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_ Nghién citu ndy khao sat carbazole (a) va bon dan xudt (b—e) ¢ mirc DFT/TD-DFT
nham lam r’0~ moi ]ién hé cau tric va tinh chat dién . Hlnh hoc ¢ trang thdi co ban Singlet
(So) dwoc toi wu bang TPSS/6-311++G(d,p) (khong cd tan so dao), con ¢ trang thdi Triplet (T))
va cdc loai vé mo dung UTPSS cung bo co so tuong ung; pho hap thu dwoc mo phong bang
TD-DFT. Keét qua cho thdy nhom dono —acceptor va vi tri gan (2,7 so voi 3,6, thay thé N-9
bang Cl) da diéu chinh manh mé mirc HOMO/LUMO, nang luong kich thich Esi, Er; va chénh
léch singlet-triplet (AEs 1). Hai xu huwong noi bat: Thir nhat, khi gan nhom thé tai vi tri 3,6
trén khung carbazole dé tao h¢ D—r—A (chat c) thi sé lam giam AEs 1 xuong 0,58 eV va gady
dich chuyén do manh; Thir hai, nhom the CI c6 the lam suy giam d¢ lién hop va chuyén dién
tich noi phan tw ICT (chat e), trong khi chat d van hap thu & ving kha kién (~420 nm) voi

cwong do tang. Nhitng két qua nay goi ¥ chién hegc t6i wu héa vi tri va logi nhém thé trén
khung carbazole cho cac ung dung quang dién tu.
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Abstract

DFT/TD-DFT calculations were employed to clarify the relationship between
molecular structure and electronic properties of carbazole and four derivatives. Ground-state
singlet (So) geometries were optimized with TPSS/6-311++G(d,p) (no imaginary frequencies),
while triplet-state (T:) and other open-shell species were treated with UTPSS using the same
basis set; absorption spectra were simulated via TD-DFT. The computed results show that
donor—acceptor groups and substituent positions (2,7 versus 3,6, N-9 substitution by Cl)
strongly modulate the HOMO/LUMO levels, the first singlet and triplet excitation energies
(E _SI, E TI), and the singlet—triplet energy gap (AE S—T). Overall, introducing substituents
at the 3,6-positions of the carbazole core to form a D-n—A system (compound c) reduces
AE S-T to 0.58 eV and produces a pronounced red shift. iln addition, the CI substituent can
diminish conjugation and intramolecular charge transfer (compound e), whereas compound
d still absorbs in the visible region (~420 nm) with enhanced intensity. These findings suggest
that carefully choosing both the position and nature of substituents on the carbazole scaffold
is an effective strategy for optimizing materials for optoelectronic applications.

Keywords: Carbazole; D-w—A, DFT, TD-DFT, HOMO/LUMO, Esi/Ei, AEs-1, UV-Vis.
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1. Giéi thi¢u

Tinh toan hoa hoc luong tir ngay cang khang dinh vai trd quan trong trong nghién ciru
va phat trién vat lidu hitu co tién tién, nho kha nang du bao va diéu chinh cac dic tinh ciu truc,
dién tir va quang hoc & muc dd nguyén tir va phan tir (Bernardo & cs., 2010; Bingul & cs.,
2019; Shi & cs., 2010). Khac voi cac phuong phap thuc nghiém truyén thong von doi hoi
nhiéu chi phi va thoi gian, cic phuong phap tinh toan hién dai nhu 1y thuyét phiém ham mat
d6 (DFT) va Iy thuyét phiém ham mat do phu thudc thoi gian (TD-DFT) cho phép md phong
chi tiét c4c tinh chat dién tir, cau triic va quang hoc cta vét liéu mot cach chinh x4c va hiéu
qua (Ballav & Biswas, 2003; Davidge, 1959; Rogers & Corson, 1947). Dic biét, d6i voi
cac h¢ phan tr « lién hop nhu carbazole va dan xuat ciia n6, kha ning kiém soat mirc nang
lugng HOMO-LUMO théng qua viée gan cac nhom thé donor va acceptor vao cac vi tri chién
lugc trén khung vong thom cé y nghia quyét dinh trong thiét ké vat liéu cho cac tmg dung dién
tir hitu co va quang dién tor (Guo & cs., 2013; Hlel & cs., 2015; Meerholz & cs., 1994).

Carbazole, hop chat di vong thom vdi ciu trac ba vong (hai vong benzene ndi véi vong
pyrrole), ndi bat nho do bén nhiét cao, kha nang van chuyén dién tich hiéu qua va su linh hoat
trong viéc bién d6i cau tric hod hoc. Chinh nhd nhitng ddc diém wu viét nay, carbazole dugc
sir dung rong rai trong nhiéu tmg dung céng nghé hién dai nhu diode phat sang hiru co (OLED),
transistor hiéu ing truong hitu co (OFET) va pin mat trdi hiru co (OPVs) (Garza & cs., 2014;
Lakhera, Devlal, & cs., 2022; Lakhera & cs., 2023; Rana & Chowdhury, 2020). Tuy
nhién, hién nay van chua co nhleu nghién ctru ly thuyet toan dién khai thac sau sac moi tuong
quan cAu trac—tinh chat dién tir thong qua mé hinh luong tir.

Nghién ctru nay tap trung khao sat carbazole va bén dan xuét thong qua cac phuong
phap DFT va TD-DFT, nham 1am rd méi lién hé giita ciu trac phén tir véi cac dic trung dién
tir va quang hoc quan trong. Chung t6i tap trung khao sat cac vi tri 2,7; 3,6 va N-9 trén khung
carbazole vi ddy la nhiing vi tri doi xtrng hodc dic thu, c6 anh hudng truc tiép dén d6 lién hop,
hiéu tmg ICT ciling nhu van chuyén dién tich (Garza & cs., 2014; Meerholz & cs., 1994),
trong khi cac vi tri khac chua dugc xem xét nham dam bao trong tdm nghién ctu Cu thé,
nghién ctru phan tich sy anh huong cta nhom thé donor (N,N-dimethylamino) va nhom
acceptor (—-NOz), cling nhu viéc thay thé tai vi tri N-9 bang Clo dén cac dic tinh dién tir then
chét nhu murc ning lwong HOMO/LUMO, ning lugng kich thich & trang thai singlet (Es)),
triplet (Er1), va chénh 1éch nang luong singlet-triplet (AEs 7). Két qua tir nghién clru nay
khong chi gop phan lam sang to co’ ché diéu chinh tinh chat quang dién tir ma con cung cép co
so 1y thuyét quan trong dé phat trién cac vat liéu hitu co hiéu suat cao phuc vu cac ung dung
trong cong nghé tién tién (Becke, 1993; Hehre & cs., 1972; Lee & cs., 1988).

2. Phwong phap nghién ciru

2.1 Cac phwong phap khio st cAu tric va tinh chét dién tir

a. Téiwu héa va tinh todn cdu tric dién tir

Tt ca phép tinh & pha khi duge thyc hién bang Gaussian 16 (Frisch & cs., 2016) , st
dung Ly thuyét phiém ham mat do (DFT) (Hohenberg & Kohn, 1964; Kohn & Sham,
1965). Téi uu hinh hoc 4p dung ham trao ddi-tuong quan TPSS véi bd co so 6-31G(d,p)
(Hehre & cs., 1972), nham thu duoc hinh hoc can bang va cac tham sb dién tir dic trung cua
phan tir. Bén canh d6, TD-DFT (Barone & cs., 2002; Gross & cs., 2005) dugc dung dé xac
dinh cac mirc kich thich don—don; phép tan sb dao dong didu hoa & cung muc 1y thuyét duoc
tinh dé kiém tra cyc tiéu that va trich xuét cac dai lugng nhiét dong hoc (Huong & cs., 2015).
Vi hé vé mo (cation, anion), sit dung TPSS cung b co so tuong ng dé du doan hinh hoc va
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dic trung dién tir lién quan dén din truyén dién tich ctia hé m-lién hop. TPSS cho d6 6n dinh
t6t hon vé hinh hoc va niang lugng trong ca trang thi singlet va triplet. Do d6, chung t6i lwa
chon TPSS/6-311++G(d,p) vi can bﬁng gitra do chinh x4c, chi phi tinh todn, va kha nang mo
ta t6t lién hop 7 ((Jacquemin & cs., 2009)

b. Khao sat phé UV-Vis

Phé hap thy dugc mo phong bang TD-DFT trong Gaussian, mot phuong phap can bang
t6t giita do chinh xac va chi phi tinh toan khi dy doan trang théi kich thich ctia phén tir hitu co.
Quy trinh trién khai: Téi uu So bang DFT dé c6 hinh hoc d4u vao & ning luong thép nhat;
Thuc hién TD-DFT dé thu cac trang thai kich thich (singlet/triplet), tur do trich XUAt Amaxs
Eexcitation V& cuong d¢ dao dong; Phén tich cac gia tri thu dugc dé danh gia ban chat n—m*,
n—* hodc ICT cua ting dai hip thu; ap dung mo hinh dung méi PCM dé dénh gia anh huong
moi truong (sir dung dung méi nude) dén vi tri,cudng do dai hap thu va so khdp véi pho thuc
nghiém.

c. Khao sat nang lvong HOMO-LUMO

Nang lugng céac orbital bién dugc xac dinh sau khi tdi wu hinh hoc béng DFT/TPSS véi
6-311++G(d,p) & dam bao cau hinh bén viing va gia tri nang lugng déng tin cay cho timg hop
chat (Becke, 1993; Hehre & cs., 1972; Lee & cs., 1988). Khe ning lugng dugce tinh theo
cong thtrc:

AE = Erumo — Enomo

Trong d6, AE nho ham y hé dé kich thich (budc song dai), con AE 16n twong Umg hép
thu ¢ ning lugng cao (budc song ngan). Ngoai tri s6 tuyét ddi, viéc quan sat phan bd khong
gian cia HOMO/LUMO gitip nhan dién xu huéng ICT, qua d6 lién hé truc tiép v6i hanh vi
hép thu/phat xa va dan tmyén dién tich cua vat liéu.

2.2 Chuén bi dir liéu va tién hanh chay bing cic chwong trinh trén may tinh

a) 9H-Carbazole

H
|
H,C N
\
N NO,
HJC 3C - N

b) N N-dimethyl-7-nitro-9H-carbazol-2-amine  c¢) N, N-dimethyl-6-nitro-9H-carbazol-3-amine

c' ~N
|
o
N NO,
CH

3
d) 9-chloro-N,N-dimethyl-7-nitro-9H-carbazol- &) 9-chloro-N,N-dimethyl-6-nitro-9H-carbazol-

2-amine 3-amine

Hinh 1. Cau tric héa hoc dang phiang cia carbazole va cac dan xuat
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Ban dau, chung toi vé cAu trac, thiét lap t€p dau vao cua céc chit & trang thai trung hoa,
cation va anion tuong tng. Sau khi v€, chung t6i thiét 1ap dé chay bang Gaussian dé€ lay toa do
cua céc cau truc.

Tiép dén thiét 1ap 1énh dau véi 1énh cac 1énh tdi uu hoa ciu triic va tinh tan sd, luu y
chinh d¢ bdi spin dién tich, toa do tuy vao ting chit khao sat, riéng ddi voi viée khao sat tinh
quang phi tuyén, tép dau vao c6 thém thong s6 budc song. Cac phép tinh phan tir duoc thuc
hién trong pha khi theo khuon kho 1y thuyét ham mat d6 (DFT) va chay bang cac. Hinh hoc
dugc toi wu & mirc DFT voi ham TPSS két hop bo ham co s6 6-311G++(d,p), bude song sir
dung d¢ khao sat tinh quang phi tuyén 1a 1064 nm.

3. Két qua va thao luan
a. Cau trac dién tur cua cac hop chat

Toan b hé dugc ti wu hinh hoc va kiém tra bang tinh toan tan sd dao dong diéu hoa;
céc phép tinh sir dung ham TPSS két hop b co's¢ 6-311++G(d,p). Cach tiép can nay da dugc
chimg minh 13 déng tin cdy khi khao sat cau tric va cac dac trung van chuyen dlen tich cta
vt liéu ban dan hiru co (Tao & cs., 2003). Két qua tan s6 cho thay khong c6 tin s6 40 & moi
chu triic t6i wu, qua d6 khang dinh cac nghiém tim duoc twong g voi cuc tiéu nang luong
trén bé mat thé ning. Trong tap hop nghién ctru, a la carbazole, con b, ¢, d, e 1a cac dan Xuét
khung carbazole nhu minh hoa ¢ Hinh 1. Hinh hoc cua cac chit tai trang thai co ban singlet
(So) va trang thai kich thich triplet (T;) 1an luot dugc trinh bay trong Hinh 2 va Hinh 3.

@
¢ ©
a)
@
L8
(™Y
o P b4
b) Y}
"5
@
©
(>}
d) €)

Hinh 2. Céu tric cia a,b,c,d Vva e 0 trang thai co ban singlet (So)
theo mirc ly thuyéet TPSS/6-311++G (d,p).
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b) ¢ )

d)

Hinh 3. Cu triic ciia a,b,c,d va e 6 trang thai triplet (T:)
theo mirc ly thuyet TPSS/6-311++G (d,p).

Béng 1 trinh bay cac goc nhi dién gitta nhoém cho dién tir (CH3),N—) va khung carbazole,
cling nhu gilra nhdm nhén dién tir (—NO3) va carbazole trong ba trang thai di¢n tich (trung hoa,
cation, anion). Viéc khao sat cac goc ndy cung cip chi bao dinh lugng vé mirc do lién hop n
giita cac nhom thé va hé khung, qua d6 cho phép suy luén xu hudng phan bé mat do electron,
6n dinh hinh hoc va cac dic trung dién tr twong Gng.

Ddi v6i nhom —NO,, khi phan tich bdn dan xuét carbazole (b, c, d, e) ¢ trang thai co ban
va md rdng sang ca ba trang thai dién tich, ghi nhan rﬁng cac goc nhi dién déu rat nho, dao
dong trong khoang 0,00—1,02°. Gia tri gan nhu bang khong nay cho thdy nhom NO; duy tri
dong phang gan hoan toan véi vong thom, ham ¥ lién hgp manh giita acceptor va hé n-lién
hop cta khung carbazole. Két qua nay dong thoi cho thdy dong phan bd mat d¢ electron tir
khung chinh den nhom nhén duoc thuén 1¢i, gop phan duy tri cong huong 6 on dinh. Tur d6 ¢o
thé két luan rang goc tai —-NO, khong phai 1a yéu t6 quyét dinh gay ra sai khac dang ké trong
cac tinh chit dién tir gita cac dan xuat néu trén.

Nguoc lai, v6i donor ((CHs)N-), su khac bi€t theo md thirc gan thé hién rd rét. O trang
thai trung hoa, cac dan xuét gin donor tai vi tri 2 ,7(bvad) thé hién goc nhi dién nho hon (x4p
xi 7-8°), phan 4nh mirc dong phang tuong ddi tét giita donor va khung m, tir d6 tang cuong
lién hop. Trai lai, khi donor & vi tri 3,6 (¢ va e), goc tiang 1én 13—17°, cho thiy vin xodn rd cua
donor ra khéi mit phang lién hop.
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Khi chuyén sang cdc trang thai mang dién, xu huéng bién thién cang tré nén ndi bat. 6
cation, ca bon dan xuét c6 xu hudng phing hoa ving donor—n dang chu y, ¢ va e dat goc xap
xi 0°, phan anh thich nghi hinh hoc manh gitip hé phan tir 6n dinh hon sau ion hoa. Trai lai, &
anion, quan sat xu hudng dao chidu: cac hop chat b va ¢ ting goc nhi dién donor—n 1én khoang
60°, biéu thi dy tinh dién dang ké giira donor giau electron va khung n vén ciing dang thira
mat do electron, qua d6 gian doan 1ién hop va tao phan cuc ndi phan tr manh. Nguoc lai, d va

e (mang Cl tai N9) van giit duoc goc nhé hon (2-10°); didu nay dugc giai thich boi hiéu g
cam ng &m (-I) nhe cua Cl, giup giam mét do electron quanh donor, tir d6 han ché day
Coulomb va duy tri ddng phang tét hon ngay ca trong méi trudng anion giau electron.

Bang 1. Goc nhi dién, moment luéng cuc (Debye) ciia cic chit nghién ctru
6 trang thai co ban (So), trang thai triplet (T;) va trang thai mang dién tich
(anion, cation) é mirc ly thuyét TPSS/6-311++G (d,p).

. Goc nhj dién (°) giira khung n-Donor

Trang thai Sy
b c d e

Trung hoa 8,634 17,016 7,045 13,886
Cation 6,438 0,384 7,028 0,006
Anion 60,958 60,103 9,897 2,916

. Goc nhj dién (°) gitra khung n-Acceptor
Trang thai Sy

b c d e

Trung hoa 0,025 0,002 0,657 0,45
Cation 0,281 0,085 0,651 0,026
Anion 0,031 0,005 1,022 0,024

. Moment luwdng cuc
Trang thai Sy

a b c d e

p trung hoa 1,686 10,319 8,320 10,410 7,384
 cation 1,677 15,382 13,364 15,655 12,584
1 anion 4,244 15,782 15,312 12,471 11,495
Trang thai T, Moment lud'ng cwe
Goc nhy dign 0° 0,256° -0,184° 0,016° 0,005°
trung hoa
n trung hoa 1,605 16,708 8,320 13,283 12,341

Céc dit liéu & Bang 2 tong hop d6 dai lién két (trur lién két C—H) ctia cac hé khao sat
trong ba trang thai dién tich (trung hoa, cation, anion), cung cap co s¢ dinh luong dé phan tich
tuong quan cau trac—tinh chat dién tir ciia carbazole va cac dan xuat. O trang thai trung hoa,
cac lién két C—C trén khung thom dao dong trong khoang 1,39-1,45 A, phan anh phan b6 cong
huong on dinh va mot hé 7 lién hop lién tuc. Khi ion héa duong hinh thanh cation, lién két C—
C rut ngén nhe (khoang 1,38-1,44 A, 15 & cac dan xuit b—e). Nguoc lai, ¢ trang thai anion,
céc lién két C—C gidn nhe tro lai (1,39-1,46 A). Lién két C—N bién thién trong 1,36-1,49 A
tiy trang thai dién tich: & trang thai cation, lién két C-N c6 xu huéng ngan hon trung hoa (lién
két bén hon, phan cuc donor-khung giam); & anion, lién két C—N kéo dai, ddc biét & b, c vae,
cho thiy sy xen phil orbital suy giam trong moi trudng giau electron quanh donor va do d6
mat do lién Kkét giam. Déi v&i nhém nitro, lién két N-O trong trung hoa X?ip xi 1,24 A, dién
hinh cho lién két dbi cong hudng N«—O; khi chuyén sang anion, lién két N—O kéo gidn (~1,28—
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1,29 A ¢ bva c), cho thdy déy electron vao acceptor —NOz, 1am suy yéu cong hudng 7 va giam
vai tro nhén electron ctia nhom nay trong mé hinh D-n—A. O cac dan xuat mang Cl tai N9 (d,
e), lién két C—Cl duy tri 1,71-1,74 Ao trung hoa/cation nhung kéo gian manh 1én 2,61-2,66
A trong anion, phan anh suy giam chong lap C—Cl dudi tic dong ctia mat do am du thira va
anh huong 1ap thé cta Cl (ban kinh 16n), tir d6 lam giam 6n dinh cu tric anion va tiém an
nguy co dut lién két.

Bang 2. D) dai ciia cc loai lién két trong phan tir ciia cic chét khao sat

Chit P9 dai lién két (A) Lién két
C-C C-N N-O C-Cl
Trug hoa 1,40-1,45 1,39
a Cation 1,39-1,47 1,38
Anion 1,40-1,44 1,39
b Trug hoa 1,39-1,44 1,39-1,47 1,24
Cation 1,38-1,44 1,36-1,49 1,23
Anion 1,39-1,44 1,39-1,47 1,28
Trug hoa 1,39-1,45 1,38-1,47 1,24
c Cation 1,38-1,46 1,37-1,49 1,23
Anion 1,39-1,45 1,39-1,47 1,29
Trug hoa 1,39-1,44 1,38-1,47 1,24 1,73
d Cation 1,39-1,44 1,36-1,48 1,23 1,71
Anion 1,39-1,45 1,38-1,46 1,25 2,61
Trug hoa 1,39-1,45 1,39-1,47 1,24 1,74
e Cation 1,38-1,46 1,37-1,49 1,23 1,71
Anion 1,39-1,46 1,37-1,47 1,25 2,66

Cation Anion

Hinh 4. Céu tric téi wu va d dai lién két cia c’h:?'lt a (trung hoa, cation, anion) ¢
trang thai co ban singlet theo mire ly thuyét TPSS/6-311++G(d,p).
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Cation Anion

Hinh 5. Céu triic téi wu va d dai lién két ciia chit b (trung hoa, cation, anion) &
trang thai co ban singlet theo mirc ly thuyét TPSS/6-311++G(d,p).

Cation Anion

Hinh 6. CAu tric tdi wu va do dai lién két caa ghﬁt ¢ (trung hoa, cation, anion) &
trang thai co ban singlet theo mire ly thuyét TPSS/6-311++G(d,p).
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Hinh 7. Céu triic t6i wu va d dai lién két cia c,hz‘it d (trung hoa, cation, anion) &
trang thai co ban singlet theo mirc ly thuyet TPSS/6-311++G(d,p).

Cation Anion

Hinh 8. Céu tric t6i wu va d dai lién két cia c,hé"lt e (trung hoa, cation, anion) &
trang thai co ban Singlet theo mirc ly thuyét TPSS/6-311++G(d,p).
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b (V,N-dimethyl-7-nitro-9H- ¢ (V, N-dimethyl-6-nitro-9H-carbazol-
carbazol-2-amine) 3-amine)

d (9-chloro-N, N-dimethyl-7-nitro- e (9-chloro-N, N-dimethyl-6-nitro-9H-
9H-carbazol-2-amine) carbazol-3-amine)

Hinh 9. Ciu tric t6i wu va d dai lién két ciia cac chit a, b, ¢, d va e & trang thai
triplet theo mirc ly thuyét TPSS/6-311++G(d,p).

b. Nang lwong HOMO —LUMO, nang lhwong kich thich ¢ trang thdi singlet va triplet
cia cdc hop chdt ciia carbazole va dan xudt

Ning lugng HOMO, LUMO va miic triplet Er; tai mic 1y thuyét TPSS/6-311++G(d,p),
cung voi nang lugng trang thai kich thich singlet Es; tai mirc TPSS/6-311++G(d,p) va d6 chénh
léch Es 1. Cac két qua cho théy ho din xuét carbazole biéu hién sy diéu chinh dang ké vé
thong s6 dién tir-quang hoc dudi tac dong ciia nhém thé. O hop chat nén carbazole (a), khoang
cach HOMO-LUMO dat 3,43 eV, di kém Es;=4,097 eV, phan anh do bén dién tir cao, hap thu
chu yéu & viing tir ngoai va xu huéng kho chuyén trang thai, ddc trung ctia hé « lién hop it
phén cuc.

Khi gin nhém hit —-NO, va nhém day —N(CH3),, khoang HOMO-LUMO giam xudng
1,57-1,84 eV; déng thoi Es; giam va AEs 1 nhé di theo quy luat: -NO, ha LUMO, con —
N(CHs)2 nang HOMO. Cu thé, nang lugng kich thich cta b, ¢, d, e lan luot 1a 2,124; 1,663;
2,134; 2,486 ¢V, tuong ung A hép thy trong khoang 746499 nm, dich chuyén phd vé do tir
can hong ngoai den vung kha klen (d6—cam-vang-lyc). Xu thé nay nhat quan véi bao cdo thuc
nghiém gan day vé cac dan xuat carbazole, trong d6 diéu chinh hop 1y nhom hut/day cho phép
dich chuyén phé theo yéu cau timg dung (Gonzalez-Ruiz & cs., 2022). Tir goc d6 dinh hudng
vt liéu, a v6i khoang cach HOMO-LUMO 16n va Es; cao thich hop vai tro nén hép thu UV
hodc 16p cach dién quang hoc, nhung khong t6i wu cho phat xa kha kién. Cac hé bva d 6 Es
nam trong mién kha kién, phu hop OLED théng thuong va cam bién quang, song chua tbi vu
cho TADF. Hop chét e c6 Er thip nhung AEst van 16n do d6 khong phu hgp cho TADF.
Pang cht y, ¢ véi HOMO-LUMO = 1,57 eV, Eg; thr?ip va AEs-1=0,58 eV rét trién vong cho
OLED, TADF, OPV, OFET, nho kha niang diéu hoa chuyén dién tich va higu suat phét xa tiém
nang cao.
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Bang 3. Nang lwgng HOMO-LUMO, nang lwgng ¢ trang thai kich thich singlet (Es:),
triplet (E11) va sw chénh léch nang lwgng singlet — triplet (AEs.t) (tat ca cac gia tri dwoc
tinh toan ¢ mirc ly thuyét TPSS/6-311++G(d,p), don vi eV).

Hop chit HOMO LUMO Es: Em AEst
a -5,14 -1,54 4,097 0,527 3,57
b -4,81 -2,97 2,124 0,794 1,33
c -4,52 -2,95 1,663 1,085 0,58
d -4,95 -3,11 2,134 0,765 1,37
e -4,85 -3,21 2,486 0,267 2,22

c. Phé hdp thu UV-Vis cia carbazole va dan xudt

Phé hap thu UV—Vis ctia cac hop chit a—e duoc mo phong bang TD-DFT trong moi
truong nude cho thiy su didu chinh dang ké ciia budce song hap thu cuc dai (Amax) va cudng do
hép thy khi dua cac nhém thé donor/acceptor 1én khung carbazole. Cach tiép can bang phuong
phap TD-DFT cho phép mé ta dap tng dién tir ctia hé dudi kich thich quang, tir 46 cung cap
co so dé phan tich chi tiét hon dic trung dién ti va mébi lién hé cAu tric—tinh chét cua carbazole
va cac dan xuat. Cac két qua trinh bay trong Hinh 10 ghi nhan su dich chuyén 13 1ét ctia Amax
kém bién thién cuong do, phan anh 4nh huéng manh ctia phan cuc D-n—A do nhém cho/nhén
dién tir gy ra d6i v6i dic tinh quang hoc ctia hé.

Phé hip thu UV-Vis mé phong (TD-DFT, dung méi nuéce) cho thiy a (carbazole) xuit
hién mot dinh manh & ving t&r ngoai (Amax~260 nm), dic trung cho sy chuyén doi n—n*caa
hé thom lién hop chua bi phan cuc; diéu nay ddng thoi phan anh khoang cach HOMO-LUMO
16n va murc cong hudng dién tir con han ché, mau hinh dién hinh cua mét hé x lién hop déi
xtng. Khi gan cac nhom day/nhan dién tir manh 1én khung, phd ctia b—e bién thién rd rét ca vé
Vi tri Amax 120 cuong do dao dong, cac s6 liéu ghi nhan sy xuat hién ndi bat cua hi¢u ung ICT.
O chét b (gan nhém thé & vi tri 2,7), Amax chuyén dich vao kha kién (= 500-530 nm) kém tang
nhe cuong do, cho thdy hinh thanh viing phan cuc m6i nhung sy lién hop chua t6i wu do su
chong 1ap HOMO-LUMO chua hiéu qua tai vi tri gin nay. Trai lai, hop chat ¢ (gan & vi tri
3,6) cho su dich chuyén d6 manh nhét (Amax>700 nm) va cudng d6 16n nhat trong toan bd cac
chat; phan tich bién cho thdy HOMO tap trung trén vung donor va LUMO tap trung trén viing
acceptor, dinh hudng ICT & rét. Vi chat d (Cl tai N9 ciia chit b), Amax van & ving kha kién
(=420 nm) nhung cuong d6 tang manh; co ché hop 1y 1a hidu © g cam tng (1) va cong huong
yeu (-R) cua Cl gia tang phén cyc toan phan tu, qua do khuéch dai cuong d6 ma khong lam
thay d6i 16n sy phan bo bién. Nguoc lai, chat e (ciing mé thirc 3,6 nhu ¢ nhung c6 Cl tai N9)
biéu hién giam Amax va suy yéu cudng do dao dong so v6i chit ¢, diéu nay cho thiy su can trd
khong gian va gian doan sy lién hgp do Cl lam giam hiéu qua ICT, tir 6 mé rong khoang nang
lwong va giam kha niang hip thu. Phé UV-Vis mé phong duoc so sanh v6i phd thue nghiém
clia carbazole (Amax = 262 nm trong dung méi nude, (Lakhera, Rana, & cs., 2022)). Sai s6
gitta két qua TD-DFT va thuc nghiém ddi véi carbazole 13 2 nm, ddi véi cac dan xuét dao dong
trong khoang 518 nm. Tong thé, mé hinh donor—m—acceptor trén khung carbazole, dic biét &
vi tri 3,6 tao ra hiéu ing ICT manh va mé rong phd vao kha kién/can hong ngoai, rat co tiém
nang cho cac linh vuc nhu OLED, cam bién quang va vét liéu TADF.
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Phé UV-Vis cua a
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Hinh 10. Pho héap thu UV-Vis ciia Carbazole va din xuit
4. Két luan

Nghién ciru bang phuong phap DFT/TD-DFT cho thiy vi tri va ban chat nhom thé chi
phdi manh lién hop 7, phan cyuc ndi phan tir va phd quang ctia khung carbazole. Nhém nhan
dién tir manh —NO: lam ha LUMO, nhoém cho dién tor manh —-N(CH): 1am nang HOMO, qua
do thu hep khoang cach HOMO-LUMO, ha Es; va giam AEs-r; cau hinh cta cac hop chat co
nhom thé gan ¢ vi tri 3,6 tao hi€u rng ICT manh va dich chuyen d6 sAu vao kha kién,can hong
ngoai. Nguoc lai, khi gz“in nhom thé Cl vao vi tri N9 s& 1am suy giam sy lién hop (dic biét &
anion) va giam cuong do hap thy. Phan tich hinh hoc (goc nhi dién, d¢ dai lién két) nhat quan
Vv6i tinh chét dién tir: nhom acceptor gan dong phang, con donor khi gin tlly vao cac vi tri s&
lam thay d01 ciu triic, hidu tmg ICT va quang phé. V& ung dung, carbazole (chit a) phu hop
lam 16p nen quang hoc; din xuét b, d thich hop cho linh vue OLED,cam bién quang, dan xuat
e khong tdi wu cho TADF. Dic biét, dan xuat ¢ 1a img vién trién vong nhat cho nhiéu linh vuc
nhu OLED, TADF, OPV, OFET. Qua nghién ciru chung t6i duc két ra ring nén gin & cac nhom
thé donor—acceptor manh & vi tri 3,6 va han ché thay thé céng kénh tai vi tri N9.
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