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Ché tao va nghién ctru tinh chat tir ctia cdc hat Nand Fe;0,
ung dung trong y sinh hoc
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Tém tit. Hat nand Oxit sit siéu thuan tir Fe;0, c6 nhiéu img dung quan trong trong y sinh hoc nhur
lam tic nhan ting do tuong phan trong anh cong hudng tir hat nhan, phan tich va chon loc té bao,
hiéu ting ddt nhiét va phan phat thudc, vv... Tét ca cic ing dung trong y sinh ddi hoi cdc hat nand
ttr phai ¢6 tir d6 bao hoa 16n, kich thude hat dudi 100 nm véi phan b kich thudc hat nho. Hé hat
nand tir Fe;0, dugc tong hop bang phuong phap dong két tua, c6 kich thudc diéu khién dugc bang
nong d6 cic mudi tham gia phan Gmg. Kich thudc trung binh ciia cac hat dugc xac dinh bang anh
TEM, trong khoang tir 10 dén 15 nm. Phép phén tich thanh phan hoa hoc di chi ra sy ton tai ciia
pha y - Fe,O; trong cdc mau hat nano. Tinh chét tir cia cdc mau dugc nghién ctu trén may do tir
ké miu rung (VSM). O nhiét d6 phong, cic mau déu thé hién tinh siéu thuan tir. Nhiét do Blocking
(TB) clia cdc mau khoang 170 K. Tir do bdo hoa trong khoang tir 35 dén 74 emu/g, nho hon so véi

momen tir bio hoa cia mau khdi 12 90 emu/g.

1. Giéi thigu

Cudi thap nién 80, cong nghé nand bat dau
phat trién va thu duoc nhiéu thanh qua to 16n
khong chi trong nghién ciu ma con md rong
pham vi tng dung trong nhiéu linh vuc. O cdc
vat liéu va linh kién nand xuit hién nhiéu hién
tugng, tinh chét vat ly va hoa hoc méi mé
khong cé trong cac loai vat li¢u khéi [1]. Viéc
ung dung cac hat nand oxit sat siéu thudn tir vao
chuén dodn va tri bénh da thu dugc nhiéu thanh
qua c6 trién vong cao. Hai loai oOxit st (g
dung nhiéu trong y sinh hoc 1a maghemite (y -
Fe;03) va (Fes0y),

magnetite trong d6
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magnetite 12 vét liéu dugc dung phd bién nhit.
Magnetite ¢6 cdu tric spinel dao thudc nhém
d6i xtmg Fysp, hing s6 mang a=b = ¢ = 0.8396
nm, s6 phén ti trong mot 6 co s& la 8. Céu tric
spinel ¢6 thé xem nhu dugc tao ra tir mit phing
xép chit ctia cdc ion O vdi cic 15 trbng tir dién
(nhém A) va bat dién (nhém B) duoc 1ip diy
bang cdc ion kim loai Fe** va Fe*. Trong d6,
cdc ion Fe’* duoc phan bd mét nira & nhém A
va mot nira & nhém B, con cdc ion Fe** déu
nim ¢ nhém B. Céc hat nand tir dugc boc mot
16p chit hoat dong bé mit ¢6 thé phén tén trong
dung moi ddng nhat goi 1a chét long tir [2].
Nhitng hiéu tng lugng tr do gidm kich thudc
va dién tich bé mat 16n cua cdc hat nand tir da
lam thay ddi mot vai dic tinh tir dic trung cua
vat liéu, biéu 16 hién tugng siéu thuidn tr va
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xuyén ham lugng tir cia do tir héa boi vi mdi
hat ¢6 thé duoc coi nhu mot don domain .
Dua trén nhitng dac tinh vét 1y, héa hoc, nhiét
hoc va co hoc, cac hat nano si€u thuan tir mé ra
tiém ning 16n cho nhitng tmg dung y sinh: 1am
tic nhan tang d0 tuong phdn trong mdy cing
huong tor hat nhan, phan tdch va chon loc té
bao, hiéu (rng dot nhiét va phan phit thudc, vv..
Trong tit ca cic img dung trén ddi hoi hat nand
tur phai c6 tu do bao hoa lon, tuong thich sinh
hoc va dugc chitc ning héa bé mat. Bé mat cua
cdc hat nay dugc cai bién thong qua viéc boc
mot vai 16p nguyén ti cia cic polimer hitu co,
kim loai (Au), cac oxit vO co (nhu SiO,, Al,O3)
va xa hon nita 1a chirc héa béng vigc gén céc
cdc phan tir ¢6 hoat tinh sinh hoc khac nhau.

2. Téng hop cac hat nand oxit sit tir

Hat oxit sit duoc téng hop béng phuong
phap ddng két tua cic ion Fe** va Fe®* (vdi ti s6
phan tir 12 1:2) tir cdc dung dich mubi FeCl, va
FeCl; bang cich thém dung dich améniac
NH4OH 25 %. Kich thudc va hinh dang cua céac
hat tao ra phu thudc vao ti 1& Fe**/Fe’*, 46 pH
va lyc ion cia moi truong. Phan ung tao thanh
két tiia duoc thé hién bang phuong trinh:

Fe?* + Fe'* + 8OH — Fe;04 + 4H,0 (1)

H¢ gém sdu mau Fe;0, duogc diéu ché trong
khong khi véi cling mdi truong c¢6 pH =12, téc
d6 khudy 3000 vong/phiit, ndng do mudi sat (II)
tham gia phan ung lan luot la: 0,4M; 0,2M;
0,1M; 0,05M; 0,025M va 0,004M. Dung dich
hai mudi sét (I11) va sat (II) duge tron 1an & cdc
ndng do thich hop sao cho ti 18 Fe**/Fe** 1a 2/1.
Hon hop hai dung dich dwoc khudy déu bing
may khuéiy co voi toe do khuéiy ¢b dinh trudc.
Dung dich améniac ¢ ndng d6 thich hop duoc
nho giot ddng thoi trong qué trinh khudy vai tbe
do 1 giot/s trong thoi gian 30 phit. Hon hop thu

duoc sau phan tmg gébm két tua mau den
(Fe;04) va cac chét hoa tan. Loc va rira Kkét tua
b@“mg nude bay lan thu dugc san phém 1a chat
ran dic sét mau den. Dé thu duoc bot nand,
dem két tua sdy & nhiét do 40°C trong thoi gian
20 gio. Pé thu duoc chat 16ng tir, phan tin hat
voi chit hoat dong bé mit trong nudc cét bing
may rung si€u am, cong suat rung la 12,5W
trong thoi gian 60 phuit.

Gian d6 nhiéu xa tia X (XRD) duoc ghi trén
may SIEMENS D5000 Bruker — Germany, buc
xa Cu - Ko véi budc séng A = 1,5406 A°,
cudong d6 dong dién bang 30 mA, dién dp 40
KV, géc quét 20 = 10 = 70°, toe d6 quét 0,03 s.
Anh hién vi dién tir truyén qua dugc chup trén
médy JEOL TEM 5410 NV c¢6 dién thé tir 40 +
100 kV, d6 phan giai déi v6i diém anh 12 0,2
nm, d6i véi mang tinh thé 12 0,15 nm, d6 phéng
dai tir 20 + 500 000 lan. Pudng cong tir hod
duoc do trén hé tir ké miu rung DMS 880 VSM
va PPMS c6 kha nang do trong vung nhiét do tur
100+700 K, 1am lanh béng Nito long, tur truong
16n nhét dén 13 kOe va 60 kOe. Mdmen tir ctia
méu c6 thé do theo hai phuong vudng géc va
song song voi tir truong ngoai voi d§ chinh xéc
t6i 10 emu.

3. Két qua va thio luin

Hinh 1 12 gian dd nhidu xa tia X chudn cta
cdc oxit sat [3]. Tur cic gian dd nhidu xa nay,
ching ta nhan théiy cdc dinh nhiéu xa nhiu xa
ctia vat liéu Fe;O, va y - Fe,0; khd gidng nhau
vé vi trf va cudng do tuong dbi. Céc dinh nhidu
xa ciia v - Fe,03 hoi dich vé phia c6 géc nhiéu
xa 16n hon so vdi Fe;O,4, mot vai dinh khac biét
¢6 cuong do nho ([213], [210], [113]) rit khé
xdc dinh ddi voi cdc gian dd nhiu xa khong
thuc su sic nét. Gian d6 nhidu xa cua hai pha
nay khic hoan toan véi gian do nhidu xa tia X
ctia pha o - Fe,O;. Hinh 2 1a gian d6 nhidu xa
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tia X cua cdc miu tir C1 dén C6. D& dang nhan
thdy ring, cdc dinh nhidu xa cua cic miu nay
¢6 vi tri va cuong do gan tring véi cic dinh
nhiéu xa cia vt liéu Fe;0, va 7 - Fe,0;. Tir d6
6 thé khfmg dinh réng cdc mau ché tao dugc c6
thé ton tai dudi dang Fe;0, hoac 7y - Fe,O3 hodc
ca hai va khong chira o - Fe,03. Cac dinh nhiéu
Xa cla cic mau déu c6 sy mé rong can béng vé
hai phia so véi cdc dinh nhidu xa twong ng
trén hinh 1. Sy md rong cua cdc dinh nhiéu xa
¢6 thé do cdc nguyén nhan: hiéu tmg v& sy giam
kich thudc, sy dong gép cua ca hai pha (Fe;0,,
Y - Fe,03) va ton tai ung sudt du & trong mau.
Theo ching t6i, nguyén nhan chinh la do ban

chat tinh thé nand cua cic miu gy ra, cac yéu
t6 con lai cling ¢6 anh hudéng nhung khong
dang ké. Kich thudc hing sb mang tinh duoc tir
gian do nhidu xa tia X 12 8.37 A” réat gin vdi gid
tri he"mg ) mang cua vat liéu Fe;O,4. Tur phuong
trinh Scherrer tinh duoc kich thudc tinh thé cua
cdc mau trong khoang 10 nm.

Anh TEM ciia miu C2 duoc cho trong hinh
3, kich thudc trung binh ctia céc hat trong
khoang tir 10 =+ 15 nm, phéan b kich thudc hep.
Kich thudc hat thu dugc tir phép do TEM 16n
hon so véi két qué kich thudc tinh thé tinh dwoc
tir XRD do c6 sy ton tai ctia 16p vo phi tir & bé
mat cda hat.
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Hinh 1. Gian d6 nhidu xa tia X cua cac Oxit sét: o - Fe,0;, Fe;04, 7 - Fe,0s.



234 N.H. Dirc va nnk. / Tap chi Khoa hoc PHQGHN, Khoa hoc Tw Nhién va Céng nghé 23 (2007) 231-237

“Theta - Scale SIEMENS DSB@@, X-Ray Lab., Hanoi B6-Mar-Z@87 15:28

T T T T T T

2008 .8a
[311T]

Cps

.ea

Hinh 3. Anh TEM cta miu C2. Hinh 4. Anh TEM cta miu C3.
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Hinh 5 1a dudng cong tur hod téng hop cua
hé mau trén hé do VSM. Momen tir bdo hoa cua
hé miu ¢6 gid tri trong khoang tir 35 emu/g dén
74 emu/g, nhdé hon gid tri mdmen tur bdo hoa
ciia mau khéi 1a 90 emu/g. Khi ndng d6 cic
chat tham gia phan tng giam thi tir d6 bao hoa
cia mau tao thanh ciing giam. Sy giam cua tir
d6 bio hoa ¢6 thé do hai nguyén nhan chinh:
cAu trdc 16i - vo (core - shell structure) cua hat
tir va sy ton tai cua pha y-Fe,0; trong mau.
Nguyén nhan cta viéc ton tai ca hai pha theo
chiing t6i do Fe;O, da bi 6xy hod mot phan
thanh y-Fe,O; khi téng hop trong khong khi
theo phuong trinh (2).

Fe;04+0,250, +4,5H,0—1,5y-Fe,0; 3H,0  (2)

DAy 12 hién tuong rat phd bién va khé tranh
khoi di voi cdc oxit sit vi ¥ - Fe,05 ¢6 cling
tinh chdt tir va cu triic tinh thé véi Fe;O,
nhung do 6n dinh hod hoc cao hon nhiéu [4].
Tur XRD rat khé phét hién dugc sy tdn tai cua
pha v - Fe,O; trong mau Fe;0, nhu di thao luan
& trén. Viéc ton tai thém pha y - Fe,0; trong cic
miu C1 dén C6 dugc khéng dinh trong phép do
thanh phan hod hoc, ti phin ciia pha nay tir 9 %
dén 18 %. Lugng 7y - Fe,0; ton tai trong mau
tang khi ndng do cdc chit tham gia phan tmg
giam. Diéu nay c6 thé giai thich nhu sau: Nong
d6 cic chét tham gia phan Ung giam dan t6i
quing dudng ty do trung binh giita cic mam
tinh thé tao thanh tang, lam tdng kha ndng va
cham véi phan to dung mdi va phan ta O,, tao
thanh pha y-Fe,O; nhu phuong trinh (2). Viéc
giam tir 46 bdo hoa do su ton tai cta pha 7y -
Fe,0; 1a ¢6 co sé khi tir d§ bao hoa cua pha nay

la 60 emu/g. Ti phé‘m Y - Fe,O; cang cao thi tir
d6 bio hoa ctia mau cang giam.

Nhiét d6 Blocking ctia mau C1 duoc xéc
dinh bang phép do dic trung Mgc(T) va
Mgc(T) trén hinh 6. Cac duong cong Mzgc(T)
va Mrc(T) rat khéc biét ¢ nhiét do thap, nhung
& viing nhiét d6 cao chiing khd twong ty va thé
hién dac trung cua trang thdi siéu thuan tu.
Theo chiéu tang nhiét do, Mzec(T) dat dén mot
gia tri cyc dai ¢ nhiét d6 khoang 170 K, sau dé
hop nhit voi duong cong Mgc(T) tai cac nhiét
dd cao hon. Tu cdc dic diém coa tir do phu
thugc vao nhiét do, cho phép xac dinh duoc
nhiét do chuyén pha sat tir - siéu thudn tir (nhiét
d6 Blocking) cua mau C1 1a 170 K. & trén nhiét
dd nay hat nand Fe;O,4 tré nén hoi phuc siéu
thuan ttr.

Gia tri luc khang tr cia mau C1 duoc xéc
dinh bang phép do dudng cong tir hod trén hé
PPMS 6000 véi budc do rat nho (0,2 Oe) trong
vung tr truong cyc dai 1a 300 Oe (hinh 7). Luc
khang tir cia mau C1 tinh duge tir phép do trén
la 9 Oe trong khi d6 luc khidng tir ctia miu
Fe;0,4 khéi 1a 200 Oe. Két qua do lyc khéng tir
hat nan6 Fe;O, cta tac gia Bizdoaca va cong su
cling trén hé do nay 1a 20 Oe [S]. Nguyén nhan
cua viéc ton tai H. tai nhiét do phong chua cé
tdc gia nao dua ra 101 giai thich, tuy nhién theo
chiing t6i nguyén nhan cta viéc ton tai H. ¢6
thé 1a do 16p tir chét & bé mat hat tir déng vai
tro 1a 16p ghim tr ngdn can qua trinh dao tir cua
hat.
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Hinh 6. Budng cong Mzgc (T) va Mgc (T).

0.10
0.05
- ﬁﬁiﬁjﬁi‘ﬁﬂ
i
e -
0.00 Eii.;u—sﬁ"'ﬁi ‘
= - ; _ﬁ,ﬁsﬂiﬁ' -
o
| "
-0.05
Hg=9(0e),
-0.10 T T T T T T 1
20  -15 -10 5 0 5 10 15 20
H(Oe)

Hinh 7. Puong cong tir ho ctia mau C1.

4. Két luan

D tong hop duoc cidc mau hat nand Fe;0,
0 cdc nong d¢ muoi khiac nhau.

Da khao sit dic trung cdu trdc va thanh
phé”m hod hoc cta hé hat. Chi ra dugc su ton tai
ctia pha y - Fe,0; trong cdc miu c6 anh huéng
khong nho dén tinh chét tir ctia cic mau.

Xac dinh dugc nhiét do chuyén pha SAt tir -
siéu thuan tr (nhiét d6 Blocking) ctia mau C1 1a
170 K.

Bing phép do chinh xéc trén hé PPMS 6000
thu duoc luc khing tir ciia mau 1a 9 Oe & nhiét
do phong. Véi tir 40 bao hoa 16n, lyc khang tir
nho, va kich thugce trong khoang 10 nm, céc hat
nano Fe;0, hoi tu ddy du cdc yéu t can thiét va
c6 thé ung dung trong y sinh hoc.
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Preparation and study on magnetic properties of Nanoparticles
Fe;0,4 for biomedical applications
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Superparamagnetic iron oxide nanoparticles Fe;O4 have many applications in biomedicine such as
magnetic resonance imaging contrast enhancement, cell separation, hyperthermia and drug delivery,
etc. For these biomedical applications, it requires that the nanoparticles possess high magnetization
values and suitable size smaller than 100 nm with narrow particle size distribution. In this work, iron
oxide nanoparticles Fe;O,4 have been synthesized by coprecipitation method. The nanoparticle size can
be controlled by changing the concentration of salts. The average particle size ranging from 10 to 15
nm, was examined by TEM imaging. The chemical composition analysis showed the presence of the
v-Fe,O; phase in synthesized nanoparticles. The magnetic properties of all samples were studied by a
vibrating sample magnetometer (VSM). The nanoparticles exhibit superparamagnetic properties at
room temperature. The Blocking temperature (Tg) of these particles are about 170K. The saturation
magnetization values at room temperature of the particles are in the range between 35 emu/g and 74
emu/g, lower than the bulk magnetite value of 90 emu/g.



