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Abstract

The shape and intensity of the sulfolane fluorescence spectra in its binary
mixture with six solvents ; + DMSO , +acetone ( Ac) , + N,N-dimethylformamid
(DMFA) , + ethylene glycol(EG) ,+methoxy ethanol(MEOH) and ethoxy ehtanol
(EEOH) were studied using fluorescence quenching technique. All the solvents ,except
DMFA,quenched sulfolane fluorescence emission.The main contribution to the
quenching process might be due to the hydrogen bonding molecular interaction which
have stronger forces to associate the unlike molecules than that for the like molecules.The
quenching efficiency is dependent on the solvent structure . DMFA solvent has different
behavior whearby it increase sulfolane fluorescence intensity by increasing solvent
concentration. Changing the hydrogen atom in the ethylene glycol by a methyl group
results in the decreasing of the quenching efficiency of sulfolane fluorescence. The
quenching processes were almost having a static pattern.
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Introduction

The importance of the
sulfolane in the petroleum industry was
due to its efficiency as an extraction
solvent for the low molar mass
aromatic hydrocarbons from the crud
oil like benzene, toluene and xylene.
Most of done work on sulfolane
concentrated on the measurement of
excess molar volume, refractive
indexes, excess free energy for the
study of molecular interactions between
the solvents in their binary and ternary
mixtures of sulfolane."™® It has been
noticed that the differences in shape,
volume and properties between the
molecules of these mixtures have their
effect on the type of the molecular
interactions.®

Sulfolane is an inert solvent .It
has a high dipole moment (3.69 D) and
exposed negative end. It was known
that the spherical shape of the molecule
effect the nature of its interactions with
other solvents.

Recently, the  molecular
interactions of sulfolane with other
solvents has been studied using
fluorescence quenching technique.®'”
Ethanol solvent has different effect on
the sulfolane fluorescence from that of
linear alcohols with a large chain, as
shown in some alkyl benzene
derivatives. Also it was noticed the

dependence of the  molecular
interactions (such as; dipole-dipole,
induced  dipole-dipole, = hydrogen

bonding and complex formation) in
these systems on the type of the
substituted groups in the benzene
ring.*”’
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We intend, in this work, to get
more information concerning the effect
of the shape and structure of the solvent
molecules and substituted groups in
determining the type of molecular
interactions that occurs in the sulfolane-
solvents systems.

Experiment

Sulfolane solvent is from
Fluke Company (purity of 99.5%).
DMSO, Ac, DMFO, MEOH and EEOH
solvents from DBH. EG solvent from
Fluke. The measured spectroscopic and
physical data of these solvents are listed
in Table-1-. Fluorescence excitation
spectra and fluorescence spectra were
detected using the sensitive
specrofluorometer type JASCO, model
FB-770. The emission and fluorescence
quenching data were treated using
Stern-Volmer equation:

FO/F =1+Ksy[Q]

Where F° and F represent the
fluorescence intensity in the absence
and presence of quencher. Kgy is the
Stern-Volmer constant = kq 7 . kq 1s the
quenching rate constant in Mol's™ and
1 is the lifetime of the excited sulfolane
molecule in ns. [ Q ] represent the
quencher concentration.

It is clear from the measured spectra
that no overlap was observed between
the absorption spectra of the solvents
and the fluorescence spectra of
sulfolane.
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Table 1: Spectroscopic and physical data of the solvents

Compound Dipole moment Mext.) nm A(fluo.) nm Quenching
(deby) mechanism
Sulfolane 3.69 382 476 | -
DMSO 3.8 — - Dynamic
Acetone 2.85 350 395 Static
DMFA 3.36 327 440, 660
Ethanol 1.66 295, 580 335, 633 Static
Ethylene 2.28 340 400 Static
glycol
MEOH 2.04 283, 300 350,410 Static
EEOH 2.36 290, 327, 647 324, 445, 625 static
Results instead of the quenching effect. Further
Absorption  spectra  of  the more we notice a blue shift in the

compounds Ac, EG, DMFA, MEOH
AND EEOH were presented in Figure -1-
whereas  Figure -2- shows their
fluorescence emission.  Spectroscopic
properties of these solvents were shown
in Table -1-. The fluorescence quenching
process of sulfolane emission by DMSO
solvent was of dynamic mechanism
having a straight line when applying
Stern-Volmer equation in all range of the
necessary  concentration  for  the
quenching process (i.e. 0.0047 mol/L) as
shown in Figure -3-. With Ac solvent, the
quenching mechanism is of static pattern
in the high concentration where the
quenching was clearly accelerated (Fig -
4- ), whereas that in the lower
concentrations (0.006 mol /L) is of
dynamic pattern.

Figure-5- presents the variation in
intensity of the sulfolane fluorescence
with the change of the DMFA
concentration. There is a clear increase
in the fluorescence intensity with
increasing DMFA  concentration,
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fluorescence peak in the wavelength
476 nm with increasing quencher
concentration.

The mechanism of the quenching
processes of the sulfolane fluorescence
in using the quenchers EG, MEOH and
EEOH is of static pattern in the three
cases. This static nature of quenching
reveal that there are more than one type
of mechanism contribute to this process
as shown in Figures 6,7 and 8 .
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Figure-3- Stern-Volmer plot for quenching of sulfolane
Fluorescence by DMSO. drrvo = 476 nm.
dexr, =382 nm. Fisure-4- Change of sulfolane fluorescence with Acetone.
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igure -5- Variation of sulfolane fluorescence intensity "

with DMFA concentration. Figure -6- Quenching of sulfolane fluorescence by EG solvent.
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Figure -8- Quenching of sulfolane
fluorescence by EEOH solvent,

“igure -7- Quenching of sulfolane fluorescence by MEOH solvent.
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Discussion
The dynamic quenching
Figure- 3- presents the state of a
and direct quenching of
fluorescence by DMSO
molecules. The quenching process
obeys Stern-Volmer equation.
According to the properties of the
mixture molecules and the forces effect
on them, the observed quenching might
be due to a molecular interaction of
dipole-dipole type. It is clear that the
mechanism is of a dynamic pattern,
where the DMSO molecules diffuse

simple
sulfolane

regularly  through the sulfolane
molecules.
The dipole moment of these

solvents is suitable for the dipole-dipole
interaction to occur resulting in the
quenching of the fluorescence emission
of the excited sulfolane. Increasing the
DMSO concentration higher than
0.0047 mol/L does not result in any
further quenching.

The Photophysical processes of the
sulfolane molecules excited at382 nm ,
Scheme-1-

S+hv(382nm) — 'S"  Absorption

'S—> S+hv (476 nm) emission

" 1S"+DMSO—S+DMSO+heat quenching

'S" S other deactivation processes

Now, changing the sulfur atom by a
carbon atom as in acetone solvent (Ac )
as a quencher, produce a dynamic
pattern of quenching mechanism in the
concentration range 0.0065 mol/L due
to the dipole-dipole  molecular
interaction. Increasing Ac concentration
to the range 0.01 mol/L increases the
rate of quenching dramatically as
shown in figure- 4 -. This increase in
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quenching may be due to the
contributions coming from other
mechanisms such as energy transfer
process which cause a kind of deviation
from Stern-Volmer plot seen in fig-4- ;
scheme-2-

'S"tAc — S+Ac  quenching

Ig* — g ISC
1S" + Ac — > S+!AC
or / and

3§"FAc —» SHACT

The diffusion of Ac molecules in
between the sulfolane (S )
molecules is thought to be easy
firstly; because the Ac molecules
are small , second; due to the
possible orientation of Ac
molecules which they may
undergo during their diffusion.
These unlike molecules will be
separated by a distance R (a
parameter of energy transfer) that
allows the energy transfers
process to occur. In the lower
concentration of Ac solvent the
contribution from this process to
the quenching being quite small.

Sulfolane-DMFA system

The DMFA
solvent posse’s two kinds of
fluorescence emission (see figure-2- ).
The first was detected at short
wavelength of 440 nm whearse the
second at longer wavelength of 660
nm. Its absorption spectra do not show
any complex formation in S state (fig-
1- ). The long wavelength fluorescence

singlet energy transfer

triplet energy transfer
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of the DMFA solvent may be due to the
interaction of the intermolecular
hydrogen bonding type which forms
the dimmer complex. The addition of
DMFA to sulfolane results in the
increasing of sulfolane fluorescence
intensity at 476 nm position in stead of
quenching it, as shown in fig-5-. This
enhancement of fluorescence intensity
was quite large in the concentration
range 0.0008- 0.01 mol /L. This
addition has no effect on the absorption
spectra of sulfolane.

The presence of DMFA molecules in
the dimmer form may enhance the
aggregation of sulfolane molecules in

Another  observation  was
detected on DMFA addition to
sulfolane, which is the blue shift of
sulfolane fluorescence peak at 476 nm
as a function of DMFA concentration.
The energy of the fluorescence
transition of sulfolane molecules,
which are more polar in the S; state (
nn state ) than in the S, state, is
affected by the DMFA polar molecules
through the destabilization process of
the nt  state as the lowest singlet
excited state. The destabilization results
in a large energy difference between S,
and Sp states ,as expected, which
presented as a blue shift in the
fluorescence peak.
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the ground state which on excitation
produce a largely populated singlet

excited state S;. The molecular
interactions between sulfolane and
DMFA molecules are not strong

enough to overcome the hydrogen
bonding forces between DMFA
dimmer molecules, which in turn, are
not able to quench the sulfolane
fluorescence. The highly populated S,
state produces an intense fluorescence
emission. It seems that excited
sulfolane molecules were always
surrounded by the dimmer complex
molecules of DMFA which shown
below;

Sulfolane-Ethanol derivative systems
In recent study of sulfolane-
ethanol system, we concluded that
ethanol quench sulfolane fluorescence
with a static mechanism without any
change in the shape of the fluorescence
spectra’’.  Also, we noticed the
increasing in the quenching efficiency
with increasing aliphatic chain length
of the alcohol and accompanied by a
change in emission peak position. This
behavior was explained in the light of
the formation of complexes with a
strong hydrogen bonding between
sulfone group in sulfolane and
hydroxyl group (OH) in ethanol. The
intermolecular hydrogen bonding have
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the ability to overcome the self-
association forces between the like
ethanol molecules which in the
presence of the orientation of the
hydroxyl group will results in a strong
interaction of OH group with sulfolane
molecules to form the complex *'°. The
substitution of a- H atom by OH group
in the other end of ehtanol molecule
give the ethylene glycol molecule,
HOCH,CH,OH,(EG) which has a high
probability of forming intermolecular
hydrogen bonding with sulfolane as a

-2005-

presence of two OH groups.Hense,EG
is more efficient quencher of sulfolane
fluorescence than ethanol ( see fig-6-
).It is the high ability of sulfolane
molecules to break down the self-
associated EG molecules and then
forming a new intermolecular hydrogen
bonding ,which is responsible mainly
for the formation of sulfolane-EG
intermolecular ~ hydrogen = bonded
complex.

The probable structure and shape
of bonding may take the following

molecular interaction due to the cases:
S \ = S e e 3
___,J’S N 0SSN B—— I:H:, (1)
SR
_%/
HOCH CH O s
o C | e A
AR QL ot HOCH CH OH -~
2)
Now, using methoxy ethanol ( bound to the neighboring like

MEOH ),CH;OCH,CH,OH, as a
quencher of sulfolane fluorescence
results in  decreasing quenching

efficiency ( fig-7-).It is clear that
MEOH molecule lost part of its
efficiency as a quencher since it lost
OH group in its structure compared
with EG molecule. This change results
in a lower probability of forming
intermolecular hydrogen bond with
sulfolane molecule as a molecular
interaction. At the same time MEOH
molecules loss part of their ability to
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molecules for the same reason. This
competition in forming intermolecular
hydrogen bonding between like or/and
unlike molecules may leads to a
decrease in the probability of molecular
interactions between sulfolane and
MEOH molecules. The result is a clear
decrease in quenching efficiency of
sulfolane fluorescence as shown in
figure-7-. It is interesting to notice that
one end of MEOH molecule is not
polar for which the forces between



National Journal of Chemistry, 2005, Volume 17

solute and solvent molecules being of
dispersion type.

Changing the quencher to
ethoxy ethanol, EEOH,
CH3;CH,OCH,CH,0H, posses a change
in quenching efficiency of sulfolane
fluorescence (see fig. -8- ) due to the
structural change of the EEOH
molecules. The order of quenching
efficiency of these solvents is:

EG>EEOH > MEOH > ETHANOL

Conclusion

The hydrogen bonding
molecular interaction is the main effect
and contributor to the quenching
processes of sulfolane fluorescence in
the sulfolane binary mixtures with the
studied solvents. The quenching
processes are thought to have complex
mechanism accept that for DMSO
quencher. Dimethyl form- amide
solvent posses different behavior by
enhancing fluorescence intensity in
stead of quenching it.
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