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LOI CAM POAN

T6i xin cam doan ludn 4n: "Nghién ciru cong nghé plasma lanh Gng dung
trong tong hop vat liéu kim loai nano, xir ly hat giéng va chit nhuém mau" 1a cong
trinh nghién ctru ctia chinh minh duéi sy huéng dan khoa hoc cua tap thé hudng
dén. Luén 4n sir dung thong tin trich din tir nhidu nguén tham khao khac nhau va
cac thong tin trich dan dugc ghi rd ngudn gde. Céc két qua nghién ctru cia toi dugc
cong bd chung véi cac téc gia khac di duge sy nhét tri cia dong tac gia khi dwa vao
ludn an. Céc s6 liéu, két qua duoc trinh bay trong ludn 4n 13 hoan toan trung thuc va
chua timg dugc cong b trong bat ky mot cong trinh nao khéc ngoai céc cong trinh
cong bd cua tac gid. Ludn an dugc hoan thanh trong thoi gian t6i lam nghién clru
sinh tai Hoc vién Khoa hoc va Cong ngh¢, Vién Han lam Khoa hoc va Céng nghé
Viét Nam.

Hi Néi, ngay  thdng. ndm 2025

Tac gid ludn an

NCS. ¢ Thi Quynh Xuén



LOI CAM ON

T6i xin bay to 1ong biét on sdu sic toi TS. Pao Nguyén Thuin — phong Cong
nghé Plasma va TS. Nguyén Vin Chic — phong V4t liéu Cacbon nano, Vién Khoa
hoc vat liéu, Vién Han Lam Khoa hoc va Cong nghé Viét Nam da gidp d& toi hoan
thanh ludn vin tién si nay. Hai thz"iy da luon ludn nhiét tinh giup d, hudng dan, goi
y chi tiét cho toi tir y tudng thyc hién luan vin, huéng dan phuong phap thuc hién
cac ndi dung, cung crflp tu liéu tham khao, thao luin véi toi dé co hudng tién hanh
céc thi nghiém va thu duoc két qua mot cach hiéu qua. Hai thdy ludn ludn khuyén
khich, tao dong luc, thic déy toi trong ca qua trinh thuc hién va hoan thanh ludn van
tién si nay.

Toi xin bay to long biét on, sy tran trong dén cac thz"iy co gido cua Hoc vién
Khoa hoc va Cong nghé¢ - Vién Han 1am Khoa hoc va Céng nghé Viét Nam (VAST)
da luon tan tinh giang day, truyén dat cho t6i nhidu kién thtrc co' ban lién quan dén

ndi dung cua luan an.

Tai cling Xin cam on cac can by BY phan dao tao sau dai hoc cia Vién Khoa
hoc Vit liéu va Hoc vién Khoa hoc va cong nghé thudoc VAST da tao diéu kién cho
to1 thuc hién tot dé tai nghién cliru nay

T6i1 xin chan thanh cam on Ban Lanh dao Vién Khoa hoc vt liéu, GS.TS.
Nguyén Quang Liém, GS.TS Nguyén Thanh Tung cling céc anh/chi em can bd truc
thudc phong Cong nghé Plasma - Vién Khoa hoc vt liéu da luon gitip do tdi trong
qua trinh thuc hi€n va hoan thanh luan vén tién si ctia minh.

Cudi cung toi guri 101 cam on tdi gia dinh, nguoi than va ban bé da luon & bén
dong vién, ludn 1a ngudn cam hirng, nguon hau phuong, ngudn dong luc to 16n gitp

toi hoan thanh luén véan tién si nay.

Mot lan nira, xin chin thanh cam on!

Tac gia luan 4n
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NCS. Lé Thi Quynh Xuéin



MUC LUC
LOT CAM DOAN ......oooiiiiiieiieeies sttt i
LOT CAM ON....ooooioiiieiei sttt i
DANH MUC CAC KY HIEU, CAC CHUKY VIET TAT....ccoovviieieeeeeeeeeee e, vii
DANH MUC HINH VE, PO THIL......c.coiiiiiiieieeeeee et iX
DANH MUC CAC BANG........coooiiieeeeeeeeeeeeee ettt Xiv
MO DAU ... 1
CHUONG 1: TONG QUAN VE CONG NGHE PLASMA LANH.......c.ceoovvovrererrnane. 5
1.1, GiGi thiBU V& PLASMA ...ttt sttt 5
1.1.1. Dinh nghTa plasma .......cccuoiiiiiiiiie s 5
1.1.2. Phan loai plasma noéng va plasma 1anh ...........cccoceiiiiiiniiiniieee e 7
1.2. Cac thong s6 VAt Iy quan trong CA PIASMA ..........c.cveeveeveereeieisieeeeeeeeeeeeseeseeseses s 9
L.2.1. DO 101 ROttt 9
1.2.2. NRIEt A0 PIASMA ....cveiiicic et et e e e e nreenee e 9
0 T | o T At £ =1 (=T od (o o PR TRS 10
1.2.4. TAN SO PIASMA w...cvocveeeeeceeee et s et 11
1.2.5. D0 dai DEDYE ...ooiiiiiiiii 11
1.2.6. Phan bd ning luong va dong luc hoC IECtrON ........c..cvevveeveeeeeeeeee e 11
IR R o -1 4 U T o o RO RROPOS 12
1.3.1. Khai niém va dic diém co ban cua plasma lanh ...........ccoeeeeeeeeeeeeeeeeeeeeeeeeeen, 12
1.3.2. Dic tinh vat 1y ctia plasma lanh ap suat Khi qUYEN .........cc.cocoevverereeciiereieeeeeeseenens 13
1.3.3. Céc cau hinh hé phat plasma lanh ap suit kKhi qUyen........c.ccccveveeveeeversreereeieeen. 15
1.3.4. Tuong tac ctia plasma lanh vGi b& Mat ran va 1ONG .......ceveveeeeeerereeeeeeee e, 21
1.4. Ung dung cta cong nghé plasma lanh ap sudt Khi quyén.........cccooevveeeeveeveneeerennennn, 25
1.4.1. Trong linh vuc tong hop vat 1iéu Nano Kim 10@i...........cc.cooevreeeieirseseeesee e 26
1.4.2. Trong xir 1y hat giéng va kich thich nay MAM .........cc.co.ovvervireeceeeeeeeeeee e, 28
1.4.3. Trong Xt Iy nurdC thal NRUGM ... 31

1.5, Kt IUAN CHUONE L ..o 33



iv

CHUONG 2: CAC PHUONG PHAP VA KY THUAT NGHIEN CUU....................... 35
2.1 NGUYEN VAL HEU ..t 35
211 HOA ChAL .ottt 35
2.1.2. DUNG CU tNIBE Dottt 35
2.2. Phuong phap NZhi€n CTU .......eviiiiiiiiie i 37
2.2.1. H¢ phat tia plasma lanh (Plasma Jet)........cccooiiiiiiiiiiicie e 37
2.2.2. Phé hap thu UV-Vis (UV-Vis Absoprtion SPECtroSCOPY) .........oveeerrererrerreerserinsennes 39
2.2.3. Phd phat xa huynh quaNg (OES)..........cceeieiieeiieeeeeeeeeeeeeeeeseesetesesses s 41
2.2.4. PhO tAN X3 RAMAN ....oooiiiiiiiieiieesees ettt 43
2.2.5. Anh kinh hién vi dién tir qUEt (SEM) .....coeureeeeeeeeeeeesessiesieseeeeeseseesee s 45
2.2.6. Pho tan xa dnh sang dong (DLS) VA the ZEta .......cc.eveeverveevrecerceeeeeeeeeesesesesseesenins 46
2.2.7. Gian d0 Nidu Xa tia X (XRD) ......cveeeieeeeeeeeeeeeeeeees et ee st ese s 48
2.2.8. Pho cong hudng tir hat nhAn (NMR) ......c..cueveeeeeeeseeeeseeseseeseeseessesseseese s 49
2.2.9. Pho sic ky 1ong két hop Vi pho KNoi (LC-MS) ... 50
2.2.10. K¥ thuat chiét tach hormone Gibberellic Acid (GA3).......cvevrerreeresrsrerssesienienenes 51
2.2.11. Danh gia chi $6 COD CUA NUGC.........oveveereeereeeeeeeresseessses s eessesessesssses s 51
2.2.12. Panh gia hiéu qua nay mam va cac chi s sinh truéng cua hat giong.................. 52
2.3, KEL TUAN CHUONG TL ...ttt 52
CHUONG 3: CONG NGHE PLASMA LANH UNG DUNG TRONG TONG HQP
CAC HAT NANO KIM LOAL ... 54
3.1. Khai niém va tinh chét cua vat liéu nano Kim 10@i...........cccoveeeeeeeeeeeeeeeeeeeeeeeeeen. 54
3.2. Cac phuong phap ché ta0 Nat NANO VANG ........cc.ovvveveeveeeeeeeieeeeeeeeeeeeseesee e 55
3.2.1. Céc phuong phap truy@n thONG..........coevecveieieceeeee e 55
3.2.2. Céc phuong phap “tong NOP Xanh™..........cc.cvveveeverciieieeeeeeeeseeeesesee e 56
3.2.3. Ung dung cong nghé plasma lanh trong tong hop hat nano vang ...............c.ceee.... 57
3.3. Nghién cttu ché tao hat nano vang bang phuong phap plasma jet.........cc.coeervrererenee. 58
3.3.1. S0 dd tong quat cAC BUGC CNE A0 ......oveceeceeeveeeceee e 58
3.3.2. Anh hudng ciia khoang cach tir dau phat plasma dén bé mit dung dich................... 60

3.3.3. Anh huong ciia toc d0 dONG KNi.......veveeveveeeeceeeeeeeeee et 61



3.3.4. Anh hudng tan S8 NQUON PhAt PlASIMA. .........veveieeeeieeeeee ettt 62
3.3.5. Anh huong ciia thoi gian toNg NOP .......ceeeveeveeeeeeeeeee e 64
3.3.6. Anh huéng cia nong d6 dung dich tién chat HAUCH ........cvvveveeeeeceee e 65
3.3.7. Anh huong cua thé tich dung dich tién chat HAUC ..........coovvevieveeeeeeeeeeeeeae 68
3.4. bac tinh va co ché phan tng tdng hop AuNPs bang tia plasma lanh ............c.cc.ccue.... 69
3.4.1. Piéu kién ti wu dé tong hop dung dich AuNPs bang plasma jet ........c..ccceeerrrerenes 69
3.4.2. Banh gia dac tinh ctia cac hat NAN0 vang AUQC.......oovvriiiiiieiii e 70
3.5. Ung dung hat nano vang da ché tao dé phat trién dé SERS c6 d6 nhay cao ................ 73
3.6. KEL TUAN CHUIONE 3 ...ttt 74
CHUONG 4: CONG NGHE PLASMA LANH UNG DUNG TRONG CHE TAO PE
SERS PINH HUONG PHAT TRIEN CAM BIEN HOA SINH............coooovovverriernnan, 76
4.1. Nghién ctru tng dung cong nghé plasma lanh trong xir 1y bé mat vét liéu polycacbonat
VA SIO g e 77
4.1.1. Quy trinh tng dung cong nghé plasma lanh trong xir 1y bé mit vat liéu................... 77

4.1.2. Khdo sat, danh gia hiéu qua va thoi gian tdn tai cta hiéu ung xu 1y bé mat vat liéu

bang phurong Phap PlASIMA JEE ........veverveereieeeeieiesesesseees s sesses s sse s 80
4.2. Nghién ciru (mg dung cong nghé plasma lanh trong phat trién cam bién hoa sinh dya
trén hi€u Ung SERS ... 85
4.2.1. Cac budc xir Iy dé SERS bang cong nghé plasma jet............co.ceeeeereerereeeercernrnrennn. 85
4.2.2. Khao sat va danh gid hi¢u qud cua d& SERS Ché ta0 AUQC . v.veveeeeeeeeeeeeeereeereeis 86
4.3. Thir nghiém dé SERS ché tao duoc trong viéc phat hién khang sinh Amoxicillin voi do
NMNAY CAO ..ottt bbbttt e bbbttt 89
4.4, KELTUAN CRUONE 4 ..o 90
CHUONG 5: CONG NGHE PLASMA LANH UNG DUNG TRONG KiCH THICH
HAT GIONG NAY MAM VA XU LY CHAT NHUOM MAU.........ccoocovvvirnrnrrinenn. 92
5.1. Céc thtr nghiém va cac budc ung dung cong nghé plasma lanh trong kich thich hat
QIONE NAY MAML......cvoevceeveseeseseseeees et esees e es et es s essesses st ees et en s s s asnsaneassssensen s s sneas 92
5.1.1. Tac dong cua plasma lanh 1én bé mit cta hat gidng..........cco.cvveeveeeieevseeeeeeseeeneas 92
5.1.2. Tac dong cua plasma lanh 1én sy nay mam ciia hat giong..........cocoeeeveveeveereevevneans 93
5.1.3. Tac dong cua plasma 1én sy phét trién Cla CAY CON....ovurvrrrerrrrrcereeeeeereereseesenseereneanes 94

5.1.4. Cac budc (ng dung cong nghé plasma lanh trong xir 1y hat giéng.........cc.coevvvveeeee. 95



Vi

5.2. Khao sat va danh gia hiéu qua nay mam hat giéng sau khi xu 1y plasma................... 96
5.2.1. HE SO NAY MAM ..ottt eseenes 96
5.2.2. Chiéu dai ctia ré non ngay sau khi Nay MAM ........co.coveverevernreeeeceenseeseeseeees s 97
5.3. Co ché bién ddi vat 1y va hoa sinh do xir 1y plasma ta0 ra ...........ceeeeereeveerersereereenn. 97
5.3.1. Nhitng thay di vat 1y trén bé mat hat sau Khi X& 1§.......c.oveevieeiiieeceeee e 97
5.3.2. Nhiing bién di vé mat hoa sinh ctia hat sau Xir 1y plasma..........cc.ceerereerrerreninnens 99

5.4. Cac thir nghiém va cac buéc ung dung cong nghé plasma lanh trong xir 1y chat nhuom

........................................................................................................................................... 102
5.4.1. Cac thir nghiém tng dung cong nghé plasma lanh trong xir 1y chat nhuoém ........... 102
5.4.2. Cac budc (g dung cong nghé plasma lanh trong xt Iy chat nhuém...................... 104
5.5. Khao sat va danh gia hiéu qua phan hity ChAt NRUOM...........ovveeceeeeeeeeeeeee e 105
5.5.1. Toc @6 phan huy dung dich Methyl BIUE ..........ccovveveeveeeeeeiereeeeeeee e, 105
5.5.2. Khoang cach tir dau phat plasma dén bé mat dung dich..........cccoeveeveveveevevrieneneee, 108
5.5.3. Anh hurdng €l tGC 0 KDi.....ovvevieeiceceieesee s 109
5.6. Co ché phan hity chat nhuom bang cong nghé plasma lanh.............ccccevevvveeverinennn. 110
5.6.1. Anh hUuONG CUA HoO0 ..ottt 111
5.6.2. Anh huong ciia sOH (hydroxyl radicals)...........c.evevevererceeceeeeeeesesessesseseeeieeae 113
5.6.3. Anh huong ciia » 02 — (superoxide radicals anion) ...........cccceeeerevevesresseereninnnn. 114
5.7, KELTUAN CRUONE 5o 115
KET LUAN CHUNG ....c...cooiiiieeeeeevseeveseee st n s nesne s s sn s 117
DANH MUC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN ................. 119

DANH MUC TAI LIEU THAM KHAO........cooiiieieeeeeeeee e 120



vii

DANH MUC CAC KY HIEU, CAC CHU KY VIET TAT

Chir viét tit

Tiéng Anh

Tiéng Viét

AOP Advanced Oxidation Processes | Qua trinh oxy hda nang cao

AUNPs Gold Nanoparticles Hat nano vang

CAP Cold Atmospheric Plasma Plasma lanh ap suat khi

quyén

CCD Charge-Coupled Device Bo do ki thuat sb

COD Chemical Oxygen Demand Chi s tiéu thu oxy hoa hoc

DBD Dielectric Barrier Discharge Phong dién rao can dién moi

DC Direct Current Dong dién mot chiéu

ECR Electron Cyclotron Resonance | Cong hudng cyclotron

electron

GA; Gibberellic Acid Axit gibberellic

ICP Inductively Coupled Plasma Plasma cam ung

LC-MS Liquid Chromatography-Mass | Sac ky 1ong két hop khéi
Spectrometry phd

LOD Limit of Detection Gidi han phat hién

LTE Local Thermodynamic Can bang nhiét dong cuc bo
Equilibrium

MB Methyl blue Methyl blue

MW Microwave Vi séng

NMR Nuclear Magnetic Resonance Cong huong tir hat nhan

OES Optical Emission Spectroscopy | Phd phat xa huynh quang

PE-CVD Plasma-Enhanced Chemical Ling dong hoi hoa hoc ting

Vapor Deposition

cuong plasma




viii

PC Polycacbonat Nhua polycacbonat
ppb Parts per billion Mét phan ty
ppm Parts per million Mot phan triéu
PVA Polyvinyl Alcohol Polyme thuong dung trong
ché tao hydrogel
QCVN Quy Chuan Viét Nam Tiéu chuan k¥ thuat quéc gia
RF Radio Frequency Tan sb vo tuyén
RNS Reactive Nitrogen Species Céc gc nito hoat tinh
ROS Reactive Oxygen Species Cac goc oxy hoat tinh
RONS Reactive Oxygen and Nitrogen Céc gbc oxy va nito phan ang
Species
SCCM Standard Cubic Centimeters Centimet khéi tiéu chuan
per Minute mai phit
SEM Scanning Electron Microscopy | Kinh hién vi dién tir quét
SERS Surface-Enhanced Raman Tan xa Raman tang cuong
Scattering bé mat
_ N o Silica (thuong dung lam dé
SiO, Silicon Dioxide
kinh)
SPS Second Positive System H¢ duong thu hai
TD Townsend Discharge Phong dién Townsend
uv Ultraviolet Cuc tim
UV-Vis Ultraviolet-Visible T ngoai - kha kién
WCA Water Contact Angle Goc tiép xtc cua giot nuée
(danh gia tinh wa nuwdc)
XRD X-ray Diffraction Nhiéu xa tia X




iX

DANH MUC HINH VE, PO THI

Hinh 1.1. Cdc trang thdi cua vdt chat tir ran, léng, khi dén plasma bang cdch gia ting
nhiét do, voi cac vi du twong vng bang da, nudc, hoi nuwdc va khi bi ion hoa. ..................... 5
Hinh 1.2. Nhitng vi du dién hinh vé plasma trong tw nhién: mat troi, tia sét trong khi quyén
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Hinh 1.3. Tong quan Vé cde loai plasma khdc nhau theo cdc théng sé mdt do electron va
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biéu thire cho dién dp danh thiing nhw mét ham cia cdc tham s6 A, B [T].cveereveveeenenee. 14
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Hinh 1.8. So d6 mé ta cdu hinh phéng dién rdo chén dién méi — DBD (hinh bén trdi) va
anh chup plasma Véi cdc ché dé phat (a) manh, (b) trung binh, (c) yéu (hinh bén phaj).
Anh 14y tir website ciia céng ty ACS Material LLC chuyén cung cdp cdc nguén plasma. .17

Hinh 1.9. So d6 mé ta mét kénh phong dién micro trong DBD va m¢t mach dién twong

Auong dom GIAN [B]....ccvii i 18
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Hinh 1.12. (A) Hé day ong 3x3 microjet hoat déng véi dp sudt He la 860 torr va (B) Hé
ddy 64 éng phat tia plasma trong Cdu hinh 8x8 va hoat dong Véi dp sudt He la 780 torr.
Bién dé cia dién dp 20 kHz diéu khién mang 1a 0,88 kV rms [17]. coovoveeereeereerseseennnan, 20

Hinh 1.13. So do liét ké cdc thanh phan héa hoc tao ra tai bé mat va bén trong chat long
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Hinh 1.14. a) Hinh anh phé hdp thu UV-VIS cua hat nano Au khi ¢6 chat bao vé bé mat
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MO PAU

Trong bdi canh hién nay, cong nghé plasma lanh dang tr¢ thanh mét linh vuc
nghién ctru tién tién va day trién vong nhd kha ning Gng dung da dang trong cac
nganh cong nghiép, y hoc, nong nghi¢p va xu ly moi truong. Voi dic tinh khong
can bang nhiét dong, plasma lanh cho phép tao ra cac hat mang dién ning luong cao
va cac goc phan ung hoat tinh (ROS, RNS) ma khong 1am ting dang ké nhiét do
moi trudng, Mo ra tiém ning xir 1y cac vat liéu nhay cam vai nhiét 6 va cac chét 6
nhiém phuc tap. Trén thé gidi, cac nghién ciru da chirng minh hiéu qua cua plasma
lanh trong viéc kich thich ndy mam hat giéng, cai thién ning suit nong nghiép, ciing
nhu phan hiy cac hop chat hitu co doc hai trong nudc thai, nhu thudc nhuém, thude
trir siu va duoc pham. Tai Viét Nam, mic du cong nghé plasma d3 bat dau dugc cha
y, nhung cac tng dung thuc tién trong nong nghiép va xur Iy mdi truong van con
han ché, dic biét 1a trong viéc toi wu hoa cac thong sb cua hé phat va hiéu 16 co ché

tac dong cua plasma 1én cac dbi tuong sinh hoc va hoa hoc.

Ly do lya chon hudng nghién ctru trinh bay cua luan an “Nghién clru cong
nghé plasma lanh ung dung trong tong hop vat liéu kim loai nano, xir 1y hat gidng
va chat nhuém mau” xuat phat tir nhu cau cap thiét nay. Chuong 3 tap trung nghién
ctru ung dung plasma lanh trong ché tao cac hat nano vang bang cong nghé plasma
lanh vira nhanh, hiéu qua ma khong can sir dung chat khir hodc cac tac nhan bao vé
bé mat. Chuwong 4 nghién ciu ung dung plasma lanh trong xir 1y bé mat vat liéu,
trong khi Chuong 5 di sau vao hai linh vuc quan trong: kich thich ndy mam hat
giong va phan huy chat nhuom Methyl blue (MB) trong nudéc thai. Ca xir 1y hat
giong va phan huy thudc nhuém déu dua trén ciing nén tang quang — vat liéu, trong
do6 tia plasma kich hoat cac tdc nhan ROS/RNS va tia tir ngoai tic dong 1én bé mat
hat va dung dich. O hat gidng, cac tac nhan nay bién doi dic tinh bé mit (ting tinh
ua nudce), diéu hoa noi tiét to tang trudng, gitip nay mam tét hon; ¢ thudc nhuom,
chung khoi phat co ché oxy héa nang cao, phan hity chromophore va 1am mat mau.
Toan bd qua trinh duoc khao sat va nghién ciru bang cac k¥ thuat quang hoc (phat
Xa quang, pho hap thy UV-Vis). Huéng nghién ciru nay khong chi dinh huéng dap
g nhu cau nang cao hidu qua san xuat nong nghiép ma con gdp phan giai quyét
van dé 6 nhiém méi truong, dac biét 1a 6 nhiém nuéc thai cong nghiép — mot thach
thac Ion tai Viét Nam hién nay. Viéc lua chon plasma lanh lam cong cu chinh bé:
tinh hiéu qua, tiét kiém niang luong (do hoat dong ¢ nhiét do thap hon va khong yéu
cau qua trinh gia nhiét ton kém ning lwong nhu plasma néng) va than thién véi moi

truong cia nod so voi cac phuong phap truyén théng.



Muc tiéu nghién ciru cua lugn dn:

- Nghién ctu tng dung cong nghé plasma lanh dé ché tao duogc cac hat nano
vang c6 d6 dong nhat va tinh khiét cao véi duong kinh trung binh 45 nm, va kha
nang 6n dinh trong dung dich tdt trong thoi gian dai ma khong can dung téi chat
hoa chat khir hay chat hoat dong bé mit. Phuong phap ché tao can duoc danh gia,
t1 uu va c6 do lap lai cao.

- Nghién ctu ché tao duwoc dé SERS (Surface-Enhanced Raman
Spectroscopy - Tan xa Raman tang cudng bé mat) c6 do nhay cao, do 6n dinh va lap
lai cao dya trén tién xu Iy dé bang cong nghé plasma lanh. Phuong phéap ché tao can
duoc danh gia, ti vu va ¢ do lap lai cao.

- Nghién ctru kich thich duoc hat giong (hat @6 xanh) ndy mam nhanh va
hiéu qua hon bang phuong phap xur 1y plasma lanh. Phuong phap xir 1y can duoc

danh gia, toi wu va c6 do lap lai cao.

- Nghién ciru xir Iy duoc chat mau con t6n du trong nudc thai (cua cac nha
may nhudém) bang cong nghé plasma lanh. Phuong phap xir 1y can duoc danh gia,
t6i wu.

Déi twong nghién ciru:

- Céc hat nano vang c6 c6 do dong nhat cao véi dudng kinh trung binh 45 nm
(dinh hap thu & gan 532 nm), d6 tinh khiét cao va kha nang on dinh tét trong dung
dich trong thoi gian dai. Cac hat nano vang nay c6 thé phu hop tng dung lam cam
bién dwa trén hiéu tmg SERS, phu hop Véi laser kich thich tai budc song 532 nm.

- Cac dé SERS ché tao tir cac hat nano kim loai vang c6 d6 nhay cao, d6 6n
dinh va 1ap lai cao.

- Cac hat d6 xanh c6 kha ning nay mam.

- Chat mau Methyl blue c6 trong nudc thai (ciia cac nha may nhudm).

Phwong phap nghién curu

Luan an duogc tién hanh bang chu yéu bang cac phwong phap nghién ctiu thyuc
nghiém va két hop do dac, tinh toan va tim hiéu co ché twong tac cua tia plasma
lanh véi cac ddi teong duoc xu 1y. Nghién ctu sinh can téi wu hé phat tia plasma
lanh (plasma jet) st dung ngudn phat cao ap, tan s cao dé xir 1y cac dbi twong can
nghién ctru. Cac phuong phap do dic trung hién dai nhu phd hap thu UV-Vis, phd
phat xa huynh quang (OES), phé tian xa Raman, anh kinh hién vi dién tir quét



(SEM), phd tan xa 4nh sang dong (DLS) va thé Zeta, gian d6 nhidu xa tia X (XRD),
phd cong huong tir hat nhan (NMR), phd sic ky 1ong két hop véi phd khéi (LC-
MS) duoc su dung dé danh gia kich ¢, hinh dang, do dong déu cua cac hat nano
vang ché tao duoc bang phuong phép tia plasma lanh, cling nhu xac dinh sy thay
d6i hormone cua hat giéng sau khi duoc Xt 1y plasma. Cac phwong phap héa hoc
nhu k¥ thuat chiét tach hormone Gibberellic Acid (GA;), danh gia chi s6 COD cua
nude, va cac chi $6 sinh truong cua hat gidng dugc st dung dé danh gia hiéu qua

ctia phuong phap xtr 1y plasma lanh 1én hat gidng va chat nhuém mau Methyl blue.
Bé cuc va néi dung cia ludn dn

Ngoai phan md dau trinh bay ¥ nghia va 1y do lua chon van dé nghién ctru va
phan két luan chung 1a nhitng két qua chinh di dat duoc. Noi dung cia luan 4n gom
5 chuong. Chuong 1 trinh bay tong quan vé cong nghé plasma lanh, cac trang thai,
dic tinh va cac thong sb vat 1y co ban, Chuong 2 liét ké cac hoa chat va mo ta cac
thiét bi va cac phuong phap nghién ctu s dyng trong luan an. Trong d6, mdi
phuong phap nghién ctu s& trinh bay vé khai niém, nguyén 1y chinh, thiét bi, va cac
thong s6 cu thé da duoc sir dung khi thyuc hién cac phép do. Cac chuong 3, 4, 5 1a
cac két qua thyc nghiém vé nghién ctru ché tao, khao sat cac dic trung, toi uu va
tim hiéu co ché cia ung dung cong nghé plasma lanh trong ché tao hat nano kim
loai vang, xtr 1y bé mat dé SERS, kich thich hat giéng nay mam va xu 1y chat mau.
Phan tiép theo 1a danh muc cac cong trinh di dugc cong bé lién quan téi luan an.
Phan cudi cua luan an 1a danh muc cac tai liéu tham khao cua luan an.

Cic két qud méi cia ludn dn
Luan an duoc thuc hién tai Vién Khoa hoc vat liéu, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam, va dat dugc mot sb két qua moi nhu sau:

1- Cac hat nano vang c6 do dong nhat cao véi dudng kinh trung binh 45 nm,
d6 tinh khiét cao va kha ning 6n dinh tét trong dung dich hon 6 thang da dugc ché
tao bang phuong phap tia plasma jet. Cac thong sb t6i wu ciia phuong phap bao
gom: khoang cach tir dau phat plasma dén bé mit chat long 13 0,4 cm, luu luong khi
1 lit/phut, tan sé plasma 40 kHz, nong d6 dung dich tién chit HAuUCIl, 0,2 mM Véi
thé tich 10 ml, va thoi gian chiéu plasma 5 phut. Phuong phap nay 6n dinh, c¢6 do
l3p lai cao, nhanh (5 phut tong hop), an toan va than thién véi méi truong, khong
can str dung chat khtr hay chat bao vé bé mat.



2- Ché tao duoc dé SERS v&i do nhay cao, d6 on dinh va 1ap lai cao thong
qua tién xir Iy bang cong nghé plasma lanh. Qua4 trinh tién xt 1y dé kinh gitip giam
d6 nham va ting niang lwong bé mat, trong khi xt 1y laser dam bao su ling dong
dong déu cia AuNPs. Két qua cua viéc plasma jet xir Iy giup bé mat dé SERS tro
1én sach va ting gid tri tiép xuc giot nudc giup cac hat nano kim loai vang c6 thé
trai déu trén bé mat dé hon. Dong thoi, dé SERS c¢6 cuong do Raman ting gap 11
lan, dong nhat trén toan bo bé mit va kha nang tai st dung 1én dén 10 chu ky. Bé
SERS dat hé sb ting cuong (EF) khoang 3x10% véi R6G va gidi han phat hién
(LOD) 1072 M. Ung dung dé SERS trong phat hién amoxicillin cho thay pham vi
phat hién tuyén tinh tir 1073 dén 10™° M véi R2 = 0,98 va LOD 14 9x1071° M.

3- Trong nghién ctru kich thich nay mam, tia plasma jet da lam tiang hé sd
nay mam gap 11 lan sau 12 gid va chiéu dai cdy mam gan 3 lan sau 96 gio. Ning
lugng plasma t6i wu cung cap cho mdi hat 1a 0.08 Wh, véi nong do NO tir 20-95
ppm. Hon nita, xir Iy plasma cai thién dang ké kha niang dinh w6t va tao ra cac vét
nit nho trén bé mat hat, gitp ting kha ning hap thy nudc. Két qua chiét tach va
phan tich hormone gibberellic acid (GA3) qua MS va NMR cho thdy NO trong tia
plasma c6 tac dung diéu hoa GAg, kich thich ndy mam va ting trudng cdy mam.
Phuong phap xt 1y ndy 6n dinh, c6 d6 1ap lai cao, an toan va than thién véi moi

truong.

4- Dung dich Methyl blue c6 néng d6 30 ppm, thé tich 20 ml, di duoc phin
hity hoan toan trong 55 phut bang xt Iy plasma. Cac thong sé xir 1y t6i uu duoc xéac
dinh gém: dién ap dau vao U = 12V - DC, tan s f = 33 kHz, téc d6 khi 1 lit/phut,
va khoang cach tir dau chiéu plasma dén bé mat dung dich 14 0,5 cm. Sau khi xt 1y,
chi s COD (Chemical Oxygen Demand) cua dung dich 1a 42,52 mg/l, nim trong
ngudng cho phép (chi s6 COD tbi da 1a 75 mg/l cho nudc thai dét mau cong nghiép
theo QCVN 13-MT:2015/BTNMT).



CHUONG 1: TONG QUAN VE CONG NGHE PLASMA LANH

1.1. Giéi thiéu vé plasma

1.1.1. Dinh nghia plasma

Plasma 1a trang thai tht tu cua vat chat, bén canh ba trang thai quen thudc 1a
ran, long va khi (Hinh 1.1). Trong plasma, cic nguyén tir hoic phan tir bi ion hoa,
nghia 14 chung mét hoic nhan thém electron, din dén sy hinh thanh cua cac ion
duong, ion am va electron tu do. Sy hién dién cia cac hat mang dién nay lam cho
plasma c6 tinh dan dién cao va kha ning phan tng véi tir trudng, mot dic tinh doc
dao khong xuat hién & cac trang thai vat chat khac. Plasma duoc coi 1a mot hé tya
trung tinh toan thé (quasi-neutral) c6 chira cic electron ty do, cc ion, cac nguyén tir

va hat trung tinh.

Hoi nudc Khiion hoa

o

Sotk

@ Phantr ® @ lons * Electron

Gia tang nhiét
Hinh 1.1. Céc trang thdi cua vat chdt tir ran, long, khi dén plasma bang cdch gia
tang nhiét do, Voi cac vi du twong ung bang da, nuwoc, hoi nwdc va khi bi ion hoa
(nguon internet).

Plasma c6 thé duoc tao ra thong qua nhiéu phuong phéap khac nhau, bao gdbm:

« Gia nhiét khi dén nhiét d6 cao: Khi nhiét do ting, ning lwong cung cap du dé
pha v lién két electron trong nguyén tir, tao ra ion va electron tu do.

« Ap dung dién truong manh nhu phong dién (electrical discharge): Pién

truong co thé tach electron ra khoi nguyén ti.



o Su dung buac xa: Buc xa nang lugng cao: nhu tia UV, tia X, hoac tia laser
cling c6 thé ion hoa khi.

Trong ty nhién, plasma xuat hién ¢ nhiéu hién tuong quen thudc nhu sét, cuc

quang, va dic biét 1a trong cac ngdi sao nhu Mat Troi. Trén thuc té, plasma chiém

phan I6n vat chit trong vii try, tir cac dam may khi giita cac vi sao dén cac ving

nong trong 101 sao.

3 . N A ”44 \ l;
Hinh 1.2.7 th’ng vi du dién hinh vé plasma trong tu nhién: mat troi, tia sét trong
khi quyén va ho quang plasma trong cong nghiép han, cat va gia cong vat lieu
(nguon internet)

Chéatdan
ranvalong T
Lo1 mat troi
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Hinh 1.3. Téng guan Vvé cdc logi plasma kﬁdc nﬁau theo cac thong s6 mdt do
electron va nhiét @¢ (1 eV ~ 11.600 K véi hang sé Boltzmann kg = 8.61733 %107
eV/K) [1].



Mot trong nhimg dic diém dic biét cua plasma kha ning dan dién. Tuy
nhién, trén quy mo téng thé, plasma la trung hoa vé dién, vi s lugng céac dién tich
duong va am 1a trong duong. Do d6, ngon lira dugc tao ra boi viéc dt sap nén két
hop vai oxy tir khong khi — mot vi du dién hinh cta plasma bi ion héa rat it — c6 thé
dan dién. Téng guan vé céac loai plasma khac nhau theo cac thong sb mat do
electron va nhiét d6 duoc biéu thi trong Hinh 1.3.

Gia tri ctia mat do va nhiét do (dong ning) cua electron - hai trong sb cac
thong s6 chinh dac trung cho plasma - ¢c6 pham vi rat rong. Mat do electron co thé
dao dong tir 1 electron/cm? dén 10% electron/cm?; nghia 1a, n6 tham chi con I6n hon
mat d6 electron trong kim loai. Mat khac, quang duong tu do trung binh cuia cac hat
trong plasma, tirc 1a khoang cach trung binh ma mét hat di chuyén truéc khi va
cham voi hat khac trong plasma, c6 thé dao dong tir hang chuc triéu km dén chi vai
micron. Pac trung cua plasma la cac hat mang dién c6 nang lugng cao, c6 kha nang
twong tac manh véi nhau cling nhu véi cac phan tir bén ngoai. Dya vao hai déc tinh
quan trong la nhiét do va mat do electron, plasma dugc phan loai thanh hai trang

thai la plasma nong va plasma lanh.

1.1.2. Phén logi plasma nong va plasma lanh
Céc tinh chat cua plasma phu thudc vao nhiéu yéu té nhu mat do ion hoa,
nhiét d6 va ap suat. Dya vao cac diéu Kién trén, plasma duoc chia thanh hai dang

chinh 1a plasma nhiét (plasma nong) va plasma lanh:

e Plasma nhiét dugc dic trung boi trang thai can bang nhiét dong gitta cac hat
C4u thanh ciia n6, nghia 13 cac ion va electron ¢ chung su phan bd ning luong
Maxwell-Boltzmann [2]. Trang thai can bang nay tao ra nhiét 46 dic trung cho
plasma, thuong dao dong tir hang nghin Kelvin (10* K) tro 1én. O trang thai
nhiét do cao nay, su va cham giira cac hat dién ra véi tan suit cao, gitp cho
qua trinh ion hoa hiéu qua va mirc d6 ion hoa cta khdi plasma rat cao.

e Plasma lanh dugc dic trung boi su mat can bang nhiét giita cac thanh phan,
khi nhiét do electron cao hon rat nhiéu so véi nhiét d6 cia ion va cac phéan tir
trung tinh [3]. O trang thai nay, nhiét do electron c6 thé dat hang nghin Kelvin
(10* K) trong khi nhiét do ion va phén tir trung tinh chi trong duong nhiét do
mdi trudng xung quanh (300 K). Pidu nay giup cho plasma lanh c6 kha ning
tuong tac hoa hoc manh do céc electron véi mic ning lugng 16n nhung van
gitt duoc nhiét do khdi thap.



Plasma lanh thuong xuat hién ¢ 4p suat thip (p < 133 mbar) trong céc 10
phan ung (reactors) c6 hinh dang khac nhau. Cac 10 phan ing nay tao ra plasma
thong qua dong dién maot chiéu (DC), tan sé vo tuyén (radio frequency), vi song
(microwave) hodc phong dién xung (pulsed discharge). Plasma lanh ciing ¢ thé
duoc tao ra qua phong dién corona va phong dién rao can di¢én moi (DBD) tai ap
suit khi quyén, sir dung cac xung c6 do rong tir 107 dén 107° gidy. Trong hién
tugng phong dién nay, duoc goi la CAP (Cold Atmospheric Plasma — plasma lanh
ap suét khi quyén), cac electron c6 ning lwong cao duoc tao ra nhd cac xung ngan,
khong c6 du thoi gian dé trao doi ning lwong véi méi truong xung quanh. Loai
plasma nay di dwoc tng dung rong rai, dic biét trong nhiéu linh vuc tir tong hop,
xur 1y vat liéu, nong nghiép, méi truong téi tng dung trong y sinh, va da gép phan
thuc day sy ra doi, ngay cang pho bién cua cac thiét bi thwong mai sir dung cong
nghé plasma lanh.

Hién nay, ca hai ky thuat plasma nong va plasma lanh dang dugc tng dung
rong rai trong nhiéu linh vuc khac nhau. Mét s6 @ng dung quan trong cuaa plasma
trong cong nghiép hién nay bao gom: cat plasma, an mon plasma trong nganh ban
dan, TV plasma, dén neon, magnetron, va nhiéu ung dung khac. Ngoai nhitng tng
dung phé bién di dugc biét dén, cong nghé plasma con 13 mot hudng nghién cau
tién tién va day tiém nang trén thé gigi, véi kha ning tao ra cic tuong tic va tinh
chat moi ddi véi nhiéu loai vat ligu. Cong nghé nay cé tiém nang tng dung Ion
trong cac linh vuc nong nghiép, y té, va moi trudng, dong thoi c6 phuong phap xir

1y don gian nhung hiéu qua cao va an toan vai ngudi Str dung.

Pic biét, cudc cach mang cong nghé 4.0, véi su két hop giita vat 1y, ky thuat
s6 va sinh hoc, khéng chi nang cao chat lwong cudc séng ma con thic day su phat
trién kinh té, trong d6 nganh cong nghiép ché tao linh kién dién tr dong vai tro quan
trong. Cong nghé plasma 1a yéu té then chét trong san xuat linh kién dién tur, dic
biét 1a trong ché tao mang mong va an mon vt liéu. Khoang 30% thiét bi trong nha
may san Xxuat chip ban dan st dung plasma. Plasma dugc ¢ng dung dé in mon
silicon, lang dong cac mang mong dién mdi nhu silicon dioxide va silicon nitride &
nhiét do thip, dong thoi gitp lam sach vat liéu ban dan va ché tao bang mach. Cac
ciu hinh phét plasma dwoc sit dung phd bién hién nay bao gom PE-CVD, MW-
plasma, RF-plasma, ICP-plasma va phtin xa (sputtering).



1.2. Cac thong sb vat Iy quan trong caa plasma

Plasma chtra nhiéu loai hat trung hoa va hat tich dién khac nhau. M6t nhom
cac hat gidng nhau trong plasma thuong duoc goi 1a mot "gbc hat" (species).
Plasma duoc dic trung phd bién boi cac thong sé co ban sau gom: mic do ion hoa,
nhiét do plasma va electron, tan sd plasma, do dai Debye va phan bd ning luong

cua cac hat.

1.2.1. Dj ion hoa
Thong s6 xac dinh mat do cac hat mang dién trong plasma 1a mic dd ion hoa
(degree of ionization) cua khi, biéu thj ty 1¢ phan trim cac hat trong pha khi bj ion
hoa. Do ion hoa, dugc dinh nghia 1a [4]:

q = lionization (pt 1.1)

n
trong d0: Nignization 1 mat do ion, n 1a tong mat do hat.

Pbi véi plasma duge duy tri trong phong dién ap suét thap, mic do ion hoa
thuong nam trong khoang tir 10°° dén 107, Tuy nhién, néu phong dién duoc hd tro
va giéi han bai mét tir truong bo sung, mie do ion hoa co thé dat gia tri 10 hoac
cao hon, chang han nhu trong plasma cong huong cyclotron electron (ECR plasma).

1.2.2. Nhigt dp plasma
Mot trong nhimg thong sb vat 1y xac dinh trang thai ciia khi trung hoa trong
can bang nhiét dong 1a nhiét d6, dai dién cho nang lwong chuyén dong trung binh
ctia cac phan tir trong hé. Plasma chira hdn hop céc hat co dién tich va khéi luong
khac nhau. O muc d6 xap xi dau tién, plasma c6 thé duoc coi 1a bao gom hai hé
théng nhiét dong: Hé thdng thir nhat chira cac electron. Hé théng thir hai chira cac
hat nang, bao gém nguyén tir hodc phan tir trung hoa va ion.

Céc electron nhan ning luong tir trudng dién, giup cung cap ning lugng cho
khoi plasma, sau d6 mat mot phan nang luong thong qua cac va cham dan hoi hoac
khong dan hodi voi hé théng cac hat ning. Cac hat ning mat ning luong ra moi
truong xung quanh thong qua buc Xa hoic trao doi nhiét voi thanh ciia budng chia
plasma. Do do, cac electron va hat nang trong plasma cé thé duoc coi 1a hai hé con,
mdi hé c6 can bang nhiét dong cuc bo riéng. Trong plasma, ion va electron c6 thé
duoc dac trung bdi cac nhiét do trung binh khac nhau la: nhiét d6 ion Ti va nhiét do
electron Te.
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Céc hat ning trong plasma c6 thé dugc dic trung bai nhiéu nhiét d6 khac
nhau cung mot lic, ngay céd khi khong co tu truong:

« Nhiét do khi Tyss: Ddc trung cho nang luong chuyén dong tinh tién cua khi.

o Nhiét do kich thich Teygjtation: Pac trung cho nang lugng ciia cac hat bi kich
thich trong plasma.

o Nhiét d6 ion hoa Tjn: Pac trung cho nang Iwgng ion hoa.

o Nhiét d6 phan ly Tgissociation: Pdc trung cho nang lugng phan ly.

o Nhiét do buc xa Tyagiation: Péc trung cho nang lugng buc Xa.
Can bang nhiét dong hoan chinh trong plasma chi ton tai khi tit ca cac nhiét

dd nay théa man phuong trinh:

Tgas excitation = lion = ldissociation = lradiation = le (pt 1.2)
Tuy nhién, trong thuc té, trang thai can béng nhiét dong hoan chinh kho co
thé dat duoc trong toan bo plasma vi nhiét d6 bic Xa Tragiation tai 10p ngoadi cua

plasma khong thé bang nhiét 6 bén trong plasma.

1.2.3. Nhiér d¢g electron

Trong plasma phi can bang nhiét dong, electron c6 nhiét d6 cao hon dang ké
S0 Vi cac hat nang. Do d6, nhiét do electron T, 1a mot trong nhitng thong sb quan
trong nhat dé mo ta trang thai cua plasma. Nhiét do electron duoc dinh nghia tir
dong nang trung binh cua electron theo cong thuc [4]:

_ 2Way

T, = 3 n (pt 1.3)

trong d6: Wy, 14 ning luong trung binh cua electron, kg 1 hing s6 Boltzmann.

Nhiét do electron anh hudong 16n dén cac qua trinh trong plasma, bao gom:

o Ion hoa: Xé4c suét ion hoa phy thudéc manh vao Te, do electron phai c6 du
nang lugng dé kich thich hodc ion hoa nguyén tir.

« Phan tng hoa hoc plasma: Nhiéu phan tmg héa hoc chi xay ra khi electron c6
du nang lugng dé pha v lién két phan tur.

« Ché do phong dién: Gia tri T, quét dinh loai plasma duogc tao ra, tir plasma
ap suat thap dén plasma 4p suat cao.
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1.2.4. Tan sé plasma

Tan s6 plasma la tan sb dao dong déng bo cua electron khi bi 1éch khéi vi tri
can bang trong plasma. Lyc hut giita electron va ion dwong tao ra dao dong dic
trung nay. Tan sd plasma quyét dinh tinh chat dién tir cia plasma: song dién tir c6
tan s6 thap hon tan sd plasma s& bi phan xa, khong truyén qua duoc. Vi vay, tin sb
plasma x4c dinh gidi han truyén song trong plasma, anh huéng dén che chin dién
tir, truyén thong vo tuyén ting dién ly, va tng dung trong cong nghé vi séng va

plasma nhiét do thép.

Tan s6 plasma cua electron duoc xac dinh bai phwong trinh [4]:

w, =e Te (pt 1.4)

EoMe

trong d6: n, 13 mat do cua electron (hat trén mét khdi), e 1a dién tich cua electron, &
13 hang s6 dién moi cta chan khong, m, 1a khéi lwong cua electron.

1.2.5. D¢ dai Debye
Lyc hat giita cac dién tich trai ddu va luc day giita cac dién tich cung dau
khién cho xung quanh mot hat mang dién tich cha yéu xuat hién cac hat mang dién
tich trai ddu. Piéu nay gitp che chan hat mang dién tich khoi tic dong cua trudng
dién xung quanh nd. Chiéu dai che chin dic trung cho plasma, tai d6 trudng tinh
dién giam di mot hé s 1/e, duge dinh nghia 1a d6 dai Debye. D dai Debye Apepye
dugc tinh theo cong thirc sau, trong d6 &, 1a hang sé tinh dién [4]:

kgT
/1Debye = /j_(;% (pt 1.5)

trong do6 & = 8.854x10*C/Vm 1a hang sé tinh dién; ks = 1.381x1072*J/K 14 hang s6
Boltzmann; e = 1.602x107*°C 1a dién tich cua electron; T 1a nhiét 6 plasma va n 1a
mat do hat.

Trong chiéu dai Debye, mot hat mang dién tich lién két voi mot sd hat
mang dién tich ¢ cyc tinh khac. Dé c6 tinh trung hoa dién hoan toan trong plasma,
do d6, h¢ s6 gidn nd ctia plasma Lyjagma phai I6n hon chiéu dai Debye: Lpjasma >

I—Debye
1.2.6. Phén bé ning lwong va déng luc hec electron

Phan bd van téc cua hat f (v) dugc dinh nghia 1a mat d§ hat trong khong

gian véan toc thoa man phuong trinh [5]:
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n(cm™3) = 4m. fooof(v)vzdv (pt 1.6)

trong d6 v 1a vén tdc; f(v) 12 ham phan phdi van téc (mét do trong khong gian van
tdc); n 1a mat do cua cac hat trong khong gian hinh hoc.

Néu gia dinh rang phan bd van téc cia cic electron trong plasma 13 ding
huéng, va tac dong ciia va cham khong dan hdi chi anh hudng nhu mot nhiéu loan
d6i v6i tinh dang hudng, va cac tic dong cua truong dién 1a khong dang ké, thi phan
bd van tdc 1a Maxwell. Phan b Maxwell gia dinh réng nhiét d0 cua cac electron
bang nhiét do cia khi, T, = T,

Ham phén bd ning luong Maxwell cho céac electron c6 thé viét thanh [5]:

-3 _

fw) =2.07w,, /Z.Wl/z.exp( ;/'SW) (pt 1.7)
trong d6 W,, la nang lugng trung binh cua electron. Nang lugng trung binh cua
electron lién quan dén nhiét do cua chung theo cong thuc:

Way = ZkBTe (pt 1.8)

Phan bé Maxwell chi 1a phép tinh gan ding thir nhat cho phan bd ning
lugng electron trong plasma do gia thiét don gian ban dau. Trong plasma 4p suét
thip, phan bd nay co thé thay thé bang gia dinh:

a. Pién truong yéu, bo qua va cham khong dan hoi, nhung nhiét do electron
cao hon nhiéu so véi ion: T, >> T,

b. Pién truong c6 tan sd du thip, nghia 13 thip hon nhiéu so véi tin sb va

cham.

c. Tan s6 va cham khong phu thudc vao ning lugng electron.

1.3. Plasma lanh

1.3.1. Khdi nigm va dic diém co ban cia plasma lanh
Plasma lanh (cold plasma) 1a trang thai ion héa mot phan cua khi, trong d6
nhiét d6 cua electron T, cao hon nhiéu so véi nhiét do cua ion va nguyén tir trung
hoa (T; = T,). Piéu niy c6 nghia 1a trong plasma lanh, mic du electron c6 ning
lugng cao, nhung méi trudng tong thé van & nhiét do thap gan véi nhiét do phong.
Plasma lanh c6 chira cac hat tich dién (electron, cac hat ion tich dién duong va am),

cac hat trung tinh (gc nguyén tir hodc phan tir) va trudng dién tir. Cac plasma nay
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cling phét ra birc Xa trai dai cac budc song trong pham vi hong ngoai, kha kién va
cuc tim. Nhin chung, mtrc do ion hoa trong cac plasma nhu vay la dudi 0,1% va
nhiét d6 khi cta ching twong di thap, thuong 1a dudi 100°C.

Plasma lanh c6 mot s6 dic diém quan trong, trong d6 dang chu ¥ nhét 1a
trang thai khong can bang nhiét dong. Electron trong plasma lanh c6 thé dat nhiét
do tir vai nghin dén hang chuc nghin Kelvin, trong khi ion va phan tir trung hoa van
duy tri nhi¢t o thép, gén véi nhiét do moi truong. Ngoai ra, plasma lanh c6 thé ton
tai & nhiéu murc 4p suat khac nhau, bao gdm ca 4p suét thap trong chan khong va ap
suat khi quyén, nho vay tro nén linh hoat trong nhiéu ang dung thuc tién. Mot dic
diém quan trong khac 1 hoat tinh héa hoc cao, do electron c6 ning lwong 16n c6 thé
kich thich hodc phan ly cac phan tir khi, tao ra nhiéu goc ty do c6 tinh phan ng
manh, gop phan vao cic qua trinh hoa hoc dic biét nhu khir trung, xir Iy bé mit va
phan hay chat 6 nhiém.

1.3.2. Pic tinh vt Iy ciia plasma lanh dp sudt khi quyén

Plasma lanh khéng can bang & ap suat khi quyén (plasma phi nhiét) da duoc
nghién ctu tir thé ky 19. Cac phuong phap phong dién nhu phong dién rao can dién
moi (DBD) va corona da dugc st dung rong rai trong cac ung dung nhu tao ozone,
loc khi, két tga tinh dién, dét chdy va chirc ning hoa bé mat vat liéu trong nhiéu
thap ky [6]. Plasma khi quyén khéng can hé théng chan khong phuc tap, vi vay nd
1a giai phap thay thé tiét kiém cho plasma ap suat thap. Trong plasma lanh, dong
ning trung binh cua electron cao hon rat nhiéu so véi nhiét do cua khi (T, >> Ty).
Trang thai khong can bang nay dugc duy tri nho vao toc do truyén nang luong tir
dién truong dén cac electron nhanh hon rat nhiéu so voi qua trinh va cham ning
lugng giira electron va cac hat ning. Qua trinh va cham nay dién ra cham hon vi su
khac biét 16n vé khéi luong gitta electron va hat nang.

Qua trinh phong dién plasma xay ra khi mot loai khi dugc cung cap du nang
lugng nhiét dé cac nguyén tir ciia nd va cham Vi nhau va danh bat cac electron cia
chung; qua trinh nay duoc goi 1a ion hoa. Dé lam mét chat cach dién nhu khi tro
nén dan dién, can ap dung mot dién ap cao hon dién ap danh thung cua vat liéu do.
Dién ap danh thung caa mot loai khi tuan theo dinh luat Paschen, dugc mo ta bang
phuong trinh sau [5]:

_ Bpd
B In(4pd)-In[In(1+. )]

(pt 1.9)

Vg
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trong d6 V 1a dién ap danh thung (don vi tinh Volt), B 1a hang s6 lién quan dén ning
luong kich thich va ion héa, p 1a 4p suat (don vi tinh 1a Pascal - Pa), d 1a khoang
cach khe ho (don vi tinh mét — m), A 1a hé sb ion hoa bio hoa trong khi, va ys 1a hé
s6 phat xa electron thi cap.

Dua trén phuong trinh trén, c6 thé suy ra rang dién ap danh thang phu thudc
vao khoang cach giita cac dién cuc va ap suat. Do dé, can ap dung maot dién ap 1on
(vai kiloVolt - kV) dé kich thich phéng dién plasma trong diéu kién ap suat khi
quyén. Hinh 1.4 minh hoa diéu kién dénh thing tuong tu cia cac loai khi khac nhau
khi thay ddi ap suat va khoang cach phéng dién [7]. Cac khi tro nhu argon, neon,
heli, nito thuan loi cho plasma khi quyén nho dién 4p danh thung thap (vi du: khong
khi 30 kV/cm, argon 6 kV/cm). Plasma phat sang va tao hat phan (ng, gdy mat ning
lwgng nén can nguon dién ap cao, 6n dinh dé duy tri. Cac phuong phap tao plasma
pho bién gdm xung DC, dong xoay chiéu tan s6 cao (kHz), phong dién xoay chiéu
tan s6 vo tuyén (RF), vi song, cling v6i chum electron hoic laser kich thich plasma.

10°¢

— Ar

A———

10? |

Vi (Valt)

10

2 1
107! 10° 10° 10° 10°
pd [Torr cm]

Hinh 1.4. Puong cong Paschen thu diegc cho heli, neon, argon, hydro bang cdch
st dung biéu thite cho dién dp danh thing nhw mét ham cia cdc tham sé A, B [7].

Thang thoi gian cac qua trinh va cham va van chuyén trong plasma khong
can bang ap suat khi quyén trai dai hon 12 bac do 16n (Hinh 1.5). Va cham electron
xay ra trong pico — gidy (ps — 10™s), con phong dién, kich thich, phan tach va ion
hoa trong nano — gidy (ns — 10™%s). Mat d6 va cham cao khién thoi gian nghi ngén,
gitip dong hoc electron nhanh cin bang véi dién trudng tuc thoi.
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Hinh 1.5. Thang thoi gian Cia cdc qud trinh va cham va chuyén doi 6 lién quan
trong plasma ap suat khi quyén [5].
1.3.3. Cdc ciu hinh hé phdt plasma lanh dp sudt khi quyén

Plasma c6 thé dugc tao bang nhiéu nguon nang luong ion héa khi nhu dién
nang, nhiét, quang (tia UV, laser), phong xa (gamma) va tia X. Tuy nhién, plasma
lanh 4ap suat khi quyén chii yéu dugc tao bang truong dién hoic dién tir. Dudi day 1a
mot s6 cau hinh chinh cua hé sir dung dé tao plasma lanh ap suat khi quyén, bao
gom:

1.3.3.1. Phong dién corona

,,.l

- Pién cuc
mang dién
Ngudn - \ o
dien [
re /l\ Plasma
| Diéncycnsidat |
J

Hinh 1.6. So dc?‘ mé ta cau hinh tao phdong dién corona va anh chup phéng dién
corona nhiéu dau xung dwoc thur nghiém tai Phong thi nghiéem LAPLACE-PRHE
(Phap) [8].

Phong dién corona (corona discharge) (Hinh 1.6) 1a cach tao plasma lanh don
gian nhat, khi dua mot dién thé cao ap dat nén mat dién cuc c6 hinh dang nhon, tao
ra mot dién truong manh xung quang dau nhon cua dién cuc va dan téi su ion hoa
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cuc bo cua khong khi hoac khi xung quanh [9]. Qua trinh nay tao ra mot ving
plasma nho c6 tinh cuc bg, chi yéu bao quanh dién cuc. P sang yéu tir ving
plasma sat v6i dién cuc gidng nhu vuong mién, day chinh 1a ngudn gbc tén goi cua
“corona”. Phong dién corona dugc ung dung trong xu Iy bé mat vat liéu, phit mang
mong, khic (etching) trong cong nghiép ban din hodc xtr 1y phan huy chat thai
trong nude. Nhuge diém cia phong dién corona 1a ving plasma han ché, kha ning
xtr 1y khong dong déu va cé thé giy ton hai dén mot sé déi tuong. Ngoai ra, phong
dién corona c6 thé gay dn mon dién cuc nhanh sau mot thoi gian st dung dan toi
kho kiém soat cuong do phong dién dé tao plasma do dién cuc bi bién doi (tac dong

cua an mon dién cuc).

1.3.3.2. Phéng dién hé quang trueot

" Ong phat Ngudn
dién

)

Puong
déin khi

Pién
cyc
Panh dién i if
quang vk Hat gidng

Hinh 1.7. So dé cdu hinh phéng dién ho quang trugt va anh chyp plasma ho quang
trieot hinh thanh giita cdc dién cuc, Cdu hinh nay dwoc img dung dé xit Iy hat giong
[10].

Phong dién ho quang truot (gliding arc discharge) hoat dong bang cach duy tri
hd quang dién gitra hai dién cuc (thuong hinh chit V hoic song song) trong khi phat
plasma (Ar, N5, O,...). Khi dién 4p cao dugc dit 1én, ho quang hinh thanh gan nhat
gitta dién cuc va bi kéo dai, di chuyén doc theo dién cuc nhd dong khi thoi (Hinh
1.7) [10]. Chu trinh nay 1ap lai khi hd quang tat do mat 6n dinh. Nhuoc diém 1a
dién cuc bi an mon theo thoi gian. Tuy nhién, hd quang kéo dai giup tang tiét dign
plasma va tao d¢ an toan cao do vi tri di€n cuc xa vat can Xir ly. CAu hinh nay phu
hop tng dung nong nghiép (xtr 1y hat giong, bao quan thuc pham) va y té& (khir
trung, diéu tri vét thuong).
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1.3.3.3. Phéng dién rao chdn dién méi

Dién tr& < Diéncuc

%" —— < Lopcéch
Ngudn dién AC digh

dién ap cao 5 Pién cuc
fpoa0 | :

(a) Danh dién manh (b) D4nh dién cudng dd binh thudng (c) Dénh dién yéu

Hinh 1.8. So' d6 mé6 ta cdu hinh phong dién rao chdn dién méi — DBD (hinh bén
trai) va anh chyup plasma vdi cdac ché do phat (a) manh, (b) trung binh, (c) yeu (hinh
bén phdi). Anh ldy tir website ciia cong ty ACS Material LLC chuyén cung cap cac
nguon plasma.

Pay 1a mot trong nhitng dang plasma lanh khi quyén phd bién nhat. Cum tur
“DBD” (Dielectric Barrier Discharge - DBD) dinh nghia c4u hinh phat, trong d6 sy
phong dién bi chan bai mot 16p dién moi. Plasma duoc tao ra giira hai dién cuc song
song: mot hoac ca hai dién cuc duoc phu 16p dién moi hoac c6 mot 16p dién moi &
gitta (Hinh 1.8). Vi vay ca dong dién va dién tich chuyén doi s& bi gigi han va c6
thé kiém soat duoc. Nhd d6 phong dién DBD s& han ché duoc toc do dn mon dién
cuc SO0 V6i phong dién corona. DBD c6 uu diém: thiét ké don gian, linh hoat trong
viéc chon loai khi va kich thuéc dién cuc, ciing nhu kha ning tao plasma dong déu
[6]. Thiét bi nay c6 thé hoat dong & nhiéu mic ap suét khi khac nhau voi khoang
cach dién cuc c6 thé diéu chinh tir 0,1 cm dén vai cm [11].

Dic tinh vat liéu dién moi anh hudng dén sy 6n dinh va thong sé phong dién
dién moi (DBD). Trong d6 hé s6 cach dién, hang s6 dién moi, nhiét do van hanh va
dic tinh co hoc 13 quan trong. V4t liéu cho 16p dién moi nay phé bién bao gém: thay
tinh, thach anh, gom s, polymer. Panh thing khe DBD thuong 1a kiéu dong
(streamer), 16p dién moi lam ting cudng do dién truong do hang sé dién moi cao
hon khong khi. Lop dién moi day tang do bén cach dién nhung can dién ap cao hon,
nén phai can bang do day va dién ap. Vi dy, voi DBD tam song song géom hai 16p
kinh (¢e=4) day 3 mm, khe h& 4 mm, dién ap 25 kV, cudong do dién trudong trung binh
1a 25 kV/cm, nhung trong khe hd co thé 1én t6i 45 kV/cm, vuot ngudng danh thing
khong khi (30 kV/cm).

Sau khi danh lira phong dién, trong mdi nira chu ky cia dién ap xoay chiéu
(AC) hoic xung lip lai, dong dién DBD s& tao ra nhiéu xung vi phong dién khong
déu, twong Gng Véi cac kénh dong dién mong ndi gitra cac khe ho (Hinh 1.9) [6].
Mbi xung kéo dai vai nano gidy, c6 ban kinh 100-200 pm va mat d6 dong 100
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1000 A/cm2. Cong suat DBD duoc dic trung bai s6 kénh vi phong dién mdi gidy,
nhung tinh cong suit trung binh qua cic xung nay kha phic tap.

NrQ N
Pinh lWira
Lopdibnmel _  p— =5
-
Kénh dénh .
dién nhé —_— g RI{f)
) -
Lép dign méi ——
em——] o oy
\ Cd
_1 ' pigncue

Hinh 1.9. So' @6 mé ta mét kénh phong dién micro trong DBD va mot mach dién
twong duong don gian [6].

Mot phuong phap don gian hon dé xac dinh cong suét trung binh cua plasma
c4u hinh phat DBD 1a dya trén duong cong dién tich - dién 4p (Q-V) bang cach st
dung hinh Lissajous, nhu duoc dé xuat boi [6]. Bang cach thém mét tu dién ndi tiép
Vv6i cau hinh DBD, dong dién phong dién tich phan theo thoi gian sé& ty 18 véi dién
ap do duoc trén tu dién nay. Cong suit trung binh cua phéng dién c6 thé duoc tinh
theo cac phuong trinh (pt 1.10 va 1.11), nhu minh hoa trong Hinh 1.10, v&i mot vi
du vé duong cong Q-V cua Lissajous [12].
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Hinh 1.10. Mt vi du vé hinh Lissajous dé tinh cong sudt trung binh ciia phéng dién
micro trong DBD plasma [12].
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1.3.3.4. Phéng dién tia plasma dp sudt khi quyén

Plasma jet (tia plasma) 1a mot khai niém rong bao gém nhiéu ciu hinh khac
nhau, nhung déu c¢6 chung nguyén 1y hoat dong 1a phong dién khi trong mot hé dién
cuc “moé” va phat xa cac hat plasma vao méi truong xung quanh [13]. Cac thiét bi
plasma jet ban dau thuong 1a ho quang nhiét, duoc st dung trong cac tng dung cat,
han va cac k¥ thuat gia cong vat liéu khac. Trong 20 nim gan ddy, sy quan tam dén
plasma jet ngay cang chuyén hudng sang cac tia plasma lanh & ap suét khi quyén
(APNPJs - Atmospheric pressure plasma jets) [14]. Pic diém ndi bat cia cau hinh
nay 13 kha ning phong plasma on dinh vao mot méi trudng riéng biét, noi ma
truong dién co thé rat thap. Piéu nay cho phép ddi tuong dwoc xir 1y khong con can
phai bi gigi han trong thiét bj nguon plasma (d6i twong duoc dit gitra khe phong
dién). Do do, plasma jet c6 thé dugc sir dung dé xir 1y truc tiép nhiéu d6i twong
khac nhau ma khong bi gigi han vé kich thudc xir Iy. Mit khéc, su tach biét khong
gian giita ngudn plasma va vung phat plasma twong tac véi ddi tuong cho phép linh
hoat hon trong thiét ké ngudn, giup diéu chinh va kiém soat ca dong luc hoc plasma
va hoa hoc phan tng [15].

A V’ong dién cyuc B
6ng dién m6i 6ng dlén i R
\
ng khi__ Ong R —
Ngudn dién Plasma jot Ngubn e Pasmaie
one::urc Ongdign mdi vong dién cye 9‘5"‘7'«“ Ong dign méi
l___ A Ongkhi L v
Ong khi — " . f—i;*‘f
C & Cdié Plasma jet D é Ngudn dign Plasma jet
Nguén dién

Lép cach Vongdiéncyc

dignj | i ' J

)
Plasma jet

Ngudn dién
Hinh 1.11. Cdc so do cau hinh phat tia plasma DBD [16].

Nhiéu cau hinh dién cuc khac nhau da dugc phat trién dé tao ra APNPJ. Theo
nghién cttu caa Lu va cac cong su [16], ho da phan loai cac cAu hinh nay thanh bbn
nhom: plasma jet khong co dién cuc va di¢én moi (electrode-less and dielectric-free
plasma jet), plasma jet DBD, plasma jet dang ban DBD va plasma jet mot di¢n cuc
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(single-electrode plasma). Trong d0, plasma jet DBD 1a c4u hinh twong d6i an toan
va 6n dinh. Hinh 1.11 minh hoa so db ciia plasma jet DBD. Chung c6 thé hoat dong
v6i ngudn dién xoay chiéu (AC) tan sé kHz, xoay chiéu tan sé vo tuyén (RF), Vi
song hodc ngudn dién xung mot chiéu (pulsed DC). Uu diém noi bat caa mot s cau
hinh APNPJ 14 ¢6 thé duoc van hanh bang ngudn dién mot chiéu (DC).

Kich thudc APNPJ rét linh hoat, duong kinh dong plasma c6 thé thu nho dén
micromet bang cach giam dudng kinh dng dién méi, gitip nghién ctru twong tac véi té
bao don 1&. Vi tng dung xt Iy khu vuc 16n hodc hang loat, APNPJ c6 thé di chuyén
trén bé mat hoic hoat dong theo day dng (1D hoic 2D). Hoat dong 6n dinh cua nhiéu
dng plasma doi hoi can bang dién 4p va dong dién trong mach diéu khién. Hinh 1.12
minh hoa hai vi du vé diy dng plasma 2D tao bai rit nhiéu du phat plasma jet.

Hinh 1.12. (A) Hé day ong 3x3 microjet hoar dong véi dp sudat He la 860 torr va
(B) Hé day 64 ong phat tia plasma trong cau hinh 8x8 va hoat dong Vi dp suat
He la 780 torr. Bién d¢ cua dién ap 20 kHz diéu khien mang la 0,88 kV rms [17].

1.3.3.5. Phéng dién tan so Radio (RF Discharge Plasma)

Phéng dién tan sé radio (RF plasma) hinh thanh khi dién truong xoay chiéu tir 1
MHz dén 100 MHz (thuong 13.56 MHz) duoc dit vao budng khi, khién electron gia
téc va cham va ion hoa khi tao plasma [18]. Hé théng RF plasma dung hai dién cuc,
mot cap dién RF, dién cuc kia ndi dat hoic ty do. RF plasma c6 mat do electron cao
hon plasma DC, nhiét d6 ion thap gitip bao vé vat liéu, va hoat dong & 4p suat rong
tir vai mTorr dén hang chuc Torr. N6 ¢6 thé van hanh theo ché do phong dién cam
tng (ICP) hoic dung khang (CCP) tuy thiét ké va &ng dung.

1.3.3.6. Phéng dién tan sé vi séng (microwave discharge plasma)
Phéng dién tan sb vi séng (microwave plasma) st dung soéng dién tir tn s
2.45 GHz dé kich thich electron trong khi, tao plasma qua qua trinh ion hoa trong
budng chtra [18]. Plasma vi song c6 mat do electron cao, nhiét do dién tir 16n nhung

nhiét do ion thap, giam tac dong nhiét 1én vat liéu va khong can dién cuc, tranh an
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mon va 6 nhiém. Plasma nay hoat dong linh hoat & ap suét tir rat thap dén gan khi
quyén va duoc tng dung rong rai trong ling dong mang mong CVD, phéan tich
quang phd, xtr Iy bé mat, khir tring y té va xir 1y chat thai. Pay 1a mot trong cic
phuong phap plasma lanh hiéu qua, phu hop véi nhiéu linh vuc cong nghiép va y té.

1.3.4. Twong tdc cia plasma lgnh véi bé mdt rin va léng

1.3.4.1. Twong tdc cua plasma lgnh véi bé mdt ran
Tuong tac gitra plasma lanh va bé mit vat ran bao gém su trao doi ning
luong va tac dong cua cac thanh phan caa plasma lanh (cac ion, electron, gdc tu do
ROS, RNS va phat xa UV) 1én bé mat vat liéu rin. Su trao d6i nay c6 thé dan dén
cac bién doi bé mat khac nhau nhu an mon, lang dong, chitc nang hoa bé mit, ciing
nhu giy thay doi trong chinh plasma. Tuong tac giita tia plasma lanh va bé mat vat
ran gay ra nhiéu dic diém va bién doi quan trong, bao gom [19]:

e H0 tro lang dong mang mong (Deposition): Cac thanh phan plasma tao 16p
mong Mai cai thién tinh chat nhu d6 bén, dan dién, khang héa hoc.

e Chuic nang hoa bé mat (Functionalization): Gan nhom chiac méi 1én bé mit,
thay d6i tinh chat hoa 1y nhu d6 wa nudc, d6 bam dinh, twong tac sinh hoc.

e Sira ddi cau truc va hinh thai: Thay d6i két ciu vi mo hoac tinh thé, tao cau
tric nano hodc thd rap ting dién tich va hiéu suit.

e Tai td chirc hoa hoc: Kich thich phan tng héa hoc, thay d6i thanh phan hoic
trang thai oxy hoa, nang cao 6n dinh va chiu mai mon.

e Ting cudng tinh din dién hodc cach dién: Piéu chinh dic tinh dién qua thay
d6i thanh phan hoic cau triic bé mat, tng dung trong dién tir va cam bién.

e Anh hudng 1én plasma: Tuong tac lam thay d6i mat do ion, nhiét do electron
va thanh phan plasma, tao su twong hd giita plasma va bé mit.

Nhitng bién dbi nay thuong gidi han & do sau vai micromet trén bé mat vat
licu, giup xtr 1y hiéu qua ma khong 1am anh huong dén ciu tric bén trong cua vat
licu duoc xir 1y [19]. Nho vay, plasma lanh 13 cong nghé wu viét trong xir Iy bé mat
vat liéu trong nhiéu linh vuc cong nghiép, y sinh va méi truong.

1.3.4.2. Twong tdc cua plasma lgnh véi bé mat chdt long
Tuong tac cua plasma lanh véi bé mit chat 1ong bao gom cac qua trinh trao
d6i niang luong va phan tng hoa hoc dién ra khi cac thanh phan plasma (ion,
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electron, gdc tu do, photon) tiép xtc voi bé mat hoic 16p mang mong chat l1ong. Cac

dic diém chinh cta tuong tic nay gom:

e Tao va lan truyén gbc phan ung: Plasma lanh sinh ra géc oxy héa va tu do,
khuéch tan vao bé mat chat long, kich thich phan tng oxy héa, phan huy hitu
co va khtr trung.

e Bién d6i hoa hoc bé mit: Thanh phan plasma thay d6i pH, oxy hoa phén tu
hoic tao hop chat méi trén mang bé mat hozc dung dich.

e Anh huodng tinh chat vat Iy: Plasma thay d6i do cing, dién tich va cdu trac
phan tir tai giao dién khi — 16ng, anh huong dén phan tan, hoa tan va tuong
tac chat.

e Ung dung xt 1y, khir tring: Plasma tiéu diét vi khuan, virus va loai bo chat 6
nhiém hiru co, v6 co ma khong dung hoa chét doc hai.

e Tac dong trén bé mat noéng: Phan tng cha yéu dién ra ¢ 16p bé mat hoic gan
bé mat do giéi han khuéch tan gc tu do va on dinh plasma trong khi.

Nho nhitng tinh chat nay, plasma lanh duoc Gng dung rong rii trong xur 1y
nuéc, khir tring y té, xir Iy thuc pham va cac qua trinh héa hoc xanh, mang lai hiéu

qua cao ma khong giy hai moi truong.

Vi cac nghién ciru trinh bay trong lun an thi vai tro cua cac gdc phan
trng 13 v6 cing quan trong. Cac nghién ciru vé sy twong tac cua plasma lanh ap
suat khi quyén (Cold atmospheric plasma — CAP) v&i cac té bao va mo sinh hoc
da chi ra rang tac dung cua CAP chu yéu dya vao trung gian 1a cac gbc tu do c6
chua Oxy (Reactive Oxygen Species — ROS) va cac gdc ty do chira nito
(Reactive Nitrogen Species — RNS) c6 kha nang twong tac — phan trng hoa hoc
duoc sinh tra trong chum tia plasma [20]. Cac gbc phan tng nay, bao gdom ca cac
phan tir va gbc chta oxy, chira nito (RONS), ¢6 vai tro chinh trong viéc dién ra
cac phan tng cua chum tia plasma lanh tdi cac d6i tugng khac nhau, bao gom:
khir tring bé mat va thiét bi y té, ting kha nang chita lanh vét thuong, liéu phap
diéu tri ung thu nham muyc tiéu va nhiéu ng dung khac trong da liéu, nha khoa
va ché bién thuc pham... [21]. Hiéu dugc sy hinh thanh, dic biét 1a thoi gian
séng cua cac RONS nay 1a yéu té rat quan trong dé toi wvu hoa hiéu qua va do an
toan cua plasma lanh trong cac ing dung khac nhau.
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Hinh 1.13. So d6 liét ké cdc thanh phan héa hoc tqo ra tai bé mdt va bén trong chat
long khi tia plasma twong tac voi dung dich.

Cac goc ty do chua oxy va chira nito (RONS) nay phan Gng trong chum
plasma lanh dugc dinh nghia 1 cac phan tir va goc khong 6n dinh chira oxy (O) va
nito (N), co6 kha ndng phan ung cao vdi cac phan tr khac trong vung lan can cua
chung [22]. Cac gdc nay dugc hinh thanh khi plasma lanh 4p suat khi quyén (CAP)
duogc tao ra trong cac loai khi chita oxy va nito, chang han nhu khong khi thuong
hodc cac hon hop khi cu thé (Hinh 1.13). Thuat ngit RONS 1a mét thuat ngix chung
bao gdom ca cac loai gbc tu do chaa oxy phan ung (ROS) va céc loai goc chua nito
phan ang (RNS). Cac vi dy chinh vé ROS duoc tao ra boi plasma lanh bao gom:
gdc hydroxyl (sOH), oxy nguyén tir (O), oxy singlet delta (O,(*D)), anion
superoxide (O,) va hydro peroxide (H,0,) [23]. Tuong tu, cic RNS noi bat bao
gom nito monoxit (NO), nito dioxit (NO,), nitrit (NO,), nitrat (NOz”) va
peroxynitrite (ONOQ™) [24].

Bang 1.1. Thoi gian song dién hinh ciia cic RONS chinh duoc tao ra boi Plasma lanh.

RONS Thei gian | Thei gian Cac yéu to anh | Tai
song dién | séng dién hwéng liéu
hinh (nwéc) | hinh (Pha tham

khi) khao

Géc hydroxyl (*OH) | ~nano giay | Ton tai ngan Kha nang phan [22]
ung cao
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Oxy nguyén tir (O) TN tai ngan | Ton tai ngan Kha nang phan [22]
ung cao

Oxy singlet delta ~ micro gidy | Ton tai ngan Kha nang phan [22]

(0,(*D)) dén mili {tng trong hé
gidy théng sinh hoc

Superoxide (O,) ~ gidy Ton tai ngdn | pH, Superoxide [22]

Dismutase

Hydro peroxide ~phtt dén | Ton tai twong | Nong do, Nhiét [25]

(H,0,) gio dbi lau do, Catalase

Nito monoxit (NO) ~ gidy dén | Ton tai ngan Nong do oxy, [22]
phut Chat quét

Ozone (O5) Kém 6n ~ phut dén gio | Nhiét do, Do am, |  [26]
dinh, ~ phut Luu thong khong
dén gio khi

Peroxynitrite ~gidy 6pH | Tontaingin | pH (6ndinhhon | [22]

(ONOO") sinh ly & pH kiém)

Nitrit (NO,") ~giddén | Tontaitwong | Do 6ndinhtrong | [25]
ngay d6i lau dung dich

Nitrat (NO3") ~giddén | Tontaitwong | Do 6ndinhtrong | [22]
ngay d6i lau dung dich

Vi muc dich thyuc té, cac RONS thuong dugc phan loai dya trén thoi gian séng
cua chung (Bang 1.1) trong hé théng sinh hoc hodc dung dich nudc [22]. RONS ton
tai ngin, chang han nhu *OH, O, O,(*D), O,, NO va ONOO", thudng c6 tudi tho tir
nano — gidy dén vai gidy do kha ning phan @ng cao cta ching [27]. Nguoc lai, cac
RONS t6n tai lau, chang han nhu hydro peroxide (H,0,), 0zone (O3), nitrit (NO,")

va nitrat (NO3”), ¢ thé ton tai trong vai phat dén vai gio, hodc tham chi 1au hon

trong cac diéu kién cu thé [25]. Hon nita, RONS c6 thé dugc phan loai dwa trén ciu

trac dién tr cua ching 1a gdc tu do, c6 mot hodc nhiéu electron chua ghép cap, hoic

khong phai gbc tu do, khong co electron chua ghép cip [22]. Cac loai va ndng do cu
thé cia RONS duoc tao ra bai plasma lanh khéng ¢6 dinh va bi anh huéng dang ké

boi cdu hinh ngudn plasma, cic thong sd hoat dong va méi trudng xung quanh.
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Mot loat cac k§ thuat phéan tich phuc tap co thé duoc sir dung dé phat hién va
dinh luong cac loai RONS da dang dugc tao ra boi plasma lanh. Quang phd
(Spectrophotometry) va do mau (Colorimetry) thudong duoc sir dung dé phat hién va
dinh lugng cdac RONS ton tai 1au, chang han nhu hydro peroxide (H,0,), nitrit
(NO,") va nitrat (NO3"), bang cach tan dung kha ning gy ra su thay doi mau sic
trong cac phan ung hoa hoc cu thé cua chung [28]. Cam bién dién hoéa
(Electrochemical sensors) cung cap mot phuong phap dé theo ddi tirc thoi RONS,
bao gom H,0, va NO,~, trong chat long tiép xtc véi plasma lanh [29]. Tuy nhién,
mot han ché tiém an cua cam bién dién hoa 1a can phai hiéu chuan dinh ky dé dam
bao do chinh x4c. Quang phd cong huong thuan tir dién tir (Electron paramagnetic
resonance — EPR) 1a mot ki thuat manh mé c6 kha ning phat hién cac RONS goc tu
do bing cach do cac dic tinh tir tinh dic trung cta ching [30]. Phd phat xa quang
hoc (Optical emission spectroscopy — OES) chu yéu duoc sir dung dé phén tich anh
sang phat ra tir chinh plasma, cho phép do ndng d6 oxy nguyén tir va cac loai bi
kich thich khac c6 trong pha khi [31]. Huynh quang gay ra boi laser (Laser-induced
fluorescence — LIF) 1a mot k¥ thuat quang hoc khéac thuong duoc str dung dé do mat
d6 cua céac loai ton tai ngan va co tinh phan tng cao, chang han nhu géc hydroxyl
(+*OH) va oxy nguyén tir, dic biét trong cac tia plasma [26]. Pho khoi (Mass
spectrometry — MS) co thé duoc sir dung dé xac dinh va dinh luong cac loai khi
khac nhau, bao gdm nito monoxit (NO), duoc tao ra bai plasma [32]. Quang pho
hap thu UV (UV absorption spectroscopy) duoc st dung dic biét dé do nong do
ozone (O3) duoc tao ra bai cac hé théng plasma lanh [32].

1.4. Ung dung ciia cong nghé plasma lanh ap suat khi quyén

Trong khoang mot thap ki gan day, plasma lanh dugc nghién caru manh mé
va ¢6 kha nang ¢ng dung vo cung rong rdi trong moi mat doi séng: vat lidu: tong
hop vat liéu nano [33], xu Iy bé mat vat liéu [34]; nong nghiép: kich thich nay mam
hat gidng [35-37], xt 1y thuc pham [38] dén ung dung trong phét trién nong nghiép
bén vimg [39, 40]); y té: diét vi rat, vi khuan [41], khir tring [42, 43], diéu tri ung
thu da [44], kich thich chita lanh vét thuong [45-47], phau thuat tham my [48, 49];
mai truong: Xt Iy nudc, dat [50] va xur 1y khi thai [51].

Tai Viét Nam, trong nhitng nim gan day, cong nghé plasma lanh da va dang
nhan duoC Sy quan tdm cua cac co so nghién cuu tai Viét Nam va dugc ing dung
trong nhiéu linh vuc. Tiéu biéu nhu: phong Cong nghé plama thuoc Vién Khoa hoc
Vat liéu [52-55]; Vién Vat ly [56] thudc Vién Han 1am Khoa hoc va Cong nghé Viét
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Nam; khoa Cong nghé, Truong PH Can Tho [57]; Trudong Pai hoc Su pham Ky
thuat TP.HCM [58], va Vién Cong nghé VinIT. Cu thé: Nhom nghién ciru cua TS.
Bui Nguyén Qudc Trinh, Truong PH Coéng nghé, PH Qudc gia Ha Noi
(PHQGHN) di ché tao thir nghiém thanh coéng cong nghé plasma lanh hoat dong
& diéu kién khi quyén thong thuong (AP plasma) trong viéc khir tring, bao quan
hoa qua - nim 2017. Nhém nghién ctru cia TS. Nguyén Vin Diing, Khoa Céng
nghé, Truong PH Céan Tho trién khai hudng nghién ctu tng dung cong nghé
plasma lanh xtr 1y nuéc sinh hoat va nudi tréng thuy san tai dong bang song Ciru
Long (PBSCL) trong khuén khé chuong trinh khoa hoc cong nghé ving Tay
Nam B6. Nhom nghién ctu cia TS. Tran Ngoc Pam, Truong Pai hoc Su pham
K$ thuat TP. HCM di thtr nghiém ché tao va nghién ctru thiét bi xu 1y khi thai
bang cong nghé plasma - nim 2017.

O Viét Nam, nhom nghién ciu cia TS. S Hoang Tung (Vién Vat 1y) noi
bat voi thiét bi plasma hd quang truot (gliding arc) dung trong diéu tri vét
thuong. Thiét bi dugc t6i vu cong suat dé khir tring hiéu qua trén vét thuong ho,
giam ton thuong mo khoe manh, d3 duoc thwong mai hoa va str dung rong rai tai
nhiéu bénh vién, danh gia cao vé kha ning lam lanh vét thuong. Tuy nhién, do
chi xur 1y chinh x4c dién tich nho nén chua phu hop tng dung diét khuan hay xu
ly moéi truong dién rong.

Trong néng nghiép, nhém GS. TS. Nguyén Qudc S§ (Vién Cong nghé VinIT)
tir 2022 nghién ciru plasma lanh ¢ng dung bao quan nong san, xir 1y hat gidng, diét
khuan thiy san. Nhom nghién ctu phét trién nudc hoat hoa plasma (PAW) kich
thich nay mam, ché tao 16 khir khuan plasma cong suat 16n véi nhiéu dau plasma jet
dé khtr trung toan than. Thiét bi tiéu thu nhiéu khi nén (Ar, N,) va dién ning, dan
dén chi phi van hanh cao. Mot s6 bénh vién ¢ Viét Nam, nhu Bénh vién Phu san Ha
Noi, cling thir nghiém plasma lanh trong sat khuan vét thuong, giap giam nhiém
trung va dau dén sau sinh.

Phan tiép theo sé& trinh bay mot s6 nghién ctru tng dung céng nghé plasma
trong cac linh vuc tong hop vat liéu nano kim loai, xir Iy hat giéng va xt Iy nuéc

thai nhuom c6 nhiéu lién quan téi cac nghién ctru di duoc thuc hién trong luan an.

1.4.1. Trong linh vuc tong hep vt ligu nano kim logi
Mot s6 hat nano kim loai pho bién da dugc tong hop bang plasma lanh da
dugc bao cdo trong cac nghién ctu gan day nhu: Ag [59], Ni [60], Fe [61]... Theo
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d6, bang 1.2 liét ké mot s6 nghién ctiru vé tong hop mot sé hat nano kim loai bang

plasma lanh.

Bang 1.2. Mot s6 nghién ctiu vé cac phuong phap plasma lanh ddi dé téng hop céc hat

nano kim loai.
Hat nano kim logi | Nguon phdt Plasma Tai liéu tham khdo
Ag Plasma tan so radio [59]
FeOy Plasma lanh 4p suat khi quyén [62]
Fe DBD plasma [61]
Cu Plasma lanh 4p suat khi quyén [63]
Pt DBD Plasma [64]
Ni Plasma lanh ap suat khi quyén [60]
ZnO Plasma lanh 4ap suat khi quyén [65]
Au Plasma lanh 4p suat khi quyén [66]

Bén canh do, plasma lanh duoc sir dung dé tong hop AuNPs. Frangois Reniers

va dong nghiép

[13] d4 tién hanh tong hop hat nano vang trong dung dich tién chat

HAUCI, bang phuong phéap plasma-dién phan két hop véi sir dung chat bao vé bé

mat polyvinyl alcohol (PVA).
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Hinh 1.14. a) Hinh anh phé hap thy L)V-Vis cua hat nano Au khi ¢é chat bao vé bé
mat (PVA) va khong cé chat bao vé bé mat, b) Hinh anh TEM cua cdc hat nano Au

tao ra khi ¢é chat bao vé bé mt.
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Theo d6, sau khi két thic thi nghiém nhom nghién ctru thu dugc AuNPs co
gia tri dinh phd UV-Vis 1a 535nm (dic trung cta Au). Hinh 1.14 13 hinh anh phé
hap thu UV-Vis (sir dung may do VWR UV-3100PC) ctia hat AUNPs ché tao khi c6
PVA va khong c¢6 PVA; dong thoi 13 hinh anh do TEM (str dung méy do a Philips
TEM/STEM CM20-Ultre TWIN) thiy duoc chinh xac kich thuéc cta hat nano hinh
thanh khi c6 PVA. Tuy nhién, phuong phép nay sir dung ky thuat dién phan véi thé
cao ap (~10 kV) giita dau phun plasma va dién cuc dit trong dung dich nén c6 thé
gdy nguy co thiéu an toan vé dién. Ngoai ra, dong dién dién phan cung vai plasma
chiéu vao dung dich 1am cho phan &ng khir tong hop hat nano vang xay ra vaoi toc
d6 rat nhanh, vi vy khé dé diéu khién kich ¢ hat va c6 d6 dong nhat thap.

V6i phuong phap tong hop hoa hoc trong dung dich, tuy theo diéu kién phan
tng (thoi gian, nong do dung dich tién chat) ma c6 thé thu dugce cac hat nano vang
Vdi kich ¢& va hinh dang khac nhau. Hinh 1.15 cho thay moi lién hé giira dinh phd
hap thu va duong kinh ctia cac hat nano vang, dua trén mét s6 nghién ctru da duoc

cong b [67, 68]. Khi kich ¢& hat cang to thi phd hap thu dich dan sang phia do va
do ban rong cua pho cling tang Ién.
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Hinh 1.15. Méi lién hé giita dinh phé hdp thu va dwong kinh ciia cdc hat nano
vang.
1.4.2. Trong x Iy hat giong va kich thich ndy mam
Mot vai loai hat gidng phé bién da dugc xir 1y bang plasma lanh di dugc bao
cdo trong nhirng nghién cuu trude day nhu: hat giéng ca rot, cu cai, lta mi, dau dd,
dd tuong, ngd [69-71]. LAy vi du cu thé cho tac dong cua plasma lanh 1én kha ning
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nay mam va phat trién cia hat giong: nghién ctru cua Hayashi va dong nghiép da
khing dinh tic dong tich cuc cua plasma lanh ddi véi hat ca cai trang [72].
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Hinh 1.16. Ti 1é nay mdam va dé dai mam cua hat cii cdi trdang chwa qua xir Iy va
da qua xu Iy voi plasma lanh [72].

Hinh 1.16 thé hién kha ning ndy mam va d6 dai mam cu cai tring sau 3 ngay
nudi trong, so sanh gitra hat dugc xir 1y bai plasma lanh va hat chua qua xir 1y. Cu
the, sau 3 ngay gieo trong, ti I& hat ndy mam sau xir Iy dat 90%, trong khi hat hat
chua xtr 1y chi dat 50%. P6i véi do dai mam, mam cua hat sau xu 1y ¢6 d6 dai hon
gap 1,8 1an hat chua xt 1y.

Mot vi du cho &ng dung cia plasma lanh d6i véi khir nhiém trén rau cu 1a
nghién ctru cua Bermudez-Aguirre va dong nghiép [73]. Xa lach, ca rét, va ca chua
bi nhiém vi khuan E. coli gay bénh dugc xir Iy bang plasma lanh, sau d6 duoc danh
gia ham luong vi sinh sau khi xtr Iy thong qua chi 6 mau caa Hunter. Mic do vi
khuan bj tiéu diét ti 1& thuan véi cudong do plasma. Mau sic caa san pham duoc Xir
1y khong bi anh huéng. Cau triic cta cac té bao vi sinh vat tiép xac vai plasma bi
haty hoai, mang té bao bi bién dang, bi gian doan va bi mat mot phan.

Bén canh d6, mét trong nhitng ang dung ndi bat nhat caa plasma lanh 1a xt 1y,
diét khuan cac san pham da qua déng goéi, mot trong nhitng van dé kho khan nhat
ctia cong nghiép ché bién thyc pham hinh 1.17. Dya trén nguyén ly phong dién dién
moi, plasma lanh dugc hinh thanh bén trong bao bi, truc tiép tac dong 1én thuc
pham bén trong, gitip diét khuan va gia ting thoi gian sir dung. Phuwong phap nay
khong lam anh hudng dén huong vi va ham lugng dinh dudng cua thyc pham, dong
thoi giam thiéu viéc sir dung chat bao quan.
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Mot nghién ciru khac cua Park va dong nghiép tap trung vao tac dong cua
plasma lanh ddi vé&i hat rau mui va hat ca rot [74]. Cac két qua cho thay cac hoat
chat H,0, va NO duoc tao ra boi qua trinh phong plasma 13 tdc nhan chinh gitp
tang cuong kha nang nay mam va sinh truéng cua hat gidng. Ngoai ra tac dong cua
plasma lanh ddi véi céac loai hat khic nhau ciing ¢ su khac biét. Hinh 1.18 so sanh
tac dong cua H,0, tao ra boi plasma lanh 1én ti 18 nay mam hat giéng ca rot khi xu
1y bang plasma lanh va khi khong qua xtr 1y.

 plruma

Hinh 1.17. Hinh bén trdi: Thir nghiém #ng dung plasma lanh dé diét khudn trén
hoa qud tai vién cong nghé Dublin, vieong quoc Anh. Sau 4 tuan, hoa qud diroC Xur
Iy bang plasma lanh khéng bi ndm moc so Vdi cach bao qudn théng thuong khong
qua Xxur Iy plasma. Hinh bén phai: Plasma lanh dwoc hinh thanh bén trong bao bi,

gitip diét khuan Ké ca cdc san pham da qua déng goi.
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Hinh 1.18. Tac dgng cua plasma lanh doi véi kha nang nay mam cua hat giong ca
rot; a) phan tram nay mam doi véi cac nong do H,O, khac nhau; b) hinh anh cua
hat sau khi gieo trong 24 va 48 gio; ) chi s6 nay mam cua hat [74].
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1.4.3. Trong X ly nwéc thai nhugm

Nudc sach 1a can thiét cho hé sinh thai, dé duy tri sy séng ciing nhu phat
trién kinh té xa hoi. Tuy nhién, sy bung n6 dan sb cing véi qua trinh cong nghiép
hoa nhanh chéng trén toan cau da san sinh ra mot luong nudc thai khong 16 gdy ra 6
nhiém nguén nudc nghiém trong va tac dong tiéu cuc dén mai trudng, hé sinh thai
va stuc khoe con nguoi. Trong sb cac chit gdy 6 nhiém nudc, thudc nhuém hitu co
va tong hop dugc st dung rong rii trong cac nganh céng nghiép nhu dét may, san
Xuat gidy, da gidy, ciing nhu cac linh vuc co khi va dién tir. Hién nay, mot sé
phuong phép xir Iy nuéc thai, dac biét 1a phan hay va loai bo cac thuéc nhuom hiru
co trong nudc, bang hoéa hoc, sinh hoc va vat 1y truyén thong van duoc ap dung.
Mic du vay, cac phuong phap nay déu c6 nhugc diém nhu tao ra cac san pham phu
nhu cin hoa hoc hoic chit rin vo co, khong hiéu qua déi véi mot sb chat 6 nhiém
hitu co c6 néng do rat thap va khong dé phan hay sinh hoc, khong kha thi vé mat
kinh té, hiéu qua quy trinh va tinh bén viing.

Trong nhimg nim gan day, cong nghé plasma xu Iy méi trudng ngdy cang thu
hat nhiéu sy quan tim cta gidi nghién ciru do tiém ning phan huy hiéu qua cac chit 6
nhiém va vi sinh vat ¢6 hai. Co ché xir 1y chinh 13 viéc tao ra cac gdc oxy héa va nito
héa manh (vi du: *OH, Os, H,0,, NOx...) trong plasma, gitip pha v& cac lién két hoa
hoc bén vitng cua nhiéu hop chét hitu co doc hai, nhu thudc nhuém [75], thudc trir
sau [76], hop chat duoc pham [77], ciing nhu bat hoat vi khuan va virus [78].

V& nghién ciru co ban, nhidu nhom khoa hoc trén thé gigi di tap trung phat
trién cac hé thong plasma khac nhau nham téi wu hoa hiéu suat xir Iy méi truong.
Chang han, cong nghé phong dién rao can dién moi (DBD) va plasma jet & ap suét
khi quyén da duoc sir dung dé xir 1y khi thai cong nghiép chira cac hop chét hitu co
bay hoi (VOC) (Hinh 1.19), NOy, SOx, hoac vi hat bui min [79].

Electron nang lugng cao NTP khu vu'c phéng dién

Khi (CH, + Ny) Khi ra

Hinh thanh géc tudo Phan ting gitta cac géc  San pham

Hinh 1.19. Phat trién buong phan irng phdng dién qua ban dién moi (DBD) plasma
dé phan huy khi methane.
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MGt s6 nghién ciru con cho thdy, khi két hop plasma véi cac chat xuc tac nhu
TiO,, CeO, hodc MnO,, hiéu qua phan huy cac chat 6 nhiém gia ting dang ké [80]. Muc
tiéu chinh cta nhiing cai tién nay 1a nang cao kha nang phan hity cac hop chat doc hai,
giam ti€u thu nang lugng va han ché tao ra san phém phu khong mong mudn.

Trong linh vuc xir Iy nudc, cong nghé plasma dugc ap dung dé phan huy cac
chat hiru co kho xtr 1y bang phuwong phéap truyén thong, vi du nhu phenol, khing
sinh, thubc nhuém cong nghiép hay cac hop chat perfluorinated (PFAS) [50]. Uu
diém ndi bat cua plasma so véi cac ky thuat oxy hoa nang cao khac (AOPs) la
khong doi hoi phai thém chat oxy hoa hay hoa chat phu trg, dong thoi khong gay
phat sinh 6 nhidm thtr cip. Cac gdc tu do sinh ra ngay trong qua trinh phong dién
dong vai tro pha v cau tric phan tr 6 nhiém, chuyén hoa chung thanh céc chat don
gian hon (nhu CO,, H,0, mubi vo co) hodc cac san pham it doc hai hon (Hinh
1.20). Hon nita, nhiéu két qua thyc nghiém da ghi nhan kha niang diét khuan hiéu
qua cua plasma, mé ra tiém ning ¢ng dung trong viéc khir tring nuéc cap va xir ly
nudce thai do thi, nong nghiép, y té.

XU ly nudc
thai cho
trong trot

Hinh 1.20. Ung dung céng nghé plasma lanh dé xir 1y nuéc.

Tuy da c6 nhiing nghién ctru (g dung plasma lanh dé xir 1y thuéc nhuém hitu
co tir nudc thai, nhung co ché phan hily, tuong tac va vai trd cia cac thanh phan
trong tia plasma véi thuéc nhuom hitu co van chua dugc 1am rd. Tir d6 ciing chua
tim ra duoc cac thong sé anh huong va téi wu duoc hiéu qua phan huy bang xir 1y
plasma lanh.
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1.5. Két luan chwong I

Chuong I cua luan 4n dd cung cip mot cai nhin tong quan sau sic vé cong
nghé plasma, bao gom:

1. Khai niém va dic diém: Plasma lanh 12 mot trang thai ion héa mot phan cua
khi véi nhitng ddc tinh ndi bat nhu nhiét d6 thap va kha niang hoat tinh hoa
hoc cao. Tinh chét phi can bang nhiét dong 1am ndi bat sy khac biét gitta
plasma lanh va plasma nong.

2. Cac thong sd vat 1y quan trong cua plasma: bao gom d6 ion hoa, nhiét do
plasma, nhiét do electron, tan sé plasma, d6 dai Debye va phan bd ning
lwong va dong luc hoc electron. Pay 1a nén tang dé hiéu rd hon vé cac dic
tinh va co ché hoat dong cua plasma.

3. Co ché hinh thanh: Cac c4u hinh tao plasma lanh 4p suat khi quyén, nhu
phong dién corona, phéng dién hd quang truot, phong dién rao chin dién
moi, tia plasma jet da duoc miéu ta chi tiét, kém theo nhitng vu nhugc diém
va linh vuirc ¢ng dung phé bién.

4. Gidi thiéu vé nghién ctu ung dung plasma lanh trong mot sé linh vuc tir vat
liéu (xtr Iy bé mat, tdng hop hat nano), néng nghiép (kich thich nay mam, bao
quan nong san) dén moi trudng (xir 1y khi thai, nude thai). Mdi ¢ng dung déu
dugc minh hoa véi cac vi du nghién ctru va két qua thuc nghiém dién hinh.

Nhu vay, cong nghé plasma lanh duoc xac dinh 1a mot linh vuc tién tién voi
tiém ning ung dung 16n. Chuong nay khong chi gigi thiéu vé plasma lanh ma con
nhan manh vai tro quan trong ctia nd trong trong tong hop vat liéu kim loai nano, xir
1y hat giéng va chat nhuém mau, va dua ra nhitng cdu hoi, huéng nghién ciru con
can phai 1am rd. Tir d6 1am ndi bat dugc muc tiéu cua luan an va cac cong viée duoc
thuc hién & cac ndi dung trinh bay tiép theo. Theo d6, boi nhimg wu diém noi bat
cua cong nghé plasma lanh, cling nhu nhitng &ng dung cta cong nghé plasma lanh
tai cac linh vuc nhu tong hop vat liéu nano, xir 1y hat giong va chat nhuém mau,
ndéng nghiép caa cac nhom nghién ciru trén thé gidi va trong nudc van con nhitng
khia canh cin 1am r& hon nhu: cac diéu kién nao gitp ché tao hat nano kim loai
vang c6 kich thuéc dong déu, tinh khiét va 6n dinh; tng dung cong nghé plasma
lanh trong phan huy chat nhugm mau trong nudc, co ché vat 1y hoa sinh cu thé nao
gitip kich thich hat gidng nay mam. Do vay trong luan an nay, nhom nghién cttu chii
trong vao viéc ung dung cong nghé plasma lanh trong ché tao hat nano kim loai
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vang, xir Iy bé mat vat liéu dé phat trién dé SERS, kich thich ndy mam hat gidng va
xtr 1y chat mau. Cac hudng nghién ciru nay déu tap trung vao viéc st dung plasma
lanh nhu mot cong nghé tién tién va than thién voi méi trudong, voi cac tng dung
trong nhiéu linh vuc nhu vat liéu, nong y sinh, va bao vé méi truong. Mbi lién hé
giita ba hudéng nghién ctru nay thé hién rd qua viéc tat ca déu lién quan dén viéc cai
thién cac déc tinh vat ly va hoa hoc cua cac vat liéu va sinh vat, tr 46 nang cao hi¢u
qua tng dung trong thuc tién. Cu thé, viéc ché tao hat nano vang khong chi ¢6 ¥
nghia trong nganh vat liéu, ma con hd trg phat trién cac cam bién sinh hoa nhay cam
Vv6i cong nghé SERS. Hudng nghién ciru Xt Iy hat gidng bang plasma lanh nham tdi
vu hoa sy nay mam, gop phan quan trong vao linh virc néng nghiép, trong khi do,
g dung plasma dé phan huy chat mau giap giam thiéu 6 nhiém méi truong, tao ra
mot hé sinh thai bén viing. Cac nghién ctiru nay khong chi co su két ndi chat ché veé
cong nghé ma con dong gdp vao viéc giai quyét nhimng thach thirc 16n trong céc linh
vuc nghién ctru va tng dung thuc tién hién nay.
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CHUONG 2: CAC PHUONG PHAP VA KY THUAT NGHIEN CUU

Chuong 2 cua luan 4n nay sé& trinh bay vé nguyén vt liéu va cic phuong
phap nghién ctru dugc sir dung trong qua trinh thyuc hién luan 4n. Cu thé, phan dau
chuong s& gigi thiéu cac hoa chat va dung cu thiét bi can thiét cho cac thi nghiém,
tiép theo 1a cac phuong phap nghién ctru chinh, bao gdm cac ky thuat ché tao
plasma lanh va cac phuong phap phan tich dic trung vat liéu nhu phd hap thu UV-
Vis, phd phat xa huynh quang (OES), tan xa Raman, kinh hién vi dién tir quét
(SEM), mot s6 phuong phap va ki thuat phan tich khac. Cac k§y thuat nay s& duoc
mo ta chi tiét vé nguyén 1y, thiét bi, va thong sb thuc hién, dam bao do tin ciy va
kha nang 1ap lai cua tirng két qua thi nghiém.

2.1. Nguyén vat liéu

2.1.1. Héa chit
Céc hod chét da sir dung trong thuc hién cac nghién ctru dugc liét ké & bang
duéi day, cac hoa chat nay c6 do tinh khiét va co do tin cay cao.

Bang 2.1. Cac hoa chat st dung trong cac nghién ctru dugc trinh bay trong lusn an.

STT Tén hoa chat Ki hiéu P tinh Khiét Xuat xi

1 E;J‘r’ét';') chloride HAUCL.3H,0 | > 95% Sigma Aldrich
2 Rhodamine 6G R6G > 95% Sigma Aldrich
3 Methyl blue MB > 95% Sigma Aldrich
4 Amoxicillin C16H19N305S > 98% Sigma Aldrich
5 Gibberellic acid GA; > 98% Sigma Aldrich
6 isopropanol C3HgO > 98% Sigma Aldrich
7 1,4-benzoquinoe Q > 95% Sigma Aldrich
8 Methanol CH3;0OH > 95% Sigma Aldrich
9 Acetone (CH3),CO > 98% Sigma Aldrich
10 Ethanol C,HsOH > 95% Sigma Aldrich
11 | Binh khi Ar Ar Do sach 9999 | Viét Nam

12 Binh khi N, N, Do sach 9999 | Viét Nam

13 Binh khi O, 0, D6 sach 9999 | Viét Nam

2.1.2. Dung cu thiét bj
Céc thiét bi va dung cu di duoc st dung trong qua trinh ché tao ciing nhu thi
nghiém duoc thé hién & bang 2.2 nhu sau:
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Bang 2.2: Cac dung cu va hé plasma jet str dung trong qua trinh ché tao AuNPs

STT Tén dung cu Xuét xi
1 S:Cn é)girrln t;,:h Scientech d6 chinh Vién Khoa hoc vat liéu
2 Thia cén, gidy can Vién Khoa hoc vat liéu
Thiét bi ly tam Vién Khoa hoc vat lidu
4 Ong ly tAm Vién Khoa hoc vat liéu
5 May khudy tir gia nhiét va con khudy Vién Khoa hoc vat liéu
tu
6 Nhiét ké Vién Khoa hoc vat liéu
7 Tu vi khi hau Vién Khoa hoc vat liéu
8 Gang tay cao su Vién Khoa hoc vat liéu
9 Dau loc dung dich hat nano kich Vién Khoa hoc vat liéu
thuoc <100nm
10 Cbc thi nghiém Vién Khoa hoc vit ligu
11 Silicon wafer Vién Khoa hoc vat liéu
12 bé thuy tinh Vién Khoa hoc vat liéu
13 Dia petri Vién Khoa hoc vat liéu
14 Bang dinh nhiét Vién Khoa hoc vat liéu
15 Kep kim loai Vién Khoa hoc vat liéu
16 Gia do thi nghiém Vién Khoa hoc vat liéu
17 May rung ria si€éu am Vién Khoa hoc vat liéu
18 T hut thi nghiém Vién Khoa hoc vat liéu
19 H¢ plasma jet cong suét 2-50 W Vién Khoa hoc vat liéu

Céc hé thiét bi sir dung trong khao sat ciu tric, hinh thanh, tinh chat va phan tich
mau sau khi ché tao xong duoc thé hién & bang 2.3:
Bang 2.3: Hé cac thiét bj khao sat cau tric, hinh thai, tinh chat va phan tich mau

duoc str dung

STT Tén thiét bi va thong sd Pon vi cung cap thiét bi

H¢ do quang phé hap thu UV- Vis dugc cau
1 |thanh boi nguén dén DH-2000-BAL va Vién Khoa hoc vat liéu
may quang pho USB4000 (Ocean Optics)

2 | Hé kinh hién vi dién tir quét phat xa truong Vién Khoa hoc vat liéu
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Hitachi S-4800 ¢ dién 4p ting toc 5 kV
(Nhat Ban)

Hé thiét bi do quang phd vach phat xa

3 IHR550 Vién Khoa hoc vat liéu

4 | Hé thiét bj kinh hién vi lyc nguyén tit AFM. Vién Khoa hoc vat lidu
May quang phé Raman HORIBA . 1A

5 XploRA™ PLUS Vién Khoa hoc vat liéu
Dau do dién 4p cua ngudn plasma Tektronix . N

6 P6015 (1000:1) Vién Khoa hoc vat liéu
Pau do cuong do dong dién plasma - e 1A

! Tektronix P6021A Vién Khoa hoc vat li¢u
Thiét bi may hién song Tektronix TBS1154

8 | gitp hién thi cuong d6 dong dién va tan so Vién Khoa hoc vat liéu
cua hé plasma jet
Thiét bj do phan bo kich thuéc hat va dign

9 | tich bé mat cua hat nano Zetasizer-Nano ZS Vién Khoa hoc vat liéu
(Malvern — UK).

10 Thiét bi do nhieu xa tia X - The EQUINOX Vién Khoa hoc vt liéu
5000 X-ray

11 | Thiét bi do luu lwong khi SMC Vién Khoa hoc vat liéu

2.2. Phwong phap nghién ciru

2.2.1. H¢é phat tia plasma lgnh (plasma jet)

Hé thong plasma jet sir dung trong nghién ctru dugc thiét ké véi ngudn dién
cao ap (khoang 2 — 6 kV) va tan sé cao (100 Hz — 80 kHz) tu ché tao dé tao ra
plasma. Nghién cru ché tao ngudn phat cao ap, tan sé cao di dugc cong bd trén tap
chi Journal of Military Science and Technology [81]. Ngudn cung cip dién ap cao,
tan s cao c6 thé didu chinh bao gdm 4 khéi chinh: mdt mach ngudn, bo diéu khién
chu ky 1am viéc PWM, bo tao tin sé cao PWM va mét bién ap dién ap cao. Chic

nang cua ting khdi nhu sau:

Mach ngudn (8-14 V) cung cip dién ap 6n dinh cho toan hé thdng.

Bo6 diéu khién chu ky 1am viéc st dung IC NE555 dé tao xung, diéu khién
hoat dong cuia khdi tao tan sé cao phia sau. Khdi nay cho phép hé thong van
hanh 6n dinh & ngudng cao cia dién ap dau ra (~6 kV) dong thoi gii han
dong dién qua mach, tranh lam qua nhiét cac linh Kién dién, dac biét la

transistor MOSFET.
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« Khéi tao tan sb cao st dung IC PWM SG3525 dé sinh hai xung tan sé cao
nguoc pha, diéu khién hai transistor MOSFET IRFP250 theo c4u hinh day—
kéo. Khéi nay tao ra dién ap vudng tan sd cao (vai trim V) dua vao dau vao
cua bién 4p dién ap cao.

« Bién ap dién ap cao dugc dung dé khuéch dai dién ap dau vao (vai tram V)
lén dién ap dau ra rat cao (~2-6 kV). Bién ap nay sir dung 15 ferrite, voi
(5+5) vong day so cap va 3000 vong ddy thi cap. Ldi va cac cudn day duoc
ngam trong dau cach dién nham ngin ngira tia ltra va ho quang dién.

Céu tric hé phat plasma bao gdm mot dng thach anh dai 2+12 cm, véi duong
kinh ngoai 4 mm va duong kinh trong 1,5 mm, hoat dong nhu mot vat li¢u dién moi
dé cach ly va bao vé dién cuc. Mot kim tiém bang thép khong gi dong vai tro 1a dién
cuc cao ap va duoc dit bén trong ong thach anh, trong khi mot miéng bang dinh
dong dugc dan bén ngoai dng dé lam dién cuc ndi dat (Hinh 2.1). Qua trinh tao
plasma dién ra khi khi Ar duoc thdi qua kim tiém, va plasma hinh thanh ¢ ving
gitra dau kim tiém va dién cuc dudi tac dong cua dién treong manh. Tia plasma co
thé kéo dai ra ngoai véi chiéu dai tir 1,5 dén 1,8 cm, tiy thudc vao tdc do dong khi.
Trudéc khi tién hanh qua trinh ché tao vat liéu, hé plasma jet can duoc khoi dong va
Kiém tra cac thong s6 k¥ thuat bang cach sir dung dau do dién ap Tektronix P6015
va dau do dong dién Tektronix P6022, két ndi véi may hién song Tektronix
TBS1154 dé do dién ap va dong dién. Cac thanh phan dic trung cta tia plasma lanh
c6 thé duoc do va tinh toan tir phé huynh quang cia plasma, thu duoc tir pho ké
iHR 550 nhu hinh 2.1D. Phép do phd huynh quang OES sé& duoc trinh bay cu thé
hon & phan sau.

Hé thdng tao plasma khi lanh ap suit khi quyén hoat dong dua trén nguyén ly
phong dién trong dong khi tro (khi Ar) dudi tic dong cua dién ap cao tan s cao.
Khi argon dugc dan tir binh chira qua dudng ong vao kim tiém inox, sau d6 di qua
ong thach anh — noi duoc bd tri mot dién cuc dong két ndi véi nguodn phat cao ap —
cao tan. Khi dién ap du I6n dwoc dit 1én dién cuc, dién trudng manh sinh ra s& ion
hoa dong khi argon bén trong 6ng, tao thanh plasma. Dong plasma nay sau d6 duoc
phun ra ngoai dudi dang mot tia plasma lanh (plasma jet) tai dau ra cua ong thach
anh. Cac thong sb dién nhu dién ap va dong dién trong qua trinh tao plasma duoc
giam sat thong qua cac dau do va may hién song (oscilloscope), trong khi phd phat
Xa cua plasma dugc phan tich bang thiét bi quang phé (spectrometer), gitip xac dinh

cac thanh phan hoa hoc va dic tinh vat 1y cua plasma duoc tao ra.
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Hé phat tia plasma lanh da ché tao dugc co nhitng dic tinh dic biét so véi
cac hé phat plasma DBD hay hd quang truot (gliding arc) nhu sau:

- Tia plasma phat ra c6 nhiét 46 khoang 25 - 29°C gan véi nhiét do phong
[81], phu hop cho tng dung tong hop vat liéu nano, xir 1y chat mau va kich thich hat
gidng nay mam.

- Cong suat va lidu luong (dosage) plasma c6 thé diéu chinh duoc dua trén
thay doi dién ap, tan s cua ngudn phat va khoang cach tir dau phat plasma dén doi
tuong can xir 1y.

- Cac thanh phan cua tia plasma nhu ty 16 ROS/RNS c6 thé diéu chinh dugc
dua trén thay do6i chiéu dai ciia dau phat plasma (nghién cttu vé sy phu thudc ndy sé
dugc trinh bay chi tiét trong muc 5.3.2 & chuong 5).

Q)
2

(3)

. Pudng dan
Thiét bi do nguoén Khi Ar

Ngudn cao ap tan
s6 cao

Ngudn chuyén
dién AC

Kim thép

/éng Thach Anh
i

Bang dinh déng ?“
L ‘
May quang pho iHR 550
Thiét bj do dong | e g o
Plas—maJet ‘ e " ’ B s J’ ‘J_ﬁjx
Hinh 2.1. (4) Cdc ong thach anh c¢é dwong kinh ong (bén trong), chiéu dai khdc
nhau va (B) cdc miii tiém kim loai ¢6 dwong kinh ong kim khéc nhau. (C) Pau
phat plasma jet ché tao dwoc. Plasma dwge hinh thanh & 3 vimg: (1) viing phong
dién ho quang giita hai dién cuee, (2) trong long ong thach anh va (3) bén ngodi
ong thach anh. (D) Thiét Idp hé phat plasma lanh va do ddc trung dién va quang.

2.2.2. Phé hdp thu UV-Vis (UV-Vis Absoprtion spectroscopy)
Phd hap thy UV-Vis 1a k§y thuat phan tich do su hap thu anh sang (anh sang
suy giam khi truyén qua dung dich) trong ving tir ngoai va kha kién (khoang 200-
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800 nm). Nguyén tir (ciia chat can do) hap thu photon va chuyén trang thai electron
to trang thai co ban Ién trang thai kich thich. Trong phuong phap nay, mdt chum
sang don sac tir ngudn sang (dén deuterium cho UV hodc dén tungsten-halogen cho
Vis) di qua dung dich mau dat trong cuvet thach anh hoac thay tinh. Hé don séic
(lang kinh — prisim hodc cach tir nhidu xa — grating) s& duoc sir dung dé quét ting
budc song va anh sang sau khi truyén qua mau dugce do bang detector (thudng 1a
photodiode hoic CCD). Bén canh d6, cac hé do phd hap thu UV-Vis thuong co khe
vao (entrance slit) ¢ anh sang trang duoc dinh hudng di qua nham tao ra chum tia
sang hep va tap trung; va khe ra (exit slit) dé chon loc chi c6 mot budc séng cu thé
di qua khe ra, giup kiém soat anh sang don sic (Hinh 2.2).

Dua trén dinh luat Beer-Lambert, nong @6 C cua chat hap thu c6 thé dugc
tinh tr cong thuc:

A=¢1-C (pt 2.1)
trong d6: A 1a d6 hap thu (Absorbance) do duoc, ¢ hé sé hap thu mol (Molar
absorptivity), | 1a chiéu dai quang hoc cua cuvet (thuong 1a 1 cm), C 1a néng do
dung dich (mol/L).

Bang cach do do hap thu A & budc song dic trung cua chat phan tich va sir
dung hé s6 hap thu ¢ tir bang dir liéu chuan, co thé xac dinh chinh xac nong d6 dung
dich. Ky thuat nay dugc trng dung rong rai trong phan tich héa hoc, y sinh, moi
truong va cong nghiép.

/ Méy don séc May nhan du‘heu\
N

—

P

Lang kinh

Khe h&
16i vao - ,
- Mau I
@uon sang /

Hinh 2.2. Nguyén Iy do phé hdp thu (nguon internet).

Pho hap thy UV-Vis cia AuNPs dugc do bang hé Ocean Optics do phong
nghién cau tu thiét 1ap, bao gom ngudn dén DH-2000-BAL, gia d& cuvet va may
quang phd USB4000. Hé nay dugc két ndi bing cac soi quang va st dung phan
mém Oceanview dé thu thap di liéu (Hinh 2.3).
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Nguodn den
May tinh
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thach anh

Soi quang

Thi€t bi c6
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Hinh 2.3. So do hé do phé hap thu UV-Vis do nhém nghién ciru thiét |ap. Anh dwoc
trich dan dua trén théng tin trén website ciia Ocean Optics (nguon internet).

Trong nghién citu nay, dya trén phd hap thu cua cac hat nano vang ché tao
bang phuong phéap plasma jet, va hé s6 hap thu & dd duoc cong bd Véi cac kich cd
hat khac nhau [68, 82, 83], chung t6i S€ tinh toan thu dugc kich cd cia hat nano
vang ché tao dugc. Cac phép do hap thy UV-Vis duoc thyc hién bang cach sir dung
cuvet thach anh co chiéu dai quang hoc (optical pathlength) 1a 10 mm véi thé tich
mau it nhat 13 300 pl.

2.2.3. Phé phdt xg hupnh quang (OES)

Phé phat xa huynh quang (Optical Emission Spectroscopy — OES) 1a ki thuat
phan tich nguyén té dya trén hién tuong huynh quang hoic phat xa anh sang cta cac
nguyén tir khi bi kich thich bdi mot ngudn ning luong cao, thudng 1a plasma, tia lira
dién, hoic hd quang. Khi nguyén tir hip thu ning luong, cac electron chuyén 1én
muc nang luong cao hon va khi quay vé trang thai co ban, ching phét ra buc xa dic
trung cua ting nguyén to.

Phuong phap do phd OES gom cac budc chinh: Mau dugc kich thich boi
nguon nang lugng cao. Nguyén tir hoic ion ciia mau phat xa anh sang tai cac budc
song dic trung. Anh sang phéat xa dugc phan tan boi mot hé thong quang hoc (cach
tr nhidu xa hoic lang kinh) dé tao phd. Detector ghi nhan pho phat xa, sau d6 phan

mém phén tich cuwong do tin hidu c6 thé xac dinh thanh phan va nong d6 nguyén to.
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Hinh 2.4. Anh chup hé phdt plasma jet dang hoat dong va thi nghiém do phé hupnh
quang dé xdac dinh cdc thanh phan tir hé phat plasma jet (nguon chup tai phong thi
nghiém cua Vién Khoa hoc vt liéu — VAST).

Trong nghién ctu nay, pho phat xa huynh quang cua tia plasma dugc do &
khoang cach 10 mm tir ddu phat va dinh huéng vao dau thu cua may quang phd
IHR550 (Horiba) (Hinh 2.4). Tat ca cac pho dwoc do véi thoi gian tich hop
(intergration time) 1a 0,1 giay va d¢ rong khe 1a 0,05 mm. Hai hé cach tir (grating)
duoc st dung: hé 150 ranh/mm véi d§ phan giai 1a 0,2 nm va hé 600 ranh/mm vai
d6 phan giai cao hon 1a 0,05 nm. Hai hé nay cho phép do dugc mot phd 'két hop'
trong pham vi tir 300 d&én 1200 nm. Ba lan quét lién tuc da duoc thuc hién va tinh
trung binh dé dwa ra mot pho phat xa.

Dé kiém tra thanh phan khi plasma tao ra khi sir dung ngudn phat cao ap tan s6
cao voi dau phat plama jet, pho huynh quang phat xa OES (Optical Emission
Spectroscopy) cuia plasma duoc thu boi dau thu bén ngoai 6ng thach anh. Hinh 2.5
1a ph6 huynh quang phét xa caa plasma jet trong khoang tir 300 - 1000 nm. C6 3
vung phé dic trung: Ving pho tir 700 - 900 nm 14 cac phat xa vach do cac chuyén
doi tir 2p' dén 1s' dic trung cua nguyén tir Ar. Cy thé, cac dinh huynh quang tai céc
bude song (696, 727, 826 nm) la do chuyén doi tir muc 2p?, cac dinh (706, 738 nm)
1a tr mic 2p%, cac dinh (763, 922 nm) 1a tir muc level 2p°, va cac dinh (912, 965
nm) 1a tr mic 2p™°. Trong ving gan tr ngoai & 300 - 400 nm la cc phat xa vach
ctia nguyén tir N,. Dudi sy phong dién hd quang cua plasma, cac phan tir nuéc &
bén thanh 6ng thach anh da bi kich thich thanh cac géc tw do OH va cho phat xa
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vach ¢ gan 300 nm. Pho huynh quang di cho thay cac thanh phan co ban tir tao tir
dau phat plasma jet khi hoat dong véi nguodn cao ap tan sé cao da dugc ché tao.

6
Ar

&
X 2y
¢ |OH
NG
< g
<«Q-
ko]
4
gaf N
O d‘ |

0 'JJ‘ ] LA “ “ll '8 TN

300 400 500 600 700 800 900 1000
Budc séng (nm)

Hinh 2.5. Phé huynh quang phdt xa ciia plasma jet trong khoang tir 300 - 1000 nm
do duoc tur hé phat plasma do nhom nghién curu ché tqo.

Qua khao sat véi toe do dong khi tir 300 dén 900 sccm cho thdy tia plasma c6
d6 dai on dinh, trong thanh phan phét xa c6 ddy du cac dinh dic trung ciia OH va
N,. Quang phd phat xa trong khoang rong tir 300 - 1000 nm da cho thay thanh phan
cac nguyén to tao ra boi hé phat plasma jet.

2.2.4. Phé tdn xg Raman

Pho tan xa Raman 13 phuong phap phéan tich mau khong pha hay dua trén
hién tuong tan xa khong dan hoi cta anh sang laser don sic. Khi laser chiéu vao
mau, phan 16n anh sang bi tan xa dan hoi (Rayleigh scatter) nhung mot lugng rat nho
bi tan xa khong dan hoi, tao ra cac budc séng dich chuyén (Stokes va anti-Stokes)
phan anh nang luwong rung dong (vibration energy) ctua phan tir (Hinh 2.6). Nhiing
dich chuyén nay tao thanh “dau van tay” hoa hoc (chemical fingerprint) dic trung,
cho phép xac dinh cau tric va thanh phan phan tir (nhu lién két C-C, C=C hay vong
benzen). Phuong phap nay cé thé sir dung dé phan tich dinh tinh va dinh lugng trén
cac mau ran, long, hay khi, dac biét trong phan tich vi mo véi d6 phan giai khong
gian tr 0,5 dén 1 pm. DBé do pho Raman, ta chiéu mot chum laser cuong do cao vao
mau, thudng chon budce song thich hop (nhu laser Nd: YAG 532 nm, He-Ne 633 nm,
laser diode, hozc laser hong ngoai 1064 nm) nham han ché hién twong huynh quang
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lam 14n at tin hiéu Raman von rat yéu. Anh sang tan xa dugc thu thap va phan tich
bang may quang phd, str dung cach tr nhidu xa hoic don sic ké dé tach cac budc
song, va detector nhu CCD hoic dng nhan quang (photo multiply tube — PMT) dé
ghi nhan cuong d6 twong ng.

Tan xa @ trang thai ao

v

— -
e s
Trang thai
V2 kich thich
V1
Yo Trang thai
co ban
Tan xa Tan xa Dirng Tan
Rayleigh Raman xa Raman

Hinh 2.6. Luoc do Mikc nang lwong nguyén tir va cdc chuyén doi twong vng Véi tan xa dan
hoi Rayleigh va tdan xa Raman: bao gom Stokes va anti-Stokes (nguon internet).
Phé thu duoc hién thi cac dinh phan anh ché d6 rung dong cua phan ti, thudng
can trung binh nhiéu lan quét dé cai thién ty 1& tin hiéu - nhidu. Ddi véi phan tich vi
mo, kinh hién vi Raman c6 thé duoc sir dung dé tao ban d6 hoa hoc (chemical
mapping), dac biét hiru ich cho cac mau nhiéu 16p hoac chta hat vi mo.

Phuong phap do phd SERS (Surface-Enhanced Raman Scattering - Tan xa
Raman ting cuong bé mat) 1a mot k thuat phén tich cuc ky nhay duya trén hiéu ¢ng
tan xa Raman, duoc khuéch dai manh mé khi cac phén tir duoc hap phu trén bé mat
kim loai nano nhu vang, bac hoic déng (Hinh 2.7). Co ché khuéch dai nay dua trén
hai yéu té chinh: hiéu tmg dién tir, trong d6 cac plasmons bé mit cua kim loai nano
tao ra truong dién tir cwong d6 cao & bé mat, va hiéu tng hoa hoc, lién quan dén
tuong tac gitta phan tir va bé mat kim loai lam thay di ciu triic dién tir ctia phan tir.
Su két hop cua hai hiéu tmg nay cho phép tin hiéu Raman duoc ting cudng dang
ké, tir 46 c6 thé phat hién cac phan tir & ndong do rat thap, tham chi téi mic don
phan tir. Ky thuat SERS duogc Gng dung rong rai trong cac linh vuc nhu hoa hoc,
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sinh hoc, méi trwong va an ninh nho kha ning cung cap thong tin chi tiét vé ciu triic
phéan tir véi d6 nhay cao.

Laser Tin hiéu SERS

Chat phan tich

Plasmon /\/W

-‘ X/"‘} &\' ] 4 % Hatkim loai

VAW ~ (Vanghoac bac)
Diém néng

Hinh 2.7. Lirgc do mé ta nguyén Iy cua hiéu iing SERS (nguon internet).

Trong cac nghién ctru co st dung phép do phd SERS: ban dau, dé SERS
duoc tao ra bang cach nho giot 15 pl dung dich hat AUNP (nong do OD 12) 1én dé
silicon (ving da dugc lam sach véi duong kinh 6 mm) va dé kho & nhiét do phong
(22°C) trong 3 gio dé tu sip xép (self-assembly). Sau d6, dung dich Rhodamine
6G (R6G) vai nong do tir 10 ppb dén 1000 ppb duoc pha lodng tir dung dich géc
1000 ppm trong nudc DI, va 10 pl dung dich R6G dugc nho tryc tiép 1én cac dé
SERS. R6G duoc st dung 1a chat chi thi, nhay véi phdé Raman va dung dé danh
gia hiéu qua cua SERS. Phd SERS duoc ghi lai bing may quang phé Raman
(HORIBA, XploRA™ PLUS) két hop voi kinh hién vi (voi vat kinh 100x), st
dung nguén laser 532 nm. Thoi gian do 1a 30 gidy, voi cach tir nhidu xa 1200
gr/mm—1 va duong kinh pinhole 1a 100 um. B loc mat do trung tinh (Neutral
Density — ND filter) c6 gia tri 0,1 hoic 0,01 cing véi pinhole dugc sir dung dé
Kiém soat cong suat chum tia kich thich. Phé Raman ¢ mdi néng do nhat dinh

dugc do tir 5 diém khac nhau va tinh trung binh.

2.2.5. Anh kinh hién vi dién tir quét (SEM)
K§ thuat chup anh bang kinh hién vi dién tir quét (SEM) 1a mot phuong phap
quan sat va phan tich bé mat mau véi do phan giai cao, dya trén viéc sir dung chim
dién tir dé quét qua mau. Nguyén 1y hoat dong cua SEM duya trén su tuong tac gitra

chum dién tir va cac nguyén tir trong mAu, tao ra cac tin hiéu nhu dién tir thir cap,
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dién tir tan xa nguoc va tia X, tir d6 tai tao hinh anh chi tiét cua cau tric bé mat va
thanh phan vat liéu & cip d6 nano (Hinh 2.8).

Quy trinh do SEM bao gdm céc budc co ban: trude tién, mau can duoc chuan
bi (thuong phai kho, dan dién va dit trong moi truomg chan khong), sau dé dugc
dua vao budng mau cua kinh hién vi. Chum dién tir duoc tao ra, tap trung va quét
qua bé mat mau nho hé théng thau kinh dién tir. Cac tin hiéu phat ra tr mau duoc
thu thap boi cac dau do chuyén dung va chuyén doi thanh hinh anh hoic dit liéu
phd, gitp phan tich cu trac bé mat, hinh dang va thanh phan nguyén té (dic biét
khi két hop véi ky thuat phan tich ning luong tia X - EDX).

Nguén -
electron g
Thau kinh
5 = Bo
. ey quet' khuéch dai
Khau df —— e

Cudénquét — @77 1 ﬂ—J

vatkinh — gl .

Thu nhin ——— .
electron
tan xa

@~ Cambién

Hinh 2.8. M6 td nguyén Iy va cdu hinh thiét bj chup anh SEM (nguon internet).
Véi cac két qua trinh bay trong luan an nay, hinh anh SEM duoc chyp bang
kinh hién vi dién tir quét d6 phan giai cao Hitachi S-4800 FE-SEM va phan tich
thanh phin EMAX ENERGY (Horiba) EDX. 10 ul AuNP duoc nhé 1én dé silicon
d3 duoc 1am sach trude va dé kho & nhiét do phong trude khi do SEM.

2.2.6. Phé tdn xq dnh sdng djng (DLS) va thé Zeta
Phuong phéap phd tan xa anh sang dong (Dynamic Light Scattering - DLS) va
do thé Zeta 1a hai k¥ thuat quan trong trong phén tich dic tinh cta hat nano va hé
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keo. DLS 1a phuong phap do kich thudc hat dya trén sy tan xa anh sang, trong khi
thé Zeta do dién thé bé mat cua hat dé danh gia do 6n dinh cua hé phan tan. Nguyén
Iy ctia DLS dua trén hiéu tng tan xa anh sang tir cac hat chuyén dong Brown trong
dung dich, gay ra sy dao dong cuong do anh sang tan xa, tir do tinh toan dugc kich
thudc hat qua ham twong quan. Thé Zeta duoc xac dinh dya trén hién tuong dién di,
khi cac hat mang dién di chuyén trong dién truong, toc do di chuyén (dién di dong)
duoc do dé tinh toan dién thé bé mat caa cac hat [84].

Laser

\

C A 4
9 : Chuyén doi
t'zo 1730 thénhstén hiéu
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<
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Théau kinh héi tu

Hinh 2.9. M6 ta thiét lap hé thiét bj do DLS [84].

Phuong phap do phd DLS va thé Zeta thudng duogc thuc hién trén cing mot hé
théng tich hop. P4i voi DLS, miu duoc chuan bi trong dung dich long, dit vao
cuvet va chiéu sang bang laser (Hinh 2.9). Anh sang tan xa duoc thu nhan & mot
goc cb dinh (thudng 13 90° hodc 173°), sau d6 phan tich dao dong cudng d6 dé xac
dinh phan bé kich thuéc hat. Trong khi d6, phép do thé Zeta sir dung cung mau
trong cuvet nhung ap dung thém dién tredng dé 1am cho cac hat di chuyén. Tc do
di chuyén cua hat duoc xac dinh thong qua k¥ thuat tan xa anh sang hodc dién di vi
mo, tir d6 tinh toan thé Zeta. Thiét bi do thuong 1a cac hé thong tich hop nhu
Malvern Zetasizer, bao gom nguon laser (thuong 1a laser He-Ne 633 nm), cuvet
chra mau, bo thu nhan anh sang tan xa (detector), hé théng dién cuc dé tao dién
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truong (dung cho do thé Zeta) va phan mém phan tich dir liéu. Hé théng nay cho
phép do nhanh, chinh xac kich thuéc hat (tir 0,3 nm dén 10 um) va thé Zeta, Voi
nhiéu tng dung quan trong trong hoa hoc, dugc pham va khoa hoc vat liéu.

Ca hai phép do DLS va thé Zeta cua cac hat nano vang (AuNP) trinh bay
trong luan an nay déu duoc thyc hién trén may Nano ZS Zetasizer (hiang Malvern,
Anh quéc) tai phong Héa hoc va Vat liéu xuc tac, Vién Khoa hoc Vat liéu. Malvern
Zetasier str dung nguon laser 10 mW & budc séng 532 nm; gidi han duong kinh hat
c6 thé do dugc 1a 0,6-6000 nm. Gisi han dién thé zeta 1a —200 mV dén +200 mV.
AuNP duoc chuan bi trong nuéc khir ion véi thé tich 1 ml va ndng do6 0,5 OD (mat
do quang hoc). Truéc mdi phép do, mau dugc dua vao rung siéu am trong khoang 1
phut d& AuNP phan tan déu trong dung dich.

2.2.7. Gidgn do nhiéu xg tia X (XRD)

Po gian d6 nhidu xa tia X (X-ray Diffraction - XRD) 13 mot ky thuat phan
tich cdu trac tinh thé cua vat liéu dua trén hién twong nhidu xa cua tia X khi chiéu
vao mang tinh thé. Khi tia X chiéu vao tinh thé, chung bi nhidu xa bdi cac mat
phing nguyén tir, va cuong do nhidu xa dugc ghi nhan ¢ cac goc khac nhau, phan
anh cu trac bén trong cua vat lidu. Gian dd nhidu xa tia X cho phép xac dinh cau
tric, pha, kich thudc tinh thé, mic do két tinh va cac tinh chat khac cua vat liéu.
XRD 14 mét coéng cu quan trong trong nghién cru Cau trac tinh thé cua nhiéu loai
vat liéu nhu kim loai, hop chat vo co va vat liéu nano. Phuong phap XRD hoat dong
dwa trén dinh luat Bragg (Hinh 2.10), duoc biéu dién bang cong thirc: ni=2dsind,
trong d6: n 1 bac nhiéu xa (s6 nguyén), A 1a budc séng cua tia X, d 1a khoang cach
giita cac mat phang tinh thé, 4 1a goc nhiéu xa.

Trong phuong phap do XRD, mau vit liéu thuong dugc chuan bi & dang bot
min hoic mang moéng dé dam bao tinh d6ng nhat, sau d6 dugc dat trén gia do trong
may XRD. Tia X, thuong dugc tao ra tir 6ng tia X voi anode dong (budc song
khoang 1,54 A%, chiéu vao mau va bi nhidu xa theo cac goc khac nhau. Detector
quay quanh mau dé ghi lai cuong do tia X nhiéu xa & cac goc 20, tao ra pho nhiéu
Xa dic trung gitp phan tich cau truc vat liéu. Thiét bi XRD bao géom nguon tia X, hé
théng quang hoc (collimator dé dinh hinh chum tia va monochromator dé loc buéc
song), gia d& mau (goniometer) gitip diéu chinh goc chinh xac, va detector (thuong
1a CCD) dé ghi nhan tin hiéu. Phan mém phén tich dit liéu déng vai trd quan trong
trong viéc xur 1y phd va xac dinh thong sé cau tric vat liéu. Trong luan an nady, cau
trac tinh thé cia cac hat nano vang AuNP dugc do bang may nhiu xa tia X
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EQUINOX 5000. M6t phan nhé dung dich AuNP dugc nho va dé khé ty nhién trén
mot dé thay tinh (1 x 2 cm) sau mot vai lan dé tao thanh mot 16p AuNP du day dé
do XRD.

Chum tia
toi

ni=2dsin @ Ténxaﬁ

 Nguyén tir
chuyén déng

Hinh 2.10. M6 td nguyén Iy do gidn do nhiéu xa tia X dwa trén dinh ludt Bragg
(nguon internet).

2.2.8. Phé cong huweng tir hat nhan (NMR)

Phuong phap do ph6 cong huong tir hat nhan (Nuclear Magnetic Resonance -
NMR) 1a mot k¥ thuat duoc sir dung dé nghién ctu ciu triic va dong hoc cua céc
phan tir. NMR phan tich tinh chat tir cia cac hat nhan nguyén tir ¢ spin (nhu 1H,
13C, 15N), cung cip thong tin chi tiét vé cau tric phan tir, dac biét hitu ich trong
héa hoc hiru co, hoa sinh va y hoc. Nguyén ly hoat dong cua phép do NMR la khi
dit trong tir trudng manh, cac hat nhan cé spin dinh huéng theo hoic chéng lai tir
truong, tao ra cac trang thai nang lugng khac nhau. Séng xung tan sb radio duoc ap
dung dé kich thich cic hat nhan 1én trang thai ning lwong cao hon. Khi tré lai trang
thai nang lugng ban dau, chung phit ra tin hi¢u séng radio (Free Induction Decay -
FID). Tin hiéu nay sau d6 duoc bién doi Fourier thanh phd NMR, hién thi cac dinh
Vi vi tri (dich chuyén hoa hoc) va kiéu tach (coupling) phan anh cau trac phén ti.
May NMR gbém nam chiam siéu dan tao tir truong manh va 6n dinh, bd phét/thu
song radio dé kich thich va thu tin hiéu, probe chira mau va cudn day séng radio,



50

cung hé théng may tinh diéu khién va xir 1y dit liéu. Cudong d6 tir ciia nam cham
(Tesla) quyét dinh do nhay va d6 phan giai caa thiét bi.

Thi nghiém NMR trinh bay trong luan an nay dé xac dinh chat chiét tach
gibberellic acid (GA3) duoc thuc hién trén may Bruker 600 MHz (~ 14.1 Tesla) &
25°C boi cac nha khoa hoc tai truong Toan ly (SPMS) thudc dai hoc k¥ thuat
Nanyang (NTU), Singapore c6 hop tac v6i nhom nghién ctzu. Phd proton trong H,0
dugc ghi lai bang cach sir dung chudi xung loai JR (jump and return) dé loai trir
dinh tin hiéu cua nudc [85]. Nong d6 chat cAn phan tich trong cac mau NMR trong
nude thuong 1a 0,1-0,3 mM. 5 uM DSS (axit 4,4-dimethyl-4-silapentane-1-sulfonic)
duoc thém vao lam tin hiéu tham chiéu.

2.2.9. Phé sdc ky léng két hep véi phé khéi (LC-MS)

LC-MS (Liquid Chromatography-Mass Spectrometry) 1a mét ki thuat phan
tich hoa hoc manh mg, két hop gitra sic ky 1ong (LC) va phd khdi (MS) nham tach,
nhan dang va dinh lugng cac hop chat trong cac mau phuc tap. Phuong phap nay
dugc tng dung rong rai trong cac linh vye nhu dugc pham, sinh hoc va mai trudng
dé phan tich cac hop chat hitu co, peptit, protein hay chat chuyén hoa. LC-MS hoat
dong dua trén hai giai doan chinh. PAu tién, sic ky long (LC) tach cac hop chat
trong mau nho sy twong tac khac nhau giira chung véi pha tinh va pha dong, dugc
biéu thi qua thoi gian di chuyén luu (loading time) qua cot sic ky. Sau do, cac hop
chat da tach duoc chuyén sang phd khdi (MS), noi chiung dugc ion hoa (thuong
bang electrospray ionization - ESI hodc atmospheric pressure chemical ionization -
APCI) va phan tich dua trén ty 18 khéi luong trén dién tich (m/z) dé xac dinh khoi
lugng va cau tric cua chat. Thiét bi LC-MS gom hai phan chinh: (1) Hé théng sac
ky 16ng (LC) véi bom, cot sac ky (thudng 1a cot C18) va detector (pho bién 1a bang
phuong phap do phd hap thy UV-Vis); (2) May pho khdi (MS) véi ngudn ion héa
(ESI hoac APCI) va cac loai detector nhu quadrupole, time-of-flight (TOF) hoac ion
trap, tiy theo nhu cau phan tich. Toan b hé thong duoc diéu khién va phan tich dir
lieu bang phan mém chuyén dung.

Trong nghién ctru trinh bay trong luan an, dé tach axit gibberellic (GA;) ra
khoi dung dich chiét xuat, cac nha khoa hoc tai trudng Toan 1y (SPMS) thudc dai
hoc k¥ thuat Nanyang (NTU), Singapore da st dung hé Thermo Finnigan (Polaris
Q) lon Trap két hop véi hé théng sic ky long khdi phd (LC-MS) [55]. Cot phan tich
la ZB-5 (30 m 0,25 mm i.d., Zebron). Pha dong la acetonitril voi axit formic 0,1% &
tbc do dong chay 0,5 mLit/phut. Mot lugng 20 pl cua dung dich chira GA; chiét
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Xuat duoc tiém vao may sic ky va budc song hap thu phat hién & 195 nm. Pé xac
nhan chat thu duoc sau LC cua dung dich chiét xuat co phai 1a GA; hay khong, phd
MS ion héa d3 dugc thu dugc bang cach st dung ion hoa phun dién (ESI) & ché do
jon am va & 550°C, véi khi N, dé tao swong mu (mdy phun suong). Ché d6 phat
hién 1a giam sat phan tng nhiéu lan (multiple reaction monitoring — MRM) cuia céc
jon duoc chon trong bo loc tir cyc dau tién (Q1) va thir ba (Q3).

2.2.10. Ky thudt chiét tich hormone Gibberellic Acid (GA3)
Céc ky thuat chiét tach da duoc cong b trude d6 [86] da duoc xur 1y dé chiét
tach axit Gibberellic (GA3) tir hat &6 chura qua xir 1y va di qua xir Iy plasma nhu sau:
a. 100 g gia dd sau 24 gio i (c6 va khong qua xir 1y plasma) duoc say khé ¢ 65°C
trong 12 gio va nghién thanh bot.
b. 5 g bot gia d6 xanh va 50 mL MeOH dugc cho vao cdc hinh nén, 1ac trong 25
phut, sau do si€u am trong 15 phut.
c. Sau khi dé yén trong 2,5 gio & 4°C, thu dugc phan dich noi 1én phia trén.
d. Phan cin con lai duoc chiét tich thém bang 25 mL MeOH, theo cac budc
tuong tu nhu trén (b-C).
e. Dung dich sau khi chiét tach dugc c6 can dén kho & 50°C duéi ludng khi nito
réi hoa tan trong 1 mL nudc cat hai lan.

g. Dung dich duoc loc qua bo loc Millipore 0,45 mm trudc khi s dung dé
phan tich.

2.2.11. Pdnh gid chi s6 COD ciia nwéc

COD (Chemical Oxygen Demand - Nhu cau oxy hoéa hoc) 1a chi s6 quan
trong trong viéc danh gia chét luong nuée, diac biét 1a mic do 6 nhidm hitu co. No
do luong oxy can thiét dé oxy hoa cac chat hitu co trong nuéc bang cac chit oxy
hdéa manh, thuong 1a kali dicromat (K,Cr,0O;) trong méi truong axit [87]. Phuong
phap COD duya trén viéc oxy hoa cac chat hitu co trong miu nudc bang kali
dicromat trong diéu kién axit sulfuric dm dic va nhiét d cao. Sau qua trinh oxy
hoa, lugng kali dicromat con lai dugc do dé tinh toan luong oxy da duoc sir dung,
tir d6 suy ra ham luong chit hitu co trong nuéc. Bé do COD, miu nude duge dun
s0i voi kali dicromat va axit sulfuric trong mot khoang thoi gian nhét dinh (thuong
1a 2 gidy). Sau do, lwong kali dicromat con lai dugc xac dinh bing phuong phap do
quang phé: su thay ddi mau sic cua dung dich (do su tao thanh Cr**) dugc do &
budc song khoang 600 nm, tir d6 tinh toan lugng kali dicromat da phan trng va suy
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ra gia tri COD. Thiét bi do COD thuong bao gom bo kit thir nghiém COD véi cac
dng nghiém chtra sin hoa chat va mot may do phd hap thu UV-Vis dé do do hap thu
cua dung dich sau phan ang & budc song cu thé (thuong & budc séng ~600 nm), tir
d6 tinh toan ham lwong COD dua trén dudng chuan. Phép do COD — ma két qua
duoc sir dung trong luan an nay — dugc thuc hién tai phong Hoéa sinh méi truong,
Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam bdi cac nha khoa

hoc ¢6 hop tac vai nhém nghién cuu [52].

2.2.12. Ddnh gid higu qud ndy mam va cdc chi sé sinh trwéng cia hgt giong

Céc hat giéng duoc chon trudc dé dam bao kha ning nay mam va cé kich
thudc, hinh dang dong déu. Mot mé 25 hat gidng duoc dit cach dau phat plasma 10
mm va tiép xuc vdi tia plasma (khi Argon) trong cac khoang thoi gian xir 1y khac
nhau: 1, 2, 4, 6, 8, 10 va 15 phat. Plasma duoc di chuyén xung quanh hat giéng
bang gia d& ty dong dé dam bao xir Iy déu. Sau o, 25 hat gidng dugc dit déu trong
dia Petri thuy tinh 90 mm, phu gidy uét va thém 5 ml nudc dé duy tri d6 4m cho qua
trinh nay mam. Cac hat gidng d6i chung ciing dugc dit trong diéu kién twong tu
nhung chi tiép xtic v6i khi Ar, khéng qua xir Iy plasma. T4t ca cac mau dugc u trong
ta am (Taisite, RGX400) & nhiét d6 phong (~28°C). Mdi 12 gio, 5 ml nudc dugc
thém vao mdi dia Petri dé duy tri d6 am. Su phat trién cua hat gidng duoc theo ddi,
V6i viec dém sb luong hat nay mam va do chiéu dai r& sau mdi 12 gio. Mdi thi
nghiém bao gom 5 nhom, véi tong cong 125 hat gidng. Ty & nay mam duoc tinh
bang phan trim s hat ndy mam so véi tong sb hat.

2.3. Két luan chwong II

Chuong II cta luan 4n da trinh bay chi tiét vé cac phuong phap va ky thuat
nghién ctru duoc st dung dé thuc hién cac thi nghiém va cac két qua duoc trinh bay
trong toan bd luan an. Bao gém tir hé thdng phat plasma lanh, cac thiét bj do luong
quang phé dén cac phuong phép phan tich hién dai, chwong ndy cung cip nén tang
kién thuce va cac ki thuat quan trong cho viéc nghién ciru va danh gia két qua.

1. Nguyén vat lidu va thiét bi: Danh sach cac hoa chét c6 d tinh khiét cao,
cung véi cac thiét bi hién dai nhu hé do UV-Vis, hé do phd phat xa huynh quang
OES, kinh hién vi dién tir quét (SEM), hé DLS va thé Zeta... duoc liét ké cu thé, thé

hién tinh tién tién va cap nhat cua cac thiét bj da duoc sur dung

2. Phuong phap nghién ctru: Cac k¥ thuat do pho, xir Iy mau, va phan tich
dugc miéu ta chi tiét, bao gom tir do phd phat xa huynh quang (OES), pho tan xa
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Raman, anh SEM, gian d6 nhidu xa tia X, ph6 NMR, phé LC-MS, dén ky thuat
chiét tach hormone, do COD cua nudc va danh gid kha ning nay mam cua hat
giong. Vi méi mot phuong phép hay ky thuat do, luan an da tim hiéu va trinh bay
dugc khai niém vat ly, nguyén ly co ban cua phuong phap do, va dua ra cac thong
s6 k¥ thuat da duoc sir dung. Piéu nay dam bao do tin cay va tinh 1ap lai caa di lidu

thu duoc s€ dugc trinh bay trong toan b luan an.
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CHUONG 3: CONG NGHE PLASMA LANH UNG DUNG TRONG
TONG HQP CAC HAT NANO KIM LOALI

3.1. Khai niém va tinh chét cia vat liéu nano kim loai

Khoa hoc nano d phat trién manh trong thap ky qua, tao ra buéc dot pha trong
cac linh vuc xtc tac, dién t, quang tir va cam bién sinh hoc. Pay 1a nganh lién
nganh nghién ctru vat liéu & kich thudc nanomet (1-100 nm), noi cac tinh chat vat
licu khac biét 1 rét so vai vat lidu khéi do hiéu tmg luong tir va ty 1& dién tich bé
mat 16n. Vat liéu nano kim loai, nhu vang, bac, dong, platin va paladi, c6 dién tich
bé mat 16n va dic tinh déc dao nhu tinh xtc tac cao, kha ning dan dién, dan nhiét
t6t, cing kha nang tuong tac manh véi 4nh sang. Ching ton tai dudi dang hat nano,
day nano hoac mang mong nano va dugc trng dung rong rai trong cong nghiép, y
sinh, cam bién va dién tir. Mot tinh chat noi bat 1a hién twong cong huong plasmon
bé mat (SPR va LSPR), khién cac hat nano kim loai twong tac manh véi anh sang,
tao mau sic dic trung va ting cudng tin hiéu trong cam bién quang hoc [88].. Pic
biét, hat nano vang (AuNPs) phd bién nho tinh bén, kha ning gan két héa hoc véi
cac nhom chirc hitu co va tng dung da dang trong din thubc, chan doan va cam
bién sinh hoc.

Vit lieu nano kim loai duoc tong hop qua hai phuong phap chinh: "tir trén
xudng" (top - down) va "tir dudi 1én" (bottom - up) [89]. Phuong phap "tir trén
xudng" chia nho vat liéu khdi thanh cac hat nano thong qua cac ky thuat nhu phun
xa, khic, mai, trong khi phuong phap "tir dudi 1én" sir dung cac phan tung hoa hoc
hoidc sinh hoc dé lap rap cac phan tt, ion thanh cac hat nano. Phuong phéap "tir duéi
1én" linh hoat hon, cho phép kiém soat kich thudc va hinh dang hat nano.

Céac phuong phap tong hop vat 1y, nhu chiéu xa v, cit laze, phiin xa va phay,
thuong st dung ning luong cao dé giam kich thudc vat liu, 1a cach tiép can “tur
trén xubng”. Nhitng phuong phap nay cho phép tao ra vat liéu nano véi tinh dong
déu cao, nhung yéu cau thiét bi hién dai va dit tién. Phuong phap hoa hoc, nhu khu
hoa hoc va sol - gel, giup tao ra vat liéu nano nhanh chéng va linh hoat véi chi phi
thip, tuy nhién c6 thé lam giam tinh an toan khi st dung trong y sinh [90]. Cac
phuong phap “tir duodi 1én” thuong la cac phuong phdp hda hoc va sinh hoc, lién
quan dén viéc tu Ip rip cta cac nguyén tir, ion hodc phéan tir dé tao thanh cac cum
hat rat nho, sau d6 chiing lién két voi nhau dé tao thanh céac hat co kich thugc nano.
Mot s6 phuong phéap “tir dudi 1én” dién hinh 1a lang dong hoi hoa hoc, phuong phép
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sol-gel va dién hoa. O cac phuong phap nay, cic tién chit ban dau c6 kich thudc
nhé hon, nhu mudi kim loai hoic cac hat phéan tir & tao mam va 16n dan 1én dé tao
thanh cau tric nano. Phuong phap “tir dudi 1én” cho phép thiét ké va hinh thanh cac
hat nano & bat ky kich thudc va hinh thai nio.

3.2. Cac phwong phap ché tao hat nano vang

3.2.1. Cdc phwong phdp truyén thong

Vang c6 nhiéu trang thai oxy hoa khac nhau, bao gdm ion Au**, Au'* va
nguyén tir Au’. Vang ciing c6 trang thai Au®*, trang thai nay khong 6n dinh va tu
chuyén dbi thanh Au'* va Au**. Vi AuNPs bao gdbm nhiéu nguyén tir Au° nén chién
lwoc cét 15i dé tdng hop AuNPs lién quan dén viéc khur Au** hoic Au'™ thanh Au’
bang cach sir dung chat khir hoac bang su kich thich birc xa hodc ning lwgng cao.
Tién chat pho bién nhat duoc st dung 1 axit tetrachloroauric (HAuCly), trong do
vang ton tai & trang thai Au®*. Hién nay, AuNPs duoc ché tao thong qua mot sé k§
thuat, bao gom cac phuong phap hoéa hoc (thuy nhiét, khir hoa hoc, sol — gel, dién
hoa, ...), cic phuong phap vat 1y (cat laze, phan xa, nhiét phan, phay, ...) va cac
phuong phép sinh hoc.

Viéc ché tao AuNPs véi kich thude, hinh dang va hoa hoc bé mat c6 thé duoc
kiém soat t6t di nhan duoc nhiéu sy quan tim tir cong doéng khoa hoc trong thoi
gian gan ddy. Phuong phap Turkevich ra doi nim 1951 1a phuong phép hoa hoc noi
tiéng nhat duoc sir dung dé tao ra cac AuNPs hinh cdu c6 dudng kinh khoang 10
dén 30 nm bang cach st dung trinatri citrate vira lam chét khir vira lam chat 6n dinh
dé khir HAUCI, thanh AuNPs v&i sy hd tro cta qua trinh gia nhiét [91]. Ngay nay,
phuong phap nay van duoc sir dung rong rii voi nhiéu cai tién va phat trién khac
nhau dé kiém soat chinh x4c cac dic tinh mong mudn ciia AuNPs. Nhin chung, cac
phuong phép tong hop pho bién hién nay bao gém hai giai doan: hinh thanh va phat
trién cac hat nano va co thé kiém soat chinh xic cac dic tinh mong mudn cua
AUNPs bing cach diéu chinh mot sé thong sé quan trong nhu nhiét do, do pH va
nong do tién chat va str dung thém céac chat khir va chat hoat dong bé mat phu hop.

Mic du qua trinh tong hop héa hoc c6 thé duoc thyuc hién d& dang va kiém
soat duge hinh thai, cdu trac cta vat liéu nano méi tao thanh, nhung cac phuong
phap nay doi hoi phai sir dung cac hoa chét doc hai, c6 thé gy ra nhitng lo ngai
vé doc tinh cuia san pham thu dugc. Cac phuong phap vat 1y nhu cit laser, siéu
am va phun xa co6 thé dugc s dung dé ché tao AuNPs mot cach dong déu véi
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hiéu suat tong hop cao va thoi gian tong hop ngan. Tuy nhién, day 1a nhitng ky
thuat dat tién voi hiéu suat nang luong thap, do do, c6 thé lam ting déng ké chi
phi san xuit cac san pham va han ché kha ning mé rong quy mé san xuat. Xem
xét nhirng thiéu sot cia cac phuong phap truyén théng nay, cac k¥ thuat “tong
hop xanh” dugc coi 13 ing ctr vién sang gia thay thé véi cac khia canh than thién

Vo1 moi truong dang cha y.

3.2.2. Cdc phwong phdp “tong hop xanh”

Mic du duoc nghién ctu ki ludng, cic quéa trinh tdng hop AuNPs truyén
thong doi hoi phai sir dung mot s tic nhan khir va 6n dinh manh, khong than thién
v6i moi trudng hodc yéu cau cac thiét bi hién dai, phuc tap, co thé dan dén doc tinh,
anh huong toi sirc khoe con nguoi va khong thé ung dung trén quy mé 16n. Bé giai
quyét mbi lo ngai nay, cac phuong phap “tong hop xanh” dé ché tao AuNPs da duoc
phat trién, sir dung cac hop chat hitu co tir cac ngudn sinh hoc nhu thuc vat, nim,
tao hoic vi - rat. Pay 1a cac san pham ty nhién chia flavonoid, ancaloit, axit
phenolic, polyphenol, terpernoid, ..., c6 kha nang khir nhe va co6 thé khir cac ion Au
thanh AuNPs, dong thoi 6n dinh cac hat nano mdi tao thanh [92]. So véi cac
phuong phép truyén thong, cac ki thuat “tong hop xanh” ¢6 nhiéu vu diém 13 quy
trinh don gian, chi phi san xuét thap, doc tinh thap, than thién véi moi truong va co
thé ap dung dé san xuat trén quy mé 16n. Hon nita, hop chat hiru co lam ting cac
dic tinh hoa hoc bé mit cia AuNPs. Vi duy, sy hién dién cua cac nhom hydroxyl,
phenol hodc carboxyl trén bé mat AuNPs co thé cai thién dang ké tuong tac cua
chung v&i bé mat té bao, dong thoi tang cudng tinh twong thich sinh hoc cia ching
[93]. St dung k¥ thuat “tong hop xanh”, AuNPs duoc tao ra than thién véi méi
truong va sinh hoc, phi hop va an toan cho nhiéu @ng dung, bao gom cam bién
quang hoc, méi truong, dan thudce va y sinh.

Mic du c6 nhiéu wu diém vé mit sinh hoc va than thién véi méi truong, cac
phuong phap “tong hop xanh” con nhiéu han ché lién quan dén téc do phan tng
tuong ddi cham do kha nang khir han ché cua cac hop chat hitu co. Thoi gian phan
g co thé mat tir vai gio dén vai ngay. Hon nita, trong nhiéu truong hop, chiét xuat
thuc vat can dugc bao quan can than truge khi st dung va yéu cau diéu kién phan
ung dac thu. Vi du, Gonzalez-Ballesteros va nhém nghién ctru da st dung tao nau
Cystoseira baccata dé tong hop AuNPs ¢ nhiét do -24°C, tiéu thu mot lugng 16n
nang luong [94]. Ngoai ra, cac thanh phan khac tir ngudn sinh hoc c6 thé khién
phan tmg kho kiém soat va co ché phan tng thém phan phac tap. Vi vay, hau hét
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AuNPs duoc ché tao bang phuong phéap ndy déu chtra cac ciu tric nano véi phan bd
kich thudc khong dong déu.

3.2.3. Ung dung céng nghé plasma lanh trong téng hep hat nano vang

Trong thoi gian gan day, cong nghé plasma lanh da ndi 1én nhu mét giai phap
“xanh” thay thé, than thién voi moi truong dé téng hop vat liéu nano, mang lai
nhitng loi ich dang ké so véi cac phuong phap tong hop hoa hoc truyén thong [95].
K§ thuat nay hoat dong trong diéu kién méi truong khong khi xung quanh, tao ra
mét luong 1on cac gdc tu do chira oxy va nito (RONS), electron tu do, hat mang
dién tich, dién truong va phat xa tir ngoai. Khi plasma tiép xtc véi dung dich tién
chit chira cac ion Au®*, cac thanh phan nay duoc chuyén vao pha 1ong, sau d6 kich
hoat cac phan tmg héa hoc giita plasma va chat long, va 13 nhitng tac nhan chinh
tham gia vao cac phan mg hoa hoc khir cac cation kim loai, qua d6 tac dong dén
qua trinh hinh thanh cac hat nano kim loai & trong dung dich [96]. Tuong tac
plasma — long nay thuong gitp qua trinh tong hop AuNPs bang cong nghé plasma

lanh dién ra nhanh chéng va hiéu qua.

Trong qué trinh tong hop AuNPSs bang cong nghé plasma lanh, qua trinh khir
cac ion Au** ¢6 thé duoc kich hoat béi cac electron solvat hoa c6 thoi gian séng
ngin va cac goc phan ung c6 thoi gian séng dai, chang han nhu H,0,. Piéu quan
trong 14 qua trinh tong hop vat liéu nano bang cong nghé plasma lanh nay co thé
thanh céng ma khong can st dung thém bat ky héa chit nao, cho phép kiém soat
doc tinh cua san pham cudi cung [97]. Trong qua trinh tong hop, cac polyme thudng
duoc thém vao dung dich tién chat va déng vai tro 1a tac nhan hoat dong bé mit, c6
thé hd tro qua trinh hinh thanh AuNPs trong méi trudng dugc Xt 1y bang plasma.
Mot s6 polyme nhu polyethylene glycol (PEG), polydopamine (PDA), D-fructose,
isopropanol, gelatin hoac polyvinylpyrrolidone (PVP), polyvinyl alcohol (PVA) da
duogc sir dung lam dé polyme dé tong hop AuNPs bang cong nghé plasma lanh [98].

Chuong nay s& trinh bay chinh vé nghién citu ché tao truc tiép hat nano Au
tir dung dich tién chat HAuCI, bang phuong phéap plasma lanh ma khong st dung
chat bao quan bé mit hoic chat hoa hoc lam tic nhan khir. Phuong phap nay co
nhiéu uu diém so véi cac phuong phap khac tong hop hat nano Au tir dung dich,
bao gom téc do tong hop nhanh choéng, thiét ké thi nghiém don gian, an toan cho
ngudi tién hanh thi nghiém va c6 thé diéu khién kich c¢& hat va do dong nhat (ca vé
kich ¢& va hinh dang) t6t hon. B4o c4o nay trinh bay 3 noi dung chinh: (1) Xay
dung quy trinh ché tao hat nano Au sir dung hé plasma jet, (2) Khao sat anh huong
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va toi wu hoa qué trinh tong hop AuNPs bang hé plasma jet va (3) Thir nghiém,
danh gia hiéu qua téng hop hat nano Au cua hé phat plasma jet.

3.3. Nghién citu ché tao hat nano vang bang phwong phap plasma jet

3.3.1. So db téng qudt cdc buéc ché tao
Dau tién, trinh ty tién hanh cic budc co ban cia mot thi nghiém ché tao hat
nano Au bang phuong phép plasma jet (Hinh 3.1) va chi tiét cac bude dugc mé ta
trong phan dudi day:

" Thiét 18p céc théng sb
ki thuat cua hé phat
plasma jet

9B
Chuin bi miu

8
Téng hop miu

e
' Phén tich m3u bing
céc phép do: UV-Vis,
SEM... vaduara
danh gia nhan xé

Hinh 3.1. So do tong qudt cdc budc ché tao hat nano Au bang plasma jet.

3.3.1.1. Thiét Idp hé plasma jet trong i:ng dung ché tao AUNPS
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Hinh 3.2. So do thi nghiém tong hop hat nano Au bang hé plasma jet.
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Hinh 3.2 mé ta hé plasma jet duoc sur dung dé tong hop AuNPs. Cac thong
s6 cua hé da duoc giai thich rat chi tiét gibng nhu muyc 2.2.1.

Budc dau tién trude khi bat dau qua trinh ché tao AuUNPs bang cong nghé
plasma lanh 13 khai dong hé plasma jet va kiém tra cac thong sb ky thuat caa nguon.
Céc thong sd nay dugc kiém tra bang cach st dung dau do dién ap Tektronix P6015
va dau do dong dién Tektronix P6022 dugc két ndi véi may hién song Tektronix
TBS1154 dé do dién 4p va dong dién cua hé.

3.3.1.2. Chudn bi mdu va téng hep mau

Trude khi bit dau qua trinh tong hop, tit ca cac dung cu thay tinh duoc rira
ky bang nudc cudong toan (HCI va HNO; pha theo ty 18 thé tich 3:1) va trang lai
bang nudc cat. Sau do, mot cbe thuy tinh 25 ml chira dung dich axit chloroauric
mau vang (HAuCly) da dugc pha trong nudc khir ion va dugc dat 1€n trén may
khuay tir dé khuay déu. Tiép theo, chiing toi thiét 1ap hé phan ing sao cho dau bén
duéi cua 6ng thach anh cach mat dung dich khoiang 0,2 — 0,5 cm va bé mit caa
dung dich duoc tiép xtc vai tia plasma.

Sau d6, van khi duoc mé dé khi di qua 6ng thach anh, dong thoi két ndi hé
phat plasma véi ngudn dién dé bit dau qua trinh phat plasma. Dung dich HAuCI,
duoc xur Iy bang hé plasma jet duéi sy khudy tir manh. Sau khoang 1 phut xir 1y
plasma, dung dich bat dau chuyén tir mau vang nhat sang mau hdng nhat, ching to
AuNPs da dugc hinh thanh trong dung dich. Mau cua dung dich tré nén dam hon
theo thoi gian xir 1y plasma, cho thiy c6 nhiéu AuNPs dugc hinh thanh hon. Sau khi
xtr Iy plasma, dung dich duoc khudy lién tuc trong 1 gio va thu dugc san pham cudi

cung ma khong can thém bat ky budc tinh ché nao.

3.3.1.3. Kiém tra ddc tinh mau AuNPs thu dwoc

Sau khi tong hop thanh cong AuNPs, ching toi tién hanh phéan tich mau bang
nhiéu phuong phép kiém tra dic tinh khac nhau dé danh gia va rat ra két luan nham
t6i wu hoa qué trinh tong hop. Hinh théi, cau tric cia cic mau nano AuNPs duoc do
bang k¥ thuat hién vi dién tir quét va dugc chup bang thiét bi Hitachi S4800-
FESEM. Dé chuan bi cac mau do SEM, 10 pl dung dich huyén phu AuNPs duoc
nhé vao mot dé silicon sach va lam kho ¢ nhiét d6 phong. Cac phép do UV — Vis
duogc thuc hién bang cach sir dung cuvet thach anh c6 d6 dai quang trinh 13 10 mm
va thé tich miu it nhat 1a 300 pl. Pho hap thu UV-Vis ctia AuNPs duoc do bang hé
Ocean Optics do chung t6i tu xay dung, bao gém ngudn dén DH-2000-BAL, gia d&
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cuvet va may quang pho USB4000. Hé nay duoc két ndi bang cic soi quang va st
dung phan mém Oceanview dé thu thap di liéu.

Phuong phép do tan xa anh sang dong (DLS) duogc thuc hién dé xac dinh
phan b6 kich thudc trung binh ctia AUNPSs trong dung dich huyén phi. Phép do nay
dugc thuc hién bang cach str dung may phan tich kich thudc hat nano Nano ZS
Zetasizer. Trudc mdi phép do, mau dugc rung siéu 4m trong khoang 1 phut dé dam
bao su phan tan cac hat nano tét trong dung dich.

Tinh d6ng nhat caa AuNPs bi anh huéng manh bai téc do phan tng tong
hop, tir d6 1am thay d6i d6 sdu va cudng d6 cua tia plasma khi né xuyén qua va
twong tac vai dung dich tién chat. Ba thong sb cua hé plasma jet anh hudng dén
toc do phan ung 1a: (1) khoang cach tir tia plasma dén bé mat chét long, (2) toc
d6 dong khi va (3) tan sé plasma. Trong phan nay, pho hap thu chuan héa (chuan
hoéa theo dinh hap thu cuc dai) duoc sir dung dé mé ta tinh dong nhat caa AuNPs
va nghién ctu su phu thudc vao tinh dong nhat ciia AuNPs vao ba thong s nay.
Vi tri caa dinh hap thu biéu thi kich thudc hat, trong khi d6 ban rong (FWHM)
biéu thi phan b kich thuéc hat.

Sau khi thu duoc tham s6 t6i wu, chung t6i 4p dung va duy tri tham s nay dé
nghién ctru cac tham sb thay doi tiép theo mot cach co hé théng. Dé don gian, cac twong
tac co thé xay ra giita ba thong sd nay duoc bé qua va qua trinh toi uu héa duoc thyuc
hién theo thir tu sau: (1) khoang cach, (2) luu luong khi va (3) tan s6 plasma.

3.3.2. Anh huwéng ciia khodng cdch tiv diu phdt plasma dén bé mdt dung dich

Pau tién, anh huong tir dau phat plasma (dau ong thach anh) dén bé mat

dung dich tién chat duoc khao sat, véi khoang cach duoc khao sat 1an luot 13 0,4

cm, 0,3 cm va 0,2 cm dong thoi ¢b dinh cac thong sb vé thoi gian, thé tich va nong

d6 cua dung dich tién chat, toc do khi dé dam bao cho két qua cua thi nghiém cé
tinh hé thong.

Hinh 3.4 md ta sy phu thudc caa phd hap thu chuan hoéa ctia AuNPs duoc
tong hop ¢ cac khoang cach (d) khac nhau tir dau 6ng thach anh xudng bé mit chat
long. Tir mau sic va phd hap thu cua 3 mau thu duoc, dinh cua ca ba mau gan nhu
1a tring nhau va gan ~ 535 nm. P9 ban rong (FWHM) cta miu c6 khoang cach d =
0,4 cm cho gi4 tri hep nhét, va gia tri nay ty I& nghich khoang cach gitra dau phat
plasma va bé mit dung dich. Mau 0,3 cm c¢6 mot s6 hat co kich thudc 16n hap thu
tai cac budc song tir 620 nm dén 850 nm nhung dinh phd hap thu chinh van hep.
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Hinh 3.3. Anh chup cdc mau AuNPS Véi cdce khodng cdch d khdc nhau: (4) 0,2
cm, (B) 0,3 cmva (C) 0,4 cm.

O khoang cach gan hon (d = 0,2 cm hodc 0,3 cm), téc do phan tng qua
nhanh din dén su xuat hién mot dai hap thu thir hai (6 khoang 700 nm dén 800 nm),
cho thay s hinh thanh cac hat 16n hon. Nhu vay, khoang cach giira dau phat plasma
t6i bé mat dung dich 1a 0,4 cm duoc coi 1a tdi vu dé ché tao cac hat nano Au bing

phuong phap plasma lanh.
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Hinh 3.4. Phé hap thu da dwoc chudn hod ciia cdc mau AuNPS Véi cdc khodng
cach d khac nhau.

3.3.3. Anh hwéng cia téc dp dong khi
Tbc do dong khi ciing anh hudng dén do dai cua tia plasma, do d6 anh huong
truc tiép ti toc do phan ang. Ba toc do khac nhau & 1, 1,5 va 2 /min da duoc
nghién ciru trong ndi dung nghién ciru nay. Néu téc do dong khi thap hon 1 lit/phut,
chiéu dai tia plasma ngan hon, lam cho cac chat hoat dong trong plasma khong
cham dugc téi dung dich (v6i khoang cach tir tia plasma dén chat long trén bé mit d
= 0,4 cm), do d6 qua trinh tong hop khong hiéu qua.



62

Hinh 3.5 cho thiy pho hap thu chuan hoa cua AuNPS tong hop véi toc do dong
khi khac nhau duoc Kiém soat chinh xac béi van diéu khién luu luong khi. Vi tée do
dong khi cao hon (1,5 — 2 lit/phut), tbc do phan tmg nhanh hon nhiéu va nhiéu hat co
kich thudc khac nhau c6 thé duoc tao ra trong qué trinh phan tng plasma, dan dén pho
hap thy rat rong (FWHM > 200 nm). Téc do dong khi & 1 lit/phit 1a diéu kién tbi uu
dan dén pho hap thu c6 d6 ban rong hep nhat (FWHM = 75 nm).
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Hinh 3.5. Phé UV-Vis ciia cdc mau AuNPS Véi cde luu lwong khi khéc nhau.

3.3.4. Anh hwéng tan sé nguén phdt plasma

Pé nghién ciru tac dong cua tan sd plasma 1én tinh ddng nhat cia AuNPs,
chung toi da tién hanh cac thi nghiém tong hop AuNPS véi 5 tan s khac nhau trong
khoang 20 — 60 kHz bang cach diéu chinh tan s6 trén bd ngudn cao ap tan s cao,
sau do sir dung dao dong ki dé hién thi gia tri cua tan so.

Céac hinh anh cua mau dugc chup lai trong Hinh 3.6 cho thdy sy dam nhat
khac nhau cua cac dung dich dugc tong hop o cac diéu kién tan sé khac nhau. Tuy
nhién, mau sic dung dich chua phan anh dugc tan sb nao téi wu nhat trong tong hop
hat nano Au. Do vay, nhom nghién ctru da thyc hién phép do phd hap thy dé rat ra
nhan xét dé tim ra tan s phu hop nhat. O diéu kién nay, dung dich AuNPs thu duoc
c6 ndng do cao nhat, dugc biéu thi bang mau sic ddm nhét cua dung dich nhu dugc
thé hién trong Hinh 3.6. Pho hap thu di dwoc chuin héa va do ban rong cua ting
mau duogc thé hién trong Hinh 3.7. Theo d6, 1an lugt cac miu dugc ché tao tir 20 —
60 kHz déu c6 dinh phd hap thu ¢ vi tri 535 nm, chi c6 mau 60 kHz c6 dinh & 575
nm. Tiép d6 so sanh vé d6 ban rong cua dinh phd, thi thdy dwoc véi mau & 40 kHz
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c6 d6 ban rong hep nhat. Nhu vay véi tan s6 40 kHz, thu duoc AuNPs dong nhat
nhat véi pho hap thu dat dinh & 535 nm va do ban rong hep nhat (FWHM = 80 nm).

20kHz 30kHz 40kHz S0kHz 60kHz

Hinh 3.6. Anh chup cdc mau AuNPS Véi cdc tan sé plasma khdc nhau.
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Hinh 3.7. Phé hdp thu da dwoc chudn hod ciia cdc mau AuNPS Véi cdc tan so
plasma khac nhau.

Tom lai, dé tong hop AuNPs c6 kich thudc dong déu nhit, chung t6i di thu
dugc cac thong 6 t6i wu nhu sau: khoang cach tir tia plasma dén chat long bé mat 1a
0,4 cm, luu lugng khi 1a 1 lit/phat va tan sb cung cip dién plasma 1a 40 kHz. Céc
thong s6 nay di ap dung va duy tri cho nghién ctu tiép theo.
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3.3.5. Anh hwéng cia thei gian téng hep
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—————

B I- ~|
-— ——" - '

Hinh 3.8. Cdc mdu AuNps dwoc tong hop bang Plasma jet véi thoi gian khdc
nhau: (4) 2 phut,; (B) 5 phut, (C) 7 phut; (D) 10 phut va (E)15 phut.

Thoi gian tong hop 1a mot yéu té rat quan trong anh huong téi chat lwong cua
mau. Thoi gian téng hop phu hop s& cho ra dugc mau c6 chit lugong tdt, cac hat

ddng déu. Thoi gian tdng hop ngan sé tao ra it hat nano, lam giam hiéu suat tong

hop.
1 =2 phut
2 —— 5 phat
3 ——7 phat
4 —— 10 phut
5 —— 15 phut
FWHIM: 73nm
FWHM: 88nm
FWHM: 100nm

FWHM: 125nm
FWHM: 154nm

Cuong do hap thu chuan hoa
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Hinh 3.9. Phé hdp thu chudn héa ciia cac mdau AuNps tong hop bang plasma jet
voi thoi gian khac nhau: 2 phut; 5 phut; 7 phut, 10 phut va 15 phut.

Thoi gian téng hop qua dai s& hinh thanh nén nhiéu hat ¢ kich ¢& 16n,
tham chi tao thanh két taa. Do vay, nhém nghién ctru da tién hanh khao sat thoi
gian tong hop va dwa ra nhan xét vé sy anh huang nhat dinh cua yéu té thoi gian
dén qua trinh tong hop bang plasma jet. Chiing t6i da tién hanh thir nghiém voi 5
thoi gian khac nhau: 2 phat, 5 phut, 7 phat, 10 phuat, 15 phat. Khi tién hanh thi
nghiém tht nghiém chung t6i déu ¢é dinh thong sé cua ngudn plasma jet 1a dién
ap 10 V va tan sb ¢ 40 kHz.
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Ttr hinh anh (Hinh 3.8) va pho hap thu (Hinh 3.9) cua cac mau, c6 nhan xét
nhu sau: Mau 2 phut 1a mau c6 néng do hat thap nhat va mau c6 ndng d6 hat cao
nhat 1a mau 15 phat. Cac mau véi thoi gian khac nhau déu co dinh phé gan véi
bude séng 535 nm trir mau 2 phut ¢ dinh tai 539 nm va mau 10 phut c6 dinh tai
533 nm. Do dich dinh phé hap thy 1a rat nho, chi khoang 5 nm. P6 ban rong phd
clia cac mau nam trong khoang tir 73 nm dén 154 nm.

Mau 15 phut tuy c6 dinh pho hap thu voi d6 ban rong phd hep nhat trong cac
mau nhung c6 nhiéu cac hat véi kich thudc 16n gay ra dinh hap thu & ving 700 nm
trg di. Ciing trong ving budc séng 675 nm dén 800 nm thi hai mau 7 phit va 10
phut déu c6 ving hap thu cao hon so v6i miu 5 phut. Diéu d6 cho thay ring, tuy
mau 5 phat khong phai 13 mau c6 d6 ban rong pho hep nhat trong cac mau nhung 13
mau c6 su dong déu vé kich thudc hat hon so voi cac mau con lai. Nguoc lai véi
mau 5 phat, mau 15 phuat bén canh tao ra cac hat co6 kich thudc nho thi dong thoi
cling tao ra nhiéu hat kich thuéc Ion.

Nhom nghién ctru dua ra cach giai thich rang khi thoi gian chiéu nhiéu hon 5
phut dan toi cac hat da duogc tao ra tiép tuc va cham va nhap vao nhau (do khong co
chat bao vé bé mat va voi lyc quay cua khudy tir) tir d6 hinh thanh 1én cac kich
thudc hat 16n hon nhimng kich thuéc hat dugc tao ra chu yéu o khoang thoi gian
chiéu 5 phut.

Sau khi tién hanh khao sat anh huong cua yéu té thoi gian, chung t6i da dua
ra két luan véi thoi gian tong hop mau 5 phat phu hop nhéat dé tién hanh tong hop

cac mau.

3.3.6. Anh hwéng ciia néng dé dung dich tién chat HAuCI,

Vi téng hop AuNPs bang phuong phap plasma lanh 1 phan tng dong dién ra
bén trong dung dich tién chat, nén cac tinh chat cua tién chat nhu thé tich va nong
d6 cuia no cling anh huong dén phan tng. Trong phan nay, chung toi nghién ctru tac
dong cua céac tinh chat cua tién chat 1én do ban rong (FWHM) cua phd hap thu,
dugc dic trung cho tinh déng nhat cia AuNPs.

Dung dich tién chat dugc st dung tao ra mau AuNPs duoc st dung ¢ day 1a
HAUCI,. Chiing toi da khao sat anh huong ciia nong do dung dich tién chat mudi
vang 1én dic tinh cua vat lidu nano Au thu duoc bang cach tién hanh thi nghiém ché
tao AuUNPs véi 5 néng d6 dung dich tién chat khac nhau: 0,05 mM, 0,1 mM, 0,2
mM, 0,3 mM va 0,5 mM. Dé co duoc két qua khao sat tot nhat, tit ca cac miu déu
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dugc chiéu plasma trong khoang thoi gian t6i wu 1a 5 phat, ngudn chiéu plasma ¢
10V va tan s 40 kHz. Sau khi thi nghiém két thac, tit ca cac mau déu duoc chup
anh (Hinh 3.10) va phén tich ph6 hap thu (Hinh 3.11A) dé rut ra két luan.

et o e e I —_ e — Y 3 —m—
el

0.05mM 0.lmM 0.2mM 0.3mM 0.5mM
Hinh 3.10. Anh chup cdc mau AuNPS Véi cdc nong do tién chdt khdc nhau.

Hinh 3.11A thé hién sy thay d6i cua phd hap thu cua dung dich nano Au thu
duogc khi thay doi nong d6 dung dich tién chat HAuCI,. Két qua cho thay, nong do
dung dich tién chét cang cao, viéc khuay déu bang nam cham tir cang khé khan, dan
dén sy hinh thanh cac hat co kich thuéc 16n hon. Hién twong nay duoc biéu hién
qua su dich chuyén do caa dinh phd hap thy, tir 525 nm ¢ ndng d6 0,05 mM dén
560 nm ¢ 0,5 mM.

O ndng @6 HAUCI, thap (0,05 mM), twong tic manh giira plasma va dung
dich d tao ra cac hat I6n hon, thé hién qua su xuét hién mét dinh hap thu ¢ khoang
720 — 800 nm. Piéu nay ciing chi ra rang cac hat dugc hinh thanh c6 kich thuéc
khong ddng nhat. Nguoc lai, & nong d6 0,2 mM, phd hip thu co do ban rong nho
nhat (77 nm), vai dinh hap thu ¢ 534 nm, cho thay kich thudc hat dong déu nhat va
hiéu qua tong hop cao nhit. G ndng do cao hon, cu thé 1a 0,5 mM, miu c6 do ban
rong pho 16n nhat (98 nm) véi dinh hap thu & 557 nm, cho thay su hinh thanh cac
hat 16n véi kich thude khong dong déu. Twong tir, mau 0,3 mM cé d6 ban rong phd
1a 83 nm véi dinh hap thu ¢ 543 nm. Mau 0,1 mM c6 d6 ban rong phd 16n hon mau
0,2 mM (86 nm so véi 77 nm) va cuong d6 dinh hap thu thip hon, chi ra rang sé
lwong hat dugc tong hop it hon so véi mau 0,2 mM.

Nhu vay, tir cac két qua phan tich pho hap thy, nong do tién chat 0,2 mM
duge xac dinh 1a toi wu dé tong hop Au véi kich thude dong déu va sb luong hat
cao. Pé kiém chung két luan nay, chung toi di tién hanh chup anh SEM ddi véi cac
mau ¢6 ndng d6 0,05 mM, 0,2 mM va 0,5 mM (Hinh 3.11B-D). Pi voi cac mau
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con lai chung t6i chua théy sy khac biét rd rang v6i mau 0,05 mM va 0,5 mM do
vay chung t6i chi so sanh chinh vé anh SEM véi 3 miu néu trén nhu sau:

o o =
> ® o
T

Cwong dd hap thu chudn héa
o
; =

' 1
550 600 650

Budc séng

IMS-NKL 5.0kV 4 4mm x150k SE(M)

Hinh 3.11. (A) Phé hap thy da digc chudn hod ciia cdc mau AUNPS Véi cdc nong
do tien chat khac nhau, (B)-(D) Anh SEM cua cdc mau AuNPS véi nong do tien
chdt (B) 0,05 mM, (C) 0,2 mM va (D) 0,5 mM.

- O ndng d6 0,05 mM (Hinh 3.11B), cc hat phan bd roi rac, khong dong déu
Véi kich thudc trong khoang 30 — 50 nm, phu hop vai két qua phan tich dua
trén phd hap thu.

- Méu 0,2 mM (Hinh 3.11C) cho thay cac hat co kich thuéc dong déu (khoang
50 nm), phan bb déu trong dung dich, khong c6 hién tuong két dinh hay co
cum.

- Mau 0,5 mM (Hinh 3.11D) tao ra cac hat c6 kich thudc c6 khoang phan b
rong (tir 20 nm dén 100 nm) va hinh dang khong dong déu, vai su xuat hién
cta nhiéu hinh dang khac nhau nhu hinh tron, tam giac, luc giac, phan b
day dac trong dung dich.

Két qua nay khang dinh néng do 0,2 mM 1a phu hop nhat dé tong hop hat
nano Au dong déu vé kich thudc va phan b trong dung dich.
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3.3.7. Anh hwéng cia thé tich dung dich tién chat HAuCl,

A B

P oy ——

Sml ) 10ml 15ml 20ml ) 25ml
Hinh 3.12. Anh chup AuNPS voi cdc thé tich dung dich tién chat khdc nhau.

Ngoai anh huéng caa nong do tién chat, thé tich cia dung dich tién chat ciing
tac dong toi qua trinh tong hop hat AuNPs trong dung dich bang phuong phap
plasma jet. P& nghién ctu anh hudng nay, nhom nghién ctru da tién hanh thi nghiém
ché tao nano Au trén 5 mau c6 thé tich khac nhau: 5ml, 10ml. 15ml, 20ml va 25ml.
Cac mau déu c6 nong do dung dich tién chat 1a 0,2 mM va duoc chiéu plasma trong
5 phat véi nguon chiéu plasma ¢ 10 V va tan s6 40 kHz. Sau khi thi nghiém két
thiic, tat ca cac mau déu duoc chup anh (Hinh 3.12) va phan tich phd hap thu (Hinh
3.13) dé rat ra két luan.

Hinh 3.13 mé ta sy thay doi cua pho hap thu cua dung dich AuNPs khi thay
d6i thé tich dung dich mudi vang. Két qua cho thay, mau co thé tich 10 ml c6 do ban
rong (FWHM) hep nhat, dat 77 nm, voi dinh hap thu tai budc song 535nm. Trong
khi d6, phd hap thu cia mau 5 ml xuat hién hai dinh hap thy ¢ 527 nm va 719 nm,
chirng t6 dung dich AuNPs thu dugc c6 hai dai kich thudc khac nhau, tuong wng vai
vung hap thu dic trung. Cac mau 15 ml, 20 ml, va 25 ml 1an luot ¢6 dinh hap thu tai
550 nm, 553 nm va 563 nm; kem theo d§ ban rong phé clia cAc mau nay kha lon
(trén 100 nm), chiing to kich thudc hat trong cac mau nay déu 16n va khong dong
déu. Tur cac két qua trén, thé tich 10 ml duoc xac dinh 1a phu hop nhat dé tong hop
AuNPs trong dung dich. Piéu nay c6 thé giai thich rang khi sir dung thé tich 10 ml,
chiéu dai cta chum tia plasma cé thé tiép xtc dong déu véi toan bo dung dich, giup
cho céc tac nhan khir Au®* tré thanh AuNPs mot cach nhanh chong va ddng déu,
dan téi kich thudc hat thu duoc s& dong déu nhat trong cac mau. Nguoc lai, khi st
dung thé tich 5 ml, lugng plasma di vao dung dich qua lon trong khoang thoi gian
t6i wu 5 phut, din dén su hinh thanh ca hat nho (dinh hap thy tai 527 nm) va hat 16n
hon (dinh hap thu tai 719 nm). D6i voi cac thé tich 15 ml, 20 ml va 25 ml, tia
plasma jet c6 thé chua di sau vao toan b dung dich, din dén su hinh thanh cac hat
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khong dong déu va kich thudc 16n. Ngoai ra, viéc sir dung cac thé tich 1on hon ciing
gay lang phi tién chat, do mot luong I6n tién chét c6 thé khong tham gia hoan toan
vao phan ung.

—5ml

s 10 —— 10 ml
= — 15 ml
c
,g 08| —20 ml
6 —25ml
s FWHM: 86nm

£06} FWHM: 77nm
= FWHM: 105nm

= FWHM: 100nm
:8-0.4 FWHM: 123nm
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Hinh 3.13. Pho hd'p thu da dwoc ChUc‘fn hoc? ciia cde mau AUNPS V&i cdc thé tich
dung dich tién chat khdc nhau.

Néu kéo dai thoi gian chiéu plasma qua 5 phut, cac hat I6n hon sé tiép tuc hinh
thanh, khong dép tng yéu cau tao ra cac hat c6 kich thudc ddng nhat.

3.4. Pic tinh va co ché phan #ng tong hop AuNPs bang tia plasma lanh

3.4.1. Diéu ki¢n téi wu dé tong hop dung dich AuNPs bang plasma jet
Sau khi nghién ciru c6 hé thong cac théng sb tong hop khac nhau vé tinh
ddng nhat cia AUNPs, nhom nghién cru da thu dugc cac diéu kién toi wu dé ché tao
bang phuong phap plasma lanh nhu sau:

- Khoang cach tir dau phat plasma dén chat long trén bé mat: 0,4 cm

- Tdc @6 dong khi: 1 lit/phit

- Tan s cia nguon cung cap nang lugng dé phat plasma: 40 kHz.

- Thé tich va nong do cua dung dich HAUCI4 lan luot 1 10 ml va 0,2 mM
- Thoi gian chiéu plasma: 5 phut

So Vé6i cac phuong phap tong hop AuNPs trong dung dich khac, phuwong
phap nay c6 nhiing wu diém: thoi gian tong hop nhanh, han ché sir dung cac hoa
chat doc hai, tao ra dugc AuNPs c6 o6 dong déu vé kich thude va do sach cao. Sau.
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khi tim duoc diéu kién tong hop téi wu, s& tién hanh kiém tra dic tinh cua vat lidu
nano Au thu duoc bang cic phuong phap nhu SEM, XRD, DLS......

3.4.2. Ddanh gia ddc tinh cia cdac hat nano vang dwoc

25

20 Dién thé Zeta ~18 £ 10mV

—— Au Nps plasma

Téng s6 (x10*)

Cuong do tin hiéu

o

AN

1 10 100 1000 10000
Kich thwdc hat (nm)

0
-100 80 -60 40 -20 'O 20 40 80 80 100
Dién the Zeta (mV)

Hinh 3.14. (4) Phén bé kich thuéc hat theo phiwong phap DLS, (B) Anh SEM va (C)
thé zeta ciia AuNPs duoc tong hop Véi diéu kién téi wu.

Puong kinh trung binh cua cac hat dugc xac dinh 1a khoang 45 nm, phu hop
v6i két qua do bang phuong phap DLS (Hinh 3.14A), trong d6 kich thudc hat dao
dong tir 20 dén 110 nm, véi duong kinh trung binh 1a 45 £ 15 nm. Pang chu ¥,
khong c6 hién tuong két tu hoic co cum AuNPs duoc quan sat trong qué trinh phan
tich.

Hinh 3.14B minh hoa hinh anh SEM cua AuNPs duoc tong hop trong diéu
kién t6i vu. Két qua cho thay cac hat AUNPs cha yéu co6 hinh dang da giac thay vi
hinh cau 1y tudng, véi kich thude va hinh dang tuong dbi dong déu.

Hinh 3.14C cho thy dién thé Zeta trén bé mat caa AuNPs tong hop duoc co
gia tri -18 + 10 mV. Mic du gia tri nay thip hon mot chut so véi muc 1y tuong (-30
mV) dé dam bao d6 6n dinh tinh dién cua cac hat nano kim loai trong dung dich gdc
nudc, cac hat AuUNPs téng hop van duy tri dugc do on dinh trong it nhét 6 thang
(Hinh 3.15). Quan sat thuc nghiém trong khoang thoi gian nay khong ghi nhan su
thay d6i vé mau sic, pho hap thu UV-Vis hozc hinh anh SEM ctia mau AuNPs duoc
luu trir.

Trong qué trinh tong hop bang hé plasma jet, nong d6 tién chit vang ion
(AuCly) giam dan, dong thoi AuNPs kim loai dugc hinh thanh. Khi néng dé tién
chat giam thap, su phat trién di huéng cua cac hat AUNPS hién c6 dugc wu tién hon
S0 Véi viéc hinh thanh cic hat méi. Mot nghién ciru trude d6 dé xuat rang cac
electron tir plasma khong chi thiic day phan tng (3) hinh thanh H,0, ma con twong
tac v6i dic tinh kim loai cia AuNPs, gop phan tao ra bé mat tich dién am. Sau khi
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dirng qua trinh xu 1y plasma, cac ion AuCl, con lai trong dung dich dwoc hap phu
dan dan 1én bé mit AuNPs, tao thanh mét 16p phit mong. Mic du luong CI™ qua nhé
dé quan sat trén phd EDX ctia AuNPs (Hinh 3.16A).

A B

= . — ¥ S

Hinh 3.15. Anh chup so sdnh dung dich nano vang tong hop bang phwong phdp
plasma jet: (A) Ngay sau khi tong hop va (B) sau khi bao qQudan trong 6 thang.

Hinh 3.16B trinh bay biéu db nhidu xa tia X (XRD), khing dinh ciu trac tinh
thé cua cac hat AUNPs ché tao dugc. Tam dinh nhidu xa trong khoang 26 tir 40° dén
120° déu thudc vé tinh thé vang, trong khi khong c6 dinh nao tir tap chat dugc phat
hién trong phd EDX (Hinh 3.16A). Piéu nay ching to cac AuNPs tong hop c6 do
tinh khiét rat cao.

Céc ion CI” duoc biét 1a c6 xu huéng hap phu 1én bé mat vang, 1am cho AuNPs
tich dién am (thé Zeta -18 mV nhu dugc thé hién trong Hinh 3.16C). Diéu nay dan
dén luc day giita cac hat, dam bao dung dich AuNPs 6n dinh.

Nhu vay, phuong phap tong hop bang tia plasma thé hién vu diém vuot troi
khi khong can sir dung chat khir, chat xtc tac hay chat hoat dong bé mat, dong thoi
cho phép tao ra cac hat AuNPs dong nhét, 6n dinh va tinh khiét.
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Hinh 3.16. (A) Phé EDX va (B) phé XRD ciia AUNPS.
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3.4.3. Tim hiéu co ché phén iing téng hop AuNPs béing tia plasma lanh

Khi plasma tiép xtic voi méi truong long, cac goc phan tmg va cac hat tich
dién duoc tao ra boi plasma c6 thé hoa tan vao dung dich, lam thay d6i dang ké cac
tinh chat 1y hod cua dung dich va kich hoat cac phan tmg hoa hoc phuc tap. Cac
nghién ctu trude day da khang dinh rang hydrogen peroxide (H,O,) dong vai trd
chinh trong qua trinh khir Au3+ bang plasma, nhu dugc mé ta bgi phuwong trinh sau:

3H,0; + 2Au*" — 2AU° + 6H" + 30, (pt 3.1)

H,0, 1a mot chat ton tai 1au dai, c6 thé duge hinh thanh théng qua nhiéu con
duong khac nhau, ca ¢ pha khi va tai giao dién khi — long, nhu duoc biéu dién trong
cac phuong trinh phan tng sau:

UV + H,0 — OH +H (pt 3.2)
€ (gas) T H,O — OH+H (pt 33)

Sy hinh thanh ciia H,O, trong qué trinh xir 1y plasma lanh bang cach chiéu
plasma vao 10 ml nudc khtr ion (DI) trong 5 phit di duoc chimg minh. Két qua do
phé héap thy UV-Vis cho thay dinh hap thu dic trung cua H,0, tai 225 nm, va dinh
nay hau nhu khong thay doi sau 48 gio (Hinh 3.17), xac nhan sy hinh thanh céc
phan to H,O, véi thoi gian séng lau dai. N@)ng do H,0O, duoc udc tinh dat 3 mg/L
sau 5 phut xu ly plasma.
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Hinh 3.17. Sy thay déi cua phé hdp thu cia H,0, trong nude dwoc xir Iy plasma
trong 5 phut sau 0-48 gio.
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Tuy nhién, khi H,0, dugc thém tryc tiép tir dung dich gbc chira 30% H,0,
vao dung dich HAuCly dé dat néng do tuong ty (3 mg/L), khong c6 AuNPs nao
dugc hinh thanh. Ngay ca khi sir dung néng d6 H,0, cao gap 10 lan, dung dich thu
dugc chi co su thay d6i khong déang ké vé mau sac, cho thiy toc do phan tmg cham.
Diéu nay cho thiy H,0, don thudn khong du dé khir Au®* thanh AuNPs. Do d6, can
dé xuat mot co ché hop 1y hon.

Trong h¢ plasma trong chét long, noi cac dién cuc dugce nhing truc tiép trong
dung dich, cac goc hydro (H) duoc san sinh doi dao thong qua qué trinh dién phan
nudc, dong vai tro quan trong trong vi¢c khir ion vang.

Tuy nhién, trong nghién ctru nay, plasma duogc tao ra trong khong khi xung
quanh truéc khi thim nhap vao dung dich, lam han ché qua trinh san sinh cac goc
hydro. Thay vao dé, phan tmg khir Au®* chu yéu dya vao H,0, va OH', nhu dugc
mo ta trong phuong trinh (3.5):

3H,0, + 30H + Au** — Au’+ 3H,0 + 3HO, (pt 3.5)

3.5. Ung dung hat nano vang da ché tao dé phat trién dé SERS c6 d nhay cao

Ca hai dung dich géc AuNPs déu c6 phd hap thyu twong tu nhau (Hinh 3.18A)
va dugc chuan bi & cung néng d6 1 OD. Cac dé SERS duogc ché tao bang cach nho
10 pl dung dich AuNPs 1én mot phién kinh kich thudc 1 x 1 cm, sau d6 dé kho tu
nhién ¢ nhiét d phong.

Pé danh gia kha ning cam bién quang hoc cua cac hat nano vang (AuNPs)
tong hop bang plasma so véi AuNPs thuong mai chat luong cao (Sigma-Aldrich,
mi 753645, duong kinh 50 nm, thé huyén phu on dinh trong dung dich PBS 0,1
mM, khong chira chat phan tng), ching toi da do phé Raman cua dung dich R6G
nong dd 10 ppb trén cac & SERS duogc tao ra tir mdi loai (Hinh 3.18B).

Phé Raman thu duoc cho thiy cac dinh dic trung tai 606 cm®, 769 cm™,
1180 cm™, 1305 cm™, 1355 cm™, 1501 cm™, 1571 cm™, 1645 cm™, trong d6 dinh
manh nhit dugc quan sat tai 1355 cm™. Cac két qua nay phu hop véi phd Raman
ciia R6G da duoc bao cao trude do6. Cuong d6 SERS cua cac dé sir dung AuNPs
t6ng hop bang plasma cao hon dang ké so véi cac dé tir AuNPs thuong mai. O day,
nhom nghién ctru tam thoi bo qua cac tac dong cua su khac biét hinh dang (da giac
S0 Vi hinh cau) cia AuNPs 1én hiéu tng SERS. Két qua vuot troi cia AuNPs tong
hop bang plasma c6 thé duoc giai thich bai bé mat noi tai cua ching, khong c6 su
hién dién cua chat phu.
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Hinh 3.18. So sanh (4) Pho hap thy chuan hod ciia cdc hat Au NPs va (B) Pho
Raman cua dung dich R6G nong do 10 ppb trén cac de SERS Au NPs duoc tong
hop bang phwong phap plasma va Au NPs thwong mai.

Trong cac AuNPs thuong mai, quy trinh tong hop thong thuong sir dung tac
nhan khir hoa hoc (nhu muéi citrat) dé giam cac tién chat mudi kim loai. Goc citrate
sau d6 hinh thanh mot 16p phii bao quanh cac AuNPs. Nguoc lai, cac AuNPs tong
hop bang plasma chi c6 mét 16p pha rat mong cua AuCly’, cho phép cac phan tir
R6G tiép xuc truc tiép va hiéu qua hon véi cac nguyén tir vang trén bé mat AUNPS.
Diéu nay dan dén hiéu ung ting cuong SERS manh hon dang ké.

Can nhan manh rang cuong d6 SERS phu thudc 16n vao cac diéu kién thi
nghiém khac nhau. Do d6, tin hiéu cuong d6 Raman thap hon thu duoc tir dé SERS
ché tao tir hat AuNPs thuong mai chi dung véi nghién ctru va cac buéc thir nghiém

trong thi nghiém so sanh nay ctia chung toi.

3.6. Két luan chwong 3

Chuong nay di trinh bay vé tng dung cua plasma lanh trong tong hop hat
nano kim loai, dac biét 1a hat nano vang. Trong d6, ching t6i da trinh bay cac tai
liéu thé hién cac cac phuong phap truyén théng va “tong hop xanh” dé tao AuNPS,
trong d6 cong nghé plasma lanh dugc dé cap nhu mot giai phép tiém niang. Ching
t6i da thuc hién mot nghién ciru ¢6 hé thong nham téi wu hod cac thong sb trong qua
trinh tong hop AuNPs bang hé plasma jet ma khong can str dung chat khir hoic céc
tac nhan bao vé bé mat. Két qua nghién ctru xac dinh dugc cac diéu kién toi wu dé
tong hop AuNPs véi kich thude ddng déu, bao gdm: khoang cach tir dau phat
plasma dén bé mat chat long 14 0.4 cm, luu lwong khi 1 lit/phut, tan s plasma 40
kHz, nong d6 dung dich tién chiat HAUCI, 0,2 mM vai thé tich 10 ml, va thoi gian
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chiéu plasma 13 5 phat. Pong thoi, di danh gia cac dic tinh caa AuNPs tong hop
dugc thong qua cac phuong phap phan tich nhu SEM, XRD, UV-Vis va DLS. Cac
hat AuNPs tong hop dat dugc do dong nhat cao voi duong kinh trung binh 45 nm,
phan b kich thuéc hep va kha ning 6n dinh trong dung dich trong thoi gian dai ma
khong bi két tu. Cudi cung, da chirng minh rang AuNPs ché tao bang phuong phap
plasma c6 hiéu Gng ting cudng SERS vuot troi so voi cac AuNPs thuong mai chat
lugng cao dugc san XUAt bé’mg tac nhan khir hod hoc. Véi dac tinh nay, AuNPs ché
tao bang phuong phap plasma mé ra tiém niang @ng dung trong viéc phat trién céac
cam bién sinh hoc da ning, c6 do nhay cao va c6 thé ma rong quy mé cho cac (ng
dung trong y sinh, cam bién quang hoc va xtc tac.

Céc két qua cua nghién ctru trong chuong nay nay da dugc cong bd trén tap
chi Nanotechnology (IF 2.9) [54].
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CHUONG 4: CONG NGHE PLASMA LANH UNG DUNG TRONG CHE
TAO PE SERS PINH HUONG PHAT TRIEN CAM BIEN HOA SINH

Hién nay, nhiéu phuong phap da dugc sir dung dé ché tao cau trac SERS voi
da dang hinh théai, bao gdm hinh cau rdng, ciu trac 18i — vo, ciu tric ba chiéu va ciu
tric dang mang mong. Cac k¥ thuat pho bién dé tao ra cac cu trac nay bao gdbm
ling dong hoi vat 1y [99], lang dong dién hoa [100], quang khac [101] va ty lap rap
[102]. Tuy nhién, nhitng phuong phap nay thuong gap han ché vé chi phi cao, thoi
gian thyc hién dai va quy trinh phuc tap.

Trong thoi gian gan day, cac k¥ thuat dua trén plasma lanh d3 duoc nghién
ctru va ung dung rong rai dé téng hop va ling dong vat liéu nano 1én cac loai dé
khac nhau. Mot trong nhitng lgi thé quan trong cta cac phuong phap nay 1a su hién
dién cua cac thanh phan hoat dong trong plasma, bao gom ion, electron, géc ty do
va photon ning luong cao, c6 kha niang thic day qua trinh ling dong vat liéu nano &
nhiét do thap théng qua cac phan tng héa hoc va tuong tac vat Iy. Ngoai ra, plasma
con cung cap nguon electron ty do, gitp ting cuong qua trinh khir trong tién chat
kim loai, tir d6 nang cao hiéu qua tong hop vat liéu nano. Do khong can st dung
chat khir hoa hoc hay cac chat hoat dong bé mit, phuong phéap nay cé thé lang dong
vat liéu nano trén nhiéu loai dé khac nhau, déng thoi giam thiéu lugng vat liéu thai
hoidc cac san pham phu, gop phan ché tao cac ¢é SERS hiéu qua [103].

Hagger va cic cong su di sir dung hé plasma jet ap suét khi quyén sir dung
khi hoat dong 1a Heli dé ché tao dé SERS trén nén kim loai Ag, dong thoi tich hop
vao hé théng phan tich quang pho Raman [104]. Két qua so sanh hiéu suat ting
cudng Raman cua dé duoc ché tao bang phuwong phap plasma lanh véi hai loai dé
SERS trén nén kim loai Ag thuong mai va mot mau hat nano Ag tong hop bang
phuong phéap ling dong vt 1y cho thay dé duoc ché tao bang plasma c6 vu thé vuot
troi vé hiéu qua str dung vat lidu va toc do tong hop. Twong tu, nhdm nghién ctu
ctia ching t6i da c6 mot cong bd vé ung dung plasma lanh dé tong hop hat nano Au
va nghién ciru anh huong cia cac thong sé plasma 1én qua trinh tong hop [105]. Két
qua thu duoc cho thiy cac hat nano Au co kich thuéc trung binh khoang 45 nm
trong diéu kién toi wu ma khong can sir dung thém bét ky hoa chat nao. Bong thoi,
nhitng nghién ctru ban dau ciing ching t6 rang cac hat nano nay co tinh chat cam
bién quang hoc vuot troi so vai cac hat nano thuong mai. Ngoai ra, plasma lanh con
duogc sir dung dé lang dong nhiéu loai vat liéu nano khac nhau, bao gém cac 16p oxit
dong, oxit titan, oxit thiéc, oxit graphen dang khir (rGO), ... 1én nhiéu loai dé khac
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nhau. Vi du, Marzieh va cac cong sy di sir dung hé plasma jet dé in cac vat liéu
nano Ag lén vai polyester va nghién ctru tinh cht SERS cua chiing bang cach sir
dung Rhodamine B (RhB) lam phén tir muc tiéu [106]. Két qua thu duoc cho thay
dé SERS ché tao tir vai polyester c6 do nhay dat 10 M.

Nhu vay, cong ngh¢ plasma lanh dong vai tro quan trong trong viéc nang cao
hiéu suat cua cam bién hoa sinh dua trén hiéu tng SERS. M6t trong nhing vai tro
chinh cta cong nghé plasma lanh 1a: xir Iy bé mat dé giup cai thién tinh chat vat 1y
(gitip bé mat sach hon) va ting ning luong bé mat (giup tao ra mot s6 goc tu do
dinh 1én bé mat dé), tir d6 tang cuong kha ning tu ling dong va ty sap xép cua lép
vat liéu nano 18n trén bé mit véi cau tric 16p mong. Nhitng cu tric nay gitp toi vu
héa hiéu tng cong huong plasmon bé mat, tir d6 khuéch dai tin hiéu Raman cua
phan tir myc tiéu. Ngoai ra, viéc chirc ning hoa bé mit bang plasma giup kiém soat
chinh xé4c loai nhom chtic Xut hién trén bé mat cia cam bién. Piéu nay cho phép
tang cuong Su tuong tac dac hi¢u vaéi cac phan tu sinh hoc, tir 46 nang cao do chinh
xéac va kha ning phat hién cac chat phan tich & nong do cuc thap, gop phan cai thién
d6 nhay va do chon loc cta cac cam bién sinh hoc dura trén hiéu tng SERS.

Ngoai ra, mot trong nhitng thach thuc 16n ciia cam bién SERS 1a su suy giam
hiéu suat theo thoi gian do anh huéng tir moi truong. Plasma co thé tao ra cac 16p
bao vé, han ché su oxy hoa hoac nhidm ban bé mat, gop phan cai thién do bén lau
dai ciia cam bién, tir d6 ting kha ning tai sir dung trong nhiéu lan do ma khong lam
suy giam d¢ nhay.

Muc tiéu chinh ctia ndi dung nghién ctru nay la nghién ciu ung dung cong
nghé plasma lanh trong xtr Iy bé mat vat liéu tng dung trong phat trién cam bién
sinh héa dya trén hiéu trng SERS. Bédo céo nay trinh bay 2 ndi dung chinh: (1)
Nghién ciu ung dung cong nghé plasma lanh trong xir 1y bé mat vat liéu
polycacbonat va SiO, va (2) Nghién ciu ng dung cong nghé¢ plasma lanh trong
phat trién cam bién sinh héa dua trén hiéu (ing SERS.

4.1. Nghién ciru irng dung cong ngh¢ plasma lanh trong xir Iy bé mit vat
liéu polycacbonat va SiO,
4.1.1. Quy trinh irng dung cong nghé plasma lanh trong xir ly bé mdt vit liéu

4.1.1.1. Trén vat ligu polycacbonat
Nho kha nang chiu nhiét o cao, d6 déo dai, trong sudt vé mat quang hoc,
polycacbonat (PC) di duoc sir dung trong nhiéu linh vic khac nhau nhu thiét bj y
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té, thuc pham va quang hoc. Tuy nhién, bé mat PC kha mém dé chdng tray xude va
c¢6 nang luong bé mat thap. Do d6, viéc phu mot 16p vat liéu khac 1én bé mat PC dé
tang cuong tinh chat chng tray xudc cua no 1a rat kho khin. Trong ndi dung nghién
clru nay s& tap trung chi yéu nghién ctru va tdi uu hoéa hiéu tng ting cuong ning
lwong bé mat cua PC bang cach xt 1y plasma, cho phép ting cuong lién két cua cac
I6p pha khac nhau trén bé mat PC, thong qua cac budc sau:

(1) Rira sach cac mau PC nhiéu 1an bang nudc, ¢on va bao quan & noi khé rao;

(2) Thiét 1ap hé plasma jet:

(3) Bat ngudn phat plasma dé bat dau xu 1y bé mat PC;

(4) Sau khi xir Iy xong bé mat PC bang plasma trong thoi gian nhat dinh, tat
hé plasma, khéa van khi, thu mau san pham thu dugc.

(5) Kiém tra dic tinh bé mat cua cac mau PC sau khi dugc xir 1y bang cach
quan sat anh Kinh hién vi luc nguyén tir (AFM) (trén thiét bi Pico Scan 2500) va do
gdc tiép xuc giot nudc (WCA) dé dua ra két luan.

j— Kim bang thép

S— 6ng thach anh

Chum tia plasma

~ Vatliéu Plycarbonate

Z 2P0

Dé dong

N,

E

Hinh 4.1. So dé cdu tao hé plasma jet dé xir Iy bé mat PC va anh chup trong qud
trinh xur Iy plasma.

Hinh 4.1 mb ta so d6 cAu tao cua hé plasma jet duoc sir dung trong viéc xir 1y
bé mat vat liéu, bao gom hai thanh phan chinh: (1) ngudn dién cao ap, tan s cao, va
(2) bo phat plasma.

Ngudn dién cao ap tan sb cao vai thong sé da duoc trinh bay rat chi tiét trong
muc 2.2.1, ¢ day véi ang dung cho xtr 1y bé mat vat liéu nén tan sb cua ngudn phat
duoc thiét 1ap ¢ gid tri 35 kHz. Bo phat plasma dugc thiét ké bao gom: 01 éng thach

anh dai 70 mm véi duong kinh trong 1a 5 mm va duong kinh ngoai 1a 7 mm lam vét
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licu dién moi; 01 kim tiém bang thép khong gi dong vai tro 1a dién cuc cao ap; 01
dau vao khi. Khi Ar duoc thdi vao bén trong mot voi phun tir bo didu khién luu
luong khdi (MFC) véi luu luong 1a 1 lit/phat. Bién cuc ndi dat dugc sir dung 1a mot
tam dong co dién tich 50 mm x 70 mm, dugc dit dudi cac mau PC sach, khoang
cach tir diém cudi ng thach anh dau phat dén bé mat mau PC 14 1 cm.

Pé danh gia duoc anh huong cua plasma nén mot dién tich bé mat nhat dinh,
thi nhom nghién ciru da dwa trén hiéu suat thay do6i goc tiép xtic giot nudc (Water
Contact Angle — WAC) ctia bé mat vat liéu trudc khi xt 1y plasma va sau khi xur 1y
plasma.

Anh hudng cua viéc xir Iy bé mat bang plasma trén cac mau PC duoc tinh
toan theo phuong trinh (4.1):

WCAcR w1y — WCAGa x Iy
H = il =Y 100% (pt 4.1)
WCAchwa xir ly

H: hiéu suat thay d6i goc tiép xtic giot nudc anh huang boi plasma lanh (don vi %);

WAC: gia tri goc tiép xtc giot nudc cua bé mat mau PC (don vi d0).

4.1.1.2. Trén vat liéu SiO,

Trong thoi gian gan day, plasma lanh duoc coi 1 mot phuong phap nhanh
chéng va hiéu qua dé lam sach va bién ddi bé mat vat liéu. Trong noi dung nghién
clru nay, ching t6i di sir dung cong nghé plasma lanh 1én bé mat cua dé kinh thay
tinh (SiO,) bang cach chiéu mot chum tia plasma jet 1én trén toan bo bé mat duoc
gioi han béi bang dinh polyimide. Cac budc xir Iy bé mat vat liéu SiO, tuong tu nhu
cac budc xtr Iy bé mat vat liu PC, bao gom céc budc sau:

(1) Chuan bi dé kinh theo cac budc: (i) Cét cac lam kinh (day 1,0 mm; kich
thugc 75m x 25 mm) thanh cac miéng nho c6 kich thuéc 8mm x 8 mm; (ii) Lam
sach cac dé kinh theo nhiéu budc bing nuéc ct, ethanol, acetone, sau dé rira lai
bang nudc cat siy kho bang khi nito va cudi ciung bao quan cac dé kinh di sach &
nhiét do phong; (iii) C4 dinh dién tich 1am viéc cua cac dé kinh bang bing dinh
polyimide trong mot hinh tron c¢6 dudng kinh 6 mm véi dién tich khoang 30 mm?
(phan con lai cia dé kinh dugc che phu bai mot 16p polyimide)

(2) Thiét lap hé plasma jet: Hé duogc thiét lap chi tiét nhu dd mo ta & muyc
4.1.1.1.
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(3) Bat ngudn phat plasma dé bat dau xir Iy bé mat dé kinh trong 30 gidy dé

loai b6 cac tap chat con lai va chirc niang hoa bé mit.

(4) Sau khi xir Iy xong bé mat thuy tinh bang plasma trong thoi gian nhat
dinh, tat hé plasma, khoa van khi, thu mau san pham.

(5) Kiém tra dic tinh bé mat ciia cac mau dé kinh sau khi dugc xir Iy bé mat
bang plasma bang cach quan sat anh AFM va do goc tiép xtic nugc (WCA).

4.1.2. Khdo sat, danh gid hi¢u qud va thoi gian ton tai ciia hiéu irng xir ly bé
mdat vat liéu bang phwong phap plasma jet

4.1.1.1. Trén vat liéu polycacbonat

Trong noi dung nghién ctru ndy, nhém nghién ciru chu yéu thay doi thoi gian
chiéu plasma nham khao sat anh huéng cua plasma téi nhiing thay doi trén bé mat
vat liéu PC thong qua su thay ddi trén cu trac bé mit va theo di ty 18 phan trim
thay d6i goc tiép xac nuéc (WCA). Nang luong bé mit cao hon do xir 1y plasma tao
ra dan dén ty & phan trim thay d6i WCA cao hon. Do d6, viéc theo dbi ty 1é phan
tram thay d6i WCA theo thoi gian (0 dén 14 ngay) cho phép nghién ctru tac dong
lau dai cua xt ly plasma (Hinh 4.2).

100
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Thei gian xit Iy plasma (giay — s)

Hinh 4.2. (Trdi): sy phu thugc ciia géc tiép xiic nwée (WCA) trén bé mat PC vao
thoi gian xu Iy plasma, (phai): anh chup cdc giot nuoc trén bé mat PC trong thoi
gian xu ly plasma khac nhau.
Céac miu PC duoc xir Iy bang plasma lanh véi thoi gian 3 gidy, 30 gidy, 60 gidy,
180 gidy, 300 gidy va 540 gidy (Hinh 4.2). Tat cac mau PC duoc chia thanh thanh 7
nhom (mdi mau duoc lap lai 5 1an): ngay sau khi xtr 1y (0 ngay), sau 1, 2, 3, 7, 10 va
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14 ngay xtr 1y plasma (Hinh 4.3). Sau khi duoc xtr 1y bé mat bang phuong phép
plasma lanh xong, cac mau dugc luu trir trong hop den va bao quan & nhiét do
phong. Cac mau chua xir 1y ¢6 gia tri goc tiép xuc nude (WCA) 1a 79° + 5°. Gia tri
nay ciing pht hop véi phép do trude d6. Sau 3 gidy xir 1y, goc tiép xtc nudc giam
tir 74° xudng 54°. WCA cua cac mau dugc Xt Iy bé mit trong 60 gidy thap nhat &
muc 42 + 4°. Pdi voi cac mau duoc chiéu plasma trong 180 gidy, 300 gidy va 540
gidy, goc tiép xuc bdo hoa voi gia tri khoang 44°.

Sau khi khao sat vé do thay doi goc tiép xuc giot nuéc ngay khi chiéu plasma
trén bé mat, thi nhom nghién ctu tiép tuc thir nghiém khao sat kha ning kéo dai
hiéu tng thay dbi gia tri goc tiép xtic giot nudce trén bé mit theo thdi gian. Theo do,
cac mau duoc chiéu plasma véi thoi gian chiéu khac nhau tir 3 gidy dén 540 giay va
dé khao sat trong khoang thoi gian 14 ngay.
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Hinh 4.3. Hiéu irng kéo dai thu dwoc trong nhiéu khodng thoi gian chié’g plasma
khac nhau (3 gidy, 30 gidy, 60 gidy, 180 gidy, 300 gidy, 540 gidy) trén bé mat PC
tee ngay lap tuee den sau 14 ngay.

Két qua cho thiy sau 14 ngay, ty & phan trim thay doi WCA cia cac mau
dugc xir 1y trong 3 gidy, 30 gidy va 60 gidy giam nhanh tir khoang 40% xudng dudi
10% (Hinh 4.3). Trong khi d6, két qua thu dugc tir cac mau duoc xur 1y plasma
trong 180 giay, 300 gidy va 540 gidy cho thiy ciing mét xu huéng giam tuyén tinh
xudng khoang 20% sau 7 ngay xu Iy va duy tri & gia tri ndy trong 7 ngay tiép theo.
Sau khi phén tich cac két qua thu duoc, chiing t6i nhan thay 60 gidy 1a thoi gian toi
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vu nhat dé dat duoc ning luong bé mat cao nhat ngay sau khi xtr Iy bang plasma
nhung khoang thoi gian xir 1y tir 180 gidy trd 1én cho tac dong lau dai hon. Véi higu
g kéo dai nay, viéc phu cac 16p vat liéu khac nhau nham ting cuong chong swong
mu, chdng tray xudc, chéng dau van tay, chéng vi khuan, chéng choi, ... 1én trén bé
mat cia PC 1a d& dang hon, tir d6, m& rong (ng dung caa vat liéu nay trong nhiéu

linh vuc khac nhau.

Hiéu ung kéo dai ctia qua trinh xir Iy bé mat bang plasma, dugc thé hién
trong Hinh 4.3, cho thay rang plasma gy ra ca bién doi hoa hoc (nang luong bé mat
— lién két hoa hoc) va bién d6i vat 1y (hinh thanh cac vét nirt do chum tia plasma tac
dong 1én trén bé mat PC). Sy thay ddi ning lwong bé mit do plasma tao ra chi xay
ra trong khoang tir 3 gidy dén 60 gidy dau tién va c6 xu huéng giam tuyén tinh
trong 7 ngay tiép theo va tré vé trang thai ban dau do phan @ng véi hoi nuéc hoic
cac tac nhan oxy hoa trong khong khi. Tuy nhién, vi thoi gian xur 1y plasma kéo dai
hon (180 gidy, 300 gidy va 540 gidy), hiéu ung thay doi goc tiép xtic nudc (WCA)
¢6 xu hudéng kéo dai hon (Hinh 4.3), chiting té rang ca bién d6i héa hoc va vat 1y
déu xay ra trén bé mat PC. Pac biét, khi thoi gian xtr 1y vuot qua 180 gidy, su thay
d6i vat Iy van con duy tri & mic 20% ngay ca sau 14 ngay.

Hinh 4.4. Hinh anh AFM cia bé mdt PC: a) khéng xir Iy plasma, b) xir Iy plasma
trong 60 giay va c) xu Iy plasma trong 540 giay.

Sy bién d6i bé mat PC do plasma duoc quan sat rd rang thong qua hinh anh
hién vi luc nguyén tir (AFM) trong Hinh 4.4. Cy thé, miu chua xir 1y (Hinh 4.4a) va
mau xir 1y trong 60 gidy (Hinh 4.4b) cho thiy bé mat PC van duy tri nguyén trang,
khong xuat hién hu hai trong giai doan dau cia qua trinh xtr 1y plasma. Tuy nhién,
v6i mau duoc xir Iy trong 540 gidy (Hinh 4.4c), bé mit tré nén nham hon va xuat
hién cac vét nut, phan anh tac dong vat 1y ciia chum tia plasma sau thoi gian tuong
tac kéo dai. Sy thay d6i hoa hoc cua bé mat PC c6 thé giai thich théng qua phan tich
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ty 1é lién két hoa hoc. Theo Graves va cong su giai thich rang: két qua phd quang
dién tir tia X (XPS) trudc va sau khi xir Iy plasma cho thay sy thay d6i dang ké
trong ty 1¢ lién két C-O, C-O=C, C=0, C-C/C-H, véi ty I¢ oxy ting va ty & cachon
giam [27]. Piéu nay co6 thé duoc quy cho su twong tac cia cac thanh phan chinh
trong chum plasma, bao gom ion, electron va birc xa UV, véi cau triic polyme cua
PC, tao diéu kién thuan lgi cho oxy tham nhap vao bé mit. Sy gia ting oxy bén
trong cac nhom chitc phan cuc dan dén ting cuong ning luong bé mat va tinh ua
nudc cia bé mat PC, diéu nay giai thich cho viéc giam goc tiép xuc sau khi xur 1y
plasma. Tuy nhién, néu thoi gian chiéu xa plasma qua dai, né c6 thé dan dén qua
trinh thay ddi ty 1& O:C bj bdo hoa, khién goc tiép xuc cua PC chi giam xudng mot
gia tri nhat dinh (42°C trong thi nghiém nay).

4.1.1.2. Trén vat liéu SiO,
Tuong tu vat liéu PC, thoi gian chiéu plasma duoc thay doi nham khao sat
anh huang cua plasma téi nhitng thay doi trén bé mat dé c6 kich thuéc khoang 36
mm? thong qua su thay doi trén cdu tric bé mit va theo doi su thay doi trong goc

tiép xac nugc (WCA).
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Hinh 4.5. (4) D6 thi I-V va (B) Phé phat xa quang hoc cua hé plasma jet.

Pé tim hiéu cac tac nhan c6 thé gdy ra sy thay doi bé mat vat liéu dé kinh,
chung t6i tién hanh kiém tra dic tinh plasma cua hé phat plasma jet thong qua do
dic trung dong dién — dién 4p (I — V) va phan tich phd phat xa quang hoc (OES) cua
hé (Hinh 4.5). Hinh 4.5A cho thay cau hinh dong dién — dién ap cta qua trinh phong
dién plasma véi dién ap dinh-dinh 1a ~3,5 kV, dong dién dinh 13 ~20 mA va tan s6
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1a ~ 45 kHz. Cong suit udc tinh cia tia plasma 1a 0,9 W. Dé xac dinh cac hoat chat
phan tng duoc tao ra tir plasma, nghién ctru sinh di do phd phat xa quang hoc
(OES) cua plasma trong dai 200 — 1000 nm (Hinh 4.5B). Dinh phat xa 309 nm, biéu
thi cac gbc hydroxyl (+*OH), 1 két qua cua sy phan ly hoi nuéc trong khong khi
xung quanh, trong khi cac phat xa vach yéu duoc phat hién trong ving 330 — 380
nm thudc vé nito. Cac dinh phat xa trong pham vi 650 — 1000 nm 1a sy chuyén doi
tor muc Ar kich thich sang trang thai bén, vi Ar duoc st dung lam khi hoat dong.
Céc phan (ng vai cac hoat chat duoc tao ra tir plasma, dac biét 1a cac gdc hydroxyl,
trén bé mit dé kinh dan dén su hinh thanh cdc nhém chirc khac nhau trén bé mat
kinh. Ngoai ra, su ban phé electron va ion tir plasma ciing c6 thé 1am thay dbi hinh

thai bé mat.

Hinh 4.6. Anh AFM ciia bé mat kinh va anh géc tiép xiic mede (WCA) (dwdi cimg
bén phai: (C) truoc, (D) sau 10 gidy va (E) sau 30 gidy xuw Iy plasma.

Hinh 4.6A-C trinh bay tac dong cua cac thoi gian xt ly plasma khac nhau 1én
bé mat kinh: truéc khi xir Iy (A), sau 10 gidy (B) va 30 gidy (C) xtr 1y plasma. Két
qua cho thay c6 hai tic dong rd rét trén bé mat kinh khi dwoc xt 1y bang plasma: (1)
giam do nham cua bé mat kinh (tir 200 nm trudc khi xtr 1y plasma thanh bé mat gan
nhu dong nhat 1y tudng sau 30 gidy xir 1y plasma); va (2) ting cuong ning luong bé
mat bang cach giam géc tiép xtc giot nudc tir 59° xudéng 26° va xudng gan 0° sau
thoi gian xir Iy plasma lan lugt 1a 0, 10 va 30 gidy. Hai tac dong nay giap cai thién
chat luong bé mit kinh dé ling dong AuNPs t6t hon trén bé mat nay trong budc
ling dong AuNPs d¢ tao ra dé SERS.
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4.2. Nghién ciru tng dung cong nghé plasma lanh trong phat trién cam bién
héa sinh dua trén hi¢u rng SERS

Trong ndi dung nghién ctru nay, ching toi di két hop phuong phap plasma
lanh va laser dé phat trién mot phuwong phap don gian, chi phi thip nhung hiéu qua
dé ché tao @é SERS nhanh chong véi hiéu suit cao. Theo do, budc dau tién 1a tién
hanh ché tao hat nano Au (AuNPSs) bang cong nghé plasma tir tién chat HAuUCI, voi
quy trinh dwgc mé ta chi tiét trong ndi dung nghién ciru 3 dé str dung lam dé SERS.

4.2.1. Cdc bwéc xir Iy dé SERS bang cong nghé plasma jet

=-S5 KhiAr :

Bang dinh %
Q g
Dé thuy Xir Iy Xir Iy laser
tinh Plasma

Laser xanh

Hinh 4.7. Quy trinh ché tao dé SERS két hop tién xit Iy plasma va xir |y laser.

Hinh 4.7 m6 ta quy trinh ché tao dé SERS bang phuong phap két hop giira
plasma lanh va laser tr dung dich AuNPs da ché tao dugc bang phuong phap
plasma lanh, véi cac budce nhu sau.

(1) Chuén bi cac dé kinh (thong qua cac budc duge mo ta trong phan 4.1.1.2);

(2) Xtr Iy plasma cac mau dé kinh thu dugc trong 30 gidy dé loai bo céac tap chat
con lai va chirc ning hoéa bé mat dé kinh;

(3) Nhé 3 pl dung dich huyén phi nano Au duoc nho vao khu vuc gi6i han
(khong bi che phu boi 16p bing dinh) cua dé;

(4) Chiéu tia laser anh sang xanh voi budc song 532 nm va cong suat 480 mW trong

15 phut dé ling dong AuNPs trén dé kinh nhdm muc dich ché tao dé SERS.
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4.2.2. Khdo sdt va danh gid hiéu qud ciia dé SERS ché tao dwoc

4.2.2.1. Tang cwong cuong dé va do dong déu cia tin hiéu Raman trén mét dién
tich lon

A B
12000 [ _ .
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Hinh 4.8. (A) Phé Raman ciia R6G duoc do trén dé SERS dwroc ché tao ma khong
qua xit Iy plasma hodc laser (dwong mau den), chi dwoc tién xir Iy bang plasma
lanh (@wong mau tim) va dwoc Xir 1y bang cd plasma lanh va laser (dwong mau

xanh). Mdi phé Raman la gid tri trung binh cua 11 phép do tai 11 diém khdc nhau

phan bé trén toan bo bé mat dé (B) va dé léch cua chung dwoc hién thi bc%ng thanh
16i trén cdc dinh ddc trung tai 613 cm™ va 1361 em™.

Pé danh gia hiéu qua cua viéc tién xir 1y plasma lanh va xir 1y laser trén dé
SERS, chung t6i da so sanh phd Raman ctua R6G trén cac dé SERS khac nhau:
nhimg dé dugc ché tao ma khong qua bat ky phuong phap xir Iy bé mat nao (dudng
mau den), dé dugc xir Iy plasma nhung khong duoc chiéu laser (dudng mau tim) va
duge xir Iy bang ca hai phuong phap laser va plasma (dudng mau xanh 1a cay), nhu
dugc thé hién trong Hinh 4.8A. Cac phd nay duogc do tai 11 diém khac nhau, phan
b trén toan b bé mit cua dé (Hinh 4.8B). Pé minh hoa tét hon, cac dinh ¢ 613 cm’
' va 1361 em™ duge danh du bang cac cham, trong khi cac thanh sai sb (error bar)

biéu thi do 1éch cta 11 phép do.

Béng cach so sanh cuong d6 dinh Raman dic trung cua R6G ¢ 1361 cm™,
chung t6i quan sat thiy cuong d6 Raman c6 thé ting gip 3 lan nho tién xir Iy
plasma (tir gia tri khoang 1000 a.u. 1én gia trj 3000 a.u.), va 1én dén 11 lan bang
cach két hop ca plasma va laser v6i gia tri (khoang 11000 a.u.). Chung toi ciing
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mudn nhin manh ré“mg cac dinh Raman déc trung cua R6G (vi dy, ¢ 613 cm™ va
1361 cm™) khong thay d6i dbi voi ca ba dé SERS, cho thdy ca xir 1y trude bang
plasma lanh va xir 1y bang laser déu khong anh huéng dén vi tri ctia cac dinh Raman

cua vat liéu dugc nghién ciru.

Hon nira, khong chi cudng d6 Raman ma ca tinh dong nhat cia dé SERS
cling dugc cai thién, nhu dugc thé hién bé’mg céc thanh sai s6 ¢6 gia tri ngén hon &
cac mau nay. Ching toi dd chimg minh duogc rang su két hop giita plasma va laser
da cai thién chat luong bé mit va tao ra su phan bd déng déu hon ctia AuNPs trén
dé, dan dén cuong d6 Raman duoc ting cuong va dé SERS ddong déu hon, do dé, tin
hiéu SERS thu dugc nhét quan hon (Hinh 4.8).

4.2.2.2. Cai thién kha ndng tdi sir dung ciia dé SERS

Kha ning tai sir dung cua dé SERS da duoc thir nghiém bang cach st dung
dung dich R6G & nong do 10°® M. Sau khi ghi lai pho Raman, cac dé duoc 1am sach
bang cach nhung ching vao nudc cit trong 1 phit, sau d6 13 ethanol trong 10 giay,
axeton trong 10 gidy, roi lai ngdm nudc cit trong 10 phut dé loai bo cac phan tir con
lai, trude khi duoc say kho bang khi nito. Phé Raman cua dé da duoc lam sach
truéc khi hap phu lai cac chit phéan tich duoc ghi lai va qua trinh nay duoc lap lai
trong 10 chu Ky rira va hap phu lai.
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Hinh 4.9. Phé Raman cua R6G sau khi riza dé 0, 1, 3, 5 va 10 lan dé xir Iy bang
plasma lanh va laser (4) so véi chi xi Iy trieéc bang plasma lanh (B); (C) cwong do
Raman ciia R6G trén dé SERS ché tao dwoc triede va sau 3 thang ¢ nhiét dg phong.

Két qua cho thdy khong phat hién thiy R6G trong phd Raman cua R6G ddi véi
cac dé mai tao va sau 1an hap phu lai tht nhat, tha ba, thir ndm va th mudi, chung
t6i so sanh cac dé SERS di xtr 1y (plasma + laser) (Hinh 4.9A) véi cac dé chi duoc
xur 1y bang plasma lanh (Hinh 4.9B). Mic du cudong do Raman giam dan sau mdi
chu ky rira, ¢é duoc xir Iy bang (plasma + laser) van cung cap pho riéng biét sau 10
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chu ky, trong khi ¢é duoc xtr Iy bang chi plasma lanh hau nhu khong thu duoc tin
hiéu sau 5 chu ki do.Hon nita, chung t6i quan sat thdy cuong d6 Raman cia R6G
trén dé SERS ché tao van & mirc 85% sau 3 thang bao quan & nhiét do phong (Hinh
4.9C). Piéu nay chting minh tinh 6n dinh, kha ning tai str dung va hiéu qua vé chi
phi cua dé SERS duogc xir 1y bang plasma + laser.

4.2.2.3. Hé s6 tang cuong SERS (EF) va dé nhay véi R6G
Dé nghién ctu Sy ting cudng tin hiéu Raman, R6G d3 dugc sir dung 1am thudc
thir Raman chuan [107]. Bé don gian, hé s6 ting cudng (EF) duoc tinh nhu sau:

1 Cc
EFSERS = SERS. —R_ (pt 42)

IR CSERS
trong d6 Cg va Csgrs 12 nong d6 R6G tai dé thuong (Raman binh thudng) va phép do
SERS, va I va Isegs lan luot 13 cudng do dinh cua ching. Hinh 4.10 cho thay pho
SERS cuu R6G & ndng do cyc thip 1a 10 M, dwoc do bing & SERS di ché tao
duoc. Phd SERS cua R6G trén dé SERS c6 cac dinh dic trung cua R6G & 613 cm™,
775 cm™, 1185 cm™, 1312 em™, 1361 cm™, 1509 cm™, 1574 cm™ va 1650 cm™.

St dung tin hiéu Raman cia R6G & nong d6 102 M trén dé SERS va 10° M

trén dé dé kinh, chung toi da tinh toan dugc hé sé ting cuong:

ISERS Cr 217 1073
EFSERS = . == .
IR CSERS 667 10712

=3,2.108 (pt 4.3)

Nho AuNPs phan b déng déu trén bé mat tir phuong phap xir Iy bang plasma
va laser, d¢ SERS di ché tao dat duoc EF dang ké 1a 3,2.10%, tét hon nhiéu so voi
cac cong trinh khac trén dé SERS bang cach phan tan AuNPs (EF ~ 10°) [108] hoic
khtr cac ion Au bang cac vi ciu polyme chira tinh thé nano silicon (EF ~ 5,4 x 10)
[109]. EF cua SERS da ché tao co gia tri twong ty nhu EF duoc tao ra bang céac
phuong phap phtc tap hon va qua nhiéu quy trinh, chang han nhu mang nano Au
dwoc 1am nham bang dién hoa (EF ~ 2,45 x 10°) [110] hoic cac bong hoa nano Ag
dang cudn len bang phan tng hdn hop ethanol — nuéc (EF ~ 2,7 x 10° dén 5,4 x 10°)
[111]. EF duoc udc tinh theo cong thic EF=(lsgrs/Nsers) (Iret/Nrep), trong d6 sai s6
cha yéu dén tir (i) udc luong Nsgrs do muc hap phu khong bio hoa va phan b
“hotspot” khong dong nhat; (ii) cac tham sé quang hoc (kich thudc diém hoi tu, léch
tiéu, cong suat laser tai mau, thoi gian tich phan, photobleaching, hiéu chinh duong
nén); (iii) su bat dinh hinh thai nén SERS (khe nano, d6 nham, tu dam) va dinh
hudng phan tir. Hé s6 khuyéc dai EF cao (3,2x10°) nhung 13 gia tri trung binh thu
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dugc tir 9 diém do phan bd déu trén bé mat d¢é SERS, voi khoang sai s6 dudi 10%,
nén c6 do tin cay tét.

—— 107 '2M trén dé AuNPs — SERS
1073M trén dé thuy tinh

613

Cuong do tin hiéu (a.u)

613
775
1185
1312
1361
1509
1575
1650

i ; 1 i I ; ; 1 ¢
600 800 1000 1200 1400 1600 1800

Chuyén dich Raman (cm™1)

Hinh 4.10. Phé Raman cia R6G sau khi rira dé 0, 1, 3, 5 va 10 lan dé xir Iy bang
plasma lanh va laser (4) so véi chi xit Iy trieéc bang plasma lank (B); (C) cwong
d6 Raman cia R6G trén dé SERS ché tao duoc trude va sau 3 thang o nhiét do
phong.

4.3. Thir nghiém dé SERS ché tao dwgc trong viéc phat hién khang sinh
Amoxicillin véi d nhay cao

Pé SERS ché tao dugc dd duoc sir dung dé phat hién amoxicillin, mét loai
khang sinh duoc st dung rong rii & ca ngudi va dong vat san xuat thuc pham. Do lo
ngai vé tic dung gdy ung thu tiém 4n va kha nang cac du lugng amoxicillin liéu cao
trong cac san pham dong vat gdy ra dot bién gen, nén viéc tim ra mot phuong phap
phat hién Amoxicillin nhanh chéng, don gian va hiéu qua 1a mot nhu cau cap thiét.
Theo Tiéu chuan Viét Nam TCVN 8348:2010, ngudng phat hién amoxicillin trong
thuy san 1a 10mg/kg(~10.10°) bang phuong thirc sic ky 1ong hiéu niang cao. Hinh
4.11A cho thdy phd SERS cua amoxicillin dugc do & cic ndng do khac nhau tir 10
dén 10”° M, cho thdy cac dinh dic trung & 1456 cm™. 1276 cm™ va 852 cm™.

Str dung tin hiéu Raman caa Amoxicillin & 10° M trén dé SERS va 1 M trén dé dé

kinh, chung t6i d3 tinh toan dwoc hé sd ting cuong:
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ISERS CR 161 1
EFsprs = . = "To-9
IR CSERS 1887 10~

8,5.107 (pt 4.4)

Mbi twong quan tuyén tinh giita cuong d6 Raman va néng d6 Amoxicillin
trai dai trén bay cip do l6n (tir 10° dén 10° M), cho thy d¢ tin cay rét cao véi gia
tri R? 1a 0,98 (Hinh 4.11B). Gi6i han phat hién (LOD) dwgc xac dinh 1a 0,9.10°,
dugc tinh toan dya trén mdi twong quan tuyén tinh & cuong d6 gap ba lan cuong do
nhiéu nén.

852

y= -2425*x + 21923
R?=0.98
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Hinh 4.11. Phé SERS cua Amoxicillin ¢ cdc nong d@é khdc nhau (A) va sy phi
hop tuyén tinh giifa nong dé cia né va cuong dé dinh ¢ 852 cm™ (B) trén pham vi
nong do tir 107 dén 10° M.

4.4. Két luan chwong 4

Trong chuong nay, nhom nghién ctru da tién hanh wng dung plasma lanh dé
xir 1y bé mat vat liéu nhu PC va SiO, da dugc trinh bay chi tiét. Qua thi nghiém,
quy trinh xir Iy da cai thién nang lwong bé mat, tang tinh wa nude (do bang goc tiép
xtc WCA) va cai thién két cau bé mit (theo hinh anh AFM). Thoi gian xt 1y toi wu
1a 60 gidy, giup dat niang lwong bé mat cao ma khong gy hu hai. Sy bién doi hoa
hoc do plasma giam WCA ban dau ti 40% roi dan phuc hoi trong vong 14 ngay,
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trong khi thay doi vat 1y chi xay ra khi thoi gian xir Iy vuot qua 60 giay (giam WCA
khoang 20% va&i hiéu tmg kéo dai). Plasma lanh ciing duoc dung dé tién xur 1y bé
mat dé kinh SiO,, gitp lam sach, giam d6 nham va ting ning luong bé mat, tir d6
cai thién dé SERS. Tiép do, chung toi d3 mo ta thir nghiém ché tao dé SERS bang
két hop xtr 1y plasma lanh va laser. Tién xur 1y dé kinh giup giam d6 nham va ting
nang luong bé mit, con xtr 1y laser dam bao lang dong AuNPs déu, tao ra dé SERS
c6 cuong do Raman ting gap 11 lan, ddng nhat trén toan bo bé mat va kha ning tai
sir dung 1én dén 10 chu ky. Dé dat hé sb tang cuong (EF) khoang 3x10° véi R6G va
giGi han phat hién (LOD) 10™ M. Ung dung cia d& SERS cho phat hién
amoxicillin cho thdy pham vi phat hién tuyén tinh tir 10° d&én 10° M véi R? = 0,98
va LOD 9x10™° M.

Nhu vay trong chuong 4 nay, Nhom nghién ctru da chirng minh vai tro then
chét cua plasma lanh trong toan bo chu trinh ché tao cam bién SERS. Viéc xu 1y
plasma gitip cai thién dang ké tinh chat bé mat cua vat liéu (cu thé hiéu ung cua xu
1y bé mat PC va Si0,): tir tang nang luong bé mat dén diéu chinh d6 nham bé mit,
qua d6 tao diéu kién t6i wu cho qua trinh lang dong va phan b6 dong déu cua cac hat
AuNPs. Nho @6, ¢é SERS thu dugc thé hién hiéu suat cao, 6n dinh va lap lai vuot
troi. Hiéu nang nay duoc xac nhan bang thir nghiém vai chat chuan R6G va tiép tuc
duoc khang dinh qua ¢ng dung phat hién amoxicillin, dat do nhay va do chinh xac
vuot troi. Pidu d6 cho thdy plasma lanh khong chi 13 cong doan xir Iy bé miat don
thuan ma 13 yéu té quyét dinh truc tiép dén chat luong cua cam bién SERS, gop
phan quan trong vao sy phét trién cua cac nén tang cam bién sinh hoa tién tién.

Nhu vay, két qua nghién ciu khiang dinh cong nghé plasma lanh 1a mot
phuong phap tién tién va hiéu qua dé cai thién dic tinh bé mat cua vat lidu, gop
phan quan trong trong viéc ché tao cac cam bién sinh héa dua trén hiéu ung SERS.
Tir d6, nghién ciru md ra nhiéu trién vong ung dung trong cac linh vuc doi hoi do
nhay va dg chinh xac cao trong phat hi¢n phan tt.

Cac két qua nghién ctru trong chuong nay da duoc cong b trén céac tap chi
Nanomaterials (IF 4.4) [112] , Optical Materials (IF 3.8) [113], va Vietnam Journal
of Catalysis and Adsorption [53].
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CHUONG 5: CONG NGHE PLASMA LANH UNG DUNG TRONG KiCH
THICH HAT GIONG NAY MAM VA XU LY CHAT NHUOM MAU

5.1. Cac thir nghiém va cac buéc &ng dung cong nghé plasma lanh trong
kich thich hat giong ndy mam
5.1.1. Tdc déng cia plasma lanh Ién bé mit ciia hat giong
Cong nghé plasma lanh trong xir Iy bé mit hat giéng co tac dong rd rét dén
ca dic tinh bé mat va thanh phan bén trong cua hat. Nhiing thay ddi nay thudng cé
loi, duoc phan thanh hai nhém chinh: (i) cai thién dic tinh bé mit va (ii) thay doi
thanh phan bén trong hat [114, 115].

Tac dong noi bat 1én bé mat hat 13 giam ning lwong bé mat, dan dén kha
nang thAm w6t tét hon hodc ting tinh wa nude, duoc do bang goc tiép xuc giot nudc.
Diéu nay c6 ngudn gdc tir qua trinh oxy hoa bé mit cua hat do plasma lanh gay ra.
Bormashenko va cong su [116] di ghi nhan sy giam dang ké goc tiép xuc giot nudc
trén hat dau thudng, ddng thoi ting tbc do hap thu nudc sau vai chuc gidy xur Iy
bang plasma lanh tan s vo tuyén. Khi chi c¢6 14 mam va mé vo duoc tiép xuc truc
tiép voi plasma, cac thanh phan nay déu tré nén wa nude hon. Nguoc lai, khi toan
bo hat dugc xtr 1y, chi c6 bé mit ngoai cua hat duge ting tinh wa nuéc. Tuong ty,
Runtzel va cong su, qua quan sat bang kinh hién vi dién tir quét (SEM), da phat hién
cac tac dong pha v& mang té bao trén vo hat va 14 mam cua dau thuong [117]. Pic
biét, dia hinh bé mat bén trong ctia 14 mam dau ga duoc phan tich bdi nhém nghién
ctru ciia Mitra cho thay sy gia ting d6 nham, lam thay doi tinh thim cia mang va
tang hon 100% do dan dién cua hat [118]. Da Silva da phén tich kha ning thdm wét
thoi gian xu 1y plasma c6 anh huong tryc tiép dén kha nang thim uét va hap thy,
cha yéu do su thay d6i hoa hoc trong 16p lipid caa hat [119]. Hién tuong nay dat
dén muc bao hoa sau 9 phut xtr ly. Cac nghién ctru trén hat dau xanh ciing cho thay
qua trinh oxy hoa dong vai trd chu yéu, vai hiéu ing cao hon trong khi quyén
khong khi so vai khi xtr Iy trong He hoac N,.

Céc nghién ciru khic da cung cb két luan trén. Phan tich quang phd hdng
ngoai bién dbi Fourier (FTIR) va SEM trén hat ddu ha lan cho thay céc thay doi nho
& bé mat, lién quan dén sy oxy hoa lipid va polysaccharides. Dong thoi, thir nghiém
doc tinh gen xac nhan mirc do ton thuong DNA & mirc t6i thiéu. Trong nghién ciru
vé hat dau nanh, sy gia ting dang ké kha niang hap thy nudc ciing duoc ghi nhan.
Tac dong tuong tu ciing duoc thay trén hat dau xanh san xir Iy bang nuéc hoat hoa



93

plasma (PAW — plasma activated water), khi Fan va cong sy bao céo ty & hip thu
nudc ting tir 65% & mau dbi ching 1én 75% [120]. Sajib va cac cong su ciing chi ra
rang su tuong tac cua NO, va H,0, vdi 16p sap cua hat dau den lam thay doi 16p
phu lipid [121], trong khi Zhou xac nhan qua SEM rang 16p phu caa hat dau xanh bi
nit, gitip cai thién kha nang hap thy nuéc va dinh dudng. Didu nay thic day sy nay

mam va ting trudng cua mam va ré hat [122].

5.1.2. Tdc dgng cia plasma lanh Ién sw ndy mam cia hat giéng
Plasma lanh da duoc ching minh c6 tac dong tich cuc dén su nay mam cua
hat gidng, thé hién qua viéc day nhanh téc d6 nay mam cua hat, ting ty 1& nay mam
va phé v& trang thai ngt nghi cua hat giéng.

Tang va cong sy da phat hién ra rang xir 1y plasma lanh trong 20 gidy lam
ting dang ké ty 18 nay mam va suac séng cua hat co linh ling [123]. Twong tu,
Bormashenko va cong su ghi nhan su cai thién vé toc do va ty 1é nay mam cua hat
dau thuong [116], trong khi Rundzel va cong su bao cao sy gia ting chiu dai ré va
ha mam & dau thuong sau 5 phat xir Iy plasma [117]. Fadhlalmawla va cong su da
quan sat su ting gap 7 lan ty 1é nay mam & hat ¢o ca ri sau xur Iy plasma lanh, nho
qua trinh khac bé mat hat do tac dong cua plasma va trudng dién cao [124]. O hat
Mimosa caesalpiniafolia, ty 18 nay mam ting tir 5% 1én 50% chi sau 3 phut xur 1y
plasma, do 16p vo hat khong thim nuéc bi x6i mon, giup hat hap thu nudc tét hon
va thoat khoi trang thai nga nghi dé bat dau nay mam.

Nhiéu nghién ctru dd ghi nhan tac dong tich cuc cua plasma lanh 1én su phat
trién cua cay non. Mitra va cong su cho thy téc do nay mam, chiéu dai thén, ré,
trong luong kho va chi sb sic song cua dau ga déu ting sau thoi gian xir 1y bang
plasma ngan [118]. Tuy nhién, hiéu img nay bio hoa va giam sau 2 phut xir 1y. Céac
quan sat twong tu ciing dugc ghi nhan trén hat dau xanh, dau Ha Lan, dau lang, dau

phong va cac loai dau khac.

Plasma lanh c6 thé tao ra cic hiéu ung khac nhau tuy thuéc vao thanh phan
khi st dung va thoi gian xir Iy. Tomekova va cong su phat hién ra rang plasma
phong dién rao can bé mat dong phang khuéch tan (DCSBD) trong méi trudng
khong khi, nito va oxy lam ting ty 1¢ ndy mam & hat dau Ha Lan [125]. Tuy nhién,
su gia ting nong do nito dan dén ton thuong DNA cao hon, do bic xa UV manh va
thoi gian xir Iy dai hon. Nghién cttu ciia Svubova va cong sy ciing chi ra rang liéu
xir 1y plasma lanh thap trong khong khi hodc nito c6 thé hoat hoa enzyme chdong
oxy hoa, lam giam t6n thuong peroxy hoa lipid va thuc day su phat trién cia cay
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con [126]. Nong d6 goc tu do ting 1én & cdy con non va hoat hoa cac enzyme
chéng oxy hoa cho thay liéu plasma thap hoat dong nhu tac nhan gdy cing thang
thap, nguoc lai, chung c6 tac dung kich thich nady mam, sinh truong va phat trién
Cua cay. Ngoai ra, nudc hoat hoa plasma (PAW) cling dugc chirng minh 1a cai thién
ty 16 nay mam. Zhou va cac cong su bao cio rang PAW lam ting nong do ROS,
gitip pha v& 16p vo hat dau xanh va cai thién kha nang hap thy nuéc [122]. Cac hoat
dong enzyme chéng oxy hoa nhu superoxide dismutase (SOD) ciing duoc ting
cudng, lam giam ton thuong lipid mang va thuc day qué trinh ndy mam. Ngoai ra,
plasma lanh ciing c6 thé duoc sir dung dé 1am chdm qué trinh ndy mam bang cach
tao ra lop phu plasma. Vi du, trong nghién ciru ctia Svubova va cong su, Xt 1y hat
dau Ha Lan va dau nanh bang CF, hoic ODFD di 1am cham dang ké qua trinh nay
mam, phu thudc vao do day 16p pha [126].

Tom lai, Xt Iy plasma lanh, dac biét & liéu thap hoic thoi gian ngan, c6 kha
nang ting ty 1é nay mam, cai thién sac song hat va thiic day sy phat trién cua cay
con. Tac dong nay chu yéu do cac thay doi bé mat hat nhu tang tinh wa nudc va co
thé thay d6i vat 1y trén bé mit, két hop vai su kich thich cta cac enzyme chdng oxy
hoa. Tuy nhién, viéc toi wu hod thoi gian va diéu kién xir 1y 1a can thiét dé tranh céc
tac dong tiéu cuc hoic ton thuong DNA do liéu cao.

5.1.3. Tdc dgng ciia plasma Ién sw phdt trién Ciia cdy con

Sy phat trién ban dau cua cay con c6 mbi lién hé chat ch& voi qua trinh nay
mam, va viéc sir dung plasma lanh hoic nuéc hoat héa plasma (PAW) di duoc
ching minh 12 mang lai nhiéu cai thién déang ké. Céac nghién ctru da chi ra rang viéc
xur 1y bang plasma lanh hoic PAW c6 thé tac dong tich cuc dén chiéu dai choi, ré,
cling nhu cac chi s6 sinh truong khac. Trong nghién ctru ciia Shohreh Khatami, xur
1y plasma trong 30 gidy va 60 gidy gitip ting chiéu dai ré va chdi cua cay dau Ha
Lan va bi xanh (Cucurbita pepo), v6i hiéu qua cao nhat dat dugc & thoi gian xu 1y
30 gidy [127]. Nghién ciu cua Stolarik va cong sy ciing chi ra rang plasma lanh
khong chi cai thién chiéu dai ré, choi va trong lugng khd, ma con thiic ddy qua trinh
san Xuat cac hormone ndi sinh nhu auxin va cytokinin [128]. Tuong tu, Judee va
cac cong su phat hién ra rang tudi hat dau ling bang PAW hang ngay gitp ting
chiéu dai ciy con 1én 34% va 128% sau 3 va 6 ngay [129]. Két qua tuwong tu duoc
ghi nhan ¢ dau den va dau xanh.

Tuy nhién, tac dong ciia plasma lanh c6 thé thay d6i tiry thudc vao liéu luong
va d6i twong nghién ctru. Vi du, & cdy con 15 ngay tudi, nong do flavonoid
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glycoside giam sau hai 1an xu 1y plasma lanh, nhung hiéu qua quang hop cua cdy
cling giam, gy ra anh hudng tiéu cuc dén qua trinh trao ddi chat [26]. DPdi véi cay
dau nanh, viéc xir Iy bang DBD plasma di 1am ting 1,6 1an hoat dong cua enzyme
nitrogenase trong not san va gip doi ham luong leghaemoglobin, dan dén ham
luong nito trong nét san va than ting lan luot 64% va 23%. Mot nghién ctru khac
cho thay trong luong ré tang 27% cung véi ham luong duong hoa tan va protein
tang 1an luot 16% va 25%. Két qua twong tu ciing duoc bao cdo & cac loai cay khac
nhu dau den va cé ba 14 @6 (Trifolium pratense). Plasma lanh cling duoc nghién ctru
trong bdi canh tmg pho voi diéu kién han han. Twong tu, Xt Iy hat gidng co linh
ling bang plasma lanh gitp ting ty 1é ndy mam va cai thién kha ning thich nghi cua
ciy con v&i cac diéu kién han han khac nhau. Tuy nhién, lidu luong plasma lanh cao
hon lai c6 tdc dong ti€u cyc. Tuong tu, Fadhlalmawla va nhom nghién cttu phat
hién ra rang xir 1y plasma lanh anh huéng dén chiéu dai ré, than, trong luong tuoi va
kho ciia cay ho 16 ba (Fenugreek), nhung két qua khong dong nhat giira cac 1an thi
nghiém [124].

5.1.4. Cdc bwoc ing dung cong nghé plasma lanh trong x Iy hat giong
« Buéc 1: Chuan bi hat giéng d& xanh: Chon loc cac hat c¢6 kich thudc dong déu,
loai bo nhitng hat khong dat chét luong.

« Budc 2: Sap xép hat trén dia petri: Dit hat déu trén bé mat dia, dam bao phan
bé hop 1y dé mdi hat nhan duogc tic dong plasma dong déu.

« Budc 3: Cai dat hé théng plasma jet: Diéu chinh cac thong s can thiét cua hé
thong (dién ap, tan sb, tbc do dong khi, khoang cach giita dau phat va
hat) theo yéu cau thi nghiém.

« Bugc 4: Xt 1y hat bang plasma jet: Tién hanh chiéu plasma 1én hat trong
khoang thoi gian duge xéac dinh (vi du: 10 phat cho mdi nhém hat).

« Budc 5: U hat trong diéu kién thich hop: Sau xur 1y, hat dugc 1 trong ti vi khi
hau véi nhiét @6 on dinh (khoang 28°C) va bd sung nude dinh ky dé giir
am,

* Budc 6: Quan sat va ghi nhan: Theo doi qua trinh nay mam, do luong ty 1€ nay
mam, chiéu dai ré va cac chi 6 sinh trudng khac.

« Budc 7: Phan tich két qua: So sanh giita nhém hat xir Iy va nhém ddi ching, tir do
danh gia higu qua kich thich ciia plasma di véi sy phét trién cua hat.
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Theo d6 cac budc nay di cung cap cai nhin tong quan vé quy trinh xtr 1y hat
bang plasma jet, gitip dam bao mdi budc duoc thyc hién mot cach c6 hé thdng
nham dat hiéu qua ti uu trong kich thich nay mam va ting truéng cta hat giong.

5.2. Khao sat va danh gia hiéu qua nay mam hat giéng sau khi xir Iy plasma

Chung t6i d3 tién hanh khao sat va nghién ctiru hiéu tng kich thich hat gidng
nay mam cua hat gia dd khi dugc xt 1y bang plasma lanh. Plasma jet dugc tao ra
V61 cac thong sb: dién ap cao 5 kV, tan sb 40 kHz va téc do dong khi 400 sccm.
Khoang cach tir dau phat plasma dén hat 1a 5 cm (Hinh 5.1A). Céc hat d6 duoc lya
chon céan than dé dam bao kich thudc déng déu va loai bo cac hat hong. Mai lan
chiéu plasma dugc thuc hién véi 25 hat, sau d6 cac hat dugc phan bd déu trén 1 dia
petri. Dé duy tri d6 am can thiét, 5 ml nuéc duoc bd sung vao mdi 12 gid. Pia petri
duoc dat trong tu vi khi hau & nhiét do khoang 28°C nham dam bao tat ca cac hat
phat trién trong diéu kién on dinh va déng nhat.

5.2.1. Hé sé na@y mam
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Hinh 5.1. (4) So d6 hé plasma jet xit Iy hat do. (B) Anh chup hat sau 24h va (C)
Hé s6 ndy mam véi cdc thoi gian xi Iy plasma khdc nhau. (D) Anh huéng cia
thoi gian xi Iy plasma dén chiéu dai ré ¢ giai doan nay mam. Cét sai $6 dioc

tinh tir 5 lan do khdc nhau (tong sé 125 hat véi méi thoi gian chiéu plasma).

Qua trinh nay mam va phat trién cua ré hat d6 xanh (gia dd) duoc cai thién dang
ké sau khi duoc xu Iy bang plasma lanh (Hinh 5.1B). Sau 12 tiéng @ trén vai cotton,
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hé s6 nay mam (duoc dinh nghia 13 ty 1& phan trim s6 hat ndy mam trén tong s6 hat)
tang tir 8% dén 88% (ting gap 11 lan) khi cac hat duoc xt 1y plasma trong 15 phit,
SO V&i nhom hat khong xt Iy plasma (Hinh 5.1C).

5.2.2. Chiéu dai ciia ¥é non ngay sau khi ndy mam
Sau 24 tiéng, tat ca cac hat déu da nay mam, vai sy gia ting dang ké vé chiéu
dai 1. Cy thé, 70% hat khong xir Iy ¢6 chiéu dai ré nam trong khoang 0,25-0,75 cm
(nhoém 2 — mau do), trong khi 70% hat duogc xir 1y plasma trong 4 phut ¢6 chiéu dai
ré nam trong khoang 0,75-1,25 cm (nhém 3 — mau xanh 14). Pang chu ¥, 60% hat
dugc xir Iy plasma trong 10 phut dat chiéu dai ré trén 1.25 cm (nhém 4 — mau xanh
nuéc bién) (Hinh 5.1D).

Pé xac dinh thoi gian chiéu plasma téi wu cho hiéu qua kich thich phat trién
I6n nhat, chung t6i da do chiéu dai mam & cac thoi diém 12 gio, 24 gio, 36 gio va
48 gio sau khi xir Iy plasma. Két qua cho thay sau 24 gio, su khéac biét vé chiéu dai
mam gitta nhém hat duoc xir Iy plasma va khong xir 1y 13 16 rét nhat. Do dé, cac hat
dugc xur 1y plasma va u trong 24 gio da duoc chon dé tiép tuc khao sat cac thay doi
bé mat va phan tich ham lugng hormone kich thich ting truong tu nhién. Tir két qua
thuc nghiém, thoi gian chiéu téi wu duoc xac dinh 13 10 phat cho 25 hat, véi cong

suit plasma 1a 1.2 W, twong duong véi liéu lugng plasma 12 0.08 Wh trén mdi hat.

5.3. Co ché bién doi vat Iy va hoa sinh do xir Iy plasma tao ra
5.3.1. Nhitng thay doi vat Iy trén bé mdt hat sau khi xi Iy plasma

Sau khi xir 1y plasma, chung t6i tién hanh khao sat nhiing thay doi trén bé
mat 16p vo hat (trong nghién ctru nay 1a hat dd xanh). Két qua cho thiy, xu 1y
plasma tao ra mot su chuyén doi rd rét tir trang thai bé mat chi dinh wét mot phan
sang gén nhu dinh w6t hoan toan khi so sanh gitta hat khong duoc xir 1y va hat dugc
xtr Iy bang plasma jet. Anh SEM chup bé mit hat d6 cho thay su bién dbi 5 rét theo
thoi gian xir 1y plasma (Hinh 5.2). O trang thai ban dau (0 phuat), bé mat hat 46
tuong dbi nhin va dong nhat. Sau 1 pht xtr 1y plasma, bé mit bit dau xut hién cac
vét rd nho va thay d6i két cAu nhe. Khi thoi gian xir 1y tang 1én tir 2 d&én 6 phut, cac
vét rd va ranh sau hon xuit hién, lam bé mat tré nén thé rap va khong déu. O cac
mébc 8 dén 15 phut, qua trinh dn mon tiép tuc phat trién manh mé, din dén su pha
hity r& nét cAu trac bé mat vai nhiéu 15 hdng 16n va két cau go ghé, cho thay plasma
6 tac dong sdu sdc va gia ting theo thoi gian xu 1y. Két qua nay minh chiing cho
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kha ning 1am thay d6i va lam ting d6 tho rap cia bé mat hat d6 dudi tac dong cua

plasma trong qua trinh xu 1y kéo dai.

o 1 min

8 min

Hinh 5.2. Anh SEM chup bé mat hat dé khi chwa xit Iy plasma (4) 0 phiit, va sau
khi xu Iy plasma sau (B) 1 phut, (C) 2 phut, (D) 4 phut, (E) 6 phut, (F) 8 phut, (G)
10 phut va (H) 15 phut.

Két qua nay phu hop Véi cac nghién ctru gan ddy, trong d6 plasma lanh da duoc
chimg minh 13 tao ra su thay d6i dang ké vé goc tiép xuc (contact angle) trén bé mit cac
loai hat khac nhau. Su cai thién kha ning dinh wét, cing véi su hinh thanh cac vét nit
kich thudc pm, c6 méi quan hé ty Ié thuan véi thoi gian chiéu plasma.

Nhiing thay d6i nay lam ting kha niang hap thu nudc trén bé mat hat, gop
phan thuc ddy qua trinh ndy mam va phat trién cua hat nhanh hon. Mot nghién ctiu
gan day trén hat dau Ha Lan [130] ciing cho thay hiéu tng twong tu, véi kha ning
hap thu nudc duoc cai thién dang ké sau khi dugc xir 1y bang plasma lanh. Piéu nay
cung ¢ gia thuyét rang xu 1y plasma cé thé 1a mot phuong phap hiéu qua trong viéc
kich thich qué trinh nay mam va phat trién caa hat.

Hinh 5.3 1 anh chup qua trinh thay ddi goc tiép xtic cua giot nudc trén bé
mat hat dd theo thoi gian xir Iy plasma. Ban dau, ¢ thoi diém 0 phut, giot nudc cd
goc tiép xuc khoang 73°, cho thay bé mat hat dd c6 tinh ky nuéc twong d6i cao. Sau
khi xur 1y plasma, goc tiép xtic giam dan rd rét, lan luot 14 63° sau 1 phiit va 47° sau
2 phut, thé hién su tang dan tinh wa nudc cia bé mat. O cac thoi diém xu 1y kéo dai
hon tir 4 phiit dén 15 phut, giot nwéc gan nhu lan rong hoan toan trén bé mat, cho
thiy goc tiép xuc giam téi muc rat thap hoic khong do dugc, chung to bé mat hat
dd tro nén cuc Ky ua nudc.
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Hinh 5.3. Anh chup gac tiép xiic giot nide trén bé mat hat dé khi chwa xir Iy
plasma (A) 0 phut, va sau khi xu ly plasma sau (B) 1 phut, (C) 2 phut, (D) 4 phut,
(E) 6 phut, (F) 8 phut, (G) 10 phut va (H) 15 phut.

5.3.2. Nhitng bién déi vé mdt héa sinh ciia hat sau xir Iy plasma

Mic du cac thay d6i vat 1y trén bé mat hat c6 xu huéng ty Ié thuan vai thoi
gian xir 1y plasma, thoi gian chiéu plasma 10 phut da mang lai hiéu qua kich thich
tang truong t6i wu. Piéu nay cho thay, xtr Iy plasma khong chi tac dong dén céc thay
d6i vat Iy ma con anh hudng dén cac qua trinh hoa sinh, dic biét 1a su diéu hoa cac
hormone ty nhién lién quan dén sy ting truong cua hat. Dé 1am rd hon vai trd cua
cac gbc oxy hod va nito hoat tinh (ROS/RNS) trong viéc diéu hod hormone ting
truong va thuc ddy qua trinh ndy mam, ching t6i tién hanh diéu chinh ty &
ROS/RNS thong qua viée thay doi chiéu dai éng plasma.

5.3.2.1. Anh hwong cua chiéu dai dau phat plasma dén ty 16 RONS

Véi co ché mai duge phat hién tir plasma jet, viéc thay do6i chiéu dai dng
plasma gitp diéu chinh ty 16 ROS/RNS mét cach hiéu qua hon so véi cac hé plasma
khac nhu phong dién qua I6p dién moéi (DBD) hay phéng dién ho quang (gliding
arc). 5 ong plasma duoc ché tao véi chiéu dai lan luot 13 1, 3, 5, 7 va 10 cm, dugc
ky hiéu 1a T1, T3, TS, T7 va T10 (Hinh 5.4A). Két qua phén tich ph6 huynh quang
cho thdy su khéac biét ddng ké ¢ cac dinh phat xa cia N, SPS (337 nm) va gbc eOH
(309 nm) khi str dung cac 6ng plasma khac nhau (Hinh 5.4B), tir d6 diéu chinh ty I¢
ROS/RNS (Hinh 5.4C).
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Hinh 5.4. (A) Chiéu dai cdc ong plasma khdc nhau da thie nghiém. (B) Phé hupnh
quang cua plasma trong khoang 270-900 nm. (C) Su phu thugc cua cuong do
huynh quang cia N, SPS (337 nm), géc tw do OH (309 nm) and néng dé NO vdo

cdc chiéu dai ong plasma khdc nhau.

V& co ché héa sinh, nhom nghién ctu tap trung vao hormone sinh truéng tu
nhién quan trong cua thuc vat 1a gibberellic acid (GA3). GA3 la hormone giai phong
trang thai “ngt déng” va kich thich sy ndy mam, phat trién. Hoat dong cua nhiing
hormone nay chi anh huéng manh mé tir cac yéu té ngoai sinh, dac biét 1a nong do
cac chat hoat dong nhu hydro peroxide (H,0,), nitrat (NO3-) va nitric oxit (NO)
trong qué trinh xt 1y plasma. Pé danh gia tic dong cua plasma lén hormone ting
treong, nhém nghién ciu thuc hién chiét tich GAj tir hat @6 xanh trude va sau khi
xur 1y plasma. Quy trinh chiét tach di duoc trinh bay trong muc 2.2.10. B¢ phan tach
lugng gibberellic acid (GA;), hé sic ki 1ong két hop phd khdi (LC-MS) duoc st
dung nhu da trinh bay trong muc 2.2.9. Nhu vay, T3 1a chiéu dai dau phat plasma
t61 wu, vira tao ra ty 16 ROS/RNS phu hop, vira kich hoat qué trinh sinh téng hop
GA; hiéu qua nhat, tir d6 hd tro tét nhat cho viéc két thiic qua trinh ngt dong va day
nhanh kich thich nay mam cua hat.

5.3.2.2. Anh huéng cua RONS dén sy diéu hoa cia hormone kich thich ting
truong tw nhién

Trong qué trinh chiét tach vai hat d6 den, mau séc tir vo hat hoa tan vao dung
dich chiét tach, gay anh huéng dén két qua phan tich. Do d6, nhém nghién ctru chi
tién hanh cac phan tich hod hoc trén mau chiét tach tir hat d6 xanh.

Dé nghién ciru anh hudng cua ty 16 cac gbc hoat héa RNS/ROS dén sy diéu
hoa tu nhién GAj trong hat d6 xanh, cic hat dugc xtr Iy bang cac éng plasma co
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chiéu dai khac nhau, trong khi thoi gian chiéu plasma duoc ¢ dinh ¢ 10 phit — mic
t6i wu d3 x4c dinh trude d6. Chiéu dai mam duoc theo ddi dén 96 gio sau xir 1y.

Két qua phan tich phd khdi (Hinh 5.5A) cho thiy, ngoai dinh chinh tai 345.1
(m/z) 12 ~ ion, con xuét hién dinh phu tai 239.1 (m/z) 14 ~ ion, phut hop véi phd MS
da cong bo trude d6. Pidu nay khang dinh chat chiét tach qua LC 13 GAs.
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Hinh 5.5. (A) Phé MS (mass spectrum) tir dung dich chiét tdch va cdu triic héa
hoc cua gibberellic acid (GAs). (B) Luwong GA; (ug) trong 1g hat dé (mdu do, bén
trén) va chiéu dai trung binh cua mam cdy (mau xanh, bén dwéi) phu thuge vao
chiéu dai ong plasma. (C) Anh chup cdc mau cdy dé sau 96 gio.

Nhom nghién ctu tiép tuc dinh lwong GA; (ug) trong 1 g hat dd tir mdi mau
xtr 1y plasma. Két qua (Hinh 5.5B) cho thiy khi chiéu dai éng plasma giam (ty 18
RNS/ROS ting), lwgng GA; tu nhién trong hat cling ting. Luong GA; dat gid tri toi
da 132 0.34 £ 0.07 pg/g voi dng plasma dai 3 cm (T3). Theo ddi chiéu mam cay sau
96 gio (Hinh 5.5C), ching t6i nhan thiy xu huéng thay ddi chiéu dai mam hoan
toan trung khép vai su thay ddi luong GA; (Hinh 5.5B). Chiéu dai mam dat gia tri
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t6i da 13.5 + 1.6 cm véi ong plasma dai 3 cm, twong dwong murc ting xap xi 3 lan
S0 v&i mau khong xir Iy plasma.

Két qua nay chi ra rang su diéu hoa lugng GA,, duoc kich thich bai ndng do
NO trong plasma, 13 co ché hoa sinh dan dén hiéu Gmg thuc diy nay mam va phat
trién cua hat. Nhém nghién ciru dua khuyén nghi mirc nong do NO téi wu tir 20-95
ppm, twong tng V4i chiéu dai dng plasma tir 1 dén 7 cm. Tuy nhién, ¢ chiéu dai 6ng
plasma 1 cm (T1), ty 16 RNS/ROS qua cao cé thé gay ra hiéu ung stress. Nong do
NO vuot ngudng téi wu c6 thé 1am gian doan qua trinh diéu hoa GA; thong qua
mang ludi tin hiéu thyuc vat, tir d6 ¢ ché qua trinh sinh tong hop GA;. Hién tuong

nay di dugc béo cdo trong mot s6 nghién ciru trude do [86].

R L ]
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Hinh 5.6. Phé céng hwong tir hat nhdn NMR cua gibberellic acid (GA3) tir mau
chiét tach va so sanh véi phé cua mau chuan.

Theo cac nghién ciru twong tu Vé cic hormone kich thich ting truong tu
nhién, viéc xac nhan chat chiét tach gibberellic acid (GAj3) can duoc hd trg bang
pho cong hudng tir hat nhan (NMR). Bé thuc hién phép do NMR, luong mau can
thiét (khoang 0,2 mL véi nong do t6i thiéu 0,1 mM) Ién hon dang ké so véi yéu cau
cta phép do phd khdi (MS). Do d6, chiing toi tién hanh tach chiét véi khéi luong
mau l6n hon nhim dap Gng yéu cau nay.

Ké} qua NMR thu dugc dugce d6i chiéu véi phd NMR cua chat chuan va xac
nhan rang g:hét chiét tach chinh 1a gibberellic acid (GAs3) (Hinh 5.6). Sy phu hop
nay cung co thém do tin cay cho két qua nghién ctru cia nghién curu.

5.4. Cac thir nghiém va cac buéc wng dung cong nghé plasma lanh trong xir ly
chat nhugm

5.4.1. Cdc thir nghiém #ng dung céng nghé plasma lgnh trong xa Iy chat
nhugm
O nhiém nudc mat va nuéc ngam bai hoa chat doc hai dang tré thanh mot

thach thirc nghiém trong trén toan cau. Cac loai RONS (cac gbc tu do giau oxy va
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nito hoat hoa) sinh ra tir plasma da duoc sir dung rong rai dé xu 1y nhiéu loai hoa
chat doc hai, bao gém céc hop chat hitu co, phenol, thudc nhudém va thudc trir sau.
Trong s6 cac cong nghé plasma hién co, plasma lanh ndi bat nhd kha nang loai bo
doc t6 ma khong tao ra chat gay 6 nhiém thir cap, bién né thanh mét giai phap thuc
tién trong xir Iy 6 nhiém. Hijosa-Valseroa va nhom nghién ctru di phat trién hé
théng plasma DBD & ap suat khi quyén, minh hoa kha ning pha huy bisphenol A va
tributyltin trong nudc cat ma khong st dung chét xtc tic phu nhu O4 hoic H,0, hay
diéu chinh pH [131]. Tinh 6n dinh va van hanh dé dang cia DBD khién cong nghé

nay cang ngay duoc ap dung rong rai.

Céc yéu tb vat 1y va hoa hoc trong plasma, nhu tia UV va séng xung kich,
dong vai tro quan trong trong viéc phan hay cac hop chét hitu co, véi hiéu qua phu
thudc vao thong sb plasma. Hu va cac cong su da nghién ciru qué trinh phan hay
dimethoate va dichlorvos bang DBD va cho thay rang cac théng sd nhu cong suat
xa va khoang cach khe h¢ anh huong dang ké dén hiéu qua xur 1y [132]. Cac nghién
ctru cling chi ra rang toc do phan hiy thudc trir sau giam khi nong do ban dau cua
chat 6 nhiém ting. Piéu nay c6 y nghia quan trong d6i véi viéc phat trién cac giai

phap xur Iy nuéc thai chira thudc trir siu organophosphate.

Trong nganh cong nghiép xir Iy nudc thai, thudc nhudm azo va thudée nhuom
mubi 1a nhitng muc tiéu xa 1y pho bién. Nhiéu nhom nghién ctru nhan thiy rang
nong do ban dau, chat dién phan va do pH co tac dong dang ké dén hiéu qua xir 1y
[133]. Viéc t6i uvu hoa cac thong sb nay co thé cai thien hiéu qua phan huy. Ngoai
ra, plasma lanh d3 thu hut dwoc sy quan tAm trong viéc loai bo cac duoc pham trong
nudc, mot van dé ngay cang nghiém trong do su Xuat hién cua cac chat gay 6 nhiém
nay trong nudc Mit va nudc ngam. Abdullahi va cac cong sy da phat trién phuong
phap két hop giita tach khi va plasma lanh dé xir Iy cac hop chat hitu co dé bay hoi
nhu m-xylen va toluem, véi mo hinh hiéu qua loai bo dat dd chinh xac cao [134].
Mot s6 nghién ciru khac vé phan huy phenol bang plasma dudi nudc da minh hoa
ring cac gbc OH va Oz déng vai trd chinh trong qué trinh oxy héa. So voi cac
phuong phép oxy héa nang cao (AOP) truyén thong khac, plasma lanh dat hiéu qua
cao hon va y8u cau ning luong thap hon, 1am cho no trd thanh mot giai phap xur 1y
nudc thai thay thé day haa hen.

Cac gbc phan ¢ng sinh ra tir plasma lanh, nhu «OH, H,0, va Og, khong chi
trong tac bé mit ma con khuéch tan vao pha long giup ting hiéu qua xu 1y chat

long. Vi du, Qi va nhém nghién ctu di st dung microplasma dé phan hay
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dimethyl phthalate (DMP), mot chat hoa déo giy 6 nhiém, va so sanh véi cac
phuong phap khac nhu dién dong tu va ozon héa [135]. Hi¢u qua xur 1y phu thudc
nhiéu vao thdi gian va cong suét phat, voi cac gbc Oz va *OH 1a tac nhan phan ung
chinh. M6t sé nghién ciru da tap trung vao viéc xir 1y cac dugc pham nguy hiém
nhu carbamazepine, atenolol va ibuprofen. Liu va cac cong su da phat trién
phuong phap plasma cong suét thap, cho thdy hiéu qua xtr Iy vuot troi so Voi
carbamazepine, vdi Viéc tao ra cac oxit N gitup giam cac phan tng day chuyén tir
05 [136]. Ibuprofen ciing duoc xir Iy thanh cong bang hé plasma lanh sir dung
xung phéng dién corona véi hiéu suat loai bé hoan toan trong vong 20 phit va
khoang hoa dat 76% sau 1 gio. Mot hé thong két hop plasma — ozon da dugce dé
Xuat nham tang cuong hiéu qua xu 1y thong qua qua trinh truyén khoéi luong O3 do
plasma tao ra.

Nhitng két qua nay da chang minh tiém ning cua plasma lanh trong xir 1y
nudc thai chira cac chat 6 nhiém hiru co, voi wu diém vuot troi vé hiéu qua ning

lugng va tac dong moi truong toi thiéu so voi cac phuong phap truyén thong.

5.4.2. Cdc buéc ing dung cong nghé plasma lanh trong x Iy chédt nhugm
Hinh 5.7 mé ta cach bé tri mot thi nghiém xir Iy dung dich chat mau bang hé
plasma jet dugc su dung trong ndi dung nghién ctru nay.

Ngufm dién cao

SO0 May hién song
ap tan so cao

Khi | |Khi Khi

LI L
-

Hinh 5.7. Thiét ldp cua hé plasma jet dwoc sir dung dé phdn hiy dung dich

chat mau.
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Quy trinh thyc hién dugc chia thanh cac budc sau:

1. Khai @ong hé plasma jet va thiét lap cac thong sé hoat dong:

2. Chuan bi dung cu va mau thi nghiém: Céc thi nghiém va dung dich Methyl
blue (MB) duoc chuan bi. Sau dé, cc¢ chtra dung dich duoc khudy déu bang
may khudy tir v6i tdc d6 450 vong/phut trong subt qué trinh thi nghiém.

3. Xt Iy dung dich MB bang hé plasma jet: Hé plasma jet duoc chiéu truc tiép
vao dung dich MB trong thoi gian 10 phut, sau d6 dimg 1 phut dé dam bao su
6n dinh cua hé trude khi tiép tuc. Qud trinh nay thuc hién lién tuc dé dam bao
hiéu qua xir 1y cao nhat.

4. Lay miu va phan tich két qua: Mau dung dich sau xir Iy duge do phd hip thu
UV-Vis va phén tich két qua, danh gia hiéu qua phan huy chat mau cua hé
plasma jet.

5.5. Khao sat va danh gia hiéu qua phan hiay chat nhuém

5.5.1. Téc dé phin huy dung dich Methyl blue

0.5

" — 0 phut
04 b P g — 70 phut

o
w

Cuong do hap thu
o

01 F

1 1 1 p—
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Budce song (nm)

Hinh 5.8. Dung dich Methyl blue (MB) dwroc xu ly boi hé Plasma jet trong thoi
gian 70 phit: (4) Thoi gian 0 phit; (B) Thoi gian 70 phiit; (C) Phé hap thu cua
dung dich Methyl blue tai 0 phit va 70 phiit dweoc Xir 1y bang Plasma jet.

Két qua phan huy dung dich MB trong cac khoang thoi gian tir 0 phut dén 70
phut duge trinh bay trong Hinh 5.8. Dua trén Hinh 5.8A va 5.8B, tai thoi diém ban
dau, dung dich MB c6 mau xanh dic trung. Sau 70 phat duoc xir Iy bang hé plasma
jet, dung dich da mét mau hoan toan. Pé danh gia chi tiét, dung dich trudc va sau xir
1y dugc do phd hap thy UV-Vis. Két qua cho thay hai dinh hap thu dic trung tai 310
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nm va 600 nm cta dung dich ban dau da hoan toan bién mat sau qué trinh xur 1y.
Diéu nay chiing té rang phuong phap plasma lanh c6 kha nang phan huy hoan toan
dung dich chat mau MB m6t cach hiéu qua.

Hiéu suat phan huy (Hpn) cua MB theo thoi gian dya vao cong thuac sau
[137]:

Hyn = =X 100% (pt 5.1)

0
trong d6: C,: nong do cua dung dich Methyl blue tai thoi diém ban dau véi t = 0.
C,: ndng d6 cua dung dich Methyl blue con lai sau thoi gian xt 1y t phut

Hiéu suat nay cho phép tinh toan ty I& phan trim nong do dung dich chat mau
con lai so v6i ndng d6 ban dau. Sy suy giam ty 1& nay phan anh téc d6 phan huy cua
chat mau theo thoi gian, tir 46 danh gia mtrc 6 hiéu qua cia qué trinh xtr 1y.

Tir két qua thu dugc ¢ Hinh 5.9, ¢6 thé quan sat thiy sy suy giam khac biét
vé cuong do hap thy tai hai dinh hap thu dic trung: 310 nm va 600 nm [138]. Binh
tai 31 Onm phan 4nh cac cdu tric vong Aromatic trong phan tir Methyl blue, trong
khi dinh tai 60 Onm lién quan dén cac lién két C-O, C-N va C-C, thudng gan véi cac
nhom chirc mang mau n-ethyl. Nhu vay, vai su suy giam cuong d6 tai 2 dinh 310
nm va 600 nm, ching t6i tinh toan dwoc hai toc do phan huy khac nhau: k,, dac
trung cho toc d6 phan huy vong thom (tinh tai dinh 310 nm) va k,, déac trung cho
téc d6 mat mau (tinh tai dinh 600 nm).
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Hinh 5.9. (A) Phé hap thy cia dung dich Methyl blue trong thoi gian xaz 1y #2¢ 0 -
70 phut; (B) Ti |é phdn tram chdt mau con lai theo thoi gian xi Iy plasma.
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T nhitng dit liéu pho hap thu trong Hinh 5.9A, ching t6i da tinh toan va
nhan thay rang suy giam cudng d6 hap thy tai dinh 310 nm tuan theo quy luat ham

mil, dugc mo ta bang phwong trinh sau:
C, = Cye krit (pt 5.2)

trong d6: C,: ndng d6 chat mau thu duoc sau thoi gian xu 1y t phut, C,: ndng do chat
mau ban dau tai thoi diém t = 0,kp1: hang sé dic trung cho toc do phan hay (kps
cang 16n thi tdc d6 phan huy cang nhanh).

Sau khi khép s liéu v6i ham dic trung, ching t6i di xay dung duoc db thi
mo ta qua trinh phan huy tai dinh 310nm, duoc trinh bay trong Hinh 5.9B. D4i V6i
dinh 310 nm (cham den), qua trinh suy gidm tuan theo quy luat ham mil, dugc biéu
dién bang duong cong mau den nét lién voi hang sd ky1 = 0,05 va h¢ sb xac dinh
R?=0,97.

Trong khi d6, su suy giam cudng d6 tai dinh 600 nm, dai dién cho toc d6 mat
mau cua chat mau, cho thly méi quan hé tuyén tinh va tuan theo quy luat ham bac
nhat (phuong trinh 5.3). Phuong trinh ham bac nhat nay dugec moé ta boi duong
thang mau dé trén Hinh 5.9B, véi hé s6 k,, = 1,44 va hé s6 x4c dinh R® = 0,98.

&= ()41 (pt 5.3)

Co Co
(Vi kyp,: 1a hang sb dic trung cho tdc d6 mat mau, trong do k2 cang 16n thi tbc do

mat mau cang nhanh).

Mo hinh dong hoc bac mot duoc chon cho qua trinh pha v& vong thom do
phan tng nay thudng tuan theo co ché phan tng phan tir, Vi tée do phan tng ty 16
thuan voi nong d6 chat phan ung. Qua trinh ndy c6 thé md ta chinh xac bang
phuong trinh dong hoc bac mot, khi cac goc tu do (ROS) tin cong vao céau tric
vong thom va pha v& lién két z. Trong khi d6, qué trinh mat mau cta chat nhuom lai
chiu anh hudng cua nhiéu yéu td, bao gdom ca su thay d6i nong do chat nhuém va su
tuong tac voi cac tac nhan oxy hoa. Mo hinh dong hoc bac zero phu hop vai phan
tng mMat mau, trong d6 téc dd6 mat mau co6 thé duoc coi 1a khong phu thude vao
nong do chat nhuom khi phan tng dat dén trang thai bao hoa, hoic khi toc d6 phan
g duoc diéu khién bai yéu té khac ngoai ndng d6 chat nhuém (nhu su c6 mat cia
chat xdc tac). Ca hai mo hinh nay déu phan anh ding ban chat cia cac qua trinh
phan ng trong nghién ctru, va viéc lya chon ching dua trén sy quan sat thuc
nghiém va tinh chat dong hoc cua tirng phan wng cu thé.
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5.5.2. Khodng cdch tiv dau phdt plasma dén bé mat dung dich
Hé Plasma hoat dong & ché do cong suit cao va dat do 6n dinh cao, véi gia
tri dién ap dau (DC) vao U = 12 V va tan s6 cong huong cuc dai f = 33 kHz. Cac
thong s6 cua hé plasma jet da duoc t6i uvu héa nham ting tdc d6 phan huy dung
dich. Cac yéu t6 duoc diéu chinh bao gom: (1) khoang cach tir dau phat plasma dén
bé mat dung dich va (2) téc d6 dong khi.
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Hinh 5.10. Téc do phdn hiy (A) tai dinh 310 nm va (B) tai dinh 600 nm khi thay
doi khodng cdch chiéu d: 0,5cm; 1 cm; 2 cm; - 0,5 cm.

Thong s6 khoang cach (d) tir dau phat plasma dén bé mat dung dich chat mau
d3 duoc thay ddi nham thay doi dién tich tiép xuc giita chum tia plasma véi dung
dich va khong khi xung quanh. Muc tiéu chinh cta viéc diéu chinh nay 14 ti wu hoa
sir hinh thanh cac gdc oxy hoa manh trong qua trinh xtr 1.

Cu thé, cac gia tri d duogc thiét 1ap 1an luot 13: 0,5 cm, 1 cm, 2 cm va = -0,5 cm
(dau plasma ngap dud6i bé mat dung dich 0,5 cm). Voi mdi gia trj d, chung toi tién hanh
thi nghiém trong thoi gian 70 phut, thu thap mau dung dich sau xu 1y, phan tich két
qua, va khép dit liéu véi cac ham dac trung, nhu dugc trinh bay trong Hinh 5.10.

Bang 5.1 liét ké nhitng gié tri cia hé s6 ky; (dédc trung cho téc d6 phan hiy)
va kp, (ddc trung cho téc 6 mat mau) ciing véi gid tri cua hé sé xac dinh R* trong
mdi diéu kién khoang cach d khac nhau, sau khi di duoc lam khép véi ham tuong
tmg. Thong s tai Bang 01 cho thay, vai khoang cach d = 0,5 cm 1a téi wu nhat cho
hé s ky; va ky, cao nhat.

Theo d6 bang nay duoc thé hién nhu sau:
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Bang 5.1. Toc d6 phan hay, hé s6 xac dinh tai hai dinh 310 nm va 600 nm.

P N Técdc}phén N
Toc d6 phan huy | Hé so xac dinh o Hé s6 xac dinh
Khoang | .- 4inh 310 huy tai dinh
cach a1 din nm R2 cia 600 nm R2 cua
k k k
pl p1l kpz p2
0,5cm 0,05 0,97 1,45 0,98
lcm 0,021 0,95 1,31 0,99
2cm 0,01 0,92 0,92 0,98
-0,5cm 0,035 0,97 0,58 0,96

Khoang cach d = 0,5 cm dat hiéu suat cao nhit do cac yéu té sau: khi khoang
cach d ting 1én, dién tich tiép xtic va do xuyén sdu cta chum tia plasma vao dung
dich bi giam, dan dén hiéu qua xu 1y thap hon. Nguoc lai, khi dau tia plasma bi
nhing chim trong nude (d < 0), qua trinh hinh thanh cac géc tu do bi han ché do
moi trudng nudc can try sy trong tac giira tia plasma va khong khi, 1am giam nong
do céc tac nhan oxy hoa manh.

5.5.3. Anh hwong ciua toc dé khi
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Hinh 5.11. Téc d phdn hiy tai (4) dinh 310nm va (B) toc dé mat mau tai dinh
600 nm Vdi toc dé khi: 0.5 lit/ phit; 1 lit/phit; 2 lit/phut; 4 lit/phit.
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Trong phan nay, cac toc d6 dong khi khac nhau duoc khao sat nham ting
cudng tuong tic gitra tia plasma voéi méi truong, tir d6 tao ra nhiéu géc oxy hoa
manh hon so. Cac toc d6 dong khi dugc khao sat bao gom: 0.5 lit/phut; 1 lit/phat; 2
lit/phut; 4 lit/phuat va két qua thu dugc duoc trinh bay trong Hinh 5.11.

R rang, tc 46 1 lit/phut va 2 lit/phat déu dat hiéu qua phan huy cao nhét ¢ ca
hai dinh ph6, véi téc d6 phan huy trong dwong nhau. Nguoc lai, toc d6 4 lit/phut 1am
giam hiéu qua xt 1y do téc do khi qua 16n, khién dung dich bi bay hoi nhanh hon va
nong do MB ting cao cuc bo. Véi toe d6 0,5 lit/phut, cuong do tia plasma suy yéu,
lam giam téc d6 tao gdc oxy hoa manh, dan dén hiéu qua phan huy thap hon.

Tir cac két qua khao sat, nhom nghién ciru da t6i wu hoa thong s hoat dong
cia hé plasma jet dé dat hiéu suat phan huy dung dich MB cao nhat, bao gom
khoang cach d=0,5cm va toc do khi 1 lit/phut.

5.6. Co ché phan hiy chat nhudm bang cong nghé plasma lanh

Céc chat phan tmg va gdc tu do hoat dong duoc tao ra trong qua trinh phong
dién tao ra plasma 1a cac thanh phan chinh tham gia hd tro qué trinh phan hay cac
chat gay 6 nhiém trong nudc va nudc thai. Tuy nhién, trong mot qua trinh phat
plasma dién hinh, cac phan mg hoa hoc rat phirc tap va lién quan dén nhiéu chat
hoat dong véi thoi gian sdng va thé oxy hoa khac nhau.

C6 thé thdy hai tic dong riéng biét tir qua trinh phéng dién plasma trong qua
trinh phan huy cac chat 6 nhiém trong nudc va nuéc thai. Do 13, cac tic dong truc
tiép do va cham electron va cac tac dong khac do ion tao ra, cling nhu cac chat phan
g hoa hoc tai chd duoc tao ra thong qua qua trinh quang phan va nhiét phan. Tuy
nhién, dudi anh huéng caa mot sé chat phan tmg c6 kha nang khir nhu cac electron
trong nudc (e7) va cac gdc *H, cac con dudng phan huy khir ciing c6 thé hd tro qua
trinh phan huy chat 6 nhiém. Plasma duoc tao ra trong pha khi tiép xtc truc tiép voi
bé miat chat 6ng tao ra mot luong I6n ROS va RNS. Trong cdu hinh phéng dién
trong pha khi — léng két hop, cac chat c6 kha niang phan ung cao (nhu «OH, H,0,)
duoc tao ra dé giai quyét qua trinh phan huy cac chat 6 nhiém phuc tap trong moi
truong long. Phong dién plasma trong méi trudng 1ong tao ra cac chat hoat dong
tryc tiép trong chat long chira cac chat 6 nhiém. Ngoai ra, nhiéu goc dugc kich thich
bang dién va dao dong, cac nguyén tir va phan tir on dinh vé mat nhiét dong luc hoc
duoc tao ra trong hé phan mg trong qua trinh phong dién plasma dé gép phan phan
huy chat 6 nhiém. Vi du, cic phan tir nudc bi kich thich trong qué trinh phéng dién
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plasma va phan ly thanh cic gbc hydro va hydroxyl. Cac gdc hydroxyl duoc kich
thich bang dién va rung dong va két hop voi nhau dé tao thanh cac phan tir hydro
peroxide. Mot con duong tuong tu Xay ra khi cac phan tir oxy (khi khi hoat dong la
khong khi hodc oxy) phan tan thanh cac nguyén tir oxy, bi kich thich dién, ho trg
hinh thanh cac phan tir ozon, hydro peroxide va cac goc hydroxyl.

Trong qua trinh hoat dong, chum tia plasma tao ra nhiéu thanh phan phan
ung khac nhau, bao gém cac electron (¢°), bic xa UV, cac dang oxy hoa hoat tinh
(ROS), cac dang nito hoa hoat tinh (RNS), ozone (O3)... Trong s6 d6, cac tac nhan
oxy ho4a manh nhu *OH, 03, H,0,, *O... dong vai trd quan trong trong cac phan
g phan huy. Mdi tac nhan nay c6 co ché hinh thanh, thoi gian ton tai trong chum
tia plasma va dung dich khac nhau. Duéi day la cac phuong trinh hoa hoc minh
hoa qua trinh hinh thanh cac tac nhan oxy héa manh duédi tac dong cua chum tia
plasma jet:

*e+ H,0 >e¢0H +eH+e (pt 5.4)
305 + H,0 - 2+ 0H + 40, (pt 5.5)
H,0, 4+ 20; - 2+¢0H + 3 0, (pt 5.6)
H,0, +*e > 2¢0H + e (pt 5.7)

e *+ 0, > 0; (pt 5.8)

e *+ 2H,0 -H,0, + H, +e~ (pt 5.9)

e OH ++ OH - H,0, (pt 5.10)
H,0, ++¢ OH -+ HO, +H,0 (pt 5.11)
*0; +0;3—> 05 + 0, (pt 5.12)
e0; +H,0 - ¢0H + 0,+ OH™ (pt 5.13)

Theo cac phuong trinh trén, cac san phém sinh ra d6 1a H,O,, «OH, « O0;. Ba
san pham nay 1 cac tac nhan pho bién dé phan huy cac chit mau khac nhau trong

cac phuong phap xur Iy khac nhu quang xuc tac, sinh hoc....

5.6.1. Anh hwong ciia H,0,
Theo phuong trinh (5.9) va (5.10), H,O, dugc hinh thanh trong qué trinh
chum tia Plasma tiép xtic v6i dung dich va ton tai trong dung dich véi thoi gian dai
nhét trong s6 cac gbc oxy hoa manh ma Plasma tao thanh [139].
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H,0, c6 dinh hap thu tai budc song 225nm, do d6 chung toi ¢ thé dinh
luong H,0, tao ra theo thoi gian chiéu Plasma thong qua st dung phép do phd
hap thu. Nhom nghién ctu tién hanh thi nghiém chiéu Plasma jet vao 20 ml nuéc
cat trong khoang thoi gian tir 0 dén 70 phut. Hinh 5.12 d3 thé hién gia tri cuong
d6 tin hiéu cua H,0, thu duoc sau cac khoang thoi gian chiéu. Ching t6i di tinh
toan dugc lugng H,0O, co thé sinh ra sau 70 phut chiéu plasma la 24 mg/I.
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Hinh 5.12. (A) Phé hdp thu cua H,0, thu diwoc sau khi chiéu plasma vao nuéc cat
trong thoi gian 0 — 70 phuit; (B) Phé hdp thu cia 30ppm dung dich Methyl blue
sau 70 phiit, 5 gio phan ing véi dung dich H,0, néng dé 24 mgll.

Pé thay duogc vai trd cua H,0, trong qua trinh phan haty Methyl blue,
chiing toi tién hanh thi nghiém cho dung dich Methyl blue nong d6 30 ppm phan
trng véi 20ml dung dich H,0, c¢6 néng do 24 mg/l, sau d6 quan sat trong khoang
thoi gian 70 phat. Két qua thi nghiém duoc thé hién tai Hinh 5.12B, cho thiy gia
tri phd hap thu caa Methyl blue truéc va sau 70 phat phan tng gan nhu khong
d6i. Tur d6, chung toi dua ra két luan: H,O, khong tham gia trong qua trinh
Plasma jet xu 1y dung dich chit mau Methyl blue. Nhung sau khi ding chiéu
Plasma, lugng H,0, duoc tao ra boi plasma van tiép tuc phan @ng, khién cho
dung dich Methyl blue bi mat mau trong khoang thoi gian rat dai (16n hon 5 gio
ddng hd) nhu Hinh 5.12B.
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5.6.2. Anh hwéng ciia «OH (hydroxyl radicals)
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Hinh 5.13. Phé hdp thu cia dung dich Methyl blue phdn hiy béi Plasma jet khi
c6 mat isopropanol.

«OH 14 gdc hydroxyl - mét san pham duoc sinh ra trong qua trinh chiéu
Plasma theo cac phuong trinh tir (1) dén (4), n6 c6 thé chuyén héa va hinh thanh
nén nhiéu cac san pham tha cip tiép theo nhu H,0, hodc ¢HO, (theo phuong trinh

(7) va (8)).

¢OH rat kho c6 thé dinh luong tryc tiép trong qua trinh chiéu Plasma. Do
vay, chiing t6i da tién hanh thi nghiém xéac dinh anh hudéng cua OH téi qua trinh
phan huy bang cach cho thém 400 pl isopropanol 1a chat hoa hoc rat nhay véi goc
hydroxyl (khi c6 cac gbc sOH xuat hién, thi chat nay s& phan ang ngay lap tirc) vao
trong dung dich chat mau Methyl blue, sau d6 dem hdn hop dung dich xu 1y bang
Plasma. Isopropanol s& phan ng vai tat ca cac gbc «OH duoc sinh ra trong 70 phut
chiéu Plasma. Két qua thu duoc duogc thé hién trong Hinh 5.13 & trén.

Ph6 hap thu cia Methyl blue tai thoi diém 0 phat trung khép véi phd cua
dung dich Methyl blue khi dugc cho thém 400 pl isopropanol. Di véi phd hap thu
cua dung dich sau 70 phut xtr Iy bang Plasma: gi tri tai dinh 600 nm khéng hé bi
suy giam, c6 do dich dinh khoang 5 nm; cuong do6 tin hiéu tai dinh 310 nm giam
24,2% s0 V&i tin hiéu ban dau. Nhu vay, «OH 1a tic nhan anh huong chinh dén qua
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trinh phan huy dung dich Methyl blue, dac biét 1a anh hudng toan bd téi qua trinh

mat mau.

5.6.3. Anh hwéng cua « 05 (superoxide radicals anion)

Tuong ty nhu phuong phap danh gia anh huong cua «OH trong qué trinh
phan hay Methyl blue, nhom nghién ctru ciing tién hanh thi nghiém cho thém 500 ul
dung dich 1,4-benzoquinoe (Q) vao 20 ml dung dich Methyl blue, sau d6 tién hanh
chiéu trong thoi gian 70 phat. Két qua dugc thé hién ¢ Hinh 5.14 nhu sau:
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Hinh 5.14. Phé hdp thu cia dung dich Methyl blue phdn hiy béi plasma jet khi
co mat 1,4- benzoquinone.

Pho hap thu cua dung dich Methyl blue ngay sau khi cho thém 500 pl dung
dich 1,4 — benzoquinoe c6 su thay doi: xuat hién thém mot dinh méi tai bude song
250 nm, cuong do tin hiéu tai cac dinh phé 310 va 600 nm déu cao hon. Sau khoang
thoi gian chiéu 70 phut, két qua thu duoc 1a: gia tri dinh pho tai 310 nm giam
42.5%; tai 600 nm giam 45.5%. Theo phuong trinh (9) va (10) trong qua trinh phan
ng » 05 ciing gop phan tao ra «OH. Nhu vay, sy anh huéng cia e 0 t6i qua trinh
phan hay chat mau Methyl blue it hon so vdi sOH.

Tu d6, nhom nghién ctru dua ra két luan: «OH 1a géc oxy hdéa manh va co6 sy
anh huong chinh trong qué trinh phan hay va hoan toan quyét dinh qua trinh mat

mau cua dung dich Methyl blue; « O3 cling c6 vai tro trong qua trinh phan huy va
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lam mat mau dung dich; H,0, gan nhu khong c6 vai trd phan hay dung dich chat
mau Methyl blue trong thoi gian chiéu Plasma.

Sau thoi gian xur 1y dén khi dung dich hoan toan mat mau, va khi do phd hap thu
thiy duoc sy bién mat cia hai dinh phé tai 310nm va 600nm. Ching t6i tiép tuc do
chi s6 COD (chemical oxyen demand) cua dung dich sau khi xur 1y thi thy chi sb
nay cé gia tri COD = 42,52 (mg/l). Gia tri COD trén d& nam trong ngudng cho phép
cua chi s6 t6i da cia COD = 75 (mg/l) cho nuéc thai dét mau cong nghiép theo
QCVN 13-MT:2015/BTNMT (Quy chuan ky thuat qudc gia vé nudc thai cong
nghiép dét nhuom).

Céc phép thir thong ké (vi du nhu p-value tir phép thir ANOVA) c6 thé 1am ting
tinh chat ché va thuyét phuc caa két qua. Tuy nhién, do gidi han vé thoi gian va tai
nguyén, cac phan tich théng ké nay chua thé thuc hién trong luan an hién tai. Nhitng
phép thir nay s& dugc thuc hién trong cac nghién cau tiép theo cua nghién ctu sinh.

5.7. Két luan chuong 5

Trong chuong nay, nghién ctru V& kich thich nay mam hat giéng cho thay,
viéc xtr 1y plasma jet khong chi cai thién dugc tinh chat bé mat caa hat (gitp ting
kha nang hp thu nudc) ma con thic ddy qua trinh ndy mam va sy phat trién cta cay
con thong qua co ché diéu hoa cac hormone tu nhién nhu gibberellic acid (GAj).
Trong nghién ctru kich thich nay mam, plasma jet d lam ting hé s6 nay mam gap
11 1an sau 12 gio va chiéu dai cdy mam gan 3 lan sau 96 gio. Ning luong plasma toi
uu cung cap cho mdi hat 13 0.08 Wh, vai nong do NO tir 20-95 ppm. Ngoai ra, xir
1y plasma cai thién dédng ké kha nang dinh udt va tao ra cac vét nit nho trén bé mat
hat, giup tang kha ning hap thu nudc. Viéc chiét tich va phan tich hormone
gibberellic acid (GA;) qua MS va NMR cho thdy NO trong tia plasma diéu hoa
GA, kich thich nay mam va ting trudng cdy mam.

Vi nghién ciru vé phan hiy chat mau, cac thong so cua hé plasma jet da
duogc st dyng bao gom: dién ap dau vao U = 12V - DC, tan s f = 33 kHz, toc do
khi 1 lit/phut, khoang cach tir dau chiéu Plasma dén bé mat dung dich 1a 0.5cm gitp
cho phan huy 20 ml dung dich chat mau Methyl blue c¢6 nong d6 30ppm trong
khoang thoi gian 55 phit. Sau thoi gian xir 1y, dung dich con lai hoan toan mét
mau, tiép d6 dugc do phd hap thy va thiy duoc sy bién mat cua hai dinh pho tai
310nm va 600nm. Nhom nghién cuuus tiép tuc do chi s6 COD (chemical oxyen
demand) cua dung dich sau khi xt 1y thay chi s6 nay c6 gia tri COD = 42,52 (mg/l).
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Gia tri COD trén d3 nam trong ngudng cho phép cua chi sé tdi da cia COD = 75
(mg/1) cho nudc thai dét mau cong nghiép theo QCVN 13-MT:2015/BTNMT (Quy
chuan ky thuat quéc gia vé nude thai cong nghiép dét nhuém).

Cac két qua nghién citru trong chuong nay di duoc cong bd trén cac tap chi
Applied Sciences (IF 2.5) [55], Materials Advances (IF 5.2) [140], va
Communications in Physics [52].
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KET LUAN CHUNG
Luén 4n da tip trung nghién ctru tng dung cong nghé plasma lanh trong ché
tao hat nano kim loai vang, xt Iy bé mat dé SERS, kich thich hat gidng nay mam va
xtr Iy chat mau. Tir nhitng két qua thu duoc, luan an c6 thé két luan voi mot s6 diém

chinh nhu sau:

1. Ché tao duoc cac hat nano vang c6 do dong nhat cao véi duong kinh trung
binh 45 nm, do tinh khiét cao va kha niang 6n dinh trong dung dich tét trong thoi
gian dai (hon 6 thang) ma khong can dung téi chat hoa chat khir hay chat bao vé bé
mat. P4 danh gid cac dic tinh cta hat nano vang tong hop duoc théng qua céc
phuong phap phéan tich nhu SEM, XRD, UV-Vis va DLS va tim ra cac thong s6 toi
vu: khoang cach tir dau phat plasma dén bé mat chat long 1 0,4 cm, luu lwong khi 1
lit/phut, tan sé plasma 40 kHz, ndng d6 dung dich tién chat HAUCI, 0,2 mM véi thé
tich 10 ml, va thoi gian chiéu plasma 14 5 phut. Phuong phap ché tao on dinh, c6 d6
l3p lai cao, nhanh (5 phut tng hop), an toan, than thién véi méi truong.

2. Nghién cau ¢ng dung plasma lanh dé xu 1y bé mat vat liéu nhu PC va
SiO,. Qua thi nghiém, quy trinh xtr 1y da cai thién niang luong bé mat, ting tinh wa
nudc (do bang goc tiép xic WCA) va cai thién két ciu bé mat (theo hinh anh AFM).
Di ché tao duoc dé SERS c6 d6 nhay cao, d6 6n dinh va 1ap lai cao dya trén tién X
1y dé bang cong nghé plasma lanh. Tién xir Iy dé kinh giup giam do nham va ting
nang luong bé mat, con xir 1y laser dam bao lang dong AuNPs déu, tao ra dé SERS
c6 cuong do Raman ting gap 11 1an, ddng nhat trén toan bo bé mat va kha ning tai
sir dung 1én dén 10 chu ky. Dé SERS dat hé sé ting cuong (EF) khoang 3x10° voi
R6G va gi6i han phat hién (LOD) 10> M. Ung dung cia dé SERS cho phat hién
amoxicillin cho thiy pham vi phat hién tuyén tinh tir 102 dén 10° M vé6i R’= 0,98
va LOD 9x10™% M. Két qua nghién cttu khing dinh cong nghé plasma lanh 1a mot
phuong phap tién tién va hiéu qua dé cai thién dic tinh bé mat cua vat lidu, gop
phan quan trong trong viéc ché tao cac cam bién sinh hoa dya trén hiéu tng SERS

3. Trong nghién ctru kich thich nay mam, di wng dung hé phat plasma jet
xt Iy hat giéng va lam ting hé sé nay mam gap 11 lan sau 12 gio va chiéu dai
cady mam gan 3 lan sau 96 gio. Ning luong plasma téi vu cung cip cho mdi hat
1a 0.08 Wh, voi ndng do NO tir 20-95 ppm. Ngoai ra, xir 1y plasma cai thién
dang ké kha ning dinh udt va tao ra cac vét nit nho trén bé mat hat, giup ting
kha niang hap thu nuéc. Viéc chiét tach va phan tich hormone gibberellic acid
(GA;) qua MS va NMR cho thdy NO trong tia plasma diéu hoa GAs, kich thich
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nay mam va ting truéng cdy mam. Phuong phap xt 1y 6n dinh, c6 d6 lap lai cao,

an toan, than thién voi moi truong.

4. Nghién ciru tng dung cong nghé plasma lanh dé phan hay hoan toan 20 ml
dung dich chat mau Methyl blue c6 ndong d6 30 ppm trong khoang thoi gian 55 phit
bang xir 1y plasma. Tim ra cac thong s6 xur 1y ti wu: dién ap dau vao U = 12V - DC,
tan s6 f = 33 kHz, téc d6 khi 1 lit/phut, khoang cach tir dau chiéu Plasma dén bé mat
dung dich 14 0.5cm. Chi s6 COD (chemical oxyen demand) cua dung dich sau khi
xur 1y 14 42,52 mg/l, nam trong ngudng cho phép cua chi sé téi da cia COD = 75
mg/l cho nudc thai dét mau cong nghiép theo QCVN 13-MT:2015/BTNMT. Cac
phan tich vé miat co ché cho thdy «OH 14 gbc oxy hoa manh va c6 sy anh huong
chinh trong qua trinh phan hily va mat mau cua dung dich Methyl blue.

Plasma lanh 1a cong nghé tiém ning trong viéc phan huy chat mau hitu co
nho kha ning tao ra cac géc oxy héa manh ma khong can nhiét do cao hoic hoa
chat doc hai. So véi quang xtc tac, plasma lanh thudng cho hiéu qua xir 1y nhanh
hon va linh hoat hon trong diéu kién da dang méi truong. Cac két qua nghién ctu
dat duoc trong luan an da chirng minh tiém nang rat 16n dé phat trién nghién ctu
g dung cong nghé plasma lanh ap sudt khi quyén — nhu 1a mot phuong phép méi
nhanh, hiéu qua, than thién véi méi truong — trong nhiéu linh vuc nhu vat liéu (ché
tao cac hat nano vang va phat trién cam bién hoa sinh dya trén hiéu tng SERS) va
néng y sinh (kich thich hat giéng nay mam, xir Iy chat mau ton du). Bén canh cac
két qua nghién ciru rat kha quan, viéc tng dung plasma lanh & quy mé cong nghiép
van 1a thach thirc 16n vé duy tri tinh dong nhét cua plasma trén dién tich 16n va do
6n dinh thiét bi khi van hanh lién tuc. Dinh hudng tiép theo cia nhém nghién ctru 1a
phat trién hé thong plasma cong suit cao, tu dong hoa va xu 1y lién tuc, véi mong
muén c6 thé chuyén giao cong nghé tir quy mé phong thi nghiém sang san xuit thyuc

té dé nang cao gia tri tng dung trong cong nghiép.
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HOQC VIEN KHOA HQC VA CONG NGHE

S6: 936/QP-HVKHCN Ha Noi, ngay 25 thdng 9 ndm 2025

QUYET PINH
Vé viéc thanh lap Hoi dong d4anh gia luan an tién si cap Hoc vién
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HQC VIEN KHOA HQC VA CONG NGHE

Céin civ Quyét dinh s6 364/0D-VHL ngay 01/3/2025 cua Chu tich Vién Han lam
Khoa hoc va Céong nghé Viét Nam vé viéc ban hanh Quy ché Té chike va hoat dong cua
Hoc vién Khoa hoc va Céng nghé,

Cdn cik Thong tw 50 08/2017/TT-BGDDT ngay 04/4/2017 cua By Gido duc va
Dao tao vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh d tién si;

Can cit Quyet dinh 50 1 948/0D-HVKHCN ngay 28/12/2018 cia Gidm dée Hoc
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vién Khoa hoc va Cong nghé;
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vién Khoa hoc va Corzg nghé vé viéc gia han thoi gian hoc tdp lan 2 cho NCS;

Xét d@e nghj cia T ruong phong Dao tao.

QUYET PINH:

Piéu 1. Thanh lap Hoi dong danh gi luan 4n tién si cap Hoc vién cho nghién clru
sinh Lé Thi Quynh Xuan véi dé tai:

Nghién ctru cong nghé plasma lanh (mg dyng trong tong hop vat liéu kim loai
nano, xtt Iy hat giéng va chit nhuém mau

Nganh: Vit liéu quang hoc, quang difn tir va quang tir Mi s6: 9 44 01 27

Danh séch thanh vién Hoi ddng danh gia lugn an kém theo Quyét dinh nay.
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Piéu 3. Truéng phong T chirc — Hanh chinh, Truong phong Dao tao, Trudng
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tén tai Piéu 1 chiu trach nhiém thi hanh Quyet dinh nay./. &&/
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CONG HOA XA HOI CHU NGHIA VIET NAM
Pdc 1ap - Tu do - Hanh phuc

BAN NHAN XET LUAN AN TIEN SI CAP HQC VIEN
Ho va tén nguoi nhan xét luan an: Phan Ngoc Minh
Hoc ham, hoc vi: GS. TS
Co quan cong tac: Hoc vién Khoa hoc va Cong nghé
Ho va tén nghién ctru sinh: L& Thi Quynh Xuan
Tén d& tai: Nghién ciru céng nghé Plasma lanh vmg dung trong tong hop vat liéu kim loai
nano, xit Iy hat giong va chdt nhuém mau.
Chuyén nganh: Vit li¢u quang hoc, quang dién tir va quang tir.
M s6: 9440127

NQI DUNG NHAN XET
1. Tinh cén thiét, thoi sir, y nghia khoa hoc va thwe tién ciia dé tai ludn 4n

Plasma lanh 13 cong nghé tién tién, d& thuc hién va c6 kha ndng Gng dung da dang,
rong rdi trong y sinh hoc, y té, thuc phdm, ndng nghiép, khir khudn, xir Iy méi trudng, ...
Do nhiét do tong thé ciia mdi truong tao ra plasma gin voi nhiét do phong nén plasma
lanh c6 thé twong tac v&i bé mit sinh hoc, vat liéu polymer, thyc phim... ma khong gay
chay, bién dang hay ton thuong. Nhidu nghién ciru trén thé gi6i da khing dinh plasma
lanh c6 tac dung kha hiéu qua trong viéc hd tro ché tao céc vat lidu nano; xir ly bé mit vét
liu 1am ting do bam dinh, bién d6i ning lugng bé mit- tao nhém chirc méi; lam phéan
huy cac hgp chét hitu co doc hai; co6 vai trd trong viéc kich hoat néy mam hat giéng— lam
ting cudng ning suit cdy trdng, ... O Viét Nam dd c6 mot sé nghién ciru vé cong nghé
plasma lanh va trién khai Gng dung. Tuy nhién viéc di sdu tim hiéu r co ché tic dong
cta plasma lanh lén céac dbi twong sinh hoc va hod hoc dé c6 hiéu biét can ban 1am nén
tang cho viéc phat trién hudng nghién ctru ndy vin con c6 han ché.

Lu4n 4n cta nghién ctru sinh vé “Nghién ctru cong nghé Plasma lanh tng dung
trong téng hgp vat liéu kim loai nano, xir 1y hat giéng va chit nhudém mau” di tir viéc xay
dung thiét bj cong nghé tao plasma lanh, dén viéc sir dung cong nghé plasma lanh dé ché
tao vét li€u nano Au (Au NPs); xit 1y ly bé mat vat liéu cho céc ing dung tdn xa Raman
tang cudong bé mat (SERS); kich thich ndy mam hat gidng (gia dd xanh) va phin huy chat
nhudém Methyl Blue chét thai nhuém. Ludn 4n dit van dé di sdu tim hiéu co ché tac dong
cua plasma lanh lén cac db6i tugng nghién ctru. Luén 4n vi thé c6 tinh thoi su, can thiét,

vira c6 y nghia khoa hoc va thuc tién. Viéc phét trién duoc thiét bi cong nghé plasma
I



lanh, tim hiéu sau sic co ché tac dong va phét trién (mg dung cong nghé plasma lanh rat

cin duoc quan tAm nghién ciru va phat trién & Viét Nam hién nay.

2. Sw khéng tring Lip ciia dé tai nghién ciru so v6i cac cong trinh, ludn vin, luin 4n
dd cong bd trong va ngoai nuéc, tinh trung thwe, ré rang va diy di trong trich din
tai liéu tham khao

Dé tai ludn 4n bat dau tir viéc nghién ciru x4y dung thiét bi cong nghé tao plasma
lanh, dén nghién ctru g dung cong nghé plasma lanh xay dung dugc dé ché tao vat lidu
nano Au, xir Iy bé mit vt liéu cho & SERS, thir nghiém tmg dung trong kich thich ndy
mam hat gidng (gi4 dd xanh) va phan huy chét thai nhuém. Dé tai c6 tinh méi va khong
tring 1dp véi cdc nghién ciru di cong bd va cac dé tai ludn an khac. N6i dung nghién ciru
da duge cong bb trén céc tap chi chuyén nganh quéc gia, quéc té, cac hoi nghi khoa hoc
qudc té, khong tring ldp voi cac tai lidu clia cic tac gia khac.

3. Sw phit hop giira tén dé tai véi ndi dung, giira ndi dung véi chuyén nganh va ma
s6 chuyén nganh
Noi dung luén 4n tép trung vao xy dung va phét trién cong nghé plasma lanh, thir
nghiém mot s ung dung cua plasma lanh trong ché tao vt liéu, xtr Iy moi truong, kich
thich ndy mam thong qua twong twong tac ciia plasma lanh v6i dbi tugng nghién ctru.
Tén dé tai luan 4n phi hop véi ndi dung nghién ctru trinh bay trong luén 4n va phu hop
v6i nganh Vit liéu quang hoc, quang dién tir va quang tir, ma s6: 9440127

4. P9 tin cdy va tinh hién dai ciia phwong phip nghién ciru da siv dung dé nghién
ciru
Phuong phép nghién ciru ctia luan 4n 12 hién dai. Két qua ctia luén 4n déng tin cay.

5. Két qua nghién ctru méi ciia tic gia: nhirng dong gép méi cho sy phat trién khoa
hoc chuyén nganh; déng gép méi phuc vu cho sin xuit, kinh té, qudc phong, xa hoi
va doi song; ¥ nghia khoa hoc, gid trj va d¢ tin ciy ciia nhirng két qua do.
Ludn 4n c6 mét sé dong gép méi nhu sau:
(1) Pa xay dyng thanh cong hé phét tia plasma lanh dap tng du diéu kién thuc
hién cdc nghién ctru clia dé tai ludn 4n. Céc théng sb chinh cta hé 1a dién cao
&p: 2-6 KV, tan sb: 100 Hz- 80 KHz, khoang cach chiéu: 0,2-2 cm, tbc do dong
khi: 3,4-10 scem.
(2) St dung coéng nghé plasma lanh xiy dung dugc,dd ché tao thanh cong cac hat
nano vang (Au NP) kich thuéc trung binh 45 nm, c6 dd tinh khiét va 6n dinh
cao. Cong nghé ché tao c6 tinh lip lai, an toan va téc do ché tao nhanh; Pa xir
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Iy bé mit @& SERS, gitp 1am ting cudng dang ké cuong d6 Raman (ting gap
11 lan, dat dén 3x10® v6i R6G, gidi han phat hién 10712 M), ting pham vi phat
hién tuyén tinh va ting kha ning tai sir dung dé SERS (10 14n).
(3) Str dung cong nghé plasma lanh xdy dung duoc, budc déu khing dinh kha
ning lam ting hé s6 niy mam hat d& xanh (gap 11 1an sau 12 gio xir ly va ting
3 l4n chiéu dai cdy mam sau 96 gid x{r 1y); Phan huy hoan toan Methyl blue
ndng d6 30 ppm, thé tich 20 ml sau 55 phut; 1am giam chi s6 COD, khing dinh
kha ning g dung plasma lanh trong xir Iy chét thai dét mau cong nghiép.
Cac két qua nghién ciru ctia luéin an c6 dong gép mdi vé khoa hoc va c6 tidm ning Umg
dung. Céc ly gidi ciia luén 4n 1a logic, thuyét phuc.

6. Uu diém va nhwoe diém vé ndi dung, két cAu va hinh thirc ciia luin 4n
Nhén xét chung vé wu diém ciia ludn 4n:

Luén an dugc trinh bay khoa hoc, rd rang va mach lac. Ludn 4n ¢6 tinh méi va
sang tao. B cuc cua ludn 4n co ban 1a hop 1y, logic, bAm s4t muc tiéu nghién ctru. Két
qué nghién ciru tin cdy c6 gié tri khoa hoc va tiém ning mg dung thyec tién.

Nbi dung, hinh thirc luén 4n c6 chat lugng tdt, dap img yéu cu ctia Ludn 4n tién si
theo quy dinh hién hanh.

Nhitng gép ¥ NCS cén hru ¥ chinh sira trong luin an:

- Muc tiéu ctia luén 4n c6 thé diéu chinh thanh 3 muc tiéu (g6p muc tiéu 2 véi 3,
muc tiéu 4 va 5)

- B6 cuc luén 4n c6 thé diéu chinh thanh 4 chuong (Gop chuong 3-4): Chuong 1
téng quan; Chuong 2 céc phuong phéap thuc nghiém va két qua xiy dung hé
plasma lanh; Chuong 3 mg dung plasma lanh trong tong hop hat nano kim
loai va xir Iy bé mat dé SERS; Chuong 4 trng dung plasma lanh trong kich
thich hat giéng ndy mam va xir ly chat thai nhudm.

- Cudi chuong 1 cin b sung ban ludn tir birc tranh téng quan chi ra tiép can vé
cong nghé, dbi tuong, pham vi nghién ctru ctia dé tai.

- Chuong 2: ting cudng viét thém thong tin vé& két qua ché tao hé plasma lanh
(myc tiéu 1 cta luan 4n), c6 thé gidm bét trinh bay vé cac phép do phd bién
nhu UV-ViS, huynh quang, SEM, Raman, XRD, ... ma ludn an str dung.

- GOp ndi dung chuong 3 va 4

- Phan két luan: diéu chinh lai bAm vao 3 muc tiéu méi cta ludn an va khéi quét
céc két qua da thuc hién duge cta luén an.

- Cén ra soat thém vé 15i chinh ta.



7. Noi dung lun 4n da dwoc cong bd trén tap chi, kj yéu hdi nghi khoa hoc nao va
gi4 trj khoa hoc ciia cdc cong trinh dd cong bb

Céc két qua cua luan an dwoc ding tai trén 09 cong trinh, trong d6 c6 04 cong
trinh céng bd & tap chi quéc té SCIE, 02 cong trinh ding & tap chi trong nudc va 3 cong
trinh déing & cac tuyén tap hoi nghi quc gia. Phan 16n cac cong bd (8/9) 1a do nghién ctru
sinh 13 tac gia dau. Céc cong trinh cong bd ¢ ndi dung phit hgp véi ludn 4n va co gia tri
khoa hoc tot.

8. Két luan chung:

- Ludn 4n dap tng ot ca vé ndi dung va hinh thire ddi voi yéu cdu ciia mot ludn an
tién si chuyén nganh Vat liéu quang hoc, quang dién tir va quang tir theo quy dinh hién
hanh.

- Ban tom tat ludn 4n phan anh ding ndi dung co ban cua luan an.

- T6i dong y dé luan an duge phép dua ra bao vé trude Hoi dong cham ludn 4n cép
Hoc vién d€ xac nhén hoc vi tién s7 cho tac gia luén an.

Ha Noi, ngay 13 thang 10 ndm 2025
Nguoi nhén xét

Phan ngoc Minh



CONG HOA XA HQI CHU NGHIA VIET NAM
Poc lap — Tw do — Hanh phiic

BAN NHAN XET LUAN AN TIEN SI

Ho va tén nguoi viét nhan xét ludn 4n: Ta Vian Duong
Hoc ham, hoc vi: Phé Gido su - Tién si
Co quan cong tac: Hoc vién k¥ thuat quan sy
Ho va tén nghién ctru sinh: L& Thi Quynh Xuén
Tén dé tai luan an: Nghién ciku cong nghé plasma lanh img dung trong tong
hop vat liéu kim loai nano, xw ly hat gicfng va chdt nhuém mau
Y KIEN NHAN XET
I. Tinh cén thiét, thoi su, y nghia khoa hoc va thuc tién cua d& tai.

Cong nghé plasma lanh dugc xem 13 mét huéng phét trién tién tién, c6 tiém
nang ng dung rong rii trong nhiéu linh vue nhu céng nghiép, y hoc, néng nghiép
va bao vé méi truong. Nhiéu nghién ctru da chi ra ring viéc sir dung plasma lanh
mang lai hiéu qua rd rét trong kich thich ndy mam va phat trién cta hat giéng,
ting nang suét cdy trong, cling nhu phan hiy cac hop chit hitu co doc hai trong
nuée thai nhu thuée nhudm, thube bao vé thuc vét va duge phém.

Tai Viét Nam, cong nghé nay dang dan thu hut su quan tAm cta gidi nghién
clru va duoc trién khai trong nhiéu dé tai thuc nghiém, déc biét tap trung vao cac
tng dung nhu bao quan, xur Iy ndng san sau thu hoach va lam sach nudc thai cong
nghiép. Trude tiém ning va nhu ciu mé rong (mg dung thuc tién, viéc nghién
ctru chuyén sau vé plasma lanh tré nén cén thiét. Luan én “Nghién ctru cong nghé
plasma lanh ting dung trong tong hop vét liéu kim loai nano, xtr 1y hat gidng va
chat nhuém mau” khong chi mang y nghia khoa hoc quan trong ma con c6 gia tri
thuc tién cao, gép phan thic diy viée img dung cong nghé méi nay tai Viét Nam.
2. Su khéng tring lap ctia dé tai nghién ctru so v6i cac ¢dng trinh, ludn van,

luan an da cong b trong va ngoai nude; tinh trung thuc, rd rang va day du

trong trich dan tai liéu tham khéo.

Dé tai do NCS thuc hién khoéng tring 13p véi cac ludn 4n trong nuée va quoc
té. Céc ndi dung trong ludn an duoc trinh by rd rang, logic, duge trich din ding
quy dinh va khéng cé tring l3p véi cac nghién ctiu d duge cong bd trude do.



3. Su phi hop gitra tén d& tai voi ndi dung, gitra ndi dung véi chuyén nganh va
m4 s6 chuyén nganh.

Tén ctia luan 4n “Nghién ciru cong nghé plasma lanh g dung trong tong hop
vat liéu kim loai nano, x1t ly hat giéng va chit nhuém mau” phu hgp vdi ndi dung
da trinh bay trong 05 chuong cua luén 4n. Luén an cling phu hop vdi chuyén
nganh dao tao: vat liéu quang hoc, quang dién tir va quang t&r ma NCS theo hoc.
4. DO tin cdy va tinh hién dai ctia phuong phap di sir dung dé nghién citru.

Luén 4n dugc tién hanh chi yéu bang phuong phép thue nghiém. Cac két qua
thu dugc thong qua st dung cac phép do va céc thiét bi do tiéu chuén c6 do chinh
xac va tin cay cao.

5. Két qua nghién ctru méi cua tac gia; nhitng déng gép méi cho phat trién
khoa hoc chuyén nganh; déng gép méi phuc vu cho san xudt, kinh té, quéc
phong, xa hoi va doi séng.

Cac két qua nghién ctru méi ctia tac gia dugc dé cap trong luén 4n bao gdm 3
két qua chinh:

- Céng nghé plasma jet img dung trong tong hop hat nano kim loai;

- Cong nghé plasma jet ing dung trong ché tao dé SERS dinh huéng phat trién
cam bién hoéa sinh;

- Cong nghé plasma jet tmg dung trong kich thich hat giéng ndy mam va xu ly
chét nhuém mau.

Céc két qua nay di dugc ding trén céc tap chi khoa hoc uy tin. Cho thiy gia tri

khoa hoc clia cac két qué cua luén an.

6. Uu diém va nhuoc diém vé noi dung, két cau va hinh thirc cua ludn an.

Uu diém: Luén an duoc trinh bay logic, d& hiéu, hinh thuc dep. Két cAu cua
luan 4n hop 1y. Cu thé, chuong 1-3 trinh bay tong quan va phuong phap nghién
ctru, chuong 4, 5 trinh bay két qua. Céc ndi dung duogc viét dua trén cac cong bd
khoa hoc ctia nghién citu sinh, ¢6 tinh hé thdng tbt.

Nhugc diém: Luan an can luu ¥ mot sé diém sau dé c6 noi dung béo cdo cac két

qua dat duogc tot hon.

- Chuong 1: dd néu tong quan vé linh vuc nghién ctru nhung chua 1am rd van
dé can phai giai quyét trong viéc ché tao hat nano vang, xir Iy hat giéng. Riéng
phén xtr Iy thubc nhudm thi da néu dugc van dé.



- P& tai ¢6 pham vi nghién ctu rong, bao quat tir tong hop vat liéu nano kim
loai va ché tao dé SERS dén ting dung plasma lanh trong xr Iy hat giéng va chat
nhudm mau. Ba hudng nghién ciru nay tuy déu dua trén nén tang cong nghé
plasma lanh, song thudc cac linh vuc ing dyung kha khac biét. Do do, tac gia can
lam r& mbi quan hé logic giira ba hudng nay.

- Céc két qua nghién ciru ciia d& tai hién méi chu yéu dimg lai & viéc mo ta
hiéu g thuc nghiém, chéng han su thay do6i vé tbe do nay mam, kha nang phan
htty chat nhudém hay dic tinh quang hoc cta vét liéu nano, ma chua cé phan phéan
tich co ché vt 1y hoidc héa hoc nén tang cua cac hién tugng do.

- V& b cuc cla ludn 4n: Vé mit cu trac, bd cuc hién tai cta lun an voi
chuong 1 va 3 déu mang tinh tong quan, trong khi chwong 2 trinh bay phuong
phap nghién ctru, khién mach noi dung chua thét su logic va c6 thé gy cam gidc
lap lai. D& xuit: Gop chuong 1 va chuong 3 hodc didu chinh lai thir ty chuong;
dua chuong 3 (tong quan) 1én thanh chuong 2, va chuyén chuong 2 (phuong phap
nghién ctru) xudng chuong 3.

7. Noi dung cua luén an da dugc cong bb trén tap chi, hoéi nghi khoa hoc nao va
gid tri clia c4c cong trinh da cong bd (cAp cong bd theo WosS, Scopus, ESCI,
V.V.).

Két qua nghién ctru ctia ludn 4n dugc cong bb trén cac tap chi qudc té uy tin.
Cu thé,

“A Novel Method for Rapid and High-Performance SERS Substrate

Fabrication by Combination of Cold Plasma and Laser Treatment” cbng bd

trén tap chi Nanomaterials

- “Synthesis of stabilizer-free, homogeneous gold nanoparticles by cold
atmospheric-pressure plasma jet and their optical sensing property” céng bd
trén tap chi Nanotechnology

- “Effects of Cold Plasma Treatment on Physical Modification and Endogenous
Hormone Regulation in Enhancing Seed Germination and Radicle Growth of
Mung Bean” cong bé trén tap chi Applied Sciences
Ngoai ra, mot sé ndi dung lién quan ctia luan an cling dugc cbéng bd trong cac

tap chi trong nudce va bo cdo tai cac hoi thao qudc té ¢ phan bién. Céc két qua

dat dugc ctia NCS 1a rat tét.

8. Két luan chung can khing dinh:



Lu4n 4n da dép tng ddy du cac yéu cau cia mdt cong trinh nghién ciru cp
tién si thudc chuyén nganh Vit liéu quang hoc, Quang dién tir va Quang tir. Ban
toém tét ctia ludn an duoc trinh bay mét cach logic, chit ché va phan 4nh rd rang,
dy du noi dung cbt 18i cua cong trinh. Véi chét luong va ndi dung nghién ctu
dat yéu cau, ludn 4n du diéu kién duogc dua ra bao vé & cé‘ip Hoc vién dé xem xét
va trao bang Tién si.

Ha N¢i, ngay 11 thang 10 nam 2025
Nguoi viét nhan xét
(Ky va ghi ro ho tén)

Ta Van Dwong
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NOI DUNG NHAN XET

1. Tinh can thiét, thoi su, ¥ nghia khoa hoc va thuc tién ciia dé tai:

Cong nghé plasma n6i chung va plasma lanh néi riéng dd va dang trd thanh mot linh
vuc nghién ctru hdp dan va day trién vong nh¢ kha nang tng dung da dang trong cac
nganh céng nghi¢p, y hoc, ndng nghiép va xtt 1y méi truong. Véi dic tinh khong céan
béng nhiét dong, plasma lanh cho phép tao ra céc hat mang dién nang lugng cao va céc
gbc phan tmg hoat tinh (ROS, RNS) ma khong lam tang déng ké nhiét do méi truong, mé
ra tiém nang xtr ly céc vét liéu nhay cam véi nhiét do va céc chit 6 nhidm phurc tap. Trén
thé gidi, cac nghién ctu da chimg minh hi¢u qua cua plasma lanh trong viéc kich thich
ndy mam hat giéng, cai thién ning sudt ndng nghi¢p, cling nhu phan hiy cac hop chit
hitu co dc hai trong nude thai, nhu thuée nhudm, thude trir siu va duoc phém. Tai Viét
Nam, cong nghé plasma da bit diu duoc chu y va tap trung nghién ctu, tuy nhién theo
danh gid ciia Phan bién 1a méi & mtc do khai phd va bude dau phat trién. Mot sé Gng
dung ctia plasma trong y t& nhu hd trg 1am lanh nhanh vét khau da duoc trién khai trong
c4c bénh vién tuyén dau, tuy nhién céc nghién ciru vé tng dyung ctia plasma lanh vao thuc
tién san xudt nhu néng nghiép va xir Iy méi trudng 13 van con han ché, ddc biét la trong
viée ti uu hoa cac thong s6 van hanh va hidu 18 co ché tac dong cua plasma 1én céac doi
tugng sinh hoc va hoa hoc.

Nhu viy, dé tai “Nghién ciru cong nghé plasma lanh iing dung trong tong hop vt liéu
kim loai nano, xit Iy hat giong va chat nhuém maw” ¢6 y nghia khoa hoc va thure tién cao.
Cach ddt van dé 1a hop ly va da lam sang to duoc tinh cép thiét cua dé tai.

2. Suw khéng trimg ldp cia dé tai nghién civu so véi cdc cong trinh, ludn vin, ludn dn da
cong bo ¢ trong va ngoai mude; tinh trung thue, ré rang va day dii trong trich dan tdi liéu
tham khao:

- Theo tim hiéu ctia Phan bi¢n thi cac két qua trinh bay trong luén 4n nay khong tring
1ap véi céc cong trinh, luin vin, ludn 4n da cong bo ¢ trong va ngoai nude.

- Cdc tai liéu tham khdo dugo trich dan ddy du va cap nhit. C6 53 trong téng s6 140
tai liu tham khao 14 cac cong trinh trong 5 nim tré lai day (2020 dén nay).



- NCS da trich dan trung thuc va day du céc cong trinh NCS da cong bb trén tap chi
Qudc té uy tin va tap chi Quéc gia, tuy nhién con thiéu cic cong trinh ding trén Ky yéu
hoéi nghi va két qua sé hitu tri tué.

3. Sw phit hop giita tén de tai véi néi dung, giita ndi dung véi chuyén nganh va ma sé chuyén
nganh .

Tén dé tai phit hop voi ndi dung trong ludn an. Noi dung luén én phu hop véi nganh Vit
liéu quang hoc, quang dién tr va quang tr (ma so 9.44.01.27).

4. D¢ tin cdy va tinh hién dai ciia phwong phdp da sir dung dé nghién ciru

Trong luan 4n nay, nghién ciru sinh (NCS) st dung phuong phap nghién ctu thyuc
nghiém két hop sir dung cic phép do va phan tich hién dai, c6 do tin ciy cao, giup thuc
hién ndi dung ctia lufin 4n mot cach chinh xé4c va déng tin cdy. Cu thé:

- NCS nghién ctru khao sat va téi uu hoa cac thong sb cia qua trinh téng hop hat nano
Au st dyng plasma lanh (khoang céach tir dAu phat plasma dén bé mat dung dich, tin s
clia ngudn phat plasma, thoi gian chiéu plasma, ndng do dung dich tién chat, thé tich
dung dich tién chat);

- NCS tbi uu qua trinh bién tinh bé mit PC va SiO dinh huéng lam dé phuc vu muc
tiéu ché tao dé SERS;

- NCS phu cac hat nano Au 1én dé SiO, dé tao dé SERS va khao sat dic tinh cta dé
SERS thu dugc voi R6G va Amoxicillin;

- NCS nghién ctru khao sat va toi wu quy trinh kich thich hat giéng ndy mam va xir Iy
chét nhudm mau Methyl Blue str dung plasma lanh.

- NCS sir dung céc phép do va phén tich hién dai nhu: pho hap thy UV-VIS, pho phét
xa huynh quang (OES), pho tan xa Raman, anh kinh hién vi dién tir quét (SEM), pho tan
xa 4nh sang dong (DLS) va thé Zeta, gian db nhidu xa tia X (XRD), phd céng huéng tir
hat nhan (NMR), phd séc ky long két hop véi phd khéi (LC-MS) duoc st dung dé danh
gia kich c@, hinh dang, do df’ing déu cta cac hat nano vang ché tao duogc b@ing phuong
phap tia plasma lanh, ciing nhu x4c dinh sy thay ddi hormone ciia hat gidng sau khi dugc
xit ly plasma. Cac phuwong phap hoa hoc nhu k¥ thuét chiét tich hormone Gibberellic
Acid (GA3), danh gia chi s6 COD ciia nuée, va cac chi s sinh trudng clia hat giéng duge
sir dung dé danh gia hiéu qua ctia phuong phéap xir Iy plasma lanh 1én hat giéng va chét
nhudm mau Methyl blue.

Nhu vdy phuong phép nghién ctru st dung trong luédn an la hgp ly, cac phép do, phian
tich c6 do tin cay cao.

5. Két qua nghién citu moi cua tdc gia; nhiing d’ong gop mm. cho sw phdt trién khoa hoc
chuyén nganh; déng gép moi phuc vu cho san xuat, kinh té, quoc phong, xa héi va doi
song; Y nghia khoa hoc, gid tri va dg tin cdy cia cde két qua dé

Luén 4n da dat duge cac két qua phong phu, mang tinh méi va c6 gia tri khoa hoc va
thue tidn cao. Gid tri khoa hoc va tinh méi cia céc két qua chinh clia luan 4n dugc thé hién
qua 10 cong trinh cong bd, diic biét trong d6 1a 03 cong trinh ding trén céc tap chi SCIE - 1a
mdt phin ndi dung ctia lun 4n (trong d6 NCS dimg tén dau trong ca 03 cong trinh). Céc déng
g0p moi cua luén an la:

- Téi wu hoa céc théng sb cua qua trinh téng hop hat nano Au sur dung plasma lanh
(khoang chch tir dau phét plasma dén bé mét dung dich, tan s cia ngudn phat plasma,
thoi gian chiéu plasma, nong d6 dung dich tién chét, thé tich dung dich tién chat) dé thu



dugc céc hat nano vang ma khong stt dung chit khir va cac chét hoat dong bé mit. Cac
hat nano Au thu dugc c6 do df’ing nhit cao véi duong kinh trung binh 45 nm, d6 tinh
khiét cao va kha ndng 6n dinh tét trong dung dich hon 6 thang;

- T6i wu héa qué trinh bién tinh bé mit PC va SiO, dinh huéng lam dé phuc vu muc
tiéu ché tao dé SERS;

- Ché tao dugc dé SERS véi do nhay cao, d én dinh va Ip lai cao thong qua tién xir
ly dé bang cong ngh¢ plasma lanh, sau d6 phu hat nano Au, két hop quy trinh xir 1y bang
laser. Qua trinh tién xur ly dé kinh giup gidm do nham va tang ning luong bé mit, trong
khi xtt Iy laser dim béo s ling dong dong déu ctia AuNPs. Két qué la dé SERS c6 cuong
do Raman ting gip 11 lan, ddng nhat trén toan bo bé mat va kha nang tai st dung 1én dén
10 chu ky. Dé SERS dat hé sb tang cuong (EF) khodng 3x10° v6i R6G va gidi han phat
hi¢n (LOD) 1072 M. Ung dung dé SERS trong phét hién amoxicillin cho thdy pham vi
phat hién tuyén tinh tir 10 dén 10 M vé6i R2 = 0,98 va LOD 1 9x10-1° M.

- Téi uu quy trinh kich thich ndy mam hat dau xanh st dung tia plasma lanh. O diéu
kién tdi uu, viéc chiéu plasma lanh da 1am ting hé s6 nay mam gap 11 14n sau 12 gid va
chiéu dai cdy mdm gan 3 1in sau 96 gio. Ning lugng plasma t6i vu cung cap cho mdi hat
12 0.08 Wh, v6i ndng d6 NO tr 20-95 ppm. Hon nita, xir Iy plasma cai thién dang ké kha
nang dinh w6t va tao ra céc vét nit nho trén bé mit hat, gitip tdng kha ning hép thu nuée.
Phucrng phép xit Iy ndy n dinh, c6 dd lap lai cao, an toan va than thién véi moi truong.

- T6i wru quy trinh phén hiy dung dich Methyl blue st dung plasma lanh. Cu the, dung
dich Methyl blue c6 ndng do 30 ppm, thé tich 20 ml, da duoc phén hiy hoan toan trong
55 phit bang x 1y plasma. Céc thong sé xir 1y téi wu duge xac dinh gdm: dién 4p dau
vao U = 12V - DC, tan s6 f= 33 kHz, tc do khi 1 l/phat, va khoang cach tir ddu chiéu
plasma dén bé mat dung dich 1a 0,5 cm. Sau khi xt 1y, chi s6 COD (Chemical Oxygen
Demand) cta dung dich 1a 42,52 mg/I, nim trong ngudng cho phép (chi s6 COD tdi da la
75 mg/I cho nude thai dét mau cong nghiép theo QCVN 13-MT:2015/BTNMT).

Céc két qua thu duge c6 do tin cdy cao. Bén canh d6, véi cac két qua thu duogc, hé
phét tia plasma lanh cho thdy tidm nang g dung rong rai va kha ning déng gop vao su
phat trién ctia khong chi linh vire ndng nghiép, xir Iy moi truong, ma con trong linh vuc
cam bién sinh hoa.

6. Uu va nhwoc diém vé ngi dung, ket cau va hinh thirc ciia luén dn.

Luén dn c6 ndi dung phong pht, nhiéu két qua phan tich hién dai thé hién qua trinh
lam viéc nghiém tac va diu tu nhidu cong stc. Luén an duge trinh bay khoa hoc va thé
hién rd dugc ndi dung cta luan 4n. Tuy nhién, trong ludn an van con mot sb didm co thé
[am t6t hon nhu sau:

- Cén lam 3 viéc xdy dung h¢ tao tia plasma (plasma jet) 1a két qua trude hay trong
qué trinh lam NCS. Cach viét hién nay cho thiy 1a két qua trong qué trinh lam NCS, tuy
nhién cong trinh cong bd lai tr ndm 2018 (Tai liéu tham khao sé 81). Néu 1a két qua
trude thi nén thay doi cach viét phan 2.2.1;

- Con nhiéu 18i v& bién tdp nhu phong chit, s6 mil hay chi s6 trong cac cong thirc hoda
hoc; thiéu nhiéu tir viét tht trong bang céc tir viét tht nhu scem, ppm,...; tén ciia methyl
blue;...

- Nén biéu dién quy trinh thi nghiém dusi dang so dd khéi dé ngudi doc dé theo dai.

Vi du tiéu muc 2.2.10 va 2.2.12; }



- Chua viét hoa hoan toan mot s6 thuat ngit vi du nhu nanosecond, picosecond,
plasma jet, va electron (nén dich 1a nano gidy, pico gidy, tia/chim plasma, va dién tir),
trong Hinh 3.8;

- Mbt s6 hinh anh thiéu tai liéu tham khao nhu 1.2, 1.8, 1. 134

- Hinh SEM & Hinh 3.11 khéng c6 cing d9 phong dai nén kho S0 sanh

- Mot s6 phan nén viét thanh doan, thay vi viét duéi dang gach dau dong nhu & phan
3.3.5,3.3.6;

- Khi phan tich két qua & cac hinh nén phan tich theo tht tu A, B, C... Vi du hinh
3.14, 3.16, 3.18;

- Véi két qua SERS, nén so sanh véi gi¢i han phat hién véi ngudng ton du ctia R6G,
Amoxicilline theo tiéu chuin Viét Nam.

- Muc 5.3.2.1 chua dua ra két luan vé anh hudng ctia chiéu dai 6ng phong;

- Muc 3.5 nén chuyén sang chuong 4;

- Két quéa phong phu nhung chua két ndi o rang giita cac phan xu ly PC vai SiOa,
phét hién R6G véi phat hién Amoxicillin, gitra kich thich ndy mam va xir Iy méi trudong;

7. Noi dung cua ludn an da duoc cong bé trén tap chi, ky yéu H¢i nghi Khoa hoc nao va
gid tri cua cdc cong trinh dd cong bo:

Céc két qua chinh cta lufn 4n da duoc cong bd trén 10 cong trinh, trong d6 co 04
cong trinh ding trén cac tap chi thudc danh myc SCIE (01 bai Q1 va 03 bai Q2 — xét &
thoi diém ding), 02 cong trinh ding trén tap chi trong nude duge Hoi dong GS Nha nuée
cong nhén, 03 cong trinh dang trén Ky yeu Hoi nghi chuyén nganh quoc té, va 01 chép
nhan don s& hitu tri tué. Céc két qua cong bd phu hop va b trg cho ndi dung cta lun 4n.
Cu thé, trong 04 cong trinh ding trén céc tap chi thugc danh myc SCIE thi NCS ding tén
diu trong 03 cong trinh dong gop truc tlep vao luén 4n. 01 cong trinh dang trén SCIE
khong lién quan nhiéu dén noi dung ctia luan 4n nhung c6 tac dung bd tro. Trong 02 cong
trinh dang trén tap chi trong nude, ¢6 01 cong trinh 1a déng trén tap chi quoc gia uy tin
(Tap chi Communications in Physics).

8. Két lugn:

- Céc két qua dat dugc phi hop v6i chuyén nganh ding ky (Viat liéu quang hoc, quang
dién tir va quang tir) va da dap ting yéu ciu cia ludn 4n Tién si. Nhin chung, ludn én trinh
bay khoa hoc, dap ting ddy di yéu cau vé ndi dung va hinh thire déi v6i mot ludn an Tién
s1. Ban tém tit phan dnh trung thanh noi dung cia luén an.

- Dya vao cdc nhin xét trén, Phan bién déng ¥ cho NCS duge bao vé tai hoi dong cip
Hoc vién dé nhén bing Tién si.

Ha Noi, ngay 15 thang 10 nam 2025
Nguwoi nhan xét
(Ky va ghi ro ho tén)

guyén Céng T
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Y KIEN NHAN XET

1. Tinh cén thiét, thoi su, ¥ nghia khoa hoc v thye tin ciia d@ tai:

Dé tai ludn 4n ctia NCS Lé Thi Quynh Xuén 1a cong trinh nghién ctu da
nganh, co tinh thoi sy cao, mang ¥ nghia khoa hoc va thuc tién sau sic. Luén 4n
da két ndi thanh céng cong nghé plasma lanh véi ba linh vuc ting dung trong diém:
vat liéu nano, nong nghiép bén viing va xir Iy méi truong, dap tng xu hudng toan
cau vé phat trién céc cong nghé "xanh" va bén viing.

Tinh Can thiét va Thoi sw: Dé tai da giai quyét cac van dé cdp bach tai Viét Nam
nhu tdn thét sau thu hoach trong néng nghiép, 6 nhiém nguén nuoc tir nganh dét
nhudm, va nhu cau v& céc cong cu chén doan nhanh du luong chét doc hai trong
chudi cung tng thue pham. Cach tiép can lién nganh cho thiy mot tu duy nghién
ctru hé thong va kha nang giai quyét cac bai toan thuc tién phure tap.
Y nghia Khoa hoc: Gia tri khoa hoc cta ludn 4n thé hién & viéc lam sang to cac
co ché nén tang:

Téng hop vét liéu: Phét trién thanh cong quy trinh "téng hop xanh" hat nano
vang (AuNPs) khong cin chét 6n dinh héa hoc, loai bd nguy co doc tinh tur hoa
chét ton du.

Co ché sinh hoc: Dong gop déng ké nhat la chimg minh duge thuc nghiém
cac goe Nito hoat tinh (RNS) tir plasma, cu thé 1a nitric oxide (NO), da kich hoat
su tong hop hormone ting trudng ndi sinh Gibberellic Acid (GA3), tlr d6 thic day
nay mam cua hat gidng. Déy la déng g6p méi, duge xac thuc bang céc ky thuat
phén tich hién dai (LC-MS, NMR).

Co ché héa hoc méi truong: St dung phuong phap "bay gbc tu do" dé xéc
dinh vai tro cht dao ctia gbc hydroxyl trong qué trinh phén hiy thuée nhudm,
cung cép dir liéu nén tang cho viée t6i vu héa cac hé théng xir ly nudc.

Y nghia Thue tién: Luén an trinh bay cdc két qua c6 tiém nang tng dung va



chuyén giao cao:

Cdam bién SERS (tdn xa Ramnan ting cuong bé mdt): Ché tao thanh cong
dé SERS siéu nhay dé phat hién khang sinh Amoxicillin & nong dé cuc thap, mé
ra trién vong phét trién cac bo kit chdn doén nhanh, chi phi thap.

Xui Iy hat giéng: Quy trinh xir Iy bang plasma jet gitip tang hé sé ndy mam
gap 11 lan va chiéu dai cdy mam ting gan 3 lan, 12 giai phap an toan thay thé héa
chét truyén thong.

Xir Iy nuée thai: Phan huy hoan toan chit nhuém Methyl Blue va dua chi
s6 COD vé duéi ngudng cho phép theo QCVN, cho thay tinh kha thi cta cong
nghé trong x1r Iy 6 nhiém coéng nghiép.

Tom lai, luan an da chung minh mot cach toan dién su lam chu cong nghé va nang
luc nghién ctu khoa hoc cua NCS, thé hién kha nang ap dung sang tao mot nén
tang cong nghé dé giai quyét cac van de da dang.

2. Sy khéng trung Lip ciia dé tai nghién citu so véi cac cong trinh, luéin vin,
ludn an da cﬁng~b6 & trong va ngoai nuéce; tinh trung thue, rdo rang va day
du trong trich dan tai liéu tham khao.
Tinh khong trung lap: Ludn an khong trung lap vaéi cac luan an, cong trinh khac.
Mac du cong nghé plasma lanh da dugc nghién ctru cho tirng ing dung riéng 1é,
sumé6i mé cla ludn 4n ndm & céc diém sau:

1. Phuong phép tong hop AuNPs "xanh", khong st dung chit 6n dinh.

2. Phuong phap ché tao dé SERS lai (hybrid) két hop tién xir ly plasma va

lang dong c6 hd tro laser, mang lai hiéu qua vuot troi.
3. Kham pha va ching minh thuc nghiém tin hiéu NO GA3 trong kich thich
nay mam hat gidng 1a déng gép khoa hoc méi va quan trong nhét.

Tinh khong trung 1dp duge bao ching manh mé qua danh muc 10 céng trinh

cong b, trong d6 c6 4 bai bao trén tap chi quoc té uy tin thudc danh muc

SCIE va 1 don ding ky s& hitu trf tué di dugce chip nhan.
Tinh Trung thuwe va Trich din: Ludn 4n thé hién rd sy liém chinh trong hoc
thuét qua "Loi cam doan" ctia NCS. Hé thong tai liéu tham khao dugc trich dan
day du, 18 rang va chinh xéc, cho thiy NCS dé c6 su déu tu nghiém tic vao viée
tong quan tinh hinh nghién cu.
3. Sw phut hop giira tén dé tai v6i ndi dung, gitra ndi dung véi chuyén nganh
va mi so6 chuyén nganh.

e Su phit hop giira Tén dé tai va Noi dung: Tén dé tai hoan toan théng nhét
va logic v&i ndi dung cta ludn an. CAu tric céc chuong giai quyét mot cach
c6 hé théng ba muc tiéu nghién ctru chinh da duoc néu trong tén dé tai.

o Su phu hop gitta Noi dung va Chuyén nganh: Mac du cac tng dung trong
nong nghiép va madi truong c6 vé nam ngoai chuyén nganh "VAt liéu quang
hoc, quang dién tir va quang ti", ndi dung cua ludn an hoan toan phu hop.



Nén tang cta luan 4n 1a viée st dung cdc nguyén ly cua vat liéu quang hoc va

quang tir dé diéu khién va chin doan cac qué trinh. Cu thé:

« Chén doan plasma bang Phd phat xa phé huynh quang (OES) la mét linh
vuc cua vat ly quang hoc.

o Hat nano vang (AuNPs) la mét loai vdt liéu quang hoc dién hinh v6i tinh
chét cong hudng plasmon bé mit (LSPR).

 Cam bién SERS la mét ing dung quang tu dua trén viéc tang cuong (in
hiéu quang hoc.

Do d6, luan 4n da st dung céc tmg dung thuc tién dé ching minh wu viét clia vat
liéu quang hoc va céc nguyén ly quang tr, cho thady mot tu duy nghién ctu lién
nganh sang tao.

4. D0 tin cay va tinh hi¢n dai ctia phwong phap da st dung dé nghién ctru.
Luén an da st dung mot hé thong phuong phap nghién ctru da dang, hién dai va
c6 do tin cdy cao, dugc mo ta chi tiét trong Chuong 2.

o Ché tao va Chén dodn: NCS da tu chu trong viéc xay dung hé plasma jet va
str dung cdc phuong phap chan dodn tiéu chuan (do dién, OES).

o Phén tich VAt li¢u: Luan 4n da st dung dong bd cic ky thuat phan tich tién
tién nhu FE-SEM, XRD, DLS, va AFM dé cung cdp mot bic tranh toan dién
vé vat lidu.

o Phén tich Héa hoc: Viée st dung cac hé thong phén tich dinh cao nhu Séc
ky 16ng-Khoi phd (LC-MS) va Cong hudng tir hat nhan (NMR) dé dinh danh
hormone GA3 di dam bao do tin cdy khoa hoc cho két qua nghién ciru.

Hé théng phuong phép nghién ctru dugc lua chon la hoan toan pht hop, hién dai
va dam bao d¢ tin cdy rit cao cho cac két qua va két luan khoa hoc

5. Két qué nghién ctru méi ciia tac gisi; nhitng déng goép méi cho sy phat truu
khoa hgc chuyén nganh; déng gép méi phuc vu cho san xuit, kinh té, qubc
phong, xi hoi va doi sdng; ¥ nghia khoa hoc, gia tri va do tin cay ciia nhirng
két qua do.

Luan an da dat duge mot loat két qua mai, ¢6 gia tri va dong gop dang ké cho ca
khoa hoc chuyén nganh va ing dung thuc tien, dugc minh chirng qua céac céng bo
khoa hoc chat lugng cao.

Bang Tom tat cac Dong gop Chinh va Thong so Toi wu ctia Lufin an

Thi nhdt la tong hop AuNPs: Dé dua ra dugc quy trinh tong hop "xanh", nhanh
(5 phut), khong chat 6n dinh. Hat AuNPs c6 duong kinh trung binh 45 nm, 6n
dinh trén 6 thang.



Thir 2 la ché tao dé SERS: Phuong phap lai (hybrid) két hop tién xir ly plasma
va xtr 1y laser. D& SERS ¢6 hé s ting cuong (EF) , LOD cho Amoxicillin 1a M,
tai st dung dugc 10 lan
Thit 3 la xu [y hat gzong Kham pha va chiing minh thuc nghiém co che hoa
sinh: NO tur plasma dleu hoa hormone tang truong GA3. Ty 1€ nay mam ting 11
lan, chidu dai cdy mam ting gan 3 lan.
Thit 4 la xw Ly chat nhuém: Phan hity hoan toan chit nhuém Methy! Blue. Phan
hity 20 mL dung dich 30 ppm trong 55 phut. Chi s6 COD sau xtt ly ( mg/L) dat
QCVN 13-MT:2015/BTNMT.

Cac dong gop nay khong chi mé rong hiéu biét khoa hoc vé tuong tac
plasma-vét chat ma con cung cap cac quy trinh cong nghé tiém nang co thé chuyén
giao cho san xudt, gop phan vao su phét trién kinh té - x& hoi bén viing.

6. Uu diém va nhwoe diém veé ndi dung, két cAu va hinh thic ciia ludn an.
U'u diém:
NGi dung: Luan én c6 dong mot sé dong goép méi, pham vi nghién ctu
rong nhung van dam bao chiéu sau. Viéc tap trung lam séng to co ché nén
tang la mot diém manh vuot troi.
Két cdu: Cu trac luan an logic, khoa hoc va chit ché, dan dt nguoi doc
mot cach tu nhién.
Hinh thite: Ludn 4n duoc trinh by khoa hoc mach lac, hinh anh va db thi
chét luong tbt.
Nhuwoe diém va goi y hoan thién:

« Lufn 4n c6 thé 1am ndi bat hon nita méi lién hé khoa hoc sau séc gifta ba
hudéng nghién ctu trong phan Mé dau va Két luan chung.

o Mot binh luan ngén vé nhiing thach thic k¥ thuat va dinh huéng nghién
ctiu dé trién khai & quy mé 16n hon (hodc cong nghiép) s& lam ting gié tri
thuc tién ctia cong trinh.

« Viéc bd sung cac phén tich thong ké sau hon (vi du: p-value tir phép thu
ANOVA) c6 thé 1am ting tinh chit ch& va thuyét phuc ctia mot sb két qua
so sanh.

» B0 sung danh Muc viét tat nhu DLS, AFM; stra mdt so 101 tir nglt trong
ludn an.

7. Noi dung ciia ludn an da dwoc cong bo trén tap chi, ky yéu Hoi nghi Khoa
hoc nao va gia tri ciia cic cong trinh da cong bd (cdp cong bé WoS (SSCI,
SCI/E, ESCI ...), Scopus, quoc té c6 phan bién, tap chi trong nude duoc tinh diém
theo Hoi dong Gido sw nha mudc ... va xé}o hang SCIMAGO).

Céc bai bao da cong b phén anh day du, trung thue va 1a san pham truc tiép
tir cac két qua nghién ctru cht yéu cua ludn an. Day la diém manh nhit cta luan
an, cho thiy chat lugng va do tin cdy cta cong trinh da dugc ﬂlam dinh va cong
nhéan boi cong dong khoa hoc quéc té. Chat lugng cac cong bé rat tot. NCS 1a tac



gié clia 04 bai béo trén céc tap chi quoc € thude danh myc SCIE, trong d6 6 2
bai la tac gia chinh va 2 bai la tac gia lién hé. Cu theé:

- Nanotechnology (IOP Publishing): SCIE, Q1/Q2 SCImago.

- Applied Sciences (MDPI): SCIE, Q1/Q2 SCImago.

- Nanomaterials (MDPI): SCIE, Q1/Q2 SCImago.
- Optical Materials (Elsevier): SCIE, Q1/Q2 SCImago.

Ngoai ra, NCS con c6 2 bai bao trén tap chi trong nudc va 3 bao cao tai cac hoi
nghi quéc té c6 phan bién. Khéi luong va chét luong cac céng bd nay khong chi
dap img ma con vuot yéu cau dbi véi mot luan an tién si, 14 minh chiing 16 rang
nhat cho ning luc nghién ctru cua NCS.

8. Két luiin chung can khang dinh:

- Ludn dn déap tmg cdc yéu cau doi véi mot ludn an tién si chuyén nganh.

- Ban tom tét luéin 4n phan anh trung thanh ndi dung co ban ctia luén an.

- Ludn 4n 1a mot cong trinh nghién ctru khoa hoc nghiém tic, c6 hé thong
va dong gop moi ca vé mit khoa hoc 13n thuc ’fién Céc nhuoc diém néu trén co
thé khic phuc va khong anh huong dén gia tr cot 161 cua ludn an. Ludn 4n dép
g day du cac yéu cau déi v6i mot ludn an tién si.

- Téi dong y dé luan an duoc phép dua ra bao vé trude Hoi dong cham luan
an cap Hoc vién dé x4c nhan hoc vi tién si cho tac gia luan 4n.

Ha Noi, ngay Adthdang 10 ndam 2025
Ngudi viét nhin xét
(Ky va ghi ro ho va tén)
e_'/
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CONG HOA XA HQI CHU NGHIA VIET NAM
Dc ldp — Ty do — Hanh phiic

BAN NHAN XET LUAN AN TIEN sf

Ho va tén ngudi viét nhan xét luan 4n: Bui Son Tong

Hoc ham, hoc vi: Tién st

Co quan cong tac: Hoc vign Khoa hoc va Cong nghé, Vién Han 14m Khoa hoc va
Céng nghé Viét Nam

Ho va tén nghién ctru sinh: Lé Thi Quynh Xuén

Tén dé tai lufin 4n: Nghién ciru cong nghé plasma lanh tmg dyng trong téng hop
vt liéu kim loai nano, xir y hat gidng va chit nhuém mau

Y KIEN NHAN XET
1. Tinh can thiét, thoi sy, ¥ nghia khoa hoc va thye tién cia d? tai:

V& tinh cép thiét, thdi sy, cong nghé plasma lanh 13 mét linh vyre nghién ciru tién
tién, ddy trién vong, véi dic tinh khong c4n bing nhiét dong, cho phép tao ra cc gbc
phan tmg hoat tinh (ROS, RNS) ma khong 1am ting dang ké nhiét do. Diéu nay maé ra
nhiéu tmg dyng quan trong trai dai ti linh virc y té (diéu tri, t4i tao md) dén cong nghiép
(xr ly thai, ci tién bé mit) va néng nghiép (kich thich ting truémg), hira hen tao ra
nhitng dot phd céng nghé bén vimg.

Vé y nghia thyc tién, luan 4n huéng dén giai quyét cac vin d& cdp bach trong
nuéce nhu ning cao hiéu qua san xuét nong nghiép (kich thich ndy mim hat giéng) va
xir Iy 6 nhiém nudc thai cong nghié¢p (phan hiy chét nhu¢m). Viéc sir dung plasma lanh
mang lai tinh hiu qua, tiét kiém ning hrong va thin thién véi moi trudng so véi cée
phuong phép truyén théng.

V& y nghia khoa hoc, nghién ctru khéng chi tép trung vao tmg dyng ma con di
sdu vao tbi wu héa cac thong s vin hanh va giai thich co ché téc dong ciia plasma lanh
1én céc déc trung vat ly va héa hoc trong céc qua trinh téng hop vét liéu nano, tuong tac
v6i bé mit hat gidng va phan hiy chit nhudm.

2. Sy khéng trong 13p cta dé tai nghién cru so véi céc cong trinh, ludn vin, luén an da
cdng bd & trong va ngoai nude; tinh trung thye, rd rang va ddy da trong trich dan tai lidu
tham khao. '

D& tai khong tring l3p v6i céc cOng trinh, lun vin, ludn 4n d4 cong bd & trong
va ngodi nudc. Ludn 4n d4 sir dyng thong tin trich din tir nhiéu ngudn tham khao khéc
nhau va ghi rd ngudn gbc.

3. Sy phil hop giita tén dé tai voi ndi dung, gitta ndi dung voi chuyén nganh va ma sb
chuyén nganh.
Nbi dung luan 4n phit hop véi tén dé tai, chuyén nganh va ma sé chuyén nganh.



4. D) tin cdy va tinh hi¢n dai ctia phuong phép da sir dung dé nghién ctru.

Céc phuong phép nghién ctru duge sir dung c6 o tin cdy va tinh hién dai rit cao, bao
gdm: x4y dyng va téi wu héa h¢ phét tia plasma lanh (plasma jet); c4c phuong phap phén tich
va dénh gid nhu Phé hp thy UV-VIS, Phé phét xa huynh quang, kinh hién vi dién tir quét
(SEM), Nhiéu xa tia X (XRD), Phé t4n xa énh sang dong (DLS), Thé Zeta, Phé t4n xa Raman,
Phd Zﬁng hudng tir hat nhén (NMR), Phé séc ky 16ng két hop phd khéi (LC-MS) va phép do
chi so COD.

Viée sir dung tb hop céac phuong phap hién dai ndy dam bao cho d¢ tin cdy va sy toan
dién cua c4c két qua thyc nghiém.

5. Két qua nghién ctru méi cita tdc gi; nhitng déng gbp méi cho sy phat trién khoa hoc
chuyén nganh; déng gép méi phuc vu cho san xuat, kinh té, qubc phong, xa hoi va doi
song; y nghia khoa hoc, gid trj va do tin cdy cia nhitng két qua do.

Két qua nghién ctru méi cua téc gia:

- Dd x4y dyng va ti uu héa hé pht tia plasma lanh (plasma jet) v6i cac thong sé hoat
dong linh hoat (2-6 kV, 100 Hz — 80 kHz), én djnh va hiéu qua.

- Ché tao thanh cong hat nano vang (AuNPs) c6 d¢ ddng nhét va d¢ én dinh cao biing
phuong phép plasma jet, khong cin chét khir hay bao vé bé mit, thé hién tinh an toan
va than thién mai trudng vuot troi.

- Phét trién dé SERS d6 nhay cao théng qua tidn xir ly plasma lanh, gitip ting cudng 4o
Raman va c6 kha néng téi sir dung cao, tng dyng hiéu qua trong phét hién khéng sinh
Amoxicillin.

- Khai théc h¢ plasma jet dé kich thich ndy mim t8i wru, 1am ting hé s§ ndy mam va
chiéu dai cdy mam, ddng thoi xdc dinh duge co ché didu hoa hormone GA3 nhy NO
sinh ra tir plasma.

- Ung dyng cong nghé plasma lanh dé phan hity hoan toan chét nhuém mau Methyl Blue
trong 55 phit bing plasma, dat chi s6 COD sau xir Iy nim trong ngudng quy dinh theo
quy chuén.

Nhirng dong gép mdi cho khoa hoc chuyén nganh ctia lun 4n duge thé hién qua
viéc thiét 14p dugce co s& Ly thuyét va thyc nghiém vé sy tuong téc ciia plasma lanh véi
c4c moi trudng v4t chit khéc nhau, 1am 1 co ché tao gbe hoat tinh (ROS/RNS). V& mit
tmg dung thyc tién, nghién ctru mé ra cac giai phap bén vimg phyc vy cho san xuét (vét
liéu méi, néng nghiép sach) va bao vé moi trudng, mang lai gié tri kinh t& va xa hoi
déng ké. Céc két qua nay c6 y nghia khoa hoc sau séc, gi4 trj tmg dung cao va dat dd tin
cdly tuyét d6i, minh ching cho phuong phép ludn nghién ciru chit ché va nghiém thc ciia
tac gia.

6. Uu diém va nhugc diém vé ndi dung, két cdu va hinh thire cta luan 4n.

- Uu diém:

+ Noi dung: Két qua nghién cfru phong phu, dugce trinh by mét c4ch c6 hé théng, dinh
lugng rd rang, va c6 sy lién két chit ché.

+ Két ciu: B6 cuc luan 4n hop 1y, logic, tuéin thi ding quy dinh ciia mot luan 4n Tién si,
v6i céc chuong duge phan chia rd rang tir tdng quan, phuong phap dén két qua nghién



ciru chi tiét theo timg (g dung,

+ Hinh thirc: Trinh bay khoa hoc, r3 rang, c6 nhiéu hinh anh, so dd minh hoa trirc quan,
gitp ngudi doc dé ndm bit.

- Nhuge diém:

+ Phén téng quan v& c4c tmg dyng ciia cdng nghé plasma lanh cAn chi tiét hon, l1am 3
c4c han ché ctia cac nghién ciru trude day tir d6 1am ndi bat myc tiéu ctia luén 4n.

+ Bén canh viéc khao sat dé tim ra cac didu kién t6i wu cia cdng nghé plasma, nén ludn
gidi sdu hon vé co ché clia cac hién tuong xay ra khi thay d6i cac didu kién nay.

+ Chinh stra céc 16i in 4n va trinh bay con tdn tai trong ludn 4n.

7. N0i dung ctia lufin 4n d4 dugc cong bd trén tap chi, ky yéu Héi nghj Khoa hoc nao va
gid trj clia cOng trinh d cong bd (cdp cong bé WoS (SSCI, SCI/E, ESCI...), Scopus, quéc
té c6 phdn bién, tap chi trong nude dugc tinh diém theo Hoi dong Gido sw nha nuée ...,
va xép hang SCIMAGO).

Noi dung ciia lugn 4n da dugc cong bd trén 04 tap chi quéc té thude danh muyc
SCIE, 02 tap chi trong nuéc duge tinh diém theo Hoi ddng Gido s nha nuée, 03 Ky
yéu hoi nghi qudc té va 01 chp nhan don s& hitu trf tué.

Céc cong trinh nghién ctru d4 cong bd, ding tai trén c4c tap chi quéc t& va quéc
gia uy tin, khong chi lién quan tryc tiép dén noi dung ludn 4n ma con chimg minh gi4 trj
va chat lwgng khoa hoc, hoan toan dép tmg c4c tiéu chuén ctia mot Iuén 4n tién sf.

8. Két lugn chung cin khéng dinh:

- Luéin &n d4p g céc yéu ciu dbi v6i mot luan 4n tién st chuyén nganh.

- Ban t6m tit lufn 4n phan énh trung thanh ni dung co ban cta ludn 4n

- Luan én c6 thé dua ra bao vé cfp Hoc vién d& nhin bing Tién s

Ha N¢i, ngay 14 thdng 10 ndm 2025
Ngudi viét nhin xét
(Ky va ghi ré ho va tén)
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CONG HOA XA HOI CHU NGHIA VIET NAM
Poc lip — Tw do — Hanh phic

BAN NHAN XET LUAN AN TIEN SI

Ho va tén ngudi viét nhan xét luan an: Nguyén Thanh Tung

Hoc ham, hoc vi: GS.TS.

Co quan cong tac: Vién Khoa hoc vt li¢u

Ho va tén nghién ctiru sinh: L€ Thi Quynh Xuan

Tén d& tai luan an: Nghién ctru cong nghé plasma lanh tmg dung trong tong
hop vét liéu kim loai nano, xir Iy hat gibng va chit nhuém mau

Y KIEN NHAN XET

1. Tinh can thiét, thoi su, y nghia khoa hoc va thyc tién cta dé tai:

bé tai lugn an tién sT v€ Umg dyung cong nghé plasma lanh nay mang tinh
thoi sy va cép thiét cao, xudt phat tir nhiing y€u cau cap bach cua toan cau vé phat
trién cac cong nghe xanh va bén viing. T rong bdi canh cc phuong phap 10ng hop
hoa hoc truyén thong thuong su dung nhiéu hoa chit doc hai va tiéu tén ning
luong, cong ngh¢ plasma lanh ndi 1én nhu mot giai phép céch mang, than thién
vGi moi trudng. Vé mit khoa hoc, luén an ¢6 y nghia nén tang trong viéc lam séng
t6 céc co ché vat Iy va hoa hoc phirc tap dién ra trong moi trudng plasma, noi cic
electron, ion va gbc tu do hoat dong manh mé&. LA gbp phdn tra 1oi nhiing cau hoi
quan trong vé qué trinh hinh thanh hat nano kim loai, sy tuong tac gilta cac loai
hat mang ning lugng cao véi bé mat hat gidng va cdu tric phan tir cia thude
nhudém.

V& mit thue tién, ¥ nghia dau tién phai ké dén 1a viéc phat trién mot phuong
phap tong hop vét liéu nano kim loai an toan, sach va cé dg tinh khiét cao, mé ra
kha ning san xudt cac chat xuc tac hiéu sudt cao hay muc in dan dién cho nganh
dién tr. Ung dung plasma trong xtr Iy hat gidng hira hen mang lai mot buée dot
phé cho nong nghi€p cong ngh¢ cao, khi nd co thé kich thich kha nang nay mam,
téng ty 1€ ndy mam, va tang cuong suc de khang ty nhién ctia cy trdng ma khong
can dung den hoa chat Diéu nay truc tiép gop. phan dam bao an ninh luong thuc
va phat trién mot nén nong nghiép hitu co bén viing. Hon nita, viéc tng dung
plasma dé xtr Iy chat nhuom mau, dic biét 1a trong nudc thai cong nghiép dét may,
gidi quyét mot bai toan moi trudng nhire nhoi, giup phan huy cac hop chat hitu co
kho phan huy mot cach hi¢u qua, giam thiéu 6 nhiém ngudn nude. Cong nghé nay
¢6 uu diém vuot troi 1a khong thém hoa chit phu tro, tranh dugc nguy co gay o
nhiém thu cip.

Tinh da nganh cua dé tai 1a mot diém manh ndi bat, khi n6 két ndi vat ly
plasma, héa hoc vét ligu, cong nghé sinh hoc va ky thudt mdi trudng, tao ra mot
huéng nghlen ctu lién nganh day tiém nang. Viéc lam chii cong nghé plasma lanh
c6 thé gitup giam chi phi san xuat vat liéu nano, giam chi phi xtr Iy méi truong va
néng cao gid tri ndng san, (o d6 mang lai loi ich kinh té thiét thuc. Cac két qua tur
ludn 4n c6 tiém nang thuong mai hoa, chuyén giao cho cic doanh nghiép san xuét



vét li¢u, doanh nghi€p noéng nghi¢p cong nghé cao hodc céc don vi xir ly mdi
truong. Toém lai, day 1a mot dé tai co thu vi, két hop hai hoa gitta tinh dot phé khoa
hoc va gia tri ing dung thuc tién rong rai, la mot huéng nghién ctru ¢6 y nghia
khoa hoc cao.

2. Sy khong trung lap cua dé tai nghién ctru so voi cac cong trinh, luan vin, ludn
an da cong bd ¢ trong va ngoai nude; tinh trung thuc, ré rang va ddy du trong trich
dAn tai liéu tham khao.

Dé tai tap trung vao nghién ciru cong ngh¢ plasma lanh img dung trong tong
hop vat liéu kim loai nano, xur Iy hat giong va chit nhudm mau, 14 huéng nghién
ctiu ¢6 nhiéu diém méi chuyén sau vé do chon loc cua kich thudce hat, khé ning
tang cuong hi¢u Gmg tan xa Raman tang cuong, hay co ché tang cudong kha ning
phat trién hat glong, cay mam.

Luan 4n trich din cic tai liéu tin cdy, bao gdm cac ‘nghién ciu qubc té uy
tin vé& cong nghé Plasma va (mg dyng. Danh myc cong b6 cua tac gia (4 bai bao
ISI, 2 bai bao qudc gia, 3 bio céo tai hoi nghi, 1 hd so xin cip sang ché) déu trén
cac tap chi, hoi nghi uy tin. Luan an chinh tuan thu chuan muc hoc thuét, trich dan
dugc trung thuc va rd rang.

3. Su phi hop gitta tén dé tai véi ndi dung, gitta ndi dung v6i chuyén nganh va
ma s6 chuyén nganh.

Nghién ctru cong nghé plasma lanh (mg dung trong tong hop vat liéu kim
loai nano, xir Iy hat giéng va chat nhuém mau" da phan 4nh mot cach chinh xac
va toan dién ndi dung nghién ctiu dugc trién khai, bao quét ddy da ba huéng ting
dung trong tdm. Noi dung nay hoan toan phu hop véi chuyén nganh dao tao, tp
trung vao viéc khai thac mot trang thai vat ly (plasma) dé giai quyét cac bai toan
k¥ thuat trong cac linh vyc vat liéu, néng nghiép va méi trudong. V& ma s6 chuyén
nganh, dé tai dap tmg tt cAc yéu cau vé tinh khoa hoc, thé hién 15 sy két hop gitta
nghién ctru co ban (co ché plasma) va nghién ciru Gng dung (tong hop vét lidu, xit
1y).

4. DY tin cdy va tinh hién dai ctia phuong phép da sir dung dé nghién ciru.

T hop cac phuong phdp phan tich duge sir dung trong nghién ctru thé hién
mot cach tiép can hién dai, toan dién va c6 d¢ tin cdy réat cao. Tinh hién dai duoc
khing dinh thong qua viée sir dung ky thudt tao plasma jet va két hgp cac phuong
phap quang pho tién tién nhu OES va Raman dé chén doén truc tiép mai truong
plasma, cung cap cac dit licu dong vé cic loai hat mang hoat tinh. D6 tin cdy trong
phan tich vat liéu nano dugc dam bao boi sy két hop "ba trong mot" gitra SEM
(vé hinh thai), XRD (vé cau tric tinh thé) va DLS/Zeta (vé kich thudc va do én
dinh huyén phur), cho phép xac dinh déc tinh vat liéu mot cach chéo va chinh xéc.
Hon nita, viéc ap dung cac ky thuét nhu NMR va LC-MS, vbn 1a nhing "tiéu
chudn" trong phén tich héa hitu co, dé phan tich ciu trac va sy phén huy cua chat
nhudm mau di ning cao dang ké tinh thuyét phyuc cho cac két luan khoa hoc vé
co ché phan Gng. Nhin chung, su két hop da phuong phap nay khong chi cho phép
thu thap dit liéu mot cach hé thdng tir nguyén nhan (plasma) dén hau qua (vét liéu,
hi¢u (g xtr Iy) ma con tao ra mt co sé dit ligu viing chic, c6 kha nang dbi chiéu
va tai kiém ching cao.



5. Két qua nghién ciru méi ciia tac gia; nhitng dong gop mai cho sy phat trién
khoa hoc chuyén nganh; dong gop méi phuc vu cho san xudt, kinh té, quoc phong,
xa hoi va doi séng, ¥ nghia khoa hoc, gid tri va do tin cdy cua nhing két qua do.
Két qué nghién ctru mdi clia ludn an la: (i) tong hop dugce hat nano vang c6
kich thuéc ddng déu bang cong nghé plasma lanh; (ii) ché tao dé SERS duya trén
cac hat nano vang 0 trén c6 d6 nhay cao trong phat hién amoxicilin; (iii) ing dung
cong nghé plasma lanh kich thich ndy mam hiéu qua gép 3 1an thong thuong; (iv)
xu ly phén hay chit mau methyl blue str dung plasma lanh dat QCVN.
6. Uu diém va nhuoc diém vé noi dung, két cdu va hinh thirc cua ludn éan.

- Uu diém: Lu4n 4n ¢6 pham vi nghién ctu 16 rang, tir ly thuyet dén thiét
ké, ché tao, va do dac. Bb cuc hop ly. Két luan va kién nghi tom tit ddy du dong
g6p va dinh huéng. Tém tit trinh bay rd rang, st dung hinh anh minh hoa, cong
thirc toan hoc, va so sanh véi cong trinh khac. Ngon ngit khoa hoc, thuét ngft
chuin

- Nhuge dlem Chua lam 16 co ché cua mot sd két qua, thiéu phan tich sau
v& han ché thuc tién, mot sb 18i danh may can hiéu dinh.
7. Noi dung cia luan 4n da duoc cong bo trén tap chi, ky yéu Hoi nghi Khoa hoc
nao va gia tri cua cac cong trinh da cong bé (cdp cong bo WoS (SSCI, SCI/E, ESCI

...), Scopus, quoc té cé phan bién, tap chi trong nudc dugc tinh diém theo Hpi

dong Gido sw nha nude ... va xép hang SCIMAGO).

Da cong bo 6 cong trinh khoa hoc, trong d6 04 cong trinh quoc té SCIE va
02 cong trinh quéc gia uy tin, dat va tvong duong trinh do ludn 4n tién st & qubc
gia phat trién. Céc bai trén Nanotechnology, Optical Materials thugc nhom tap chi
uy tin, ¢6 chi s6 anh huéng cao, khéng dinh gid tri khoa hoc qubc t&. Cac bai bao
bao quét toan b ndi dung chinh, chimg minh két qua nghién ctru duge cdng nhan
qua phan bién doc lap.
8. Két luan chung can khing dinh:

- Luén an dap ung xudt sic cc yéu cau vé tinh khoa hoc, tinh thuec tién,
va dong gop hoc thudt (6 bai bdo uy tin). D¢ tai c6 tinh doc lap cao, pht hop véi
trinh d tién si chuyén nganh V4t liéu quang hoc, quang dién tir va quang tt.

- Tém tat phan anh trung thuc ndi dung chinh, tir tong quan, phuong
phép, dén két qua va déng gop. Céc két qua chinh va cong bd duoc trinh bay rd,
phu hop véi muc tiéu nghién ciru.

- Luan 4n du diéu kién dé bao vé cap Hoc vién dé nhan bing Tién si.

Ha Néi, ngay 12 thang 10 nam 2025

Ngudi viét nhan xét
(Ky va ghi vd ho va tén

GS.TS. ﬁg:;f;Thanh Tung

-

-



CONG HOA XA HOI CHU NGHIA VIET NAM
DPoc ldp — Tw do — Hanh phic

BAN NHAN XET LUAN AN TIEN Si

Ho va tén ngudi viét nhan xét luan 4n: Pham Pic Quang

Hoc ham, hoc vi: Tién si

Co quan cong tac: Truong Pai hoc Cong nghé - Pai hoc Qudc gia Ha Noi
Ho va tén nghién ctru sinh: Lé Thi Quynh Xuén

Tén dé tai luan an: Nghién civu cong nghé plasma lanh vmg dung trong tong
hop vdt liéu kim loai nano, xik Iy hat giong va chdt nhuém mau

Y KIEN NHAN XET
1. Tinh can thiét, thoi su, y nghfa khoa hoc va thyc tién cua dé tai.

Khac véi plasma nhiét (hot plasma) c6 nhiét d6 lén dén hang nghin d6 C (nhu
trong hd quang dién hay tia sét), plasma lanh (cold plasma) c6 nhiét d6 tong thé
thp, gin v6i nhiét d6 phong. Tuy nhién, cac electron trong plasma lanh van c6
nang luong cao, du dé kich hoat nhiéu phéan rmg hoa hoc quan trong. Nho dac
tinh nay, plasma lanh c¢6 thé tac dong manh lén bé mit vat liéu hodc vi sinh vat
ma khong gay hu hai, m& ra nhiéu kha ning tng dung thuc tién.

Cong nghé plasma lanh dugc xem 1a mot cong nghé tién tién ddy trién vong, voi
kha ning g dung rdng rai trong nhiéu linh vue nhu cong nghiép, y hoc, ndng
nghiép va bao vé méi trudng. Céc nghién ctu trén thé giéi da ching minh ring
plasma lanh mang lai hiéu qua cao trong viéc kich thich nay mam hat gidng, cai
thién niang sudt cay trong, cling nhu phén hity cac hop chét hitu co doc hai trong
nude thai, bao gdm thube nhudm, thude trir sdu va dugc pham. Tai Viét Nam,
cong nghé plasma lanh cling dang dugc quan tdm nghién ctu va ing dung ngay
cang rong rai, dac biét trong xtr ly néng san sau thu hoach va xtr ly nudce thai cong
nghiép.

Trudc tiém ning to 16n va nhu cau md rong tng dung thuc tién cua cong nghé
nay, viéc tiép tuc nghién ctru chuyén sau 1a hét stc can thiét. Vi vay, luén an
“Nghién ctru cong nghé plasma lanh tng dung trong tong hop vat liéu kim loai



nano, xt Iy hat giéng va chat nhuém mau” do nghién ctru sinh thyc hién c6 y
nghia khoa hoc va gia tri img dung cao.

2. Su khong trung 1ajip cua dé tai nghién clru so vdi cac cong trinh, luén vin,
lu@n &n da céng bo trong va ngoai nudc; tinh trung thue, rd rang va day du
trong trich dan tai liéu tham khao.

Pé tai do NCS thuc hién khong tring lip v6i cac nghién ciu da duoc cong bd
trong nudc va qudc té.

Céac ndi dung duoc trinh bay rd rang logic duge trich din cén thén.

3. Su phi hop giita tén dé tai véi ndi dung, gitta ndi dung vé6i chuyén nganh va
ma sO chuyén nganh.

Tén cua luan 4n “Nghién cttu cong nghé plasma lanh tmg dung trong tong hop
vt lidu kim loai nano, xt Iy hat gidéng va chit nhuém mau” hoan toan phit hop
v6i ndi dung di trinh bay trong cac chuong 3, 4, 5 va céc ndi dung tong quan, co
s¢ k¥ thuat phuong pha nghién ctru trong Chuong 1 va 2.

Luén an cling phu hgp véi chuyén nganh dao tao: vét liéu quang hoc, quang dién
tir va quang ttr ma NCS theo hoc.

4. D6 tin cdy va tinh hién dai ciia phuong phap da sir dung dé nghién ciru.

Luan 4n dugc tién hanh chi yéu bang phuong phap thue nghiém. Céc két qua thu
duogc thong qua sir dung céc phép do va céc thiét bj do tiéu chudn c6 dd chinh
xéc cao. Vi vy, phuong phép tién hanh cac nghién ciru trong ludn an 13 hién dai
va dang tin cay.

5. Két qua nghién ciru m6i cua tac gia; nhitng dong gop méi cho phat trién
khoa hoc chuyén nganh; dong gép méi phuc vu cho san xuat, kinh té, quoc
phong, xa hoi va doi song.

Céc két qua nghién ciru méi cia tic gia duge dé cap trong lun 4n bao gdbm 3 két

qua chinh:

- Cong nghé plasma lanh (g dung trong tong hop hat nano kim loai



- Cong nghé plasma lanh Gng dung trong ché tao dé SERS dinh huéng phat
trién cam bién héa sinh.

- Cong nghé plasma lanh ting dung trong kich thich hat giéng nay mam va xir
[y chat nhuém mau

Céc két qua nay da dugc ding trén céc tap chi khoa hoc uy tin. Cho thdy gié tri
khoa hoc cuia cac két qua cua luan éan.

6. Uu diem va nhugc diém vé ndi dung, két cau va hinh thirc cua luén 4n.

Uu diém: Ludn an dugc trinh bay logic d& hiéu, c4c ndi dung dugce lién két gin
lién v&i cac cong bb khoa hoc cia nghién ctru sinh. Pam bao tinh khoa hoc, khong
tring 1ap va thé hién duoc tu duy nghién ctru ¢6 hé thdng ctia nghién ctru sinh.

Han ché: Cac két qua ctia luan 4n duoc tién hanh chil yéu duéi dang thuc nghiém,
céc két qua nay rat dang tin cay, tuy nhién cac két qua nay chua duoc luan giai
dua trén co so ly thuyét cu thé.

7. Noi dung ctia luan 4n da dugc cong b trén tap chi, hoi nghi khoa hoc nao va
gia tri cua cac cong trinh da cong bd (cap cong bo theo WoS, Scopus, ESCI,
V.V.).

Nbi dung ctia luan 4n lién quan true tiép téi cac nghién ctu:

“Synthesis of stabilizer-free, homogeneous gold nanoparticles by cold
atmospheric-pressure plasma jet and their optical sensing property” -
Nanotechnology — Q2

Effects of Cold Plasma Treatment on Physical Modification and Endogenous
Hormone Regulation in Enhancing Seed Germination and Radicle Growth of
Mung Bean — applied sciences — Q2

A Novel Method for Rapid and High-Performance SERS Substrate Fabrication
by Combination of Cold Plasma and Laser Treatment - Nanomaterials - Q1

La cac tap chi uy tin thudc danh muc ISI socpus.



Bén canh do, cac ndi dung lién quan cta luén 4n ciing duge céng bo trong cac
tap chi trong nudc, béo cdo tai cdc hoi thao qubc té cé phan bién. Cac két qua dat
dugc cua NCS 14 rét tét.

8. Két luan chung cin khing dinh:
o Lu4n 4n dép tmg tdt cac yéu cAu ctia mot ludn 4n tién sTnganh vét liéu
quang hoc, quang dién tir va quang tur.
e Ban tom tét clia lugn 4n dugc trinh bay logic ddy du phan anh duoc
ndi dung co ban cua luén an.
e Luan 4n c6 thé dugc dua ra bao vé cé'ip Hoc vién dé nhan b@ing Tién si.

Hé Noi, ngayIothang £ ham 2025

Ngudi viét nhan xét
(Ky va ghi rd ho tén)

PhomALh W |



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN DPic 1ip - Ty do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NHE

Ha Ngi, ngay 11 thdng 11 ndm 2025

, NGHI QUYET
CUA HOI PONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN
Tén nghién ctru sinh: Lé Thj Quynh Xuéin
V& dé tai: “Nghién ciku cong nghé plasma lanh iing dyng trong t6ng hop vat liéu kim
logi nano, xi Iy hat giong va chat nhupm mau”
Nganh: V4t liéu quang hoc, quang dién tir va quang tir. M sb: 9 44 01 27.
Ngudi huéng din:
1. TS. Pao Nguyén Thuén - Vién Khoa hoc vit li¢u, Vién Han 1am KHCNVN
2. TS. Nguyén Vin Chtc - Vién Khoa hoc vét ligu, Vi¢n Han 1dm KHCNVN
54 thanh vién Hoi ddng dénh gi4 lun 4n tién si cAp Hoc vién c6 mat: 7/7
Hoi ddng dénh gia lun 4n tién si cdp Hoc vién ciia NCS. Lé Thj Quynh Xuén da
hop tir 9 gitr 00 phut dén 11 gio 30 phut ngay 11/11/2025 tai Hoc vién Khoa hoc va
Cong nghé, sb 18 dudng Hoang Qudc Viét — Cau Giay — Ha Noi.
Sau khi nghe nghién ctru sinh LE Thj Quynh Xuén trinh bay ndi dung lugn an trong
thoi zian 30 phut, Hoi dong da nghe cdc phan bign phat biéu nhén xét luén an. H)i c}%m
dd tien hanh thao luan chung tai Hoi truong, sau d6 Hoi ddng d4 hop riéng va nhat tft
quyét nghi nhu sau: :
1. Nhitng két luan, nhimg diém méi, déng gop méi cta luan 4n
Pi tdng hop thanh cong hat nano vang bing cong ngh¢ plasma lanh ¢6 kich thuée
dbng déu, c6 do tinh khiét va théan thién v6i moi trudng.
P phat trién phuong phép két hgp plasma lanh va laser dé ché tao dé SERS dya
trén cc hat nano vang dd ché tao, lam ting cudng d) Raman va phat hién hi¢u qua
khang sinh Amoxicillin.
Pi tmg dung thanh cong cong nghé plasma lanh dé cai thi¢n ndy mam hat ddu
xanh thong qua co ché kich hoat tong hop gibberellic acid
2. Co sé khoa hoc, @6 tin cdy cta nhitng ludn diém va nhitng két luin néu trong ludn
an
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Tinh khoa hoc va d¢ tin cdy cua ludn an dugc thé hién 1 thong qua viéc xdy dung
va tdi rru hoa thanh cong hé phat tia plasma lanh 6n dinh, dam béo tinh 1ap lai ciia
két qua thi nghiém. Lun 4n da sir dung dong bd céc k§ thudt va trang thict bj phan
tich hién dai dé danh gi4 dic trung vat li¢u, phan tich va chimg minh co ché mot
céch chit ché. Céc lugn diém dugc trinh bay déu c6 co s¢ khoa hoc, hop 1y, véi sy
so sanh va trich din diy dii. Céc két luan néu trong luéin 4n 14 déng tin cfy va phi
hop véi myc tiéu nghién ctru d4 dé ra.

3. Nhitng wu diém ciia lufn 4n (§ nghia vé Iy ludn, thye tidn va nhimg d& nghi st
dyng céc két qua nghién ciru clia luén 4n)



e V& 1y luan, luin 4n d g6p phén 1am phong phii thém co s& khoa hoc vé tmg dung
cong ngh¢ plasma lanh, lam rd co ché twong tic phirc tap giita plasma véi cac h¢
vat lidu nano, @bi tuong sinh hoc va moi truong. Nghién clru dd dénh gié cac yeu
t6 anh hudng va t61 uu hoa diéu kién cong ngh¢ dé dat hiéu suét cao. Vé thyc tién,
két qua nghién ctru c6 tinh (g dung cao va da nganh trong c4c linh vyrc nhu khoa
hoc vét liéu, ndng nghiép va moi trudng;

e Cac két qua nghién ctru trong ludn 4n c6 thé dugce tiép tuc phét trién dé hudéng t6i
v1éc x4y dyung quy trinh c6ng nghé plasma lanh cho céc don vi nghxen clru va san
xudt vét liéu nano; thir nghi¢m va nhén rfng quy trinh xr ly hat giong quy mo6 16n;
ciing nhu tmg dung cho hé thng xir 1y thai trong cic nha mdy.

4. Nhimng thiéu sét cn bd sung, sira chita (néu c6):
Chinh stra theo gép y ctia Hi ddng.
5.  Két luan:

e Lufn 4n dép g ddy du céc yéu cAu ctia mot luén 4n Tién si Khoa hoc vét chét,
nganh Vit liu quang hoc, quang di¢n tir va quang tir.

e Ban tom tit cua ludn 4n trung thyc ndi dung ciia luén 4n.

e Nghién ciru sinh Lé Thi Quynh Xuén xtmg dédng nhin hoc vi Tién st Khoa hoc vt
chat, nganh Vit li¢u quang hoc, quang di¢n tir va quang tir.

6. Kétquabd phiéu danh gia luén én cia Hoi ddng: sb phiéu tan thanh 1a 7/7, trong
d6 sb phiéu xuét sic 13 3/7.

\
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Cin ctr két qua bod phleu, Hoi ddng d4nh gia ludn 4n tién si cAp Hoc vién nhét k
dé nghi cong nhén hoc vi Tién st Khoa hoc v4t cht, nganh Vit li¢u quang hoc, quanvg
dién tir va quang tir cho nghién ctru sinh Lé Thi Quynh Xuén.

THU KY HOI PONG CHU TICH HOI PONG - 4

TS. Buii Son Tung GS. TS. Phan Ngqc Minh

XAC NHAN CUA HQC VI N KHOA I]{%WONG NGHE

Nguyén Thi Trung



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN DPic I§p - Ty do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

Ha Noi, ngay 11 thdng 11 nam 2025
BIEN BAN HQI PONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN

Nghién ctru sinh: Lé Thi Quynh Xuén

Dé tai: “Nghién ciru cong nghé plasma lanh img dung trong tng hop vit liéu kim logi
nano, xi Iy hat giong va chdt nhuém méau”

Nganh: Vit liéu quang hoc, quang dién tir v quang ttr, Mai sb: 9 44 01 27
Ngudi huéng dén:

1. TS. Bao Nguyén Thuén - Vién Khoa hoc vt liéu, Vién Han 14am KHCNVN

2. TS. Nguyén Vin Chic - Vién Khoa hoc vat liéu, Vién Han 1am KHCNVN

Quyét dinh thanh 14p Hoi ddng s6: 936/QD-HVKHCN ngay 25/9/2025 ciia Giam dbc
Hoc vién Khoa hoc va Céng nghé

Thoi gian hop: 9 git 00, Thir Ba, ngay 11/11/2025.

Dja diém: Ho6i truong 1705, nha A28, Hoc vign Khoa hoc va Cong nghé, s6 18 dudng
Hoang Qudc Viét, Ciu Gidy, Ha Noi.

NOI DUNG

1. Dai di¢n co s& dao tao khai mac budi bao vé:

Dai dién co s& do tao doc Quyét dinh thanh 1ap Hoi ddng d4nh gid luan 4n chp /-
Hoc vién. P& nghj Chu tich Hoi ddng didu khién budi hop. .
2. Chii tich Hpi ddng tuyén bb cdc didu kién bio vé:

+ Tuyén bd s6 thanh vién Héi ddng c6 mit: 7/7 (c6 danh séch kém theo).

+ 86 khach moi tham dy budi bao vé: 25 ngudi.

+ Thu ky hoi dong doc 1y lich khoa hoc va két qua hoc tép ctia nghién ciru sinh.,

3. Nghién ciru sinh trinh bay lufin dn:
Nghién ctru sinh Lé Thj Quynh Xuén trinh bay ndi dung luén 4n.

4. Cau héi ciia thanh vién Hji ddng va ciu tra 1oi ciia nghién ciru sinh: (ghi 16
ho tén, hoc vi, chirc danh khoa hoc clia ngudi hoi)

- Phan bién 1: Doc nhén xét ludn an (kém theo toan van nhin xét).

- Phén bi¢n 2: Doc nhdn xét lugn 4n (kém theo todn vin nhéin xét).

- Phéan bién 3: Doc nhén xét ludn 4n (kém theo todn vin nhén xét).
4.1. Phdn bi¢n 1, PGS. TS. Tag Vin Duong:
- Cong nghé plasma lanh 13 xu hudng tién tién toan ciu véi tiém ning to 16m trong ndng
nghiép va méi trudng. PE tai mang tinh cép thiét va thoi sy cao, nham giai quyét nhu
céu 1am chii cong nghé nay tai Viét Nam. Nghién ctru khong chi c¢6 y nghia khoa hoc vé
co ché téng hop vét liéu va trong tic Iy héa, ma con dem lai gia trj thyc tién 18 rét trong
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viée ting ning suét cy trdng va xir Iy nude thai doc hai, thic d4y phat trién nong nghiép
cong nghé cao va bao vé méi truong.
- P& tai do NCS thye hi¢n khéng tring Iip véi cc ludn 4n trong nuéc va quic té. Cac
ndi dung trong lugn 4n dugc trinh bay rd rang, logic, duge trich din ding quy dinh va
khéng c6 tring Iip v6i cac nghién ciru da duge cong bé trude dé.
- Tén luén 4n phan 4nh chinh x4c va bao quat ndi dung dugce trién khai, déng thoi hoan
toan phu hgp véi chuyén nganh cia Nghién ciru sinh.
- Lufn 4n dugc tién hanh chi yéu bing phuong phép thuc nghiém. Két qua thu dugc c6
d tin cfly cao nhd st dung céc thiét bj va phép do tiéu chudn chinh x4c.
- Két qua nghién ctru méi ctia ludn én bao gdm:
o Cong nghé plasma jet ting dyng trong téng hop hat nano kim loai;
e CoOng nghé plasma jet tmg dung trong ché tao dé SERS dinh hudng phét trién
“cam bién héa sinh;
o Congnghé plasma jet img dyng trong kich thich hat giéng ndy mam va xir 1y chét
nhudém mau.
Céc két qua duogc ding trén cac tap chi khoa hoc uy tin, cho thdy gi4 trj khoa hoc ctia
luén an.
- Uu diém ctia luéin 4n: Lugn 4n trinh by logic, hinh thirc dep, viin phong mach lac, d&
hiéu va mang tinh hé théng cao.
Nhuge diém cua ludn an:
e Téng quan cén lam rd hon vén d& cAn phai giai quyét trong luan 4n, cu thé trong viée
ché tao hat nano vang, xir Iy hat giéng.
o Bién giai médi lién hé gitra ba huéng nghién ciru cta d tai.
e Céc két qua can dugce phén tich sdu hon vé co ché Iy - héa nén tang thay vi chi dimg
lai & mo ta hi¢u tmg thyc nghiém.
o Cén 1 soét lai bd cuc cic Chuong nhim dim bao tinh logic va loai bd sy tring lip
céc phan c6 tinh chét Téng quan.
- N¢i dung nghién ctru clia luén én dd dugc cong b trén 03 tap chi quéc té uy tin,
Nanomaterials, Nanotechnology va Applied Sciences, thu¢c danh myc WoS/Scopus.
Cac két qua lién quan ciing dugc cong bd trén tap chi trong nuéc va bio céo tai cée hdi
thao quéc té c6 phan bién. Céc cong trinh ndy d& chimg minh gié trj khoa hoc va khiing
dinh chét lugng cao cia luén 4n.
- Luén 4n d4 dép tmg cc yéu cdu vé ndi dung va chit lugng ciia mot ludn én tién st
nganh Vit liéu quang hoc, quang dién tir va quang tir. Ban tém tét luan 4n trinh bay dy
du, logic va phan énh chinh xdc ndi dung co ban.
- P& nghi Hoc vién chép thuin cho nghién ctru sinh dwgc bio vé ludn 4n clp Hoc vién
dé nhan béing Tién si.
- Cdu hoi thao ludn:
e So sanh phuong phép plasma lanh va laser abalation?
e Danh gi4 tinh kha thi va nhitng thach thirc k§ thuét khi 4p dyng cong nghé plasma
lanh dé xir ly hoic téng hop vét liéu & quy mo 16n?
2



e Co ché nao gitip céc hat dat duge sy phan bb déng déu khi c6 chiéu laser trong qué
trinh tong hgp? Cudng d6 va budc song laser c6 anh hudng nhu thé nao?

4.2. Phan bi¢n 2, PGS. TS. Nguyén Cong Ti:
- Cong nghé plasma lanh 13 xu huéng tién tién toan cAu, rat cp thiét cho Viét Nam vi
¢6 tiém ning 16n trong nong nghi¢p, y hoc, va xir Iy moéi truong. Dic tinh khong cin
bing nhiét dong gitip plasma lanh tao ra céc gbc phan tmg hoat tinh (ROS, RNS) d& xir
ly vét li¢u nhay cam va céc chét 6 nhiém doc hai. Mic dii dd c6 mot sd nghién ciru lién
quan dén hiéu qua ciia plasma lanh trong kich thich ndy mam va phan hity chat doc trén
thé gi6i, tai Viét Nam, nghién ctru vin & mirc khai ph4 va con han ché trong viée t6i wu
héa thong s6 va hiéu 15 co ché tic dong. Do d6, dé tai luan 4n c6 y nghia khoa hoc va
thye tién cao.
- Dé tai luén 4n d4m béo tinh méi va khong tring 13p v6i bit ky cong trinh, lugn vin hay
luan én ndo da cong b trong va ngoai nudce. CAc tai liéu tham khao dugc trich din ddy
du va cdp nhét, véi sd lugng 16n céc cong trinh trong 5 nim trd lai day.
- Tén @& tai phit hop véi ndi dung trong ludn 4n. Noi dung lugn &n phi hgp véi nganh
Vit li¢u quang hoc, quang dién tir va quang tir.
- Luén 4n str dyng phuong phap nghién ciru thye nghi¢m cling véi cac phép do va phin
tich hi¢n dai nhu phé UV-VIS, OES, Raman, SEM, DLS, XRD, NMR, LC-MS va céac
phwong phép héa sinh tiéu chuén, c¢6 d chinh x4c va tin cdy cao.
- Luén 4n d3 dat duge céc két qua phong pht, mang tinh mdi va c¢6 gié tri khoa hoc, thyc
tién cao:
e T6i wru héa tdng hop hat nano Au n dinh t6t, khong dimg chit khir bing cong nghé
plasma lanh va ché tao dé SERS d6 nhay cao théng qua xir 1y plasma va laser.
e T6i uu hoa xir Iy hat gidng bing céng nghé plasma lanh, gitip kich thich nay mam.
e T6i wru phan hily chat nhuém Methyl Blue sir dung plasma lanh.
Céc két qua nay c6 d9 tin cdy cao va md ra tiém niing img dyung rong réi trong céc linh
vire néng nghiép, xir Iy méi trudng va cam bién sinh héa.
- Uu diém ctia ludn 4n: Ludn 4n c6 ndi dung phong pht, két qua phén tich hién dai, cho
thdy sy cong phu va nghiém tic. N§i dung luin 4n dugc trinh bay khoa hoc, rd rang.
Nhugc diém:
e Ra s04t lai b cuc muc 3.5, can nhéc chuyén sang chuong 4.
e Cin 1am r& hon vé& qua trinh xdy dung hé plasma jet trong thoi gian nghién ctru sinh
thye hién ludn an.
e Cén chinh stra 15 bién tip, phong chit, chi s6 héa hoc, ...; bd sung tir viét tit; Viét
hoa thuit ngit; bd sung tai liéu tham khao cho c4c hinh &nh,
e Hinh SEM nén can nhic dé cing d6 phong dai.
o Nén bidu dién quy trinh thi nghiém duéi dang so dd khoi.
e Cén so sanh két qua SERS v6i ngudng tdn du ciia R6G va Amoxicilline theo tiéu
chuén Viét Nam.



e Dua ra két ludn vé anh hudng ctia chiéu dai dng phéng trong myc 5.3.2.1.
o CAn 1am 1 sy két ndi giira c4c phin xir 1y PC v6i SiO2, phat hién R6G v6i phat hign
Amoxicillin, gifta kich thich niy mim véi xir Iy méi trudng.
- Céc két qua chinh cta lun én da dugc cong bé trén 10 cong trinh chit lugng cao, bao
gdm 04 bai thude danh myc SCIE (v6i nghién ciru sinh 13 téc gia dimg tén dau trong 03
bai). Ngoai ra con c6 02 bai tap chi trong nuéc uy tin, 03 ky yéu hdi nghj va 01 chap
nhén don s hiru tri tué. Céc cong trinh nay phi hgp va b trg cho ndi dung ctia luén 4n.
- Luén 4n d4p tmg ddy di cAc yéu ciu ciia mot luén 4n tién si chuyén nganh. Ban tom
t4t lugn 4n phan 4nh trung thanh ndi dung ciia luan an.
- Pdng ¥ d& nghién ctru sinh dugc bao vé cAp Hoc vién dé nhan bing Tién si.
- Cdu hoi thao lugn:
o J trang 79, tai sao st dyng plasma lanh lai hd trg léng dong dbng déu vt liéu va
kiém so4t chinh xéc loai nhém chirc trén b mit?
o Giéi thich sw khac biét v& téc do suy gidm va co ché phan hity ciia hai dinh hap thy
chinh trong phd ctia Methyl Blue?
e Trong luén én, cic phé duge fit theo ham Gaussian hay Lorentz?

4.3. Phdn bi¢n 3, PGS. TS. Nguyé"'n Manh Thdng:
- D& tai nghién ctru da nganh mang tinh cép thiét va thoi sy cao, giai quyét cac vin daé
ndng nghi¢p bén vitng va xir Iy moi trudng tai Viét Nam.Y nghia khoa hoc nbi bat 1a
lam séng t6 co ché nén tang bing cach phét trién quy trinh téng hop hat nano Au "xanh"
khong cAn héa chét va chimg minh gdc Nitric Oxide tir plasma kich hoat hormone ting
trudng (GA) trong hat gidng. Y nghia thyc tién 13 céc giai phap tmg dung tiém ning nhu
ché tao d& SERS siéu nhay phat hién khang sinh Amoxicillin; quy trinh x¢ 1y hat giéng
gitip kich thich ndy mAm; va phan hity chat nhugm Methyl Blue v6i chi s6 COD dat
chuén Viét Nam.
- D t3i lufn 4n ddm béo tinh khong tring I3p va c6 tinh méi rd rét, dugc thé hign qua
céc cong trinh cong bb. Tai liéu tham khao duge trich din ddy dd, rd rang va chinh xéc.
- Tén d& tai luén 4n hoan toan théng nhét va logic véi ndi dung. N§i dung lugn 4n phit
hop v6i chuyén nganh Vat liéu quang hoc, quang dién tir va quang tir (mé s6 9.44.01.27).
- Luén 4n str dyng mot hé théng phuong phép nghién ctru da dang, hién dai va hoan toan
phit hgp, ddm bao d9 tin cy rét cao cho cdc két qua. NCS da ty chu xay dyng h¢ plasma
jet va sir dung ddng bo céc ky thuat phan tich tién tién nhu FE-SEM, XRD, DLS dé phén
tich vat liéu. Dic biét, viéc sir dung céc h@ thdng phan tich dinh cao nhu LC-MS va
NMR dé dinh danh hormone GA3 d cung cp biing chimg khoa hoc chic chén vé co
ché kich thich ndy mam cta plasma.
- Luan 4n d4 dat duge céc két qua méi, c6 gia trj va dong gop dang ké cho ca khoa hoc
chuyén nganh va tmg dyng thyc tién:

o Phét trién quy trinh tdng hop AuNPs nhanh, khéng dung chét on dinh héa hoc, kich

thudc hat dn dinh bing plasma lanh



e Ché tao thanh cong dé SERS bing céch két hop tién xtr ly plasma va xir 1y laser,
mang lai hiéu suéit cao trong phat hién Amoxicillin va c6 kha ning téi sir dung.
e Lam & co ché hoa sinh trong kich thich ndy mdm bang plasma, gitp ting ty 1& nay
mém va chiéu dai cdy mam.
e T6i wu hoa phén hity chit nhuém Methyl Blue béng plasma, véi chi s6 COD dat quy
chuan Viét Nam.
Céc déng gbp ndy dd mé rong hiéu biét khoa hoc vé twong tic plasma-vét chét va cung
chp céc quy trinh cong nghé tiém ning, gép phin vao sy phat trién kinh té - x4 hi.
- Uu diém ciia luan 4n: lun 4n c¢6 déng gép mai véi pham vi nghién ctru réng nhung
van dam bao chiéu sdu khoa hoc, dic biét 12 viéc tap trung 1am sang t6 co ché nén tang,
Két céu luan 4n logic, khoa hoc va chit ché, ciing véi hinh thirc trinh bay mach lac va
chit luvong hinh anh t6t.
Nhuge diém:
e Cin 1am ndi bat hon mbi lién hé khoa hoc giita ba huéng nghién ctru trong phin Mo
déu va Két luén chung.
e B4 sung binh luan vé thach thirc k¥ thuét va dinh huéng trién khai & quy mo cong
nghiép dé ting gi trj thyc tién.
e B sung c4c phén tich thdng ké sdu hon s& ting tinh chit ché va thuyét phuc cho cac
két qua khi so sanh.
e B6 sung ddy di Danh myc viét tit va sira mot s6 13i tir ngir.
- Céc két qua chinh ctia ludn 4n d3 dugc cong bd trén 10 cong trinh chét lugng cao, bao
gdm 04 bai thudc danh myc SCIE (v6i nghién ctru sinh 12 téc gia dimg tén dau trong 03
bai). Nigoai ra con ¢6 02 bai tap chi trong nuéc uy tin, 03 ky yéu hdi nghij va 01 chip
nhén don s& hitu tri tué. C4c cong trinh ndy phit hgp va bd trg cho ndi dung ciia luan 4n.
- Lu4n 4n dép g ddy du céc yéu ciu ciia mot luén 4n tién st chuyén nganh. Ban tém
t4t lufn 4n phan 4nh trung thanh ndi dung cta luén 4n.
- Ddng y d& nghién ctru sinh duge bao vé cAp Hoc vién dé nhén bing Tién si.
- Cdu hoi thao lugn:
e Thach thirc k¥ thuét va chi phi khi kich thich nay mam va xir Iy nudc thai & quy mod
16n bing céng nghé plasma lanh?
o Céc gbc phan g va cac chét khac dugc tao ra bdi plasma c6 anh huéng gi khong?
e D¢ suy giam cua @& SERS sau nhidu 14n sir dung nhu thé nao? Hat nano c6 bj trdi
khong?

4.4. Uy vién, GS. TS. Nguyén Thanh Ting:

- D& tai tmg dung plasma lanh mang tinh thoi sy va cép thiét cao, thiic d4y phat trién
cong nghé xanh va bén vimg. V& mit khoa hoc, luan 4n 1am séng td co ché vét 1y/héa
hoc phirc tap trong plasma. V& thyc tién, n6 phét trién phuong phép tdng hop nano kim
loai sach , img dung dot phé trong xir ly hat giéng cho néng nghiép cong nghé cao, va
gidi quyét bai to4n méi trurdng bing cach xir 1y chdt nhudm mau trong nuéc thai dét may
ma khong cin hoéa chit phy trg.



- D& tai ¢6 nhiéu diém méi chuyén séu vé& do chon lgc kich thuée hat nano, ting cudng
higu mg SERS, va co ché phét trién hat giéng/cay mim. Luén 4n tun thii chuén myc
hoc thuft, trich dan trung thyc va rd ring céc tai liéu tin cdy.
- Tén d@ tai phan &nh chinh xéc va toan dién, phu hop v6i chuyén nganh. Néi dung tip
trung khai théc cong nghé plasma dé giai quyét cac bai toan ky thuét trong linh vy vat
ligu, ndng nghiép, va moi trudng, D tai thé hién sy két hop giita nghién ciru co ban va
nghién ciru (mg dung thyec tién.
- Cac phuong phap phén tich thé hién céch tiép cén hién dai, toan dién va db tin cy rit
cao. Tinh hién dai dugc khing dinh qua k§ thuat plasma jet va quang ph tién tién (OES,
Raman) dé chin doén méi trudng plasma. P tin cdly dugc dam bao nhy sy két hop cua
SEM, XRD, DLS/Zeta dé phn tich v4t liéu nano, cing véi viéc sir dung NMR va LC-
MS cho phan tich chit nhuém mau.
- Ludn 4n c6 4 két qua méi chinh:
(i) Tong hop nano vang ddng déu bing plasma lanh;
(ii) Ché tao dé SERS nhay cao phat hién amoxicilin;
(iii) Ung dyng plasma lanh kich thich ndy mam hiéu qua gip 3 14n;
va (iv) Xt Iy phén hity chit mau methyl blue dat QCVN.

Céc két qua ndy c6 tiém ning thwong mai h6a, mang lai lgi ich kinh té cho sén xuét v4t
liu va xir ly méi trudng.
- Uu diém cia lugn 4n: Pham vi nghién ctru 13 rang, b cyc hop 1y. Tém tit trinh bay 1o
rang, sir dung ngdén ngit khoa hoc va thuft ngit chuén.

Nhugc diém:

e Can lam 13 hon co ché, ban chét vat 1y ciia mot s6 két qué khi thay ddi didu kién.

e Thiéu phén tich sdu v& han ché thyc ti&n va chi rd hon huéng di ciia luan 4n.

e Cin hiéu dinh mét s6 15i danh may.
- Dd cong bd 6 cong trinh khoa hoc, trong d6 ¢6 04 cong trinh qudc té SCIE. Céc bai
béo ding trén céc tap chi uy tin, c6 chi s6 4nh huéng cao nhur Nanotechnology va Optical
Materials, khiing dinh gi tri khoa hoc qudc té. C4c cong bd bao quat toan b néi dung
chinh, chimg minh két qua nghién ciru d4 dugc cong nhén qua phan bién dc 14p.
- Luén 4n d4p Gmg xuit séc cdc yéu cdu vé tinh khoa hoc, thyc tién, va déng gop hoc
thuat. D& tai c6 tinh doc 1ap cao, phit hop v6i trinh d6 tién si chuyén nganh VAt liéu
quang hoc, quang di¢n tir va quang tir.
- Lufin 4n du diéu kién dé bao vé cép Hoc vién va nhin béng Tién si.
- Cdu hoi thao ludn:

Nguyén nhan nao din dén sy hinh thanh vét nirt khi xir Iy bé mzt?

4.5. Uy vién, TS. Pham Ditc Quang: ‘

- P& tai luan 4n nghién ctru céng nghé plasma lanh tng dung trong tbng hop vt liéu
kim loai nano, xtr 1y hat giéng va chit nhuém mau. Cong nghé nay 14 mét céng nghé
tién tién, diy trién vong, cho phép tdc déng manh 1én vét liéu ma khong gdy hu hai do
c6 nhiét d¢ tdng thé thip, gin nhiét do phong, nhung cic electron vin c6 ning lugng
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cao. Nghién ctru c6 y nghia khoa hoc va gid trj img dyng cao, d4p tmg nhu ciu mé rong
tng dung thyc tién trong ndng nghiép va bao vé méi trudng.
- D& tai nghién ctru clia nghién ctru sinh khong tring 1ip véi cdc cong trinh dd cong bé
trong nuéc va quéc té. Cdc ndi dung trong ludn 4n dugc trinh bay rd rang, logic va da
dugc trich dan tai li¢u tham khéo cén thin, ddm béo tinh trung thyc va dy du.
- Tén luén én hoan toan pht hgp véi ndi dung da trinh bay trong céc chwong. Luin 4n
cling phu hgp véi chuyén nganh dao tao vét li¢u quang hoc, quang dién tir va quang tir.
- Luén 4n dugc tién hanh chu yéu bing phwong phép thyc nghiém. Céc két qua thu dugc
thong qua vige sir dung cac phép do va thiét bj do tiéu chuln c6 do chinh xé4c cao. Vi
vy, phuong phép nghién ciru dugc danh gié 1a hién dai va déang tin cdy.
- Nghién ctru sinh d3 dat dugc 3 két qua méi, c6 gié trj khoa hoc cao trong luén é4n:
o Ung dung cong nghé plasma lanh trong tdng hop hat nano kim loai.
o Ung dyng cong nghé plasma lanh trong ché tao dé SERS dinh huéng phét trién cam
bién héa sinh.
e Ung dyng cong nghé plasma lanh trong kich thich hat giéng nay mAm va xir Iy chét
nhudm mau.
Céc két qua ndy da dugc ding trén céc tap chi khoa hoc uy tin, cho thiy déng gép méi
cho sy phét trién khoa hoc chuyén nganh.
- Uu diém cta luan 4n: Luén 4n dugc trinh by logic, d& hiéu, v6i céc ndi dung lién két
chit ché v6i céc cong bd, dim bao tinh khoa hoc, va tinh hé théng.
Nhugc diém:
o Céc két qua thyrc nghiém cin dugc lun gidi dya trén co so Iy thuyét cu thé.
e R4 504t c4c 15i trinh bay, hinh v& va don vj con tdn tai.
- N§i dung ludn 4n d4 duge cong b trén mot sb tap chi khoa hoc qudc té uy tin thude
danh myc Q1 va Q2 ctia Scopus. Ngoai ra, c4c ndi dung luin 4n ciing duge cong bb trén
céc tap chi trong nudc va tai cac hoi thao qubc té c6 phan bién.
- Luén 4n d& d4p tmg tét cac yéu clu ciia mot luén 4n tién si nganh vét lidu quang hoc,
quang dién tir va quang tir. Ban tém tit luan 4n trinh bay logic, ddy di, phan 4nh dugc
ndi dung co ban.
- Luén 4n c6 thé dugc dua ra bao vé cdp Hoc vién dé nhan bang Tién si.
- Cdu hdi thao lugn:
Muc dich va vai trd cy thé cia xir 1y laser 12 gi? Nghién ctru sinh c6 diéu chinh cudng
d0 laser trong qud trinh thi nghi¢m hay khong?

4.6. Uy vién — Thu ky, TS. Bii Son Ting:

- Ludn 4n c6 tinh cép thiét, thdi sy, va c6 ¥ nghia khoa hoc séu séc cling gi4 trj thyc tién
cao.

- D& tai khong tring lip va ndi dung hoan toan phi hgp véi chuyén nganh.

- C4c phuong phap nghién ciru dugc sir dung c6 dd tin cdy va tinh hién dai rit cao, bao
gbm viéc x4y dyng va téi wu hoa hé plasma lanh, ciing véi td hop cdc phuong phap phan
tich tién tién nhu SEM, XRD, DLS, LC-MS.
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- Luéin 4n d4 dat duge nhiéu két qua nghién ciru méi dang ké, bao gdm:

e Xéy dyng thanh cong hé plasma lanh n djnh

o Ché tao thanh c6ng hat nano vang c6 d6 ddng nhét cao khong cn chit khir va phat
trién dé SERS d6 nhay cao bing hé plasma lanh da x4y dyng,

e Khai thac cong nghé plasma lanh dé kich thich ndy m&m hat gidng va xé4c dijnh co
ché diéu hoa hormone GA3.

e Ung dung cong nghé plasma lanh dé phan hity hoan toan chit nhuém Methyl Blue,
dat chi s6 COD theo quy chuén Viét Nam.

Nhirng két qua nay déng gop co sé ly thuyét va thyre nghiém vé sy trong téc cilia plasma
lanh v6i vat chit, mé ra cac giai phap bén vitng phuyc vy sdn xuét va bao vé moi trudng.
- Uu diém: Luén 4n c6 ndi dung phong pha, két cdu hep 1y, logic, v trinh bay khoa hgc.

Nhugc diém:
e Phén téng quan cin chi tiét hon vé han ché cia cac nghién ciru trude,
e Cin luan giai sdu hon vé& co ché khi thay ddi didu kién plasma,
e Cén chinh stra c4c 18i in 4n.
- Noi dung ludn 4n da dugc cong bd trén 04 tap chi qubc té thude danh myc SCIE, 02
tap chi trong nuéc dugce tinh diém theo Hoi ddng Gido su nha nuéce, va mot s6 ky yéu
hoi nghi.
- Luan &n d3 d4p (g cac yéu cu ctia mdt luan 4n tién sT chuyén nganh va c6 thé dwara
bao vé cép Hoc vién dé nhén bang Tién si.
- Cdu hoi thdo ludn:
Su kh4c biét vé budc song laser dugc sir dyng c6 anh huéng nhu thé nao dén két qua
xur ly?

4.7. Chi tich Hpi dong, GS. TS. Phan Ngoc Minh:

- Luén 4n c6 tinh thoi sy, cAn thiét, vira c6 y nghia khoa hoc va thyec tién. Luén 4n di tir
viéc x4y dyng thiét bj dén viéc sir dung c6ng nghé plasma lanh dé ché tao vét liéu nano
vang, xir Iy b& mit vét liéu cho tmg dung SERS, kich thich ndy mam hat giéng, va phén
huy chét nhuém Methy! Blue.

- P& tai c6 tinh méi va khong tring lip voi céc nghién ctru d3 cong bb.

- N§i dung luén 4n pht hop véi tén dé tai va chuyén nganh V4t liéu quang hoc, quang
dién tir va quang tir, ma sb 9440127.

- Phuong phap nghién ciru duge sir dung hién dai va két qua nghién ctru dang tin céy.

- Luén 4n da c6 mot s6 déng gbp méi:

e D4 xay dung thanh cong hé phat tia plasma lanh véi céc thong s§ dap tmg yéu céu
nghién ctru.

e Sir dung hé plasma lanh d4 x4y dyng, da ché tao thanh c6ng c4c hat nano vang kich
thudc trung binh 45 nm véi d6 tinh khiét va 6n dinh cao; da xir Iy bé mat dé SERS,
gitip ting cudong dang ké cuong d6 Raman.

o Ung dung cong nghé plasma lanh 1dm ting hé s6 ndy mim hat 8 xanh va phéan huy
hoan toan Methyl blue.



Nhirng két qua ndy déng g6p quan trong v& khoa hoc va ¢6 tiém niing tmg dyng.
- Uu diém: Luan 4n dugc trinh bay khoa hoc, r8 rang va mach lac, ¢6 tinh moi va sing
tao. B6 cyc clia luéin 4n co ban 12 hop 1y, logic, bim sat muc tiéu nghién ctru, va két qua
tin cdy co gié tri khoa hoc va tiém niing tmg dung thyc tién. N§i dung va hinh thirc luén
4n c6 chit lugng tbt, dap tmg yéu cAu clia Lun 4n tién si theo quy dinh hién hanh.
Nhugc diém:
o C6 thé didu chinh muyc tiéu luan 4n thanh 3 myc tiéu, Ddng thdi, diéu chinh lai két
ludn d& bdm sat muyc tiéu va két qué cta luén é4n,
e Nén ra soét chinh sira lai bd cuc cic Chuong cua luén én.
o B sung ban lugn cudi Chwong 1 d& chi ra tiép can vé cong nghé, d6i trong va pham
vi nghién ctru cua d@ tai luan 4n.
o Tiing cudng thong tin vé& két qua ché tao h¢ plasma lanh.
e Cin ra so4t thém v& 15i in 4n.
- Céc két qué cua ludn 4n da dugc cong b trén 09 cong trinh, bao gom 04 cong trinh &
tap chi quéc té SCIE, 02 cong trinh & tap chi qudc gia va 03 cong trinh ding ¢ hoi nghi,
¢6 ndi dung phi hop va gia tri khoa hoc tt..
- Ludn 4n dép tmg tét ca v& n¢i dung va hinh thrc déi v6i yéu cau ctia mdt lugn 4n tién
sT chuyén nganh V4t liéu quang hoc, quang dién tir va quang tr theo quy dinh hi¢n hanh.
Ban t6m tit luéin 4n phéan 4nh ding ndi dung co ban ciia luén 4n.
- Pdng y dé luan 4n dugc phép dura ra bao vé trwéc Hoi dong chim lu4n 4n cép Hoc vién
d8 x4c nhan hoc vi tién si cho téc gia ludn 4n.
- Cdu héi thdo ludn:
Viéc thay ddi ty 18 thanh phn céc loai khi dau vao trong h¢ plasma lanh anh huéng
cu thé nhu thé nao dén djc trung cia plasma va tinh higu qua?

4.8. Cdu trd loi ciia Nghién cieu sinh:
- Cdu héi: So sanh phuong phép plasma lanh va laser ablation?
Cau tra loi:
Nghién ciru sinh xin phép dura ra sy khach nhau ctia phuong phép plasma lanh va phuong
phap laser ablation nhu sau:

+ Phuong phéap plasma lanh:
Co ché tac dyng: Tao chum tia plasma c6 chira thanh phén electron, ion, photon,

RONS... turong tdc hoa—v4t Iy véi bé mit va dung dich

Pidu kién lam viéc: Nhiét do thip (~25-60 °C), lam vigc dugc trong m6i trudng khi &
ap suét khi quyén

Téc dong 1én vét liéu: Bién ddi hoa hoc va hoat héa b& miit (ting niing luong bé mit,
tao nhém chirc, ting wa nudc) ma khong lam hu vat ligu

Téng hgp AuNPs: Tao céc gc hoat héa (*OH, eaq", Hz02....) khir Au** — Au® khong
cin chét héa hoc khir hogic chit bao vé

Mitc dd thén thién méi trudng: Cao — khong can héa chét doc hai
+ Phuong phép laser ablation:
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Co ché tac dyng: Tao chiim tia plasma c6 chira thanh phén electron, ion, photon,
RONS... twrong tac héa—vat ly véi bé mit va dung dich

Diéu kién 1am viéc: Ning lugng cao, c6 thé gy nong chay cuc bo; thuong cin kiém
soat nhiét d§ va moi trudng

Téc dong 1én vat liéu: Boc téch 16p vét liéu, tao céc chu triic nano/micro; c6 thé gy
tén thwong hodic néng chay néu théng s6 khéng phi hop

Tbng hgp AuNPs: Gitip tong hgp AuNPs trong méi dung dich tuy nhién phai c6 cac
tac nhén bao vé bé mit va hd tro khir; kich thudc va do ddng nhét phy thude niing lugng
laser va moi trudng

Mitrc d6 than thién méi truong: Cao — khéng cin héa chit, nhung tiéu tén ning lugng
laser 16n.
- Cdu hoi: Danh gia tinh kha thi va nhitng thach thic k¥ thuét khi 4p dyng cong ngh¢
plasma lanh d& xtr 1y hoic tong hop vt liéu & quy md 16n?

Cau tra loi:
Cong nghé plasma lanh thé hién tinh kha thi cao khi mé& rong quy mod nho khong yéu
cau nhiét do cao, tiét kiém ning lugng, phit hop v6i vat li€u nhay nhiét va cho hi¢u qua
xir Iy — hoat héa bé mit manh, dong thdi than thién méi trudng va dé tich hop vao day
chuyén ty dong. Tuy vy, khi 4p dung & quy md 16n van tdn tai nhiéu théch thirc ky
thuat nhu kho duy tri do ddng déu ciia plasma trén dién tich 16n, suy gidm mat d plasma
khi ting thé tich xi 1y, yéu cdu thiét ké ngudn phat va dién cyc phic tap. Do d6, dé
plasma lanh thét sy tién t6i trién khai cong nghiép, cn t6i wu ddng thoi thiét ké budng
phan Ung, phin bb plasma va chi phi vén hanh nhdm dam bao tinh dn dinh, ddng nhét
va hiéu qua xir ly trén di¢n tich 16n.
- Cdu héi: Co ché nao gitip cac hat dat dugc sy phan bd ddng déu khi c6 chiéu laser
trong qud trinh téng hgp? Cudng do va budc séng laser c6 anh hudng nhu thé nao?

Cdu tra loi:
Hiéu g quang nhiét giup cic hat AuNPs trong dung dich chuyén dong nhanh hon,
giam hién tuong két tu va sép xép én dinh trén bé mit, hinh thanh 16p hat ddng déu day
khoang 1-2 16p tly theo ndng d6 dung dich. Pdng thoi, nuée trong dung dich bay hoi
nhanh hon, rat ngén dang k& thdi gian ché tao dé so véi qua trinh kho ty nhién khong c6
chiéu laser. Bén canh d6, cudng d6 va budce séng laser &nh hudng r6 rét dén kha ning
tu sép xép ciia hat; budc séng 532 nm duge lya chon vi gén triing v6i dinh hép thy 535
nm ctia AuNPs, gitip t8i wu hiéu tmg quang nhiét va kiém so4t qué trinh phén bd hat dé
tao d& SERS ddng nhét.
- Céu héi: O trang 79, tai sao sir dyng plasma lanh lai hd trg léng dong ddng déu vat liéu
va kidm soat chinh x4c loai nhém chtrc trén bé mijt?

Cdu tra loi:
Plasma lanh cung cdp hdn hgp céc téc nhan hoat héa (RONS, electron, ion, UV) ¢6 kha
ning 1am sach b& mit, phing bé mit hon, ting nuawng lugng bé mit.. Qué trinh nay
ddng thoi tao ra cac nhém chire phan cyc méi nhw —OH, ~COOH, —C=O0.... Khi ning
lugng bé mit ting va c4c nhém chirc phan cye duge cb dinh, tinh va nuée ciia bé mijt
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vit liéu tang manh, gitip dung djch chira hat AuNPs trai d&u va ling dong dong nhét trén
toan b bé mit thay vi co cum tai mot s6 vj tri.
- Cdu héi: Giai thich sy khac biét v& tdc d9 suy giam va co ché phan hiy cia hai dinh
hép thu chinh trong phd ciia Methyl Blue?

Cdu tra loi:
Trong phd UV-Vis ciia Methyl Blue, hai dinh hép thy chinh suy gidm v6i tbc do khac
nhau do sy khac biét trong cAu tric phén tir lién quan dén timg viing hép thy. Pinh hép
thy ~ 600 nm diic trung cho hé lién hgp n—x clia vong thom va lién két azo -N=N-. Khi
plasma tao ra céc gbc *OH va nhimng téc nhn oxy héa manh, chiing tn cong tryc tiép
vao lién két azo va pha v& hé lién hop, khién dinh ndy suy giam nhanh, phan énh sy
phén hiy ctia khung cAu trac chinh. Trong khi d6, dinh hép thy & viing 310 nm lién quan
dén céc vong benzen va céc manh phan tir nhé hon duge tao thanh sau khi lién két azo
bi cét dit. Cdc méanh trung gian ndy c6 d6 bén cao hon, nén qué trinh oxy héa tiép theo
di%n ra cham hon, d&n dén téc d6 suy giam thép hon ciia dinh ving UV. Vi vdy, sy bién
mét khéc nhau gira hai dinh thé hién co ché phan hiy theo hai giai doan: giai doan dau
pha lién hop va lién két azo 1am gidm nhanh dinh 664 nm, tiép theo 1a giai doan oxy héa
sdu cac vong thom lam dinh UV suy gidm chim hon.
- Cdu héi: Trong ludn 4n, céc phd hip thu duge fit theo hdm Gaussian hay Lorentz?

Cédu tra loi:
Trong lu4n 4n ndy, phd hép thy dugc fit theo ham Gaussian
- Cdu héi: Thach thire k¥ thuét va chi phi khi kich thich nay mam v xir Iy nuée thai &
quy md 16n bing c6ng nghé plasma lanh?

Cau tra loi:
Nhitng thach thirc k§ thuét va chi phi khi 4p dung plasma lanh & quy md 16n bao gbm:
hé théng thiét bj phai ddm bao dién 4p cao, luu lwgng khi va kha nang tao plasma on
dinh, dién tich x 1y phai 16n, dam bao cong suat cao va xir Iy lién tyc trén di¢n rong va
lién tuc. Do d6, kéo theo nhitng thach thirc vé k¥ thuét cao nhu yéu cAu cin thiét ké va
vén hanh kha phtrc tap. Dovéy, viéc duy trd hiéu suét ddng déu trong xir ly nuéc thai
hodc kich thich ndy mam ciing 12 mot théch thirc 16n.
- Cdu héi: D) suy gidm ctia d& SERS sau nhiéu lin st dyng nhu thé nao? Hat nano c6
bi tr6i khong?

Cau tra loi:
Céc dé SERS sau nhidu 14n t4i sir dung c6 d6 suy giam vé tin higu thé hién & hinh 4.9.
Theo d6, nguyén nhan dan t6i sy suy giam nay 13 do cac hat AuNPs duoc ché tao trén
dé SERS nay c6 lién két v6i dé kha yéu (do khong sir dyng chét hod hoc no dé gén) do
véy khi c6 tdc dong ciia qua trinh rung rira s& bj bong, din dén céc tin hiéu sé& bj giam
theo céc chu ki tai sir dyng.
- Cdu héi: Nguyén nhan nao din dén sy hinh thanh vét nirt khi xir Iy bé m3t?

Céu tra loi:
Khi xi Iy chiéu hat d4u xanh bing plasma jet, cac vét nirt c6 thé hinh thanh do sy két
hop ctia nhidu co ché. Trude hét, plasma jet tao ra nhigt cyc bd khién bé mat gidn nd va
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co rat khong ddng déu, din dén tmg sudt nhiét va nirt. Pdng thoi, cac ion va goe ty do
niing lugng cao trong plasma c6 kha néing &n mon nhe 16p cellulose va lignin, 1am céu
triic bé mit yéu di. Ngoai ra, plasma c6 thé 1am bé mit mAt nuée qua nhanh, gy co it
manh va tao ra cdc vét nirt nhd. Do b mit ty nhién ciia vé dau xanh khong dong nhit,
cac ving vét liéu khac nhau phéan Gng khéc nhau v6i plasma, cang lam ting kha nidng
xuét hién vét nit.
- Cdu héi: Myc dich va vai trd cy thé ca xir Iy laser 13 gi? Nghién ciru sinh ¢6 diéu
chinh cudng d¢ laser trong qué trinh thi nghi¢m hay khong?

Cdu tra loi:
Xt Iy laser gitp céc hat AuNPs d& bam, phan b déu va sép xép 6n dinh hon. Néi cach
khéc, viéc sir dung laser gitip hat AuNPs khong bi ty lai thanh cym hodc tr6i khdi bé
miit, gitp tao dé SERS c6 d ddng nhét trén toan dién tich ché tao.
Nghién ctru sinh khong diéu chinh cudng do laser trong qué trinh thi nghiém do laser st
dung khéng c6 chirc ndng diéu chinh cudng do chiéu.
- Cdu héi: Su khéc biét v& budc séng laser dugc sir dung c6 dnh hudng nhu thé ndo dén
két qua xir 1y?

Cdu tra loi:
Buéc séng laser quyét dinh manh dén kha ning tyr sép xép cia céc hat AuNPs. Trong
nghién ciru ndy, budc séng 532 nm duge lya chon vi gén triing v6i dinh hép thy 535 nm
ciia AuNPs, nhd d6 hiéu g quang nhiét dugc kich hoat t8i wu, hd trg kiém soét sy
phén bb va én dinh ciia hat trén b& mit, tao ra @& SERS dong nhét hon. Nguge lai, néu
ding bude séng 785 nm, vén nim ngoai ving hip thy manh ctia AuNPs, thi hiéu tmg
quang nhiét gin nhu khong x4y ra va kha ning diéu khién sdp xép hat bj giam rd rét.
- Cdu héi: Viée thay dbi ty 18 thanh phin céc loai khi d4u vio trong hé plasma lanh anh
huéng cy thé nhu thé ndo dén dic trung clia plasma va tinh hiéu qua?

Cau tra loi:
Viée thay dbi ty 18 céc khi dAu vao trong hé plasma lanh 1am thay d6i ti 1¢ thanh phén
plasma ciia chim tia plasma, dic biét 12 ti 16 ROS/RNS. Sy bién déi ndy anh huong tryc
tiép dén diic trung ctia plasma, nhu ning lugng, mét d9 ion va kha néng phan tmg héa
hoc. Tir d6 quyét dinh hiéu qua trong céc irng dyung nhu khir tring, diét khuén, kich thich
sinh ndy mam, t6¢ d6 phan huy chat mau.....

4.9. Pai dién ciia tip thé huong din, TS. Pao Nguyén Thugn phdt biéu y kién:

- Tép thé hudng din va nghién ciru sinh xin chan thanh cdm on va tiép thu toan bd cac
¥ kién déng gop quy béu ctia Hi ddng. Ching toi cam két s& tiép tuc nd lyc phit trién
va chuyén siu hon nita huéng nghién ctru d4 dugc trinh bay trong luén 4n nay.

- Nghién ciru sinh d4 tot nghiép nganh K§ thut dién tir. Sau khi dugc tuyén dung vao
Vién Khoa hoc vét liéu, nghién ctru sinh d4 nhanh chéng hoa nhép, cung cac dbng nghiép
trong Phong Cong nghé Plasma, tién hanh x4y dyng thanh cong ngudn phét va sau d6
12 hé plasma hoan chinh. Trong sudt qua trinh thyc hién ludn 4n, nghién ctru sinh da thé
hién tinh thin nd lyc cao 9, thu duge nhidu két qué thyc nghiém quan trong va c6 nhiéu
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déng gop chit dong cho Phong. Miic dit huéng nghién ciru clia luén an 1a mot hudng
nghién ciru khé va rong, nhung nho sy nd lyc, nghién ciru sinh da thu duge nhimng két
quéa phong phu va c6 gia tri khoa hoc.

- Cubi ciing, tap thé huéng dén va nghién ctru sinh xin chin thanh bay té long cim on
sau séc nhat dén Hoc vién Khoa hoc v Céng nghé - don vi ddo tao da tao diu kién toi
da, cling v6i Vién Khoa hoc vat lidu - don vi da phé6i hop va quén 1y nghién ciru, da ho
trg ching t6i hoan thanh lugn an nay.

5. Hop héi ddng riéng

- Théng qua nghj quyét ciia Hoi ddng (c6 vin ban kém theo).

- Ghi phiéu nhan xét lugn 4n.

- Két qua kiém phiu 7/7 thanh vién tan thanh va d& nghj Hoc vién ra quyét dinh
cong nhén hoc vi tién si Khoa hoc vit chit, nganh V4t liéu quang hoc, quang dién
tir v quang tir cho nghién ctru sinh L& Thj Quynh Xuén.

6. Cong bb két qua va bé mac
- Chi tich Hdi ddng doc nghj quyét ctia hi dong dénh gié lun 4n.
- Hoi ddng két thuc luc 11 giy 30 phut ngay 11/11/2025.

THU KY HQOI PONG CHU TJCH HQI PONG
/4 W/
TS. Biii Son Tiing ' GS. TS. Phan Ngoc Minh

XAC NHAN CUA HQC VIEN KHOA HQC VA CONG NGHE

s
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VIEN HAN LAM

KHOA HQC VA CONG NGHE VN
HOQC VIEN KHOA HQC VA CONG NGHE

CONG HOA XA HOI CHU NGHIA VIET NAM

Pic ldp - Tw do - Hanh phic

BAN GIAI TRINH CHiNI;I SUA, BO SUNG LUAN AN TIEN ST
CAP HQC VIEN

Ngay 11 thang 11 nam 2025, Hoc vién Khoa hoc va Cong nghé da t chirc ddnh
gi4 ludn 4n tién si cap Hoc vién cho nghién ctru sinh Lé Thi Quynh Xuan theo Quyét
dinh s6 936/QD-HVKHCN ngay 25 thang 09 ndm 2025 ctia Giam d6c Hoc vién.

Pé tai: Nghién ciru cong nghé plasma lanh ng dung trong tong hop vat liéu kim loai
nano, Xur 1y hat giong va chat nhuém mau

Nganh: Vit liéu quang hoc, quang dién tir va quang tir,

M3 s6: 9 44 01 27

Ngudi huéng dan khoa hoc: TS. Pao Nguyén Thudn va TS. Nguyén Vin Chuc
Theo Bién ban ctia Hoi ddng, NCS phéi bd sung va chinh sira luan 4n céc diém
sau day:

STT

N6i dung dé nghi chinh sira, bé sung

N¢i dung da dwgc chinh sira, bo sung
(Ghi rd sé trang/chwrong/muc... da dwoc
chinh sita)

L&i chinh ta thém cac phan ndi dung ki
hiéu, cac chit viét tat: CCD; UV; UV-
VIS

B& sung thém cac dinh nghia vé: ppb,
ppm,

D3 chinh sira va thém céc ki hiéu viét
tat— trang vii va trang viii nhu sau:

- CCD: Charge-Coupled Device
-UV: Nghia tiéng viét : Cuc tim
-ppb: Parts per billion — mot phan ty

-ppm: Parts per million - m§t phén triéu

Stra dbi nhiing 16i & trang 1 cua luén
4n: Hormone - can viét ho4; 16i chinh ta

- Pa chinh sira ¢ trang 1: Hormone: ndi
tiét to;

- Stra 151 dién dat tai trang s0 2 cla
luén an: “ bao v€”; “nudc thai du
thira”

2 UV-VIS; D4 chinh stra 16i chinh ta “UV-VIS” &
céc trang 1,3, 9, 35, 39, 40.... thanh “UV-
Vis”

- Giai thich & hon muc * tiét kiém - Pa bd sung sira ddi thém thanh &
nang lugng” trong viéc lya chon trang 1: Tiét kiém ning luong (do
plasma lanh lam dbi twong nghién hoat dong & nhiét do thap hon va

3 ctru & trang 1; khong yéu ciu qua trinh gia nhiét ton

kém nidng luvgng nhu plasma néng).
- Chuyén 15i & trang 2: “bao v&” thanh
“hoat dong” va “nudce thai du thira”




- Stra 13i dién dai & muc 3 trang sb 4
Dé SERS c6 cuong do Raman ting
gip 11 lan.

B0 sung thém “ion 4&m” & trang sO 5

thanh “ con t6n du trong nudc thai”,
B sung thém giéi thich vé kha ning
xir Iy dé ciia Plasma jet: “plasma jet
xirly gitp bé mat dé SERS trd 1én
sach va ting gié tri tiép xuc giot nude
gitp céc hat nano kim loai vang co
thé trai déu trén bé mét dé hon”

Da bo sung “ion &m” ¢ trang s 5

- L&i chinh ta va mot s6 cong thirc &
céc trang: 1, 6, 11,13, 14,15,

- Dién dat lai & trang14 “dong xoay
chiéu tan s6 cao, phong dién vo
tuyén (RF)”

- Stra lai 18i dién dat trong cdc muc
sau: muc 1.3.3 trang 15, trang 16;
trang 18, trang 19, trang 20, trang
21, trang 23, trang 24, trang 27,
trang 34...

- Dién dai lai cong thirc ctia “pt 1.9”
muc 1.3.2 & trang 13

D4 ra soat va hoan thién Li chinh ta
va mot sb cong thirc ¢ céc trang: 1, 6,
11,13, 14,15;

Da stra lai ¢ trang 14: “dong xoay
chiéu tén s6 cao (kHz), phong dién
xoay chiéu tan sé vo tuyén (RF)”;

Di dién dat lai cac y & cac trang da
néu trén dé ranh mach va d& hiéu hon
0 muc 1.3.3 trang 15, trang 16; trang
18, trang 19, trang 20, trang 21, trang
23, trang 24, trang 27, trang 34...

Da ra soat lai cong thirc & muc 1.3.2 &
trang 13 nhu sau: “...V la dién ap
danh thung (don vi tinh Volt), B 1a
hing s6 lién quan dén ning luong
kich thich va ion hoa, p 12 4p suét
(don vi tinh 1a Pascal - Pa), d 1a
khoang cach khe hd (don vi tinh mét
—m)”;

- Viét hoa cum tir picosecond,
nanosecond & trang 14

- Viét hoa cum tir: T.D trong hinh 1.5
trang 13

- Viét ho4 céc hinh 4nh sang tiéng
viét: 1.5;1.9; 1.11; 1.17; 3.8

O trang 14 da viét hoa: pico — gidy
(ps — 107'%s); nano — gidy (ns — 107%)
O trang 14 da viét hoa tir T.D: phong
dién Townsend.

D4 ra so4t va stra lai cdc 18i nhu trong
céc hinh d& néu trén dong thoi viét
hoa cac tr nglr & cac muc 1.5; 1.9;
1.11%g 1.1%53.8

- Téac gia nén str dung bang biéu dé
dién dat lai cac y trong muc dyung cu
thiét bi ctia “chwong 2: Cac phwong
phap va k¥ thuét nghién ctru”

O trang 35 da chuyén dbi cac thong
tin trong muc 2.1.2 Dung cu thiét b
thanh bang biéu dé ngudi doc c6 thé
dé nhin va hinh dung hon thanh bang
2:3

- NCS phai trinh bay lai cho khoa hoc

Da trinh bay lai cho khoa hoc vara

' 0



phé:‘m muc 3.3.5 & cac trang 63, 64,
65, 66

soat k¥ ludng cau chir ciia muc 3.3.5
& cac trang 63, 64, 65, 66

Viét hoa tiéng Anh trong cac so dd,
d6 thi, hinh anh dé ddng bd, thng
nhat v6i tiéng Viét.

D3 Viét hoa toan bd cic chit tiéng
Anh trong cic so dd, dd thi, hinh anh
dé dong bo, thong nhat trong toan bd
ludn 4n

NCS xem xét giai thich lai & trang
69 - 70: “diéu nay c6 thé giai thich
rang khi sir dung thé tich 10 ml, tia
plasma jet c6 thé tham nhap ddng
déu toan bd bé mit dung dich tién
chét, thiic ddy qua trinh téng hop hat
v6i kich thude ddng nhat”

Pi bd sung phan tich thém & trang 69
- 70 tai sao lai str dung 10ml 13 thé
tich t6i wu trong diéu kién dé téng
hop AuNPs tir tién chit bang phuong
phap plasma jet nhu sau: “Tir cac két
qua trén, thé tich 10 ml dugc xé4c dinh
1a phit hgp nhit dé téng hgp AuNPs
trong dung dich. Piéu nay c6 thé giai
thich ring khi sir dung thé tich 10 ml,
chiéu dai ctia chiim tia plasma c6 thé
tiép xuc dong déu véi toan bd dung
dich, gitip cho céc tadc nhan khir Au®*
trd thanh AuNPs mt cach nhanh
chong va ddng déu, dan téi kich
thude hat thu dugc s& ddng déu nhét
trong céc mau.”

10

NCS nén sép xép lai cac y giai thich
tai sao khong c6 diéu kién anh SEM
0.1mM va 0.3mM trong muc 3.3.6:
Anh huéng cta ndng do tién chat
dung dich trang 65, 66

NCS d4 tién hanh ra soat va bd sung
ly do & trang 65 va 66 tai sao khong
stt dung hinh anh SEM ctia 02 mau
0.1mM va 0.3 mM trong hinh s6 3.11
nhu sau: “...d6i v6i cac mau con lai
chung ti chwa thiy sy khéc biét r&
rang v&i mau 0,05 mM va 0,5 mM do
véy chung toi chi so sanh chinh vé
anh SEM v6i 3 mau néu trén nhu
sau:”

11

NCS can dbi thtr ty giai thich hinh
3.11, 3.14, 3.16, 3.18 theo thir ty tir
A dén B dén C cho thuan theo thir
thtr cac hinh ¢ trang 64, 65, 66, 67.

NCS d tién hanh ra soat va dién dat
lai cac phan giai thich twong tmg cho
cac anh 3.11, 3.14, 3.16 va 3.18 theo
dung thir ty A dén C & cac hinh trang
64, 65, 66, 67.

NCS cén stra lai két ludn trong muc
chwong 3.6: Két luan chuong 3 &
trang 76 sao cho rd nghia va chi tiét
cu thé hon

Da ra soat va hiéu chinh lai ndi dung
gay khé hiéu & két luén chuong 3 &
trang 73 thanh ndi dung nhu sau:
“Chuong nay da trinh bay vé Gmg
dung ctia plasma lanh trong tong hop
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hat nano kim loai, déc biét 1a hat nano
vang. Trong dd, ching t6i da trinh
bay cac tai liéu thé hién cac cac
phuong phap truyén thong va “tong
hop xanh” dé tao AuNPs, trong d6
cong nghé plasma lanh duge dé cap
nhu mot giai phép tiém ning....”

13

- B sung mdt doan ludn giai trong

phan Mé dau ciia chwong 4 dé lam
rd hon vé vai trd ctia plasma lanh
trong xir Iy bé mit vt liéu.

- Pi bd sung mot doan ludn giai &
trang 76 , phan Mé diu ciia chuwong 4
dé 1am o hon méi lién két khoa hoc
gifta cac img dung cong nghé plasma
lanh xtr Iy bé mit vt lidu giup cho
viéc phan b hat nano kim loai Au
trén bé mat tdt hon nhu sau: “Mot
trong nhitng vai tro chinh cua cong
nghé plasma lanh 13: xir Iy bé mat dé
gitip cai thién tinh chit vat Iy (gitp bé
mit sach hon) va ting ning luong bé
mit (gitp tao ra mot sb gbe tu do
dinh 1én bé mat dé), tir do ting cudng
kha ning tu lang dong va tu sép xép
ctia 16p vt liéu nano 1én trén bé mit
v6i cdu tric 16p mong”

14

- Luén giai rd hon vé phuong trinh
4.1 ¢ trang 78

P luan giai rd hon vé cong thirc 4.1 nhu
sau: “Dé danh gia duoc anh huéng cua
plasma nén mot dién tich bé mat nhét
dinh, thi ludn van da duva trén hi€u sut
thay dbi goc tiép xuc giot nue (Water
Contact Angle — WAC) ctia bé mat vét
liéu trude khi xtr ly plasma va sau khi xur
ly plasma”
Giai thich 13 hon vé don vi H va WAC ¢
trong phuong trinh 4.1 nhu sau:
“H: hiéu suét thay dbi goc tiép xuc giot
nudc anh hudng badi plasma lanh (don vi
%);
- WAC: gi4 tri goc tiép xtc giot nude
ctia bé& mit mau PC (don vi d6)”

- Lam rd hon v& van dé can giai quyét
trong phan tong quan ctia luan an:
cu thé tron g viéc ché tao hat nano
kim loai vang, xir Iy hat gidng.

O trang 34 va 35, da bd sung ludn giai
thém vé viéc ché tao hat nano kim loai
vang, xir Iy hat gidng, xtr 1y chit nhuém
mau va bién giai mdi lién hé gitta 3
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Dong thoi bién giai moi lién hé gitra
ba hudng nghién ciru cua de tai.

hudng nghién ciru nhu sau: “Do vay luan
van nay chi trong vao viéc tng dung
cong nghé plasma lanh trong ché tao hat
nano kim loai vang, xtr ly bé mit vat lidu
dé phét trién dé SERS, kich thich nay
mam hat gibng va xir Iy chit mau. Cac
huéng nghién ctru nay déu tap trung vao
viéc sit dung plasma lanh nhu mdt cong
nghé tién tién va than thién v6i moi
truong, v6i cac Gmg dung trong nhiéu
linh vye nhu vat liéu, ndng y sinh, va bao
vé moi truong. Mdi lién hé giita ba
huéng nghién ciru nay thé hién o qua
viéc tit ca déu lién quan dén viée cai
thién céac dic tinh vét ly va héa hoc cia
cac vat li¢u va sinh vét, tr d6 nang cao
hiéu qua tng dung trong thyuc tién. Cu
thé, viéc ché tao hat nano vang khong chi
cO y nghia trong nganh vat liéu, ma con
hd trg phét trién cdc cam bién sinh héa
nhay cam véi cong nghé SERS. Hudng
nghién cru xir Iy hat giéng bang plasma
lanh nhim t6i vu héa sy ndy mam, gop
phin quan trong vao linh vuc ndng
nghi¢p, trong khi do, ing dung plasma
dé phéan hily chit mau giup giam thiéu 6
nhiém méi truong, tao ra mot hé sinh
thai bén vitng. Cac nghién ctru nay
khong chi co6 su két ndi chit ché vé cong
ngh¢ ma con dong gép vao viéc giai
quyét nhitng thach thirc 16n trong céc
linh vuc nghién ctru va Gng dung thuc
tién hién nay”

16

- Co thé chuyén doi muc 3.5 sang
chuong 4. Nén ra soat lai bo cuc cua
ludn an.

Trong qud trinh thao lusn hoi dong da
cho vy kién c6 thé gitr nguyén muc 3.5
thay vi d6i sang chwong 4. Béi vi muc
3.5 1a nhitng thir nghiém ban déu Gng
dung ctia hat AuNPs trong viéc ché tao
dé SERS c6 db ting cuong tin hiéu
Raman lam tién d& phat trién noi dung
nghién ctru trong chwong 4. Hon thé nita,
muc 3.5 gan lién véi két qua ché tao hat
AuNPs biing phuong phap plasma jet.
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B sung so sanh vé két qua SERS
v6i ngudng ton du ciia R6G va
Amoxicillin theo tiéu chuén ctia
Viét Nam.

- Dbi v6i R6G: day chi 12 chit mau rat
nhay véi tin hiéu Raman dé tim hiéu chu
trac dé SERS ché tao duoc, ngoai ra
R6G chi 1 chit mau chi thi nén chua c6
tiéu chudn cia Viét Nam x4y dung cho
chét nay.

- Pbi v6i Amoxicillin: dd bd sung
ngudng clia phat hién Amoxicillin theo
tiéu chudn ctia Viét Nam & trang 89 nhu
sau: “Theo Tiéu chudn Viét Nam TCVN
8348:2010, ngudng phét hién amoxicillin
trong thuy san 1a 10mg/kg(~10.10°)
bing phuong thirc sic ky 16ng hiéu ning
cao”

18

Muc tiéu cua ludn an nén giam
xudng thanh 03 muyc tiéu chinh va
céc két luan bam sét cac muc tiéu
chinh nay.

Sau khi xin y kién va théng nhit v&i hoi
ddng khoa hoc thi muc tiéu cta luan 4n
duoc thay dbi thanh 04 muc tiéu va bam
sat cac két qua thuc thién duge. Do vay,
NCS da diéu chinh muc tiéu & trang 2
cia luan 4n va két luan cta ludn 4n &
trang 3, trang 117 va trang 119.

19

Pura ra két luén vé anh huéng clia
chiéu dai 6ng phong trong muc
5§32.1

NCS da bd sung két luan vé& anh hudéng
ciia chiéu dai éng phong trong muc
5.3.2.1 & trang 100 nhu sau: “Nhu vay,
T3 la chiéu dai ddu phat plasma tbi wu,
vira tao ra ty 1é ROS/RNS phu hgp, vira
kich hoat qua trinh sinh tong hop GAs
hiéu qua nhét, tir 6 hd trg t6t nhit cho
viéc két thic qua trinh ngu dong va day
nhanh kich thich ndy mam ctia hat.”

20

Cén 1am ro su két ndi giira cac phan
xu ly PC véi SiOy, phét hién R6G
véi phat hién Amoxicillin.

NCS d4 1am 16 hon su két ndi nay trong
két luan ctia chuong 4 trang 91 nhu sau:
“Nhu vay trong chuong 4 nay, ludn van
da chung minh vai tro then chét cua
plasma lanh trong toan bd chu trinh ché
tao cam bién SERS. Viéc xir ly plasma
gitp cai thién dang k& tinh chit bé mit
ctia vat liéu (cu thé hiéu g ctia xir Iy bé
mit PC va SiOy): tir ting ning lugng bé
mit dén diéu chinh d6 nham bé mit, qua
d6 tao diéu kién t&i vu cho qué trinh ling
dong va phan bd dong déu cla cac hat




AuNPs. Nho d6, dé SERS thu dugc thé
hién hiéu sudt cao, 6n dinh va lip lai
vuot trgi. Higu nang nay dugc xac nhén
bang thir nghiém v&i chit chudn R6G va
tiép tuc duogc khing dinh qua tng dung
phat hién amoxicillin, dat d¢ nhay va d6
chinh x4c vuot trdi. Didu d6 cho thiy
plasma lanh khong chi 1a cong doan xir
Iy bé mit don thuin ma 1a yéu t& quyét
dinh truc tiép dén chit lugng cia cam
bién SERS, gép phan quan trong vao sy
phat trién ctia cac nén tang cam bién sinh
héa tién tién”

21

- B sung binh luan vé thach thic k§
thuét va dinh huéng trién khai & quy
mo cdng nghiép dé ting gié tri thuc
tién.

NCS da bd sung thém binh luan vé thach
thirc cling nhur dinh huéng trién khai quy
md cong nghi¢p & trang 119 nhu sau:
“Bén canh céc két qua nghién ctru rét
kha quan, vi¢c ing dung plasma lanh &
quy md cong nghiép van 1a thach thirc
I6n vé duy tri tinh ddng nhét cta plasma
trén dién tich 16n va d6 6n dinh thiét b
khi van hanh lién tyc. Pinh huéng tiép
theo ctia nhoém nghién ciru 14 phat trién
hé théng plasma cong sudt cao, ty dong
hoa va xir ly lién tuc, vi mong mudn ¢c6
thé chuyén giao cong nghé tir quy mé
phong thi nghiém sang san xut thuc té
dé nang cao gid trj img dung trong cong
nghiép.”

22

- Cén 1am 3 hon co ché, ban chét vat
ly ctia mot sé két qua khi thay dbi
diéu kién plasma

Ban chit vit Iy cua viée thay dbi céc
tham sb nhu tan sd, cong suét, luu lugng
khi, khoang cach dau phat t6i bé miat dbi
tugng can xir ly hay thoi gian chiéu
plasma 1a thay dbi ning lwong va lidu
lwgng plasma thong qua: thay doi phén
bd dién tich, dong hoc electron va mat do
plasma. Do vay ludn vidn giai thich &
trang 39 nhu sau:

“Cong sudt va lidu luong (dosage)
plasma cé thé diéu chinh dugc dua trén
thay dbi dién 4p, tin sé ciia ngudn phat
va khoang cach tir diu phat plasma dén




dbi tuong can xur 1y.

- Céc thanh phén cua tia plasma nhu ty
1¢ ROS/RNS c6 thé diéu chinh dugc dwa
trén thay ddi chidu dai cia diu phat
plasma (nghién ctru vé sy phu thudc nay
s& duge trinh bay chi tiét trong muyc 5.3.2
¢ chuong 5).”

- Tang cudng thong tin vé két qua ché | Luén vin da thay di muc tiéu cua luén

tao hé plasma lanh an va giam lugc di muyc tiéu vé xdy dung
va ché tao hé plasma lanh, chi tép trung
vao cac tng dung cua hé plasma lanh
nay trong cac linh vuc khoa hoc vt liéu,
23 ndng nghiép va moi trudng. Do vay luan
vin dd diéu chinh muc tiéu nghién ciru
xudng con 4 muyc tiéu chinh va két luén
nghién clru bdm sat hon cdc muyc tiéu nay
& céce trang 2, trang 3, trang 117 va trang
119.

- Hinh SEM nén can nhic dé cing 6 | Trong luin vin, hinh SEM c¢6 d6 phéng

phéng dai. dai khac nhau dé nhin manh rd rang vé
su dong déu kich thude, hinh thai cua
mau 0,2 mM hon cdc mau & cic ndng do
khac. Vi vay, ludn van xin gilt lai hinh
SEM cé d¢ phong dai khac nhau

24

Nghién ctru sinh chan thanh cam on Qui théy, co trong Hoi df“mg danh gié luan
4n tién si cp Hoc vién di gép y va tao co hdi cho NCS hoan thién ludn 4n ciia minh. \
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Cong nghé plasma lanh dang thu hut sy quan tdm nho kha nang rng dung rong
trong ndng nghiép, y hoc va xtr Iy moi truong, dac biét vai vat liéu nhay nhiét va
chét 6 nhidm phuc tap. Mac du con han ché tai Viét Nam, plasma lanh cho thay tiém
nang 16n trong kich thich nay mam va xir 1y nuéc thai.

Luan &n tap trung nghién ctu plasma lanh dé tong hop hat nano vang (chuong
3), xtr ly bé mat vat liéu (chwong 4), va tng dung trong ndng nghiép va xir ly chat
nhudom (chwong 5), nham nang cao hiéu qua san xuat va bao vé méi truong. Phuong
phap duoc lya chon nho tinh hiéu qua, tiét kiém ning luong va than thién sinh thai.

Muc tiéu nghién cizu cia lugn an:

- Xay dung duoc hé phat tia plasma lanh (plasma jet) véi cac thong sé van hanh
nhu dién &p, tan so, khoang céach chiéu va toc do dong khi dé lam phuong tién
nghién ciu cho cac ting dung tiép theo.

- Nghién ctu tng dung cong nghé plasm lanh dé ché tao duoc cac hat nano vang
c6 d6 dong nhét cao véi dudng kinh trung binh 45 nm, do tinh khiét cao va kha
nang 6n dinh trong dung dich tét trong thoi gian dai ma khong can dung téi chat
hoa chat khir hay chat bao vé bé mit. Phuong phap ché tao can phai dugc déanh
gi4, toi wu va co do lap lai cao.

- Nghién ctru ché tao dugce dé SERS c6 d6 nhay cao, do 6n dinh va lap lai cao dua
trén tién xir ly dé bang céng nghé plasma lanh. Phuong phap ché tao can phai
duoc danh gia, t6i uu va co do lap lai cao.

- Nghién ctru kich thich duoc hat giéng (hat dd xanh) nay mam nhanh va hiéu qua
hon bang phuong phap xur Iy plasma lanh. Phuong phap xir Iy can phai duoc
danh gia, t61 uu va co do lp lai cao.

- Nghién ctu xir 1y duoc chat mau cé trong nudc thai du thira (cua cac nha may
nhuom) bang cong nghé plasma lanh. Phuong phap xtr 1y can phai duoc danh
gia, tdi vu.

Doi twong nghién ciru:
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- C4c hat nano vang c6 c¢6 do6 dong nhat cao voi duong kinh trung binh 45 nm

(dinh hap thu & gan 532 nm), d6 tinh khiét cao va kha ning 6n dinh trong dung dich
t6t trong thoi gian dai. Cac hat nano vang nay cé thé phu hop ung dung lam cam
bién dua trén hiéu ang SERS, phtl hop vai laser kich thich 532 nm.
- Cac dé SERS ché tao tir cac hat nano kim loai vang c6 do nhay cao, d6 6n dinh
va lap lai cao.
- Céc hat @6 xanh c6 kha nang nay mam.
- Chat mau Methyl blue c¢6 trong nudc thai du thira (ciia cac nha may nhuom).
Phwong phap nghién cuu
Luan &n cha yéu st dung phuong phép thuc nghiém két hop do dac, tinh toan
va phan tich co ché tuong tac cua tia plasma lanh. Hé thong phat tia plasma jet dugc
ché tao dé xtr ly cac mau nghién ctru. Cac phuong phép phan tich hién dai nhu UV-
VIS, OES, Raman, SEM, DLS, Zeta, XRD, NMR, LC-MS duoc ding dé danh gia
dic diém cua hat nano vang va bién doi hormone trong hat giéng sau xir ly. Ngoai
ra, cac ky thuat chiét tich GA3, do COD va danh gia kha ning nay mam, sinh
trudng dugc st dung dé xac dinh hiéu qua xt 1y cua plasma lanh d6i véi hat giéng
va chat nhuom Methyl blue.
Bé cuc va ngi dung cia lugn an
Luan &n gom 5 chuong chinh, ngoai phan ma dau va két luan.
. Chuong 1: Tong quan vé céng nghé plasma lanh va cac thong sé vat Iy.
. Chuong 2: Hoa chat, thiét bi va phuong phap nghién cuu.
. Chuong 3-5: Trinh bay két qua thuc nghiém vé tong hop hat nano vang, xt Iy
dé SERS, kich thich nay mam va phan hay chat mau bang plasma lanh.
Cudi luan &n 1a danh muc cong trinh cong bé va tai liéu tham khao.
Céac két qua méi ciia lugn an
Luan an dugc thuc hién chu yéu tai Vién Khoa hoc vat liéu, Vién Han 1am

Khoa hoc va Cong nghé Viét Nam, va di dat dugc cac két qua méi nhu sau:
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1-Phét trién hé plasma jet:Tao duoc hé thong phét tia plasma lanh véi dién ép 26

kV, tan s6 100 Hz — 80 kHz, khoang cach chiéu 0.2-2 cm, téc do khi 3.4-10 scm.
Hé nay phuc vu nghién ciu tng dung tiép theo.
2-Téng hop hat nano vang (AuNPs):Pudng kinh trung binh ~45 nm, d¢ tinh khiét
cao, 6n dinh trén 6 thang khong can chat bao vé.biéu kién téi wu: plasma 5 phit,
khoang cach 0.4 cm, luu lugng khi 1 L/phdt, tan sé 40 kHz, nong d6 HAuCI, 0.2
mM, thé tich 10 ml.Uu diém: 6n dinh, lap lai cao, nhanh, than thién moi truong.
3-Ché tao dé SERS hiéu qua:Xu 1y plasma va laser giup dé kinh giam d6 nham, ting
bam AuNPs.Do nhay tang 11 1an, tai st dung 10 chu ky.Hé sé ting cuong EF
~3x10% , LOD ~10" 2 M véi R6G.Phat hién amoxicillin trong khoang 10~ 3 —
10~ ° M, LOD 9x10~ 1 M, R2=0.98.
4-Ung dung plasma trong kich thich nay mam:Tang hé sé6 nay mam gap 11 lan sau
12 gio, chiéu dai cdy mam tang gan 3 lan sau 96 gio.Nang luong téi uwu: 0.08
Wh/hat, NO: 20-95 ppm.Plasma gilip tao vét nat nho, ting hap thu nudc.NO diéu
hoa GA3 (gibberellic acid), kich thich tang trudng.
5-Xtr ly nudc thai chira Methyl Blue:Phan huy hoan toan 20 ml dung dich 30 ppm
sau 55 phut plasma. Piéu kién: U = 12V DC, f = 33 kHz, khi 1 L/phut, khoang céch
0.5 cm. COD sau xur ly: 42.52 mg/L (trong gigi han QCVN 13-MT:2015/BTNMT).
CHUONG I:
TONG QUAN VE CONG NGHE PLASMA LANH

Chuong nay gidi thiéu tong quan vé cong nghé plasma, phan loai thanh
plasma nong va lanh, va cac thong s6 vat Iy quan trong nhu do ion héa, nhi¢t do
plasma. Noi dung ciing dé cap cdu hinh phat plasma lanh, su hinh thanh gbc phan
ung, va ung dung plasma lanh trong vat li¢u, nong nghiép va moi truong, kem vi du
thuc nghiém minh hoa.

CHUONG II:
CAC PHUONG PHAP VA KY THUAT NGHIEN CUU

Chuong nay trinh bay cac phuong phap va k¥ thuat nghién ctru dugc st dung trong

toan bo luan an, bao gom hé thong phat plasma lanh, thiét bi quang phd va cac



4
phuong phap phan tich hién dai. Nguyén vat liéu va thiét bi: Liét ké cac hoa cht

tinh khiét va thiét bi tién tién nhu UV-VIS, OES, SEM, DLS, Zeta... Phuong phap
nghién ctru: Mo ta chi tiét cac ky thuat phan tich (OES, Raman, SEM, XRD, NMR,
LC-MS...), k¥ thuét chiét hormone, do COD va danh gia ndy mam. Mdi phuong
phap déu néu rd nguyén 1y, thong sb str dung, dam bao do tin cay va tinh lip lai cho
toan bd dir li€u trong luan an.
CHUONG III:

CONG NGHE PLASMA LANH UNG DUNG TRONG TONG HQP CAC HAT

NANO KIM LOAI
3.1. Khai niém va tinh chat ciia vét liéu nano kim loai
3.2. Cac phwong phap ché tao hat nano vang
3.3. Nghién ciru ché tao hat nano vang biang phwong phap plasma jet

3.3.1. S0 do tong qudt cdc buéc ché tao

Nhom nghién ctru da thdo luan budc [N
. i Osiascope. | GAS
dau dua ra trinh tu tién hanh cac budc ".5,. : Dl pht plind
co ban cua mot thi nghiém ché tao hat el ” -._‘_1 -

A b:' h h’ 1 . L/,] L .J .L’.!-M. B-}ngu&xrmup.
nano Au bang phuong phédp plasma jet i W oo
(Hinh 3.1) va chi tiét cac budc dugc mod D0 pung e v D ding
ta nhu hinh 3.1. Hinh 3.2 m6 ta hé T e, TN
plasma jet duoc st dung dé tong hop ﬁ
AUNPs. Hinh 3.1. So do thi nghiém tong hop hat

nano Au bang hé plasma jet.
3.3.2. Anh hwéng ciia khodng cdch tiv dau phdt plasma dén bé mit dung dich
Do ban rong (FWHM) ciia mau c6 khoang cach d = 0,4 cm cho gia tri hep nhat, va
gia tri nay ty 16 nghich khoang cach giita dau phat plasma va bé mat dung dich.
Mau 0,3 cm c¢6 mot sd hat co kich thude 16n hép thu tai cac budc song tir 620 nm

dén 850 nm nhung dinh pho hap thu chinh van hep.
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8 —02cm
< 540nm ——03c¢m
r(% 0.8 | 536nm ——04cm
g 542nm
Zoel FWHM: 77 nm
= FWHM: 80 nm
] FWHM: 83 nm
;g 04
=2} 720 nm
5
S 02
O
I s e
_— 450 500 550 600 650 700 750 80O
0.2cm 0.3cm 0.4cm Budc séng (nm)

Hinh 3.2. Anh chup cdc mau AuNPs v&i Hinh 3.3. Pho hcfp thu di dwoc chudn
cdc khodng cdch d khdc nhau: (4) 0,2 hod ciia cac mau AuNPs véi cdc khodng
cm, (B) 0,3 cmva (C) 0,4 cm. cach d khac nhau.
3.3.3. Anh hwong ciia khodng cdch tiv dau phdt plasma dén bé mit dung dich
Hinh 3.6 cho thay phd hip thu chuin hoa ciia AuNPs tong hop véi toc 6 dong

khi khac nhau dugc kiém soat chinh xac béi van diéu khién luu lugng khi.

——1 Uphit
101 1.5 phiit
——2 Uphit

o8l
FWHM: 78 nm

FWHM: 208 nm
FWHM: 206 nm

st

04t

02

Cuong do hap thu chudn hoa

00 i . . N
450 500 550 60D 650 700 750 800
Budgc song (nm)

Hinh 3.6. Phé UV-Vis ciza cAc mau

AUNPs véi cac lvu lwong khi khac nhau

Hinh 3.4. Mdu AuNPs V&i cdc Tuu liwong
khi khac nhau.

3.3.4. Anh hwéng tan s6 ngudn phat plasma

—20KHz
—30 KHz
———40 KHz
—— 50 KHz
— 60 KHz

A\ FWHM: 98nm
N\ FWHM: 950m

\ FWHM: 80nm
FWHM: 38nm
FWHM: 112nm

Cuong d6 hép thu chuan hoa

20kHz J0kHz 40kHz S0kHz 60kHz

Hinh 3.7. Anh chup cdc mau AuNPs véi

O‘D 1 1 1 1 —
450 500 550 600 650 700 750 8OO
Budgc song (nm)

Hinh 3.8. Phé hdp thu da dwoc chudn hoé

ciia cac mau AuNPs Vi CAc tan so plasma

cdc tan so plasma khac nhau

Tom lai, dé tong hop AuNPs c6 kich thude dong déu nhat, ching t6i da thu duoc cac
thong sb toi vu nhu sau: khoang cach tir tia plasma dén chat 1ong bé mit 14 0,4 cm,

Iru lugng khi 14 1 Iphit va tan sé cung cap dién plasma 1a 40 kHz.
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3.3.5. Anh hwéng ciia thoi gian tong hop

A‘w_»_'-\ B C o D‘__'\ E———\ 1.0 | 1 =——2 phat
a ° ——. v ] © 2 ——5phat
) 2 3 —— 7 phat
S 08| 4 —— 10 phat
=} 5 ——15 phuat
G
g 3 06 FWHM: 73nm
- = FWHM: 88nm
= FWHM: 100nm
S 04 FWHM- 125nm
£ FWHM: 154nm
- - ¥
. : r : : 5 02
2 minutes 5 minutes 7 minutes 10 minutes 15 minutes o
< h , ~ o 0_0 n L L L L
5 A 450 500 550 600 650 700 750 800
Hinh 3.9. Cdc mau AuNps dwoc tong hop oo sons o)

bang Plasma jet véi thoi gian khdc nhau:  Hinh 3.10. Phd hdp thu chudn héa ciia

(A) 2 phat; (B) 5 phut; (C) 7 phut; (D) 10 cdc mdu AuNps tong hop bang plasma
phat va (E)15 phut. Jjet voi thoi gian khdc nhau: 2 phut; 5

phat; 7 phat; 10 phat va 15 phat.

Sau khi tién hanh khao sat anh huéng cua yéu té thoi gian, chung t6i da dua ra két

luan véi thoi gian tong hop mau 5 phat pht hop nhat dé tién hanh tong hop cac mau.

3.3.6. Anh hwéng ciia nong dd dung dich tién chit HAuCl,

Nhu vay, tir cac két qua phan tich pho hap thy, ndng do tién chat 0,2 mM duoc xac

dinh 13 t&i wu dé tong hop Au véi kich thude dong déu va sd luong hat cao.

A B [ B |

““_'/*_d

i J ' :;l

0.05mM 0.1mM 0.2mM 0.3mM 0.5mM

Hinh 3.11. Anh chup cac mdu

AuNPs Vi cac nong dg tien chat  Hinn 3.12. (A) Phd hdp thu dé dirot chudn hod,
khac nhau. (B)-(D) Anh SEM cuia cac mau AuNPs véi nong
dé tien chdt (B) 0,05 mM, (C) 0,2 mM va (D) 0,5
mM.
3.3.7. Anh hwéng ciia thé tich dung dich tién chat HAuCl,



A B () Dk - —s5ml
. : e R — s'r —10ml
,*ﬁ -g ,/ ——15ml
T ~T 0.8 ——20 ml
; k- 7\ \ ——25ml
3 S ] FWHM: 86nm
‘ £06} \ FWHM: 77nm
, 2 FWHM: 105nm
& 4 FWHM: 100nm
- go4 ’, \ A\ \ FwHM: 1230m
o P \
Sml 10ml 15ml 20ml 25ml -goz L
o N\
< 2 yn 7 A \
0.0 " : 1 : i
Hinh 3.13. Anh chup AuNPs vai cac the R N

Buéc séng (nm)

tich dung dich tién chat khac nhau. o ?
Hinh 3.14. Pho hap thu da dwoc chuan

hod ciia cic mdau AuNPs véi cdc thé tich
dung dich tién chdt khdc nhau.

Sau khi thi nghiém két thiic, tit ca cac mau déu dugc phén tich phd hap thu (Hinh
3.14) thé tich 10 ml dwoc xac dinh 13 phtt hop nhét dé tong hop AuNPs trong dung dich.
3.4. Pic tinh va co ché phan vng tong hop AuNPs bang tia plasma lanh
3.4.1. Piéu ki¢n toi wu dé tong hop dung dich AuNPs bang plasma jet
Chung t6i da dua ra duoc cc thong sb t6i wu nhu sau: Khoang cach tir dau phat
plasma dén chat 16ng trén bé mat: 0,4 cm; Téc do dong khi: 1 /phat; Tan sd cua
nguodn cung cap niang luong dé phat plasma: 40 kHz; Thé tich va néng do cua dung
dich HAuCl4 1an lugt 13 10 ml va 0,2 mM; thoi gian chiéu plasma: 5 phut.

3.4.2. Danh gia dac tinh cua cac hat nano vang dwgc

30

. Duong kinh trung binh

©

n
&

khoang 45 nm, phu hop

~n
S

—— Au Nps plasma

&

voi két qua do bang

Cuong do tin hiéu
3

o o

K 100 80 -60 40 20 0 20 40 60 80 100

1 10 100 1000 10000 o £
Kich thude hat (nm) bién the Zeta (mV)

phuong phap DLS dao

, dong tur 20 - 110 nm, véi
Hinh 3.15. (4) Phdn bo kich thudc hat theo phwong phap dudng kinh trung binh 14

DLS, (B) Anh SEM va (C) t‘he zeta c’ua AuNPs duoc tong 45 + 15 nm.
hop voi diéu kién toi vu
Hinh 3.16 trinh bay gian dd nhiéu xa tia X (XRD) va pho EDX, khang dinh cau tric

tinh thé cta cic hat AuNPs ché tao duoc.



10 Phuong phap tong hop

—— AuNPs

bang tia plasma thé hién uu

Cudng dé tin hiéu
® 23 B =

| diém vuot tréi khi khong
§ 8 A% 1 4 4
LJU“* —M  can sir dung chat khir, chat

Géc 2 theta (do)

) ) xuc tac hay chat hoat dong
Hinh 3.16. (4) Pho EDX va (B) ph6 XRD ciia AuNPs. . ,
. . bé mat, dong thoi cho phép
Dicu nay chung t6 cac AuNPs tong hgp c6 do tinh .
o tao ra cac hat AuNPs dong
khiét rat cao. .. . .
nhat, 6n dinh va tinh khiét.

3.4.3. Tim hiéu co ché phan irng tong hop AuNPs bang tia plasma lanh

Trong hé plasma trong chét

— After Oh
020+ — Alter 1h

— Afler 24h

~— After 48h

long, noi cac dién cuc duogc

nhung tryc tiép trong dung

Cuong d hip thu chuan hoa

dich, cac gbc hydro (H) duoc

L L L
225 230 2% 240 245

san sinh doi dao thong qua qué R ——
trinh dién phan nudc, dong vai  Hinh 3.17. Sy thay doi ciia phé hap thu ciia H,O,
trd quan trong trong viéc khir  trong nudc duoc xur ly plasma trong 5 phut sau 0-
ion vang. 48 gio.
Trong phuong phap Plasma tong hop AuNPs, phan tmg khir Au®* cha yéu dwa vao
H,O, va OH", nhu dugc mo ta trong phuong trinh sau:

3H,0; + 30H" + Au®* — Au’+ 3H,0 + 3HO,
3.5. Ung dung hat nano vang da ché tao dé phat trién dé SERS cé do nhay cao

i Er— Nhom nghién ctu da do

u (a.u)

pho Raman cua dung dich
R6G nong do 10 ppb trén

oy ™ M W om gm e e cac dé SERS duogc tao ra tur
Hinh 3.18. So sdnh (4) Phé hdp thu chudn hod va  (Hinh 3.18B).

Cuting 44 tin hi

(B) Phé Raman ciia AuNPs dwoc téng hop bang
phuwong phap plasma va AuNPs thwong mai.
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Cuodng do SERS cua cac dé sir dung AuNPs tong hop bang plasma cao hon dang ké

SO V6i cac dé tir AuNPs thuong mai. Chang t6i ciing nhan manh riang cudong do
SERS phu thugc Ién vao cac diéu kién thi nghiém.Do d6, tin hiéu SERS thap hon
duoc quan sat voi AuNPs thuong mai trong nghién cau nay khong thé duoc so sanh
truc tiép véi cac két qua tir cac nghién cau khéc.
3.6. Két lugn chwong 3

Chuong ndy trinh bay tong quan cong nghé plasma lanh va ang dung trong
tong hop hat nano kim loai, dic biét 12 nano vang (AuNPs). Nhdm nghién ctru di tdi
ru qua trinh tong hop AuNPs bang plasma jet ma khong can chat khir hay chat bao
vé, dat duoc hat kich thude trung binh 45 nm, déng déu va 6n dinh. Cac thong sb tdi
wu gdm: khoang cach plasma 0,4 cm, khi 1 L/phat, tan s6 40 kHz, nong do HAUCI,
0,2 mM, thoi gian 5 phit. AuNPs tao ra c6 hiéu tmg SERS vuot troi so véi san pham
thuong mai, mé ra tiém ning cho cam bién sinh hoc, quang hoc va x(c tac. Cac két
qua cta nghién ctu trong chuwong nay nay di dwgc cong bd trén tap chi
Nanotechnology (IF 2.9).

CHUONG |V
CONG NGHE PLASMA LANH UNG DUNG TRONG CHE TAO PE SERS
PINH HUONG PHAT TRIEN CAM BIEN HOA SINH

Muc tiéu chinh caa noi dung nghién cuu nay la nghién ctu wng dung céng
nghé plasma lanh trong xt Iy bé mit vat lieu ang dung trong phét trién cam bién
sinh hoa dua trén hiéu trng SERS.
4.1. Nghién civu ting dung cong nghé plasma lanh trong xir Iy bé mdt vit ligu
polycacbonat va SiO,
4.1.1. Quy trinh ing dung cong nghé plasma lanh trong xir Iy bé mait vat liéu
4.1.1.1. Trén vat liéu polycacbonat (PC)
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Trong ndi dung nghién ctru nay, chung toi KhiAr
Bd ngudn cao 4}

Piéncuc1 j_

chu yéu nghién ctru va toi wu hoa hiéu ung

Kim bang thép

taing cuong niang luong bé mat cua PC s

— 6ng thach anh

bang céch xir ly plasma, cho phép ting

cuong lién két cua céc 1op phu khéc nhau

Chum tia plasma

%

Z9p0dIq

 Vatliéu Plycarbonate

trén bé mat PC. Anh huong cua viéc xir ly

Pé dong

E

bé mit bang plasma trén cac mau PC dugc

tinh toan theo phuong trinh sau: Hinh 4.1 So-d6 cau teo he plasma jet

_ WAC chua x ly = WACqs xe ly
a WAC chyq xiv 1y qua trinh xu ly plasma

dé xir ly bé mat PC va anh chyp trong
H

4.1.1.2. Trén vat liéu SiO,

Trong ndi dung nghién ciu nay, ching toi da sur dung cdng nghé plasma lanh
l&n bé mat cua dé kinh thay tinh (SiO,) bang cach chiéu mot chim tia plasma jet 1én
trén toan bo bé mat dugc gidi han boi bang dinh polyimide.
4.1.2. Khao sat, danh gia hiéu qua va thoi gian ton tai ciia hiéu wng xir Iy bé
mit vat liéu bang phwong phap plasma jet
4.1.1.1. Trén vat liéu polycacbonat

100 .

Ning lugng bé mit cao hon do xtr

ly plasma tao ra dan dén ty 1é

phan tram thay d6i WCA cao hon.

Do d6, viéc theo doi ty 1& phan

Waber contact angle (Jegree)

(=

e tram thay doi WCA theo thoi gian
Hinh 4.2. (Trdi): s phu thuéc cia goc tiecp (0 dén 14 ngay) cho phép nghién
xiic nuwde (WCA) trén bé mat PC vao thoi  Cau tac dong lau dai cua xu ly
gian xur [y plasma; (phdi): anh chup cdc giot plasma (Hinh 4.2).
nuée trén bé mat PC trong thoi gian xir Iy

plasma khac nhau
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Két qua cho thay sau 14 ngay, ty 1é phan tram thay d6i WCA cua cac mau

duoc xir ly trong 3 gidy, 30 gidy va 60 gidy giam nhanh tir khoang 40% xudng dudi
10% (hinh 4.3).

Hiéu tng dugc thé hién trong —

hinh 4.3, cho thay ring plasma | 1NN A -—
gay ra ca bién ddi hoa hoc o N T—
(nang lugng bé mat — lién két ' ——

héa hoc) va bién déi vat ly v

(hinh thanh cac vét nut do  HInh 4.3. Hiéu img kéo dai thu duwoc trong nhiéu

chum tia plasma tac dong lén khoang thoi gian chiéu plasma khdc nhau (3 gidy, 30

trén bé mat PC). gidy, 60 gidy, 180 gidy, 300 gidy, 540 gidy) trén bé
mat PC tir ngay ldp tirc dén sau 140 ngay

Dic biét, khi thoi gian xt 1y vuot qua 180 gidy, su thay doi vat ly van con duy tri ¢

murc 20% ngay ca sau 14 ngay.

Su bién doi bé mat PC do

plasma dugc quan sat ro

rang théng qua hinh anh

hién vi luc nguyén to
(AFM) trong Hinh 4.4.
Hinh 4.4. Hinh anh AFM ciia bé mdt PC: a) khéng xir Iy Su thay dbi héa hoc cua

X: ym
Y pm
Zym

plasma, b) xit Iy plasma trong 60 gidy va c) xit [y plasma bé mat PC cd thé giai
trong 540 giay. thich thong qua phan tich
ty I¢ lién két héa hoc.
Tuy nhién, néu thoi gian chiéu xa plasma qué dai, n6 cd thé dan dén qué trinh thay
d6i ty 18 O:C bi bdo hoa, khién gdc tiép xuc caa PC chi giam xubng mét gia tri nhat
dinh (42°C trong thi nghiém cua ching t6i).



4.1.1.2. Trén vat liéu SiO,

Dién ap (KV)

Dong dién (mA)

2 20
25 20 45 0 5 0 5 10 15 20 25
Thoi gian (ps)

Hinh 4.5. (4) 6 thi I-V va (B) Phé phat xa quang hoc
cua hé plasma jet.

Két qua cho thy c6 hai tac dong ro rét
trén bé mit kinh khi dwogc xur ly bang
plasma: (1) giam d6 nhadm cua bé mit
kinh (tr 200 nm trudc khi xu ly plasma
thanh bé mat gan nhu dong nhat 1y tuong
sau 30 gidy xu ly plasma); va (2) tang
cuong ning luong bé mat bang cach
giam gadc tiép xdc giot nudc tir 59° xudng
26° va xudng gan 0° sau thoi gian xu ly

plasma lan luot 14 0, 10 va 30 giay.

Cwong dong tin hiéu
2
8
S
B

g

Tuong tu vat lieu PC,
ching toi chu yéu thay doi
thoi gian chiéu plasma
nham khao sat anh hudng
cua plasma toi nhitng thay
dbi trén bé mat dé kinh
thong qua su thay doi trén
cau tric bé mit va theo doi
su thay doi trong goc tiép
xuc nuoc (WCA).

Hinh 4.5. Anh AFM ciia bé mat kinh va
danh goc tiép xiic nwéc (WCA) (dwéi cing
bén phai: (C) trudc, (D) sau 10 giday va
(E) sau 30 giay xu ly plasma.

Hai tac dong nay gidp cai thién chat lugng bé mat kinh dé lang dong AuNPS tot hon

trén bé mat nay trong budc lang dong AuNPs dé tao ra dé SERS.

4.2. Nghién ciru irng dung cong nghé plasma lanh trong phat trién cam bién héa

sinh dwa trén hiéu wng SERS

Trong ndi dung nghién ctu nay, ching toi va nhém nghién ciu da két hop

phuong phap plasma lanh va laser dé phat trién mot phuong phap don gian, chi phi

thap nhung hiéu qua dé ché tao dé SERS nhanh chéng véi hiéu suat cao.

4.2.1. Cac budc xir Iy dé SERS biang cong nghé plasma jet



Hinh 4.7 m ta quy trinh ché tao dé
SERS bing phuong phap két hop
gitra plasma lanh va laser tr dung
dich AuNPs.

Hinh 4.6. Quy trinh ché tao dé SERS két hop

tien xuw ly plasma va xu ly laser.

4.2.2. Khao sat va danh gia hiéu qua ciia dé SERS ché tao dwoc

4.2.2.1. Ting cwong cwong do va do dong déu cia tin hiéu Raman trén mét dién

tich 16n

A B

1361

©
b3
0000 + - s - g 1 mm ~1mm
Plasma — Khong Laser O @
1.5 mm
1 mm 1mm__1mm

0204 020,0

1 mm
1.5 mm

O Om,

Cwong do tin hiéu (a.u)
[=2]
=1
o
o

2000 -

0 ) )
600 800 1000 1200 1400 1600 1800
Chuyén dich Raman (cm™1)

Hinh 4.7. (4) Phé Raman ciia R6G dwoc do
trén dé SERS dwoc ché tao ma khéng qua xir
ly plasma hodc laser (dwong mau den), chi
dwoc tién xir Iy bang plasma lanh (dwong
mau tim) va dwoc xit Iy bang cd plasma lanh
va laser (dwong mau xanh). Moi phé Raman
la gia tri trung binh cua 11 phép do tai 11
diém khdc nhau phan bé trén toan bé bé mdt
dé (B) va dé léch ciia ching dwoc hién thi
bang thanh 16i trén cdc dinh ddc trung tai

613 cm™tva 1361 cm™,

chung t0i d4 so sanh pho Raman cia
R6G trén cac dé SERS khac nhau:
nhimg dé duoc ché tao ma khong qua
bat ky phuong phap xt 1y bé mit nao
(dwong mau den), dé duoc xu ly
plasma nhung khong dugc chiéu laser
(duwong mau tim) va duogc xt Iy bang
ca hai phuong phdp laser va plasma
(duong mau xanh 14 cay). Chung t61
da chimg minh dugc rang sy két hop
giira plasma va laser d4 cai thién chat
luong bé mit va tao ra su phan bd
ddéng déu hon cua AuNPs trén dé, dan
dén cuong d6 Raman dugc tang cuong
va dé SERS ddng déu hon, do d9, tin
hiéu SERS thu duoc nhat quan hon
(hinh 4.8).
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4.2.2.2. Cai thién kha ning tai str dung ciia dé SERS

0 3000 1200 1400 1600 1800
Chuyén dich Raman (cm ™)

Chuyén dich Raman (cm™*)

Hinh 4.8. Phé Raman cua R6G sau khi riza dé 0, 1, 3, 5 va
10 lan dé xir Iy bang plasma lgnh va laser (A) so véi chi xi

Iy trréc bang plasma lanh (B); (C) cwong dé Raman cua

o Hon nita, ching to1

quan sat thdy cuong
I do Raman cua R6G
trén dé SERS ché tao

600 800 1000 1200 1400 1600 1800
Burdc song (nm)

van & mirc 85% sau 3
thang bdo quan & nhiét

do phong (Hinh 4.9C).

R6G trén dé SERS ché tao durgc triréc va sau 3 thang &

nhiét dé phong.

Chung t61 da ghi lai phé Raman cua dé d3 duogc lam sach truge khi hép phu lai céac

chat phan tich va qua trinh nay dwoc lip lai trong 10 chu ky rira va hap phu lai.

4.2.2.3. Hé s6 ting cwong SERS (EF) va dd nhay véi R6G

Hé s6 tang cuong (EF) duoc tinh nhu

__Isgrs
IR

Cr
" CSERs

sau: EFseps

trong d6 Cg va Cgers 12 néng do R6G tai
dé thuong (Raman binh thuong) va phép
do SERS, va Ig V& lsers lan lugt 12 cuong
d6 dinh caa chung.

Sir dung tin hiéu Raman cua R6G ¢ 10™
M trén dé SERS va 10° M trén dé dé
kinh (hinh 4.10), chung t6i da tinh toan
dugc hé sb tang cuong:

I Csgrs 667 108

=3,2.108

EFsgrs =

—— 107*2M trén d€ AuNPs — SERS
1073M trén dé thuy tinh

613

=
©
©
-

775
1575

Cuong do tin hi¢u (a.u)

613
775
1185

1312
1361
1509
1575
1650

1000 1200 1400 1600

Chuyén dich Raman (cm™1)

600 800 1800

Hinh 4.9. Phé Raman cia R6G sau khi
rica dé 0, 1, 3, 5 va 10 lan dé xi 1y bang
plasma lgnh va laser (A) so vai chi xu ly
trieéc bang plasma lanh (B); (C) cuong
d6 Raman cia R6G trén dé SERS ché tao
dwoc truoc va sau 3 thang ¢ nhiér do

phong.
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4.3. Thir nghiém dé SERS ché tao dwoc trong vigc phdt hign khdng sinh

Amoxicillin voi dp nhdy cao

Hinh 4.11A cho thay phé SERS caa amoxicillin dugc do & cac ndng do khac nhau tir
10 dén 10° M, cho thay cac dinh dic trung ¢ 1456 cm™. 1276 cm™ va 852 cm™.
Vi db tin cay cao, chi sé R? 120,98 (Hinh 4.11)

A Chung t6i di sir dung dé
852
oy SERS ché tao dugc dé
' B , . n . ary-
WM - phat hién amoxicillin.
| ~12000 - N ¥ 1 1A
- — . ameezes | OU dung tin hiéu Raman
\3 , (5-10000- R2=0.98 . -6
& : = so0o ; cua Amoxicillin ¢ 10
§ ‘ 10°M | < go00| n A N
g ; - . M trén dé SERS va 1 M
'.g : % 4 3 r r
o MWM 2000 trén dé dé klnh, Chung
1 ou 1 L L 1 L
AP T P %l T ° ° t6i da tinh toan dugc hé
' 109M A Lx \ >
! . s6 tang cuong va Giol
R A & g
e e 8 nan phat hign (LOD)

Hinh 4.10. Phé SERS ciia Amoxicillin ¢ cdc nong dé duge xac dinh la 0,9 X

, . 9.
khdc nhau (A) va sw phu hop tuyén tinh gitta nong do cua 10™

no va cuong do dinh o 852 cem™ (B) trén pham vi néng do EFgpps = Isers _ Cr
\ -3 34 -9 IR CSERS
tr 107 den 10° M.
_lel 1
1887 "107°
=8,5.107

4.4. Két luan chwong 4

Chuong nay trinh bay ung dung plasma lanh trong xir Iy bé mat vat liéu dé phat trién
dé cam bién SERS. Plasma lanh giup ting nang luong bé mit, cai thién tinh va nuéc
va cau tric bé mat cua vat lieu (PC, SiO, ), vai thoi gian xir 1y ti uu 1a 60 gidy. Két
hop xu Iy plasma va laser tao d¢& SERS c6 d6 nhay cao (EF ~3x10%, LOD
10~ '2M), phat hién amoxicillin hiéu qua vi LOD 9x10~ © M. Két qua cho thay
plasma lanh 1a cong nghé hiéu qua dé cai thién bé mat vat liéu, mo ra tiém nang 16n

cho cac cam bién sinh hoa d6 nhay cao. Cac két qua nghién ctru trong chuong nay
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d3 duoc cong bd trén cac tap chi Nanomaterials (IF 4.4), Optical Materials (IF 3.8),

va Vietnam Journal of Catalysis and Adsorption.
CHUONG V:
CONG NGHE PLASMA LANH UNG DUNG TRONG KiCH THiCH HAT
GIONG NAY MAM VA XU LY CHAT NHUOM MAU

3.1. Cac thir nghiém va cac buwoc wng dung cong nghé plasma lanh trong kich thich hat
giong ndy mam
5.1.1. Tac dong ciia plasma lanh 1én bé miit ciia hat giong

Cong nghé plasma lanh trong xt Iy bé mat hat gidng o tac dong rd rét dén ca
dic tinh bé mit va thanh phan bén trong cua hat.
5.1.2. Tac dong ciia plasma lanh Ién sy niy mam cia hat giong

TOm lai, xtr ly plasma lanh, dic biét & liéu thap hoic thoi gian ngan, ¢ kha
nang ting ty 1& nay mam, cai thién sac song hat va thuc day sy phat trién cua cay
con. Tac dong nay chu yéu do cac thay doi bé mat hat nhu tang tinh wa nudc va khic
bé mat, két hop vai su Kich thich caa cac enzyme chéng oxy hoa.
5.1.3. Tac dong ciia plasma 1én sy phat trién ciia ciy con

Sy phét trién ban dau cua cay con cé méi lién hé chat ché voi qua trinh nay
mam, va viéc st dung plasma lanh hoic nudc hoat hoa plasma (PAW) da duogc
chting minh 12 mang lai nhiéu cai thién dang ke.
5.1.4. Cac bwéc wng dung cong nghé plasma lanh trong xir Iy hat giong

Bao gdém 7 budc chinh. Trong quy trinh xt Iy hat bang plasma jet, dam bao
mdi budc duogc thuc hién mot cach cé hé théng nhiam dat hiéu qua téi vu trong kich
thich nay mam va ting truong caa hat giéng.
5.2. Khdo sdt va danh gid hiéu qud ndy mam hat giong sau khi xir Iy plasma

Chuiing t6i da tién hanh khao sat va nghién cau hiéu tng kich thich hat giong
nay mam cua hat gia d6 khi duoc xu ly bang plasma lanh.

5.2.1. H¢ s0 ndy mam



17
Qua trinh ndy mam va phat trién cta ré hat gia dd duoc cai thién dang ké sau khi

duoc xtr Iy bang plasma lanh (Hinh 5.1B). Sau 12 tiéng G trén vai cotton, hé sb nay
mam (dugc dinh nghia 1 ty 1¢ phan trim s6 hat ndy mam trén tong s hat) ting tir
8% dén 88% (tang gap 11 1an) khi cac hat dugc xir 1y plasma trong 15 phut, so véi
nhom hat khong xtwr 1y plasma (Hinh 5.1C).

NoPlasma 1 min 2 min 4 min
AT e 2@
X s 7')~_ ’.:
(¥ TS A ot o ¥
BRA g P S 4 o e G 2
e e QI e 1% L . -

S 3 N 2 Cq W e
Sau 12h " Chiéu dai ciia ré (cm)
I Sau 24 h D I 1 <0.25 [ 2: 0.25-0.75 [ 3:0.75-1.25 [ 4:>1.25

100
100 -

-3 @
S S
T T

N

Téc dd nay mam (%)
3
5
o
-

Ti 1é nay mam (%)

20 -

N
S

0 | |
15 12341234123412341234123412341234

0 1 2 4

8 10
Thoi gian xir Iy bang Plasma (phit) [[oP 1 min ]2 min]4 min 6 min ] 8 min [10 min[15 min]

Hinh 5.1. (4) So do hé plasma jet xiz Iy hat d6. (B) Anh chup hat sau 24h va (C) Hé
S6 Ndy mam véi cac thoi gian. (D) Anh hirong cua thoi gian xiz Iy plasma dén chiéu
dai ré ¢ giai doan nay mam. Cét sai sé duoc tinh tir 5 lan do khdc nhau (tong sé
125 hat véi méi thoi gian chiéu plasma).
5.2.2. Chiéu dai ciia ré non ngay sau khi niy mam

Pang chu ¥, 60% hat dugc xir Iy plasma trong 10 phat dat chiéu dai ré trén
1.25 cm (nhém 4 — mau xanh nudce bién) (Hinh 5.1D). Tur két qua thuc nghiém, thoi
gian chiéu ti uu duoc xac dinh 1a 10 phit cho 25 hat, véi cong suat plasma 1a 1.2W,
tuong duong véi liéu luong plasma la 0.08 Wh trén mdi hat.
5.3. Co ché bién d@6i vat ly va hoa sinh do xir Iy plasma tao ra
5.3.1. Nhirng thay doi vat Iy trén bé mit hat sau khi xir 1y plasma

Két qua cho thay, xir Iy plasma tao ra mot su chuyén doi rd rét tir trang thai bé
mit chi dinh w6t mot phan sang gan nhu dinh w6t hoan toan khi so sanh giita hat

khéng duoc xtr Iy va hat duge xir 1y bang plasma jet.



Hinh 5.2. Anh SEM chup bé mdt hat do khi

chwa xuw Iy plasma (4) 0 phut, va sau khi xu
ly plasma sau (B) 1 phut, (C) 2 phat, (D) 4
phut, (E) 6 phat, (F) 8 phut, (G) 10 phuat va
(H) 15 phut.

Hinh 5.3. Anh chup goc tiép xiic giot
nuwéde trén bé mat hat do khi chua xir
ly plasma (A) 0 phut, va sau khi xu [y
plasma sau (B) 1 phat, (C) 2 phuat, (D)
4 phut, (E) 6 phat, (F) 8 phut, (G) 10

phit va (H) 15 phat.

5.3.2. Nhitng bién d6i vé mit hoéa sinh ciia hat sau xir Iy plasma

Mic du cac thay ddi vat 1y trén bé mit hat c6 xu hudng ty 18 thuan véi thoi

gian xir Iy plasma, thoi gian chiéu plasma 10 phut di mang lai hiéu qua kich thich

tang trudng tbi uu.

5.3.2.1. Anh hwéng ciia chiéu dai dau phat plasma dén ty 16 RONS
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Hinh 5.4. (4) Chiéu dai cic ong plasma khdc nhau

ma chiing t6i dd ché tao. (B) Phé huynh quang ciia

plasma trong khoang 270-900 nm. (C) Su phu

thudc cua cuwong do huynh quang cua N, SPS (337
nm), goc tw do OH (309 nm) and nong dé NO vao

cdc chiéu dai ong plasma khac nhau.

Pé danh gia tac dong cua
plasma 1én hormone ting
truong, chang toi thuc hién
chiét tach GA; tir hat dd xanh
trudc va sau khi xur ly plasma.
Quy trinh chiét tach da duoc
trinh bay trong muc 2.2.10. Bé
phan tach luong gibberellic
acid (GA3), ching toi stir dung
hé sac ki long két hop pho khéi
(LC-MS) nhu da trinh bay

trong muc 2.2.9.

Chuing t6i thiét ké 5 6ng plasma véi chiéu dai lan luot giéng hinh 5.4A. Két qua

phan tich pho huynh quang cho thay su khac biét dang ké & cac dinh phat xa cua N,
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SPS (337 nm) va géc ®OH (309 nm) khi str dung cac 6ng plasma khac nhau (Hinh

5.4B), tir d6 diéu chinh ty I¢ ROS/RNS (Hinh 5.4C).
5.3.2.2. Anh huéng ciia RONS dén sy diéu hoa ciia hormone Kich thich ting
truwomg tu nhién

Trong qué trinh chiét tach véi hat

A Py \'\c B '
Ho/\c;/ (\ ' = N )
awl] @ F £ do den, mau sac tir vo hat hoa tan
vao dung dich chiét tach, gay anh
2ol | " huéng dén két qua phan tich. Két
L Ll qua nay chi ra rang su diéu hoa

50 100 150 200 250 300 350 400 Noplasma T10 17 15 T3 T
s
iz

Knone ST , TS g G Y 11 luong GAs, dugc kich thich boi

plasma

nong d6 NO trong plasma, 1a co

ché hoa sinh dan dén hiéu tng

_  thic day nay mam va phéat trién
Hinh 5.5. (4) Phé MS (mass spectrum) tir dung ~Cua hat. Két quia NMR thu duogc
dich chiét tach va cdu triic héa hoc cia dugc doi chiéu véi pho NMR cua
gibberellic acid (GAz). (B) Luong GAs (UQ) chat chuan va xac nhan rang chét
trong 1g hat d6 (mau do, bén trén) va chiéu dai chiét tach chinh 1a gibberellic acid
trung binh ciia mam cdy (mau xanh, bén dwéi)  (GAs) (Hinh 5.6).
phu thude vao chiéu dai 6ng plasma. (C) Anh

chup cac mau cdy do sau 96 gio

(A) e ®)

‘ | 1
L1 5 : - ' j' 7“ f‘j”‘?ﬁ-f - JgiJ.J.g,,J_giLL[mL_

Hinh 5.6. Pho cong hwong tir hat nhdn NMR ciia gibberellic acid (GAs) tir mau
chiét tach va so sanh véi phé ciia mau chudn.
5.4. Cac thu nghiém va cdac buwoc wng dung cong nghé plasma lanh trong xw ly
chit nhuém

5.4.1. Cac thir nghiém ng dung cong nghé plasma lanh trong xir 1y chat nhuém
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Cac goc phan Gng sinh ra tir plasma lanh, nhu ®OH, H,0, va O, khong chi

trong tic bé mit ma con khuéch tan vao pha 16ng giup ting hiéu qua xtr 1y chat
long. Hiéu qua xtr 1y phu thudc nhiéu vao thoi gian va cong suat phat, vdi cac goc
O3 va ®OH Ia tac nhan phan Uing chinh.

5.4.2. Cac buéc ing dung cong nghé plasma lanh trong xir Iy chat nhudm

Hinh 5.7 md ta cach bd | z

Valve ©

1 |

(=] Oscilloscope
A || e || 02
g | | 835 | | gas

tri m@t thi nghiém X& High voltage

power supply

Iy dung dich chat mau

(578

dugc ching t61 su dung [ i

bang hé plasma jet

trong ndi dung nghién  yinp 57 7746 ldp ciia hé plasma jet dwoc sir dung dé

curu nay. phadn hity dung dich chdt mau
5.5. Khao sat va danh gia hiéu qua phan hiy chat nhuém
5.5.1. Toc @ phan huy dung dich Methyl blue

P — ] Két qua phép do UV -VIS cho
LC| - v 70 phut

04

thay hai dinh hap thu dic trung

o
w
T

tai 310 nm va 600 nm cua dung

Cuong dé hép thu
N

01 F \

~

. dich ban dau da hoan toan bién

—

w o w we @ w o w  mMAt sau qud trinh xr ly. Ching

Bude song (nm)

0.0 A

Hinh 5.8. Dung dich Methyl blue (MB) dwoc xir 101 da xac dinh higu suat phan
ly boi hé Plasma jet trong thoi gian 70 phut: (4) huy (Hpn) ctia MB theo thoi gian
Thoi gian 0 phit; (B) Thoi gian 70 phit; (C) Phé

hdp thy ciia dung dich Methyl blue tai 0 phiit va

dua vao cong thirc sau:

70 phiit dwoc xit Iy bang Plasma jet.

Co—C
= Oc L X100%

o

ph

trong d6: Co: nong do ctia dung dich Methyl Blue tai thoi diém ban dau véi t = 0.
C¢: nong d6 cua dung dich Methyl Blue con lai sau thdi gian xur y t pht
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Hinh 5.9. (4) Phé hdp thu ciia dung dich
Methyl Blue trong thoi gian xu Iy tir 0 -70 phit;
(B) Ti Ié phén tram chdt mau con lai theo thoi

gian xu ly plasma.

Hiéu suit nay cho phép tinh toan
ty 16 phan traim néng do dung dich
chdt mau con lai so véi né)ng do
ban dau. Tur két qua thu duoc ¢
Hinh 5.9, chung t6i quan sat thay
su suy giam khéc biét vé cuong do
hap thu tai hai dinh hap thu dic

trung: 310nm va 600nm.

Dinh tai 310nm phan 4nh cac cdu triic vong Aromatic trong phan tir Methyl

Blue, trong khi dinh tai 600nm lién quan dén cac lién két C-O, C-N va C-C, thudng

gan vai cac nhom chirc mang mau n-ethyl.

5.5.2. Khoang cach tir ddu phat plasma dén bé mit dung dich (d)

= 0 “'00 i [T ]
& A ' 05 g B * 1m
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Hinh 5.10. Téc dé phdn hiy (A) tai dinh 310 nm
va (B) tai dinh 600 nm khi thay déi khodng cdch
chiéu d: 0,5cm; 1 cm; 2 cm; - 0,5 cm.

5.5.3. Anh huwéng ciia toc d6 khi

Chung t6i d4 t6i uu hoa céac thong
s ctia hé plasma jet nhim ting
tbc dd phan huy dung dich. Céc
yéu t6 duoc diéu chinh bao gom:
(1) khoang cach tir dau phat
plasma dén bé mat dung dich va
(2) tbc dd dong khi. Khoang cach

d = 0,5cm dat hiéu suit cao nhét.

§

Tur cac két qua khdo sat, nhém

SR &
Q‘-:E" Boi * 1311“:;;:‘.” if-‘ao ¢ s
A 4 ~ LKA r A A § en} ) ::: ;ﬂ § 80 g\ 1
nghién ctru da t61 uu hoa thong so6 | & : .
hoat dong cua h¢ plasma jet dé £ l} .| &
0 $ ol -
Thot gian xar ly (phut) Thaoi gian xir Iy (phat)

dat hiéu sudt phan huy dung dich

MB cao nhit, bao gdm khoang Hinh 5.11. Téc dé phdn hiy tai (4) dinh 310nm va

ciach d=0.5cm va tde d6 khi 1 (B) téc d6 mat mau tai dinh 600 nm véi toc do khi:
|/ph. 0.5 I/ phat; 1 I/phat; 2 I/phat; 4 /phat.
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5.6. Co ché phan hiiy chit nhuém bang cong nghé plasma lanh

5.6.1. Anh hwéng cia H,0,

/\ A —— 0 phit
10 phit s k

L AN i
[/ \ 20 phit
) 30 phit

40 phit
— 50 phit
60 phiit
—— 70 phit

Cudng do hap thyu
Cuong d6 hip thu

L " n I T 0« 0.0 L ek "
220 220 240 250 260 270 280 300 400 500 600 700 800 900

Bude song (nm) Bude song (nm)

Hinh 5.12. (4) Phé hdp thu cia H,O, thu dwcoc
sau khi chiéu plasma vao nwéc cdt trong thoi
gian 0 — 70 phit; (B) Phé hdp thu cia 30ppm
dung dich Methyl Blue sau 70 phut, 5 gio phan
itng véi dung dich H,O, nong dé 24 mg/l.

5.6.2. Anh hwéng ciia *OH (hydroxyl radicals)
Tu hinh 5.13 ching t6i két

luan riang, *OH 14 tac nhan anh

huong chinh dén qua trinh

phan huy chit mau bang

plasma lanh

H,0, c6 dinh hap thu tai budc
song 225nm, do do chung to1 co
thé dinh lugng H,0, tao ra theo
thoi gian chiéu Plasma thdng qua
sit dung phép do phd hap thu.
Hinh 5.12 da thé hién gia tri cuong
do tin hiéu cua H,O, thu duoc sau

cac khoang thot gian chiéu.

Hinh 5.13. Phé hdp thu ciia dung dich Methyl Blue

phadn huy boi Plasma jet khi co mat isopropanol.

5.6.3. Anh huéng ciia *O, (superoxide radicals anion)

Hinh 5.14. Phé hdp thu ciia dung dich Methyl Blue

phdn huy boi plasma jet khi co mat 1,4- benzoquinone

Tt d6, nhém nghién clru
dua ra két luan: *OH la
gbc oxy hoa manh va co
sy anh hudng chinh trong
qué trinh phan huy va
hoan toan quyét dinh qué

trinh mat mau
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5.7. Két lugn chwong 5

Trong chuong nay, ching t6i chi ra rang Xu 1y bang plasma jet gitp cai thién
bé mat hat giéng, ting hap thu nudc va diéu hoa hormone GA3, tir d6 nang hé sb
nay mam gap 11 1an sau 12 gio va chiéu dai cdy mam gap 3 1an sau 96 gid. Plasma
cung cip ning luong 0.08 Wh/hat va NO 20-95 ppm 1a t6i wu. Trong xtr 1y chét
mau, plasma jet (U = 12V DC, f = 33 kHz, khi 1 L/phut, khoang cach 0.5 cm) phan
htuy hoan toan 20 ml dung dich Methyl blue 30 ppm sau 55 phut. COD sau xtr 1y dat
42,52 mg/L, nam trong ngudng cho phép theo QCVN 13-MT:2015/BTNMT. Céc
két qua nghién ctru trong chuong nay di dugc cong bd trén cac tap chi Applied
Sciences (IF 2.5) [63], Materials Advances (IF 5.2) [137], va Communications in
Physics[60].

KET LUAN CHUNG

Luan 4n nghién ctru tng dung plasma lanh trong tong hop hat nano vang, xir 1y
bé mit dé SERS, kich thich ndy mam va phan huy chat mau.

1. Xay dung hé plasma jet hoat dong on dinh, ding 1am cong cu nghién ctru.

2. Tong hop hat nano vang dong déu (45 nm), 6n dinh >6 thang ma khong can
chét khir, v6i thong sb toi wu va phan tich dic tinh bang SEM, XRD, UV-Vis,
DLS.

3. Ché tao dé SERS nhay cao (EF ~3x108 , LOD ~10~ 2 M), tai sir dung 10 lan,
hiéu qua trong phat hién amoxicillin.

4. Kich thich nay mam hiéu qua, ting hé s6 nay mam 11 lan sau 12 gio, chiéu dai
cdy mam gap 3 lan, do NO trong plasma diéu hoa GA; .

5. Xir Iy phan hiy chat mau Methyl blue, v&i thong s toi wu, COD sau xir 1y dat
chuan QCVN. Phan tich cho thdy «OH déng vai trd chinh trong qua trinh phan
huy.

Két luén, plasma lanh 1a cong nghé hi€u qua, than thi€én méi truong voi tiém

nang ung dung rong trong vat liéu, ndng nghiép va y sinh.
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Introduction

Cold plasma technology is emerging as a promising research field due to its
wide applications in industry, medicine, agriculture, and environmental treatment.
Thanks to its non-thermal nature, it can generate reactive species (ROS, RNS)
without raising ambient temperature, making it suitable for sensitive materials and
pollutant decomposition. Globally, cold plasma has shown effectiveness in seed
germination, productivity improvement, and wastewater treatment. In Vietnam, its
practical application remains limited, particularly in agriculture and pollution
control.

This thesis presents research on using cold plasma in synthesizing nano-
metals, seed treatment, and dye degradation. Chapter 3 discusses gold nanoparticle
fabrication without chemical reducers; Chapter 4 focuses on surface treatment; and
Chapter 5 explores seed germination stimulation and Methylene Blue
decomposition. This approach addresses both agricultural productivity and
environmental pollution, offering a cleaner, energy-efficient alternative to
conventional methods.

Research objectives of the thesis:

- Making a cold plasma jet system with operating parameters such as voltage,
frequency, irradiation distance and gas flow rate as a means of research for
subsequent applications.

- Research on the application of cold plasm technology to synthesis gold
nanoparticles with high uniformity with an average diameter of 45 nm, high
purity and good stability in solution for a long time without using reducing
chemicals or surface protection agents. The fabrication method needs to be
evaluated, optimized and has high repeatability.

- Research on the fabrication of a SERS substrate with high sensitivity, stability
and repeatability based on the substrate pretreatment with cold plasma
technology. The fabrication method needs to be evaluated, optimized and has
high repeatability.

- Research on stimulating seeds (mung bean) to germinate faster and more
effectively by cold plasma treatment method. The treatment method needs to be
evaluated, optimized and has high repeatability.

- Research on the treatment of dyes in wastewater (from dyeing factories) using
cold plasma technology. The treatment method needs to be evaluated and
optimized.

Research object:

- Gold nanoparticles have high homogeneity with an average diameter of 45 nm
(absorption peak at nearly 532 nm), high purity and good stability in solution for
a long time. These gold nanoparticles can be suitable for sensor applications
based on the SERS effect, suitable for 532 nm laser excitation.

- SERS substrates made from gold metal nanoparticles have high sensitivity,
stability and repeatability.
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- Mung bean seeds have the ability to germinate.

- Methyl blue dye found in excess wastewater (from dye factories).
Research methods

This thesis employed experimental methods combined with measurement,

calculation, and interaction analysis between cold plasma and treated objects. A
high-voltage, high-frequency cold plasma jet system was built for treatment. Various
modern techniques such as UV-VIS, OES, Raman, SEM, DLS, Zeta potential, XRD,
NMR, and LC-MS were used to analyze gold nanoparticles and seed hormonal
changes post-treatment. Additionally, methods like GA3 extraction, COD
evaluation, and seed germination tests were applied to assess the effectiveness of
plasma on seeds and Methylene Blue dye.
Thesis’s structure and content
The thesis includes five chapters besides the introduction and conclusion:

e Chapter 1 gives an overview of cold plasma technology and its fundamental
properties.

e Chapter 2 presents the chemicals, equipment, and methods used, detailing their
principles and parameters.

e Chapters 3 to 5 cover experimental results on synthesizing gold nanoparticles,
surface treatment for SERS substrates, seed germination stimulation, and dye
degradation.

The thesis ends with a list of related publications and references.

New results of the thesis

This thesis, conducted at the Institute of Materials Science (VAST), achieved several
key results:

1. Developed a cold plasma jet system with adjustable voltage (2-6 kV),
frequency (100 Hz-80 kHz), distance (0.2-2 cm), and gas flow (3.4-10 scm)
for research applications.

2. Synthesized uniform gold nanoparticles (~45 nm) without using reducing or
protective agents, using optimized plasma conditions. The method is fast (5
mins), stable, and eco-friendly.

3. Fabricated high-performance SERS substrates, achieving 11x enhancement,
10 reuse cycles, LOD of 10~ 2 M (R6G), and successful amoxicillin detection
with LOD of 9x10™ 1° M.

4. Enhanced seed germination: Plasma treatment increased germination
coefficient 11-fold and seedling length nearly 3-fold. Plasma-induced NO
regulated GA3 hormone levels, boosting growth.

5. Completely degraded Methyl Blue dye (30 ppm in 55 mins) using optimized
plasma parameters, reducing COD to 42.52 mg/L, within national wastewater
standards.

CHAPTER I:

OVERVIEW OF COLD PLASMA TECHNOLOGY
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This chapter introduces plasma technology, classifies it into hot and cold
plasma, and explains key physical parameters such as ionization degree and electron
temperature. It further details cold plasma characteristics, generation methods at
atmospheric pressure, and the formation of reactive species. The chapter concludes
with an overview of cold plasma applications in materials, agriculture, and
environment, illustrated by typical research examples and results.

CHAPTER II:

RESEARCH METHODS AND TECHNIQUES

This chapter details the experimental methods and techniques used throughout
the thesis, including cold plasma systems, spectroscopy tools, and modern analytical
instruments. It lists materials and advanced equipment (e.g. UV-VIS, OES, SEM,
DLS, Zeta potential), and explains research methods such as Raman, NMR, LC-MS,
and COD analysis. Each technique is described with its principles and parameters,
ensuring data reliability and reproducibility.

CHAPTER I1I:

COLD PLASMA TECHNOLOGY APPLIED IN SYNTHESIS OF METAL

NANOPARTICLES

3.1. Concept and properties of metal nanomaterials

3.2. Methods of manufacturing gold nanoparticles

3.3. Research on manufacturing gold nanoparticles using plasma jet method

3.3.1. General diagram of manufacturing steps

The research group initially discussed and proposed the basic steps of an experiment

to fabricate Au nanoparticles using the plasma jet method (Figure 3.1) and the

detailed steps are described in Figure 3.1

Figure 3.2 illustrates the plasma jet [S—

Oscilloscope | GAS

system for AuNP synthesis, powered by . —

a high-voltage (2-6 kV), high-frequency _ —‘l\”}—_‘ -

(100 Hz-80 kHz) source. The setup L] L &Wfﬁfﬁiﬁﬁ""‘
includes a quartz tube housing a

stainless-steel needle (high-voltage -

electrode) and a copper tape (ground ﬁ iy Kk o i
electrode).

Plasma jet

Do )
M ung djeh HAuCl D8 ddug
o —

Figure 3.2. Schematic diagram of the
experimental synthesis of Au
nanoparticles using plasma jet system.
3.3.2. Effect of distance from plasma tip to solution surface
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Photographs of AuNPs samples with different distances d: (A) 0.2 cm, (B) 0.3 cm

and (C) 0.4 cm are shown in Figure 3.3
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Figure 3.3. Photographs of _ _ _
AUNPs samples with different d- Figure 3.4. Normalized absorption
spacings: (A) 0.2 cm, (B) 0.3 cm, and  SPectra of AuNPs samples with different
(C) 0.4 cm. d-spacings.

Figure 3.4 shows the normalized absorption spectrum dependence of AUNPs
synthesized at different distances (d) from the quartz tip to the liquid surface. From
the color and absorption spectra of the three samples obtained, the peaks of all three
samples are almost identical and are near ~ 535 nm. The half-width (FWHM) of the
sample with a distance of d = 0.4 cm gives the narrowest value.
3.3.3. Effect of distance from plasma generator to solution surface

A o = i

P —y v L Ut (i - -— ——— < / :15 ”pf"""
: 5 €W i c; . /, N 2 Iphi
C;- 06} IFYJH' ?‘: 'l)'8‘|l\m \\\.
i i = ;:ij‘ ol (‘/ FWHM: 206 nm
- :::::.. = b":} 1o/
.;.'_ = ;,: 8 B
- Y ,/ N G50 500 w0 B 50 700 750 800
I : Budc song (nm)
Figure 3.5. AUNPs samples with Figure 3.6. UV-Vis spectra of AUNPs

different gas flow rates. samples with different gas flows

Figure 3.6 shows the normalized absorption spectra of AuNPs synthesized with
different gas flow rates precisely controlled by the gas flow control valve. The gas
flow rate of 1 I/min is the optimal condition leading to the narrowest absorption
spectrum (FWHM = 75 nm). With higher gas flow rates (1.5 — 2 I/min), the reaction
rate is much faster and more particles of different sizes can be produced during the
plasma reaction, leading to a very broad absorption spectrum (FWHM > 200 nm).

3.3.4. Effect of plasma source frequency

The images of the samples captured in Figure 3.7 show the different densities of the
solutions synthesized at different frequency conditions. The normalized absorption
spectra and the half-width of each sample are shown in Figure 3.8. At 40 kHz, we
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obtained the most homogeneous AuNPs with an absorption spectrum peaking at 535
nm and the narrowest half-width (FWHM = 80 nm).

- . ' " P
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Figure 3.7. Photographs of AuNPs Figure 3.8. Normalized absorption
samples with different plasma frequency spectra of AuNPs samples with different
plasma frequencies.
3.3.5. Effect of synthesis time

e [, C D E Accordingly, we

conducted the experiment

_ 1 with 5 different times as

ﬁ U ' g g shown in Figure 3.9.

— - When conducting  the

2 minutes S minutes 7 minutes 10 minutes 15 minutes

Figure 3.9. AuNps samples synthesized by Plasma jet

with different times: (A) 2 minutes; (B) 5 minutes; (C)
7 minutes; (D) 10 minutes and (E) 15 minutes.

experiment, we fixed the
parameters of the plasma
jet source at 10V voltage
and 40kHz frequency

We propose the explanation that
when the irradiation time is more than
5 minutes, the generated particles
continue to collide and merge with
each other (due to the lack of surface
protection and the rotational force of M e e w0 0 T om
the magnetic stirrer), thereby forming Figure 3.10. Normalized
larger particle sizes than those  absorption spectra of AuNps samples
generated mainly at the irradiation time  synthesized by plasma jet with different
of 5 minutes (shown in Figure 3.10). times
3.3.6. Effect of precursor solution concentration HAuCl,
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Figure 3.11. Photographs of AuUNPs samples with
dlfferent precursor concentrations

Figure 3.12. (A) Normalized sorption spectra of
AuNPs samples with different precursor concentrations,
(B)-(D) SEM images of AuNPs samples with precursor
concentrations (B) 0.05 mM, (C) 0.2 mM and (D) 0.5
mM.

3.3.7. Effect of HAUCI, precursor solution volume

A B i

—._..._‘p

Sml 10ml 15ml 20ml 25ml

Figure 3.13. Photographs of AuNPs with different volumes

of precursor solutions.

To study this effect, our group conducted experiments
to fabricate AuNPs on different precursor solution
volumes as shown in Figure 3.13. All samples had a
precursor solution concentration of 0.2 mM and were
irradiated with plasma for 5 minutes with a plasma
source at 10V and a frequency of 40kHz. After the
experiment was completed, all samples were analyzed
for absorption spectra (Figure 3.14) to draw
conclusions.

Thus, from the absorption
spectrum analysis results,
the precursor
concentration of 0.2 mM
was determined to be
optimal for the synthesis
of Au with uniform size
and high particle number.
To verify this conclusion,
we  conducted SEM
imaging of samples with
concentrations of 0.05
mM, 0.2 mM and 0.5 mM
(Figure 3.12B-D). The 0.2
mM  sample  (Figure
3.12C) showed particles
with uniform size (about
50 nm), evenly distributed
in the solution, without
any agglomeration or
clustering.
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Figure 3.14. Normalized
absorption spectra of
AuNPs samples with
different volumes of
precursor solutions.
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3.4. Properties and reaction mechanism of AuNPs synthesis by cold plasma jet
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3.4.1. Optimal conditions for synthesis of AUNPs solution by plasma

We have come up with the following optimal parameters: Distance from plasma
generator to liquid surface: 0.4 cm; Air flow rate: 1 I/min; Frequency of power
supply for plasma generation: 40 kHz; Volume and concentration of HAuCl4
solution are 10 ml and 0.2 mM, respectively; Plasma irradiation time: 5 min.

3.4.2. Evaluation of the properties of the synthe3|zed gold nanoparticles

Figure 3.15. (A) Particle size distribution by DI_»SA method,

(B) SEM image and (C) zeta potential of AUNPs
synthesized under optimized conditions

The results show that
the AuNPs particles are
mainly polygonal in
shape instead of ideal
spherical, with
relatively uniform size
and shape. Figure
3.15B illustrates the
SEM image of AuNPs
synthesized under
optimal conditions.

The average diameter of the particles was determined to be approximately 45 nm,
consistent with the results measured by DLS (Figure 3.15A), in which the particle
size ranged from 20 - 110 nm, with an average diameter of 45 + 15 nm. Figure

3.15C shows that the Zeta potential -18 £ 10 mV.

f®

|n1en5:|y Counts

Figure 3.16 shows
the X-ray
diffraction (XRD)
and EDX spectra,
confirming the

21h((dg e)

J_JJM Jug crystal structure of

the synthesized

Flgure 3.16. (A) EDX spectrum and (B) XRD spectrum of AyNPs. This

AuNPs.

proves that the
synthesized

3.4.3. Study of the reaction mechanism of AuNPs synthesis by cold plasma

|]]]

fer 24h
After 48h

Cudng do hap thu chuan hoa

Budc song (nm)
Figure 3.17. Changes in the
absorption spectrum of H202 in
plasma-treated water for 5 min
after 0-48 h.

In the liquid plasma system, where the
electrodes are directly immersed in the
solution, hydrogen radicals (H) are
abundantly  produced through  water
electrolysis, which play an important role in
the reduction of gold ions. In the Plasma
method of AuNPs synthesis, the reduction
reaction of Au3+ mainly relies on H202 and
OH-, as described in the following equation:
3H,0, + 30H" + Au*" — Au’+ 3H,0 + 3HO;
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3.5. Application of fabricated gold nanoparticles to develop highly sensitive SERS
substrates

2000

(B)
2 puip

uNPs by Plasm
— Comrmercial AuNPs.
1500

Intensity(a.u)

MW,

. L L (7, SR PR S o S S e e 0 |

00 880 E00 650 T00 780 ‘600 800 1000 1200 1400 1600 1800
Wavelength (nm) Raman shift cm™)

Figure 3.18. Comparison of (A) Normalized absorption spectrum and (B) Raman
spectrum of AuNPs synthesized by plasma method and commercial AuNPs at 100b
R6G solution

The SERS intensity of substrates using plasma-synthesized AuNPs was
significantly higher than that of substrates using commercial AuNPs. We also
emphasize that the SERS intensity is highly dependent on the experimental
conditions. Therefore, the lower SERS signal observed with commercial AuNPs in
this study cannot be directly compared with results from other studies
3.6. Conclusion of chapter 3

This chapter reviews cold plasma applications in synthesizing metal
nanoparticles, especially AuNPs. It outlines nanomaterial concepts, fabrication
methods, and highlights cold plasma as a green synthesis technique. A systematic
study optimized plasma parameters (e.g., 0.4 cm nozzle distance, 1 L/min gas flow,
40 kHz frequency) to produce uniform 45nm AuNPs without reducing agents.
Analytical methods (SEM, XRD, UV-Vis, DLS) confirmed stability and size
uniformity. The plasma-synthesized AuNPs showed superior SERS enhancement
over commercial ones, indicating strong potential for biosensor, biomedical, and
catalytic applications. The results of the research in this chapter have been published
in the journal Nanotechnology (IF 2.9).

CHAPTER IV:

COLD PLASMA TECHNOLOGY APPLIED IN MANUFACTURING SERS
BASES FOR DEVELOPMENT OF BIOCHEMICAL SENSORS

The main objective of this research is to study the application of cold plasma
technology in the surface treatment of materials used in the development of
biochemical sensors based on the SERS effect. This report presents two main
contents: (1) Research on the application of cold plasma technology in the surface
treatment of polycarbonate and SiO2 materials and (2) Research on the application
of cold plasma technology in the development of biochemical sensors based on the
SERS effect.
4.1. Research on the application of cold plasma technology in the surface treatment
of polycarbonate and SiO2 materials
4.1.1. Process of applying cold plasma technology in the surface treatment of
materials
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4.1.1.1. Polycarbonate (PC) materials

In this research, we mainly study and optimize the surface energy
enhancement effect of PC by plasma treatment, which allows to enhance the
bonding of different coatings on the PC surface.
Figure 4.1 shows the schematic diagram
of the plasma jet system used in
material surface treatment, which
consists of two main components: (1)
high-voltage, high-frequency power
source, and (2) plasma generator. The
effect of plasma surface treatment on
PC samples is calculated according to
the following equation:

Figure 4.1. Schematic diagram of

plasma jet system for PC surface

treatment and photo taken during
plasma treatment.

_ WAChot treatment — WACtreatea

WA CTLOt treatment

4.1.1.2. SiO, material
In this study, we applied cold plasma technology to the surface of a glass

substrate (Si0,) by irradiating a plasma jet beam onto the entire surface bounded by
polyimide tape. The steps for treating the surface of SiO, material are similar to
those for treating the surface of PC material.
4.1.2. Survey, evaluate the effectiveness and duration of the surface treatment
effect of materials using plasma jet method
4.1.1.1. On polycarbonate materials

' o This study varied plasma irradiation
l - o raanrare -m time to observe surface changes on PC

:

, - o materials via water contact angle
Q ‘ il (WCA) measurements. Higher plasma-
EU induced surface energy led to greater
i il il WCA reduction. Over 14 days, WCA

. . ) 400
Traatment time (second)

change dropped from ~40% to <10% for

Figure 4.2. (Left): dependence of water
contact angle (WCA) on PC surface on
plasma treatment time;  (right):
photographs of water droplets on PC
surface at different plasma treatment
times.

short treatments (3—60 s), demonstrating
long-term surface effects. These effects
support enhanced coatings (anti-fog,
anti-scratch, antibacterial, etc.),
broadening PC’s application potential.

The plasma-induced PC surface modification is clearly observed through the atomic
force microscopy (AFM) image in Figure 4.4.



Plasma surface treatment induces
both chemical (surface energy, - - Mn
bonding) and physical NN -
(microcracks) changes. Surface E sl TR -
energy changes occur within the o ."'-.' . . -
first 3-60 seconds and fade over - - .
7 days due to environmental B 1o :
exposure.  However, longer | S —
plasma durations (>180s) result 8
in more persistent effects on e iy |
water contact angle (WCA), with Figure 4.3. Long-term effects obtained for
physical changes maintaining different plasma irradiation times (3,30, 60 s,
20% impact even after 14 days. 180 s, 300 s, 540 s) on PC surface from
immediately to after 140 days.

AFM  images reveal
plasma-induced  surface
changes on PC. The
increase  in  oxygen-
containing polar groups
raises surface energy and
hydrophilicity, lowering »
contact angle. However, Figure 4.4. AFM images of PC surface: a) without
excessive plasma plasma treatment, b) plasma treatment for 60 s and c)
exposure saturates the plasma treatment for 540 s
O:C ratio, limiting contact
angle reduction (to 42° in
this study).
4.1.1.2. On SiO, material

A) 3 Plasma jet properties

) - were evaluated via |-
V and OES analysis.
Plasma treatment

reduced glass surface

""" TSR = w = = - roughness (from
Figure 4.5. (A) |-V diagram and (B) Optical emission ~ 200nm  to nearly

spectrum of the plasma jet system. smooth after 30s)
and decreased water



contact angle (from
59° to near 0°),
enhancing  surface

energy. These effects

improve AuUNP

Figure 4.6. AFM images of the glass surface and water 1 acion during

contact angle (WCA) images (bottom right: (C) before, (D) SERS substrate

after 10 s, and (E) after 30 s of plasma treatment fabrication.

Similar to PC material, we mainly varied the plasma irradiation time to
investigate the effect of plasma on changes on the glass substrate surface through
changes in surface structure and monitoring changes in water contact angle (WCA).
It investigate the factors that can cause changes in the surface of the glass substrate
material, we tested the plasma properties of the plasma jet generation system by
measuring the current-voltage (I-V) characteristics and analyzing the optical
emission spectrum (OES) of the system (Figure 4.5). Figure 4.6A-C shows the
effects of different plasma treatment times on the glass surface
4.2. Research on the application of cold plasma technology in the development of
biochemical sensors based on the SERS effect

In this study, we and our research team combined cold plasma and laser
methods to develop a simple, low-cost, yet effective method for rapid and high-
performance fabrication of SERS substrates. Accordingly, the first step was to
fabricate Au nanoparticles (AuNPs) by plasma technology from HAuCI, precursor
with the process described in detail in research content 3 for use as SERS substrates.
4.2.1. Processing in SERS substrate using plasmajet technology

Plasma Jet
" b‘
1 .
‘ /

\

-

.
AuNPsq e X

.............
120D
e g

AN
Cover tape ’

Green mmutes
Laser

Figure 4.7. Fabrication process of SERS substrate combining plasma
pretreatment and laser treatment
Figure 4.7 illustrates the SERS substrate fabrication process combining cold plasma
and laser techniques using plasma-synthesized AuNPs. Steps include: (1) preparing
glass substrates, (2) 30 s plasma treatment to clean and functionalize the surface, (3)
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dropping 3 ul of AuNP solution, and (4) 15 min blue laser (532 nm, 480 mW)
irradiation to deposit AuNPs.

4.2.2. Investigation and evaluation of the effectiveness of the fabricated SERS
substrate

4.2.2.1. Enhanced intensity and uniformity of Raman signal over a Iarge area
To evaluate the effect of cold plasma ..

pretreatment and laser treatment on i}
SERS substrates, we compared the 3 s} &(?H.m
Raman spectra of R6G on different £ = CL04 04040
SERS substrates: substrates fabricated | @—a®
without any surface treatment (black ™ [

line), substrates treated with plasma - ;"?,ln’:ii - i
but not laser (purple line), and treated  Figure 4.8. (A) Raman spectra of R6G
with both laser and plasma (green measured on SERS substrates fabricated
line). We demonstrated that the  without plasma or laser pretreatment
combination of plasma and laser (black line), pretreated with cold plasma
improved the surface quality and only (purple line), and treated with both
produced a more uniform distribution  cold plasma and laser (blue line). Each
of AuNPs on the substrate, resulting Raman spectrum is the average of 11
in enhanced Raman intensity and a measurements at 11 different points

more uniform SERS substrate, thus, distributed over the entire substrate
more consistent SERS signals (Figure surface (B), and their deviations are
4.8). shown by error bars on the characteristic

peaks at 613 cm™ and 1361 cm™
4.2.2.2. Improved reusability of SERS substrates
SERS substrate reusability was tested using 10~ ¢ M R6G, followed by cleaning
and re-adsorption over 10 cycles.
M 0 ¢ Raman spectra confirmed
ol —— | no residual R6G and
| 3w stable signal retention.
, f oo Substrates treated with
/ < | K 1 plasma + laser maintained
/ L Ty ¥ clear signals after 10
T uses, while plasma-only
Figure 4.9. Raman spectra of R6G after washing the  substrates showed weak
substrate 0, 1, 3, 5 and 10 times for cold plasma and  signals after 5 cycles.
laser pretreatment (A) compared to cold plasma
pretreatment only (B); (C) Raman intensity of R6G on
the fabricated SERS substrate before and after 3 months
at room temperature
Furthermore, we observed that the Raman intensity of R6G on the fabricated SERS
substrate remained at 85% after 3 months of storage at room temperature (Fig.
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4.9C). This demonstrates the stability, reusability, and cost-effectiveness of our

(plasma + laser) treated SERS substrate.

4.2.2.3. SERS enhancement factor (EF) and sensitivity to R6G
The uniform distribution of AuNPs on the surface from plasma and laser treatments,
our SERS substrate achieved a remarkable EF of 3.2.10°.

i W
i L |
LT AT
E - # k-
|. - :. " = 8 -_-"I_
P gy Y L e
L
Hinh 4.1. Raman spectra of R6G after
0, 1, 3, 5, and 10 washing cycles on
substrates treated with cold plasma and
laser (A) compared to cold plasma
treatment only (B); (C) Raman intensity
of R6G on fabricated SERS substrates
before and after 3 months at room
temperature.

F ] o 1

i1 L

i il

Raman signal enhancement, R6G was
used as a standard Raman reagent.
Simplified, the enhancement factor (EF)
is calculated as follows:
ISERS CR
I Csgps
Cr va Cqers la concentration of R6G at
the normal substrate (normal Raman)
and the SERS, and IR and ISERS
measurements are their peak intensities,
respectively. Figure 4.10 shows the
SERS spectrum of R6G at an ultra-low
concentration of 10> M, measured on
the fabricated SERS substrate. Using
the Raman signal of R6G at 10™* M on
the SERS substrate and 10° M on the
glass substrate, we calculated the
enhancement factor:
Iggrs Cp 217 1073
Ip Coprs 667 108
=3,2.108

EFsgrs =

EFsgrs =

4.3. Testing of the fabricated SERS substrate for the detection of antibiotic

Amoxicillin with high sensitivity
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Figure 4.11. SERS spectrum of
Amoxicillin at different concentrations
(A) and linear fit between its
concentration and peak intensity at 852

The fabricated SERS substrate was used
to detect amoxicillin—a widely used
antibiotic with potential health risks.
SERS spectra (103 to 10° ° M)
showed characteristic peaks at 1456,
1276, and 852cm™ 1 The method
demonstrated high reliability with an R?2
value of 0.98. Using the Raman signal
of Amoxicillin at 10° M on SERS
substrate and 1 M on glass substrate, we
calculated the enhancement factor and
the Limit of Detection (LOD) was
determined to be 0.9 x 10™:
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cm-1 (B) over the concentration range
EFsgrs

Iggrs Cr 161 1
from 103 to 10° M.

~ Iz Csgps 1887 "1079
=8,5.107

4.4. Chapter 4 Conclusion

This chapter presents the application of cold plasma in surface treatment for
SERS-based biosensor development. Plasma treatment improved surface energy,
hydrophilicity (WCA), and texture (AFM), with 60 s being optimal. Cold plasma
pretreatment on SiO, enhanced SERS substrate performance. Combining plasma
and laser enabled uniform AuNP deposition, achieving 11x Raman intensity, 10-
time reuse, EF ~3x108 , and LOD of 10~ M (R6G) and 9x10™ 1° M (amoxicillin,
R?=0.98). These results highlight cold plasma as a powerful tool for fabricating
sensitive, high-precision biochemical sensors.The research results in this chapter
have been published in the journals Nanomaterials (IF 4.4), Optical Materials (IF
3.8), and Vietnam Journal of Catalysis and Adsorption.

CHAPTER V:

COLD PLASMA TECHNOLOGY APPLIED IN STIMULATING SEED
GERMINATION AND DYE DECOMPOSITION

5.1. Tests and steps of applying cold plasma technology in stimulating seed germination
5.1.1. Effects of cold plasma on the surface of

Cold plasma treatment improves both surface properties and internal
composition of seeds. It enhances surface wettability by reducing surface energy, as
indicated by decreased water contact angle.
5.1.2. Effect of cold plasma on seed germination

Cold plasma enhances seed germination by accelerating sprouting, increasing
germination rate, and breaking dormancy. Its effects vary by gas type and exposure
time, with short treatments improving seed viability and growth through enhanced
surface hydrophilicity and antioxidant enzyme activation.
5.1.3. Effects of plasma on seedling growth

The early growth of seedlings is closely linked to the germination process, and
the use of cold plasma or plasma activated water (PAW) has been shown to provide
significant improvements.
5.1.4. Processing of application cold plasma technology in seed treatment

This process includes 7 main steps. In the plasma jet seed treatment process,
ensure each step is carried out systematically to achieve optimal efficiency in
stimulating seed germination and growth.
5.2. Survey and evaluation of seed germination efficiency after plasma treatment

We investigated the effect of cold plasma on bean sprout germination using a
plasma jet (5 kV, 40 kHz, 400 sccm) with a 5 cm seed distance. Uniform seeds were
selected, treated in batches of 25, and incubated at 28 °C with 5 ml water added
every 12 hours to maintain stable growth conditions.
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Figure 5.1. (A) Schematic dlagram of the plasma Jet system for treating bean seeds.
(B) Photographs of seeds after 24 hours and (C) Germination coefficients with
different plasma treatment times. (D) Effect of plasma treatment time on root length
at the germination stage. The error column is calculated from 5 different
measurements (total of 125 seeds with each plasma treatment time).
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The germination and root development of bean sprouts were significantly
improved after cold plasma treatment (Figure 5.1B). After 12 hours of incubation on
cotton fabric, the germination coefficient (defined as the percentage of germinated
seeds to the total number of seeds) increased from 8% to 88% (11-fold increase)
when the seeds were plasma treated for 15 minutes, compared to the group of seeds
that were not treated with plasma (Figure 5.1C).

5.2.2. Length of young roots immediately after

After 24 hours, plasma-treated seeds showed significantly greater root lengths.
While 70% of untreated seeds had roots 0.25-0.75 cm, 70% of 4-min treated seeds
reached 0.75-1.25cm, and 60% of 10-min treated seeds exceeded 1.25 cm. The
optimal condition was 10 min irradiation at 1.2 W (0.08 Wh/seed).

5.3. Mechanism of physical and biochemical changes induced by plasma
treatment
5.3.1. Phy3|cal changes on the partlcle surface after plasma

- After plasma treatment, we
investigated the changes on the seed
coat surface (in this study, green
bean and black bean seeds). The
results showed that plasma
treatment  produced a clear

F|gure 5.2. SE|\/| |mages of bean seed transition from a partially wetted
surface before plasma treatment (A) 0 min, surface state to an almost
and after plasma treatment after (B) 1 min, completely wetted surface state
(C) 2 min, (D) 4 min, (E) 6 min, (F) 8 min, When comparing untreated seeds
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(G) 10 min and (H) 15 min. and seeds treated with plasma jet.
p— ~ The improvement in wettability,
together with the formation of um-
, sized cracks, is directly proportional
_ to the plasma irradiation time.
. = : surface, contributing to faster
Figure 5.2. SEM |mages of bean seed germination and seed growth. The
surface before plasma treatment (A) 0 min, WAC value gradually decreases
and after plasma treatment after (B) 1 min, with increasing plasma irradiation

> ‘ These changes increase the water
(C) 2 min, (D) 4 min, (E) 6 min, (F) 8 min, time.

absorption capacity on the seed
(G) 10 min and (H) 15 min.

5.3.2. Biochemical changes of seeds after plasma treatment

While surface changes increased with longer plasma exposure, 10 minutes
gave optimal germination, indicating effects beyond physical modification—
specifically hormonal regulation. To explore this, the ROS/RNS ratio was adjusted
by varying plasma tube length.
5.3.2.1. Effect of plasma generator length on RONS ratio

Adjusting plasma tube length allowed better control of ROS/RNS ratios compared
to DBD or sliding arc systems. Fluorescence spectra showed distinct N, (337 nm) and
e OH (309 nm) peaks across tube designs. GAz levels in mung beans were analyzed
pre/post-treatment using LC-MS to assess hormonal regulation effects.
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Figure 5.4. (A) Different plasma tube lengths that we have fabricated. (B)
Fluorescence spectra of the plasma in the range of 270-900 nm. (C) Dependence of
fluorescence intensity of N2 SPS (337 nm), OH radical (309 nm) and NO
concentration on different plasma tube lengths.

5.3.2.2. Effect of RONS on the regulation of natural growth hormone

During the extraction process with black beans, the color from the seed coat
dissolved into the extraction solution, affecting the analysis results. Therefore, we
only conducted chemical analyses on the extracted samples from mung beans. These
results indicate that the regulation of GA3 content, stimulated by the NO

10
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concentration in the plasma, is the biochemical mechanism leading to the effect of
promoting seed germination and growth.
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Figure 5.1. (A) Mass spectrum of the extracted solution and chemical
structure of gibberellic acid (GA3). (B) GA3 content (ug) in 1 g of bean seeds (red,
top) and average shoot length (blue, bottom) as a function of plasma tube length.
(C) Photographs of bean plant samples after 96 h.
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Figure 5 6 NMR spectrum of glbberelllc aC|d (GAS) from the extracted
sample and comparison with the spectrum of the standard sample.

An optimal NO concentration of 20-95ppm (tube length 1-7 cm) was
recommended, as excess NO may disrupt GA; regulation. A larger sample mass was
used for extraction, and NMR confirmed the extracted compound as gibberellic acid
(GAs).

5.4. Tests and application steps of cold plasma technology in dye treatment
5.4.1. Experimental applications of cold plasma technology in dye treatment

The reactive radicals generated from cold plasma, such as «OH, H,0O, and Os,
not only interact with the surface but also diffuse into the liquid phase, increasing
the efficiency of liquid treatment. The treatment efficiency is highly dependent on
the time and power output, with O; and ®OH radicals being the main reactants.
These results demonstrate the potential of cold plasma for the treatment of
wastewater containing organic pollutants, with outstanding advantages in energy
efficiency and minimal environmental impact compared to conventional methods.

5.4.2. Process of application cold plasma technology in dye treatment
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Figure 5.7 describes the layout of an experiment to treat a dye solution using
the plasma jet system that we used in this research. The implementation process is
divided into the following steps: (1) Start the plasma jet system and set the operating
parameters; (2) Prepare the experimental equipment and samples; (3) Treat the MB
solution using the plasma jet system; (4) Take samples and analyze the results.

1

High voltage iy Oscilloscope
power supply
A || ne || o
gas | | gas | | gas
J
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Figure 5.7. Setup of the plasm;jet system used for the decomposition of the
dye solution.

5.5. Survey and evaluation of dye decomposition efficiency

5.5.1. Decomposition rate of Methyl blue solution
0.5

— 0 phut

04 F 70 phut

03 F

Cuong dé hap thu

200 350 4(1)0 5;)0 600 ;0; 800 900
Budc song (nm)
Figure 5.8. Methyl blue (MB) solution treated by Plasma jet system for 70 minutes:
(A) Time 0 minutes; (B) Time 70 minutes; (C) Absorption spectrum of Methyl blue
solution at 0 minutes and 70 minutes treated by Plasma jet.

After 70 minutes of treatment with the plasma jet system, the solution had
completely lost its color. The UV-VIS measurement results showed that the two
characteristic absorption peaks at 310 nm and 600 nm of the initial solution had
completely disappeared after the treatment process.

This proves that the cold plasma method is capable of completely and
effectively decomposing the MB dye solution. We determined the decomposition
efficiency (Hyn) of MB over time based on the following formula:

o, =575 v 00
ph — C, /0

Co: concentration of Methyl Blue solution at initial time with t = 0.
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C. concentration of Methyl Blue solution remaining after treatment time t minutes
The percentage decrease in dye concentration over time reflects treatment efficiency.
In Figure 5.9, absorption peaks at 310 nm (aromatic rings) and 600 nm (C-O, C—-N,
C—C bonds) declined, indicating degradation. Two rates were calculated: kp,
(aromatic degradation at 310 nm) and kp, (color loss at 600 nm).

B
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Figure 5.9. (A) Absorption spectrum of Methyl Blue solution during treatment time
from 0 to 70 minutes; (B) Percentage of remaining dye according to plasma
treatment time.

From the absorption spectra data in Figure 5.9A, we calculated and found that
the decrease in absorption intensity at the 310 nm peak follows an exponential law,
described by the following equation:

Ce = Coe~Fprt

Meanwhile, the intensity decrease at the 600 nm peak, representing the rate of
color loss of the dye, shows a linear relationship and follows a first-order function
law (equation (3). This first-order function law is described by the red line in Figure
5.9B, with the coefficient k,,= 1,44 and coefficient of determination R* = 0,98.

C k

L i n T
0 400 500 600 700 800

g

Co Co
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Figure 5.10. Decomposition rate (A) at the 310 nm peak and (B) at the 600 nm peak
when changing the irradiation distance d: 0.5 cm; 1 cm; 2 cm; - 0.5 cm.

The plasma system was optimized at 12V DC and 33 kHz for stable high-
power operation. Key parameters—plasma-to-solution distance and gas flow rate—
were adjusted to enhance decomposition. Table 5.1 shows that the optimal distance
is 0.5 cm, yielding the highest kp, (degradation rate) and kp, (discoloration rate).
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The distance d = 0.5cm achieved the highest efficiency due to the following
factors: as the distance d increases, the contact area and penetration depth of the
plasma beam into the solution are reduced, resulting in lower treatment efficiency.
5.5.3. Effect of air velocity
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Figure 5.11. Decomposition rate at (A) 310nm peak and (B) discoloration
rate at 600 nm peak with gas flow rates: 0.5 I/min; 1 I/min; 2 I/min; 4 I/min.

In this section, we investigated different gas flow rates to enhance the
interaction between the plasma jet and the environment, thereby creating more
powerful oxidizing radicals. From the survey results, the research team optimized
the operating parameters of the plasma jet system to achieve the highest MB
solution decomposition efficiency, including a distance of d=0.5cm and a gas flow
rate of 1 I/min.

5.6. Mechanism of dye decomposition by cold plasma technology

The reactive substances and active free radicals generated during the discharge
process that creates plasma are the main components involved in supporting the
decomposition of pollutants in water and wastewater. However, in a typical plasma
generation process, the chemical reactions are very complex and involve many
active substances with different lifetimes and oxidation potentials. According to the
above equations, the products generated are H,O,, *OH, *O, These three products
are common agents for the decomposition of various dyes in other treatment
methods such as photocatalysis, biology....

=

5.6.1. Effect of H202

H,0O, has an absorption peak at 225nm, so we can quantify the H,O, produced
over the Plasma irradiation time by using absorption spectrometry. Figure 5.12
shows the signal intensity value of H,O, obtained after different irradiation times.

After 70 minutes of plasma irradiation, 24 mg/L of H,O, was produced, but it
did not affect Methyl Blue during plasma treatment. However, after irradiation
stopped, H,O, continued reacting, causing prolonged decolorization for over 5
hours.
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Figure 5.12. (A) Absorption spectrum of H202 obtained after plasma
irradiation into distilled water for 0 — 70 minutes; (B) Absorption spectrum of
30ppm Methyl Blue solution after 70 minutes, 5 hours of reaction with H202

solution at concentration of 24 mg/I.
5.6.2. Effects of *OH (hydroxyl radicals)

g

Figure 5.13. Absorption spectrum of Methyl Blue solution decomposed by Plasma jet in
the presence of isopropanol

Here, we conducted an experiment to determine the effect of *OH on the
decomposition process by adding 400 ul of isopropanol, a chemical that is very
sensitive to hydroxyl radicals (when *OH radicals appear, this substance will react
immediately) into the Methyl blue dye solution, then treating the solution mixture
with Plasma. From Figure 5.13, we concluded that *OH is the main factor affecting
the decomposition process of Methyl blue solution, especially affecting the overall
discoloration process
5.6.3. Effects of «O2- (superoxide radical anion)

The results in Figure 5.14 show that: From there, the research team concluded
that: *OH is a strong oxidizing radical and has the main influence in the
decomposition process and completely determines the discoloration of Methyl blue
solution; *O2- also plays a role in the decomposition process and discoloration of the
solution; H202 has almost no role in decomposing Methyl blue dye solution during
Plasma irradiation.
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Figure 5.14. Absorption spectrum of Methyl Blue solution decomposed by
plasma jet in the presence of 1,4-benzoquinone.

5.7. Chapter 5 Conclusion

This chapter showed that plasma jet enhances seed germination by improving
surface wettability, increasing water absorption, and regulating GAz; hormone.
Germination coefficient rose 11x (after 12 h) and seedling length nearly 3% (after
96 h), with optimal plasma energy of 0.08 Wh/seed and NO at 20-95 ppm. In dye
degradation, plasma treatment (12 V, 33 kHz, 1 L/min, 0.5 cm distance) decolorized
30 ppm Methyl Blue (20 ml) in 55 min, eliminating 310 nm and 600 nm peaks. The
treated solution's COD dropped to 42.52mg/L, within the QCVN 13-
MT:2015/BTNMT threshold (75 mg/L). The research results in this chapter have
been published in the journals Applied Sciences (IF 2.5), Materials Advances (IF
5.2), and Communications in Physics.

CONCLUSION

The thesis explores cold plasma applications in gold nanoparticle synthesis,
SERS substrate fabrication, seed germination stimulation, and dye degradation.

1. Cold Plasma Jet System: Developed a high-voltage (2—6 kV), high-frequency
(100 Hz—80 kHz) plasma jet with adjustable distance (0.2-2 cm) and gas flow
(3.4-10 scm).

2. Gold Nanoparticles (AuNPs): Synthesized uniform, pure, stable AuNPs
(~45 nm) in 5 minutes without chemical reducers. Optimal parameters: 0.4 cm
nozzle distance, 11/min gas, 40 kHz frequency, 0.2 mM HAuCl, , 10ml
volume.

3. SERS Substrate: Plasma and laser-treated SiO, improved hydrophilicity,
surface texture, and AuNP deposition. Achieved 11x Raman intensity, 10x
reuse, EF ~3x10% , and LOD of 10~ 2M (R6G). Detected amoxicillin at
10”7 3-10" ° M with R2=0.98 and LOD 9x10~ 1° M.

4. Seed Germination: Plasma increased germination coefficient 11x (12 h) and
seedling length 3% (96h) at 0.08 Wh/seed and NO = 20-95 ppm. Plasma
enhanced water uptake and regulated GA; hormone.
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5. Dye Degradation: Plasma decomposed 30 ppm Methyl Blue (20 ml) in 55 min
using 12V DC, 33 kHz, 1 I/min gas, 0.5 cm distance. Post-treatment COD =
42.52 mg/L, meeting QCVN 13-MT:2015 standards. *OH was the key oxidant.
Cold plasma at atmospheric pressure is a fast, safe, effective, and eco-friendly
technology with wide applications in materials science and agro-biomedicine.
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