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TOM TAT

Nghién cttu nay trinh bay anh hudng ctua thoi gian nung dén hiéu suat lugng ti
ctua dung dich hat cacbon nano duoc ché€ tao tir phan thit qua gic theo phuong
phép thuy nhiét. Theo dd, ching t6i st dung 5g phan thit d6 boc quanh hat gac,
cat nho, hoa chung véi 80 mL nude cat. San pham sau dé cho vao binh teflon va
thuy nhiét ¢ 190°C voi thoi gian thay d6i lan luot 1a 4 gio, 6 gio, 8 gio, 10 gio, 12 gio
va 14 gio. Dung dich sau thuy nhiét dwoc cho qua gidy loc dinh tinh va li tam ¢ t6¢c
dd 14.000 vong/phut d€ loai bo cac hat c6 kich thudce 16n. D€ xac dinh hiéu suat
luong ti, chung toi st dung dung dich Quinine sunfate lam dung dich déi ching
két hop voi phuong phép so sanh. Két qua cho thay hiéu suat lwong tir ciia dung
dich cacbon nano ché tao tir qua gac thay doi theo thoi gian thuy nhiét va véi gia
tri thay doi ttr 2,097% dén 3,293%.

Tw khéa: hat cacbon nano, hiéu suét lugng tir, qua gac.

1. MO PAU

K& tir khi ra doi, cac vat liéu phat quang co6 kich thudc nano da cho thay kha
ning khac phuc nhigu yéu diém ctia vat liéu phat quang truyén thdng nhuie nhu d6 6n
dinh thap, cuong d6 huynh quang yéu. Do d¢, vat liéu quang hoc ¢ kich thwdc nano da
va dang dwoc nghién cttu ttng dung rong rai trong cac linh viec nhw vat ly, sinh hoc,
héa hoc va cac linh vuyec lién quan khéc [1, 2]. Gan day, cac vat liéu ban dan nano cling
dang duoc quan tam nghién cttu vi cac hiéu tng lugng tir va phat quang doc ddo ctia
chung [3]. Tuy nhién, nhém vat liéu nay thwong c6 kim loai ndng trong thanh phan cau
tao, dan dén nguy co tao ra doc tinh va do d6 bi han ché ting dung trong linh vuc y
sinh [4, 5].

Nam 2004, trong qua trinh tach chiét cac 6ng cacbon nano ra khoi mudi than
bang phuong phap dién di, Xu va cac cdng si da tinh co phat hién ra hat cacbon nano.
Nhiing nghién ctru tiép theo sau d6 cua Xu da thanh cong khi tao ra duoc hat cacbon
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c6 duong kinh nhé hon 10 nm va dwoc goi la chdm cacbon (carbon dots — CDs) [6].
Cham cacbon ¢6 cau tric bao gom 16p 16i 1a khéi cau cacbon lai hoa sp?/sp® & dang vo
dinh hinh hodc tinh thé, bao boc bén ngoai c6 thé la cac nhém chitc nhw carboxyl,
hydroxyl, carboxylic acid hodc cac nhdm chitc chita nito [7]. Véat liéu chdm cacbon tir
khi dwoc phét hién da cho thay nhiing vu diém nhu than thién moi treong, it doc tinh.
Bén canh d9, cac dic tinh phét quang li thu lién quan dén vat liéu nay da cho thdy tiém
ndng ung dung trong cac linh vic nhu quang xtc tdc, quang dién t&, chup anh sinh
hoc hay cam bién [8].

Trong thoi gian gan day, cung vdi sy phat trién ctia khoa hoc va cong nghé,
gitra nhiéu phwong phap ché tao CDs, cac nha khoa hoc c6 xu hudng lya chon nhitng
phuong phép ché tao vat liéu c6 quy trinh don gian, than thién véi moéi truong, ngudn
nguyeén liéu dé tim kiém va thanh pham ché tao c6 nhiing tinh chat quang hoc t&t. Cac
két qua nghién ctru cho thay, khi sit dung phwong phap thuy nhiét, vat liéu cacbon ché
tao duoc thuwong co cau trac hinh cau, duwong kinh bé hon 10 nm, trén bé mat cac hat
cacbon nay c6 s6 legng 16n cac lién két -OH hay -COOH nén vat liéu rat dé phan tan
trong nuwedce [8].

Dé€ tim hiéu va hudng téi tling iing dung cu thé cho vat liéu chdm cacbon, viéc
danh gia cac tham s6 quang hoc 1a rat quan trong. Trong cac tham sd quang hoc d6,
hiéu suat lugng t& (Quantum yield-QY) la mét ddc tinh ndi tai cua vat liéu huynh
quang va dugc xac dinh bang ti s8 ctia s6 photon bi hap thu véi s§ photon phat ra
trong qua trinh phat quang [9, 10]. Hiéu suét luong tir ¢ thé do truc tiép trén thiét bi
do chuyén dung, tuy nhién, phuwong phap nay doi héi thiét bi do phtic tap, hién dai.
Pon gian hon, ching ta c6 thé xac dinh hiéu suat luong ti twong d6i ctia mot vat liéu
phat quang bang cach so sanh véi hiéu sudt lwong tir ctia mot chat phat quang da biét.
Phuong phap nay duoc thiee hién bang cach xac dinh hé s§ goc ctia duong chudn mo ta
moi lién hé gitta do hap thu va dién tich dudi duong cong phd phat quang cua dung
dich khi pha loang dung dich ¢ cdc ndéng do khac nhau [10].

Trong nghién ctru nay, ching toi ché tao vat liéu hat cacbon ttr phéan thit do cua
qua gac béng phuong phap thuy nhiét. Viéc tim ra diéu kién thay nhiét phu hop nham
muc dich kiém soat tinh chédt quang hoc va cuwong do phat quang ctia CDs la rét can
thiét. Do d6, chiang t6i chon nhiét d¢ thuy nhiét la 190°C, thoi gian nung thay d6i lan
lwot la 4 gio, 6 gio, 8 gio, 10 gio, 12 gio va 14 gio. Sau do, chung toi sit dung dung dich
Quinine sulfate 1am dung dich so sanh d€ tinh toan hiéu suat luong tir ctia dung dich
ché tao duoc.
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2. THUC NGHIEM
2.1. Nguyén liéu va héa chat

Qua géc (co tén khoa hoc Momordica cochinchinensis Spreng) dwgc mua ¢ cho dia
phuong. Sau khi chon qua chin d6, chting t6i cat d6i qua, tach 14y phan thit mau do
dam bao quanh hat gac.

Quinine sulfate ctia hang AnalaR NORMAPUR dugc ching toi lwa chon d€ pha
véi dung méi va lam thanh dung dich d6i ching. Axit sunfuric (H2S0s) 95-98% ctia
Trung Qudc.

2.2. Phuong phap ché tao

Dé€ ché tao dung dich hat cacbon nano tir phéan thit qua gac, chuing t6i tién hanh
thuc nghiém theo cac budc nhu sau: 5g phan thit mau do dam bao quanh hat gac duoc
cét nho roi hoa cting 80 mL nuwdc cit hai Ian; toan bd hdn hop sau d6 dugc cho vao
binh teflon day kin réi dwa vao binh thép d€ thuy nhiét ¢ 190°C vdi thoi gian nung
thay d6i lan luot la 4 gio, 6 gio, 8 gio, 10 gio, 12 gio va 14 gio. San pham sau khi thay
nhiét 1a dung dich mau vang nau. Tiép theo, dung dich dwgc loc qua gidy loc va li tam
O toc do 14 000 vong/phat trong 15 phat d€ loai bo cac hat ¢6 kich thudce 16n. Dung
dich cudi cing duoc boc tranh anh sang va bao quan ¢ 4°C d€ sit dung cho cac phép do
tiép theo.

b) 0) d)

Hinh 1. Quy trinh ché tao vat liéu CDs tlt phan thit qua gic. (a) Qua géc. (b) Hon hop thit gac
trong nude cét. (¢) Dung dich CDs dudi anh sang ty nhién. (d) Dung dich CDs duéi anh sang

ctia déen LED c6 budc song 405 nm.
2.3. Xéc dinh hiéu suat lugng tir cia dung dich cacbon nano

Trudc tién, cau tric cta vat liéu duoc nghién ctru bang phuwong phap nhiéu xa
tia X trén may nhiéu xa D8-Advance Eco ctia hang Bruker — Ptic st dung ngudn phat
Cu-Ka (A = 1,54056 A). Kich thude ctia CDs duwoc xac dinh bing phuwong phap chup
anh trén kinh hién vi dién tt truyén qua JEOL Jem-1010 ctia hang JEOL — Nhat Ban voéi
dién ap gia toc la 80 kV.

Hiéu sudt lwong t& ctia dung dich cacbon nano dwgc tinh toan dwa vao biéu
thiee [10]
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QY = Q¥ (2) (%) (1)

TlRZ

Trong d6, QY 1a hiéu suét lugng tr ciia dung dich; m la hé s6 goc cua duong
chuan mo ta mai lién hé gitta d6 hdp thu va dién tich dwdi duong cong pho phat quang
cua dung dich; n la chiét suat dung dich. Chi s6 dudi R tng gia tri cia dung dich
chuén. Chung t6i st dung Quinine sulfate c6 hiéu suét luong tr QYr = 0,54 d€ lam
dung dich chuan trong nghién cttu nay. Cac budc tién hanh xac dinh hiéu suat leong
tir dwoc mo ta nhu sau: Quinine sulfate duwgc pha loang trong dung dich axit H2SO4 c6
nong do 0,1M (chiét suat nr = 1,33) va dung dich cacbon nano duoc pha loang trong
nudc cat 2 Jan (chiét suat n = 1,33) [11]. Nong d6 pha loang cua hai dung dich duoc xac
dinh sao cho d¢ hédp thu c6 gia tri nho hon 0,1 tai budc séng 340nm [10]. Str dung buéc
song 340 nm lam birc xa kich thich d€ do phoé phat quang cta hai loai dung dich trén
va tit d6 tinh dién tich dudi duong cong phd phat quang trong vung budc séng 360
dén 700 nm. Phép do pho hdp thu duoc ching toi thuc hién trén may GENESYS 10S
UV-Vis (Thermo Scientific, My) va phép do pho phat quang dwgc thyc hién trén may
FS5 spectrofluorometer (Edinburgh Instrument, Anh).

3. KET QUA VA THAO LUAN

Két qua ctia phép do phd nhiéu xa tia X déi véi dung dich cacbon nano ché tao
duoc bidu dién trén hinh 2a. Trén hinh cho thdy, pho nhiéu xa c6 mét dinh rong tuong
tng vai vi tri goc 20~22°, day la dinh nhiéu xa dic trung cua ho mat (002) doi véi vat
liéu cacbon c6 ciu trtic v dinh hinh [12]. Két qua chup anh TEM dwoc mé ta ¢ hinh 2b
cho thay céc hat ¢d kich thudc khd bé, phan bo roi rac. Ching t6i sit dung phan mém
Imagine] dé& khao sat su phan bd kich thwdc hat bang cach do duong kinh cac hat, sau
d¢6 thong ké nhu hinh ¢ géc dudi bén phai hinh 2b. Cac hat cacbon ¢6 kich thudce trung
binh 1a 3,549 + 1,119 nm. So véi cac cong bS vé ché tao dung dich hat cacbon nano bang
phuong phap thay nhiét, kich thudce hat tao thanh kha twong dong véi mot s6 cong bo
cta mot sO nhém tac gia nhue W. Meng [13], Y. Liu [14] hi\y H. Sptanto [15].

DL i i " e 3 * ;
0 e T 97' o e e * 2
Lo & ": o,;." .., < - *
o Tl s
= ¥ R 1
-— - . -
O- Arelat o 8
;'D Wil o .s .
[e)] ." . o
5
=
(@)

10 30 500 70
2-Theta (") (a) *pung kinh (hm) (b)

Hinh 2. (a) Phd nhiéu xa tia X va (b) Anh TEM cua dung dich cacbon véi thanh dinh ¢& 1a 50 nm.
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Hinh 3. (a) Pho hédp thu (phia trai hinh vé), pho phat quang (phia phai hinh vé) va (b) Puong chuan mo
ta moi lién hé gitra 46 hdp thu va dién tich dudi duwong cong pho phat quang cua dung dich Quinine

sulfate ¢ cac gid tri nong d6 khac nhau.
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Hinh 4. (a) Pho hap thu (phia trai hinh vé), pho phat quang (phia phai hinh v€) va (b) Puong chuan
mo ta moi lién hé gitta d6 hdp thu va dién tich dudi duong cong pho phat quang cua dung dich

cacbon nano nung trong 12 gio ¢ cac gia tri nong d¢ khac nhau.

Dung dich hat cacbon nano thu dwoc sau khi thuy nhiét phan thit ctia qua gac
v6i cac thoi gian nung khac nhau thi duoc pha loang va tién hanh do pho hap thu va
phét quang. Hinh 3a va 4a m6 ta két qua do pho hap thu va pho phat quang cua dung
dich Quinine sulfate (QN) va cacbon nano nung trong 12 gio (GT12) khi duoc pha ¢
cac gia tri nong do khac nhau. Dung dich cacbon nano c¢6 hai dinh hap thu ¢ vung
budc song bé hon 400 nm. Trong d6, cuc dai hap thu & khoang budc song 230 nm dugc
cho la do chuyén doi m—m* ctia lién két C=C trong 16i cacbon, va cuc dai 280 nm dugc
cho 1a do chuyén doi n—t* cta lién két C=O trong 16i cacbon [16]. St dung btc xa &
budc séng 340 nm lam biec xa kich thich, ph6 phat quang thu dwgc ¢6 dang dai rong
voi mot dinh phat quang 6 khoang 430 nm.

Dit liéu vé mdi lién hé gitta dd hap thu va dién tich dudi duong cong pho phat
quang ctia dung dich Quinine sunfat va GT12 sau khi xtt 1y s8 liéu bang phan mém
OrginPro 8.5 dwgc mo ta trong hinh 3b va 4b. Bang 1 thdng ké s6 liéu vé hé s6 goc va
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hé sd hoi quy tuyén tinh ctia hai dung dich trén. Dong thoi, két qua tinh toan hiéu suat
luong tt (quy doi thanh %) teong tng voi cac thoi gian nung khac nhau ctia dung dich
thit qua gac theo cdng thitc (1) ciing duoc liét ké ¢ trong bang nay.

Bdng 1. S6 liéu vé hé s6 goc, hé s6 hoi quy tuyén tinh va tinh todn hiéu sudt luong tir cua dung

dich Quinine sulfate va cacbon nano

Thoi gian nung Ky hiéu Heé s6 goc Hé s6 hoi quy Hiéu suat luong
tuyén tinh t (%)
ON 562630000 0,99004

4 gio GT4 25997000 0,9993 2,495
6 gio GT6 28351600 0,99934 2,721
8 gio GT8 31218200 0,99564 2,996
10 gio GT10 33383400 0,99431 3,204
12 gio GT12 34313900 0,99832 3,293
14 gio GT14 21852100 0,99338 2,097

Dua vao bang 1, c6 thé thdy hiéu suéat luong tx cia dung dich cacbon nano cd
nguon gdc tir thit qua gac thay doi theo thoi gian nung va cd gia tri thay doi tir 2,097%
dén 3,293% . Trong d6, dung dich chira phan thit qua gac thuy nhiét & 190°C trong thoi
gian 12 gio cho hiéu sudt lwgong tir ¢ gid tri cao nhdt. Mot s6 nghién ctu trude day
nhéan dinh réng, viéc kéo dai thoi gian thuy nhiét sé hd tro qua trinh hinh thanh CDs va
dat dwoc su 6n dinh vé mit cau tric, dan dén cuong do phat quang manh [17]. Bén
canh d6, qué trinh nay ciing 1am gia ting mat d6 hat va dan dén qud trinh dap tat phat
quang vi nong dd ciing cd thé sé xay ra dong thoi nhuw da dé cap trong mot nghién ctru
cua nhom tac gia Zulfajri [16]. K&t qua nghién ctru cua chung t6i vi vay kha phu hop
véi cong bd trude day cia Hoan va cac cong su khi nghién ctru vai tro ctia thoi gian
thuy nhiét dén tinh chat quang ctia vat liéu CDs [17].

4. KET LUAN

Trong nghién cttu nay, phan thit mau do bao quanh hat ctia qua géc da duoc st
dung lam nguyén liéu ban dau dé ché tao thanh cong dung dich hat cacbon nano theo
phuong phap thuy nhiét. Nhiét do thuy nhiét duoc ching t6i lya chon 1a 190°C véi cac
thoi gian nung thay doi tir 4 gio dén 14 gio. Hat cacbon thu duoc c6 dwong kinh trung
binh la 3,549 + 1,119 nm. Dung dich hat cacbon nano c¢6 cuc dai phat quang ¢ khoang
budc soéng 430 nm khi kich thich bang bttc xa 340 nm. Hiéu suat luong t& ctia dung
dich cacbon nano ché tao tir vat liéu nay thay doi tir 2,097% dén 3,293%, trong d6, hiéu
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suat lwgng tr dat cue dai khi vat liéu duge nung u & 190°C trong 12 gio. Cac nghién
cttu co ban tiép theo sé duoc tién hanh nhdm danh gia cac dac tinh vat ly ctia hé vat
liéu nay cling nhu dinh hudng cho cac ttng dung trong tuong lai.
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EFFECT OF HYDROTHERMAL ANNEALING TIME ON FLUORESCENCE
QUANTUM YIELDS OF CARBON NANODOTS FROM GAC (Momordica
cochinchinensis Spreng) FRUIT

Le Xuan Diem Ngoc*, Ngo Khoa Quang
University of Sciences, Hue University
*Email: lexuandiemngoc@hueuni.edu.vn
ABSTRACT

This study uses a hydrothermal method to present the effect of heating time on the
quantum yield of carbon nanodot solutions synthesized from the aril of Gac fruit
using the. Specifically, we used 5g of the red aril surrounding the Gac seed, finely
chopped and mixed with 80 mL of distilled water. The mixture was then placed in
a teflon vessel and subjected to hydrothermal treatment at 190°C for varying
durations of 4 hours, 6 hours, 8 hours, 10 hours, 12 hours, and 14 hours. The
resulting solution was filtered through qualitative filter paper and centrifuged at
14,000 rpm to remove larger particles. We used a Quinine sulfate solution as a
reference to determine the quantum yield and employed the comparative method.
The results indicate that the quantum yield of the carbon nanodot solution
synthesized from Gac fruit varies with the hydrothermal treatment duration,
ranging from 2.097% to 3.293%.

Keywords: Carbon nanodots, quantum yield, Gac fruit.
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