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Abstract: Photocurable sulfonated polyimide (SPI) polyelectrolyte containing chalcone group was prepared and fabricated
on an alumina electrode pretreated with chalcone-containing silane-coupling agent. SPI films with bis(tetramethyl)ammo-
nium 2,2'-benzidinedisulfonate (Me,N-BDS)/4,4'-diaminochalcone (DAC)/pyromellitic dianhydride (PA)= 90/10/100 pos-
sessed very linear response(Y = -0.04528X+7.69446, R* =0.99675) and showed resistance changing from 4.48 to 2.1 kQ
between 20 and 95 %RH. The response time for absorption and desorption measurements between 33 and 94 %RH% was
about 79 s, which affirmed the high efficiency of crosslinked SPI film for rapid detection of humidity. A negative tem-
perature coefficient showing -0.49 %RH/°C was found and proper temperature compensation should be considered in
future applications. Moreover, pretreatment of the substrates with chalcone-containing silane-coupling agent was performed
to improve the water durability and the stability of the humidity sensors at a high humidity and a high temperature and
long-term stability for 480 h. The crosslinked SPI films anchored to electrode substrate could be a promising material for
the fabrication of efficient humidity sensors with superior characteristics compared to the commercially available sensors.

Keywords: humidity sensor, chalcone, sulfonate polyimide, water durability, anchoring.

M £
54 G S s AxE FeAAME e
1%2} dsrt e 2ol g &allEo] Alke Adsel =

SmEb e EEe] o i HEA W

"To whom correspondence should be addressed.
E-mail: msgong@dankook.ac.kr

486

TS FIATN7] Slete] g A 359 Tk
3},™12 interpenetrating polymer network(IPN) 4 515 21 &
71/27] slolBglE ATS dAs= WPH 02 Zo) 9t} 1
ol e Thie FEAX dEY] ey S
FITIE A o R ERIFHTE? T2 Ak e
OFYAL oS e G e o]&F wEo wEA} A
At 71 Alo|E AP et 1 ERE olejgh =
M e A8Ee AP FEAA o] Fasitt>



F7}2Ad Sulfonated Polyimide 32 7

=2 94 ° 318k S 7= polyimides(Plsy=
1 270 FA A AEE2A g ARE Aok
slebARl &= 5Re] AAE 125 7KL 7] wiEel] ¢t
AT F5 TAE A & 5 de A 28R F=
Axe 715e st w9 2344 Aolt}. Sulfonated
polyimides(SPIsy= 22014 =& W44S 7R B2 g}
AwA 2or g o]gEo] ghom HIT FRAlXEA 9
Ao 2T ATNE AT S ol 7158kE A AZHA)
£ 713l F&etaL, o] o7t Ao R Qo] SPI
o} 35 Ag3sle] 719 SPI BES Wds] 433 A3t %
g ANE Aot slEHE AT 518 MRS e
SH % IE &S5t YF do] AEZAQ A8 FA%
(kP F& FEdolere} FAE F2E /e MEL
Fele] FFA SPI Hald 1AE A 9ol =23 &
oA AHe ARl Thdt & WY FEAIXME
A

0

O

ot & T fob

A 7 Ak 7934 @211 A (chalconey = AR
A Al =2 et ThshE AR shebE A RS T
AAL 71wl Bs At ARgske At 2 L
X:] (})\}]\]:}_?6-32

i AFoMe A AR Bed A1E Eitehke
SPIE] HEE HS 7H= tloll SEEA] bis(tetramethyl)
ammonium  2,2'-benzidinedisulfonate(Me,N-BDS)2}  4,4'-
diaminochalcone(DAC)} pyromellitic dianhydride(PAYE A}
&3t FF SPIs Haljd IEAE FAskL oS &
718 e A ASE AAE 5] A2 sl
47123 SPI Aehd Jiake A= Rl sl sk
FEAME AZBITE dolzl FEAMY] Wad, ALl
& P88 B A7 KIS Wrele] T FEAME
A &8 75732 ERklEit.

4 =

g

Aok  717]. 4,4-Bis(3-triethoxysilyl)propoxy chalcone
(BTSPC)¢} DACE F3lo] By vhHo g 3HA519 T 2630
Pyromellitic dianhydride(PA, Aldrich Chem.y}= AM-3}7]
Aol RFelM 53t AAste] ARSIt Bis(tetramethyl)
ammonium 2,2'-benzidine disulfonate(Me,N-BDSy= 2,2'-
benzidine disulfonic acid®} tetramethylammonium hydroxide
oF AFA T3} vkl olsfl sl Al 2t
AAsle] ARESIATE. N-Methylpyrrolidinone(NMP)#} dimethyl
sulfoxide(DMSO)= Dean-Stark £2]715 ARg-3sle] A=}
FH SHE X F ¥ SHFHSE TS AAS] AR
ST ofg] 7] 554 Blael] ARRRE 7188 of=dA
FEAME propyl
ammonium bromide, methyl methacrylate2} 2-(cinnamyloxy)
ethyl methacryate®] 7:2:19] FSHAE AL 255

[2-(methacryloyloxy)ethyl] dimethyl

ARE o83 FrAlM o] Az Bl 54 14 487

232 30-90 %RH HH]oA A3} Fro] 1 MQ -1 kQO= s}
st

g2 3<57](Model TM-NFM-L; 20-95 %RH, Jeio Tech
Koreaje= €A 2o HAUFEE Alojsie] SA3IT]
Al el Age LCRUIE (Model EDC-1630, 0.1 Q-20 MQ;
ED-Lab, Korea)= =743I30t). 75| 7fwdke-& UV7idL
987 (Hg, MTL 1000 W, 1kW(80 W/CM), Sei-Myung
Vactron, Korea)s ARE-3I3t). HIo|E o] & = (width:
0.15 mm; thickness of electrode: 8-10 mm)2 Figure 1]
R upe} ho] hpuu} Zjgtel] 237 st NS}
Tk 277t A= AZEE A5 718 ol Bt
9} Z+o] Scheme 19 YR W o= Helste] A2siSit.
7 EElE Aekse AR B3 S4E IFg A
sEell F2telal SEo] GFry - ol ek ZE S

50 mm

10
9.2

Alumina Substrate
Gold Electrode
Glass Pad

1.0

Figure 1. Photograph of humidity sensor electrode.
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Scheme 1. Schematic diagram of the alumina electrode surface pre-
treated with the chalcone-containing anchoring agent.
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Scheme 2. Synthesis of photo-curable polyimide polyelectrolyte.

Table 1. Results of Polymerizations of Me,N-BDS, DAC
and PA in NMP/DMSO at 0 °C

Entry Monomer feed(mole ratio) ,
No. Me,N-BDS* DAC? PAC Mot
! 7 3 100 1.07
2 93 5 100 1.14
3 93 7 100 131
! %0 10 100 1.23
> 87 13 100 1.26

“Bis(tetramethyl)ammonium 2,2'-benzidinedisulfonate. *4.4'-Diaminochalcone.
“Pyrromellitic dianhydride. “Inherent viscosities were measured in
NMP/DMSO(3/2) in 1 g/dL at 25 °C.
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Scheme 3. Schematic diagram of the photocrosslinking and anchor-
ing of humidity-sensitive SPI membrane to alumina surface.
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Figure 2. Dependence of resistance on relative humidity for the sur-
face-pretreated humidity sensors obtained from PA/Me,N-BDS/

DAC =100/97/3, 100/95/5, 100/93/7, 100/90/10, and 100/87/13 at
25°C, 1kHz, and 1 V.

7124l Sulfonated Polyimide 2812 ZEALE o]-&3l FAlM o] A% 2 B4 14 489

oF 12% Aol A Ve, ol A Az £
o olate] 153 AshA EAZk] 2 HE WHo] Ho}

el wet Yeph= el

10 wi%2! ZH5gao 2 =¥3190S u) AxH 759e] F
A ¢F 5.8 ume]A 2™ semi-logarithmic 234 Figure 2
o] Yehd ulel 7] Me,N-BDS/DAC= 97/3, 95/5, 93/7,
90/10 2 87/130 AZxH FEAIM 7H5 Adt 2k 20-
95 %RHOIA 3.19 MQ-1.32 kO, 3.50 MQ-1.47 kQ, 4.00 MQ-
1.67kQ, 448MQO-1.87kQ 2 5.10 MQ-2.10kQO & 7}7}
Ueh b 22 A AT Ie S BelFdnt SEAM ] 7+
FUS °o]F= Me,N-BDS T ggo] S7lslH #gto]
M 7F23 T Me,N-BDS/DAC= 90/10014 A& &5
Aol A8 ke 20-95 %RH oM Adael FwAl
B} o =2 AF 3hS JERNITE o3l AnkAQl 4%
drFHe] HEnpol= Fol23} sl tetramethyl Y5
TYe] o] Wgo] Tkl ol olgwrt AA 7AE

7] e},

3 X

= 98 e FEAME Bl JAs & Ak AF sk
=sl7] Aol A Axs & Age 2
7t P79 7)) gl
o Zhzke] Algol] tigh Eofl 1A A7k wpE 7suke] &
el oJgt A& Z7I=E %RH Hst2 TSI

Figure 39 YR v} 7Ho] Me,N-BDS/DACS] &3 7}
A ¥Z 7HE 24 FolA Me,N-BDS/DAC= 90/102 7}
A= FEAIMS 79 5, 24 B 48x[7ko] Al wlepA] 7H
2] & g gafoll oJghk A3} wishrh w9 2A vERd
o 4 dor, a2 WS T 718 AIEE AR

=

o mjy

—a—1h
®—5h

24 h
4l —w—48h

Change of Resistance (%RH)

[971/13] [95)/[5] [93)[7]1  [90)/[10]

[Me,DBSJ[DAC]

[B7)[13]

Figure 3. Resistance change of water-immersed humidity sensors
obtained from various contents of Me,N-BDS and DAC after soak-
ing in water at 20 °C up to 48 h.
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Figure 4. Dependence of resistance on relative humidity for the
humidity sensor obtained from PA/Me,;N-BDS/DAC = 100/90/10
after soaking in water at 20 °C for 480 h.
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Table 2. Performance of Humidity Sensor Obtained from Photocurable SPIs with Various Contents of Calcone Group

Characteristics of sensor

Entry

No. Hyteresis Linearity” Temperature cooefﬁcient” Sensitivity® Response time?
(%RH) (%RH/°C) (logCY/%RH) (s)
1 -1.6+0.02 Y=-0.04524X+7.53806, R*=0.99576 0.53+0.01 0.0448 77
2 -1.6+0.02 Y=-0.04512X+7.59546, R*=0.99559 0.51+0.01 0.0454 78
3 -1.5+0.02 Y=-0.04534X+7.65308, R*=0.99587 0.50+0.02 0.0454 79
4 -1.5+0.02 Y=-0.04528X+7.69446, R*=0.99675 0.5140.02 0.0450 79
5 -1.4+0.01 Y=-0.04529X+7.75481, R*=0.99663 0.52+0.02 0.0451 81

“The linearity was shown as the correlation coefficient without temperature compensation.

"The temperature coefficient was measured between 5 and 45 °C. The standard deviation was obtained by extraction in five replicates.

“The sensitivity was defined as the slope of the logarithmic impedance vs. relative humidity plot in the range 20-95 %RH.

“The differences between humidification and desiccation process in the range of 33-94 %RH. The standard deviation was obtained by extraction

in five replicate.

Zo, 364 A43, 20129



TAM el A3 HElE SA i & Al B
T AR AL EoA] mA Thae] FHedsiA] eg el
ARG SE|AIHES 2487 oo Bol galjEal 1 o
T 83l7F ZolE] A ®sht FA LS & F UATh
webA 3L el SRR 9 SEw TEAR]
Me,N-BDSA/DACS] & H]&-2 90/102 THA] ERIsIHC
), A% W Agdo] FEsh 2 FAES vERFT 9l
TH(Table 2). ¥ AellA= 7h 357191 DACS] &24go] 1
o512 7IRE 7H51H97/3, 97/5, 97/7)2] A3k W3lr} 3 %RH
o’} S715HS Figure 300 EoiE vb low ey 5
o7 ARESP| 2SI Tt HA] e FRAIA A
B A2oA 5ol SEAY A Age] STt
n]-$- A YRt s 540 A AskEle AoE e
o} webx =8 BTSPCE *{2]3l] Me;HN-BDSA/DAC=
90/10 Asid IEAFE Frhaste] FEgE FEAME 240
AI7F 52t 80 °CollA] 22 1.1 %RH ©]3te] EAHMSIE Kol
Fol ml§- 98k IS RAFA)

I2-0E oPdM. SPI Halld IES AR FAlA <]
oFAAdL 480417 B9t 80°Ce] L3k 90 %RHE] g5ollA
Wx1go 24 Hrsiact P S TYUS 54
= oY e FEANE ARSSl] AAEIAL 235717t
g WYL o] FAL o A1ASITE. 80 °C2F 90 %RH
oA A5 48AI7F Bl WRIgE & =438 60 %RHeIA 9]
Age] WIh= 0.2 %R0 sFsle 718 HAFATh
(Figure 6). WHAol, o}=8A| A8+ 27] 4871710 0.27 %RH
o sgsh= Ago] T7Fste] LAzl AA Wt =2
A dode & & AT} TI SPIE o83 FEAME
240 2 480r]7F0] A Folli= 0.26 %RH 2 0.27 %RH2]
A ghe BT vig- PYAdS HAFUTE 28RN A
Sl AlEe 480717Fe] 717 KA S8 At Ag)

2
ﬂ?N
L mo
[IA

—_

30 . . : 30
[ 48h

_2sf C—J240h |28

x 1480 h

=

‘;2.0- - 20

(&)

c

8

215t 415

&

s [ |

@ 1.0} 1.0

o

c

o

£

O st Jos
0.0 ﬁ i | 1 Oc

PA/Med4N-BDS/DAC= 100/90/10  Commercial Sample

Figure 6. Stability of the sensor obtained from the photocrosslinked
copolymer PA/Me,N-BDS/DAC = 100/90/10 after treatment at 90 %RH
and 80 °C.

4

7124l Sulfonated Polyimide 2812 ZEALE o]-&3l FAlM o] A% 2 B4 14 491

il

ol 271 gl disled 1.12 %RHell sidshz gkl S7iet
ZAoE et o3 da=A 732E SPI BEL A2

% SNM 717 AT & e 7FEEE Bl U
T2 oMY FEAME oA XS & S H
7] 918l 120°Ce] Az QEoA 800AI7F WAIT 3 A
Hsls Z4sIIT). 715 of=EAl FEAIM 9L Bl e
o 83} MEZS Figure 7 (a)2F 720] 76 kQoA 273 kQS
2 34 A grol Al S7RIIANE SPHAl Asid aEA)
+ Figure 7 (b)ellA UFERS e} 2ol 125 kQellA 151 kQ
7RA] A wsste] vl e QRS HAAFSIT oA
2 SPI Asid At AAg W 28 7 s
o] FAdE wf 140 °CollM Fd=] st A5 2 7
o] FEpdo] FA WislelA] il 2 WIS HoF|
otk SPI As|d ARAE o] 83t FAlAe] A
125901 151 kQO2 Z718l] 20% A= Z71Isier oy
Sk Aol oJ3hH SPI BE-2 715t $7gexle] A717E AL
23 = oS HAFL) vhdel, 7129 olmdA AEE
7629014 273 kQO & Wstalo] =A] SA40] As= ATt
S|AHIZ|A|A. Figure 83} Table 2= 25°C, 1kHze} 1V
©] 20-95 %RH 7ol Alxe] slzdHgjr|2=e] E4S
BP0 Q). 7189] ofad B A FRAlA ] 8]
HZAI22(1.5-1.7 %RH)S Blwdt A3} 755 A82AM o|&
7FsdE Bol U & T8 Me,N-BDSA/DAC= 90/
102 =2 71 548 Bolm 7l 3 Alg Aol oig
A FAo] Aol AA wlg- 22 3| 2HEA2(<1.5 %RH)yS
HAFAT o] k= 75 Ao oA weE =253
o] dojujar, F2E E2 fA AlA= ] A=2elA] Lol A
& e G4A 3ET U vERdh Eg Ao oA

e 29 Lxold FH % 9R Swh nsd A B

o

N

-
o

I v T ' T N I v 1 N T
—=— PA/(Me N-BDS)/DAC= 100/90/10
---03-- after 800 h C at 120 °C
—&— Commercial Sample
--0--after 800 h C at 120 °C

-
o
U
’

Sk . /273 ke

] 3 T

8 I ] st
2 .l e 125k
©

_
o
3
1
Caa
s

PRI TTY BRI E T BT BT B

103 " 1 L 1 n 1 " 1 L 1 n 1 I 1 L 1 n 1

10 20 30 40 50 60 70 80 90 100
Relative Humidity(%)

Figure 7. Changes of resistance for the humidity sensor obtained
from PA/Me,;N-BDS/DAC = 100/90/10 and commercial sensor before
and after treatment at 120 °C after 800 h.
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