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CHE TAO HAT CACBON NANO THEO HUONG TIEP CAN XANH BANG
PHUONG PHAP THUY NHIET

GREEN HYDROTHERMAL SYNTHESIS OF CARBON NANOPARTICLES
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Tém tit - Hat cacbon nand (CNPs) 1a vat liéu maéi than thién voi
moi truong va co tinh Gmg dung rong rii trong doi séng va ki
thuat. Trong nghién cru nay, CNPs phat quang mau dé da duoc
ché tao bang phwong phép thity nhiét tir rau cai chan vit (spinach).
Chu triic cia CNPs dugc nghién ciru théng qua phép do nhiéu xa
tia X, trong khi cac déc trung quang hoc ctua chiing dugc nghién
ctru thong qua cac phép do phd hap thu UV-Vis, kich thich va
phat quang. Cac két qua thu dugc cho thiy, vat liéu CNPs di duoc
ché tao thanh cong. Phé phat quang c6 dang phd dam (tir 600 nm
dén 750 nm) va cudng do phat quang thay dbi theo budc séng
kich thich nhung hinh dang phé khong thay déi. Hiéu suét luong
t0r x4p xi 18,3%. Ngoai ra, sy suy giam theo thoi gian cua cuong
d6 phat quang ciia CNPs ciing di dugc nghién ciru va két qua chi
ra rang CNPs ¢6 do suy hao thap.

Tir khéa - Vit liéu phat quang; Hat cacbon nan6 (CNPs); Phuong
phap thity nhiét

1. Gioi thi¢u

K& tir khi duoc tinh c& phat hién boi Xu va cac cong su
vao nam 2004 [1], da c6 rt nhiéu cac cong bd lién quan nham
tim hiéu cac tinh chat Iy hoa ciing nhu tmg dung cua vat liéu
hat cacbon nand (CNPs). Tinh chat ciia CNPs phu thudc kha
nhiéu vao ngudn tién chat sir dung. Mot trong nhitng tinh chat
vat 1y quan trong cua CNPs [a huynh quang [2]. Bing cac
khai thac ddc tinh nay, rat nhiéu cac cong bd lién quan da cho
thay tiém ning tmg dung cua vat liéu CNPs trong hau hét cac
linh vye cta cufe song. F. Wang va cong su lan dau tién
chimg minh rang, CN Ps co thé duoc sir dung trong dén LED
tring [3]. CNPs dugc téng hop boi X. Wang va cong su bang
phuong phap tong hop vi song da duge chimng minh la dé
dang xam nhép vao té bao E. coli va 293T trong 6ng nghiém.
Hon nita, sy phat quang nhiéu mau ciia chiing ciing cho thiy
kha ning tmg dung dé tao nhén sinh hoc va hinh anh sinh hoc
[4]. Ngoai phan tich sinh hoc huynh quang bang CNPs, L.
Cao va cong su cho thdy, CNPs ciing c6 tiem nang su dung
trong md hinh sinh hoc phat quang hai photon dé phat hién
céc té bao ung thu va MCF-2 ¢ ngudi [5]. L. Liu va cong su
phat hién ra rang, CNPs dugc diéu ché tir mudi nén bang
phuong phép tong hop thuy nhiét, cho thdy doc tinh té bao
thap va ciing da duoc st dung dé phat hién céc ion kim loai

Abstract - Carbon nanoparticles (CNPs) are considered as new
materials with prominent properties such as environmental friendliness
and wide applicability in many fields. In this study, red-emitting CNPs
were synthesized from spinach vegetables by the hydrothermal
treatment method. The structure of synthesized CNPs were determined
by X-ray diffraction measurements while their luminescent properties
were studied by UV-Vis absorption, photoluminescence (PL) emission,
and PL excitation (PLE) measurements. The results showed that, CNPs
were successfully synthesized. PL spectra are broadband spectra from
~ 600 nm to ~ 750 nm and luminescent intensity varies with the
excitation wavelength whereas the shape of spectra does not change.
The studied CNPs exhibit the fluorescence quantum yield of about
18,3%. Moreover, the decrease in the PL intensity over time was
investigated and the results showed that attenuation of CNPs is low.

Key words - Luminescence materials; Carbon nanoparticles
(CNPs); Quantum yield; Hydrothermal method

nang nhu Hg?, Cr¥*, AIF* va Fe3* [6]. Mot s6 nghién ctu da

chi ra rang CNPs c¢6 thé hoat dong nhu mot cam bién hiéu

qué dé phat hién cac ion kim loai, phan tr sinh hoc khac nhau,
.. ngay ca dbi vi cac ndng do rat nho.

Cho dén nay, c6 kha nhiéu phuong phap duoc ap dung de
ché tao CNPs bang cach sir dung hoa chét cling nhu nguon
nguyén liéu tir tw nhién. Chiing c6 thé dugc phan loai theo hai
huéng tiép can chinh: Tiép can tir trén xudng (top- down) va
tir dudi 1én (bottom-up). Céc phuong phép tir trén xuong lién
quan dén sy pha v& céc tién chat cacbon s6 luong 16n hodc
vat liéu nand c¢o kich thudc 16n hon CNPs, chang han nhu
than chi hodc éng nand cacbon. Mot sb phuong phéap c6 thé
duoc sir dung dé bién ddi cac tién chat nay thanh CNPs,
ching han nhu cit bo bang laser [7], tdng hop dién hoa [8],
phong dién hd quang [9], hodc oxy hoa hoa hoc trong axit
manh [10]. Tng hop tir du6i 1én thuong khai thac qua trinh
cacbon hoa clia cac tién chat phan tir khac nhau, nhu axit
xitric [11], hodc sacaroza [12] ... Qua trinh cacbon hoa cac
hop chat nay thuong dugc chon vi diém néng chay thap, co
thé dugc thuc hién ¢ nhiét do tuong dbi thap tao ra CNPs.

So vdi tién chat 14 hoa chét, viée sir dung cc san phim ti
nhién than thién véi mi truong c6 nhidu lgi thé trong viée ché
tao CNPs, bao gom gia ca thip va do phong phii cao [13]. Dic
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biét, nguyén lidu c6 ngudn gdc thyc vat da duoc chimg minh
12 mot ngudn tong hgp CNPs tuyét voi vi ham lugng cacbon
cao (vidu: 6 [14],16 hoi [15], hoa hong [16], & rau mui [17]).

Vi thé, viéc tim kiém ngudn nguyén liéu méi tir tr nhién de
ché tao vat liéu CNPs, danh gi4 cac dic tinh quang hoc van
dang 1a mot trong cac hudng nghién ctru nhan dugc nhiéu sy
quan tdm cta cac nhém nghién ctru ngay nay.

Trong nghién ciru ndy, nhém tac gia trinh bay két qua
ché tao thanh cong vat liéu CNPs phat xa 4nh sang do bang
phuong phép thity nhiét véi tién chat 1a rau cai chén vit.
CNPs c6 d¢ on dinh quang dang ké, dinh phat xa cuc dai ¢
bude song 680 nm, hiéu suat luong tir cao xap xi 18,3%.
Céc phép do quang hoc da dugc thuc hién dé tim hiéu sy
phu thudc ctia CNPs vao budce song kich thich.

2. Thwe nghiém
2.1. Vit liéu va héa chit

Rau cai chan vit (spinach) dugc mua tai siéu thi Vinmart.
Céc hoéa chat H,SO4 (d6 tinh khiét > 98,0% duoc cung cap

Rtra rau bz"mg
ethanol, cat nho.

Loc tinh béng
dau loc 0,22 pm.

Phat quang

B vao tu sy 6 50°C
trong 24 gio.

badi hang Sigma - Aldrich), Ethanol (99,97%), Rhodamine B
(Merck) khong can xir 1y trude khi sir dung. Nude cat hai lan
dugc sir dung dé pha loang dung dich H,SOs.
2.2. Quy trinh va phwong phdp ché tao

Vit liéu phat quang CNPs duoc ché tao bang phuong
phép thuy nhiét. Quy trinh ché tao mau dugc so dd hoa nhu
Hinh 1 va tham khéao tir nhém tac gia Li Liping [18]. Rau
cai chan vit duoc rira sach béng Ethanol, cit thanh tung
miéng nho va say kho trong 24 gio & nhiét o 50°C. 0,15g
rau cai chan vit da sdy kho va 75 ml Ethanol dwgc cho vao
ong Teflon va dit vao tii sy dé thuy nhiét & nhiét d6 150°C
trong thoi gian 6 gio. Sau qua trinh thuy nhiét, dung dich
duoc dé ngudi tu nhién & nhiét do phong. Dung dich sau
do duoc loc bﬁng giéy loc tho dé loai bo cin va dugc ly tam
v6i toe d6 14000 vong/phut trong 30 phut dé tach cac hat
¢6 kich thudc 1on. Dung dich thu dugc sau d6 tiép tuc duoc
loc qua mang loc (Syringe) 0,22 um dé thu dugc cac hat ¢6
kich thudc nhé hon. Cubi cung dung dich thu duge chira
CNPs va dugc bao quan ¢ nhiét do phong.

= i
l

0, 15 g rau sdy

khoé va 75 ml Thuy nhiét &
ethanol. 150°C, trong 6
gio.

Loc tho va ly tam:
14000 vong/pht,
trong 30 phut.

Hinh 1. So dé ché tao mdu

2.3. Thiét bi va phwong phdp do dac

Nhém tac gia di sir dung mot sd thiét bi nhu ti say
MEMMERT UNB 500, may ly tdim lanh MIKRO 200R
— Hettich — Bre. CAu trac cua vat lidu duge nghién ctu
bang phwong phap nhiéu xa tia X (XRD) trén may nhiéu
xa D8-Advance Eco cua hing Bruker st dung ngudn
phat Cu-K, (A =1,54056 A). Kich thudc cia CNPs dugc
xac dinh bing phwong phap chup anh trén méy kinh
hién vi dién tir quét (SEM) JSM-1T100 cua hang JOEL.
Céc tinh chit quang ciia vat lidu dugc nghién ctru thong
qua phd hap thy UV-Vis dugc do trén may Duetta ciia
hing Horiba, phd phat quang (PL) va phd kich thich
(PLE) thu dugc tr may FL3-22 cua hang Horiba.
Cac phép do déu dugc thuc hién tai cac phong thi

nghiém thudc Trung tdm Tinh todn hiéu ning cao va
Khoa hoc vat liéu cia Khoa Vit li, Trudong Pai hoc Su
pham — DPai hoc Pa Nang.

3. Két qua va thio thuin
3.1. Gidn do nhiéu xa tia X (XRD)

Gian dd XRD ctia mau vat liéu da duoc ché tao duoc
thé hién & Hinh 2. Bé so sanh, XRD cua dé dung mau
(holder) cing duoc do. Trong gian d6 XRD ciia mau duoc
ché tao ta quan sat thay dinh nhidu xa rit cao & g6c
20 = 21,5°. Pay la dinh nhiéu xa dic trung cta vat liu
cacbon c6 cdu tric vo dinh hinh [19]. Két qua nay tuong tu
v6i gian dd XRD cua CNPs duoc ché tao tir bi ddu nanh
[20], vo chubi chin [21], bd ca phé [22], axit citric [23].
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(@ CNPs
a (b) — Holder

/
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26 (°)
Hinh 2. Gidn d6 nhiéu xa tia X ciia CNPs va holder
3.2. Anh chup kinh hién vi di¢n tir quét (SEM)

n  Std-PC500 HighVac. [81x60,000

Hinh 3. Hinh anh SEM ciia CNPs

Két qua chup anh SEM cua mau vat liéu dugc trinh bz}y
trén Hinh 3. Ttr Hinh 3 ta thay, cac CNPs c6 dang hinh cau
voi kich thude trung binh dudi 100 nm.
3.3. Phé hip thu

Trong cac nghién ctu trLr('Tc dé}{, ddi voi V@trliéu CNPs
dugce ché tao sir dung nguon tién chat ty nhién, két qua khao
sat phé hip thu thuong cho thiy, sy xuit hién caa dinh phd
nam ¢ ving bugc séng nho hon 300 nm. Cu thé, cac dinh
hap thu dic trung nay nam vj tri khoang 220 va 280 nm,
tuong tng véi chuyén doi - ™ cia lién két d6i C=C va
chuyén doin - " cta lién két d6i C = O [24, 25].

0.08

0.06

0.04

D6 hép thy (A)

0.02

0.00

T T T T
300 400 500 600 700 800
Buwéc song (nm)

Hinh 4. Phé hdp thy UV-Vis ciia CNPs

Tuy nhién, sau khi thity nhiét rau cai chan vit, két qua
phan tich cho thdy, vat liéu CNPs c¢6 hai dai hap thu nam
hoan toan trong ving kha kién, & cac vi tri khoang 410 va
620 nm (duoc thé hién trén Hinh 4). Két qua nghién ctru
nay kha phu hop véi cong bd trude ddy ciia nhom tac gia
Xiaokai Xu [13]. Trong do, cac dinh tai hai vi tri trén thugc
vé cac chuyén doi ing voi dai Soret va dai Q ciia nhom
chure porphyrins [13].

3.4. Phé kich thich

Hinh 5 1a pho kich thich huynh quang (PLE) ctia CNPs
{mg v&i bude song phat xa 455 nm va 672 nm. Phé kich thich
clia vét lidu ciing bao gdm cac dinh rong gidng nhu phd hap
thy. Tir phd hip thu va kich thich, ¢6 thé thdy budc song
410 nm 1a phit hop nhét dé kich thich phat quang ciia CNPs.

M (@ ——672nm
,\ ‘N' /\i‘ (b) ——455nm x 4
| W !
— ’ ‘x »«Wn M
2 \
k) \
3 / \\\ b
\\
\\W
350 460 450 500 550 660 650

Budc séng (nm)
Hinh 5. Phé kich thich hupnh quang ciia CNPs
3.5. Phé phéat quang

Dung dich CNPs thu dugc khi quan sat & diéu kién
thuong c6 mau xanh 14. Khi duge chiéu boi tia tir ngoai thi
phat quang mau d6. Pho phét quang (PL) cia mau CNPs
dugc kich thich & cac budc song tir 380 nm dén 450 nm
(bu6c nhay 10 nm) duge thé hién trén Hinh 6.

Quan sat két qua co thé thay, phd PL c6 hai dai tach
biét & cac vung phat xa anh sang tir xanh sang vang (400 -
550 nm) c6 cudng do thap va ving anh sang do (600 -
780 nm) c6 cuong do cao. Cu thé, phé PL ctia miu duge
kich thich & cac budc song khac nhau déu co dang dai
rong, phat quang manh nhét g véi bude song kich thich
410 nm, cyc dai phat quang & budc song khoang 672 nm.
Vung phat quang tir 4nh sang xanh sang vang cho thiy dic
tinh phu thudc vao budc song kich thich (hinh dang phé
thay ddi) trong khi viing phat xa anh sang d6 khong cho
thdy dic tinh nay (vi tri dinh phat quang khong thay doi)
[18]. Dai phat quang manh ¢ vi tri khoang 672 nm ¢
ngudn gbc tlr cac trang thai phan tir bao gbém Nito' chira
florophore hitu co [13, 26]. Vi hién tugng phd phat quang
phu thudc budc song kich thich ¢ ving 400 dén 550 nm,
nhan dinh duoc hiu hét cic cong bd thira nhan cho dén
nay la do chuyén doi quang hoc xay ra cua trang thai lai
hoa gitra 161 cacbon va cac nhom chire trén bé mat [27, 28].
Tuy nhién, cdu trac hat cacbon gdm co6 15i 1a khéi cau
cacbon va trén bé mat duoc gén cac nhom chuce [28].
Cho dén nay, vai tro va sy dong gop cua hai yéu té trén
dén dac tinh phd phat quang phu thudc budc song kich
thich cua vat liéu CNPs van dang con 1a cha dé ¢6 nhiéu
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tranh luan [29]. Ngoai ra, phd phat xa khong ddi xtmg véi
phan dudi nho kéo dai sang ving budc song dai hon. Hién
tuong nay c6 thé duge giai thich boi sy phan bd kich thudce
khong dong déu ciia CNPs. Theo nhan dinh ban dau cua
nhém tac gia, mdi CNPs c6 kich thudc khac nhau thi co
bude song kich thich téi wu khac nhau. Vi vay, ¢ cac bude
song kich thich khac nhau phat ra cdc mtrc huynh quang
t6i wu khac nhau. Két qua 1a, cuong do phat quang cua
CNPs thay d6i theo budc song kich thich.

a— 380 ﬁ

b 390 ﬁ\

¢ 400 !f |

d 410 It
B e 420 nl
s f 430 il
St g 440 j// \\L
@ h—— 450 m ﬂ‘Jl
8 I
(@]

800

Bwéc séng (nm)

Hinh 6. Phé phadt quang khi diege kich thich béi
cdac budc song khac nhau cua CNPS
3.6. Suy hao cwong dj phat quang
Céc méu sau khi ché tao dugc bao quan & didu kién
nhiét do phong. Phd phat quang dung dich CNPs ngay sau
khi tong hop va sau khi tong hop ¢ tai mot s thoi diém xac
dinh d3 duoc do lai dé danh gia su suy hao.

(a) —— Sau khi tbng hop a
(b) —— 7 ngay

(c) 14 ngay

(d) —— 21 ngay g
(e) —— 28 ngay

() —— 49 ngay

(9) — 56 ngay

Cuwong do (a.u)

T T T T T T T
450 500 550 600 650 700 750 800
Budc séng (nm)

Hinh 7. Cuong d¢ phat quang ciia CNPs theo thoi gian
Két qua thé hién ¢ Hinh 7 cho thdy, cudng do phat quang

ctia mau sau khi cét giit 7 ngay, 14 ngay va 56 ngay lan luot
giam con 96,14%, 90,44% va 83,64% so v6i mau vira ché tao.

3.7. Hiéu sudt lwong tiv

Su suy hao cudng do phat quang va do sang 4 hai diém
chinh can phai ké dén trong viéc img dung CNPs. Nhu phan
tich ¢ trén thi CNPs c6 d¢ suy hao cuong do phat quang thap.
Cudng d9 phét quang dudng nhu khong thay doi nhiéu theo
thoi gian. Ngoai ra, ddi voi cac loai vat liéu phat quang thi
hiéu suit luong tir 1a ddc diém rat quan trong dé xac dinh

chat luong cua loai vat liéu d6. Hiéu suat lugng tir cta dung
dich CNPs duogc thuc hién theo quy trinh chuén nhu mo ta
trong tai liéu tham khao [30, 31]. Trong nghién ciru nay,
dung dich Rhodamine B véi hi¢u suét luong tir 70% dugc st
dung dé so sanh v6i dung dich CNPs da ché tao. Trong qué
trinh tinh toan hiéu suat luong tir, 3 gia tri ndng do khac nhau
ctia mdi dung dich dugc chuén bj sao cho do hép thu co gia
tri nho hon 0,1 tai bude song 410 nm. Dung dich Rhodamine
B dugc pha loang trong HoSO4 0,1M va dung dich CNPs
duoc pha loang trong Ethanol. Tién hanh do pho hap thu ciia
tat ca cac mau va xac dinh d6 hép thu ciia ching & 410 nm.

Phé phat quang cta ching dugc kich thich & budc song
410 nm cling dugc do. Sau do, gia tri hi¢u sudt lugng tr cia
dung dich CNPs s¢ dugc xac dinh béng cach so sanh do hép
thu (tai budc song 410 nm) va dién tich dudi duong cong
phd phat quang (kich thich tai budc song 410 nm) ctia dung
dich CNPs v&i mau chudn la dung dich Rhodamine B.
Dit liéu mdi lién hé gitra @6 hap thu va dién tich dudi duong
cong phd phét quang cua dung dich CNPs va Rhodamine B
duoc mo ta lan luot trong cac Hinh 8a, 8b.

1x107
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B 1x107 A
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T T T
0.04 0.05 0.06 0.07 0.08 0.09
D6 hép thy (A)

Hinh 8a. Puong chudn mé ta méi lién hé giita dg hdp thu va
dién tich duoi duwong cong pho phat quang cua dung dich CNPs
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Hinh 8b. Puong chudn mo ta moi lién hé giita dé hdp thy va dién
tich dudi duong cong phé phat quang cua dung dich Rhodamine B

Hiéu sut luong tir cia CNPs duge tinh theo cong thirc [31]:
_ m n?
=Qr()G2)

Trong d6, Qr la hiéu‘ suét luong tu cua dung dich
Rhodamine B; m va mg lan luot 1a hé s6 goc cua duong
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phu thudc ciia cuong do phat quang vao do hap thu & budce
song 410 nm cua dung dich CNPs va Rhodamine B;
n = 1,33 va nr = 1,36 1an luot 1a chi s khuc xa ciia HoSO4
0,1 M va Ethanol. Hiéu suét lugng tir thu dugc cua vt licu
CNPs 1a 18,3%. Két qua nay co gi tri kha cao khi so véi
céc cong b trude day nhu: co (5,4%) [14]; 16 hoi (10,37%)
[15]; hoa hong (13,45%) [16]; 14 rau mui (6,48%) [17].

4. Két luan

Vit liéu CNPs da dugc ché tao thanh cong bang phuong
phép thity nhiét tir rau cai chan vit vai dung moi la Ethanol
ma khong sir dung bat ky hoa chat nao khac. Dung dich
CNPs phat quang mau dé khi dugc kich thich béi tia UV va
cuong d6 phat quang phu thudc vao bude song kich thich
nhung vi tri dinh khong phy thudc vao budc song kich thich.
Hiéu suat luong tir ¢6 gia tri 18,3% khi sir dung Rhodamine
B lam chét dbi chimg. Ngoai ra, cuong do phat quang ciia
CNPs c6 d6 6n dinh tét theo thoi gian huu trit mau.
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