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E5: 259 pH VA S 2t= 1E ZE 33 A [Pluronic-g-poly(NIPAAm-co-MMA), Polymer A} [Pluronic-g-
poly(NIPAAm-co-MAA), Polymer C]= #-butylperoxybenzoate S ©]-8-3}¢4 Pluronic 3% g3 2] FAIE N-
isopropylacrylamide (NIPAAm)/N, N-diethylaminoethylmethacrylate (DEAEMA)<2} N-isopropylacrylamide
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Abstract: Temperature and pH sensitive graft copolymers [Pluronic-g-poly(NIPAAm-co-MMA), Polymer A] and [Pluronic-g-
poly(NIPAAm-co-MAA), Polymer C] were synthesized by macro radical graft polymerization with N-isopropylacrylamide
(NIPAAM)/N, N-diethylaminoethylmethacrylate (DEAEMA) and N-isopropylacrylamide (NIPAAm)/methacrylic acid
(MAA) based on Pluronic, respectively. The chemical structure and molecular weight of the graft copolymers was characterized
by 'H NMR and gel permeation chromatography. The aqueous solution properties of graft copolymers were measured using a
UV-visible spectrophotometer, contact angle and dynamic light scattering equipment with different temperature and pH
conditions. The obtained graft copolymers showed a very sensitive phase transition in response to temperature and pH in
aqueous media which suggested that the amine group of DEAEMA segment and carboxylic group of MAA had a great
influence on the lower critical solution temperatures (LCST) in Polymer A and C, respectively. The graft copolymers
can be utilized for drug delivery system and molecular switching applications where responses to temperature and pH
changes are relevant.
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pH 9174 122 E slol=&d Axe] 22 ua} 4k
(carboxylic acid H=+= sulfonic acid) 22 < 7](ammonium
salt group)E 7H = ©EAY AEAE ARE-SEe] pH W
st & FAsE Fal shel=2AS AT 5 ATk
b AFE e gol2A ALEARE 2 pHOlA] o] 238k =
W, 7] 2FE Zhe ol AEAE W pHellA
o] 23lE Tt & Aol AFE-E Pluronic poly(ethylene
oxide) (PEO)} poly(propylene oxide) (PPO)Z A E 4H<d
ESFSHAE Pluronic 780 o= & o] =
255 ST et F&AdloA stolERA R Hol7t
Joj ittt o= unimerdl| A vl Z 2] Hol7t doju}r] wiF
olt}. o]Ae] AF o= Pluronic®] W2 @t DEAEMA
& S LitAbe LAl 23 A AE S Ad
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Alef. Pluronic F-127 (MW 12600), N-isopropylacrylamide
(NIPAAm, MW 113.14), N N-diethylaminoethylmethacrylate
(DEAEMA, MW 157.21), methacrylic acidMAA), tert-butyl
methacrylate((BMA, MW 142.20), trifluoroacetic acid(TFA,
MW 114.02)5 F7F8A glo] AH&-at L, -8 /HAIAIR
£ tbutylperoxybenzoate(MW 190.23)2 A}-&-3}At}, B8 &
ul 2 toluene(anhydrous)>} methylene chloride(MC, anhydrous)
£ AFESIa, AAA & diethyl etherS AM&-3Fth &
A A AME-E BE AR Sigma Aldrich Chemical Co.
AN FAetAT

S=8tx|o| &M, Polymer A Z3&&tx|e| &HM: Pluronic
(0.001 mol, 12.6 g)o] 2Z3HE ®EZE7]el toluenes EIL
140~145°C 2% 2702 wyksloith whe EEo] &3
7R A1 A 91 #-butylperoxybenzoate(0.001 mol)E 30% &<t
A3 Arrste] oF 1A17F 30+ &<t wukgk &, NIPAAm
3} DEAEMAZ toluenedl] o] 3] H7tetsivt 2
FYT 25 27 stolA 5~6A17F FF wRESE A,

NS TE SHetA &S A AT F kol
AAIA dojzl Wi o] MAES oFste] 29 5k 72
(MWCO:3500)3}53 t}.

'H NMR (CDCL): 6=4.0 (1H, CH(CH;),, poly(NIPAAm)),
1.0 (3H, CH(CHs),, poly(NIPAAm)), 1.6 (2H, CH,CH, poly
(NIPAAm)), 1.8 (1H, CH,CH, poly(NIPAAm)), 2.5-2.8 (2H,
N(CH,CH;), OCH,CH,, DEAEMA), 4.0 (2H, OCH,,
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DEAEMA), 1.1 (3H, N(CH,CH5),, DEAEMA), 0.6-1.1 (3H,
CHC(CH;), DEAEMA), 1.0-1.15 (3H, OCH,CH(CH,), PPO),
3.35-3.75 (2H, OCH,CH,, OCH,CH(CH;), PEG/PPO).

Polymer B &ZF&A|2| &M: Pluronic (0.001 mol, 12.6 )
o] Z3tE kS £-7]9 tolueneS YWIL 140~145°C 2%
2702 weldtt jEE EFE S MAIA «-
butylperoxybenzoate(0.001 mol)E 30% 59+ 3] 7}
ato] of 1A17F 304 &2 wRHEE & NIPAAmZ BMAS
toluenedl] =] HA3| Hrtsith 2 F, edd &=
271 3tollA 5~6A17F &< wRESE AL, o] &3 &S
A SRt EuilE A AT F ikl IHAIA dojzl
g o] HHES A

'H NMR (CDCLy): =4.0 (1H, CH(CHs), poly(NIPAAm)),
1.0 (3H, CH(CH,),, poly(NIPAAm)), 1.6 (2H, CH,CH,
poly(NIPAAm)), 1.8 (1H, CH,CH, poly(NIPAAm)), 1.4 (9H,
OC(CH,);), 1BMA), 1.0-1.15 (3H, OCH,CH(CH,), PPO),
3.35-3.75 (2H, OCH,CH,, OCH,CH (CHs;), PEG/PPO).

Polymer C SS&HHI2| &M: 9/d€ 35 841(0.00014 mol,
497k Solfle Whs £7]°] MCE ¥l 3 dAHE =9l
F TFAS WL 72 2738l A 244)7F 57t aitaigic.
o] £¢ &d& A SRt &HE AAT F 2Pt
diethyl etherol] FHAA Aojxl Wi o] HAH =S ofst
o] 29 F<¢F B4 (MWCO0:3500)3}+ 3 o}

'H NMR (CDCL): §=4.0 (1H, CH(CH;), poly(NIPAAm)),
1.0 (3H, CH(CH,),, poly(NIPAAm)), 1.6 (2H, CH,CH,
poly(NIPAAm)), 1.8 (1H, CH,CH, poly(NIPAAm)), 1.0-1.15
(3H, OCH,CH(CH;), PPO), 3.35-3.75 (2H, OCH,CH,,
OCH,CH(CH;), PEG/PPO).

'H Nuclear Magnetic Resonance (NMR) . Polymer
A, Polymer B, Polymer C 53| & 'H NMRS 53}
TZ BA359 . 717]+= Bruker(Germany)2] AVANCE
400FT-NMR(400 MHz)Z A& &7]& CDCLE AM&-31o]
=733k

Gel Permeation Chromatography (GPC) &4. Polymer
A, Polymer B ¥ Polymer C ¥ @A E GPCE £4&
Sttt AHE-S GPC 71715 99 71719 YLI9112, YLI9130,
YL9170¢]th. 71 E A E poly(etylene glycol) standard (-
2+ 106~20600 g/mol)E AH8-31] calibration curves AU
3, A7 &vi2 DMFE AF8-3l32 flow rates 1 mL/min
o7 st AYe] ZATF WS 400~40000022 S
shodexAte] HH OS2 404 < FHE BEE S35t &
THA Y EAE 2 FAF 25 SA ST

MHMo| {8 =3H. Polymer A9} Polymer C &5 34 <]
FE FollA 2o wE Fro] WstE 46t flal
Mecasys Co.2] Optizen 7|71& A&-3tAth. &4 oLzt
e AEES 0.1 wi%e] TE2 Fof Mg dgFS
T A9 B 7RAIA 2 EAH Ol gl el

= 10914 50 °C7HA] &
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Contact Angle M. Polymer A%} Polymer C &%%
A o] HE7HE DSA 100 AlFS A8t 57 atarat she
ABREES 0.1 wt%, 282 271E 4um= Aot
olwf AW -2 sessile drop methodE AHE-3FA T

Dynamic Light Scattering (DLS) . Polymer A%}
Polymer C & &Ae] YA Z7]E Malvern Instruments<]
Nano-S90E AHE-3t] SA8laAL ks A8 FEE 0.1 wi%,
=4 2EE 259 37°CRE 3to] ZHzhe] pH g5 &
o] ZA 33T

Ty M =3, Polymer A TS A2 Malvern
Instruments®] Bohlin Advanced RheometerE A}-& 3}
TEEA S FHEE =4S ST St she
A5 FEE 25wWi%ZE 3} Frequency= frequency sweep
experimentS AFE-3lo] 1 Hz2 &to] =33, €4 Al
“(elastic modulus (G)2+ FHA A4 (viscous modulus
(G")= parallel plate 20 mm)S AF&3te] &% W 3}o]
e 7S 7158k
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Scheme 1. Synthesis and structures of Polymer A (a); Polymer B (b);
Polymer C (c).
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Figure 1. '"H NMR spectra of Polymer A (a); Polymer B (b); Polymer
C (¢); Pluronic (d).

aFERdT 2R ZE FFF =Xl poly(NIPAAm)®]
methine ¥ =L (CH(CH;),, 4.0 ppm), methyl 3] = (CH(CH,),
1.0ppm) 3 poly(DEAEMA)®] methylene = (OCH,,
4.0 ppm), methylene ¥ = (N(CH,CH;),, OCH,CH,, 2.5-
28ppm)E FEE AT £ AT B ATolA HE
IHZE FFHE2 TAFEY PEG PPO9| ethylene oxide
¥=E 7|Z2 92 NIPAAm®] methyl (CH(CHj),) 3] =9}
DEAEMA | methylene (N(CH,CH;),) ¥ =L¢] HAH &
53te] 27 A4EsE A3 poly(NIPAAm)S 10071, poly
(DEAEMA)= 1970 $9ES & 5 AT’ Figure 1(b)
£ Z2YZE FZ3A Polymer BE 'H NMRZ 2213
A poly(BMA)S] r-butyl group ] ZL(OC(CHy)s, 1.4 ppm)
E 53 725 I & 5 AT =3 FAAE 2=
E 3H82 FAEY ethylene oxide I35 7]
NIPAAmZ} BMA =0 WAuE Edle] 7}7}
ZA 3} poly(NIPAAm) 10071, poly(BMA) 117} 7} &
& = AAJTE T3 Figure 1 (c)= Polymer Bol|
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BMAS] rbutyl group®] AlEHEE F3) BMAS] #5717}
AAEE FRIskAAL 2 AAE F3) pHell WIAAS 714
+ acrylic acid SEA| 7 2= Athe AL skt

Table 12 Polymer A, Polymer B9} Polymer C 3%
Aol FAFE Aeld X2 'H NMRZ GPCE 574 3t
AR EAE e E dolth

Polymer A¢} Polymer C &5 3A &S zHzt pH 3,
pH 7.4 $k3 &9 dlofA &= Wslel] e 9 F3i=

Table 1. Molecular Weight of Polymer A, Polymer B and
Polymer C

Sample My M} (PDI)
Polymer A 27000 34300 (2.4)
Polymer B 28400 32200 (1.9)
Polymer C 24900 29100 (2.1)

“Calculated from the peak integration of 'H NMR.
*Measured by GPC.
(a)
100
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c
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Figure 2. Phase transition of Polymer A (a); Polymer C (b) solution at
pH 3 and pH 7.4 as measured by the cloud point method.
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Hh"? Polymer A ¥5 A= W2 4 27420 pH
No] A 25°C F-Zo|A, pH 7.4 &0 2] A 21°ColA
Fgo] F43] oA =t o] Mo 2=7F &gk
FdeEgteE AS & 5 AUtk pH7F W& A& oA
st A &N 2 =7t =& A o] Yehe olfe 9714
&A= Polymer A F5 Aol 3 poly(DEAEMA)
7F vlo] &stE o] ApAdS Wil A Gl A= poly
(DEAEMA)7} o] 238}]o] X4 g 2H =7] w#
o]t} o]9} M E Polymer C ¥E5 A E w& 4F 279l
pH 3 &4e] 7§ 26°C FZolA, pH 74 &2 7§
28 °Coll A st A& 2 =7t 4 = ATt Polymer C 3
STHAE pH7F 52 €718 Sl FTdA o x4
poly(MAA)7} B5F o] 23} 02X Fol2 445 w7
wo] AR} AL A7k AT AE-S AslstaL
AEASE 27 A, g A3 AR ] oS AdsiA
74k S YERA "o

259} pHe| W3}o] wE Polymer A9} Polymer C &
FTHA e A 2715 543t Figure 39| YRS
0.1-0.8 Atol] S YEhll= vhFet dxF =719 #F
HEE(PDDE izl wiuk 9ol veh Tk
Polymer A &%= pH7F okl what YAk =2717¢
2ol g o F AL o= A &AM = FFFA
FZ3HE poly(DEAEMA) o}7l Z150] o] 2317} Ho 3144
AAE WL A} B Afo]o] 4 Aol ARV
W Zoll YAke] A7 7F AXA =AUt gk F714 &
oMz AL g Aol Stete] aLEAke} &34
Aty ol ztopA| 7] wiitell YAk A7) A Aot &
IEFATE Polymer C9| 73-% pH7}F =obglol whet Y=ol
A717F 718k & ATk 2 o= pH7E STt
HH FedAd 23E MR 259 o] &3l e A
714 Wb o] Frtel] 7]lste] YA A2717F AT
TESE Polymer A} Polymer Ci= =7 =olA|H A} =
717v F7Fsk=H, ol ¥ Ao £ poly(NIPAAm)
o] & A3 A o8l & Aol 7] wiEel A
w43 7%l wde] A71E YEpA Bk o]
S AEE FEYA AkEd A a2 ATS

o kI
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Figure 3. DLS Measurements of Polymer A (a); Polymer C (b) graft
copolymer in PBS at 25 °C and 37 °C different pH with PDI (above
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Figure 4. Contact angle of Polymer A and Polymer C solutions at dif-
ferent pH and temperature.
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Figure 5. Temperature-dependence of elastic modulus (G, solid symbol)
and viscous modulus (G", open symbol) of Polymer A at different pH values.

’d& Z+= Polymer A A= 227 57l wet g
B, 293 540l /S 1 & AT =g
Polymer A ¥5 Ao Z3HE poly(DEAEMA)= pH7| =2
Z710 A mlo] 23} el = 24 AE S UERl 7] w2l
pH 39 ol G'9] #ruk pH 12014 G'9] ghol ZA =3
R s A
4 £

259 pH 27 FEHAE O AL H 45
9)8te] Pluronic F-127% 71%E NIPAAm/DEAEMA $}
NIPAAWMAAS 7217t S3ste] A28 2 ZE 53]
Polymer A%} Polymer CE Fd3th ¥ a5 TA <
S-S BAs e 22 2458 420 'H NMR
S %3} Pluronicol 2 ZE ¥ NIPAAm/DEAEMA$}
NIPAAM/MAAS] 77} 35 55 SR8, ol & vt

Polymer(Korea), Vol. 36, No. 2, 2012



228 e

B

RN
o ]
A
;7\
©_ _ _ _ /N _
(d) JL

12 13 14 15 16 17 18

Elution time (min)

Figure S1. GPC Chromatograms of Polymer A(a); Polymer B(b);
Polymer C(c); Pluronic(d).
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