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2 ©f: Phosphoniumg €& E3sh= 7Hs5 9 24 vinylbenzyl triphenyl phosphonium chlo-
ride (VTPC)& A2 AAE % ez 21437 93ld vinylbenzyl chloride$} triphenyl
phosphinee. 2 3E] A stgct. ZEY AEL2 VIPC styrene, n-butyl acrylate, 2-
hydroxyethyl methacrylate 28]1 2-ethylhexyl acrylate2] 290 2 3¢ FZFEAE°I}h. =
s ZEee 3 A3909) ulo]lag FAP|2 FAlsld =X ch e ddFs Bi:a}ol]
st A719 e g A e o %‘Jl‘ﬁ&.“ ZaeE VIPCY #3do] 37185 2
st e VIPCS gdadAel g WAsiAA s 2Hsh= Rol 7Fesidn 7 —Q—“l‘%‘—
geAe] 24do] VTPC/2E]™=50/509] %‘*i}ﬂli °]—r‘°17‘] 2] dudas JdEE
80%RH~95%RH (25 C)ollA 350~9.8 k2Z HAFAT}. T3 VIPC/#-BA=10/35 18|11
VTPC/EHA =50/50¢! Az o)Fold 7o dauars ddsx 80%RH~95%RH
o4 123~5k2(25 C) T8l 437~15kN2(20 )& &7 BAFUth 5~35 C HelAlg
2% EANFE -0.25%RH/TC o9 & RoFon Fjxgelras £2%RHY ¥ ¢
ol A Vet

ABSTRACT: Vinylbenzyl triphenyl phosphonium chloride (VTPC) was prepared for a mois-
ture-absorptive material of humidity sensor. The humidity-sensitive membranes were com-
posed of copolymers of various content of VTPC with styrene, n-butyl acrylate (#-BA), 2-
hydroxyethyl methacrylate (HEMA) and 2-ethylhexyl acrylate (EHA). The humidity-sensi-
tive membrane was fabricated on a gold electrode by syringe injection. The impedance of hu-
midity-sensitive membrane decreased with an increase of the content of VTPC in the copoly-
mer, therefore the humidity sensitive characteristics were controllable by changing the con-
tent of VTPC and comonomers. In the case of copolymer with composition of VTPC/styrene
=50/50, the impedances varied from 350 k&2 to 9.8 k& at 25 C in the range of 80~95%RH.
VTPC/n-BA=10/35 and VTPC/EHA =50/50 showed 123~5 k(25 °C) and 437~ 15 kQ(20
‘C). The temperature-dependent coefficient between 5 C and 35 C was found to be -0.25%
RH/C and the hysteresis falled in the =2%RH range.

Keywords: polyelectrolytes, humidity sensor, phosphonium salts, vinylbenzyl triphenyl phospho-
nium chloride, humid membrane, copolymer.
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B mPolME FAYE 98 EE8Hs styrened|
ctekA ¢l vinylbenzyl triphenyl phosphonium chlo-
ride® A8l ZAHEAE 2HI] S8k sty-
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A zAe) BEWAE FUSA BESHE v

of agpglAl M EA &S eI

n-butyl

4 #

Alef 2l 7|7]. 4-Chloromethyl styrene (CMST),

#eiof Al2zd A3E 1998 54

styrene (ST), 2-hydroxyethyl methacrylate
(HEMA), 2-ethylhexyl acrylate (EHA) 28|12
n-butyl acrylate (%-BA)+ Aldrich Chemical Co.
AEO 2 calcium hydrided|A] AF Z{F3ld AR
ldch. 7HAJA 2A]  azobisisobutyronitriles (AIBN,
Aldrich Chemical Co.)& gt AAYs}ed A}
3199}, Triphenyl phosphine Z22]i hydroquinone
< o o] HAgle] AlokE GEE YR AM-E
o, Zsdel oz AMF  dimethylsulfoxide
(DMSQO)+= Dean-Stark #Ax|& o]&dld EFQU&
THAA 4tz B AAT F 2% FF/31 4
t}. 2454 e F3d A8-§ 2-methoxyethanol
< calcium hydrideg #Zsla 4 S/ F A}
£33} AEA o2 AMEE oM EUERE cal
cium hydride2 #HZd & FH3I Az oH
Jerg 1E]3 vdlEdH 2+ calcium hydride ¥
sodiumoll A 35 F Z78td AMR-EEch

oA 2 FekA|9] 318 T2 E U] sty
'H NMR 2#®E8& Varian Gemini-2000& AR
st e, IR A¥EzE Midac Model M-1200
spectrophotometer& A3l A}, 5234
AVR3) 3l &}z = Tabai Espec. Model PL-2G
(30~98%RH, -40~150 C)& Atg¢3iga dga
A= LCRHH (0.1Q~20MQ, Boonton 5110)&
AHg-3le &3t

Vinyibenzyl Triphenyl Phosphonium Chioride
(VTPC) 9| HZE. 37 Zet2= (500 mL)d A& &
g7], A4 F¢ ZX agn SAME FA s o
g (100 mL), CMST (15.3 g, 100 mmol) Zz&]3L
hydroquinone (0.11 g, 1.0 mmol)& £&{A]7]31 o]
& 5T olstz WY ¥ 100 mL &
29 triphenyl phosphine (23.8 g, 110 mmol)& &
AR EAg 3080 AXHA 7] Fehaze Aa
g Ee|uA AE3] wrtslas FHsisidoh. 48t
g F 25 g N3] A5t 40 Colste fA Al
e EFEE 244121 5 muksle] whEA
go] ¢HAE & 40 ColEE FXIFH A AF
W7 E Al &ulE AAsEG AEE 2H ¥
#&% hydroquinone& HA37] $&t] 75
dEddlzz ol A3 40 ¢ oMEY
EYd f8lstd HA3) Y43l 0 cAlA N E B3}

rT o mf
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Vinylbenzyl triphenyl phosphonium chioride.
£:79.0%, FT-IR(KBr, cm™):3053, 2991
(aromatic C-H), 2878, 2785 (aliphatic C-H),
1650 (C=C), 1587, 1437, 1111, 993, 898, 815,
748, 692. 'H NMR (D,0, ppm) : 8.1 (s, 15 H,
phenyl), 7.5 (m, 4 H, -CH,-Ph-), 6.2-5.8 (m, 3 H,
vinyl), 5.5 (s, 2 H, -CH,-).

VTPCet ST2| ZEEHel &Y. VIPC (05¢,
1.2 mmol), ST (0.13 g, 1.2mmol) 28|31 AIBN
(2mol% )& 2-methoxyethanol (5 g)dll £33}
20 mL 3% BEd Y1 Freeze-Thaw oz A
A& 2 gE JAE AAT dd AFdAM JES
223191k o] AEE 60~65CY 53 {%3
B 24417 < gog FEE AW FHel
59 U YL BAY ¥ 43S V&9
o HZ3 MAMF 2E2E JdE RAFUen o
A g it A e} g Ao o
ojd Bubg tdedead Sy zd A H3td A
2% ¥ 72a4 ABZ Agsach VIPC/ST=7/
3 2w 3/7¢9 tE A FFYAL A% #e
W o= g3t

VTPC, ST ¥ HEMAS 38 ZZgx|e| B,
VTPC (05g, 1.2mmol), ST(0.25g, 2.4 mmol),
HEMA (VTPC#} ST # &9 10mol%) Z8]i
AIBN (0.008g, 2mol %) & 2-methoxyethanol
(5g)9l &aldld 20 mL £ BFo ¥ Freeze-
Thaw o2 7[AE AAT & IF deldA
WEE LEIFATH Y7 FBES 60 CTAA 2447
FA s U SR 1Yt FH Fol AE
& 7t EEoIFY #d¥ FHo] AYHEE A
on F¥o| F5E F 3¢ EHES ¥AT £ ¥
Al FAAIA BN 2] FERAE UG FF
FAEL toole 2o o) 23] A HslA HE2E
¥ 3F oA ARE ddoh

VTPC2} n-BA2| 28 ZEEA 9 4. 2-Me-
thoxyethanol (5 g)oll 7 93d VTPC (0.5g, 1.2
mmol), F9ak] »-BA (045g, 4.2 mmol)2}t
2mol% el AIBNE %2 &£94& 3 A4Zd ¥x
Freeze-Thaw W o2 7|H& AAHE & ¢ A&
gt £3 £9%0] E 92 64 CollA 2412
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F¢ ARG S S AP FHel ¢
538 ¥ SHE EREES YF3in ddddgiae
AFAANA AFeien o] ARE FH o whEs
o 74gA A BZ AMsiach VIPC/n-BAY 24
Hlgo] 2/99 g ZAFA FEPAT 9 7ied
uie} o] FAMG Whio g Azt

VTPC2} 2-Ethylhexyl acrylate2] 28 ZE gt
9| #tA. 2-Methoxyethanol (5 g)o Z+& T
VTPC (0.5g, 1.2mmol), 2wz EHA (0.22g,
l.2mmo)& 20mL £39 f2 WdB ¥z
Freeze-Thaw J¥ol &3l 7|A& AAR & 2%
Algfoll A "R slg T} 3] 2mol% 2] AIBNE @
Uz A Z AMRslg e EF £90] & dE S
60 CAlM 24717 B4 FAES gold F3e 2
galgot ol e ETHEL WHsa goEd)
2o JAAA N EUE Lo ojF Hx
3la ThA] 2-methoxyethanolell &-8)3}ed MAle) x)
AR s 2e dden o atE Ho el
Haz A3l AF FFRA ARE AU

U&®Te £X. 05g VTPCe ST, HEMA,
n-BA ¥ EHA9] ZZAEE A3 SmLe
R4 DMSO9 &3l HF ZA58AE Az
ot R0y FAFE UG T FHHES ¥
3104 839 FAPIE AMS8le] 3~5 o) 72
FAE FAEY mEIGT FHE FA5Y 5
o] FulE FoA 2A17F A HAEF F 70 CAA
SAIZE A Azxsle HF AR A ABRE MRS
Art.

Impedancece EA. JrisEd wg iAo
2R g2 YR xvt AsA KA A
W=7t el 50ew LCRulHe] 23 1V, &
o 1 KHzell A ddilgEE H3iA718A doids
o] W3E AT F= MY d2H A 2E
HEAR e HYd 228 o Uxjdre) ¥E
24353 o8 T deo AFsle oA e A
dgze =25 "o ojgxidoezn uvehirh
70%RH—75%RH—80%RH—85%RH-—-90%RH
—95%RHe] 75337 95%RH~90%RH—85%
RH—80%RH—75%RH—70%RH2] A&3A o
g 3xdiiag ZAEAY. SRELL gsE
9] &5 8 20°C 283 30 C E+ 15,25 °C 19
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335 CE AT ae Far 2 EYHE F
e sl SAsA.

E<EL I Ly

g A2 Be 22 A M9 "AFo2A A
AMEE T Qe Ry J|Be b 2En "
dol® 0.5 mme] FAE 7HA a2 R Has

Foll o] zhgeto] RIZEA B E o] T
@i}, oleldt &8-2 fske] wute] Eelonz
ol A" A= AMgo] sbgsith 1 4R
i A ge] gl Al 7 g
ol gt dukd oz &Fvy A9 7|#e o
Folm F pasted] A4 ol QY AFL
83 2]8ld mechanical locking 4 % U9
A HEbdol oy olnjz HE HAFE FERA
ujekst A2 ojnjz AE HAFo| FHFT Yol HF
2As =EFHA F ojngl$ ZWZ mechanical
locking 4% BjAE 7] afFol mxd 75Futel
e 2 23l A AGA LElEE el
vehln Qi ol& WAty sty ZREdEAd
M B 28R FAlY Eelolniz & %
24 s sk feldolerr) e FuaE
Meisled Zgttoz A AHEE Axsldh

EAUEAHE ISk e R O,
VTPCE dergolA CMST$} triphenyl phosphine
& he-3te] 48t v} (Scheme 1).

Phosphonium$@ 34 wtgox A" VTPCY
¥ FAE] st A¥e| hydroguinoned Al
L3l E3 ghgo] FEE F SuiE AAE o
dl% 40 ‘ColdtE fA &t FEHE A ATt B4

e rlorlr

3. 0%

CHa==CH

e O o

VIPC

Scheme 1

&2 A22Y A3z 19983 59

d 43 ¥2¥F ¢ @l oMEVUEE 409
A AAA 25l FMe] A AAo = AUA

o] Z% WA= d9& I Joy I B9
S =7t vl S #on 20 ColA 100 mg/mLo] &<
£ =8 RAFUT olajd AF e te a5 F
g ote] FEE sl WeAol & BEHe
Azl 7F5Ae HAFIAT. oz g dekA o
Hejd 2~¥EYLE 3053 E 2991 cmlolA HEE
C-H 223 2878 @ 2785 cm ol A =& C-H7}
UGS dem 1650 cmolA C=C A& %)
el glch, 'H NMR A" £ 4 8.13 ppmol]
A 37Me) wldrle] 480 Yelvi glon 6.2-
5.8 ppmol| A H]'d7]9) FAage] Yehta glol A4
B F4S HA = A

VTPCER Z#st= ZIEEAES oY, 259
ol FFIMEL A VIPC igln g
2 24 ST, HEMA, »-BA 22l EHA¢ M=
ThE ujge 29 E& 39 FE YA EC)Th Table 1
of FZEA ] ol e Az el

GEAlE g3 a5Av)e) & XS Fold
TRE 7RI 7] iR Fg AMSS Sl @
Ao} U E BF gdslool gt 1% 3§
H FEPAER L= 7§98 FAgstddel
3 2lujg F3ol A3 Sooloio} dhoh. 2y

Table 1. Preparation and Composition of Copoly-
mers of VTPC with Various Comonomers’

VIPC/ ontent’  comonomers® 7y vield  hesiont
comonomers (%)
30/70 28/72 ST 047 94 ¥
50/50 47/53 ST 035 91 b
70/30 68/52 ST 032 96 %
30/60/10  30/60/10 ST, HEMA 044 88 L.
10/45 10/45 n-BA 048 91 ¢
10/35 10/33 n-BA 042 92 O
5050 5050  EHA 040 B O

¢ Polymerizations were carried out with 2 mol% of AIBN at 60
~65 °C for 24 hr, ! The content of monomers was determined
by integration ratic of 'H NMR spectra, © ST, styrene; HEMA,
2-hydroxyethyl methacrylate ; n-BA, n-butylacrylate ; EHA.
2-ethylhexyl acrylate, 4 Viscosities were measured with Can-
non-Fenske viscometer in 2-methoxyethanol solution in
1 g/dL at 25 °C, “ Properties of adhesion to flexible imide film
electrode.
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ol21g gujo] Mo ol go] Ued Ze v
A& & 817 AL 1,2-ethanediolo]} ALgH
FIEFANEL 2540 Z7] f B Aj7te] A
F AEe7 4717 qEo) #d#H 25 Az}
223k S 3 SHE ZALE AR F3
7Fe¥t  BulEA  2-methoxyethanol ZE& 2-
ethoxyethanol & AM-3 79 #dT A5 A=
7t 7Festact. ol FH3td fHe wj$ M &
A2 U2 oAy FPNNE o DA o=
3 B0 Fee o o] Wyt gt doA
FEINEY nHHEE 0.3~05 dL/g Alololl
Rorm gaitoz fejd o) £XIYS W F3
o 9Eg gto] FAHJew 53 p-BA 2
EHA®l FFHAEL FA40] £ Heldate H
o] iyt

FEA o] YL ek ole] wheAd H] Bulohy
2t AP Bodd o § REE T Ela 7
gt fA9E& Fodsly Ao HFAQE T2l
Ao et ). FoEkA g vjgg 2383 FEEA Y
FAbEd A4 B2 A dudxe] o &4
£ A3rd 7 g Bgoh e S o=AE
FAE 5 ek

ST zad3xe] 2¢
HHoln E3] 715 @37} ST B8 7z 9
7] gl FHEEA HAdol wig Lojzich e
318 FEE Hol FAe] AzlEe 4Fny AF
A FAEE AR 98U E 2EHY o)y
=r# d5de AR dagde VIPC/
ST=30/70, 50/50 28] 70/302] ZA2] AL )
ZaH e F2EA 248 NMR AHEHe] A
# oz ANSAE o 7 ke Folwy A
PRI i=

HEMA & @5u)u 71stoie) HaAde F7140917]
9sted =gsdEl OH 7= 7o 4 AgS
Al FAEE dS FHAE = Aot ol 34
2Z2¥A=2H VTPC/ST/HEMA=10/ 30/42] %
A& AH-3I T (Scheme 2). o] ZEehe 97t =
T duA R AAEHYE b FEolu Folzt 3ol
R me AdRET AFne| g5 RAYE ;49
g 4 AU

n-BAS) 291 BERAE FAlaol 2548 77
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n-BAE IRFFAC] AL feldolerr) mje
or FEFEAN 5908 Feole R 7has g B
S8 FANE FUMIA GFOL A58 ohyzl o]
vE AE 78 A3 48 S A HA o=
UE A, olujr. B§ wd PET HEd =¥l
S 2ARIRS A ol 2 HIYE B2 F
Atk B2l 24 VIPC/#-BA=10/35 1
B3 10/459 5 £9& A X3} (Scheme 3).
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Table 2. Impedance Characteristics of Various Co-
polymers Containing Phosphonium Salts

copolymers impedance (k0) ref
70%RH 75%RH 80%RH 85%RH 90%RH 95%RH ’
! 20000 5400 1600 480 110 32 15¢
11000 3720 980 320 8 2l %€
7000 1750 600 180 50 11 BT
2 4000 1200 350 110 0 98
3 1400 520 200 57 13 35
4 10000 - 0 -7 17
5 853 3% 160 55 20 83  adsorption(25 )

853 325 130 405 17 83
6 6% 28 128 42 Ui 5

desorption(25 C)

2000 1119 437 172 56 15 adsorption(20 )
7 2100 1315 485 206 60 15  desorption(20 )
1200 705 250 111 3 9 adsorption(30 )

A B9 dste] W o259 47} Frlsine A
27 F7kstel AWzl e, VIPC/ST

30/70, 50/50 1831 70/30¢) &AL Fig.
1o Uhebd st o] mpmelM Hses g A
A A ARP 70%RHo| Gl % & UslHAS
HeAF@ gtk ol 1 @7 MY A= Axe
BS AgelA 4ol ¥Hastum 1 MQol4e] g
o] ol 4Holt},

AwHow FrAAe) 4% duldat exo g

Soll wepd 2adl "ok ol sl o) ol

o7t 27} Ml met 2A Folely) ol
1

t}. VIPC/ST==30/702] 3Zge 2%
TollMe] x5 ofEA] Bet 1=z} Fig. 29 o
Elt ok 90%RHeA 15, 25 18] 35 CL&%e)
A doEAas 110k, 80k 2831 50 kRS 2
2t BejFEglon] £x &4 A -0.25%RH/TC
ol & A 4kE| Qi Tk
VTPC, ST d2|1 HEMA2| ZE x| USEA.
7 v VIPCeF 2gdle] g3y 241
A F FHekol 7] MR A33) YarEe A
Al7)7] gl E ohe e e} ¥
Atk AFute) HEEe dA STo| FEA e 4
g2l HIZg=  HEsht FPC (flexible
2 RAZSA T 2 2}

[}
[o

o
zslo] m& éo

B

printed circuit) &2
78 ol 83l HaHe] I 9isled HEMAE =
G 24 Agskdth 2E 8] 24 VIPC/
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Figure 1. The relative humidity dependence of the

impedance of the copolymers obtained from VTPC/ST
=(@)3/7, (A}5/5and (W) 7/3at25°C, LKHzand 1 V.
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Figure 2. The temperature dependance of the
impedence for the copolymer VTPC/ST=3/7 at (@)
15°C, (M) 25°C and (A) 35 C at } KHzand 1 V.
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Figure 3. The impedance dependent on the relative
humidity for the copolymers obtained from VTPC/
n-BA=(@) 10/45 and (O) 10/35 at 25°C, 1KHz
and 1 V.
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Figure 4. The impedance dependent on the relative
humidity and hysteresis for the humid membrane ob-
tained from VTPC/n-BA=10/45 between (@)
absorption and () desorption at 25 °C, 1 KHz and 1 V.
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Figure 5. Dependence of impedance on the relative
humidity and hysteresis for the humid membrane ob-
tained from VTPC/EHA=50/50 between (@)
absorption and (1) desorption at 25 C, 1 KHz and 1 V.
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Figure 6. The impedance dependent on the tempera-
ture for the copolymer obtained from VTPC/EHA =
50/50 at (@) 20 °C and (O) 30 C at 1 KHzand 1 V.
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