the fluore-
scence behavior of B8-HQ were well studied and the
mechanism for the weak fluorescence of 8-H(Q has been
disclosed.'>'* The presence of water induces a strong fluore-
scence quenchmg of 8-HQ by the mechamsm of radiation-
less relaxation. More recently. the origin of ‘on-off* tvpe
fluorescent behavior of 8-HQQ contammg chemosensors was
investigated in terms of PPT (photoinduced proton transfer)
and PET (photoinduced electron transfer) processes. " I this
paper we report the chemosensmg behavior of a sunple
organic compound based upon 8-HQ molecular framework
for the determmation of water content m common water
miscible aprotic organic solvents. The compound exhibited
sensitive responses toward the water content changes n
aprotic solvents particularly 1n less than 2% water region.

Compound 1 was prepared by the reaction of 8-hvdroxy-
2-quuinohnecarboxyhe acid with 2-amimophenol (polyphos-
phoric acid, 150 °C) in good vield."
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We have performed systematic survevs to assess the
ability of the compound n reporting the water content mn a

senes of common polar organic solvents of acetontrile,
THEF, and dioxane. In acetomtrile solution. the compound 1
exhibited a broad emission spectrum centered at 463 nm
with a mmor shoulder around 530 nm (Figure 1). As can be
seen from the Figure, compound 1 showed significant
quenching of fluorescence with a small red shuft (AA= 4 nm)
m emission maxuna as the water content mcreased. Parti-
cularly, the most dramatic changes were observed withm
lower water concentration range of less than 1%, wluch
spans 92% of the total changes m fluorescence ntensity
observed at 463 nm. Above thus concentration the fluore-
scence changes were relatively msigmficant. The large
changes m fluorescence mtensity of 1 as a function of water
content may be used as a new molecular probe for the
determination of water content in acetonitrile solution.

In dioxane, changes m fluorescence profile and mtensities
as a function of water content were almost sumlar to the
results from acetomtrile except for the wavelength of emu-
ssion band. Compound 1 exlubited smmlar broad emission
bands centered around 442 mm n dioxane. Upon addition of
water the enussion mtensities were also decreased signifi-
cantly with a small red shift (AA = 5 nm). The fluorescence
mtensity changes were also promment particularly m lower
water content region and the fluorescence quenchmg mduced
by 1% water was 73% of the total fluorescence changes for
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Figure 1. Changes in fluorescence ntensities as a function of water
content in aqueous acetonitrile solution. [1] = 5.0 x 1077 M, Ay =
340 nm. Inset shows the profile for the tluorescence intensity at
463 nm as a function of water content.
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Figure 2. Changes in fluorescence spectra as a function of water
content in aqueous THF solution. [1]= 3.0 x 107" M, A.x = 340 nm.
Inset shows the profile for the fluorescence mtensity at 434 nm as a
function of water content.

dioxane.

On the other hand. in THE compound 1 revealed some-
what blue shifted emission bands with fine structures com-
pared with acetonitrile and dioxane: emission bands were
observed around 410. 434, 438, and 495 nm. As shown in
Figure 2. addition of water to this solution again resulted in a
prominent quenching without significantly affecting the
profile of the emission spectra. In this case. about 87% of the
total changes in fluorescence intensity were induced by the
addition of 1% water. and further increases in water
composition resulted in relatively constant emission inten-
sities.

Similar experiments were also performed to assess the
possibility of compound 1 as a probe for water contents in
methanol-water binary mixture. In methanol solution. very
weak fluorescence emissions were observed possibly due to
the formation of strong hydrogen bond of compound 1 with
the methanol molecules. Addition of water in this solution
also affects the fluorescence intensity of 1. however. the
responses were not so useful for the monitoring of water
contents due fo the very weak and noisy signals compared to
the results obtained with other aprotic solvent systems.

The significant spectral changes with a small variation in
the composition of solvent mixture usvally indicate specific
solvent effects.’® The mechanism of the fluorescence quen-
ching of 1 is believed to be due to the specific interaction of
1 with water molecules. particularly. with the hydroxyl
group oxygen and nitrogen atoms of the heterocycles of the
compound 1. The poor fluorescence emission of 8-HQ has
been shown fo result from a photoinduced tautomerization
followed by deexcitation of the tautomer which occurs
mainly by a nonradiative route.'™ In the presence of water.
the tautomerization process might be assisted by the inter-
molecular proton transfer between each of the two functions
(-OH and quinoline nitrogen atom) and surrounding water
molecules.

The fluorescence quenching due to the presence of small
amount of water in organic solvents can be described by the
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Figure 3. Stem-Volmer plot for the changes in fluorescence
intensity of 1 at 463 nm as a function of water content in aqueous
acetonitrile solution. [1] = 3.0 x 107" M.

Table 1. The Stem-Volmer X values and detection limits for the
fluorescent signaling of water content in organic solvents®

. Detection limat
K(M™ R-
H-O (M) H-0 (%)
Acetonitrile 7.63 0.992 0.0063 0.0113
Dioxane 5.46 0.996 0.0296 0.0534
THE 10.38 0.999 0.0035 0.0062

°(1]1=50x 107 M.

Stern-Volmer equation (Fo/F = | + K[H-0])."" In the present
case. a simple linear relationship between F/F (F, and F
represent the fluorescence intensity in the absence and the
presence of water. respectively) and [H-O| was observed for
water contents of lower than 1% (Figure 3) as has been
reported earlier work!” Among the tested solvents. the
highest sensitivity was observed for THF (X = 1038 M.
Table 1). Detection limits were found to be in between
0.006% (THF) and 0.03% (dioxane) that imply the fact that
the compound may be utilized as a chemosensor for the
determination of water composition in polar organic solvents
commonly used in many chemical laboratory processes.

In summary. a simple 8-hyvdroxyquinoline based benz-
oxazole derivative was synthesized and its chemosensing
behaviors for the probing of water content in polar organic
solvents were investigated. The fluorescence was effectively
quenched with small changes in water content by the
specific solvent effects with water molecules. The results
obtained suggest that the compound 1 may be used as a
sensitive fluorescent molecular probe for the assaving of
water content particularly in solutions having less than 1%
water in aprotic polar organic solvents.

Experimental Section

General, 8-Hydroxyquinoline-2-carboxylic acid and 2-
aminophenol were purchased from Fluka Chemical Co. 'H
and "C NMR spectra were measured on a Varian Gemini-
2000 spectrometer. HRMS spectra were obtained with a
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Micromass Autospec Mass Spectrometer. Fluorescence
measurements were performed using an Aminco-Bowman
Series 2 Spectrometer. The Karl Fischer measurements were
carried out with a Karl-Fischer Moisture Titrator MKS-300
(Kyoto Electronics). All solvents used for spectroscopic
measurements were purchased from Aldrich Chemical Co.
as “anhydrous” grade having water content less than 0.001%.
0.003%. and 0.002%. for acetonitrile. 1.4-dioxane. and THE,
respectively.

Synthesis of 1. A mixmure of 8-hydroxyquinoline-2-
carboxylic acid (1 mmol. 0.1 g) and 2-aminophenol (1.2
mmol. 0.07 g) in polyphosphoric acid (2 g) was heated at
150 °C for 24 h under N: atmosphere. The reaction mixture
was allowed to ¢ool to room temperature and small amount
of ice-water was added and the resulting solution was stirred
for 2 h. Precipitate was filtered and dissolved in dichloro-
methane. The solution was filtered and the filtrate was
evaporated to dryness. The product was crystallized from
CH:Cly/hexane to vield vellow crvstals of 1. Yield 64%. 'H
NMR (300 MHz. CDCl:) 68.46 (d. /= 8.4 Hz. 1H), 8.36 (d.
J=87Hz 1H). 788(d. /=8 1Hz 1H). 7.72(d.J=72 Hz.
1H). 7.56 (t./= 78 Hz. 1H). 748 (m. 3H). 7.29(d. J=6 Hz,
1H). ®C NMR (75 MHz, CDCly) § 153.2, 137.6. 129.9.
1293, 126.7. 1254 121.1, 1181, 111.5. HRMS (EI+).
Caled for Ci1sHinN2O- 262.0742. Found 262.0742.

Fluorescence Measurements. All the solvents used were
commercially available anhydrous grade. Incremental amount
of water was added to the sfock solution of 1 in organic
solvents by a microsyringe or micropipette. After this. the
solution was diluted with organic solvents to make the
required probe concentration (3.0 x 107 M) as well as the
water contents in between 0 and 30%. The water contents of
the representative analyte solutions were determined by the
Karl Fischer method.
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