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Xace dinh goc tw do hydroxyl radical trong nwéc Khir ion
dworc chieu xa plasma

Characterization of hydroxyl radicals in
plasma-activated distilled water

Nguyén Kién Cuong
Truong dai hoc Cong nghé, Pai hoc Quéc gia Ha Ngi

Abstract

Hydroxyl radical (¢OH) la mét logi géc ti do (reactive oxygen species, ROS) duoC tao ra trong méi trirong nweéc tinh khiét
(distilled water) bang chiéu xa plasma véi thoi gian chiéu xa thay d@di tir Os dén 300s. Hydroxyl radical durgc xdic dinh bang
chdt chi th; terephthtalic acid (TPA) do «OH radical tAc dung véi chdt TPA tao nén chdt 2-hydroxyl- terephthtate (HTPA) co
kha ndng phdat hupnh quang tai buéc séng 425nm cé cuong dé phu thugc thoi gian chiéu xg plasma. Keét Qqua phan tich phd
hupnh quang cuia dung dich HTPA cho thdy eOH radical di duwoc tao ra trong dung dich TPA khi bj chiéu xg plasma; Thoi
gian chiéu xa 120s cho cirong dg hupnh quang ciia HTPA 14 16n nhdt fiong iing véi néng dé eOH radical dwoc tgo ra trong
dung djch TPA Ia cao nhdt. Piéu ndy cho phép tdi wu théng sé chiéu xa cua thiét bi plasme sao cho néng dé eOH radical

dwoc tao ra I6n nhat.
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1. Pat van dé

Géc tu do (reactive oxygen, ROS) ton tai mot
cach tu nhién trong co thé con nguoi, sinh vat
va dong nhidu vai tro rat quan trong, dic biét
dbi véi con ngudi, trong dé c6 ca mat tich cuc
va tiéu cuc. Do c6 kha nang phan ung cao, gay
rc ché té bao nén gdc tu do 1a nguyén nhan
chinh gay ra bénh tat, gia hoa dac biét la pha
hity cu trdc té bao gay bénh ung thu cho con
nguoi [1-4]. Tuy nhién cling chinh nho kha
ning wc ché té bao nay ma géc ty do dang
dugc nghién ciu dé ung dung kha ning nay
trong diéu tri bénh bang cach wc ché nhiing té
bao, vi khuan gay bénh

Géc ty do chira goc oxy la hydroxyl radical
(#OH) va chit oxy héa manh superoxide
(H20,), 1a mét trong sb céac thanh phan cua goc
ty do ROS. Chungs duoc chuyén héa tir phan

ter oxi duédi qua trinh thém electron vao mét
nguyén tir hoic ion héa (bang céch loai bot
oxy hoac thém hidro), luén xay ra kém theo sy
oxi hoa cua tac nhan gay ra. Tuy nhién, vi phan
ring cua ching, cac goc ty do twong tu c6 thé
tham gia vao cac phan ung phu khéng mong
muén va gay toén thuong té bao. Hydroxyl
radical (-OH) 12 mét trong céc thanh phan cia
géc tu do ROS duoc sir dung dé uc ché hoat
dong cua cac té bao, vi khuin bénh. nén c6
ung dung hiru hiéu trong y hoc.

Hydroxyl radical dwoc tao ra bang phwong
phap sir dung plasma jet & &p suat & nhiét do
moi truong [5-6]. Atmospheric Pressure
Plasma Jet (APPJ) la phan ung tao thanh
plasma & diéu kién nhiét do va &p suat moi
truong bang phuong phap phong plasma gian



2 Nguyén Kién Cuong, Technical Report — University of Engineering & Technology — Dec. 2018

tiép (indirect) [7-8]. Cau tao co ban mot thiét
bi tao plasma bao gém mot ngudn dién cao thé
(High \oltage, HV) dat vao 2 dién cuc, khi
duogc bom vao gitia 2 dién cuc d6 dong vai tro
khi mang. O dang phéng plasma gian tiép,
plasma van duoc tao thanh giira 2 dién cuc
dang hinh khuyén dit cach nhau va dong tam.
Tuy nhién khi tro (argon Ar, ni to Ny) dugc st
dung Vvoéi luu lwong l6n dé mang plasma tir 2
dién cuc ra bén ngoai tac dung lén dung dich
Mau tao ra cac phan tng hoa hoc 1am thay doi

2. Phwong phap nghién ctru
2.1 Nguyén ly hinh thanh & phwong
phap xac dinh radical «OH

Hydroxyl radical «OH duoc tao boi thiét bi
plasma APPJ ¢6 so do nguyén ly dudi day:
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Hoi nudc khuéch tan vao chum chiéu xa APPJ
plasma va qua qué trinh kich tich tach roi va
dinh kém d& tao ra goc hydroxyl. Géc
hydroxyl (+OH) dwoc nhan biét bang cach
chiéu plasma vao mét dung dich héa hoc phan
g véi goc -OH tao phirc. Phic ndy phat
quang huynh quang khi kich thich bing buéc
s6ng thich hop, trong khi chat ban dau TPA thi
khdng phéat quang.

Hoéa chat sir dung dé nhan biét gbc <OH la
terephthtalic acid (TPA), céng thic hoda hoc
CsHs (COOH),, ¢ diéu kién nhiét do phong la

thanh phan hoéa hoc va tinh chat hoa ly cua
dung dich mau.

Trong bé&o cédo nay, hydroxyl radical (¢OH)
hinh thanh trong nuéc khir ion bing phuong
phap chiéu xa plasma APPJ va nd duoc Xac
dinh bang phuong phap do phd huynh quang
Vi su trg gilp cua chat hoa hoc chi thi
terephthtalic acid (TPA). Su anh hudéng cua
thoi gian chiéu plasma dén viéc thay doi nong
d6 cua goc «OH sé& duoc khao sat. Trén co s
d6 téi wu thdng sé chiéu xa plasma va nong do
*OH trong nudc khir ion.

chat bot mau tring, kho tan trong nudc va TPA
chi tan trong dung dich kiém NaOH. Dung
dich TPA dugc chiéu plasma trong khoang thoi
gian tir 30 gidy dén 5 phit. Géc -OH duoc hinh
thanh sé phan tng ngay vai TPA tao thanh hop
chat mai 2-hydroxyl-terephthtate (HTPA) [9-
10]. Phan tng hda hoc xay ra nhu sau:

2. Xwr ly plasma dung dich TPA

Pha ché dung tich 5ml dung dich TPA c6
nong do 0.5M bang céc pha 415 mg TPA véi
250 mg NaOH trong 5 ml nudc khi ion 2 lan.
Str dung may rung da chiéu rung dung dich
cho dén khi dung dich tan hoan toan, c6 mau
trong sudt va khéng con chat lo limg. Dung
dich TPA phai duoc boc gidy bac dé tranh su
phan hay cua anh sang. Thong s6 chiéu xa
plasma cho dung dich TPA duoc thiét 1ap nhu
sau:

« Hiéu dién thé ap vao 2 dién cuc: U =5 kV
« Tan sb dong dién: f =50 kHz
« CONg suat ngudn: P =25 W

* Khi dugc st dung 1a 100% Ar luu luong 5
Ipm

« Nhiét do phong; 25°C
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« Khoang céch tir diém cubi d¢au phun plasma
dén bé mat dung dich 1a 7 mm
CsHs(COOH), ++ OH — CgH«(COOH), OH.
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Terephthalate Hydroxycyclohexadienyl radical

The scheme of terephthalate (TPA) oxidation. Hydroxy! radicals

convert TPA into 2-hydroxyterephalate (HTPA).
Hinh 1. Phan #ng héa hoc xay ra giira TPA va
goc «OH [11]

Thuce hién chiéu plasma lan luot tirng mau, thé
tich mdi 1an xu ly 1a 0.5ml véi thoi gian tuong
trng 1a 30s (mau 1), 60s (mau 2), 120s (mau 3),
300s (mau 4), lap lai voi mdi mau 2 lan dé thu
dugc 1ml dung dich da xur 1y. Sau d6 hut vao
ting lo dung mau da dugc danh sb tha ty ting
mau, boc gidy bac. Trong qua trinh chiéu xa
plasma cac phan tir TPA cua dung dich TPA
(khéng c6 kha nang phat quang ) tac dung voi
radicals eOH tao thanh cac phan tr 2-
hydroxyl-terephthtate (HTPA) trong dung dich
HTPA. Dung dich nay phat phé huynh quang &
budc séng 425 nm.

Ngay sau khi chiéu plasma, trong vong 30
phit miu phai duoc dem di do quang phd
huynh quang & budc séng kich thich huynh
quang 13 budc séng hap thu cyc dai cia dung
dich TPA.

3. Két qua & thao luan

Quang phd dung dich TPA sau xu ly
plasma HTPA duoc do trén thiét bi do phd
huynh quang cua Vién Vat Ly, Vién Han Iam
& Khoa hoc Viét Nam (VAST). Budc séng
kich thich cho dung dich TPA truéc khi va
HTPA sau khi chiéu xa APPJ plasma phat pho
huynh quang can duoc xac dinh bang phd hap
thu cuc dai cua dung dich TPA. Hinh 2 cho
thiy dinh pho hap thu cuc dai tai buéc song
315nm cua dung dich TPA khi dugc chiéu xa
APPJ plasma trong vong 5min.khi dugc do

)\0}4 _A~_OH

Hydroxyterephthalate

trén may May do phd hap thu UV-VIS
Shimadzu UV-2600 240EN

Nhu vay dinh phd hap thu cuc dai coa
dung dich TPA la 315 nm, budc song nay dugc
chon lam budc séng kich thich pho huynh
quang cua dung dich TPA va HTPA. Phd
huynh quang cua dung dich trén cac mau dung

dich trén voi cung thé tich 0.3 ml, thoi gian
chiéu plasma thay doi tir 30s dén 300s, cac
thdng sb: budc song kich thich 315 nm, slit 5

nm, increment = 1 nm. 4 mau duoc danh sd

ther tu tir 1 dén 4 véi thoi gian chiéu plasma

lan luot Ia 30s, 100s, 120s, 300s.
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Hinh 2. Phé hdp thy dung dich TPA duwroc chiéu
Xa APPJ plasma trong 5 phat

30s(1)

——60s(2)
——120s(3)
2000000 4 300s(4)

0s(5)

1500000 |
1000000 s

500000

Flourescence intensity (CPS)

3‘;0 3&0 3&0 4(')0 450 44;0 46‘30 4&0 560
Wavelength (nm)
Hinh 3. Phé huynh quang ciia 4 mdu TPA diroc
chiéu xa véi thoi gian:30s, 60s, 120s, 300s va
mau chudn so sanh 0s (khong chiéu xg plasma)
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Nhin vao d6 thi ta thiy rat rd khi dugc kich
thich bang budc séng 315nm, dinh pho huynh
quang cua dung dich TPA thay d6i theo thoi
gian chiéu plasma. C6 thé thiy do rong phé thu
hep dan theo thoi gian dong thoi dinh phé dich
dan sang phai dén gia tri 425 nm. Mau dung
dich TPA khong dugc chiéu xa APPJ plasma
s& cho huynh quang c6 dinh pho ¢ 378 nm va
¢6 do rong ban phd (FWHM) 16n nht, trong
khi d6 HTPA c6 dinh phé huynh quang ¢
425nm. Piéu dé cho thdy rang khi c6 mot
radical eOH trong dung dich TPA thi s& co
mot phan tir TPA két hop véi mot radical eOH
dé chuyén thanh mot phan HTPA theo ti 18 1:1.
Diéu d6 co nghia 1a cit mot géc ¢OH s& bién
mot phan tir TPA thanh 1 phén tr HTPA, do
d6 dung dich TPA khi bi chiéu xa bang APPJ
plasma s& c6 huynh quang véi 2 dinh phd
378nm cua TPA va 425nm cua HTPA. Mot
cach dinh tinh, thoi gian chiéu xa plasma cang
dai, dinh phé tai budc séng 378nm cang giam
do nong d6 phan tir TPA giam, con dinh phd
tai budc séng 425nm sé c6 su dich dinh
(425nm-429nm) do ndéng do phan tir HTPA
dugc hinh thanh theo thoi gian cang ting. Diéu
nay c6 thé khang dinh duoc rang trong plasma
dd c6 gbc OH dugc tao ra, phan tng véi TPA
trong dung dich tao thanh hop chat HTPA phat
guang & budc séng khoang 425 nm.
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Hinh 4. Cuong dé phét huynh quang cuc dai #ng véi
thoi gian chiéu xa APPJ plasma cua dung dich HTPA
va TPA

Theo thoi gian chiéu xa plasma, lwong gdc
e¢OH vao dung dich tang 1én, phan ung voi
TPA nhiéu hon, do d6 phuc tao thanh HTPA
cing vi thé ting 1én. Tuy nhién thoi gian chiéu
xa cho huynh quang manh nhat 1a 120s va
cuong d6 huynh quang lai giam dan theo thoi
gian chiéu plasma dén 300s. Do d6 ta c6 thé
thiy cuong d6 dinh phat huynh quang cua mau
sb 3 twong wng vai thoi gian chiéu xa 120s la
cao nhat va thap nhat 1a mau sé 1 véi thoi gian
chiéu xa la 30s. Khi d6 dinh phé huynh quang
cia 4 mau 1, 2, 3 va 4 lan luot Gng véi cac
budc song la 410nm, 422nm, 428nm va 429
nm.
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Hinh 5. Normalized cuong dé huynh quang cua
4 mdu theo thoi gian

Hinh 5 cho ta thiy theo thoi gian chiéu xa
APPJ plasma thi cuong d6 huynh quang cua
dung dich HTPA thay d6i theo hudng ting tir
30s dén 120s, va sau d6 giam tir 120s dén 300s.
Diéu dé cho thdy & thoi gian chiéu 120s cho
nong d6 HTPA trong dung dich cao nhat va
ching to rang géc OH tao ra nhiéu nhat trong
dung dich chiéu xa APPJ.

4. Két luan

Hydroxyl radical dugc tao ra trong nuéc
ion bang chiéu xa APPJ plasma, nong d6 caa
*OH phu thugc vao thoi gian chiéu xa. Thoi
gian chiéu xa plasma bang 120s cho nong do
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¢OH I6n nhét twong g véi cudng do huynh
quang cua dung dich HTPA 1a Ién nhat. Dung
dich c6 chira ¢OH duoc (ng dung trong diéu
tri vét thuong hé va kich thich hat giéng cay
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