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Improved Preparation of Benzothiazolium Iodides and
Their Application in Dye Sensitized Solar Cells
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Abstract: We prepared 3-methyl benzothiazolium iodide (MBTI) and 2,3-dimethyl benzothiazolium iodide (DMBTTI) by
a quaternization reaction of benzothiazole/2-methyl benzothiazole and iodomethane using Teflon-lined, stainless steel
autoclaves. The influence of the 2-position methyl group of the benzothiazolium heterocycle on the thermal stability
and melting point of benzothiazolium iodides was studied by thermogravimetric analysis and differential scanning
colorimetry. The relationship between I;/I" redox behavior in solution and the Pt counter electrode/solution interface with
the benzothiazolium structure was investigated by cyclic voltammetry using a Pt disk ultramicroelectrode and
electrochemical impedance spectroscopy (EIS). Dye sensitized solar cells (DSCs) with MBTI and DMBTI were then
assembled. The preparation of the benzothiazolium iodides is simple with short reaction time, easy purification, and
high yields. Compared with MBTI, DMBTI has a higher melting point and excellent thermal stability. DSCs with an
electrolyte solution composed of 0.1 mol -L™ I,, 0.1 mol -L™ Lil, 0.6 mol -L™" 1-methyl-3-propylimidazolium iodide
(MPII), and 0.3 mol :L~ DMBTI in y-butyrolactone gave a short circuit photocurrent density of 16.91 mA -cm™, an
open circuit voltage of 0.65 V and a fill factor of 0.57. This corresponds to a photoelectric conversion efficiency of
6.28% at the illumination (air mass 1.5, 100 mW -cm™).
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Fig.1 Thermogravimetric analysis curves of
MBTI (a) and DMBTI (b)
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Fig.2 Differential scanning calorimetry curves of
MBTI (a) and DMBTI (b)
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Fig.3 Steady-state cyclic voltammograms of
solutions A-E at 25 °C
solution component: (A) 0.05 mol- L™ iodide+0.3 mol-L™" MBTI,
(B) 0.05 mol-L™" iodide+0.3 mol L™ DMBTI; (C) 0.1 mol L™
iodide+0.6 mol- L™ MPIL; (D) 0.1 mol-L™" iodide+0.6 mol - L™
MPII+0.3 mol L™ MBTI; (E) 0.1 mol L™ iodide+0.6 mol L™
MPII+0.3 mol-L™ DMBTI, in y-butyrolactone (GBL)
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#1 LIIEREA-EFRHNRUT HRZHD.)
Table1 Apparent diffusion coefficient (D,,,) of I;
and I" in solutions A-E

Solution 10°D,(I5)/(cm?*ss™) 10°D,,(1)/(cm?*s™)
A 5.3 6.1
B 5.2 6.2
C 4.6 5.7
D 4.1 4.7
E 4.0 4.8

Components of solutions A—E are the same as those in Fig.3.

W, MBTRIDMB T LRI W4 8 2 B 52
i 0 2 25 (L 19 {H DMBTIE; MBTI 5 MPIL IR &
BRI LRI 2R 5O 25 b S A MPILES A5 T
WIS, 3% AT g2 B TDMBTIFIMBTIRI I A., (H157
VORGS0
2.3 MBTI 71 DMBTI ¢ Pt B4R/ f# SR AR E i
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K 4 25 CHIE I C-E Ay Ab2E PR, IF
I R L 1) S A58 F B A TR AU 2120, 5 SR L3k 2.
FLrf R J L Y 1) 1 50 FL L, A% T A% i P L R S
B 15 A TP R A0 SR F AR A L BME S . AR
rhal DL Y, # MBTI A1 DMBTI il A 5] MPII 1,
PSSR Ry R Ry 496 P REAIR. BLARAE MPIL Hhl
A MBTI il DMBTIL, I; fil I 3 WL 8 5 50ER A Fr
W/, BT MBTI Al DMBTI O AIA, VAW 171
e BEIE K. A, DMBTI (f) R, B8 K F MBTI, X A
/2 T DMBTYABUEK, W2 Pt HibK |, BHAS
T LR .

30
n C
2 Re C-fit
e D
{0 LA
20 CPE A E
— E-fit

-Z"1Q
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1 1 1
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zZ'/Q

4 25°CHA C-E MBLFMEMIEREH AR
Fig.4 EIS and its equivalent circuit of solutions C-E
at25°C
Component of solutions C—E are the same as those in Fig.3.
Experimental data are represented by symbols while the solid lines
correspond to the fit. R serial resistance (resistance of solutions);

R.: charge-transfer resistance; CPE: constant phase angle element

®2 Bk C-EBUEERENUEESR
Table 2 Fitting results of EIS of solutions C-E

Solution R,/Q) R./Q Yo/(WE+s™) n
C 86.1 41.4 48.9 0.84
D 83.7 28.2 48.5 0.84
E 81.2 29.3 49.9 0.84

Components of solutions C—E are the same as those in Fig.3.

Y,: constant phase angle element; n: a constant ranging from 0 to 1
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% e k)N, {H N DMBTI #944 55 He MBTI &, B4k
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Fig.5 Photocurrent density—photovoltage
characteristic curves of DSCs E1-E5
electrolyte component: (E1) 0.05 mol-L™ iodide+0.3 mol- L™ MBTI;
(E2) 0.05 mol- L™ iodide+0.3 mol-L™ DMBTI; (E3) 0.1 mol - L™
iodide+0.6 mol - L™ MPII; (E4) 0.1 mol-L™" iodide+0.6 mol L™
MPII+0.3 mol-L™" MBTI; (E5) 0.1 mol-L™" iodide+0.6 mol - L™
MPII+0.3 mol L' DMBTI+0.1 mol L™ Lil in GBL; illumination:
air mass 1.5, 100 mW -cm™, cell active area of DSCs: 0.25 cm?
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%3 DSCsE1-E5 fytiRikae S8
Table 3 Photovoltaic performance of DSCs E1-E5

DSCs  Jo/(mA-cm™) V!V FF n (%)
El 16.34 0.60 0.37 3.92
E2 15.55 0.69 0.38 3.94
E3 15.39 0.63 0.42 4.16
E4 16.80 0.61 0.45 4.49
E5 16.91 0.65 0.57 6.28

Components of electrolytes E1-E5 are the same as those in Fig.5.
V. open circuit voltage; J: short circuit photocurrent density;
FF: fill factor; n: photoelectric conversion efficiency
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BT A IR

3 & 8

) R F 42 4 R s g R B R T MBTI Al
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