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SUMMARY

SYNTHESIS OF VIOLOGEN-BASED MATERIALS FOR POLYMER ELECTROLYTE
SYSTEMS IN ELECTROCHROMIC WINDOWS

This study reported the synthesis of viologen via salt formation and anion exchange for polymer electrolyte
systems in electrochromic windows. The developed polymer electrolyte achieved 85-90 % visible
transparency and UV-blocking capability. The fabricated electrochromic window exhibited an average
transmittance modulation of ~65.7 % at 550 nm, transitioning from 74.96 % transmittance (0 V) to 9.29 %

3 V).

Initial testing of transmittance at 600 nm and current density over time demonstrated the

device’s durability and sustained performance, confirming its potential for practical applications in energy-

efficient smart windows.

Keywords: viologen, electrolyte, electrochromic devices, characterizations, performance.

1. GIOI THIEU

Cira sb dién sic (electrochromic devices-
EC), 1a thiét bi diéu tiét anh sang duya trén
viéc str dung vat liéu dién sic [1,2], 1a
nhitng vat li¢u cé thé thay ddi dac tinh
truyén anh sang khi ap dién va do dé cho
phép dleu tiét luong birc xa hay nhiét di
qua ctra s6. Ctra s6 EC thay d01 do truyén
qua gitra trang thai trong sudt va trang
thai mau vé1 mot lugng dién tiéu thu nho.
Trén thé gi6i, cira s6 EC dang dan tré nén
phé bién trong cac kién tric hién dai, dic
biét 14 tai cac qudc gia phét trién nhu Hoa
Ky, Puc va Nhat Ban...[3-6]. Nhiéu toa
nha thuong mai, san bay, vién nghién cuu
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va trung tdm hoi nghi da lip dat ctra so
EC nham t6i wu hoa viéc st dung anh
sang tu nhién, giam thiéu tiéu thy ning
lugng va nang cao sy thodi mai cho nguoi
sir dung. Nho kha ning diéu tiét anh sang
va nhiét do hiéu qua cung hiéu qua tiét
kiém lau dai, cong nghé¢ EC ngay cang
dugc ua chuong nhu mot phan quan trong
trong chién lugc phat trién cong trinh
xanh va do thi bén virng [7,8].

Cira s6 dién sic d3 duoc nghién cuu bét
dau tr nhimg nim 1970 va dugc phat
trién manh tr nhitng ndm 1980, nhimng
nghlen ctru vé cira s6 EC nay tap trung
ch yéu vao vat liéu oxid kim loai chuyén
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tiép nhu vonfram (WOs3), molybden
(Mo03), niken oxid (NiO), va titan dioxid
(TiO,) [9-12]. Nhiéu nhém nghién ctru
tién phong nhu nhom cua TS. Grangvist
(Pai hoc Uppsala, Thuy Dién) da c6 nhiéu
dong gop quan trong trong viée ché tao va
khao sat tinh chat dién sic cia mang
mong WOz, st dung cidc phuong phap
nhu ling dong hoi (PVD), ling dong sol-
gel va phun xa magnetron. Cic mang
mong nay cho thiy kha ning thay ddi do
truyén qua anh sang trong ving nhin thy
tir trén 70 % xudng dudi 20 % khi chuyén
to trang thai thuong sang trang thai
nhudm mau st dung cac chét dién 1i chtra
ion Li* hoac H* [13]. Ngoai ra, nhém
nghién cuu tai Pai hoc Oxford va Vién
Khoa hoc Vat liéu Max Planck ciing da
phat trién cac hé dién sic lai ghép oxid-
kim loai va oxid-polymer nham cai thién
do bén, kha nang tai 1ap va tde do chuyén
d6i mau [14]. Céac nghién clru nay khong
chi gop phan mé rong pham vi ung dung
cua vat liéu dién sac ma con tao tién de
cho viéc phat trién cac thiét bi théng minh
nhu ctra s tiét kiém ning luong va man
hinh hién thi linh hoat. Tai Viét Nam, vat
liéu va linh kién dién sic da duogc nghién
ctru kha s6m bdi nhom nghién clru cua
GS.TS. Nguyén Ning Dinh (Truong Dai
hoc Cong nghé, Pai hoc Quéc gia Ha
Noi) va PGS.TS. Pham Duy Long (Vién
Khoa hoc vat liéu, Vién Han lam Khoa
hoc va Cong nghé Viét Nam) [15, 16].
Nhom di ché tao cac mang mong oxid
dién sic WO3, MnO; va mang moéng din
LiMnO, bang cong nghé bdc bay chim
tia dién tir va phuwong phap ling dong dién
hoa. Do truyén qua ciia mang trong ving
anh sang nhin thiy thay doi tir 85 % khi ¢
trang thai phai mau xudng con 30 % khi &
trang thai nhudém mau véi cac chat dién li
dung dich 1 M HCI va 1 M LiClO4+PC.
Nhoém nghién ctru cua PGS.TS. Lé Van
Vii, TS. Nguyén Duy Thién trudng Dai
hoc Khoa hoc Ty nhién, Pai hoc Quéc gia
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Ha Noi da nghién ctu ché tao mang WO;
bang phuong phap bay hoi nhiét chan
khong trén dé thiy tinh va dé ITO [17].
Hién nay, cac hudng nghién ctru con mé
rong sang viéc phat trién vat lidu dién sic
bén hon, chuyén d6i nhanh hon, va it bi suy
giam sau nhiéu chu ky hoat dong. Cac vt
liéu dién sic thuong duoc phan thanh ba
nhom, cu thé 1a véo co, phuc chét vo co va
vat liéu hiru co. Nhiéu nha nghién ctu da
chimg minh, hiéu tmg dién sic xay ra trong
mét sd vat liéu vo co cu thé 1a cac oxid kim
loai chuyén tiép (TMO) bao gdm cac oxid
vonfram, niken, iridi, titan, niobi, molybden
va vanadi [18-24]. Bén canh WOs;, céac
TMO khac ciing dugc biét dén va ap dung
trong cac cira sb thong minh dién sdc
nguyén mau. Cira s6 théng minh dién sic
dia trén NiO va Ni(OH), gan day da dugc
quan tdm nhiéu vi ching két hop chi phi
hop 1y v6i céac dic tinh EC ngoai mong doi,
tham chi c6 thé dugc cai thién béng cach
pha tron véi cac oxid dai rong nhu MgO
hoidc Al,O3 [25 28] Bén canh vat liéu oxid
kim loai chuyén tiép vo co, cac vt lidu dién
sic trén co s¢ phuc chit co kim, vét lidu
dién sac gdc hitu co va polymer ciing da va
dang dugc nghién cliu rong rai Nhiéu
polymer khac nhau da dugc ket hop trong
céc thiét bi dién sic nguyén mau, chiang han
nhu poly- v monomeric pyrrole, poly (3,4-
ethylenedioxythiophene): doped
polystyrene sulfonate (PEDOT: PSS), cac
din  xuat cia  viologen,  4,40-
diaminodiphenyl  sulfone, poly  (3-
methylthiophene), polymer dua trén co so
triarylamine, diclofenac... [29-32]. Trong
s6 d0, vat liéu dién sic hitu co cua viologen
va modt s6 polymer dua trén co s
triarylamines 1a dac biét ndi bat vi d twong
phan cao, dap tmng nhanh va dé dang thu
duoc mau sac phong phu théng qua thlet ké
phan tr, c6 kha nang thay doi mau sac khi
duoc ap dién ap thip va dé dang téng hop
tir cac tién chét hitu co ré tién [33].
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Nghién ciru nay tong hop vat liéu hiru co
viologen cho chét dién li polymer 1am cira
s6 dién sic. Viologen dugc ché tao béng
phuong phap tao mubi va trao d6i anion.
Két qua ban dau cho thay cira s6 dién sic
st dung chat dién li polymer viologen ché
tao dugc c6 kha ning dap tmg vé do
truyén qua theo dién thé dit vao. Kha
ning dap tmg vé d6 bén va duy tri mic do
hoat dong theo thdi gian cua cira s6 ciing
d3 duoc khao sat qua do truyén qua va
mat d¢ dong dién theo thoi gian.

2. THUC NGHIEM
2.1. Tong hop vat liéu
2.1.1. Héa chdt

2,2-bis(bromomethyl)-1,3-propanediol

(98%, Sigma Aldrich), 4,4’ bipyridine,
acetonitrile (98%, Sigma Aldrich) , o,a'-
dibromo-p-xylene,  dimethylformamide
(DMF) (97%, Sigma Aldrich), lithium
bistrifluoromethanesulfoamide  (LiTFSI)
(99,99%, Sigma Aldrich), nudc cat,
prothylen carbonate (PC) (99,7%, Sigma
Aldrich), ethylene carbonate (EC) (98%,
Sigma Aldrich), 3-methoxypropionitrile
(MPN)  (>98%, Sigma  Aldrich),
poly(ethlylene glycol) diacrylat
(PEGDA), 4-hydroxybutly acrylat (HBA)
(90%, Sigma Aldrich), 1,1°-

ferrocenedimethanol, 2-hydroxy-2-
methylpropiophenone(Pl) (97%, Sigma
Aldrich).

2.1.2. Téng hop vt liéu viologen

Trong binh phan Ung thay tinh day tron
100 mL c6 thanh khudy tr, 80 mL
acetonitrile va 2,0 g (12,8 mmol) 4,4’
bipyridine dugc thém vao. Sau khi 4,4’
bipyridine dugc hoa tan hoan toan, 6,35 g
(6,4 mmol)2,2-bis(bromomethyl)-1,3-
propanediol va 1,69 g (6,4 mmol) a,0'-
dibromo-p-xylene duoc thém vao. Hon
hop duogc dun s6i & 80 °C trong 24 gid.
Sau phan tng, cac san pham két tia dugc
loc va rira bang acetone, sau d6 dugc hoa
tan lai trong ethanol dé két tinh lai va loc.
San pham cudi cung duoc say kho trong
chan khong ¢ 80 °C thu duoc 8,2 g (80 %)
bot trang. Thuc hién qua trinh trao ddi ion
tr  anion bromide thanh anion
bistrifluoromethanesulfoamide: bot trang
kho dugc hoa tan trong hdén hop
DMF:nudc (50:50 (v/v)), sau d6, dung
dich 1 M Lithium
bistrifluoromethanesulfoamide duoc thém
tir tir trong khi khudy lién tuc, san pham
két tia mau trang duoc loc va rira bang
nuée khir ion méi va cudi cing say kho
trong chan khong & 100 °C qua dém. Hinh
1 13 so d6 tong hop viologen.

OH
Br
NQ—QN ' BerCOCHEBI !
\ -
HO'
1.0 mole 0.5mole 0.5mole
Acetonitrile ¢so"c 24 hrs
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xxxxxxxxxxxx
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Hinh 1. So d6 tong hop viologen
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2.2.3. Chuan bj hé chdt dién li polymer
cho cwra so dién sac

Pha dung dich chét dién li bang cach can
hon hop dung dich PC: EC: MPN theo ty
le vé khéi luong xac dinh cung voi nong
d6 mudi LiTFSI 1,2 M khuay 15 phat.
Tiép theo, dung dich dong ran UV gom
PEGDA:HBA:2:8 dugc bd sung vao hé
electrolytes. Sau d6, thém 80 pL chat khoi
mao 2-hydroxy-2-methylpropiophenone dé
kich hoat quéa trinh déng ran. Cudi cing
viologen dugc thém vao véi ty 1€ 0,4 % va
1,1°-ferrocenedimethanol 0,2 % vé khbi
lwong va tiép tuc khudy déu trong 15 phut.

2.2.4. Ché tao cira so dién sac

Hé chét dién 1i polymer duoc tiém vao té bao
clra s6 dd dwoc chuan bi sin, sau d6 duoc
dong ran bang cach chiéu dén tir ngoai (UV)
(cong suat 100 W) trong 15 phit.

2.2. Phwong phap nghién ciru

Viologen, chat dién li polymer, ctra sd
dién sic duoc nghién ctru tinh chat dién
va tinh chat quang. Tinh chat dién duoc
nghién ctru thong qua may do hap thu
DS5 (Edinburgh) véi budc song dugc
quét tr 250 nm dén 750 nm. Tinh chat
dién duoc thuc hién thong qua may dién
héa CM310M (Corrtest) su dung hé¢ 3
dién cuc, dién cuc Ag/AgCl (KCl bao
hoa, 0,197 V so v6i SHE) dugc st dung
lam dién cuc tham chiéu.

3. KET QUA VA THAO LUAN

Hinh 2 13 phd hip thy cta viologen ché
tao duoc cho théy dinh hép thu manh &
vung tir ngoai (khoang 300 nm), dic trung
cho chuyén doi dién tir m-n* cta khung
bipyridinium. Cuong d¢ cua dinh nay cho
thdy sy tuong tic manh giira cac orbital ©
trong vong thom cua phan tu. Ngoai ra
phd nay phii hop véi viologen ¢ trang thai
oxi hoa (dication), khi chua bi khur thanh
cation géc. Khi 4p dung dién thé khtr,
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viologen sé& tao ra cac dinh hip thy méi
trong vung kha kién, thay doi mau sic va
d6 trong sudt cua vat liéu, phu hop cho
mg dung ctra s6 dién sic. Puong CV cua
vat liéu viologen (Hinh 3) thé hién dic
trung dién hoéa véi nhiéu cdp dinh oxi
hoa-khir 1& nét trong dai dién thé tir -2 V
dén +2 V (so voi dién cuc tham chiéu
0,61 V). Pinh khir xuét hién & khoang -1
V twong Ung v6i qué trinh chuyén
electron tur trang thai dication (V** ) sang
cation gbc (V* - ), day 1a qué trinh chiu
trach nhiém chinh cho hiéu tng dién sic
khi vat liéu chuyén sang mau xanh.

D6 hép thu (a.u)

400 500
Budce song (nm )

300 600

Hinh 2. Phé hdp thu cia viologen va hé chat dién
li polymer

%)

Dong (A/cm

T T T

K 0 1

Pién thé (V vs .RE)

~
N

Hinh 3. Puong CV ciia vit liéu viologen

. Trong chiéu quét nguoc, dinh oxi hoa
tuwong Gmg xuét hién & khoang -0,5 V, cho
thdy qua trinh chuyén electron thuan
nghich khong hoan toan. Dinh oxi hoa
manh xuét hién & ving dién thé duong
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(+1,5 V) c6 thé lién quan dén qua trinh
oxi hoa th cdp hodc tuong tac v6i hé
dién ly polymer. Hinh dang tong thé cia
duong CV voi tin hiu redox da dinh
chimg t6 hé viologen tong hop c6 hoat
tinh dién hoa cao, kha niang chuyén d6i
trang thai oxi héa-khur hi¢u qua.

Hinh dang téng thé ctia duong CV véi tin
hi¢u redox da dinh ching t0 hé viologen
tong hop c6 hoat tinh dién héa cao, kha
ning chuyén d6i trang thai oxi héa-khir
hiéu qua.
000 Gel polymer electrolyte
90,00 e
o
o
e
e

0,00

D6 truyén qua (%)

500

Budce séng ( nm )

Hinh 4. Phé truyén qua ciia hé chat dién li
polymer

Vilogen sau khi ché tao duoc su dung
trong hé chit dién 1i polymer cho cira sb
dién sic. Pho truyén qua ctia hé chat dién li
viologen (Hinh 4) cho thdy vat liéu hap thy
hoan toan anh sang trong vung tir ngoai
(<300 nm). Tai vung chuyén tiép (300-350
nm), d6 truyén qua ting nhanh, thé hién
tinh chon loc quang hoc 1o rét. Dac biét,
trong toan bd ving kha kién va hong ngoai
gﬁn (>350 nm), vat liéu duy tri do truyén
qua cao va on dinh (khoang 85-90 %) tai
budc song 550 nm, ddm bdo tinh trong
sudt va hiéu suit quang hoc tdi wu.

Hé chit dién 1i polymer nay duoc tiém
vao té bao cira s6 dd duoc chuan bi sén,
sau d6 dugc dong ran bang cach chiéu
deén tor ngoai. Ctra s6 dién sdc sau dong
rén tai thé 2,8 V cira s6 chuyén hoan toan
sang mau xanh. Kiém tra do truyén qua
clia cira sd bang cach dat thé khac nhau tir
0 V dén 3 V, két qua Hinh 5 cho thiy kha
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nang diéu chinh quang hoc 1& rét theo
hiéu dién thé cta cira s6 dién sic. Tai 0V,
vat liéu c6 do truyén qua cao (74,96 % tai
550 nm), dam bao trang thai trong sudt.
Khi ting dién ap, do truyén qua giam
manh tai ving kha kién. Cu thé: tai dién
ap 1 V, d6 truyén qua 69,93 %, cho thiy
su chuyén mau nhe; dén 1,5 V, d6 truyén
qua tiép tuc giam ro rét, chi con 54,16 %;
tai 2 V d6 truyén qua giam manh xudng
15,86 % thé hién qua trinh lam tdi dién ra
nhanh & ving dién thé nay. Khi dién thé
dat 2,4 V, do truyén qua giam xuong 9,87
% , cubdi cung tai 3 V do truyen qua chi
con 9,29 %. Két qua cho thay hiéu tng
dién sic rd nét véi bién do dicu bién
quang hoc AT = 65,7 %.

Do truyén qua (%)

3.0V

-------

T T T T
700 800 900 1000

Budce séng (nm )

660 1100
Hinh 5. Phé truyén qua cua cira s6 dién sdc khi
ap the khac nhau
Sy thay doi theo thoi gian cua do truyén
qua tai budce song 550 nm va mat do dong
dién cua ctra sO dién sac duoc thé hién

trong Hinh 6.

Sy thay doi theo thoi gian cua do truyén
qua tai bude song 550 nm va mat d6 dong
dién cua cira s6 dién sic s dung viologen
duogc thé hién trong Hinh 6. Hinh 6(a) cho
thdy do truyén qua ban dau dat 55 %,
tuong Ung véi trang thdi mat mau
(bleached) cua vat li¢u. Khi 4p dung xung
dong dién 4m, d6 truyén qua giam manh
xudng 20-25 % do qua trinh khir dién hoa
chuyén viologen sang trang thai cation
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gbc (V* -), tao hiéu tng hap thy manh tai
budc séng 550 nm. Sau mdi xung, do
truyén qua phuc hdi dan nhung khong
hoan toan, thé hién hiéu ung nhd
(memory effect) déc trung cua vat lidu
dién sac. Qua 4 chu ky, gia tri truyén qua
cuc dai gidm tur 55 % xuong 35 %, cho
thdy sy suy giam kha ning phuc hoi
quang hoc do tich tu cation gdc viologen
va hién tuong bay ion trong mang
polymer vbn thuong gip ¢ cac hé dién sic
httu co polymer. Khi so sanh véi cac hé
nghién curu trude, hé WO;3 va cac oxid
kim loai chuyén tiép ta thay AT 50-70 %
v6i d6 bén rat nhiéu chu ky [34]. Cac hé
triarylamine polyimide gan day dat do
diéu bién quang hoc AT > 70 % va duy tri
6n dinh lau dai [35]. Trong khi do,
polymer viologen cho thay kha ning biy
ion viologen trong mang polymer (ion
trapping) dé cai thién do bén. Do d6, hé
viologen—polymer hién tai c6 wu thé vé do
trong va kha nang chan UV, nhung han
ché vé d6 bén chu ky. Day 1a huéng mo
cho t6i wu hoa nhim nang cao hiéu suat
|én mau — nha mau va tinh 6n dinh.

601 (a)
50
40

304

Do truyén qua
@550nm (%)

204

10
0.04+

(b)

0.00 - I

-0.04 4

Daong dién (A/cmz)

-0.08 T T .
200 300 400

Thoi gian (s)

0 100

Hinh 6. (a) D6 thi ciia do truyén qua theo thoi
gian, (b) Do thi cua dong dién theo thoi gian tqi
buoc song 550 nm.
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D6 thi Hinh 6(b) thé hién cac xung dong
dién xuét hién cach nhau khoang 100 giay.
Bién d¢ xung dong kha ddng déu qua cac
chu ky, the hién tinh 6n dinh cua hé dién
hoa. Mot s6 khao sat ban dau cua ctra s6
dién sac cho thay kha nang hoat dong cua
clra sO. Tuy nhién dé khang dinh do bén
cua cura s can phai thuc hién véi thoi gian
lau hon, chu ky nhiéu hon doi hoi nhom
phai tiép tuc nghién ctru sdu hon.

4. KET LUAN

Ching toi da tong hop viologen bang
phuong phap tao mudi két hop trao do6i
anion va Umg dung vao hé chat dién ly
polymer cho cira s6 dién sic. Hé polymer
thu duoc duy tri do trong sudt cao trong
ving kha kién (85-90 %) dong thoi c6
kha nang hap thy tia UV. Ctra s6 dién sic
ché tao cho thay bién d¢ diéu bién quang
hoc dang ké tai 550 nm, voi do truyen qua
thay dbi tir 74,96 % (0 V) xuéng 9,29 %
(3 V), tuong g AT = 65,7 %. Cac phép
do theo thoi gian va chu ky cho thiy cira
sO duy tri dugc hoat dong dién sic trong
giai doan dau, nhung d6 truyén qua cuc
dai giam tir 55 % xudng 35 % sau bdn chu
ky. Do d6, hé vat liéu nay budc dau
ching minh tiém ning mg dung trong
ctra sO thong minh tiét kiém ning luong,
tuy vdy van can duoc téi wu thém vé
thanh phan polymer va dién ly dé cai
thién tinh 6n dinh lau dai.

Loi cam on: Cac tac gia cam on dé tai
DTDLCN.60/22 thudc Chuong trinh phat
trién Vat Iy dén nam 2025 da hd tro kinh
phi nghién ctru.

Cam két: Cac tac gia cam doan day la
cong trinh chua gui dang ndi dung nay &
bét ky tap chi nao.
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