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Synthesis and optical properties of Carbon quantum dots from orange juice
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Tém tit

Cham luong tir Carbon (CQD) dugc tdng hop tir cac tién chit nude cam tu nhién v6i quy trinh thuy nhiét don gian &
nhiét do thap, khong c6 mit cac hop chét thu dong hoa bé mit, chit oxy hoa hodc mudi vo co tham gia vao phan tmg.
Mau sic cua dung dich CQD dudi chiéu xa dén UV ¢6 mau xanh va phat xa manh & budc song 448nm khi duoc kich
thich boi bude song 390nm. Dinh huynh quang ciia CQD bi dich vé bude song dai (443 dén 456nm) khi bude song kich
thich thay di tir 350 dén 490nm. Nho vao loi thé ciia qua trinh tong hop xanh, c¢6 thé diéu khién dugc su phat xa va kha
nang twong thich sinh hoc, nhitng CQD nay c6 thé hita hen cho cac ing dung tiém ning trong nhin sinh hoc, khang
khuan, quang dién tur.

Tir khéa: Cham lugng tir; CQD; cachon; hap thy; huynh quang.

Abstract

Carbon quantum dots (CQD) were synthesized from natural orange juice precursors via a simple hydrothermal reaction at
low temperatures, without the use of any surface passivation, oxidizing agents, or inorganic salts. Under UV excitation, the
prepared CQDs display blue luminescence, and strong emission at a wavelength of 448nm with the excitation wavelength
of 390nm. The CQDs' fluorescence peak shifted to longer wavelengths (from 443 to 456nm) when the excitation
wavelength was increased from 350 to 490nm. Due to their green synthesis, tunable luminescence, and biocompatibility,
these CQDs hold promise for potential applications in biolabeling, antibacterial agents, and optoelectronics.
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1. Gioi thiéu

Céc vat liéu nano dua trén co sé cacbon nhu
graphene [1], nano kim cuong [2], dng nano
cacbon [3] va chdm luong tir Cacbon (CQD) di
duoc quan tdm nghién ctru nhd vao céac dic
trung quang hoc c6 thé duoc diéu khién thong
qua su thay ddi vé& hinh dang, cAu truc, kich
thude cua chiung [4]. Cac két qua nghién ctru da
cho thiy qua trinh tich nano kim cwong rat
phuc tap, trong khi d6 cac vat li€u nano
graphene va 6ng nano cacbon lai phan tan kém
trong nude, hidu suat huynh quang khong 16n,
ddc biét trong vung kha kién [5]. Van dé nay
lam cho kha ning tng dung cta cac ddi tuong
nay trong cac linh vuc c6 nhitng han ché nhat
dinh. Gan day CQD da cho thay nhimg minh
chtng vé tinh chét 1y hoa ndi troi hon, dic biét
tinh twong thich sinh hoc, doc tinh thap va kha
ndng giam gitr lugng t&r manh nén da dugc chu
¥ nhiéu hon [6]. Xu va cong sy nam 2004 tinh
c0 phat hién ra CQD khi dung k¥ thuat dién di
trong qua trinh ché tao cac dng nano cacbon
don vach [7]. Tuy nhién khai niém CQD duoc
dua ra boi Sun va cong sy bang viée tong hop
mot cach hé théng vat liéu nano carbon voi
kich thudc khac nhau [7]. Sau d6 CQD da duoc
tap trung nghién ctru khao sat nhidu hon va
duoc dé xuat 1a vat liéu méi co thé thay thé cho
céc cham luong tir vo co ban dan trong céc linh
vuc Uung dung nhu hinh anh sinh hoc, cong
nghé anh sang, xur Iy moi truong [8].

V& mat thuc nghi¢m hién nay cé nhiéu cach
tiép can khac nhau dé tong hop CQD, nhu thity
nhiét [9], vi séng [10], dién hoa [11]. Cac dan
xuét tién chat dé ché tao CQD thuong dugc su
dung tur glucose, sucrose, glycol, glycerol, axit
citric [12] va axit ascorbic [9] thuong kém theo
v6i cac hop chit khir manh, doc hai va gia
thanh ciing cao. Pong thoi, viéc t6i uvu hoa cac
san pham CQD twong thich sinh hoc voi quy
mo cong nghiép dé dap Gmg cho cac tmg dung
trong thuc tién van con han ché. Nhidu nhom
nghién ctru di téng hop truc tiép CQD tir cac

thuc phdm sach nhu sira dau nanh [13], chudi
[14] c6 kich thudc hat trung binh ¢& 4 nm va
phat xa mau d6 voi hiéu suét lugng tir huynh
quang c& 28%, tuy nhién dé ting cuong do phat
xa can bo sung NaBH4 vao qua trinh phan tmg.
Zhao va cac cong su cling tiép can ché tao ra
cac CQD tir cac dan sudt tu nhién nhu toi,
chanh di thu dugc nhidu dic tinh quang kha on
dinh va phu hop cho mét sé Gng dung trong
sinh hoc [15,16]. Do vay, viéc tim toi cac
phuong phap ddi twong vat liéu nham hudng
dén dich dé loai bo hoan toan cac hop chét phy
ddc hai, gia thanh cao trong céc san phém CQDb
1a rat can thiét cho cic nha nghién ctru thyc
nghiém.

Trong bai bao nay, ching t6i da tiép can
phuong phap ché tao CQD don gian, hidu qua
v6i chi phi thip, xanh véi méi truong tir tién
chat nuéc cam tuoi bang cach xtr 1y thiy nhiét.
CQD di dugc khao sat tinh chat quang thong
qua ph6 hip thu, huynh quang va kich thich
huynh quang. Hon nita, san pham CQD thu
dugc khong doc hai, c6 dac trung quang on
dinh s€ phu hop cho ung dung sinh hoc nhu
hién anh sinh hoc, danh dau té bao va khéng
khuan.

2. Phuwong phap nghién ciru
2.1. Héa chit

Cam Vinh tuoi (Nghé An), Ethanol (Sigma,
Aldrich, 95%), Isopropanol (Sigma, Aldrich,
70%), nudc cat hai lan (Aquatron A4000D,
Phong Thi nghiém Trung tdm Hoa hoc Tién
tién, Truong Pai hoc Duy Tan).

2.2. Ché tao chdm lwgng tir cacbon

Quy trinh ché tao CQD tir nu6c cam tuoi
duoc minh hoa & Hinh 1. 40ml nudc cam tuoi
sau khi duoc vat va loc thé, tron thém véi 10ml
dung dich ethanol. Hon hop dung dich nay cho
vao lg Teflon day nép kin dé vao autoclave van
chit ndp, xtr 1y nhiét & nhiét d6 130°C véi thoi
gian U mau 2 gid. Dung dich CQD sau phan
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tmg dugc loc thd bang gidy loc ¢6 mau vang,
tiép tuc ly tdm rira mAu v6i dung dich
isopropanol nhim loai bé phan gdc hiru co
khong phan tmg véi tbe do 7000 vong/phit

trong 6 phit. Sau d6 tai phan tan mau bang
dung moi nudc cat hai 1an dé khao sat cac dic
tinh quang ctia mau.
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Hinh 1. Minh hoa quy trinh ché tao CQD tir nwéc cam tuoi

2.3. Phwong phdp khdo sdt tinh chit quang
ciia mdu

Phé hip thu, huynh quang (PL) va phd kich
thich huynh quang (PLE) cuia CQD dugc do &
nhiét 46 phong bang may UV-vis (Agilent Cary
60), va may quang phd huynh quang (Floulorog
3, HORIBA Jobin Yvon, USA). Xu hudng thay
d6i clia budc song phat xa huynh quang theo
budc song kich thich duge thyc hién bang cach
ghi lai phd phat xa twong ung voi cac budc
séng kich thich khac nhau tir 350 dén 490nm
v6i bude nhay 20nm.

3. Két qua va thao luin

Phé PL, hap thu, PLE ctia miu CQD dugc
trinh bay ¢ Hinh 2. Hinh nho bén trong hién thi
mau cua dung dich CQD khi dugc chiéu bai
anh sang mat tro1 va den UV véi bude song
254nm. Quan sat phd hap thu cho thy vi tri
dinh cuc dai cua CQD ¢ budc song 283nm la
chuyén tiép z-7* cua lién két C=C va 345nm la
su chuyén tiép z-n* trong lién két C=0 [17].
Két qua nay di khang dinh duoc rang di co su
hinh thanh cac hat nano carbon sau phan wng,
phu hop véi két qua thyc nghiém da dugc bao
cao [18,19].

— PLE
— PL
— Phd hﬁp thu

Do hép thu (dvty)

Phd PL va PLE chuén hoa (dvty)
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Budc song (nm)

Hinh 2. Phé PL, hép thy va PLE ctia CQD. Hinh nho
bén trong thé hién mau sac cia CQD khi chiéu anh sang
thuong (bén trai) va dén UV 254 nm (bén phai).

Vi tri dinh phat xa cia CQD & budce
song 448nm c6 cudng d6 manh nhat khi kich
thich v6i bude song 390nm, két qua ndy tuong
g voi cac CQD co kich thude nhé [17]. Phd
PLE c6 dinh cyc dai & 398nm 16n hon dang ké
so voi ning lugng ving cidm cua CQD, c6 thé
1a do sy chuyén doi va tai hop lién quan dén
trang thai bé mat. Piéu nay da lam cho cac co
ché phat quang cia CQD tha vi hon, khéng
nhiing phu thudc vao kich thudc hat ma con
chiu anh huong boi cac trang thai bé mit hoac
su thu dong hoa bé miat. Péi voi mau CQD cua
ching t6i thu duoc, sy thay ddi cua cac hiéu
tmg bé mit xuit hién trong qua trinh cacbon
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hoa nuéc cam, vi trong thanh phan nudc cam
¢6 chura sén cac hop chat nhu cacbohydrat, céc
axit hitu co ty nhién nhu glucoza, fructoza,
sucrose, axit ascorbic, axit citric dong vai tro 1a
cac dan xudt tién chat carbon [8]. Cac nhom
chtic ning hoa lién quan ndy tao ra cac by phat
Xa gitra cac trang thai 7 va 7* ciia lién két C=C
dan dén co ché hép thy, phat xa ciia CQD bi
thay dbi.

Mot dac tinh quang tht vi cia CQD duogc
thé hién qua su phu thudc vao budc song kich
thich cua budc séng phat xa trén toan b viung
nhin thay nhu dugc trinh bay & Hinh 3 (a). Két
qua chi ra rang v&i budc song kich thich thay
doi tir 350 dén 490nm, thi vi tri dinh cuc dai
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phat xa twong tng lan luot bi dich chuyén do tir
430 dén 530nm. Pdng thoi, cudng do cia PL
giam dan do twong tac yéu gita CQD véi
ngudn kich thich [20]. Xu huéng thay ddi cta
budc song phat xa phu thudc vao budc song
kich thich dwoc thé hién & Hinh 3 (b). Co ché
PL nay xay ra la do sy xudt hién ciia qué trinh
tai hip thu photon, hiéu tng giam gitt kich
thudc lwong tir va sy sai hong & bé mat [21].
Khi budc song kich thich thay doi, tim bay
phét xa nao d6 & bé mit tuong tng s& chiém uu
thé. Pic biét cac hat carbon cang nho voi ty 18
bé mit trén thé tich cang 1on thi ty 1& sd lugng
bay cang 16n din dén sé luong dién tir d& bi
kich thich nhiéu hon.
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Hinh 3. (a) Phé PL cua CQD tuong tmg véi cac bude song kich thich tir 350 dén 490nm; (b). Xu hudng thay doi vi tri
dinh phat xa theo budc song kich thich

4, Két luan

CQD di duogc tong hop tir tién chit nudc
cam bang phan tng thiy nhiét. Ching phat
huynh quang manh, 6n dinh va phat mau xanh
khi chiéu bang anh sang dén UV. Két qua
nghién ctru tinh chit quang cua CQD da duoc
téng hop tir tién chat nudc cam bang phan ung
thuy nhiét. San pham thu duoc phat huynh
quang CQD chi ra ring: budc séng cua dai phat
xa phu thudc vao budc song kich thich, khi
buéc song kich thich thay dbi tir 350 dén
490nm, thi vi tri dinh cuc dai phat xa tuong Gng
lan luot bi dich chuyén do tir 430 dén 530nm,

dong thoi cuong do cia PL giam dan. CQD
duoc tong hop tir tién chit an toan khong doc
hai lai c6 kha niang phan tan tét trong nudc, Vi
vay c6 kha nang tuong thich sinh hoc cao. Do
vay CQD nay c6 thé hira hen cho cac tiém ning
ung dung trong sinh hoc nhu hién anh sinh hoc,
danh diu té bao va khang khuan.

Loi cam on: Céc két qua thuc nghiém cua
bai bao nay dugc thuc hién bai sy hd tro cua dé
tai Chwong trinh phat trién Vat 1y cap Vién Han
lam Khoa hoc va Cong nghé Viét Nam, ma )
KHCBVL.05/21-22.
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