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Thermoelectric Properties of Conducting Polyaniline Co-Doped with Hydrochloric
Acid and Sulfosalicylic Acid
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Abstract: Polyaniline (PANi) co-doped with hydrochloric acid (HCl) and sulfosalicylic acid (SSA) were
synthesized by chemical oxidization polymerization with aniline as monomer and ammonium persulfate as oxidant.
The structures of the polyaniline were characterized by XRD, SEM and FTIR. Effects of the molar concentration
ratio  (cssa‘cua) on the thermoelectric properties of the polyaniline co-doped with HCl and SSA in different
proportions were investigated under the same condition. It was found that the electrical conductivity of the
polyaniline increased as increasing of csyicpq, while the changes in Seebeck coefficient showed an opposite trend.
The power factor of csaicua=0.25:1 sample reaches 0.46 pW-m™ K= at 175 °C, which is 1.7 and 1.9 times than
that of SSA doped and HCI doped polyaniline, respectively. This indicates that the co-doping with an appropriate
ratio of organic acid and inorganic acid is more effective to improve the thermoelectric properties of polyaniline

than single acid.

Key words: polyaniline; sulfosalicylic acid; hydrochloric acid; co-doped; thermoelectric properties

AR A AR — o ) [ AR P R O 1 a2 3
S B A RE IR RE =2 18] B3R AH B e i) T RE AL R, LA
HoR ook pil 22 R e Rt RARBUN HE &
e ToHLRGE ShERE JCMEE TR R S AR A
S, E IR NIE ZT=S"0 T/k B A At
Wk H391:2012-12-20,, W& o H 91 :2013-05-02,

[ %% H AR L2 5 42 (No.50772026) K B T H
FEIRIE R A . E-mail : songy@hit.edu.cn ; fpwang@hit.edu.cn

B rERe b T4 XTIRE S M Seebeck REL o
F w5300 0, S RN T 38 AR ) PG A RL R
H A& E 1 Seebeck REUMIH TR LI RARA TR
VoA Ik AR 2T (7T~ ) b bR 9
B AR FURMRL, (H 3 2L B R 2 5 1T LI



1888 Jx Hl fk

- %29 &

FEAEGERA B B AS R i T R X 6 e | BELAS T H:
PR KRN, 54 SR A R L, SRS
Y EA AR R PR R R S L REAT A5, Rl
W BA B FE sl SR T A EER
NG S LA, AR VB AE A AR A B H b A
BT L 22 I A A 5 TS 2 N R

BT, RSN SRR RIFMARRE
P DLF RS 15 A R T 2R | AR AR,
A PERE RS2 T, DHE Rl i AN [l R 45 2 |
FLARAB 2 RS ] B 22 2 6T K Re Bk 1) 45 R 89134 ] K
R B S R OR B i S SRR H 582
i 1) o 2 T OG0 i LK [) R 45 2% i v T 3R R e
) Seebeck & LU AT A 2R 2 g i $4 Ha 1 B 45 2
M3, Yakuphanoglu 5538 12 ¥ Hs 7 il & A R A
HLER B 24 IR | i /K 1 TR (SSA ) 15 4% SR 2R iz (1
Seebeck REGAF] 27.5 wWV-K' Li %K LA
LR G MG H kil 48 1 3h IR 15 e R AR e P ik b4 Kt
P AT AN [ v B ) b i vk SLAR L PE B I 52 e, R
MERTRUCE J 1.0 mol - L7 I, 78 423 K B4k 15 % K
ZT fER 2.67x107

i R T TCALER 5k A MLER 15 2% B A e L) 2 i H:
HLUS R FST R B ER R (HC) S /N o T oML P H
RSF/AN, 5 T8 B RO I B2 R
R HH G kAR e, mEadAE
e P AR 1 L P A WL RE T IR 1B 4405, Iy
IRBE R M RO TR Y AR B R ks TR A AL
R K3 A0 > T 3R G AR, AT Al SRR 4 i i
LU R T 555 e fer B AL, AT o
KT EPLA, FHA HLER FICHLER 1) P IR A
FH AR 58 % AL 22 AL R G ik | 245 SSA Al HCI
YRR AT LB ) B TEM R RS &M
HCI-SSA IR & MR BAKFR b, A IH L]/ HCL A
SSA TR 518 2% IR e # F M RE Y 5

1 KRS

1.1 BEBEXERNG &

4 1.82 mL HrZ& 18 1 R M 43 5 A E 50 mL
W FE M 1.0 mol L™ B9 HCI A1 50 mL ¥ B 2 5l A
0.1.0.2.0.25.0.3 mol- L™ /% SSA 4 IR & WL(A)
T TR 4.56 o b R B (5 R e B 5T Y S LG R
1:1) % TH 25 mL ¥ A 1.0 mol - L™ By HCI 1 25
ml ¥ B 4351 4 0.1.0.2.0.25.0.3 mol - L' 1Y SSA 41
AR A B SR E K A FI B 43 ¥ VTR TR

A R RS IR T (20 C)f#E 24 h, iR
3 0FH CBER R BRI Ve R vk g 28 60 °C
BT 24 h 5 R BgERRM =Y, HHF
FAF T WA HCL 824 09 R SSA B4+ T
AN R HLEL
1.2 BEEBERERNRIE

K H A B ~E#R X 241 19 D/max-RB HE#E FH
AT A XRD) X A4 R HE AT 99 AH 53 BT B FL 25 o A% 32 T
Hr,7E 40 kV SEH RN 50 mA MR T R A Cu
Ka ¥ (A=0.154 06 nm), AR OAIRIEN, KR
0.02°, LA 5°-min™ B3 BETE 10°~60°70 Fl N #1749
i, R Brukeroptics 24 7 WERTEXS80 % f# 37
A5 488 21 A0 S 3% A (FTIR) W 21 40 D6 335 | 5t 1 6]
9 500~4 000 cm™, A 149 fL 7 G (SEM,
CamScan MX2600FE,Japan) W %% #} & & S ; 78
20 MPa ¥ PANi #3 K F il i @13 mm 18 A, IF
PIEI R R 4 3 mmx3 mmx10 mm S, EEAAR
T4 T R ZEM-3 B M B IR B (ULVAC,
Japan) TE 50~175 °C Ik B [l N i 17 B 2 32 A0
Seebeck Z K0 o SR FH 48 i o 2\ AR R
LFA457 BUHOE S 0 BT A 8 R 8, R
TA Q200 DSC 2224 i M £ Lo A | R i B
KRAEHEK LD B, I R B T R
T P=S’c Fl ZT=S’0T/x WF55 M4 BH S M RE

2 RS

2.1 SR

K1 AFRB AR R XRD B, W LA
AR AR 2B R 1B T AR B RRE
T S0 | 3 3R B IR R MR 2 30 0 48 OB A ARE 2

10 20 30 40 50 60
20/ ()
(a) undoped PANi, (b)1.0 mol - L HCI, (c) 1.0 mol - L™ SSA , (d) css!
cya=0.25:1
1 AR S 4 R e i XRD
Fig.1 XRD patterns of PANi doped with different acids
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Fig.2 SEM images of PANi doped with different acids
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Fig.3 FTIR spectra of PANi doped with different acids
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Table.1 Absorption bands in FTIR spectra of PANi doped with different acids
Sample Unn VN=Q=N UNB-N Unc 5(:-1-1{\4#1\4) 611-H

PANi 3451 1576 1505 1298 1143 826
PANi-HCI 3406 1550 1486 1285 1124 800
PANi-SSA 3469 1570 1486 1298 1130 807
PANi-SSA-HCI 3475 1566 1492 1298 1247 800

Note: v: Stretching vibration; 6: Bending vibration; B: Benzene type vibration; Q: Quinone type vibration
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Fig.4 Temperature dependence of (a) electrical conductivity and (b) Seebeck coefficient of PANi doped with HCI,

SSA and SSA-HCI in different proportions
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