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TOM TAT

Trong nghién ciru ndy, cac ddc tinh quang-dién tir cua cdc cham heong
tir di thé logi II dang [0i-vo (HBC-xV), vdi [oi la mgt vong luc gidc
graphene pha tap x $6 nguyén tir vanadium (V) va vé la cham leong
tir co cau truc Hexa-peri-hexabenzocoronene (HBC) dwoc tim hiéu
bang phwong phap Iy thuyét phiém ham mdt do DFT. Nghién ciru sie
dyng phiém ham twong quan trao doi Heyd- Scuserza-Ernzerhof dé tap
trung khdo sat twong tac dién tu-dién ti gitta cdc electron lop d trong
vanadium. Két qua cho thd'y, sur hinh thanh cham luwong tur 16i-vo logi
II HBC-xV da dan dén sw dich chuyén do ddang ké ciia phé hdp thu
quang vé vung kha kién so véi cic chiam lwong tir graphene. Co ché
dich chuyén dién tir giita phan 16i va phan vé trong cham leong ti
ciing da dwgc chi ra. Nhiing két qua nay giip hiéu ré hon co ché phat
quang, méi quan hé chdt ché giita cdu triic ving ning lwegng va phé
hdp thu quang ciia cham heong tur graphene voi mong muon cdi thién
dé chon loc anh séng va hiéu sudt chuyén doi ciia pin mat troi thé hé
moi.

Tir khod: Cham hrong tir graphene Hexa-peri-hexabenzocoronene,
tinh chat quang-dién t, thiét bi nang lwong mdt troi, pha tap
vanadium

ABSTRACT

The optoelectronic properties of type Il core-crown hexagonal
graphene quantum dots doped with vanadium (HBC-xV) were
investigated using the density functional theory simulation method. To
precisely predict the orbital interactions between the d-orbitals of
vanadium atoms, we use Heyd-Scuseria-Ernzerhof as exchange-
correlation functional. It was shown that by doping vanadium atoms
to these quantum dots, the absorption spectra exhibit remarkable red-
shifts towards the visible light range. The absorption mechanism
between the core and the crown portions of the dots was also
explained. These results highlight the essence of vanadium doped
atoms to the electronic and optical properties and enhance the light-
to-electricity conversion capacity of these type II core-crown quantum
dots.

Keywords: Hexa-peri-hexabenzocoronene graphene quantum
dots, optoelectronic properties, solar cells, doping vanadium
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1. GIOI THIEU

Cung v6i sy bung nd cua cac cude cach mang
khoa hoc cong nghé, qua trinh cong nghiép hoa va
d6 thi hoa, nhu cau sir dung va luu trir ning luong
cua con ngudi ngay cang tang cao. Hién nay, tuy
nhién liéu hoa thach van 1a ngudn cung cép nang
lugng chinh cho cac hoat dong tir sinh hoat doi song
dén cac hoat dong cong nghiép quy moé 16n, cac tac
dong tiéu cyce tir qua trinh khai thac va st dung nhién
liéu héa thach dan dén su bién doi khi hau toan cau
v6i cac hién tugng thoi tiét cuc doan va cac van dé
vé 6 nhiém moi truong nghiém trong. Nhu cau mé
rong va phat trién ngudn ning luong xanh, sach va
bén vimg tré thanh nhu ciu cip thiét. Trong cac
ngudn ning luong tai tao dwoc khai thac va st dung
hién nay, nang luong Mat Troi duge ky vong la
nguon nang luong tiém ning nhét, dic biét 1a & cac
quoc gia thudc khu vuc xich dao. Tuy nhién, viéc
chuyén ddi blirc xa Mt Troi thanh dién nang voi
hiéu suit cao van con gip nhiéu thach thirc. Dé ting
hiéu sudt chuyén d6i quang ning thanh dién ning,
vuot gidi han 1y thuyét vé hiéu suit Shockley-
Queisser cua pin Mat Troi (Shockley & Queisser,
1961; Miller et al., 2012; Ehrler et al., 2020), trong
nhitng nim gan day, cac nghién ciru vé 1y thuyét va
thuc nghiém da dé xuit nhidu phwong phap cai tién
rat hiéu qua (Grimaldi et al., 2019; Kumar et al.,
2023). Mot trong nhitng phuong phap hié¢u qua dugc
cha ¥ hién nay 1a viéc tich hop cac chim lugng tir
¢6 kich thudc nanomet vao cac vat liéu nén ban dan
thwong mai. Cac chdm luong tir nay cho phép thic
day qua trinh nhan 1én ctia cac cp electron-13 trong,
trong do6 sy hap thy ciia mot photon don I¢ dan dén
su hinh thanh nhiéu cdp electron- 16 trong, gitip cai
thién dang ké hi¢u suat chuyén doi quang nang thanh
dién ning. Trong nhing cong bd gan day (Goyal et
al., 2020; Swain et al., 2020; Kumar et al., 2023;
Roondhe etal., 2023; Thanh Si et al., 2024), cac tac
gia di chi ra mdi lién hé mat thiét gitra viée diéu
chinh su hip phu/pha tap/blen dang cua cac chdm
lwong tir 1én vat liéu ban dan truyén thong nham tang
dang ké trang thai dién tir va qua trinh van chuyén
dién tir cta cac linh kién dién tir ban dan.

Cham luong tir graphene (graphene quantum
dots - GQD) 1a mot loai hat nano carbon ¢6 thé dugc
tao thanh dé dang théng qua qua trinh thity nhiét cac
tam graphene (Pan et al., 2010). GQD co6 do két tinh
tbt, tinh chit quang dlen tir da dang va on dinh vé
mat co hoc vugt trdi khi bi thu dong bién boi cac
nhém chirc (Peng et al., 2012; Bacon et al., 2014;
Lee etal., 2019; Dang et al., 2022). Cac hé nano nay
da nhan duoc sy quan tam dac biét trong nghién ciru
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k¥ thuat nho vao cac dac tinh sach, than thién véi
mdi truong va kha nang tuong thich sinh hoc cao (Li
et al., 2015; Li et al., 2019; Abbas et al., 2020;
Prabhu & Suganthy, 2020). Dé khao sat kha ning
hép thu quang-dién tir cia chim luong tir ndy, cac
nha nghién ciru dé thuc hién quan sat trén cac chim
carbon riéng 1¢, chiung d& bj kich thich va ton tai
nhiéu vi tri hap thu thir phat (Dam et al., 2017). Cac
nghién ciru trude day di chi ra ring nhitng vat liéu
nhu vy c6 thé gay ra sy dich chuyén phd hap thu vé
ving anh sang dai khi dugc pha tap hodc hap phu
kim loai hodc cac nhém chuc, phdi tir dic trung
(Feng et al., 2019). Vorontsov and Tretykov (2018)
da chi ra ring dbi voi cac chdm graphene GQD ¢
kich thudc dudng kinh 1€n téi 6 nm, ndng lugng can
thiét dé tao thanh cua cc chdm lugng tir nay néu
khong co su thu dong hoa bién bdi hydro 1a 13,1
eV.nm’!, trong khi gia tri twong tmg nay khi duoc
thu dong bién 1a 1,3-2,7 eV.nm . Diéu nay chimg
t6 khi co thu dong hoa bién hydro, chdm lugng tir
graphene sé dé dugc hinh thanh trong chan khong
theo phwong phép hinh thanh tu két dinh tir dudi 1én
(bottom-up). DPac bi¢t, khi pha tap nitrogen,
sulfur,... chiing c6 thé lam ting cuong dang ké tinh
chit quang dién tir ctia cac cham luong tir graphene
thong qua sy hidu chinh cdu trac ving ning luong
(Krasheninnikov et al., 2009; X. Li et al., 2015;
Tang et al., 2018; Duy et al., 2022; Nhat et al.,
2024a, 2024b).

Ngoai cac chdm luong tir don truyén thdng, cac
cham lugng tir di thé ¢ thé duoc hinh thanh bang
cach ghép cac chim luong tir don lai voi nhau. Cac
cham luong tir di thé dién hinh 1a sy két hop cua
ZnSe — CdSe, ZnSe — CdTe, loai II ndi bat 1a CdTe
— CdSe, CdTe — CdS, PbSe — CdSe (Garcia de
Arquer et al., 2024). Dya vao d6 1éch cua clu trac
vung ning luong, ching ta co thé ghép cac chdm
lwong tir don nay thanh chim luong tir di thé loai I
va loai II & dang core-shell, core-crown, core-wings,
core-shell-shell,...(Ivanov et al., 2007; Prudnikau et
al., 2013; Tessier et al., 2014). Bang cach nay, véi
cung loai hop chét, két hop véi viée thay doi kich
thudc va hinh dang, chung ta c6 thé d& dang tao cac
chdm lugng tir di thé loai I va loai II (X. Liu et al.,
2016; Park et al., 2021). Véi su linh hoat cta viéc
diéu khién hinh dang va cAu triic cua chdm lugng tur,
chung ta dé dang nang cao hiéu suit chuyén déi
quang nang thanh dién ning cia cham luong tir di
thé (Green et al., 2009; Antanovich et al., 2015;
Grimaldi et al., 2019).

Trong nghién ctru nay, d6 bén va tinh chit dién
tir ctia chdm luong tir graphene ddng pha tap nguyén
tir kim loai chuyén tiép vanadium dang core-crown
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(16i-vo) trong chan khong dugc khao sat bang cach
sir dung mo phong 1y thuyét phiém ham mat do
(density functional theory — DFT) (Aliano & Cicero,
2012; Allouche, 2012; Nhat et al., 2020; Tran et al.,
2021; Sietal., 2021; Ta et al., 2021). Cu thé, nghién
clru tao ra nhing thay dbi trong cAu tric hinh hoc,
cAu trac ving nang luong va phod hap thu quang cua
cac cham lugng tir 16i-vo theo sd lwong nguyén tir
pha tap vanadium. Thong qua két qua nghién ctru
nay, sy linh hoat cua viéc diéu khién cAu triic cua vat
lidu 1am thay doi ban cht dién tir cia cham luong
tir kim loai chuyén tiép dugc chi ra nham nang cao
hiéu suit chuyén ddi dién ning cta cac pin mat troi
thé hé méi.
2. PHUONG PHAP NGHIEN CUU

Tuong ty nhu khi pha tap nguyén tt nitrogen vao
chdm luong tir graphene (Nhat et al., 2024b), tim
graphene 2D duogc cat thanh chim luwong tir
graphene hinh lyc gidc va thy dong bién bang cac
nguyén tir hydro dé hinh thanh ciu triic Hexa-peri-
hexabenzocoronene (HBC). Dé tao mau chdm lugng
ttr di thé, mot vong luc giac dugce khoét & trung tam
va thuc hién t6i wu hoa ciu tric hinh hoc cua
chung dé tao 16p vo (HBC-crown) bang phuong
phéap hoc sau (deep learning) dwoc tich hgp trong
g6i phan mém Amsterdam Modeling Suite (SCM
AMS2023, 2023) v6i ham thé M3GNet (Chen &
Ong, 2022). Ham thé M3GNet duoc chimg minh 1a
ham thé hoc sdu v6i do tin cdy twong dong véi ham
thé Perdew-Burke-Ernzerhof (PBE) (Wan et al.,
2021) thuong duge sir dung trong 1y thuyét phiém
ham mat @ DFT. Céac chim luong tur 161 c6 dang
mot vong luc gidc CeHeVy (v6i x 1a s6 luong
nguyén tir vanadium x=1-3). Do vanadium c6 cu
hinh electron dang [Ar] 3d34s2, dé dam bao do tin
cdy trong céc tinh toan vé cdu tric ving ning luong
va ham mat d¢ trang thai, nghién ctru sir dung phiém
ham tuwong quan trao déi Heyd-Scuseria-Ernzerhof
(HSEO06) trén thang Jacob (Liao et al., 2022) vdi bd
co s triple-zeta polarization (TZP). Piéu kién hoi
tu trung binh (root mean square) vé luc twong tac
Hellmann-Feynman giita cac nguyén tir duoc thiét
lap 14 0.01 eV A-1 va diéu kién hoi tu cta ham tu
hop 12 10-5 eV/cell. Bé dam bao do tin cdy cua phd
hap thu quang hoc, phd hip thu quang hoc dwoc tinh
dwa trén 120 trang thai nang lugng kich thich thip
nhét cta hé.

Dédanh gia tinh 6n dinh cia chim luong tir
graphene dang 10i-vo pha tap vanadium (HBC-xV),
ning luong hap phu (E.s) duge xac dinh dya trén
cong thic (1) (Anithaa et al., 2020) E, 45 =
E(HBC — xV) — E(C36H18) — E(Co—xHeVi) + 6 *
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E(H),trong d6 E(HBC — xV) va E(C3H,g) 1a tong
nang luong tu do (free energy) cia mau cham luong
tt HBC pha tap vanadium va mau HBC-vo,
E(Co_HgV,) va E(H) lan luot 1a ning lugng cua
cham luong tir pha tap vanadium va ning lwong cua
don nguyén tir hydro. Chi s6 x 1a s6 lugng nguyén
tir vanadium trong mau chdm lugng tir dang khao
sat.

3. KET QUA VA THAO LUAN
3.1. CAu triic hinh hoc

Pé nghién clru cac dic tinh quang-dién tir cia
cac chim lugng tir graphene dang 16i-vo, budc dau
nghién ctiu tién hanh tao lap va t61 wu vé mit hinh
hoc ciing nhu nang lugng cua chim lugng tir HBC
thuan (HBC-0V) duogc thé hién ¢ Hinh la-c. Ciu
trac cia HBC-0V ¢6 d6 cong vénh nhit dinh nhung
van dam bao phi hop voi cac mau da duge cong bd
trudc do (R. Liu et al., 2011; Nhat et al., 2024b). pé
tao chdm luong tir vd, chung t6i thuc hién khoét mot
vong luc giac Cg & trung tAm ctia mau HBC-0V va
thuc hién t6i wu hoa hinh hoc va ning luong cia
mau. Sau t6i uvu, mau HBC-vo (HBC-crown) dugc
hinh thanh va ¢6 ciu trac nhu Hinh 1b-d. Két qua
nay twong dong voi mau HBC-vo duge cong bd boi
Anithaa et al. (2020).

<) ~¢g. B -

Hinh 1. (a-c) CAu triic t6i wu ciia HBC thuin va
(b-d) HBC-v6 (C36His) nhin tir trén xuong (a-b),
nhin tir mét bén (c-d)

Cac qua cGu mau xdm va mau trd'ng lan luot dgi dién
cho cac nguyén tir Cva H

Cham lugng tir 16i C4_,HgV, duge hinh thanh
bang cach pha tap nguyén tir vanadium vao cham
hrong tur graphene luc giac CeHe. Do céu trac CeHg
thuan c6 tinh di ximg cao nén mau pha tap mot
nguyén tir vanadium CsHgV chi cd6 mot cau hinh kha
di. Cac mau pha tap hai va ba nguyén tir vanadium
dugc hinh thanh bang cach thay thé thém mot hodc
hai nguyén tr vanadium tai cac vi tri cia nguyén tir
carbon ¢ mirc dbi xtng hinh hoc cao nhét (Hinh 2).
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Sau khi da x4c dinh dugc ciu hinh bén viing cla
cac chdm luong tir 161 pha tap vanadium, dé ting do
linh dong dién tir cia chdm luong tir 18i, cac nguyén
tir hydro thu dong & bién dugce thao va cho cac chdm
lwong tir nay hip phu vao cham luong tir HBC-v6 &
ving trung tim. Cac cau hinh hép phu 6n dinh dugc
thé hién & Hinh 3. Do cac nguyén tir vanadium cé
d6 am dién 1,63e thap hon dang ké so vdi 2,55¢ cta
carbon, cac nguyén tir carbon s€ chia sé cac electron
dung chung véi cac nguyén tir vanadium lién ké. Dé
xac dinh do bén cua cac hé chim luong tr 16i-v9,
cong thirc nang lwong hap phu dugc sir dung dé danh
gi4 niang lwong hdp phu cua hé va thé hién trong
Bang 1. Dya vao nang luong hap phu co thé thiy
ring, cac chim luong tr graphene dang 16i-vo
(HBC-xV) ¢6 d6 on dinh t6t hon vé mit ning luong
s0 vi chdm lugng tir vo (HBC-vo). Néng luorng hap
phu dao dong trong khoang -10,13 eV_ d6i v6i mau
HBC-1V d&n -11,66 eV dbi voi mau HBC-3V.
Dong thoi, két qua nady cting cho thiy mau HBC-2V
bén vitng hon vé ning luong so v6i hai mau HBC-
1V va HBC-3V con lai.

Bang 1. Nang lugng ~h?lp phu ciia cic midu HBC-
xV so voi mau HBC-vé

Mau Niing lwgng hip phu (eV)
HBC-vo
HBC-1V -10,13
HBC-2V -11,66
HBC-3V -10,53

Dé khao sat sy twong tac giita phin vo va phan
161, d¢ dai lién ket C-C trude va sau hap phu dugce
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xac dinh trong Bang 2. Thir ty cta cac nguyén tir C
dugc danh s6 ¢ Hinh 1b. Bang 2 cho thay, phan vo
¢6 do dai lién két C-C & khu vyc trung tim mau vao
khoang 1,345 - 1,518 A. Sau khi hinh thanh c4u trac
16i-vd, khoang cach nay c¢6 xu hudng tang 1én va dao
dong trong khoang 1,418 - 1,538 A. Pic biét, chim
lugng tir HBC-3V do dai lién két C-C & céc vi tri
tuong tmg trong vo graphene tang 1én rd rét do s6
luong nguyén tir vanadium pha tap vao chiém wu thé
so v6i hai mau con lai. Do d6, cham luong tir HBC-
3V bi bién dang cAu trac nhiéu nhét so véi ciu trac
ban dau. Piéu nay du doan nguyén tir vanadium
tuong tac manh mé cac nguyén tr C lan cén lam d6
dai lién két C-C bj thay do6i dang ké. Chinh sy bién
ddi cdu trac manh mé nay da dua ra du doan vé tiém
ning sir dung chim luong tir 16i-v6 1am ting cudng
kha ning chuyén d6i quang ning thanh dién ning
clia cac pin ning lwong mit troi tich hop chdm luong
tlr, trong tu cac cong trinh da dugc cong bd trude
(Duy et al., 2022; Thanh Si et al., 2024).

a) . b) /~ C) i
.0' {@

Hinh 2. Céu hinh t6i wu ctia cham lwong tir 16i
¢6 tich hgp vanadium: CsHgV (a), CsHeV2 (b) va
C3HgVs (¢)

Cac qua cau mau xdm, mau cam va mau tm“'ng lan luwgt
dai dién cho cdac nguyén tir C, Vva H

Hinh 3. Céu hinh t6i wu ctia hé 16i-vé graphene tich hgp vanadium nhin tir trén xubng: (b) HBC-1V,
(c) HBC-2V, (d) HBC-3V va (a) HBC-vé dé tham khao, nhin tir mat bén twong wrng (f-g-h-e)

Vong tron mau dé ¢ trung tam thé hién cho vi tri hdp phu cde cham lwong ti pha tap vanadium
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Bang 2. Pj dai lién két C-C & vung khuyét tat cia miu HBC trwéc va sau hip phu ciac chAm lwong tir

pha tap vanadium (A)
Lién két Ci-C2 C:-Cs Cs-C4 Cs-Cs Cs-Cs Cs-C7
HBC-v0 1,345 1,516 1,345 1,350 1,518 1,351
HBC-1V 1,418 1,474 1,448 1,450 1,453 1,428
HBC-2V 1,458 1,458 1,405 1,403 1,457 1,471
HBC-3V 1,494 1,420 1,442 1,456 1,416 1,467
Lién két C7-Cs Cs-Co Co-Cro C1-Cn Cu-Cn2 Cn-C13
HBC-vo 1,346 1,518 1,346 1,346 1,518 1,346
HBC-1V 1,422 1,459 1,438 1,437 1,458 1,424
HBC-2V 1,482 1,508 1,469 1,458 1,458 1,405
HBC-3V 1,427 1,427 1,407 1,416 1,436 1,442
Lién két C13-Cuse C14-C15 Ci15-Cis Ci-Cr7 Ci17-Cis Ci5-Ci
HBC-vo 1351 1,518 1350 1,345 1,516 1,345
HBC-1V 1,431 1,453 1,449 1,447 1,474 1,419
HBC-2V 1,402 1,457 1,471 1,482 1,508 1,468
HBC-3V 1,439 1,494 1,538 1,536 1,527 1,538

Chii y: 86 thit tir ciia cdc nguyén tir C dwge danh dau trong Hinh 1b

3.2. Tinh chit dién tir

Tiép theo, nghién clru tién hanh khao sat sy anh
hudng ciia nguyén t6 vanadium 1én tinh chit dién tur
ctia chdm luong tir graphene 18i-vo (HBC-xV). Ciu
trac vung néng luong va dg rong ving cam cla cac
mAau chdm lugng tir graphene 16i-vo duoc thé hién
nhu Hinh 4 va Bang 3.

Pang chu y rang, chim luwong tir loai IT co
cdu tric 16i-vo ciia chdm lugng tir graphene dugc
tich hgp vanadium vao 15i da duoc tao thanh cong.
Xem xét dya trén sy chdng phu ving ning luong
gitra 11 tich hop vanadium va vo graphene, dac
diém ctia chdm luong tir loai IT v6i dinh ving hoa
tri (HOMO) va day ving dan (LUMO) tuong tng
cua ting vo va 18i so le nhau dugce dé dang nhan
thay.

Nhin chung, sy hinh thanh chdm luong tr 16i-vo
loai II da lam thay d¢ rong ving cam (Eg) cua hé
dang ké so véi HBC-vo (0,599 eV) va van giir dugc
ban chit ban dan cua hé. Cuy thé, do rong vung cAm
clia cac hé 16i-vo vao khoang 0,35 dén 1,08 eV. Gia
tri E, cuia HBC-1V 1a 1,054 eV (tang 43%), HBC-
2V 1a 1,086 eV (ting 45%) va HBC-3V 14 0,357 eV
(gidm 41%). Su thay doi nay co thé dan dén cac xu
huéng dich chuyén khac nhau trong quang pho hap
thu cua vat liéu.

Théng qua do 1éch day AE; va AEy c6 thé thay
cac bé mit tiép xtic ¢ thé duoc hinh thanh mot cach
dé dang do céc gia tri nay khong vuot qua 1 eV. Tuy
nhién, sy anh hudng cta cic nguyén tir la van la yéu
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t6 chinh dan dén su khac nhau cua do léch diy hoa
tri cia mau. Do do, nghién ctru can cac khao sat co
hé thong hon.

Dé hiéu rd hon veé tac dong cua vanadium dugc
tich hop vao 18i d6i v6i cac dic tinh dich chuyén
dién tir ciia hé chim luong tur 16i-vo, quy dao dién
tor cung isovalue (Natural Transition Orbitals) &
HOMO va LUMO duoc biéu dién trong Hinh 5.
Trong d6, viing ¢6 mau xanh lam va xanh lyc 14 phan
suy giam, vung do va cam tuong tng la vung tich
lity dién tir. DSi voi HBC thuan, HOMO va LUMO
thé hién su phan bd ddi ximg cao trén bé mit voi
trang thai lién hop m dién hinh. Pbi véi 16p vo HBC
(HBC-crown), su phan bd dién tir chu yéu & vi tri
cac carbon tai viing mau bi rong va cac dién tir duoc
tich lay cuc bo hon trong HOMO. Diéu nay cho
phép hinh thanh cac “bay” dién ti, ting cuong kha
nang hip thu cac kich thich trong qua trinh quang
hoéa.

DPbi voi cac chidm lugng tir 16i-vo tich hop
vanadium, tinh d6i xtmg ctia hinh dang HOMO va
LUMO bi pha v&. Trong HBC-1V, ¢6 su tap trung
cac phan bd dién tr vao vi tri cac nguyén tir
vanadium & 16i. Tuong ty, ca HOMO va LUMO
HBC-3V ¢6 su chong phi quy dao cho thiy su chia
sé dién tir gilra cac vanadium va giitta ching véi
carbon 1an can. Péi véi HBC-2V, ¢c6 su bién dong
dang ké trong HOMO, viing tich lily va suy giam
dién tir trai rong trong mau. Pic biét, sy chf‘mg phu
quy dao cho thay cac dién tir duoc truyén dan giita
vanadium va cac carbon lan cén v6 cung hi€u qua.
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CV  crown C,V, crown CV; crown

AE,
AE,

1,5075 eV 1,2263 eV 0,6544 eV

0,599 eV 0,599 eV 0,599 eV

AE, ¥ AEY

VVB VVB

VVB

Hinh 4. CAu tric ving niing lwong cua cac miu cac hé cham lwong tir 16i-vé graphene tich hop
vanadium lan lwgt 1a HBC-1V, HBC-2V, HBC-3V

AE, va AE. la db léch mikc ndng heong ving héa tri va viing dan twong ieng trong cdu triic cham lirong tir 16i-vo

Bang 3. Gia tri HOMO, LUMO va d9 rong ving cim (Eg) ciia h¢ chdm lwong tir 16i-vé graphene

Méiu HBC-vé HBC-1V HBC-2V HBC-3V
HOMO -5,2098 -4,9262 -3,9437 -4,4595
LUMO -4,6108 -3,8722 -2,8553 -4,1052

Do rong ving cdm 0,5990 1,0540 1,0863 0,3544

AE, 0,0646 0,0647 0,5182

AE, 0,9731 0,696 0,5736

Ghi chit: Cdc gid tri doc tinh bang don vi eV

Tir déy, co hai co ché dich chuyén dién tir kich
thich trong cac mau nghién ctru duoc du doan. Dbi
v6i HBC-vé va HBC-2V, sy dich chuyén ning
lugng béi HOMO dién ra manh mé, do d6 dién tir s&
¢6 xu hudng nhay tr mtc HOMO 1én LUMO trong
mdi mo6 hinh. Trong HBC-1V va HBC-3V ¢6 su
chuyén ddi ning luong dugc dong gop dang ké tir ca
HOMO va LUMO, chinh vi thé chiing c6 thé ton tai
ca hai qua trinh dich chuyén tir HOMO 1én LUMO
va gilrta cac trang thai LUMO cua riéng chung.
Twong tw v6i cac co ché dich chuyén dién tir trong
chdm luong tir loai II da dugc cong bd trude dod
(Antanovich et al., 2015; Grimaldi et al., 2019).
Chém luong tir 16i-vo loai II trong nghién ctru cho
kha nang hinh thanh céc “bay” quang hoc tdt, tao
tién dé cho cac ing dung trong linh vyuc quang-dién
tu.

3.3. Tinh chit quang

Su hap thu quang thudng duoc biét 1a két qua tir
qua trinh quang hoéa cua mét dién tir dugc kich thich
bai mot photon téi ¢6 bude song phi hop dé chuyén
dién tir nay tir trang thai HOMO 1én LUMO va dugc
md ta théng qua cac ham dién moi phirc. Cac chim
lugng tir 16i-vo pha tap vanadium cho thay sy dich
chuyén dang ké pho hép thu quang vé viing 4nh sang
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kha kién trong Hinh 6. Pay 1a mot tin hidu tot cho
thdy kha nang hiéu chinh quang phd hap thu ciia cac
thiét bi nang lwong Mit troi tich hop cham lwong
18i-v6 pha tap vanadium. Dé giai thich rd hon vé cac
dinh duoc hinh thanh trong phd hip thy quang trong
g vé6i sy dich chuyén ning lugng tir HOMO-n dén
LUMO+m, céc dich chuyén nay da duoc liét ké chi
tiét trong Bang 4. Rat 16 rang, HBC-v6 khong hap
thu cac kich thich trong viing anh sang kha kién.

Viéc dich chuyén phd hip thu quang ciia chim
lwong tir HBC vao ving anh sang kha kién thong
qua cac ciu tric 18i-vo tich hop vanadium dé duoc
thuc hién thanh cong. Két qua nay hoan toan phu
hop v&i cac tinh toan do rong ving cim cia nghién
ctru & phan 3.2. Mot diéu thii vi 1a cac mic ning
luong dich chuyén rat phu hop voi du doan tir phan
bd orbital. Cac dinh hdp thy quang dau tién cua
HBC-vo (0,6 eV) va HBC-2V (1,09 eV) dugc hinh
thanh théng qua su dich chuyén dién tir kich thich tir
cac mic HOMO vé LUMO. Trong HBC-1V va
HBC-3V dinh nay xuit hién twong ung do dich
chuyén cac mirc gitta LUMO-LUMO, chuyén dich
HOMO-LUMO xay ra tuong ung v6i dinh cuc dai
va xuét hién trong ving kha kién.
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HOMO Lumo

HBC-0V

HBC-crown

HBC-1V

HBC-3V

Hinh 5. M6 hinh quy dao electron (orbital) ciia cic h¢ chAm hrong tir 16i-vé graphene tich hgp
vanadium

M6 hinh orbital 6 mirc HOMO (xanh lam/do) va ¢ mirc LUMO (xanh luc/cam)
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Hinh 6. Phé hép thu ciia cic mdu HBC-xV

Bang 4. Pinh hép thu quang dién hinh va sy dich chuyén mirc ning lwong twong ng ciia cac chim

lwgng tir
Miu Budc song Nang lugng Cudng do Sw dich chuyén

2,07 0,60 0,30 HOMO - LUMO

HBC-vo 1,83 0,68 0,48 HOMO - LUMO+1
1,57 0,79 0,33 HOMO -1 - LUMO +1
1,32 0,94 0,02 LUMO (o) > LUMO +1 (o)
0,76 1,63 0,20 LUMO (B) - LUMO +2 ()
0,54 2,30 0,25 HOMO (o) > LUMO +2 ()

HBC-1V 0,46 2,68 0,63 HOMO (B) - LUMO +3 (B)
0,43 2,85 1,086 HOMO (o) > LUMO +5 (o)
0,41 3,02 0,41 HOMO -2 (o) 2 LUMO +1 (o)
0,37 3,27 0,27 HOMO -1 (o) » LUMO +3 (o)
0,36 3,44 0,86  HOMO -1 (a) > LUMO +5 (o)
1,13 1,09 0,28 HOMO - LUMO
0,83 1,49 0,06 HOMO -2 - LUMO +1
0,56 2,20 0,35 HOMO -2 - LUMO +7

HBC-2V 0,50 2,47 0,29 HOMO -2 - LUMO +8
0,45 2,74 0,68 HOMO -2 - LUMO +9
0,42 2,94 0,25 HOMO -4 - LUMO +3
0,40 3,08 0,41 HOMO -5 > LUMO +2
1,59 0,78 0,02 LUMO () > LUMO +1 (p)
0,81 1,53 0,12 LUMO (B) - LUMO +5 (B)
0,76 1,63 0,18 LUMO (B) - LUMO +6 (B)

HBC-3V 0,70 1,77 0,12 HOMO (B) 2 LUMO +3 (B)
0,66 1,88 0,22 HOMO (B) 2 LUMO +5 (B)
0,52 2,35 0,67 HOMO -2 (o) > LUMO +4 (B)
0,44 2,80 0,68 HOMO -2 (a) > LUMO +1 (B)
0,41 2,99 0,24  HOMO -4 (o) > LUMO +6 (B)

Ghi chu: Cuong do va budc song cua cac dinh hép thu lan luot dwoc tinh bcfng don vi 10¢ cm™ va um
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4. KET LUAN

Bing phuong phap 1y thuyét phiém ham mat do
DFT, nghién ctru di tao 1ap thanh c6ng chim lugng
tr graphene loai II véi 161 1a mot vong luc giac
graphene pha tap vanadium va vo 1a chim luong tir
¢6 chu trac Hexa-peri-hexabenzocoronene, budc
dau chimg minh dugc anh huéng cua vanadium pha
tap dén cac dic tinh dién tu, quang-dién tir cia chdm
luong tir 16i-vo graphene. Pdng thoi, nghién ciru
cung xdac dinh dugc co ché dich chuyén dién tir cia
c4c mau cham luong tir, qua do thanh cong trong
viéc 1am dich chuyén pho hap thu quang ciia chim
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