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QUA TRINH TRUYEN NANG LUQNG TANG CUONG GIUA CAC CHAM
LUGQNG TU CARBON O TRANG THAI RAN

Mai Vin Tudn'2 Lé Thi Phuong?®,
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Wién Vat Iy Ky thudt - Truong Dai hoc Bach khoa Ha Noi,
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TOM TAT

Cham lugng tir carbon (CQDs) véi cac wu diém nhu dé tong hop v6i chi phi thap va it doc hai da
va dang dugc nghién clru rong réi ¢ cac khia canh nhu tong hop hay ng dung trong y - sinh. Mac
du vay, tiém ning tng dung cia CQDs trong cac thiét bi quang dién tir nhu dén LED hitu co
(OLED), pin mat troi hay cam bién quang hoc chua dugce lam sang t0. Trong nghién ctru nay,
chung t6i so sanh tinh chéat hip thu va phat xa quang hoc ciia CQDs tong hop bang phuong phap
phan hiy nhiét hon hop citric acid va ethylenediamine ¢ trang thai 1ong va trang thai ran. So v6i
trang thai 1ong, phd hip thu ciia CQDs trang thai ran chuyén dich d6 0,15 eV trong khi phd phat xa
chuyén dich 0,4 eV. Tuong tic n- m giita cdc CQDs ¢ trang thai ran lam ting mat do trang thai,
giam khoang cach giita cac CQDs va do dé lam tang cuong hiéu suét truyén ning luong gita cac
CQDs. Két qua nay c6 thé mo ra kha nang Gmg dung CQDs trong céac thiét bi quang dién tur st
dung mang mong CQDs ¢ trang thai ran

Tir khéa: Chdam heong tir carbon, truyén nang heong; phdn hity nhiét; trang thai ran, twong tac n-r.
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ENHANCED ENERGY TRANSFER IN CARBON QUANTUM DOT SOLIDS
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ABSTRACT

Carbon quantum dots (CQDs) with noble properties such as low-cost, easy production in a large
scale and non-toxicity have been widely investigated in the synthesis as well as bio-applications
aspects. However, their potential application in important opto-electronic devices such as organic
light emitting diodes (OLEDs), solar cells and light sensors has not been fully explored yet. In this
report, we compared absorption and emission properties of CQDs that were prepared by pyrolysis
of citric acid and ethylenediamine in solution and solid states. The absorption spectrum of CQD
solid was red-shifted by about 0.15 eV while its emission spectrum was red-shifted by 0.4 eV as
compared with those of solution CQDs. It has been demonstrated that - 7 interactions increase the
density of sate and reduce the interdistance among CQDs in solid state giving rise to enhancement
in energy transfer efficiency. The results would pave a new path to the deployment of CQDs in
optoelectronic devices where thin films of CQDs are essential.
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1. Gi6i thiéu

Trong nhitng nim gan day, CQDs dugc quan
tam nghién ciru trén cac linh vyc nhu phuong
phap tong hop [1]-[3], co ché hap thu va phat
xa huynh quang trong CQDs [4]-[7] va trién
khai tmg dung CQDs trong mdt sé tng dung
nhu cam bién huynh quang [8], [9], y — sinh
[10]-[12] va LEDs [2], [13], [14]. Trong céac
ung dung do, CQDs ¢ trang thai dung dich
hodc composite [15]. Tuy nhién, trong nhiéu
tmg dung quan trong CQDs & trang thai rin
nhu pin mit troi, cam bién huynh quang,
OLEDs va bong ban dan (TFTs). O trang thai
ran cic CQDs tuong tac manh v&i nhau va
thuong dugoc moé ta thong qua nidng luong
tuong tac:

p=hr

, [2m*aE
2
p=he V"

O day h 1a hing s6 Plank va T'la téc do
truyén dién tir gitra hai trang thai canh nhau
theo co ché xuyén ham (tunneling); m* la
khéi luong twong déi cua electron trong
CQDs; 4E 1a sy sai 1éch vé& ning luong giira
trang thai dién to ndi trén va Ax la khoang
cach chung [16]. T ham B c6 thé thiy
khoang cach Ax giltta cac CQDs anh hudng
theo ham mii dén tuong tac giira cac CQDs;
tuong tic nay lam thay ddi co ban tinh chit
quang va dién tir cia CQDs ran.

Trong nghién ctru nay, chung t6i so sanh tinh
chat quang cia CQDs & trang thai rin véi
trang thai dung dich dé lam sang to anh
huéng cia twong tic CQD — CQD dén tinh
chat quang ciia chung.

2. Phuwong phap nghién ciru

CQDs duoc téng hop bang phuong phap nhiét
phan hon hop citric acid va ethylenediamine
trong glycerol nhu md ta trong nghién clru
gan dy [1]. Dé ché tao chit rin CQDs, dung
dich CQDs trong nudc (50 mg/ml) dugc nhd
giot trén dé thach anh rdi dé kho trén dé nong
& 100°C. Phé hép thu ciia CQDs ¢ trang thai
dung dich hay trang thai ran dugc do trén may

UV-2450 (Shimadzu) va phé huynh quang
dugc do trén may Nanolog (Horiba). Pho
nhiéu xa tia X cua CQDs dang ran duge do
trén may D8 Advanced X-ray diffractometer.
3. Két qua va ban luin
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Hinh 1. a) Phé hdp thu UV-Vis ciia san phiam thu
duroc 0 cdc nhiét do nhiétphdp khac nhau, thoi
gian nhiét phdn la 15 phut. b) Anh chup dung dich
phan ing thu dwoc o 220°C (dudi) hay 240°C
(trén) sau cac thoi gian phdn wng khac nhau (tuir
trai qua phai: 1, 3, 6, 10, 20, 25 va 30 phat).
Céc nghién ciru truée diy vé su hinh thanh
CQDs khi thuy nhiét hdn hgp citric acid (CA)
va ethylenediamine (EDA) cho thay qua trinh
ngung tu ndi phan tu gitta CA va EDA tao
thanh din xut cua citrazinic acid (F); cac qua
trinh carbon hoa va ngung tu F sau do xay ra
ddng thoi tao thanh CQDs c6 chira F trén bé
mat [1], [6], [17]. Trong nghién cGu nay,
CQDs dugc tong hop bang phuong phép phan

huy nhiét CA va EDA trong glycerol.

Phd UV-Vis cta hdn hop phan ng nhu trén
hinh 1a c6 hai viing hap thy: dinh hap thu dic
trung ctia F xuét hién ¢ khoang 340 nm (dinh
2) va vai hip thu & 240 nm (dinh 1) dic trung
cho su chuyén dich dién tt HOMO-LUMO
cua cac hé carbon lién hop trong 16i cua
CQDs [1], [15], [18]. Cuong d6 hap thu & 340
nm cho biét ndng do téng cua F & trang thai
tu do va trén bé mat cua CQDs. Trén hinh 1a,
nong do cia F ting dan khi tang nhiét d6 phan
g tir 160°C 1én 220°C r6i sau d6 giam dan
khi tang nhiét d6 phan tng 1én 240°C. Su thay
d6i nay do F 1a san phdm trung gian trong qué
trinh hinh thanh CQDs. Ban dau, F hinh thanh
tr qué trinh ngung tu ndi phan tir gitta CA va
EDA. Sau d6, F tham gia vao qua trinh
carbon hoda tao thanh CQDs. Tuong tu nhu
vay, khi thyc hién phan ung ¢ 220°C hay
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240°C, ndng d6 cua F ciing ting dan theo thoi
gian phan tmg, dat gia tri cuc dai roi giam dan
khi n6 tham gia vao qua trinh carbon hoa tao
thanh CQDs. Bang truc quan cé thé quan sat
thdy mau cua dung dich chuyén tir vang nhat
sang den nhu tuwong Ung véi ham lugng
CQDs ting dan theo thoi gian phan ung nhur
trén hinh 1b.
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Hinh 2. Si thay doi vé vi tri cua dinh hép thu dac
trung cua F (12) va ty Ié do hap thu gitka vai hap
thyu o 240 nm va dinh ¢ ~340 nm theo thoi gian
phan ttng o nhiét do 240°C
Ngoai su thay ddi vé do hap thu cia F theo
thoi gian phan ung, vi tri cua dinh 2 (A2) va ty
1¢ d6 hip thy gitta dinh 1 va dinh 2 (Ay/A,)
tang dan nhu trén hinh 2. Sy ting lén cua
A4/A; ching to su tang 1én vé ham luong cua
cac hé carbon lién hop C sp? trong khi A, ting
dan 1a chi dau cho thdy co su hinh thanh lién
két hoa hoc truc tiép giita F va cac hé lién hop
[1]. Nhu vay, khi phan hiy nhiét hon hop tién
chat CA va EDA trong glycerol, F hinh thanh
qua qua trinh ngung tu ndi phan tor gitta CA
va EDA; dong thoi tham gia vao qua trinh
carbon hoéa cing voi cac polyamide cua tién
chat dé hinh thanh CQDs. Trong qua trinh

truc tiép vdi cac h¢ carbon nay. Co ché hinh
thanh CQDs v6i cac nhém chirc quang hoat F
trén bé mat khi phan hity nhiét hdn hop CA
va EDA trong glycerol twong ty nhu sy hinh
thanh CQDs bang phuong phap thuy nhiét da
cong bd trude day [2]-[5]. CQDs thu duoc sau
qua trinh 1am sach c¢6 dang hinh cau vé6i duong
kinh trung binh khoang 4 nm [6]. Chung t6i luu
¥ rang, xu hudéng dich chuyén ciia A, va ty 18
Au/A; nhu trén hinh 2 cling xay ra khi thyc hién
téng o nhiét do thap hon (200°C, 220°C) nhung
0 khoéang thoi gian dai hon.

Dé ché tao CQDs rén, chung toi tién hanh
tong hop CQDs & 220°C va tién hanh cac quéa
trinh 1am sach nhu cong bd trudc day [1].
CQDs rin duge ché tao bang cach nhé giot
dung dich CQDs (ndng d6 30 mg/ml) trén dé
(kinh, thach anh) r6i lam khé & 80°C. Phd
nhidu xa tia X cia CQDs rin (hinh 3), xut
hién mot dinh nhiéu xa rong co6 cuc dai & goc
20 ~21,8° duoc xac dinh 1a dinh nhidu xa tir
ho mit (002) cta cdu tric graphite [22]. Tuy
nhién, hiang s6 mang d002 = 4,14A ciia CQDs
& day 16n hon so véi d002 = 3,35A cua ciu
trac graphite. Cac nhom chirc trén bé mit
CQDs nhu -OH, -COOH, -CONH- [1] la
nguyén nhan lam gidn khoang cach xép khit
7-1t gitta cac CQDs.
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Hinh 4. &) Phé hdp thu; b) Phé kich thich hupnh quang 6 520 nm va ¢) Phé huynh quang (khi kich thich o
355 nm) cia CQDs ¢ trang thai dung dich (hinh tron rong) va trang thai ran (hinh tron 6 kin)
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Phé UV-Vis, phd kich thich huynh quang
(PLE) va phd phat xa huynh quang (PL) cta
CQDs ¢ trang thai dung dich va trang thai rin
dugc trinh bay trén hinh 4. C6 thé thay, pho
UV-Vis va phd PLE déu c6 dinh & ~350 nm;
diéu nay ching t6 sy phat xa ciia CQDs xudt
phat chu yéu tir qua trinh kich thich nhom
chtrc quang hoat bé miat F. So voi trang thai
dung dich, dinh hép thu cua CQDs ¢ trang
thai rin rong hon va vi tri cuc dai chuyén dich
vé phia song dai khoang 0,15 eV (tir 345 dén
360 nm). Tuong ty nhu vay, dinh phd PLE,
khi theo d&i ¢ budc song 520 nm (Hinh 4b),
ciing chuyén dich khoang 0,23 eV, tir 355 nm
(trang thai dung dich) dén 380 nm (trang thai
rén). Pac biét, phé PL cua CQDs ¢ trang thai
ran bi chuyén dich vé phia song dai khoang
0,4 eV, tir 445 nm dén 520 nm.
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Hinh 5. &) M6 hinh twong tac giita CODs ¢ trang
thai ran lam phan hoa cac mirc nang luong; b) su
xen phu gitta pho hap thu va phat xa cia CQDs.
Su thay d6i trong tinh chit quang ctia CQDs
trang thai rin so v&i trang thai dung dich co
thé duoc giai thich do (1) twong tac -m giita
CQDs ¢ trang thai rin va (2) do sy téng
cuong trong qua trinh truyén nang lugng gitra
cac CQDs. Khi cac hé lién hgp xép chong 1én
nhau dya vao tuong tac n-w, tuong tac dién tr
gilra cac obital phan tr © tao thanh cac trang
thai dién tir moi ¢6 nang lugng cao hon hodc
thdp hon so véi ning luong cia obital phén tir
ct [23]. Tuong tu, khi CQDs ¢ trang thai ran,
cac CQDs xép chong 1én nhau dya vao tuong
tac - nhur trinh by & trén hinh 3 dan t6i su
phan héa cac mic ning luong dong thoi lam
hep lai khoang cach HOMO-LUMO nhu mo ta
trén mo hinh 5a. Diéu nay giai thich tai sao dinh
hip thu va dinh kich thich phat xa chuyén dich
vé viing budc song dai hon (Hinh 4a, b).

Ngoai ra, CQDs hip thy dang ké & ving trén
380 nm, dac biét ¢ trang thai ran. Do d6, 4nh

sang phat xa tir mot CQD s& phan nao bi hép
thu boi cac CQDs ¢ bén canh nhu biéu dién
boi ving xen phu gitta phd hap thu va phd
phat xa trén hinh 5b. Qua trinh truyén ning
luong giita cac CQDs khong dang ké & trang
thai dung dich do cic CQDs niam cach xa
nhau. O trang thai rin, cac CQDs nim gin
nhau, khoang 4,14A (Hinh 3), qud trinh
truyén nang lugng tré nén hiéu qua vi hiéu
sudt truyén ning luong ty 1& véi 1/6 (r 1a
khoang céach gitta tam cho va tam nhan ning
lwong). Qua trinh truyén ning luong lam cho
cuong do phat xa & ving song ngin (< 500
nm) giam trong khi cuong do phat xa ¢ vung
song dai it bi anh huong. Két qua 1a pho phat
xa ctia CQDs ran chuyén dich déng ké vé phia
song dai so voi phd ciia CQDs & trang thai
dung dich (Hinh 4c).

4. Két luan

Phan tich su thay doi vé phd héap thu cua san
pham phan tng phan hiy nhiét hdn hop CA
va EDA cho thay sy hinh thanh CQDs co
chtra cac nhom chire quang hoat F trén bé mat
twong ty nhu sy hinh thanh cia CQDs theo
phuong phép thiy nhiét. O trang thai rén,
tuong tac m-m lam cac CQDs xép chong 1én
nhau twong tu cdu trac graphite, dong thoi
lam phan hoa cac miic ning lugng ban dau
cua CQDs; do do dan t6i su chuyén dich do
cua cuc dai hép thu. Bén canh d6, qua trinh
truyén ning luong gitta cac CQDs dugc ting
cuong & trang thai ran lam chuyén dich ving
phat xa khoang 0,4 eV. Anh hudng cua twong
tac gitra cac CQDs dén tinh chat quang hoc
cia CQDs ¢ trang thai ran c6 y nghia quan
trong khi trién khai img dung CQDs trong cic
ung dung quang dién tir nhu OLED hay pin
mat troi.

Lo&i cam on

Nghién ciru nay dwoc tai trg tir ngudn kinh
phi Khoa hoc Cong nghé cua Truong DHSP
Ha Noi 2 cho d¢ tai ma sb: C.2020-SP2-01.
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