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extraction efficiencies were as high as 99%. No mechanism of extraction was formally
determined, but curiously, the researchers concluded that hydrophobicity of an ionic
liquid has no effect on extraction efficiency. This is a claim that would be challenged by
at least one subsequent study.

This seemingly contradicting study was conducted by Pei et al. in 2007 [1.22]. In
this work, four different ionic liquids were used, including C4mimPFs, 1-hexyl-3-
methylimidazolium hexafluorophosphate (CemimPFs), 1-hexyl-3-methylimidazolium
tetrafluoroborate (CsmimBF4), and 1-octyl-3-methylimidazolium hexafluorophosphate
(CsmimPFs). The anionic dyes used were methyl Orange, eosin yellow, and Orange G,
and the extractions were carried out over a wide range of pH values. It was observed that
the ILs possessing longer alkyl chains were more efficient at extraction, with the highest
D values occurring for the CsmimPFs and decreasing as the alkyl chain size decreased.
This suggests that the more hydrophobic the IL, the more efficient it is as an extraction
solvent. The data also indicated that the neutral form of Methyl Orange has rather poor
partitioning (low D’s) below its pKa of 3.46. When the anionic form predominates at pH
levels above 4.0, however, the extraction efficiency quickly rises to a plateau. Eosin
Yellow, in contrast, exhibited high D values at pH levels below 4 and a steep drop as the
pH was increased. Orange G displayed an essentially constant distribution ratio until very
basic pHs were reached, at which point Dgye declined. The authors speculated that at high
pH, the dye is incapable of forming hydrogen bonds with fluorine atoms of the PFs anion.
This suggests that hydrogen bonding may play a role in the mechanism of dye extraction.

The ionic liquid CsmimPF¢ was also used in a 2008 study by Li and Xin [1.23], in

which the anionic dyes Acid Yellow RN and Acid Brilliant Red B were extracted into the
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IL and into a conventional solvent, octanol. The dyes partitioned into the IL much more
effectively than into the octanol. For the Acid Yellow, the D value in octanol was 13.6
compared to 130.25 for the IL, while for the Acid Red, the values were 3.0 and 424.8,
respectively. These researchers suggested that the ions comprising the ionic liquids act as
counter ions, thereby increasing their extracting abilities. It was also determined that acid
yellow undergoes anion exchange with the PF¢ (forming a complex of

[Csmim]org [Dye]ore” as indicated by comparing NMR spectra of the IL before and after
dye contact), making IL recovery difficult after repeated uses due to incorporation of the
dye into the IL. The red dye also tends to form ion pairs of [Csmim]org [Dye]ore” that
comprise part of the IL phase but according to NMR spectra, the structure is not altered
so the IL can be recovered after several uses. In both cases, though, the PF¢ is lost to the
aqueous phase and would be introduced to the environment barring dedicated recovery
steps (the remaining pair after combination would be [Dye]aq [PFs]aq). This is the very
opposite of “green” chemistry and needs to be addressed before this methodology can be
considered viable.

In 2010, Fan et al. investigated the extraction of various azo dyes into C4mimPFe,
CsmimPFg, CsmimPF¢, CemimBF4, and CsmimBF4. The dyes included neutral 1-
(phenylazo)-2-naphthol and 4-(nitrophenylazo) resorcinol, in addition to the cationic dyes
1-(2-pyridylazo)-2-naphthol, 4-(2-pyridylazo) resorcinol, and Methyl Red. They
observed cation exchange, which involved the transfer of the cationic dye into the IL
phase and the concomitant movement of the imidazolium cation into the aqueous phase.
As long as the alkyl chain is sufficiently short, the cation lost to the aqueous phase may

not be very toxic. Nonetheless, cation loss would affect the process economics. The
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researchers also found higher Dgye values with the tetrafluoroborate ion than for the
hexafluorophosphate ion, which was attributed to the greater hydrogen bonding ability of
the former and the formation of hydrogen bonds between the dye and the IL. Finally, all
but one dye was recovered (1-(phenylazo)-2-naphthol) [1.24].

It is clear from these studies that additional work is required: (a) to define the
characteristics of an IL that leads to high extraction efficiency and facile recovery, (b) to
elucidate the mechanism(s) by which dye molecules are extracted into an IL, and (c) to
understand the seemingly contradicting results obtained by various investigations. With
this in mind, a systematic study of the influence of IL cation hydrophobicity, IL anion
properties, and dye characteristics on dye partitioning between a series of N, N-
dialkylimidzolium-based ILs and water has been undertaken. Specifically, six different
dyes were used to test the performance as extraction solvents of a series of ILs. These
include three anionic dyes (Thymol Blue, Methyl Orange, and Orange G) and three
cationic dyes (Methylene Blue, Safranin O, and Methyl Violet). These were chosen
because they are representative of the two major families of commercial dyes, are stable
in an array of media, have well-known structures, and are easy to handle.

1.5 Characteristics of Selected Dyes

. Thymol Blue is often used as a pH indicator. It is red below the first pKa (1.7),
yellow at pH values between 1.7 and its second pKa (8.9), and Blue above pH 8.9.
Methyl Orange is also used in acid-base titrations, but unlike Thymol Blue, it has only
one pK, (3.47). The dye is red at pH values below this pK. and orange above it. Orange
G 1s usually used in biological stains and gel electrophoresis. It is orange below a pH of

9 and red above it.
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Methylene Blue is used frequently in biological stains and occasionally as a redox

indicator. It has also found uses in the health care industry as a potential cure for malaria

and certain cancers when combined with other drugs (such as indole-3-acetic acid). It

maintains a consistent blue color regardless of pH, although it is insoluble at high pH

values (above 10). Safranin O is also used in biological stains and in redox reactions; it

maintains a dark pink/red color at all pH levels. The family of Methyl Violet dyes has

been used as purple dye in the textile industry and in biological stains. It is generally

yellow in very acidic solutions and dark purple above a pH of 1.6. Methyl Violet

comprises a family of similar structures and in this particular work, structure 2B was

used.
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CHAPTER 2:
DYE DISTRIBUTION IN OCTANOL-WATER SYSTEMS
2.1 Introduction

While it is generally accepted that in terms of fugative emissions ionic liquids are
more environmentally-friendly than traditional solvents, the toxicity and effects on
aquatic environments of most ILs remain incompletely understood. The research that has
been conducted indicates that both the cationic and anionic components can be harmful to
aquatic organisms such as bacteria, algae, freshwater snails, and catfish, among others
[2.1-2.2]. It is possible that many ILs will prove sufficiently toxic as to defeat the
purpose of using them to remove dyestuffs from water. It is therefore critical to
understand how dyes will act in IL systems. One way to begin studying this is to
examine the octanol-water partitioning coefficient (Dow) and log D, of a given dye.
Huddleston ef al. have noted that an IL system (i.e., 1-methyl-3-butylimidazolium
hexafluorophosphate) yields partition coefficients for a number of solutes that correlate
well with those found in an octanol-water system [2.3]. Therefore, this value, which can
be used to describe a dye as hydrophobic or hydrophilic, could potentially also be used to
predict how the dye will behave in the ILs of interest here.

In this portion of the work, the Dow of four dyes was determined using the “slow-
stir” method [2.4] in which a glass vessel was filled with equal volumes of dye-saturated
water and dye-saturated octanol and stirred slowly and continuously until equilibrium
was reached. To reduce or eliminate the possibility of cross-contamination between

phases, a length of tubing was added so that the denser water phase could be sampled
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independently of the octanol layer. Figure 2.1 provides a side-view of the sampling vessel
[2.4].

Octanol/TL sampling

Water/IL sampling

a— Octanol-rich
phase

Water-rich
dp— phase

Figure 2.1 Apparatus used for octanol-water systems.
2.2 Experimental
2.2.1 Materials
The 1-octanol was obtained from Alfa Aesar (Heysham, England) and had a

purity of 99% (v/v). The water with which the octanol was equilibrated was obtained
from an Easypure II system and had a resistivity of 18.2 MQ. Three of the dyes (methyl

Orange, Methylene Blue, and Safranin O) were purchased from Sigma-Aldrich
(Milwaukee, WI), while the fourth (Methyl Violet) was obtained from Acros Organics
(Fair Lawn, NJ). Only four dyes were considered here for reasons that will be outlined in
a later section of this report. Twenty-five milliliters of a 1 mM solution of each dye were
prepared by dissolving the appropriate mass of solid in either water or 1-octanol, as
appropriate. From these stock solutions, dye standards of varying concentrations (ca.
0.002-0.025 mM) in both octanol and water were made for use in UV-visible
spectrophotometric measurements. The concentrations were chosen to exhibit a range of

absorbances between 0.000 and 1.000.
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2.2.2 Instrumentation

Measurements of dye concentration were made using UV-visible
spectrophotometry (Shimadzu UV-2450 Spectrophotometer). This instrument relies on
Beer’s Law (Eqn. 2-1) which states that the absorbance of a sample is directly
proportional to the concentration of light-absorbing molecules [2.5]. “A” represents
absorbance, € represents molar absorptivity in M"'cm™!, b represents the pathlength in cm,
and c represents the concentration in M.

A =¢gbc (2-1)

Quartz cuvettes with a path length of 1.0 cm were used. All samples were measured
against a reference cell that contained either water or octanol, depending on the diluent
used for the sample. The spectrophotometer can be represented by a schematic such as
the one depicted in Figure 2.2, and specific operating conditions are listed in Table 2.1.
All measurements were conducted at the wavelength of maximum absorbance for each
dye in each diluent (Table 2.2), which was determined by obtaining a spectrum of the dye

solution over the range specified in Table 2.1.

Rotating Mirror / Mirror
. —> .
Light Source Scanning Sample Detector
———» | Monochromator Cuvet
) ,L— Reference L
error/v — > =
Cuvet

Mirror

Figure 2.2 Spectrophotometer Schematic (Adapted from 2.5)
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Table 2.1
UV-Visible Spectrophotometer Operating Conditions
Range of Wavelengths 900-190 nm
Scan Rate 210 nm/min
Sampling Interval 1.0 nm
Slit Width 2.0 nm
Number of Measurements 3
Time Delay 10 seconds
Light Source* 50W Halogen and Deuterium
Photometric Accuracy* +0.002 Abs between 0-0.5
+ 0.004 Abs between 0.5-1.0
Drift* <0.004 Abs/hour
*[2.6]
Table 2.2

Wavelength of Maximum Absorbance for Dyes

Dye Amax in Water (nm) Amax in Octanol (nm)
Methyl Orange 471 417
Methylene Blue 664 660
Safranin O 520 539
Methyl Violet 577 583

2.2.3 Procedure

A 15-mL aliquot of an aqueous dye solution was placed into the equilibration
vessel (depicted in Figure 2.1), followed by thin plastic tubing (Hamilton). After the
tubing was secured in the aqueous layer, a 15 mL sample of the same dye in octanol was
added. The tubing was then pulled through a pierced rubber septum and secured with a
small plastic cover. Using a micro stir bar, each octanol-water dye system was
continuously stirred for a period of three to four months. Samples were withdrawn
periodically from each phase for analysis by UV-visible spectrophotometry.

Specifically, sampling was accomplished using a 250 or 500 pL. Hamilton glass

syringe. The water layer was sampled through the tubing while the octanol layer was
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sampled by piercing the rubber septum with the syringe needle. The volume removed
varied depending upon the color saturation and, as time passed, the volume that could be
removed without disturbing the tubing. Calibration curves for each dye in each phase
were constructed using standard solutions that ranged in concentration from 0.002 to
0.025 mM. Dilutions were made as necessary to ensure that all measured absorbances
fell between 0.000 and 1.000 and fit within the standard calibration curves. Sampling
was completed either when the volumes of the respective phases became too small or
when the concentrations in both phases had not shown any significant change over the
preceding 30 days. The distribution ratio for a given dye in an octanol-water system, or
Dow, was calculated by dividing the concentration of dye in the octanol layer by the
concentration in the aqueous layer. A Dow value was calculated for each sampling point,
and graphs of Dow over time were constructed. All systems were considered to be in
equilibrium beyond a point of 104 to 133 days of constant stirring.
2.3 Results

Figure 2.3 shows the Dow obtained for Methyl Orange. Methylene Blue data are
provided in Figure 2.4. Safranin O data are shown in Figure 2.5. Finally, Methyl Violet
data are presented in Figure 2.6. Error bars are not included because only one sample for
each phase was acquired at each sampling time. Table 2.3 shows the Dow and log D for

each dye at the equilibrium point.
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Figure 2.3 Distribution ratio of Methyl Orange in an octanol-water system over
time.
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Figure 2.4 Distribution ratio of Methylene Blue in an octanol-water system over
time
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Figure 2.6 Distribution ratio of Methyl Violet in an octanol-water system over time.

Table 2.3
Dow and log D at Equilibrium Point

Dye Dow LOg D
Methyl Orange 0.030 -1.522
Methylene Blue 0.013 -1.886

Safranin O 0.077 -1.114
Methyl Violet 20.00 1.301
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2.4 Discussion

The objective of this portion of the work was to observe the behavior of dyes in a
“conventional” solvent system comprising only octanol and water. Originally, six dyes
were to be examined in this study, but two of them (Thymol Blue and Orange G) were
eventually abandoned due to various circumstances that made their determination
difficult or impossible. Thymol Blue, for example, yielded aqueous phase absorbance
values too low to be measured reliably, thus preventing the calculation of a Dow value.
Orange G did not readily dissolve in octanol, thus rendering any study of its partitioning
impractical. Determination of the partitioning of these dyes in an octanol-water system
awaits the development of alternative methodology.

Regarding the systems for which reliable measurements were possible, it can be
seen that Methyl Orange (Dow = 0.030), Methylene Blue (Dow = 0.013), and Safranin O
(Dow = 0.077) favor the aqueous phase, while Methyl Violet (Dow = 20.00) heavily favors
the octanol phase. Methylene Blue was the most hydrophilic, followed by Safranin O
and Methyl Orange. It might reasonably be anticipated that these trends also hold for dye
partitioning between water and various ionic liquids, with dyes such as methyl Orange
favoring the aqueous phase and Methyl Violet favoring the IL phase.
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CHAPTER 3:

DEVELOPMENT OF AN EXTRACTION PROCEDURE: DYE DISTRIBUTION
IN 1-METHYL-3-OCTYLIMIDAZOLIUM HEXAFLUOROPHOSPHATE
(Csmim*PF¢)—WATER SYSTEMS

3.1 Introduction

As the next step in the development of a procedure for evaluating dye partitioning
in IL-water systems, the extraction of Thymol Blue from water into 1-octyl-3-
methylimidazolium hexafluorophosphate (CsmimPFs), a system previously studied by
Visser et al. [3.1], was examined. The extraction of Thymol Blue was measured at five
different pH values (i.e., 1.5, 2, 4, 7, and 12) and the distribution ratio was calculated for
each pH. A graph of the distribution ratio of the dye versus pH was then constructed and
compared to prior results obtained using a similar procedure [3.1].
3.2 Experimental
3.2.1 Materials

Thymol Blue (12.3 mg; Sigma-Aldrich, Milwaukee, WI), was weighed into a
series of 25-mL volumetric flasks. Each portion was dissolved and diluted to the mark
with the appropriate diluent to achieve a concentration of 1 mM. Acidic solutions (i.e.,
pH 1.5, 2, and 4) were prepared by dilution of concentrated sulfuric acid (18.16 M;
Sigma-Aldrich, St. Louis, MO), while other solutions were made via the dilution of
concentrated sodium hydroxide (19.9 M; Fluka/Sigma, St. Louis, MO). The pH of all
solutions was measured using an Orion 720A+ pH meter (Thermo Scientific) and
adjusted to the appropriate pH by the addition of acid or base as needed.

The ionic liquid, CsmimPFs, was prepared in a two-step process. In the first step,

1-octyl-3-methylimidazolium bromide (CsmimBr) was synthesized by combining 1-
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methylimidazole (Acros Organics, Fair Lawn, NJ) with 5% (v/v) molar excess of
bromooctane (Acros Organics, Fair Lawn, NJ) in a glass microwave vial. This mixture
was then placed in a CEM Discovery (Matthews, NC) microwave apparatus and heated
for 8 minutes at a temperature of 110°C and a power setting of 240 W, as suggested by
Deetlefs and Seddon (2003) [3.2]. Six vials were microwaved simultaneously and the
combined product was subjected to multiple (> 3) washes with ethyl acetate to remove
excess bromooctane. The washed product was then rotovapped (Buchi Rotovapor RII,
Flawil, Switzerland) to remove the ethyl acetate. The structure of the IL was confirmed
via proton NMR using deuterated chloroform (CDCl3, Alfa Aesar, Ward Hill, MA) as the
diluent.

In the second step, a known quantity of CsmimBr was reacted with a 5% (v/v)
molar excess of potassium hexafluorophosphate (Acros Organics, Fair Lawn, NJ).
Specifically, the CsmimBr was dissolved in ultra-pure water and stirred in a round-
bottom flask, which was positioned in a large beaker and surrounded by ice. The KPF,
also dissolved in ultra-pure water, was slowly added to the same flask while stirring was
maintained. The mixture was stirred for 12 to 24 hours, during which time Csmim'PF¢’
formed as a separate layer. This layer was removed, then washed with water to remove
excess KPFs. The IL was then rotovapped to remove any water, and its structure was
confirmed via proton-NMR using deuterated dimethyl sulfoxide (DMSO, Acros
Organics, Fair Lawn, NJ) as the diluent [3.3]. The percent yields ranged from 70 to 80%.
3.2.2 Instrumentation

All pH measurements were made using an Orion model 720A+ (Thermo

Scientific). The UV-visible spectrometer used was that previously mentioned (section
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2.2.2). Quartz cuvettes having a path length of 1 cm were used. Absorbances were
measured at the wavelength of maximum absorption of the dye at each pH (Table 3.1).
Proton NMR spectra were obtained on a Bruker DPX 300 using a 5-mm broadband
probe. Operating conditions for the NMR, such as the gradient shimming values and
receiver gain, varied with each measurement.
3.2.3 Procedures

For quantification of the dyes, a series of calibration standards were prepared at
each pH at concentrations ranging from 0.002 to 0.2 mM, which yielded an absorbance
between 0 and 1.

Table 3.1
Wavelengths of Maximum Absorbance

pH Amax (in nm)
1.50 544
2.00 423
4.00 430
7.00 434
12.00 596

One milliliter aliquots of CsmimPFs were pipetted into a series of fifteen culture
tubes (each pH level was run in triplicate to decrease error). To each was added ~ 1 mL
of an appropriate pH solution. The tubes were sealed and gently vortexed for
approximately 30 seconds. Each mixture was then centrifuged for 3 minutes, following
which the aqueous layer was removed and discarded. This process was repeated a second
time to condition the IL. Next, a 3 mL aliquot of an aqueous solution (I mM) of Thymol
Blue at the appropriate pH was added to the culture tubes. The vortexing and

centrifugation were then repeated. The mixtures were allowed to stand undisturbed for
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ten minutes to ensure sufficient time for distribution of the dye. The aqueous layer was
then removed and analyzed using the UV-visible spectrometer. In the study of Visser et
al., a 1:1 phase volume ratio was used, but the minimum volume required for the UV-vis
spectrometer is ca. 2.5 mL. Therefore, a volume of 3 mL was chosen so that there would
be sufficient sample even without dilution. In fact, samples were diluted only if the
absorbance exceeded 1.

The distribution ratio was calculated in a different manner than indicated in Eqn.
1-1. That is, in these experiments, the dye concentration in the ionic liquid layer could
not be measured directly due to the fact that ILs have UV-visible absorbance bands that
overlap those of the dyes. Therefore the amount of dye in the IL layer was determined by
difference (i.e., the original aqueous phase concentration (1 mM) less that remaining after
equilibration). Thus, Dgye was calculated as per Eqn. 2-2 (below). Note that the
multiplication by 3 accounts for the 3:1 phase-to-volume ratio.

D = [1mM] — [concentration of aqueous layer]
[concentration of aqueous layer] x3 (3-2)

3.3 Results

Visser et al. found distribution ratios for Thymol Blue between 100 and 1000,
with the highest values at acidic and neutral pH. There was a marked drop (down to
about 1) in Dgye, however, at basic pH values. The distribution ratios determined here
showed much the same trend. Figure 3.2 summarizes the values observed at each pH (all
represent an average of three trials).

As can be seen, the results correspond reasonably well to those of Visser ef al.
That is, the distribution ratio for pH 1.5 is slightly higher than that at pH 2 or 4, while the

value at a pH 7 is higher still. Above a pH of 7, the Daye values decline precipitously,
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falling to ca. one or less at pH 12, thus indicating that the neutral form of the dye is

preferentially extracted into the IL phase, while the anionic form favors the aqueous

phase.
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Figure 3.1 Distribution ratios vs. pH for Thymol Blue from Visser et al.
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Figure 3.2 Distribution ratios vs. pH of Thymol Blue for [Csmim][PFg]

3.4 Conclusions

The objective of this experiment was to verify that the extraction procedure and

method of measuring dye concentrations to be employed provides satisfactory results. To
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this end, Thymol Blue extraction into an ionic liquid (CsmimPFs) previously examined
by Visser et al. was studied. The results obtained track closely those obtained by
previous investigators in that the distribution ratio (i.e., the extraction efficiency) was
found to significantly decline at basic pH values. These results indicate that the
procedure to be used here is entirely appropriate.
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CHAPTER 4: DYE EXTRACTION INTO IONIC LIQUIDS

4.1 Introduction

Having demonstrated the viability of the approach to be employed in measuring
dye partitioning on a “known” dye sample, the next step was to examine the extraction of
the various dyes of interest into a series of ionic liquids. Three imidazolium-based
cations differing in the lengths of the attached alkyl chains (six, eight, or ten carbons),
were used. Two different anions, hexafluorophosphate (PFs’) and bis [(trifluoromethyl)
sulfonyl] imide (Tf2N"), were paired with each cation. Thus six ionic liquids were
evaluated in all. Six dyes, three anionic (i.e., Thymol Blue, Methyl Orange, and Orange
G) and three cationic (i.e., Methylene Blue, Safranin O, and Methyl Violet 2B), were also
examined, with the objective of elucidating the characteristics of both the IL and the dye
that determine the extent to which a given dye is extracted.
4.2 Experimental
4.2.1 Materials

Thymol Blue, Methyl Orange, Orange G, Methylene Blue, and Safranin O were
obtained from Sigma-Aldrich (Milwaukee, WI). Methyl Violet 2B was obtained from
Acros Organics (Fair Lawn, NJ). Dye solutions were prepared in a manner identical to
that described in section 3.2.1. The octanol used was from Alfa Aesar (Ward Hill, MA)
and had a purity of 99% (v/v).

The ionic liquid CsmimPF¢ was prepared using the procedure outlined in Section
3.2.1. The ionic liquids CsmimBr and CiomimBr were prepared using 1-methylimidazole
(Acros Organics, Fair Lawn, NJ) and a 5% (v/v) excess of 1-bromohexane (Acros

Organics, Fair Lawn, NJ) or 1-bromodecane (Sigma-Aldrich, St. Louis, MO),
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respectively. In both cases, six reaction tubes were irradiated in the microwave using the
following parameters: microwave power of 240 watts, temperature of 80°C and time of 8
minutes for CsmimBr; microwave power of 240 watts, temperature of 120°C and time of
10 minutes for CiomimBr, as suggested by Deetlefs & Seddon [4.1]. Final structures
were confirmed via proton-NMR using deuterated chloroform (Alfa Aesar, Ward Hill,
MA) as the diluent. The metathesis procedures for CsmimPF¢ and CiomimPFs were
essentially identical to that described for CsmimPFs. The structure of each ionic liquid
was confirmed via proton-NMR using DMSO (Acros Organics, Fair Lawn, NJ) as the
solvent for the ILs comprised of the PF¢ anion and using CDCl; for the ILs comprised of
the Tf2N" anion.

The ionic liquids CemimTfHN, CsmimTHN, and CiomimTH2N were prepared from
the corresponding bromides (i.e., CemimBr, CsmimBr, and CiomimBr, respectively). The
metathesis step involved the reaction between a solution of lithium bis [(trifluoromethyl)
sulfonyl] imide (LiTfo2N, Wako Chemicals, Osaka, Japan) dissolved in ultra-pure water
and the appropriate precursor, also dissolved in water. The mixture was allowed to stir
for 24 hours, during which time the IL formed as a separate phase. After multiple (4-5)
water washes, the IL was dried by rotary evaporation and heating (up to 80°C). The IL
structures were confirmed using proton-NMR with deuterated chloroform as the diluent.
The yields were generally satisfactory, typically between 70 and 80%.

. The solutions for dye stripping included 0.1 M sodium hydroxide (Fluka/Sigma,
St. Louis, MO, 19.9 M), 1.0 M hydrochloric acid (Fisher Chemicals, Pittsburgh, PA), and

50% (v/v) ethanol/water (Koptec, King of Prussia, PA).
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4.2.2 Instrumentation

The instrumentation described in Section 2.2 of Chapter 3 was used in this
experiment.
4.2.3 Procedures

The procedures followed were similar to those described in Section 3.2.3, but the
volumes of IL and 1-octanol used were reduced to only 0.5 mL. All extractions were
again performed in triplicate and the same preconditioning steps applied. Three
milliliters of dye solution were added as before, thus changing the phase ratio to a factor
of 6 (3 mL of dye / 0.5 mL of ionic liquid). For each dye, the absorbance was measured

at its isosbestic point (Table 4.1).

1 mM] — [concentration of agueous layer’
no MMl q verl o (4-1)
[concentration of agueous layer]

Table 4.1
Isosbestic Points

Dye Isosbestic Point (in nm)
Thymol Blue 490
Methyl Orange 504
Orange G 493
Methylene Blue 660
Safranin O 520
Methyl Violet 585

Once the measured absorbance values had been converted to concentration via the
calibration curves, the distribution ratio for each dye at each pH was calculated from Eqn.
4-1. A typical calibration curve, here for Methylene Blue, is shown in Figure 4.1.
Calibration curves for each dye ranged as follows: for Thymol Blue, from 0.002 to 0.2

mM, for Methyl Orange, from 0.005 to 0.1 mM, for Orange G, from 0.005 to 0.1 mM, for
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Methylene Blue, from 0.001 to 0.015 mM, for Safranin O, from 0.002 to 0.025 mM, and

for Methyl Violet, from 0.002 to 0.015 mM.

Calibration Curve, Methylene Blue, pH 7
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Figure 4.1 Calibration Curve for Methylene Blue at pH 7

4.3 Results
4.3.1 Methylene Blue Extraction

Given its structure (Figure 4.2), the cationic dye Methylene Blue (MB") (UV-
visible spectrum at pH 7, Figure 4.3) was not expected to exhibit pH-dependent
partitioning for any of the ILs considered. Indeed as can be seen from Figure 4.4, the
dependence of Daye on pH for a given IL is essentially flat. Over the entire pH range, in
fact, MB" is extracted quite well by all the ionic liquids, with D values reaching nearly
3000 for CemimPFg (Figure 4.4). In contrast, 1-octanol failed to extract any measurable
amount of dye. (Although this would seem to contradict prior work indicating that the
partitioning of organic molecules into an ionic liquid is correlated with its octanol-water
partition coefficient [4.2], this correlation apparently applies to the uncharged form of

ionizable solutes.)












Figure B.2 NMR spectrum of ComimTf2N in DMSO
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Figure B.3 NMR spectrum of CsmimTf2N in DMSO
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Figure B.8 NMR spectrum of aqueous phase of MV 43, pH 7, ComimTf2N
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