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TONG HQP HAT NANO SIEU THUAN TU Fe;0,
VA QUI TRINH PHU LOP VO TREN HAT NANO Fe;0,

Duong Hiéu Péu', Lam Vin Ngodn °, Lé Minh Ting’ va Trdn Hodng Hai®
ABSTRACT

The magnetite nanoparticle coated with SiO, were synthesized by co-precipitation
method. This nanoparticle has the spherical form with 20 nm size and saturated
magnetization at 57 emu/g. The Magnetite nanoparticle (Fe;04Si0O) were crusted with
GPTMS for enhancing adhesion of nanoparticle with antibodies in other to get early
diagnosis for cancer treatment more efficient.

Keywords: Magnetite nanoparticle, Co- precipitation method, Aantibodies

Title: Synthesizing super paramagnetic nanoparticle Fe;04and crusting procedure
TOM TAT

Hat nano éxit sdt tir boc SiO, duwoc tong hop theo phirong phdp dong két tua véi phan tir
hinh cau cé kich thude hat khoang 20 nm, dg tir héa bdo hoa khd cao (khoang 57 emu/g).
Hat nano tir (Fe;04/Si0>) dugc phii 16p vo GPTMS tang cuong kha nang két dinh cia hat
Véi cdc khang thé dé gop phan chan dodn sém va chinh xdc cdc bénh ung thi nham diéu
tri bénh dvuoc hiéu qua hon.

Tir khéa: Hat nano tiv, Phwong phdp dong két tiia, Khdng thé

1 PAT VAN PE

Hat nano tir 43 dugc quan tdm nghién ctru vi kha nang ung dung ctia ching trong
nhiéu linh vuc k¥ thuét va doi sbng nhu lam bd nhé dung lugng cao, (Tran Hoang
Hai va CCS; 2003), myc in tur tinh (Peikov, V. T; 1999); ... Dac biét trong linh
vuc sinh y hoc, hat nano gid sinh hoc cé thé dung dé chan doan va diéu tri cac
bénh nan y nhu ung thu (Tran Hoang Hai and Masanori Abe; 2004), phan phdi
thudc dén ding cac mo bi bénh trong co thé dé tiéu diét mam bénh (Fricker J. ;
2001), 1am chat twong phan trong phép chup anh cong hudng tir dé chan doan
chinh xac cc co quan bi bénh (Coroiu, L.; 1999), .... Cong nghé ché tao cac hat
nano tir rat da dang, tiy theo yéu cau va muc dich st dung cia chung la nghién
ctru trong phong thi nghiém, hay trén co thé ngudi tir d6 ma xac lap cac thong sd
nhu kich thudce, hinh dang, cac tinh chét tir, tinh doc hai va dd bén co hoc cua
hat.... Trong nghién ctru nay, chung t6i chi tiét qua trinh ché tao hat nano siéu
thuan tir Fe;0,4 va qua trinh phu cac 10p vo trén bé mat hat dé lam vat liéu st dung
trong phép chuan doan sém bénh viém gan siéu vi C va ung thu gan thoi ky dau.
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1.1 Pic tinh ciia hat nano siéu thuén tir

Néu kich thudc ciia hat giam dén mot gia tri ngudng (tir vai chuc dén vai trim nm
tuy vao loai phén tr cu thé), thi tinh sat tir bién mat, chuyén dong nhiét tha"mg thé,
vat liéu tro thanh siéu thuan tir, khi d6 tir du va lyc khang tir bang khong. Diéu do
¢6 nghia 13, néu ngumg tac dong cua tir truong ngoai, vat liéu s& khong con tir tinh
nita, ddy la dic tinh quan trong khi dung hat nano siéu thuén tir cho ing dung y
sinh hoc.

Thuec té, ngudi tao ra cac dung dich chira céc hat nano tir goi 1a chat long tir, bén
trong c6 ba thanh phﬁn: hat nano tir, chit hoat hoa bé mat va dung moi. Hat nano
tir 1a thanh phan duy nhat quyét dinh tinh chat tir, chat hoat hoa bé mat co tac dung
lam cho hat nano phén tan trong dung méi, tranh két tu lai voi nhau ngay khi ¢
mat cla tir trudng ngoai.

1.2 Ung dung hat nano tir trong chin do4n y hoc

Hién nay thé gi6i quan tAm nhiéu dén viéc tng dung hat nano tir dé chuan doan va
diéu tri bénh nhét 14 cac can bénh ung thu. Cac cong trinh lién quan c6 thé liét ké
1a sir dung hat nano tir &é chan doan ung thu ¢ tir cung (Wolfgang Meschede va
CCS; 1998), cum gia cam H5N1 (Juergen Pipper va CCS; 2007), viém gan siéu vi
B, siéu vi C (Wang YF va CCS; 2003)...Tuy nhién, viéc ing dung thyc té con han
hep do cong nghé ché tao hat nano theo yéu cau mong mudn chua hoan thién. Dé
tang tinh tuwong thich sinh hoc, cac hat nano dugc bao phil bdi mét loai hoa chét co
tinh phu hgp sinh hoc nhu 1a dextran, polyvinyl alcohol (PVA), ...

Khang thé (antibody) 14 cac phan tir immunoglobulin (ban chat glycoprotein), do
cac té bao lympho B ciing nhu cac twong bao tiét ra dé hé mién dich nhan biét va
v hiéu hoa céac tic nhén la, chang han cac vi khuan hodc virus. Mdi khang thé chi
nhan dién mot khang nguyén duy nhat. Lién két giita khang thé va khang nguyén,
tuong tu nhu gilta enzyme va co chat, c6 tinh thuan nghich. Lién két manh hay yéu
tly vao sd luong lién két va do dac hiéu giita ving nhan dién | khang nguyén trén
khang thé va cau tric khang nguyén twong vng. Nhu vdy mdi khang nguyén s&
tuong tmg vi mot loai té bao bénh do vi khuan hay virus gay ra va chi lién két v6i
mot khang thé twong tng. Viée céy cac khang thé 1én bé mit cac hat nano tir c6 thé
gitip cho viéc sir dung tir truong dé ting nong do cac khang thé va do do tang dugc
ndng do cua cac khang nguyén gitp cho viéc chan doan dich bénh dugc thuc hién
chinh xéac.
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Hinh 1: Dinh cic khang thé 1én cac hat tir dé chdn do4n bénh
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Qua trinh khuéch dai néng d6 dugc thyc hién nho mot gradient tir trudng ngoai,
tao mdt lyc huat 1€n cac hat nano tir tinh c6 mang céac t€ bao dugc dinh cac khang
nguyén. Céc t€ bao khong dugc dinh s€ bi day va thoat ra ngoai.

2 QUY TRINH TONG HQP CAC HAT NANO TU VA CAC LOP BQC
2.1 Tong hop hat nano dxit sit tir Fe;O, bing phwong phap dong két tia

Cho hdn hop mubi sit FeCl,.4H,0 va FeCl;.6H,O theo ti 16 mol 13 1:2 vao binh
cdu chira 50ml nu6c khtr ion. Khudy hdn hop nidy bang may co véi téc do
1000 vong/phut, trong qué trinh khudy ta nang nhiét d6 cua dung dich mudi 1én
80°C va lién tuc suc khi N, cho dén khi két thiic qua trinh tao hat.

Khi dat nhiét d6 (80°C), cho dung dich NaOH vao dung dich hdn hop trén voi ti 18
mol 8OH™: 1Fe’": 2 Fe** dén khi ¢6 su chuyen mau tlr cam sang nau va cubi cung
1a mau den. Dé phan g xay ra hoan toan can tiép tuc giit nhiét do trén 80°C va
khuay hdn hop khoang mot gio.

Cac hat nano siéu thuén tur thu duoc bé'lng cach dd dung dich trén vao cde va dat
trén mot nam cham vinh ciru, né cé tac dung giit cac hat lai khi rira mau. Sau d6
tiép tuc cho nudc khir ion vao va khiy 5 phit roi dat 1én nam cham vinh ciru, thao
tac duoc lap lai nhu cii, tiép tuc rira khoang 6 1an v6i nude khir ion dé loai bo hét
dung dich mudi. Viée loai bo dung dich mudi ra khoi hat nano siéu thuan tir 1a rat
quan trong, vi néu khong, mudi bam 1én trén hat s& can tré cac qué trinh phi 16p
v6 sinh hoc. Subt qué trinh ché tao, phai ludén syt khi N, dé chéng su 6xy hoa.

Dung dich NaOH
L 4

Dung dich Fe**, Fe** (80°C)

Khudy co va giit

Suc khi N,
nhiét d¢ ¢ 80°C

\ Hén hop Kkét tiia mau den /

v

Rira mau

L

Sy miu 80°C

¥

San phflm: Fe;04

Hinh 2: Qui trinh tdng hop hat tir Fe;O,

Qua trinh tao hat nano tir dugc biéu dién theo phuong trinh phan tng sau:
Fe** + 2Fe*" + 80H™ — 2 Fe(OH); + Fe(OH),
2 Fe(OH); + Fe(OH), — Fe;0,4 + 4H,0

Séy mau & 80°C ta thu duoc hat tir Fe;O4. Qui trinh dugc mo ta ¢ hinh 2
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Dé c6 duoc mau tot nhét, sy tong hop duge thuc hién trén 50 mau hat tir Fe;0,
theo cac néng d6 dung dich NaOH bién thién tir IM dén 5M. Qua khao sat dinh
tinh cho thay, mau hat nano tir tong hop véi dung dich NaOH ndng d6 2M 1a co
chat luong t6t nhat.

2.2 Téng hop hat nano tir 16i Fe;04 dwge phii 16p vé SiO,

Hat nano tir dugc pha véi nude, etanol va amoniac theo ti 1€ 1:50:10:30 vé khoi
lugng, sau d6 dugc dua qua bd rung si€u am hoat dong trong 40 phut dé hat nano
phan tan déu. Hon hop trén duoc khudy bang dong co vai toe do 1000 vong/phut;
Tetraethyl orthosilicate dugc cho tir tir vao dung dich theo ti 1€ khéi lugng cua
Tetraethyl orthosilicate vi hdn hop 13 1:450, hé dwoc khudy tiép trong 9 gio. SiO,
dugc tao thanh trén bé mit cac hat nano Fe;0,4 théng qua sy thity phan va ngung tu
Tetraethyl orthosilicate. Hat nano tr Fe;O4 d& phu 16p SiO, dugc thu nhén trong
cbe va duge rira sach giéng nhu qui trinh rira hat nano siéu thuan tr Fe;O4. Hat
nano sau khi rira sach va sdy kho ¢ 120°C (khoang 7 gi®) dugc tiép tuc u & 600°C
trong thoi gian 12 gio, san phérn thu duoc 1a hat nano siéu tir Fe;O4 ¢6 16p phu
Si0,. Trong qua trinh phu Tetraethyl orthosilicate xay ra cac phan rng sau:
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Hinh 3: Cac phan @ng trong qua trinh phi SiO; 1én hat nano tir Fe;O4

Qui trinh phu SiO, 1én hat nano tt‘; Fe;0, duoc md ta & hinh 4. Thiét bi phu SiO,
1én hat nano tir Fe;04 dugc thict ké tai Phan vién Vat ly TP.HCM va dugc chup lai
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trén hinh 5. Hinh 6 1a anh chup san phém hat nano tir Fe;04 sau khi phu SiO,; tao
16p vo bén ngoai mau do cat.
2.3 BQC GPTMS lén h?_lt Fe304/Si02

Boc phui 16p [3-(2,3-Epoxypropoxy)-propyl] - trimethoxysilan (goi tit 13 GPTMS)
1én hat nano tir dugc thyc hién theo phuong phap St ober (phuong phéap tao mam)
v6i mot vai thay d6i (Tran Hoang Hai va CCS; 2007, 2008) va duoc chia lam hai
giai doan, giai doan ddu mam: GPTMS duoc tao ra trén bé mat SiO, cua
Fe;04/Si0,; giai doan hai cac mam nay phat trién trén bé mit SiO,: giai doan nay
1a su phat trién mam nén can c6 nhiéu thoi gian dé mam ting trudng, néu thoi gian
khong du 16n thi viéc phit GPTMS sé that bai, tily vao tig loai chat khac nhau ma
thoi gian phat trién mam ciing khac nhau. Qui trinh dugc tién hanh nhu sau:

Alcohol Hat nano Fe;04

Rung siéu Am

TEOS

NH,OH

v

Khuz?'ly co Tao gel
v

S4v khd 120°C
v

trong 12h & 600°C

v

M;’iu Fe304/Si02

Hinh 4: Qui trinh phi SiO; 1én hat nano tir Fe;0,

Hinh 5: Thiét bi dé phii SiO, Ién hat Hinh 6: Hat Fe;0, phii 16p vé SiO,
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Pha 10ml benzen véi 5ml GPTMS cho 5g hat Fe;0,/SiO, va khudy 1g hdn hop nay
dé u theo thoi gian khao sat. Sau khi & xong hdn hop dugc rira sach voi benzen va
etanol. Hon hop sau khi rira sach dugc sdy trong méi truong N, & 150°C trong 4
gio, san phém thu duogc 1a hat Fe;04/Si0,/GPTMS. Qui trinh bao phu dwoc trinh
bay & hinh 7, san pham thu dugc c6 anh chyp chi tiét ¢ hinh 8, trong d6 anh chup
mau nano tir dugc pha véi 16p vo GPTMS. Do cé su két dinh boi luc tir nén cac
hat nano bi hut lai va tao dang cac hat voi kich thude kha 16n.

Fe;04/Si0; GPTMS + Toluene
Khuiy co  [— Hén hop
U hdn hop

Rira hén hop

¥

Sdy véi N, 150 °C

¥

San phim

Hinh 7: Qui trinh trinh phi Ién hat Fe;0,/SiO,

fund

Hinh 8: San phidm hat nano sau khi phi

3 KET QUA PHAN TiCH CAU TRUC HAT NANO BQOC VO GPTMS

Cgc mau hat nano sau khi duoc pl}ﬁ VO S€ tiép tuc dugc séy kho tao dang bot min
d€ dem di phan tich bang may nhi€u xa tia X. Pho nhi€u xa qua may X-ray (Bruker
D8 XRD) dugc khao sat véi dién cuc dong co6 budc séng (Ko) la
A=0,154056 nm, goc nhicu xa 260 bién thién tr 5,0 dén 80,0 do, hiéu dién thé hoat
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dong 1a 35kV, cuong do la 50mA, dat tai ~Vién Khoa hoc Vat liéu, Vién Khoa hoc
va Cong nghé Viét Nam. Pho XRD ctia mau dugc cho béi hinh 9.

Hinh thai va kich thwéc ciia hat nano tir Fe;0,4/SiO, dugce boc béi GPTMS
Lin (Cps)

Hinh 9: Gian d5 XRD ciia miu Nano phu vo GPTMS 2 Theta (B9)

Hinh 9 cho thiy céac dinh nhiéu xa ctia phd X-ray xuét hién tai cac goc nhidu xa 260
= 30.12°, 35.52°, 43.12°, 57.02° va 62.62° diac trung cho cac pha cua céac hat
Fe;0,. Nhu véy, khi phu GPTMS 1én hat Fe;0,/SiO, thi cau trac cua SiO, chuyén
tu dang tinh thé thanh dang v6 dinh hinh. Tu dinh phé X-ray mé rong, ta co thé
tinh dugc kich thude trung binh cua hat nano tir bang cong thirc Scherrer. Theo do,
kich thudc trung binh ciia cic hat nano Fe;O4 khoang tir 10nm dén 13nm va hat
nano Fe;0,4/Si0; c6 kich thudc trung binh khoang tir 17nm dén 20nm.

Hinh 10 14 anh chup béi kinh hién vi dién tir truyén qua (TEM) chup méau di phu
boc vo, trén anh ta thay hat nano c6 dang hinh cau va duong kinh khoang 20 —
30 nm. Kich thudc hat nay khong 16n hon nhiéu so véi hat duge boc SiO, vi
GPTMS bam vao hat tor da boc SiO,, mot phén do hat phan tan kém trong moi
truong khong phan cuc (Tran Hoang Hai va CCS; 2007).

Hinh 10: Anh TEM chup méu di phi boc vé GPTMS
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Qua phan tich bang phuong phap hoa hoc, gian d6 X-ray va TEM ta c6 thé két
ludn qua trinh phi GPTMS da dat duoc két qua bdm dinh dang ké.

Hinh 11 1a duong cong tir tré do do tir hoa ctia mau da phi boc vo, do thi cho thiy
mau duoc phi v6 ¢6 luc khang tir va d6 tir du bang khong. Diéu nay chimg t6 riang
mau khao sat c6 tinh siéu thuan tir. P9 tir hoa dat 54 emu/g, cho thdy 16p boc
GPTMS lam thay d6i khong déng ké do tir hoa ciia hat. Véi do tir hoa bao hoa
tuong dbi cao sau khi phu vo GPTMS, hat nano v6i vo GPTMS dat yéu cdu cho
viéc gin khang thé 1én hat (Tran Hoang Hai va CCS; 2008) va s& nhanh chong
duogc ung dung trong y hoc dé chan doan bénh viém gan siéu vi C va ung thu gan
thoi ky dau.
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Hinh 11: Puwong cong tir héa ciia miu di phi boc vé

4 KET LUAN

Trong nghién ctru ndy, chung toi thir nghiém va tong két qui trinh tong hop cac hat
nano Oxit st tur boc SiO, véi dang hinh cau c6 kich thudce hat khoang 20 nm, d¢ tir
hoa bao hoa kha cao (khoang 57 emu/g). Lép phu SiO, dong déu, 6n dinh va tuong
d6i mong (sau khi so sanh kich thude trung binh cua hat trudc va sau khi phi). Hat
nano Fe;04/SiO, dugc phi 16p vo GPTMS tuong dbi dong déu va 6n dinh trén bé
mit c6 cac nhom chirc gitip ting cuong kha ning két dinh cua hat nano voi cac
thanh phﬁn sinh hoc cta co thé. Tom lai, v6i chic nang phong sinh hoc va do on
dinh, hat nano oxit sit dugc tong hop s& nhanh chéng dap tmg cho cong doan gin
khang thé dé gop phan chan doan som va chinh xac cac bénh ung thu, gitip cho
viéc diéu tri bénh dugc d& dang va hiéu qua hon, nhd d6 giam chi phi diéu tri,
giam tai cho cac bénh vién tuyén trén va quan trong hon nira la ngan chan cac dot
bung phit dich d6i v6i cac bénh truyén nhiém cép tinh gitp bao vé sirc khoe cong
dong.

45



Tap chi Khoa hoc 2011:19a 38-46 Truong Dai hoc Can Tho

46

TAI LIEU THAM KHAO

Coroiu I, (1999), Relaxivities of different superparamagnetic particles for application in nmr
tomography, J. Magn. Magn. Mater, 201, 449

Fricker J, (2001), Drugs with a magnetic attraction to tumours. Drug Discov Today 6(8):
387-89.

Tran Hoang Hai, Ha Thi Bich Van, Tran Canh Phong and Masanori Abe, (2003), Spinel
ferrite thin-film synthesis by spin-spray ferrite plating, Physica B 327p. 194-197.

Tran Hoang Hai and Masanori Abe, (2004), Untrasound enhanced ferrite plating for
encapsulating microsphere, proc. of The seconnd international Workshop on nanophysics
and nanotechology (IWONN’04), Hanoi, p.297-300.

Tran Hoang Hai, Le Hong Phuc, Doan Thi Kim Dung, Nguyen Thi Le Huyen, Bui Duc
Long, Le Khanh Vinh and Nguyen Thi Thanh Kieu, (2007), Iron Oxide Nanoparticles
with Biocompatible Starch and Dextran Coatings for Biomedicine Applications, The 10th
Asia Pacific Physics Conference 21-24 August, Pohang, KOREA.

Tran Hoang Hai, Le Hong Phuc, Doan Thi Kim Dung, Nguyen Thi Le Huyen, Bui Duc Long,
Le Khanh Vinh, Nguyen Thi Thanh Kieu, Dang Mau Chien, and Nguyen Thi Phuong Em,
(2008), Iron Oxide Nanoparticles with Biocompatible Starch and Dextran Coatings for
Biomedicine Applications, Advances in Natural Sciences, Vol. 9, No. 1 (89— 94).

Juergen Pipper, Masafumi Inoue, Lisa F-P Ng, Pavel Neuzil, Yi Zhang & Lukas Novak,
(2007), Catching bird flu in a droplet, Nature Medicine 13, 1259 - 1263

Peikov, V. T.; Jeon, K. S.; Lane, A. M, (1999), Characterization of magnetic inks by
measurements of frequency dependence of AC susceptibility . J. Magn. Magn. Mater.
193, 307.

Wang YF, Pang DW, Zhang ZL, Zheng HZ, Cao JP, Shen JT, (2003), Visual gene diagnosis
of HBV and HCV based on nanoparticle probe amplification and silver staining
enhancement, J] Med Virol. Jun; 70(2):205-11

Wolfgang Meschede, Klaus Zumbach, Joris Braspenning, Martin Scheffner, Luis Benitez-
Bribiesca, Jeff Luande, Lutz Gissmann, and Michael Pawlita, (1998), Antibodies against
Early Proteins of Human Papillomaviruses as Diagnostic Markers for Invasive Cervical
Cancer, Journal of Clinical Microbiology, p. 475-480, Vol. 36, No. 2



