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Anh hwéng ciia nhiét d9 thiy nhiét tinh chat quang
cua dung dich hat cacbon nano dwgc cheé tao tir hat dau xanh
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Tom tit:

Trong nghién ciru nay, tac gia trinh bay két qua ché tao thanh cong vat li¢u hat cacbon nano (CDs) bing cach thiiy nhi¢t hat dau
xanh & cac nhi¢t d) khac nhau. Cic miu ché tao 6 nhi¢t d9 180, 200 va 220°C déu cho théy hi¢u tmg phat quang dic trung cia
CDs va pho phat quang (PL) phu thugc vao bwéc song kich thich. Cung véi viée gia tang nhiét d9 thily nhiét, phd hip thu ciing
cho thay st mé rong dinh pho dac trung tai vi tri ~280 nm. Két qua phan tich so liéu thwe nghiém nhan thay, nhiét do c6 anh
hwong rod rét dén phan b6 kich thwée hat va gia trj hi¢u suat lwgng tir ciia CDs. Khi nhiét dg gia tang, kich thwéc hat trung binh
ting tir 9,0 1én 13,8 nm, dong thoi gia tri higu suat lwgng tir ting ty 18 tir 3,50 dén 12,18%. Két qua nghién ciru 1a co s¢' dé toi wu
tinh chét quang ciia vat liéu CDs cho cic img dung cu thé trong twong lai.

Tir khéa: CDs (hat cacbon nano), hat diu xanh, hiéu suit lweng tir, thiy nhiét.

Chi sé phdn logi: 2.9

Effect of reaction temperature on optical
properties of carbon nanoparticles

derived from mung bean
Khoa Quang Ngo®
University of Sciences, Hue University
Received 25 November 2021; accepted 19 January 2022
Abstract:

In this study, the authors presented the successful fabrication
of carbon nanoparticles (CDs) by the hydrothermal
carbonisation of mung beans at different temperatures. Samples
fabricated at 180, 200, and 220°C showed the characteristic
photoluminescence (PL) effect of CDs, excitation-dependent
PL. The broader UV peaks were detected as the reaction
temperature was increased with a characteristic peak at ~280
nm. Notably, the experimental data showed that reaction
temperature clearly influenced the particle size distribution
and quantum yield (QY) of the obtained CDs. The particle
diameter increased from 9.0 to 13.8 nm as the temperature
increased. Together, QY proportionally increased from 3.50
to 12.18%. The work is therefore expected to provide new
information in the adjustment of the optical properties of the
obtained CDs for functional applications in the future.

Keywords: carbon nanoparticles (CDs), hydrothermal method,
mung bean, quantum yield.
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Pat van de

Trong nhiing thap ky qua, su phat trién nhanh chong cua khoa
hoc nano va cong ngh¢ nano da tac dong dén hau hét cac linh vuc
nhu sinh hoc, y hoc, dién tu, luong tir anh sang, nang luong... [1,
2]. Trong {mg dung sinh hoc, vt lidu phat quang - chdm luong tir
ban dan thudng duoc sir dung dé 1am cac dau do, chup anh va danh
d4u sinh hoc [3]. Tuy nhién, sy c6 mat cia mot s6 kim loai nang
nhu cadimi, chi trong vét liéu néu trén dan dén nhiing lo ngai vé an
toan, co thé gay doc dél voi con nguoi va tac dong khong tot dén
moi truong [4-9]. Mot sb giai phap khic phuc doc tinh tir kim loai
ning nhu boc bé mit vat liéu bang silica hay polymer da dugc thyc
hién. Tuy nhién hiéu suét luong tir ciing nhw qua trinh ché tao ton
kém da din dén nhimg han ché nhat dinh [10, 11].

K& tir 1an dau tién dugc phat hién vao nim 2004, vat liéu phat
quang CDs da cho thdy nhing wu diém ndi troi nhu tinh phat
quang 6n dinh, doc tinh thép, tinh twong thich sinh hoc tot va quy
trinh ché tao than thién v6i moi truong [12]. O kich thude xap xi
10 nm, CDs con dugc goi 1a chédm luong tur cacbon [13]. Cu tric
vét liéu C-dot gom 15i la khdi ciu cacbon lai hoa sp¥/sp’ ¢ dang vo
dinh hinh hodc tinh thé, bao boc bén ngoai l1a cac nhom chuc [1,
14]. Véi sy xuat hién da dang cac nhom chirc bao quanh, vat li¢u
cacbon nanodot ¢6 kha ning tan tot trong nudc va tuong tac voi té
bao, d& dang két hop véi céc co chit dé phuc vu cho céc img dung
trong sinh hoc. Nhitng diéu nay d cho thay, C-dot 1a vat liéu day
tiém ning, thay thé cho cac vat liéu phat quang truyén thong g
dung trong sinh hoc [14].

Trong tmg dung chup anh sinh hoc (bioimaging), bén canh tinh
6n dinh quang hoc va tinh bén viing trong bao qudn thi hi¢u suét
luong tir cua vét liéu ciing 13 mot tham sb rat quan trong dé 0 thé
thu dwoc anh huynh quang co chit luong cao [15]. Mot sb cong
bd true day cho thdy, tinh chit quang ndi chung, gia hiéu suat
luong tir va kich thudc ctia hat CDs noi riéng c6 thé dugc thay doi
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mot cch dang ké khi ché tao bang phuong phap thuy nhiét [16-
18]. Déy la ky thudt ché tao sir dung nudc ¢ ap suat va nhiét do
cao nhim tao ra sy phén huy nhi€t hoa cac vat li¢u co ngudn goc
tir sinh khéi [19]. Uu diém cia phuong phap nay la sy don glan
de thue hién va ¢6 thé dp dung v6i nguyén liéu ddu vao ¢o ngudn
goc tw nhién ciing nhu 1a hoa chat [20]. Tuy nhién, v6i nd luc dé
cai thién phuong phap ché tao, hudng dén sy than thién voi moi
truong va han ché sur dung héa chat trong qua trinh tong hop CDs,
cc vat licu co ngudn gdc tir t nhién dugc xem 1a ngudn cung cap
tién chat 1y tuong.

Trong nghién ciru nay, ching t6i dua ra két qua ché tao CDs
voi cac tinh chat quang, cau trac vat liéu va kich thudc hat dugce
khao sat mot cach chi tiét. St dung hat dau xanh lam nguyén li¢u
dau vao, ching toi nhan thay kich thudc hat va gia tri hiéu suat
lugng tir ¢o sy thay doi 16 rang khi thuy nhiét ¢ nhiét do 180, 200
va 220°C. Su dung dung dich Quinine sulfate lam déi chung, nhan
thdy co su gia ting ddng ké gia tri hiéu suét lwong tir khi thay
d6i nhiét do thiy nhiét. PL, phd hap thy va phd hong ngoai cua
CDs ciing da duoc khao st trén cac thiét bi chuyén dung. Két qua
nghién ciru 14 co s& nhim danh gia céc tham s6 quang hoc ciing
nhu dinh hudng cho céc ing dung trong twong lai cua vt li¢u CDs
duoc tong hop tir hat dau xanh.

Déi twong va phuong phap nghién ciiu
Quy trinh ché tao CDs

Hinh 1 mé ti cac bude chinh trong quy trinh ché tao CDs.
Cu thé, hat d4u xanh sau khi mua tai siéu thi dia phuong da duoc
ching t6i lya chon lai nham dam bao sy twong dong vé kich thudc
cling nhu mau sic bén ngoal Cac hat dau sau do dugc rua 2 lan
bang nude cat 2 lan va say kho. Tiép theo, 8 g hat dau xanh dugc
nghién nho (hinh 1A) va hoa véi 80 ml nude cat 2 lan. Sau do,
hon hop duoc cho vao binh Teflon va thiy nhiét trong 4 gioy (hinh
1B). San phim thu dugc 14 dung dich mau nau sau khi binh dugc
dé nguoi dén nhiét do phong. Cudi dung, dung dich duoc cho qua
gidy loc, ly tim ¢ toc do 14000 vong/phut trong 10 phit va bao
quan trong phong ti dé dung cho céc thi nghiém tiép theo. Hinh
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Hinh 1. Quy trinh ché tao vat liéu CDs tir hat dau xanh. (A) Hat dau
xanh duwoc nghién nhd va (B) cho vao binh thlly nhiét; (C) San phdm CDs
duéi anh sang dén LED c6 bwdc séng dinh 1a 420 nm; (D) Mau sic cla
cac dung dich CDs véi cac nhiét do thay nhiét la 220, 200 va 180°C sau
khi loc va ly tam dwéi anh sang mat trov.
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1D 1a anh chyp mau sic cua dung dich chira CDs duogc thily nhiét
tai nhiét d 220, 200 va 180°C.

Thiét bi ieng dung dé phan tich

Phd hép thu UV-Vis dugc do trén h¢ do Genesys 10S UV-Vis
(Thermo scientific, My). PL dugc thuc hi¢n trén hé do Fluorolog
FL-22 (Horiba, Nhat Ban). H¢ do FTIR Affinity-1S (Shimadzu,
Nhat Ban) duoc chung t6i st dung dé do phd hong ngoai. Céu tric
pha cua vat liéu CDs dugc x4c dinh dya trén phd nhidu xa tia X
thyc hién boi hé do D8 Advance (Bruker, Duc) vdi goc quét tir 10
dén 70°. Hinh thai hoc va kich thuée CDs dugc quan sat bang kinh
hién vi dién tir truyén qua JEOL JEM-1400 (JEOL, Nhit Ban).

Xic dinh hi¢u sudt lwong tie

Hiéu suit luong tir cua dung dich cacbon nano dugc xac dinh
bing phuong phap so sanh [21]. Quinine sulfate v6i gia tri hiéu
sudt luong tr (QY) 0,54 duge pha loang trong dung dich axit
H,S0, ¢6 nong d6 0,1 M (chiét suat n=1,33). Trong khl d6, dung
dlCh CDs dugc pha loang trong nude cat 2 lan (chiét suat n,=1,33)
[22]. Bdn gié tri nong do khac nhau ciia mdi dung dich duoc chuén
bi dé ghi PL tai-budc song kich thich 320 nm. Tuong tng, gia tri
do hép thy tai budc song nay ciing dugc ghi lai sao cho diéu kién
d6 hap thu nho hon 0,1 dugc dam bao [21]. Cudi cung, dién tich
dudi duong cong PL cta cac dung dich duoc tinh tir 350 dén 600
nm dé xay dung dudng chudn cing véi gia tri do hap thu tai budc
song 320 nm.

Keét qua va ban luan

Phép do phé nhiéu xa tia X clia cic mau thiy nhiét tai cac nhiét
do 180, 200 va 220°C dugc mo ta trén hinh 2(A, D, G). Két qua
cho thay, mot dinh rong & vi tri goc 26~12,7°, ddy 1a dinh nhiéu xa
dac trung cua ho mat (001) cua 16p graphite oxide [23]. Hinh 2(B,
E va H) 1a anh kich thudc hat cta dung dich chira CDs dugc chup
bing kinh hién vi dién tir truyén qua. Két qua phan tich phan b6
kich hat mo ta trén hinh hinh 2(C, F, I) cho thay, viéc thay doi nhiét
do thiry nhiét co anh huong truc tiép dén kich thude trung binh cia
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Hinh 2. Phd nhiéu xa tia X (A, D, G), anh TEM (B, E, H) va dé thi mé
ta phan bé kich thwéc hat (C, F, 1) ciia dung dich CDs ché tao dwoc
khi thay nhiét hat dau xanh & cac nhiét do twong (rng la 180, 200 va
220°C. Thanh dinh c¢& anh TEM c6 gia tri 50 nm.
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hat CDs thu dugc (xem bang 1). Quan sat hinh anh TEM cuia cac
mau thity nhiét tai cac nhiét d khac nhau c6 thé théy cac hat phan
bé 101 rac va khong két dam. O nhiét tai 180°C, hat c6 kich thudc
trung binh la 9,0 nm. Déi véi mau ¢ nhiét o 200 va 220°C, duong
kinh hat trung binh tang lén 11,5 va 13,8 nm. Pang chu y, ¢ nhi¢t
d6 220°C ¢6 sw xuét hién cua mot s6 hat kha 1én ndm trong ving
tlr 20 dén 40 nm. Nhimg két qua nay cho thay, nhiét d¢ thuy nhigt
ting dn dén lam ting kich thudc ciia cac hat CDs tao thanh.

Trong nghién ctru trude day, Titirici (2013) [24] da cho thiy
sy phitc tap ctia cac phan tmg co thé xdy ra trong qué trinh thiy
nhiét vat liéu ddu vao 1a glucose, carbohydrates, cellulose hay 1a
sinh khdi (rom). Thong thuong, tién trinh cac phan tmg xay ra
trong qua trinh thuy nhiét s€ theo cac budc khu nudc, trung hop,
tao vong thom va cacbon hoa [18, 24]. Mot s san pham hoa tan
dugc trong nude nhu duong va axit hitu co cling dugc hinh thanh
voi ham lugng cao trong diéu kién nhiét do thiyy nhiét thip nhung
giam manh ¢ nhiét 6 cao [18]. Trong tién trinh phan tmg néu trén,
nhiét d6 cao tao didu kién thudn loi cho qua trinh cacbon hoa [18].
Noi cach khac, chudi phan tmg xdy ra trong qua trinh thily nhiét s&
dién ra hoan toan khi nhiét ¢ ting, dan dén hinh thanh céu tric hat
cacbon. Khi thiy nhiét tai nhiét do cao, cac hat nho c6 xu hudng
két dam dé hinh thanh cac hat kich thudc 16n hon [25]. Két qua
da duoc cong bé trude ddy ciing cho thiy xu hudng twong tu, khi
nhiét d¢ thuy nhiét tang, cac hat 16n s€ dugc hinh thanh [25, 26].

Phé hfip thu UV-Vis va PL clia cac mau da duoc do trén cac
méy chuyén dung dé khao sat cac dic tinh quang hoc. Quan sat
pho hip thu ¢ phia tréi cac hinh 3(A, B, C) chung ta c6 thé thdy kha
rd dinh nam tai vi tri ~270 nm, ddy 14 dinh dic trung cho chuyén
doi m-* cua lidn két C=C & 16i cacbon [27, 28]. Hinh dang phd
hép thu cho thay khi nhiét do thuy nhiét ting, ving phd hap thu
ctia lién két C=C c6 xu hudng mo rong va khong rd rang. Hinh
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Hinh 3. Phd hap thu cta dung dich chira CDs v&i dinh hép thu
bwéc séng 270 nm dic trwng cho chuyén d&i n-n* cuia lién két
C=C (phia bén trai) va PL cua CDs khi dwoc kich thich & cac
bwéc séng 300-460 nm (phia bén phai) (A, B, C) va phd héng
ngoai ctia CDs khi thay nhiét & cac nhiét dé khac nhau (D).
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4 mb ta chi tiét két qua phan tich nhan dinh nay. Cu thé, két qua
lam khép gitra duong thye nghiém (nét lién mau den) va dudng ly
thuyét (nét dut mau do) voi gia thiét vi tri dinh him Gaussian nam
1an can 270 nm (chuyén doi n-m* ctia lién két C=C ¢ 15i cacbon) va
330 nm (chuyén doi n-n* ciia lién két C=0 & bé mit hat cacbon) da
dugce thye hién [27, 28]. Co s danh gia viéc lam khép $6 liéu dva
trén hé s Pearson r (Pearson’s r) [29, 30]. Trong do, hé s Pearson
r déu cho gia tri twong quan manh, dat 0,9986, 0,9989 va 0,9909
tng vai nhiét o thuy nhiét 1a 180, 200 va 220°C. Dya vao d6, do
rong phd (FWHM) ctia ham Gaussian tai ving lién két C=C cua 16i
cacbon di duoc trich xuét. Két qua cho thdy, ving phd hap thu co
st md rong khi nhiét do thuy nhiét tang, co gia tri 1an luot 50, 62
va 70 nm tmg v6i nhiét d¢ thuy nhiét 180, 200 va 220°C. Nguyén
nhan nhu di phén tich ¢ trén, khi thay nhiét & nhiét do thip qua
trinh cacbon héa khong xay ra hoan toan, dan dén cdu tric cua hat
CDs chua hoan chinh va c6 d6 on dinh thap, két qua 1a phd hap thu
s& thé hién rd va khong bi md rong, nghién ctru duge phan tich kha
chi tiét trong tai liéu tham khao [18].
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Hinh 4. Két qua lam khép giira dwéng thwe nghiém (nét lién
mau den) va dwong ly thuyét (nét dirt mau do) véi gia thiét vi
tri dinh ham Gaussian nam lan can 270 nm (chuyén d&i n-n*
cua lién két C=C & 16i cacbon) va 330 nm (chuyén d&i n-n* clia
lién két C=0 & bé mat hat cacbon) (A, B, C) va két qua tinh toan
dé rong phé (FWHM) ctia ham Gaussian tai viing lién két C=C
cuia 16i cacbon va hé sé Pearson r trng v&i nhiét do thay nhiét
180, 200 va 220°C (D).

PL trén hinh 3(A, B, C) (phia bén phai) cua tat ca cac mau déu
cho théy hiéu ng déc trung cta vat ligu CDs do 1a PL phuy thugc
budc song kich thich. Khi thay doi budc song kich thich tir 300
dén 460 nm (budc dich chuyén 1a 20 nm), dinh PL cua dung dich
ciing dong thoi thay doi tir 410 (anh sang tim) dén 510 nm (4nh
sang xanh 14 cay). PL c¢6 c6 dang dai rong. Trong do, vi tri dinh
PL phuy thude vao budc song kich thich va co khuynh hudng dich
vé phia budc song dai khi ting budc song kich thich. Co ché vat



Iy giai thich cho hién twong nay van dang con tranh luan, phan 16n
cac cong bo déu cho rang, cac chuyén doi quang hoc xdy ra la do
st lai hoa trang thai bé mdt giira 16i cacbon va cac nhom chure [31].

Bén canh d6, chung t6i ciing da thyc hién phép do phd hong
ngoai nhim x4c dinh mot cach dinh tinh sy xuét hién cac nhom
chire trén bé mat 18i cacbon. Phd hong ngoai trén hinh 3D cho thay
dai hdp thy rong dic trung cua cc nhom chic O-H trong ving
3300-3500 cm [32]. Céc dinh xuat hién tir 2700 dén 2900 cm’,
tuong Ung vdi dao dong kéo gidn ciia nhom chire C-H [33-35].
Binh ¢ vi tri 1639 cm™! ing v6i dao dong kéo gidn ctia nhom chire
C=0 [30-32]. Vi tri dinh 6 ~1400 cm'! xuat hién do dao dong kéo
gidn bat di xtmg cua nhom C-O-C [36]. Két qua do phd hong
ngoai cho thiy sy xut hién cua cac nhom chirc hydroxyl, cacbonyl
trén bé mit cua 161 CDs sau qua trinh thiy nhiét hat du xanh.

Hinh 5(A, C, E, G) mé ta két qua do PL cua dung dich CDs va
Quinine sulfate (QS). Tuong g, duong chuén duoc xdy dung tir
do hap thu va dién tich PL cta 2 loai dung dich trén dugc mo ta
& hinh 5(B, D, F, H). Két qua trich xuét s6 liéu tinh toan tir phan
mém Origin cho thay, hé s6 Pearson r ciia CDs thity nhiét tai cac
nhiét d¢ 180, 200, 220°C va QS cho gia tri lan lugt1a 0,9, 0,8, 0,9
va 0,9 [29, 30]. Hé sb Pearson r cho thdy mi twrong quan tot giira
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Hinh 5. PL ctia CDs ché tao tai cac nhiét do 180, 200, 220°C & 4 gia tri
ndng dé (A, C, E) va dwdng chudn mé ta méi lién hé gitra dién tich
PL va do hap thu ctia CDs (B, D, F); PL cua Quinine sulfate & 4 gia tri
ndng dé (G); dwdng chuin mo ta méi lién hé gilva PL va do hap thu
cua Quinine sulfate (H).
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gi4 tri thuc nghiém va duong tuyén tinh, vi vay hé sd goc thu dugc
duge str dung cho qué trinh tinh todn hi¢u suat lugng tu. Két qua
tinh toan chi tiét duoc ghi trong bang 1.

Bang 1. Sé ligu do hép thu va dién tich PL cta CDs va Quinine
sulfate (QS); s6 liéu hiéu suat lweng ttr va kich thwérc hat trung
binh cta dung dich CDs & cac nhiét do thuy nhiét khac nhau.

Dung dich Quinne sulfate Dung dich CDs Dung dich CDs Dung dich CDs

8o thity nhiét tai 180°C thty nhiét tai 200°C thty nhiét tai 220°C
Dihipthy o gy Dbty DO DOMI
tai burdc song PL‘ tai birde song PL‘ tai burdc song I tai burdc song Pi
320 nm 320 nm 320 nm 320 nm
0,0460 7671000 0,0084 251400 0,0210 556700 00176 057700
0,0578 9379000 0,012 271600 0,0241 646300 0,190 803800
0,0677 12290000 00122 91500 0,0045 718300 0,0209 909600
00729 13130000 0,0128 320000 0,0331 64700 00043 996600
Hiéu sut lugmg i (%) 350 38 12,18
Duang kinh hat trung binh (nm) 9,0 115 138

Tur 86 liéu c6 duoc trong hinh 5(B, D, F, H), hi¢u suit luong tu
cua CDs dugc xdc dinh bang cong thure sau [21]:

ov=a% () (33)

trong d6: QY 1a hiéu suat lwong tir ciia CDs; m 1a hé s goc cua
duong chudn mo ta mdi lién hé gitta do hap thy va dién tich PL
cia CDs; n Ia chiét suat dung dich CDs; chi s0 R tmg véi gia trj
ciia dung dich chuan 1a Quinine sulfate. Két quéa tinh toan cho:

. _054(13723000) 1337\ oo
Qrsoec = 054\ 377575000/ \1,332) =
. _054(15008500) 1337\ e
Qz000c = 054\ 377575000/ \1,332) =
Y _054<47773300) 133%) e
Qzzocc = 054\ 377679000/ \1,332) =

Nhur vay, hiéu suat lugng tir ciia dung dich CDs sau khi thity
nhiét hat dau xanh ¢ cac nhiét do 180, 200 va 220°C c6 gia tri lan
luot 13 3,50, 3,82 va 12,18%. Két qua nghién ciru cho thay, viéc
thay doi nhiét do thuy nhiét c6 anh huong truc tiép dén gia tri hiéu
sudt luong tir [16, 18]. So sanh véi céc tién chit khac da cong bd
nhu: mudi nén chdy (QY=0,8%), bot graphite (QY=1,0%), Pectin
cam quyt (QY=1,1%), Gelatin (QY=1,7%), c6 (QY=2,5%), bot ca
phé hoa tan Nescafé (QY=5,5%) hay vo tri dua héu (QY=7,1 %)
ta thdy rang, di chua dugc thy dong hoa bé mit, gia tri hidu suat
lugng tu cua CDs thu dugc khi thiy nhiét hat ddu xanh ¢ nhi¢t d§
220°C van la kha cao [16, 37-42].

Keét luan

Nghién ciru da tong hop thanh cong vét liéu CDs phat huynh
quang da séc tir ngudn nguyén liéu tw nhién la hat ddu xanh. Két
quéa nghién ctru vi cdu triic cho thdy, CDs c¢6 kich thudc trung binh
tang dan tir 9,0 dén 13,8 nm khi nhiét do thuy nhiét ting tir 180
dén 220°C. Hidu suét luong tu cua vat liu CDs dat gia tri cao nhat
12,18% tai nhiét d 220°C. Két qua nghién ciru cho thiy, CDs ¢6
thé dugc ché tao thong qua qua trinh cacbon hoa cac chét hitu co
c6 trong hat dau xanh khi 4p dung phuong phap thuy nhiét. Bay co
thé dugc xem nhu tién dé dé ap dung giai phap hitu ich, chon lya
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ngudn nguyén liéu dau vao than thién voi méi trudng khi ché tao
CDs. Trén co s6 két qua dat dugc, cac nghién clru tiép theo s€ duoc
tién hanh chi tiét hon nhim danh gi4 cac ddc tinh vat 1y cua hé vat
liéu nay ciing nhu xem xét nhiing (mg dung cu thé trong timg linh
vuc phu hgp, nhu chup anh huynh quang hay vt liu phat quang.

LO1 CAM ON

~ Nghién ctru ndy dugc tai trg boi dé tai khoa hoc va cong nghé
cap bd ma so B2021-DHH-05. Téc gia xin chan thanh cam on.
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