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Table 1 Component feed ratio of gels

hydro-  Yield Feed ratio

phobe (wi%) AIBN EGDMA AA Hydrophobe

PAA - 95 0.05 i 98 0
PAA-FMAO.2% FMA 97 0.05 98 0.2
PAA-FMAO.5% FMA 95 0.05 98 0.5

PAA-FMA1 % FMA 93 0.05 98 1.0
PAA-FMAZ % FMA 96 0.05 98 2.0

1.2 HEBKEROER
ALk AT b ], BEE R B R R
F2.2mol'L " #9 10 mL X T BEER . B HE 10 min
BRERCERE BEAEBRAARKRERE (N
Bh10mm) AREESEH, BEXKBEPER
30 min/5 A AIBN, AIBN & BH{E R4 0.05 mol%
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Fig. 1 DSC curves of unmodified PAA gel with different
water contents ( W,)
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Fig. 2 DSC curves of the gel PAA-FMAL% with

different water contenis ( W, )

a)W_=0.698,b) W.=0.765,¢3 W, =0.814,
.d) W,.=0.956
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K, :AH1(1+"40) (3)
K, = AH,(1 + ny + n,) - n,AH, (4)
X, = no/(1 + ng) (35)

X, = (g + n, {1 4+ ng + ny) (6)
F2HEIANIATNETKBRRBKBYH
PAA BEBE 1 FMA BU#E5E X PAA-FMAL % Hi B )
DSC AR Ak 2 iR 3 (AH)  FIKME
FESL XERE . FRLEIME4,NETH
KEMONBEEREEXE. DSCEREE S S5/
MELSFBIAN BRI AR 2HER T
HE.

Table 2 DSC data of unmodified PAA gel with different water contents

AH, W, Peak Onset End
Sample
(Jmol}  (moi%) (T} () ()
PAA 1576.28 0.610 -2.9 -977 -1.64
PAA 1920, 34 0.765 0.76 -0.80 1.93

PAA 4062 .35 0.814 2.7 -4.56 7.24
PAA 5424.06 0.888 2.78  -0.83 4.92
PAA 6214.59 0.956 6.49 1.60 12.49
PAA 9275.64 0.972 3.83 1.18 5.45
PAA 7041.51 0.980 5.15 2.36 15.62

Table 3 DSC date of FMA-modified gel with different water contents

AH, V. Peak  Onset End
Sample

(Jmot) (mol®) (T) (6 03] ()
PAA-FMA1% 0 o - - -
PAA-FMA1% 0 0.301 - - -
PAA-FMA1% 0 0.513 - - -
PAA-FMA1%  2498.79 0.698 2.77 1.65 3.5
PAA-FMAI% 272048 0.753 3.61 —1.22 4.67
PAA-FMA1%  4186.86 0.850 3.28 1.34 7.16
PAA-FMA1%  5436.93 0.924 8.18 0.29 -
PAA-FMA1%  5757.39 0.929 3.62 1.11 -
PAA-FMAI%  6004.76 0.940 8.33 1.21 -
PAA-FMA1%  6110.17 0.950 8.38 1.7 -
PAA-FMA1%  6361.00 0.961 9.31 2.17  15.05
PAA-FMA1%  6802.73 1 4.92 3.55 7.65

B 318 %8R MBI PAA B9 DSC B B B
HEZ Y, = — 11268.96 + 18704 .64X S5 & t7 L K
THRAX,=0.602, 81 X, = no/(1 + n,)=0.602,%
H n, =1.513.

HHEFEROHE L, =18704.64 = AH, (1 +
no ), HEH AH, =7443.15.

B 4 18 0 Bk RSB PAA-FMAL % 1 DSC
BEEIHE &N

Y, = - 11938.405 + 19526.574 X

Ck, = 19526.574,X, = 0.6114)
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Fig. 3 Dependence of (AH) ., on the water content of the
unmodified PAA gel
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Fig. 4 Dependence of ( AH') ., on the water content of PAA-
FMAI% gel

Y, = — 7505.817 + 14345.071X
(k, = 14345.071)

PHLR AT . X, =0.8555.

FZERE B X, = ne/(1 + ny YHEH ny =
1.573,
X, =(ng + o)1 4 n, + n,) LY a, =4.347,

HEHE K =AH (1+n,)# K, =AH,(1+ n,
+n)—nAH BIFBEBE AH, =7589.03,AH,
=6864.06. LA E At BRI EAETIER 4P
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RS B dUKE 3T F RS PAA, B T8
BHRRIGESESKEREES HikadKim
B AIRE A AKIE RS Y STRR AT LA 2 s, B LA
B3 EmPrKERE, HELNH RIRE
K4, B AR B 9.8 098 55, 7T LAIA O 33k Fh o g o 5]
FESEEKEREL, EZRE . PAAFTMA % 8
BRRIHREEEKEE o, KAN 4.35, 5B
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KER (n, = IS AKEEBR P (n, =
LSI3)MBEE—%, X 5iimahwe.

Table 4 The results of linear fit of unmodified and FMA-modified hydrogels

Sample k| k) g n X, ). ¢ A A,
(¥mol) (J/mol }
PAA 18704. 64 18704 .64 1.513 - 0.602 - T443.1 -
PAA-FMA1% 19526. 57 14345.07 1.573 4.347 0.611 0.855 7589.0 6864.0

S, MR KRR PAAT S, &4
K 3 #E B9 PAA-FMI1 % 8% B P 4 B & f o @t
MR EARBEKEE (o, ) HIATGRE G KEB
(n,)#E¥E0.

2.2 HMEBSI(TGA)

B s AR FMA & B 89 B /K S0tk 8 B 8 i
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BEKER Bd M DTA KBRS AHER 4
MRBEXE, H—KEXF 0~ 200C2Z [, DTA
ME M ARRAE K - EEERE
fEF 100C, AN BEHKHNEE, YEREASE
100CLLG BB IR FFe R, HF) 200°CH LA
HBREFE, X—RAEFTERATURES
HK.

B EXA 200 ~ 350C Z [H],DTA By £R
B A 0 # kg | 1R FE 7E 200 ~ 285 °C 2 (6] XF KY
e, FERHES K (M ATEREK) AR
BRLEEYASNIR. B TEAREKERN
ZHEME EEHFKBAFRKERE—COOH, frid
ZHK IREABNERERESSHEN K, B
B TR ERESHER X, XBoEaK
AHE/ T 200C L EATEEE. A3 —-1TBX
FOIR 20 e 1 B AE 285 ~ 350°C L P, R L iE 1
KAN320C, BRITANERBELEREAN . X R
MEFTEXNN FRESYME LARBERKRER.
B E SEE T FMA & B, b TR 4806 18 B B ] T
) IR 77 BB 3h , UL BH BT PMA X &8 e o 17 K 2%
e, B F rMA B E B 2 E] &K 85, B BB
PGENLIE , B A e B E 2 A 1 | B D, iR
ETREANREZASSRE, BMEHEXE
TEE.

W= HKXLE 350 ~ S00°C 2 8], DTA H £k |
SIRERT IR P b E KA RN 410C, RIS T
[OCEFHHBH, BAF FMA § B EER7EX
— R BERARNEREE LAY, R E L EE
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Fig. 5 DTA curves of gels with different FMA contents

K I8 EEF.FIMA GBS P ES
&5, FMA S BERJLFTTLLEZR. F WK
ERAESYMERILKE.

EHEREF K TFHEXBESIENARS
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Table 5 Evaporation temperature of water inside gels measured by TGA

PAA- PAA- PAA- PAA-
Sample PAA
FMAO0.2% FMAG.5% FMAl% FMAZ%
T e
93.67 97.70 109.87 129.52 131.24
(0~ 200°C)

Fi TGA M BB v /K i 28 & 1R B8 B A I Bk B
HEKEBAZOHE, &5 P TCA £ REY FMA
B 7K S0P R B o K 2 7 R R BT B SR o BE BT
FARKFEHAERBER 10~ 30C. B H kXt
BHRAREABRZEMES FRERTKOAR
Hz I hn, B A KM S BER b A HF
MEEZRE LR ;ME . ERKP FIMASREE, &
BT FRRBRERS BIEKPIES
HAAKKEBEE.TCA NS R 5AiE DSC # ¥ K
FAPRESERE S .
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THERMAL ANALYSIS OF THE EFFECT OF HYDROPHOBIC MICRODOMAINS
ON THE WATER STATE OF 2-( N-ETHYLPERFLUOROOCTANEUS-
LFOAMIDO)ETHYL METHACRYLATE MODIFIED GELS

TIAN Qin', ZHAO Xi'an', TANG Xiaozhen', ZHANG Yunxiang’
(' Sehool of Chemistry and Chemical Technology , Shanghai Faotong University, Shanghai 200240)
(* Shanghai Institute of Organic Chemistry , Chinese Academy of Sciences , Shanghai  200032)

Abstract Recently,some attention has been paid to hydrophobically modified gels ( HM-gels} with a small number
of hydrocarbon side groups in their chain backbones . However, few papers can be retrieved for fluorocarbon-modified
gels although fluorocarbon groups show the strong ability of hydrophobic association than hydrocarbon ones.In HM-
gels, the association of hydrophobic side groups affects directly the state and amount of water. Therefore it is
necessary lo investigate the stales of water in fluorocarbon-modified gels in order to undemtand the relationship
between their hydrophobic microstructure and macroscopic properties. In this paper, a series of hydrophobically
modified poly(acrylic acid} {HM-PAA) gels were prepared by radical copolymerization of acrylic acid (AA) and a
small amount of hydrophobical comonomers ,2-{ N-ethylperfluorooctanesulfoamido ) ethyl methacrylate {(FMA) in zert-
butanol. The effects of hydrophobic modification on water states of gels were studied by differential scanning
calorimetry {DSC) and thermogravimetric analysis ( TGA).For HM-PAA gel with FMA content of 1% , no melting
peaks were observed with water content( W_) lower than 0.698 mol% and two melting peaks appeared with W,
higher than 0.698 mol % in DSC heating curves, which proved the existence of three states of water molecules, that
is,free water, non-freezing water and freezing bound water in FMA-modified gels. A method for calculating the
melting enthalpy of different states of water in gels the numbers of non-freezing and freezing bound water molecules
associated with a polymer unit, n, and n, was brought forward. The numbers of non-freezing and freezing bound
water molecules associated with a polymer unit, ny, and n,, increased after hydrophobic modificatton . For the gel
sample PAA-FMA1 % , the melting enthalpies of freezing bound water and free water were measured 1o be 7589.03
and 6864 .06 J/mol, respectively .

Key words Hydrogel, Hydrophobic association, DSC, Water state



