Nghién ctru khoa hoc c6ng nghé
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1. PAT VAN DE

Nguyén té selen (Se) c6 tim quan trong 16n trong nhiéu linh vyc nhu vét 1y,
hoa hoc va sinh hoc. Trong tu nhién, selen ton tai & hai dang: v6 co (selen va selenat)
va hitu co (selenomethionine va selenocysteine). Selen duoc tim thiy & dang ciu triic
da hinh tinh thé va vo dinh hinh trong ty nhién. Selen don ta va tam giac 1 dang tinh
thé. Selen don tinh (m-Se) c6 mau d6 va chtra cac vong Seg. Selen thudng ton tai ¢ 3
trang thai (o, B va y), selen tam giac (t-Se) c6 mau den va la dang tinh thé 6n dinh
nhét & nhiét d6 phong, selen vé dinh hinh mau d6 (a-Se), v6 dinh hinh den va thuy
tinh thé 1a cac dang selen khong két tinh [1]. Selen 1a nguyén t6 vi luong quan trong,
n6 c6 anh huong rong rai dén cac hé thong sinh hoc, bao gdm cac hiéu ung chng
oxy hoa, phong chdng ung thu va cac hoat dong khang virus [2, 3]. So vdi selen &
dang ion, nano selen (SeNPs) c6 hoat tinh sinh kha dung, hoat tinh sinh hoc cao hon
va doc tinh thép hon [4-7]. Céc tinh chét sinh hoc cua hat nano Se phu thudc vao
kich thudc ctia chiing kich thudc cang nhé s€ cé hoat tinh cang cao. SeNPs da dugc
téng hop ¢ nhiéu dang khac nhau nhu dang hat nano, ddy nano, thanh nano théng
qua nhiéu phuong phap khac nhau nhu héa hoc, hdi lwu, vi séng, thuy nhiét, birc xa
gamma, bin pha bang xung laser, va cac phuong phéap vat Iy [8-11].

Cong ngh¢ plasma hién nay dugc ing dung trong nhiéu linh vuc khac nhau
nhu y té, xtr Iy méi truong, tong hop vat liéu [12-14]. Plasma trong dung dich xuét hién
trén hai dién cuc khi ap vao hai dau dién cuc mot dién 4 ap hi¢u dién thé cao tir vai dén
vai chuc kV, dudi tac dong cua dién truong manh gﬁn dién cuc, chit long hoa hoi cuc
bd bi ion hoa tao thanh plasma [15]. Plasma hinh thanh trong dung dich chia thanh hai
ving phan tmg riéng biét: ving plasma bao quanh dién cuc va ving pha long gan
plasma con duogc goi 1a ving bé mit tiép xuc. Tai d6, trong ving phan ing xung quanh
plasma, phan tir H,O bay hoi va phan ly thanh H,, O,, lugng khi sinh ra khong tuan theo
dinh ludt Faraday. Bén canh d6 cac gbc tw do H', O', OH"..., ciing dugc hinh thanh va
khuéch tan vao dung dich [16, 17] Cac goc tu do phan tan vao dung dich dong vai tro 1a
cht khtr trong qua trinh khir Se™ thanh Se”. Dung dich phén tan hat nano Se duoc tong
hop bang k§ thudt dién cao 4p tao plasma trong dung dich c6 d6 tinh khiét cao ma
khong can str dung thém céc tic nhan khir, phan tan trong méi trudng nudc sir dung dé
nghién ctru danh gia cac dac trung cia vat liéu.

Trong nghién ciru ndy, chiing t6i trinh bay mot s6 két qua nghién ctru tong hop
hat nano selen bang k¥ thuét dién cao ap tao plasma trong dung dich va danh gia kha
nang khang khuén cua vat liéu.

2. THUC NGHIEM

2.1. Hoba chit - thiét bi

Héa chat: Selen dioxit SeO, 99,9%, Merck; ethanol C.HsOH 99,7%, Gelon,
Trung Quéc; Thanh vonfram 99,99%, Xilong, Trung Quéc.
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Thiét bi: BO ngudn cao ap dugc cung cp boi hing PEKURIS - Nhat Ban, may
hién song oscilloscope Siglent SDS1104CFL 100 MHz, 4 CH.

Bang 1. Dic tinh k§ thuat thiét bi

Tén thiét bi Pic tinh ky thuat

- Cong suat cung cap: 1 kW;

- Pién ap dau vao 110 V;

- S6 kénh dau ra: 1 kénh;

- Piép ap daura: 0~ 10 kV;

- Tan s6: 100 Hz - 30 kHz;

- D6 rong xung cai dat: 0 + 10 ps.

B0 ngudn cao ap: MPP-04-A10A-30

2.2. Tong hop vit liéu

Dung dich H,SeO; dugc pha tir SeO, trong nudc cat 2 1an véi néng d6 10 mM xac
dinh 13 dung méi cho qué trinh phan tmg. Liy 400 ml dung dich cho vao binh phan tmg,
gia nhiét dung dich phan tmg dén 70°C, bat dau tién hanh phong dién cao ap. Str dung hé
dién cyc kim loai vonfram véi duong kinh 3 mm, va khoang cach giita hai dién cuc la
30 mm. Cac dién cuc dugc boc trong 6ng nhua teflon chju nhiét d cao. Dién thé ap vao
hai dau dién cuc 4 kV, tan s6 25 kHz va d6 rong xung 3 us. Hé dung méi cho qué trinh
phéan tmg 13 ethanol nong d6 10%. Qué trinh phan tmg duoc 1am mat bang nudc tuan
hoan va sir dung thiét bi hién song oscilloscope dé theo ddi d6 6n dinh cua dién ap. Quy
trinh tong hop thé hién trong Hinh 1.
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Hinh 1. Thiét ké hé phan tng tong hop selen bang ky thuat dién cao ap tao plasma
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2.3. Xac dinh dac truwng cia vit liéu

Xac dinh didc trung tinh chit cua vat liéu tong hop duoc thuc hién bz‘mg may
quang pho UV-vis UH-4150 HITACHI, Vién Hoa hoc - Vat lidu. Thanh phan pha
clia cac mau dugc phan tich bang phuong phap nhidu xa tia X (XRD) trén thiét bi
Mini flex 600 Rigaku (Nhét Ban) tai Pai hoc Khoa hoc ty nhién, Pai hoc Quéc gia
Ha Noi, nguén tia CuK,, budc song A=1.5406A°, goc quét 26 =20-70°, budc do
0,03%s va trén thiét bi Raman DXR3 Thermal Scientific tai Vién Héa hoc - Vat liéu.
Phan tich hinh thai hoc va thanh phﬁn hoa hoc duge xac dinh thong qua anh SEM
két hop EDX duoc do trén thiét bi HITACHI S-4800 tai Vién Khoa hoc vat liéu,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam, XPS duoc phan tich tai dai hoc
HanYang, Han Quéc.

Panh gia kha nang khang khuan duge thue hién tai Vién Cér}g nghé si’nh hoc,
Viér} Han 1am Khoa hog va Cong ngh¢ Viét Nam. Phufor}g phap khuéch tan giéng tiéu
chuan dugc st dung d€ nghién ctru déc tinh khang khuan cua dung dich phan tan hat
nano selen chong lai Echerichia coli va Staphylococcus aureus. Ching toi da ché tao
cac gieng 6 mm trén cdc dia thach Muller-Hilton. Thé tich mau thir nghiém lan luot
la 25, 50, 75 va 100 pL hat nano selen voi néng d6 300 ppm va doi ching
ampicilline nong d§ 25pg/mL. Puong kinh vong tron vo khuan cta cac mau dugc
xac dinh sau khi u 6 37°C trong 24 gio.

3. KET QUA VA THAO LUAN

3.1. Két qua phan tich dic trung vat ligu

3.1.1. Két qua UV-Vis

Dung dich sau phan @mg duoc tién hanh quét quang phd tir dai 190-1100 nm,
sy hinh thanh hat nano selen trong dung dich dugc xac dinh bang cac dinh héap thy
trong khoang tir 250-350 nm. K&t qua do UV-Vis ctia cac mau trudc va sau khi tong

hop dugc chi ra trong Hinh 2. V6i dung dich H,SeOs khong thé hién dinh hip phu
trong dai budc song vung UV- 1.8
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Hinh 2. Pho hap thu UV-vis cua dung dich
trudc va sau phan tng
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3.1.2. Két qui SEM

Hinh thai bé mit va cdu trac hat nano selen tong hop bang k§ thuat dién cao ap
tao plasma trong dung dich duoc quan sat bang anh SEM & d6 phong dai khac nhau
(Hinh 3). Két qua cho thay cac hat selen tong hop bang k¥ thuat dién cao 4p tao plasma
trong dung dich c6 dang hinh cau, kich thudc hat phan bd trong dai tir 60+80 nm.

Hinh 3. Anh SEM ¢ d6 phéng dai (a) 30k, (b) 50k,
(c) 100k va (d) 150k cia hat nano selen

3.1.3. Két qui EDX

Nghién ctru thanh phan cia hat selen tong hop duoc bang phd tan xa ning
luong tia X (Hinh 4) cho thiy cac miu hat nano selen tong hop duoc & trang thai
tinh khiét cao (ddy 1a wu diém cua k§ thuat dién cao ap tao plasma trong dung dich).
Su hién dién cua cac hat nano selen da duoc xac dinh béng cac dinh dic trung vao
khoang 1,4 keV va 11,2 keV duoc quy cho SeL, va SeKg cua selen kim loai (hinh
4a). Su phan bd déng déu va do tinh khiét cia mau hat cling duoc thé hién boi EDX-
maping trong Hinh 4b, 4c ciing nhu thanh phan cac nguyén té trong Bang 2. Mau
duoc chuin bi véi tAm dé silic, do d6 xuét hién dinh dic trung ¢ 1,7 keV cua silic
trén pho do.
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Hinh 4. Ph6 EDX (a) va mapping (b), (c) ctia hat nano selen

Bang 2. Thanh phan hoa hoc ctia mau selen

Nguyén t6 % khoi lwong % nguyén tir
Se L 100 100
Totals 100 100

3.1.4. Két qui do Raman, XRD vi XPS

Két qua phan tich phé Raman khang dinh sy hinh thanh cua hat nano selen
dugc tong hop bang k¥ thuat dién cao 4p tao plasma trong dung dich. Hinh 5a va
Hinh 5b 1a phé ciia SeO, trudc phan tng va phd ciia hat nano selen. Pho ciia SeO,
trude phan tmg c6 dinh cong huéng & 825 cm™, san phim sau phan tmg chi ra duy
nhit mot dinh cong huéng & 251 ecm™, day 1a dinh cong hudng cua selen ton tai &
trang thai a-Se tuong ng vdi selen ¢ cau trac vo dinh hinh [20]. Két qua do XRD
(Hinh 5c¢) cho thiy cac cuc dai nhidu 20 yéu xung quanh 23 va 29,5°, minh chimng rd
rang hon vé trang thai vd dinh hinh cta hat nano selen.
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Hinh 5. Phé Raman (a) SeO,, (b) Se’ va ph6 XRD (c) ctia hat nano selen
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Két qua phén tich quang pho tia X (XPS) cho thay rd ban chat lién két va hoa
tri nguyén td cua selen. Hinh 6 1a phd XPS ciia san pham hat nano selen cho céc tin
hiéu cta C1, O1 va Se3d.

HXPS Survey
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Hinh 6. Phd XPS ciia san pham sau phan tng

Dinh Se3d dugc tao thanh tir hai thanh phan: Se 3d*? va Se 3d>” (Hinh 7) twong
g & 56,04 va 55,28 eV. Pinh 3d Se” cua Se dién hinh dugce tim thdy & 55,67, xac nhan
ring trang thai hoa tri cia Se trong Se-NP & trang thai co ban boi vi Se™ dwoc ¢ dinh
peak & khoang 59,4 eV; Se™® ¢ khoang 61 eV; Se™ & khoang 57,7 eV va Se™ & ning
luong lién két <55 eV, hoan toan khong xuat hién trong phd. Nhu vay, chi ton tai duy
nhét trang thai hoa tri 0 ciia Se trong san pham. Con tin hiéu ctia C1, O1 dugc xac dinh
1a ciia dung mdi cdn C,HsOH tao lién két bé mat voi hat Se® hinh thanh 16p phu bao boc
hat trong qua trinh tong hop.
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Hinh 7. Pho phan giai cao XPS cua selen (Se3d)
3.2. Co ché hinh thanh hat nano selen trong dung dich

Duéi tac dung cia plasma trong dung dich, cac gbc tu do nhu H', OH', O'...
sinh ra phan tan vao dung dich xdy ra qua trinh khir Se™ thanh Se® theo phan tng:
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H,O+e— H +OH ()
SeO;” + 6H — Se” + 3H,0 )

i O day géc tu do H dong vai tro 1a chat khir chinh trong viéc khir Se+4‘vé Se’, do
do deé tang toc d phan tng khwr, thém ethanol vao dung dich nham tang nong d cac
gbe tw do c6 kha nang khir Se*" vé Se” [22].

CH3CH,0H + O — ‘CH(CH3)OH + HO 3)

CH3;CH,OH + OH" — ‘CH(CH3)OH + H,O 4

"CH(CH;3)OH + SeO5> — Se’ + CH;CHO + H,0  (5)
Sy hinh thanh plasma trong dung dich ¢ hai dién cuc va qua trinh khur Se*t
Se’ duoc thé h1en trong Hinh 8. Hinh 8a la dung dich H,SeO3 ban dau trudc khi
phan tmg; su xudt hién plasma dién hoa & hai dau dién cyc (Hinh 8b) dan tdi sy thay

d6i mau cua dung dich; dung dich chuyén dan sang mau doé ching to c6 su hinh
thanh cta céc hat selen trong dung dich (Hinh 8c).

\
A

Hinh 8. Sy hinh thanh plasma di¢n hoa va khir Se*" vé Se’ (a) dung dich ban dau,
(b) su hinh thanh plasma dién hoa ¢ 2 dau dién cuec, (c) san pham sau phan ung
3.3. Panh gia kha ning khang khuin cia vt liéu
I§ét qua xac dinh kha nang khang khuan cua dung dich phan tan hat nano selen
dugc tong hop bang ky thuat dién cao ap tao plasma trong dung dich doi véi cac
chung vi sinh vat dugc tien hanh ¢ nong d§ dau vao selen 1a 300ppm.

Két qua xac dinh kha nang khang khuén ciia dung dich phan tan hat nano selen
do6i voi 02 chung vi khuan Staphyllococcus aureus; E.Coli dugc thé hién trong Bang
3 va Hinh 9.

Bang 3. Kha nang khang khuan cta vat liéu tong hop

Nong d¢ ciia miu thir | E. colilmm) | S. aureus(mm) | Ampicilline (25pg/mL)
25ul 10 10 PC-E. coli (20mm)
50ul 12 14
75ul 13 17
100l 15 19 DC-S. aureus(26mm)
150 pl 18 25
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E.coliD=18 S. aureus D=25;

E.coli Dys,,=20 S. aureus Djs,,=26

Hinh 9. Két do khang khuan cia mau vat liéu tong hop

Két qua cho thdy dung dich phan tan hat nano selen c6 kha ning khang khuin
d6i vé6i ching Staphyllococcus aureus; E. coli & liéu 150 pL véi duong kinh vong
tron vo khuan lan lugt 25; 18 mm thi cho két qua tuong dwong liéu khang sinh
ampicilline d6i chimg 1a 25 pg cho két qua twong tmg 13 26 va 20 mm. Day 1a co s&
cho cac nghién ciru tiép theo vé doc tinh cép va hoat tinh sinh hoc cta vt liéu nano
selen tong hop bang k¥ thuat dién cao ap tao plasma trong dung dich.

4. KET LUAN

Trong bai bao nay, ching t6i d thiét ké dugc hé phan tng, xay dung quy trinh
va tong hop thanh cong hat nano selen bing ky thuat dién cao ap tao plasma trong
dung dich ma khong céan sir dung thém cac chat khir hoa hoc véi cac thong sé dién
ap 4 kV, d6 rong xung 3 ps, tan s 25 kHz, dién cuc vonfram c¢6 dudong kinh 3 mm,
khoang cach gitra 2 dién cyc 30 mm. Cac hat nano selen dugc téng hop ¢ dang hinh
cau co kich thudc nam trong dai tir 60-80 nm, & dang vo dinh hinh mau d6 (a-Se), do
tinh khiét cao. Vat liéu tong hop duoc c6 kha ning tc ché cac ching Staphyllococcus
aureus; E. coli (duong kinh vong tron vo khuan lan lugt 25; 18 mm, thé tich tra mau
150 pL, nong do selen 300 ppm) twong duong voi lidu khang sinh dbi ching
ampicilline & lidu dung 25 pg.

Loi cam on: Nghién ciru duoc sy ho tro vé kinh phi bm Bé Khoa hoc va Céong
nghé cho nhiém vu cap Quoc gia theo Nghi dinh thu, ma so NDT.74.e-ASIA/19. Tap
thé tac gia xin chdn thanh cam on.
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SUMMARY

SYNTHESIZING SELENIUM NANOPARTICLES USING HIGH VOLTAGE
PLASMA GENERATION TECHNIQUE IN SOLUTION, EVALUATING THE
ANTIBACTERIAL ABILITY OF THE MATERIAL

Selenium is an essential micronutrient for human, animal, and microorganism
health. The biocompatibility, bioavailability, and low toxicity of selenium
nanoparticles (SeNPs) have recently sparked the interest of scholars.
Electrochemical plasma is a novel electrical discharge in a liquid environment, such
as an aqueous solution or an organic compound. In this study, electrochemical
plasma was utilized to synthesize SeNPs with a size range of 60 to 80 nm in water-
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Nghién ctru khoa hoc c6ng nghé

ethanol mixtures. UVVisible Spectrophotometry (UV-Vis), X-Ray Diffraction
(XRD), Raman spectroscopy, Scanning Electron Microscope (SEM), Energy
dispersive spectroscopy and mapping (EDX), and X-ray photoelectron
spectroscopy (XPS) were used to characterize the synthesized SeNPs. The obtained
SeNPs showed good antimicrobial properties when testing with bacteria
Staphylococcus aureus, Escherichia coli. The SeNPs showed effective bioactivity
with inhibition zones of 18, and 25 mm against E. coli, and S. aureus, respectively, at a
SeNPs dose of 150 pL (concentration of 300 ppm).

Keywords: Selenium nanoparticles, electrochemical plasma, anti-bacterial, hat
nano selen, ky thudt dién cao ap tao plasma, khang khuan.
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