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TOM TAT

Trong nghién ctru nay, chung t6i tién hanh xac dinh hiéu suat luong ti cua dung
dich cacbon nano dwoc ché tao tir ntit bac. Sau khi dwoc cit nho, 5,0 g nut bac va 80
ml nude cat duoc cho vao binh Teflon d€ thuy nhiét ¢ 220 °C trong 4 h. San pham
sau d6 duoc cho qua mang loc 0,22 um va ly tam ¢ t6c d¢ 14000 vong/phut d€ loai
cac hat ¢ kich thudce 16n. Stt dung Quinine sulfate lam dung dich d6i ching va ap
dung phuong phap so sanh, chiing toi tinh toan dwgc gia tri hiéu sudt luong tir ctia
dung dich cacbon nano ché tao tir ntt bac 1a 1,54 %. Gid tri hiéu sudt lwong tix dat
duoc ¢b thé so sanh véi hat cacbon nano dugc ché tao tir cac ngudn nguyén liéu
khac.

Tw khéa: Hat cacbon nano, nuit bdc, hiéu sudt luong tt.

1. MO PAU

K€ ttr [an dau tién duogc phat hién vao nam 2004, hat cacbon nano (C-dots) da
cho thdy day la moét vat liéu day tiém nang co thé thay thé mot s6 cac vat liéu phat
quang truyén thong trong cac tng dung cu thé [1]. Xu va cac cong sy lan dau tién phat
hién ra hat cacbon nano trong qua trinh tach chiét cac thanh cacbon nanotube duoc tao
thanh tir mudi than sinh ra do qua trinh phéng dién h6 quang [1]. Trong quad trinh thuec
nghiém, cac mudi than duoc oxy hoa trong dung dich HNO:s (3,3 M) d€ gan cac nhém
chttc carboxyl, sau d6 duoc hoa vao dung natri hydroxit va tach chiét dé thu san pham
la dung dich huyén phu mau den. Két qua tinh toan cho thay cac hat cacbon véi kich
thwdce trung binh la 18 nm, c6 kha nang phat huynh quang véi hiéu suét luong ti la
1,6%. Trong khoang mot thap ky gan day, cung su phat trién ctia khoa hoc va cong
nghé thi cac phuong phap ché tao C-dots da dugc don gian hoa nhiéu vé quy trinh va
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thanh pham ché tao duoc ciing c6 tinh chat quang hoc rat t6t [2]. Nhiéu nhom nghién
ctu trén thé gidi dang dac biét quan tam nghién ctru va ché tao loai vat liéu nay [3-6].

Hién tai, cdc nghién cttu nhdm trién khai tng dung vat liéu hat cacbon nano
vao thuyc tién van dang trong giai doan nghién ctru co ban do cac tham s6 quang hoc
cua vat liéu nay thuong bi anh huong ctia nhiéu yéu t6 nhu tién chat sit dung, phuong
phép ché tao hay cdu trac hat cacbon nano [7]. Déc biét, vi day la mot loai vat liéu phat
quang moi dugc phat hién nén viéc danh gia cac tham sd quang hoc déng vai tro rat
quan trong cho ting tng dung cu thé. Trong cac tham s& quang hoc d6, hiéu suét
luong tr (Quantum yield-QY) 1a mot tham s6 co ban, viéc xac dinh gia tri hiéu suat
lwong tir cia mot vat liéu phat quang mai la budc quan trong trong qua trinh mo ta
ddc tinh vat ly cta loai vat liéu [8,9].

Trong nghién cttu nay, chung toi trinh bay két qua ché tao thanh cong vat liéu
hat cacbon nano tir ntit bac bang phwong phép thty nhiét. Day 1a ki thuat ché tao st
dung nuwéc ¢ ap sudt va nhiét do cao nhdm tao ra su phan huy nhiét hoéa
(thermochemical degradation) cac vat liéu c6 ngudn gdc tir sinh khéi [2]. Uu diém ctia
phuong phap nay chinh 1a sy don gian, dé thuc hién va khong st dung cdc héa chat
gay anh hwong dén moi treong [10]. Cu thé, hiéu sudt lwong tit cia dung dich cacbon
ché tao da dwoc chung t6i xac dinh dya trén phuong phéap so sanh [9]. Két qua tinh
toan duoc xay dung dua trén duong chuan mo ta moi lién hé gitta d6 hap thu va dién
tich dudi duong cong phd phat quang cua dung dich cacbon ché tao duoc va dung
dich Quinine sulfate.

2. THUC NGHIEM

2.1. Ché tao dung dich cacbon nano

Hinh 1. Quy trinh ch€ tao vat liéu C-dots tir ntt bac. (a) Nut bac ti chai ruou Vang. (b) Nut
bac cat nho duoc thiy nhiét trong binh Teflon. (c) San pham C-dots dwdi &nh sang mat troi.
(d) San phdm C-dots dwdi anh sang den LED ¢6 budce song dinh ¢ 415 nm.
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Quy trinh ché tao dung dich chita hat cacbon nano tir nit bac bang phuong
phap thtay nhiét duoc tién hanh qua cac budc nhu mo ta trong hinh 1. Sau khi dwoc
riza va say kho, ntt bac (5,0 g) duoc cat nhé va cho vao 80 mL nuwdc cat hai lan. Tiép
theo, toan bd hon hop dugc thuy nhiét ¢ nhiét do 220 °C trong 4 gio va d€ ngudi dén
nhiét dd phong. San phdm la dung dich mau nau den dwoc cho qua gidy loc va ly tam
O toc d6 14000 vong/phut trong 15 phut dé€ loai bo cac hat c6 kich thudce 16n. San pham
thu duoc cudi cung la dung dich c6 mau nau nhat dwgc bao quan ¢ 4 °C va tranh anh
sang dé st dung cho cac phép do tiép theo.

2.2. Xéc dinh hiéu suat lwgng tir cia dung dich cacbon nano

b€ danh gia cdu triac san pham cacbon thu duwgc trede khi xac dinh hiéu suat
lwong ti, ching t6i tién hanh do phd nhiéu xa tia X trén hé do D8 Advance (Bruker,
DPric) véi goc 20 duge quét tir 10° dén 60°. Kich thude va hinh thai hoc cua dung dich
chita C-dots dugc quan sat bang kinh hién vi dién t&r truyén qua JEOL JEM-1010
(JEOL, Nhat Ban) ¢ dién 4p gia t6c 80 kV. Sau d9, hiéu suat luong tr cua dung dich
cacbon nano dugc xac dinh theo quy trinh chuan nhu mo6 ta trong tai liéu tham khao
[9]. Cu thé, Quinine sulfate (AnalaR NORMAPUR) dugc chung t6i st dung lam dung
dich chuan. Trong qua trinh tinh toan hiéu suét luong tk, 4 gia tri néng dd khac nhau
ctia mdi dung dich dwoc chuan bi sao cho d6 hap thu c6 gia tri nhé hon 0,1 tai budc
song 340 nm [9]. Quinine sulfate (hiéu suat lwgng tor Q = 0,54) duoc pha loang trong
dung dich axit H2SOs ¢6 nong do 0,1M (chiét sudt n = 1,33) va cacbon nano duoc pha
loang trong nudc cat 2 Tan (chiét suat n = 1,33) [11]. Pho phat quang cta hai loai dung
dich trén déu dugc do tai gia tri budc song kich thich la 340 nm. Sau d¢6, gia tri hiéu
suat luong t ciia dung dich cacbon nano sé duoc xac dinh b?mg cach so sanh d6 hap
thu (tai budc séng 340 nm) va dién tich dudi duwong cong pho phat quang (kich thich
tai budc séng 340 nm) ctia dung dich cacbon nano véi mAau chuén la dung dich Quinine
sulfate. Trong d¢, dién tich duéi duong cong phé phat quang duoc tinh tir 360 dén 700
nm. Cac phép do phd phat quang va pho hap thu duoc ching t6i thuc hién trén may
FS5 spectrofluorometer (Edinburgh Instrument, Anh) va GENESYS 10S UV-Vis
(Thermo Scientific, My).

3.KET QUA VA THAO LUAN

Cudng do tuong doi
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Hinh 2. (a) Anh TEM cua dung dich cacbon nano véi thanh dinh ¢ la 100 nm. (b) Pho

nhiéu xa tia X cta vat liéu cacbon nano.
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Hinh 2 la anh kich thwdc hat cta dung dich cacbon nano dwoc chup béng kinh

hién vi dién t truyén qua. Két qua chup anh TEM cho thdy cac hat phan bé roi rac va
khong két dam (hinh 2a). St dung phan mém Imagine] d€ phan tich, ching toi thu
duoc sy phan bd kich thude hat nhw mo ta ¢ trong hinh vé phia goc trén bén trai hinh
2a. Céc hat Cacbon c6 kich thudc trung binh 1a 6,2 + 2,7 nm. Phép do phd nhiéu xa tia X
mod ta trén hinh 2b cho thady mot dinh rong o vi tri gbc 26~21¢, day la dinh nhiéu xa dic
trung ctia ho mat (002) d6i véi vat liéu cacbon ¢é cdu trac vo dinh hinh [12].
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Hinh 3. (a) Pho hdp thu (phia trai hinh vé) va pho phat quang (phia phai hinh v€) caa dung
dich cacbon & cac gia tri ndng do khac nhau. (b) Puong chuidn mo ta méi lién hé gitta do

hap thu va dién tich dudi duong cong phd phat quang ctia dung dich cacbon nano.
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Hinh 4. (a) Pho hdp thu (phia trai hinh vé) va ph6 phat quang (phia phai hinh vé) ctia dung
dich Quinine sulfate ¢ cac gid tri nong d6 khac nhau. (b) Puong chuan mé ta moi lién hé
gitta d0 hdp thu va dién tich dudi duwong cong pho phat quang cua dung dung dich

Quinine sulfate.

Hinh 3a, 4a mo ta két qua do pho hap thu va phd phat quang caa lan lugt cac
dung dich cacbon nano va Quinine sulfate (QS) khi dwoc pha ¢ cac gia tri nong do khac
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nhau. Sau khi xtt ly s6 liéu bang phan mém Orgin 9.1, dit liéu md ta m&i lién hé gitra
do hap thu va dién tich dwdi duwong cong phd phat quang cua dung dich cacbon nano
va QS duoc mo ta lan luwot trong cac hinh vé 3b, 4b. Bang 1 thong ké két qua tinh toan
s0 liéu cta hai loai dung dich trén.
Bang 1. S6'li¢u dg hap thu va dién tich dwéi dwong cong phd phdt quang ciia dung dich cacbon nano va
Quinine sulfate

Dung dich Quinine sulfate Dung dich cacbon nano
P hap thu Dién th}L dlf?l duong D6 hap thy Dién thl’L du’(,yl duwong
cong pho phét quang cong pho phat quang
0,0578 6336000 0,0478 158300
0,0637 7362000 0,0588 183200
0,072 8030000 0,0709 228800
0,0867 9787000 0,0841 275800

Hiéu suat luong ti cia dung dich cacbon nano lic nay dwoc xac dinh bﬁing
cong thtee [9]:
m [ n?
or-an o )7) Y

Trong d6, QY 1a hiéu suét luwgng tir cua dung dich; m la hé s6 goc cua duong
chudn mo ta méi lién hé gitra dd hap thu va dién tich dwéi duwong cong phd phat quang
cua dung dich; n la chiét suat dung dich. Chi s6 dwdi R tng gia tri cia dung dich
chudn. Thay lan luot cac gia tri da cho trong hinh 3b, 4b va bang 1, ching ta xac dinh
hiéu suat luong tt cia dung dich cacbon nano c6 gia tri:

QY =05 4( 3301230 J[l,ssz

=0,0154
115075000 /| 1,337 ]

Nhu vay, hiéu sudt luong ti cua dung dich cacbon nano c6 nguén gdc tir ntt
bac cb gid tri 1,54%. So sanh vdi cac két qua tinh toan hiéu suét luwong t&r tir cac tién
chat khac da cong bé nhu: mudi nén chdy (Q = 0,8%), bot graphite (Q = 1,0%), Pectin
cam quyt (QY =1,1%), Gelatin (QY = 1,7%), hay co (QY = 2,5%), ta thdy r??mg gid tri hiéu
suat lugng tir cua dung dich cacbon nano thu dwgc la kha tot [13-16].

4. KET LUAN

Chung toi da tong hop thanh cong vat liéu cacbon nano dugc ché tao tir nat bac
bang phuong phap thiy nhiét. K&t qua nghién cttu vi cdu tric cho thay, hat cacbon
nano c6 kich thwdc trung binh la 6,2 + 2,7 nm. Hiéu suat luong tt cua vat liéu cacbon
nano dugc ché tao tir nut bac la 1,54%. Két qua nghién ctru budc dau cho thay tinh kha
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dung khi 4p dung ky thuat ché tao c6 chi phi thdp va than thién véi méi truong. Cac
nghién ctru co ban tiép theo trén sé duoc tién hanh nhdm danh gid cac déc tinh vat ly
ctua hé vat liéu nay cling nhue dinh hudng cho cac ttng dung trong twong lai.
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QUANTUM YIELD MEASUREMENT OF THE CARBON NANODOTS
SYNTHESIZED FROM WINE CORK
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ABSTRACT

We measured the quantum yield of the carbon nanodots (C-dots) from the wine
cork. The waste wine cork (5.0 g) was first washed with water and dried in an oven
before cutting into small pieces. Then, these were mixed with 80 mL of distilled
water to transfer into a 100 mL Teflon-lined autoclave. The resulting mixture was
then heated at 220°C for a period of 4h in an oven. Subsequently, the brown-black
cacbonized solution was roughly purified through a 0.22 um microporous
membrane and centrifuged at 14000 rpm to remove the large particles. By using the
comparative method and Quinine sulfate as a reference, the obtained C-dots
solution gave a quantum yield of 1.54%. The result indicated that the quantum

yield of C-dots from wine cork is acceptable compared with other precursors.

Keywords: carbon nanodots, quantum yield, wine cork.
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