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TOM TAT

Trong bai bao nay, chung t6i nghién cttu sw anh huong ctua nhiét d6 thuy nhiét dén
hiéu suat lwong tir ctia hat cacbon nano (CNPs) duwegc ché tao tir 14 16t bang phuong
phap thay nhiét. Hinh thai, cdu tric va hiéu suat lwong tit cia CNPs duwoc danh gia
thong qua cdc phép do chup anh kinh hién vi dién & truyén qua, nhiéu xa tia X va
quang phd huynh quang. Ap dung phuwong phap so sanh véi dung dich chuan 1a
quinine sulfate c6 hiéu suat luong ti 54%. Két qua tinh toan hiéu sudt luong tir ctia
CNPs c6 gia tri duoc lan luot 1a 3,02%, 5,06% va 6,71% tuwong tng véi cac nhiét do
thiy nhiét la 180°C, 200°C va 220°C.

Tw khéa: Vat liéu phat quang, hat cacbon nano, phwong phap thty nhiét, nhiét d6

thay nhiét, hiéu suat lugng tu.

1. MO PAU

Trong nhiing nam gan day, vat liéu huynh quang ¢ kich thudc nano da thu hat
nhiéu sy quan tam cua rat nhiéu nhém nghién cttu trén thé gidi va duoc xem la ting vién
tiém nang thay thé cac dau do nhuém huynh quang truyén thong [1]. Dac biét, vat liéu
nano huynh quang trong nhitng nam gan day dang duoc tap trung nghién ctru va phat
trién khd nhanh do nhu cau tng dung trong cam bién hda hoc, sinh hoc va cac linh vuc
lién quan khac [1,2]. So véi thudc nhudm huynh quang truyén thong, vat liéu nano
huynh quang c6 hiéu ting kich thwedc lwong tir va cac hiéu ttng ddc ddo khac khi ¢ nano,
c6 thé khac phuc nhiéu khuyét diém cta loai thudc nhudém truyén théng (46 on dinh
thdp, cuong d6 huynh quang yéu, hiéu sudt luong tir thap va bi tay trang) [1]. Vi vay,
vat liéu nano huynh quang da va dang duoc tiing dung rong rai trong vat ly, sinh hoc va
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héa hoc [3]. Nam trong nhém vat liéu nano huynh quang, hat cacbon nano (CNPs) da
trd thanh tam diém cua su chu y do cac ddc tinh phat quang doc dao [4].

K& ttr khi dwgc phat hién vao nam 2004, mét loat cac ky thuat tong hop da duoc
phat trién d€ ché tao CNPs. Cac phuong phap tong hop thuwong dwgc phan loai thanh tte
trén xudng va tir duoi 1én [5]. Boi véi phuwong phap tir trén xuéng, hat CNPs dwoc hinh
thanh thong qua cac quy trinh cit hoa hoc hodc vat ly tte cac vat liéu nano c6 kich thwede
16n hon CNPs, bao gobm phdng dién ho quang, st dung laser cong suat 16n, phuong
phap dién hoa, hodc phwong phap oxy hda stt dung axit [6-9]. Cac nguon tién chat pho
bién cho phuwong phap nay la 6ng nano cacbon va than chi. Mot sd han ché cia phuong
phap tiép can ti trén xudng d€ tong hop CNPs 1a yéu cau vé vat liéu va thiét bi dat tién,
diéu kién phan ing can dam bao va thoi gian tong hop thuong kéo dai [10]. Trong cac
phuong phap tiép can tir dudi 1én, CNPs duoc tong hop tir cac tién chét la cac phan tk
thich hop trong cac diéu kién nhat dinh, vi du nhw nhiét phan, vi séng, siéu am, va méot
s6 cac phuong phép khac [11,12]. Nam trong nhém k§j thuat ché tao hat nano tir duéi
1én, phuwong phap thuy nhiét thuwong dwgc wu tién lwea chon do ky thuat don gian, than
thién véi méi treong va dac biét rat phut hop véi cac tién chat cd ngudn goc tir sinh khoi.
Céc ky thuat tir dudi lén chu yéu sit dung phuong phép thuy nhiét véi dung moi nude
duoc coi la thuan 1gi vi nd khong bién chiing, ¢ thé tai tao va chi phi thap [13,14]. Trong
s0 cac phuong phap nay, ching t6i da chon phuong phap thuy nhiét dé€ ché tao CNPs,
day duoc xem la phuwong phap don gian va hiéu qua trong s6 cac phuong phap da néu
trén. Day la ky thuat ché tao st dung nudc 6 ap sudt va nhiét dd cao nhdm tao ra sy
phan huy nhiét hda (thermochemical degradation) cac vat liéu cé nguon gdc tir sinh khoi
(biomass). Mot s6 cong bd truede day cho thay, tinh chat quang néi chung, gia hiéu suat
luwgng ti va kich thudce cia hat CNPs ndi riéng c6 thé duoc thay doi mot cach dang ké
khi ché tao bang phuong phap thty nhiét [15-19].

Flavonoids 1a mot hop chat tie nhién thueong duoc tim thay trong trai cay, rau va
cac loai thye pham c6 ngudn goc thue vat khac. Ching duoc biét dén véi déc tinh chong
oxy hda va cd nhiéu lgi ich cho sttc khoe cling nhu kha nang chéng ung thu, khang
khuan va khang vi-rat [20]. Nghién cttu cta tac gia Azizah Ugusman cho thdy ham
lugng flavonoids cé trong cay la 16t ¢6 gia tri ~ 57,5 mg CAE/g DW [21]. Du la loai thuc
vat kha pho bién tai Viét Nam nhung ham lugng flavonoids c6 trong 16t 1a kha cao khi
so sanh voi mot s6 loai thue vat khac nhue muong 14 khé (cassia occidentalis, ~ 35,3 CAE/g
DW), man man vang (cleome viscosa, ~ 36,2 CAE/g DW), hay mimosa (mimosa hamata,
~ 40,3 mg CAE/g DW) [20]. Gan d4y, nghién cttu cta Jing Xu ciing chi ra rang, chiét xuat
flavonoids tir 14 bach qua (ginkgo biloba) ¢ thé duoc dung dé ché tao CNPs va dugc
tng dung trong phat hién ion Pb? véi gidi han dén 55 pM [22]. Vi vay, viéc tong hop
CNPs ttr nguon nguyén liéu tu nhién nay (14 16t) cing nhu danh gia hiéu suat luong t
san pham ché tao can duoc lam rd, tao co sé cho nhitng nghién ctiu tiép theo nh3m chiic
nang hoa vat liéu cho nhitng ting dung lién quan dén sinh hoc va hoéa hoc.

34



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 22, S5 1 (2023)

Trong bai bao nay, chuing t6i trinh bay két qua nghién ctru vé hinh thai hoc cling
nhw cau trac vat liéu CNPs. St dung la 16t lam nguyén liéu ban dau, chung t6i da quan
sat thay su thay ddi rd rang hiéu suat lugng tir khi cdc mau duoc xtt Iy nhiét & nhiét do
180, 200 va 220°C. Béng cach st dung Quinine sulfat lam tham chiéu, chung t6i nhan
thdy co su gia tang dang ké hiéu suat luong tt cing vdi su thay doi nhiét do thay nhiét.
Két qua ctia nghién ctru nay sé la co s dé danh gia cac thong s6 quang va dinh hudng
cho cac ting dung trong tuwong lai cia CNPs tong hop ttr 1a 16t.

2. THUC NGHIEM
2.1. Vat liéu va hoéa chat

La 16t duoc chang toi rira sach trude khi cho vao binh thay nhiét. Nudce cat hai
lan duoc st dung lam dung méi trong nghién ctru nay. Cac hoa chat H2SOs (Sigma-
Aldrich), Quinine Sulfate (AnalaR NORMAPUR) dwoc sit dung d€ xac dinh hiéu suét
lwong tit cia CNPs thu dwoc.
2.2. Thiét bi va phwong phap do dac

Chuing t6i da st dung ti sdy MEMMERT UNB 500 — Dtec d€ tong hop mau bang
phuong phép thiy nhiét. Cdu tric cta vat liéu dwoc nghién cttu bang phuong phép
nhiéu xa tia X trén may nhiéu xa D8-Advance Eco ctia hang Bruker — Ptic stt dung ngudn
phat Cu-Ka (A = 1,54056 A). Kich thwdc caa CNPs duoc xac dinh bang phuong phép
chup anh trén kinh hién vi dién t& truyén qua JEOL Jem-1010 cua hang JEOL — Nhat Ban
véi dién ap gia toc 1a 80 kV. Cac tinh chat quang cua vat liéu duwoc nghién ctru théng qua

phé phét quang va phd hap thu thu dwoc tir mdy FL3-22 ctia hang Horiba — Nhéat Ban.
2.3. Quy trinh va phuong phap ché tao

Li tam 15 phat,

Say la Lot : /
& 50 do 14000 vong/phat
=3 Y S ! ]
La (6t rira Thily nhiét: 180, Dung dich
sach, cat nho 200, 220 dd CNPs

Hinh 1. Quy trinh ché tao dung dich CNPs tir 14 16t bang phuong phap thiiy nhiét.
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L4 16t sau khi chon loc lai dugc rira sach bang nudce cat 2 lan. Sau d6, 14 16t dwoc
thai nho va say kho o nhiét d6 50°C trong thoi gian 24 tiéng. Chuing toi, tién hanh cho 5g
14 16t, 80ml nudce cat 2 Ian vao teflon va tién hanh thuy nhiét trong thoi gian 4 tiéng o cac
nhiét d6 180°C, 200°C, 220°C. Binh thuy nhiét sau d6 dwgc d€ ngudi dén nhiét dd phong.
Dung dich mau nau sam thu dwoc sau qud trinh thtiy nhiét dwoc cho qua gidy loc tho
trwede khi tién hanh loc tinh véi dau loc (syringe) 0,22 um va ly tam véi téc do 14000
vong/phut trong 15 phut dé€ thu dwgc dung dich chira hat CNPs.

3. KET QUA VA THAO LUAN

3.1. Hinh thai va cau trac

Nhiét dd thiy nhiét
b) ——180°C
——200°C
——220°C

.
T~

r r . .
10 20 30 40 50 60
20 (°)

Hinh 2. (a) Anh TEM ctia dung dich CNPs dwoc thuy nhiét ¢ 220°C véi thanh dinh ¢6 100 nm.
(b) Gian d6 nhiéu xa tia X ctia dung dich CNPs thu dugc khi thay nhiét ¢ cac nhiét d6 180°C,
200°C, 220°C.

Anh chup tir kinh hién vi dién t&t truyén qua (TEM) ctia mau CNPs dwoc trinh
bay ¢ hinh 2a. Tt anh TEM, ching ta cé thé thdy kich thudc cac CNPs kha dong déu va
o gia tri khoang vai chuc nanomet. Budc dau cho thay da ché tao thanh cong vat liéu ¢
kich thudc nano. D€ nghién ctru cau trac vat liéu da ché tao duoc, ching t6i tién hanh
do nhiéu xa tia X (XRD).

Gian d6 nhiéu xa tia X (XRD) ctia cac mau CNPs duoc thay nhiét ¢ cac nhiét do
khac nhau thé hién trong hinh 2b. Két qua cho thay tat ca cic mau CNPs déu cho dinh
rong co gia tri 26 lan can 23,5°. Bay la dinh dac trung cho vat liéu cacbon vo dinh hinh
[23]. Két qua nay hoan toan phtu hgp vdi gian d6 XRD ctia CNPs da dugc cong bo trude
day nhw ba dau nanh, thudc 14, vo cay lidu, cay rau mui, vo dua hdu, hat ké, rau cai chan
vit [15-19, 23-25].
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3.2. Hiéu suét lwgng twr

Quinine sulfate dang bot duoc hoa tan trong H2504 0,1 M (chiét suat 1,33) trong
khi CNPs duoc hoa tan trong nuwdc cat 2 Ian (chiét suat 1,33). Trong qua trinh tinh toan
hiéu suét lvong tt, 3 gia tri nong do khac nhau cuia dung dich quinine sulfate va dung
dich CNPs duoc chudn bi sao cho d¢ hap thu c6 gid tri nho hon 0,1 tai bude séng 350 nm
va dugc cha thich ¢ bang 1. Quang phd huynh quang cua dung dich quinine sulfate va
CNPs duoc ghi lai 6 cung mot budc sodng kich thich 350 nm vdi do rong khe kich thich
la 1 nm va do rong khe phat xa la 2 nm. Dua trén két qua do pho phat quang thu duoc
chting t6i vé d6 thi biéu dién mdi quan hé gitta cuong do phat quang va gia tri d6 hap
thu d€ xac dinh hé s6 goc mx va my. Hiéu sudt luong tir khi dé dwgc tinh theo cong thitc
[26]:

my. 1
@, = 0 (2

Trong do, @y 1a hiéu sudt luong tir cua CNPs, O« 1a hiéu suat luong tir cia dung
dich quinine sulfate; my va mx [an luot la hé s6 goc ctia duwong phu thudc ctia cuong dd
phat quang vao d6 hdp thu ¢ budc séng 350 nm ctia dung dich CNPs va quinine sulfate;
1Ny la chiét sudt ctia nwdce cat hai lan va nx la chiét suat ctia dung dich H2SOs (1)y = 1x =
1,33).

Bang 1. S6 liéu do hap thu va dién tich dudi duong cong phé phat quang ctia dung dich CNPs

va Quinine sulfate.

Dung dich Quinine sulfate Dung dich cacbon nano
Ki hiéu Do hap Dién tich Nhiét d6 Ki Do hap Dién tich
thu dudi duong thuy hiéu thu dudi duong
cong phd nhiét cong phd
phat quang phat quang
Al 0.00789 2059340
Q1 0.01562 13408500 180°C A2 0.0114 2353900
A3 0.01662 2660820
B1 0.04934 5313480
Q2 0.02508 26437600 200°C B2 0.05597 6159000
B3 0.06752 7406250
C1 0.05557 8419340
Q3 0.0394 42616000 220°C C2 0.06774 10024900
C3 0.07368 11224600
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Cwérng do (d.v.t.d)
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Hinh 3. (a) Pho phat quang cuia dung dich quinine sulfate & cac gia tri nong d6 khac

(b) Buong chuan mo ta méi lién hé gitra do hap thu va dién tich dwéi duwong cong phd

25000

20000

15000

10000

5000

phat quang ctia dung dich quinine sulfate.

Equation V=a+ 0w
—A1 2700000 | g 5
— A2 Weight No Weighting b
T Intercept 1.54238E6 + 85836.632
a) A3 2600000 4|,cp, 6.61283E7 = 6.86815E6 )
2 2 Residual Sum of Square 182015E9
B 8 2500000 47T 0.99496
— 5 g_ 7| R-square (cop) 008994
el Ad] R-Square 0.97988
B ©
S 2 2400000 1
= [=3
[]
i O
S £
S ‘S 2300000
T o
& 5
1 A o 2200000 4
2100000 -
T T T T T T T T T T T T T
380 400 420 440 460 480 500 520 540 0.008 0.010 0.012 0.014 0.016 0.018

Bwéc song (nm)

Do hap thy (A)

Hinh 4. (a) Pho phat quang ctia dung dich CNPs duoc thay nhiét 6 180°C véi cac gia tri

nong do khac nhau. (b) Puong chuan moé ta moi lién hé gitta do hdp thu va dién tich dwéi
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Hinh 5. (a) Pho phat quang ctia dung dich CNPs duoc thuy nhiét ¢ 200°C véi cac gia tri

nong do khac nhau. (b) Puong chuan mo ta moi lién hé gitta d hap thu va dién tich dudi

duong cong phd phat quang cua dung dich CNPs duoc thiy nhiét & 200°C.
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Cwong do (d.v.t.d)
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Plot
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Hinh 6. (a) Pho phat quang ctia dung dich CNPs duoc thay nhiét 6 220°C véi cac gia tri nong do

khac nhau. (b) Puong chuan mo ta mai lién hé gitta d6 hap thu va dién tich dudi duong cong

pho phat quang cua dung dich CNPs duoc thuy nhiét ¢ 220°C.

Thay Tan luot cac gia tri thu dwoc tir cac d6 thi duoc thé hién ¢ cac hinh 3b, 4b,

5b, 6b, chung ta xac dinh hiéu suat luong tit ciia dung dich CNPs dugc thuy nhiét o cac
nhiét do:

Nhiét do 180°C:

Nhiét do 200°C:

Nhiét d¢ 220°C:

68128300 . ,1,332

Dy = 54%(

Dy = 54%(

1220180000)(1,332

114000000 , 1,332

1220180000)(1,332

152000000 , 1,332

Dy = 54%(

1220180000)(1,332

) =3,02%

) =5,06%

Y =6,71%

Khi téng nhiét d¢ 1én khoang 11,12% (ttr 180°C 1én 200°C) thi hiéu sudt luong
tang 67,55% (ttr 3,02% 1én 5,06%) va ti€p tuc tang nhiét do 1én khoang 22,24% (ttr 180°C
1én 220°C) thi hiéu sudt luong tang 122,19% (tt 3,02% lén 6,71%). Két qua cho thay hiéu
sudt luong ttt CNPs dugc tong hop tir 1a 18t bang phuong phép thiy nhiét ty 1¢ thuan
véi nhiét d¢ thuy nhiét. Hiéu sudt luong tir cua dung dich CNPs duoc ché tao tir 14 16t
o gia tri cao nhat dat duoc 1a 6,71%. So sanh véi cac két qua tinh toan hiéu suat luong
tee tir cac tién chat khac da duoc cong bd nhu: stta dau nanh (QY = 2,6%), thudc la
(QY =3,2%), vo cay liu (QY =6,0%), cay rau mui (QY = 6,48%), vo dua hdu (QY =7,1%),
hay hat ké (QY = 5,67%) ta thdy rang gia tri hiéu suat luong tt ctia dung dich CNPs thu
dwogc voi tién chat 14 16t ¢ gia tri kha cao du chua duoc thu dong hda bé mat [15-
19,23,24].
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4. KET LUAN

Trong nghién cttu nay chung t6i da tong hop thanh cong vat liéu CNPs véi tién
chat1a 14 16t bang phuong phap thiiy nhiét. Két qua thuc nghiém cho thdy nhiét do thuy
nhiét anh hudng truc tiép dén hiéu sudt luong tir ctia vat liéu CNPs. Hiéu suét luong tw
cua vat liéu CNPs dat gia tri cao nhat 6,71% tai nhiét d6 220°C. Day duwgc xem la gia tri
kha cao khi so sanh v6i CNPs duoc tong hop tit ty nhién khong ma khong qua qua trinh
thu dong hoa bé mat. Bén canh d6, két qua nghién cttu cho thay rang, CNPs c6 thé dugc
tong hop bang cach cacbon hoa ngudn nguyén liéu ty nhién khi st dung phuwong phap
thuy nhiét, day duoc xem nhu mét giai phap tiép can than thién véi moi truong. Dya
trén két qua da dat duoc, cdc nghién ctru tiép theo sé dwgc thuc hién d€ danh gia cac dac
tinh hoa ly ctia vat liéu nay va xem xét cac trng dung trong cac linh virc phtt hop.
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EFFECT OF REACTION TEMPERATURE ON QUANTUM YIELD OF CARBON
NANOPARTICLES DERIVED FROM PIPER LOLOT
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ABSTRACT

In this study, we investigate the impact of hydrothermal temperature on the
quantum yield of carbon nanoparticles (CNPs) prepared from piper lolot using the
hydrothermal method. The morphology, structure, and quantum yield of the CNPs
were investigated by using various measurements, such as transmission electron
microscopy, X-ray diffraction, and photoluminescence. We used the comparison
method with a standard quinine sulfate solution that has a quantum yield of 54%.
The calculated quantum yield values of 3.02%, 5.06%, and 6.71% correspond to the
hydrothermal temperatures of 180°C, 200°C, and 220°C, respectively.

Keywords: Photoluminescent materials; Carbon nanoparticles; Hydrothermal

method; Hydrothermal time; Quantum Yield.

42



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 22, S5 1 (2023)

Lé Vii Treong Son sinh ngay 31/12/1994 tai Quang Nam. Ong t5t nghiép
Ctr nhan Vat li tai treong Pai hoc Sw pham — Pai hoc Pa Ngmg nam 2016.
Nam 2019, 6ng t6t nghiép thac si chuyén nganh Ly luan va phuwong phap
day bd mon Vat li tai treong Pai hoc St pham - Dai hoc Da Néng. Hién
nay, ong giang day tai Treong Dai hoc Su pham, Pai hoc Da Ngmg.

Linh viec nghién ciru: Khoa hoc Vat liéu.

Tran Thi Nguyén Thdo sinh ngay 27/03/2001 tai Da Nang. Hién cd dang
la sinh vién nganh Su pham Vat ly, Treong Dai hoc Su pham, DPai hoc
Da Néng.

Linh viec nghién citu: Khoa hoc Vat liéu.

Vit Trinh Huyén Anh sinh ngay 19/12/2001 tai Thanh Hoa. Hién ¢6 dang
la sinh vién nganh Sw pham Vat li, Treong Pai hoc Su pham, DH Da
Nang.

Poan Van Dwong sinh ngay 03/02/1990 tai Thira Thién Hué. Nam 2012,
ong t6t nghiép Ctr nhan nganh Su pham Héa Hoc tai truong Dai hoc Su
pham, Dai hoc Da N&ng. Nam 2014, ng t&t nghiép thac si chuyén nganh
hoéa Hitu co tai treong Pai hoc Su pham, Dai hoc Ba Nﬁng. Hién nay,

ong giang day tai treong Pai hoc Su pham, Dai hoc Da N.’fmg.

Linh vwec nghién ciru: Vat liéu, Hoéa Li, Hoa Hitu co.

43



Anh hwong cia nhigt d9 thity nhi¢t dén higu sudt lwong tir ciia dung dich cacbon nano ché'tao tiv 1d 16t

Cao Nit Thuy Linh sinh ngay 24/08/1994 tai Binh Dinh. Nam 2016, ba t6t
nghiép c* nhan Su pham Vat ly tai Treong Dai hoc Suw pham TP. H6 Chi
Minh. Nam 2019, ba t6t nghiép Thac si chuyén nganh Phuong phap Ly
luan va day hoc B6 moén Vat ly tai Trieong Dai hoc S pham, Pai hoc Da
Nzcmg. Hién nay, ba cong tac tai Vién Nghién ctu va Pao tao Viét Anh,
Pai hoc ba Nﬁng.

Linh viec nghién citu: Khoa hoc Vat liéu, Gido duc STEM.

Ng6 Khoa Quang sinh ngay 16/09/1984 tai Thanh phd Hué. Nam 2006,
ong tot nghiép Ctr nhan nganh Vat 1i tai Treong Pai hoc Khoa hoc, Dai
hoc Hué€. Nam 2009, 6ng t6t nghiép thac si chuyén nganh Quang hoc tai
treong Pai hoc Khoa hoc, Dai hoc Hué. Nam 2014, 6ng tot nghiép tién si
chuyén nganh Khoa hoc Vit liéu tai Vién khoa hoc va Céng nghé tién
tién Nhat Ban (JAIST). Hién nay, 6ng giang day tai Treong Dai hoc Khoa

hoc, Pai hoc Hué.

Linh vwe nghién ciru: Hiéu ting Quang phi tuyén, Céng huwong plasmon

bé mat, Vat liéu hat cacbon nano.

44



