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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.
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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.

Polymer(Korea), Vol. 36, No. 4, 2012



488 A9l
FAdsFATEY
ZAsd Spl MeifE DEX M=. PA/MeN-BDS/

DAC=100/90/102] H]-&= 7FX]= sulfonated poly(amic acid)
(SPAAY= o3 Zo] FA3kith. Me,N-BDS(1.1788 g,
2.16 mmol), DAC(0.4317 g, 2.16 mmol) & DMSO(10.61 g)
£ 37 FERSE(100 mL)yel| Har 83lgh ol PA(1.3895 g,
431 mmol)E NMP(16.39 gpl| g3aligh &S 304 &<t A
8] AslslaL 25 °CollA Aa E-9)7100M wnlsl 244]7F
ot Wk3aIQIth A SPAAE wdho] v we] golog
A 5°C olsle] &xzol Hsle] AMg-Eth. SPI s
IR B2 Kol ofse] 22= fwivt SEE Al
ojmEsiyt ZggEle] dFuu =l =Rt e
SPAAS] 10 wt% &4 o2 gulli= NMP/DMSO(32)0IH =
I Fo] Az 2200 60°Coll 6rZF xT 55 120°C
ol 3A7F 2 180°CE £52 F/M7IAL TS S A
As7] Q& A7 B HF 7Axste ojn|=sleliit. A
7] ol thE FEAMERE FARE S ARSsto] Al
ZE A=

i
x
x
10
2
S
=
n
i
£

T4, slzElRA = B A

Z}zke] Algol tiated
AEE ol 23S SAs Adiss wsll o %3
o] 34 257 25°C7F HAS Wl 1V E 1 kHz 2704
20 %RH—95 %RH=. W3l= 75383 95 %RH—20 %RH
Hale AFAdS 43815 $EEE S4 ARt
FE 9712 94 %RHOM= KNOso| 23} H-89x}
33 %RHoIME MgCl, - 6H,09] E3} g-899] H= #9)7]
£ AgsiTh U S-S 24, 120 2 48007 B9 &
o M & Al ol A ARAIAAM SABIGITE 220
9] YL g0 °Cce] B Asle] 2A4slgon 7& 1
FollA eBIAS 90 %RHOIA AIEE 80 °ColA 4807177}
2 W3 & Hr1Euh 22 oPgAle ABE 120°Ce] A
2 Q3 WAele] Zgeion, 717k e 2=t
25°C7F HRE Wl 1V, 1 kH2IA AMES 75 %RH| 2202
FoF A3 330, 50, 70 2 80 %RHOIA A& ko] W3}

&5 sl

fr

Zn o =2

Z 7tmy SPI MafE mEXte| M. Alxe] 7y 54
£ 2.2"benzidinedisulfonic acid®] 42} ¢FRF o|-=2] 3}&ht
zo) =A &3}, Et,N<Et;HN'<Me,N'<Me;HN'<H,N*
o] Aol mebA] o] Alo]=7t el o] HrAdo] F
7hele Aog dHATE? 159 SRl welA DMS09+
NMPe} 222 54 v ol g8l DA EtN-
BDS, Me;N-BDS 2 Me;HN-BDS7} &3 =o] ALggt 4= 9]
AT} & AFolME o] Ale|=7} Ztom Gajjo] thek 83|

Zg, 364 A43, 20129

=5 T3] tetramethyl ammonium <] SPI Zajd &
A FEAIM T5rto g et

B7}A SPIs= Scheme 29} Table 1] UeRd mRe} 7+
o] PAS} DAC % NeN-DSA2] NMP/DMSO(3/2) &ri&
AREste] sttt =2ellAl oF 4Hamic acid)e] A8/
Atk Ay 7] Tk B EEAE 2EE flsle] PA/
Me,N-BDS/DAC= 100/87/13, 100/90/10, 100/93/7, 100/95/
5 % 100/97/39] Bl&-S Wskele] PR STl
Aoj7 SPAAE 1.07-131dL/g HES HolFo] Ealwko]
5] et Ao2 ddEm 5°CoA] A SPAA &
2 ou| =37t AR Hof A% Aol 71t

7 BES7|F. 2 FIAAl §lol e FolHs)t
18-S sl 592 7KL k. 7 7le] Z717F Uve &
AFSPH  trans-cis ©]#4d3} WhE-o|u} head-to-headt} head to
tail Fo|H3} w-go] [2n+2n] 3} F7HESo] oA =

*NMe,
° o S0,
0
H H
Hzrq—<;>-c=<:—é<j>mi2 + O;ECEZO + H;NNHZ
o 0 SOy
.
sc | pmso NMe,
NMP

0 0
w9
[ N c=ﬁ—c—®—u B
d 0
y

120°C for 3 h
180°C for 3h

Q 0
0
Ho S
=c—d—ON N
SO0
d )
y

X

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 Nint
! 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.
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ing in water at 20 °C up to 48 h.
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Table 2. Performance of Humidity Sensor Obtained from Photocurable SPIs with Various Contents of Calcone Group

Characteristics of sensor

Eﬁgy 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 0.51+0.02 0.0450 79
5 -1.440.01 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.
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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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Figure 9. Response and recovery time of the humidity sensor at
25°C, 1kHz, and 1 V.
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Figure 10. Long-term stability of the sensor obtained from the SPI
polyelectrolyte PA/Me,N-BDS/DAC= 100/90/10 at 30, 50, 70, and
90 %RH.
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