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Spectroscopic characterization of binary and ternary phase diagrams of “green”
surfactants in water and ionic liquids (joint NSF-funded project with Professor Van Hecke)

OBJECTIVES

To determine the phase diagrams of binary
mixtures of alkyl giucosides/ thioglucosides/
galactosides/ maltosides and water using an
innovative fluorescence approach. Detailed
phase diagrams present the conditions under
which particular surfactant aggregates exist,
facilitating utilization of the aggregates in a
variety of applications.

TECHNIQUES
* Fluorescence spectroscopy
* Polarized optical microscopy
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COMPOUNDS STUDIED

« n-alkyl-g-D glucosides - alkyl chain=8, 9, 10, & 12C’s
CHOM
HOHO i ’B\W\/
OMH
*n-alkyl-g-D thioglucosides - alkyl chain=7,8, & 9C’s

CHyOH
Hu/““&\/”’\: 5
O ) i e
H HO o
s HO, o _o\ro‘
o L | ‘CWH?S
n-dodecyl-4-D-maltoside - \/10 i
OH OH
(L3 -.§‘I.I/j| a,

o

*n-dodecyl-g-D-galactoside

Ho—"

Hexagonal (H) C:bic (C) Lamellar (L)
bicontinuous, gyroid la3d, Q23

Non-liquid Micellar
crystalline: Cubic (l)
discontinuous,
Micellar (M) Pman '
Ll Ciooellyy, W, Lt oryslale st 1ifls Lig Cver, 195W, 76 2300
P = Patrey, A €L Pl Fvitrepas Stind oA Minee: A federndor Fiyuecs sl
A (A\ Y 1) Leviog | otter Py, Gorilon ik Hoemch elenes It Tt
N, Neherbande. 1699, p 40,

Sy, I Sl 5, X0L VLV L o, SR, A0 24 it U0 Lumbye

POLARIZED OPTICAL MICROSCOPY
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FLUORESCENCE SPECTROSCOPY

Fluorescent probe: prodan I/'“xx gk,
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s Neutral proba goluble in many solvents
+ €an distribute throughout micraoreglons of aggregates

« Wavelength of max emission (A,,,,} depends on
polarity of prodan’s phase environment
allowing identification of phase

- Co-existing aggregates detected since fluorescence
signal from each environment Is unique and additive.
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n-OCTYL-B-D-GLUCOSIDE/WATER PHASE
DIAGRAM BY FLUORESCENCE
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Why should surfactants self-assemble in ionic liquids?

Consider the ionic liquid 1-n-butyl-3-methylimidazolium tetra-fluoroborate, a hydrophilic
molecule consisting of a methylimidazolium cation and a tetrafluoroborate anion. The
solvophobic solvation by this ionic liquid is created by a network of ionic interactions (rather
than the hydrogen-bonding interactions in aqueous solvent), and the bmim+ cation binds to a
surfactant hydrophobic chain by directing the butyl group toward the hydrophobic chain.
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Micelle Formation in Imidazolium
Salt lonic Liquids

Butyl group of the methylimidazolium
cation interacts with the surfactant
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Surfactant Monomers




Spectroscopic characterization of solutes encapsulated within the nanocavities of
cyclodextrins and cucurbiturils

 cyclodextrins are water-soluble compounds with six, seven, or eight glucopyranose units in

which the overall macromolecule is toroidal-shaped with a hydrophilic exterior and a
hydrophobic interior cavity with a maximum diameter of 5.7-9.5A, respectively
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cucurbiturils are water-soluble compounds composed of six, seven, or eight glycouril units
in which the overall macromolecules is pumpkin-shaped with a hydrophilic exterior and a
hydrophobic interior cavity with a diameter of 5.8-8.8 A, respectively
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