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Tom tat: Hat nano tir tinh Fe;O, duoc tong hop bang phuong phap phan huy nhiét
sat (111) acetylacetonate (Fe(acac)s) trong dung moi hiru co, sau do chuyen pha va boc
bang poly acrylic acid (PAA). Cac dic trung cia mau bot va mau chat long dugc khao
sat bang cac phuong phap nhidu xa tia X (XRD), hién vi dién tir truyén qua (TEM), phd
hdng ngoai (FTIR), k¥ thuat tir ké mau rung (VSM) va phén tich nhiét (TGA). Kich
thudc trung binh cta hat nano Fe;0,@0A, OLA tong hop bang phu'orng phap phan huy
nhiét va hat Fe;0,@PAA tuong (mg 1a 6,5 nm va 10 nm. Anh hién vi dién tir truyen qua
(TEM) cho thy céc hat nano tir thu dugc ¢6 dang hinh cau, kich thudc kha dong déu va
phan tan tot. Gia tri tir ¢6 bao hoa (Ms) caa mau Fe;0,@0A, OLA va Fe;0,@PAA lan
luot 12 61,50 emu/g va 64,01 emu/g, chuyén pha lam ting tir 46 cia mau khoang 4%.
Két qua phan tich pho phan tich nhiét cia mau Fe;0,@0A, OLA cho thay hat nano tir
chiém 84,27%. Ngoai ra, Fe;0,@PAA phan tan tot trong nudc, do bén cao, phii hop véi
cac ung dung y sinh.

1. Mé dau

Trong nhitng nam qua, hat nano tur tinh (Fes04) ngay cang duogc chd y vi nhitng
hira hen (ng dung trong sinh hoc nhu nhiét tir tri, cong huong tir (MRI), tach chiét té bao,
dan truyén thudc hudng dich, cong nghé md, liéu phép chelation, cong nghé gen huéng
dich [1]. Hat nano tir c6 nhitng wu diém vuot troi so vai cac vat liéu khéac khi tng dung
trong y sinh, vi du nhu chi phi ré, tinh chat vat Iy va hoa hoc 6n dinh, tuong thich sinh
hoc cao, it gdy doc véi co thé va an toan véi moi truong. Mat khac, bé mat hoat dong cua
hat nano tir cd thé thay ddi khi két hop véi cac vat liéu hitu co hodc vo co, chang han nhu
polyme, phén ti sinh hoc va cac kim loai [2].

Dé tong hop cac hat nano tir, nhiéu phuong phap da duoc sir dung bao géom dong
két taa hoa hoc, phan hiy nhiét, vi nhii tuong, dung moi nhiét, sol-gel, thuy nhiét, dién
hoa, pha khi.. Trong cac phuong phap trén, mdi phuong phap déu c6 wu diém va nhuoc
diém riéng. Tuy vao muc dich nghién ctru va tng dung, nguoi ta sur dung cac phuong
phap phu hop dé tong hop duoc cac hat nano tir co kich thudc va tinh chét mong muon.
Dic biét, dbi véi cac tng dung trong y sinh, hat nand tir phai co kich thude dong nhat, tir
d6 bdo hoa lon va cé tinh twong hop sinh hoc cao. Phuong phap phan hay nhiét la mot
lya chon thich hop dé tao ra cac hat nano ddng nhat véi do bdo hoa tir cao, dong thoi dé
dang kiém soat kich thugc va hinh dang cua hat. Do ning lwong bé mat cao, cac hat nano
Fes0, thuong khong bén, két dinh véi nhau nén khé phan tan trong méi truong nudc
hodc bi chuyén héa thanh y-Fe,O3 khi c6 mit oxy khong khi. Bé khic phuc nhitng han
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ché nay, céc hat nano tir duoc xir Iy bé mit nho céc vat liéu hda hoc hoic sinh hoc nham
tang dic tinh phan tan, on dinh, twong thich sinh hoc va phan hay sinh hoc. Trong cac
nghién ctru trude day, cac chat duoc st dung dé thay d6i bé mit FesO4 bao gom cac chit
hoat dong bé mat nhu axit oleic (OA), axit lauric (LA); cic polyme nhu polyethylene
glycol (PEG), polylactic-co-glycolic acid (PLGA); hoic cac hop chat ty nhién nhu
chitosan, tinh bot, dextran, gelatin [3]. Bang phwong phap sol-gel, Yin-Yin Xu va cong
su da téng hop thanh cong cac hat FesO,@PAA c6 kich thudc khoang 50 nm véi do tur
bdo hoa M = 81.6 emu/g [4]. Vuong Thi Kim Oanh va cong su da ché tao duoc chat
long tir bang phwong phap phan hay nhiét duoc chuyén pha bang sodium dodecyl
sulphate (SDS) va poly (acrylic acid) (PAA) cho d6 bao hoa tir cao va rat on dinh [5].

Trong bai bao nay, chling tdi sir dung phuong phap phan hiy nhiét dé tong hop
cac hat nano tr Fe3Os, trong d6 poly (acrylic acid) (PAA) dugce sir dung lam tac nhan dé
chuyén pha va boc. Cac dic trung cau trdc, hinh thai hoc va tinh chét tir cua vat liéu da
duoc khao sat va thao luan.

2. Thuc nghiém
2.1. Hoa chat

Céc hoa chat dung dé tong hop mau nano Fe;Oy4 14 cac san pham thuong mai cua
hang Merck, Sigma-Aldrich va Energy Chemical hang tinh khiét phan tich bao gom: sat
(1) acetylacetonate Fe(acac)s, oleylamine (OLA), acid oleic (OA), dibenzyl ether,
ethanol, n-hexan, hydrochloric acid (HCI), acrylic acid (PAA), triethylene glycol (TEG)
va octadecene. Mbi trudng tro duoc tao bai khi nito sach 99,99%, nudc cat dé ion.

2.2. Tong hep chat léng tir tinh nano chira hat Fes0,@PAA

2.2.1. Tong hop hat nano Fes04

Cén 1,8075 gam Fe(acac); (twong duong 5,1 mmol) cung vaéi 4,8 ml OA va 4,8
ml OLA nap vao binh phan &ng dung tich 100 ml c6 chira 20 ml dibenzyl ether va 20 ml
octadecene. Hon hop dugc khudy tir 500 vong/phat trong khoang 30 phit & nhiét do
phong, két hop suc khi nito tao mdi truong phan tng. Tién hanh cac qua trinh gia nhiét,
tir 25-100°C (toc do 7°C/phat), khi dat 100°C duy tri trong khoang 30 phat. Gia nhiét dén
200°C (téc do 10°C/phut), khi dat 200°C duy tri 60 phat. Tiép tuc gia nhiét d¢én 300°C
(téc @6 7°C/ phit), dat 300°C duy tri trong 60 phut. Sau d6, dung dich duoc 1am nguoi ty
nhién dén nhiét d6 phong va rira bang ethanol két hop ly tam trudce khi phan tan trong
dung méi n-hexan. Cac mau dugc say khé truge khi khao sat cac ddc trung cau trac, kich
thudc hat va tinh chat tur.

2.2.2. Qua trinh chuyén pha va boc hat nano Fe;O4 bang PAA

Trude khi st dung cho cac nghién cau khac, cac hat nano tir nay s& dugc chuyén
tir dung méi hitu co sang dung méi nudc thdng qua qua trinh chuyén pha va boc bang
polymer poly acrylic acid (PAA). Pau tién, 2 gam PAA duoc hoa tan vao 40 ml dung
dich triethylene glycol,(TEGg trong binh phan ung dung tich 100 ml. Hon hop dugc
khuay tir va gia nhiét dén 110°C (hon hop PAA-TEG). Tiép theo, cdn 100 mg mau FezO4
hoa tan trong 5ml n-hexan rdi bom nhanh vao hdn hop PAA-TEG. Binh phan tng dugc
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gia nhiét dén 280°C, duy tri trong 6 gid, rdi 1am ngudi dén nhiét ¢ phong khi két thic
phan ung. Chét long thu duoc duoc loai bé TEG bing dung dich axit clohydric HCI 1M
va quay ly tam trong 10 phut véi tbc do 12000 vong/phat. Hat nano tir thu dwoc phan tan
trong nudc cit bang may siéu &m véi thoi gian 30 phat. Chét 1ong tir thu dwoc chira cac
hat nano tir FesO4 boc PAA.

2.3. Pic trung vat ligu

Mau dugc khéao sat cau tric tinh thé béng phé nhiéu xa trén thiét bi nhiéu xa ké
tia X D8 Advance Bruker (Puc) sir dung buc xa Cu-ka (A= 1,5406 A). Hinh thai va kich
thude hat duoc khao sat trén kinh hién vi dién tar truyén qua (TEM) JEM 1010. Phuong
phép phan tich nhiét dugc do trén hé may Labsys 18 TG/DSC Stetaram (Phép) véi toc do
nang nhiét 12 10°C/phut trong méi truong khong khi tir 30°C dén 800°C. Tur do bio hoa &
nhiét 6 phong dugc do véi tir trudng ngoai 16n nhat 1a 11 kOe trén hé do tir ké miu rung
(VSM).

3. Két qua va thao luan
3.1. Pic trung cau tric va hinh thai hoc cia vat ligu

Gian do nhiéu xa tia X cia mau hat nano Fe3O, tong hop bang phuong phap phan
hay nhiét ¢ hinh 1. Két qua cho thay gian do nhidu xa cta cAc mau déu chua cac dinh
nhiéu xa dic trung cho vat lidu c6 cau trc ferrit spinel: 30,208; 35,448; 37,128; 43,368;
53,808; 57,048 va 62,438, tuong tng phu hop véi gia tri dna cua FesOq tai (220), (311),
(222), (400), (422), (511) va (440). Cac dinh nhidu xa con cho thay do ma rong vach phd
caa mau lén chirng to mau c6 kich thuéc nho.
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Hinh 1: Gidn dé XRD cia hgt nano FesO, tong hop bang phirong phép phan hiy nhiét

57



N. Q. Thing, H. . Quang, T. C. Lé, L. T. T. Hién, B. T. K. Quyén, H. Y. Nhi, L. T. T. Hiép, L. T. Tam

Hinh thai va su phan bb cua cac mau hat Fe;O, chua chuyén pha va sau khi
chuyén pha va boc bang poly (acrylic acid) (PAA) duoc nghién ciu bang ki thuat kinh
hién vi dién tir truyén qua (TEM), thé hién trong hinh 2. Két qua cho thiy, cac hat nano
tir phan tan t6t véi kich thude hat kha dong déu. Gia tri kich thudc hat trung binh (Drem)
duoc xac dinh tir anh hién vi dién t 1a 6,5 nm ddi v6i mau Fe;0,@0A,0LA va 10 nm
ddi véi mau Fe;0,@PAA.
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Hinh 2: Anh TEM va phan phdi kich thuréc hat ciia mau Fes0,@0A,OLA (a) va
Fe304@PAA sau khi chuyén pha va boc bang PAA (b)

3.2. Pic trung céu tric 16i vé, dd bén va dd phan tan

Trong phwong phap phan huy nhiét, mudn thu duoc cac hat nano tir FesO4 ¢6 kich
thudc nho va dong déu thi trong qué trinh ché tao mau phai sir dung hdn hop chit hoat
dong bé mat 1a axit oleic (OA) va olaylamine (OLA). Bé biét dugc cac hat tao thanh co
dugc boc bai cac chét hoat dong bé mit hay khong, mau chira hat nano tir sau khi ché tao
duogc do trén phd phan tich hong ngoai FT-IR. Két qua phé phan tich hong ngoai FT-IR
ciia mau Fe;0,@OA,OLA duoc thé hién trong hinh 3.
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Hinh 3: Phé FT-IR Fes04@O0A,OLA ché tao bang phirong phdp phdn hiy nhiét

Dé biét rd su lién két giira 16p chat bé mat OA, OLA va hat tir, ching toi tién
hanh do phé phan tich hong ngoai FT-IR. Két qua cho thay, phd hong ngoai c6 su xuat
hién ciia cac dao dong dic trung lién quan dén cac nhom chuc cua OA, OLA va FesO,.
Theo céc tac gia [6], [7], cac dinh hip thu nho hon 800 cm™ Ia cua hat Fe;O, trong khi
cac dinh hip thu 16n hon 800 cm™ 14 cua 16p vo boc OA va OLA. Cac dinh tai vi tri 2915
cm™ va 2848 cm™ 1a dao dong cia nhém C-H. Hai dinh tai cac vi tri 1520 cm™ va 1400
cm™ 1a do dong gop cua dao dong héa tri bat déi ximg va dao dong héa tri dbi xing cua
nhém chic (COO-) trén bé mit hat. Cac dinh nay xuat hién 1a do trén bé mat xuat hién
I6p vo boc ciia OA va OLA. Ngoai ra, c6 thé thay rang khoang céach gitra 2 dinh A (1520
cm™ - 1400 cm™ = 120 cm™) nam trong khoang 120 - 190 cm™ dé quan sat duoc ching
to lién két gitra cac phan tir OA voi bé mit hat FesO, 1a lién két dang cau ndi (bridging
bidentate) [8]. Hon nita, dai hip thu manh tai vj tri 573 cm™ 1 cua nhém Fe-0, dao dong
nay xuat hién do su c6 mat caa hat nano tir Fes0,. Cac nhom dao dong nay hoan toan
phU hop véi két qua nghién cau cua nhém tac gia [9]. Hat FesO4 o kich thudc hat nho
va phan bd ddng déu trong dung mdi hitu co 1a do 16p vo boc bao gdom OA va OLA. Bé
khing dinh thém vé ti phan dong gop cua 16p vo dén sy suy giam vé gié tri tir d6 bio
hoa, su suy giam khéi lwong cua mau chia hat nano tir sau khi ché tao da dugc khao sét
bang phuong phap phan tich nhiét TGA. Két qua phan tich nhiét miu Fe;0,@0A, OLA
duogc thé hién trong hinh 4.
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Hinh 4: Gidan do TGA cua Fe304 véi 16p vo boc OA, OLA ché tgo
bang phuwong phdp phdn huy nhiét

Gian d6 hinh 4 cho thiy, miu Fe;0,@O0A, OLA mat khéi ¢ 3 giai doan. Giai
doan 1, mat khéi tir 25°C dén 200°C voi khoang 0,96%. Nguyén nhan la do mét luong
nuéc rat nho bi bay hoi. Giai doan 2 tir nhiét do 200°C dén 450°C véi su mat khoi
khoang 3,52 % va 8,44%. C6 thé giai thich diéu nay 1a do dung méi hitu co hip thy trén
bé mit hat nano tir Fe;0, thé hién thong qua dinh thu nhiét ¢ 236°C va su phan hay mot
phan cua cac hop chat hitu co (OA va OLA) dé loai bo nhdm chac (nhu NHy) thé hién
trén dinh thu nhiét & 389°C. Giai doan 3 tir 500 - 800°C, mau mat khdi khoang 2,81%, c6
thé 12 do mau dugc do trong khi quyén khong khi nén khi CO sinh ra do su phan huy
chat hoat dong bé mat da khar mot phan nho céac hat nano FesO4. Nhu vay, dya vao qué
trinh mat khdi trén duong TGA ta c6 thé trir duoc 16p vo (OLA va OA) da bi dot chay o
giai doan (25 - 450°C) dé xac dinh duogc gia tri tir do thuc caa 16p 16i Fes0,. Lugng hat tir
trong mau ché tao bang phwong phap phan hay nhiét chiém 84,27%.

3.3. Khao sat tinh chat tir

Qua trinh thay d6i bé mat hat nano tir FesO,4 c6 thé 1am thay doi tinh chat tir cua
hat. B bdo hoa tir (Ms) ciia mau FezO, trude va sau khi chuyén pha Fe;0,@PAA c6 thé
giam di hay tang 1én phu thuoc vao do day I6p PAA va su tuong tac bé mat cac hat nano
v6i PAA. Hinh 5 cho thdy miu FesO,4 sau khi chuyén pha bai PAA (Fe;0,@PAA) lam
ting gia tri tir do tir 61,50 emu/g 1én 64,01 emu/g. Quéa trinh chuyén pha bang PAA da
lam tang tir 46 ciia mau 1én khoang 4%. Didu nay c6 thé duoc giai thich do nhém chic
COOH, OH... di lam thay d6i dinh huéng cac spin trén bé mat hat theo hudng cua I6i
hat twrong tu nhu anh huéng cua nhom chic dopamin (DPA) trong cong b caa Sridhar
va cong su [10].
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Hinh 5: Puwong cong tir hda cia cac mau M; (FezOq4 lop vo boc OA, OLA) va M, (FezO4
sau khi chuyén pha va boc bang PAA)

4. Két luan

Chung t6i di t6ng hop thanh cong hat nano tir Fes04 boc PAA bang phuong phap
phéan hay nhiét. Vat liéu Fe3O4@PAA thu dugc co kich thudc trung binh 10 nm, tir d6
bdo hoa 64,01 emu/g. Ty I¢ hat tir FesO, trong miu Fes0,@PAA ché tao béng phuong
phap phan huy nhiét chiém 84,27% khéi lugng. Vat liéu c6 kich thudc dong déu, phan
tan tét trong pha nudc va co trién vong tng dung trong y sinh.

Loi cam on: Cong trinh nay dugc hd trg kinh phi boi dé tai cdp Bo, mi so:
B2018-HHT-05 (NQT).
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SUMMARY

STRUCTURAL, MORPHOLOGICAL CHARACTERISTICS
AND PROPERTIES OF Fe;0, NANOPARTICLES SYNTHESIZED
VIA THEMAL DECOMPOSITION

Magnetite (Fe3O,) nanoparticles were synthesized by thermal decomposition
method of iron (I11) acetylacetonate (Fe(acac)s) in organic solvent, then, was performed
phase transfer and coated with poly acrylic acid (PAA). The crystalline structure,
morphology and magnetic properties of samples were characterized by X-ray diffraction
patterns (XRD), transmission electron microscope (TEM), fourier-transform infrared
spectroscopy (FTIR), thermogravimetric analysis (TGA) and vibrating sample
magnetometer (VSM). The PAA-cappped FesO4 nanoparticles has spinel single phase
structure with average size of 10 nm and high saturation magnetization (up to 64 emu/g).
The amounts of Fe;04 magnetic particles in the samples were 84.27% weight for the
sample Fe;0,@PAA. The magnetic Fes0,4 nano material was formed in liquid phase with
high homogeneity, mono-dispersion, as well as good stability promised a potential
application in biomedical.
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