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Tém tat. Trong nghién ctru nay, cham luong tir carbon (CDs) da duoc tong hop tit nudc cam béng
phuong phap plasma & ap sudt khi quyén véi nhiét d6 thap. Kich thudc trung binh ctia CDs thu duoc
khoang 4,7 nm v6i su phan b8 hep. Mau sdc phat xa ctia CDs c6 mau xanh tng v6i budc séng phat xa
460 nm khi kich thich tai buéc séng 390 nm. Sy hinh thanh CDs dugc khang dinh bang phd hdp thu UV-
Vis va tan xa Raman. Mau CDs dwoc thte nghiém kha nédng tic ch€ su phat trién cua hai chiing vi khuan
Staphylococcus aureus ATCC 29213 va Escherichia coli ATCC 25922. K&t qua chi ra rang tac dung tic ché vi
khuan ctia mau CDs xay ra sau 30 gidy tiép xtc d6i voi Escherichia coli ATCC 25922 va 5 pht tiép xtc
ddi véi Staphylococcus aureus ATCC 29213. Hiéu sudt khang khudn & mtic trung binh ctia mau CDs d6i
v6i hai chtuing Staphylococcus aureus va Escherichia coli twong tng la 62,1% va 57,0%.
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Abstract. In this study, carbon quantum dots (CDs) were synthesized through plasma processing of
orange juice at atmospheric pressure and low temperature. The resulting CDs exhibited an average size
of approximately 4.7 nm with a narrow distribution. A blue emission was observed with a peak
wavelength of 460 nm under excitation at 390 nm. The formation of CDs was confirmed by UV-Vis
absorption spectra and Raman scattering analyses. The antibacterial activities of the CDs were evaluated
against Staphylococcus aureus ATCC 29213 and Escherichia coli ATCC 25922 strains. Results indicated that
inhibitory effects on bacterials strains were observed after 30 seconds of exposure for Escherichia coli
ATCC 25922 and 5 minutes for Staphylococcus aureus ATCC 29213. The average antibacterial efficiency of
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the CDs sample against Staphylococcus aureus and Escherichia coli strains was found to be 62.1% and 57.0%,

respectively.

Keywords: carbon quantum dots, plasma, antibacteria, Staphylococcus aureus, Escherichia coli

1  Datvan dé

Nhiing tién bd cta cong nghé nano va qua
trinh kiém sodt chinh xac vé mét kich thuwdc nano
da tao nén nhiéu thanh cdng trong viéc tng dung
cdc vat liéu nano trén nhiéu linh vic khac nhau:
quang dién, moi treong, ... va ddc biét trong y sinh
nhu truyén dan thudc, kj thuat md va hinh anh
sinh hoc, tac nhan tri liéu hodc khang khuan [1,2].
Nhitng nghién cttu nham tim kiém cac tinh chat
hoa ly ctia hat nano phu hop va hiéu qua cho tng
dung y sinh luon duwoc sy chd y quan tam ctia cac
nha khoa hoc. Céac loai vat liéu nano luén dwoc
hudng dén cac dac tinh nhu twong thich sinh hoc,
giam kha ndng mién dich, ting cuong an toan va
kha ndng hoa tan duoc trong cdc dung moi nhw
nudc [3]. Day la nhitng thudc tinh quan trong trong
cac nghién ctru kha nang khang khuan cua cac d6i
twong hat nano. Ngoai ra, nhitng dédc trung vé kich
thude, hinh dang va dién tich bé mat cling anh
huong dén hiéu qua khang khuan, d6ng thoi nd sé
tao diéu kién thuan 1oi cho kha nang xam nhap sau
vao té€ bao vi khuan va can thiép vao cac phan ti
quan trong, dé chong lai méi de doa vé van dé
khang thudc cua vi khudn [4]. Nhiéu loai hat nano
kim loai nhw hat nano Ag, Au, Cu hoac Fe da dwoc
st dung cho tng dung khang khuan va ciing
chiing minh dwoc hiéu sudt khang khuan kha tét.
Tuy nhién, viéc st dung cac hat nano nay trong
lam sang van con nhiéu thach thie vi thue t€ cho

thdy van cé nguy co doc hai ddi véi t& bao [4].

Gan day, chdm luong ti carbon (CDs) la mot
doi twong vat liéu moéi va dang dugc quan tam
nghién ctru. Vat liéu nano carbon c6 cac tinh chat
tht vi nhu kha néng tuwong thich sinh hoc, d6 6n
dinh héa hoc cao, kha nang hoa tan trong nudc, kha
nang phat quang da mau, doc tinh thép [5]. CDs ¢
thé tong hop dé dang, véi kich thwdc nho hon 10
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nm s& hiru cac hiéu tng bé mat va giam gitt lwong
te manh, d6 on dinh quang cao [6] dang la ing ctx
vién thay thé cac nano kim loai va c6 kha nang mo
rong véi quy mo cdng nghiép trong ttng dung cho
cac thiét bi quang dién, cam bién huynh quang [7],
quang xtc tac [8], truyén dan thudc [9].

Mat khéc, cac tinh chédt quang cua CDs ciing

bi anh hudng truc tiép boi cc tien chat dan xuat

.) [10], gay
ra sg giam hiéu suat huynh quang va &n dinh

carbon (nhu acid citric, carbohydrate, ..

quang, do d6 vé mit cong nghé ché tao van can
duoc cai thién. Hién nay, phwong phép tong hop
CDs déu duoc tap trung theo hai cach la “tir trén
xuéng” khi vat liéu than chi déng vai tro la nguon
tién chat carbon va “tir dudi lén” véi cac phan ti
hitu co 1a ngudn dan xudt carbon [11]. Tuy nhién,
mdi phuong phdp déu cé nhitng han ché nhat
dinh. Vi dy, viéc st dung cac dan xudt carbon tir
cac tién chat ddc hai nhw acid hitu co, CHCls,
C2HsN2 anh huong dén moi truong va stic khoe
con nguoi. Hon nita, quy trinh ché tao mau phtic
tap doi hoi diéu kién nghiém ngat, nhiét do ché tao
cao, thoi gian dai, ... lam tdng gid thanh san xuat
[12-14]. D€ giai quyét nhitng thach thirc nay, cac
nha nghién cttu van tim cach phat trién phuong
phép ché'tao vat liéu CDs hiéu qua vé chi phi va an
toan hon. Mot phuong phap gan day dang duoc st
dung d€ ché tao cac vat liéu nano la plasma tuong
tac dung dich thé hién duoc nhiéu vu diém ndi troi
hon so véi phuong phap héa hoc, vat ly. Chang
han, thoi gian phan ¢ng dé€ c6 thé hinh thanh cac
hat nano ngan hon, kich thudc ciing c6 thé diéu
khién dé dang [15]. Phwong phép nay ap dung da
ché tao nhiéu vat liéu nano kim loai (Au, Ag, Fe,
Cu, ...) [16]. Cac nghién cttu ché tao CDs bang xt
ly microplasma cling da duoc khao séat [17,18], diéu
dang chu y la két qua bao cao cho thdy déu stt dung
cac tién chat khong than thién nhu acid
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cloroplatinic, sodium dodecyl sunfate, chitosan,
hydrocarbon, acid citric va acid folic [18,19]. St
dung cac tién chét "xanh" (dan xuét tu nhién) dé
ché tao CDs bit dau duoc tap trung khao sat nhiéu
hon. Diéu nay la rat can thiét cho viéc san xuat cac
hat nano an toan cho sttc khoe va moi truong véi
chi phi thap, ddc biét quan trong cé thé ing dung
tot trong linh vuc y sinh hoc [5]. Tuy nhién, van con
rat it bao cao viéc stt dung phuong phap plasma dé
tao ra CDs tlr cdc tién chat thuc phdm xanh an toan
cho hudng ting dung trong y sinh. Vi vy, van dé
tong hop CDs tir cac tién chét than thién, voi ky
thuat don gian va c6 thé thuc hién 6 quy mo cong
nghiép van 1a mot yéu cau cap thiét.

Mot s6 nghién cttu vé kha nang trc ché€ mot
s0 loai vi khuan cua CDs ciing dugc bao cdo va cho
thdy tiém nang day hita hen cua chiang [20]. Kha
nang khang khuin da duoc chiing minh trén hai
chung vi khuan Escherichia coli va Bacillus cereus
dudi su chiéu xa anh sang xanh bang cach st dung
cac dé€ nhu thuy tinh, SiO2/Si va mica phi mang
CDs [21]. Hon nita, hdu hét cac hop chét tw nhién
v6i vu diém it doc hai dang duoc nghién ctru st
dung CDs ddc 1ap va két hop voi mot s6 hoat chat
khac d€ danh gia kha nang trc ch€ sy phat trién cua
mang sinh hoc dwgc tao bodi cac nhém tu cau khac
nhau nhw Staphylococcus aureus, Staphylococcus
epidermidis... [22]. Mot thit nghiém khang khuan
khac cta mot loai vat liéu tong hop nano
polydimethylsiloxane dwgc ngam tam véi cham
lwong tit carbon trén céc chung S. aureus, E.coli va
Kiebsiella pneumoniae c6 hiéu qua sau 15 phut chiéu
xa [23]. Nghién cttu tit Zang va cdng sit voi viéc st
dung 16p phti bé mjt ctia nén bang ZnO/CDs da
chiing to sy hiéu qua ctia qua trinh tc ché sy phat
trién cua vi khudn dudi dnh sang nhin thdy voéi
hiéu suat dat dwoc 1a 92,35%, 90,28% va 96,13%
twong tng voi cac chung vi khuan E. coli, S. aureus
va Streptococcus mutans [24]. Nhu vay, ing dung
cac chdm luwong tir carbon d€ lam cic chat khwe
khuén bé mat [25] hay viéc phu mang CDs trén cac
nén khac nhau nhuw chat khang sinh la rat kha thi
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va c6 thé 4p dung rdng rai nhu trong cac diéu tri
chinh nha ¢8 dinh [26]. Ngoai ra, CDs con ¢4 thé
duoc st dung véi hoat tinh khéang khuan pho rong
trong diéu tri cdc vét thwong nhiém khudn phdi
hop [27].

Trong nghién cttu nay, CDs than thién véi
moi truong da duoc tong hop tir dan xuat nudc
cam thong qua phuong phap xt 1y plasma. Mau
CDs da duoc sit dung dé khao sat kha nang khang
khuan. Muc dich chinh ctia nghién cttu 1a dinh tinh
mot cach so bo kha nang khang khuan cua CDs
trén hai chiung vi khuan chuan S. aureus ATCC
29213 va E. coli ATCC 25922. Pong thoi xac dinh
hiéu sudt khang khudn cua chiang d6i véi hai

chung vi khuan trén.

2 Phuong phap nghién cttu

21 Viatliéu

Cam Vinh, nudc cit hai [an st dung thiét bi
Aquatron A4000D thudc Phong thi nghiém Trung
tam Vat ly Ky thuat, Vién Vat ly, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

2.2 Chétao cac chdm lwgng ti carbon

Quy trinh ché tao cic CDs bang phuong
phap plasma dwgc minh hoa nhu Hinh 1 [28]. He
microplasma bao gom mot dién cuc than chi, voi
phun plasma, nguon dién ap DC cao va c6c thiay
tinh chita dung dich tién chat. Dién cuc plasma la
mot thanh vonfram c6 duong kinh khoang 1,5 mm,

duoc ndi véi cuc am théng qua dién tro 100 kQ.

Quy trinh tdng hop CDs: cdc thuy tinh chita
30 ml dung dich nudc cam dwoc xit ly plasma trong
thoi gian 20 phat, dong dién hoat ddong khong doi
5 mA. Dung dich sau d6 duoc loc qua gidy loc d€
loai bo phan cdn roi mang ly tam d€ rira sach mau.
Mau sau ly tam dugc phan tan lai trong niede, dung
dich CDs thu duoc cudi ciing c6 mau trang trong
va phat sang xanh khi chiéu den UV véi budc song
354 nm nhu thé hién & Hinh 1.
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R = 100kQ

Pién cuc G

‘ ‘
Microplasma ———p. r
Nuéde cam

Hinh 1. Minh hoa so d6 hé microplasma téng hop CDs
va hinh anh quang hoc ctia CDs duéi su chiéu sang cua
anh sang thuong va den UV v6i budce song 354 nm

2.3  Phuong phap khao sat dic trung tinh chit

quang ctia mau

Ph6 hdp thu dwgc thuc hién & nhiét do
phong bang may UV-Vis (Agilent Cary 60) vé6i dai
budc song do tir 250 — 700 nm. Phd huynh quang
(PL) duoc thiee hién bang may quang phd huynh
quang (Floulorog 3, HORIBA Jobin Yvon, USA) véi
bwdc song kich thich 390 nm. Kich thwdc hat dregc
phan tich bang kinh hién vi dién t truyén qua
(TEM) (JEOL 2100). Tan xa Raman dwogc thyc hién
bang thiét bi XploRA PLUS ctia Horiba Jobin Yvon,
S.A.S, Phap, véi budc song kich thich 532 nm.

24  Danh gia tinh khiang khuin ctia CDs

Nghién cttu kha nang khang khuén caa CDs
duoc thuc hién trén hai ching vi khuan chuan S.
aureus ATCC 29213 va E. coli ATCC 25922
(MicroBiologics - My). Cac chung thit nghiém F2
duoc cdy chuyén tir cac chung F1 trén moi truong
thach dinh dwong (Himedia, An Do), i & nhiét do
37°C trong thoi gian tir 18-24 gio. Sau d6 tién hanh
tao huyén dich vi khuan véi nuwéc mudi sinh ly
0,9% d€ dat duoc néng dd vi khuan 0,5 McFarland
tuong tng véi 108 CFU/ml (Colony Forming Units
(CFU) - bon vi hinh thanh khuan lac) [29].

110

Dinh tinh kha ning khiang khuan

Mau CDs thtr nghiém duwgc trén déu véi
huyén dich vi khuan da pha ¢ trén theo ty 1¢ 1:1.
Sau khoang thoi gian tiép xuc (5 gidy, 10 giay, 30
gidy, 1 phtt va 5 phat), hat 50 ul hén hop vao 10
ml moi treong BHI 16ng (Himedia, An D0). Sau khi
U ¢ tt am 37°C trong 24 gio, cac dng nghiém duoc
quan sat bang mat thuong dé& ghi nhan sy phat
trién cua vi khuan thong qua d6 duc cua huyén
dich trong 6ng thtr nghiém. 6ng tht nghiém mo
hodc duc dwoc xac dinh la duong tinh (+) hay c6 sy
phat trién ctia vi khudn va nguoc lai néu 6ng thi
nghiém trong sudt hoan toan cé thé dugc xem la
am tinh (-) hay khong c6 su phat trién cta vi khuan
[30].

Xac dinh hiéu suit khiang khuén ctia CDs

Quy trinh thtt nghiém hiéu sudt khang
khuan ctia miu CDs duoc thuc hién c6 su diéu
chinh dwa trén quy trinh dueoc xay dung truede do
ctia Zang va cong su [24]. Mot cach ngan gon, nong
d6 huyén dich vi khudn can dung trong thi nghiém
duoc phaloang 1:100 trong nudc mudi sinh 1y 0,9%
tr néng do ban dau 108 CFU/ml. Sau d9, 1,5 ml moi
truong Muller Hinton 1ong duoc tron déu vaéi 50 ul
huyén dich vi khuan trén trong dng thtr nghiém.
Tiép theo, 50ul mau CDs duoc cho thém vao hon
hop da chudn bi ¢ trén (nhém thte nghiém) va duoc
u 0 nhiét do phong trong 24 gio. Nhom ddi chiing
khong thém mau CDs dwoc thuce hién dong thoi.

Sau thoi gian t1 6 nhiét d6 phong, hon hop
thit nghiém va d6i ching déu duoc 14c manh va
sau do pha loang theo cac nong d¢ khac nhau (10-
2,104, 106; 10%; 10 1010). Chon 3 6ng c6 dd pha
loang cao nhat, htt 100 pl hén hop dé ria 1én bé mat
thach dinh dudng theo phwong phap cay ria. Sau
khi u trong ta &m 37°C trong 24 gio, tién hanh dém
s0 luong khuan lac trén cac dia thach dinh duong.
Hiéu suat khang khuan duoc tinh dya trén s6
lwong cac khudn lac hinh thanh (CFU/ml) va duoc
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tinh theo cong thitc xac dinh ty 1é khang khuan
duoi day:

Nhoém chiing —Nhom thtr nghiém
& £ X100

Ty 1& khang khuén = N e

3 K&t qua va thao luan

3.1 Pictrung ciu triac caa CDs

Hinh 2 trinh bay dac trung hinh thai hoc cua
CDs thu duogc thong qua anh TEM. Két qua cho
thdy cac hat CDs da dugc hinh thanh ¢6 hinh dang

Kich thudc (nm)

Hinh 2. Anh TEM cta CDs

3.2 Tinh chit quang

Pho hdp thu va PL ctia CDs duoc thé hién
trén Hinh 4. Tt phd hdp thu chi ra rang c6 vi tri
dinh cyc dai ¢ bude song khoang 280 nm la dinh
chuyén doi m-r* cta cac lién két C=C va mot dinh
0 vung gan 342 nm la chuyén doi n -7t* trong lién
két C=O [10]. biéu nay cho thdy cic hat nano
carbon da duoc hinh thanh sau phan tng, cling
phtt hop véi mot sd két qua thuc nghiém dwoc bao
céo [31,32].

Phé6 PL cho thdy vi tri phat xa cuc dai cta
CDs 6 budc séng 460 nm c6 ceong do phat xa
manh khi dwoc kich thich & bude song 390 nm, diéu
nay ching to ¢ su ton tai ctia cac CDs véi kich
thudc nho [14]. Hon nita, phd PL c¢6 su bat doi
xung vé phia budc séng dai la do sy dong gop cua
cac trang thai bé mat ¢ thé dwgc hinh thanh trong

qua trinh carbon héa. Thanh phan ctia nudc cam
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twa cau. CDs ¢6 kich thudc trung binh khoang 4,7
nm va su phan bg kich thudc hep nhu thé hién ¢
hinh nho ctia Hinh 2.

Ph6 tan xa Raman duoc sit dung dé€ danh gia
stz hinh thanh cAu trtic cia CDs. Phd Raman cta
CDs duoc trinh bay ¢ Hinh 3. Két qua cho thay hai
dinh dao dong xudt hién ¢ sd song 1425 cm™' va
1625 cm. Day la dac trung ciu truc cua cac CDs
v6i viung D (do sw sdp x&p bat trat tw ctia carbon

sp?®) va vung G (dwoc gan cho cac nguyén ti carbon

lai hda sp?).
1000 - Ving G
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D6 dich Raman (cm™)

Hinh 3. Phd Raman ctia CDs
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Hinh 4. Phé hép thu va PL ctia CDs tai budc séng
kich thich 390 nm

bao gom nhiéu hgp chat khac nhau nhu
carbohydrate va acid hitu co tu nhién nhu acid

ascorbic va acid citric, glucose, fructose, sucrose la
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dan xuat carbon [18]. Sw hinh thanh cdc nhém trén
bé mat nay dan dén su tao ra cac bay phat xa & cac
lién két C=C ¢ cac trang théi chuyén doi © va ©*
cua CDs, 1am cho déc trung hap thu va phat xa ctia
chang bi thay doi.

3.3  Tinh khang khudn ctia mau CDs

Két qua thir nghiém dinh tinh kha nang tc
ché su phat trién caa hai ching vi khuan dugc thé
hién & Hinh 5. Sau 24 gio 1 mau cho thdy CDs c6
kha néng tc ch€ duoc su phat trién cua chung E.
coli sau thoi gian tiép xac 30 gidy, 1 phat va 5 phut,
trong khi d6i véi chung S. aureus CDs chi ¢ kha
ndng tic ché sau thoi gian tiép xuc 5 phut. Két qua
nay cing phtt hop véi mot s6 két qua gan day caa
Yadav va cac cdng su trén d6i tuong CDs pha tap
nitride va chiéu xa véi anh sang cuc tim cho thdy
hiéu suat e ché€ gan 99% chung E.coli va gan 90%
chung S.aureus [33]. Hon nita, két qua con cho thay
tic ché sy phat trién d6i véi E.coli xay ra sém hon
so vOi S. aureus. Két qua nay c6 khac hon so véi mot
sO két qua da cong bo vé nghién ctru tinh khéng
khuén bang phuong phép do duong kinh vong vo
khuén trén thach cua CDs d6i véi chung Gram
dwong (S.aureus) manh hon so véi chung Gram am
(E.coli) [34,35].

Tht nghiém déanh gia hiéu sudt diét khuan
cua CDs duoc trinh bay ¢ Hinh 6. Két qua ghi nhan
duoc 6 mire 46 trung binh vdi ty 1é khang khuan 1a
57,0% va 62,1% lan lwot véi E. coli va S. aureus. Gia
tri wdc tinh cho thdy két qua nay mac du thdp hon
so voi mot s6 két qua da duwoc cong bo trude do
[24,36], nhung két qua nay co thé dwgc giai thich 1a
do trong thi nghiém da st dung mau CDs x& ly
truec tiép ma khong c6 sw tham gia thém hoat chat
nao khac cting nhu khong c6 bét ct sy tac dong
ngoai khac nhu chiéu xa bang anh sang hay tia cuc

tim nén hiéu suat ghi nhan khong cao.

112

Escherichia coli
ATCC 25922

Staphylococcus aureus

Im S5m 5s 10s 30s Im 5m

Hinh 5. Dinh tinh kha ndng khang khuan ctia CDs sau
thoi gian tiép xtc khic nhau trén hai chung vi khuén S.
aureus ATCC 29213 va E. coli ATCC 25922. Két qua
dugc ghi nhan sau 24 gio G mau (s - gidy/ m — phut)

Staphylococcus aureus ATCC 29213

Control — 107 SCo0-10?

Escherichia coli ATCC 25922

0\ ’
:

SCo-10%

Control - 10#

Hinh 6. Két qua thtt nghiém hiéu suat khang khuan cua
mau CDs véi hai chung vi khuan S.aureus ATCC 29213
va E.coli ATCC 25922

4  Kétluan

Céac CDs da dugc tong hop tir tién chat nuwée
cam tuoi than thién véi mdi truong bang phuwong
phép plasma. CDs thu duoc két tinh t6t va phat
quang manh & budc song 467 nm. Phd Raman thé
hién r6 vung D va G ¢ s6 song 1425 cm! va 1625
cm! chiing to sy hinh thanh ciu tric CDs. Két qua
khang khuan ctia mau CDs cho thdy thoi gian tic
ché€ su phat trién ctia chung E. coli ATCC 25922 chi
sau 30 giay tiép xuc, va S. aureus ATCC 29213 sau 5
phat tiép xtc. Hiéu suat khang khuan cua CDs la
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khoang 57,0% va 62,1% twong tng véi E. coli va S.
aureus. K&t qua cling ching t6 duoc nhiing lgi thé
cua CDs duoc tong hop tir tién chat “xanh”, kha
nang phan tan trong nuedc, phat quang manh htra
hen sé 1a vat liéu mdi ¢ tiém ndng trong cac ung

dung quang dién, y sinh.

Loi cam on

Cong trinh nay duoc hd tro boi Quy Khoa
hoc va Coéng nghé Dai hoc Hué€ (SO tai trg
DHH2022-04-180).
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