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LOI CAM DOAN

T6i xin cam doan luan 4n: "M6 phong Monte Carlo cho hé vi cau tir tinh
Fe304/Poly(Glycidyl Methacrylate)" la cong trinh nghién ctru ctia chinh minh dud6i sy
huéng dan khoa hoc cua tap thé huéng dan. Luan 4n st dung thong tin trich din tir nhiéu
ngudn tham khao khéc nhau va cic thong tin trich ddn duoc ghi 1 ngudn gbc. Céc két qua
nghién ctru cua t6i duge cong bd chung véi cdc tic gia khac da dugc sy nhit tri ciia dong
tac gia khi dua vao luan dn. Céc s6 liéu, két qua duoc trinh bay trong luan 4n 13 hoan toan
trung thyc va chua timg dugc cong bd trong bat ky mot cong trinh nao khéc ngoai cdc cong
trinh cong b cua téc gia. Luan an dugc hoan thanh trong thoi gian toi 1am nghién ctru sinh
tai Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

TP.HCM, ngay 09 thdng 03 nam 2024

Téac gia luan 4n

Nguyén Thanh Hoang
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LOI CAM ON

Tbi xin bay to 1ong biét on su sic dén thily PGS.TS Nguyén Manh Tuén, PGS.TS
Tran Hoang Hai d3 diu dat toi tir nhitg ngay dau budc chan trén con dudng nghién ciru
khoa hoc. Vi su tan tam va dﬁy trach nhiém, thz‘iy da tao moi diéu kién thuan loi nhat dé

t6i c6 thé thuc hién va hoan thanh luan 4n nay.

T6i xin tran trong cam on Ban lanh dao Vién Vat Iy TP.HCM, Vi¢n Khoa hoc vat
liéu tng dung, Hoc vién Khoa hoc & Cong nghé - Vién Han 1am Khoa hoc & Cong ngh¢
Viét Nam d tao diéu kién cho ti c6 co hoi tién bude trén con duong nghién ctru khoa hoc

nhiéu thich thirc nhung ciing day 16i cudn.

Xin gri 101 cam on chan thanh dén nhitng dong nghiép dang kinh: TS. Huynh Thanh
P, TS. Tran Nguyén Lan, TS. Poan Tri Diing — Vién Vat ly TP.HCM véi sy hd tro déy
nhi¢t thanh. TS Ngbé Van Thanh — Trung tam tin hoc va tinh todn (VAST) cho nhiing doéng
g6p 16 lao trong viéc xay dung va diéu hanh hé théng mdy tinh hiéu ning cao (HPC).

Cubi ciing, véi nhitng yéu thuong dong day xin giri dén gia dinh — nhiing nguoi da

1udn st canh, sé chia, tiép thém dong luc dé gitip t6i hoan thanh luan 4n nay.

TP.HCM, ngay 09 thdng 03 nam 2024

Téc gia ludn én

Nguyén Thanh Hoang
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DANH MUC CAC BANG

Danh séch céc héa chat can thiét trong thuc nghiém
Céc dai luong va gid tri cu thé cua céc tham sb trong
mo phong MC

Céc dai luong tir tinh quy doi vé hé SI
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DANH MUC CAC HINH VE, PO THI

Su giai phong thudc & cac moi truong pH khac nhau
cua vi cau

polylactic-co-glycolic acid (PLGA) ¢6 tai thudc (DOX).

Mo hinh minh hoa vi cau tir tinh Poly(Glycidyl Methacrylate)
2 chiéu (a) va 3 chiéu (b).

Vi cau nanocomposite lai hoa dap ing da kich thich duya trén

nano silica x6p va PGMA-CD.

Qua trinh trung hop PGMA tir monomer GMA.
CAu tric tinh thé Ferrite spinel nghich thuong gip.
D1 hudng don tryc (uniaxial anisotropy).

Cuong do mo-men tur khi 4p tur truong ngoai voi
cac phuong tir héa theo cac mat mang cua Fe3Oa.

Phan bé ning luong di hudng 1ap phuong

vo1 Ke1 > 0 vaKe2 = 0.

Duong suc tir va truong khir tir & thanh nam cham va hat nano

tu Fe3Oq.

Hinh 1.10 (a) Hat tir hinh ellipsoid. (b) Truong khir tir Hq cua hat tur

hinh elipsoid.

Hinh 1.11 Co ché phan phéi thuéc huéng dich chu dong

trong hoa tri liéu trén co thé nguoi.

Hinh 1.12. Diéu trj ting than nhiét cuc bd cho bénh nhan bi u ndo 4c tinh

sau khi cdy MNPs.
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Hinh 1.13 Ba dang chinh cua hé lab-on-chip: (a) Str dung 2 nam cham [Tr.24]
vinh ctru tuyén tinh; (b) Sir dung mét nam vinh ctru chim tron

(c) St dung hé nam cham dién vai 161 1a vat ligu tu mém.
Hinh 1.14 Ung dung lab-on-chip nhim nhan biét phan ttr sinh hoc. [Tr.25]

Hinh 1.15 Vi cau Fe;04/PGMA@PEG phu 1én dé PDMS cho [Tr.26]
mg dung vi lvu nham phat hién té bao MCF7 va protein BSA.

Hinh 1.16 a) anh SEM va phd EDS cua vt liéu PMDA-PGMA hip phu [Tr.27]
i6n Pd?*[51]; b)Vat liéu vi ciu PPA-PGMA/Fe304 hap phu Uranium.

Hinh 1.17 M6 phong may tinh tir hé vi mé & cap do nguyén tir dén hé [Tr.28]
vi mo nhu trai dat — a) Mo phong mot phan tir véi “ludi”
nang lugng bang DFT, b) M6 phong mang Graphene oxide (GO) trong
nuée bang DFT, ¢) M6 phong 2 cuc tir cua trai dat.

Hinh 1.18 Sy két hop giita m6 hinh vat Iy va mé hinh toan hoc dé [Tr.30]
biéu dién hé nguyén tir: a) M6 hinh vat Iy
b) M6 hinh toan hoc (Phuong trinh Schrodinger 3 chiéu)
¢) Biéu dién nguyén tir voi cac orbital dién tir.

Hinh 1.19 Bén phai - So d6 nghién ctru tir hé théng dén mé phong [Tr.31]

téng quat; Bén trdi - Vi du mot mé phéng DFT cho hat nano kim loai.
Hinh 1.20 Cic budc tién hanh mé phong. [Tr.34]

Hinh 1.21 Khai quat hoa cac phuong phap md phong may tinh va cac [Tr.35]
co s 1y thuyét twong ung, dac thu cho timg ddi tugng, thang do
kich thudc va thoi gian.

Hinh 1.22 Anh TEM va duodng cong tir hoa cua vi ciu PGMA chtra Fe3Os. [Tr.36]

Hinh 1.23 Vi cdu tir tinh PGMA chtra cc hat nano tir Fe;O4 va [Tr.37]
Fluorescein isothiocyanate (FITC) — a) Anh SEM
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b) anh hién vi quang hoc va huynh quang cua té bao HeLa (trén)
va chondrocytes cua tho (duoi) trudc khi phan tach

¢) Anh hién vi huynh quang cua té bao Hela sau khi phan tach.

Hinh 1.24 a) Anh SEM cua vi cdu PGMA, b) K§ thuat phan tich [Tr.38]
“Western blot” ctia vat liéu voi khang thé DO-1 va CHIP 11.1
cho protetin p53, CHIP protein.
Hinh 1.25 Vi cau tir tinh PGMA véi cau bao Dendrimer peptide [Tr.39]
ngoai bé mit: (a) So d6 tong hop va phd XPS, (b) Anh SEM cua 1 hat vi cdu tir tinh
PGMA, (c) Ung dung véi protein albumin huyét thanh bo (bovine serum albumin -

BSA), y-globulin (y-Gl), fibrinogen (Fg), va hon hop cua chung.

Hinh 1.26 Vi cau tir tinh PGMA: (a) tai protein p46/Myo1C (protein tiém [Tr.40]
ning cua cac bénh ty mién), (b) Anh SEM, (c) Anh TEM
(d) Gmg dung v6i huyét thanh mau cta cac bénh nhan méc bénh

tur mién da xo cing.

Hinh 1.27 (a) md hinh Hydrogel t6 hop poly(glycidyl methacrylate)/ [Tr.41]
polyacrylamide(PGMA/PAM) véi cac “réi/vudng viu” (entanglement)
vat 1y va lién két hydro, (b) Anh SEM cua vat lieu PGMA/PAM.

Hinh 1.28 Khai quat cac phuong phap nghién ctru cta luan an [Tr.43]
Su két hop nghién ctru da chiéu: Thyc nghiém, 1y thuyét va mo phong.

Hinh 2.1 So dd mé ta quy trinh tong hop vat liéu vi cau [Tr.44]
tir tinh Fe304/PGMA.,

Hinh 2.2 So dd tong hop Poly(Glycidyl methacrylate) (PGMA). [Tr.46]

Hinh 2.3 Phan Ung trung hgp polymer PGMA tr GMA [Tr.46]

vO1 su ¢c6 mat cua AIBN.
Hinh 2.4 So d0 tong hop Amino-PGMA. [Tr.47]

Hinh 2.5 Qud trinh “amine hoa” bé mit PGMA bang Ethylene diamine. [Tr.47]
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Hinh 2.6 So dd tong hop vit liéu Fe;04/PGMA. [Tr.48]

Hinh 2.7 K&t tia tai chd cac hat nano Fe3O4 trong va trén bé mat [Tr.58]

Amino-PGMA dé tao thanh vi cau tir tinh FezO4/PGMA..

Hinh 2.8 Su tranh d4u gifra truong ngoai va di hudng khi hat dugc [Tr.51]

dat trong tur truong.

Hinh 2.9 So dd giai thuat mé phong Monte Carlo cho cac hat nano [Tr.60]
Fe3;04 dinh hinh bén trong vi cau PGMA.

Hinh 2.10 Céac mit xich trong mo phong da quy mo (Multiscale). [Tr.61]

Hinh 2.11 M6 hinh mé ta phuong trinh LLG — chuyén dong [Tr.64]

cua spin nguyén tir trong trudng ngoai.

Hinh 2.12 H¢ HPC — VAST [Tr.66]
(a) Workload manager & Jobs scheduler cia hé¢ HPC — VAST
(b, ¢) Cac tép Scripts dé chay cac mé phong cua luan an trén hé HPC.

Hinh 2.13 Hg dién toan lu6i HCMIP: (a) H¢ dién toan luéi HCMIP [Tr.67]
(b, ¢) Workload manager & Jobs scheduler cia HPC Cluster trong hé

(d) Server Data trong hé di¢n toan ludi.
Hinh 2.14 H¢ dién toan Comphys. [Tr.68]

Hinh 3.1 Gian d6 nhiéu xa tia X cta: (a) Phé chuén cta Fe3O4 [Tr.69]
(b) Hat nano tir Fe3Ou4 tran; (c) Vat liéu vi cau Fe;04/PGMA

(d, ) O co s6 va 6 co sé da dién cia FezOy4.

Hinh 3.2  Gian dd nhiu xa tia X cua: (a) Vi ciu Fe;04/PGMA [Tr.71]
(b) Polymer PGMA.

Hinh 3.3 Phd FTIR cta 2 mau & ché do truyén qua [Tr.72]
(a) PGMA; (b) Fez04/PGMA; (c) FesOu.

Hinh 3.4 MOJ hinh cau trac phan tir cia PGMA. [Tr.73]
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Hinh 3.5 Lién két Peptip. [Tr.73]

Hinh 3.6 Anh SEM cua vi ciu FesO4/PGMA tai 2 thang do: [Tr.74]
(a) 10 pm va (b) 2 pm; (c) M6 hinh biéu thi cac vi cau Fe;04/PGMA trong khéng gian 3

chiéu; (d) Biéu do phén bd kich thuée hat va ham phan bé logarit-chuan (Pudng in dam).

Hinh 3.7 Anh TEM cua céc hat nano tir FezO4 trin & cac thang do: [Tr.76]
(a) 200 nm; (b) 50 nm; (c) 20 nm.

Hinh 3.8 Duong cong tir héa M(H) tai nhiét d¢ phong (300 K) cua: [Tr.77]
(a) vi cau Fe;04/PGMA

(b) vi cdu Fe3s04/PGMA va céc hat nano Fe3Oy tran.

Hinh 3.9 Pudng cong tir hda ZFC/FC cua vi cdu Fe;04/PGMA. [Tr.79]
Hinh 3.10 Mdi lién hé giita M/M—1/H? ciia vi cau Fe;04/PGMA [Tr.81]

tai truong 1om. Puong nét dam thé hién “fitting” tuyén tinh véi dir liu thuc nghiém.

Hinh 3.11 Pudng cong tir hoa cua Fe;O4/PGMA tai nhiét d§ phong [Tr.82]
Puong nét dam biéu thi “fitting” dudng cong M(H) voi ham Langevin.

Hinh 3.12 Chuong trinh nham “fitting” dudng cong M(H) [Tr.83]

v6i ham Langevin duoc xay dung bang ngdn ngit Matlab.

Hinh 3.13 Program sinh dit li€u kich thudc hat tuan theo ham phan bd [Tr.84]

kich thudc hat logarit-chuan cho trudc.

Hinh 3.14 Mot cluster cac hat FesOq4 thue té dinh hinh bén trong vi cu [Tr.85]
Fe304/PGMA tuan theo ham phan bé kich thudc tuong tng.

Hinh 3.15 M6 hinh 2D céc hat Fe;04 thuc té dinh hinh bén trong vi cau [Tr.85]
Fe304/PGMA tuan theo ham phan bé kich thudc tuong tng véi cac ti sé nén (mat do
khong gian) khac nhau.

Hinh 3.16 Lép nhiéu loan tir tinh trén bé mat hat nano tir Fe3Os. [Tr.86]

Hinh 3.17 Puong hap phy dang nhiét ciia vat liéu vi cau [Tr.88]
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Fe304/PGMA dbi vé6i i6n Chi (Pb?).

Hinh 3.18 M6 phong Monte Carlo hang s ap suat cho qua trinh dinh
hinh cac hat nano Fe3O4 bén trong vi cdu PGMA.

Hinh 3.19 (a) 6 co s cua vat li¢u Fe3Os; b) hat nano tir FezO4 (d=3.8 nm)
duoc xay dung tir cac 6 co so; (¢) Cau hinh spin cia 1 hat Fe;Oq;

(d) Cau hinh spin phong 16n.

Hinh 3.20 M6 phéng dudng cong tir nhiét M(T) bang 2 phuong phap
LLG-Heun va Monte Carlo.

Hinh 3.21 CAu hinh spin cua cac hat Fe3O4 tai
(a) Nhiét do tuyét dbi (0 K); (b) Nhiét do Curie (860 K).

Hinh 3.22 Puong cong tir héa md phong va thyc nghiém

tai nhiét d§ phong cua vat li¢u vi cau Fe;04/PGMA.
Hinh 3.23 Puong cong tir héa ciia vi cau Fe;04/PGMA mé phong tai 0 K.

Hinh 3.24 Mo hinh truong ludng cuc-ludng cuc gitra cac hat Fe3Oq4

tdc dong lén hat ¢ trung tam.

Hinh 3.25 Truong ludng cuc tac dong 1én cac hat Fe3sO4 khi c6 mat tir

trudng ngoai, truc dé cua cac hat (easy axis) trung voi phuong Oz

a) Trudng ngoai song song voi truc dé

b) Trudng ngoai vudng goc vdi truc dé.

Hinh 3.26 Céc hat Fe3O4 trong hé véi khoang cach gitra cac hat khac nhau
(a) khoang cach 0.1 nm; (b) khoang cach 10 nm.

Hinh 3.27 Puong cong tir hoa cua Fe3O4 ¢ 0 K, c6 médt twong tac

ludng cuc-ludng cuc véi khodng cach khac nhau gitra cac hat.

Hinh 3.28 Sy phuy thudc cta tinh chat tir vao khoang cach giita cac hat.
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Hinh 3.29 Puong cong tir hoa cuia FesO4 véi céac kich thudce hat khac nhau [Tr.99]

Hinh 3.30 Sy phu thudc cta tinh chat tir vi ciu Fe;04/PGMA [Tr.100]
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Khoang mdt thap nién tr¢ lai day, vat li¢u to hop (nanocomposite) dugc tap
trung nghién ciru va tng dung rong rii dwa vao nhiing tinh chat néi troi nhu linh dong,
c6 thé két hop nhiéu vu diém cta céc vat liéu thanh phﬁn cling nhu vat li¢u nén lam
tang tinh sinh kha dung ciing nhu hiéu qua tng dung. Vi nhiing wu diém dé, vat liéu
t6 hop v6i thanh phén 14 cac hat nano tir dwoc nhiing trong 16p vo polymer phan huy
sinh hoc da dugc dua vao tng dung thuc tién nhu danh d4u nhan sinh hoc, hé vi luu
(micro fluidics), hé phan phéi thude hudng dich, tdng than nhi¢t cuc bg... cho th?iy
tiém nang to 16n ctia chung trong linh vyc sinh dugc hoc, y sinh hoc néi riéng va cac

{tmg dung thyc tién khac néi chung.

Dé dua vao cac tng dung thyc tién c6 st dung tir truong ngoai, dic biét 1a cac
ung dung trong linh vuc y sinh hoc, viéc khao sat, phan tich va danh gia cac dac trung
tir tinh, cu thé 1a cac thong s6 vi tir ndi tai nhu di huéng tir, mo-men xoén, nhiét do
khoa (blocking temperature) ctia cac vét liéu nay 1 rdt quan trong, 1a nhan té chinh
chi phéi hiéu qua cua vat liéu khi dua vao ing dung thuc tién. Do d6, viéc xac dinh
chinh x4c thong tin ham phan bd kich thudc cling nhu anh huéng cia vat liéu nén va
vai tro cua tuong tac ludng cuc-ludng cuc cua cac hat nano tir bén trong vat li¢u to

hop dong vai tro then chdt trude khi dua vao cac ing dung y sinh.

Mot mat, tuy cac phuong phap phan tich thuc nghiém hién dai c¢6 uu diém la
truc quan, co thé dinh tinh va dinh lugng cac dai luong vi mo (macroscopic) nhung
t6n kém vé thoi gian, nhan lyc, vat luc, d6 1ap lai khong cao, nhiéu thiét bi dat tién
chua dugc trang bi trong nudce. Bén canh do, cac thi nghiém va do dac ¢ nhiing diéu
kién dac bi¢t (nhiét do rat cao hodc nhiét do tuyét ddi 0 K, kich thich xung laser tan
sO siéu nhanh — ultrafast) 1a kh6 tham chi mot vai truong hop khong thé thyc hién
dugc. Ngoai ra, hé vat liéu c6 kich thudc & c?ip do vi mo (microscopic) dan dén kha
ning dinh luong cac dai lugng can do tré thanh thach thirc ddi v6i cac phuong phap

do dac thuc nghi¢m.

Mait khac, cac ly thuyét tur tinh da c6 mot lich str hinh thanh va phat trién lau
dai bén canh thuc nghiém tryc quan, n6 khai quat hoa va tao ra mot nén tang viing

chac cho cac nghién ctru cling nhu itng dung cac vat liéu tir vao thuc tién. Tu d6 xay
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dung nén cic cong cu tinh toan manh m& ching nhimng gop phan hd tro giai quyét
nhitng han ché cta thuc nghiém ma con kién tao ra cic mé hinh toan — khung xuong
cua cac md phong may tinh, cho phép khong chi dao sau nghién ctru hon nira tinh
chat vi tir ndi tai cia vat liéu ma con c6 thé 1am thuc nghiém voi gia ré, giai phong
suc lao dong cua nguoi nghién ctru, do 1ap lai cao, rut ngén thoi gian nghién ctru, c6
thé tién nghi¢m céc tinh chit vi mé cua vt liéu. Mot thap ky trd lai day, cac hé may
tinh hiéu nang cao (High performance computer), si€éu may tinh (Super computer)
duoc ra doi v6i cAu hinh vuot trdi cong hudng cliing cac giai thuat tinh toan song song
manh m&, cho phép tinh toan va mé phong cac hé vi mé (mau thyc) tir cac tham sé &
cap do vi mod (nguyén tir) voi sd lugng 1én dén hang ty nguyén tir. Bén canh do, gan
day hé may tinh luong tir (Quantum computer) ra doi, cang thuc day tiém ning to 16n
cho céc nghién ctru tinh toan va mé phdong cho khoa hoc no6i chung va khoa hoc vat
liéu noéi riéng. Ngoai ra, thanh qua cua cudc cach mang cong nghiép 1an tht tu véi su
ra doi cua céc ky thuat hién dai nhu dir li¢u 16n (Big data) va hoc may (Machine
learning) di mo ra cac hudng nghién ctru méi mé mang day tinh tién nghiém trong

viéc thiét ké va nghién ctru vat ligu.

Thuwe nghiém

Mo phéng Ly thuyét

Su lién hé giita thyc nghiém, 1y thuyét & mo phong

may tinh trong khoa hoc vat liéu.

Tuy nhién, nhiéu tinh chét va hién tuong cua vat li¢u xdy ra trén hai hodc nhiéu
quy md (scale) & ca khong gian va thoi gian. Pidu ndy gy ra su thiéu thong tin, danh
gia khong day du ¢ nghién ctru thue nghiém hodc sir dung cac xap xi gan ding/bo

qua trong cac tinh toan thuan tay/moé phong may tinh, ma néu cb gang thuc hién toan
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bd (vi du do that nhidu k¥ thuat do hién dai, chwa ké dén mot s6 phép do hity mau
dan dén phai ché tao nhidu mau, mo phong cho hé 16n nhiéu hat) s& din dén lang phi
thoi gian va tién bac. Thiéu su tham chiéu qua lai gitra két qua thyc nghiém, ly thuyét
va tinh toan mo phong din dén cac két qua thu dugc tré nén “roi rac”. Dé giai quyét
van dé do, viéc két hop ca nghién ciru thuc nghiém, 1y thuyét va mo phong may tinh
dé khao sat tinh chét cua cac loai vat liéu dang dan tré thanh mot xu hudng mai trén
thé gidi.

Muc tiéu cia luin an:

V6i mong mudn xdy dung mot mé hinh nghién ciru tinh chét tir tinh cho céac
cAu tric vat liéu to hop thong dung dang dugc dua vao cac ung dung y sinh hoc hién
nay nhu liposome, vi cau, vi nang, micelles, dendrimer, ké cé cac vat liéu dua trén
nén carbon (CNT, Graphene) cting véi nhirng hiéu biét han hep cta ban thén, tic gia
¢b ging thuc hién mot nghién ctru da chiéu két hop thyc nghiém, 1y thuyét tir tinh va
mo phong may tinh dé hinh thanh nén mot mé hinh cho phép khao sat, dinh luong va
danh gia mot cach chi tiét nhat c6 thé cac tinh chat vi tir ndi tai cua hé vat liéu td hop.
Duya vio cac nghién ciru trude ddy cta chiing t6i, dong thoi nham don gian hoa dé
thun loi trong viéc khao sat, cu thé hoa nhung khong lam mét di tinh tong quét ciia
m6 hinh, mot hé vat liu td hop don gian dugc rng dung trong nhiéu linh vuc nhu vi
cau tir tinh Fe;O4/Poly(glycidyl methacrylate) chira cac hat nano tir FesO4 duoc lua
chon dé 1am d6i twong khao sat cu thé. Tir 40, tac gia thuc hién ludn an “Mé phong
Monte Carlo cho hé vi cau tir tinh Fe;04/Poly(glycidyl methacrylate)”. Tén luan an
— do nhitng quy dinh vé chinh sira tén nén khong bao ham duoc toan bo sd lugng
cong viéc dugc nghién ctru sinh thyc hién trong luan an nay. Phan noi dung luan an

bén dudi s€ thé hién day du trinh ty cong viéc trong nghién ctru nay.
Noi dung cia luin an:

Trong lun 4n nay, phan dau tac gia trinh bay cac phwong phap thuc nghiém
nham ché tao va do dac cac dic trung vi md ban dau cua vat litu vi clu

Fe304/Poly(glycidyl methacrylate).

Phan tiép theo, tac gia sir dung céc tinh todn s6 dua trén cac Iy thuyét tir nham

khéo sat vé cac thong sb noi tai cua vat liéu téng hop dugc nhu ham phan bd kich



4

thudc hat, hang s6 di hudng tir hiéu dung. Cac thong sd nay két hop vai két qua thu
duoc tir thyc nghiém s& trd thanh thong sé dau vao cho cac md phong méy tinh nham
biéu thi/dai dién mot cach chinh xac nhat vat lidu vi cdu Fe;Oa/Poly(glycidyl

methacrylate) tong hop dugc, dong thoi tang su chinh xac cho cac két qua mo phong.

Cudi cung, tc gia thyc hién cac phuong phap mé phong may tinh cho hé thuc
(mAu vat lidu da tong hop) nhu Monte Carlo, mé phong mé hinh spin nguyén tir dugc
thuc hién dé khao sat, danh gia va dinh lugng cac thong s6 vi tir noi tai cling nhu hanh
vi dong hoc tir tinh phtrc tap cua vat liéu vi cdu Fe;O4/Poly(glycidyl methacrylate).
Tt nhimng két qua thu dugc, tac gia c¢b gang dua ra mot sb cac tién nghiém quan trong

cho thuc nghiém.

Ngoai ra, dé ddm bdo céc tinh todn s6 va mo phong may tinh khong “roi rac”
v6i thue nghiém, cac két qua thu dugc luon dugce tac gia tham chiéu véi cac két qua

thuc nghiém da dugc thuc hi¢n va/hoac cac két qua tur cac hoc giad khac trén thé gioi.
Y nghia khoa hoc va thyec tién:

Céc phuong phap, mé hinh tinh toan s6 va cac moé phong may tinh duge thuc
hién trong luan an nay co thé duoc ap dung cho cac h¢ vat liéu td hop thong dung
khac ¢ cdu triic co ban twong ty vat lidu vi cau Fe;O4/Poly(glycidyl methacrylate)

nhu vat li€u vi nang nano, micelles, liposome, dendrimer, graphene khur oxit (rGO)...

Gop phan tao ra mot huéng nghién ctiru méi khong chi don gian, tiét kiém nhan
vat luc, thoi gian ma con cho phép khao sat tinh chat vi tir noi chung va danh gia, udc
lugng céc thong sb vi tir ndi tai noi riéng cua cac vat liéu nano tir riéng biét (khong
duoc boc phu) cling nhu cac vat licu td hop da duoc liét ké & trén.

Céc két qua thu dugc, c6 gia tri tién nghiém nhét dinh khong chi trong pham

vi hep doi voi céc thi nghi¢m thuc nghi€ém ma con cé thé mo rong ra cho thye nghiém

1am sang va cac tmg dung thyc tién.
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CHUONG 1. TONG QUAN
1.1. Vi cau tir tinh Fe;O4/Poly(glycidyl methacrylate)

Vai thap nién tro lai ddy, cic hat vi cau polymer dugc lam bang polymer tu
nhién hodc nhan tao dugc tng dung vao linh vuc y sinh hoc nhu mot hé théng phan
phdi thude, hé vi luu, chat mang va hap phu i6n kim loai ning... ngay cang pho bién
rong rdi. St dung vo boc polymer cho phép dat dugc cac dic tinh mong mudn nhu
giai phong thude duoc kiém soét va duy tri, dién tich bé mit riéng 16n, linh hoat trong
viéc bién tinh bé mat, ua nudc. Tuy nhién, diéu kién can trong viéc chon lua polymer
cho cac tng dung y sinh hoc bao gom tinh twong thich sinh hoc (sinh kha dung) cta
polymer, d0c tinh, tinh phan huy, chic nang hoa bé mat... Tl cac yéu cau do, vat liéu
polymer thong minh c6 kha nang ty huy sinh hoc da va dang tré thanh xu hudng. Khi
¢6 su thay ddi tinh chat vat Iy hodc hoa hoc ciia méi truong, chung cé kha ning dap
{ng lai cac kich thich d6 [1]. Bén canh d6, v6i kha nang bién ddi ra nhiéu dang trong
moi trudng dung dich, déng thoi c6 thé tao lién két cau trong cac dang hydrogel hoic
cay ghép vao bé mit tiép xiic rdn - nudc. Vi nhiéu wu diém nhu dién tich bé mat
riéng 16n, d& dinh khang nguyén/khang thé trén bé mat, tinh twong hop sinh hoc tét,
¢6 kha nang hinh thanh co ché phan phéi thudc thong minh va linh hoat dua vao sy
thay ddi cua méi truong (pH, nhiét do, duong, uric, tir truong), cac loai vat li¢u
polymer hydrogel thong minh (IHP) dang ngay cang dugc sir dung rong rai dé ché
tao vat liéu nén cho hé vat liéu nanocomposite chtra cac hat nano tir/chAm lugng
ti/nano kim loai (Au, Ag...) [2]. Nhiéu nhét phai ké dén Chitosan, PAA, PDMS,
PMMA, Dextran.

Cac [HP c6 kha nang thay ddi cac dic diém nhu cudn mach, kich thudce 1 Xép,
bién ddi trong truong hop c6 kich thich bén ngoai hodc dya vao su thay doi cac diéu
kién sinh 1y hoc tai vi tri chan thuong hodc bénh tat (vi du: thay d6i do pH ¢ khdi u
hodc ving co thé, kich thudc mao quan cia vét thuong) van dugc tap trung nghién
ctru va cho thay sy hiéu qua va tiém ning to 16n trong cac ung dung y sinh hoc noi
chung [3] va diéu tri ung thu néi riéng [4] (hinh 1.1) cho dén thoi diém hién tai. Cu
thé, so voi dd pH twong ddi trung tinh dugc tim thay trong nhiéu ciac mé khoe manh
(pH xap xi 7.4), su thay d6i pH thuong thdy & mot vi tri khac trong co thé cho du d6
1a duong tiéu hoa (pH 1.0-8.2) hodc dong goi té bao vao ndi soi (pH ndi soi 5.0-6.5).
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Ngay ca su hién dién cua cac té bao khdi u hodc thiéu mau cuc bod co thé dan dén
giam pH (pH 6.5-7.2) so v6i gia tri sinh 1y. Sy phan phéi thude duoc kich hoat dya
vao nhiing thay ddi trong polymer khi ¢ cac trang thai proton hoa c6 thé xay ra & cac
gia tri pH khac nhau. Khi c6 su thay doi pH, dan dén su bién doi khong hoa tan va
chu yéu 1a polymer ky nuéc thanh polymer wa nudc tich dién va do d6 16p vo polymer

cua hé phan phoi thude s€ hoa tan trong nude va giai phong thuoc diéu tri tai vi tri

muc tiéu.
pH thip
1001 it H- -l -
£ —@:

80 - S— - o pH 5.0
S
& 60-
j=]
=
-
< 40
& pH kich hoat

20 pH 6.5

= .
0= y

0O 4 8 12 16 20 24
Thoi gian (gio)
Hinh 1.1. Sy giai phong thudc & cac moi trudng pH khac nhau cta vi cau

polylactic-co-glycolic acid (PLGA) ¢ tai thuéc (DOX) trong diéu tri ung thu [4].

Bén canh cac IHP duogc liét ké & trén, poly(glycidyl methacrylate) (PGMA) 1a
mot polymer pho bién trong ca img dung cong nghiép 1an y sinh vi cac dic diém: ré
tién, twong hop sinh hoc va khong doc hai, c6 kha nang ty hop (seft-assembly), phan
huy sinh hoc va nhay cam voi pH. Hinh théi cia cac dan xuat PGMA rét doc ddo, co
thé tao ra cac cdu triic phtrc tap bang cach ty hop, chang han nhu micelle (hinh céu,
hinh tru ...), micelle ddo (RM), vién nang va hat nano [5]. Ngoai ra, cac tac nhan khac
nhau ciia cac yéu td bén trong va bén ngoai, chang han nhu chidu dai va ty 1é cia
phan ky nu6c, pH, thanh phan dung mdi va nhiét do c6 thé thay do6i hinh théi cia
chung [6]. Ngoai ra, uu diém ciia PGMA 1a ua nudc, cac nhoém epoxy co thé dé dang
bién d6i dé mang nhiéu nhém chire phan g nhu NH,, COOH, SH, c6 thé lién hop
v6i cac phan tir sinh hoc (khang thé, peptide, thudc) [7], va tinh 6n dinh (khong két
ty) trong cac moi truong sinh hoc khac nhau. Pé hinh thanh mét hé vat liéu vi cau

don gian dua vao cac img dung thuc tién bang viéc str dung tir trudng ngoai, cac hat
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nano tr Fe3sO4 (mdt vat li¢u quen thudc, ré tién, d& téng hop, tinh twong hop sinh hoc
t6t, do tir héa bdo hoa cao) dugc phan tan viao bén trong ma trin polymer
Poly(glycidyl methacrylate hinh thanh nén vi cau tir tinh Fe;Oa/Poly(glycidyl
methacrylate).

Qua trinh phan tan nay con c6 tac dung nham tranh su két tu cua cac hat nano
tir (nguyén nhan 1a do cac tuong tac ludng cuc-ludng cuc, lyc hit London - Van der
Waals giita cac hat nano tir) giy anh hudng dén tinh chat tir ctia vat liéu [8]. Cac khao
sat trude day di cho thay tiém ning to 10n cia chung trong y hoc nano, cong nghé

sinh hoc va sinh hoc phan tur [9].

1.1.1. Thanh phan ciu tao

®Oxy ®@Carbon Hydro @Nito @ Hat nano tir Fe;O4

Hinh 1.2. M6 hinh minh hoa vi ciu tir tinh Poly(glycidyl methacrylate)
(a) 2 chiéu va (b) 3 chiéu.

Hinh 1.2 minh hoa ciu tao vi cau tir tinh Fe;04/Poly(glycidyl methacrylate)
bao gém 2 thanh phan:

+ Vat liéu nén: Polymer Poly(glycidyl methacrylate) thong minh ty hay sinh hoc,

nhay cam v&i sy thay doi pH ctia méi truong.

+ Hat nano tir Fe3O4: Dugc hinh thanh va phan bd bén trong vat li¢u nén — ma tran

polymer Poly(glycidyl methacrylate).
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1.1.2. Vit ligu nén Poly(glycidyl methacrylate) [2]

Céc danh phap thuong dung: Poly(glycidyl methacrylate); 2 - Propenoic

acid, 2 - methyl-, oxiranylmethyl ester.
-Cong thirc phan tu: (C7H1003)n
M, =10.000-20.000 (dvC)

R Me Me Me Me

X X
0 0000

RV 07 R MSN-az
OH OH d

O
5 Arms-PGMA-CDs f"ﬂ uv ' “

Hinh 1.3. Vi cau nanocomposite lai hoa dap ung da kich thich dwa trén nano

silica xop va PGMA-CD [6].

La mdt polymer phan hiy sinh hoc va thong minh nhay cam voi pH, poly
(glycidyl methacrylate) (PGMA) bat dau déng ran hodc truong nd khi c¢6 su thay doi
pH cia moi truong xung quanh cling nhu nhitng IHP nhay pH khac nhu Chitosan.
Thém vao d6, véi cac dan xuat cia PGMA, chiing ta ¢6 thé tao ra cac loai polymer
khdi (block copolymer) c6 kha nang dép tmg nhiéu hon 1 loai kich thich tir méi truong

bén ngoai (dual responsive) [6], [10] (hinh 1.3).

Ngoai tinh chat nhay cam véi pH, dugc tong hop tir monomer glycidyl
methacrylate (GMA) (C7H1003) nén ban than PGMA 1a mt polymer nhi¢t déo thudc
ho Poly (acrylic acid), tinh bén v&i méi truong. Chung duge biét voi tén goi khac 1a
nhwa kinh (glass plastic) do c6 do trong sudt tuyét voi nhu thay tinh, cho anh sang
truyén qua dén 92% mang dén do 16 nét quang hoc nén cac Poly(acrylic acid) duoc
g dung trong ctra s6 may bay, dén xe hoi, dng kinh... Khi phan tan vao dung mai,

PGMA tan nhiéu trong nudc tham chi khi khdi lwong phan tir ctia chung t6i 1 triéu
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dvC hoac 16n hon. Tuy nhién néu polymer kho cung, dac biét 1a ¢ nhi¢t do cao (16n

hon nhiét d6 chuyén hoa thuy tinh T,) d6 tan cta chiing giam manh.

@Oxygen @ Carbon Hydrogen

GMA Tranghop | PGMA

Hinh 1.4. Qua trinh trung hop PGMA tir monomer GMA.

O diéu kién bao quan thong thudng, chung dugc lam khé trong diéu kién du
ém diu dé tranh tao ludi (nhu 1am kho bang dong dic). Thong thuong, chiung & dang
ran, khdi lwong phan tir trung binh vao khoang ~20.000 (dvC) xép xi 142.153 g/mol,
nhiét d6 nong chay khoang tir 274 — 280 (°C), khéi lwong riéng 13 0,805 g/ml tai nhiét
d6 phong (25 °C). Khi tiép xuc voi khong khi am, ching hip thy am nhanh chéng (~
8% trong 10 phut). Trén phuwong dién hinh thai hoc, chiing c6 dang hinh cau, kich
thudc kha déng déu, it bi két tu nén duogc dung lam tac nhan phan tan. Ngoai ra, bé
mat d& bién tinh dé tao thém cac nhom chirc amino NH;- , dién tich bé mat 16n, dudi

ky nudc quay vao bén trong 16i tao thanh mot khoang tréng giira hat vi cau (hinh 1.4).

Thém vao do, PGMA c6 dac tinh ty huy sinh hoc nén c6 thé dap tng duogc tinh
sinh kha dung cao trong cic ing dung y sinh hoc. Tat ca cac tinh chat thu vi cua
PGMA 1am cho n6 duoc tng dung kha rong rii trong moi mit ctia doi song nhu ding
lam chat 1am dic trong qué trinh 1am dic cac hé latex polymer, 1a nguyén liéu dé ché
tao chat 10ng 1am mat chdng chay duogc str dung trong nganh ché tao may bay va cong
nghiép dtc, thu hdi dau va duoc dung 1am tac nhan phan tan. PGMA duogc tap trung
nghién ctru manh mé trén thé gidi tir nhitng nam 1990 nhung ciing chi nham muyc dich
huéng dén cac nhu cau sinh hoat thong thuong ctia cude song, dén nam 2008-2009
lai tiép tuc duoc tap trung nghién ciru nham ché tao ra cac loai mang c6 cac 16 x6p
16n. Gan day, cac Poly(acrylic acid) nay bat dau dugc str dung trong y - sinh hoc dé

diéu tri dyc thity tinh thé, dng kinh ndi nhén trong mat, ciing nhu str dung trong cong
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nghé MEM (Micro ElectroMechanical) dé dong géi (packaging) cac chip sir dung

trong co thé nguoi hodc cac trong cac hé twong tac vdi cac phan tir sinh hoc.

1.1.3. Vit ligu thanh phin: Hat nano tir Fe;04

ion O*

SR IRARARAE

Fe bat dién (Fe?/Fe*™)

Fe*' (3d%) T T T T T

SN EIRIEAE

Hinh 1.5. CAu trtc tinh thé Ferrite spinel nghich thuong gip va su sap xép

cac spin trong mot phén tir sat tir Fe;04.

Oxit sit tir Fe3O4 (hay hdn hop FeO.Fe,0s) thudc nhom ceramic tir, cong thirc
téng quat: MO.Fe»03, voi M la Fe, Ni, Co, Mn hoac Cu. Ching gém c6 2 dang cAu
tric: spinel thuan hodc spinel nghich. Mdi 6 co s ¢6 8 vi tri tir dién va 16 vi tri bat

dién. CAu tric cta tinh thé Ferrite thuong gap dugc biéu thi tai hinh 1.5.

Dbi v6i cu triic spinel thuan, trong mdi 6 co s& gdm nhing ion hoa tri 3 dinh
XU tai cac vi tri bat dién. Bén canh do, nhiing ion hoa tri 2 dinh x1r tai cac vi tri tir
dién. Mt khac, mdi 6 co s& cua ciu trac spinel nghich, cac ion hoéa tri 2 va 8 ion hoa
tri 3 s€ dinh x1r tai vi tri bat dién, nhitng ion hoa tri 3 con lai s€ dinh xur tai vi tri tir
dién. Cu thé, véi ciu tric cua FesOs, cac spin tir ctia 8 ion Fe** dinh xr tai cac vi tri
tr dién, chung c6 su khac nhau vé dd 16n so véi céac spin cta 8 ion Fe?* déng thoi co
chiéu nguoc nhau. Két qua 1, chung sé& triét tiéu 1an nhau. Tuy nhién, mdi phan tu

Fes304 van ton tai mo-men tir ctia cc spin trong ion Fe?" & vi tri bat dién dong gop
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(46 16m 1 4us). Do d0, tinh thé Fe;04 mic nhién sé ton tai tinh di hudng tir, tinh chat
cling s€ khac nhau theo cac phuong (mét mang) khac nhau. Nhitng thong tin nay s&
dugc sir dung dé 1am co s& cho cac md phong phién ham mat d6 (DFT) dé tinh toan
céc tuong tac trao doi gitra cac nguyén tir trong tinh thé, 1am tién dé xay dung thong
tin dau vao (input) cho cac moé phong mé hinh spin nguyén tir duoc dé cap & phan

sau cua luan an.

O kich thuée dudi 50 nm (kich thudc ti han), FesO4 ¢ thé tmg dung trong
nhiéu linh vuc quan trong. Lic ndy, cic hat Fe;04 dugc xem nhu 1a don d6-men va
duoc tmg dung chi yéu trong linh vuc y-sinh hoc nhu tic nhan lam ting d6 twong
phan cho anh cong huéng tir (MRI), 1am phuong tién dan truyén thudc. Puong kinh
to1 han cua hat FesO4 dugc cho boi cong thirc:

_72JK4

D, = (1.1)
HM S

Trong d0, A 1a mét do ning luong trao ddi (J.m™).

mo 13 d6 tir thim chéan khong.

Ms 1a @6 tir ho bdo hoa (A.m™).

D. l1a dudng kinh t6i han cia hat (m).

K 14 mat do ning luong di hudng tir (hay hang sé di huéng) (J.m™).
Cdc dang nang luong tir

Pé thyc hién cac mo phong phién ham mat ¢6 (DFT) va mé phong md hinh
spin nguyén tir duoc thuc hién & phan sau, cac dang nang luong vi tir ciia cc hat nano
tir FesO4 khi dit trong tir truong ngodi can phai dugc xem xét. Khi mot hat nano tir

dat trong tur truong ngoai, chiing chiu tac dung ctia nhitng tuong tac sau:
- Néing heong trao doi:

Ning luong trao ddi (Exchange energy) dugc dinh nghia 1a niang luong hinh
thanh tir twong tac trao ddi giita cac spin tir 14n can, lic nay ham song cia dién tir

xen phu nhau va lam cho céc spin song song vdi nhau.
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E, =-2JS*) cosy, (1.8)
i

Trong d6, w; 14 gbc gitra spin i va j. J va S 1an luogt 1a tich phan trao doi va d6 16n cia

spin,

Phuong trinh (1.8) s& duoc sir dung dé tinh Eex giita cic nguyén tir trong mang

tinh thé cua Fe;O4 trong mé phong DFT.
- Nang luvong di huong:

Ning lwong di hudng (Anisotropy energy) 1a nguyén nhéan gay ra tinh chat di
huéng cua vat liéu tir, phuong tir hoa s& dinh hudng wu tién cac mo-men tir va cdu
triac tinh thé cua vat lidu tir s& quy dinh qua trinh tir héa. Khi khong c6 tir truong
ngoai, cac mo-men tir s& wu tién dinh hudng theo truc dé tir hoa (easy axis). Mit khac,
truc vudng goc véi truc dé (truc khé — hard axis) s& hau nhu khong c6 mé-men tir

dinh hudng theo.

Bao gém cac dang sau: di hudng tu tinh thé, di hudng tir hinh dang, di hudng
Ging suat va di hudng trao doi. Hai dang dau tién 13 dang ké va chu yéu ddi véi cac
hat nano tir Fe3O4. Nang luong di hudng anh huéng manh meé Ién duong cong tir hoa,
kiém soét luc khang tir va do tur du. DBéi voi mot vat lieu déng hudng, sy phan bd
nang luong 1a mot hinh cau. Tuy thudc vao do phuc tap cia di huéng ma tinh ddi
xtng cta sy phan bd nang luong bi giam. Pon gian nhat 14 di hudng don truc (uniaxial

anisotropy) (hinh 1.6).

Hinh 1.6. Di huéng don truc (uniaxial anisotropy).
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+Ndng lwong di hwéng tir tinh thé (magnetocrystalline anisotropy energy)

25 | ! T T
. Magnetite Fe3Oq4
L ,J-__,.,—f._——_—__-.—T:—
20 [ T ]
" I ; \\\‘
/. [100] Phwongkhé tirhéa _
o € i

Trung gian

//(111] Phuong d&

Moment (Am )

0 [ BT SR VAN W [N SLY YHSSCT WY AN NS U YUY WY W W — i F— U S —
0 50 100 150 200 250 300
H (mT)
Hinh 1.7. Cudng d0 md-men tur khi ap tir trudong ngoai voi cac phuong tir hda

theo cac mat mang cua Fe3O4 [12].

Puoc hinh thanh do tinh chit bat dang hudng cua cau trac tinh thé. Ngudn gbc
chinh cta di hudng tir tinh thé 1a su twong tac gian tiép ciia spin voi mang tinh thé
thong qua twong tac spin-quy dao va quy dao-mang tinh thé. Tuy thudc vao dinh
huéng tinh thé hoc ciia mau trong tir trudng ma do tir hoa dat dén do bao hoa trong
cac truong khac nhau. Di voi Fe;Oa, ¢ nhiét d6 trén 130 K, phwong <111> 13 phuong
d& tir hoa, <100> 14 phuong kho tir héa va <110> 1a phuong tir hoa trung gian. O hat
nano tir Fe;04 c6 dang hinh ciu, s& co 6 phuong dé tir héa twong tng véi 3 truc [111]

(hinh 1.7).

Ning luong di huéng tir tinh thé dwoc dinh nghia 1 ning lwong can thiét dé
quay mo-men tir tir phuong cua truc dé sang phuong cua truc khé. Cac phuong dé va
kho phat sinh tir trong tac cia mo-men tir spin voi mang tinh thé (ghép cip spin-quy
dao). Chiing phu thudc vao sy twong ddi tinh trong dinh hudng ciia mé-men tir véi

céc truc tinh thé va d6i xtg tinh thé.

Noi chung, hai loai di hudng tur tinh thé can phai dugc xem xét dbi v6i Fe304

& day 1a di huéng don truc va di huéng 1ap phuong. Xét hat nano tir Fe;O4 hinh cau
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c6 mang tinh thé 1ap phuong v6i di hudéng don truc, co tryuc tinh thé (a, b, ¢), ltc nay
di huéng don truc duge md ta toan hoc dua trén phuong phap khai trién chudi Fourier
theo cac sd hang cua cac goc (0) gitra phwong moment tir va cac truc cua khi lap
phuong (truc ¢) (nén phu thudc vao ddi xtimg cau trac tinh thé). Do nang lugng d6i
xung theo mat tinh thé nén do do di huéng don tryc duoc bidu dién béng mot chudi

lity thira chin cia sin () nhu sau:

Eﬁ"i = K, + K,sin*(0) + K,sin* (6) + K,sin® (6) +... (19)

O d6 K1, Ko, K3 1a héng s6 di hudng bac hai, bon va sau. Trong mdt vai trudong hop

tinh toan, phuong trinh trén con duoc viét nhu mot ham cua cos (0):

% =-K, — K,cos*(0)— K cos*(0) + K,cos°(0) +... (1.10)

Str dung twong quan luong giac sin?(0) = 1 — cosX(0), cac hé sé méi (Ko, K1,
K5, K3...) c¢6 thé thu duoc. Phuong trinh (1.10) tao ra mot birc tranh phirc tap vé
nang luong di huéng, nhung nhin chung cac gi tri cua hang s6 di hudng (K) giam
khi ting bac cia s6 hang va trong nhiéu tng dung chi s6 hang bac hai cua di huéng
duge xét dén, do Ko hoic Ko khong co y nghia vat 1y (don thuan bai vi né chi 1a dai

dién cho su dién dich cia muc tham chiu, tirc 1a chi c6 ¥ nghia vé mat toan hoc).

Trong céc tinh toan vé vt liéu, chi can sb hang thtr 2 va tha 3 trong khai trién
1a du dé biéu dién nang luong di huéng theo mot hudng tiy ¥. Hai sb hang nay déu
c6 mot hr:ing s6 thuc nghiém dugc lién két véi chung duoc goi la hﬁng s6 di hudng
bac mot va bac hai, hodc Ki/K'1 va Ko/K'» trong tng. Tham khao mot sé nghién ciru
tur cac hoc gia khac, cac héng s6 di hudng bac mot va bac hai cua vat li€u Fe3O4 khéi
thu duoc béng thuc nghiém tai nhi¢t d§ phong (300 K), tuong ting lan luot 1a Ky = -
1.35 x 10° erg/cm? va K, = -0.44 x 10° erg/cm? [12].

Véi di huéng 1ap phuong (hinh 1.8), su khai trién s& phic tap hon nhu sau:

x"yz

E
%” =K (c;+c;+c)+ K, (clel +cicl +cied)+ K (¢l el (1.11)
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Trong d6 cx, ¢y, ¢, 13 cac phuong cosin ciia vecto md-men tir, va Kei, Kez 1an
luot 1a héng s6 di hudng tir tinh thé bac 1, bac 2, tuy thudc vao gia tri cua K¢ va Keo

ma c6 céc truc dé khac nhau. V 14 thé tich vt tir.

Hinh 1.8. Phan b niang lugng di hudng 1ap phuong véi Ker > 0 va Ko = 0.
+Nang luong di huong hinh dang (Shape anistropy energy):

Puogc dinh nghia 1a nang lugng c6 dugce do su bat doi xung trong qua trinh tir hoa,
quyét dinh bdi hinh thai hoc cua vat tr quy dinh, mo-men tir s€ c6 xu hudng dinh

hudng theo tryc dai cta vat tir. Nang lugng di huéng hinh dang duogc xéc dinh boi:

E, = j K, sin*(0)dv (1.12)
V

Nb_Na

5 M> (1.13)

voi K o=
O day, Kerr va M lan luot 12 di hudng tir hiéu dung va tir d ctia vat tir; 0 1a goc hop

bdi truc dai va phuong tir hoa; Na, Ny 14 thira s6 khir tir theo 2 truc vudng goc.

Dinh hudng cia moé-men tir cia mot hat sat tir Fe3Oy4 ¢6 thé duoc wu tién dinh
hudng do hinh dang cia nd. Luc ndy mo-men tir chiu anh hudng ciia mdt truong goi
1a trudong khi tir. Truong nay tao ra mot hodc hon sy dinh hudng vu ti€n, nd c6 xu
huéng tac dong 1én d6 tir hoa dé giam tong mo-men tir va 1am phat sinh di hudng
hinh dang trong céc vat liéu sat tir don do-men va hinh thanh cac d6-men tir & cac vat
lidu sat tir 1on hon. Piéu nay co thé duoc giai thich mot cach don gian nhu sau, néu
chung ta so sanh hat tir tinh voi mot thanh tir tinh, cac thanh tir dugc xem nhu ton tai

mot cuc bac va nam. Lic nay moé-men tir duge dinh hudng tir cyc nam dén cuc bac
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va cac duong suc tur dugc tao ra boi thanh nam cham thi nguoc lai, hudng tir cuc bac

dén cuc nam. \ /

Hinh 1.9. BPuong stc tu va truong khtr tr ¢ thanh nam cham va hat nano tir Fe;Og.

Tir hinh 1.9 ¢6 thé thdy rang bén trong thanh nam cham, cac duong stc tir
nguoc chiéu véi moé-men tir va ¢ dé khir tir mau. Truong nay duoc goi 1a trudng khir
tor va n6 hién di¢n trong tat ca cac vat lidu tir tinh. D4i véi hinh dang chung, truong
khir tir kho dé c6 thé phan tich tinh toan va né khong phai 1a hang s bén trong mau.
D6i v6i mot hat tir co dang elip, truong khir tir luén dong nhat bén trong mau, Osborn
va cong su [13] da dan ra cac phuong trinh phan tich. Xét mot hinh elipsoid c6 hai
ban truc bang a va ban tryc thtr 3 1a ¢ (nhu trong hinh 1.10a), truong khir tir ¢6 thé

duoc viét la:
Hg = NaMs. Véi Ng 12 hé s6 khtr tir cho phuong x,y va z.
Nx=Ny va N, +Ny+N,=4n (1.14)
Néu ko=c/a va truc z trung véi ban truc ¢, thi N, co thé tinh dugc. Hai yéu tb

khir tir con lai (Nx va Ny) ¢ thé duoc tinh tir phwong trinh (1.14) va st dung diéu
kién Ny = Ny.

4 k
N="" 11— —arcos(k,) Khi ko<1 (1.15)

Tk 1=K

N ="2=N =N Khi ko=1 (1.16)
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N = 4r k,

C k-1 k-1

arcosh(k,)—1 Khi ko>1 (1.17)

L .
_—-—————T
Hinh 1.10. (a) Hat tr hinh ellipsoid.
(b) Truong khtr tir Hq cua hat tir hinh elipsoid.

-Nang luvong tinh tu:

Ning luong tinh tir (magnetostatic energy) hinh thanh do su phan bd cac mo-
men tur trong vat tir. Su xuét hién cac tir tich bé mat hinh thanh badi su phan bd bét
ddng nhét cac mé-men tir, tir d6 tao ra hai dang truong: nodi trudng (trudng khir tir)
va ngoai trudng (trudng phan tan bén ngoai vat). Vi hé nhiéu hat, tuong tac tinh tir

gitra cac hat dugc goi la twong tac ludng cuc — ludng cuc (dipole-dipole hay dipolar).

Trong hé cac hat nano tir nén gan nhau, tuong tic ludng cuc-ludng cuc dong
mot vai trd quan trong trong hanh vi tir tinh ciia hé. Néu hé rat loang thi twong tac
ludng cyc trd nén nho va cé thé bi bo qua, nhung néu cac hat xép gan nhau thi sy
dong gop cua truong ludng cuc vao tong nang luong ting 1én va tré nén quan trong.
Xét mot mau 1a mot hé gém N hat nano tir tinh, truong ludng cuc duoc tao ra boi tat

ca cac cac hat tac dung 1én mot hat i dugc tinh toan theo phuong trinh sau:

N
; 1, m, (mjr)r
H, =- —~ 43— 1.18
v an ;( 7;']'3 ry (19

Twr d6 tinh dugc nang lugng tinh tir cho hé cac hat nano tur:
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N .
E, = Zml.H;ip (1.19)

Vi po la do tir tham cua chan khong, Haip 1a truong ludng cuc, m 1a mo-men tir cua

hat, r 1a khoang cach giira 2 hativaj.
-Nang luong Zeeman:

Ngudn gdc cta ning lugng Zeeman hinh thanh do tuong tac giita mo-men tir

va tur trudng ngoai.
E,=-uMVe, H,, (1.20)

Trong d6 o 1a do tir tham cua chan khong (trong hé CGS po =1, va voi hé SI po=
41.1077 H/m). Happ 14 tir truong ngoai, M; 1 do tir hoa bao hoa. V 1a thé tich hat, g,

la vecto don vi cua vecto tir hoa.
-Nang luong tir giao:

Hi¢u tng to gido la nguyén nhan hinh thanh nang lugng tor gido
(Magnetostrictive energy), cu thé 1a do sy bién ddi vé hinh dang hinh hoc cua vt tir
do tir truong ngoai (tir giao thuan) hodc su thay ddi vé thé tich hay hinh dang dan dén
su thay di tinh chat tir. Ban chat 14 do twong téc spin-quy dao trong cac dién tir trong
vat lidu st tir gdy nén. Piéu kién can dé hién tuong tir gido xay ra 1a dam may dién
tir khong c6 dang dbi ximg cau va ton tai twong tac spin-quy dao manh. Khi c6 mat
tor truong ngoai, sy quay cia moé-men tr (modé-men spin) to hudng nay sang hudng
khac dan dén su phan bd cua cac dién tir (& day 1a mé-men quy dao). Két qua 1a, tir
gido duoc tao ra khi su thay d6i twong (mg cua tuong tac tinh dién gitra dién tir tir va

dién tich ciia moi truong xung quanh.

E, = [ Aosin’ (@)dV (1.21)
4

Trong do, A 1a tir gido bao hoa cua vat tur, ¢ 1a ung suit co hoc trong vat tu, a 1a goc

tao boi vécto tur do va ting suét co hoc.
- Ning heong tir tong cong:

La tong cta 5 s6 hang nang lugng dugc liét ké phia trén.
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E

‘total

=E, +F +E,+F +F, (1.22)

CAu trac d6-men cua hat nano tir s& duoc quy dinh bdi cuc tiéu hoa nang luong
tong (Etwl). Ty thudc hinh thai hoc cta hat nano tir va cau hinh mé-men tir ma ¢
thé xuat hién timg dang nang lugng tuong tng. Tuy nhién, diéu kién can cho viéc xac
dinh trang thai can bﬁng cua h¢ spin 1a sy cuc tiéu hoa nang lugng téng. Xac dinh
ning luong tong 1a mot trong nhitng diéu kién tién quyét dé thuc hién cac phuong
phép mo phong cho hé hat nano tir. Thém vao do, dé khéo sat cac hanh vi dong hoc
cua hé hat nano tur, tuc 1a khdo sat su thay ddi cua hé theo thoi gian thuc, cac tinh
toan vé nang luong vi tir con duoc két hop véi viée giai phuong trinh Landau-Lifshitz-

Gilbert [14], diéu nay s& duoc tac gia trinh bay chi tiét hon ¢ chuong sau.
1.1.4. Ung dung tiém néng ciia vt liéu vi cau Fe;04/Poly(glycidyl methacrylate)
1.1.4.1. Hé phdn phéi thuéc hiedng dich

Vén dé cung cép thudc dén vi tri can diéu trj cta co thé bénh nhan véi mot lidu
lwong phu hop ludn dong vai tro hét strc quan trong véi hiéu qua cia phac dd diéu tri
bénh. Thém vao do, sy phirc tap vé hoa 1y clia mdi truong co thé ngudi bénh anh
hudng dén cac phan ti thude, lam giam hi¢u qua tiép can cac muc ti€u sinh hoc/bénh
Iy [15]. Hé thong phan phdi thuéc hudng dich (Targeted drug delivery system -
TDDS) dugc su dung nham cai thién ciu hinh duogc dong hoc, tinh déc hi¢u trong qua

trinh phan phoi thuoc cling nhu ddm bao hiéu qua va an toan cta toan b dicu tri.

Thyc nghiém 1am sang trén co thé nguoi da cho thay phan phdi thue hudng
dich tai viang muyc tiéu thuong dugc thuc hién béing cac k¥ thuat truc tiép lién quan
dén xam l4n: tiém truc tiép, 6ng thong [16,17]... Mac du cac hé théng nay co uu diém
1a phan phéi tryc tiép, nhung c6 sy xam l4n nén khong thuan tién cho bénh nhan va
tdn kém dé thuc hién trong nhiéu trudng hop. Do d6, cac nd luc nghién ciru duoc
thuc d?ly nham phat trién TDDS bao gém viéc tinh chinh vé mit hoa hoc, vat ly va
sinh hoc véi viée st dung hodc khong str dung cac chat mang. Thude c6 thé duoc lién
hop v&i cac khang thé, peptit, axit folic dé tao ra cac tién chat dugc nham muc tiéu
[18]. Mat khac, thube c6 thé duoc tich hop vao cac chét mang nano hodc h¢ théng

nano. Chiing bao gdm cac hé mang thudc nhu liposome, micelle cao phan tir, hat nano
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cao phan tir, lién hop thudc - polymer, nanogel, dng than nano carbon, dendrimers...
[19]. V61 céac thanh qua cua cong ngh¢ nano, khoang mdt thap nién tr¢ lai day, cac
hé nano di dan tr¢ thanh phuong tién hiéu qua dé phan phdi thude voi cac uu diém
vuot troi nhu kich thudce nhé (t6i uu hoa thé tich va lidu lugng), linh hoat trong thiét
ké va tmg dung (d& dang thay d6i chit mang hodc cac tac nhan dinh kém), cho phép
twong tac phan tir sinh hoc mot cach hiéu qua nham giam thiéu cac tac dung khong
mong muén, ting tinh sinh kha dung cia hé phan phdi ciing nhu thudc dinh

kém...[20].

Véi nhitng vu diém vuot trdi d6, TDDS dua trén nén tang vat liéu vi cau da
duoc tmg dung rong rai trong chian doan va diéu trj ung thu [21]. Trong qua trinh hoa
tri li€u thong thuong, cac loai thudc diéu tri ung thu phé bién hién nay nhu
Doxorubicin, Docetaxel, Topotecan, Irinotecan, Epirubicin [22] thuc chat 1 cac loai
doc dugc, n6 tac dung 1én ca té bao binh thuong va té bao ung thu giy ra nhiing tac
dung phu khong mong mudn cho bénh nhan nhu viém loét da day, rung toc, suy
nhugc co thé, giy chét nhimng té bao mau ngoai bién, gdy doc tinh than kinh ving
ngoai bién [23]. Thém vao do, tdn tai mot sd co ché sinh hoc phéan tir trong khang hoa
tri ctia t& bao ung thu (do hé thdng di truyén ngoai gen - epigenetic va gen di truyén
- genetic ctia chinh té bao ung thu) [24], tir su khong ddc hiéu, khong tip trung cta
thudc dén ving bénh 1y s& dan dén su bung phét ciia cac té bao ung thu sdng sot giira
cac dot diéu tri, vo tinh tao ra quﬁn thé cac té bao ung thu c6 kha nang khéang lai cac
thudc diéu tri ung thu. Thyc té cho thay, thudc chi c6 tac dung tiéu diét té bao ung
thu néu dugc phan phéi dén té bao véi ndng do dii 1on. Ngoai ra, con lién quan t6i
kha ning thim thau qua cac hang rao cia co thé (hang rao mau ndo, hang rao dich
ndo tiy). Qua d6 cho thiy vai trd quan trong cuia van dé giam tic dung phu va ting
tinh dac hiéu ciia thude diéu tri ung thu thong qua qua trinh phan phdi hudng dich tap

trung trong phac do hoéa tri liéu diéu tri ung thu.

Tir nhitng yéu cdu mang tinh tuyét d6i d6, cac hé phan phdi thudc nand dan
duoc dinh hinh vé ciu tric, thanh phﬁn cling nhu tinh chét. V& ciu tao co ban, chung
bao gém mot vat liéu nén 1am vé boc bén ngoai nham tang tinh sinh kha dung khi
g dung trén co thé/ té bao, cac chat mang dién hinh nhu liposome, cac micelle cao

phan tir, cac hat nano polyme, hodc dugc phat trién nhiting nam gﬁn day nhu vat liéu
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dwa trén nén carbon (nhur 6ng than nano — CNT, mang carbon hai chiéu — Graphene
oxide) [25]. Bén canh do, kha nang hudng dich cua thudc duge dam bao béng viéc
st dung mot vat liéu thanh phﬁn c6 kich thudce nand, mang tinh si€u thudn tir va do
tir hoa bao hoa cao (nhu Fe;O4, CoFexOy4, y-Fe203) voi sy cd mét cla tir trudng ngoai.
Thudc diéu tri ung thu dugc nén trong 15i cia vat liu vo (thong dung nhu
Doxorubicin — DOX). Ngoai ra, TDDS con c¢6 thé duoc lién hop voi cac khang

nguyén/ khang thé, peptit, axit folic, chdm lugng tir tuy vao muyc dich stir dung.

Vi¢c st dung cac hat nano tur tinh (Magnetic nanoparticles — MNPs) lam tac
nhan huéng dich da duoc khao sat nhiéu trong linh vuc phan phdi thudc hudng dich.
MNPs c6 thé 1a kim loai, ludng kim hodc hat nano oxit st siéu thuan tir (SPION).
Trong s6 d6, SPION duoc nghién ctru rong rdi cho cac tmg dung y sinh vi ban chit
khong doc hai véi co thé, co kha niang chirc ning hoa véi cac 16p phu hudng dich
khac nhau va c6 thé dinh kém thudc v6i sé lwong hop ly. Viée t6i vu hoa MNPs ciing
nhu tir truong ngoai 1a didu quan trong hang dau vi khi ing dung tir trudng, ching
phai c6 kha ning tao ra dit mé-men tir va gradien tir ma MNP c6 thé thiang duoc luc
can cua luu lugng mau (khoang tir 0,05-50 cm/s) tuy thudc vao muc ti€u hudng dich
[26]. MNP d3 tim thdy mot sé tng dung trong liéu phép 1am tan huyét khdi [27], hinh
anh nodi mach va bénh tim mach [28, 29], hinh anh va diéu tri khdi u [30-34], ciing

nhu phan phdi qua rao chan mau nio [35,36].

Vit lidu vi cau tir tinh PGMA vdi tinh tuong hop sinh hoc dugc tai thude diéu
tri (DOX) trong 16i. Thudc duoc tiém bép tay hodc truyén tinh mach va di vao co thé
thong qua hé tudn hoan. Mot gradient tir truong ngoai rat manh duoc sir dung dé
huéng dich thudc dén ving co thé co té bao ung thu. Khi thude duoc tip trung tai vi
tri can thiét va trai qua céac qua trinh thuc bao va tham bao cua céc dai thuc bao, qua
trinh nha thudc s& dugc dién ra thong qua co ché hoat dong ciia cac enzym hodc cac
tinh chat sinh 1y hoc do cac té bao ung thu gay ra. Chiing lam giam d6 pH cuia vi moi
truong xung quanh, dan dén vo boc polymer PGMA nhay cam pH sé bi truong nd va

giai phong thudc (hinh 1.11).

Moi day, trong nam 2021, tac gia Nasrin Zohreh va cong su [37] da nghién
ctru téng hop vi ciu tir tinh st dung hai 16p polymer nhay cam pH 1a PGMA va
Poly(Ethylene Glycol) lam vé boc tao thanh vi cdu hai 161 — vo kép c¢6 tai DOX nham
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tmg dung trong hoa tri lidu. Hiéu sut giai phong DOX va thir nghiém doc tinh
(cellular toxicity assay — MTT) 1én té bao ung thu MCF-7 1én dén hon 80%. Thu
nghiém in-vitro cho thay su twong hop sinh hoc cao véi moi truong mau nguoi. Cac
két qua thu dugc ciing khuyén nghi réng, vat liéu vi cau tao duoc véi néng do thép
c6 tiém nang 16n trong viéc lam tac nhan ting do tuong phan cho anh cong huong tir
(MRI).
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Hinh 1.11. Co ché phan phbi thudc hudng dich chu dong trong hoa tri liéu

trén co thé nguoi.
1.1.4.2. Tang than nhiét cuc bo

Tang than nhiét cuc bd (local hyperthermia) hay nhiét tri 1a li¢u phdp lam néng
khéi u ¢6 chon loc dén nhiét do diéu tri (39~45 °C) bang thiét bi gia nhiét vat 1y co

thé tiéu diét t& bao ung thu nhung khong 1am t6n thuong té bao khoe manh 1an can.
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Nguon gia nhiét c6 thé 1a séng co hoc (séng siéu 4m — tan s6 1Mhz), cac loai song
dién tir nhu vi song (tan s6 430-2450 MHz), tan sb vo tuyén (tdn s6 100 kHz-100
MHz), hong ngoai (tin s6 ~10° GHz) hay tir trudng, 1a mot trong nhitng phwong phap
diéu tri ung thu phé bién bén canh céc phuong phép khac nhu phau thuat, xa tri, hoa
tri va liéu phap mién dich. Phuong phap ndy dic biét hitu dung khi diéu tri cac khéi
u ran & dau va cd. Tuy nhién, hién tai van tdn tai nhiéu han ché nhu kiém soat lidu
luong nhiét, hudng dich ving diéu tri va kha ning phéan biét giita té bao khoe manh
va té bao ung thu [38]. Dan dén doi hoi can c6 cac vt liéu nano tri liéu méi va thong
minh, c6 kha ning nhim muc tiéu (ving c6 té bao ung thu) voi cac co ché linh hoat

khac nhau dé img dung vao liéu phap ting than nhiét cuc bo.

Hinh 1.12 1a ng dung tang than nhiét cuc bd dé diéu tri khdi u 4c tinh trong
nao nguoi, cac hat nano tir voi 16p phu 1a cac loai polymer thong minh twong hop
sinh hoc (chat mang) duoc cdy vao ndo va hudng dich dén ving co té bao ung thu
bang tir trudng ngoai xoay chiéu. Ngoai tic dung hudng dich, tir truong xoay chiéu
nay con dugc st dung lam tac nhan dé cac hat MNPs dao dong, tir d6 lam tang nhict

dd cuc bd ¢ vung c6 khoi u dan dén mang té bao khoi u bi trc ché va hoai tur.

Hinh 1.12. Piéu tri tang than nhi¢t cuc bd cho bénh nhan bi u ndo 4c tinh sau
khi cdy MNPs. (A) Tir truong xoay chiéu dugc sir dung dé ting than nhiét cuc bo
trong ving khdi u. (B) Dao dong ciia cac MNP lién ké véi cac té bao khoi u gay

tang than nhiét cuc bd. (C) Céy MNPs tai chd bén trong va lién ké véi khéi u ndo
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mang lai hi¢u qua diéu tri nhdm muc tiéu. (D) Cac té bao khéi u ndo thé hién su
xam nhap vao ndo binh thuong cé thé nhay cam hon véi anh hudng ctia ting than
nhiét cuc bd do sy hap thu ndi bao MNP 16n hon va nhay cam véi sy thay doi nhiét

o [39].

DPé dua vao cac ung dung tang than nhiét cuc bo nhu trén, cac thong ) quan
trong cua vat li¢u nhu ti ) hép thu riéng (SAR), phan b kich thude vat ly va thé tich
thuy dong hoc can duoc biét mot cach cu thé [40]. Thé tich thuy dong khong phai la
mdt tham s6 dugc xéac dinh o vi trong cac chét phan tan keo, cac hat dugc phu mét
hodc nhiéu chat phan tan co thé tao thanh nhiéu 16p trén bé miit. Ngoai ra, khi cac hat
di chuyén, cac phan tir bi cudn theo cua chat 16ng mang ciing s& dong gop vao va lam
tang gia tri tong thé cua thé tich thity dong hoc. Bén canh do, thi tinh chat tir ctia cac
hat nano tir, hinh dang hat va thong sb tir trudng ngoai cling dong mot vai tro rat quan
trong trong viéc kiém soat hiéu suét tang than nhiét cuc bd trong thuc nghi€ém lam

sang [41, 42].

1.1.4.3. Vi luu — Microfluidics
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Hinh 1.13. Ba dang chinh cua h¢ lab-on-chip: (a) St dung 2 nam cham vinh curu
tuyén tinh; (b) St dung mdt nam cham vinh ctru tron; (¢) Str dung h¢ nam cham

dién véi 16i 1a vat liéu tir mém [43].
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Bén canh ng dung in-vivo nhu phan phdi thudc huéng dich, vi cau
Fe;04/PGMA con c6 tiém niang tng dung trong linh vyc sinh hoc phén tir nhu kénh
dan vi luu (Microfluidics) duoc Gmg dung trong cac nghién ctru va phat trién cac vi
hé thdng str dung nhiing vi thé tich chat long (phong thi nghiém siéu nho tich hop
trén mot con chip - “lab-on-chip”) [43, 44] cho phép phan tich toan dién nham nhan
biét va dinh luong cac phan tir sinh hoc nhu DNA, enzyme, protein (hinh 1.13).

Nguyén 1y hoat dong cua cac hé thong vi lwu nay 1a sir dung cac tic nhan bén
ngoai nhu tir truong hodc tan xa quang hoc, dua vao su hdi dap khac nhau (dudng
kinh thuy dong hoc — hydrodynamic radius) cua hé vi luu (chtra cac hat nano tir) trude
va sau khi bat giir cac phan tir sinh hoc (ndng do khac nhau) voi tic nhan bén ngoai
theo thoi gian thuc, thong qua mot quy trinh hi¢u chinh (calibration) [45-48] cho phép
dinh tinh/dinh luong cac phan tir sinh hoc.

— mav tinh
theo d&i vong quay

giﬁ

& thiy tinh

igG —
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Hinh 1.14. Ung dung lab-on-chip nhdm nhan biét phan tir sinh hoc [43].

Hinh 1.14 biéu thi qué trinh dinh tinh/dinh luvgng Protein G bﬁng cach sir dung
mot dung cu co thé diéu khién duoc phuong va do 16n ctia tir trudng (goi 1a nhip mo-
men xoan tir tinh — magnetic torque tweezers) hinh thanh bang nam cham dién. Duéi
tac dung cuia tur truong xoay chiéu lién tuc, cac vi ciu (h¢ vi luu) chtra cac hat nano
tir s& chuyén dong xoay tron va hinh thanh mé-men xoén, tir 6 lam thay d6i goc
quay. Viéc theo ddi su thay d6i goc quay nay cho phép khao sat tinh chat xodn cta
Protein nhu mot ham ctia goc quay, thong qua quy trinh hi€u chinh s€ cho phép dinh
tinh/dinh luwong Protein G dang xét hoac cac phﬁn tu sinh hoc khéac. Ngoai ra, viéc
xéc dinh d6 bién dang goc t6i da con cho phép dinh lwong d6 cimg xodn phc tap cia

phirc hop Protein G-IgG va IgG-IgG, ky thuat nay da duoc sir dung dé nghién ctru do
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ciing xoan cua cac protein di loai phure tap (cu thé 1a protein Troponin & tim, c6 chuc

ning diéu hoa co co bop ctia tim) [49].

Mot thiét bi vi luu don gian voi dé 1a vat liéu Poly(dimethylsiloxane) (PDMS)
[50] gdm 7 kénh thang hang v&i mat cit hinh chit nhat dugc tao ra bang phuong phap
lithography mém, sau d6 phu dung dich huyén phu chira vi cau Fe;04/PGMA@PEG
1én cac kénh cua thiét bi nham két dinh cac hat v6i thanh kénh (hinh 1.15) [44]. Su
bam dinh va khong két tu ciia cac hat trong kénh dan 1a diéu kién tién quyét dé co thé
phat hién duoc céc phﬁn t sinh hoc. Bén canh d6, mét tir trudng ngoai xoay chiéu
duoc ap vao dé dam bao cac hat dugc phan tan déng nhét trén toan bd bé mit thanh
kénh. Cac phéi ttr sinh hoc s& bam dinh 1én bé mit cac kénh, sau d6 sir dung bg kit
xét nghiém (Thermo Scientific Pierce BCA Protein Assay) dé dinh tinh dbi véi
Protein BSA va budng Biirker c6 sir dung kinh hién vi quang hoc dé dém/dinh luong
té bao MCF7.
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Hinh 1.15. Vi cau Fe;04/PGMA@PEG phu 1én dé PDMS cho tmg dung vi luu
nham phat hién t& bao MCF7 va protein BSA trong huyét thanh bo [44].
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1.1.4.4. Hdp phu ién kim logi ning

Ngoai tmg dung trong linh vuc y sinh hoc, gan ddy hé vat liéu vi cau tir tinh
Fe;04/PGMA duoc chitc nang héa vdi mot sd polymer khéc ciing duge tmg dung
trong cac linh vuc khac nhu xtr Iy nude nham hip phu, tach loai va thu hdi cac i6n
kim loai nang. Cu thé 1a hip phu i6n Palladium (Pd?*) trong nuc thai stir dung hé vat
lidu vi cdu PGMA chtic nang hoa v6i pyromellitic acid (PMDA-PGMA) [51], va vi
cau tr tinh PGMA dugc chic ning héa vdi Poly(aminophosphonic) (PPA-
Fe;04/PGMA) hap phu Uranium trong nudc ri quing ctia cac nganh cong nghiép khai
khoang [52] (hinh 1.16).
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O day, co ché hap phu chinh 13 qua trinh trao d6i i6n, hut tinh dién va lién két
phdi tri gitra ion Pd** va nhom chire axit Pyromelitic. Ai lyc tinh dién giita nhom chirc
—Amino ctia vi cau PMDA-PGMA véi ion Pd** 1am tang ham luong hap phy Pd*
[51]. Sau khi hép phu 16n kim loai ndng, tir truong ngoai dugc ap vao dé léng dong
va tach loai cac vi cau nay ra khoi dung dich nudc [52]. Sau khi tach loai, vat li¢u
chtra cac i6n kim loai nang nay c6 thé dugc tai ché dé dang it nhat 5 1an bang cach sir

dung dung dich Thiourea 10% [51].
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Hinh 1.16. (a) anh SEM va phd EDS cia PMDA-PGMA hip phu ion
Pd*[51]; (b)Vat liéu vi cdu PPA-Fe;04/PGMA hip phu Uranium [52].

Dbi voi cac tmg dung co sir dung tir truong ngoai dugc liét ké ¢ trén, dic biét
la cac trng dung trong linh vuc y sinh hoc, hi¢u qua ctia tng dung phu thudc vao do
16n cua tir trudng ngoai, gradient tir trudng, thé tich cling nhu tinh chat tir cuia hé dan
vi cau Fe;04/PGMA. Véi timg dung phan phdi thude hudng dich, cac chat mang thude
s€ dugc tiém thong qua tinh manh hodc dong mach nén cac thong sb thuy dong hoc,
duoc dong hoc nhu thong lugng méu, néng do, thoi gian tuan hoan dong vai tro quan
trong khong kém bén canh cac thong sé sinh 1y hoc trong yéu nhu khoang cach tir vi
tri ciia thudc dén ngudn tir trudong ngoai, muc d6 lién két thude/hat, va thé tich cua
khéi u. Céc hat c6 kich thude 16n (khoang mot vai micro mét) s& hoat dong hiéu qua

hon trong hé théng tuan hoan dic biét 1a & cac mach mau 16n va cac dong mach. Do
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d6, dé c6 thé kiém soat, tinh toan va danh gia hi¢u qua su dung, bén canh céac thong
s0 vé sinh duoc hoc, cac thong tin lién quan dén tinh chat tir ciia hé vi cau ciing dong
vai tro hét sirc quan trong. Dé khao sat cac thong tin nay, bén canh cac phuong phap
do dac thyuc nghiém phuc tap va tdn kém, vai nam tré lai day cac phuong phip mo
phong may tinh nhu mo6 phong Monte Carlo (MC), m6 phdng nguyén tir (Atomistic
simulation), mé phong dong hoc phan tir (MD), md phong phién ham mat do (DFT)...
cling c6 thé sir dung dé thu duoc cac thong tin c6 gia tri nham tién nghiém va bd sung

cho qua trinh thyc nghiém.
1.2. M6 ph6ong may tinh trong khoa hoc vat li¢u
1.2.1. Bén chit ciia qud trinh mé phéng trén mdy tinh

Qua trinh mo6 phong trén may tinh 1a viée sir dung may tinh dé mo phong (bat
chudc) lai cac sy kién/hién tugng trong tu nhién dya trén mot moé hinh dugc xay dung

trude do.

Hinh 1.17. M6 phong may tinh tir hé vi md & cip d6 nguyén tir dén hé vi mo

nhu trai dat — (a) M6 phong mot phén tir v6i “ludi” nang lugng bang DFT [53]
(b) M6 phong mang Graphene oxide (GO) trong nudc bang DFT [54],
(c) M6 phong 2 cyc tir cua trai dat [55].

O day, qua trinh xdy dung mo hinh con goi 14 mé hinh héa 1a qua trinh tim ra
mo hinh don gian kha di dé c6 thé mé ta khai quat dwoc mot hé thong thuc. Ta co thé
b6 bot nhing phirc tap khong can thiét va khong ban chét, chi cin mo hinh mo ta
duoc nhimg gi ban chat nhat va quan trong nhit cta hé thong thuc ma ta can nghién
ctru. Cu thé, dbi véi cac nghién cliru vé khoa hoc vét liéu, mé hinh duogc xay dung bdi

nhitng mo6 ta bang ngdn nglr toan hoc vé vat liu can nghién ctru va co6 thé tinh toan
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duoc trén may tinh thé hién thong qua cac thuat toan va ngdn ngir 1ap trinh. Bén canh
d6, md phong 1a “bat chudc” cac hé thong thuc trén may tinh thong qua mot mé hinh
nhét dinh, dé c6 thé quan sat sy van hanh ctia chung. M6 hinh va mé phong luén song
hanh khong thé tach roi, mudn mod phéng mot hé théng thuc thi diéu kién tién quyét
1a phai xay dung mé hinh tinh toan ctia hé théng thuc d6 va thuc hién duoc viée tinh
toan cia mo hinh nay trén may tinh. Thong qua do, mo phdng cho phép cac nha
nghién ctru xay dyung va thir nghiém mé hinh cta cac hién tuong tir don gian dén phirc
tap, tir vi mo dén vi mé trén may tinh (hinh 1.17). Néi cach khac, mé phong 1a mot
hinh thire nghién cru mai, cho phép lam thyc nghiém trén may tinh véi hi¢u qua cao,
chi phi thap va tiét kiém nhiéu thoi gian.
1.2.2. H¢ thong va mé hinh
1.2.2.1. Hé thong

Hé théng 6 thé xem nhu 1a tap hop cua cac thuc thé, nhu tap hop céc nguyén
ti-phan tu, hé théng mang ludi v¢€ tinh cua trai dat, ma tran polymer... ching van
dong va twong tac 1an nhau huéng dén mot két thiic c6 logic nao d6. Trén thyc té hé
théng con phu thude ddi tuong nghién cuu. Co thé chia 1am 2 loai hé théng: Hé théng
gian doan va hé thong lién tuc. Hé thong 1a gian doan néu cac bién trang thai thay dbi
tirc thoi tai nhitng thoi diém roi rac nhu nhau theo thoi gian. Trong khi hé thong 1a

lién tuc khi cac bién trang thai thay ddi lién tuc theo thoi gian.

Trong thuc té ¢ nhing hé théng khong hoan toan 14 roi rac, ciing khong hoan
toan lién tyc. Tuy nhién khi mot trong hai dang trén c6 uu thé nhiéu hon thi co thé

cho ring hé thong thuéc dang nay hay dang kia.
1.2.2.2. Mo hinh

Trong mdt sd trudng hop khong thé lam thi nghiém truc tiép v6i hé thong hodc
dé tiét kiém thoi gian va tién bac, ngudi ta thuong 1am thi nghiém véi mo hinh dé xac
dinh cac thong s6 t6i uu trude khi tién hanh thi nghiém v&i hé théng thuc. Didu nay
rat thudng xay ra trong nghién ciru vé cac loai vat liéu & diéu kién nhiét do rat thap
hodc rat cao nhu vat liéu siéu dan & nhiét do th?ip hodc kém theo ap suat thép nhu ché

tao vat liéu graphene. Khi xdy dung mé hinh, van dé tién quyét anh huong dén két
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qua nhan duoc la m6 hinh phan anh chinh xac hé théng dén mtrc nao (goi la do tin

cay cua mo hinh). C6 2 loai mo hinh co ban:

-Mb hinh vt Iy (hinh 1.18a): La nhimg dang mé hinh tinh, mang tinh chét tryc quan
nhung lai khong day dii thong tin dan dén két qua khong c6 do chinh xac cao nhat 1a
d6i v6i nhitng hé phirc tap nén chung khong thuong dugc ding trong nghién ctru cac
hoat dong hay phan tich h¢ théng. Vi du md hinh khéi nha chuan bi xay dung, mo
hinh nguyén tir...1a nhitng mo hinh vat Iy dién hinh, n6 phu hop va can thiét danh
cho céc nghién ctru vé hé thong k¥ thuat hodc quan 1y.

-Mo hinh toan hoc (hinh 1.18b): La mo6 hinh thé hién hé théng vé mat tuong quan
logic va twong quan vé chat ma sau d6 co thé diéu khién hodc bién ddi dé “thiy” mo

hinh thay d6i — van hanh nhu thé nao.
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Hinh 1.18. Sy két hop gitta mo hinh vat Iy va mé hinh toan hoc dé biéu dién
hé nguyén tu: a) M6 hinh vat Iy; b) M6 hinh toan hoc (Phuong trinh Schrodinger 3
chiéu); ¢) Biéu dién nguyén tir v6i cac orbital dién tir.
1.2.3. Gidi phap gidi tich va gidai phdap mo phong
1.2.3.1. Giai phap gidi tich
Sau khi xay dung mo hinh toan hoc hoan chinh, can kiém tra tinh ding déan
ctia mo hinh, cu thé 1 c¢6 thé dung mé hinh dé tra 16i nhitng cau héi ma ta quan tam

vé hé thong can thé hién hay khong. Néu mé hinh du don gian thi ¢6 thé lam viée véi
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cac hé thire twong quan va cac dai luong dau vao dé nhan két qua chinh xéac, do 1a
giai phap giai tich. Tuy nhién, ddi véi cac hé thong qua phuc tap nhu s6 luong hat
16n, nhiéu thanh phan thi giai phap giai tich khong thé dap ung dugc mot cach hiéu

qua, chiing ta phai dung dén giai phap mo phong.

1.2.3.2. Mo phong trén may tinh

Hat nano kim loai

—— Hé thdng
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Hinh 1.19. Bén phai - So d6 nghién ctru tir hé théng dén mé phong
téng quat; Bén trai - Vi dy mot mo6 phéng DFT cho hat nano kim loai [56].

Mot cach tong quat, md phong 1a dung lai mo hinh trén may tinh phong theo
hé théng c6 trén thue té va sau d6 khao sat su van dong cua hé béng cach xu Iy mé
hinh mot cach sé hoc trén may tinh xem dir li¢u dau vao anh huong nhu thé nao dén
két qua dau ra. Pdi véi khoa hoc vat liéu, mo hinh bao gém nhitng mo ta thuén toan
hoc vé vat liéu va c6 thé tinh toan dugc trén may tinh véi céc giai thuat (algorithm)
va ngodn ngit 1ap trinh (programming language). M6 phong cé thé cung cip nhimng
thong tin chi tiét (6 mac do vi mé timg nguyén tir, phan tir), c6 thé khao sat mé hinh

trong nhiing diéu kién kho thuc hién hodc khong thé thyc hién trén thuc té (vi du nhiét
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do tuyét ddi, nhiét do rat cao, thir nghiém voi déng vi phong xa...). Déng thoi dé
dang thay ddi cac diéu kién khao sat nham muc dich thu dugce céc dir liéu tdi v, tiét
kiém cac qué trinh thir nghiém nhiéu 1an trén thuc té dé tiét kiém thoi gian va tién

bac. Hinh 1.19 13 mot vi du vé md phong DFT cho hat nano Vang (Au).

Mot s6 dang md hinh thudng duge sir dung dé mo phong trong khoa hoc vat

liéu nhu sau:
-M6 hinh m6 phéng dong luc hoc va tinh hoc.
-Mb hinh mé phong ngau nhién va tat dinh.

-M6 hinh m6 phdng roi rac va lién tuc.

1.2.4. Cdc chi tiét kj thudt ciia qud trinh mé phéng trong khoa hoc vit liéu
1.2.4.1. Trang thdi ban ddu ciia mé hinh

Bude dau tién dé thyuc hién qué trinh m6 phdng vat li¢u, 1a thuc hién viéc gan
toa do ban dau cho cac nguyén tir trong mo hinh, vi céc tinh chit can bang cua hé
khong phu thudc vao trang thai ban dau do d6 moi diéu kién ban dau bat ky déu co
thé chép nhéan. Dbi véi cac loai vat lidu, thong tin vé cu tric tinh thé 1a rat quan
trong, do do néu ta du dinh khéo sat sy bién ddi cta cu trac va céc tinh chat nhiét
dong hoc cua mdt tinh thé xac dinh, diéu kién tién quyét 1a phai dat cAu trac tinh thé
ctia mo hinh tuong tng véi hé ma ta du dinh khao sat (thong s6 cau trac tinh thé phai

phu hop véi thuc nghiém). [57]
1.2.4.2. Cdc diéu kién bién

Piéu kién bién (boundary conditions) quyét dinh dang cua vat li€u can mo
phong. Do d6, khi thuc hién mé phdng vat liu, diéu kién bién doéng vai tro rat quan

trong [58]. C6 ba dang vt li¢u co ban ing véi ba dang diéu kién bién:

- Ap dung diéu ki¢n bién tuan hoan cho cac ba hudng x, y va z doi véi vat li¢u khoi

(3D).

- Ap dung diéu kién bién khong tudn hoan theo mot hudng va bién tudn hoan dugc

ap dung cho 2 hudng con lai cho vat liéu mang mong (2D)
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- Hat nano (xem nhu hinh cau) khong ding bién tudn hoan cho ca 3 hudng, thay vao
do 1a str dung bién tu do, bién gia tu do hay bién cing dugc dung cho mo hinh dang

hinh cau. Tuy nhién mdi dang diéu kién bién ciing c6 nhiing chi tiét k¥ thuat riéng.
1.2.4.3. Thé twong tac

Dé mo ta twong tac giita cac “hat” (dién tir, hat nano, hay nguyén tir), chiing ta
sir dung dinh nghia vé cac thé twrong tac nhiam dai dién cho cac twong tac d6 [59].
Tim thé twong tac phii hop cho mé hinh vét liéu chuan bi khéo sét 13 rit quan trong.
Vé ngudn gdc hinh thanh c6 thé phan thanh 2 loai thé twong tac: thé twong tac nhan
dugc bang phuong phép thir va sai trén co so dat duoc sy phit hop t6t nhat tir thuc
nghiém, loai thtr 2 1a thé twong tac nhan duoc bang cach tinh tir cac nguyén 1y ban

dau (Ab initio calculations) [60].

Khi tim thé tuong tac, nén uu ti€n chon thé tuong tac nhan dugc béng ab initio
calculations vi n cho thong tin chinh xac va tin cdy hon so véi thé tuong tac tao ra
bang phuong phap thir va sai, tuy nhién néu thuc hién nhitng mé phong dya trén nén
tang s6 lidu thuc nghiém nén sir dung thé tuong tac nhan dugc bang phuong phap thir
va sai s€ cho su phu hop véi thuc nghiém 1 cach tot nhat. Mot sb loai thé tuong tac

gitra cac nguyén tir nhu:

-Thé tuong tac cap: La thé twong tac timg doi giita cac nguyén ti, c6 2 loai thé twong
tac cdp: thé twong tac gan va thé tuong tac xa. Thé twong tac gan thuong duoc dung
trong md phong hé khi tro (hé co tuong tac Van der Waals), kim loai va hop kim. Thé
twong tac gan thudng duoc dung nhét 1a thé Lennard- Jones. Thé twong tac xa thuong
duoc dung dé mo phdng cac h¢ vat li¢u co lién két i6n (NaCl, KCl, SiO»), khi do6 phai

tinh dén tuong tac Coulomb la twong tac xa.

-Thé tuong tac nhiéu hat: Thuong dung cho kim loai va hop kim, thé twong tac nhiéu

hat thuong dung 1 thé EAM (Embedded atom method)
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1.2.4.4. Cdc buéc tién hanh qud trinh mé phong

< Dién ta rd rang van dé va ké hoach nghién cfru>

ve

Thu thap thong tin va xac 1&p mo hinh | |

e

v
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Hinh 1.20. So db cac budc tién hanh mo phong.

1.2.4.5. Mét s6 phan mém dé mé phong trong khoa hoc vit liéu

Céc phuong phap mé phong cho phép nghién ctru tinh chit cua vat lidu ¢ timg
cac cap do don 1¢ nhu dién ti/nguyén tir/cau trac vi mo (hat nand, khang thé)/trung
mo (DNA, protein)/vi mo. Dé c6 mot cai nhin tong quat, & hinh 1.21 tic gia trinh bay
khai quat hoa cac phuong phap mé phong may tinh thong dung cung cac co so ly
thuyét ddc thu cho timg d6i tuong, thang do kich thudc va thoi gian. Cac phuong
phép quen thudc dugc str dung véi cac dbi tuong lugng tir c6 kich thude dudi nanomet
1a DFT va Hatree-Fock véi c6t 15i 1a viéc giai cac phwong trinh Schrodinger. Vi cac
ddi tuong vi mo ¢ kich thude 10 nm dén mot vai um, chung ta cé thé st dung mot

hodc két hop qua lai hai phuong phap moé phong cb dién 1a dong luc hoc phén tir
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(MD) va Monte Carlo (MC) véi vi¢e tinh toan cac truong luc (Force-Field) thong qua
viéc giai phuong trinh IT Newton va tinh xac suat phan bd twong ing. Cudi clng, ddi
v6i cac hé trung mo va vi mo, céac ly thuyét co hoc lién tuc dugce sir dung lam nén

tang cho cac mo phong.

104 &
n\‘éo

Co hoc lién tuc
(continuum mechanics)
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Hinh 1.21. Khai quat hoa cac phuong phap mo phong may tinh va cac co s¢
Iy thuyét twong tng, dic thu cho timg ddi twong, thang do kich thudc va thoi gian.

Sau khi lya chon phuong phdp mo6 phong may tinh phu hop (quy mo — kich
thudc, thoi gian va ban chét ciia ddi twong), tily vao mé hinh duoc xay dung trude do
va cac két qua mong mudn thu duoc, c6 rat nhiéu nhitg phian mém mién phi hodc
thuong mai duoc dung (build) va dong géi (package) san cac thu vién nhu Materials
studio, GROMACS, LAMMPS, GULP, NAMD, quantum ESPRESSO, VASP...Cu
thé, LAMMPS va NAMD dugc sir dung cho cac mo phong dong luc hoc phan tir
(MD). Chuyén biét hon, GROMACS thudng duoc sit dung dé mé phong cac phan tir
sinh hoc nhu vi khuan, vi-rat, DNA hay protein. Vi cac mo hinh c6 céc tinh toan
luong tir va tinh toan tir cic nguyén 1y ban dau (Ab initio), Quantum ESPRESSO

dugc str dung nhiéu (vi 1a ma nguoén mé - open source) nham thye hién cdc moé phong
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phién ham mat do. Mot sb cac phé‘m mém khac rat manh m& nhu Materials studio va
VASP (Vienna ab initio simulation package) voi nhiéu géi cong cu hd tro va thu vién

d6 so duoc cap nhat thuong xuyén nhung chi phi ban quyén rat dit.

Ngoai ra, véi kha nang lap trinh, ching ta c6 thé ty xay dung va thiét ké mot
chuong trinh (program) dé thuc hién cic mé phong chuyén biét hoa theo cac nhu cau
cong viéc ca nhan riéng biét, bang cach sir dung cac ngdn ngir 1ap trinh quen thudc
nhu Fortran, C++, Python, Matlab. Cac chuwong trinh tu thiét ké ciing nhu cac chuong
trinh/thu vién c6 san duogc tac gia sir dung s& dugce dé cap chi tiét & chuong II cua

luan 4n nay.
1.3. Tinh hinh nghién ctru
1.3.1. Trong nudc

Pén thoi diém hién tai, theo hiéu biét tot nhit cta tac gia, chua ghi nhan dugc
cac cong trinh nghién ctru vé hé vat liéu vi cau tir tinh Fe304/PGMA tir thuc nghiém,
Iy thuyét cho dén mo phong méy tinh.

1.3.2. Trén thé gici

EMU/g poly(GMA) beads
n w

. L \ L
0 2000 4000 6000 8000 10000
Magnetic Field (Gs)

Hinh 1.22. Anh TEM va dudng cong tir hoa cia vi ciu Fe;04/PGMA [61].

Niam 2007, 1an dau tién tac gia Evrim BanuAltintas va cong su [61] d4 ché tao
vi cau tir tinh PGMA chira hat nano tir Fe;O4 1an dau tién bang phuong phap trung
hop phan tan (dispersion polymerization) tir monomer GMA (hinh 1.22). Két qué thu
dugc, cac vi cau don phan tan co kich thudc ~ 1.6 um, dién tich bé mit riéng 16n ~

3.2 m¥g, do tir hoa bao hoa kha thap ~ 3.3 emu/g.
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Pén nam 2010, tac gia Xiaoging Dong va cong su [62] di tong hop bang
phuong phap trung hop phan tan (dispersion polymerization) tr monomer GMA va
phan tich céc dac trung cua vi cau tr tinh PGMA chira c4c hat nano tir Fe3O4 va
fluorescein isothiocyanate (FITC) c¢6 kha nang huynh quang, dugc lién hop véi axit
folic trén bé mit dé tao ra cac vi cau co kha nang két dinh dac hiéu véi cac té bao

nham tng dung trong phan tach té bao ung thu ¢ tir cung ¢ nguoi (HeLa).

Hinh 1.23. Vi cau tr tinh PGMA chtra céc hat nano tir Fe3O4 va fluorescein
isothiocyanate (FITC). a) Anh SEM, b) anh hién vi quang hoc va huynh quang cua
té bao HeLa (trén) va chondrocytes cua tho (dudi) trudce khi phan tach, ¢) Anh hién

vi huynh quang cia té bao Hela sau khi phan tach [62].

Két qua thu duoc 13 cac vi cau don phan tan co kich thudc ~ 2 pm, c¢6 kha nang
huynh quang va phan tich té bao HeLa duéi tic dung cua tir trudng (hinh 1.23), tuy

nhién khong dé cap dén cac dic trung tir tinh cia vat liéu tong hop duge.

Jana Koubkova va cong su [63] trong ndm 2014 di béo céo nghién ctru ché
tao vat liéu vi cau tir tinh PGMA béng phuong phap tring hop truong né nhiéu budc
(multistep swelling polymerization) tor GMA cung sy cd6 mat cua 2-
[(Methoxycarbonyl) Methoxy] Ethyl Methacrylate (MCMEMA) va Ethylene
Dimethylacrylate (EDMA), cho tng dung bat gir protein, cu thé 1 phan 1ap protein
trc ché khéi u p53.
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Hinh 1.24. a) Anh SEM cua vi cau PGMA, b) K§ thuat phan tich “Western
blot” [64] cua vt liéu v6i khang thé DO-1 va CHIP 11.1 cho protetin p53,
CHIP protein [63].

Trong nghién ctru nay, diém dic biét 1a cic tac gia di pha thém 1 16p
Poly(ethylene glycol) (PEG) bén ngoai vi cdu nham cuc tiéu hoa cac twong tac khong
mong mudn gitra cac vi ciu v4i cac moi trudng sinh hoc. Két qua 1a kich thude vi cau
don phan tan ché tao duoc kha 16n ~ 5 pm nham phu hop véi yéu cau cua tng dung,
cac vi cdu c6 kha ning bat giit cac protein trong cac img dung phan tach té bao (hinh
1.24).

Vai nam trd lai day, tic gia Helena Hlidkova va cong su [65] tiép tuc phat trién
cac nghién ctru trén h¢ vat li¢u vi cAu tir tinh PGMA, tao ra mdt ciu bao Dendrimer
petide bén ngoai bé mit vi cau tir tinh PGMA nham chéng lai cac twong tac véi cac

mai trudng sinh hoc, gitp vi cau tir tinh 6n dinh va khong bi két tu (hinh 1.25).
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Hinh 1.25. Vi cau tir tinh PGMA vdi cau bao Dendrimer peptide ngoai bé
mit: (a) So d6 tong hop va phd XPS, (b) Anh SEM cua 1 hat vi cau tir tinh PGMA,
(c) Ung dung véi protein albumin huyét thanh bo (bovine serum albumin - BSA)

[66], y-globulin (y-Gl), fibrinogen (Fg), va hdn hop cta chung [65].

Bén canh d0, vi cau tir tinh PGMA v&i cdu bao Dendrimer peptide ngoai bé
mat khong chi cung cp cac ving/vi tri lién két giap lam ting kha nang phan Gng va
cho phép xay ra cac phan tng song song v6i nhiéu thu thé ciia té bao cting luc ma con
c6 thé “bat chudce” cac hop chat trong co thé sdng tir d6 lam ting kha nang tuong hop
sinh hoc ctia vi cau trong cac tng dung y sinh nhu phéan tach phan tir sinh hoc, tong

hop vac-xin...

N&i tiép cac thanh qua di dat duoc tir cac nghién ctru trude d6 [63,65], nhoém
tac gia tai vién Hoa hoc dai phan tir - Vién han lam khoa hoc Cong Hoa Czech [67]
lai tiép tuc phat trién hé vi ciu PGMA cho tng dung ¢ 1ap cac “ty khang thé” (auto

anti-bodies) dic hiéu — nguyén nhan gy ra cac bénh ty mién nguy hiém (hé mién
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dich tu tin cong chinh no), dé c6 thé phat hién va dinh lugng cac khang thé nay trong

mau cac bénh nhan mac bénh ty mién da xo cing.

PG/
MyaiC

Panent Chemider Age (years) D™ (wears) Seventy degnes 1M

1 ¥ L] 2 d) RRC; mukd (3
1

F 50 5 RRC; modersie DIY

1 F 56 o PPC; marked DD
4 M 52 0 RRC; marked DD
5 M 49 9 SPC: moderate DD
[ F ar 17 RRC: marked DD
F 7 2 RRC; moderste DD
a7 20 SPC; moderue DD
1 RRC; mild DD
) 1 RRC; mild DD
L1 ] RRLC; moderate DD
1] 4 RRC; marked D

Hinh 1.26. Vi ciu tir tinh PGMA: (a) tai protein p46/Myo1C (protein tiém
nang ctia cac bénh ty mién), (b) Anh SEM, (c) Anh TEM, (d) tng dung voi huyét

thanh mau cta cic bénh nhan mac bénh ty mién da xo ctng [67].

Két qua dat duoc 1a cac vi cau voéi dién tich bé mat riéng 16n ~ 71 m%/g, chira
19-20% khdi lugng hat nano tir Fe3Oy4, kich thude hat ~ 5 um, cac hat nano tir dugc
dinh hinh bén trong va trén bé mit vi cau. V& hiéu qua khi dua vao tng dung, huyét
thanh mau cta ca bdn bénh nhan méc bénh ty mién da xo cung vo1 muc d§ danh dau
cta cac khang thé IgM khuyét tat déu ¢ ai luc voi MyolC, trong khi sau trong tam
bénh nhan da xo cting c6 mirc do nhe hodc trung binh cta khuyét tat c6 IgM duong
tinh. O day khong c6 mdi twong quan véi gidi tinh, tudi tac va thoi gian méc bénh tu

mién da xo cimg (hinh 1.26).

Ngoai ra gan ddy, tac gia Chengrui Yuan va cong su [68] da c6 nhitng nghién
clru m&i vé viée ché tao ra céc vat lidu hydrogel to hop (nanocomposite) dua trén vat
lidu vi cau PGMA duoc sira d6i bang N-Methyl-D-glucamine dé tao ra cac lién két
chéo (crosslinked) v6i nhau thong qua cac lién két hydro (hydrogen bonds) tir cac
nhom chttc —OH (hydroxyl groups), nham cai thién kha ning truong nd cua vat lidu
vi cdu PGMA cho céc tng dung chuyén tai va phan phdi thudc (hinh 1.27). Cac lién

két hydro gitra cac nhom chirc —~OH va chudi phén tir polyacrylamide déng vai trd
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quan trong trong tinh chat truong ng ciia vat liéu Hydrogel to hop. M6 ra cac hudng
nghién ctru phat trién cac hé vat liéu méi dua trén vi cau tir tinh PGMA véi kha nang

truong nd tot hon trong cac tng dung y sinh, dic biét 1a phan phdi thudc hudng dich.

a)

.- PGMA microspheres By

The hydroxyl group
" on the surface of the

maodified PGMA

microsphere

\_ Hydrogen bond
\— The PAM molecular

chain

Hinh 1.27. (a) M6 hinh Hydrogel t6 hop Poly(glycidyl methacrylate)/
polyacrylamide(PGMA/PAM) véi cac “rbi/vudng viu” (entanglement) vat 1y va lién
két hydro, (b) Anh SEM cua vt liéu PGMA/PAM [68].

Tom lai, cac nghién ciru cia cac hoc gia trén thé giéi di cho thdy tiém ning
g dung cta vat liéu vi cau tir tinh Fe;04/PGMA trong y sinh hoc noi chung va phan
phéi thudc hudng dich noi riéng. Viée khao sat dic trung cta ching bang cac phuong
phép phan tich thyc nghiém va cac thi nghi¢m “in-vitro” cling da dugc thuc hién, tuy
nhién viéc khao sat vé tinh chét tir ciia vat lidu vi cau tir tinh PGMA van chua dugc
thue hién mot cach thau déo. Trong khi tinh chét tir cua vat liéu cling 1a mot tham s6
quan trong cho viéc danh gid hi¢u suét trong cac ung dung y sinh hoc. Cu thé la, viéc
khao sat vé hang sé di huéng tir van chua duoc dé cap trude ddy, anh hudng ciia ma
tran polymer PGMA 1én cé4c hat nano tr FesO4 dugc tai bén trong ciing chua tirng
duoc bao cdo. Bén canh do, viéc xac dinh chinh xac sy phan bd kich thuée hat Fe3O4
— mot tham s6 quan trong quyét dinh tinh chat tir cua hé vét liéu van con nhiéu thach
thire boi ki thuat hién vi dién tir hién tai nhw SEM/TEM khong thé quan sat duoc 1d
rang céac hat nano tir dinh hinh bén trong va trén bé mit vi cau (¢ day khong phai do
han ché vé mat k¥ thuat cia phép do, ma la do dac tinh cua vat li€u, sy che phu cia
16p ma tran polymer PGMA bén canh su két tu cta cac hat nano tir do céac tuong tac
lién hat (Van der Waal, ludng cuc-ludng cuc...). Theo nhan dinh cta tac gid, ma tran

polymer PGMA sé& cb dinh cac hat Fe;O4 va c6 thé tuong tac voi cac nguyén tir bé
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mit cua cac hat nano tir dugce phan tan bén trong va tao thanh maot 16p nhiu loan tir
tinh hodc 16p phi tir. Két qua 13, né gép phan anh huong dén sy phan bd kich thude
hat va tinh di hudng tir, 1a nhitng théng sb quan trong trong nhiéu tmg dung [69].
Ngoai ra, vai trd va anh huong cta twong tac ludng cuc 1én tinh chat tir cling chua
duoc thao luan va nghién ctru. Cudi cing, véi cac ung dung bén ngoai co thé nhu
phat trién dau do sinh hoc (biosensor) hodc cac linh kién vi lwu lab-on-chip nhu da
trinh bay truéc d6 nhdm phat hién va bat giit cac phan tir sinh hoc (protein/té
bao/DNA/khang nguyén/khang thé...), thong tin vé thong s6 mo-men xoin (torque)
clia cac vat liéu ché tao dau do 1a dac biét quan trong nham tinh duoc duong kinh
thity dong hoc, tir d6 c6 thé thuc hién viéc hidu chinh dé dinh lugng/dinh tinh duoc
cac phé‘ln tir sinh hoc ma no6 bat git/phat hién [70,71,72]. Thoi diém hién tai, polymer
PGMA bit dau dugc nghién ctru sir dung 1am 16p phii cho cac g dung lam dau do
sinh hoc [73,74].

Trong khuon kho luan an nay, nham khao sét tryc quan va chi tiét vé tinh chét
tir ciia vt liéu vi cdu Fe;04/PGMA (polymer PGMA 14 vat liéu phi tir, nén tinh chat
tir ctia vat liéu vi cau phu thudc hoan toan vao tinh chét tir cta cac hat nano tir Fe3O4
phan bd bén trong ma tran polymer PGMA), tac gia s€ thuc hién téng hop vat liéu vi
cau tir tinh Fe;04/PGMA va sir dung mot s6 cac phuong phap phén tich thuc nghiém
can thiét tbi thiéu (nham giam thiéu toi da chi phi) dé khao sat cac dic trung cua vét
lidu vi cau ché tao dugc. Thém vao do, tac gia s& ap dung cac phwong phap tinh toan
s6 dé ude luong thong sd vi tir ndi tai quan trong dai dién ciing nhu quyét dinh tinh
chat tir ctia vét lidu vi cdu nhu hang sé di hudng tir va xac dinh chinh xac sy phan bd
kich thudc cia cac hat nano tir Fe;04 dinh hinh bén trong vi cau. Ngoai ra, theo nhan
dinh cua tac gia, tuong tac ludng cuc-ludng cuc gitta cac hat nano tir Fe;O4 s€ anh
hudng dén su phan bd ciia chiing bén trong ma tran polymer PGMA. Hon nita, twong
tac ludng cuc cling c6 vai tro va anh hudng nhét dinh dén tinh chat tir cta vat liéu vi
cAu. Nham lam sang t6 nhan dinh do, phuong phap mo6 phong Monte Carlo dugc thuc
hién dé ching minh sy tdn tai cla tuong tac ludng cuc-ludng cuc gitta cac hat nano
tir Fe304 duoc tai trong vi cau. Cudi cing, nham khéo sat cac thong sé khac nhu mo-
men xo4n, phan bd md-men tir clia cac hat nano tir, sy anh huong cua kich thudc hat

nano tur 1én tinh chat tir ctia hé vat li€u, vai tro va anh hudng cua tuong tac ludng cuc-
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ludng cuc 1én tinh chét tir cua hé vat lidu..., cac md phong md hinh spin nguyén tir
s& duoc thyuc hién dua trén dit liéu dau vao 1a cac cac két qué thu dugc tir thuc nghiém
va tinh toan 1y thuyét s6 dugc thuc hién trude d6 nham ting tinh chinh xac va dam
bao cac mo6 phong md ta chinh xac nhét hé vat liéu thuc dang xét. Boi vi viéc khao
sat dinh tinh/dinh lugng céc thong sb vi tir ndi tai budc phai dugc thuc hién ¢ nhiing
diéu kién dic biét (nhu nhiét do tuyét doi, nhiét do Curie, nhiét d6 cao, loai bo su ton
tai cua tuong tac ludng cuc, rang budc huong do dac, thay doi kich thudc/khoang
cach gitra cac hat nano tir trong vi cau...) ma dbi véi cac phuong phéap thuc nghiém
1a rao can/thach thirc 16n nén cac phuong phap mé phong may tinh dugc thyc hién dé
vuot qua rao can do. Bai vi thong s dau vao cho cac md phong may tinh 1a thu duoc
tir thuc nghiém cho nén sai s6 néu co trong mo hinh nghién ctru nay sé& chi xuét phat
tir sai sO cua thuc nghiém (do sai s6 cua phép do, nguoi do dac, diéu kién thuc
nghiém...) ma khong phai ban than mo hinh hay cidc phuong phap mo phdng may
tinh dugc trinh bay trong luan an nay. Khai quat héa cac phuong phap nghién ctu
ctia luén an dugc md ta & hinh 1.28, chi tiét tung qua trinh thuc hién s€ duoc tac gia

trinh bay cu thé & cac chuong sau.

Langevin function Lix)
L = costh(b)-—
]

Law of approach to saturation (LAS) -

HEHPC (VAST)

-
/ PBSpro
o pro

——
=% apenpm

Replnode HOMIP HPC Chuster

Hé dién toan lugi HCMIP

Hinh 1.28. Khai quat cac phuong phéap nghién ctru ctia luan an
Su két hop nghién ctru da chiéu: Thyc nghiém, 1y thuyét va mé phong.



44

CHUONG 2. PHUONG PHAP NGHIEN CUU

2.1. Thyc nghiém

Dé ché tao vat lidu vi cAu polymer tir tinh Fe;04/PGMA, c6 thé str dung nhiéu
phuong phap khac nhau nhu tring hop huyén phu, tring hop vi nhil tvong va tring
hop nhii twong tu do véi su cd mat cia cac hat nano tur tinh... Tuy nhién, mdt nhugc
diém ctia cac phuong phap nay 1a cac vi cau tir tinh thu duwoc khong c6 kich thudce va

hinh dang dong nht.

Dua trén nhitng nghién ctru trudc day cua tac gia va cac cong sy, phuong phép
tong hop dugce sir dung trong luan an nay 1a don gian, dé dang lap lai va thich hop dé
diéu ché vi cau tir tinh da chirc nang don phan tan véi kich thuéc mong mudn. Cu thé
trong luan an nay, trude tién vi cau PGMA s& duoc tong hop bang phuong phap tring
hop phén tan, sau d6 cac hat nano tir Fe;04 s& dugc hinh thanh bén trong va trén bé
mit vi cdu PGMA bang phuong phap két tia tai chd (in situ), két qua 13 vi cau tir tinh
PGMA sé& duoc tong hop (hinh 2.1).

2.1.1. Quy trinh tong hop

0 Oxy @Carbon Hydro .Nito' ® Hat nano tu Fe3O4

| " P
s -*«s;f 1%.\

i F +F +NH H.O
GMAMP pGMA Dilene Diamige @ ino-PGMA e——e——ﬁ Fe;0./PGMA

Hinh 2.1. So 6 mé ta quy trinh tong hop
vat liéu vi cau tir tinh Fe;04/PGMA..
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Bdng 2.1. Danh sach cac hoa chit can thiét trong thuc nghiém

STT TEN HOA CHAT CONG THUC XUAT XU
HOA HQC
2,3 Epoxypropyl (glycidyl
. poxypropyl (glycidy CoH10s Merck
methacrylate) (GMA) (> 97%)

2 Azobis-isobutyronitrile (AIBN) CsHi12Ny Sigma-Aldrich
3 Poly-vinylpyrrolidone (PVP) (CsHoNO)n Merck
4 Ferric chloride hexahydrate FeCls.6H.O Merck
5 Ferrous chloride tetrahydrate FeCl>.4H>O Merck
6 Amonium hydroxide (25%) NH;3 H>O China
7 Ethylene diamine C2H4(NH2)2 Merck
8 Sodium hydroxide NaOH China
9 Khi Nito tinh khiét N2 Viét Nam

_ Chung cat bang may
10 Nudce khir i6n (D.I) H>O (D.I) ‘ _

tai phong thi nghiém

2.1.1.1. Tring hop vdt liéu nén Poly(glycidyl methacrylate) (PGMA)

Cho 3 g Poly-vinylpyrrolidone (PVP), 152.7 ml Ethanol va 13.5 ml H>O vao

binh 3 ¢6 va khudy déu, tiép tuc cho 11.2ml monomer glycidyl methacrylate (GMA)

vao 0.24 g 2.2 Azobis-isobutyronitrile sau d6 cho vao binh 3 ¢6. Duy tri suc khi N2

trong sudt qua trinh khudy, giir nhiét do ~80 °C va khudy lién tuc trong 20 gid. Bit

dau khudy hdn hop trén, quan sat thdy dung dich khong mau, sau 1 gio dung dich

chuyén sang mau tring duc. Tiép tuc khudy trong 19 gio, sau phéan tng ta thu dugc

dung dich c6 mau trang duc. Loc rtra, xtr Iy mau nhicu lan bang nude khur i6n, quay

li tim va sdy kho san pham. Ta thu dugc mau bot Poly(glycidyl methacrylate)
(PGMA) (hinh 2.2).
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. PVP ! __ GMA
e ‘ - _ C7H1005
i Ethanol : > < - '
|| AIBN

i H,O : él w C8H12N4
b o gz

€l

o=

G &

< | @

>y

i PGMA i

__________

AIBN
O/\_O Trung hgp phén tan
ama VvV

Hinh 2.3. Phan Gng trung hop polymer PGMA tir GMA v6i su c6 mat cua AIBN.
2.1.1.2. Tong hop vi cau Fe;O4/Poly(glycidyl methacrylate)

Cho 5 g PGMA tdng hop dugc vao 50 ml nudc khir i6n, va 50 ml Ethylene
diamine dugc dun nong & 80 °C va khudy trong 12 gio lién tuc. Ethylene diamine
duoc su dung dé sira ddi lién két hoa hoc cua cac vi cau PGMA, phan ung véi cac
nhom epoxy dé tao thanh cac nhém amin (NHz) chirc nang (hinh 2.5). Sau phan tmg
thu dugc dung dich c6 mau tréng duc. Sau d6 rira nhiéu 1an véi nude khir ion, quay

li tam va séy kho san phém, thu dugc mau Amino-PGMA dang bot (hinh 2.4).
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o

) 80°C

Loc rira,
say kho

12 gioy

________________

Hinh 2.5. Qua trinh “amine hoa” bé mat PGMA bang Ethylene diamine.

Tron 5 g amino-PGMA  véi 50 ml nudc, sau d6 khudy 20 phit va lam lanh
xudng 10 °C ta thu duoc hdn hop 1.

Pha 0.8115 g FeCl3.6H20 véi 20 ml nude va 0.2985 g FeCl2.4H20 véi 20 ml

nudc, sau do6 ha nhiét do xuéng 10 °C va rung siéu am 20 phut, thu duoc hon hop 2.

Tron hon hop 1 va hon hop 2 tao duoc voi nhau, thu duoc dung dich c6 mau
cam. Tiép tuc nho tir tir 10 ml dung dich NH4OH vao hai hdn hop trén, khudy 20 phut

ta thu dugc hdn hop 3 c6 mau nau den.

Tiép tuc nang nhiét do hdn hop 3 1én 80 °C, dong thoi khudy trong 30 phit ta

thu dugc hon hgp 4 mau nau den. Cudi cung rira nhi€u lan véi nudc, quay li tam va
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sdy kho san pham. Ta thu dwoc mau Fe;04/PGMA, thir véi nam cham vinh ciru, ta
thidy mau thu dugc c6 tir tinh (hinh 2.6). Hinh 2.7 biéu thi qua trinh két tia tai chd cac
ion Fe**/Fe’* trong moi trudng kiém tao thanh cac hat nano tir FesO4 phén tan bén

trong va trén bé mat vi cau PGMA.

| NH.OH |

|

myd gz Seayy

wnyd g Sengy

Loc rira, sdy kho o

o =

g %
NH4OH + H20 = NH4" + 20H"

Fe?" + 20H" - Fe(OH)2l

Fe*" + 30H" - Fe(OH)3d %

Fe(OH)2 + 2Fe(OH); = Fe304 + 4H20T

Hinh 2.7. Két tua tai chd céc hat nano Fe30y4 trong va trén bé mat

Amino-PGMA dé tao thanh vi cau tir tinh Fe;04/PGMA.
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2.1.1.3. Téng hop cdc hat nano tir Fe;Oy tran

Téng hop hat nano tir Fe;04 duoc diéu ché bang phuong phap dong két tia mubi
sit (Fe>*/Fe") trong moi trudng kiém va ¢ mit khi Ni-to (N2). Hoa tan 16.25 g FeCls
va 6.35 g FeCl, vao 200 ml nude cat da khir oxy (D.I). Sau khi khudy trong 60 phut,
két tia hoa hoc dat duge & 30 °C khi khuéy manh béng cach thém dung dich NHsOH
2M ¢6 mat khi No. Nhiét do phan ung dugc gilt & 70 °C trong 5 gid va pH dung dich
dugc duy tri 6 = 12. H¢ dugc lam mat dén nhiét do phong, céac chét két tua duoc tach
ra bang nam cham vinh ciru va rira bang nude D.I cho dén khi dat pH trung tinh. Cubi
cung, Fe;O4 dugc rira sach biang Acetol va siy kho trong ti sdy chan khong & ~ 70 °C
trong 8 gi' cho dén khi bay hét hoi nudc, thu dwge miu hat nano tir mau den. Phan
g héa hoc ¢6 lién quan dugc biéu dién nhu sau: Fe** + 2Fe’* + 80H — Fe;04 +

4H>0.
2.1.1.4. Tién hanh do do hd'p phu kim logi nang

Hoa tan mudi Pb(NO3), trong nude D.1 dé tao ra mot dung dich chtra 16n kim loai
Chi (Pb?"). Sau d6 sir dung cdc thity tinh pha 50 ml dung dich chira ion kim loai véi
ndéng do 0.1 mol/l vao 0.1g vat liéu Fe;04/PGMA tong hop duoc roi khudy trén may
khudy tir v&i tbe d6 khong doi tai nhiét ¢ phong (300 K). Sau khi két thuc qué trinh
hap phu, sir dung gidy loc dé loc cac chat rén trong dung dich va xac dinh ndng ion
kim loai bang phuong phap phé hip thu nguyén tir (AAS).

2.1.2. Cac phwong phap phan tich

2.1.2.1. Phwong phdp do nhiéu xa tia X (XRD)

Két qua phan tich thanh phan pha cia mau duoc thyuc hién bang phwong phap
nhidu xa tia X. Cac mau vat liéu ché tao trong luan 4n nay duoc do nhiu xa tia X tai
trung tdm phan tich thudc vién Khoa hoc Vat li¢u ing dung - Vién Han 1am Khoa
hoc & Cong nghé Viét Nam bang may nhidu xa tia X (D8 Advance Brucker -
Germany) bang phuong phdp mau quay, sit dung ngudn phong xa CuK, véi budc

song A = 0.15406 nm, goc nhiéu xa 20 tir 20-70° tai nhiét d6 phong (300 K).

2.1.2.2. Quang phé héng ngoai bién déi Fourier (FTIR)
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Céu tric hoa hoc ciia cac mau tong hop dwoc phan tich bang phd hong ngoai
chuyén Fourier (Fourier-transform infrared - FTIR), mot trong nhiing k¥ thuat thong
dung nhét dé xac dinh su lién két cta polymer vao bé mat cua cac hat nano trong vat
liéu nanocomposite. Cac phé FTIR trong luan &n dugc thuc hién tai trung tdm phan
tich, Vién Cong nghé Hoa hoc - Vién Han 1am Khoa hoc & Cong nghé Viét Nam &
ché d6 truyén qua (Transmission mode), duoc do tai nhiét d6 phong (300 K) va sb

song trong khoang tir 400-4000 cm ™.
2.1.2.3. Tir ké mau rung (VSM)

Tir ké mau rung (VSM) (MicroSense USA-Model 029349-A01 6MM) duoc
dat tai Vién Vat ly TP.HCM — Vién Han 1am Khoa hoc va cong ngh¢ Viét Nam, hoat
dong theo nguyén tic cam mg dién tir, do mé-men tir ciia mau vat lidu can do dudi
tac dung cla tir trudng ngoai bién thién, duoc st dung dé phan tich cac tinh chat tir
tinh cua vat liéu vi cau téng hop duoc. Voi cac dudng cong tir tré, tir trudng duoc ap

vao vGi do 16n 15 kOe (1.19x10° A/m) va dugc thuc hién tai nhiét do phong (300 K).
Do Field-cool/zero-field-cool

Dé do cac duong cong tir hda Zero-field-cooled (ZFC), trudc hét mau dugc ha
nhiét do tir nhiét o phong (300 K) dén 2 K (khong c6 tir trudng tic dung bén ngoai).
Sau do, mot tur truong yéu (50 Oe) dugc ap vao, mo-men tir dugce ghi lai khi nhiét do
tang 1én dé thu dugc duong cong ZFC. Trong ciing mdt trudng ngoai ap vao co do
16n 50 Oe nhung c6 mot chut khac biét, duong cong Field-cooled (FC) dugc do trong
qua trinh 1am lanh mau tir nhiét d6 phong (300 K) va mé-men tir duge ghi lai khi
nhiét 4o giam dan.

2.1.2.4. Hién vi dién tir quét (SEM)

Céc két qua anh hién vi dién tir quét dugc thuc hién tai phong Hién vi dién tir
quét, Vién cong nghé Hoa hoc — Vién Han 1am Khoa hoc & Cong ngh¢ Viét Nam.
Mau bot (cac vi cau Fe;04/PGMA) duoc trai déu trén dé thuy tinh véi 1 16p bang keo
carbon, sau d6 phun xa (sputtering) 1 16p mong bach kim (Pt) 1én bé mit dé tao do
dan dién. T4t ca miu duoc do st dung di¢n thé 15 kV tai nhiét do phong (300 K).

2.1.2.5. Hién vi dién tir truyén qua (TEM)
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Cac két qua anh hién vi dién tir truyén qua dugc thuc hién tai phong thi nghiém
cong nghé vat licu, Khoa cong ngh¢ vat li¢u - Truong Pai hoc Bach khoa TP.HCM.
Mau bot duoc phan tan trong dung moi Acetol, sir dung dién thé 100 kV va do tai
nhi¢t d6 phong (300 K).

2.1.2.6. Quang phé hdp thu nguyén tir (AAS)

Nham dinh luong cac i6n Chi (Pb%") hap phu trong vt liéu tong hop dugc dé
mg dung trong xir Iy nude, quang phd hip thy nguyén tir (AAS) thuc hién trén may
Perkin Elmer 3300 (Trung tdm cong ngh¢ mai trudong — Vién codng ngh¢ mai truong

— VAST) véi diéu kién do la pH ~ 5.5 tai nhi¢t d§ phong (300 K).
2.2. Tinh toan ly thuyét so
2.2.1. Pinh lugt tiép cin bio hoa (The Law of approach to saturation - LAS)
Dinh luét tiép can bdo hoa (LAS) 1a mot mé hinh toan hoc ndi tiéng nham mo
ta hoat dong cua vat li¢u sat tir tai tir truong manh vira phai (khi tir truong rat 16n hon
Irc khang tir - H»H.). Lic nay, dudi tic dung cta trudng ngoai, vat lidu sit tir bi tir

hoa dén trang thai bao hoa, tat ca cac su dich chuyén vach do-men kha di deu s€ xay

ra dan dén hau hét cac spin tur s€ song song vdi tir truong ngoai.

Hat nano tir

Hinh 2.8. Sy tranh d4u giira truong ngoai va di huéng khi hat

dugc dat trong tr truong.
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Cho goc hop boi trudong ngoai H va vecto tir hoa M 1a 8 (hinh 2.8) dong thoi
sir dung khai trién Taylor cho ham cos(6), d9 tir hda M 1én phuong ctia trudng ngoai

duoc cho boi:

2
M=Mscos(9=MS[1—%+...] (2.1)

Do anh hudng cua ning luong di huéng E, da dugc nhic dén & chuong trudc,
xudt hién sy tranh d4u giita di huéng va truong ngoai. Liic ndy mo-men xoan (torque)

sinh ra bdi truong ngoai (Th) s€ can bang vdi mo-men xodn sinh ra do di hudng (Ta):

OE,
00

M Hsinf =— 2.2)

Vi E, 1a nang luong di hudng, M; 1a do tir hoa bao hoa. Khi goc 6 rat nho,

phuong trinh trén tr¢ thanh:

OE /06 C 1
__(0B,100)p, _ C 1 2.3)
M.H M H
0d6 C = —(aEa j
a0 ),
Thay (2.3) vao (2.1) ta thu dugc phuong trinh LAS tir Iy thuyét:
b
M=M, 1—?—... (2.4)
2
Véi b=
2M

N

Mat khac, phuong trinh LAS thu dugc tir thuc nghiém bai tac gid Czerlinsky

va cong su [75] trén vat liéu sét tir nhu sau:
a b
MZMS I—E—?—... +/’{0H (25)

Su khéc biét voi LAS thu duoc bang 1y thuyét ¢ s6 hang cudi xoH dugc gy ra
boi sy tang do tir hoa tu phat ctiia chinh ban than vat li¢u dugc do. Hai tac gid Becker

va Doring [76] da khdo sat va dua ra két luan réng do 16n ctuia do nhay hay do cam tu
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ban dau o (susceptiblity) 1a do do tinh khiét ctia mau quyét dinh. Khi mau c6 nhiéu
tap chat, cac spin tir trong tap chat d& chuyén dong nhiét qua d6 lam tang d6 cam tir
ban dau cia mau can do, nguoc lai khi mau tinh khiét thi xo 1a rat nho va khong dang
ké nén co thé bo qua. S6 hang dau a/H d duoc thao luan bai nhiéu su khao sat, dién
hinh nhu tac gia Brown va Neel [77] d3 giai thich s6 hang a/H duoc hiéu 1a két qua
clia trudng Ung suit va cac tap chat khong tir tinh, do d6 ching ta c6 thé bo qua sb

hang a/H va céc s6 hang bc cao hon H" v6i n> 2 trong phuong trinh (5) [78].

Tom lai, trong khudn kho luén an ndy, voi vat liéu hat nano Fe;Os tinh khiét
(thé hién qua két qua XRD & chuong sau) dugc hinh bén trong ma trin polymer
PGMA, thong qua dién giai Iy thuyét s6 va thao luan tir cac nghién ctru thuc nghiém

O trén, phuong trinh cua dinh luat LAS duoc st dung 1a phuong trinh (2.4):

M:Ms(l—%—...)

_ C? . . e
V6i b=——- la tham so chira hang s6 di huéng tur.

N

bé thu dugc b, chung ta phai gidi dang thyc t€ cua C = —( - j doi vaoi di
0~0

hudng 1ap phuong [79]. Vi tir hoa quay doc theo gradient cuc dai ciia nang luong di

hudng trong vung 1an can cuia tur truong ngoai H nén:

2 2
C? = gradg, p=| %o | 1 _[%E, 2.6)
06 sin“ @\ dp

O d6 (0,9) 1a toa d6 cuc cua vecto tir hoa M

Thém vao do, theo tac gia Z. Nemati va cong sy [80], hing s di huéng hiéu
dung (di hudng bac nhét) ctia vat liéu Fe304 6 thé duoc udce tinh dua trén mdi quan

h¢ gitra tham s6 b va Kesr nhu sau:

15b
Ko = Mo\ |== 2.7)

Trong d6 Kesrla h?lng sb di hudng hi¢u dung cia vat liéu, po 1a do tir tham chan khong.
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Toéom lai, béng vi€c sir dung dinh luat LAS, ta c6 thé wgc tinh duoc héng s6 di
hudng tir hi€u dung Kesr (hay mat d nang luong di hudng) cta vat li¢u vi cau tir tinh
Fe;04/PGMA dya trén cac dudng cong tir héa/tir tré thu duge tir thuc nghiém. Két
qua thu duoc ndy vé mit vat 1y co thé dai dién cho ban chat vi tir noi tai ciia vat liéu
vi cau Fe;04/PGMA, gia tri ndy sau khi thong qua mot sd bién doi toan hoc sé& tré
thanh tham sé dau vao nham cung cdp cho cac md phong may tinh duoc thuc hién
sau d6 dé dam bao mo ta chinh xac va khach quan nhét hé vt liéu thuc dang xeét.
Thuén loi cta viéc st dung dinh luat LAS dé wéc tinh Kefr 12 ¢6 thé tién nghiém Kesr
trudc khi do dac thyc nghiém thong qua viéc do cac dudong cong tir hoa FC/ZFC tai
nhiét do thép. Ngoai ra, uu diém 16n 1a c6 thé udc tinh duoc Ker ¢ nhiét nhiét do

phong (300 K).
2.2.2. Lam khép véi ham Langevin

Nhu ching ta d3 biét, cac duong cong tir hoa ctia cac hat nano siéu thuan tir
(gia sir rang tit ca déu c6 cung kich thude) ¢ nhiét d6 phong (300 K) co thé dugc biéu

thi bang ham Langevin [81]:

L =costh(b)—% (2.8)

Trong d6 L 1a ham Langevin, b = 'L]z—T, K= M.V 1a mo-men tir cua hat, V
B

1a thé tich hat va Mg, 12 tir hoa bdo hoa cua vat lidu dang khéi. Tir hoa bdo hoa cua

cac hat nano si€u thuan tur 1a Ms = €. Mg, v61 € 1a h¢ s6 nén cua thé tich hat.

Trong thyc té, mot hé hat nano tir khong bao gid co cing mot kich thude, ma
thuong tuan theo mot ham phan bd kich thudc hat. Phan phdi logarit chuan 1a mot
trong nhitng ham phéan phéi pho bién nhat duoc st dung dé khao sat sy phan b cta
kich thuéc hat [82]. Nhiéu cong trinh d3 chirng minh rang phan bd kich thudc logarit
chuén dugc biét 1a phan b tu nhién cta cac kich thude hat nano [79,83], dugc viét

nhu sau:

—lnz(D/Do)} 9

1
f(D)= m exp{ 25
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Tac gia R.W. Chantrell va cong sy [84] da phat trién mot phuwong phap tinh
toan sb dé xac dinh do léch chuén (o) va duong kinh trung binh cua hat (D), duoc
trich xuét dya trén duong cong tir hdéa ¢ nhiét d§ phong. Theo do, do tir hoa ciia mdt
hé hat nano si€u thuan tir véi kich thudce hat tuan theo phan bd logarit chuan duoc dat
trong mot tlr truong ngoai nhat dinh va cé tinh di hudng tir yéu (KV << ksT), duoc

cho boi:

M(H) =M [Lf(y)dy

:MSJ.L.[WyS}FV.dy (2.10)
0 kBT

Nhu d4 dé cap ¢ phan trude ciia luan an, viéc khao sat phan bé kich thudc ciing
nhu ham phan b kich thude hat cua cac hat nano tir Fe;04 duoc tai trong vi cau tir
tinh PGMA c6 nhiéu thach thirc ddi véi cac k§y thuat thuc nghiém. Ky thuat XRD,
thong qua viéc sir dung phuong trinh nhiéu xa Sherrer ciing chi tinh dugc kich thude
tinh thé trung binh, va chi khi cac hat 1a don d6-men/don tinh thé thi kich thuéc tinh
thé méi duge xem 1a kich thudce hat. Gia st v6i cac hat da tinh thé hodc da dé-men,
thi k¥ thuat XRD khong thé udce tinh duoc kich thude hat mot cach chinh xéc. Ngoai
ra, voi cac ky thuat hién vi dién tr d3 dugc trinh bay ¢ trén nhu SEM/TEM, k¥ thuat
SEM khong thé quan sat dugc céac hat dinh hinh bén trong vi cau, con voi TEM thi
quan sat dugc cac hat bén trong, tuy nhién cac hat nano tir Fe;O4 dudi tac dung cua
cac tuong tac lién hat nén dé bi két tu, dan dén su che phu kho quan sat. Thém vao
d6 TEM con 1a phuong phap hity mau nén khong thé dung cho cac vat lidu duoc chire
ning hoa hodc phi bai polymer. Gia sir ¢6 quan sat duoc thi cac s liéu thu dugc chi
mang tinh “cuc bo”, hoan toan don diéu vé mit toan hoc, khong c6 y nghia trong khoa
hoc théng ké nén khong thé dai dién cho toan bd mau. Mat khac, vé6i viée sir dung
phuong phép lam khop (fitting) duong cong tir hda thu dugc tir thuc nghiém véi ham
Langevin nhu da trinh bay ¢ trén, ta co thé thu duoc kich thudce trung binh, d¢ 1&ch

chuan ciing nhu ham phén b kich thudc twong tmg mot cach chinh xac.

2.2.3. Cac chwong trinh (program) tinh toan ly thuyét s6 va biéu thi két qua
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Dé hd trg cac phuong phép tinh toan 1y thuyét nhu lam khép véi ham Langevin
da trinh by & phan trude cua luan an, tac gia xdy dung mot chuong trinh (program)
duoc viét béng ngon ngt Matlab (ma 1ap trinh duoc trinh bay tai phu luc IV). Ngoai
ra, cac chuong trinh dugc viét béng Matlab khac cting dugc tac gia viét dé hd tro viéc
biéu dién va hién thi mét cach truc quan mot sb két qua thu duogc trong luan an nay.
(Phuy lyc VI-VII).

2.3. M6 phéng may tinh
2.3.1. Mé phong Monte Carlo (MC)

Monte Carlo (MC) 1a mdt loai thuat toan tinh toan rong rai dua trén viéc léy
mau ngau nhién lap lai dé thu duoc két qua s6 [85]. Khai niém co ban 1a st dyng tinh
ngiu nhién dé giai quyét cac van dé c6 thé xac dinh vé nguyén tic. Thuong duoc sir
dung trong cac bai toan vat 1y va toan hoc va hitu ich nhat khi khé hodc khong thé sir
dung céc cach tiép can khac. Trong cac bai toan vt Iy, phuong phap Monte Carlo rat
hitu ich dé mé phdng céac hé théng ¢6 nhiéu bac ty do ghép lai, chéng han nhu chat
long, vat licu r6i loan, chat rn lién két manh va ciu trac té bao. Phuong phap Monte
Carlo (MC) bao gém:

-Phuong phap truc tiép dé “bat chudc” nhimg truong hop ngiu nhién bang cach phan
tach chung thanh nhiing qua trinh ¢6 lap.

-Phuong phéap théng ké dé tinh nhitng tich phan s6 da chiéu.
Thong thuong MC c¢6 thé duoc chia thanh 3 budc:

+Bai toan vat 1y thuc té duoc chuyén thanh mot mo hinh xéac suit (thong ké) twrong

tu.

+M5 hinh xac suat duoc giai bang mot phuong phap 1dy mau thong ké bao gdbm mot

chudi nhitng phép toan sd hoc va logic.
+Nhiing dit liéu thu dugc duge phan tich bang nhitng phuong phéap théng ké.

Do su rong 16n cua nhitng mau théng ké, su phat trién ciia phuong phap MC

ngay cang gan lién véi su tién b cua ky thuat may tinh. Pac trung ngau nhién cua
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phuong phéap nay yéu cau mot chudi 16n ctia nhitng s6 ngéu nhién khong lién hop. Su

hop 18 ciia cach tiép can nay 1a do dinh 1y gidi han trung tam trong 1y thuyét xac suét.

Phu thudc vao phan bd ciia nhimg s ngiu nhién, co thé chia phuong phap MC
thanh phuong phép liy miu don gian (simple sampling) va liy miu quan trong
(importance sampling). Trong d6, phuong phép dau tién sir dung mot phan bd s6 ngau
nhién can bang va phuong phap th hai sir dung mot phan bd pht hop voi bai toan
dugc nghién ctru. Ngoai ra, phuong phap MC con dugc phan loai tuy vao truong hop
ung dung trong khoa hoc vat liéu: theo dac trung mang (cubic, hexagonal, voronoil,
Bethe,...), theo md hinh spin (m6 hinh Ising, m6 hinh Heisenberg) hodc theo toan tir

nang luong (ning luong trao doi, nang luong dan hoi, thé hoa hoc...)

Uu diém cta phuong phap MC 13 c6 thé mo phong mot cach “tu nhién” nhat
cac h¢ thuc dya trén vi¢e st dung cac ) ngau nhién (thyc ra 1a cac sb gia ngau nhién
dugc sinh ra bang cach sir dung ham “rand” trong cic ngon ngir 1ap trinh hodc chuyén
sau hon 1 str dung céc giai thuat thong dung nhu Von-Neumann, phuong phap dong
du tuyén tinh, “s6 mam” — seed number...) va 1y thuyét co hoc thong ké dé tinh xac
suat chap nhan (1a xac suat tim thdy 1 trang thai v6i nang luong E) P=exp(-AE/ksT).
Tuy nhién, can luu ¥ rang phuong phap MC chi ¢6 thé ap dung cho cac h¢/dbi tugng
tinh (can bang nhiét dong), voi nhitng hé khong can bang hodc thay ddi theo thoi
gian, ta phai stt dung phuong phap MC dong (Kinetic Monte Carlo).

Péi tugng nghién clru cua ludn an la vat liéu vi cau tir tinh Fe;04/PGMA tai
cac hat nano tir FesOq, sy hinh thanh va két tu cua cac hat nano FesO4 bén trong va
trén bé mat vi cdu ciing nhu anh hudng ctia tuong tac ludng cuc-ludng cuc giita cac
hat Fe304 18n céu triic trung md (mesoscopic) cia vi cau van chwa duoc khao sat. Véi
viéc khao sat cau tric trung mo6 cua vat li¢u vi cau, béing cach sir dung cac phuong
phép do dac thuc nghiém, ta co thé sir dung phuong phap tan xa Neutron goc hep
(Polarized Small Angle Neutron Scattering — PSANS), tuy nhién phuong phdp nay
phtre tap va chua phd bién ¢ Viét Nam va méi chi dugce thir nghiém so bo gan day tai
vién Hat nhan (Pa Lat) [86], dong thoi ciing khong khao sat dugc anh hudng cua
tuong tac ludng cuc-ludng cyc giita cac hat nano tir. Néu suy nghi mét cach don gian,
ta co thé tao mot mau hat nano tir Fe;O4 dugc huyén phu trong dung dich polymer

PGMA pht trén d¢ silic/thuy tinh va sdy kho sau d6 chup anh TEM, tuy nhién phuong
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phéap nay chi cho ta biét dugc hinh dang va kich thudc vat Iy cuc bd cua hat nano tur
Fe;04 dong thoi bang viée sdy kho mau ta da pha v& ciu tric trung mo cta vat lidu,
do d6 két qua khong thé phan anh diing ban chit ctia hé thyc. Ta thdy rang, viéc hinh
thanh va phan bd cac hat Fe;O4 1a ngiu nhién, khi khong c6 tac dung cua tir truong
ngoai hé 1a mot hé tinh, do d6 ta co thé ap dung phuong phap mé phong MC cho hé
vi cau tir tinh PGMA. Uu diém cua viéc st dung phuong phap mé phong MC 1a don
gian, it ton kém, khong tac dong 1én mau (hiy mau hodc pha v ciu tric trung mo
cuia vat liéu) dong thoi c6 thé dua vao lién hé toan hoc véi twong tac ludng cuc-ludng
cuc tir d6 c6 thé khao sat dwoc anh hudng ciia tuong tac ludng cuc-ludng cuc. Ngoai
ra, cac két qua thu duge tir do dac thuc nghiém ciing dugc sir dung trong mo phong

MC dé tang sy chinh xéc déng thdi mo ta mot cach tot nhat c6 thé hé vat liéu thuc.

Phuong phap mé phong MC hang s6 ap suit [87,88] duoc sir dung dé mo
phong su dinh hinh cac cum (cluster) hat nano FesO4 bén trong vat liéu vi cau tir tinh
PGMA, d¢ thuc hién mé phong dau tién ta phai xay dung mé hinh toan hoc. Trong
cac budc thuc nghiém téng hop vat liéu da dugc trinh bay & phﬁn trudce cua luan an,
cac hat nano tir Fe3O4 duogc hinh thanh béng cach két tua tai chd bén trong ma tran
polymer PGMA, khi céc hat Fe3O4 dugc hinh thanh xem nhu ching dugc phan tan
6n dinh bén trong dang keo (Colloidal - ma tran polymer PGMA), do d6 chung ta s&
ap dung ly thuyét DLVO [89] dé mb ta cac twong tac dang hudng (isotropic) giita cac
hat nano tir bao gom 4i lyc Van der Waals, lyc day tinh dién va bao gdm nguyén ly

loai trir Pauli [90]. Ai luc Van der Waals giira 2 hat nano tir i va j duoc cho boi:

A, rr,
U, =y —A177 2.11
" ;6‘111'(’3"""/) ( )
Trong d6 d;j 12 khoang cach gitta 2 hat, r; va r; 1an luot 13 ban kinh cua 2 hat i
va j. Anla hang s6 Hamaker. O day, hing s6 Hamaker cho hat nano tir Fe;04 1a 102!
() [91]. Nguyén 1y loai trir Pauli dugc mé hinh hoa bang cach ap gia tri di= 2x101°
m dé dam bao 2 hat khong bi chdong 1én nhau.

Tuong tac tinh dién gilra 2 hat dugc cho boi:

rr, Ced.
U =Sl g 2.12
‘ ,z(r +7,) ¢ @12
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1 2 2
Trong d6 « la chi€u dai Debye nghich ddo : x = /% voi Ie 1a nong do i6n
gogr B

. 4 k.T)*
(mol/m?). Ha s twong tac tinh dién Z: Z = ”8°5f§ s7) tanh[ ey

2
j voi W 1a dién
e T

B

thé bé mat cta hat nano tir. € 1a héng s6 dién moi.
Bén canh dé, twong tic bat dang huéng (Anisotropic) ludng cuc-ludng cuc
giita cac hat nano tir ciing dugc xét dén:

U. =- Hott, MV, D 3V,(8,7)(8,4,) - V(8,7
i 4z Ak

J'i if

(2.13)

Vi po 1a d6 tir tham chan khong, . 1a d6 tir thim twong ddi cua vat liéu, M 1a

dd tir hoa cua vat liu khoi, S;1a vecto don vi mé-men tir cua hat j/i, T;1a vecto

pointing tir hat i dén hat j.

Céc dai luong va gia tri cu thé cta cac tham sd & trén dugce trinh bay chi tiét

tai bang (2.2).

Stur dung thuat toan Metropolis, dinh hudéng va vi tri khong gian cua cac 161
cling nhu thé tich vat chta (container) duoc 14y mau. Trong mdi budc Monte Carlo,
dinh hudng cuta 13i tir va thé tich vat chira bi x40 tron ngiu nhién bang cach tinh toan
su chénh léch ning luong giira hai trang thai. Cac budc nhiéu loan bi tir chdi néu cac
161 chéng chéo 1én nhau hodc néu mot 16i ndm ngoai vat chua, néu khong xac suit

chép nhan duoc cho boi:

new old new old new 2

. - PV -V

P .= min| Lexp -—U v xexp| - Veon Ve r“’;’d (2.14)
k,T k,T r’

con

Vo6i AE=U™"-Ula su chénh léch nang luong trudc va sau khi xao tron.
\/'CH;W—VE}E 1a sy khéc biét trong thé tich vat chira trudc va sau khi x40 tron va reon 12
ban kinh vét chira, thé twong tac dang hudng Uise=Uy+Ue. So d6 giai thuat mo phong
dugc mo ta tom luoc & hinh 2.9. M6 phong ap suat thim thau bang cach quét P =2.5

— 25000 N/m?, trong qua trinh d6 giai thuat Metropolis duoc st dung: trién khai mot
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gi4 tri ngau nhién w trong khoang [0, 1]. Néu P > w thi gia tri méi dugc chip nhan,

ncu P <w thi gia tri cli dugc gilt nguyén.

Bit Chon 1 hat Chon dinh hudng Tinh Giai thuat | Chfip nhan
»| diu || ngdunhién [P ngau nhién P exp(-AU, /k,T)?»| Metropolis —
' Ttr choi
Chép nhin || Giaithuat Tinh =1 Co Con bén trong X340 tron vi
- Metropolis [ cxp(-AU,, —AU, [k,T) < vatchtra?  [«| tricuia hat
Tur choi i ! Khong
[ I
Xao tron thé Tét ca céc 18i con co Tinh Giai thuat || Chip nhan
tich vat chura P ben trong vat chura? exp(—AU_ /1 k,T) i Metropolis .
Khéng oo > Tt choi
I A
Luu dir lidu

Hinh 2.9. So d6 giai thuat mé phong Monte Carlo cho cac hat nano
Fe;04 dinh hinh bén trong vi cau PGMA.

Bdng 2.2. Cac dai luong va gia tri cu thé ciia cac tham s trong mo phong MC.

Ky hi¢u Mo ta Gia tri Dai lugng (SI)
& Hing s6 dién moi 3.42 Khéng thir nguyén
Lo Tir tham chan khong 4t < 1077 H/m
Tir tham tuong d6i cia vat
Lr licu 1.13 Khong thtr nguyén
U= 0. }r Do tir tham ciia vat liu 1.42 x 107 H/m
M Do tir hoa 500 kA/m [92]
djj Khoang céch giira 2 hat 2.10°10 m
An Hang s6 Hamaker 102! J
ks Hang s6 Bolztmann 1.38 x 1024 J/K
T Nhiét do Kelvin 300 K
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% Thé tich hat 2.78 x 1072 m’

i Ban kinh hat Fe;04 1.88 x 1077 m

y Dién thé bé mit ciia Fe;04 -30 (mV) tai pH=5-9 [93]
L Nong d6 i6n L. = exp(—pH) mol/m?

2.3.2. M6 phong mé hinh spin nguyén tir

Mo phédng md hinh spin nguyén tir coi nguyén tir nhu s¢ hitu mdt moé-men tur
cuc bg, v6i ly thuyét dién tir di d6i voi phuong trinh chuyén dong cua cac spin nguyén
tir [94]. Bang cach nay, mo phong spin nguyén tir thu hep khoang cach gitra cac
phuong phap mo phong vi tir (micromagnetic) va mo phong tir cac nguyén 1y ban dau
(ab initio), dong thoi cho phép khao sat cac tinh chat vi m chi tiét va phirc tap nhur
di huong bé mat, dong hoc spin gay ra bdi xung laser si€u nhanh (ultrafast), thé trao
ddi hiéu dich (exchange bias) & cac hat nano tur cAu trac 16i vo, cac mang mong tur da
16p, mé-men xodn cua spin tir [95]. Khuyét diém ctia mé phong nguyén tir 1a khi ap
dung tinh todn cho vat li¢u, $6 lugng nguyén tir 16n dan dén khéi lugng tinh toan dd

s0 do do6 yéu cau cau hinh phan ctirng twong doi cao va thoi gian tinh toan twong doi

16n.

s +

ol P
ms T all ol 7

Mo phong vi tir
us T+
ns +
¥
pPs T Mo phong nguyén tir
s T g
a8 T  Ab initio
- + 1 : —
1070 10° 108 107 105

Hinh 2.10. Cac mit xich trong mé phong da quy mé (multiscale).
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Ngoai nhitng vu diém ké trén, khi mo phong tinh toan cho vat liéu tir, mo
phong spin nguyén tir ¢6 thé tao ra cac tham sé dau vao cho cac mé phong vi tir, do
d6 tré thanh mot mat xich lién két (hinh 2.10) trong k¥ thuat mé phong da quy mo
(multiscale) [96] va co thé két hop voi ki thuat hoc may (machine learning) dang tré

thanh xu hudéng nghién clru méi trong khoa hoc vat liéu [97].

Dé tan dung t6t cac nén tang c6 san va khong phai xay dung ma (build code)
lai tir dau, ta c6 thé str dung cac goi md phong spin nguyén tir ma ngudn md san co.
Trong sb d6, VAMPIRE 1a mét gbi phdn mém mo phong nguyén tir ma ngudn mé
duoc phat trién bai dai hoc York (Vuong quc Anh). Cac mi (code) dugc xdy dung
bang ngdn ngir C++ véi cac giai thuat song song (Parallel algorithms) va kha ning st
dung thu vién MPI (Message Passing Interface) cho céc tinh toan trén Card man hinh
(Graphical Processing Unit - GPU) cho phép rat ngén thoi gian tinh toan va sé lugng
nguyén tir 1én dén hang ty nguyén tir. Tuy nhién cac chirc ning van chua hoan thién
va con trong qua trinh phat trién [98]. Ngoai ra, dé c6 thé xay dung tép dir liéu dau
vao (input file) cho VAMPIRE doi hoi phai sir dung mot sé cac md phong tir cac
nguyén 1y ban dau (ab initio) nhu DFT dé tinh toan cac thong s can thiét.

Ldi cia VAMPIRE package dwa trén nén tang cac Iy thuyét tir tinh quan trong,
khong chi st dung md hinh spin Heisenberg mé rong bao ham cac nguyén ly vat ly
co ban cua vat liéu tir tai quy mo nguyén tir bang cach sir dung toan tir Hamiltonian
spin ¢6 dién nhu & mo hinh Ising, ma con bao ham dong hoc spin nguyén tir dua trén
phuong trinh Landau-Lifshizt-Gilbert va phuong trinh Langevin, chi tiét dugc trinh
bay & bén dudi. Ngoai ra, VAMPIRE ciing cung cap goéi mé phong MC véi giai thuat

Metropolis cho phép mé phdng vat li¢u tur tai can bﬁng nhiét dong.
2.3.2.1. Spin Hamiltonian

Ning luong ctiia hé cac mo-men tir twong tic duoc dién td bdi spin
Hamiltonian, & day cac twong tac phi tir nhu tuong tdc Coulomb bi bdé qua. Spin
Hamiltonian tong quat Fu c6 dang:

H = Hyex + Hoani + HIapp + I_IJdip (215)

Trong d6 Fuex 14 ning luong trao d6i Heisenberg — s6 hang thdng tri trong spin

Hamiltonian, phat sinh do sy ddi xtmg cua ham song dién tir va nguyén 1y loai trir
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Pauli, n6 chi phdi sy dinh hudng ctia cc spin dién tir trong cac obitan dién tir chong

chap.

Foex == J;S,.S, (2.16)

i#]

Véi Jij 1a twong tac trao d6i gilta nguyén tir i va j, Si 1a vecto don vi biéu thi
phuong mé-men tir spin cuc bd va S; 1a phuong moé-men spin cia cac nguyén tir ké

can.

Hoani 12 nang luong di hudéng, dang don gian nhét 1a di hudng don truc dugc

cho boi:
Hoani = —k, ) (S,.€)’ (2.17)

Vi k; 1a nang luong di hudng don tryc trén mdt nguyén tir.

Happ 12 nang luong tir truong ngoai (nang lugng Zeeman), dugc cho bdi
Foupp = = 14,8,.H,,,, (2.18)

Trong d6 s 1a mé-men tir nguyén tur, Happ 14 tir trudng ngoai ap vao.

Hogip 12 nang lugng tuong tac ludng cuc-ludng cuc, dugc cho boi

HoHs 3
Hogip = [8:.8, == (8,.7,)(S,.1;)] (2.36)
47[’/;j . 2 J Yy

O day r; 1a khoang cach giira spin i va spin j, po 1 @6 tir tham chan khong.
2.3.2.2. Phuong trinh Landau-Lifshizt-Gilbert

Spin Hamiltonian dé cap & trén chi mo ta ning luong ciia hé ma khong bao
ham cac hanh vi dong hoc cua spin tr. VAMPIRE thodat khoi gidi han cua mo hinh
Ising (md hinh ni tiéng nhim md phong vat liéu tir trude day, dén nay van con duge
sir dung) bang viéc sir dung phwong trinh Landau-Lifshizt-Gilbert (LLG) nham mé
ta hanh vi dong hoc ciia spin nguyén tir - chuyén dong hdi chuyén trong trudng ngoai.

Phuong trinh LLG phat sinh tir hai hiéu tng vat 1y: chuyén dong tué sai cuia spin tir
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xung quanh truc ciia truong hiéu dung khong doi (Her —bao gom truong ngoai va
truong khir tir) va sy phuc hoi (relaxation) do su chuyén dong lugng goc (mo-men
dong luong) giira spin tir va ngudn nhiét — diéu nay lam cho spin tir dinh huéng doc
theo phuong tir truong ngoai (Hinh 2.11). Phuong trinh LLG dugc biéu dién nhu sau:

&S __ 7

T[Sty S xS xHp) @19)

Vi S; 1a vecto don vi cia mo-men spin tur, ¥ 1a ti s6 tir co, o 1a héng s6 tit dan Gilbert
—thong s6 dic trung cua vat li€u tir, phu thudc vao nhi¢t do va tan sb (chi tiét vé héng
s tat dan Gilbert duoc bao co boi 2 tic gia M. Hickey va J. Moodena [100]). Gi4 tri
to1 han 1a a=1, thong thuong vai cac vat lidu tir thi a < 1.

H Chuyén dong tat dan
A -SX/[S;xH,l

Hinh 2.11. M6 hinh mé ta phuong trinh LLG — chuyén dong

cua spin nguyén tu trong trudng ngoai.
2.3.2.3. Tép dau vao

Tép dau vao bao gom 2 tép text co ban gdm material va unitcell (phu luc VIII)
chira théng tin dau vao vé vat liéu Fe;04 can mo phong nhu: ning luong trao ddi,
hang sb tit dan Gilbert, md-men tir nguyén tir, hang s6 di hudng/mat do nang luong
di hudng, kich thudc 6 co sé, toa d§ khong gian cia cac nguyén tir trong 6 co sd...
va mot tép diéu khién input (phu luc VIII). Nhu di néi trude o, mot sb thong sb can
phai str dung mo6 phong DFT dé tinh toan trude nhu tuong tic trao d6i gilta cic nguyén
tur trong 6 co sO (st dung Quantum Espresso - day chi 1a mgt budc nho co ban nén sé
khong dugc trinh bay chi tiét trong luan 4n), sau d6 cung cép cho tép dau vao. Bén
canh d6, cac thong s quan trong khac dwoc cung cép tir két qua thuc nghiém va tinh

toan 1y thuyét sé nhu mat do nang lwong di hudng, phan bé kich thude hat...

2.3.2.4. Cac dai luong tr tinh
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Pé thong nhat trong qué trinh tinh toan va mo phong, cac dai lugng tir tinh noi
chung s& dugce quy do6i vé hé SI (bang 2.3). Ngoai trir d6i véi VAMPIRE, do mic
dinh cia package nay nén cac dai luong tir tinh phai dugc quy ddi theo mic dinh, dai
luong cua cac két qua thu duoc tir mo phong nguyén tir sir dung VAMPIRE package

va mdt s6 cac hang s6 dugc cho & bang 2.4.

Bdng 2.3. Cac dai luong tir tinh quy d6i vé hé SI

bai lugng | Ky hi¢u Hé Gaussian Hé s6 Hé SI
T trudng H Oe 10%/4n A/m
Do tir hoa M emu/g 103 A/m
Tir thAm u Khéng thit nguyén 47,107 H/m
Do nhay tu X emu/g 4n Khong thir nguyén

Bang 2.4. Dai lugng va don vi do trong VAMPIRE package

Dai lugng Ky tu bPon vi
mod-men tur nguyén tur s J/T
Kich thuéc 6 don vi a A
Ning luong trao doi Jij J/lién két
Nang lugng di huéng Ku J/mguyén tir
Tu truong H T
Nhiét do T K
Tho1t gian t S
Magneton Bohr 1B 9.274 x 102 (J/T)
Ti s tir co y 1.76 x 10" (T-1.s)
Hang s6 Boltzmann ks 1.3807 x 102* (J/K)
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2.3.3. H¢ thong thuwe hign mé phéng
2.3.3.1. Hé tinh toan hiéu nang cao

Cac mod phdng trong luan an nay duogc thuc hién trén h¢ tinh toan hi€u nang
cao (HPC) ctua Trung tam tin hoc va tinh toan — Vién Han 1am Khoa hoc & Cong
nghé Viét Nam (VAST) thong qua giao thirc Secure Shell (ssh) bang Terminal trén
hé diéu hanh Linux (hinh 2.14) hoic Cmd/Windows subsystem for Linux — WSL trén

nén tang Windows.

Cac mé phong Monte Carlo budc phai chay & ché dé don nhén (serial), trong
khi cac mé phong khac dugc chay & ché 6 da nhan (para cpu) va tinh toan song song
trén 2-4 node (mdi node 20 core) dé tang tdc do tinh toan. Hodc chay trén card GPU
Tesla P100 dé giam thoi gian tinh toan. Hinh 2.12 trinh bay hé théng quan tri cong
viéc tinh toan ctia hé¢ HPC — VAST sir dung goéi phan mém PBSpro (a) va céc tép tin
kich ban (scripts) dé diéu khién viéc thyc hién cac mo phong may tinh trén hé (b, c).

5 S SO ) iheangibesdor-

Edit View Search Terminal Hel)
3 i

File Edit WView Search Terminal Help

nthyen
Net3 Headks S nddung
1

:mem=16G

DIP-2nm
C-DIP-5nm

Hinh 2.12. H¢ HPC — VAST
(a) Workload manager & Jobs scheduler cua h¢ HPC — VAST
(b, ¢) Cac tép Scripts dé chay cac md phong cua luan 4n trén hé HPC.

2.3.3.2. Hé dién toan lwoi

Thoi gian gan day, do nhu cu thuc hién cic nghién ctru tinh todn ngay cang
tang, s0 lugng nguoi ding (SUSER) trén hé HPC — VAST tang dang ké. Dé dam bao

nhu cau cong viéc cling nhu nhdm phat trién mot mo hinh tinh toan hi¢u nang cao
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theo huéng hién dai hoa, chia sé tai nguyén rong khap va dap ing dugc cac ki thuat
nhu dir liéu 16n (Big data), hoc may (Machine learning) ciing nhu bao ham duoc kién
triic tinh toan hién dai nhu dién toan ddm may (Cloud computing) cho cac moé phdong
may tinh dé nghién ctru khoa hoc vat liéu ndi riéng va cac khia canh khéc cua khoa
hoc noi chung, tac gid da xay dung hé dién toéan lai hoa (Hybrid) phuc vu tinh toan
hiéu ning cao bao gdm mdt cum cluster nho (Phu luc IX) gdm cac Worker Nodes
(CPU va GPU) tinh toan, mdt Master Node kiém Web Server va mot Server Data
(Pugc trang bi cong nghé RAID (Redundant Arrays of Independent Disks) thong qua
card RAID controller va  dia ctrng chuén giao tiép toc do cao SAS (Serial Attached
SCSI) nham ting téc d6 doc/ghi va an toan dit liéu) va dua trén kién trac dién toan

ludi (Grid computing) [101,102].

a)

Hinh 2.13. HE dién toan luéi HCMIP.
(a) H¢ dién toan luoi HCMIP
(b, c) Workload manager & Jobs scheduler cua cum HPC Cluster trong hé

(d) Server Data trong hé dién toan ludi.

Hé thdng duoc dit tai Vién Vat Iy TP.HCM — VAST (chi tiét tai

http://hcmip.ac.vn/hpc), giai doan tiép theo s& thir nghiém viéc submit truc tiép cac
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jobs trén nén tang Web backend 3.0 ma khong can sir dung céc tép kich ban (scripts)
phirc tap nhim don gian hoa va huéng dén su than thién v6i nguoi dung. Dir lidu tinh
toan mo phong trén hé sau khi hoan thanh sé dugc tu dong déy vé Server Data, tir d6
dir lidu s& duoc tai vé may tinh c4 nhan (client) théng qua giao thirc SCP (secure
copy) hodc SFTP (Secure File Transfer Protocal). Ngoai ra, dé hop nhit va tién loi
trong viéc luu trlr, cac dir li€u tinh toan sau khi dugc thyc hién trén h¢ HPC — VAST

cling s& dugc truyén vé Server Data ndy thong qua giao thirc SCP.

Uu diém cua hé dién toan nay la co thé thuc hién va quan ly cac Jobs mo phdéng
va tinh toan trén hé thng trén nhiéu nén tang thiét bi, tir dién thoai thong minh, may
tinh bang, dén may tinh cd nhan... Ngoai ra, dir li¢u s€ duogc ghi va se“ip xép vao hé
thong luu trir (Server Data), sau d6 co thé sit dung k¥ thuat hoc c6 giam sat
(Supervised learning) dé thyc hién phan loai tw dong (classification) — mot budc co
ban cta quy trinh hoc may (Machine learning). Sau khi dugc phan loai, cac dir li¢u
nay co thé dugc hdi quy (regression) dé dua ra cac tién nghiém trong kha ning cho
phép.

Gan day, do nhu cau tinh toan ting cling nhu mé rong ra cho cac nghién ciru
vé tinh toan luong tir (Quantum computing) trong linh vuc hoa 1y va khoa hoc vat
lidu ciing nhu chay cac tinh toan tién moé phong trude khi chay truc tiép trén may tinh
lugng tir cua IBM, tac gia xay dung thém modt h¢ dién toan hi¢u nang cao Comphys
(hinh 2.14) dé thuén tién trong cong viéc nghién ctru (phu luc X). Ciu trac tuong tu
nhu hé HCMIP & trén nhung c¢6 nang cip thém nhiéu chirc ning méi dé hd tro cho

cac tinh toan luong tu.

Hinh 2.14. H¢ di¢n toan Comphys.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Két qua thue nghiém va tinh toan s6

3.1.1. Nhiéu xa tia X (XRD)

Cudmg d¢ rit gon (a.u)

(20)°

Hinh 3.1. Gian d6 nhiéu xa tia X cta: (a) Ph6 chuan cua Fe;Oq4
(b) Hat nano tir Fe;O4 tran; (c) Vat liéu vi cau Fe;04/PGMA

(d, ) O co so va 0 co so da dién ctia Fe3Oa.

Hinh 3.1 biéu thi gian dd nhiéu xa tia X cua cic mau: (b) hat nano tir Fe3O4
tran (khong dugce boc phu PGMA) va (c) vat licu Fe;04/PGMA da téng hop dugc.
Theo gian dd nhiéu xa tia X (hinh 3.1b, ¢), cac dinh (peak) nhiéu xa tai cAc mit mang
(220),(311),(400),(422),(511)va(440) trung khop véi dit liéu phé XRD
chuan cho Fe;04 (thé JCPDS No.75-0033 — hinh 3.1a). Quan sat hinh 3.1c, thanh
phan pha khac khong dugc tim thiy, diéu nay ching minh rang cic hat Fe;Os tinh
khiét da duoc hinh thanh bén trong vi cdu PGMA. Tuy nhién, & day cudng d6 nhidu
xa tia X bi syt giam va dinh nhiu xa bi mé rong so véi hinh 3.1b, nhan dinh ban dau
c6 thé nguyén nhan 1a do cac hat Fe;04 dinh hinh bén trong vi cau Fe;04/PGMA c6

kich thudc tinh thé nhé, didu nay da dugc thao luan tai [103]. Ngoai ra, sy hién dién
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ciia ma trin PGMA trén bé mit cac hat Fe;O4 1am tang nhiéu loan trong cAu trac
[104]. Mot nguyén nhan khac 1a do khi phan bd bén trong/trén bé mit vi cau
Fe304/PGMA, cac hat nano tir Fe3O4 da bi ma tran polymer PGMA ¢ dinh tir d6 lam
giam kha nang két tu thanh cac cum hat (cluster) lon déng thot phan tan dan trai, tu
do6 lam cho mat do hat tré nén thép hon so v&i cac hat FeOq tran. Két qua la dog cao
dinh nhidu xa bi suy giam dong thoi do rong ctia dinh nhidu xa ciing bi mé rong, diéu
nay ciling da dugc thao luan boi tac gia Majid Sakhi Jabir va cdng su [105]. Tat ca
nhitng nhan dinh nay s& dwoc ching minh va théo luan cu thé & nhimg két qua bén
dudi.

O day, co thé sir dung phuong trinh Scherrer duoc st dung dé thu duoc kich
thudc tinh thé trung binh (dxrp) ctia mau Fe;Oq tran:

K.A
d. = 3.1
2 B cosO G-

O0d6K=~091a héng s6 Scherrer, B 1a d6 ban rong ctia dinh nhiéu xa, A 1a budc song
cua tia phong xa, va 0 1a goc tai dinh nhiéu xa c6 cuong d6 manh nhét. Két qua thu

dugc kich thudc tinh thé trung binh ctia hat nano tir Fe;O4 tran 13 dFe304 =15.8 (nm).

Hinh 3.2 tham chiéu gian dd nhiéu xa tia X cua vat liéu Fe;04/PGMA ché tao
dugc va polymer PGMA nén, ta nhan thay rang ¢ goc nhiéu xa 20 = 17° xuat hién
dinh nhiu xa duy nhat dic trung cua vt liéu polymer PGMA [106], diéu nay ching
to réng vat liéu Fe3;O4/PGMA téng hop duoc c6 2 thanh phén 10 rang gém vat liéu
nén polymer PGMA va vat liéu thanh phan Fe;Oa.

Pé xac dinh kich thudc tinh thé ciia cac hat Fe;O4 phéan tan bén trong vi cau
Fe304/PGMA, do kich thudc cua cac hat nay nhé nhu da thao luan ¢ trén, phuong
phép Scherrer str dung d6 ban rong ctia dinh nhiéu xa dic trung trd nén c6 sai ) dang
ké do do rong dinh nhiéu xa bi mé rong, mot phwong phap véi do chinh xac cao nhur
tan xa chum tia X goc hep (Small Angle X-Ray Scattering - SAXS) c6 thé duoc st
dung. Mot mat, do diéu kién chua cho phép nén ludn an cling chua thyc hién dugc
cac phép do nay. Mat khac, théng sé thuc nghiém quan trong can thiét dé cung cap
cho cac mo phong may tinh duoc thyc hién & phan sau cta luan an 1a kich thudc 13i

tir ma khong phai 1a kich thudc tinh thé, do d6 tac gia s& sir dung mot phuong phap
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khéc dya trén ly thuyét tir tinh dé thu duge thong s6 vé kich thude 161 tir, chi tiét duge

trinh bay ¢ bén dudi.

——PGMA
——PGMA/Fe,0,

gon (a.u)

Cudng do rit

r T . T . | v T . T :
10 20 30 40 50 60 70

['2('))“

Hinh 3.2. Gian d6 nhiéu xa tia X cua:

(a) Vi cau Fe;04/PGMA; (b) Polymer PGMA [106].

3.1.2. Phé hong ngogi chuyén Fourier (FTIR)

Phd FTIR ctia PGMA tinh khiét (hinh 3.3a) cho thdy cac ving hép thu dic
trung xuat hién tai vi tri s6 song 1149 cm™! va 846 cm™, 993 cm™! twong tng c6 lién
quan dén vong oxirane (-CH,-O-CH-) d6i xing va vong oxirane (-CH»-O-CH-) bat
dbi xtng (cac epoxide) (hinh 3.4a). Ngoai ra, xuét hién dao dong kéo cang (stretch)

ctia nhém chie cacbonyl (C=0) trong PGMA xuét hién ¢ sé soéng 1730 cm™.

Tuy nhién, phd FTIR ctia Fe;04/PGMA trong hinh 3.3b cho thay cac doc (dip)
& 846 cm™! va 993 cm! gan nhu bién mat, dic trung twong Ung v4i vong oxirane bat
dbi xtng (-CH2-O-CH-). Bén canh d0, sy xuit hién ctia cac dai hap thu méi ¢ 3399
cm!, 1566 cm™! va 1644 cm™ twong tmg v6i dao dong kéo cing (stretch) va udn cong

(bend) cia N-H va kéo cang (stretch) cua N-H, chiing t6 sy hién di€n cua cac nhom
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chirc -NH va -NH>, 1a két qua cua vi¢c sua d6i PGMA béi Ethylenediamine, lam cho

cac epoxide (cac vong oxirane) mé vong (hinh 3.4b). Mat khac, su hi¢n di¢n cua dai

hép thu m&i duoc quan sat & 592 cm™ & hinh 3.3b twong Gng véi su dao dong cta

lién két Fe-O (quan sat phd FTIR ctia Fe;O4 tinh khiét & hinh 3.3¢ [107], chung t6 su

tdn tai ctia cac hat nano tir Fe3Oq trong céc vi cau PGMA. Mt khéc, doc quan sat

dugc tai 1130 cm™ twong ung véi dao dong cia nhém chire (C-O) bi dich chuyén

sang ving tan sd cao hon, diéu nay cho thay rang polymer PGMA tuong tac véi cac

ion kim loai ctia Fe3O4 va ¢ dinh chung (twong tac hap phu boi lyc lién phan tir tir

d6 hinh thanh lién két phdi tr), két qua twong tu da dugc bao cdo boi tic gia Jana

Koubkova va cong su [108].

P truyén qua (%)

Fe,0,

Onrane bit PGMA/Fe,0,
0 xtng ) 3
LXirane
i xine —— PGMA
I T ! I " I ! 1 . I 3 I s
500 1000 1500 2000 2500 3000 3500 4000

Sé song (cm’ h

Hinh 3.3. Pho FTIR cta cac miu & ché d6 truyén qua

(a) PGMA; (b) Fes04/PGMA; (c) Fes04 [107].

Muc dich cua viéc “amine hdéa” bé mat cua vi cau Fe;04/PGMA nham muc

dich tang kha nang hép phu i6n kim loai (Chi - Pb*") duoc thyc hién bén dudi dya

vao ai lyc tinh dién gilra cdc nhom amine —NH» vdi cac i6n Pb?*, diéu nay cling da
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dugc bao cao [51,52,109]. Ngoai ra, viéc ton tai cac nhom chirc —NH, trén bé mat
cho phép vi ciu FesO4/PGMA c6 kha ning lién két véi cac phan tir sinh hoc nhu
DNA, protein... dua trén viéc hinh thanh lién két peptip [110] (hinh 3.5).

Oxirane bét d6i ximg

Oxirane d6i ximg »O

CHs

® Oxy

® Carbon

Hydro
@ Nito

® Fe;04

Lién két Peptip

Hinh 3.5. Lién két Peptip

3.1.3. Anh hién vi di¢n tiv quét (SEM)
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d)

<D=gpng = 1.36 (um)

Opm = 009 (mm)

Tin sa (%)

1.3 14 15 16

Pudng kinh (pum,

Hinh 3.6. Anh SEM cuia vi cau Fe;04/PGMA tai 2 thang do: (a) 10 pm va (b) 2 pm.
(¢) Mo hinh biéu thi cac vi ciu Fe;O4/PGMA trong khong gian 3 chiéu (Matlab)
(d) Biéu dd phan bd kich thudc hat va ham phan b logarit-chuan (dudng in dam)

Hinh 3.6 1a anh SEM cua vét liéu Fe;04/PGMA tong hop dugc tai 2 thang do
khac nhau: (a) 10 pm va (b) 2 pm. Ham phéan bd kich thudc hat cua vi cau tir tinh
Fe304/PGMA (hinh 3.6d) duoc xac dinh bﬁng cach do duong kinh cta 100 hat tir anh
SEM, sau d6 dugc biéu dién bang biéu dd dang cot, sau d6 lam khop (fitting) biéu d6
v6i ham phén bd logarit-chuan dugc dé cap ¢ phan trudce cia luan an (phuong trinh
2.9):

(D) 1 ~In*(D/D,)
= €X
N2roD P 20°
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Vi Do 1a dudng kinh hat ¢ tan s6 xuat hién nhidu nhat va o 1a d6 sau phéan
bd. Puong kinh trung binh <D>sem = Do.exp(6%/2) va d6 léch chuan tuong tmg 13

osem= <D>sem-[exp(c?) — 1112,

Anh SEM cua vi cdu tir tinh Fes04/PGMA & hinh 3.6a, b cho thy vat lidu
Fe;04/PGMA tong hop duoc co dang hinh cau, don phéan tan va kich thude kha dong
déu. Bén canh d6, bé mit cta céac vi cau Fes;04/PGMA kha ng ghé, 1a két qua cua viéc
chinh stra bé mit vi ciu PGMA béng Ethylenediamine va badi vi sy hién di¢n ctia cac
hat nano tir Fe3Oy4 trén bé mit. Kich thudc trung binh cua vi cau Fe;04/PGMA téng
hop duoc 1a <D>spm= 1.36 pm va do 1éch chuan twong tng 13 osem = 0.09 pm. Két

qua nay nho hon so vdi bao cdo ctiia cac nhom tac gia khac [62,63,65,67,68].

Dé thé hién rd hon cling nhu quan sat mgt cach tryc quan, mot chuong trinh
don gian duoc tac gia viét bang Matlab v6i dau vao 1a cac thong sb thu duoc tir anh
SEM ¢ trén nham biéu thi cac vi cau Fe;04/PGMA trong khong gian 3 chiéu, gidi
han trong mot hinh hop kich thudc 10x10x10 pm (hinh 3.6¢).

3.1.4. Anh hién vi di¢n tiv truyén qua (TEM)

Nhu van dé da néu ra & phan trudc ciia luan 4n, d6 phan giai cia anh TEM van
khong cho phép chiing ta xac dinh chinh xac duoc kich thudc hat va ham phan b
kich thudc cta cac hat FesOs ¢ bén trong vat liéu Fes;O4/PGMA téng hop dugc. Gia
su voi ky thuat hién vi hién dai hon nhu HRTEM véi do phan giai cao hon c6 thé cho
ching ta quan sat tdt hon va tir d6 c6 thé tam thoi xac dinh duge phan bd kich thuée,
mac du vay thi kich thudc va ham phan b thu duogc chi dang xét cho 1 vi cau va do
d6 ciing khong thé dai dién cho toan bo cac vi ciu bén trong mau duoc tong hop, hay
n6i cach khac nd chi mang tinh chét cuc bd va khong c6 ¥ nghia vé mat théng ké. Do
d6, cach xéac dinh chinh xéc kich thudc hat va ham phéan bd kich thudc twong tng s&

dugc trinh bay ¢ bén dudi.

Nham muc dich quan trong la quan sat dugc truc quan hinh dang va su két tu
ctia hat nano tir Fe;O4 trong ma tran polymer PGMA dé sir dung nhiing tham s6 nay
cho céac budc nghién ctru khac cia luan an, ta tién hanh ché tao theo chu trinh thuc
nghiém nhu phéan thyc nghiém ctia luan 4n ma khong sir dung Ethylen Diamine, phii

1én dé silic sau d6 sdy kho va chup anh TEM ctia mau vat liéu (hinh 3.7). Mot diéu
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hién nhién rang phuong thirc nay khong thé hoan toan dai dién cho qua trinh dinh
hinh va két ty cta Fe;O4 bén trong vat lidu vi cdu Fe;04/PGMA ching ta dang xét,
do chung ta d4 pha v& cau tric trung mo (mesoscopic) cta vat lidu. Tuy nhién muc
dich cia phuong thirc nay chi 1a dé quan sat chinh xac va truc quan dang hinh hoc
ctia hat nano tir Fe;04 dé c6 thé dua ra mo hinh chinh xac trong céc tinh toan 1y thuyét
) cling nhu mo6 phong may tinh dugc thuc hi¢e & phﬁn sau cua luan an. Bén canh do,
chung ta cling c6 thé quan sat thay su két tu ciia cac hat nano tir Fe;04 dudi tac dung
cua cac tuong tac lién hat, hinh dang/ kich thuéc khac nhau cua cac cum hat (cluster),

ddng thoi rat ra mot thong tin goi y vé s6 lwong cac hat Fe;O4 trong mot cluster.

Hinh 3.7. Anh TEM ctia cac hat nano tir Fe;O4 tran & cac thang do:
(a) 200 nm; (b) 50 nm; (¢) 20 nm.

Quan sat anh TEM tai thang do 200 nm va 50 nm (hinh 3.7a, b), c6 thé thay rd
rang cac hat nano tir Fe;04 khong phan bd dong déu ma két tu thanh cac cum hat
(cluster) voi kich thude va hinh dang khac nhau (duong khoanh viung nét dut). Ro
rang la gitra cac hat nano tir FesO4 c6 ton tai twong tac ludng cuc - nguyén nhan lam
cho cac hat két tu thanh cac cum hat hodc cac chudi [111], diéu nay anh huong tryc
tiép dén hiéu suét cac ung dung ting than nhiét cuc bo [112]. Dé khao sat tuong tac

ludng cuc giita cac hat nano tir FesOs, ki thudt cong huong sat tir (Ferromagnetic
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resonance — FMR) co thé duoc st dung [113,114], tuy nhién k¥ thuét nay phuc tap,

mot phuong phap don gian hon s& dugc trinh bay & phan sau ctia luan an.

Bén canh d6, quan sat anh TEM tai thang do 20 nm, ghi nhan hat Fe;O4 co
dang elip gan nhu hinh cau (hinh 3.7¢). Bé don gian hoa trong qua trinh tinh toan va
mo phong, ta gia st hat Fe;O4 13 hinh cau voi dudng kinh va ham phéan bd logarit
chuan thu duge tir phwong phap “Fitting” véi ham Langevin dugc trinh bay & phan

trudce cua luan an.
3.1.5. Duong cong tir hoa

Két qua duong cong tir hda M(H) ctia mau thu duoc (hinh 3.8) cho thay vi cau
Fe304/PGMA c¢6 hanh vi si€u thuén tr. B9 tir hoéa bao hoa (M), do tur du (M) va luc
khang tu/truong cudng birc (He) thu duge tir duong cong tir hoa duogc li¢t ké & bang
2.5. Pau tién, ta tham chiéu véi bao cdo c6 dé cap dén tinh chit tir caa vi cau nhu
nhom tac gid Evrim Banu Altintas va cdng su [61], tinh chit tir cia vi ciu
Fe;04/PGMA tong hop duoc trong ludn 4n nay tot hon (cu thé 1a M= 5.61 emu/g 16n

hon so voi 3.3 emu/g).

e b)

40 4

2

B ur hda M (emu

£t hda (emudg

=20

40 - Fe,0,

= M-I A —— PGMA/Fe, O,
T T

¥ 10 15

T T T T T T T
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Hinh 3.8. Puong cong tir hoa M(H) tai nhiét d§ phong (300 K) cua:
(a) vi cau Fe;04/PGMA
(b) vi cdu Fe;04/PGMA va cac hat nano Fe;O4 tran.

Hinh 3.8b trinh bay duong cong tir hoa cia cac hat nano tir Fe;O4 trin va vi
cau Fe;04/PGMA téng hop duogc, ta nhan théy c6 sy giam manh do tir hoa bao hoa
ctia vi cdu Fe;04/PGMA khi so véi cac hat nano Fe3Os tran. Bén canh dé, thuc hién

tham chiéu véi cac hat nano Fe3Oy tran va vat lidu Fe;O4 dang khéi (d6 tir hoa bio
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hoa M; ~ 90-100 emu/g) dugc thao ludn boi tac gia K. Nishioa va cong su [115], tac
gia B.D. Cullity va cong sy [116], sy giam manh d§ tr héa bao hoa cua vi cau

Fe304/PGMA ciing dugc ghi nhan.

Theo tac gia Qing Li va cong su [117] di chi ra rang khong chi d6 tir hoa bao
hoa (Ms) ma ca do tir du (My) va lyc khang tir (Hc) cta hé hat nano tir Fe;04 déu bi
anh huong manh béi kich thude hat va cau trac d6-men. O ddy PGMA 1 vat liéu phi
tir tinh, do d6 tinh chét tir cta vi cau FesO4/PGMA sé& duoc quyét dinh boi tinh chat
tur cua hat nano tir Fe3Os. Tt cac dit kién thyc nghiém va tham chiéu véi cac cong bd
cua cac hoc gia khac, ta co thé két luan ré“mg su gidm céac thong s6 tir tinh cua vat liéu
vi cau tuong ung véi sy giam kich thudce hat ctia hat nano tir Fe3Oa, bat ké céu tric
va hinh dang ctia hat nano tir. Theo két qua thu dwoc tir gian d6 nhidu xa tia X da
duogc trinh bay & trén, kich thude tinh thé ciia cac hat nano tir Fe;O4 trong vi cau
Fe;04/PGMA 1a nho, diéu nay da din dén sy giam d6 16n cia cac thong sb tir tinh
ctia vat lidu vi cau Fes04/PGMA. Bén canh d6, cac hat nano tir dugc dinh hinh bén
trong PGMA, dudi tic dung ctia ma tran polymer PGMA 1én cic nguyén tir bé mit,
hinh thanh nén céc 16p nhiéu loan tir tinh (s& dugc trinh bay chi tiét & bén dudi). Didu
nay dan dén 1am giam tuong tac ludng cuc-ludng cuc (dipole-dipole) giita cac hat
nano tir, chiing gép phan lam giam do tir hda bio hoa clia cac hat nano Fe;Oa. Két
qua tuong tu cho cac hat nano tir FeCo cling da duoc thdo luén boi tac gia Davide

Peddis va cong sy [118].

Nhiam xéc dinh nhiét d6 khoa (blocking temperature — Tg) va thong qua d6 xac
dinh dugc hang sé di hudng tir hiéu dung Kesr ctia vat lidu vi cau Fe;04/PGMA, phép
do duong cong tir hoa Zero-field-cooled (ZFC) va Field-cooled (FC) dugc thuc hién.
Pé thu duoc duong cong ZFC, dau tién mau dugc lam lanh tir nhiét do phong (300
K) xudng 2 K (khong c6 mit tir truong ngoai). Sau do, mot tir trudng yéu (d6 16n ~
50 Oe) dugc ap vao, mé-men tur s€ dugc ghi lai theo sy ting ctia nhiét do, ta thu duoc
dudng cong tir hdéa ZFC. Dudi cung d6 16n cua tir trudng ngoai ap vao la 50 Oe nhung
c6 mot chut khac biét, dudng cong tir hoa FC dugc do trong qua trinh 1am lanh mau

ttr nhi¢t d§ phong (300 K) va mo-men tir dugc ghi lai theo sy ting cua nhiét do.
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Hinh 3.9 biéu thi duong cong tir hoa ZFC/FC cua miu duoc do tai tir truong
H =50 (Oe). Nhiét d6 khoa (Tg) thu duoc truc tiép tir dudng cong tir hoéa ZFC (T 1a
dinh cta duong cong ZFC), tir d6 thu dugc Te= 10 K.

A Zero-field cool
Field cool

Ty=10K

L 2

Do tir hoa (emu/g)
"
13

L L]
0 100 200 300
Nhiét do (°K)

Hinh 3.9. Pudng cong tir héa ZFC/FC ciia vi ciu Fe;04/PGMA.

bé giai thich cho viéc Tg thu dugc tai nhiét do rat thép so voi két qua dugc
béo cdo boi cac nhom tac gia khac (khoang 70-100 K cho hat Fe;O4 tran) [119,120]
va 209 K cho Fe3;04 pht SiO2[119] va 50 K cho Fe3O4 phu SiO2 [121] (¢ day tac gia
chua ghi nhan dugc cac nghién ctru vé Tp cta vt liéu vi cdu Fe;04/PGMA nén dua
ra 2 cong trinh khac nhau nghién ctru vé nhiét d6 khoa Ts cua vat liéu Fe;O4 phu SiO»
dé tham chiéu), nguyén nhan chinh 1a do hanh vi dong hoc khéa/ ma khoa (blocking/
unblocking) cta cac hat nano tir ¢6 cdu trac don dé-men phy thudc kich thude cua
chung. Cac hat c¢6 kich thudc cang nhod cang d& mé khéa ¢ nhiét do thap, hay dién
giai theo mot cach khac 1a cac hat co kich thude cang nho thi cang can it niang luong
nhié¢t tdc dong dé vuot qua rao thé di hudéng hodc phuc hdi nhiét (thermal relaxation).
Trong luan an nay, kich thudc cac hat Fe3O4 hinh thanh trong ma tran PGMA nho
hon khé nhiéu so véi cac hoc gia khac dugc tham chiéu & trén, do do chung co thé
mo khoéa tai nhiét d6 rat thap (cu thé ¢ day 1a 10 K). Chiing ta thu dwoc K(T) tir mbi

lién hé v6i T nhu bén dudi [122]:



80

25k, T
Ky ==t (3.2)

O d6 Kem(T) 12 hing s di hudng tir tai nhiét d6 khoa (Ts), ks 14 hang sb
Boltzmann va V 1a thé tich trung binh cta hat nano tir Fe;O4. Tir d6 ta c6 thé tinh
duge Kerr= 1.9 x 10* J/m?3, gia tri ndy xap xi voi cac két qua duoc bao cdo boi cac
hoc gia khac (10-20 kJ/m?) cho hat Fe;O4 tran (c6 kich thudc ~ 5-8 nm) va 16n hon
cho vat liéu Fe;O4 dang khdi (1.1 x 10* J/m?) [123-131]. Nguyén nhan chinh 14 do
su phu thudc cua Kefr vao kich thudce hat nano tir FesOs (Kesr tang khi kich thudc hat
giam), diéu nay ciing da duoc thao luan bai tac gia Abdel-Fatah Lehlooh va cong sy
[132], tac gia C. Nayek va cong su [133]. Cu thé, nd duoc gidi thich 1a do sy tang di
hudéng bé mat (Ks) khi kich thudc hat giam (khi kich thudc hat giam, ti sb gitta bé

mat va thé tich ting 1én din dén di hudng bé mat co xu hudng ting 1én).

Bdng 2.5. Cac thong sd tir tinh ctia vi cau Fe;04/PGMA.

M(emu/g) Hc (Oe) M (emu/g) Kesr (LAS) (x10° Jm™)  Kegr(Ts) (x10* J.m™>)

5.61 1.42 0.015 29+0.6 1.9+0.15

3.1.6. Tinh todn Iy thuyét so
3.1.6.1. Pinh ludt tiép cdn bdo hoa

Nhu di dé cap & phan trudc ctia luan an, dinh luat tiép can bio hoa (LAS) ciing
duoc sir dung dé udc luong héng s6 di hudng tir hiu dung (Kesr) cuia vat li¢u vi cau
tong hop duoc. O day ching ta sir dung d6 tir hoa rat gon (m=M/Mj), n6 1a ham cia
1/H? dwoc 1am khép (fitting) tuyén tinh v6i phuong trinh 2.4 tai tir trudng c6 do 16n
cao (7.96x10° - 1.19x10% A.m™) (hinh 3.10). Gia tri b — d6 dbc cua dudng “fitting”
tuyén tinh dugc st dung dé tinh Kerr theo phwong trinh 2.7. Gia tri wdc luong cia
hang s di huéng tir hiéu dung (Kefr) ctia vi cdu Fe;04/PGMA tai nhiét 6 phong (300
K) 1a Kesr (LAS) =2.9 £ 0.6x10° J/m>. So sanh v6i Ker (Tg) thu duge ¢ trén, ta nhin
thiy c6 su khac biét nho (thé hién & bang 2.5), diéu nay c6 thé dugc hiéu dya trén sy

phu thudc nhiét do cta hing s6 di hudng tir [134,135]. Két qua 13, d6 16n cia Kesr
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giam khi nhiét do tang, do d6 gia tri Kesr(Tg) tai 10 K s€ 16n hon Kesr (LAS) thu duoc
tai 300 K.

# Thue nghiém
1.00 4 ¥ = Fitting linear
= 099 4
=
!I_
=)
S
e ()98 <
g
= 0,97 -
@
0,96 -
! ! 1 T T T T
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Hinh 3.10. Mdi lién hé giita M/Ms—1/H? ctia vi cau Fe;04/PGMA tai tir truong 16n.

DPuong nét dam thé hién “fitting” tuyén tinh v6i dir liéu thyuc nghiém.

3.1.6.2. Lam khop voi ham Langevin

Khi dugc hinh thanh bén trong cac vi cau Fe304/PGMA, céc hat nano tir
Fe304 duge ¢b dinh bai ma tran polymer PGMA. bé don gian vé mat mo hinh tinh
toan, ta gia st hé hat MNPs Fe3Os tr¢ thanh mot hé hat nano tir tinh khong tuong
tac. Theo tac gia Chantrell va cong su, dudong cong tir hoa cia mdt h¢ hat si€u thuan
tr khong tuong tac vdi mot phan bd kich thude hat nhit dinh (gia su tat ca cac hat
déu c6 hinh cau va dang phéan b kich thudc 1 phan b logarit-chuan (phuong trinh
2.9) ¢ nhi¢t do phong cé thé duoc st dung dé trich xuat ham phan bd kich thudce
hat. St dung dir 1iéu dudong cong tir hoa do dugc béng thuc nghi¢m nhu da thao luan

& trén, “fitting” véi ham Langevin cho ca dit liéu tai trudng thip (d6 nhay ban dau)
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va dir li€u tai trudng cao (tiép can bao hoa) dé xac dinh ham phan bd kich thude hat

(hinh 3.11).

o
L 1 M
i)y

¢ 1 2 3 4 & 6 7 8 9
Kich thirie hat {nm)

Dé tir hda (emuig)
=
1

(O VSM thye nghiém
Khép voi him Langevin
1 " 1 " 1 " 1 " 1 " 1 " 1

=15 =10 -5 0 5 10 15

T trudmg, (kOe)

Hinh 3.11. Budng cong tir hoa cua Fe;O4/PGMA tai nhiét d§ phong.

Puong nét dam biéu thi “fitting” dudng cong M(H) voi ham Langevin.

Tir phuong phép cta tac gia Chantrell va cong sy [84], sau cac bién d6i vi phan
chung ta thu dugc kich thudc hat trung binh ctia cac hat nano tir Fe;O4 (cac 16i tir cua

vi cau Fes04/PGMA) (D) va do 1éch chuan tuong tng (op) nhu sau:

1
3
D= 18k,T X (3.3)
oM, \3M H,

o= 1 In (Mj (3.4)
3 M

N

O d6 D 1a kich thuéc hat trung binh cta cac MNPs Fe;O4 bén trong vi cau tir
tinh FesO4/PGMA, y; 1a d0 nhay ban dau, M 1a d6 tir hoa bdo hoa cua hat, My, 13 do
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tir hoa bdo hoa cua vat liéu khdi, T 13 nhiét do Kelvin (300 K), Ho 1a mdt gié tri truong
nhét dinh tai viing truong cao twong tng véi do tir hoa rat gon bang 0, kg 14 hang s6

Boltzmann (1.38 x 10723 J K1),

Nham tan dung kha ndng manh mé vé cac thu vién d6 hoa co sén va tao dugc
giao dién ngudi dung (user interface), tic gia tao mot chuong trinh bang ngén ngir
Matlab (phy luc IV) nham 1am khép — Fitting duong cong tir hoa M(H) cta hé vat
liéu vi cau Fe;04/PGMA thu dugc tir thuc nghi¢m véi ham Langevin dé tu dong tinh
toan va tién nghiém kich thudc cling nhu d6 1éch chuan twong g céac 13i tir (cac hat

nano tir Fe3O4) cua vat liéu (hinh 3.12).

& Tign nghigm kich thutc hat Tién nghidm & tirhda b haa
B3: Chon 1 trang 2 aption i X - o o -
Rich thundc hat Inmit 376 24 tirhda bio hba femurgl 5.6

Dudng cong tir hoa
— T

B2:Nhbp nhigt 85 thys nghigm (VEM)

Mhigt 4% -TiKehan] L1

B1:TA| data VSM [dnh dang
1-HiDel, edt 284 tir héa Miam
g B3Hhip gud trj 83

i
hade kich thudt hat (XROUTEM)—>54 Langevin
Pit—>Kich thitle hat vk nguoe lsi-=B5:Lus Anh

BLTH VEM data B4 Langewin Fit
|

Do tif hoa {emulg)

€ 0s 2
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Hinh 3.12. Chuong trinh nham “fitting” duong cong M(H) v6i ham Langevin
duogc xay dung bang ngon ngit Matlab.

Tur d6, chung ta thu dugc D = 3.76 nm, op = 0.77 nm va ham phan bd kich
thudc hat twong tmg — ham phan b logarit-chuan (hinh nh6 3.11). Dé thé hién rd hon
su phan bd kich thude hat Fe;O4 (151 tir) bén trong vi cau Fe3;04/PGMA, mot chuong
trinh khac dugc tac gia viét bang ngdn ngir Matlab (phu luc VI) dé sinh ra céc dit liéu
kich thudc hat cu thé tuan theo ham phan b logarit-chuan da thu dugc & trén (hinh
3.13). Mdi khi chay chuong trinh nay s& sinh ra mot bo dit liéu kich thuéc hat khac

nhau nhung ham phéan b logarit-chuan, kich thudc hat trung binh D va d6 1éch chuan



84
tuong ing déu khong thay ddi, didu nay phan anh chinh xac ban chit khi 1dy mau
thong ké ciia viéc 1am thi nghiém thyuc nghiém — ton tai tinh ngau nhién nhung dam

bao do lap lai.

i phibn b Logarit chufie cla ch 131 bir Fa304 biin trong vi chu M-PGMA

Tan suat (%)

a

Kich thudc hat (nm)
Hinh 3.13. D6 thi kich thudc hat tuan theo ham phan b

kich thudc hat logarit-chuan cho trudc.

Hinh 3.13 thé hién 5 su phan b kich thude hep, gia tri tap trung trong khoang
tr 3.5-4.2 nm, cac hat nano tir Fe3O4 dinh hinh bén trong vi cau Fe;04/PGMA c¢6 d6
ddng déu cao trong kich thudc. Bén canh d6, hinh dang ham phan bé kich thudc hat
¢6 su pht hop tot véi sy phan bd rao thé nang lwong biéu thi & dudng cong tir hoa

ZFC & trén (phan bén duéi ctia duong cong ZFC).

Chi tiét hon, nham biéu thi truc quan mdt cum hat (cluster) Fe3O4 gém 100 hat
duogc hinh thanh va phan b bén trong vi ciu Fe;04/PGMA trong khong gian 3 chiéu
v6i ham phan bd kich thude twong tng vira thu duoc & trén (hinh 3.14), va trong
khong gian 2 chiéu véi ti s6 nén khac nhau (hinh 3.15), tac gia thyc hién viét mot

chuong trinh bang ngén ngir Matlab dé thyc hién diéu d6 (Phu luc VII).



85

7
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Hinh 3.14. Mb hinh 3D mot cluster cac hat Fe;O4 thyc té dinh hinh bén trong
vi cau Fe;04/PGMA tuan theo ham phan bé kich thude twong tng.

Hinh 3.15. M6 hinh 2D cac hat Fe3O4 thuc té dinh hinh bén trong vi cau

Fe;04/PGMA tudn theo ham phan bd kich thude tuong (g véi cac ti 6 nén
(mat do khong gian) khéac nhau.

Két hop voi két qua FTIR trinh bay & trén, v6i sy tuong tac cia ma train PGMA
1én cac hat nano tir Fe;04, s& hinh thanh nén mot 16p nhiéu loan tir tinh (disordered

magnetic layer) & bé mit ctia cac hat Fe;Ox (hinh 3.16).
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Hinh 3.16. Lép nhiéu loan tir tinh trén bé mit hat nano tir Fe3Oa.

Nguyén nhan cu thé 1a do tai bé mat cac hat nano Fe3O4, ddi xung phéi tri ddi
v6i cac i6n kim loai giam déng ké do su thiéu hut nguyén tir Oxy, do d6 cac phan tir
PGMA c6 thé lép vao cac chd tréng trén bé mat hat nano tir FesO4 va chiém vi tri cua
cac nguyén tir bi thiu va 1am giam sy ghép cip spin-quy dao. Cac két qua twong tu
da dugc bdo céo va thdo ludn bdi 2 nhém tac gid Yuan Yuan va cong su [136],
Peddis.D va cong su [137]. Két qua 13 hinh thanh nén 16p nhidu loan tir tinh/tir tinh
chét bén ngoai bé mit cac hat Fe;Os. Lop nhiéu loan tir tinh nay chi bi thay ddi vé
mit tir tinh, con vé cdu tric tinh thé hoan toan khong bi anh huéng. Qua do6 ta co thé
thdy duoc sau khi hinh thanh va phan bd bén trong ma train PGMA, cac hat Fe;O4 bi
c¢b dinh va chiu sy twong tac ciia cac phan tir PGMA tir @6 hinh thanh nén 16p nhidu
loan tir tinh, ddn dén 1am giam kich thudc 13i tir. Diéu ndy gop thém minh chimg cho
nguyén nhan lam giam do tir hoa bao hoa ciia vat liéu vi ciu Fe;O4/PGMA khi so véi

hat nano Fe3O4 tran duoc trinh bay ¢ trén.

O day véi diéu kién gia thuyét bo qua céc sai s6 (phép do va toan hoc) va kich
thudc tinh thé do dac duoc tir thuc nghiém la chinh xéc (thyc hién bﬁng phuong phap
tan xa chum tia X goc hep dugc dé cap ¢ trude do), ta co thé dua ra mot mo hinh thd
nham tinh ra dugc do day 16p nhiu loan tir tinh 13 daisodered = derystatiite — dLangevin (hinh

3.16).
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3.1.7. Ung dung vt liéu vi ciu Fe;04/PGMA trong xi¢ Iy nuwéc

Pé thyc hién céac ung dung y sinh hoc phirc tap, doi hoi tén kém chi phi va thoi
gian rat 16n dong thoi didu kién thuc nghiém tai co so nghién ciru cua tac gia cling
chua cho phép thuc hién hién cac nghién ctru sau hon cho cac ung dung y sinh hoc,
do do tac gia thuc hi¢n so bd viéc do kha nang hép phu 16n kim loai ndng cua vi cAu
Fe;04/PGMA, cu thé 13 i6n Chi (Pb*") — i6n c¢6 nhiéu va phd bién nhét trong cac

ngudn nude dic biét 1a nude thai tir cac khu cong nghiép nang.

Két qua khao sat cho thdy thoi gian dat can bang hap phu khoang 120 phut.
Néng do hép phu cuc dai dugce tinh bdi phuong trinh déng nhi¢t Langmuir:

C_ 6, 1 (3.5)

qe qmax qmax b

Vi ge 1a dung luong hap phu cén bang (mg/g), Cela ndng do cin bang cua ion Pb2
trong dung dich (mg/l). qmax (mg/g) 1a dung lwong hip phu don 16p Langmuir cuc

dai, b 1a hang s6 can bang Langmuir.

Phuong trinh hap phy i6n Chi (Pb**) cta vat lidu vi ciu Fe;04/PGMA nhu
sau: PGMA-OH + Pb?* 2 phtic chit - PGMA-O. + Pb*" + H*

Mo hinh Langmuir cho rang phan tmg hap phu trén bé mit chat hap phu thudc
vé hap phu 16p don, tat ca cac vi tri hap phu déu gidng nhau va cac chat bi hip phu
khong anh hudng dén tung vi tri hép phu khac. Tt cac diém thuc nghiém, ta thuc hién
“fitting” tuyén tinh dé thu dugc dang tuong minh cia phuong trinh dang nhiét
Langmuir. Tir hinh 3.17, ching ta c6 thé thay rang mé hinh hap phu dang nhiét
Langmuir md ta kha chinh xac su hap phu ion Pb>* ctia Fe;04/PGMA (R2 = 0.99523).
Tir d6 dbc va diém cit truc tung, ta tinh dugc kha niang hip phu cuc dai qmax clia
Fe;04/PGMA dbi voi ion Pb?* 1a 78.2 mg/g va hang s6 Langmuir b = 0.0822 1/mg.
Tir nhimg két qua dat duoc, chiing ta co thé thdy ring vat liéu Fe;04/PGMA vé co

ban ¢6 kha nang loai bo cac ion Chi (Pb*") trong céc (g dung xur Iy nude.

O day, cac moé hinh hap phy ding nhiét khac nhu Freundlich, Temkin va
Dubinin Radushkevich van chua dugc xem xét [138,139]. Sau khi hap phu i6n kim

loai nang, cac vi cau Fe;04/PGMA nay dugc loai bo béng cach su dung tur truong
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ngoai dé lang dong va tach loai. Chung ta c6 thé giai hap va thu hoi ion Pb?* sau khi
tach loai bang cach sir dung dung dich axit HNOs, tuy nhién diéu nay van chua duoc

thuc hién boi nhom nghién ctru do diéu kién thoi gian han ché.

6

Pb2+
S6 diém 5
Béc tu do 3
Téng binh phuong con lai 0.06383
4
Pearson's r 0.99821
?‘3’3 R? 0.99523
iy
S y=0.0192.x +0.1557
2 4
O O pv*
Linear Fit
0 ¥ T ¥ T ’ T ¥ T ? T
0 20 40 60 80 100
C.(mg/)

Hinh 3.17. Dudng hap phu dang nhiét ciia vat lidu vi cau

Fe;04/PGMA ddi vé6i i6n Chi (Pb?).

Tém lai: Bing nghién ciru thuc nghiém, d tong hop thanh cong vat lidu vi cau tir
tinh Fe;04/PGMA ¢6 dang hinh cau don phéan tan voi phan b kich thude 1a 1.36 +
0.09 um, voi cac hat nano Fe3O4 dugc dinh hinh va phan bd ¢b dinh bén trong/trén
bé mat ma tran polymer, ching két tu thanh cac cum hat (cluster) véi kich thuée va
hinh dang khac nhau. Vi cau co tinh siéu thuan tir d6 tir bio hoa 5.61 emu/g so sanh
v6i két qua bao cao ciia cac nhom tac gia khac thi vi cau tong hop duge c6 kich thude
nhé hon nhung dd tir hda bao hoa cao hon. Mat dé nang luong di hué‘ng/héng s6 di
hudng hiéu dung (Kesr) xac dinh duoc 13 Kerr (Tg)= 19 £ 0.15 kJ.m™. Sir dung tinh
toan 1y thuyét sd, ta thu dugc Ker (LAS) tai nhiét d6 phong 12 2.9 + 0.6 kJ.m3. Ngoai
ra, cac hat Fe3O4 phan tan bén trong vi cau chiju sy tuong tac ciia ma tran polymer
PGMA nén hinh thanh 16p nhiéu loan tir tinh/16p tir tinh chét trén bé mit hat, cac 16
tir voi phan bd kich thude hep (D=3.76 nm, op=0.77 nm). Cudi cting, két qua do hap
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phu i6n kim loai nang cho thay vi cau Fe;04/PGMA tong hop duoc c¢6 kha niang hap
phu i6n Chi (Pb2*) véi d6 hap phu cuc dai 1a 78.2 mg/g. Cac thong s6 quan trong cua
vat liéu nhu phan bé kich thude 13i tir, hinh dang hat, hang s6 di huéng tir thu dugc
tir thye nghiém s& duogc sir dung lam céc tham sé dau vao cho cac md phong may tinh

duoc thuc hién bén dudi.
3.2. Két qua md phéng may tinh
3.2.1. Mo phong Monte Carlo

Hinh 3.18 biéu thi két qua mé phong Monte Carlo hang s6 ap suit cho qua
trinh dinh hinh céc hat nano tir Fe;O4 bén trong vi cau Fe;04/PGMA. M6 phong dat
can bang sau 200.000 budc Monte Carlo. Két quéa cho thdy khi & ap suét thap (tuong
ung voi khi vi cau PGMA truong no), cac hat nano tir Fe3O4 két tu thanh cum (cluster)
v6i kich thude 16n (~850 nm) gan bang kich thude vi cau. Sau khi ap suat ting 1én
(twong Gng voi sy co lai cua vi cau PGMA), kich thudc ctia cdc cum hat Fe3O4 gidm
xudng gan nhu tuyén tinh (khi khong co6 mit twong tac ludng cuc), sau cung kich

thudce cum hat duoc hinh thanh xép xi 350 nm.
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Hinh 3.18. M6 phong Monte Carlo hang s6 ap suat cho qua trinh dinh hinh
cac hat nano Fe;O4 bén trong vi cau Fe;04/PGMA.
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Trong nghién ctru thuc nghi¢m va ly thuyét, khi bi ¢b dinh bén trong ma tran
polymer PGMA, tuong tac ludng cuc-ludng cuc gitra cac hat nano tir Fe3O4 thuong
duge cac hoc gia khac bo qua khong tinh dén. Nguyén nhan dau tién 1a do n6 qua
phirc tap, nguyén nhan thir hai 13 do mirc d6 théng tri ciia n6 so véi cac tuong tac
khac 12 khong dang ké. Hinh 3.18 biéu thi rat rd rang, tuong tac ludng cuc-ludng cuc
gifra cac hat c6 anh hudng nhét dinh dén sy dinh hinh cac hat nano tir Fe3O4 bén trong
vi cdu Fe;04/PGMA, lam giam kich thudc cum hat nhanh hon. Nhu di dé cap trude
d6, md phong Monte Carlo thuan tiy khong thé mé ta cac hanh vi dong hoc cia cac
hat nano tir, cac két qua mo phong mé hinh spin nguyén tir duoc trinh bay bén dudi
s& khao sat mot cach chi tiét cac hanh vi dong hoc cua cac hat nano tir Fe3O4 cling
nhu danh gi4 anh huéng cia twong tac ludng cuc-ludng cuc 1én tinh chat tir cia vi
cau Fe;04/PGMA.

3.2.2. M6 phong mé hinh spin nguyén tw
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Hinh 3.19. a) O co so ctia vt liéu Fe;O4; b) hat nano tir Fe;04 (d=3.76 nm)
¢) Céu hinh spin ciia 1 hat Fe304; d) C4u hinh spin phéng 16n.
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3.2.2.1. Buong cong tur nhiét

Trude tién, dé kiém tra thir tinh chinh x4c ciia md phong va cac thong sé dau
vao duoc lay tir thue nghiém va tinh toan 1y thuyét sé duoc trinh bay ¢ trén sau do
dura vao tép input, ta thuc hién mé phong dudng cong tir nhiét M(T) nham tham chiéu
nhiét 46 Curie (T.) (thong sd bat bién voi mdi loai vat lidu tir) véi cac két qua thu

duoc tir thuc nghi¢ém (hinh 3.20).

—{—1.1.G-Ileun
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Hinh 3.20. M6 phong dudng cong tir nhiét M(T) bang 2 phwong phap
LLG-Heun va Monte Carlo.

Hinh 3.20 biéu thj két qua mo phong dudng cong tir nhiét M(T) bang hai
phuong phap LLG-Heun [140] va Monte Carlo véi cac c4u hinh spin tuong tng, ca
hai phurong phéap déu cho thay do tir hoa hoi tu tai diém T= 860 K (T.). Hinh 3.21 1a
anh chup nhanh (snapshot) can canh c4u hinh dong hoc spin cua cac hat Fe;O4 bén
trong vi cau Fe;04/PGMA. Quan sat hinh 3.21a, ta théy khi nhiét d ha xuéng 0K,
khong con sy anh huéng ciia cac kich thich nhiét, cac spin tir hoan toan thang hang
va song song véi nhau dan dén mo-men tir téng dat cuc dai do do tir 0 bao hoa dat
cuc dai. Sau khi nhiét do tang 1€n, cac spin tir nhan dugc nang lugng kich thich nhiét
nén chuyén dong hon loan, dan dén giam dan tir d bio hoa. Tiép tuc tdng nhi¢t do

dén diém Curie (860 K), luc nay ning luong kich thich nhiét qué 16n dan dén cac spin
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tir tré nén “thing giang” tu do (hinh 3.21b), két qua 13 d6 tir hoa bao hoa giam manh
gan bang 0.

T4t ca qua trinh nay déu hoan toan phu hop véi thuc nghiém, tham chiéu véi
cac két qua thu dugc tir thue nghiém Tc (TN) = 858 K [141-143], ta thay rang két qua
mo phong phi hop rat tot véi thuc nghiém. Piéu nay ching t6 viéc xdy dung céc
thong s6 dau vao cho mo phong 1a hoan toan chinh xac, qua d6 chimg to cac két qua
thuc nghiém va tinh toan 1y thuyét sé thu duoc & trén co do tin cay cao. Vi vay chiing
ta co thé tiép tuc thuc hién cadc md phong khéc dé khéo sat chi tiét hon céc tinh chat

vi tlr ndi tai cua vat liéu vi cau Fes;O4/PGMA d3 téng hop duoc.

020%0%e
8¢
88

a)

Hinh 3.21. Céu hinh spin cta cac hat Fe;Oq4 tai
(a) Nhiét do tuyét d6i (0 K); (b) Nhiét d6 Curie (860 K).

3.2.2.2. Anh huéng ciia twong tac luong cuc-ludng cuc dén tinh chat tir ciia vi

Q
Q.
<

Nhiam dam bao hon nita cac mo phdng cé thé dai dién cho hé vt liéu thuc ma
chung ta dang xét (cu thé 1a cac hat nano tir Fe;O4 tai bén trong vi ciu Fe;04/PGMA),
chung ta tham chiéu két qua duong cong tir hoa thu duoc tir mod phong va thuc nghiém

tai nhi¢t do phong (300 K) (hinh 3.22).
Két qua cho thdy dudng cong tir hoa thu duoc tir thuc nghiém trude d6 khép
kha tét voi dudng cong tir hoa thu duoc tir mo phong. Didu d6 chimg to cac md phong

dang duogc thyuc hién cé thé dai dién t6t cho hé vat liéu thuc. Ngoai ra, ta nhan théy
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duong cong tir hoa thuc nghiém phu hop t6t hon voi duong cong tir héa moé phong
(c6 tinh dén cac twong tac ludng cuc-ludng cuc giira cac hat Fe;Os— duong xanh 14),
diéu nay chung té cac hat nano tir Fe3O4 dugc hinh thanh va bi ¢ dinh bén trong ma
tran polymer PGMA (trén 1y thuyét s& tré thanh mot hé hat nano tir khong tuong tac)
nhung trong thuc té cac hat FezO4 van tOn tai cac tuong tac ludng cuc-ludng cuc, tuy

c6 giam so vdi cac hat FesOg tran.
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Hinh 3.22. Budng cong tir hdéa mo phdng va thyc nghiém tai nhiét d phong
ctia vat lidu vi cau Fe;04/PGMA.

Khi khong c6 tuong tac ludng cuc (Dipole OFF), d¢ tir hoa c6 su dao dong
manh so véi dudng cong tir hda co ton tai trong tac ludng cuc (Dipole ON), nguyén
nhan la do khi khong c6 mat tuong tac ludng cuc cac hat nano tir chiu anh hudng
manh bdi cac kich thich nhiét (kgT) va tir truong ngoai. Khi tur truong ngoai tng,
cong thém su thiéu di truong khir tir (dipole off - hinh 3.22) 1am cho cac mo-men tir
ctia cac hat nano tir dé dang thing giang giira 2 trang thai 1an cin nhau, cic md-men
tir mét di tinh nhat quan (coherent) trong qué trinh thing giang diéu nay din dén sy
dao dong manh cta do tir hoa (chi tiét hon s& duoc trinh bay tai muc 3.2.2.5). Qua
do, ta c6 thé nhan dinh rang twong tac ludng cuc-ludng cuc giita cac hat Fe;O4 anh

hudng dén d6 tir hoa ciia mau & nhiét d6 phong (300 K), né 1am giam nhe do tir hoa
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bdo hoa, ting nhe lyc khang tir nhung dong thoi cling lam cho mau trd nén 6n dinh

hon trude céc kich thich nhiét (ksT).

Dé khao sat r& hon anh hudng cia tuong tac ludng cuc-ludng cuc 1én cac hat
nano tir Fe;O4, dé tranh anh huong cua nhiét dJ ta loai bo cac tac dong nhiét 1én hé
hat nano tir Fe;04 bang cach mé phong duong cong tir hda clia mau tai nhiét do tuyét
d6i (0 K) (hinh 3.23). Két qua thu dugc hoan toan trai nguoc véi két qua tai nhiét do
phong (300 K), dudi sy c6 mét cua twong tac ludng cuc-ludng cyc (duong mau xanh
- hinh 3.23), cac hat dat bao hoa tai truong thép hon, lyc khang tir nhé hon va dac
biét c6 xu huéng giam dan khi tién vé truong yéu — hoan toan trai nguoc khi so véi

truong hop khong c6 mat tuong tac ludng cuc-ludng cuc (duong mau dé — hinh 3.23).

1.0 H
g 0.5 1
=
0.0 — Dipole ON
——— Dipole OFF
- ; . : . : . ; . . .
-15 -10 -5 0 5 10 15

Tur truong H (kOe)

Hinh 3.23. Pudng cong tir héa ctia vi cau Fe;04/PGMA md phong tai 0 K.

Nguyén nhan 1a do khi khéng ¢6 su hi¢n dién cua cac tac dong nhiét, nang
lwong chi yéu dé cac hat nano tir vuot qua rao thé di hudng 13 ning luong Zeeman
(c6 duoc do tac dong cua tir trudong ngoai), khi cd mat cac tuong tac ludng cuc-ludng
cuc gitra cac hat Fe3Og4 (hinh 3.24), truong ludng cuc Haipole hop vOi trudng ngoai

hinh thanh truong hiéu dung Hesr, diéu nay gép phan lam cho céc spin tir ciia hat c6
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xu huéng dinh huéng song song véi nhau dé dang hon, tirc 13 co su tac dong day

chuyén giita spin tir ciia cac hat, két qua 1a M ciia hé ting (hinh 3.25).

Hinh 3.24. M6 hinh truong ludng cuc-ludng cuc gitra cac hat Fe;O4

tac dong lén hat ¢ trung tam.

(b)

Hinh 3.25. Truong ludng cuc tac dong Ién cac hat Fe3sO4 khi c6 mat tir
trudng ngoai, truc dé cuia cac hat (easy axis) trung v6i phuong Oz
(a) Trudng ngodi song song voi truc dé

(b) Truong ngoai vudng goc vai truc dé.
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Hay né6i cach khac diéu nay gop thém mot phan vao ning luong Zeeman va
lam cho cac hat vuot qua rao thé di huéng d& dang hon (lyc khang tir He giam), dong
thoi ciing 1am cho hanh vi ddng hoc (chuyén dong tué sai tit dan theo trudng ngoai —
phuong trinh LLG) ctia toan bd spin cia hé hat trd nén nhat quan hon, két qua 1a hat
dat bao hoa nhanh hon so v&i khi khong cdé mét twong tic ludng cuc-ludng cuc

(Dipole OFF).
3.2.2.3. Tinh chdt tir ciia vi cau phu thudc khoang cach lién hat

Nhu ta da biét, cudong do cua tuong tac ludng cue-ludng cuc giita cac hat Fe;O4
tran don phén tan c6 lién quan dén khoang cach giira cac hat, mot sd nghién ciru vé
van dé nay di duoc bao cao [144-146]. Di v6i cac hat nano tir phan bd bén trong ma
tran polymer van chwa dugc nghién ciru do tinh chat phtc tap. Thém vao d6 nhu cac
két qua thuc nghiém dugc trinh bay & trén di cho thdy khoang cach giita cac hat Fe;Os4
bén trong vi cau Fe;04/PGMA 1a khong 16n, tuy nhién, khoang cach dugc xét trong
cac nghién ctru trude d6 kha 1on (120-300 nm) [145]. Do d6, dé khao sat chi tiét su
tuong quan gitra twong tic ludng cuc-ludng va tinh chét tir tinh cing khoang cach
giita cac hat Fe;04 bén trong vi cau Fe;04/PGMA, tac gia thyuc hién mé phong duong
cong tir hoa ciia vi cau Fe;04/PGMA ¢ 0 K véi khoang cach giita cac hat Fe;O4 dugc
thay doi tir 0.1 nm (rat sat nhau nhung van dam bao khong tring 1én nhau — thoa man

dugc nguyén 1y loai trir Pauli) cho dén 10 nm (hinh 3.26).

Hinh 3.26. Cac hat Fe;04 trong vi cau v6i khoang cach giira cac hat khac nhau

(a) Khoang cach 0.1 nm; (b) Khoang cach 10 nm.
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Hinh 3.27. Pudong cong tir hda cua vi cau FesO4/PGMA tai nhiét do tuyét

do1, c6 mat tuwong tac ludng cuc-ludng cuc vdi khoang cach khac nhau gitra céc hat.

Nhu hinh 3.27 biéu thi duong cong tir hda cua céc hat nano tir Fe3O4 tai nhi¢t
d6 tuyét d6i (0 K) v6i khoang cach gitra cac hat thay doi tir 0.1 — 10 nm. Ta quan sat
thdy khi ting khoang cach giita cac hat Fe3Oq4 trong vi cau tir 0.1 nm dén 3.76 nm
(kich thudc thyc ciia hat nano tir Fe;O4), d6 tir hoa bao hoa cua hé ting dong thoi luc
khang tir va d6 tir du ciing tang. Tiép tuc ting khoang cach gitra cac hat Fe;O4 tir 3.76
nm dén 10 nm, ta nhan théy luc khang tir va do tur du tiép tuc taing nhung mat khac
do tir hda bao hoa lai gidm (hinh 3.28). Hi¢n tugng nay co thé duoc giai thich nhu
sau: O ddy, quan sat thdy sy thing giang cuia gia tri M; theo khoang cach gitra céc hat
nano tir bén trong vi ciu, nguyén nhan 1 do tir 4o bdo hoa duoc dinh nghia 1a tong

md-men tir khi truong ngoai dat bio hoa trén mot don vi thé tich M, = lim >m/AV
AV —

. RO rang la khi khoang cach lién hat cang tang (tirc AV giam) thi M; s€ c6 xu hudng
giam, tuy nhién tai gia tri a=2 va a=3.76 co6 su ngoai 1€ (M; lai tang). Nguyén nhan la
khi cac hat trong hé két ty rit gan nhau (nh6 hon kich thuéc ctia chinh nd, cu thé &
day la 3.76 nm) ngoai tuong tac ludng cuc-ludng cuc gilra cac hat, luc nay con xay

ra cac tuong tac trao doi gitra cac spin ¢ bé mat cua hat voi cac hat 1an can [147], dicu
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nay 1am cho mot sb spin tir phan bd tai bé mit co xu hudng khong con thang hang
hoan toan véi cac spin con lai ciia hat, cang gan nhau thi twong tac trao ddi cang
manh, két qua la dg tir hda bao hoa gidm. Hién tugng nay cling dugc goi 1a tinh chét
phuc hdi cong huong tir (magnetic resonance relaxation properties), né anh hudng
tryc tiép dén hiéu qua twong phan trong tmg dung chup anh cong hudng tir (MRI)

duoc bao cdo boi Dan Wang va cong su [ 148].

—o— M(a)

MM, (J/T)

Khoang cach gilra cac hat - a(nm)
Hinh 3.28. Sy phu thudc cua tinh chét tir vao khoang cach gitra cac hat.

Qua hinh 3.28, ta c6 thé dua ra nhan dinh vé khoang cach tdi uu gitra cac hat
nano tir Fe;04 dé dam bao hiéu suit cho mdi ung dung riéng biét. Cu thé, diéu kién
t6i wru nay rat c6 y nghia ddi véi cac ung dung y sinh yéu cau do tir hoa bao hoa (M)
16n nhung can He nho nhu phan phdi thude huéng dich, lic nay khoang cach t6i wu
14 3.76 nm, bang ding kich thudc vat Iy ciia chinh nd. Nhung d6i v6i cac tmg dung y
sinh can luc khang tir He 16n (ting than nhiét cuc bo - hyperthermia) hodc mo-men

x0an 16n (hé vi luu, lab-on-chip) thi khoang cach ti wu 13 5 nm.

Bang viéc xdy dung mot mo hinh, ta co thé dua thong s khoang cach lién hat
nay vé bai toan khdao sat mat do hat (ti s6 nén vé khong gian) qua do lién hé voi ti 1¢

phan tram khéi luong giira Fe;O4 va vat 1iéu nén PGMA dé tién nghiém cac diéu kién
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t6i wru cho thyc nghiém ché tao vat liéu. Tuy nhién can phai sir dung 1y thuyét truong
trung binh twong ddi phtrc tap, di duge bao cdo va thao luan boi tac gia F. H. Sanchez
va cong su [149]. Mat khac, diéu nay lai vuot ra khoi trong tam nghién ctru cia ludn
an, do d6 di sau vao hudng nghién clru nay co thé dugc thuc hién & mot thoi diém
khac v6i su mé rong hudng nghién ciru cia ludn 4n ma khong duge trinh bay chi tiét

trong khuon kho luan 4n nay.
3.2.2.4. Tinh chdt tir ciia vi cau phu thuoc kich thudc hat

Nhu d3 thao luan trude do, tinh chét tir caa vat lidu vi cau Fe;04/PGMA s&
phu thudc hoan toan vao tinh chét tir cua hat nano tir Fe;O4, ma tinh chét tir cia céc
hat Fe3O4 lai phu thude manh vao kich thudce hat. Do do, dé khao sat rd hon vé sy anh
hudng cua kich thude hat FesO4 1€n tinh chét tir cua vi clu tir tinh FesO4/PGMA, ta
thie hién mo phong duong cong tir hoa ctia cac hat FesO4 v6i kich thude hat thay d6i

tir 3.76 nm (kich thudc hién tai) dén 20 nm (dudi kich thude téi han) (hinh 3.29).
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Hinh 3.29. Dudng cong tir hoa ciia vi ciu Fe;04/PGMA véi céc kich thude
hat Fe3O4 khac nhau (tai 300 K).

Quan sat hinh 3.29, ta nhan théy khi kich thudc hat tang 1én tir 3.76 — 15 nm,
do tir héa bio hoa trude tién giam, dong thoi do tir du M, va lyc khang tir He ting.
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Pon gian rang, khi kich thudc hat ting 1én s& din dén sb lugng spin tir cling ting theo,
ning luong hé ting theo dong thoi dan dén co kha ning hinh thanh nhiéu hon mot
do-men (da d6-men). Dbé dam bao cuc tiéu hoa nang lugng, hat Iuc nay s€ hinh thanh
cac vach d6-men dé phén tan ning luong tu do vao cic vach, ddy chinh 13 nguyén
nhén 1am ting do tré trong sy quay cua hé spin tir huéng theo tir truong ngoai, do do
dan dén d¢ tir du tang va luc khang tir ting, dong thoi 1am cho cac spin tir khong hoan
toan thang hang véi nhau dan dén do tir hoa bdo hoa giam. Mot 1an nira, ta c6 thé két
luan réng tinh chét tir ciia hé vi cau Fe;04/PGMA phu thudc manh mé vao kich thudc
cua cac hat nano tr Fe304 dugc phan bd bén trong. Cac két luan tuong tu cling dugc

bao céo boi cac nhom tac gia Qing Li va cong su [117], Anhalt M [150].
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Hinh 3.30. Sy phu thudc cua tinh chét tir vi cau Fe;04/PGMA

vao kich thudc hat nano tir Fe;O4 bén trong vi cau.

Tur hinh 3.30, ta c6 thé dua ra mot tién nghiém cho thyc nghi¢m: ddi véi vi cu
Fe;04/PGMA, dé dam bao hanh vi siéu thuan tir, kich thude hat nano tir FezO4 phai
nam trong khoang 3-8 nm. Hon thé nifa, ta ciing c6 thé tién nghiém diéu kién t6i uu
cho mot s6 cac tmg dung y sinh yéu cau do tir hda bao hoa (Ms) 16n nhung can He nho
nhu phéan phéi thubc hudng dich, kich thudc Fe;Oa t6i wu 1a 3.76 nm (bang dung kich

thude cta hat Fe;04 dang xét thuc té). Nhung ddi véi cac tmg dung y sinh can luc
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khéng tr Hc 16n (tang than nhiét cuc bo - hyperthermia) hoac mé-men xoén 16m (hé

vi luu, lab-on-chip) thi kich thudc Fe3O4 phu hop 1a 10-20 nm.
3.2.2.5. Vai tro va anh huong cua tuwong tac luong cuc lén nhiét do khoa

Hinh 3.31 biéu thi két qua mo6 phong dudng cong tir héa Zero-Field-Cooled
(ZFC) (Khong c6 mit tir trudng ngoai) cua vi cau Fe;04/PGMA véi su ¢ mit (Dipole
ON) va khong c6 mit (Dipole OFF) cua twong tac ludng cuc-ludng cuc. C6 thé quan
sat thay hanh vi dong hoc tir tinh ciia vat lidu & ca 2 trudng hop 1a kha twong dong
(su khac bi¢t khong nhiéu) trai rdng tur vung nhi¢t do trung binh thép dén vung nhi¢t
dd cao. Nhung tai nhiét do tuyét ddi 0 K, do tir hoa khi co6 mat truong ludng cuc thép

hon rét nhiéu so v&i khi khong c6 truong ludng cuc.

——Dipole ON: T, ,=Ty;=26K
1.0 — Dipole OFF: Ty ,=9K

0.8 H

# 0.6

M/M

0.4

0.2

0.0 ¥ T Y T " T r T
0 200 400 600 800
Nhiét do T (°K)

Hinh 3.31. Dudng cong tir hda ZFC cta vi cau Fe;04/PGMA voi su

c6 mat/khong cia tuong tac ludng cuc-ludng cuc.

Nhiét do twong tng véi do tr hda cyc dai ghi nhan lan luot 14 26 K va 9 K,
twong ung vaéi trang thai Dipole ON/Dipole OFF. Khi c6 mat truong ludng cuc, tai
nhiét do tuyét ddi, quan sat cau hinh spin cua hat (hinh 3.32a) cho thay spin ctia mdi
hat déu hoan toan song song va hudng theo truc di huéng dé cia mdi hat (do luc nay

khong c6 cac tdc dong nhi¢t tr ma4i trudong ngoai va nang lugng tir trudng ngoai, luc
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nay trudng di huéng s& tré nén thong tri), tuy nhién mo-men tir hoa tong ciia toan bo
hat trong hé lai gan bang 0 (do truc d& ctia mdi hat c6 hudng khac nhau dan dén M ~
0), cac hat nano tur lic nay bi “dong bang” va khoa tai trang thai nay, hién twong nay
duoc goi la spin-glass-like [151,152]. Khi nhi¢t do tiép tuc duoc tang 1én, sau khi dat
do tir hoda cuc dai tai nhié¢t do 26 K (hinh 3.32b — spin cua toan b hat gén nhu song
song va thang hang), xuat hién dbc (su giam do tir hoa). Nguyén nhan 1a do tuong tac
ludng cuc gitra cac hat nano tir Fe3O4 tao ra truong ludng cuc (Haip — 1& mot truong
khr tir) va dong gop vao trudng tinh thé, dan dén 1am suy giam ning lugng ti do cua
hé. Két qua 13 xuét hién mot trang thai bén viing vdi rao thé ning luong 16n va diéu
nay gay ra hanh vi dong hoc “md khoda” ctia cac hat nano tir. Mot nghién ctru thuc
nghiém ciing dd dugc bao cdo v6i nhimg két qua twong dong [153]. Nguoc lai, khi
tat truong ludng cuc (Dipole OFF), khong Xuét hién dbe tai vung nhi¢t do khoa, suy
ra khong ton tai hanh vi dong hoc “md khoa” (unblocking) cta cac hat nano tir Fe3Oa.

Két qua 1a gia tri T bi dich di khi thay d6i nong d¢ hat.

Hinh 3.32. Snapshot cau hinh spin tir trong mo phong dudng cong ZFC véi

su ton tai cia twong tac ludng cuc-ludng cuc: (a) Tai 0 K; (b) Tai Ts.

Tir céc ludn diém vira thao luan, c6 thé ching minh rang twong tac ludng cuc-
ludng cuc gitta cac hat nano tir FesO4 khong chi 1a nguyén nhén gay ra hién tuong
spin-glass-like ma con la tac nhan gay ra hanh vi dong hoc “md khoa” cia chiing -
ngudn gdc cua nhiét 46 khoa (Tg). Vargas va cong su [154] ciing da dé cap so bo dén
van dé nay trong qua trinh nghién ctru anh hudng cua néng do hat 1én nhiét do khoa,
két luan rang nong do hat anh hudng tryc tiép dén nhiét do khéa (Ts) nhung chua

chtng minh duoc ngudn gbe ciia nhiét 4o khoa. Két qua thu duoc ¢ day phu hop t6t
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v6i nhitng luan diém dugc dua ra boi Vargas va cong su, rd rang 1a twong tac ludng
cuc phu thudc vao khoang céach gitra cac hat nano tur, khi thay doi néng do hat do
ngudn gdc gay ra nhiét d6 khoa 1a trudong ludng cuc (Haip) nén s& anh hudng truc tiép

dén nhiét do khoa.

Bén canh d6, nham khao sat mot cach chi tiét vé nhiét d6 khoa (Tg) cta cac vi
cau Fe;04/PGMA, ta thuc hién mo phong duong cong tir hoa ZFC bang phuong phép
Monte Carlo c6 rang budc (Constrained Monte Carlo) [155] (& day ta rang budc va
gia su diéu kién truc dé trung véi hudng cua truong ngoai va truc Oz cua hé toa do
Oxy?z) tai cac goc phuong vi ¢ (khi do ZFC, khi nhiét d6 vé& 0 K chi con ton tai ning
luong di hudng, véc-to mo-men tir trung véi truc dé (6 = 0), ¢ 13 goc hop bdi mo-
men tir va truong ngoai, do d6 lic nay ¢ ciing chinh la géc hgp boi truong ngoai va
truc di huéng dé - easy axis) khac nhau véi budc thay d6i nhiét do (increment) rat
cham (1K) (Hinh 3.33). Muyc dich 1a dé dam bao thoi gian do dac (Tx) 16n hon thoi
gian phuc hoi nhiét dé dam bao cac qué trinh phuc hdi nhiét xay ra hoan toan (dinh
luat Neel-Arhenius), tir 6 loai b anh hudng ciia tan s6 quét (sweep rate) 1én két qua
thu duoc. Anh hudng cia tan s quét 1én viéc do ZFC da duogc bao cao boi tac gia

Maji BI va cong su [156] cho vat li€u tir khac (NdsGes).
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Hinh 3.33. Dudng cong tir hda ZFC cua vi cau Fe;04/PGMA tai

cac goc phuong vi ¢ khac nhau.
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Quan sat hinh 3.33, ta thay rang tai goc ¢ = 87° twong tmg v6i Tp = 20 K hoan
toan trung khop voi gia tri Ts thu dugce tir thue nghiém trude d6. Ngoai ra, tai cac goc
phuong vi khac nhau gia tri Ts ciing c6 su thay doi nhe, khi goc ¢ = 0° (twong Ung

vGi céac spin hoan toan song song véi trudng ngoai) va ¢ = 45° thi Ts = 60 K.

Pé giai thich diéu nay, ta xem xét gian d6 niang lugng cua hat (hinh 3.34), do
cdu trac ving nang lugng khong chi ton tai cac cyc tiéu toan cuc (global minama) ma
con ton tai cac cuc tiéu dia phuong/cuc bd (local minima) va cac diém yén ngua
(saddle point), khi 1am lanh mau tir nhiét 6 phong vé 0 K nham thu duoc dudng cong
ZFC, v6i géc ¢ ~ 90° (Tuong Umg voi spin tr dang hudng theo truc di hudng kho —
hard axis) cac hat dinh x1r tai cuc tiéu cuc bo va diém yén ngua, hay noi cach khac
trong cAu hinh spin ctia hat cac spin tir chua hoan toan song song va thang hang nhau

(hinh 3.34) do d6 tong tir d6 s& khac 0 (quan sat thay 5 trén hinh 3.33).

\ o~ Cye tidu ope b
o’ e AN (hoeal mintema) |

Cuye tifu toin cyc
| (globial mimima)
THfm vim nges
(swidle point)

Hinh 3.34. Gian d6 nang lugng (2D va 3D) ciia hat Fe;O4 trong qué trinh

do duong cong tir hoa Zero-Field-Cool.

Nén khi bat dau ting nhiét do rat cham, qué trinh phyc hdi nhiét (thermal
relaxation) xay ra, thi nang lugng nhiét dé cac hat mo khéa (unblocking) s& thap hon,
do d6 Tg sé& thap hon so v6i cac truong hop con lai. Vi trudng hop ¢ = 0 va 45°, cac
hat Iuc nay dinh xtr hoan toan & day cuc tiéu toan cuc, tai 0 K céc spin tr cua hat hoan

toan bi “dong cung” (frozen), caic mdé-men tur tré nén hoan toan song song va phan
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song song, dan dén tir do tong bang 0 (hinh 3.34). Khi nhiét d6 ting 1én, do nam ¢
day cuc tiéu, cac hat can nhan mot nang lugng 16n hon dé co thé vuot qua rao thé
nang luong do d6 Tg s& 16n hon so v&i truong hop ¢ ~ 90°. Tir d6 ta ¢ thé dwa ra két

luan réng dd 1on cua nhiét do khoa (Tg) phu thudc vao goc phuong vi o.

Lién h¢ véi do dac thyc nghiém, két luan nay c6 mot y nghia quan trong nhét
dinh. D¢ 1a tuy thudc vao phuong tir truong ngoai dugc chon ban dau hodc vi tri dat
mau/phan bd huéng truc dé cua hat nano tir trudc khi do dac, thi gia tri Ts thu dugc
s& c6 mot sy khac biét nhat dinh. Nhan dinh nay gﬁn day cling vira dugc bdo cao boi
tac gia Joshi va cong su [157] nhung xét cho vat liéu phan sat tir Fe sZno 4F2, d6i voi
vat liéu sét tir nhu FesO4 thi chua ting dugc bdo céo va thao luan. Pé 1am rd tién doan
nay, cAn mot sy x4c nhén tir cac nghién ctru thyc nghiém cu thé cho vat liéu sat tir dé

khéng dinh mtrc dg tin cdy cua tién nghiém nay.

Con dbi véi cac g dung thuc tién, két luan nay co gia tri tién nghiém tdt cho
cac ung dung nhu ting than nhiét cuc b (Hyperthermia). Cu thé 13, xac dinh hiéu
suét cua tri liéu tang than nhi¢t cuc bo lién quan truc tiép dén hé sb hép thu riéng
(Specific absorbtion rate — SAR) [158-160], ma mat do nang luong di huéng/hang sd
di hudng tir hiéu dung (Kesr) lai ti 1€ thudn voi SAR, nhiét do khoa (Tg) lai ti I¢ thuén
v6i Ker, tir d6 ta co thé suy ra réng dé hiéu suét tang than nhiét cuc b cao thi Tg phai
16n. Néu str dung vat li¢u vi cau Fe;04/PGMA cho ung dung tang than nhiét cuc bo
v6i ngudn nang nhiét sir dung tir trudng ngoai xoay chiu nhu da trinh bay ¢ phan
truGe cta luan an, néu dam bao duoc diéu kién gbc ¢ luon béing 0 hoac 45° (mac du
chung ta khong thé thay doi phuong truc dé cta vt liéu, nhung hoan toan c6 thé thay
d6i phuong tir truong ngoai xoay chiéu dé dam bao @ = 0 hoic 45°) thi khi d6 hiéu

suét cua tri liéu tang than nhi¢t cuc bd s€ dat cuc dai tdi wu (v6i Te = 60 K).
3.2.2.6. M6-men xodn cia vit liéu vi cau Fe304/PGMA

Dé khéo sat mé-men xodn cua hé vat liéu nham hudng dén cac ung dung vi
luu va lab-on-chip, ta thuc hién khao sat mé-men x04n cta vi ciu Fe;04/PGMA tai
cac nhiét do khac nhau (ttr 0-1200 K) va cac goc phuong vi ¢ khéac nhau (tir 0-90°)
(hinh 3.35).
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Quan sat hinh 3.35, ta th'éiy réng khi tang nhiét do tir 0-100 K, gia tri mo-men
X04n (~ 0 6 0 K) tang theo nhié¢t dJ, tuy nhién khi tiép tuc tang nhi¢t do tir 100 K dén
nhi¢t d§ phong 300 K va tiép tuc dén nhiét 36 Curie T.= 860 K thi md-men xoan
giam theo nhiét do dén ~ 0, tuy nhién khi nhiét d6 rat 16n (1200 K) vuot qua nhiét do
Curie md-men xoan dat cuc dai rat 16n tai duy nhét goc ¢ = 60°. O day, nguyén nhan
la do nang luong nhiét qua 16n, cac mé-men tir dao dong rat nhanh va thuc hién qua
trinh phuc hoi (Néel relaxation) hau nhu ngay lap tirc, do d6 mé-men xoan tai cac goc
phuong vi hau nhu rat nhé (gan bang 0), trong khi d6 tai ¢ = 60° c6 thé ngoai hién
tugng Neél relaxation con xdy ra hién tuong Brownian relaxation (cac hat tu quay
quanh tryc cua nd), nd tao ra mot rao thé can trd su phuc hdi ciia mo-men tur trong
khi cac hat van tiép tuc nhan niang luong nhiét tir bén ngoai. Khi tich liy du ning
lugng nhiét, mé-men tir vugt qua rao thé va tao ra moét mdé-men xodn co gia tri lon

hon binh thudng nhiéu lan.
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Hinh 3.35. Md-men xoén cua vi ciu Fe;04/PGMA tai cac nhiét do khac nhau

(tr 0 - 1200 K) va cac goc phuong vi ¢ khac nhau (tir 0-90°).

Vi cac tng dung y sinh thong thuong, vung nhiét d§ quan trong la trong lan

can nhiét d6 phong (300 K) dé dam bao ngudng an toan sinh hoc, ta tiép tuc khao sat
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mo-men xo04n & vung lan can nhiét do phong (hinh 3.36 va hinh 3.37). Ta quan sat
théy mo-men xodn dat cuc dai tai 1an lugt 2 gbc phuong vi ¢ = 65° va 25° (hinh 3.36).
Diéu ndy c6 ¥ nghia dbi voi cac tmg dung y sinh ¢o sir dung tir truong ngoai, nhu da
dé cap ¢ trén, mac du chung ta khong thé thay doi hudng cia truc di hudng cuia hat,
nhung hoan toan c6 thé thay ddi hudng dit tir trudng ngoai, sao cho md-men xo0dn

dat cuc dai tbi vu.

204 —B— 270K (-3C)
o —8— 280K (7°C)
—h— 200K (17°C)
1.5 4 —— 300K (27°C)
=)
£ Lo+
EY
=n
£ 0.5 4
=
= 004
X .
=
“Z 0,5 -
-
= |
2
E-1,0-
£ |
-1 "5 .
-2,0 .
1 i I i I " I " I i
0 20 40 6l 80 104)
o (d3)

Hinh 3.36. M6-men xoén cta vi ciu Fe;O4/PGMA
¢ vung dudi lan can nhiét do phong (300 K).

O hinh 3.37, chiing ta c6 thé quan sat thdy mo-men xodn dat cuc dai tai goc ¢
= 70° & nhiét d6 310 K (37 °C), day 1a mot diém di thudong can luu ¥, ngoai ra mot
diéu kh4 tha vi 1a gid tri ndy ding bang nhiét d6 co thé nguoi & trang thai binh thuong.
Pay c6 thé 1a tinh chit dic biét cia vi ciu ¢ phuong do nay va tai 310 K, can thém
nhiing nghién ctru mé rong dé 1am rd hon tinh chét dic biét nay. Tu gid tri thu dugc
nay, chiing ta mot goi ¥ tién nghiém ring véi cac tng dung trong co thé ngudi (in
vivo), vat liéu vi cau Fe;04/PGMA sé& dat dugc mé-men xodn cuc dai tai dung gia tri

than nhié¢t binh thuong.
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Nhin chung, viéc khdo sat mo-men xodn ctia cac vi cau Fe;O4/PGMA c6 ¥
nghia véi thye nghiém 1am sang va dwa vao cac tmg dung y sinh nhu sau: ddi voi tng
dung vi luu va lab-on-chip, thang nhiét d6 phu hop 1a tir (-3 °C) dén 27 °C, dam bao
gbc phuong vi ¢ = 65° va 25° dé mo-men xoén dat cuc dai tdi wu, déng thoi chiing ta
c6 thé xay dung mot bo co sd dit liéu chuan dé hiéu chinh nhiam dinh tinh/dinh luong
cac phan tir sinh hoc khac nhau. Tuy nhién, diéu nay can phdi hop vdi cac thi nghiém
y sinh thuc nghiém. Ngoai ra, dbi v6i g dung bén trong co thé nhur phan phdi thude
huéng dich hodc ting than nhiét cuc bo, két hop véi két qua md phong khao sat nhiét
d6 khoa (Ts) da thao luan & trén, ching ta c6 thé dua ra tién nghiém rang nhiét do
ban dau nén 1a 37 °C, gbc phuong vi ¢ nén dam bao bang 60-70° dé vat liéu dat mo-
men xoan cuc dai, tir d6 dat dugc hiéu suat ung dung t6t nhit c6 thé. Ngoai ra, chung
ta cling co thé tién nghiém duoc diéu kién bao quan vat liéu vi cau Fe;04/PGMA cho
cac tmg dung y sinh nay nén trong khoang (-3 °C) dén 27 °C dé vat liéu dugc bao
quan tot nhat trude khi dua vao stir dung, diéu ndy hoan toan phi hop véi bao céo

tong quan cua tac gia Chong Li va cong su [161].
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Hinh 3.37. Mo-men xodn cta vi cau Fe;04/PGMA

¢ vung lan can trén nhiét do phong.
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Tom lai: Str dung cac phuong phdp mo6 phdng may tinh cho phép chung ta khao sat
chi tiét cac thong s6 vi tir ndi tai ctia vi ciu Fes04/PGMA tong hop duoc vé6i thong
tin dau vao 1a céc thong sb thuc thu duoc tir thuc nghiém. Tu do, cac két qua mo
phong thu duoc c6 do tin cay cao va phi hop vai cac két qua bao cdo tir cac hoc gia
khac. Mic du bi ¢6 dinh bén trong vi cau Fe;04/PGMA, nhung cac hat nano tir Fe;Os4
van ton tai twong tac ludng cuc-ludng cuc gitra cac hat dé hinh thanh nén céc cluster
v6i cac hinh dang khac nhau véi kich thuée khoang 350 nm. Néu khong xudt hién
tinh trang két tu manh ngoaiy mudn tao ra cac dang cluster hinh cau, tuong tac ludng
cuc-ludng cuc cd anh huong tich cuc dén tinh chat tir cia vat liéu vi cau, thé hién
thong qua su phu thudc vao khoang cach lién hat (a) da dugc thdo luén ¢ trén va gitp
vat liéu 6n dinh trude cac nang lugng kich thich nhiét tai nhi¢t d§ phong (300 K).
Ngoai ra, tir cac két qua thu dugc tir md phong may tinh, cac luan diém va tham chiéu
da dugc dua ra dé khang dinh vai tro cia tuong tac ludng cuc, né khong chi 1a nguyén
nhan gay nén hién tuong spin-glass-like ma con 1 ngudn gde ctia nhiét 4o khoa (Ts).
T vai tro d6, n6 anh hudng truc tiép dén tinh chét tir cua hé vat liéu vi cau
Fe;04/PGMA duoc téng hop trong ludn an nay noi ri€ng va cac loai vat li€u tir khac
n6i chung, khi mat do hat thay d6i (khoang cach gitra cac hat thay d6i) s& dan dén gia
tri nhiét ¢ khoa (Tg) bi thay d6i va anh huong dén hanh vi dong hoc tir tinh ciia hé
hat. Két qua md phong ciing dwa ra cac tién nghiém cho thi nghiém thuc nghiém/thyc
nghiém lam sang ddi vé6i vat liéu vi ciu FesO4/PGMA, cu thé 1a néu c6 thé kiém soat
khoang cach lién hat va kich thudc cac hat nano tir Fe;O4 bén trong vi ciu bang su
thay d6i mot s6 diéu kién thi nghiém phu hop, kich thude va khoang cach lién hat tdi
uu cho cac ing dung y sinh trong co thé nhu phéan phéi thuéc huéng dich la d=a =
3.76 nm, cho ing dung tang than nhiét cuc bo thi d =10 - 20 nm va a = 5 nm. Ngoai
ra, bang viéc kiém soat phuong tir truong ngoai, véi cac tmg dung nhu vi luu hoic
lab-on-chip, thang nhiét do phu hop 1a tir (-3 °C) dén 27 °C, dam bao goc phuong vi
@ = 65° va 25° 3¢ moé-men xodn dat cuc dai toi wu. Cudi cing, di voi tng dung phan
phéi thudc hudng dich hodc tang than nhiét cuc bd, cac tién nghi¢m dugc dua ra lan
lwot 13 nhiét 46 ban dau ~37 °C, goc phuong vi @ nén dam bao = 60-70° dé vat liéu

dat mé-men xoén cuc dai, tir 6 dat duoc hiéu sudt img dung tt nhat c6 thé.
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Mic du da duoc tham chiéu véi két qua bao céo tir cac hoc gia khéc ciing nhur
v6i thye nghiém ban dau, tuy nhién cac tién nghiém nay can mot quy trinh xac thyuc
lai bang céc thi nghiém thuc nghiém ciing nhu thyc nghiém 1am sang tir cac hoc gia
khac trudce khi tiép tuc thuc hi€én mo6 hinh nghién ctru nay cho céc vat liéu khac co

ciu tric tuong ty.
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KET LUAN VA KIEN NGHI

Két luan:

Tinh chét tir ctia cac vat lidu to hop dugc tmg dung trong y sinh dong mot vai
trd hét strc quan trong trong cac tng dung c6 st dung tir trudng ngoai, 1a mot trong
nhitng nhan t then chdt dé danh gia hiéu qua cua ung dung. Viéc khao sat tinh chat
tr noi chung va dinh lugong céac thong s6 tir tinh noi tai cua vat liéu nhu héng s6 di
huéng tir, md-men xodn, nhiét d6 khoa, anh hudng cua twong tac ludng cuc. .. 1a mot
qué trinh tit yéu dé dua cac ing dung vao thyc tién, dic biét 1a cac ung dung y sinh
hoc. Luan an da xay dung mo hinh nghién ctru tinh chét tir ap dung cho vat li¢u vi
cau tir tinh Fe;O4/Poly(glycidyl methacrylate) bang cach két hop thuc nghiém, Iy

thuyét va mo phong may tinh.

Béing cac phuong phap thuc nghiém, tac gia da téng hop duogc vat liéu vi cau
Fe;04/Poly(glycidyl methacrylate) dang hinh ciu don phan tan voi phan b kich
thude hep 14 1.36 = 0.09 pm. Céc hat nano Fe3O4 dugc dinh hinh va phan b6 ¢b dinh
bén trong/trén bé mat ma tran polymer PGMA (v6i D = 3.76 nm, op= 0.77 nm) tuin
theo ham phan b logarit-chuan. Dudi anh hudng cta tuong tac ludng cuc-ludng cuc
da két tu thanh cac cum hat (cluster) c6 kich thude ~ 350-800 nm. Polymer PGMA
tuong tac voi nguyén tr bé mat cac hat nano tir Fe;O4 hinh thanh nén 16p nhiu loan
tir tinh, dan dén lam suy giam tinh chat tir ciia vat lidu vi cau Fe;O4/Poly(glycidyl
methacrylate) so voi vat liéu FezO4 tran. Vi cau c6 tinh siéu thuan tir, do tir bao hoa
M;=5.61 emu/g, d6 tur du M;= 0.015 emu/g, lyc khéng tr He= 1.42 Oe. Dya trén dit
liéu thyc nghiém, tinh toan ly thuyét héng s6 di hudng hiéu dung (Kesr) xac dinh dugc
12 Ker (Tg) = 1.9 + 0.15x10* J/m? va Kegr (LAS-300 K) = 2.9 £ 0.6 x103 J/m>. Qua do
cho théy rﬁng Ketr phu thude kich thudce hat va nhiét do. Vi cau Fe3;04/PGMA téng
hop duoc c6 kha nang hap phy i6n Chi (Pb2*) véi do hdp phu cuc dai 1a 78.2 mg/g

theo m6 hinh dang nhiét Langmuir.

Céc két qua mo phong trén hé may tinh hiéu ning cao duya trén dau vao la cac
dir liéu thuc nghiém da khao sat, udc lugng va danh gia dugc cac thong sb tir tinh vi

mo ndi tai clia vat lidu vi cau Fe;04/PGMA ¢ diéu kién binh thuong (nhiét d6 phong)
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va diéu kién dic biét (nhiét do tuyét ddi, nhiét d6 Curie va nhiét do cao). Qua d6 cho
thdy tuwong tac ludng cuc-ludng cuc co vai tro va anh huong nhét dinh dén tinh chat
tir ctia vat liéu vi cau: khong chi 13 nguyén nhan gy nén hién tuong spin-glass-like
(nguén géc ctia nhiét d6 khoa - Tp) ma con dan dén tinh chat tur phu thudc vao khoang
cach giita cac hat nano tir dinh hinh bén trong vi cau. Khéo sat su thay d6i kich thudc
13i tir bén trong vi cau, da khang dinh tinh chat tir phu thudc manh mé vao kich thudc
15i tir. Ttr d6 dé xuét kich thudc hat va khoang cach lién hat t6i wu cho cac ung dung
y sinh trong co thé nhu phan phdi thudc huéng dich 1a d = 3.76 nm va a = 5 nm, cho
mg dung ting than nhiét cuc bo thi d ~ 10 - 20 nm va a = 3.76 nm. Bang viéc kiém
soat phurong tir trrong ngoai xoay chiéu, goc phuong vi ¢ nén ~ 65° hodc 25° dé mo-
men xoin dat cuc dai tdi wu. Vung nhiét o ti wu cho ung dung vi luu va bao quan
vat liéu (nhiét do ban déu) la ~ -3 °C — 27 °C, cho ing dung tang than nhiét cuc bo
hodc phan phéi thudc hudng dich 1a 37 °C. Tir d6 cho thiy tiém nang cta vi cau trong

ung dung y sinh.

Mo hinh nghién ctru ndy cé thé ap dung cho cac vat lidu to hop c6 cau triic
tuong tu vi cu Fe304/PGMA. Mic du céc két qua dat dugc da duogc tham chiéu chéo
1an nhau va véi bao cdo tir cac hoc gia khac dé ting do tin cy, tuy nhién cac nghién
ctru thuc nghi¢m chuyén sau khac 1a rt can thiét dé xac nhan do chinh xac cta céac
két qua tién nghiém thu dugc tir mé hinh nghién ctru ndy trude khi ap dung cho cac
vat liéu khac c6 ciu trac tuong tu.

Kién nghi:

Pé phat trién huéng nghién ciru clia ludn an, chiing ta c¢6 thé thyuc hién thay
ddi cac tep dau vao va lap lai cac md phong da duoc thuc hién trong luan an (don
gian bang cach 1ap trinh shell/bash script), cu thé nhu thay doi hinh dang/chung loai
hat nano tir bén trong vat liéu nén PGMA. Ngoai ra, cling ¢ thé ap dung mo hinh
nghién ctru nay cho nhiéu vat liéu to hop khac co cAu trac tuong tu dé xay dung bd
dir liéu (data set), tir 6 c6 thé sir dung céac k¥ thudt hoc may (machine learning) dé
“training” cho may tinh ty dong tinh toan, thyc hién mo phdong va phan loai dir li¢u,
qua do dua ra céac tién nghi¢m co6 gia tri cho qua trinh thi nghiém thuc nghi¢ém/thuc
nghiém 1am sang. Cac nén tang dién toan lai hoa twong tu nhu dién toan ludi (grid

computing) 1a phi hop va duoc khuyén nghi dé phat trién huéng nghién ciru nay.
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III. VSM cua Fe;04/PGMA
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IV. Chuong trinh matlab dé “fitting” véi ham langevin

%Program for Fitting to Langevin = HYS FIT

Yonthoang

function varargout = HYS FIT(varargin)

% BEGIN

gui_Singleton = 1;

gui_State = struct('gui_ Name',  mfilename, ...
'gui_Singleton', gui_Singleton, ...
'gui_ OpeningFen', @HYS FIT OpeningFen, ...
'gui_OutputFen', @HYS FIT OutputFen, ...
'gui_LayoutFen', [], ...
'gui_Callback', []);

if nargin && ischar(varargin{1})

gui_State.gui_Callback = str2func(varargin{1});

end

if nargout

[varargout{1l:nargout}] = gui_mainfcn(gui_State, varargin{:});
else

gui_mainfen(gui_State, varargin{:});
end

function HYS FIT OpeningFcn(hObject, eventdata, handles, varargin)

% varargin lénh diéu hwéng ---> Hys-Fit
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globalnHVukEtxy

global a T MS NP

% Khai bdo cdc gid tri ban dau
set(handles.np_size io,'String','18");  %Kich thudc hat
set(handles.temperature io,'String','300'); % T=Kelvin

set(handles.magnetic_saturation_i0,'String','88"); %d¢ tir hoa bdo hoa
handles.Manual Fit.Enable = 'Inactive';
handles.Auto_Fit.Enable = 'Inactive';

handles.Clear Plot.Enable = 'Inactive";

%NGi dung hweéng dan hién thi trén file .FIG

handles.Usage.String = 'B1:Tai data VSM [dinh dang .xIs (Quy tic: cot 1-H(Oe),
¢t 2-DJ tir hoa M(emu/g)] -->B2:Nhap nhiét d¢ -->B3:Nhap gia tri d0 tir hoa bao
hoa Ms hodc kich thuée hat (XRD/TEM)-->B4:Langevin Fit-->Kich thudc hat va

ngugc lai-->B5:Luu dnh';
xlabel(handles.GraphAxes, Tt truong H(Oe)');
ylabel(handles.GraphAxes,'Do tir hoa M(emu/g)');
title(handles.GraphAxes,'Duong cong tir hoa');
handles.GraphAxes. XTick = [];

handles.GraphAxes.YTick = [];

% output HYS FIT
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handles.output = hObject;

% Update handles structure

guidata(hObject, handles);

% --- ham xudt két qua

function varargout = HYS FIT OutputFcn(hObject, eventdata, handles)
varargout{1} = handles.output;

function np_size io_Callback(hObject, eventdata, handles)

function np_size io_CreateFcn(hObject, eventdata, handles)

% mau nen

if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

set(hObject,'BackgroundColor','white');

end

function temperature_io_Callback(hObject, eventdata, handles)

function temperature io_CreateFcn(hObject, eventdata, handles)

%mau nén

if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

set(hObject,'BackgroundColor','white');

end
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function magnetic_saturation_io_Callback(hObject, eventdata, handles)

function magnetic saturation io CreateFcn(hObject, eventdata, handles)

% mau nén

if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor"))

set(hObject,'BackgroundColor','white'");

end

% --- Binh nghia nut “Tai VSM data™

function load button_Callback(hObject, eventdata, handles)
global x y

cla(handles.GraphAxes);

[handles.fileName, handles.path] = uigetfile('dinh dang file .xIs','Chon file két qua
M(H) tir thuc nghiém'");

guidata(hObject, handles);
handles.fullFileName = strcat(handles.path, handles.fileName);
[x, y] = ReadExcel(handles.fullFileName,1,2);

guidata(hObject, handles);

% Plot Graph
plot (handles.GraphAxes, x,y,'LineWidth',2);

xlabel(handles.GraphAxes, Tu truong H(Oe)");
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ylabel(handles.GraphAxes,'D¢ tir hoa (emu/g)");
title(handles.GraphAxes, Hysteresis Curves');
legend(handles.GraphAxes, Thyc nghi¢m','Langevin-Fitting");
handles.GraphAxes.YGrid ='On';

handles.GraphAxes.XGrid = 'On';

% Ché dp cdc nut
handles.Manual Fit.Enable ='On';
handles.Auto_Fit.Enable ='On’;

handles.Clear_Plot.Enable ='On';

%doc data ti file .xls

function [ x, y ] = ReadExcel(fileName, xCol, yCol)

%Doc data tu file VMS (dinh dang .xIs) ---> ploting M(H)
a = xlsread(fileName);
x = a(:,xCol); % Cot data tu VSM thuc nghiem ---> X axis

y = a(:,yCol); % Cot data tu VSM thuc nghiem ---->Y axis

% ---Manual Fit thu cong dua trén Ms twr thuc nghiém
function Manual Fit Callback(hObject, eventdata, handles)
cla(handles.GraphAxes);

globalnHVukEtxy

global a T MS
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[x, y] = ReadExcel(handles.fullFileName,1,2);
guidata(hObject, handles);

%plot (handles.GraphAxes, X,y);

a = str2double(get(handles.np_size io, 'String'));

T = str2double(get(handles.temperature io, 'String'));

MS = str2double(get(handles.magnetic_saturation_io, 'String'));

u=V*MS;

k=1.3806504*10"-16; %Boltzmann constant
n=length(y);

H=x;

V=4/3*pi*(a/2*10"-7)"3; %Thé tich hat

Et=k*T; %Thermal energy

%Bdt dau vong lap cho n hat

for i=1:n

angle(i,1)=(u/Et)*H(i);
Mt(1,1)=MS.*langev(angle(i,1));

end

plot (handles.GraphAxes, X,y,'LineWidth',2);
xlabel(handles.GraphAxes, Tt truong H(Oe)');
ylabel(handles.GraphAxes,'D§ tir hoa (emu/g)');
title(handles.GraphAxes, Hysteresis Curves');

legend(handles.GraphAxes, Thuc nghiém','Langevin-Fitting');
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handles.GraphAxes.YGrid ='On';

handles.GraphAxes.XGrid ='On';

hold on

plot(handles.GraphAxes, H, Mt,'r:','LineWidth',2);
xlabel(handles.GraphAxes, Tt truong (Oe)");
ylabel(handles.GraphAxes,'D0 tir hoa (emu/g)');
title(handles.GraphAxes,' Puong cong tur hoa');
legend(handles.GraphAxes, Thuc nghi¢m','Langevin-Fitting');
handles.GraphAxes.YGrid ='On';

handles.GraphAxes.XGrid ='On';

function [M] = langev(x)

M = (coth(x) - 1./(x));

% Niit “Xéa do thi”
function Clear_Plot_Callback(hObject, eventdata, handles)

cla(handles.GraphAxes);

% Fitting to Langevin function

function Auto_Fit Callback(hObject, eventdata, handles)
globalnHVuk Etxy

global a T MS

global max_sat Saturation
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[x, y] = ReadExcel(handles.fullFileName,1,2);
guidata(hObject, handles);

% plot (handles.GraphAxes, Xx,y);

a = str2double(get(handles.np_size io, 'String'));

T = str2double(get(handles.temperature io, 'String'));

MS = str2double(get(handles.magnetic_saturation_io, 'String'));

if handles.Find Mag_Sat.Value ==1
max_sat = max(y); % du doan ban dau
Saturation = Isqnonlin(@AutoFit,max_sat)
set(handles.magnetic saturation_io, 'String',num2str(Saturation));
Manual Fit Callback(hObject, eventdata, handles)
elseif handles.Find NP _size.Value ==1
NP_guess = a; % du doan ban dau
NP_size estimate = Isqnonlin(@AutoFit2,NP_guess);
set(handles.np_size io, 'String',num2str(NP_size estimate));
Manual Fit Callback(hObject, eventdata, handles)
else
errordlg('Chon mot thude tinh dé tién nghiém (Kich thudc hat hodc dg tir hoa bao
hoa)")

end

%Cac ham con tinh kich thuoc hat, do tir hoa bdao hoa

function res = AutoFit(Ms)
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globalxykVaT

sizeNP =a; Lo

Temp = T; % Nhiét do thuc nghiém do VSM
n=length(y);

H=x;

V=4/3*pi*(sizeNP/2*10°-7)"3; % Thé tich hat
u=V*Ms;

k=1.3806504*10"-16; % Hang s6 Boltzmann
Et=k*Temp; % Nang lwong nhiét kb*T
angle = zeros(n,1);

Mt = zeros(n,1);

fori=1:n

angle(i,1)=(u/Et)*H(i);
Mt(1,1)=Ms.*langev(angle(i,1));

end

res =Mt - y;

function res = AutoFit2(sizeNP)

global x y k VT MS

Temp =T;

n=length(y);

H=x;

V=4/3*pi*(sizeNP/2*10"-7)"3;

u=V*MS;

k=1.3806504*10"-16; % hang s6 Boltzmann
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Et=k*Temp;
angle = zeros(n,1);
Mt = zeros(n,1);
fori=1:n
angle(i,1)=(u/Et)*H(i);
Mt(i,1)=MS.*langev(angle(i,1));
end

res = Mt - y; % Cuc tiéu hoa su khac biét ---> Fitting

% ---Luu anh
%Xudt ra dinh dang .png, @6 phan gidi 600 dpi,
function save figure Callback(hObject, eventdata, handles)
print(gcf,'-dpng','-r600','Hysteresis curves.png')
% ---Tim kich thuoc hat
function Find NP _size Callback(hObject, eventdata, handles)
if handles.Find NP _size.Value == 1
set(handles.Find Mag_Sat, 'Value',0)
end
% ---Tim do tir hoa bao hoa
function Find Mag_Sat Callback(hObject, eventdata, handles)
if handles.Find Mag_Sat.Value ==
set(handles.Find NP _size, 'Value',0)
end

% End code
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VI. Chuong trinh sinh dir liéu va biéu dién ham phén b6 kich thwérc 16i tir (cac

hat Fe3Oy4) sau khi thwe hién phwong phap “fitting to langevin”.
%Ham phan bé kich thuée I6i tir cia vat lieu Fes04/PGMA
%Author: nthoang

%Thesis PhD

%BEGIN

%Nhdp thong so thu dwoe tir thiee nghiém (TEM hodc Langvin-Fit)
m=3.76; Y%DPuwong kinh trung binh TB (mean) cua [0i tir

s=0.77; % D¢ sdau phdn bo (standard deviation)

mu = log(m"2/sqrt(stm"2)); %7Tinh Mu = 1.297902339790859
sigma = sqrt(log(1+s/m”"2)); %Tinh xich-ma = 0.230289459641314
x=lognrd(mu,sigma, 100,1); %Tao database ngau nhién véi Mu&Xich-ma
parmhat = lognfit(x); %Fit data

figure %Plot

hold on

hist(x,1:0.1:15);colormap(summer); %winter, cool....

%Fitting Function

v=1:0.1:15;

plot(v,15*lognpdf(v,parmhat(1),parmhat(2)),'r")

xlabel("Puong kinh hat (nm)");

ylabel('Tan suat (%)');

title('Ham phan bd Logarit chuan cua céc 15i tir Fe304 bén trong vi cau

Fe304/PGMA");

%END
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VII. Chwong trinh Matlab biéu dién cac hat Fe;O4 v6i ham phéan b6 Log-

normal thu dwge tir thuc nghiém trong mot cluster.

%Ham phan bo kich thuoc loi tu cua vat lieu Fe304/PGMA
%Author: nthoang

%Thesis PhD

%BEGIN

%Nhap data thu duoc tu Experimental (TEM hoac Langevin-Fitting)
m=3.76; %Duong kinh TB (mean) cua loi tu

s=0.77; % Do sau phan bo (standard deviation) tuong ung

mu = log(m"2/sqrt(stm”2)); %Tinh Mu = 1.297902339790859
sigma = sqrt(log(1+s/m”"2)); %Tinh xich-ma = 0.230289459641314
set(gcf,'color','white")

% s6 hat Fe304 trong cluster

n=100;

% Tao toa dé ngau nhién cho tam h.cau [xyz] : diéu chinh fraction
xyz = rand(n,3)*100;

% random radius = lognrnd

r = lognrnd(mu,sigma,100,1)

% generate unit sphere (radius=1, center=[0,0,0])

[X,Y,Z] = sphere;

% Plot vi tri cho cac particle trong cluster

plotfun = @(c,r) surf(X*r + c(1),Y*r + c(2),Z*r + ¢(3));

% Tao Figure

hf = figure; %Open figure
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hf=colordef(hf,'white"); %color scheme

hf.Color="w'; %background color

%Hold

hold on;

axis equal;

%ON/OFF grid

grid on;

%~Plot all Particles

h = cellfun(plotfun,num2cell(xyz,2),num2cell(r), UniformOutput',0);

%END
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VIIL Tép diu vao

Material file

# Number of Materials

7

material:num-materials = 3

material[l]:material-name = FeA (3+)
material[l]:damping-constant = 1.0
material[l]:atomic-spin-moment = 5.0 !muB
material[l]:cubic-anisotropy-constant = -1.54E-24
material[l]:material-element = Mg
material[l]:initial-spin-direction = -1,-1,-1
material[l]:exchange-matrix[1] = -6.30863E-22
material[l]:exchange-matrix[2] = -5.06981E-21
material[l]:exchange-matrix[3] = 0

material[l]:unit-cell-category = 1



# Unit cell size:

8.397 8.397 8.397

# Unit cell vectors:

1.00.00.0

0.01.00.0

0.00.0 1.0

# Atoms num, id cx cy cz mat lc hc
56

0 0.125
0.125
0.125
0 0

1 0.875
0.375
0.375
0 1

2 0.125
0.625
0.625
0 2
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3 0.875
0.875
0.875
0 3

... (con rat daj)

# Creation attributes:

T
create:particle

create:sphere

T

# System Dimensions.

dimensions:unit-cell-size = 8.397 /A
dimensions:system-size = 1360 Inm  # Median size of Fe304/PGMA
dimensions:particle-size = 3.76 Inm  # Median size Fe304 (Fitting Langevin)

#dimensions:particle-spacing = 1 Inm

T

# Materials_file:

7

material.file = magnetite.mat
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material:unit-cell-file = magnetite.ucf

T

# Simulation control:

sim:temperature= 0 # 20 fit good experimental
#sim:total-time-steps= 300000
#sim:time-step= 1.0E-15
sim:time-steps-increment = 1000
sim:total-time-steps = 1000000

sim:time-step = 1 Ifs

1

# Dipole solver attributes:

cells:macro-cell-size= 2 Inm #Cubic macrocell side length
dipole:solver= tensor # Choose tensor, macrocell or atomistic
dipole:field-update-rate= 100

dipole:cutoff-radius= 2  # In units of cell size.

7

# Output file:

T

#screen:time-steps

#screen:magnetisation

7

screen:applied-field-strength
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screen:applied-field-alignment

output:real-time

output:applied-field-strength

output:applied-field-alignment

output:magnetisation-length # |m|= |ZMi.Si|/Mi normalise magnetisation

output:gnuplot-array-format

config:atoms
config:atoms-output-rate=1000

config:output-format=text
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IX. Huéng din sir dung cum HPC trong h¢ dién toan lwéi HCMIP

USER MANUAL

High Performance Computing Cluster (HPC)

Chi tiét hé HPC: http://hemip.ac.vn/hpc/
1. Pang nhap — SSH login
Domain: hemip.ac.vn
Static IP: 119.17.228.12
Port: 2222

St dung command: ssh username@domain hoic ssh username@]IP d truy cap

vao hé HPC

Username = ho & tén viét tat

Vi du: nthoang = Nguyén Thanh Hoang
Password mic dinh cho tat ca user: *#%¥¥s#xx

- Sau khi dang nhap vao h¢ HPC, username s€ dugc yéu cau doi password.

Administrator: Hoang Nguyen
Contact: nthoang@hcmip.vast.vn
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*Luu y: + Pau tién nhip password mic dinh

+Sau d6 méi nhap password mai va lap lai password maéi dé xac thuc

||

- Tao passwordless cho giao thic ssh: st dung command “ssh-copy-id
username@hcmip.ac.vn”, sau d6 nhip password vira doi & trén va doi théng bao
public-ssh-key cta may client d3 duoc add vao Master node. Thyc hién lai két ndi

ssh, tir bay gio Master node s€ khong hoi lai password.

- Data quota cip cho mdi user 1a 30 Gb cho thu myc /home/$USER dé luu két qua va
code tinh toan, khuyén nghi thuong xuyén backup data vé may client hodc Data server

(SUSERNAME@hcmip.ac.vn —p 9999)

2. Tao file scripts dé submit Job (Cac file miu di dwoc giti sdn vao thu muc

/home/SUSER)

#!/bin/bash
#PBS -N Job_name # dat tén cho job
#PBS -M Your email # thay bang email ciia ban

Administrator: Hoang Nguyen
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#PBS -m abe # dat cho hé thong tw déng giki email théng bdo (b:begin,
e:error,a:abort)
#PBS -j oe #Houtput & error dwoc ghi vao cung mot log file
#PBS -1 nodes=1:ppn=4:normal # nodes= sé node, ppn = sé logical CPU (thread)
#PBS -qnormal  # chon queue thuc thi (mac dinh la normal)
Your command # Lénh dé chay code binh thuong
Mpirun —np $number cpu ./command  # Lénh dé chay code sir dung méi trieong
Parallel voi thu vien MPI
* Note: s6 core (number cpu) phai théng nhat trong toan bo file script
* Scripts normal-serial.sh s& st dung 1 CPU/1 node dé tinh toén} For guest
normal-parallel.sh s& sir dung 4 CPU/1 node dé tinh toan
For student
fast.sh s& st dung 16 CPU/2 node dé tinh toan
super.sh sé& s dung 40 CPU/2 node d¢é tinh toan .
For internal

excellent.sh s& sir dung 80 CPU/4 node dé tinh todn member

*Cac $USER d3 duogc tao passwordless dé tinh toan song song gitra cac compute-

nodes
3. Submit, theo do6i va x6a Job:

- Dé submit Job sir dung 1énh: qsub Job_name
- Dé theo dbi Job sir dung 1énh: gstat (cho thong tin co ban)
gstat —f ID_job (cho thong tin cu thé vé Job, cac 15i dang gip...)

Mot sd trang thai (state) cta Job nhu: Q (queue waiting- job dang dua vao hang doi
dé chay), R (running- Job dang dugc thyc thi), E (bdo 16i va dua vao hang doi, Job
khong dugc thuc thi) ...

Luu y: Khi st dung Iénh gstat dé kiém tra trang thai Job, sau 1 thoi gian néu Job
khong chuyén tir trang thai Q sang R hodc bao 18i E thi user nén chay 1énh gstat —j

Job_ID dé xem 15i cu thé ctia Job nhim stra 13i.
Administrator: Hoang Nguyen
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Mot s0 101 co ban:

JOB_EXEC OK 0 Job execution successful
JOB_EXEC FAILI1 -1 Job execution failed, before files, no retry
JOB_EXEC _FAIL2 -2 Job execution failed, after files, no retry

JOB_EXEC RETRY -3 Job execution failed, do retry
JOB_EXEC INITABT -4 Job aborted on MOM initialization
JOB_EXEC_INITRST -5 Job aborted on MOM init, chkpt, no migrate

JOB_EXEC_INITRMG

6 Job aborted on MOM init, chkpt, ok migrate

JOB_EXEC BADRESRT -7 Job restart failed

JOB_EXEC _CMDFAIL -8 Exec() of user command failed

File Edit View Search Terminal Help
[nthoang@hcmip-master ~]$ gsub vp.sh

[nthoang@hcmip-master ~]$ gstat

33.hcmip-master nanorod nthoang @ R fast

[nthoang@hcmip-master ~]$ gstat -f
Job Id: 33.hcmip-master
Job Name = nanorod
Job Owner = nthoang@hcmip-master
resources used.cput = 00:01:24
resources used.vmem = 6608008kb
resources used.walltime = 00:00:06
resources used.mem = 216448kb
resources used.energy used = 0
job state = C
queue = fast
server = hcmip-master

- Dé x6a Job sir dung 1énh: qdel Job_ID

- Pé giit/dimg tam thoi mot Job: ghold Job_ID

- Hién tai do tai nguyén tinh toan chua dugc nang cip nén mdi $USER chi duoc
thue hién cung luc toi da 3 Job (d6i véi queue normal), 2 job (d6i voi queue

fast). Sép t6i khi mé rong tai nguyén tinh toan s& nang 1én 10 Job/user.

4. Set environment:

Administrator: Hoang Nguyen
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-Str dung file scripts exportPATH.sh dugc viét sin, dat tai /home/$SUSER/ dé khai
bao bién mdi truong nham sir dung duoc thu vién openMPI, gee compile, python3,

pyscf ...trén cac compute nodes.

Chay command duy nhét “sh ./exportPATH.sh”
5. Package/software/library

Cac Package/Software duogc cai dat trén h¢ HPC:
+gcc 9.3.0

+ Python3.6

+ Pyscf

+Matlab 2018b (Student version)

+ openmpi 4.1.4

+ MPICH 4.0.1

+ git 1.8.3.1

+ curl 7.29.0

+ Wget 1.14

- SUSER khi muén cai dat thém packages (compile tir source code) thi dudong dan dé
cai diat chung cho tit cia SUSER trén toan hé théng HPC la
/share/installs/your_package/ hodc cai trén thu muc SHOME-DIRECTORY tai
duong din /home/SUSER/your_packages/, sau d6 exportPATH dé sir dung. Luu y
phai cai dit vao mdt trong 2 dwong din trén thi cic compute-node méi cé thé
share data véi Master-node, néu cai dat vao duong dan khéc (dé mac dinh) thi chi
Master-node c6 thé sir dung cac package/thu vién ma SUSER vira cai dit dan dén tinh
trang khi chay thir code trén Master-node thi hoat dong nhung khi submit_job thi cac

compute-node khong thé thuc hién cac tinh toan can thiét.
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- SUSER cai dat cac thu vién va package st dung PIP trong python thi sir dung
command “pip3 install your_package/library” dé cai dit trén master node, sau d6
str dung command “pdsh pip3 install your_ package/library” dé cai dit trén cac

compute node.

- Nham huéng dén sy 6n dinh cho hé HPC nén cac package/library cai dit tir cac
mirror source chi co6 user root/admin méi co quyén cai dat, cac SUSER muén cai
dat thém céc library/package dic biét ma khong thé compile tir source code vui 1ong

lién hé quan tri vién dé duge ho tro.
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X. Huéng din sir dung cum HPC trong hé dién toan Comphys

USER MANUAL

High Performance Computing Cluster (HPC)

Edit View Search Terminal Help

ThinkStation:~$ ssh root@comphys.ddns.net -p 1122

Quantum mm
#Ennnng #E"""EM
#a" MEA#EM  AAFEIEEM A ## Computing "## ### mmaEREm
## ##Y O O"FR R AR AR R ##" #"#R #H ##Hommm ¢
##m i #E AR AR O # # "love" B il
HEMMMMAE  THEMMER" R RR AR O ## ## #ER" #Python#
mnunn npnn nn nn nn ##. LR RRIR R
#5#
From Computational Physics Group http://comphys.ddns.net
root@comphys.ddns.net's password:
Last login: Sun Mar 1@ 23:31:59 2024 from 222.253.41.49

Cac jobs dang duoc thuc thi:

Time Use S Queue

.comphys VOE-Ising
.comphys VQE-Ising nvlinh
.comphys VOE-Ising nvlinh
. comphys VQE-Ising nvlinh
. comphys VQE-Ising nvlinh
.comphys VOE-Ising nvlinh
. comphys VOE-Ising nvlinh
.comphys VOE-Ising nvlinh
Cac Users dang lam viéc:
root pts/B 2024-093-10 23:32 (222.253.41.49)
[root@comphys ~]# ]

serial
serial
serial
serial

b= <l < e < = < e = = < R < b < |

1. Pang nhap — SSH login

$Domain: comphys.ddns.net

$Static IP: 222.253.41.49

$Port: 1122

St dung command: ssh username@$Domain -p $Port dé truy cap vao h¢ HPC
Username = ho & tén viét tit

Vi du: nthoang = Nguyén Thanh Hoang

Password mic dinh cho tit ca user: hemip

Administrator: Hoang Nguyen
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- Sau khi dang nhap vao hé HPC, username s& duoc yéu cau doi password.
*Luu y: + Pau tién nhip password mic dinh
+Sau d6 mai nhap password méi va 1ap lai password méi dé xac thyc

- $Users c6 thé tao passwordless cho giao thirc ssh: sir dung command “ssh-copy-id
username@comphys.ddns.net -p 1122”, sau d6 nhap password vira doi ¢ trén va
doi thong bao public-ssh-key cia may client da dugc add vao Master node. Thuc hién
lai két ndi ssh, tir bay gid Master node s& khong yéu cau nhap lai password.

- Tong Data quota cho cic SUSER 1a 2Tb & duong dan /media/data/$USER dé luu
két qua/dir li€u... Hién tai Master Node chua duoc cAu hinh Raid 1 (tao ban Backup
cho dit liéu) nén khuyén nghi thudng xuyén backup data vé may client. Khi cdu hinh
Raid 1 xong, data s€ dugc ty dong tao ra nhiéu ban sao du phong dé dam bao an toan
vé dit liéu (s& thong bao sau).

- Code tinh toan mdi $USER nén dit tai duong dan /home/$USER/, do dung luong
SSD khéng 16n nén sau mot thoi gian ngan SUSER nén di chuyén cac két qua/dir lidu
vé duong dan /media/data/SUSER/ dé luu trix 1au dai.

2. Tao file scripts dé submit Job (Cac file miu di dwoe giri sin vao thu muc
/home/$USER)

*Serial job.sh

#!/bin/bash

#PBS -N Job_name # dat tén cho job

#PBS -o /path/to/output/out

#PBS -e /path/to/error/err

#PBS -1 nodes=1:ppn=1 # nodes= sé node, ppn = sé logical CPU (thread)
#PBS -q serial  # chon queue thuc thi job

Your command # Lénh dé chay code

*quad_job.sh

#!/bin/bash

#PBS -N Job_name # dat tén cho job

#PBS -o /path/to/output/out

#PBS -e /path/to/error/err

#PBS -1 nodes=1:ppn=4 # nodes= sé node, ppn = sé logical CPU (thread)
#PBS -q quad  # chon queue thuc thi job
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module load mpi-4.1

Mpirun —np 4 ./your_command # Lénh dé chay code str dung mai truong
Parallel voi thu vién MPI

* Note: s6 core (number_core) phai thong nhét trong toan bo file script
* PBS -q = serial sé& str dung 1 CPU/1 node dé tinh toan

= quad sé stir dung 4 CPU/1 node dé tinh toan

= octa s& st dung 8 CPU/1 node dé tinh toan
3. Submit, theo do6i va x6a Job:

- Dé submit Job sir dung 1énh: qsub Job_name

- Dé theo ddi Job sir dung 1énh: gstat (cho thong tin co ban)
gstat —f ID _job (cho thong tin cu thé vé Job, cac 15i
dang gap...)

Mot sb trang thai (state) ctia Job nhu: Q (queue waiting- job dang dua vao hang doi
dé chay), R (running- Job dang dugc thyc thi), E (bao 16i va dua vao hang doi, Job
khong duoc thuc thi), C (Complete — Job da hoan thanh)...

Luu y: Khi st dung Iénh gstat dé kiém tra trang thai Job, sau 1 thoi gian néu Job
khong chuyén tir trang thai Q sang R hoic bao 15i E thi user nén chay 1énh gstat —j
Job_ID dé xem 16i cu thé ciia Job nham stra 15i.

Mot so 101 co ban:

JOB_EXEC OK 0 Job execution successful
JOB_EXEC FAILI1 -1 Job execution failed, before files, no retry
JOB_EXEC FAIL2 -2 Job execution failed, after files, no retry

JOB_EXEC RETRY -3 Job execution failed, do retry

JOB _EXEC INITABT -4 Job aborted on MOM initialization
JOB_EXEC_INITRST -5 Job aborted on MOM init, chkpt, no migrate
JOB_EXEC INITRMG -6 Job aborted on MOM init, chkpt, ok migrate
JOB_EXEC _BADRESRT -7 Job restart failed

JOB_EXEC _CMDFAIL -8 Exec() of user command failed

Administrator: Hoang Nguyen
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[nthoang@comphys ~]$ gsub job.sh
11.comphys
[nthoang@comphys ~]% gstat

Name User Time Use S Queue

nthoang @ R octa

- Dé x6a Job sir dung 1énh: qdel Job ID
- Deé giti/dung tam thoi mét Job: ghold Job 1D

4. Modules - environment:

- Mac dinh, cac SUSER da dugc exportPATH dé sir dung duogc cac software co ban,
tuy nhién khi submit job dé dam bao cic Compute nodes hiéu dugc cac
package/sofware lién quan dé chay code va tranh sy xung dot gitra céc
packages/software v&i nhau, vui long su dung command “module load
$software/packages-name” dit phia truéc command chay code dé dam bao Job dugc
thuc thi ma khong bi bao 16i.

rook@comphys:~

File Edit View Search Terminal Help
[root@comphys ~]# module avail

dot module-git
gcc-9 module-info mpi-4.1 python3 python3.18

Key:

[root@comphys ~]1# module load python3.18
[root@comphys ~]# module list
Currently Loaded Modulefiles:
1) python3.18
[root@comphys ~1# ]

- Chi tiét cac command modules — environment:

+ module avail: cac packages/software da dugc cai dat trén h¢ HPC

+ module load $packages-name: tai packages can thiét ra bién moi truong

+ module list: liét ké cac packages/software hién dang ton tai trong bién méi truong

+ module unload $packages-name: ngit cac bién moi trudng

5. Packages/software/library

- Cac packages/software ctiia h¢ HPC dugc cai dat tai duong dan /share/installs/,
duong dan nay dugc SHARE cho moi $USER va toan bd cic compute nodes trong
hé. SUSER c6 thé cai dat (bang compile source code) cac package thém néu mudn tai
Administrator: Hoang Nguyen
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duong dan nay dé su dung trén h¢ HPC (hodc lién h¢ quan tri vién dé duoc hd tro).
Vi dugc SHARE st dung chung nén $USER vui long khong remove/delete cac
Folder/files trong dudng dan nay.

- SUSER cai dat cac thu vién va package st dung pip3 trong python3 (mac dinh la
python3.7) thi str dung command “pip3.7 install your package/library” dé cai dat
trén hé.

-$USER str dung phién ban khac cua python (#3.7) thi st dung pip3.9/pip3.10 dé
install packages can thiét.

- Nham huéng dén sy 6n dinh cho hé HPC nén cac package/library cai dat tir cac
mirror source chi c6 user root/admin méi c6 quyén cai dit, cac SUSER mudn cai
dit thém cac library/package didc biét ma khong thé compile tir source code vui long
lién hé quan trj vién dé duoc hd tro.

6. Pyscf

Céac $USER néu gip kho khan khi cai dat Pyscf tai thu muc /home/SUSER thi
c6 thé str dung script duoc dong gbi sdn dé cai dit tw dong. Sau khi login, tai thu muc
/home/$USER st dung lan luot cac command sau:

cp -rf /share/pyscf-install /home/$SUSER
cd pyscf-install
sh ./pyscf-install.sh

7. Mt vai vi du vé script submit job

CAc file script mau dudi dy c6 sin tai dudng dan /share/scripts/

*Job sir dung openmpi dé tinh todn song song
#!/bin/bash
#PBS -N test

#PBS -1 walltime=1:00:00 #chinh lai walltime cho phu hgp véi job, don vi Hour
(1:00:00 = 1 gio)

#PBS -o /home/nthoang/out #chinh lai dudng dan cho phu hgp va tén output mong
mudn

#PBS -e /home/nthoang/err #chinh lai dudng dan cho phu hgp va tén error mong
mubn

#PBS -1 nodes=1:ppn=4
#PBS -q quad #Chon queue phtt hop cho job.
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cd test
module load mpi-4.1
module load gcc-9

mpirun -np 4 ./vampire-parallel

*Job sir dung thur vién openmpi dé tinh todn song song va python3.7
#!/bin/bash

#PBS -N test

#PBS -1 walltime=72:00:00

#PBS -0 /home/$SUSER/out

#PBS -e /home/SUSER/err

#PBS -1 nodes=1:ppn=8

#PBS -q octa #defines the destination queue of the job.
cd test

module load mpi-4.1

module load python3

python3.7 h2o0.py

*Job sur dung thuw vién openmpi, python3.9 va gcc-9
#!/bin/bash

#PBS -N test

#PBS -1 walltime=128:00:00

#PBS -0 /home/$SUSER/out

#PBS -e /home/SUSER/err

#PBS -1 nodes=1:ppn=8

#PBS -q octa #defines the destination queue of the job.
cd test

module load mpi-4.1

module load python3.9 #***#

module load gcc-9
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python3.9 h2o0.py

#***4nhd export PATH cho pyscf vao ~/.bashre trudc:
export PYTHONPATH=/home/SUSER/pyscf:"$PYTHONPATH"

*Péi véi cdc bai todn lén/phan tiv I6n:
#!/bin/bash

#PBS -N test

#PBS -1 walltime=240:00:00

#PBS -0 /home/SUSER/output_job
#PBS -e /home/SUSER/error

#PBS -1 nodes=1:ppn=32:bigmem
#PBS -q molecular #defines the destination queue of the job.
cd test

module load python3

python3.7 C6H1003.py

8. Sync data/két qua tinh toan tir hé HPC vé may ca nhén:
C6 nhiéu cach dé copy/sync data giita may client va hé HPC.

1) Str dung giao thirc SFTP trén file explorer cua Linux Distro/MacOS/Web browser
c6 hd trg SFTP

sftp://SUSER@comphys.ddns.net:1122/home/$USER/$path-to-data
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Index of sftp://test@comphys.ddns.net:1122/hometest/

Up ta higher level directary

Name Size
tathe

Iocal

ssh

psck 12f4/23 2000012 GMT+7

2) St dung command:
Str dung riéng 1é cac command nhu scp, sshpass, rsync...
scp -t -P 1122 SUSER@comphys.ddns.net:/home/$USER/$path-to-data

rsync -azvh -e "ssh -p 1122" SUSER@comphys.ddns.net:/home/SUSER
/path/to/data/storage/on/PC/laptop

(dé str dung rsync, may client phai dugc cai dat rsync)
Hoic két hop nhiéu command:

sshpass -p “$password-of-user” scp -r -P 1122
$USER@comphys.ddns.net:/home/$USER/$path-to-data

sshpass -p "$password-of-user” rsync -azvh -e "ssh -p 1122"
$USER@comphys.ddns.net:/home/$USER /path/to/data/storage/on/PC/laptop

trong trudng hop tao passwordless giita may client va HPC. Néu di tao passwordless
thi khong can sir dung sshpass.

3) Su dung software ctia bén thir 3:

Mot sb phan mém thong dung mién phi trén ca méi truong windows/linux nhur
WinSCP, Filezilla, Cyberduck...
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