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CO SUPERCRÍTICO-SURFACTANTE-AGUA-DROGA 
2 , , 

FARMACOLOGICA: INTERACCIONES ELECTRONICAS 

E. Jara M.1 and D. Suleiman R.2 

RESUMEN 

El indicador (N,N-dimethyl-4-nitroaniline) fue usado para caracterizar las interacciones electrónicas con 
espectroscopia UV-Vis debido a su propiedad solvatocrómico. A medida que la polarizabilidad/dipolaridad 
(n*) del solvente aumentó, la máxima absorbancia cambió a bajos niveles de energía (rojo) debido a 
interacciones tipo puentes de hidrógeno. Varios surfactantes comerciales fueron estudiados: Plurónicos® 
(L31, L92, 17R2), Zonyl® FSN, Lauril éter etoxilato de ácido glicólico (Gele). Los valores de n* para 
los cinco sistemas estudiados, formados por indicator-H20-surfactante-scC02, indicaron la formación 
de microambientes cambiantes con el aumento de la presión. Los valores obtenidos son comparables a 
los hidrocarburos no aromáticos. Los valores más altos den* corresponden al sistema plurónico 17R2-
Indicator-H20-scC02 (de -0.22 a 0.05) a presiones y temperaturas variando de 91 -221 bar y 313-323 
K respectivamente. Comparado con los otros surfactantes, el plurónico 17R2 ha demostrado ser el más 
estable. Esta estabilidad es debido a su estructura (PPO-EO-PPO) que permitió atrapar H20 mediante 
interacciones de puentes de hidrógeno fuertes. El sistema evaluado ha mostrado ser sensible al soluto 
(droga farmacológica). Aunque los valores de n* sugieren que existe ambiente acuoso, se observaron 
diferentes comportamientos para acetaminofen e imipramina HCI. Esto sugiere diferentes interacciones 
intermoleculares entre los componentes que influyen en la estabilidad y desempeño de los surfactantes. 

Palabras claves: caracterización UV-Vis, fluidos supercriticos, microemulsiones, surfactantes. 

SUPERCRITICAL C0
2
-SURFACTANT-WATER-PHARMACEUTICAL DRUG: 
ELECTRONIC INTERACTIONS 

ABSTRACT 

The indicator (N,N-dimethyl-4-nitroaniline) was used to characterize electronic interactions with UV-Vis 
spectroscopy, because of its large solvatochromic shift. lts maximum absorbance shifted to lower energy 
(red shift) due to the specific hydrogen bonding interactions when the polarizability/dipolarity (rr*) of the 
salven! increased. Severa! commercial surfactants were studies: Pluron ic® (L31, L92, 17R2), Zonyl® FSN, 
glycolic acid Ethoxylate Lauryl Ether (Gele). The n* values for the five indicator-Hp-surfactant-scC0

2 
systems studied, indicated the formation of a changing microenvironment as pressure increased; achieving 
values comparable to those of non-aromatic hydrocarbons. The higher rr* values corresponded to pluronic 
17R2-Indicator-Hp-scC02 (from -0.22 to 0.05) al pressures and temperatures rang ing 91-221 bar and 
313-323 K respectively. Compared to the other surfactants, pluronic 17R2 has demonstrated to be the most 
stable. Perhaps this stabil ity was due lo its structure (PPO-EO-PPO) th at allows entrapment of Hp th rough 
stronger hydrogen bonding interactions. The systems evaluated have shown to be salute (pharmacological 
drug) sensitive. Even though !he rr* values suggested a constan! water-like surrounding, were observed 
different behaviors for acetaminophen and imipramine HCI. This suggested different intermolecular interactions 
among the components that influence the stabil ity and performance of the surfactants. 

Keywords: UV-Vis characterization, supercritical fluids, microemulsions, surfactants 
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INTRODUCTION 

The Kamlet-Taft parameters are u sed to 
characterize solvent properties beca use they 
provide information about the interactions 
occurring at the molecular leve!. Kamlet-Taft 
solvent parameters (rr*, ¡3, a, and others) 
are used to achieve insight into solvent 
strength for pure supercritical fluids (SCF's) 
and mixtures. 

The rr* parameter is an index of solvent 
dipolarity/polarizability that measures the 
ability of a solvent to stabilize a charge ora 
dipole by virtue of its dielectric effects. The a 
parameter of solvent hydrogen bond-donar 
acidities (HBD), describes the ability of a 
solvent to donate a proton in a solvent to 
salute hydrogen bonding. The ¡3 parameter 
of hydrogen bond-acceptor (HBA), provides 
a measure of the solvent's ability to accept 
a proton (donate an electron pair), in a sol­
vent to solute hydrogen bond. Kamlet and 
Taft correlated the a, ¡3, and rr* parameters 
for 250 liquid organic solvents through a 
schematic equation in the form of the linear 
solvation energy relationship (LSER)¡1J. This 
relationship has demonstrated that the solva­
tochromic comparison method may be used 
to unravel , quantify, correlate and rationalize 
multiple interacting solvent effects on many 
types of physicochemical properties. Lauren­
ce et al. Jbuilt the rr* scale in a variety of 229 
solvents using different indicators, including 
N,N-dimethyl-4-nitroanil ine, to provide a 
quantitative empirical measurement of the 
non-specific van der Waals interactions (con­
tributions others than hydrogen bonding)[2J 

Abbott et al., determined the hydrogen 
bonding interaction in liquid and supercriti­
cal hydrocarbons (e.g., HFC-32 , and HFC 
134a)13J Sigman et al., obtained the ¡3 and 
rr* solvatochromic indicators in supercritical 
C02 (scC02) over a wide range of densi­
ties[4J Using the same technique, Yonker et 
al., characterized four supercritical solvents 
(e.g. , NH3, N20, Freon-13 and C02)[5J They 
concluded that the rr* scale behaves like the 
Hildebrand solubility parameter (o) scale 
(NH3 > C02::::: N20 > Freon-13) and this be-
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haviorcan be tuned by changes in pressure. 
Furthermore, these results were correlated 
with the McRae-Bayliss model of solvato­
chromism, which is based on the Onsager's 
reaction field theory¡sJ The extensive appli­
cation of the solvatochromic approach was 
proved to be effective to characterize binary 
SCF's and determine the local composition 
dependence with the temperature, pressure, 
and concentration[7l 

The specific solute-binary fluid interactions in 
the local environment ofthe salute molecules 
have direct relevance in supercritical fluid 
extraction (SFE), selective chromatography, 
and molecular diffusion applications. The 
enrichment of the cosolvent by both specific 
and non-specific solute-solvent interactions 
should provide a basis for understanding 
solvent modifier effects in SCFs, as well as 
the phenomena of cluster formation in pure 
and binary SCF solutions. 

Many authors have studied the characte­
rization of reverse micelles. Shervani et 
al., stud ied the micropolarities of re verse 
micelles in sc-ethane and near-critical 
propane using UV-Vis spectroscopy¡aJ.[9l. 

McFann et al., used solvatochromic probes 
to characterize reverse micelles formed with 
nonionic surfactant[10l. In this study the indi­
cator N,N-dimethyl-4-nitroaniline is used as 
a solvatochromic probe, to characterize the 
micropolarities formed by commercial pluro­
nic® surfactants (e.g., L31 , L92, 17R2), Zon­
yl® FS0-1 00, and Glycolic a cid Ethoxylate 
Lauryl Ether (Gele). The effect of a salute in 
the systeni is analyzed, based on the shif­
ting capabilities of the pharmacological drug 
(e.g., acetaminophen, and imipramine HCI). 

11. EXPERIMENTAL PROCEDURE 

2.1. Materials 

The indicator used in this investigation is 
N, N-dimethyl-4-nitroaniline, it is a derivative 
of nitroaniline and has a large solvatochromic 
shift. Acetaminophen (99.0% purum) and 
imipramine HCI (99.0% purum) bought from 
Sigma-Aidrich. Their principal characteristics 
are summarized in Table 1. 
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Table 1. Characteristics of materials 

Nitro aniline Acetaminophen lmipramine HCI 

CAS: 100-23-2 CAS: 103-90-2 CAS: 113-52-0 

N, N-dimethyl-4-nitroaniline N-Acetyl-4-aminophenol 1 O, 11-Dihydro-N,N-dimethyi-5H-
dibenz(b,n-azepine-5-propanamine 

hydrochloride 

MW: 166.18 151.2 316.9 

Yellow powder Analgesic. Slightly soluble in- H20, Tricyclic antidepressant. 

J..max: 550, 450 nm 
C2HpH (50 mg/ml) and DMSO (5 M) 

White color and soluble in Hp (50 
mg/ml) 

Q 
OH 

G)o 
Q-l 

1 ~ 9? CH2-cH2-CH2 t{ CIH 

.,..N, 11 CH3 
H3C Q-l3 ,N-C-CH3 

H 

CsH,oNP2 C8H9NO, C,9H14N,•HCI 

The surfactants used are a series of pluro­
nics® (L92, L31 , and 17R2), perfluorinated 
(Zonyl®), and Glycolic acid Ethoxylate Lauryl 
Ether (Gele) . Pluronics surfactants were 

provided by BASF as a donation. Zonyl 
and Gele were bought from Sigma-Aidrich. 
The compounds were used without further 
purification. 
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Figure 1. U V-Vis experimental set u p. (1) C02 admission tubing connected lo a syringe pump (lsco In c. 
Model 2600) (2) High Pressure valve and cap. (3) Transducer connection. (4) Thermocouple. (5) Heating ele­
ments. (6) Stainless steel cell. (7) Magnetic stirrer. (8) Hot plate. (9) Transducer. (10) Temperatura display. (11) 

Power supply for heating elements. (12) U V-Vis spectrophotometer. (13) Acquisition data computer. 
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2.2 Experimental Procedure 

The experimental set-up is described in Fi­
gure 1. The UV-Vis studies were performed 
in a spectrophotometer (Hewlett-Packard 
8450, Agi lent Technologies lnc., CA, 1 nm 
resolution and less than ±0.2 nm wave­
length accuracy) using· a stainless steel 
high~pressure homemade cell of 8:5 cm3 
volume with 2.33 cm path length. The sapphi­
re windows were sealed with thinner Teflon 
0 -rings. Temperature was measured with a 
thermocouple (Omega lnc. , CT) connected 
to a heater and control set up. The cell was 
pressurized using a syringe pump (lsco lnc.) 
and a pressure transducer (up to 3300 psig 
range) was used to measure the pressure 
in the cell . 

For the experiments with L92 the concen­
tration in the cell was 1.13% (with respect to 
scC0

2 
at 72 bar), 40 ¡JL water and 0.1 mg of 

indicator. The indicator's concentration used 
was in a concentration low enough to not 
compromise the phase behavior ( 1.21 x 10-3 
molar%). For the other surfactants, the high­
pressure sample cell used for these studies 
was made of titanium and the sapphire win­
dows sealed with gold metal 0-rings. The 
cell was 13 cm3 volume and 2.54 cm path 
length. For each surfactant: L31 , 17R2, Gele, 
and Zonyl the concentration was 0.42% (with 
respect to scC0

2 
at 83 bar) , 0.25% (91 bar), 

and 1.2% (75 bar) réspectively at 308.15 K 
respectively. 

In a typical experiment, a solution of metha­
nol with indicator was loaded into the cell 
and then evaporated in vacuum. After the 
methanol was evaporated , the cel l was 
heated up to the set temperature. Once the 
temperature was equilibrated, Hp and sur­
factant were loaded and the cell was properly 
closed . The airwas extracted wi.th a vacuum 
pump·and the cell filled with scC02; complete 
mixing was achievedyvith a magnetic stirrer. 
Measurements were taken during stirring , 
because the spectrum showed unstable once 
it was stopped. At least th ree measurements 
were done for each condition , at different 
time intervals. 
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111 RESULTS ANO DISCUSSION 

The solvatoch romic sh ift (v max = 1 07/P.max) 
was correlated with the parameter rr* of our 
indicator when dissolved in diethyl ether 
((C2H5)p), acetonitrile (CH3CN), and water 
(Hp) (Figure 2) . The frequency at maximum 
absorbance shifts to lower energies (red­
shifts) as the polarizabil ity/dipolarity of the 
solvents 
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Figure 2. lndicator's _solvatochromic shift. 

increases. This is due by specific hydrogen 
. bónding interactions (notice the large shift 
· when the indicator is dissolved in water) . 

The behavior of our indicator in different mi­
croenvironments agrees with other resultsf2l. 

Sorne authorsf11 l have pointed out that the 
hydrogen bond with the amino nitrogen as 
an electron acceptor (typeA), does not cause 

· the spectral stiift; therefore, in our case when 
Hp is added to the scC02, the hydrogen 
bond considered is the one placed in the 
nitro oxygen . The capacity of the indicator 
to form hydrogen bond asan electron donor 
(type B) is suppressed dueto the presence 
of the CH-

3 
group; interaction that is possible 

in nitroan il ine . 
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Abbott et al., obtained the value of the sus­
ceptibility constant for N,N-dimethyl-4-ni­
troanil ine[3J Those resu lts were correlated in 
the form of LSER and the following equation 
was obtained: 

V max = 27956 - 562a- 3326Jr * Equation ·~ 

Whenever specific solvent-solute interac­
tions (such as hydrogen bonding) are ex­
cluded, medium effects on the frequencies 
of the maxima of the solvatochromic bands 
of any two indicators are linearly related to a 
high degree of precision. The rr* val u e can be 
obtained by equation 2, this equation holds 
for all non-hydrogen bond donor solvents 
and up to the gas phaser21· 

tr* = 
(V max 

(V DMSO 

Equa­

tion 2. 

Where vcC6H12 = 28.28x103 cm-1 and 
voMso = 24.66x 103 cm-1. These solvents are 
used as reference by taking rr*(c-C6H12)= O, 
and rr*(DMSO)= 1 by definition. 

3.1. lndicator-scC0
2 

Figure 3 shows the variation ofthe absorban­
ce and wavenumber with pressure for three 
temperatures. The red shift indicates a TT-+rr* 

• ., p3 
1 /. 

1 
1 

1 /' 
0.8 

1 
.. / f- / 

1 / 1 

¡' / / ,' ' ~ 0.6 f- ,' / / 
l 1 ./ lll { 

o 1 1 / e •' rn / / ,// ..Q 1 
~ 

o 0.4 1- / .~ '" l <t ' 
l ' ,/ 

f 
1 / 

-

-

-

/ 0.2 f- / ti __.__ 
~JB. -1: K -v ! _,_ 313.1 E· K • -·.fil - 31B.1f K 

o o L.......~L..c.....~L.........~L..........~.L.................._j 

70 75 so S5 90 95 

stabilized by dipole-induced-dipole forces 
as the dipolarity/polarizability ofthe solvents 
increases; this trend is apparent for aprotic 
liquid solvents 

at ambient .temperature. The solute stabi­
lizes at higher energy at 318.15 K rather 
than 308.15 K; however the optical density 
is higher at the lower temperature, because 
the dielectric constant for scC02 decreases 
with increasing temperature. 

The rr* values, obtained from equation 2, va­
ries linearly and proportional with pressure, 
but rr* decreases as temperature increases. 
As can be seen in Figure 4, comparing rr* for 
other solvents the values range from (-0.375) 
to (-0.205) like perfluorinated hydrocarbons. 
According to equation 1, for non-hydrogen 
bond ing solvents (a=O) there is a ónear 
variation between rr* and (vmax.-vO), where 
the slope rep resents the susceptibility value. 
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Figure 3. Absorban ce and wavenumber as function of pressure (lndicator-scC02). 
transition absorbance band of C=C that is 
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where E is the dielectric constant, n the 
refractive index, and !J.v, the differences 
between the vmax in a given solvent minus 
the value in the gas phase. Assuming that the 
dispersion terms are neglected, the 8 term 
describes interactions between the salute 
dipole and induced dipole in the solvent, and 
the e term describes dipole-dipole forces. 
For non polar, polarizable solvents E = n2, 
the second term becomes zero, and the first 
term can be expressed by what is called the 

"' 3 28600 r (> 
o 

• Onsager reaction field function which is given 
by equation 4[4]. 
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Figure 4. Comparison of dipolarity-polarizability 
val u es. 

lf we correlate our data linearly we obtain a 
value equal to -3333.33. This value is clase to 
that reported by Abbot et al., (-3326)¡3¡ . The 
models for dipole solvation can be microsco­
pic or macroscopic. The macroscopic model 
is related to the continuum model dipole sol­
vation similar to that proposed by Onsager[61. 

This model recognizes no specific solvent 
molecule or localization of solvent structu­
re and assumes no differences in solvent 
orientation clase to or far removed from the 
salute molecule. The effect of the physical 
contributions (e.g. , dispersion, induction and 
dipole-dipole forces) may be calculated with 
the McRae-Bayliss expression¡121: 

L1 v = dispersion terms + B 
2 ( 

n
2 

-1 ) 
2n + 1 

(
E -1 n

2 -1) 
+C E+ 2- n 2 + 2 

Equation 3. 

L(n2) = nzz -1 
2n + 1 

Equation 4. 

The refractive index for scC02 as a function 
of pressure and temperature can be deter­
mined from the specific Lorentz-Lorentz 
refraction , (equation 5) , as a fu nction of 
molar volume[13l. Where V= molar volume 
in cm3/g-mol. 

Equation 
6.600 + 1.25 - 264 5. 

v V2 

The plot of rr* vs. L(n2) presents three im­
portant points. The first point is that there are 
two linear regions forrr* as a function of L(n2

). 

The second point is that the regían where the 
slope changes is dependent on the fluid , and 
the third is that the intercept (L(n2)~0) gives 
us the values for rr*gas. 

Figure 5 shows the behavior of rr* with L(n2) . 

The rr* value obtained is (-0.8977) . The 
gas 

sudden changes in the dependence of rr* 
with Onsager reaction field occurs between 
the ranges of density 0.24-0.27 g/cm3 (pres­
sure 77-80 atm). 
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Figure 5. Onsager reaction field. 

The break observed might be expected to 
occur at a density where the solvent mole­
cules saturate the cybotactic region (reg ion 
of solvent molecules whose solvation struc­
ture is determined by the presence of the 
salute molecule), and the transition between 
gas-like and liquid-like behavior occurs. The 
results would indicate that the interaction 
between our indicator with scC0

2 
is more 

attractive than with 2-nitroanisole in which 
occurs at 0.29 g/cm 3 (pressure 88 .6 atm) 
¡sJ Th is suggests that the presence of O in 
2-nitroanisole does not promote clustering 
of C02 molecules around it. The slope of 
the curve at the high density region reflects 
the polarity of the medium. The polarity is 
main ly dueto the large quadrupole moment 
of scC0}6J The polarity calcu lated with our 
data ranges from (-0.38) to (-0.21 ), different 
val u es were reported for C0

2
, showing great 

discrepancies at the low density region . 

Comparing the n* values for various ind ica­
tors in scC02; our data has a similar beha­
vior of N,N-diethyl-4-nitroan iline (Figure 6). 
The n* values are negative and decrease 
smoothly towards the va lue for vacuum as 
the density of scC0

2 
decreases. 
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3.22 Hp-1ndicator-scC0 2 

The ground state of a dilute salute probe 
solvated by pure scC0

2 
has equilibrium sol­

vation energy that is largely determined by 
dipole-induced dipole interactions with the 
solvent molecules. This assumes that there 
are no specific intermolecular interactions 
such as hydrogen bonding or charge-transfer 
complex formation . With the introduction of a 
polar substance, both the dipole-dipole and 
specific intermolecular interactions become 
possible . 

For binary fluid mixtures containing a polar 
cosolvent the solvatochromic behavior of the 
solute can be described by the equation 6[6] . 

V max = V O + S J[ * Equation 6. 

Here n*' contains the hydrogen bonding 
contribution coupled with the solvent polarity/ 
polarizabil ity. This equation can be used to 
determine the n*' value of a binary super­
critica! fluid containing a cosolvent capable 
of hydrogen bonding with the solute. There­
fore, the n *' values can be obtained using 
equation 7. 



Jr *' _ 28180 - V max 

3333.3 
Equation 7. 

Three isotherms were measured for the 
system lndicator-H20-scC02. The results in 
terms of maximum absorban ce dependen ce 
with pressure can be seen in Figure 7. As the 
previous system, the red shift of the spectrum 
is reported, and a changing microenviron­
ment as well , although the optical density is 
not changing at P>85 bar. 

The solvatochromic information will directly 
reflect the local composition of the solvent 
molecules and will be related to the number 
of cosolvent and solvent molecules contai­
ned in the cybotactic region. However, the 
grouping of the specific and non-specific 
intermolecular interactions, will not allow us 
to determine the extent of hydrogen bonding 
interactions in the local composition about 
the salute. The system has a changing po­
larity similar to the perfluorinated solvents 
at low pressure and similar to non-aromatic 
hydrocarbons at high pressure. 

3.3. Pluronic L92-lndicator-Hp-scC02 

The results for the pluronic L92 surfactant­
indicator-Hp-scC02 can be seen in Figure 
8. Comparing with the previous systems 
evaluated we observed differences in the ab­
sorbance measured. Especially in presence 
of the surfactant, the indicator seems to be 
more solubilized. 
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the system reaches a plateau when the pres­
sure is increased. The solvatochromic shift 
describes a descending concave curve with 
respect to pressure; where, at pressures up 
to 1 08 bar reaches a platea u. 

We see that there are no differences in the 
microenvironments formed by the three 

systems studied. lt is important to note that 
any microstructure formed in the scC02 

fluid phase, is a changing microenviron­
ment affected by pressure. For 308.15 K 
and 318.15 K isotherms a change in t.max 
is observed with increase of pressure. At 

313.15 K, Amax increases with pressure until 
108 bar, where there is no further in crease. 
This pressure dependence was attributed 
to the existence of a two-phase region, a 
transparent fluid phase anda viscous phase 
of melted surfactantfll. Above this pressure, 
the system changes to a single reverse mi­
cellar phase, where no influence of pressure 
on the spectra was noticed. However, we 
cannot determine the effect of the surfactant 
in the system. lt is important to point out that 
we could not reach its cloud point pressure 
(362 bar 1131), so it could be possible that a 
two phase system is taking place. 

The rr* values calculated and compared with 
the system without surfactant, there is not 
a great increase in polarity. The change in 
direction of the curve is more evident for all 
isotherms, and the temperature range stu­
died does not have an effect in the polarity. 
The range of variation of rr* is from (-0.582) 
to ( -0. 069). 

3.4. Pluronics, Zonyl, Gele-lndicator-H20-
scC02 

The other surfactants were evaluated in the 
same way. lt is important to point out that the 
systems were very unstable3 and we could 
not obtain an adequate spectrum. However, 
we can see different behaviors ofthe pluronic 
L31 and 17R2 from the Zonyl and Gele sur­
factants . Pluronic L31 has only two hydroxyl 
terminal groups; hence the capacity to form 

3 Unstabifity defines the incapability of !he system 
to achieve steady state producing !he deformation 
of the UV-spectra. 
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hydrogen bond with Hp is limited . Although, 
pluronic 17R2 has 1 O ethylene oxide (EO) 
and can trap more H

2
0, the absorbance does 

not increase beyond that of pluronic L31. 
There must be a steric hindrance for its limit 
to solvate Hp molecules, and consequently 
to solubilize the ind icator, through the oxygen 
molecules distributed along the backbone of 
the surfactant. 

For pluronic L31 , as pressure increased , the 
indicator was more soluble; this trend was 
favored by temperature. At 323.15 K, the ab­
sorbance seems to reach a plateau, sugges­
ting that the cloud point of the system was 
very clase. However, as pressure increases, 
the solubility of the propylene oxide (PPO) 
in creases, then it would be possible that the 
tail-ta il attraction strengthens producing the 
aggregation of the C02-philic tails and there­
fore the microenvironment collapse. 

For al! the temperatures studied , the rr* 
values increases with pressure. Studies 
have demonstrated the aggregation of po­
lyether by intramolecular hydrogen bonding 
through the terminal H with the nearest 
O of the EO group; therefore, limiting the 
existence of active sites for interaction with 
Hp. This would explain the little capacity of 
pluronic 17R2 to trap Hp. PPO has weaker 
segment-segment interactions; thus, weaker 
self-association. The conformation in the 
ca-block surfactant pluronic 17R2 would 
prevent the aggregation of the PPO groups; 
and therefore, present more stability. 

For pluronic 17R2, the point where a sudden 
change in the trend of the curve indicates 
the cloud point. This is accompanied by an 
increase in the rr* and perhaps structural 
changes in the microenvironment formed, 
which creates a more favorable environ­
ment for the indicator and Hp molecules. 
This does not produce an increase in the 
absorbance, especially at 308.15 and 313.15 
K that slightly increases with pressure. At 
323.15 K, above the cloud point pressure, the 
absorbance is decreasing . lt seems that the 
pressure is breaking up the nonionic surfac­
tant aggregation , which would be expected 



to reduce solubilization; this also produces 
the decrease in the n* values. The same 
phenomenon is observed for pluronic 17R2 
at 308 .15 K and pressu res abo ve 200 bar. 

Conversely to the spectrum at 323.15 K, at 
the lower temperatures studied, the increase 
in density appears to change the subtle ba­
lance of forces at the surfactant interface and 
induce structural changes in the aggregates, 
such as spacing between head groups and 
the distribution of Hp, but these changes do 
not create a more favorable environment for 
the indicator. 

Gele was unstable and measurements at 
low pressures were only made. However, the 
decreasing trend in wavenumber suggests a 
changing environment. lt could be possible 
that the cloud point was not achieved. The 
high aggregation capacity ofthe surfactant is 
because ofthe self-aggregation tendency of 
the carboxylic acid terminal group that forms 
dimers easily. 

Zonyl presents the highest absorban ce of all 
the surfactants studied. lt was only possible 
to measure the spectrum at 323.15 K. The 
trend described is almost constant as well as 
the polarity. The plateau described wou ld be 
indicative of a micellar phase. Much of the 
unstability ofthe system could be because of 
the low length ofthe fluorinated tails, campa­
red with the long EO head (11 EO groups). 

According to the cloud point for the sur­
factants we can conclude that one-phase 
system was ach ieved for pluronic 17R2. 
According to the values of polarizability n *, 
the polarity of the system is changing up to 
a value clase to the non-aromatic hydro­
carbons. The n* values for the surfactants 
varied according to the relation Gele<L31 < 
17R2. The higher val u e obtained is at 323.15 
K for pluronic 17R2. 

3.5 Drug-surfactants-Hp-scC02 

We evaluated the solvatochromic shift of 
acetaminophen with different solvents ; 
ethanol (C2H5

0H), diethyl et~er ((C
2
H

5
)p), 

acetonitrile (CH 3C.N) and water (Hp). From 
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the results we conclude that the salute is 
quite sensitive to its surrounding microenvi­
ronment. Acetaminophen shifts to opposite 
direction (blue-shifts) compared to our indi­
cator. lt corresponds to r]-> n* transition in the 
absorbance band of C=O induced by HBD 
solvents. That stabilizes the salute ground 
state through the donation of a hydrogen 
bond, generally the blue shift is larger than 
the red shift. lmipramine HCI, does not shift 
in a changing microenvironment, as was 
probed when solubilized in Hp and metha­
nol (CHpH, Amax at 251 nm); it was not 
possible to dissolve in less polar solvents. 
The shift in the maximum absorbance was 
evaluated at 313.15 K. lf we make a rough 
correlation with the three vmax measured for 
acetaminophen , when dissolved in the more 
polar solvents, we obtain the next correlation, 
from where we can calculate values for n*': 

V max = 39157 + 1818Jr *' Equation 8. 

The values forv resemble that of H O ener-max 2 

gy, and the value for n*' calculated is about 
1.09 and 1.28 for pluronic L31 and 17R2 
respectively. These results suggest that the 
drug is surrounded by Hp molecules, more 
than scC0

2
; however, we cannot assure that 

the reverse micelle microstructure was for­
med , even though the cloud point of pluronic 
17R2 was achieved. The results also showed 
that increasing pressure of scC0

2 
does not 

change the microenvironment formed in the 
one phase micellar solutions. 

The increasing absorbance for an unchan­
ging polarity micro-environment suggests 
that more salute is being solubilized in the 
fluid phase due to a density increase. This 
increase in density also dissolves more Hp 
in the supercritical phase and provokes 
conformational changes in the surfactant 
interface. This is especially the case when 
acetaminophen is used. The question remai­
ning is whether the quantity of water satu­
rating the fluid phase is enough to dissolve 
the imipramine salt, considering that 0.32% is 
in the form of H

2
C0

3
. The increase in absor­

bance with pressure would ind icate that the 
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saturation of the intermolecular interactions 
was not achieved and the microstructure 
was growing (e.g ., increasing Hp molecules 
and increasing the surfactant solubilization), 
but the structure was so unstab le that it co­
llapsed (e.g. , aggregation of the surfactant 
or in teraction between hydrophobic chains 
versus size of the salute) . 
IV Conclusions 

The dipolarity/polarizability v;alues Df the 
surfactants (e.g., pluronic L92, L3i, 17R2, 
Gele, and Zonyl) studied for the range of 
temperatures (308.15-323.15 K) and pressu­
res (72-240 bar) are summarized in Table 2. 

Table 2. n* values of Surfactants-lndicator­
Hp-scC02 system 

System Pressure rr* range 

range [bar] 

lndicator-scC02 72-92 (-0 .37)-(-0.20) 

lndicator-Hp-
72-125 (-0.45)-(-0.07) 

scC02 
PL92-Indicator-

Hp-scC02 
71-121 (-0.58)- (-0.07) 

PL31-Indicator-

Hp-scC0
2 

83-153 (-0.24)-(-0.02) 

P17R2-Indica-

tor-Hp-scC0
2 

91-221 (-0.22)-(0.05) 

Gele-lndicator-

Hp-scC02 

75-107 (-0.34)-(-0.24) 

Zonyl-lndicator-
171-239 (-0.17)-(-0.14) 

Hp-scC02 

The change in rr* suggests that a changing 
microenvironment occurs when surfactant, 
Hp, and scC0

2 
are mixed . The polarity 

values for our surfactant- H20-scC02 sys­
tem are closer to those of non-aromatics 
hydrocarbons, but have lower polarizabi lity 
than expected . This impl ies that the indicator 
is main ly surrounded by C0

2 
molecules and 

that the Hp molecules that produce mice­
llization are strongly interading mainly with 
the EO groups ofthe surfactant. Specifically, 
the higher polarizability value was achieved 
when pluronic 17R2 surfactant was used at 
323.15 K. Perhaps, dueto the PPO-EO-PPO 
structure that might have more stability and 
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abil ity to attract Hp. Pluronic 17R2 has a 
central 1 O EO group·s that ·can interact with 
Hp 'Strong ly, and also this continuum EO 
structure would promote the formation of 
hydrogen bonding Hp. Pluronic L31 has 
only 2 no r<1 neighboring terminal EO groups, 
conversely it would be more polar by itself, 
the capacity of interact with Hp is restricted. 

Among the pluronic surfactants used in 
our research, pluronic L92 and 17R2 have 
proven to be the most stable , at the range 
of pressures studied in scC0

2
. Even though 

the higher cloud point pressure of pluronic 
L92 than 17R2, it was possible to form a 
micro-domain with the former surfactant. 
Pluronic L31 has shown to be more unstable 
and unable to prevent coagulation of the 
hydrophilic groups. According to our results, 
the configuration PPO-EO-PPO (type R) 
was the more favorable for microemulsion 
formation , because there is not an entropic 
barrier between the hydrophobic groups 
and the solvent and constrains· related to 
the curving of the macromolecule's chain . 
These results are in agreement with what 
was stated in hydrophil ic media, where the 
micellization was favored by the EO-PPO-EO 
(type L) configuration . Zonyl and Gele were 
very unstable and few measurements were 
made. The results were worse when aceta­
minophen and imipramine HCI were used. 

Aggregation of pluronic surfactants is very 
sensitive to additive (e.g., acetaminophen , 
imipramine HCI, indicator) . This is because it 
might affect the critica! micelle concentration/ 
pressure. The performance of the surfactant 
is different when the drug instead of the 
indicator is used. The polarities achieved 
when the indicator is used are· lower com­
pared to those drugs are used (for pluronic 
L31 and 17R2). Although , approximately•the 
same polarities are accounted for pluronic 
L31 and 17 R2, the absorban ce is lower for 
pluronic 17R2. The indicator shifts to higher 
wavelength (red shift) as the polarity of the 
solvent in creases. lt seems that the indicator 
presents a strong interaction with the scC02 

ratherthan with Hp molecules. Pluronic L31 
and L92 ha ve similar behavior and the indica-



tor interacts better with them rather than with 
pluronic 17R2. Both drugs are surrounded 
by a polar environment, but their behavior 
is significantly different. 

Acetaminophen dissolved in a Hp-scC0
2 

media presents a higher polarity and also 
higher absorbance. The addition of the pluro­
nic decreases the polarity, the lowest account 
for pluronic L31 . At the highest pressure·, 
the absorbance was high for pluronic 17R2; 
however, both surfactants produced the 
precipitation of the drug from the fluid phase. 
This could indicate that acetaminophen does 
not promete aggregation by increasing the 
repu lsive forces among the EO groups. The 
configuration of PPO-EO-PPO is preferable 
to promete micellization . Acetaminophen 
showed a blue shift, meaning that it shifts 
to shorter wavelength as the polarity of 
the solvents increases . lmipramine HCI 
did not show any variation representative 
of a non-changing microenvironment. The 
wavenumber determined in both surfactants 
resembled an environment closer to water­
like surrounding. The absorbance values are 
also approximately simila r, and the system 
was more stable than with the indicator. lt 
is known that the core of the microemulsion 
has a pH approximately near to 3 beca use of 
the formation of the ion HC03- lmipramine 
HCI is a salt that is ionized when dissolved 
in Hp, obviously this will increase the acidic 
character of the microenvironment, and the 
effect of this pH val u e in the microemulsion 
formation was not determined . 

UV-Vis spectroscopy demonstrated to be an 
adequate technique to study the microenvi­
ronment formed , around a salute. Because 
the presence of the surfactan t provoked the 
precipitation of the drug (e.g. , acetamino­
phen) , this system can be adequate for an 
emulsion-extraction process, where the drug 
dissolved in an aqueous solution ora polar 
organic solvent can be separated through 
the extraction of the solvent and Hp upon 
addition of the SCF. lt would be interesting 
to study surfactants with chains , thus the 
stability of the system can be improved and 
also perform studies of flocculation and ste-

--- - - - - - - -
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ric hindrance. Another way to improve the 
performance of the surfactant will be with 
the addition of co-surfactants. 
V Acknowledgement 

The authors would like to gratefully thank to 
Prof. C. A. Eckert for allowing us to work in 
his facilities at Georgia Tech and to Jie Lu 
Ph .O. and Josh Brown Ph.O. for their valua­
ble advices and support. 

VI References 

[1] Kamlet MJ , Abboud JLM, Abraham MH, 
Taft RW. Linear Solvation Energy Rela­
tionships. 23. A Comprehensive Collec­
tion ofthe Solvatochromic Parameters, 
TT*, a, and ~ . and Some Methods for 
Simplifying the Generalized Solvato­
chromic Equation . J. Org . Chem. 1983; 
48, 2877. 

[2] Laurence C, Nicolet P, Oalati T Abboud 
JLM, Notario R. The Empirical Treat­
ment of Solvent-Solute lnteractions: 15 
Years of TT*. J. Phys. Che m. 1994; 98, 
5807-5816. 

[3] AbbottAP, Corr S, Ourling NE, Hope EG. 
Hydrogen Bond lnteractions in Liquid 
Supercritical Hydrofluorocarbons. J. 
Phys. Chem. B. 2003; 107, 10628-
10633. 

[4] Sigman ME, Lindley SM, Leffler JE. Su­
percritical Carbon Oioxide: Behavior 
of TT* and ~ Solvatochromic lndicators 
in Media of Oifferent Oensities. J. Am. 
Chem. Soc. 1985; 107, 1471-1472. 

[5] Yonker CR, Frye SL, Kalkwarf, OR, Smith 
RO. Characterization of Supercritical 
Fluid Solvents Using Solvatochromic 
Shifts . J. Phys. Chem. 1986; 90, 3022-
3026. 

(6] Yonker CR, Smith RO. J. Phys. Chem. 
Solvatochromism: A Oielectric Con­
tinuum Model Applied to Supercritical 
Fluids. 1988; 92, 235-238. 

[7] Yonker CR, Smith RO. Solvatochromic 
Behavior of Binary Supercritical Fluids: 
The Carbon Oioxide/2-Propanol Sys-

31 

l 



Rev. Per. Quím. Ing. Quím. Vol. 16 N. 0 1 , 2013. Págs. 20-32 

te m. J. Phys. Chem. 1988; 92, 237 4-
2378. 

[8] Shervani Z, lkushima Y. Micropolarities 
of sodium bis(2-ethylhexyl) sulfosuc­
cinate reverse micelles prepared in 
supercritical ethane and near critica! 
propane Colloid Polym. Sci. 1999; 277, 
595. 

[9] Shervani Z, lkushima Y. The investigation 
of water /AOT/ supercritical ethane re­
verse micelles by UV-VIS spectroscopy 
J. Supercrit. Fluids. 1998; 13, 375-379. 

[10] McFann GJ, Johnston KP, Howdle, 
SM. Solubilization in Nonionic Reverse 
Micelles in Carbon Dioxide. AIChE J. 
1994; 40, 543-555. 

[11] O ka H, Kajimoto O. Phys. Chem. Chem. 
Phys. UV absorption solvatochromic 
shift of 4-nitroaniline in supercritical 
water. 2003; 5, 2535-2540. 

[12] Bennett GE, Johnston KP. UV-Visible 
Absorbance Spectroscopy of Organic 

32 

Probes in Supercritical Water. J. Phys. 
Chem. 1994; 98, 441-447. 

[13] Besserer GJ , Robinson DB. Refractive 
lndices of Ethane, carbon Dioxide and 
lsobutane. J. Chem. Eng . Data. 1973; 
18, 137-140. 

[14] da Rocha SRP, Harrison KL, Johnston 
KP. Effect of Surfactants on the lnter­
facial Tension and Emulsion Formation 
between Water and Carbon Dioxide 
Langmuir, 1999; 15, 419-428. 

[15] O'Neill ML, Cao Q, Fang M, Johnston 
KP, Wilkinson SP, Smith CD, et al. 
Solubility of Homopolymers and Co­
polymers in Carbon Dioxide. lnd. Eng. 
Chem. Res. 1998, 37, 3067-3079. 

[16] da Rocha SRP, Psathas PA, Klein E, 
Johnston KP. Concentrated C02-in­
Water Emulsions with Nonionic Poly­
meric Surfactants. J. Colloid Interface 
Sci. 2001, 239, 241-253. 


	RevPerQeIQ-Vol 16- num 1-2013

