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Abstract: The steady state and time resolved fluorescence spectrum of ethanol-water solution has

been studied. The three different emission bands located at 290 nm, 305 nm and 330 nm,

respectively, and the three corresponding excitation lights with the absorption peaks of 265 nm,

280 nm and 236 nm have been measured respectively by the fluorescent spectra and the excitation

spectra. The decay process of fluorescence intensity was detected and the curve was fitted by an

exponential function. The lifetime parameters of different fluorescent photons were obtained by

the numerical analysis procedure of deconvolutions. The characteristic of the steady state spectra

and the three different lifetimes confirm the fact that there are three clusters in ethanol-water

solution.
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0 Introduction

The structural features of ethanol molecules in
different phase states and the characteristics of the
associated cluster molecule groups, which are
generated by ethanol to water hydrogen bonding,
have attracted great interest in the last decade.
Nevertheless, there are still no reasonable accepted
about the ethanol

conclusions structure of

solid, and especially in
[1-6]

molecules in liquid,

ethanol-water solutions-"*'. In those studies, some
methods have been used, such as X-ray absorption
spectroscopy, X-ray emission spectroscopy and
neutron diffraction analysis, but there is no reports
about  the

fluorescence  techniques. The

fluorescence spectrum technology is a keen analysis
method to study the molecular structure and light-

[7-9]

material interaction Especially, the time

resolved fluorescence spectrum is independent of
the path of detecting rays, only relative to micro-

environment, some information of molecular

structure, steric and electronic environment and so
on"21 Comparatively, the technique is seldom

used to investigate molecular clusters formed in
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ethanol-water solution.

In our previous study, ethanol-water solutions
can emit fluorescence which is different from
ethanol and water molecules respectively when
irradiated by the UV-light"* One can conclude
that hydrogen bonding of ethanol with water
molecules, might form new cluster molecule
groups with different structures by ethanol and
water molecules. The combined numbers of the

which
counted by the theory of analytical chemistry and

ethanol-water cluster molecule groups,

organic chemistry, were investigated using light-
induced steady state fluorescence spectroscopy.
And the lifetime of the fluorescent photon has not
detail. In this

fluorescence lifetime of the emission photon has

been studied in paper, the
been detected and then analyzed by physics and
mathematic theory in order to certify the molecular
structural characteristic of the new ethanol- water

clusters.

1 Experimental section

The Lifetime and Steady State Fluorimeter
900 (FLS900) combined with fluorescence lifetime
&. steady-state spectrometers made in Edinburgh
Instruments Ltd. of UK were used in our
experiments. The light source for steady-state
excitation is a Xe 900, 450W Xenon arc lamp, with
continuous spectral distribution from 190 nm to
2 600 nm. The wavelength of the excited-light is
selected by the grating from 230 nm to 300 nm and

the scan range of the emission spectrum is from
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300 nm to 500 nm. The fluorescence lifetime
nE900

flashlamp) manufactured by the same company is

spectrometer, model (' nanosecond
all-metal, triggered flashlamp, engineered with a
fast switching thyratron, spark gap and charging
resistor. A fluorescence lifetime spectrometer is

the Photon
Counting (TCSPC) technique. The excitation light

is selected with the wavelength of 272 nm and the

based on Time Correlated Single

frequency of 40 kHz, counting 2 000 times at
wavelength of fluorescent peak, and the gained
kinetic curve of

fluorescent decay will be

deconvolved with exponential fitting.

The
HPLC ethanol with the concentration no less than
99. 5%, which was produced by TEDIA Co. of
USA. The aqueous solutions of ethanol-water

samples were tri-distilled water and

mixture were prepared in the way of the total
volume of ethanol and water solutions keeping
fixedness for 3 ml, and the volume percent of
ethanol solution changed such as: 100%, 90% --+
10 %.

2 Results and discussion

2.1 The steady state fluorescence spectrum

We have measured the steady state emission
spectrum and the excitation spectrum of ethanol-
water solution, which are shown in Fig. 1. There
three the
spectrum of ethanol-water solution, which centres
305 nm and 330 nm

respectively. Because the 345 nm band is red-

are

emission bands in fluorescent

are located at 290 nm,

shifted along the excitation light increasing, it is
not the fluorescence emission of the solution.
And the these

fluroescent photons shown in Fig. 2 revealed that

excitation spectrum of
the solution emitting the fluorescence band of
290 nm is mainly due to absorbing the excitation
light of 265 nm . When the solution absorbs the

excitation light of 280 nm it can emit the fluorescence

N\

—
(=]
T

330 nm 345 nm

o
T

Fluorescence counts/x10*

0 , i , ,
280 300 320 340 360 380
Emission wavelength/nm
Fig. 1 The emission spectrum of ethanol-water

mixture excited by the UV-light
photons at 305 nm. And the emitting of 330 nm is
mainly due to absorbing the excitation light of
236 nm. The solution can absorb the excitation
light from 265 nm to 280 nm and then emit these
fluorescence bands. The fluorescence quantum
yield of the excitation light of 236 nm is the highest
among all excitation lights and about 30% quantum
yield of the excitation lights from 265 nm to 280 nm .
As the

spectrum reflect the local electronic structure of

fluorescence spectrum and excitation

the various conformations, and can probe the
unoccupied and occupied electronic states of the
molecules, different absorption bands and emission
bands are corresponding to different molecular
structures. Absorption and emission spectra are

the shift

clustering. That is to say, clustering of ethanol

sensitive to energy by molecular
and water molecules creates new structure and
energy level in this spectral range. We find that the
has

three different

ethanol-water mixture three  different

absorption bands and emission
bands, which is different from in the pure ethanol
and water liquid. It can be concluded that ethanol
and water molecules get together to form molecular

clusters and emit different fluorescence photons .
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(a) The peak at 290 nm and the optimum
excitation light is around 265 nm
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(b) The peak at 305 nm and the optimum
excitation light is 280 nm
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(c) The peak at 330 nm and the optimum
excitation light is 236 nm

Fig. 2 The excitation spectrum (ES) of the three fluorescence emission peaks
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The three types clusters homologize the three

different emission bands.

2.2 The intensity decay process of the emission band
The decay curve of the fluorescence intensity

at 50% and the computer fitting data are shown

in Fig3.
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Fig. 3 Exponential fit curves of the decay Process,
the excitation light is 236 nm and the emission
peak is 330 nm

If there is only one component emitting

fluorescence photons, the exponential curve of the
linear. The
reciprocal value of this linear slope coefficient is the

When the

than two

decay process will be negative
lifetime of the fluorescence photon.

illuminant material includes more
components, the exponential curve will no longer
be linear. As different lifetimes correspond to
different slopes and the logarithm decay curve
bends accordingly. The curve may divide into
several parts and each part is fitted to a linear
respectively. If the linear comprise several slope
rates, there are many kinds of materials emit
fluorescence. From Fig. 3, we can see that the
logarithmic decay curve is not linear any longer. It
is proposed that there is more than one kind of
substance emitting fluorescent photons with the
solution.

wavelength 330 nm in the mixed

According to the three lifetime values, it can
conclude that there are three components absorb
the excitation light of 236 nm and emit fluorescence
photons respectively., When the volume percent is
50% . the decay curve is composed of three parts
with three different lifetimes, which means there

This

result is consistent with the analyses from steady

are three different fluorescent molecules.

state fluorescence spectrum. Namely, from the
steady state spectrum we can find all the three

fluorescent substances can absorb the excitation

light at 236 nm, and emit photons at 330 nm, of
different lifetime about 20.67 ns , 6.83 ns , and
2.72 ns, respectively.

If there are more than one kind of fluorescence
substances and they are mixed together, each kind
of component has the possibility to absorb the
excitation light and emit fluorescence photons,
using single photon count technique and combining
with data analytical soft, the proximate and
content analysis can easily be done about the
mixture. The relative concentration of different
componentc;» ¢,» ¢3» the relative fluorescence
intensity of different component as a percentage 4,
$> » $3 and the average lifetime of the entire decay
process ( 7 ) is calculated respectively asin Ref [ 15 .

By the formula the relative content percents of
the three fluorescent substances at 50% ethanol
mixture are

c,=38%, c,=27.8%, c;=34.2%
where here ¢, ¢, , c; indicate the component with
the longest, longer and the shortest lifetime,
respectively.

The percent of three substances’ fluorescence
intensity occupying in the total are

$1=75.5%+ $.=20.0%, ¢s=14.6%

The total fluorescent lifetime is{z) =22. 4 ns.
From the experimental data, we can see that the
content of fluorescent the substance 1 is almost
equal to the substance 2, but the fluorescence
intensity is more three times than the latter, and
that can explain why the quantum production rate
of fluorescent the substance 1 is higher than the
lowest

substance 2. The substance 3 1is the

relatively.  According to the steady state
fluorescence spectra, the substance absorbing the
light at 236 nm and emitting fluorescence photons
at 330 nm may be the substance 1.

In this experiment, we have carried on the test
separately to all solutions with different ethanol
volume percent, just the same as 50% solutions,
each of them can obtained the content of three
types of substances, the fluorescence intensity

percent and the changing situation of total
fluorescent lifetime along with the ethanol volume
ratio. The results are shown in the following table

1 and in Fig. 4.
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Table 1 Calculate result of different volume percents ethanol-water solution

Volume percent of ethanol ~ (t)ns 1 % 2% e $1 /4 620 $s% Y /Ypo Y /Yrs
10% 16.8  23.8  76.2 42.2  57.8 3.0
20% 17.6 20,0 49.0 31.0 43.5 51.5 5 2.0 13
30% 18.5 19.9 42.0 37.9 43.8 47.3 8.9 1.8 9.3
40% 22.1 35.2 29.1 35.8 69 24.7 6.3 2.3 11
50% 22.4 38.0 27.8 34.2 75.5 20.0 4.6 2.1 10. 8
60% 22.5 43.6 27.7 28.7 69.8 24.3 5.9 2.4 10. 6
70% 20.5 41.4 19.5 39.1 68.8 24.5 6.6 2.1 10. 3
80% 18. 6 36.6 27.1 36.3 72.9 17.8 9.3 3.0 7.8
90% 15.1 3.3 53.4 43.3 7.7 79.6 12.8 1.6 7.9
99.7% 11.9 52.8  47.2 80.9  19.1
»l intrinsic lifetime. In the solutions of 30% , 80% . it
2 2 is easy to form the other two substances, and the
s L
£ detected centre is far away {rom the emission peaks
£ 18t NN
= 8 and the excitation light of the substances 2 or 3, so
Q
g oler the measurement data deviates accordingly.
5] / . .
g 14F  —a—The total fluorescent lifetime The relationship between the fluorescence
SR 1 1 1 . . . .
nk Polynomial fit of lifetime \ quantum production rate and the lifetime is
. N . L Y
0 20 40 60 80 100 Yr=1/tr (2

Ethanol volume percent

Fig. 4 The relationship between the total fluorescent
lifetime and the ethanol volume ratio

The fluorescence quantum productive rate is
defined as the ratio of the emitting to the absorbing
quanta which is called the fluorescence efficiency.
The fluorescence quantum production rate is an
important illumination parameter of fluorescent
substance, which has the vital significance in the
spectral analysis. Liquid illuminant’s fluorescence
intensity F is not only relative to the material
fluorescence quantum production rate Y . but also
to the solution concentration ¢ and molar absorption
coefficient e, namely

F=2.3Y¢l,ebc @)

In order to compare the fluorescence quantum
yields of the three components, the quantum yield
ratios of three substances are calculated by Eq. (1).
Yr /Y (the ratio of the the

substance 2) and Y /Y (the ratio of the substance

substance 1 to

1 to the substance 3) are shown in the table. From
the table we can see, in the higher and lower
ethanol volume percent solutions, the ratios are
very variable, only in the solutions of 50% to
70% .+ Yr /Yr is changeless near to 2 and Yp, /Y5 is
about 10. According to the Ref[14], 60% solution
is easy to form the substance 1, which emission
peak is 330 nm and the excitation light is 236 nm,

the experiment data is the nearly same as the

The sign r indicates the fluorescent lifetime, and 75
indicates the molecular inherent lifetime.
By formula (1) and (2), we obtained that
F=2.3ebcl,z/zr (3)
According to formula (3), when the inherent

the

directly proportion to the

lifetime is definitive, fluorescent lifetime is

fluorescence intensity,
In the

spectrum

which means their change rule is similar.

research of steady state fluorescence
which has been detailed studied in the Ref[ 14 ], the
fluorescence intensity of the emission band centered
at 330 nm increases as the solution concentration
increasing at first, when it comes to the maximum
at 60% (the ethanol volume percent), it reduces
the

sequentially. The reason is that the concentration

gradually as volume percent increasing

of the substance 1 comes to the maximum in 60%
And the

which is

solution. excitation

236 nm,

ethanol-water
the optimal
the
wavelength of 330 nm, so the fluorescence quantum
the
intensity comes to the peak. About the fluorescent
the the

fluorescent then

wavelength is

excitation of fluorescence photon with

yield is biggest. Hence, the fluorescence

lifetime similar rule presents too,

lifetime increases firstly and
decreases as the solution density changing, and the
longest lifetime appears at 60%. From Eq. 2,

fluorescence quantum production rate is linear to
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the fluorescence lifetime, so when the volume

percent of ethanol-water is 6: 4, in which the
fluorescence intensity comes to the peak, the

lifetime comes to the peak too. The two
experiments’ result of the steady state and time
resolved inosculates nicely. In 60% ethanol-water
solution, the ratio of the molecular number of
ethanol and water is about 1:2, that is to say one
ethanol and two water molecules cluster together to
form a new structure, which is corresponding to
the substance 1 with the emission peak of 330 nm

and the longest lifetime of 20 ns.

3 Conclusion

According to the steady state and time resolved
fluorescence spectrometer, it can be concluded that
when ethanol solutions mixed with water solutions,
the molecules get together to form some new
molecular clusters that could emit different
fluorescence photons in subsequent experiment.
Different absorption bands and emission bands are
corresponding to different molecular structures.
There are three components in ethanol-water mixed
solutions. The fluoerscence intensity decay process
indicates that the three components have different
lifetimes. The longest lifetime is corresponding to
the emisison of 330 nm, which has the largest
fluorescence intensity when irradiated by 236 nm
excitation light. In the 60% solution, the possible
structure is one ethanol molecule and two water
molecules cluster. Our results show that most
water and ethanol molecules in the solution persist
in structures similar to the ones found in the pure
liquids. The clusters molecular structure is on the
way of research continually.
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