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SUMMARY

STUDY ON THE PHOTOELECTROCHEMICAL PROPERTIES OF VIOLOGENS
IN ACIDIC MEDIA

Viologens (V) are electroactive organic molecules bearing typical properties such as structural diversity,
high electron transfer, and particularly the redox state dependent colloring. Therefore, study on the
photoelectrochemcial properties of viologens is necessary to enlarge their applications in the fields of
electrochemical sensing and electrochromics. In this work, we present such research results on the
electrochemical properties of viologen molecules including dibenzyl viologen (DBV), diphenyl viologen
(DPV) va diethyl viologen (DEV) deposited on indium tin oxide (ITO) in acidic media by cyclic voltammetry
(CV) method. The DPV and DBV molecules undergo two subsequent redox processes (V2*< V**e VO),
whereas the DEV only involves in single one (DEV?* < DEV**) within the potential range of 0.3V 1.0V
vs Ag/AgCl (Ckar = 3M). Moreover, impact of the redox states on the optical property of DBV is
characterized in detail using in-situ UV-Vis technique. At E = -0.2V vs Ag/AgCl, where the DBV?* cation
exists, the corresponding UV-Vis spectrum shows a featureless behavior. Contrarily, at E =-0.8V and E =
-1.0 V vs Ag/AgCl, where the DBV** and DBV® moieties are generated, respectively, the corresponding
UV-Vis spectra reveal such emerged absorption bands with their maximum peaks at 380 nm and 540 nm.
The findings demonstrate that the optical properties of viologens can be tuned by the applied electrode
potentials.
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I GIGI THIEU CHUNG vat ligu hitu co thi vt ligu vo co (chii yéu la céc
’ oxit kim loai) c6 d6 linh dong va do truyén qua
thip [7-8]. Nguoc lai, vat liéu dién sic hiru co c6
do linh dong cao, nhiéu mau sic va c6 kha ning
g dung dé ché tao céc linh kién dién sic c6 thé
gap hoac ubn cong [9, 10].

Vit liéu dién sic da va dang thu hat sy chl ¥ boi
nhitng wng dung quan trong, thiét thyc nhu cira
s6 thong minh tiét kién niang luong, guong chiéu
hau chéng choéi, man hinh ti vi tiéu thu dién ning
thap, ... [1-4]. C6 ba loai vat liéu dién séc chinh
|2 vat li¢u dién sic v6 co, hiru co va lai hoa. Uu
diém cua cac loai vat liéu nay 1a hiéu qua tao mau
cao, cac dic tinh quang hoc nhu hip thy, phan xa
hoac truyén quang c6 thé dugc thuc hién mot
céch lién tuc hodc dao nguoc chiéu dudi tc dung
cua dién thé dat vao [1, 5-6]. Tuy nhién, so véi

Trong cac vat liéu dién sic hitu co dang duoc
nghién ctru hién nay, vat liéu viologen nhan dugc
su quan tdm dac biét vi nhitng tinh chét vuot troi
nhu d6 phan quang tét, hiéu suét tao mau cao,
tinh oxi héa khir 6n dinh [3,9]. Do d6, nghién ciru
vé tinh chat dién hda, tinh chat quang cua ching
la co s& dé giai thich tinh chét dién sic cua vat
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liéu [11,12]. Trong pham vi bai bao nay, ching
t6i trinh bay nhitng két qua nghién cru mai nhat
vé tinh chit dién hda cua cac phan tir dibenzyl
viologen (DBYV), diphenyl viologen (DPV) va
diethyl viologen (DEV) trén nén indium tin oxide
(ITO) trong méi trudng acid bang phuong phap
thé quét vong tuan hoan (CV). Pong thoi, moi
quan h¢ gitra tinh chat quang va trang théi oxi hoa
khu cua vat liéu DBV ciing duoc nghién cuu truc
tiép bang phuong phap In-situ UV-Vis.

II. THUC NGHIEM

Cac nguyén liéu va hoa chit sir dung bao gém:
H2S04 (Merck, Puc); nudc siéu sach (Milli-Q
water, dién tro suat > 18 MQ.cm™, TOC < 4 ppb)
dugc sir dung dé pha cac dung dich dién phan;
khi N2 (d6 tinh khiét 99%); DBV, DPV va DEV
(97%, Sigma-Aldrich).

Céac phép do CV duoc thyc hién trén thiét bi
Potentiostat DY 2300 v&i hé binh do dién hoa 3
dién cuc: dién cuc lam viéc Indium tin oxide
(ITO), dién cuc so sanh Ag/AgCl (Ckci = 3 M)
(Metrohm) va dién cuc ddi Pt. Tinh chét quang
cia DBV duoc khao st tryc tiép bang cach sir
dung két hop thiét bi UV-Vis Carry 300 két nbi
Vv6i Potentiostat DY2300 dé kiém soat thé dién
hoéa cua dién cuc ITO.

I11. KET QUA VA THAO LUAN

I11.1. Tinh chét dién hoa cia viologen trén
dién cuc ITO

Tinh chit dién hoa cua ITO trong céc dung dich
dugc xac dinh thong qua phép do CV trong ving
thé 0,3 +-1,0 V vs Ag/AgCl. Hinh 1 a md ta cong
thire ciu tao cia DPV, DBV va DEV. Hinh 1b
thé hién CV cua ITO trong dung dich H2SO4
SmM (duong mau den), H;SO4 5 mM + DPV 1
mM (duong mau xanh 14), H.SO4 5 mM + DBV
1 mM (duong mau do), H,SOs 5 mM + DEV 1
mM (dudng mau xanh duong).

Két qua cho thay, khi chat dién phan la H,SO,
5mM, dudng CV xuit hién cap pick thuan nghich
tai Er =-0,59 V va Eo =-0,55 V vs Ag/Cl (duong
mau den) ung véi trinh khir va oxi héa thuan
nghich cta cac ion Sn** hoic In® trong dién cuc
ITO Vé cAc trang théi oxi hoa thap hon va ngugc
lai [13].
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Hinh 1. a) Cong thic cau tao cua DPV, DBV,

DEV; b) CV cua dién cuc ITO trong dung djich

dém 5mM H,SO4 va cac dung HSO4 5 mM +

DPV 1 mM, dung dich H,SO, 5 mM + DBV 1

mM va H,SO, 5 mM + DEV 1 mM; dE/dt = 50
mV/s.

Tinh chat dién hoa cua dién cuc ITO thay ddi rd
nét khi dung dich dém duogc thay thé bing cac
dung dich chtra phén tir viologen. Cu thé, phan tir
DPV va DBV trai qua hai qua trinh oxi hoa khu:

1. Qua trinh khtr cua cation V?* tao thanh cation
gdc V** va nguoc lai tai giao dién dién cuc
ITO/dung dich [14]: V?* + e = V** @

2. Qué trinh khir ctia cation goc V** tao phan tur
trung hoa DBV® va nguoc lai tai giao dién dién
cuc ITO/dung dich [14]: V** + &= VO )

So sanh qua trinh khir dau tién (peak R1) cua hai
phan tir DPV va DBV, ching t6i thdy rang phan
tir DPV bi khir ¢ viing thé duong hon (E = -0,45V
vs Ag/AgCl ¢ duong mau xanh 1) so vai cua
phén td DBV (E= -0,6V vs Ag/AgCI ¢ duong
mau do). Xu hudng twong ty ddi véi qua trinh
khir thir 2 (peak Ry), cac cation géc DPV** tham
gia qud trinh khtr ¢ -0,45 V va kém duong so véi



qué trinh khir cua cac cation géc DBV** (E = -
0,82V).

Phéan tir DEV chi tham gia mot qua trinh oxi héa
khtr cia DEV?* @ tao thanh cation géc DEV**
(dudng mau xanh duong) véi thé khir bi dich vé
phia &m E = -0,77 V vs Ag/AgCl. Nhu vay, kha
ndng nhan electron cta cac phan ta viologen tu
bé mit dién cuc ITO giam theo thir ty: DPV >
DBV > DEV.

Sase =
+e'l 1 -e

R—nN S N—R
+e'l I-e’
R—nN = WN-—R

Hinh 2. So'd6 mé ta qua trinh oxi héa-khir cia
céc phan tir viologen trén nén ITO trong mi
trirong acid

Hinh 2 m6 ta qua trinh cho nhan electron cta cac
phén t viologen trong mdi truong acid. Qua
trinh nay phu thuéc vao mat do dién tich duong
trong nhan 4,4°-bipyridyl, lién quan tryc tiép dén
kha niang cho/nhén electron cua cac nhdm chirc
lién két tryc tiép véi nhan 4,4’ -bipyridyl. Bdi véi
cation DPV2*, nhan 4.4’-bipyridyl lién két véi
nhom benzyl 1a nhom hut electron nén 1am tang
cudng mat do dién tich duong trong nhan, dan
dén tang kha ning nhan electron cua DPV?* tir bé
mat ITO. Trong khi d6, nhom phenyl trong
DBV?2*va ethyl trong DEV?2* 14 day electron, nén
lam giam mat do dién tich dwong trong nhan 4,4°-
bipyridyl, do d6 kha nang nhan electron tir bé mat
ITO cua DBV? va DEV? 1 thip hon so Vi
DPV2*, Muc d6 day electron caa nhém phenyl
trong DBV?* 1a thap hon so véi nhém ethyl trong
DEV?'. Do d6, mat do dién tich dwong trong
DBV?* cao hon mat d dién tich duong trong
DEV?%, két qua la kha niang nhan electron tir bé
mat ITO cia DBV?* cao hon DEV?,
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I11.2 Tinh chat quang cia ITO trong dung
dich viologen

Tinh chat quang dién héa cua DBV dugc khao
sat bang phwong phap phé UV-Vis (Hinh 3).
Dung dich dién phan duoc sir dung la DBV?
ImM + H>SO4 5mM. Trong phép do nay, dién
cuc ITO duoc &p nhirng gié tri dién thé xac dinh
la thé mach ho (OCP), -0,2V (dién thé ma céc
phan tir hap phu trén bé ITO mat ton tai ¢ dang
DBV?*), -0,8V (phan tir hip phu trén bé mat ITO
& dang DBV**) va -1,0V (phan tir hip phu trén bé
mit ITO & dang DBV?). Céc gia tri thé dugc chon
khao sat dyua vao két qua CV & hinh 1. Can nhin
manh ring, dién cuc ITO trong truong hop nay
dong vai tro 1a dién cyuc lam viéc cua hé dién hoa
3 dién cuc (dién cuc dbi 1a Pt, dién cuc so sénh
12 Ag/AgCl).
380 nm

-1.0V
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Hinh 3. Phé UV-Vis ciia dién cuc ITO trong
dung dich dém 5mM H,SO, chirza phén tir DBV
diroc ldng dong ¢ CAc gid tri thé dién cuc
khac nhau

Phép do phd hap thu duoc thyuc hién trong ving
anh sang kha kién 350 = 700 nm. Khi dién cuc
ITO chua dugc &p thé, tac 1 tai thé mach ho,
dién cuc ITO khong hap thu bt ky budc séng
nao trong ving thé khao sat (duong mau den).
Khi dién cuc dwoc ap dién thé E = -0,2V vs
Ag/AgCI, hinh dang phé UV-Vis (dudng mau
d6) kha twong dong véi trudng hop cua thé mach
hé. Nhu vay, & trang thai oxi hoa DBV?* phan tir
khong thé hién tinh chat quang. Tuy nhién, néu
dién cuc dugc ap diénthé E =-0,8 V vs Ag/AgCl,
thi 6 su xuat hién dai hip phu & 450 + 650 nm
véi dinh phé tai 540 nm (dwdng mau xanh). Néu
dién cuc dugc ap diénthé E=-1,0 V vs Ag/AgCl,
c6 su xuat hién dai hap phu & 350 + 480 nm véi
dinh phé tai 380 nm (duwong mau tim). Diéu nay



chimng t6 rang, khi ton tai & dang DBV** va DBV®
tinh chit quang cua phan tir thay ddi so Voi
DBV?*, Két qua thu dugc cho thay tinh chat
quang cua vat liéu cé thé diéu kiém bang cach
kiém soat trang thai oxi hoa cuia cac phan tir hip
phu trén bé mat ITO dudi tac dung cua dién thé.
IV. KET LUAN

Tinh chit dién hda cua phan tir DBV, DPV va
DEV trén nén ITO trong mdi trudng acid dugc
khao sat bang phwong phap CV. Trong ving thé
0,3V + 1,0V vs Ag/AgCI céc phan tar DPV va
DBV tham gia hai qué trinh oxi héa khu tao
thanh cac dang khir tuong trng la V** va V°, phan
tir DEV chi tham gia mét qua trinh oxi héa khu
tao DEV**. Sy phu thugc cua tinh chat quang vao
trang thai oxi héa khi cua DBV cing duoc
nghién ciu tryc tiép bang phuong phap In-situ
UV-Vis. Tai dién thé ma phan tir ndy ton tai ¢
trang thai DBV** (E = -0,8V vs Ag/AgCl), xuét
hién dai hap thu c6 budc séng 450 + 650 nm véi
dinh hap thy tai 540 nm. Tai dién thé phan tir nay
ton tai & trang thai DBV® (E = -10 V vs
Ag/AgCI), xuit hién cua dai hip thy anh séng
viing budc séng tir 350 + 480 nm véi dinh hap
thy tai 540 nm. Két qua dat dwoc mé ra trién vong
rng dung méi cua cac vat liéu viologen nhiam ché
tao cac hé vat liéu dién sic hitu co ting dung trong
céc thiét bi thong minh.
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