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In this paper, the influence of nanoparticle size on magnetic properties
(saturation magnetization Ms, effective magnetic anisotropy Key) and
optical properties (energy band gap Eg) were investigated. Magnetic
nanoparticles Fe;O, (FO) were synthesized by co-precipitation with
different reaction temperatures of 50°C, 60°C, 70°C, and 80°C. They
had sizes of 8.7 nm, 10.1 nm, 10.4 nm, and 11.9 nm, respectively.
While the value of saturation magnetization Mg increased from 51.65
emu/g to 64.56 emu/g, their magnetic anisotropy value decreased from
18.26 kJ/m® to 12.49 kJ/m® when the value of diameter of magnetic
nanoparticles Fe;O,4 changed from 8.7 nm to 11.9 nm. In addition, the
changing of the energy band gap E4 from 2.23 eV (~ 11.9 nm) to 2.75
eV (~ 8.7 nm) indicated the effect of nanoparticle size on optical
properties for magnetic nanoparticles FO. The nanoparticle size is an
important factor affecting the magnetic and optical properties of FO
magnetic nanoparticles.
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Trong bai bao nay, anh huong cua kich thudc hat 1én tinh chat tir (tir do
Ms, di huéng tir hiéu dung Ke) va tinh chéat quang (46 rong ving cam)
clia cac hat nano tir Fe;04 (FO) duoc khao sat. Cac hat FO dugc tong
hop bang phuong phap dong két tia véi cac nhiét do phan ung khac
nhau 50°C, 60°C, 70°C va 80°C, va kich thuéc twong Gng lan luot 1a
8,7 nm, 10,1 nm, 10,4 nm va 11,9 nm. Trong khi tir 46 Mg cta hat FO
tang tir 51,65 emu/g xudng 64,56 emu/g thi gia tri di huéng tir cua
ching giam tir 18,26 kJ/m® dén 12,49 ki/m® theo chiéu ting cua kich
thudc hat tir 8,7 nm dén 11,9 nm. Bén canh do, su thay ddi do rong
ving cdm tir 2,23 eV (~ 11,9 nm) dén 2,75 eV (~ 8,7 nm) thé hién anh
huéng cua kich thude 1én tinh chit quang cua mau FO. Kich thuéc hat
1a yéu té quan trong anh huong dén tinh chét tir va tinh chit quang cua
cac hat nano tur FO.
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1. Gigi thigu

Hat nano tir ferit spinel d va dang dwoc gigi khoa hoc dic biét quan tdm nghién ctiu trong nhiéu
linh vyre nhu xtr Iy méi truong, cam bién hodc y sinh nhur phan phdi thude, 1am tac nhan twong phan
trong chup cong huong tir hoac nhiét tir tri ung thu [1] — [3]. Trong cac hat nano tu ferit spinel, hat
nano tir Fes0O4 (FO) duge dac biét quan tdm do nhiing dac tinh hap din nhu moment tir manh, nhiét
do Curie thap, tinh tuong thich sinh hoc cao, do on dinh tét dudi dang chét long tir [1]. Déi voi kha
nang ung dung rong rai cua cac hat nano tur FO, viéc kiém soat kich thuéc hat 1a rat quan trong doi
v6i tinh chét tir, tinh chit quang ciing nhu kha ning ng dung cua ching [4] -[8].

bén nay, su phu thugc vao kich thudc hat cua mot s6 tinh chat vat 1y nhu tir d6 bio hoa, do
rong viing cam cua hat FO di duoc khao sat trong nhiéu coéng bd trude day. Su phu thudce tinh
chat vat 1y cta cac hat nano tir FO vao kich thudc hat c6 anh huong rat 16n dén kha ning wng
dung caa FO trong nhiéu linh vuc. Vi du, trong linh vic nhiét tir tri ung thu, cong trinh nghién
clru ctia nhom tac gia A. E. Deatsch va cong su cho thay hat nano tir FO c6 kha ning sinh nhiét
t6i wru ung vai kich thudc 19 nm [4]. Bén canh d6, mot sé nghién ctiu cho thdy cac hat nano tir
FO c6 kich thudc nho hon 20 nm thé hién trang thai siéu thuan tir, c6 kha niang phan ang manh
hon, nhanh hon vdi tr truong ngoai gitp nang cao kha nang ung dung cta ching trong linh vuc
nhiét tr tri [9]. Tuy nhién, sy suy giam tir d6 bao hoa (Ms) ctia FO khi kich thuéc hat giam duoc
cong bé trong cac cong trinh cia cac nhom tac gia Y.-W. Jun [10], F. Ozel [11], va Y. Dong [12],
trong khi mot s6 ing dung trong y sinh doi hoi FO ¢6 tir d bio hoa phai du I6n [9]. Bén canh do,
gia tri kich thudc téi han dé hat nano tir dat hiéu ning d6t nong cam wng tir téi da thay doi theo
gia tri di hudng tir (K) duoc quan sat thiy trong cac cong trinh ctia nhom tac gia A. E. Deatsch va
cong su [4], nhom tac gia A. H. Habib va cong su [13]. Do d6, su phu thuéc Ms hoac di huéng tir
K vao kich thudc hat can duoc lam sang to dé cai thién kha ning ung dung cia hat FO trong linh
vuc nhiét tir tri. Trong khi d6, két qua nghién ctu ciia nhom tac gia M. E. Sadat va cong su cho
thdy hat nano tir FO véi ning lugng ving cdm 1,8 — 2.2 eV 6 kha nang ng dung trong quang
nhiét tri [14]. Mat khac, su phu thudc cua ning luong ving cAm (energy band gap E ¢) Cua hat FO
vao kich thuéc hat ciing duoc tim thay trong cong trinh ctia nhom tac gia A. Radon va cOng su
[15]. Két qua nghién ctu cho thiy gid tri E, tang tir 2,52 eV dén 3,01 khi kich thudc tinh thé coa
hat FO giam tir 12,2 nm Xuong 2,9 nm [15] Céc két qua trén cho thay sy phu thuéc manh vao
kich thugc hat cua tinh chat tir hay tinh chat quang ddi v6i hé FO. Diéu nay anh huéng dén kha
nang ung dung cua chung trong nhirng linh vuc lién quan nhu nhiét tu tri [4], [13] hoac quang
nhiét tri [14]. Do d6, ddy van 1a mdi quan tm ddi vai gioi nghién ctru co ban va wng dung.

Trong bai bao ndy, cac hat FO dugc tdng hop bing phuong phap dong két tia véi cac nhiét do
phan mg khac nhau. Cac hat nano tir FO ¢6 kich thugc nam trong khoang tir 8 — 12 nm va c6 gia
tri tir 6 nam trong khoang 51,65 emu/g dén 64,56 emu/g. Mdi quan hé giira tinh chat tir (tir do, di
hudéng tir) va tinh cht quang (d6 rong ving cam) vai kich thuéce hat cho thay vai tro ciia kich thudc
dén cac tinh chat vat 1y ciing nhu kha niang ing dung cia ching. Khi kich thuéc hat ting tir 8,7 nm
dén 11,9 nm thi gia tri tir 49 tang nhung gia tri di hudng tir giam. Mat khéc, hat FO véi kich thudc
tinh thé nho (~ 8 nm) ¢o gia tri Eq (2,55 - 2,75 eV) lon trong khi hat FO véi kich thudc tinh thé I6n
(~ 9 nm) co gia tri Eg nho, 2,23 eV Két qua nghién ctru nay dong gop nhimg thong tin can thiét vé
mbi lién hé giita kich thucyc hat vai tinh chét tir va tinh chat quang cua hat FO.

2. Phwong phap nghién ciru
2.1. Téng hep vt ligu FO

Cac hé hat nano FO duoc téng hop bang phuong phap dong két tua. Cac hoa chat dugc sir
dung trong qua trinh tong hop bao gom: FeCl, (d6 sach > 98%), FeCls (d6 sach > 97%) va
NH,OH (d6 sach = 98%) cua héng sigma-Aldrich. Quy trinh tong hop hé hat nano FO dugc tien
hanh béng cach hoa tan 0,254 g FeCl, va 0,352 9 FeCl, trong 50 ml nudc cat hai lan, c6 su dung
may khuay tir. Sau d6, hdn hop trén dugc khudy tron déu trén may khuay tir, gia nhiét dén cac
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nhiét do khac nhau la 50°C, 60°C, 70°C va 80°C. Tiép theo, nho tir tir 50 ml NH,OH (ndng do
2M) trong thoi gian 10 phut vao dung dich & trén va giit hon hop nay trong thoi gian 1 gio (d6
pH 11 — 13), c6 sir dung khudy tir véi toe do khudy 1a 600 vong/phut. Sau khi két thiic phan @ng,
hén hop nay duoc dé ngudi tu nhién dén nhiét d6 phong, san pham duge tach khoi dung dich va
rira sach bang nudc cat hai 1an. Cudi cung, cac hat nano FO dugc thu hdi bing nam cham. Cac
mau duoc téng hop & cac nhiét d6 khac nhau 50°C, 60°C, 70°C va 80°C duoc ky hiéu twong tng
1a S1,S2, S3 va S4.

2.2. Cac phwong phdp dac trung

Céc dic trung ciu trac cua cac mau duoc khao sat bang cach st dung thiét bi nhidu xa tia X
(XRD) (hé nhiéu xa tia X Bruker D8-Advance instrument), voi bic xa Cu - Ka véi bude song A
= 1,5406 A. Kich thudc hat duge danh gia bang kinh hién vi dién tir truyén qua (Transmission
Electron Microscope — TEM, JEOL JEM-1010). Tinh chat tir cia cac mau dwoc khao sat bang
thiét bi tir ké mau rung (Vibrating Sample Magnetometer, VSM) tai nhiét d6 phong véi cudong do
tir truong thay doi tir -11 kOe dén 11 kOe. Tinh chat quang dugc khao sat bang quang pho hap
thu cia cdc mau thu duoc trén may quang phd UV-Vis (Cary 5000 UV-Vis-NIR
pectrophotometer) véi budce song trong khoang 300 — 600 nm.

3. Két qua va ban luan
3.1. Gidn do nhiéu xg tia X

Hinh 1 trinh bay gian db nhidu xa tia X cta cac hé mau S1, S2, S3, va S4. Cac dinh nhidu xa
Xuat hlen tai cac vi tri (220), (311), (400), (422), va (511) déc trung cho pha ferrite ching to cac

hé mau nay déu don pha. Gian d6 nhidu xa tia X trong Hinh 1 khép véi thé chuan cia mau Fe;O,
(khéi lap phuong, mang khong gian Fd3m, Z=8; JCPDS: 85-1436) [16].

Cuong do (d.v.t.y)
(220
(
(
= &

26 (do)

Hinh 1. Gidn do nhiéu xa tia X ciia cdc mdu S1, S2, S3 va S4
Dya trén dit ligu cua dinh nhiéu xa (311), kich thuéc tinh thé cua toan bo hé¢ mau duoc xac
dinh bang cong thuc Scherrer [16]:

KA
Dyrp = m (1)

trong d6, Dygp 1a kich thudc tinh thé, A 1a budc song ciia ngudn phat xa tia X duge dung, B 1a
bé rong vach & 1/2 gia tri cudong do cuc dai, va @ 1a goc Bragg.

Céc gié tri Dygp duoc trinh bay & Bang 1. Hinh 1 cho thdy dinh nhidu xa (311) thu hep khi
nhiét d6 phan ung tang, dan dén cac hé mau co do két tinh tét hon va gia tri kich thuéc tinh thé
I6n hon. Bang 1 cho thay kich thudc Dygp cua cac hé mau ting tir 7,9 nm dén 9,1 nm khi nhiét
d6 phan tmg ting tir 50°C dén 80°C. Cac két qua nay phu hop véi cac cong trinh di duoc cong bd
Cua cac nhom tac gia Z. J. Zhang va céng su [17], nhom tac gia J. Liang va cong su [18]. V&i su
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thay déi nhi¢t do phan tng trong qua trinh tong hop miu; cac hé mau c6 kich thude khac nhau
duogc tong hgp nham khao sat sy anh huong caa kich thudc hat 1én tinh chat tir va tinh chat quang
cua hé FO.

Bang 1. Gid tri Dygp vd Dygy Cia cde mau S1, S2, S3, va S4

Ky hiéu miu Dygp (nm) Dygy (nm)
s1 7.9 8,7
S2 8,1 10,1
S3 8,2 10,4
S4 9.1 11,9

3.2. Hinh thdi kich thwoc hat

Hinh 2 12 anh TEM cua cac hé mau S1, S2, S3 va S4. C6 thé nhin thiy trén Hinh 2, kich thudc
hat FO nhan duoc khoang 8 - 12 nm. Gia tri kich thudc Drgy, (Bang 1) ciia cac mau S1, S2, S3
va S4 lan luot 1a 8,7 nm, 10,1 nm, 10,4 nm va 11,9 nm. Két qua nay hoan toan phu hop véi két
qua kich thudc tinh thé Dygp ctia cac hé mau & phan 3.1.

\
$ 229 20
Kieh'thuéc (nm)

Hinh 2. Anh TEM va phdn b6 kich thuéc hat cia cde méu (a) S1, (b) S2, (c) S3 va (d) S4
3.3. Tinh chat tir

Puong cong tir tré M(H) cta cac mau S1, S2, S3 va S4 duoc do tai nhiét dd phong trén thiét bi
tir ké mau rung (VSM) (Hinh 3). Hinh 3 cho thay cic miu trén déu co gia tri luc khang tir va tir
du bang khong nén chung déu thé hién trang thai siéu thuan tir.

Bén canh d6, chung toi tién hanh tinh toan duong kinh siéu thuan tir tGi han Dgpy Cia cac hé
hat nano FO dya vao phuong trinh (2) [6] va so sanh gia tri nay voi cac gia tri Dygpp va Drgpy.

Dspu = (EZSZBT) 2

T
trong do, kg 1a hang s6 Boltzman, T 1a nhiét d9, va K 1a gia tri di hudng tur.
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Déi véi cac hat nano tir FO véi K = 9 kJ/m® thi gia tri Depy 14 28 nm. Tét ca cic gié tri Dygp
va Drgy Cia 4 mau déu nho hon 28 nm. Cac hé miu nay déu thé hién trang thai siéu thuan tir. Do
vy, chung toi tién hanh lam khép dir ligu duong cong tir tré M(H) cua cac miu theo ham
Langevin (phuong trinh (3)) dé xac dinh gi4 tri tir 4o bao hoa (Ms), momem tir (). Cac gié tri
nay duoc thé hién ¢ Bang 2.

kgT
M = Mg [coth (kBT) p 3)
80 80
40 | 60
&0
3 ®
E =
20 £ 40
p= =] =
o S2 = ¢
-40 4 S8 20
e v 84
a
-80 1 @ 0

qZ B 4 0 4 B 12
H (kOe)

4 8
H (kOe)

Hinh 3. (a) Duwong cong tur tré M(H) va dwong lam khop theo ham Langevin, (b) Puong cong tir héa
ban dau va dwong lam khdp theo dinh ludt tiém cdn tdi bdo hoa (the law of approach to saturation);
Duong lam khop la dwong lién nét trong hinh (a) va (b)

Tat ca cac gia tri Ms cua 4 mau (Bang 2) déu nho hon gia tri cua hé FO dang khi (90 emu/g)
[19]. Ngoai ra, gi4 tri Ms ting tir 51,65 emu/g (mau S1) dén 64,56 emu/g (mau S4). Két qua nay
cho thiy gi4 tri Mg tang khi kich thudc ting. Twong tw, mau S4 c6 gia tri moment tir ¢& 11,92 x
10° ug trong khi mau S1 c6 gia tri moment tir ¢& 6,52 x 10°us. Sur suy giam gia tri Mg theo chiéu
giam cua kich thude ciing duoc tim thiy trong cic cong trinh dd cong bd trude day [20]. Nghién
ctru ciia nhom tac gia Goya va cdng su cho thay tir 4o bdo hoa cta cac hat nano FO suy giam
dang ké khi kich thuéc giam tr 150 nm xudng 5 nm [20]. Bén nay, nguyén nhéan ciia su suy giam
nay duoc 1y giai boi sy ton tai cua 16p vo khong tir (I6p chét tir hoic 16p spin nghiéng) trén bé
mat hat [21]. Khi kich thudc hat giam thi sy dong gop cua l6p vo khong tur tang, dan dén sy suy
giam ctia moment tir cia hat nano FO. Piéu nay dan dén sy suy giam tong cong gia tri tir 46 bio
hoa cua hat FO.

Tinh chét tir ciia hé hat nano tir duoc thé hién qua gia tri tir d6 bdo hoa va di huéng tir hiéu
dung ctia ching. Do d6, ching t6i ciing tién hanh tinh toan gia tri di huéng tir hiéu dung cho cac
mau trén. Hinh 3 (b) dong thoi thé hién dit liéu duong cong tir héa ban dau va duong 1am khop
theo dinh luat tiém can téi bdo hoa (the law of approach to saturation) [6] dé xac dinh gié tri di
huéng tir hiéu dung ciia cac mau S1, S2, S3, va S4. Céc gia tri ndy ciing dugc trinh bay & Bang 2.

Bang 2. Gia tri Mg, u, Kerg, va Eq Ciia cdac mau S1, 82, 3, va S4

Ky hiéu mau Mg (emu/g) u (ug) K.fp (KI/M') E, (eV)
S1 51,65 6,52 x 10° 18,26 2,55
S2 59,67 10,71 x 10° 15,31 2,75
S3 63,76 10,85 x 10° 14,92 2,74
S4 64,56 11,92 x 10° 12,49 2,23

Nguoc lai méi quan h¢ gitra tir do bao hoa va kich thudc hat, gia trj Key Clia cac hé mau déu
I6n hon gia tri mau khdi twong tmg 1a 9 kJ/m® [19]. Mat khac, gia tri K clia cac hat FO c6
khuynh huéng suy giam khi kich thuée ting. Gia tri di huéng tir hiéu dung cia mau S1 1a 18,26
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kJ/m®, 16n gap gan 1,5 lan so véi mau S4 (12,49 kJ/m®) trong khi kich thuéc mau S1 nho ¢&
0,73 lan kich thudc cia mau S4. Xu hudng nay trung khép voi két qua cua cac cong trinh da
cong bd trude day [6], [22]. Nguyén nhén cua hién tugng nay lién quan dén di huéng tir bé
mat. Khi giam kich thudc hat, ti s0 cdc nguyén tir trén bé mat hat so Vi bén trong hat ting dan
dén sy dong gop dang ké cua di hudng tir bé mit, gop phan tang gia tri di hudng tir hidu dung &
vung kich thudc nho.

3.4. Phé UV-Vis

A — =
W o W o

e
o

Cudng do hép thu (don vi tiy ¥)

400 500 600
Bude song (nm)

Hinh 4. Phé UV-Vis cia cdc méu S1, 82, S3, va S4

Tinh chit quang caa hat FO duoc khao sat dua vao quang pho UV-Vis véi bude song tir 300
nm dén 600 nm (Hinh 4). T dit liéu ciia Hinh 4, d6 rong ving cam Eq cua cac hat FO duoc tinh
theo phuong trinh Tauc [23]:

(ahv)? = A(hv — Ej) (4)

trong d6, A 1a hing s6, hv1a niang lugng photon tng véi bude song, va a 1a hé s6 hap thu.

3

%)
|

(ahv)’

(ahvy?

o si

E, 2.55(eV)
(a)
1 1
2.0 2.4 2.8 3:2
hv(eV)
A s
1.0
05 =
E,=2.74 (cV)
©)
0.0 1 1
2.0 2.4 2.8 3.2

hv{cV)

2.0 2.4 2.8 32

hv(eV)

Hinh 5. Sir phu thugc ciia (ahv)? vao (hVv) ciia cac mau (8) S1, (b) S2, (c) S3, va (d) S4
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Hinh 5 thé hién su phu thudc caa (ah v) cua hat FO vao nang lugng photon (hv). Tu dix li¢u
Hinh 5, gia tri Eq duge xac dinh lan Tuot bang 2,55eV,2,74 eV, 2,75 eV va223 eV dol Vai cac
mau S1, S2, S3, va S4. Do kich thuoc tinh thé (Dxrp) Cla cac hé mau S1, S2, va S3 gan gla tri 8
nm, gié trj trung binh E4 ctia 3 hé mau nay ¢& 2,68 eV, I6n hon gid tri E4 (2,23 eV) cia mau S4
(Dxro = 9,1 nm). Két qua nay cho thay gia tri Eg c6 khuynh huéng giam kh1 kich thuéc tinh thé
tang. Khuynh huéng nay kha phu hop véi cac cong trinh dé cong bb trude day [14], [15]. Nhom
tac gia A. Radon va cong sy tim thiy Eq tang tir 2,52 eV dén 3,01 khi kich thudc tinh thé cua hat
FO giam tir 12,2 nm xuéng 2,9 nm [15].

4. Két luan

Céc hat nano tir Fe;0, da duoc tong hop thanh cong bang phwong phap ddng két tia. Cac hat
nano tir nay co kich thudc thay doi tir 8,7 nm dén 11,9 nm. Gi4 tri tir d6 bio hoa (Ms) va moment
tir cia cac hat nano Fe;O, ting theo chidu ting cuia kich thudc hat. Nguoc lai, gia tri di hudng tir
hiéu dung (K) cua ching c6 khuynh huéng giam khi kich thudc hat téng. Mét khac, 6 rong vung
cAm cua hat FO thay ddi tr 2,23 eV (Dxrp ~ 8 nm) dén 2,55 -2,75eV (Dxrp ~ 9 nm).

L&i cam on

Nghién ctru nay duogc thuc hién véi sy hd trg vé kinh phi boi nhiém vu KH&CN theo Nghi
dinh thu cua B§ Khoa hoc va Cong ngh¢, ma so6: NDT.88.JP/20. T4c gia L. H. Nguyén cam on sy
ho tro cta Truong Pai hoc Van Lang.
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