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Fig.1 Charge stabilization mechanism and representative molecules of three different conjugated carbonyl compounds
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Fig.2 Synthesis and photographs of DB-YHQ and DB-YHH
(a): route of benzoin condensation reaction and oxidation reaction of terephthalaldehyde; (b): photo of
terephthalaldehyde; (c): photo of DB-YHQ; (d): photo of DB-YHH
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Fig.3 (a) Cyclic voltammetry (CV) curves of benzil in three different electrolytes; (b) CV of different volume ratios of 0.05 mmoL
benzil in ethanol and 1 mol/LL KOH aqueous solution (total volume of 10 mL); (c¢) relationship between the reversible
potential difference of benzil and the volume ratio of different 1 mol/LL KOH aqueous solutions; (d) comparison of CV of

benzil and 4,4-dimethylbenzil



4

2 FHRE5HE
2.1 FEBERATEMBEINMKR %88

Fig.3 9 R B Wt 75 3 Fh AN 7]V & H v+ 1R 7 26
Rz 28 M Fig.3(a)H ol LA ok, 5 H PEIR A
EE , 25 A5 P £E B30 1t 21 58 B AT B /N 1 AT I e s 2
(81 mV) I B 5 (¥ S8 A A5 5 o I A2 DR Ay 2K {1 Tk 1)
T A BT F5 B (PCET) 208 % AN [ 1 pH & F 1K
HEI . R, AR R R O AT I A S M R X
VA Ty T ik B 5 0 i X5 A 1R R AR Ak T 2R A T A
FRPERR B 2RI B Z I CV g1, X2 1 T
A A8 J 2 7 IR M 2R B b AF AE BRI EBEE AT
H AT B3 2 A 5ok o o B =X 52 2
51 2 WAEH 71, 5 8OR B AE B AL Al R
AR KK BB . Fig.3(b) A4 0.05 mmoL 2 1 it 76
ANTA) 0 BE 5 1 mol/L KOH 7K ¥ W AR U LE 2% 18 R 11
H Ak 2 M B (RO R B 9 10 mL), € 48 Bk A BT 3 H 34
W% 1 mol/L KOH 7K ¥ & 1 4 B3 EL 38 In i 9 /)
Y KOH 7K ¥ ¥ 1) A AR LG 15 i 21 70% , w3 H 345 222 gk
/N3] 65 mV (Fig.3(b) 1 Fig.3(c)). iX ¥t B # K KOH
KV W) R AR LA, T DL v 2 A T A PR AL 2 T T
P 3% 7] BE & 9 1 mol/L KOH 7K ¥ WA F1 T 2 18

(@)

2864

1690

Fif 340 J5 2 AE 3 B L B R T ) B . Fig.3(d) N 4, 4-
P R R T ) 0 A AR 22l 2 (5 2R A 1 K 2% A
FHTRD), H1 Fig.3(d) AT 401, 4, 4- — FP L 26 48 1k 4 5 e 34
N —0.048 V vs RHE, i T 7% {8 Bk 1) 3 Ji7 H %5 0.038
V vs RHE, H B A 5§85 1 & (5 5 . g 50 A4t
FH, - 5 A AT DA o % i PR A R I iR H B X TR
A RO R T BRI R, T
BUBHAALE G SR FE 7R SRt 2 R E ok ik v 1
Z B HERR . g% b oA, RAR TR K K AT AW AE
KA RA RGBS W, XF 8
TE K & A AL IE J5 WU L it CAORFBs) (1 it A A4
BE, TR S 8 AR 5 00 AT DLRE S 5 % 1R AN A I Y
oK 10 o 5 R B R A IR B AR 38 s i A [RD  R
T HR S,
22 BFEEBEAILFEHRK

Fig.4 ¥ DB-YHQ #1 DB-YHH ] L #h % itk 5 #%
fd L 4R e 0% o A\ DB-YHQ (1) 41 4h 6 1% (Fig.4(a)) 1]
PLE H, DB-YHQ 7E 3450 cm™, 1680 cm™ i1 1600 cm
Ak AR 558 1) AR AIE U 23 T3 X . =OH, C=0 FH 2K BA (1] 1 45
PR3, 1A BB 2K — F g —CHO [ C—H 7E
2864 cm (19141 45 H% 301 15 5 5 3X U0 B A4 3 AR A I

(b)
DB-YHH

1700

1680

4000 3000 2000

1000 4000

3000 2000 1000

T/ cm'] T/ Cm'l
() ()
DB-YHH — e
Ar-C
C=0 ‘
. |
DB-YHQ DB-YHQ
Ar-C Ar-C
-CH e U CH
I L L
100 90 80 7.0 6.0 5.0 200 160 120 80

8

Fig.4 (a) IR spectra of DB-YHQ and terephthalaldehyde; (b) IR spectra of DB-YHH and benzil; (c) '"H- NMR spectra of DB-
YHH and DB-YHQ; (d) "C-NMR spectra of DB-YHH and DB-YHQ



(@) () W -
1.2F  MJM=159 100 e
M,=42294 e e -
i 8
S L % E
S g 60F a
304l = |
- 401 2
U
0.0 5
P PR S 200, . Peak:472.2°C .
1000 10000 100000 1000000 0 200 400 600 800
M, t/'C
a _(c) = Desorption-e— Adsorption (d)
> 100 _0.16] ; ]
_‘OD _?o ' .
. 80 B 012 : :
g 60 E - h ——DB-YHQ
S g :
2 2
'g 4078 goaf | ‘ "
3 0 40 80 120 160 -
g 20 Pore diameter/nm R .-':-
= '--——----l ...... - BEEE
=] 0 o o000 oo’
g 1 1 1 1 1 1 1 1 I 1 L 1 1 ' 1
<o 00 02 04 06 08 1.0 0 20 40 60 80
Relative pressure(P/P,) 20/(°)

Fig.5 Characterization of DB- YHH. (a)Permeation gel chromatography(eluent: DMSO; standard: Pullulan); (b) thermogravimetric

analysis (nitrogen condition, heating rate of 10 °C/min, heating to 800 °C); (c) specific surface and pore distribution (degassing
temperature: 150 °C; insert figure: pore size distribution map); (d) X-ray diffraction test
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Fig.6 (a) Comparison of CV curves for DB-YHH, benzil and blank glassy carbon electrode(scan rate of 50 mV/s; (b) CV
curves at different scan rates (insert figure: the corresponding log i, and log v of DB-YHH)
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Synthesis of Polybenzil and Its Cyclic Voltammetric Performance in Aqueous
Electrolyte

Shihao Zhang, Han Ding, Ming Li
(College of Chemistry and Chemical Engineering, Hubei University, Wuhan 430062, China)

ABSTRACT: Developing electrochemically active molecules is of great significance for expanding various
electrochemical devices. Through the electrochemical workstation test, a small benzil molecule with good cyclic
voltammetric reversibility within the electrochemical window of a mixed solution of ethanol and water was
discovered. At the same time, based on simple benzoin condensation and oxidative dehydrogenation coupling
reactions, a polybenzil polymer material (DB-YHH) was prepared. Fourier transform infrared spectroscopy, nuclear
magnetic resonance spectroscopy and permeation gel chromatography test results prove that DB-YHH is a class of
conjugated polymers containing ortho- biscarbonyl groups. The polybenzil is easy to be synthesized and the
polymerization reaction is highly atom economic. The electrochemical workstation test results show that polybenzyl
has a good electrochemical reversibility in 1 mol/L KOH aqueous electrolyte, with a reduction potential of 0.206 V vs
RHE, an oxidation potential of 0.082 V vs RHE, and a reversible potential difference of 124 mV. This work opens up
a new method for the preparation of polybenzil by benzoin condensation reaction followed by oxidative
dehydrogenation, which may lead to the birth of a series of new polybenzil polymers. Moreover, the good
electrochemical activity of polybenzil in water electrolyte may have potential applications in various types of
electrochemical cell.

Keywords: benzil; polybenzil; benzoin condensation; oxidative dehydrogenation; cyclic voltammetry



