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TONG HOP XANH NANO BAC TREN CHAM LUONG TU CARBON
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Té6m tit. ChAm luong ti carbon (CQDs), tong hop tir 14 trau thu tai Thanh phd Hué, duoc st dung vira
lam tdc nhan khir vira lam tdc nhan bao vé d€ tong hop hat nano bac (AgNPs). Day la phuwong phap
"tong hgp xanh", than thién véi moi treong, don gian va hiéu qua cao. Céc yéu t6 anh hudng dén sy
hinh thanh vét liéu tng hop da duoc khao sat. Vat liéu CQDs cé kich thude chdm lugng ti khoang 5
nm va vat liéu AgNPs trén CQDs (AgNPs/CQDs) ¢6 cuc dai hdp thu UV-Vis ndm trong khoang buéc
song 400-440 nm, kich thude khoang 30 nm va c6 d6 6n dinh bén trong khoang 15 ngay luu trit.
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Abstract. Carbon quantum dots (CQDs), synthesized from betle leaves collected in Hue City, were
used as both a reducing agent and a protective agent to synthesize silver nanoparticles (AgNPs). This
is a "green synthesis" method, which is environmentally friendly, simple and highly effective. The
factors affecting the formation of composite materials were investigated. The CQDs material has a size
of about 5 nm, and the silver material on the CQDs (AgNPs/CQDs) has a UV-Vis absorption peak in
the wavelength range of 400-440 nm, a size of about 30 nm and is stable for about 15 days of storage.
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1 Mo dau

Bac ¢ kich thudc nano c6 kha nang khang
vi khuan rét tot, nén duoc ting dung trong nhiéu
linh vic khac nhau ddc biét la trong y hoc [1-3].
Hién nay, qua trinh diéu ché hat nano bac

(AgNPs) c6 thé sit dung nhiéu phuong phap khac
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nhau nhw vat ly, hoéa hoc hay héa ly. Tuy nhién,
cac phuong phap nay kha ton kém va st dung cac
chat khit nhvw KBHs, NaBHs, CsHsNH2, C2Hs0OH,
NasCsH507, N2Hs, (CH20H)2, CsH1206 [4, 5], va
khtt c6 hd tro ctia vi séng [6] gdy anh hudng

khong tot téi moi treong.
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La trau la dugc liéu dugc sit dung trong cac
bai thudc dan gian Viét Nam, véi hoat tinh duoc
ly nhu khang khuan, khang viém, chéng oxy hoda
manh [7-9]. Trong thanh phan hda hoc cta 14 trau
c6 nhiéu tannin, flavonoid, terpenoid va saponins
[10, 11], thich hop d€ lam chét khtr trong tong hop
AgNPs, dong thoi cdu tric cua polyphenol ciing
c6 kha nang dung lam chét 6n dinh kich thuéc va
bao vé AgNPs sau qua trinh kht.

Trong nudc c6 cong bd ctia nhém tac gia
[12] vé tdng hop xanh AuNPs tir duoc liéu (14 cay
trau va cay trung cd) tr dung dich AgNO;,
polyvinylpyrrolidone (PVP), acide ascorbic va
khao sat cac yéu t6 anh huéng nhu néng do6 dich
chiét 14 trau, nong do AgNOs, nhiét do va thoi
gian phan ung; AgNPs tdng hop duwgc cd kich
thude khoang 20 nm. Trén thé gidi da c6 cac cong
bd vé tong hop AgNPs st dung dich chiét 1a trau.
Nghién cttu nay da tong hop thanh cong AgNPs
v6i kich thwéc hat 3-37 nm va thir hoat tinh
khang khuan nhung chua khao sat cac thong s6
t6i wu khi tdng hop va su on dinh ciia AgNPs tao
thanh [13].

Cac hat nano carbon huynh quang, goi la
cham luwong tit cacbon (Carbon Quantum Dots —
CQDs) vo6i kich thudce hat dwdi 10 nm, bao gom
cac 101 vd dinh hinh dén tinh thé nano chia than
chi la chu yéu hodc carbon lai hoa sp? hay carbon
lai hoa sp?. CQDs chita mét luong dang ké nhom
carboxyl trén bé mat gitp gia ting kha nang hoa
tan trong nudc va cac nhom chuic thich hop dé
khtt cac ion kim loai (chitc ndng hoa va thu dong
hoa bé mat ddi voi cac vat liéu cao phan ti, vo co
hodc sinh hoc khac nhau). CQDs ¢ thé duoc st
dung vira lam tac nhan khtt vira lam tac nhan bao
vé trong diéu ché AgNPs [14]. Tuy nhién, hién
nay trén thé giéi va ¢ Viét Nam van chuwa cé
nghién cttu mét cach hé thong qua trinh “tong
hop xanh” vat liéu AgNPs st dung CQDs vira

lam tac nhan kht vira lam tac nhan bao vé ciing
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nhu khao séat cac yéu t6 anh huong dén qua trinh

tong hop.

Trong bai bao nay, ching t6i nghién cttu
tong hop CQDs tir 14 trau d€ lam tac nhan kht va
bao vé trong tong hop AgNPs va khao sat cac yéu

t6 anh huong dén sy hinh thanh vat liéu.

2 Thuc nghiém

- D6i twong nghién ctru: 14 trau thu hai ¢
phuong Pha Thuong, Thanh phd Hué, vao thang
4 va 5 nam 2023; rira sach; say kho trong tu sdy o
70 °C trong 24 gio; xay nhé thanh bot.

— Ag2504 va NH3-H20: Sigma Aldrich.

— Téng hop CQDs tir 1a trau nhu sau: Phan
tan 0,1 gam bot 14 trau vao 50 mL nudce cat va cho
vao binh autoclave; tién hanh thuy nhiét trong 16
gi0 & 150 °C. Loc bd phan can. Dich loc duoc ly
tam véi t6c do 4500 vong/phut trong vong 10 phat
d€ loai bé phan can bén dwdi va thu dugc dung

dich CQDs trong sudt mau vang nhat.

- Tong hop AgNPs/CQDs: Cho 1 mL dung
dich CQDs vao 5 mL dung dich Agz50s4 1 mM da
dugc diéu chinh pH bang dung dich NHs 25%.
Khudy déu & nhiét d6 phong. Sau 15 phut, dung
dich chuyén tir mau vang nhat sang mau nau
nhat, cho thdy AgNPs/CQDs da hinh thanh.

3 K&t qua va thao luan

3.1 Ténghgp CQDs
Anh huéng cta nhiét do

biéu kién thi nghiém nhw sau: 0,1 gam 14
trau trong 50 mL nwdc cat, thoi gian thuy nhiét 10
gio 0120, 150, 180 °C. Két qua dugc trinh bay trén
Hinh 1. Khi nhiét d¢ tang ttr 120 lén 150 °C thi cuc
dai héap thu cua dung dich CQDs ciing tang theo
va do rong ban phd (FWHM) giam manh tir 69,3
(tai 120 °C) xudng 18,3 (tai 150 °C) va dinh héap

thu tré nén sac nét hon. Tuy nhién, khi nhiét do



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Ty nhién
Tap 134, S6 1A, 13-20, 2025

pISSN 1859-1388
elSSN 2615-9678

thity nhiét 1a 180 °C thi d6 hdp thu ting, thé hién
qua gia tri FWHM 55,7. Do d6, 150 °C la nhiét d6
duoc chon cho cac qué trinh tong hop CQDs tiép
theo.
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Hinh 1. Phg UV-Vis ctia cac mau CQDs tong hop ¢ 120,
150 va 180 °C

Anh hwéng ctia thoi gian

Diéu kién thi nghiém bao gom: 0,1 gam 14
trau trong 50 mL nudc cdt; nhiét do thuy nhiét
150 °C; thoi gian 2, 4, 6, 10, 16 va 18 gio. Két qua

duoc trinh bay trén Hinh 2. Tt hinh nay c6 thé

xac dinh FWHM tai cac thoi diém 2, 4, 6, 10, 16 va
18 gio véi cdc gia tri twong tng la 37,9, 66,1, 56,6,
40,3, 16,1 va 42,7. C6 thé thy ring FWHM & tai
thoi diém 16 gio cd gid tri bé nhat; dong thoi, dinh
c6 cuong dd 16n nhét va sdc nét. Chinh vi vay,
thoi gian thuy nhiét cho CQDs duoc chon la 16
gi0 cho cac thi nghiém tiép theo.

0.25

Do hép thu

250 300 350 400
Bwdc song/ nm

Hinh 2. Phd UV-Vis ctia cac mau CQDs t6ng hop trong
2,4,6,10,16 va 18 gio
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Hinh 3. (a) Anh TEM cta CQDs; (b) Phan bd kich thuée
hat (¢) CQDs phat huynh quang (Chiéu UV); (d) CQDs
khong phat huynh quang (Anh sang thuong)

Cac két qua thu dugc 0 trén cho thdy vat
liéu chdm luwgng tk carbon tir 14 trau tong hop o
diéu kién: 0,1 gam 14 trau/50 mL nudc; thoi gian
thuy nhiét: 16 gio; nhiét do thuy nhiét: 150 °C la
t8t nhat va duoc xéc dinh céc tinh chat. Anh TEM
trén hinh 3a va phan bg ¢4 hat trén Hinh 3b cua

15



Lé Thi Hoa va CS.

CQDs cho thdy kich thuwdc hat trung binh la 3-4,8
nm. Vat liéu phat huynh quang khi chiéu tia UV
(Hinh 3c) va khong phat huynh quang ¢ anh sang
thuong (Hinh 3d), chiing to CQDs tong hop trong

nghién ctru nay la carbon chdm luong tu.

D6 bén cta CQDs duoc xac dinh bf?mg cach
ghi phé UV-Vis sau cac khoang thoi gian khéc
nhau (Hinh 4). Khi thoi gian lwu trt tang 1én 20
ngay thi cuc dai hap thu chuyén tir bude séng 270
nm sang 280 nm; sau d6 cuong do dinh cia CQDs
giam dan va dén 35 ngay luu trir thi dinh bién
mat. Trong mot khao sat khac cua chung t6i thi
AgNPs/CQDs duy tri do bén trén 4 thang khi b6

sung gum arabic vao dung dich.

Do hap thu

250 300 350 400
Bwéc séng / nm
Hinh 4. D6 bén theo thoi gian caa CQDs

3.2 Téng hgp AgNPs/CQDs
Anh huéng caa pH

Thi nghiém dwgc ¢§ dinh cho 1 mL dung
dich CQDs phén b6 vao trong 5 mL dung dich véi
nong do Ag2SO: 1 mM. Phan tng dugc tién hanh
tai nhiét d6 phong trong 10 phut va tai cac gia tri
pH 6, 7, 8, 9 va 10 (diéu chinh bang dung dich
NHs dam dédc va dung dich acid lactic). Két qua
dwoc trinh bay trén Hinh 5.

Khi dung dich c¢6 pH = 6 thi trén pho
khong xuét hién dinh hap thu nao do phan ung
khtt Ag* khong xay ra & moi treong pH nay. Khi
pH tdng chuyén sang trung tinh va mdi truong
bazo (7, 8, 9) thi xuét hién cac dinh hdp thu voéi
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cuong do tang dan, dac trung cho sw c6 mdt cua
AgNPs, nghia la phan tng khit Ag+ da xay ra &
cac muc do khac nhau, trong d6 tai pH =9, cuong
d6 dinh hdp thu la cao nhat va hep nhat, ching to
AgNPs tao ra ¢ d¢ don phan tan cao hon va kich
thude hat bé hon. Vi thé, gia tri pH = 9 thuan loi
cho qua trinh tdng hop nano bac trén CQDs diéu

ché tir 14 trau.

= pHE
e pH7
= pH8
e pHO
pH10

MV S

300 350 400 450 500 550 600
Bwéc song / nm

0.8

D6 hép thy

Hinh 5. Phd UV-Vis ctia cdc mau AgNPs/CQDs
tong hop 0 cac pH khac nhau

Anh huong ctia néng do ion Ag+

Chung t6i ¢6 dinh 1 mL dung dich CQDs,
pH = 9, nhiét d6 phong, thoi gian phan tng 10
phat va tién hanh tong hop AgNPs/CQDs & cac
nong do ion Ag* 0,5, 1,0, 1,5, 2 va 3 mM. Két qua
dwoc trinh bay trén Hinh 6.

— 0.5 mM

0.5

D6 hép thy

300 400 500 600
Buwéc song / nm

Hinh 6. Phd UV-Vis ctia cac mau AgNPs/CQDs
tong hop 6 cac nong dé Ag* khac nhau
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Khi ting nong d¢ cua Ag* tix 0,5 dén 2
mM thi cvong d6 hép thu ting kem theo sy dich
chuyén budc song hdp thu cuc dai tir 465 vé 417
nm. Hinh dang cac dinh can d6i, cho thdy kich
thudc hat dong déu. Tuy nhién, khi tding nong do
cua ion Ag*1én 3 mM thi cuong d6 hap thu giam;
dinh ti hon va it can d6i hon. Diéu nay cho thay
kich thudc ctia cac hat nano bac c6 xu hudng tang
1én, dong thoi c6 su dich chuyén cua budc song
hap thu lén 423 nm. Nhu vay, khi ndong do ion
Ag*=1mM thi phd cé dinh can d8i, séc nhon nén
ching t6i chon nong dd Ag* la 1 mM cho céc

nghién ctru ti€p theo.

Anh huéng ctia thoi gian phan tng

Thi nghiém duoc tién hanh diéu kién c6
dinh: 1 mL dung dich CQDs, 5 mL dung dich
Ag2SOs 1 mM, pH =9, nhiét d0 phong va thay doi
thoi gian tong hop AgNPs/CQDs trong 1, 5, 10, 15
va 20 phut. Két qua dugc trinh bay trén Hinh 7.

=1 pht
= 5 phit
=10 pht
== 15 phut
20 phat

0.5

D6 hap thu

300 350 400 450 500 550 600
Bwéc séng / nm

Hinh 7. Phg UV-Vis ctia cdic mau AgNPs/CQDs tai cac
thoi gian khit khac nhau

Khi kéo dai thoi gian phan tng thi cuc dai
hdp thu tiang 1én, do AgNPs duoc tao thanh tang.
Tuy nhién, cuc dai hap thu tang nhanh trong
khoang thoi gian dau nhung tro 1én cham hon sau
khoang 15 phut va hau nhu khong doi trong
khoang tir 15 dén 20 phat. Lac nay, cac ion Agt
trong dung dich da duoc khit hét thanh AgNPs.

DOI: 10.26459/hueunijns.v134i1A.7427

Tt két qua khao sat, chung toi chon thoi gian kht
15 phut la thich hop cho cac nghién ctru tiép theo.

Tt két qua khao sét, ching t6i chon duoc
diéu kién t6i wu dé tong hop mau AgNPs/CQDs
nhu sau: 1 mL dung dich CQDs, 5 mL dung dich
Ag:SOs1 mM, pH =9, nhiét d6 phong va thoi gian
15 phut.

Pénh gia d 6n dinh cia hé AgNPs/CQDs

Chung t6i bao quan hé AgNPs/CQDs o
nhiét d6 phong, trong bong t6i va tién hanh do d6
hdp thu UV-Vis cta hé AgNPs/CQDs theo thoi
gian bao quan. Két qua duoc trinh bay trén Hinh
8.

gl = AGNPs/CQDs
r w5 ngay
10 ngay

- w15 ngay
=. 30 ngay
< | P~
pre)
Q
“( 4
=
<Q- 4
(n]

300 400 500 600

Bwéc song / nm

Hinh 8. Ph6 UV-Vis vé d6 bén theo thoi gian
bao quan cia AgNPs/ CQDs

Cé thé thdy, trong 15 ngay dau do hap thu
cua hé AgNPs/CQDs giam dan, nhung giam
khong dang ké va van giit dwoc hinh dang dinh
can d6i, sac nét, nghia l1a cac hat AgNPs trén
CQDs van gitt dugc do don phan tan cao. biéu
nay c6 thé€ do cac nhém chie trong CQDs dong
vai tro vira la tac nhan kh vira la tac nhan bao vé
cac hat nano Ag khoi hién tuong keo tu. Dén ngay
thit 30 thi phd UV-Vis tro nén tu va gian rong, cho
thdy hé AgNPs trén CQDs da chuyén sang trang
thai da phan tan.
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3.3 Dac trung vat liéu CQDs va AgNPs/CQDs

Mau CQDs va AgNPs/CQDs tong hop &
diéu kién t0i uwu trong nghién ctru nay duoc xac
dinh cac tinh chat sau.

Phé tan xa nang luong tia X cia CQDs trinh
bay trén Hinh 9 cho thdy nguyén t6 C chiém
thanh phan chu yéu trong 16i CQDs; tiép dén la
nguyén t§ O ndm trong cac nhém chic trén be
mdt caa CQDs va mot lwgng rat nhd ctia mot s6
nguyeén t6 c6 trong thanh phan khoang ctia la trau
bi 1an vao CQDs. EDX khong hiéu qua véi cac
nguyén t6 nhe nhu H nén chung khong xudt hién

trén pho.

Thanh phan nguyén t6 cua vat liéu
AgNPs/CQDs dwoc xac dinh béng pho tan xa
nang luong tia X (Hinh 10). Nguyén t6 Ag la
thanh phan chinh; tiép dén la nguyén t6 C va O
va moét luong rdt nhd cua mot s6 nguyén to
khoang trong thanh phan CQDs da phan tich ¢

trén.
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Hinh 10. Phé EDX ctia AgNPs/CQDs

Thanh phan pha cua vat liéu dugc trinh bay
trén Hinh 11.

Tir gian d6 XRD ctia CQDs (a) c6 thé thay
CQDs chti yéu ¢6 cdu triic vo dinh hinh (dinh nhiéu
xa tl1). Mot s6 dinh sic nhon c6 1& 1a dinh ctia cac

18

oxit cia mot sO nguyén t6 c6 trong thanh phan
khoang cua 14 trau. Gian d6 XRD caa
AgNPs/CQDs (b) cho thdy bén canh dinh tu cta
CQDs, ¢6 cac dinh sic nhon & cac goc 2 theta: 37,96,
44,12, 64,26 va 77,25° tuong ung voi cac mat
(111), (200), (220) va (311) cua tinh thé fcc cua Ag
(JCPDS: 03-065-2871) [15, 16]. Diéu nay cho thdy
vat litu AgNPs/CQDs tong hop chita carbon va
nano bac.

il

2

e “Ll | (a)caDs

2

o -

- 1

T

o

§ J (b) AgNPs/CQDs

o 1
) .lcpnsmo.ns-nss-zs'ml | I |
0 10 20 30 4 50 60 70 80

2 theta / dé

Hinh 11. Gian d6 XRD cua (a) CQDs
va (b) AgNPs/CQDs

Hinh 12 trinh bay pho IR ctua CQDs va vat
litu AgNPs/CQDs tuong tng véi s séng 4000
500 cm-. Pho hong ngoai cua CQDs va vat liéu
AgNPs/CQDs c6 cac dinh xudt hién gan nhu
giong nhau cta cac dai hap thu dao dong cua
nhom C-OH (3300 cm™), nhéom C=0 (1750 cm™),
nhém amide III (1381 cm) va nhém C-O-C (1250
cm). Nguyén nhan la do phan 16n CQDs déng
vai tro 1a chat bao vé nén pho IR caa CQDs va vat
liéu AgNPs/CQDs hau nhu rat giong nhau [16].

"I | —caps

4000 3500 3000 2500 2000 1500 1000 500

$6 séng cm-1,

Hinh 12. Ph6 IR ctia CQDs va vat liéu AgNPs
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Tuy nhién, ceong dé cua mot sd dinh dac
trung trong phd IR cua vat liéu AgNPs/CQDs
thdp hon nhiéu so véi caa CQDs, c6 thé 1a do
mot s6 nhém hydroxyl (3300 cm) va nhém C=0
(1750 cm™) ctia CQDs tham gia phan tng kht.
St c6 mdt ctua cac dinh cia CQDs trong
AgNPs/CQDs chitng té rang CQDs la mot phan
khong thé tach roi ctia cac hat AgNPs, tao nén sw
on dinh cho viéc hinh thanh cac hat AgNPs [14].

Nhu vay, tir dich chiét 1a trau, chung toi
da tong hop dugc dung dich CQDs véi kich
thudc chdm luong tr khoang 3-4,8 nm va st
dung vat liéu nay lam tdc nhan kht mudi
Ag:SOs thanh vat liéeu AgNPs/CQDs véi kich
thuée 15,9-27,3 nm (Hinh 13).
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4 Kétluan

Chang téi da tong hop duoc dung dich
CQDs véi kich thudc khoang 5 nm tir 14 trau va
phat huynh quang khi chiéu den UV. Dung dich

DOI: 10.26459/hueunijns.v134i1A.7427

CQDs nay vira la tdc nhan khtr vira la tdc nhan
bao vé d€ tong hop AgNPs bang phuong phap
hoéa hoc xanh. Vat liéu tdng hop 1la AgNPs voéi
kich thwéc 15,9-27,3 nm.
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