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Tom tit:

Biy dén xuét 2-cyanopyrazine trong dé c6 sau hop chit méi di dworc thiét ké theo mé tip donor-acceptor-donor ddi ximg
v6i 16i acceptor 1a 2-cyanopyrazine. Viéc sir dung acceptor manh nay bién nhém cac Vong phenyl don gian tré thanh donor,
nhim tao ra cdc phéin tir phat quang méi, ciing nhu nghién ciru két qui cia sy thay doi cac nhom thé trén vong phenyl.
Day la mé tip khong pho bién va co thé dwoc ap dung rong rai trong viéc thiét ké cac phan tir phat huynh quang hoat héa
nhiét tré (TADF) méi. Céac din xuit nay da dugce tong hop mot cach hi¢u qua théng qua phan rng Suzuki. Panh gia tinh
chat phat quang cuia cac hop chét méi nay cho thziy, nhém thé Donor 1a cac din xuat phenyl khac nhau cé thé diéu chinh
tinh chit phat quang ciia phén tir bing nhiéu cach khac nhau. Hai hop chét mdi 3f va 3g phat quang trong vang nhin thay,
trong d6 hop chit 3g cho dai phat xa voi d§ chon lgc cao. Két qua chi ra ring, phwong phap sir dung 2-cyanopyrazine
1am 16i acceptor két hop véi cac din xuit vong phenyl v6i cac nhom thé khac nhau mang lai tinh chat phat quang linh
hoat, c6 thé diéu chinh dé dang. Cac két qua thu dugc trong nghién ciru nay mé ra trién vong g dung ciia cac din xuit
2-cyanopyrazine trong linh vue quang dién tir va vit liéu phat quang.

Tir khéa: phat huynh quang hoat héa nhiét tré, pyrazine fluorescent, 2-cyanopyrazine.
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Abstract:

Seven 2-cyanopyrazine derivatives, including six novel compounds, were designed based on a symmetric donor-
acceptor-donor (D-A-D) motif, employing 2-cyanopyrazine. The use of this strong acceptor transforms simple
phenyl rings into donors aimed to develop new photoluminescent molecules and investigate the effects of substituent
modifications on the phenyl rings. This is an uncommon motif with potential for broad application in designing new
thermally activated delayed fluorescence (TADF) molecules. The derivatives were efficiently synthesised via Suzuki
coupling reactions. Investigation of the photoluminescent properties of these novel compounds revealed that the
phenyl-based donor substituents could modulate the photoluminescent characteristics of the molecules in diverse
ways. Two new compounds, 3f and 3g, exhibited emission in the visible region, with compound 3g demonstrating
a highly selective emission band. The results suggest that strategically adding various phenyl derivatives as donor
substituents to the 2-cyanopyrazine acceptor core yields flexible and easily tunable luminescent properties. The
results obtained in this study open up promising prospects for the application of 2-cyanopyrazine derivatives in the
fields of optoelectronics and luminescent materials.
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1. Dt van de

Pyrazine 1a mot di vong thom c6 vai tro quan trong trong
nhiéu linh vyc, déc biét la trong nganh dugc pham [1]. Tuy
nhién, tiém ning Gng dung cua cac hop chit pyrazine trong
linh vyc vat li€u phat quang hitu co (OLED) van chua
duogc khai thac day di. Cac nghién ctru gan day da chi ra
rang cac dan xuét pyrazine (khong bao gdm cic dan xut
quinoxaline) co thé duoc su dung dé ché tao cac vat lidu
phat quang hiéu suét cao dua trén co ché phat huynh quang
hoat hoa nhiét tré (TADF) va phat quang kich thich tap hop
(AIE). Y. Kato va cs (2019) 2] lan d4u tién cong b hai chat
phat quang méi chira ciu phan pyrazine 1a: 2Ac-PRZ phat
quang mau xanh da troi voi A, =475 nm va toa do CIE la
(0,31; 0,55) va EQE__ la 21,4%; 2PXZ-PRZ phat quang
mau xanh 14 v6i A, =519 nm va toa do CIE la (0,19; 0,31)
va EQE_ la 11 9% Khi hop chat 2Ac-PRZ tao phue voi
Cul, vat heu nay phat quang mau trang hiéu suat lugng tir
ngoai (external quantum efficiency - EQE) dat 11%. Ngay
sau nghién ctru nay, nhém cua M. Cai va cs (2021) [3] cling
da cong bd mot loat cac chit phat quang TADF mau xanh
chira pyrazine 1am c4u phan nhén (acceptor) va benzofuro-
carbazole hodc benzothieno-carbazole 1am cdu phan cho
(donor). Trong s cac phan tir trong nghién ctru, BFCZPZ2
cho ning suat lwong tir phat quang cao (PLQY) (91% trong
2,8-bis(diphenylphosphoryl)dibenzo[b,d]thiophene (PPT)).
Thiét bi st dung vat liéu BFCZPZ2 thé hién phat xa mau
xanh dam v6i A =464 nm va toa d¢ CIE la (0,15; 0,16) va
EQE 21,3 % [3] Cung trong nam d6, P.L. Santos va cs
(2019) [4] da thlet Kké, tong hop va nghién ctru tinh chat phat
quang ctia mot s6 hop chat sir dung cac di vong pyridine,
pyrimidine va pyrazine thay thé vong benzene cua nhom
sulfonyldibenzene (acceptor). Dbi véi di vong pyrazine, mic
du chua thu dugc OLED mau xanh dam nhu mong muén,
tuy nhién OLED sir dung di vong pyrazine da cho hiéu suat
phat quang cao hon céac di vong con lai ma nhém da nghién
ctu, EQE_ 18% cho phat xa mau xanh 14 A i =522 nm [4].
Gan day, P. Rajamalli va cs (2021) [5] dd cong bd hai hop
chat phat quang méi dya trén 13i pyrazine 1a DTCz-Pz va
DTCz-DPz cho phat quang mau xanh dam. Hai vat liéu nay
cho thay hiéu suat lugng tir phat quang khé cao, khoang tir
76 dén 96%, trong ca dung dich toluene va mang méng PPT
pha tap. Ca 2 da duogc xac nhén la phat xa TADF. Cac OLED
s dung DTCz-Pz cho EQE_ 1a 11,6%, CIE (0,15; 0,16)
vaEQE_ =7,2% d6i voi thibt b1 s dung DTCz-DPz ¢6 CIE
(0,15; 0, 30) [5]. Hau hét cac nghién ctru déu cho thay tiém
nang cua pyrazine trong viéc thiét ké vat lieu TADF mau
xanh lam [6]. Mot s0 it truong hop nghién ciru cho phat
quang mau do dén do cam [7, 8]. Ngoai ra, mot sé nghién
ctru con cho thdy cac hop chit pyrazine c6 kha niang phat
xa lan quang cao [9-11]. So sanh véi di vong 1,3,5-triazine,
thi pyrazine it dugc sir dung hon nhiéu, do kha ning nhan
dién tir trong cac mo hinh donor-acceptor cua pyrazine kém
hon. Bé giai quyét van dé nay, viéc dua cac nhom hut dién
tir manh nhu cyano (-CN) vao vong pyrazine da dugc dé
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xuit va chirg minh 1a mot giai phap hiéu qua. Tuy nhién,
s6 luong cac nghién ctru lién quan dén hudng tiép can nay
van con rat han ché. Méi chi c6 2 nghién ctru cua J. Liu va
cs (2019) [12] va L. Salah va cs (2021) [13] dugc cong bd
lién quan dén giai phap nay. Ca 2 déu str dung nhom cyano
(-CN) dé tang kha nang hut dién tir cia vong pyrazine [12,
13] (hinh 1). Hai hgp chat TCZPZCN va 2TCzPZCN trong
cong bd cua J. Liu va cs (2019) [12] dwoc chimg minh phat
xa TADF v6i AE . nho hon 0,1 eV. Linh kién OLED st
dung vat liéu TCzPZCN va 2TCzPZCN cua J. Liu va cs
(2019) [12] cho EQE lan luot1a 7,1 va 12,2% [12]. Trong
nghién ctru cua L. Salah va cs (2021) [13], nhom tac gia da
chi ra rang 16i 2-cyano pyrazine dugc xac dinh 1a mot mo tip
quan trong dé diéu chinh khong gian lap thé va goc nhi dién
theo cach ngan chan sy hinh thanh dimer. Ca hai nghién ctru
dd ching minh ring 2-cyanopyrazine 1a acceptor dy hua
hen dé thiét ké c4c tac nhan TADF mau xanh lam ¢6 do 6n
dinh mau cao.
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Hinh 1. Mét sé phan tir phat huynh quang hoat héa nhiét tré cé
chira pyrazine.
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> Bié€n tinh dai mau phat xa

Hinh 2. M6t s6 phan tir phat quang méi chivra 2-cyanopyrazine
trong nghién ctru nay.

Trong nghién ciru nay, chung t6i trinh bay quy trinh tong
hop va danh gid tinh chit quang ctia mot loat cic dan xuat
2-cyanopyrazine méi. Cac hop chét nay dugc thiét ké dua
trén mo tip donor-acceptor, v6i 161 2-cyanopyrazine dong
vai tro acceptor va hai nhom thé phenyl dong vai tro donor
yéu (hinh 2). Piém dic biét cla ciu trac nay 1a cac nhom
thé trén phenyl c6 thé d& dang duoc thay d6i thong qua phan
mg Suzuki, cho phép diéu chinh tinh chat phat quang ciia
phan tir. Nghién ctru ndy nham muc dich mo rong thu vién
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cac hop chat phat quang dua trén pyrazine, dong thoi lam
sang to mdi quan hé giita cdu tric va tinh chat quang cta
chung. Két qua thu dugc s& dong gbp quan trong vao viée
phat trién cac vat liéu OLED mau xanh hiéu suét luong tu
cao va 6n dinh. Véi tiém ning tmg dung to 16n cua cac vat
liéu nay trong cong nghé man hinh va chiéu sang tién tién,
nghién ctru cia ching t6i hira hen s€ thu hut sy quan tam
ctia cong ddng khoa hoc ciing nhu cac nha nghién ctru cong
ngh¢ trong linh vuc lién quan.

2. Nguyén liéu va phuong phap nghién cuu
2.1. Nguyén liéu

Céc héa chat va dung méi phan tng dugc mua tir cac
Hang Sigma-Aldrich, Merck, TCI, AKSci va st dung truc
tiép ma khong qua tinh ché. Phd cong hudng tir hat nhan
1H-NMR va 13C-NMR dugc do trén may Bruker Avance
500 MHz, stt dung CDCI3 lam dung méi va tetramethylsilane
(TMS) 1am chat chuan ndi. Pho hap thu tir ngoai (UV) dugc
do trén hé¢ may DS5 Dual Beam UV-Vis Spectrophotometer
(Edinburgh). Ph6 huynh quang duoc do trén hé may Mid-
Focal Length Imaging Spectrometers iHR550 (Horiba).

2.2. Quy trinh téong hop 3,6-diarylpyrazine-2-
carbonitrile thong qua phan irng Suzuki-Miyaura

Quy trinh chung tér}g hop cua 3,6-diphenylpyrazine-2-
carbonitrile 3a dugc thé hién & (hinh 3):

Pd(PPh3)4
Cl_ N_ CN NaZCO3
T, v A
N D|oxane/H20
1 2a-f 110°C. 24h 3a-f
(R=aryl)

Hinh 3. So dbé téng hop cac dan xuét 3,6-diarylpyrazine-2-
carbonitrile (v&i R la cac aryl khac nhau).

Cho 3,6-dichloropyrazine-2-carbonitrile 1 (150 mg,
0,862 mmol), axit phenyl boronic 2 (231 mg, 1,897 mmol),
Pd(PPh,), (5’0 mg, 0,043 mmol) va Na, CO, (457 mg, 4,31
mmol) vao ong chiu ap 40 ml. Hon hop dugc loai khi bang
ky thuat back-filled bang khi Argon nhiéu lan. Phan tng
duogc gia nhiét & 100°C trong 24 gio. Sau phan tng, dung
mdi duoc loai bo bing may cit quay ap suét thip. Hon hop
dugc chiét véi etyl axetat va nude. Pha hiru co dugc 1am kho
bing Na_SO,, loc va dung mdi duge cét loai & ap suat thép.
Céan mau vang dugc tinh ché b?mg sic ky cot (silica gel,
hexan/etyl axetat 3:1) thu dugc 3a (177 mg, 80%) dudi dang
chit ran mau tring. '"H NMR (600 MHz, Chloroform-d) &
9,24 (s, 1H); 8,14-8,08 (m, 2H); 8,08-8,02 (m, 2H); 7,62-
7,51 (m, 6H). 3C NMR (126 MHz, Chloroform-d) & 154,5;
150,8; 143,5; 134,3; 134,1; 131,0; 130,9; 129,3; 128,9;
128,9; 127,0; 126,7; 116,7.
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3,6-di-m-tolylpyrazine-2-carbonitrile 3b: Pugc diéu
ché theo quy trinh chung sir dung 3,6-dichloropyrazine-2-
carbonitrile 1 (150 mg, 0,862 mmol), axit (3-methylphenyl)
boronic (258 mg, 1,897 mmol). San phdm dugc tinh ché
bang séc ky cot nhanh (silica gel, hexan/etyl axetat 5:1) thu
duogc 3b (199 mg, 81%) dudi dang chit rin mau tring. 'H
NMR (600 MHz, Chloroform-d) 6 9,20 (s, 1H); 7,93 (s, 1H);
7,90-7,82 (m, 3H); 7,49-7,40 (m, 2H); 7,36 (dddt, J=15,7;
7,6; 1,8; 0,9 Hz, 2H); 2,48 (d, J=2,2 Hz, 6H). *C NMR (126
MHz, Chloroform-d) ¢ 154,5; 150,8; 143,5; 139,1; 138,8;
134,2; 134,1; 131,7; 131,6; 129.4; 129,1; 129,1; 128.,8;
127,9; 127,7; 126,7; 126,0; 124,1; 116,7; 21,5; 21.4.

3,6-di-o-tolylpyrazine-2-carbonitrile 3¢: Puoc diéu
ché theo quy trinh chung sir dung 3,6-dichloropyrazine-
2-carbonitrile 1 (150 mg, 0,862 mmol), axit (2-dimethyl)
boronic (258 mg, 1,897 mmol). San pham dugc tinh ché
bang sic ky cot nhanh (silica gel, hexan/etyl axetat 6:1) thu
dugc 3¢ (165 mg, 67%) dudi dang chat rdn mau trang. 'H
NMR (600 MHz, CDCL,) 6 8,96 (s, 1H); 7,50-7,32 (m, 8H);
2,50 (s, 3H); 2,36 (s, 3H). "C NMR (126 MHz, CDCI,)
5 156,4; 154,0; 146,3; 136,9; 136,8; 134,6; 134,2; 131,6;
131,2; 130,4; 130,2.

3,6-bis(3,5-dimethylphenyl)pyrazine-2-carbonitrile
3d: Puoc diéu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (3,5-dimethyl)boronic (285 mg, 1,897 mmol).
San pham dugc tinh ché bang sic ky cot nhanh (silica gel,
hexan/etyl axetat 6:1) thu dugc 3d (189 mg, 70%) dudi
dang chat rdn mau trang. 'H NMR (600 MHz, CDCL) §
9,19 (s, 1H); 7,71 (s, 2H); 7,63 (s, 2H); 7,16 (s, 2H); 2,44 (s,
12H). "C NMR (126 MHz, CDCl,) § 154,7; 151,1; 143,6;
139,1; 138,7; 137,3; 134,3; 134,2; 132,7; 132,4; 131,2;
126,7; 124,9; 21 ,4.

3,6-di([1,1’-biphenyl]-2-yl)pyrazine-2-carbonitrile
3e: Puoc diéu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (1,1>-biphenyl)-2-ylboronic (376 mg, 1,897
mmol). San pham dugc tinh ché bang sic ky cot nhanh
(silica gel, hexan/etyl axetat 6:1) thu dugc 3e (212 mg,
60%) dudi dang chat ran mau tring. '"H NMR (600 MHz,
CDCL,) 6 8,14 (s, 1H); 7,78 (dd, J=7,7; 1,4 Hz, 1H); 7,63-
7,47 (m, 7H); 7,39-7,27 (m, 6H); 7,18-7,14 (m, 2H); 7,13-
7,08 (m, 2H). "C NMR (151 MHz, CDCL,) § 155,8; 153,0;
147,4; 142,0; 141,1; 140,0; 139,7; 133,9; 133,6; 130,9;
130,7; 130,6; 130,5; 130,3; 130,2; 130,1; 129,7; 129,2;
128,7; 128,3; 128,2; 127.,8; 127,7; 127,4; 115,5.

3,6-bis(3-methoxyphenyl)pyrazine-2-carbonitrile
3f: Pugc didu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (3-methoxyphenyl)boronic (288 mg, 1,897
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mmol). San pham dugc tinh ché bang sic ky cot nhanh
(silica gel, hexan/etyl axetat 3:1) thu duoc 3f (213 mg, 78%)
dudi dang chit rin mau tring. '"H NMR (600 MHz, CDCI )
89,21 (s, 1H); 7,68-7,63 (m, 3H); 7,51-7,44 (m, 2H); 7,13-
7,07 (m, 3H); 3,92 (s, 3H); 3,91 (s, 3H). *C NMR (126
MHz, CDCl,) & 160,9; 160,4; 159,9; 156,9; 150,7; 143,5;
135,4; 130,0; 121,2; 119,3; 117,3; 117,1; 113,8; 112,2;
107,8; 106,2; 101,5; 55,4; 55,2.

3,6-bis(2- methoxyphenyl)pyrazme 2-carbonitrile
3g: duoc diéu ché theo quy trinh chung st dung
3,6-dichloropyrazine-2-carbonitrile 1 (150 mg, 0,862
mmol), axit (2-methoxyphenyl) boronic (288 mg, 1,897
mmol). San phim duoc tinh ché bing sic ky cot nhanh
(silica gel, hexan/etyl axetat 3:1) thu duoc 3g (219 mg,
80%) dudi dang chat ran mau tring. '"H NMR (600 MHz,
CDCL,) 6 9,46 (s, 1H); 8,00 (dd, J=7,7; 1,8 Hz, 1H); 7,57
(dd, J=7.,5; 1,8 Hz, 1H); 7,49 (dddd, J=20,3; 8.3; 7.4; 1,8
Hz,2H); 7,15 (tdd, J=7,5; 4,0; 1,0 Hz, 2H); 7,07 (dd, J=14,6;
7,4 Hz, 2H); 3,93 (d, J=1,8 Hz, 6H). *C NMR (126 MHz,
CDClL,) 6 157.,4; 156,9; 152,4; 149,7; 147,8; 132,0; 131,9;
131,4; 131,2; 124,3; 123,7; 121,5; 121,1; 116,3; 116,0;
111,4; 111,4; 55,6; 55,3.

2.3. Quy trinh dinh gid tinh chit phdt quang

Quy trinh chung chuan bi miu d4nh gia tinh chét quang
hoc nhu sau:

3,6-diphenylpyrazine-2-carbonitrile 3a: Can 12,86 mg
(0,05 mmol) 3a, thém vao binh dinh mic 25 ml va dinh
mirc bang DCM thu duoc dung dich A ¢6 ndng do 2 mM.
Lay 62,5 pl dung dich A vao binh dinh mirc 25 ml thu dugc
dung dich 5 pM. Dung dich nay s& duoc dung dé danh gia
céc tinh chat quang hoc [14].

3,6-di-m-tolylpyrazine-2-carbonitrile 3b: Puoc chuan bi
theo quy trinh chung su dung 14,26 mg (0,05 mmol) 3b.

3,6-di-o-tolylpyrazine-2-carbonitrile 3¢: Pugc chudn bi
theo quy trinh chung su dung 14,26 mg (0,05 mmol) 3c.

3,6-bis(3,5-dimethylphenyl)pyrazine-2-carbonitrile 3d:
Pugc chuan bi theo quy trinh chung st dung 15,67 mg (0,05
mmol) 3d.

3,6-di([1,1’-biphenyl]-2-yl)pyrazine-2-carbonitrile 3e:
Puoc chuan bi theo quy trinh chung st dung 20,41 mg (0,05
mmol) 3e.

3,6-bis(3-methoxyphenyl)pyrazine-2-carbonitrile ~ 3f:
Pugc chuén bi theo quy trinh chung sir dung 15,85 mg (0,05
mmol) 3f.

3,6-bis(2-methoxyphenyl)pyrazine-2-carbonitrile ~ 3g:
Pugc chuan bi theo quy trinh chung sur dung 15,85 mg (0,05
mmol) 3g.
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3. Két qua va ban luan
3.1. Két qud tong hop chit

Bang 1. T6i wu héa phan (¢ng.

SO thirtw  Xiic the Dung méi Bazo Hiéu suét (%):
1 Pd(PPh,), THF K,PO, 40
2 Pd(PPh,), THF K,CO, 40
3 Pd(PPh,), THF Na,CO, 45
4 Pd(PPh,), THF NaOH 33
5 Pd(PPh,), Dioxane Na,CO, 55
6 Pd(PPh,), Tol Na,CO, 41
7 Pd(PPh,), DMF Na,CO, 19
8 Pd(PPh,), Dioxane/H,0 Na,CO, 70
9 Pd(C,H,).CI, Dioxane/H,0 Na,CO, 58
10 Pd(NCCH,),Cl, Dioxane/H,0 Na,CO, 60
11° Pd(OAc), Dioxane/H,0 Na,CO, 20
12¢ Pd(OAc), Dioxane/H,0 Na,CO, 15
13¢ Pd(PPh,), Dioxane/H,0 Na,CO, 71
14¢ Pd(PPh,), Dioxane/H,0 Na,CO, 80
15 Pd(PPh,), Dioxane/H,0 Na,CO, 80

Diéu kién: Pd(PPh,), (0,05 equiv.), bazo (5 equiv.), dung méi (5 ml,
Dioxane/H,O (5/1)), 80°C, 24 gi¢. ® DPEPhos (0,1 equiv.). © XantPhos
(0,1 equiv.); ¢ 90°C; © 100°C; * 120°C; 9 Hiéu suét phan lap béng sic ky
c6t. Dimethylformamide - DMF, Tetrahydrofuran - THF.

Quié trinh t&i uu héa phan ng duge thuc hién bang cach
str dung xtc tac Pd(PPh3), trong dung moi tetrahydrofuran
(THF) ¢ 80°C (bang 1). Cac bazo khac nhau nhu K.PO,,
K,CO,, Na,CO,, NaOH da duoc khdo sat, trong d6 Na,CO,
cho hiéu suat tot nhat (45%). Tiep theo, anh hudng cua dung
moi dugc danh gia voi cac dung moi nhu dioxan, toluen,
dimethylformamide (DMF). Két qua cho thdy, DMF cho
hiéu suat thap nhat, trong khi dioxan mang lai hiéu suat cao
hon (55%). H¢ dung moi chtra nude thuong dugce st dung
trong phan tmg Suzuki va mang lai hiéu qua tét. Do do, hé
dung mdi dioxan/H,O da dugc khdo sat va thu dugc két qua
kha quan v6i hiéu suit phan tng 1én dén 70%. Dé nghién
ctru anh huong cia xuc tac, cac ngudn xuc tac paladium
khéac nhau nhu Pd(C H,),Cl,, Pd(NCCH,),Cl, da dugc danh
gia, tuy nhién khong mang lai hi¢u suat cai thién dang ke.
Khi st dung Pd(OAc), két hop véi cac ligand DPEPhos va
XantPhos, hiéu suit phan ung giam xudng con 15-20%.
Cudi cung, anh hudng cua nhiét d6 dugc khao sat va 100°C
duoc xac dinh 1a nhiét do tdi uu, mang lai hi€u sudt cao nhat
(80%) (hinh 4).

2]



HO _OH
Cl
—_— T
Dung méi ‘ >
Bazo N
80°C 3a

Hinh 4. So’ d4 t6i wu héa phan (rng téng hop 3,6-diphenylpyrazine-
2-carbonitrile 3a.

Véi didu kién t6i wu dd xac dinh, 7 din xuét
2-cyanopyrazine mdi da dugc tong hop thanh cong véi higu
suét phén 1ap tir 60 dén 81% (hinh 5).

Red

Pd(PPha)s
Na,CO, R__N_ _CN

15

(HO)B-R
Dioxane/H,0

3a, 80% 3b, 81% % 3c, 67% F : 3d, 70}©/
‘? CN
3e, 60% ‘I/‘ 3, 78% 39, 80%

Hinh 5. Cac dan xuét 2-cyanopyrazine da téng hop thanh céng.
3.2. Két qud ddanh gid tinh chit phdt quang

Bang 2. Cac thong sé vat ly ctia dan xuét 3,6-diphenylpyrazine-2-cyano.

Hop A i, &3 A em Av Av FWHM E o
4 o ‘max max ’ ; 1 (nm) ‘ap
chat (nm)  (nm) (nm) (nm)  (em?) (em”) @ (eV)

3a 275 283 382 99 9158 3259 344 343
3b 215 295 389 94 8191 3325 354 339
3e 275 266 353 87 9265 6250 317 347
3d 215 300 390 90 7692 4019 357 337
3e 215 282 394 112 10080 3274 354 343
3 215 280 414 134 11560 4486 364 3,29
3 215 264 403 139 13065 3295 n 328

Pé danh gia anh hudng cua cac nhém thé khac nhau
trén cau phan phenyl dén tinh chét phat quang, dan xuat
2-cyanopyrazine véi nhom thé phenyl don gian (3a) duoc
khao sat dau tién [15]. Két qua béng 2 cho thdy, 3a hiu nhu
khong phat quang o vung kha klen trong dung dich, véi dai
phat xa chil yéu ndm trong ving gan UV, dinh phat xa & 382
nm. Gia tri bgndgap cua 3a duoc t}nh toan tu ‘puoc song A,
la 3,43 eV, nam trong vung UV. D¢ dich chuyén dai phat xa
vé ving kha kién, cac nhom déy dién tir dwoc dua vao phan
tr nham (1) tang d¢ dai lién hop va (2) su dung hi¢u ung
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nhom lién ké dé giam bandgap. Cac phd phét xa thu dugc co
cuong do cao, tin hidu khong nhiéu, goi y hiéu sudt lwong tir
cao. Cung vai do, & phd hap thu cua tit ca cac san pham, dai
chuyén dién tir (CT band: charge transfer) déu dugc quan
sat thiy.

Do cac nhom thé dugc dwa vao & ca hai ciu phan vong
phenyl (ciu phan donor - vi tri cta orbital HOMO) déu la
céc nhom déy dién tir, kha ning day dién tir ciia chung déng
vai trd quan trong hon so véi vi tri cia nhom thé. Nhom
methoxyl trong 3f va 3g ¢ hiéu tmg cong hudong day manh
vao vong phenyl, gitip diéu chinh dang ké gia tri bandgap,
khong phu thudc vao vi tri nhém thé.

Dbi voi 3e, viéc dua hai nhom phenyl vao phén tir duoc
cho 13 s& l1am tang dang ké do dai lién hop, nhung gia tri
bandgap gin nhu khong ddi. Nguyén nhan 1a do nhém
phenyl dugc thé vao 0 vi tri ortho so v6i16i 2-cyanopyrazine,
cau tric khong gian cong kénh khién hai vong phenyl b vin
xoin, dan dén giam do dai lién hop va ting gia tri bandgap .

Cac phan tir 3b va 3d co gia tri bandgap gan nhu khong
thay d6i dang ké do do dai lién hop khong doi va kha ning
day yéu ctia nhom methyl lién ké. Tuong tu, 3¢ ciing chi
dugc dua thém nhom methyl ddy dién tir yéu, nhung do vi
tri céng kénh, d6 dai lién hop giam, tham chi con dan dén
su ting 1én cua gi4 tri bandgap. Su twong ddng vé tinh chét
giita 3b va 3d cho thay kha ning diéu chinh kém ctia nhom
methyl & vi tri meta. Hiéu tng day siéu lién hop cta mot
nhoém methyl (3b) l1am gidm bandgap 0,04 eV, nhung khi
dua vao hai nhom methyl (3d), gia tri bandgap ciling chi
giam 0,06 eV.

Hai phan tir 3f va 3g phat quang chu yéu ¢ dai kha kién,
trong d6 do rong dai phat quang cua 3g nhoé hon dang ké
so voi 3f. Nhom methoxy ddy dién tir qua hiéu tng cong
hudng ctia 3f ndm & vi tri 3, khién orbital HOMO phén b
O cac carbon 2, 4, 6 cua vong phenyl. Trong khi d6, nhom
methoxy ctia 3g ¢ vi tri 2, din dén orbital HOMO phan bd
O céc carbon 1, 3, 5. Nho vay, qua trinh chuyén dién ti tur
HOMO sang LUMO (phén b & acceptor) cua 3g tré nén
hiéu qua hon hon 3f, ning lugng bi mét di it hon, khién dai
phat xa trd nén chon loc hon .

Ngoai ra, ph6 hap thu cia tat ca cac phéan tir déu quan
sat thay hai dinh hap thu hodc mét vai & dinh hip thu chinh,
tuong ung vdi hai qua trlnh hap thu khac nhau (hinh 6) Dai
hap thy dich chuyen vé phia do tng v6i qua trinh hap thy
chuyen dién t. Diéu nay clng goi ¥ rang, trong qué trinh
hap thy photon, ¢6 sy di chuyén cia electron tir HOMO t6i
LUMO véi vi tri khac nhau trén phén ta. Sy xuét hién cta
dai CT, cung véi kha nang diéu chinh bandgap hiéu qua
bang nhom lién ké, goi ¥ su phén tach vi tri cia HOMO
va LUMO trén phan tr. Cac phan tr c6 HOMO va LUMO
phan bd & cic phan khac nhau thuong dem lai hiéu suat
lugng tir cao thong qua hiéu g TADF.
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Phat xa tiéu chuin

H3p thu tiéu chudn

Bwéc séng (nm )

Hinh 6. Phé hap thu va phat xa clia cac hop chat 3a-3g.

4. Két luan

Trong nghién ctru nay, ching t6i da thiét ké va tong
hop thanh cong 7 dan xuét 2-cyanopyrazine méi theo mo
tip donor-acceptor-donor (ngoai trir hop chét 3a). Tinh chét
phat quang trong dung dich cta cac dan xuét nay da duoc
khao sat va danh gia. Két qua cho thay, cac tinh chat quang
hoc ¢ thé duge diéu chinh mot cach hiéu qua bﬁ“mg cach
dua cac nhom thé vao ciu trac phan tir. Nghién ciru ciing
chi ra cac phuong phap tiém niang dé kiém soat tinh chat
phat quang ctia phan tir theo muyc dich mong mudn, bao gdm
viéc thay doi do dai lién hop, str dung hiéu tmg nhém lién
ké, va diéu chinh vi tri ciia céc orbital HOMO va LUMO.
Céc két qua thu dugc trong nghién ciru ndy mé ra trién vong
g dung ctia cic dan xudt 2-cyanopyrazine trong linh vuc
quang dién tu va vat liéu phat quang.

LO1 CAM ON

Nghién ctru ndy duoc tai tro boi Quy Phat trién Khoa
hoc va Cong nghé Quéc gia (NAFOSTED), mi s6 104.01-
2020.35. Céc tac gia xin chan thanh cam on.
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