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= B nEA SEAAY AFAEE ALY $18be vinylbenzyl chloride (VBC), methyl methacrylate (MMA) =
2|1 2-hydroxyethyl methacrylate (HPMA)<] 938 7}x) 4o 33 EAE ¢4}, o]F AZo] T Z3ln NNNN -
tetraethylene diamine 22 43} 2§35 AlA 2F G2 ANE Azstsch AdigrTol o8 A H3E A 2%, F38A
g4 MMA o 2Ao] Z7}std Aol Z71stsle™, HEMA 9] £42 A44d7]e 2h40 8 Aite] Zrbe ax ggted g
2] 71w o] HaAe A FAHUY. =8 VBC/MMA/HEMA =80/10/109) 7% s|2H A4 £2%RH ol A velyte
o, &5 oEA AFs -042~-046%RH/C ol 30%RH, 60%RH 2lx 90% RHolAle} A3} zhe 7tz 3.0MQ, 200k
Q 233 9k Qo]

Abstract The copolymers with various composition of vinylbenzyl chloride (VBC), methyl methacrylate (MMA), and
2-hydroxyethyl methacrylate (HEMA) were synthesized as a humidity sensitive material and quaternized with N,N,
N’ N’-tetraethylene diamine. Resistance versus relative humidity decreased with increase in the content of MMA in
the copolymer. The introduction of HPMA increased the resistance of the humidity sensor as well as enhanced the
adherence to the alumina substrate. In the case of VBC/MMA/HEMA =80/10/10, the hysteresis and temperature de-
pendency coefficient were +2%RH and -0.46~-0.42%RH/C. The average resistance at 30%RH, 60%RH and 90%RH
were 3.0MQ, 200k Q and 9k Q, respectively.
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Vinylbenzyl chloride (Aldrich Chem. Co.) = inhibitor
removal column(Aldrich Chem. Co.) & 3412 & A
F &7 (0.1 torr) 3tod A8l o™, methy! methacry-
late MMA) 2} 2-hydroxyethyl methacrylate (HEMA)
+ calcium hydride2 82 A Astz, AL 288} 4}
£3}gdtd.  NNN,N’-tetraethylene diamine (Sigma
Chem. Co.) & © o} AAFI=| ¢ ZhE ALgsh4n,
3ol A" 299l benzene2 A% 34}, IN-NaOH,
Z5TE MRS, calcium chloride® H-8 s Z835]
of AMg-8lglch. Dimethylsulfoxidetr Wlalg- Hrlsle
azeotrope® YAt & AAL F 60~70TCNA 7t
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Fig. 1. Schematic view of gold electrode on the alumina sub-
strate.
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o3 dFuu 718 (96%, 10x5.08%0.635mm) 9
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Vinylbenzy! chioride, methyl methacrylate, 2-
hydroxyethyl methacrylate?| =& &t4| &M

Vinylbenzyl chloride (VBC, 12.20 g, 80 mmol,
methyl methacrylate(MMA, 1. 00 g, 10 mmol), 2-
hydroxyethyl methacrylate (HEMA, 1.30 g, 10 mmol),
WA1A 4l @@ -azobisisobutyronitrile (0.064 g, 0.4
mmol) & 20 mL 2] benzeneo| &-#5to] $3 P=o
2, Freeze-Thaw ¥Hdl 9Jsled & 7}AE o] ¥ ulE
g F, 283 60Tl 12417 F3stoy As o).
3] 439 F, 15 mL 9 methylene chlorides H7}
T F, fAg A o 2o AR5 FAE Lot
o] AMRAA HA-E T v ubEsto] 50T AT LB A
Azste, B2 g FEFAE Lok VBCe
MMA % HEMA<®}o] o} =49 FFPAE u)=3 H
W& AR FAE T

2! Yield 96%. FT-IR (KBr) 3261 (aromatic C-
H), 2910 (aliphatic C-H), 1735 (C=0), 1564 (C=
C), 1260-1110 (C-0) cm™. 'H NMR (DMSO-ds) &
72 (m, -Ph-), 45-4.3 (m, -CH,-Ph-), 4.1-3.6 (m,
-0-CH; and -0-CH,CHOH), 3.4 (br, ~-CH.0H), 2.6
-2.3 (m, ~-CH,~-CH(Ph~-)-), 1.3-1.1 (m, -CH,~-CH
(Ph-)- and -CH,-C(CHy) -COO-).
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Table 1. Results of Radical Copolymerizations of VBC, MMA and HEMA with AIBN at 60°C for 12 hr.

Copolymer VBCP MMA HEMA VBC/MMA/HEMA® D’ Yield(%)
(Entry No)
1 80 10 10 81/10/9 0.58 95
2 80 20 0 77/23/0 051 93
3 70 20 10 68/22/10 0.47 89
4 70 10 20 66/12/12 0.82 96
*The components of the terpolymers were determined by the integration of the NMR spectrum,
*Inherent viscosities were measured in chloroform in 1 g/dL at 25C.
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Fig. 2. Dependence of resistance on the relative humidity and
hysteresis for the cross~linked quaternized humidity sensor
(VBC/MMA/HEMA =80/10/10) for (@) absorption and (O)
desorption at 25¢C, 1 kHzand 1 V.
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Fig. 3. Dependence of resistance on the relative humidity for
the humidity sensor obtained from VBC/MMA/HEMA = (H)
80/10/10, (A ) 80/20/0(Q) 70/20/10 and (@) 70/20/10 at 25T,
1kHzand 1 V.
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Fig. 4. Arrhenius plot of resistance at various humidities.
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Fig. 5. The resistance dependence on relative humidity of hu-
midity sensor obtained from VBC/MMA/HEMA =80/10/10 at
(@)15°C, (M) 25C and (A) 40°C at ] kHzand 1 V.
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Fig. 6. The resistance dependence on the applied frequency of
(M) 10 kHz, (@) 1 kHz and (A) 100 Hz for humidity sensor ob-
tained from VBC/MMA/HEMA = 80/10/10 at 25°C and 1 V.
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Fig. 7. Response time of the humidity sensor obtained from
VBC/MMA/HEMA =80/10/10; (M) absorption and (@)
desorption process at 25°C.
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Fig. 8. Durability test of humidity sensor VBC/MMA/HEMA
= 80/10/10 measured at a) 40%RH, b) 60%RH and c) 80%RH
after soaking in water at 25C.
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VBC, MMA =28z HEMA 9 3 F5¢AE ¢4k
3 o]3 A2 =EZ F NNN',N'-tetraethylene di-
amine® & 43} ¢2F3}t rlasts st nEAL §
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shod 7hgute] Aol tid AHAAYE FAAFIH 2 oo
Z7gt meE A Fe] St

VBC/MMA /HEMA =80/10/1041 7<% 1kHz, 25T,
1 V 2744 30%RH, 60%RH Z28j32 Q0% RH 4 A
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oJEA AF= -0.42~-046%RH/Col hysteresis+
+2%RH ool A vhehydrh, =3k Aol gt i A
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