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ABSTRACT

insoluble compounds by self-association to micellar structures. Polyurethanes

with amphiphilic feature as polymeric assembling species illustrate specific
characteristics such as H-bond assisting stability of arranged structures and
functionalizing possibilty. In this respect, an amphiphilic random polyurethane (APU)
synthesized from olive oil-based fatty acid was characterized for micellization in
non-polar organic invironment along with its loading and transfering capability for
insoluble dyes.
Methods: The solution of APU in non-polar organic solvent, toluene, at different
concentrations was evaluated by turbidimetry and viscometry methods to realize
the possibility of micelle formation and determine the aggregation point (RCMC).
Morphology of the nanoparticles was investigated by field emision scanning electron

l lypothesis: Amphiphilic systems present efficient ability in solublizing

) microscopy (FE-SEM), atomic force microscopy (AFM) and dynamic light scattering
(DLS). Capability of these polymeric micells as nano-carrier in encapsulating and
amphiphilic polyurethane, solublizing of fushine hydrophilic dye in toluene as well as in phase transfering

some hydrophilic cationic dyes from aqueous phase to toluene was investigated.
Quantitative transferring capacity was spectroscopically evaluated by recording UV-
nano-carrier, Vis spectra of the dyes.

Findings: APU showed successful self-association into revers micelle at low critical
concentration (0.02 mg/mL), expreesing efficent intermolecular interaction between
phase transfer hydrophilic segments of the polymer. Solvating capability of APU in the non-polar
organic medium for hydrophilic dyes and phase transfer of this type of dyes from
aqueous phase to organic phase illustrate the formation of assembled structures
of APU with core-shell nature in the organic solvent and the embedding ability of
APU. On the other hand, the reverse micelles formed in the organic phase were able
to transfer cationic dyes from aqueous solution to organic medium. Based on the
obtained results, APU can be utilized in removing cationic dyes from contaminated
water and drug delivering process.

revers micelle,

dye loading,
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Scheme 1. Chemical structure of amphiphilic polyurethane (APU).
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Scheme 2. Structure of the used cationic dyes.
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Fig. 1. (a) Photograph of turbidity of the samples with
increasing APU concentration from 0.5x107 to 0.5 mg/mL
in toluene, and CMC determination of APU copolymer by

(b) turbidity method and (c) relative viscosity measurement.
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Table 1. Comparison of properties and features of amphophilic polyurethane used in the present research with other amphiphilic

polymers.
Dye Phase transfe( %)
CMC .
Polymer Guest Solvent loading From organic From Reference
(mg/mL) phase to aqueous | aqueous solution
(mg/g) solution to organic phase
Poly(glycidyl methacrylate) reverse 0.045 Congo Red | DCM/H,0 68 90 - 26
micelle (S4-12C40)
PEG,,,, - dodecanedioic acid (D10) 0.033 Curcumin 1-Octanole/ 19 - 99 27
H,0
Maltoheptaose block-poly(methyl 4 Nile red Toluene/H,0 - - 30 28
methacrylate)(MH-b-PMMAn)
Copolymer micelle (MH-6-PMMA?24)
APU-Micelle 0.05 Nile red Toluene/H,0 165 - 89.8 20
APU-Reverse micelle 0.02 Fuchsine | Toluene/H,O 14 89 94 This work

&&d VEre 63-)3T D 0)lait e liagom Juw rasly ($3919i5 9 pole ole Alxo




SEIRR P Juue jl oslatwl b STy Jghxols sladiafs) HL8 JUiiil 9 5 p2 33>

(a)
0.15
— — = toluene
0.12 1 — -+ 0.0005
° — - = 0.005
S5m0l )\ -0 0.01
g 0.09 s
S - 01
S 0.06 1 | e 0.25
< ) S —— 0
0.03 1
0 ;
350 450 550 650
Wavelength (nm)
(b)
0.12
*
0.1 1
S 0.08 1
E
5 0.06 ~ .
S
< 0.4
CMC=0.022 mg mL"*
0.02 +
0 == ——t : :

35 3 25 2 -5 -1 ()5 0
Log C (mg/mL)
(c)
gl 3 FU w855 (s pdy > 5 S0 sla oo (@) -1 IS
a(€) 3 b i i (6) APU i 513l ) 5-APU
ey B e APU= 55 o 3505 o Pl
Fig. 3. (a) Photographs of loading and solubility of FU-dye
in APU/toluene solution with increasing APU concentration
(b) the corresponding absorption spectra, (¢) plot of absorbance
of solubilized FU in APU/toluene solution vs. the polymer

concentration.

s s oy Cews ann 55 0 (6813 Jols ST
oo 53 e 311 50530 el T (3L 5 ol ol janas

VEer 53— )3T D o losbs eIl omw Juw esly $J9)9iSi 9 pole (el dlxo

8 ;
* 7- .
B l
g 9 I
» i
2 41
F |
Z 2 l&
A .

0 I G .

0.51.0 5 10 50 100 5001000 5000

Particle size (nm)

(a)

(b)

Z-Axis- Scan forward  Derived data
=

Derived data 8. 24nm

7-Axis range

(©)

(585 53 (/Y mg/mL) APU 33, Jsd>e DLS (a) -V S5
s slaodels § 51 AFM Se (c) FE-SEM .S (b)
Ao (5 G (B3 g ) edalsay (b 53 o3 S

AV mg/mL Jgle 51 (P2 8 deds YV 1pm) (gladis
Fig. 2. (a) DLS of dilute solution of APU (0.1 mg/mL) in toluene,
(b) FE SEM image, (c) AFM image of the micellar assemblies
formed from 0.1 mg/mL solution as a thin film obtained by
spin coating deposition on glass plate (330 rpm for 60 s).



U9k g9Sxe Jase Jl o3liiawl b T UM 53 Jglxol sldrdiuSs) jL8 JUiisl 9 s peda s

0.12

e
—
1

Absorbance

e

S o o 9

& K & X
1 1 1 1

400 450 500 550 600 650 700
Wavelength (nm)

S5 b @ s s oK, ol ik Y IS

S5k © «of ) @S, Jiml 31 iy (+/) mg/mL APU)

%1» ;L}@ Uuu,,@) ‘J.%;;j; 5! A,K;) du;;\,-t

o6& s

Fig. 4. Optical spectra of FU—dye in (a) toluene phase (0.1 mg/mL

APU) before dye transfer, (b) water, (c) organic phase after dye
transfer from toluene to water, (Inset: photograph of water-toluene
mixture before (left-side tube) and after (right-side tube) FU

transfer from toluene (top phase) to water (bottom phase)).
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Table 2. Comparison of phase transfer efficiency of APU for
FU, NB, MG and RB dyes in water/toluene system.

Guest A, A Phase transfer (%)?
FU 1.989 0.948 52.33
MB 1.707 0.201 88.22
NB 0.801 0.155 80.65
MG 1.211 0.180 85.14
RB 1.536 0.091 94.07

* Transfer percentage of the dyes was calculated using [(A | — A)/A ] %
100%, where A and A are the absorption intensities of the dye in aqueous
solution before and after transferring into organic phase, respectively at
540 nm for FU, 588 nm for NB, 622 nm for MG and 552 nm for RB.
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Fig. 5. Proposed diffusion mechanism for delivery and release of poorly organo-soluble dye to aqueous phase using APU reverse

micellar in toluene.
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Fig. 6. Extraction of cationic dyes: (a) photograph of water-
toluene mixture before (left-side tube) and after (right-side
tube) dye transfer from water (bottom phase) to toluene (top
phase) for: (1) MB, (2) FU, (3) NB, (4) MG and (5) RB, (b)
DLS of dilute solution (0.1 mg/mL) of APU/toluene after FU-
dye liquid-liquid extraction, and (c) absortion spectra aqueous

phase after dyes transfer to toluene.
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