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Synthesis of a Novel Triphenylamine Derivative and Exploration of
Self-powered Electrochromic Device

Chen, Mei” Yang, Shuwei” Zheng, Jianming” Xu, Chunye***

(“ Department of Polymer Science and Engineering, School of Chemistry and Materials Science, University of
Science and Technology of China, Hefei 230026, China)
(® Hefei National Laboratory for Physical Sciences at Microscale, University of Science and Technology of China,
Hefei 230026, China)

Abstract Self-powered electrochromic device is a kind of instrument that can change transmittance with the electricity
converting from solar energy. To realise the dual functions of solar energy harvesting and transmittance changing in one ma-
teria, a novel derivative of triphenylamine (4-((4-(dimethylamino)phenyl)(phenyl)amino)benzyl)phosphoric acid
(Ph,ABPA-Me,) is designed and synthesized in this paper. "H NMR, FT-IR and MS were used to characterize the structure of
the compound. Working electrode was made by dissolving the compound in chloroform and then immersing titanium diox-
ide-coated fluorine-doped tin oxide glass in the solution for 24 h. Its spectroelectrochemical properties were investigated with
a UV-vis-IR spectrophotometer and a potentiostat, which allowed us to acquire transmittance spectra under potential control
in a solution of 0.1 mol/L lithium perchlorate in propylene carbonate. The experiment was carried out with three electrodes
system in which Ag wire acted as reference electrode and Pt wire as counter electrode. The working electrode shows light
yellow with relatively high transmittance at —1.5 V and dark green with low transmittance at +2.5 V. The maximum
transmittance contrast between the two states is 64.2% at 629 nm. Meanwhile, to investigate the photovoltaic properties of
Ph,ABPA-Me,, Ph,ABPA-Me,-based electrochromic devices were made by sandwiching the working electrode and Pt-based
counter electrode together with electrolyte of Iodolyte AN-50. The photovoltaic properties were measured with a solar simu-
lator under 1 sun AM1.5G illumination. Energy conversion efficiency of 0.32% was obtained, with short-circuit current den-
sity of 1.32 mA/cm?, open-circuit voltage of 0.44 V and fill factor of 0.54. All the results mentioned above suggest that the
compound has dual functions of electrochromism and photovoltaics. Compared with traditional photoelectrochromic devices
with both a photovoltaic electrode and an electrochromic electrode, the dual functional Ph,ABPA-Me,-based electrochromic
device shows properties of simple construction, cheap to make and friendly to environment, and thus may have potential
applications in buildings, vehicles and numerous types of displays.

Keywords triphenylamine derivative; photovoltaic; electrochromism; photoelectrochromic devices; self-powered device
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2.1.1 A 184K
EREHEAARY T, B 2.73 mL (30 mmol) K%

4.066 g (20 mmol) 4-IR-N,N- " FIIEZERE, 0.12 g (0.13

mmol) = (AR FE P FT) 4. 0.0531 g (0.26 mmol) =

TEME. 1.922 g (20 mmol)B ] AN F 2K, 90 C
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Figure 1 Synthesis of (4-((4-(dimethylamino)phenyl)(phenyl)amino)-
benzyl)phosphonic acid

(a) toluene, Pdy(dba);/P(t-Bu);, NaOBu-z, Ar, 90 C ; (b) toluene,
Pdy(dba)s/P(#-Bu)s, Cs,COs, 4-bromobenzaldehyde, Ar, 90 C; (c) CHCI; -
CH;CH,OH=3 : | (V: V), NaBHy; (d) P(OEt)y/L; (¢) 12 molsL ' HCI,
reflux

MHz, CDCl3) d: 7.53 (s, 2H), 7.37~7.35 (m, 2H), 7.19~
7.17 (m, 1H), 7.03~7.01 (m, 2H), 6.83~6.68 (m, 2H),
3.00 (s, 6H), 1.73 (bs, 1H).
2.1.2 4eedh 2 896

LEFEYE SRR, FREL 3.162 g (14.89 mmol)ik &
Y1, 4 g (21.62 mmol) X K HEE . 0.18 g (0.20 mmol)
(PR AR AL 0.0795 g (0.40 mmol) =4 T 3
W 4 g (20 mmol) BRI K. 90 °CF R i 24 h.
IR BR R, AR, k2 )5, HiBmEEhK
VB 3 IR ANUZ TSR, e, sk kTR E)
20 42,364 g, 50%). 'H NMR (400 MHz, CDCl;) o:
9.75 (s, 1H), 7.62 (d, J=8.9 Hz, 2H), 7.28 (dd, J=15.7,
8.3 Hz, 2H), 7.18 (dd, J=8.6, 1.2 Hz, 2H), 7.13~7.05 (m,
3H), 6.93 (d, J=8.8 Hz, 2H), 6.70 (d, J=9.0 Hz, 2H), 2.96
(s, 6H).
2,13 tuadh 3 89em

0 C FFREL 1.2109 g (3.83 mmol)fb &4 2,0.3018 g
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(7.94 mmol)BII &AL BNV il A8 07 55 LI (R TR B v ) (4
L3 D )P, 30 min J5, HBINEE T RN 4h FER
HFONMAFG RS pH Sy, FSDIRUS, WA &
EKYEE: 3 k. ANUETIRG I DE, e T8 2|4
[ 44(1.0967 g, 90%). "H NMR (400 MHz, CDCl;) J: 7.11
(dd, J=16.4, 9.5 Hz, 4H), 7.02~6.88 (m, 6H), 6.82 (t, J=
7.3 Hz, 1H), 6.60 (dd, J=8.7, 1.5 Hz, 2H), 4.48 (s, 2H),
2.84 (s, 6H), 1.79 (br.s, 1H).

2.1.4 1Lodh 4 8946 m%

FRIL 1.0967 g (3.36 mmol){L &4 3 ¥R T 4.9 mL
WHER = ZBE, A 0.4267 g (3.36 mmol)ft. Fi+k 30
min Ji5, FFRNARRERBER, KNV 12 h R
F7=4) 4 (0.6041 g, 40%). 'H NMR (400 MHz, CDCL5) 6:
7.22~6.82 (m, 11H), 6.68 (d, J=9.0 Hz, 2H), 4.07~3.99
(m, 4H), 2.92 (dd, J=9.9, 3.1 Hz, 8H), 1.25 (t, J=7.0 Hz,
6H).

2.1.5 BARZH S 694

FREX 0.6041 g (1.38 mmol) X754 4 VA fif £ 1 et 4L 1R
o [EIAERE 3 he O BREWE, SRS FH A BLE
fift. AHLETES I8, TeT19 25 (4 [ 14(0.3634 ¢,
69%). '"H NMR (400 MHz, CDCl;) d: 7.62~7.64 (m, 2H),
7.32~7.30 (m, 2H), 7.25~7.29 (m, 1H), 7.19 (d, J=12.0
Hz, 2H), 7.05~7.08 (m, 2H), 6.71 (d, J=8.0 Hz, 2H),
6.93 (d, J=8.0 Hz, 2H), 4.05 (s, 2H), 2.96 (s, 6H), 2.50 (s,
2H). HRMS (FAB+) M-+Na calcd for C;;H,3N,0;P:
404.1; found: 404.6. FTIR (ATR) v: 3265 (w), 2961 (m),
2918 (m), 2849 (m), 1592 (m), 1505 (s), 1260 (s), 1164
(m), 1096 (m), 1019 (s), 963 (m), 800 (s), 750 (s), 696 (m)
cm L
22 LEMHIRIL B FEER

N T ARG DS R, FRATTEL
Ph,ABPA-Me, 4 R BUL A BHE % T TAE L. K5 T
A FAR A €8 TSR F (P AR AR 2RO —HUR A R, RIS
W (B 22), XF H AR (§E 22) R0 D AE E R (W B
Ph,ABPA-Me, [¥] TiOo/FTO LK) K TAF Al E Tk
A, BL 0.1 moleL ™" LiClO, KI5 A 45 i v Ay FL it
VRIS (3 SRS W] 2 7R (TiOo/FTO 358 A HL R
(PGS IS T AIER). MM —1.5 V [FHEERR, X%
JIS H o AR g 3 WA, S0 I (P M I TR) Ry 2.5 s, > itk
425 vV BH R, SR HE SR A O, N
(R IR TE) Ry 10 s, ] Hp 21 (0 Rl 2 2 T AL Ak 1338 W 2
(35 26, I I SIS (R 6l v B B (LI 2b), AAHTZR
EWTPAE HAE 550 nm BART, @ik 2B P 3G KT
4, 550 nm I iZE i 20k B K {H; A 550 nm £ 800
nm B FIAIRAE 80% A AT, B0 Sz Lk S A T
HEOASIPE L2, BB ) B SRk (L 2a),
Mg BT LAE H, AR RS N IE S Z AR 500
nm LARTRE A A B3 KT 3E n, A 500 nm £ 630 nm
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RN
Figure 2 Transmittance spectra of Ph,ABPA-Me, film in the visible

region. Pictures of the working electrode at different coloration states: (a)
dark green at +2.5 V; (b) light yellow at —1.5V

23 BitgEmEBTEREARKMER

1B AL RE BB (b Rl B T HAT B (ke
Ab, JeAREREB AT B 4 TR Ph,ABPA-Me, th &
WICARYERE, FoA K ILAE A G bR ik, L4
Wk 3 Fios. AR 0.36 e’ 7 AM1.5G —
AFRUERBHYE RS T, FRAIA B T a4 e R 3R th 2
wWE 4 Frox. B 4 wTa, SRR 1.32
mA/em?, FFEEHLE N 0.44 V, B T4 0.54, 515
FDEHEAAE N 0.32%. Zas AT R FRAK, B
R RN (RS N D )1 W -0 Sy FA R 3 1 I
FELBH DA ol R AR 28R B BT T8 ok It 2 T A,

N 7

N

FTO glass
TiO, « % .
-—Ph,ABPAMe, =T~ ©
N Electrolyte =—-
O e
OH

Pt catalyst
B3 Afthe b B8R e aif

ITO glass
Figure 3 Schematic of self-powered electrochromic device

3 4
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Figure 4 Photocurrent-voltage (/~7) curve of self-powered electro-
chromic device under 1 sun AM1.5G illumination

KATLLES] 64.2%; AL SR N HAT 6 AL Bt fg,
EIE I IR LLIBA, DAL A8 iR LLR e
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4 SLIGERS
4.1 RFER

KW, BRIERHE, ToKBRIRGN, hIem A 25, =)
TIHEBE.0 moleL " FI A WR), WHERR — L HERIE A
Aladdin (_3); 4-1R-N,N- " FIEEZR G, SHRE F R IE [
Sigma-Aldrich (_Fif); Pt-fift 7] T/SP, Hifi#¥ lodolyte
AN-50, Ti-Nanoxide HT JJ H Solaronix (Aubonne VD,
Switzerland); IR FMEEE(PC), To/K m&IR(99%),
TR, (W REENED) AL H Alfa Aesar (Ward
Hill, MA, USA). PUEUN . PC Al AAEAE 1) 2 /i o 32k
AT R K EAE.
42 HBRHHERBHEEBETEEZEREE
4.2.1 TR H &

¥ Pt AEACIBE R IR L 237 ] 5 UK 1TO (A KA
B FHUIE, 76260 CRM# 10 min JFHUE, AR
L, 75 F06 .
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422 IAERALEH L

KRG NEAEE I S LR FTO(BIB 248 %
LTV AR, #E 450 °C N n#4 30 min Ji5, &
T Ph,ABPA-Me, WS # MW F 24 h, 192 TAEH
.
423 BAHRERET & BMgmE

¥ TAE AL Hfigi Todolyte AN-50 FXS HURKIEAT
ke, M2 APLREBUL AR BARm R Sor
IR AE TAR i 2%, JER R — AN 0 BExd
MR i fE TAE R b, Al ki) Pt B TAE F Rk )
YK AL BRI AR T, A P Sl L e e A, A
RSy el il J, BCR Y H, A 1 mL 9 206 b g
VOM R 50 B R B3 S N H R 1), VRS
FRU o ek D B, 3o n 75 2 B At AE i 2L
A g,
43 UBRKE

Ph,ABPA-Me, 1)1 HL AL 27 PR J00R FH 28 A0 n] L 4y
G THH(V-670; TASCO, Tokyo, Japan)4h & Hifk 2% T AE
ui(CHI 660D, Fifg)y 4311y, AL ae d8g A gsH e
AR P 2 F K BH BE B $8 %% (OTENTO-SUN  1I; Bunk-
oukeiki Co., Japan)ill #5-11).
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