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Tém tat. Trong nghién ctru nay, chung t6i tién hanh ché tao dung dich chdm lugng tir carbon-carbon
dots (CDs) tlt phan vé ctia qua Gac bang phurong phép thuy nhiét. Nhiét d6 phan tng 1a 190 °C va thoi
gian thuy nhiét la 6, 8, 10, 12, 14 va 16 gio. Dung dich sau thuy nhiét duoc ddnh gid cdu trac théng qua
phd nhiéu xa tia X cfing nhu cac tinh chat quang thong qua phép do phd hap thy, phd quang phat
quang, phé hong ngoai va hiéu sudt luong tir. Két qua cho thay dung dich chdm luong tt carbon ché
tao tir vd qua Gac hdp thu manh btic xa 6 khoang budc séng 276 nm va phat quang ¢ khoang budc
song 430 nm. Ph& hdong ngoai cho thdy trén bé mit 16i carbon xuét hién cac nhém chirc hydroxyl va
carbonyl. Khi thay d6i thoi gian thuy nhiét, gia tri hiéu sudt luong t& cling thay d6i va dat cuc dai
(5,06%) tai 190 °C trong 14 gio.
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Abstract. In this study, we fabricated carbon dots (CDs) solutions from the skin of the Gac fruit by
using the hydrothermal method. The samples were fabricated at 190 °C for 6, 8, 10, 12, 14, and 16
hours. We investigated the structural properties of the obtained CDs via X-Ray diffraction (XRD), and
the optical properties of the samples were accessed via UV-Vis absorption, photoluminescence, FTIR
spectra, and the quantum yield. The results show that the CDs absorb light at the wavelength of
276 nm and emit at the wavelength of 430 nm. The FTIR spectrum clarifies that the functional groups
on the surface of the carbon core are hydroxyl and carbonyl. The results indicate that the quantum
yield varies with the treatment time and reaches a maximal value (5,06%) at 190 °C and 14 hours.
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1 Méb dau

Cham luong tir carbon (carbon dots) — ky
hiéu la CDs - lan dau duwgc phat hién vao nam
2004 khi Xu va cong su tach chiét cac 6ng carbon
nano ra khoi mudi than bang phuong phap dién
di trén gel [1]. Tt d6, khai niém chdm luong t&
carbon hinh thanh. D6 la cac hat carbon c6 kich
thudc dudi 10 nm véi cau trac bao gom 16p 16i la
khéi cau carbon lai héa sp¥/sp? & dang vo dinh
hinh hodc tinh thé; bao boc bén ngoai 1a cac nhéom
chtc nhu carboxyl, hydroxyl, carboxylic acid va

cac nhom chttc chira nitrogen [2].

Vit liéu carbon nano la loai vat liéu phat
quang khong ddc hai, than thién véi moi truong
ma van c6 cac déc tinh phat quang doc ddo nén
duwoc nhiéu nha khoa hoc quan tdm nghién ctru.
Gan day, chdm luong t&r carbon nhanh chéng trd
thanh mot vat liéu tiém nang, c6 thé tng dung
trong nhiéu linh viec nhw quang xtc tac, quang

dién tir, hinh anh sinh hoc va cam bién [3].

Cac nha khoa hoc da st dung nhiéu
phuong phap khac nhau d€ ché tao CDs nhu
phuong phap dién hoa [4, 5], phwwong phép cat bo
bang laser [6, 7], phuwong phép thay nhiét [8, 9]
hodc phuong phap xtt ly bang vi séng [10, 11].
Trong s6 cac phuong phap néu trén, hudéng lua
chon phwong phap ché tao c6 quy trinh don gian,
than thién véi mdi truong, ngudn nguyén liéu dé
tim va thanh pham ché tao c6 nhing tinh chat
quang hoc t6t thuong duoc wu tién, dac biét 1a
phuong phap thuy nhiét. Day la ky thuat ché tao
st dung nudc ¢ ap sudt va nhiét do cao nhim tao
ra s¢ phan huy nhiét hda vat liéu [12]. Uu diém
ctia phurong phéap nay la don gian, dé thuc hién
va c6 thé 4p dung vdi nguyén liéu dau vao cd
ngudn goc tu nhién hodc hda chat [13].

Nhiéu tng dung cua dung dich cham
lwong tit carbon dugc xay dung dwa vao cac tham
s0 quang hoc ctia ching. Mdc du cac tinh chat

quang nay da duoc nghién ctru va cong bs, nhung
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mot s6 két qua trude day cho thdy cac ddc tinh
nay thay d6i mot cach dang ké phu thudc vao tién
chét st dung cling nhu cac thong s6 ctia qua trinh
thuy nhiét [4]. Do d6, viéc danh gia cac tham s6
quang hoc ctia chdm luong tt carbon duwgc ché

tao tlr mot tién chat mai 1a rat quan trong.

Cac vat liéu c6 ngudn gdc tir tw nhién duoc
xem la ngudn cung cap tién chat doi dao, da dang,
than thién va it ton kém cho viéc ché tao dung
dich chdm luong ti carbon. Vi vay, ching toi lua
chon va stt dung phan vo cta qua Gac dé€'lam tién
chét va st dung phuwong phép thuy nhiét dé ché
tao dung dich chdm luong ti carbon. Kich thudc
trung binh ctia hat carbon dwgc xdc dinh thong
qua anh TEM. Phd phat quang, pho hap thu va
pho hong ngoai ctia CDs cling da dwoc khao sat
trén cac thiét bi chuyén dung. Hiéu suat luong tr
cho thdy c6 su thay doi ro rét khi thay doi thoi
gian thuy nhiét.

2 Thuc nghiém

2.1  Nguyeén liéu, hoa chat va thiét bi

Qua Gic cb tén khoa hoc 1a Momordica
cochinchinensis Spreng duoc mua tit chg dia
phuong 6 Thanh phd Hué, Viét Nam. Chang t6i
chon qua chin do, cat déi va tach 1dy phan vo, bao
gom phan vo ciing dé bén ngoai va phan vo x6p
mém mau vang cam ¢ bén trong.

Dung dich d6i chitng d€ do hiéu suét luong
tie dwegc pha ché bang cach hoa tan quinine sulfate
(C40H50N4OsS) cua hang AnalaR NORMAPUR voi
dung moi la sulfuric acid (H2504 95-98%, Trung
Qudc) da dugc pha loang trong nudc cat hai lan
dén nong d6 0,1 M.

Ciu truc cta san phdm dung dich cham
lwong ttr carbon duwoc danh giad thong qua nhiéu
xa tia X (XRD) trén hé do D8 Advance (Ptic) st
dung ngudn phat Cu-Ka (A = 1,54056 A). Ph& hip
thu UV-Vis dugc ghi trén may GENESYS 10S UV-
Vis (Thermo Scientific, My) va phé phat quang
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duwoc ghi trén mday FS5 spectrofluorometer
(Edinburgh Instrument, Anh). Phd hong ngoai
FTIR duoc ghi trén thiét bi FTIR Affinity-1S
(Shimadzu, Nhat Ban). Kich thwdc ctia carbon
CDs duwoc xac dinh bf?mg phuong phap chup anh
bang kinh hién vi dién t truyén qua JEOL Jem-
1010 ctia hang JEOL, Nhat Ban, véi dién ap gia toc
80 kV.

2.2 Phuong phap ché tao

Chung t6i tong hgp dung dich chdm luong
tie carbon bing phuwong phap thuy nhiét. Cac
budc ché tao dugc mod ta nhu sau: can 5,0 g phan
vo qua Gac, cit nhé va tron véi 80 mL nudc cat
hai lan. Hon hop dwoc cho vao binh Teflon c6 ndp
kin, gia ¢8 bang binh kim loai day bén ngoai roi
nung thuy nhiét 6 190 °C trong 6, 8, 10, 12, 14 va
16 gio. Sau qua trinh nung t & trén, binh thuy
nhiét duoc dé€ ngudi tu nhién dén nhiét d6 phong;
quad trinh nay mat khoang 10 gio. Tiép theo, dung
dich duoc loc so bd qua giay loc va ly tam ¢ toc
d6 14000 vong/phut trong 15 phat dé€ loai bo cac
hat c6 kich thude 16n. Dung dich cudi cung trong
sudt, mau vang nau, duoc boc tranh anh sang va

bao quan ¢ 4 °C dé€ st dung cho cac thi nghiém

® -E-» =

Hinh 1. Quy trinh ché tao dung dich chdm luong tir
carbon ttt vé qua Gac

tiép theo.

2.3 Khao sat cac dic trung quang hoc va xac
dinh hiéu suat lugng tix

Dung dich CDs dwgc c6 can trén lam kinh
nham chuédn bi cho phép do nhiéu xa tia X va bdc
hoi ty nhién trén nén rén KBr d€ chuén bi cho ghi
pho hong ngoai. D& chuan bi ghi phé phat quang
va hdp thy, dung dich chdm luong tit carbon ban

dau duoc pha loang trong nudce cat hai lan véi cac
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nong do khac nhau sao cho d6 hdp thu cua tat ca
cac dung dich nay tai budc séng 340 nm déu nho
hon 0,1 [14]. Bic xa 6 buwdc séong 340 nm cling
duoc st dung dé€ kich thich khi ghi phd phat

quang cta cac dung dich carbon nay.

Trong nghién cttu nay, chiing t6i st dung
phuong phap so sanh dé€ xac dinh hiéu suét luvgng
ti ctia dung dich cham luong ti carbon [15]. Quy
trinh do dwoc thuc hién bf”mg cach xac dinh ddé
hap thu quang cta dung dich chdm luong t
carbon tai budc séong 340 nm va dién tich dudi
duong cong pho phat quang tinh ttr 360 dén 700
nm ctia dung dich khi kich thich bang btic xa 340
nm. Sau d6, két qua duoc so sanh véi d6 hap thu
va dién tich dudi duong cong phd phat quang cua

mau chuan 1a dung dich quinine sulfate.

Gia tri hiéu sudt luong t&r ctia dung dich
chdm luong t&r carbon duoc tinh dwa vao biéu
thirc

n2

QY = 0% (&) (%) (1)

nRZ

trong d6 QY la hiéu suat luong tir ctia dung dich;
m la hé s6 goc cua duong chudn mo ta méi lién hé
gitta d0 hdp thu va dién tich dwdi duong cong
pho phat quang cua dung dich; n la chiét suat cta
dung dich. Chi s& dudi R ting véi gia tri cia dung
dich chuan. O day, chung t6i st dung quinine
sulfate lam dung dich chuan va cé cac thong s6
teong tng la QYr = 0,54; nr = 1,33 [14, 16].

3 K&t qua va thao luan

3.1 Hinh thai va cau trac

Kich thuéc caa chdm luong tir carbon duoc
xéac dinh bang anh hién vi dién t& truyén qua va
mo ta & Hinh 2a. Dwa vao anh TEM trén hinh, c6
thé thdy cac hat ¢ kich thuwdc nho, phan bé roi rac
va khong két dam. St dung phan mém Image] dé
khao sat su phan bd kich thudc hat bang cach do
duong kinh cac hat; dir liéu thong ké kich thudc
hat dueoc mo ta 0 goc dudi bén phai Hinh 2a va
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cho thdy kich thudc hat carbon trung binh cua
dung dich ché tao duoc1a 6,5 +2,9 nm.

Cuding dé tuong déi

R
2-Theta ()

ERE]

a) b)

Hinh 2. (a) Anh TEM ctia dung dich ch4m lwong tir
carbon véi thanh dinh ¢& 100 nm va (b) Gian d6 nhiéu
xa tia X ctia vat liéu chdm luong tir carbon

Gian d6 nhiéu xa tia X ctia vat liéu chdm
lwong t& carbon dwogc trinh bay trén Hinh 2b.
Gian d6 XRD cho thdy su xudt hién ctia mét dinh
rong & vi tri goc 20 ~24°; day la dinh nhiéu xa dic

trung ctia ho mat (002) doi voéi vat liéu carbon ¢
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cdu truc vo dinh hinh va phu hop véi két qua
quan sat tit mot nghién ctru trude day [17].

3.2 DPic trung quang hoc

Hinh 3 trinh bay moét s6 ddc trung quang
hoc ctia dung dich chdm luong tit carbon ché tao
tr vo qua Géc, nung ¢ 190 °C trong 14 gio, ky
hiéu 1a GV14. Nhim du doan mét cach dinh tinh
cdc nhém chitc xuat hién trén bé mat 10i carbon,
truede tién ching toi tién hanh ghi phd hong ngoai.
Hinh 3a cho thdy c¢6 mét dai hip thu rong dac
trung cua nhoém chiee O-H trong vung s6 song
3433 cm! [18], cac dinh ¢ s§ song 1767 cm! va
1598 cm! twong ttng voi dao dong kéo gian cua
nhém chitc C=0 [18-20] va c4c dinh & sO séng
1398 cm! va 1093 cm-! xuat hién do dao dong kéo
gian bat d6i xing cua nhom chiec C-O-C [21].
Nhiing két qua phd FTIR nay da lam rd sy ton tai
ctia nhiéu nhédm chitc khac nhau trén bé mat 16i
carbon sau qua trinh thtty nhiét.
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=—GV14- 300
——GV14-400]| 14000 G
V14 - 600
—GV14- 800

B6 hap thu (A)

Cuting d& phat quang (dv!

T
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Hinh 3. (a) Ph6 hong ngoai ctia dung dich chdm lwong tir carbon; (b) Phé hip thu (bén trai) va phd phat quang khi
kich thich bang btic xa 340 nm (bén phai) ctia dung dich GV14 khi thay d6i nong d6 pha loang; (c) PhS phat quang
cua dung dich GV14 khi thay d8i btic xa kich thich; (d) Hinh anh dung dich chdm lwong ttr carbon duéi dnh sdng
mat troi, anh sang kich thich cé budc séong 532 nm va 405 nm

Phd hap thu UV-Vis va ph6 phéat quang ctua
dung dich chdm luong t carbon da dwoc khao
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hap thu o phia trai ctia Hinh 3b cho thdy c6 mot
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dinh rong ¢ khoang budc song 276 nm, dwoc cho
la do chuyén dich m-m* cta lién két C=C ¢ 16i
carbon [22]. Phd phat quang cua vét liéu ¢ phia
phéi Hinh 3b cho thay khi kich thich bang btic xa
340 nm phd phét quang c6 dang dai rong, cuc dai
pho 6 khoang bude song 430 nm.

Trong qua trinh nghién cttu cac chdm luwong
t, chung tdi cling khao sat tinh chat quang hoc,
ddc biét tap trung vao hién tuong phat quang phu
thudc vao budce song kich thich. Hinh 3b cho thay
khi thay d6i budc song kich thich tir 340 dén 430
nm, trén phd phat quang cé vung phat xa rong,
thay d6i ttr 430 dén 505 nm. Trong cac nghién ctru
tredc day, su twong tac gitta 16i carbon va cac
nhém chttc khic nhau trén bé mat dwoc cho la
nguyén nhan dan dén sy hinh thanh cdc bay phat
xa riéng biét [23]. Khi cac bay nay dwoc kich thich
tai cac budc séng khac nhau, vat liéu phat xa tai

cac budc song khac nhau.

Hinh 3d 1a anh chup dung dich chdm luwong
tt carbon dudi anh sang mat troi ¢ budc séng 532
nm (mau xanh 1a) va 405 nm (mau xanh troi).

Hinh anh nay cho thady btic xa phat quang c6 mau
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thay ddi theo bttc xa kich thich va cwong d6 anh
sang phat quang la kha manh va c6 thé quan sat
16 bing mét thuong. Nhu vay, vi tri dinh phat
quang phu thudc vao budc séng ctia anh sang
kich thich va c6 xu hudng dich chuyén vé phia
bwdc song dai khi ting budc séng ctia anh sang
kich thich.

3.3 Hiéu suat lugng tr

Phd phat quang cua dung dich quinine
sulfate va dung dich chdm lwgng t& carbon thuy
nhiét tir vo qua Gac ¢ 190 °C trong thoi gian 14
gio (GV14) khi pha loang ¢ cac nong do khac
nhau dwoc trinh bay trén Hinh 4a va 4c. Theo do,
duong chudn md ta mdi lién hé gitra do hap thu
va dién tich dudi duong cong phd phat quang cua
hai loai dung dich trén sau khi x ly s8 liéu bang
phan mém OrginPro 8.5 cling duoc trinh bay trén
Hinh 4b va 4d. Thuc hién ghi ph6 phat quang va
xay dung duwong chuin tuwong tw cho cidc dung
dich chAm lwong tir carbon thuy nhiét trong 6, 8,
10, 12 va 16 gio. SG liéu vé hé sd goc, hé s6 hoi quy
tuyén tinh va két qua tinh toan hiéu suat lugng t
(quy d6i thanh %) theo cong thic (1) cuia cac dung
dich trén duoc liét ké trong Bang 1.
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Hinh 4. a) Phé phat quang; b) Puong chuidn mé ta m&i lién hé gitta d6 hap thu va dién tich dudi duong cong phd
phat quang ctua dung dich quinine sulfate; ¢) Pho phéat quang; d) Puong chudn moé ta méi lién hé gitta d6 hap thu va
dién tich dw6i duong cong phd phéat quang ctua dung dich GV14
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Bang 1. S6 liéu vé hé s6 goc, hé s6 hoi quy tuyén tinh va tinh todn hiéu sudt lugng tit ctia dung dich chdm luong tke

carbon
Thoi gian nung (gio) Ky hiéu Heé s8 goc Heé s6 hoi quy tuyén  Hiéu suat lwgng
tinh i (%)
ON 562630000 0,99004
6 GVé6 30732200 0,9993 2,95
8 GV8 40058500 0,99842 3,84
10 GV10 33087400 0,9972 3,18
12 GV12 48540300 0,9989 4,66
14 GV14 52740500 0,9992 5,06
16 GV16 50928200 0,9988 4,89

Tt két qua tinh toan hiéu sudt luong ti da
thong ké ¢ Bang 1 c6 thé thay hiéu sudt luong ti
cua dung dich cham luong tir carbon duoc ché tao
tlr phan vo qua Gac phu thudc vao thoi gian u
nhiét va c6 gia tri thay ddi tir 2,95 dén 5,06%.
Dung dich GV14, twong ting véi thoi gian u nhiét
14 gi0, cho gia tri hiéu suat luong ti 16n nhat. Cu
thé, khi thoi gian thuy nhiét ting tit 6 dén 14 gio
thi cuong dd phat quang cting thay d6i ti 16 thuan
va dat gid tri cuc dai, sau d6 giam tai moc thoi
gian 16 gio. Cac nghién cttu trede dé da chi ra
rang viéc kéo dai thoi gian xtt Iy thity nhiét c6 thé
thic ddy qua trinh hinh thanh cdu trac 6n dinh
cta carbon dots, tit d6 lam tang cwong do phat
quang cua vat liéu [24]. Tuy nhién, s¢ kéo dai thoi
gian thuy nhiét nay cling dong thoi lam tang mat
dd hat, kéo theo hién twong dap tat phat quang
[25]. Két qua nghién ctru cua chung tdi cho thay
xu hudng twong tw, twong dong nhat véi cong bd
ctia Hoan va cong su khi khao sat anh huwdng cuia
thoi gian thuy nhiét dén tinh chat quang cua vat
liéu CNPs tong hop tir qua Chanh [26].

4  Kétluan

Trong nghién cttu nay, chung t6i st dung

vo qua Gac d€ lam tién chdt ché tao dung dich
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cham luong t& carbon bang phuong phap thuy
nhiét. Theo d6, chung to6i Irra chon gia tri 190 °C
lam nhiét d6 nung va thay d6i thoi gian nung u ti
6 gio dén 16 gio. Duong kinh trung binh cta
chadm carbon sau khi ché tao 1a 6,5 + 2,9 nm. Gian
d6 nhiéu xa tia X cho thdy dinh nhidéu xa dic
trung ctia ho mat (002) doi véi vat liéu carbon ¢
cdu trac v dinh hinh. Phd hong ngoai cho thay
trén bé mat 16i carbon xuat hién cdc nhom chire
hydroxyl va carbonyl. Dung dich chdm luong tt
carbon c6 cuc dai phat quang ¢ khoang budc song
430 nm khi kich thich bang btic xa 340 nm va c6
xu hudng dich chuyén vé phia budc song dai khi
tdng budc séng ctua anh sang kich thich. Chung
toi da trinh bay két qua nghién cttu mot cach kha
chi tiét vé sy anh huong ctia thoi gian thuy nhiét
dén hiéu suat lugng tix ctia CDs. Khi thay doi thoi
gian thily nhiét, hiéu suat luong ti ciing thay doi
theo va dat gia tri cuc dai la 5,06% khi nung u
trong 14 gio.

Thong tin tai tro
Nghién cttu nay dugc Dai hoc Hué tai tro

trong dé tai khoa hoc va cdong nghé, ma so
DHH2023-01-208.
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