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Table 1 PEDOT concentration change in the upper layer of the dispersion

Solvent m-Cresol NMP DMSO EtOH THF Acetone CHCI, Toluene E; N
after 1 h (mg/mL) 2.13 1.93 1. 47 1.05 0.63 0.45 0.4 0 0
after 72 h (mg/mL) 1.17 1. 40 0. 80 0.22 0.63 0. 40 0 0 0
after 3 weeks (mg/mL) 0. 82 1.35 0.75 0 0 0 0 0 0

Fig. 1 Digital photos of the PEDOT dispersion systems after ultrasonic treatment and subsequent standing for (a) 1 h, (2) 72 h and (c¢)

3 weeks in different solvents: (1) m-cresol, (2) N-methyl pyrrolidone, (3) dimethyl sulfoxide, (4) ethanol, (5) tetrahydrofuran, (6)

acetone, (7) chloroform, (8) toluene and (9) triethylamine, respectively
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Table 2 Solubility parameters and dipole moments of solvents®

Solvent m-Cresol NMP DMSO EtOH THF Acetone CHCI,4 PEDOT
85(1%% em™"%) 22.75 22.94 29. 87 26. 56 19. 44 20. 03 19.03 21.28
8,(1%% em 1) 18.03 18.03 19. 03 15.91 16. 84 15.53 17. 84 16.39
8,(1% em™"%) 5.12 12.32 19. 44 2.11 5.71 10. 41 3.11 —
8, (J"% em ™) 12.93 7.22 12.34 19. 44 8.02 7.02 5.71 —
Dipole moment (10 " C+m) 5.15 13. 64 13.34 5.60 5.70 8.97 3.84 14.58

8: Solubility parameter; §,: Dispersion solubility parameter; §,: Dipole solubility parameter; §,;: Hydrogen bonding solubility parameter

) LA K1 A—S—. Wik, O O B Y BE R
Bl EEE RN . TF=2x131.5+2 x115.0 +2 x
84.5 + 2 x 117.1 + 209.4 = 2265.8 J*° em"’
mol 'V ARIE AR (2) , S B A E SN
21.28 J*7 em ", 5 SC ik 4 B (H (10.4 cal®™’
cmfl's)m]#ﬁl.

Fig. 2 Structure diagram of PEDOT
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Fig. 3 3D model of PEDOT after optimization
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Jei Z 0 LA W0 e R i A8 Ak A nT B O R
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Fig. 4 Tyndall effect of PEDOT in different dispersions with solvents of (1) dimethyl sulfoxide, (2) N-methyl

pyrrolidone, (3) tetrahydrofuran, (4) acetone, (5) m-cresol and (6) ethanol, respectively
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Fig. 5 FTIR spectra of dried PEDOT before and after
being dispersed
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BIOVE 0 2 2R [N B R S RO . R
G W B L S BRI AW R ] e 5 9 790 ) 12
SRS AR T I, A W A A% R 3R
B LA (9 73 BOPE AR RE T T Ik R B G R I R
SRR LR b DU RIS A AR 5 205008
TR S UL 14 45 S0 W 3R & W e AT HILI 5 b

Fig. 6 SEM images of dried PEDOT

(a) before dispersion; (b) ~ (g) after dispersion in m-cresol, N-methyl pyrrolidone, dimethyl sulfoxide, ethanol, acetone and chloroform,

respectively
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Dispersion of Electrically Conductive Polymer PEDOT in Organic Solvents

Gang Wang'?, Cheng-qun Jiang' >, Cai-yan Gao’*, Xin Wang'® , Guang-ming Chen®”
(" Key Laboratory of Rubber-Plastics, Ministry of Education, Qingdao University of Science & Technology, Qingdao 266042)
(* Beijing National Laboratory of Molecular Sciences ( BNLMS) , Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Using iron sulphate as oxidant, poly (3, 4-ethylenedioxythiophene) ( PEDOT) was prepared by
chemical oxidation method under the condition of pH =2. The dispersion of PEDOT in nine different organic
solvents was studied. N-methyl pyrrolidone displayed the best dispersibility for the polymer; after standing for 3
weeks , the dispersion system still retained a high concentration of 1. 35 mg/mL. The density of the polymer was
calculated by means of pycnometer method. According to group contribution method, the solubility parameters
of the polymer were obtained. The dipole moment of polymer was also calculated with the assistance of the
simulation of Chem 3D. Importantly, the solubility parameter and dipole moment were concluded to be two
major factors affecting the dispersibility of the polymer in organic solvent. In other words, when both the
solubility parameter and the dipole moment of PEDOT are simultaneously close to those of the solvent, the
polymer will display good dispersibility in this solvent. Although the dipole moments of solvent NMP (13. 64 x
10’ C-m) and DMSO (13.34 x10° C-m) are all very close to that of PEDOT (14.58 x10~° C+m) , the
solubility parameter of solvent NMP (22.94 J*° ¢m ") is more close to that of polymer PEDOT (21.28 J"°
em ") . From the viewpoint of the solubility parameter component, compared to DMSO (19.03 J*° ¢m ™ "7) |
the solvent of NMP (18.03 J*° ¢m ") has closer dispersion solubility parameter component to the polymer
(16.39 J* ¢m ") . Additionally, the observed Tyndall phenomenon suggests the colloidal state of PEDOT in
the organic solvents. The structure stability of polymer was further confirmed vie infrared spectroscopy and
scanning electron microscopy.

Keywords Poly(3,4-ethylenedioxythiophene) , Dispersability, Solubility parameter, Dipole moment
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