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ABSTRACT: A new family of colloidal dispersions containiig(pL)-(1-hydroxymethyl) propylmethacrylamide
(oL.-HMPMA) and n-butyl acrylate (nBA) monomers was developed which exhibits temperature-responsive
behavior. Particle size analysis, along with Uvis and'H NMR spectroscopic measurements, showed that
aqueous mL-HMPMA/NBA) particle dispersions display second-order lower critical solution temperature (ll-
LCST) in the 2737 °C range at which the particle size decreases from 81 to 47 nm. WberHMPMA/nBA)

colloidal particles were coalesced to form films, which is facilitated by the IGyeBA component that maintains

an adequate free volume for temperature-respomsildMPMA segments, coalesced films exhibited 3D directional
responsiveness to temperature. While shrinkage occurs i-thelane directions (length and width, respectively),
expansion in thez direction (thickness) above II-LCST is observed. Computer thermodynamics molecular
simulations combined with the experimental data showed that conformational changes of the side chains and the
collapse of the miL.-HMPMA/nBA) copolymer backbone are responsible for directional temperature responsiveness.
To the best of our knowledge, this is the first study that shows selective 3D directional temperature-responsiveness
of polymer films. These studies also show that the total free en@pwpf(the system increases by 150 kcal/mol

which results from the diminishing entropic term above II-LCST which, in addition to polar and hydrogen bonding
interactions, contributes to conformational changes near II-LCST.

Introduction solution temperature (LCST) at approximately°851°-12 The

primary difference between PNIPAAmM andop{HMPMA) is

polymers focused on polymeric solutions, it is significantly more that the Iattgr possesses.chlral centers and hydroxyl funct[onal
y groups, which closely mimics structural features of proteins,

challenging to develop stimuli-responsive polymeric filhis. >
In order for macromolecular segments to respond to external f”‘”d the presence of hydrophilic hydroxyl groups may be useful

o internal stimuli, it is necessary to provide adequate spatial " Sontrolling the rate of drug delivery?: 2> One common
conditions which are easily até\inagle in solut?ons, wFr)1ere yndes!rable fgature quNIPAAm and:p(HMPMA) polymgrs
Brownian motion of solvent molecules requires relatively low is their relatively h'gth which _r_nake coII0|da_1I particles
energy for macromolecular segments to be displaced by solventc2/escence under ambient conditions challenging.
molecules. In contrast, in a solid phase, the challenge is to design I an effort to overcome this obstacle while maintaining
a polymer network that upon stimuli will be capable of temperature-responsive characteristics, one approach is to
rearranging macromolecular segments while maintaining solid- Prepare copolymers containing the stimuli-responsiveness-of
state properties. Examples are hydroelghich exhibit stimuli- HMPMA and other segments that would allow coalescence. For
responsive properties resulting from low-glass transition tem- that reason we copolymerized-HMPMA andn-butyl acrylate
perature Ty) components providing an excess of free volume (NBA) monomers g of p(nNBA) homopolymer is~ —46 °C)
that facilitates the transport of individual components. In view 2and examined the stimuli-responsive characteristics of colloidal
of these considerations, it is of scientific and technological Particles as well as coalescedp(HMPMA/NBA) films. These
interest to design and develop polymers that would exhibit Studies consist of two parts: part | focuses on the synthesis
stimuli-responsiveness, while maintaining mechanically stable @nd stimuli-responsiveness ofop(HMPMA/NBA) colloidal
polymer networks. Although a chemical makeup of macromo- Particles in an aqueous phase, whereas part Il is devoted to
lecular segments formulates a prerequisite for stimuli-respon- diréctional temperature responsiveness of coalesced- p(
siveness of a given polymer, localized &y environments in HMPMA/nBA) films and conformational changes resulting from
the interfacial regiorfs favor stimuli-responsive macromolecu- ~ t€mperature changes.

lar rearrangements in a solid state, thus facilitating spatial
requirements for suitable collision frequencies to facilitate
metastable equilibria. N-(pL)-(1-hydroxymethyl) propylmethacrylamidei-HMPMA)

A well-known temperature responsive palisopropylacy- was purchased from Eastern Systems, Inc. Sodium dioctylsulfos-
lamide) (PNIPAAm) has been examined in numerous stddfes, ~ uccinate (SDOSSh-butyl acrylate (NBA), and potassium persulfate
but recently polykl-(bL)-(1-hydroxymethyl) propylmethacryla- (KPS) were purchased from Aldrich Chemical CooRHMPMA/
mide (pbL-HMPMA)) was prepared which also exhibits tem- nBA) copolymer was synthesized using the semicontinuous emul-

- - . ...__sion polymerization process outlined elsewh&reénich was adapted
perature responsiveness in an aqueous phase with lower cnhcafor a small scale polymerization. The reaction flask was immersed

in a water bath preheated to 7€ and purged continuously with
* Author to whom all correspondence should be addressed. N, gas. The reactor was first charged with 23 mL of double dionized

While the majority of studies dealing with stimuli-responsive
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Figure 1. (a) ATR FT-IR spectra of A, pnBA; B, p.-HMPMA); C , pL-HMPMA/nBA) and (b)*H NMR spectrum of pfL.-HMPMA/NBA) in
D,0.

(DDI) water, and after purging Nor 30 min, the content was stirred  tated in tetrahydrofuran (THF) and eluted throughiarbpolypore

at 350 rpm. At this point, pre-emulsion (DDI, SDOSS, and column. Elution times were referenced against polystyrene stan-
monomers) and the initiator solution (DDI and KPS) were fed at dards, and molecular weights ofop¢HMPMA/NBA) copolymer
0.119 and 0.050 mL/min into the vessel over a period of 3.5 h and and pfL-HMPMA) homopolymer were 173 000 and 186 000

4 h, respectively. After completion of the initiator feeding, the bath g/mol, respectively.

temperature was increased to®5and the reaction was continued Proton NMR spectra were acquired using a Varian Mercury 300
for an additional hour. The resulting colloidal dispersion was filtered MHz NMR spectrometer. Typical measurement conditions involved
after cooling to ambient temperaturebPHMPMA) and p(nBA) 45° pulse, relaxation delay 1 s, acquisition time of 1.998 s. Each

homopolymers were prepared using the same method. spectrum represents the co-addition of 64 scans. For each measure-
Particle size analysis was performed using a Microtrac Nanotrac ment, 5.8% w/v of copolymer was dissolved in deuterium oxide
particle size analyzer (model NPA 250) with an accuracy-@D (D20) and the temperature was controlled by a Bruker Variable

nm. To determine turbidity as a function of temperature, colloidal Temperature Unit equipped with a Eurotherm 818 Controller.

dispersions were diluted with DDI water to 2% w/w solution and Before data acquisition, each sample was equilibrated at a given

monitored at 500 nm wavelength using a Varian Cary 500 Scan temperature for 30 min.

UV—vis NIR spectrophotometer. DDI water was utilized as the Microscopic attenuated total reflectance Fourier transform in-

reference background, and each solution was allowed to equilibratefrared (ATR FT-IR) spectra were collected on a Bio-Rad FTS-

for 30 min at a given temperature before measurements. 6000 FT-IR single-beam spectrometer set at 4 tmesolution
Molecular weight was determined using gel permeation chro- equipped with a deuterated triglycine sulfate (DTGS) detector. A

matography (Waters, Inc.) equipped with a 515 HPLC pump and 2 mm Ge crystal with a 45face angle maintaining constant contact

a 2414 model refractive index detector. Each sample was precipi- pressure between the crystal and the specimens was used. An
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Figure 2. (a) Particle size and (b) its first derivative of A,opf
HMPMA/nBA); B, p(oL.-HMPMA) plotted as a function of temperature;
(c) % transmittance plotted as a function of temperatumg hating;
(®) cooling.

amount of 1uL of colloidal dispersion was placed directly on the
Ge crystal and allowed to dry at léak h toform a layer of film

on the crystal. Each spectrum was collected on the-féubstrate
(F—S) interface with attached heating elements and represented 10

co-added scans ratioed to 100 scans collected on an empty ATR

cell. All spectra were corrected for spectral distortions by Q-ATR
software using the UrbarHuang algorithni? Polarization experi-
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interfaces. For this reason the (TE) and 90 (TM) polarizer was
utilized, where TE and TM are transverse electric and transverse
magnetic vectors of the incidence light polarized aa@d 90 with
respect to the sample surfate.

Polymeric films were prepared by casting colloidal dispersions
onto the poly(tetrafluoroethylene) (PTFE) substrate and allowed
to coalescence at 80% relative humidity (RH) for 72 h af€2n
an environmental chamber. In a typical experiment, approximately
300um thick films were obtained and 20 10 mm sections were
used for dimensional change experiments. Each specimen was
equilibrated fo 8 h at agiven temperature before measuring the
dimensional changes using a micrometer (Mitutoyo Co.) with a
precision of+0.1um. Each data point shown in Figure 7 represents
an average of three measurements.

Surface morphologies of coalesced films were analyzed using
an FEI Quanta 200 scanning electron microscope (SEM). All
specimens were sputter coated with 5 nm thick gold under an argon
atmosphere using Emitech K550X gold sputter coater and SEM
analysis was performed using a 20 kV accelerated voltage.

Quantum mechanical semiempirical calculations were conducted
using Material Studio software (Accerlrys Inc., version 4.1).
Computer modeling simulations were performed using a classical
(Newton) molecular dynamics theory combined with the COM-
PASS force field conditions. In the first step, we created an infinite
polymer long chain containingL-HMPMA and nBA monomer
units using 3D periodic boundary conditions, such that the local
thermoinduced flux was set proportional to the local atom density
changes and local thermodynamic driving forces of the chemical
potential. In an effort to determine thermodynamic responses of
molecular segments, a 25 25 x 25 A periodic unit cell was
constructed and temperature was the control parameter to simulate
the heat exchange with the environment.

Results and Discussion

In an effort to establish chemical composition resulting from
the synthesis obL.-HMPMA and nBA monomers described in
the Experimental Section, IR antH NMR analyses were
performed. Figure 1a, traces# illustrate ATR FT-IR spectra
of p(nBA) and ppL-HMPMA) homopolymers, as well as (-
HMPMA/nBA) copolymer prepared for the purpose of these
studies. As seen in trace A, the band at 1732%coorresponding
to the G=0 stretching vibrations of ester grodp=° of p(nBA)
as well as the bands at 3341, 1628, and 1530'atue to the
O—H stretching vibrations and secondary amide@and N—-H
stretching®2° of p(oL.-HMPMA) are observed. Further confir-
mation of copolymerization is illustrated in thtH NMR
spectrum of pfL-HMPMA/nBA) recorded at 25°C in D,0O.

As shown in Figure 1b, typical resonances dueiteHMPMA

and nBA unit3%1%-22 gre identified with the exception of the
signals due to NH and O-H protons owning to their proton
exchange with water. A strong resonance at 4.3 ppm is due to
the HDO signal.

Although these data demonstrate that using the feed ratio of
1:1 in the free radical semi-continuous process, copolymerization
was achieved, and reactivity ratios for both monomers suggest
that this process results in a random-HMPMA rich
copolymer. Since an ultimate objective of these studies
is to develop stimuli-responsive films and advance limited
knowledge of film formation of stimuli-responsive colloidal
dispersions, the remaining parts of this manuscript are organ-
ized into two sections: solution (I) and solid state (II)
Fspects of gfiL.-HMPMA/nBA) copolymers. While section | is
devoted to stimuli-responsive behavior obpHMPMA/nBA)
colloidal particles in an aqueous phase, section Il examines
coalescence, multidirectional responses, and conformational

ments were conducted to determine the preferential orientation of changes of g{L.-HMPMA/nBA) films as a function of temper-

surface groups near the filrair (F-A) and film—substrate (FS)

ature.
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Figure 3. (a) *H NMR spectra recorded as a function of temperature; traces RC2®, 25°C; C, 30°C; D, 35°C; E, 40°C; F, 45°C; (b)
chemical shift of methyl groups and integrated total resonance peak area plotted as a function of tempgerahemi¢al shift; @) total resonance
peak area.

I. Solution Behavior of Colloidal p(bL-HMPMA/nBA) transition as the second-order low critical solution temperature
Dispersions.In an effort to establish thermal-responsiveness (II-LCST) transition. Turbidity measurements exhibit parallel
of p(bL-HMPMA/NBA) copolymer colloidal particles, the  behavior?® and as shown in Figure 2c, % transmittance changes
particle size, UV-vis, and'H NMR analysis were conducted are also reversible. This phenomenon is visually illustrated on
as a function of temperature. As shown in Figure 2a, as the the enclosed photographs, where clear and turbidity/translucent
temperature increases from 22 to D), the particle size of the  dispersions are observed upon reversible cooling and heating
colloidal dispersions decreases from 81 to 47 nm which, cycles of the colloidal solutions.
according to the literatur€; 25 results from hydrogen bonding IH NMR spectra of pfL-HMPMA/nBA) colloidal dispersions
and hydrophobic interaction changes, which are believed to beare also sensitive to temperature charfge¥®. As shown in
the main contributors to temperature sensitivity. However, unlike Figure 3a, all resonances shift to lower magnetic fields as the
the homopolymer of pL-HMPMA), which exhibits a narrow  temperature increases, with the most pronounced shifts detected
transition at 35C shown in Figure 2a, the particle size obp{ between 30 and 4%C. As expected, this behavior is attributed
HMPMA/nBA) copolymer decreases gradually over the-27  to local magnetic field changes around a nuclei, which results
37 °C temperature range, which is attributed to the presence offrom conformational changes and subsequently electronic
nBA units. The first derivative of the particle size curves is structure changes induced by temperatil/hen temperature
plotted in Figure 2b and as expected, the bell shape curve forincreases, copolymer chains rearrange from an extended to a

p(oL.-HMPMA/NBA) is observed, whereas theoqpfHMPMA) collapsed state, which affects local magnetic and environmental
homopolymer exhibits a single temperature peak. These datashielding effects, causing the resonance shifts toward lower
illustrate that copolymerization of nBA andL-HMPMA magnetic fields. Furthermore, the intensity of fixeresonance

monomers broadens the LCST transition, making it like the decreases as the temperature increases, which is attributed to
secondary transition. For that reason we will refer to this reduced molecular mobility of the polymer segments in the
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Figure 4. ATR FT-IR spectra of gfL.-HMPMA/nBA) recorded as a function of temperature in (a) 182000 and (b) 38002500 cn1* regions;
traces A, 25°C; B, 30°C; C, 35°C; D, 40°C; E, 45°C; F, 50°C.

collapsed state. As an example, Figure 3b illustrates chemicalbands at 1628 (€O amide [), 1530 (N\-H amide Il), 1462
shift changes of the methyl side groups and the integrated total(CH,/—OCH, def), and 1090 (€O str) in 1806-1000 cnt?!
polymer signal area plotted as a function of temperature. As region decrease as the temperature increases. As anticipated,
seen, chemical shifts and the integrated band areas of thethese changes are attributed to the rearrangement and collapse
resonances also occur between 27 and@7which parallels  of polymeric chains above [I-LCS¥34 At the same time,
the II-LCST transition observed in the particle size and turbidity selected bands shift as the temperature increases, which reflects
measurements. In summary, copolymerizatiomeHMPMA changes in molecular rearrangements and interactions. Upon
monomer with nBA monomer maintains stimuli-responsive temperature changes, partial intermolecular hydrogen bonds
characteristics which is a prerequisite for creating stimuli- gradually break down and generate intramolecular hydrogen
responsive films. bonds which are manifested by relative intensity increases of
Il. Solid-State p(oL.-HMPMA/nBA) Behavior. As statedin ~ the bands at 3452 and 1655 ch#3> However, no intensity
the Introduction, the challenge is to develop stimuli-responsive decrease or significant shifts are observed for the 1732'cm
polymeric films while maintaining the integrity of a polymeric band due to €O ester stretching vibrations of the nBA
network. For that reason,p(-HMPMA/nBA) colloidal particles component of the p{-HMPMA/nAB) copolymer. These
were allowed to coalesce and such films were exposed toobservations suggest that hydrogen bonds of the nBA segments
temperature changes. Figure 4a,b illustrate ATR FT-IR spectraare not involved in the chain rearrangements induced by
of p(oL-HMPMA/nBA) copolymer films in two spectral regions  temperature changes. However, diminished band intensities of
recorded as a function of temperature. The bands at 3341 (O the C—H stretching vibrations due to GKCH; segments above
H/N—H stretch), 3070 (amide I, overtone), and 2848020 [I-LCST indicate that these segments participate in temperature
(C—H stretch) in the 38062500 cn1? region as well as the  responses.
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of the chain collapse, the calculated total energy of the system
(G), which is comprised of the potential enerdgsd) and kinetic
energy Exin), increases by 150 kcal/mol (from 1826 to 1976
kcal/mol) when temperature increases from 25 t6G0At the
same timeFEpq: changes by 82 kcal/mol (from 686 to 768 kcal/
mol) andExi, by 68 kcal/mol (from 1140 to 1208 kcal/mol).
Since theEpq accounts for conformational changes of the unit
cell andEyn for the kinetic energy which is proportional to
temperature, the total free energy increase results from dimin-
ishing entropic termAG = AH — TAS, assuming that\H
remains only slightly affected by temperature). Furthermore,
these molding experiments show that during this process, the
volume {) decreases by 14.2% (from 12.57 to 10.7&nand

atT > II-LCST butyl ester side groups still occupy a significant
volume and are capable of rotating, while-HMPMA com-
ponent collapses to form bulky spheres. The insérend &

in Figure 6a depict conformational changes along the polymer
backbone axis (dashed line) and their significant conformational
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changes of nBA as well as the collapseofHMPMA. It is
also apparent that the backbone buckles inward which is the
contributing factor to the overall volume decrease. On the basis

°C, TM. . . :
50°C, of these calculations as well as the spectroscopic analysis

On the basis of these spectroscopic observations, one maydlscussed above, the model depicting this behavior is schemati-

hypothesize possible structural changes resulting from the cally shown in Figure 6b, where the circles correspond to the

temperature changes. Because of the free volume introduceJree volume changes associated with the thermal response of

pL-HMPMA or nBA segments of the copolymer. Below
by the lowerT, nBA component of the p{-HMPMA/NBA) [I-LCST the copolymer backbone is extended and the side chains

of boL-HMPMA (A) and nBA (B) exhibit fairly high freedom.
ﬁ'—|owever, above II-LCST the backbone collapses and confor-
mational changes of both side groups result in the collapsed
state.

but conformational changes occur within the moietypof
HMPMA of the copolymer. Although the hydrophobic backbone
and the side groups of tlme-HMPMA component may collapse
as temperature increases, butyl ester pendent groups may be Using semiempirical calculations we also calculated vibra-
moved away from the polymer backbone, thus utilizing the free tional energy changes of the experimentally detected IR bands
volume to facilitate conformational changes. If this hypothesis that are most temperature sensitive to conformational changes.
is indeed valid, orientation changes of the side groups should The bands of particular interest are due to thre@of ester
occur as a function of temperature. To examine this behavior, and amide | linkages at 1732 and 1628 ¢nrespectively, as
orientation changes were monitored as a function of temperaturewell as the 1530 cm! band due to N-H bending vibrations of
using polarized ATR FT-IR spectroscopy. The results of these the amide Il. As shown in Figure 4b, experimental data show
experiments are illustrated in Figure 5a,b which show a seriesthat the 1732 cm! band exhibits no sensitivity to 1I-LCST.

of polarized ATR FT-IR spectra of p(-HMPMA/nBA) However, the amide | and 1l bands shift and become weaker in
recorded from the FA and F-S interfaces. As seen, higher the following order: amide | at 1628 crhshifts to 1636 cm?,
intensity of the 1090 crmt band due to €O stretching modes ~ Whereas amide Il at 1530 crh shifts to 1517 cm’. At the

of the side groups in the TE mode indicates their preferential Same time, the intensities of both bands decrease. Using the
parallel orientation below the II-LCST. However, the same band model depicted in Figure 6a, we calculated IR changes of these
in the TE mode of polarization decreases gradually with the bands which showed the same trends; that is, above II-LCST,
increasing temperature, and the same changes are observed #he band intensities diminish and, at the same time, the 1730
the F-A and F-S interfaces. With the use of these measure- ¢m™* band due to €O esters remains unchanged. The amide

ments, the dichroic ratidR) values were determined, and tRe
values decrease from 1.58 at 25to0 0.64 at 50C at the A
interface and from 1.60 at 25C to 0.66 at 50°C at the S

I and Il bands shift from 1636 to 1648 cthand from 1538 to
1527 cnrl, respectively. While these data obtained from
theoretical calculations depicted in Figure 6a are in agreement

interface3® thus indicating that, indeed, the orientation of the with the experimental data, it should be noted that if polar or
side groups changes from preferentially parallel to perpendicular hydrogen-bonding interactions were solely responsible for the
as a result of temperature induced expansion and collapse. 1I-LCST transition, as proposed in the literature, the magnitude
To further understand the molecular changes and dynamics®f the spectroscopic changes would be significantly greater in
of p(oL-HMPMA/nBA) temperature response, computer model- both experimental and computational analysis. As shown above,
ing experiments using molecular thermodynamics simulations this iS not the case and the fact that the entropic term appears
were employed. The p(-HMPMA/NBA) unit cells were to significantly contribute to energy changes, packing of
constructed by packing energy minimized polymer chains in a Nydrophobic segments containing ¢&Hs segments as well
random sequence aiL-HMPMA and nBA monomer units @S the buckling of the polymer backbone are significant
under 3D periodic boundary conditions, while details of the Ccontributors to the energy and volume changes.
computational analysis was provided in the Experimental As indicated earlier, spectroscopic analysis indicated orienta-
Section. Visualization of the results are depicted in Figure 6a. tion changes of pL-HMPMA/nBA) copolymer components.
As temperature increases above II-LCST, the unit cells becomeThe question is wheather these changes affect macroscopic film
denser and significant conformational changes occur. As a resultdimensions changes and how they appear to be important. In
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Figure 6. Results of computer simulations: (a) volume and conformational changes resulting from temperature change$andeftslastrate
unit cells below and above II-LCST; (b) schematic representation of volume changes resulting from temperature; arrows indicate rotations of the
nBA side groups and circles represent free volume changes.

an effort to determine directional volume transitions in solid 27—37 °C temperature range which correspond to the II-LCST
p(oL-HMPMA/nBA) films as a function of temperature, di- and agree with the data discussed in Figures 2 and 3. It should
mensional changes of coalesced films were measured ixy the be also noted that dimensional changes inzluérection are

y, andz directions. Figure 7, curves a, b, and c illustrate relative significantly smaller, thus the overall total volume of the film
changes in the, y, andz directions, respectively, plotted as a decreases as a function of temperature, which is illustrated in
function of temperature. Interestingly enough, the length Figure 7d. When going from 22 to 5TC, the total observed
and width & andy directions) diminish but thickness of the volume decrease is 18.5%, which agrees with the computer
film (z direction) increases. These changes occur again in themodeling data (14.2%). It should be also noted that these
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Figure 7. 3D directional thermal response ofop¢HMPMA/NBA) films:
volume changes plotted as a function of temperature.

(@) film length, (b) film width, (c) film thickness, and (d) total film

500pm
Figure 8. SEM images of gfL-HMPMA/nBA) films coalesced at (a) 22C and (b) 40°C.

changes affect surface morphologies. As shown in Figure 8a,component and the presence of hydrophilic groups. Under these
the SEM image of the p{-HMPMA/nBA) film surface conditions copolymer chains are able to spread out irxkthg
coalesced at 22C exhibits uniform surface morphology, but  directions, while reducing their size in the thicknessrection.
upon coalescence at 4Q, surface buckling is observed due to  As the temperature increases above II-LCST;HMPMA
shrinkage in the—y and expansion in thedirections. Thisis -5 mnonents collapse, which are facilitated by the buckling of
shown in Flgure 8b. . - ._the copolymer hydrophobic backbone, thus allowing the side
On the bais of these data, the model depicted in Figure 9 is groups to expand in the direction. For this reason, the film

proposed which accounts for the 3D directional thermal- thick . d shrink . directi
responsive behavior of p(-HMPMA/NBA) copolymer films. ickness increases and shrinkage occurs ixthedirections,

As shown, expansions and collapses of polymeric segments intUS causing surface buckling. Water molecules play an

p(oL-HMPMA/NBA) occur as a function of temperature. Below important role in 3D directional temperature-responsiveness and
[I-LCST, copolymer chains are extended and adopt a lateral their participation provides an environment with metastable

configuration, which is facilitated by the lowdyg of the nBA equilibrium conditions for polymer chain rearrangements.
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Figure 9. Schematic diagram depicting 3D directional thermal responsemfiMPMA/nBA) films.
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(12) Seto, Y.; Aoki, T.; Kunugi, SColloid Polym. Sci2005 283 1137
1142.

(13) Gutowska, A.; Bae, Y. H.; Feijen, J.; Kim, S. \l/.Controlled Release

Conclusions

In these studies we synthesized novalpdMPMA/nBA)
colloidal particles that retain temperature-responsive character-
istics with the 1I-LCST in the 2#37 °C temperature range. 1009 23, 85104
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tions, entroplc components play an important role in the (19) Pretsch, E. B. P.; Affolter, CStructure Determination of Organic
conformational changes near II-LCST.oP{HMPMA/nBA) Compounds: Tables of Spectral Dagxd ed.; Springer: New York,
films also exhibit 3D directional responses to temperature, with 20) ZLQOC\)/-_ b Coltun. N. B.: Fatelev. W. G G P
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