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Physicochemical Properties of Hydrophobically
Modified Polymeric Betaines and of Their
Langmuir-Blodgett Films

Evgeniya V. Seliverstova,*' Niyaz Kh. Ibrayev,! Alexey V. Shakhvorostov,>>
Nurxat Nuraje,*> Sarkyt E. Kudaibergenov*>

Summary: Polymeric betaines containing long alkyl chains (C,,H,s, Ci3H,y, CiuHag,
Cy6Hs; and CgH,;) were synthesized by Michael addition reaction of alkylaminocrots
onates and methacrylic acid. They were characterized by FTIR, 3C NMR, DLS, TEM,
viscometry and zeta-potential measurements. In aqueous KOH and DMSO s@lutions
the hydrophobically modified polymeric betaines behave polyelectrolyte gharagter.
The average hydrodynamic size and zeta potential of diluted aqueous_solutiens of
hydrophobic polybetaines containing tetradecyl- and octadecyl groups werestudied as
a function of pH. Anomalous low values of the isoelectric point (IEP) of amphoteric
macromolecules were found to be in the range of pH 2.7-3.4. The TEMjresults revealed
that in both aqueous KOH and DMSO media the nano- and fmiciosized’micelles and
vesicles are existed. The structural organization of micéllesfandvesicles in water
and water — DMSO mixture is discussed. Langmuir-Blodgett (LB) monolayers on the
water-air interface were obtained by spreadingy of “hydrophobic polybetaines
containing tetradecyl- and octadecyl groupsgdissolved in THF on the subphase
surface. The LB films on the subphase surfacéare characterized by the specific areas
of 0.6 & 0.05 nm* - monomeric unit™' at collapsed state. In the spectra of Langmuir-
Blodgett film the absorption band with the maximum at 255 and 270 nm was observed.

Keywords: amphihiles; isoelectric point; tB~films; micellar and vesicular structures;

polymeric betaines

Introduction

The hydrophobicgpolyampholytes (HPA)
are unique class ‘\offmagromolecules con-
taining both [ionizablé” and hydrophobic
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moieties in the main (or side) chain.'™!

The structure, morphology, hydrodynamic
and conformational properties of HPA
depend on phase conditions (solid or
liquid) and the influence of external factors
such as pH, ionic strength, temperature,
water-organic solvents etc. Two main
concurring forces — electrostatic repulsion
(or attraction) and hydrophobic interac-
tions — are responsible for existing of
macromolecules in amorphous, ordered,
expanded, coiled and globular states. The
specific properties of HPA are competition
of “antipolyelelctrolyte” (expanding of
macromolecular chain) and hydrophobic
effects (aggregation) upon addition of salts.
One of the most interesting solution
properties of HPA described by authors!*>)
is their ability to self-assemble into
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“schizophrenic” micelles, lamellar aggre-
gate, vesicles and hydrogels.

The literature survey reveals that the
HPA are less studied subject in compari-
son with ordinary polyampholytes com-
posed of only acidic and basic groups.
There is a considerable interest in the
adsorption of both natural and synthetic
polyampholytes at the air-liquid, liquid/
liquid and solid/liquid interfaces because
many of biological and technological pro-
cesses are closely connected with adsorp-
tion phenomenon.!®! The understanding of
adsorption and desorption of polyampho-
lytes is fundamental for medicine, biotech-
nology, membrane technology, photography,
cosmetic, waste water and sludge treatment,
etc.

Stimuli responsive amphiphilic macro-
molecules are the most promising class of
polymers to be used for design of polymeric
membranes and for application in water
treatment, food manufacturing, purifica-
tion of proteins and biomedicine.”*~'! 1t
was shown!'*'>13] that coupling of hydro-
phobic species to polybetaines prevents
excessive adsorption of protein molecules
and microorganisms to polymeric mole=~
cules. This effect is achieved @ue to
hydrophilic nature of biofouling.[g] In
addition, hydrophobically medifiedypoly-
mers could be useful for preparation of
unwettable films thatare used in Optics and
technics. 1411

Langmuir-Blodgett”(LBY technique is
powerful tool thatfpermits to form func-
tional polymer coatings with predicted
properties. " ThHigrtechnology allows the
formationjef ordered layers of amphiphilic
macromolecules on the surface of the
liquid subphase and transferring of mono-
layers onto solid substrates. Despite the
factfthat the LB method is widely used
to create a lipid-based membrane and
protein compounds,m’w] the researches
on using of this method for forming of
polybetaine monolayers and studying of
their physicochemical properties, are re-
stricted. For example, LB films of poly(N,N-
diallyl-N-octadecylamine-alt-maleic acid)
as well as mixed films consisting of
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hydrophobic polyampholyte and two
amphiphilic fluorophores — alkyl substi-
tuted rhodamine dyes — were prepared and
investigated.[lg’zo] The preparation and char-
acterization of polymeric betaines based on
aminocrotonates was reviewed in>'! where
the stereochemistry and tautomeric transi-
tions as well as kinetics and mechanism of
formation of linear and crosslinked poly-
betaines proceeding via Michael addition
reaction were outlined.

As continuation of our previous
studies!’”??! in the present papetywe des
scribe the synthetic protocol of the Aydro-
phobically modified polymeric betaines.
The influence of external factoxs, o the
structure and propertie§” of hydrophobic
polyampholytes was shown and the phase
state of polybetaific monolayers on the
water—air interface\idcluding the condition
of transfer of monolayerfonto solid substrate
was evaluatéds, The obtained results can
serve as a'basis for design of membranes
and(coatings ‘With predicted structure and
behayior.

Experimental Section

Materials

Acetoacetic ester (ethyl acetoacetate)
(99%), dodecylamine (99%), tridecylamine
(99%), tetradecylamine (99%), hexadecyl-
amine (99%), octadecylamine (99 %), meth-
acrylic acid (99%), and azoisobutyronitrile
(AIBN) were purchased from Aldrich.
Methacrylic acids was purified by distillation
under the low pressure and kept in refriger-
ator. Reagent grade solvents acetone, DMF,
THF and DMSO purchased from Aldrich
were used.

Methods

NMR "*C spectra of polymer samples in
DMSO were registered on impulse Fourier
NMR spectrometer Bruker 400MHz
(Bruker, Germany). UV and FTIR spectra
were recorded with the help of Cary 300
and Carry 660 (Agilent, USA) respectively.

www.ms-journal.de



38l

Macromol. Symp. 2016, 363, 36-48

The average hydrodynamic size and zeta-
potential of colloid particles was determined
by dynamic light-scattering technique with
the help of Malvern Zetasizer Nano ZS90
(UK) at room temperature.

The TEM measurements were carried
out on JEOL JEM-2100 instrument. The
viscosity of polymer solutions was measured
by Ubbelohde viscometer at 25+ 0.1 °C.

Behavior of monolayers was studied on
Langmuir-Blodgett (LB) trough by mea-
suring the dependence of surface pressure-
specific molecular area (w-A-isotherm).
The automatized Langmuir device with
active area of 396 cm” and volume of
1.5 L was assembled at the Russian State
Scientific Centre “NIOPIK” (Moscow).[?"!
Surface pressure at the air — water inter-
face was registered with the help of a
Wilhelmy balance. The compression rate
of the monolayers in the course of mea-
suring of m—A isotherm and transferring
of monolayer onto solid substrates from
quartz glass was 2mm - min~'. The deion-
ized water was cleaned by AquaMax and
was used as subphase. The resistivity of the
deionized water was equal to 18.2 M() -em
with the surface tension of 72.8mN-m "
at pH=5.6 and temperature 22°€. The
monolayers were deposited by,spreading
of polymer solution in THE ontowwater
surface. The concentrationfof polymer was
equal to 0.15 mg L. This known that more
volatile solvents such asibenzene, chloro-
form and hexaneld** are t8tally used for
monolayer formation. [However it was
found thag, synthesizéd polybetaines are
insoluble, inabove” mentioned solvents.
Additionaljexperiments show that surface
presstte isJeéqual to 0.5mN-m~! after

Table 1.

30 min solution spreading onto subphase
surface. In addition, the density of THF is
less than density of water. It means that,
despite the fact that the THF is miscible
with water, it does not form a saturated
solution!'® and causes no noticeable effect
on the surface properties of the polymer
monolayers due to the large area and
volume of used subphase.

Monolayers were transferred onto quartz
substrates by vertical dipping according tq
Y-type transfer (transfer during downward
and upward stroke) at constant ‘Pressure
and rate equal to Smm - min . The humber
of layers in LB films was equal to 4.

Monomer Synthesis

Preliminary melted alkylamines were drop-
wise added to acgtoaceticlester (AAE)
under the stirring dufing/3 h at 60°C. The
reaction mixture\was leffovernight at room
temperature-WEable 1 demonstrates the
synthetic protocol of alkylaminocrotonates
includingthePyield of abbreviated key
products.

Interaction of AAE with alkylamines
proceeds by Scheme 1. Alkylamino-but-2-
engic acid ethyl esters are more energeti-
cally stable than the alternative tautomeric
forms — 3-alkylamino-butyric acid ethyl
esters due to conjugation of C=C and C=0
bonds and formation of intramolecular
hydrogen bonds.?!??!

Polymer Synthesis

Polymerization of alkylaminocrotonates
and MAA was carried out in benzene at
70 °Cin the presence of AIBN. Addition of
methacrylic acid to alkylaminocrotonates
leads to formation of betaine monomers

The synthetic protocol of alkylaminocrotonates from AAE and alkylamines.

Alkylamines Number of The mass of  The mass Reaction tem-  Yield of Abbreviation
carbon atoms alkylamine [g] of AAE [g] perature [°C] product  of monomers
(%]
Dodecylamine 12 10 7.02 60 >95 CRODDA
Tetradecylamine 14 10 6.10 60 >95 CROTDA
Hexadecylamine 16 10 5.39 60 >95 CROHDA
Octadecylamine 18 10 4.83 60 >95 CROODA

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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where R is C12H25’ C13H27’ C14H29, C16H33 and C18H37

Scheme 1.
Formation of alkylaminocrotonates from AAE and alkylamines.
0
CHj
C (0]
H.C HzC
NHR (0]
(|: |(! 22 methacryllc acid o
\/\0/\ AIBN /\/\

Ha T—70°C

ethyl 3-(alkylamino)but-2-enoate

where R is C12H25 C13H27 C14H29 C1

Scheme 2.
Polymerization of alkylaminocrotonates in

9 min, sealed
£ ostated at 70°C
ompletion of polymer-
precipitated product
by acetone several times
70°C in vacuum oven up
t mass. Table 2 represents

by nitrogen gas
into ampoulegsa

e 2.
Synthetic protocol of hydrophobically modified polymeric betaines.

y|(4-ethoxy-4 -oxobut-2-en-2-
yl)amino)propanoic acid

3, C1g

presence of MAA.

the synthetic conditions of alkylamino-
crotonates.

The radical polymerization of 3-[(2-carb-
oxypropyl)alkylamino]-but-2-enoic acid ethyl
ester leads to formation of hydrophobically
modified linear polybetaines abbreviated as
CRODDA-MAA, CROTriDA, CROTDA-
MAA, CROHDA-MAA and CROODA-
MAA respectively in dependence of alkyl
chain length.

Alkylaminocrotonate

Abbreviation Mass [g] Amount of MAA [g] AIBN, mg [g] T [°C] Yield of product [%]
CRODDA 2.03 ~50
CROTDA 7 1.85 0.02667 70 ~45
CROHDA 170 ~43
CROODA 158 ~39
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Figure 1.
NMR 3C spectra of CRODDA-MAA in DMSO.

Results and Discussion Viscosit’
i ON., OTDA and CROODA
ionywas measured in aqueous
DMSO solutions. In both
KOH and DMSO the reduced

NMR C Spectra of Polymers

The structural unit and *C NMR spectra of

CRODDA-MAA together with identifica-

tion of functional groups are shown ity gradually increases with dilution

Figure 1. nstrating the polyelectrolyte behavior
The'>*CNMR  spectra of CRQTDA- of polymers. The viscosity of CROTDA

MAA, CROHDA-MAA and OODA- and CROODA in aqueous KOH is high

MAA are similar to CRODDA- nd because the carboxylic groups of polymeric
differs each other only ditional betaines are in ionized state and effectively
methylene groups. unfold the macromolecular chains. The

lower viscosity of CROTDA and CROODA
FTIR Spectra of M and Polymers in DMSO may be connected with lower
Identification of ectra of mono- dielectric constant of organic solvent that
mers andypolymer given in Tables 3 retards the Coulomb repulsion of charged
and 4. macromolecules.

‘ tion of FTIR spectra of alkylaminocrotonate monomers.
v Wavenumber [cm ]
Functional groups CRODDA CROTDA CROHDA CROODA
V(CH),s 2923 (vs) 2918 (vs) 2925 (vs) 2922 (vs)
V(CH)s 2853 (s) 2849 (s) 2855 (s) 2850 (s)
v(C=0) 1652 (vs) 1649 (vs) 1651 (vs) 1650 (vs)
v(C=0) 1610 (vw) 1604 (vw) 1608 (vw) 1605 (vw)
v(COQ) 1099 (W 1096 (W 1095 (w) 1099 (W

Band intensities and vibration types: vs, very strong; s, strong; w, weak; vw, very weak; s, symmetric; as,
asymmetric.
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Table 4.

Identification of FTIR spectra of CRODDA-MAA, CROTriDA-MAA, CROTDA-MAA, CROHDA-MAA and CROODA-

MAA.

Wavenumber [cm™]

Functional groups CRODDA-MAA CROTriDA-MAA CROTDA-MAA CROHDA-MAA CROODA-MAA
v (OH) 3402 3422 3422 3420 3419

v (CH)as 2929 (s) 2927 (s) 2927 (s) 2928 (s) 2926 (s)

v (CH)s 2856 (3) 2855 (s) 2855 (s) 2856 (s) 2854 (s)

v (C=0) 1701 (vs) 1703 (vs) 1703 (vs) 1704 (vs) 1703 (vs)

v (CO0™).s 1541 (m) 1542 (m) 1542 (m) 1541 (m) 1542 (m)

v (COQ),s 1182 (s 1183 (S 1183 (S 1181 (s 1182 (s

Band intensities and vibration types: vs, very strong; s, strong; m, moderate; w, weak; vw, very weak;

s, symmetric; as — asymmetric.

The Average Hydrodynamic Size and
Zeta-Potential of Hydrophobic Polymers

The average hydrodynamic size and zeta-
potential of CROTDA-MAA, CROTriDA
and CROODA-MAA measured in dilute
aqueous KOH solutions are summarized in
Table 5. The average hydrodynamic size of
macromolecules tends to increase with
increasing the polymer concentration due
to formation of bigger aggregates stabilized
by hydrophobic interactions. In DMSO
such tendency is also observed because of
formation of ionic associates. Extremely
big aggregates in DMSO are characteristic
for CROODA-MAA that has a lofig alkyl
chains. Zeta-potential of macromolecules
in both aqueous KOH and DMSO is
negative due to ionizatign of ‘¢arboxylic
groups. Much lowen# zeta-potential of
macromolecules in  DMSO™1s probably

Table 5.

connected with the low dielectricipermit-
tivity of organic solvent (g 399), leading
to enhancement of chafge “compensation
between positive and negative charges of
betaine groups.

pH Dependent AveragesHydrodynamic
Size and Zeta'Potential of Diluted
Aqueous Solutions of CROTriDA,
CROTDA-MAA"and CROODA-MAA
According to zeta-potential measurement,
the, iseelectric point (IEP) of 0.01%
aqueous solution of CROTDA-MAA cor-
responds to pH 3.4. At the same time the
minimal size of CROTDA-MAA obtained
from the DLS data is around of pH 2.5
(Figure 2a).

Such inconsistency may be attributed to
fluctuation of the size of macromolecules
near of the IEP and experimental errors in

The average hydrodynamic size and zeta-potential of CROTriDA-MAA, CROTDA-MAA and CROODA-MAA in
aqueous K@H and DMSO.

The average hydrodynamic size [nm] Zeta-potential [mV]

Polymer Concentration [g-dL™] Aqueous KOH DMSO Aqueous KOH  DMSO
CROTriDA-MAA 0.05 - - —18 -
0.10 1.6 - —19.2 -
0.20 4.8 - —15 -
0.30 7.8 - —18.7 -
CROTDA-MAA 0.05 258 - —48.7 —43
0.10 306 338 —60.0 —7.6
0.20 316 4m —47.7 —8.2
0.30 1576 429 —30.1 —5.4
CROODA-MAA 0.05 237 594 —47.8 -7.7
0.10 253 2600 —45.5 —6.5
0.20 487 5333 —42.3 —4.6
0.30 1789 5560 —37.0 —3.5

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.ms-journal.de

|



42|

Macromol. Symp.

2016, 363, 36-48

20

Figure 2.

wu‘ssjowerq

X}
153

wu ‘ue3awelq

The dependences of the average hydrodynamic size and zeta-potential of CROTDA-MAA (a) and CROODA-MAA

(b) as a function of pH.

case of DLS measurements. The IEP of
0.01% aqueous solution of CROODA-
MAA according to zeta potential measure-
ment corresponds to pH 2.7. This value
is in good agreement with DLS data
(pHigp~2.9) (Figure 2b). The value IEP
of CROTriDA-MAA found from the
viscosity and DLS data is in the interval of
2.7-2.9. Earlier the anomaly low values of
the IEP (pH 2-2.1) was observed for
poly(carboxyethyl 3-aminocrotonate)./*?!
The average hydrodynamic sizes of dilute
aqueous solution of CROTriDA-MAA,
CROTDA-MAA and CROODA-MAA in
dependence on pH are varied in thé\range
of 40-350nm, 40-150nm and ,70-150nm
respectively. The increase of the average dia-
meter of CROTDA-MAA and CROODA-
MAA at high pH is“dude to, ionization of
carboxylic groups that leads to electrostatic
repulsion betweed maeroions and conse-
quently to expanding of macromolecules. A
slight increase of thé®average diameter is
observed, at ' pH~2"due to protonation of
nitrogen atoms.‘€arboxylic groups disposed
far from the main chain can be ionized more
easily,thatithe secondary amine groups that
are near the main chain and in a hydrophobic
envifonment. Therefore, ionization of car-
boxylic groups more effectively unfolds the
macromolecules than the ionization of
nitrogen atoms located close to the main
chain.

TEM Measurements
Polymeric micelles can be represented
as self-assembled, nano- or microsized

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

colloidal particles which form_spontané-
ously in an aqueous environmendgto mini-
mize the contact of the “hydrophobic
segment with the aqueous, media, leading
to the formation @f a eoresshell micellar
structure.?*?*! In lagficols KOH solution
the carboxylic groupswate in ionized state
and responsible,for polyelectrolyte behav-
ior. According to commonly accepted
approachy), the» hydrophobic groups in
aqueous solution will tend to form intra-
maeromolecular micelle or inter-macromo-
lecular vesicular structures stabilized by
hydrophobic interactions of long alkyl
groups as shown in Figure 3. The existence
of such structures is good seen from TEM
measurements.

The morphologies of CROHDA-MAA
and CROTDA evaporated from aqueous
KOH solutions are represented in Figure 4.
According to TEM results, the colloidal
particles have uniformed (or regular)
spherical or toroidal-shaped forms. The
size of uniformed micelles (Figure 4a) is
about 100 nm, while the outer diameter of
toroidal-shaped micelle is 150 nm with its
internal diameter 40 nm. The inner part of
uniformed micelle structure (Figure 4a,c)
seems fully represented by long alkyl
chains, while the hole part of toroid-shaped
micelle (Figure 4b,d) probably contains the
structured or “iceberg-like” water mole-
cules surrounded by hydrophobic environ-
ment. Schematically the structure of
uniformed spherical micelle and toroidal-
shaped micelle structures are shown in
Figure 5c.d.

www.ms-journal.de
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Figure 3.
Schematic representation of formation of micel
aqueous KOH solutions.

of hydropho-
“head” in macro-
able to self-assembling
with the length about
average diameter around
ure Sa—c). Such vesicles are

tion or rod-like micelles with large length-
to-diameter aspect ratios was observed
(Figure 5d).

The DLS measurements (Table 5) are
satisfactorily correlated with TEM obser-
vations (Figure 6), e.g. the hydrodynamic
radius measured by DLS is close to the size
of the nano- and microparticles seen via

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

nd vesj

lar structures of hydrophobic polybetaines in

TEM. The self-assembled aggregates of
hydrophobically betaine type polyampho-
lytes have potential utilizations in mim-
icking biological tubular structures or in
drug delivery systems. In contrast to
aqueous KOH solution the morphology
of hydrophobic polyampholyte in organic
solvent — DMSO is different. As seen
from Figure 6 the existence of uniformed
nanosized micelles is also observed in
DMSO.

They represent either expelled spheri-
cal particles with various diameters
(100-300nm) or bigger aggregates (d
=300nm) consisting of smaller nanopar-
ticles with d=10-15nm. It is suggested
that within such aggregates exist both
“direct” and “reverse” or mixed micelles.
It is supposed that in DMSO some parts of
ionized groups tend to be replaced inside

www.ms-journal.de
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TEM picture of CROHDA-MAA (C¢H3;) in
aqueous KOH. C=15 mg/mL

Schematic representation of micelle structure
stabilized by hydrophobic association of long
alkyl chains

Figure 4.

TEM pictures of CROHDA-MAA (a) and CROTDA-MAA (b
n of micelle (c) and toroidal-shaped (d) particles.

30 mg/mL (b) and the schematic represent

of micelle due to less s
organic solvent whil
bic parts are replace
good solubility i

corona due to

Chemic

The Phys

perties of
ODA-MAA

ico-chemical properties of
on the surfaces is traditional
for investigation of interaction of
les within the monolayer and with
the subphase. Comprehensive information
on the phase state of monolayers can be
obtained from the dependence of surface
pressure () on the specific molecular area
(A) within the monolayer (w-A—isotherms).
Phase state is attributed to degree of
freedom of molecules in the monolayer
under its compression. Phase states of

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

TEM picture of CROTDA-MAA (Ci4

aqueous KOH. C=45 mg/1

esentation of toroidal-shaped
ed by hydrophobic association
of long alkyl chains

ous KOH solution at concentrations of 15 (a) and

monolayers depend on Van der Waals forces
and intermolecular interactions between the
polar groups of molecules.['*!7]

Isotherms of compression of amphi-
philic polybetaines monolayers on the
water-air surface are shown on Figure 7.
The curves were recorded after 30min
from the moment of spreading of solution
onto subphase. It is observed that the m-A
isotherms (Figure 7, curve 1) of CROTDA-
MAA (Cy4Hy) and CROODA-MAA
(C15H37) are typical for liquid state.[®1!

Initially the monolayer of amphiphilic
polymer is in the gaseous phase (Figure 7,
curve 1). It is evidenced by almost
unchangeable values of m.'%! Starting
from 1.3 4 0.05 nm* monomeric unit~' the
surface pressure rises gradually up to
A=~0,6+0.05nm? - monomeric unit™" with
a collapse pressure at 48 mN-m~'. The

www.ms-journal.de
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Figure 5.
TEM pictures

g/mL (c) and 45 mg/mL (d).

oure 7 on the abscissa axis at defined
values of .

Similarly the m-A curves were obtained
for polymer with a longer hydrophobic
chain (Figure 7, curve 2). The curve 2 for
C18-CROODA-MMA is shifted to the area
of small values of A in comparison with
curve 1. Monolayer collapses at pressure

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

MAA (C4Hy) in aqueous
solution. C=15 (c) and 45 (d) mg/mL

of CROTDA-

-MAA (a, b) and CROTDA-MAA (c, d) in aqueous KOH solution at concentrations of

about 50mN -m ™! and the specific surface
area is equal to 0.6 + 0.05 nm? - monomeric
unit*. Change of solution volume spreaded
onto subphase practically not influences
on the shape and position of isotherms
along to abscissa for both polymers.

The spatial conformation of the mono-
mer unit of CROTDA-MAA was modeled
by the MM+ force field method (Hyper-
Chem 8). It was found that if the plane of

www.ms-journal.de
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TEM pictures of CROTDA-MAA
(Cy4H9) in DMSO. C=7.5 (c) mg/mL

c)

Figure 6.
TEM images of CROTDA (C,,H,) in DMSO and schematic r

the betaine groups of polymer is
located in subphase surf specific
area A is equal to 0. - mono-

meric unit™!, the hydro

nmNm’
50

40

T T T !
0.0 0.2 04 06 08 10 12 1.4 16
Specific area per monomer unit, nm*

Figure 7.

m-A-isotherms of CROTDA (C,,H,o, V=0.5mL) (1) and
CROODA (C;gH3;, V=0.3mL) (2). In the inset: modeled
orientation of CROTDA-MAA monomeric unit on the
water-air interface.

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

TEM pictures of CROTDA-MAA
(C14H29) in DMSO. C=15 (C) mg/mL

*
RV AV VN VoV Vovs hydrophoblc "t%\

ation of mixed micelle structure. C=7.5mg-mL"".

the CROTDA-MAA is located at the angle
approximately 80 degrees to the plane of
water surface, as shown in the inset of
Figure 7. Such situation is possible when
the surface pressure of monolayer is
greater than 35 mNm ™. In our experiment
the lesser values of A were registered. It
can be explained assuming that some parts
of hydrophilic monomer unit will be
located outside of the subphase.

To maintain the required density of
polymeric monolayers in the course of their
transfer onto solid substrate the stability of
films was studied by the method of fixation
of the changing of surface pressure at
constant area of monolayer during 120
minutes.”’?%! In this case the 0.2mL of
polybetaine solution was spreaded onto
subphase surface. After 30 min the mono-
layer was compressed up to 30mN.-m~'
and the change of m was recorded. The

www.ms-journal.de
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Figure 8.
Normalized absorption spectra of CROTDA-MAA in
THF solution (1) and in LB film (2).

surface pressure for both CROTDA-MAA
(C14H29) and CROODA-MAA (C18H37)
decreased by 2mN-m ™' during 2h. The
obtained results confirm high stability of
polybetaines monolayers. The monolayers
were transferred onto quartz substrates by
vertical dipping according to Y-type trans-
fer (transfer during downward and upward
stroke) at pressure of m=30 mN -m™ .,

Absorption spectra of 2-10™* mol - T.!
CROTDA-MAA solution in THF together
with LB films are shown in Figuref8. The
spectra were normalized to maximal'D for
both curves. It is seen that the absesption
band of CROTDA-MAA exhibits the
maxima at 255 and 270#m¢ In visible range
of wavelengths the " peolymer does not
absorb the light #Absérption spectrum of
the LB film is breadened in comparison
with the spectra of solition. The absorption
spectrum ofjthe"EB film exhibits a maxi-
mum at 250.nmiwith the shoulder around of
274nm. For» the polymer with CigHz;
hydrephebic tail (CROODA-MAA) simi-
lar absorption spectra were registered
because the hydrophobic tails are not
involved to the formation of electronic
absorption band.l?!

Conclusion

Hydrophobically modified polymeric bet-
aines synthesized from alkylaminocrotonates

© 2016 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

and methacrylic acid exhibited the polyelec-
trolyte character in both aqueous and
organic solutions. The average hydrody-
namic size of macromolecules decreases
with dilution due to destruction of big
aggregates. The zeta-potential of ampho-
teric macromolecules in aqueous KOH and
DMSO is negative because of presence of
ionized carboxylic groups. The isoelectric
points (IEP) of amphoteric macromolecules
were found to be in the range of pH 2.7-3.44
TEM results revealed the formation of
micro- and nanosized micelles;ytubulas
vesicles and rod-like structures, ingboth
aqueous KOH solution and DMS©. It¥is
suggested that the big and small yvesicles are
formed due to inter- and@intramacromolec-
ular aggregations of polymer chains stabi-
lized by hydrophgbic interactions of long
alkyl groups.

The hydrophebicpolyampholytes form
the stable ménelayers on water/air surface.
Monolayers, with™ different orientations
of the menomers are formed at various
surface pressures. It was found that at
high susface pressure m the plane of the
hydrophilic fragments of polymers is lo-
cated in parallel plane to the water surface.
Increasing in the length of hydrophobic
fragments in monomer units leads to the
reduction of the specific molecular area in
monolayer. The absorption band of
CROTDA-MAA in THF solution exhibits
the maxima at 255 and 270nm while LB
film has the absorption maximum at 250
and 274 nm.

Thus, the structure of hydrophobically
modified polybetaines in liquid and solid
media can be changed and controlled by
the microenvironment (solvent, pH, con-
centration) to create objects with predicted
structure. The proposed method of deposi-
tion of polybetaine monolayers onto a
solid substrate can potentially be used to
produce the thin films for different
applications.
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