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TOM TAT

Nghién cttu nay trinh bay anh huong cta nhiét d6 va thoi gian nung thiéu két dén
mot s tinh chat quang cta dung dich hat cacbon nano dwgc ché tao tir 14 cuia cay
0i theo phuwong phap thuy nhiét. Theo d6, ching t6i stt dung 5,0 g phan phién 13,
cat nho, cho vao binh teflon roi hoa chung véi 80 mL nude cat va thuy nhiét & hai
mutc nhiét d6 la 170°C va 190°C trong thoi gian nung u thay doi tit 9 gio dén 18 gio.
Pho6 hong ngoai, phd hdp thu UV-Vis, ph6 phat quang ctia dung dich cacbon nay
cling duoc khao sat nham xac dinh nhiét d6 va thoi gian nung t&i wu. Hiéu suét
lwong ttr dwgc xac dinh bang phuong phap so sanh va st dung dung dich Quinine
sunfate lam dung dich d6i ching. Hiéu suét luong tir nay dao dong trong khoang
ttr 1,38% dén 2,46% va dat cuc dai khi nung & 190°C véi thoi gian t nhiét la 15 gio.

Tu khéa: 14 6i, hat cacbon nano, hiéu suét lugng tw, tién chét ty nhién.

1. MO PAU

Vat liéu cacbon nano da dugc phat hién nam 2004 trong qud trinh Xu va céc
cong su tach chiét cac 6ng cacbon nano ra khoi mudi than bang phuwong phap dién di
trén gel. Sau d6, nhom téc gia da tach duoc cac hat cacbon c¢6 duong kinh nho hon 10
nm dudi dang hat riéng biét hay con goi la chdm cacbon (CDs) [1]. Mdac du trudce day,
ho vat liéu phat quang nano c¢6 nhiéu vu diém so véi ho vat liéu quat quang truyén
thong nhu: tinh 6n dinh cao hon, cuong d6 huynh quang tang 1én, qua trinh tdy quang
cham... nhung nd van con ton tai mot s& nhuoc diém, dic biét 1a ho vat liéu nay van
chtta mét s6 kim loai ndng, gay anh huong khong tot dén stic khoe va do d6 bi han ché
tng dung trong linh viee y sinh [2, 3]. Tt khi ho vat liéu cacbon nano ra doi, n6 da cho
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thdy nhiéu vu di€ém nhu: tinh 6n dinh quang hoc cao; kha nang twong thich sinh hoc
tot, doc tinh thap; d¢ hoa tan trong nudc tot; d nhay va tinh chon loc cao ddi véi chat
phan tich; c6 kha nang thay déi budc song cua birc xa huynh quang khi thay ddi budc
song kich thich nén nhanh chéng tro thanh mot vat liéu tiém nang thu hat sy cha y cta
nhiéu nhém nghién ctru trén thé gidi va duoc ting dung trong cac linh vec nhu quang
xuc tac, quang dién tt, hinh anh sinh hoc va cam bién [4].

Hat cacbon nano c¢6 cdu tric bao gom 16p 16i 1a khoi cau cacbon lai hoa sp?/sp® &
dang v6 dinh hinh hodc tinh thé, bao boc bén ngoai la cac nhém chitc nhu carboxyl,
hydroxyl, carboxylic acid va cac nhém chirc chira N [5]. Vat liéu cacbon nano dugc ché
tao bang nhiéu phuong phép khac nhau va duoc chia thanh hai huéng chinh, d6 la
dudi-lén (bottom-up) hodc trén-xudng (top-down). Véi cach ché tao vat liéu theo
phuong phap trén-xudng, cac cau tric cacbon & kich thudc 1én dugc cat hodc oxy hoa
thanh cac hat c6 duong kinh ¢ kich thudc nano. Nguoc lai, theo phuong phap ché tao
vat liéu theo kiéu dudi-1én sé sit dung mot sd cac phan ting hoa hoc d€ cac phan ti &
kich thudc nho két hop lai, hinh thanh cac hat cacbon nano. Ngay nay, cac nha khoa
hoc ¢6 xu hudng lya chon nhiing phwong phap ché tao vat liéu co quy trinh don gian,
than thién véi moi tredng, ngudn nguyeén liéu dé tim va thanh pham ché tao 6 nhiing
tinh chat quang hoc tot. Bén canh do, nguoi ta cling thdy ring, néu st dung cac
phuong phap gia nhiét, vat liéu hat cacbon ch€ tao duoc c6 dang hinh cau véi duong
kinh bé hon 10 nm, trén bé mit 16i cacbon c6 nhiéu lién két ONH-COONH nén dé
phan tan trong nudc [4].

Mot ddc tinh quang hoc thu vi ctia dung dich cacbon nano 1a phd phat quang
thay d6i khi thay ddi budc song ctia biec xa kich thich. Nguoi ta cho rang phd phat
quang cta vat liéu phu thudc vao hiéu ting luwgng tir do kich thwdce ctia hat nano quyét
dinh [6, 7]. Bén canh d¢6, hiéu sudt luong tt (Quantum yield-QY) la mot dac tinh ndi tai
ctia chat huynh quang va dwoc xac dinh bang ti s ctia s8 photon bi hap thu véi s§
photon phat ra trong qua trinh phat quang [8, 9]. Hiéu suédt luong t& c6 thé xac dinh
gidn tiép bang cach so sanh véi hiéu suat lugng tir cia mot chat phat quang ma ta da
biét. Phiwong phap nay duoc thuc hién bang cach xac dinh hé s8 goc ctia duong chuan
md ta moi lién hé gitta 46 hap thu va dién tich dudi duwong cong phd phat quang cta
dung dich khi pha loang dung dich ¢ cac nong d khac nhau [9].

C6 rat nhiéu bdo cdo vé viéc st dung cac tién chat ty nhién nhu nuwdc cam,
chanh, 6t chudng, bap cai... d& ché tao cacbon nano. Tuy nhién, véi mong mudn st
dung nguon nguyén liéu pho bién ¢ dia phuong, giau chat chong oxy hda, c6 kha nang
khang khudn va tiéu diét ndm bénh, chung t6i da luwa chon 14 6i lam tién chat. Anh
hwong cua nhiét d¢ va thoi gian nung t dén mot sd tinh chat quang va hiéu sudt lugng
tr ctia dung dich cacbon nano ttr 14 6i cling duwgc khao sat nham tim ra dwgc nhiét do
va thoi gian nung u t6i wu, huwéng dén kha nang ting dung dung dich nay trong canh
tac cay trong.
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2. THUC NGHIEM
2.1. Vit liéu

La 6i (c6 tén khoa hoc Psidium guajava) dugc mua & vuon trong tai dia
phuong, chon 14 banh té, khong gia khong non, rtra sach va cat nhé ¢ 5 mm x 5 mm.

Quinine sulfate (AnalaR NORMAPUR) cta thuong hiéu VWR- Chau Au. Axit
sunfuric (H2504) 95-98% cta Trung Qudc.

Nudc cat hai [an duoc st dung trong toan bd cac thi nghiém.
2.2. Phuong phéap ché tao

Trong mét s6 nghién ctru truede day vé ché tao vat liéu hat cacbon nano tir tién
chat ty nhién ma chung t6i da thuc hién, nhiét d6 nung thiéu két dugc st dung la
220°C. Véi mong mudn ha thap nhiét d¢ nung, ching t6i da lya chon cac mitc nhiét do
dwdi 200°C, dong thoi kéo dai thoi gian 1 nhiét sao cho néng dd hat cacbon nano tao ra
khong thay d6i nhiéu so voi ch€ dd nung ct. Vi vay, chung toi da tién hanh ché tao
dung dich hat cacbon tir 14 6i vdi cac bude thue nghiém dwoc mo ta nhu sau: 1a 6i cht
nho ¢d 5 mm x 5 mm, can 1dy 5,0 g va cho vao binh teflon, thém 80 mL nwéc cat hai lan
vao binh rdi day kin nép, binh teflon dwoc gia c§ bang binh thép bén ngoai va nung
thuy nhiét 6 nhiét d6 170°C trong thoi gian thay doi lan lwot 1a 12 gio, 15 gio, 18 gio va
O nhiét d6 190°C trong thoi gian thay déi lan luot 1a 9 gio, 12 gio, 15 gio. Dung dich sau
khi thily nhiét ¢6 mau vang nau, mui thom nhe sau dé duoc dua qua gidy loc va li tam
O toc do 14000 vong/phut trong 15 phtt d€ loai bo cac hat 6 kich thwdce 16n. Dung dich
cacbon duoc boc bang giay kim loai nhdm tranh anh sang va bao quan lanh & 4°C dé st
dung cho cac phép do tiép theo.

a) c) d)

Hinh 1. Quy trinh ché tao vat liéu C-dots tir phan phién 1a 6i: (a) 14 6i; (b) binh thép nung thuy
nhiét; (c) loc dung dich C-dots; (d) dung dich C-dots dwdi anh sang tw nhién.

2.3. Xéc dinh tinh chit quang cta dung dich cacbon nano

D€ danh gia hinh thai hoc va xac dinh kich thudc ctia cac hat cacbon tao thanh
trong dung dich cacbon, chiung t6i quan sat trén kinh hién vi dién t& truyén qua JEOL
JEM-1010 (JEOL, Nhat Ban) ¢ dién ap gia tdc 80 kV, sau do6 thuc hién do duwong kinh
hat dua vao phan mém Imagine] va tinh todn duong kinh trung binh cua cdc hat
cacbon nano dua vao phan mém Origin.
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Phd hong ngoai FTIR duoc phan tich bang thiét bi FTIR Affinity-1S (Shimadzu,
Nhat Ban). Phép do phd hap thu dwgc ching t6i thye hién trén may GENESYS 10S UV-
Vis (Thermo Scientific, My) va phép do pho phat quang dwoc thuc hién trén may FS5
spectrofluorometer (Edinburgh Instrument, Anh). Hiéu suat luong tt cua dung dich
cacbon nano duogc tinh toan dwa vao biéu thitc [9]:
n2

o = on (2)(2) g

ng?

Trong d6, QY: hiéu suat luong tir cia dung dich; m: hé s goc cua duong chuan
mo ta moi lién hé gitta d6 hap thu va dién tich dudi duong cong phoé phat quang cua
dung dich; n: chiét suat dung dich. Chi sd dudi R ¢ng vdi gia tri caa dung dich chuan.
Quinine sulfate khi pha loang trong dung dich axit H2SOs néng d6 0,1M thi tao thanh
dung dich Quinine sulfate cd chiét suat nr = 1,33 va hiéu suat luong t& QYr = 0,54.
Twong tu, dung dich cacbon nano pha loang trong nudc cat 2 lan ¢6 chiét suat n = 1,33
xap xi chiét sudt cua dung dich Quinine sulfate nén cong thirc (1) dwgc rat gon [10].
Ciing vi vay, chung toi lga chon dung dich Quinine sulfate d€ lam dung dich chuan
trong nghién ctu nay. Cac budc tién hanh xac dinh hiéu suét lwong ti dwgc mo ta nhuw
sau: do phd hdp thu cta hai loai dung dich sau khi pha loang ¢ nhiéu néng d¢ khéac
nhau, nong d¢ pha loang cua hai dung dich duoc xac dinh sao cho d6 hap thu ¢ gia tri
nho hon 0,1 tai budc song 340nm [9]. St dung budc séng 340 nm lam britc xa kich thich
dé€ do pho phat quang cuia hai loai dung dich trén va tir d6 tinh dién tich dudi duwong
cong pho phat quang trong viing budc séng 360 dén 700 nm.

3. KET QUA VA THAO LUAN

Tt tién chat tw nhién ban dau la 1a 6i, cung véi nhiét d¢ nung la 170°C va 190°C
chiing t6i thay d6i thoi gian nung lan luot tir 9 dén 18 gid, cac mau dung dich hat
cacbon thu dwoc dwgce ky hiéu va liét ké ¢ bang sau:

Bdng 1. Ky hiéu mau va ché d6 nung ctia dung dich hat cacbon nano ché tao tir 14 cay i.

Ky hiéu mau Nhiét d6 Thoi gian
OI170-12 170°C 12 gid
OI170-15 170°C 15 gio
OI170-18 170°C 18 gio
OI190-09 190°C 09 gid
OI190-12 190°C 12 gid
OI190-15 190°C 15 gid
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3.1. Anh TEM ctia dung dich

Két qua chup anh dung dich cacbon nano ctia OI190-15 bang kinh hién vi dién
tw truyén qua (transmission electron microscopy — TEM) ¢ hinh 2a cho thdy cac hat c6
kich thwdc kha bé, phan bé roi rac. Chung t6i sit dung phan mém Imagine] d€ khao sat
st phan bd kich thuede hat bang cach do duwong kinh céc hat, 1ap biéu d6 thdng ké nhu
hinh 2b. Nhan thay, cac hat cacbon ché tao tir 14 i c6 kich thudc thay do6i kha nhiéu,
hat nho nhat c6 duong kinh 5,85 nm va hat 16n nhat ¢ duwong kinh 119,28 nm, trong
d6, duong kinh trung binh 1a 46,86 nm. Két qua nay tuwong duong véi mot sd nghién
ctu tuong ty da cong bo [11-13].

20 40 60 80 100 120
dwong kinh (nm)

@) N (b)

Hinh 2. (a) Anh TEM cta dung dich cacbon ché tao ttr 14 6i OI190-15 véi thanh dinh ¢& la
200 nm; (b) biéu d6 phan bd kich thudc hat.

3.2. Phd hong ngoai

D6 truyén qua (%)

O-H (1659)(1609) (1393)

T T T T
4000 3000 2000 1000
86 séng (cm™)

Hinh 3. Pho hong ngoai ctia dung dich hat cacbon nano OI190-15..
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Phép do pho hong ngoai dugc thuc hién nham du dodn mot cach dinh tinh céac
nhom chitc xuat hién trén bé mat 16i cacbon. Hinh 3 cho thdy ¢6 mét dai hdp thu rong
dac trung ctia nhoém chire O-H trong vung s song 3420 cm, dai hdp thu ctia nhom
chitc C-H ¢ vung sd séng 2960 cm™?, C=0 ¢ vung s0 song 1765 cm™ va N-H ¢ vung s6
song 1659 cm [14-16]. Dinh hdp thu hong ngoai ¢ vung s6 séng 1393 cm™ dic trung
cho lién két a-CHo- [15]. Mot vai dinh trong khoang sd song tir 1300-1000 cm* (1300 cm
1, 1240 cm?; 1071 ecm™ va 1049 cm™) duoc cho la két qua caa cac dao dong kéo dan bat
ddi xtng ctia nhém chire C-O-C [17]. Cac két qua trén cho thdy, cac nhém chirc nhw
hydroxyl, carbonyl/ carboxyl, amino da dwoc duwa vao bé mat ctia C-dot trong phan
tng nhiét.

3.3. Phé hép thu va phat quang

Dé€ tim hiéu vé tinh chat quang cua dung dich hat cacbon nano ché tao ttr 1a 6i,
ching t6i tién hanh khao sat ph6 hap thu UV-Vis va pho phat quang (PL) cta vat liéu.
Phé hép thu ctia dung dich cacbon nano & phia bén trai hinh 4a cho thdy c6 mét dinh
hap thu manh 6 vung budc song bé hon 400 nm, d6 la cuc dai hap thu ¢ budce song 280
nm duoc cho la do chuyén doi m —mt* ctia lién két C=C trong 16i cacbon [18]. P6ng thoi,
khi dung btrc xa kich thich & budc séng 340 nm, phé phat quang thu dwoc ¢ bén phai
hinh 4a c6 dang dai rong vdi mot dinh phat quang ¢ khoang 430 nm.

—— 0I1190-15-400

——0I190-15-600

—— 0I190-15-800
~———0I190-15-1000
-0I1190-15-1200
01190-15-1400
— 0I190-15-1600

D6 hap thu (A)
Cudng d6 phat quang (dvtd)
Cudng d6 phat quang (dvtd)

200 300 400 500 600 700 400 450
Budc song (nm) (a) Budc séng (nm) (b)
Hinh 4. (a) Pho hap thu (phia trai hinh vé) va pho phat quang (phia phai hinh v€) va (b) pho phat
quang khi thay d6i biec xa kich thich ctia dung dich cacbon nano dwgc ché tao tir 14 6i nung & nhiét
d6 190°C trong 15 gio (OI190-15) & cac gia tri nong do khac nhau.

Dong thoi, tién hanh thay d6i budc song kich thich ttr 340 nm dén 460 nm (bwdc
dich chuyén 1a 20 nm), phd phat quang ctia mau vat liéu & hinh 4b cho thay cuc dai
phé phat quang thay déi tir 395 nm dén 455 nm. Nhuw vy, vi tri dinh phat quang phu
thudc vao budc séng ctia anh sang kich thich va c6 xu hudng dich chuyén vé phia budc
song dai khi tdng budc song ctia dnh sang kich thich.

Co ché& dé giai thich cho qua trinh trén hién van chua dwoc lam rd nhung céc
nha khoa hoc cho rang nguyén nhan c6 thé do mot trong s8 4 co ché sau: (1)- co ché vé
tac dung giam git lwgng tk, (2) — co ché trang thai bé mat, (3) - co ch€ trang thai phan
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tee va (4) - co ché€ vé tac dung ctia birc xa lién két chéo da duwoc tang cuong (CEE-
crosslink enhanced emission)[19].

3.4. Hiéu suét lwgng ti

Hinh 5a mo ta két qua do phd phéat quang va hinh 5b 1a d6 thi thé hién hé s6
goc vé moi lién hé gitra dd hdp thu va dién tich dudi duong cong phd phat quang cta
dung dich Quinine sulfate (QN). Thyc hién phép do phd hap thu va phat quang cho tat
ca cac dung dich cacbon nano ché tao ttr 14 6i twong tu nhuw phép do cho mau vat liéu
OI190-15 & hinh 4a. Sau khi xtt ly s& liéu bang phan mém OrginPro 8.5, chung tdi thu
duoc dir liéu vé mdi lién hé gitta dd hap thu va dién tich dudi duwong cong pho phat
quang cua cac dung dich cacbon d6. Theo d6, bang thong ké s6 liéu vé hé s6 goc va két
qua tinh toan hiéu suat lugng t (quy déi thanh %) theo cdng thirc (1) dwoc liét ké &

trong bang 2.
600000 4 ——ano3 80000000 - !
——QN-04 = Hé s6 gbc m, = 562630000

500000 - ——QN-05 2 - 2
- —_QN-08 Z70000000{ H& s6 hdi quy R* = 0.99004
< ——QN-07 2

400000 - G
= =]
oy T
"a f(‘U‘ 60000000 -
2300000 <
= o
©- g
) 200000 250000000 1
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100000 0
400000004 g
0 T T T T 1 0.04 O(')E 0:)6 0(')7 O(')B 0:)9 0!\0 Olﬁ
400 450 500 550 600 D6 hap thu (A) (b)
Budc song (nm) (a)

Hinh 5. (a) Pho hap thu (phia trai hinh vé) va pho phat quang (phia phai hinh v€) va (b) Puong chuan
mo ta moi lién hé gitra d6 hap thu va dién tich dudi duwong cong phd phéat quang ctia dung dich

Quinine sulfate & cac gia tri nong d¢ khac nhau.

Bang 2. S6 liéu vé hé s6 goc va tinh toan hiéu sudt luong tir cia dung dich Quinine sulfate va

cacbon nano ché tao tir 14 6i.

Ky hiéu Hé s6 goc  Hiéu suat Ky hiéu Heé s6 goc Hiéu suat
lwong tir (%) lwong ttr (%)
ON 562630000
OI170-12 18395800 1,69 0OI190-09 21114800 1,95
OI170-15 19577100 1,80 0OI190-12 22564200 2,08
OI170-18 14976700 1,38 0OI190-15 26712900 2,46

Dua vao s0 liéu 0 bang 2, c6 thé thay hiéu sudt lvong ti cua dung dich cacbon
nano ¢6 ngudn goc tir 14 6i c6 sy thay do6i theo nhiét d§ va thoi gian nung thiéu két;
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trong d6, hiéu sudt luong ti cua dung dich khi nung u ¢ nhiét d6 190°C cao hon so véi
khi nung u ¢ nhiét d6 170°C. Gia tri hiéu suat luong t& nay thay doi tir 1,38% dén
2,46% va dat cuc dai ing véi nhiét d6 nung thiéu két 1a 190°C va thoi gian u la 15 gio.

Mbt s6 cac nghién ctru triede day da chi ra rang viec kéo dai thoi gian xt ly thay
nhiét c6 thé thic ddy qua trinh hinh thanh ciu tric 6n dinh ctia hat cacbon nano, tir d6
lam tang cuong do phat quang cua vat liéu [20]. Tuy nhién, sw kéo dai nay cing dong
thoi lam ting mat dd hat, kéo theo hién twong dap tat phat quang [21]. K&t qua nghién
ctu cua chung to6i cho thdy xu hudéng tuong tw, dong nhét véi bao cao vé viéc khao sat
anh huong cta thoi gian thay nhiét dén tinh chat quang ctia vat liéu CNPs tong hop ti
qua chanh cia nhom tac gia Bui Thi Hoan [22].

4. KET LUAN

Dung dich hat cacbon nano dwoc ché tao bang phuirong phép thuy nhiét tir tién
chat 1a 1a &i va ¢ cac diéu kién nhiét d6, thoi gian nung t khac nhau. Nhiét d6 nung u
duoc lua chon ¢ hai mtkc 1a 170°C va 190°C va thoi gian nung u thay doi tir 9 gio dén 18
gio. Hat cacbon thu duwoc c6 dwong kinh trung binh 1a 46,86 nm. Dung dich hat cacbon
nano c6 cuc dai phat quang & khoang budc séng 430 nm khi kich thich bang biic xa 340
nm. Hiéu suat lwong t&r ciia dung dich cacbon nano ché tao tir 1a 6i thay doi tir 1,38%
dén 2,46%, trong do, hiéu sudt luong tir dat cuc dai khi la 6i duwoc nung u 6 190°C trong
15 gio. Trong tuong lai nhdm nghién ctru tiép tuc khao sat kha nang phat hién c6 chon
loc mét loai ion kim loai ¢6 trong nuwdc ctia dung dich cacbon nano nay, dong thoi ting
dung dung dich ché tao duoc vao trong qua trinh canh tac cay trong.

LOI CAM ON

Nghién cttu nay dugc tai tro boi dé tai khoa hoc va Cong nghé cap Bo ma s6
B2024-DHH-09.
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EFFECT OF SINTERING TEMPERATURE AND TIME
ON SOME OPTICAL PROPERTIES OF CARBON NANODOTS
PREPARED FROM GUAVA (Psidium guajava) LEAVES
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ABSTRACT

This study presents the effects of sintering temperature and time on some optical
properties of carbon nanodots prepared from guava (Psidium guajava) leaves by
hydrothermal method. A 5.0g sample was mixed with 80 mL distilled water and
fabricated at 170°C and 190°C for varying durations, from 9 hours to 18 hours. The
FTIR, UV-Vis and fluorescence spectrum of this solution were also investigated to
determine the optimal calcination temperature and time. Quantum yield was
determined by comparative method, using Quinine sulfate as a control solution.
This quantum yield ranged from 1.38% to 2.46% and reached the highest value

when annealed at 190°C for 15 hours.

Keywords: guava leaves, cacbon nano, quantum yield, natural precursors.
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