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EHE: A2 75 98490 N —methacryloyl— N—ethyl— N-propy] piperazinium bromide (MANEPPB)
& N-methacryloyl~N"ethyl piperazine (MANEP) 2} 1—bromopropane] 434533} vhg-of] 2]ale] A8
v} MANEPPB/MMA/AA=60/35/5, 70/25/5, 80/15/5, 90/5/5 & 95/0/5 332 Askd 358AE AF9e
2 A3 gsted Azslgicl A sl olXEid ZFAll trimethylolpropane tris (2—methyl—1~aziridi—
nopropionate) (TTAPYE E3sld & 45 g0l Faxo) oJsle] mxala 7lunke-g Agsld RAAE Az
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Abstract: New humidity—sensitive monomer, N—methacryloyl—/N*ethyl—N*~propyl piperazinium bromide
(MANEPPB) was prepared by the quaternization reaction of A~methacryloyl—N*ethyl piperazine (MANEP)
with 1—bromopropane. Polyelectrolytes derived from the copolymers composed of MANEPPB/MMA/
AA=60/35/5, 70/25/5, 80/15/5, 90/5/5 and 95/0/5 were prepared for the humidity —sensitive membranes,
which were fabricated on the gold electrode by dipping method and were crosshnked by reacting copoly—
mers with aziridine crosslinker, trimethylolpropane tris(2—methyl—1-aziridinopropionate) (TTAP). When
the resistance dependences on the relative humidity of the sensors were measured, it was found that
the resistance varied three orders of magnitude between 20 and 90%RH, which was satisfied with the
requirement for the common humidity sensor operating at ambient humidity. Their hysteresis, temperature
dependence, frequency dependence, response and recovery time and water durability were measured
and evaluated as a humidity —sensing membrane.

Keywords: humidity sensor, methacrylamide, piperazinium bromide, aziridine crosshinker, water durability.
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Alef 2 717]. 934 N-methacryloyl~N—ethyl piperazine
(MANEP) & @ejal il 215jo} @4381530):°2 Hydroquinone
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FufE AMgERe oMEUEZLS calcium hydride® 3-8 #Ask
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9! acrylic acid(AA) & A2k AFE T1OlE Ao oXlEd
ZFRAZA trimethylolpropane tris (2—methyl—1-aziridino—
propionate) (TTAP, Aldrich Chem. Co)& ARE3ISIcE & 9
TEIA FAE #13led NMR AFEZE Varian Unity Inova (200
MHz) spectrometerd AHEsIG1e™, HA ~AHEHL Biorad

10 mm

1— Alumina substrate
|— Gold electrode

|_-Silver/Palladium

Figure 1. Schematic view of humidity sensor electrode.
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N-Methacryloyl- A=-ethyl- A-propyl piperazinium bromide
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2972(C~H), 1680 (C=C), 1670(amide C=0), 1296, 1165, 1080
(C—0 and C-NY) cm ™% "H-NMR (D:0) : $=5.83, 5.33(d, 2H,
HEC=0), 3.02(m, 8H, —~CH-N"—CH-), 3.02~2.90(m, 4H,
~N* - CH,CH;s, —N"— CH:CHyCHa), 2.72(s, 4H, —CHp—N~
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CHoCH2CH3).
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Scheme 1. Preparation of N~methacryloyl—N*ethyl~N*propyl
piperazinium bromide MANEPPB).
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Scheme 2. Preparation of copolymer—type polyelectrolytes.

Table 1. Components of Humidity-Sensitive Electrolyte Solution
and Their Physical Properties

Entry no. MANEPPB/MMA/AA MANEPPBMMA/AA®  my”  Yield(%)
1 60/35/5 60/35/5 072 92
2 70/25/5 70/25/5 068 94
3 80/15/5 80/15/5 057 89
4 90/5/5 90/5/5 052 91
5 95/0/5 90/0/5 047 93

“The componerits of the terpolymers were determined by the elemental
analyses. “Inherent viscosities were measured in 2—methoxyethanol
in1 g/l at 25 C.
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Scheme 3. Chemical structure of trimethylolpropane tris(2—
methyl—1-—aziridinopropionate) (TTAP).
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Scheme 4. Crosslinking mechanism of carboxy—functionalized
polyelectrolyte with TTAP.
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Figure 2. Dependence of resistance on the relative humidity for
the humidity sensors obtained from MANEPPB/MMA/AA=
(W) 60/35/5; (@) 70/25/5; (A) 80/15/5; (O 90/5/5; (&) 95/
0/5at25 C,1kHzand 1 V.
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Figure 3. Dependence of resistance on the relative humidity and
hysteresis for the humidity sensor obtained from MANEPPB/
MMA/AA= (I, [D=80/15/5, and (A&, 2) 95/0/5; (hollow symbol),
desorption process and (solid symbol), absorption process at
25 C,1kHzand 1 V.
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Figure 4. The resistance dependence on relative humidity of the
humidity sensor obtained from MANEPPB/MMA/AA=80/15/5
at (A) 35 (@) 25 (W) 15 M5 CatlkHzand 1V,
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Figure 5. The resistance dependence on the applied frequency
of (W) 100 Hz; (@).1 kHz; (&) 10 kHz for the humidity sensor
obtained from MANEPPB/MMA/AA=80/15/52at 25 C and 1 V.
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Figure 6. Response time and recovery time of the humidity
sensor obtained from MANEPPB/MMA/AA=80/15/5 at 25 C.
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Figure 7. Dependence of resistance on the relative humidity for the
humidity sensor obtained from MANEPPB/MMA/AA=(IR, [}
80/15/5 and (@, O) 95/0/5 before and after exposure to water.
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