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TOM TAT 

Dung dich keo Au nano kich thuoc hat trong khoang 10 - 53 nm duge chk tao bang 
phuang phap chieu xa YCO-60 SU dung chitosan tan trong nuoc (CTTN) lam ch4t 6n dinh va su 
dung hat mam Au nano nong do 1 mM. Buoc song hap thu cue dai (X^,) do bSng ph6 UV-Vis 
va kich thucre hat xac dinh tu anh TEM. Kat qua cho thiy A^x tang tir 523 nm (hat mSm) lan 
525; 537 va 549 nm va kieh thuoc hat Au nano tang tu 10 nm (hat mam) lan 20; 38 va 53 nm 
tuong ung d6i vai ti le nong do Au^'/Au" (hat m3m) tir 2,5; 5 va 10. Hieu ting ehdng oxi hoa cua 
Au nano kieh thuoc 10; 20; 38 va 53 mn dugc khao sat six dung goc tir do 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS'^). Ket qua cho thay hat Au nano -10 nm c6 hieu 
ting ehong oxi hoa tot hon doi vdi hat co kich thude ldn hem. Au nano/CTTN cha tao b5ng 
phuong phap chieu xa YCO-60 rat co trien vong ting dung lam chat chong oxi hda trong my 
pham va cac Imh vuc khac. 

Tir khoa: Au nano, chitosan, 7C0-6O, chong oxi hda. 

1. M d DAU 

Trong so eae keo kim loai nhu keo Au, Ag, Pt, Cu,.. keo vang nano duge quan tam nghien 
eihi nhigu bdi nhirng tinh ehat dae biet nhu tinh xue tac [1], tinh quang nhiet [2], tinh tuong thieh 
sinh hpe [3],.. . NhiSu phuong phap khae nhau dugc nghien cuxi de che tao keo vang nano nhu: 
ehia nho vang khoi thanh vang nano (top-down) bdi sir bao mdn bang tia laser [4], ban tia lua 
dien [5], khuf dung dich vang ion (Aû "̂ ) tharih Au nano (bottom-up) bang chat khu hda hoc [6], 
b5ng buc xa tia UV [7], tia X [8], tia YCO-60 [9],.. . So vdi eae phuang phap cha tao keo vang 
nano tir dung dieh Au * thi phuang phap khu bang buc xa YCO-60 cd nhieu thuan Igi do phan 
ung thirc hien tiong dieu kien thudng, hieu suSt khu eao, khdng su dung ehSt khir hda hoe va de 
dang kiem soat kieh thudc hat vang thong qua dieu ehinh suat lieu va nong do cac chat phan img. 
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CO kha nang ap dung san xuat ldn va dap ung dugc yeu eau san xuat saeh [9 - 12]. Hon nua, 
phuang phap khir bSng biic xa gamma Co-60 ed the tao dugc dung dich keo vang eo kich thudc 
hat (~2 nm) nhd hon so vdi dung tia UV (~6 nm) va chSt khu hda hoe (~I0 nm) tit dung djch 
eung ndng do Au'^ [10]. Dae trung tinh chat va cac ting dung eua Au nano phu thuoc ehu yeu 
vao kieh thude hat. Vang nano ed kich thude nhd hon 5 nm dugc dimg de che tao vit lieu xue 
tac hieu nang eao [1]. Tuy nhien, kich thude hat vang nano nhieu khi yeu ciu Ion hon de ung 
dung trong ITnh vuc sinh y hgc va cac ITnh vuc khac. Nghien euu cua Chithrani et al. eho thay 
kich thudc tdi uu da hat vang nano hdp thu vao ta bao la 50 nm [13]. Bhiunkar et al. da sit dung 
hat vang nano vdi kich thude 10 - 50 nm dl van chuyen insulin [14]. Elsayed et al. su dung hat 
vang nano kieh thudc 30 - 40 nm da chuan doan va dieu tii benh ung thu [15]. Do vay, cha tao 
vang nano diau chinh kieh thude hat dang dugc quan tam nghian ciru. Trong bai bao nay chung 
tdi trinh bay kgt qua nghian emi ehe tao vang nano vdi chat on dinh la chitosan tan trong nude va 
diau chinh gia tang kieh thudc hat su dung hat mam bang phuong phap chieu xa 7C0-6O va khao 
sat hieu ihig ehdng oxi hoa cua vang nano d cae kich thude hat khae lihau. 

2. VAT LIEU VA PHU^ONG PHAP NGHIEN CtTU 

2.1. Nguyen lieu, hoa chat 

HAUCU.3H2O va nudc la san pham tinh khiet eua Merck, Due. Chitosan tan tiong nudc cd 
do deaeetyl ~50 % va khdi lugng phan tii Mw ~110.000 Da la san pham cua Tnmg tam Nghien 
euu va Trien khai Cong nghe Biic xa. 

2.2 Phurong phap nghi@n ciru 

2.2.1) Che tao dung dich Au nano hat mdm 

Hda tan CTTN vao nudc tao dung dich CTTN 2 % (2 g/100 ml). Hda tan HAuCLj.SHjO 
vao nudc tao dung dich Au^* 10 mM. Tir dung djch CTTN 2 % va Au'^ 10 mM tao dung dieh 
ndng do Aû "" 1 mM/CTTN 1 % va dua vao Ig thuy tinh ed nut van kin. Mlu Aû "" 1 mM/CTTN 
1 % duge chieu xa tien nguon gamma SVST/C0-6O/B tai Trung tam Nghian euu va Trien khai 
Cdng nghe Hue xa vdi lieu xa 8 kGy dg cha tao dung djch mam Au nano. 

2.2.2. Dieu chinh gia tdng kich thu&c hat Au nano 

Dung djch keo Au nano eha tao d tian duge su dung lam hat m^m da dieu ehinh tang kich 
thudc hat. Thanh phSn dtmg dich duge chuan bi nhu sau: ISy mdt phin thg tieh dung dieh Au 
nano (Au") 1 mM pha tron vdi 2,5; 5,0; 10,0; 20,0 va 40,0 phdn tiig tich dung dich Au^^ 1 mM. 
Tdng ndng do vang ([Au^*]+[Au°]) tiong dung dich la 1 mM va ti le nong do [Au**]/[Au°] la 2,5; 
5,0; 10,0; 20,0 va 40,0. Cae m§u [Au^*]/[Au''] vdi cae ti le khac nhau dugc chigu x^ d ligu xa 8 
kGy dg tao hat Au nano ed kich thude gia tang. 

2.2.3. Khao sdt hieu img chong oxi hda cua Au nano 
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De danh gia hieu ting ehdng oxi hda cua Au nano/CTTN, mudi 2,2'-azino-bis(3-
etiiylbenzothia2oline-6-sulphonic acid) (ABTS) 7,4 mM duge phan ung vdi K2S208 2,6 mM dg 
t^o gdc tu do cation ABTS*^ va duge giii tiong bdng tdi 16 h d 23 "C. Dung dich ABTS va 
ABTS'* dugc pha loang vdi nude tiieo ti le 1 : 18 (v/v) de dat dugc mat do quang la 1 ± 0,1 d 
budc sdng 734 nm. LSy 0,6 ml Au nano cd kich thudc hat la 10; 20; 38 v^ 53 nm cho vao eae 
cuvet chua 1ml dung dich da pha loang ABTS (mlu ddi ehung) va ABTS'^. Mat do quang eiia 
cac mau duge do theo thdi gian trgn may UV-is d budc sdng 734 nm. Higu suit bSt gdc tii do 
dugc tmh theo edng thuc: Hieu suat, % = (AC - AS)x 100/AC, tiong do AC la mat do quang cua 
dung dich ABTS doi chting va AS la mat dp quang cua dung dieh goc tu do ABTS""e6 chua Au 
nano vdi cac kieh thudc khac nhau [16]. 

2.2.4 Do phd Uv-Vis cua cdc dung dich keo Au nano 

Pha loang dung dieh keo Au nano bSng nude dgn ndng dp 0,1 mM. Do phd UV-vis trgn 
may UV-2401 PC, SMmadzu, Nhat Ban, dung cuvet thaeh anh 1 cm. 

2.2.5 Chup anh TEM 

Anh TEM cac mlu Au nano dugc thuc hien tien may JEM 1010, JEOL, Nhat Ban. Kich 
thude hat tiimg binh va phan bd kich thude hat duge xae dinh tii anh TEM (-500 hat/mlu) vdi 
sv ho tig cua phan mgm photoshop CS3 va thuat toan xu ly thdng kg. 

3. KET QUA VA THAO LUAN 

3.1. Anh hirong cua ti 1§ nSng do [Au^*]/[Au"] din kich thu^c hat Au nano 

Dung dich Au nano cd kieh thudc 10 nm (hinh \: A, a) chd tao tir dung dich Au^ 
1 mM/CTTN 1 % duge sir dung lam hat mam de digu chinh tang kich thude hat. Trong phuang 
phap nay eae hat mam ddng vai tid la tSm phat trign kich thude hat va kich thudc se tang dan do 
su khu eae ion Au'^ hap phu len bg mat hat mam. Kgt qua anh TEM va phan bd kich thudc hat 
(hinh 1) eho thay khi ti le [Au^*]/[Au''] tang len 2,5; 5 va 10 lan thi kieh thudc ciia hat Au nano 
tang tir 10 nm (hat mam) den 20; 38 va 53 nm. Tuy nhign, khi tang ti le [Au^'']/[Au''Ign 20 va 40 
thi kieh thude hat khdng tigp tue tang ma edn xuat hien them nhiing hat mdi vdi dudng kinh <10 
nm. Nguygn nhan la do khi ehigu xa dtmg dich Au'̂ '̂ , e"aq va 'H sinh ra do qua trinh xa ly nudc 
de dang khu Au^^ thanh vang nguyen tit (Au") [5, 9] do the oxihda-khu (Eo) eua Au'^/Au\ - 1,5 
V [17] cao hon Eo(H20/e"aq) = -2,8 V va EO(H:'/ 'H) = -2,3 V. Khi tiong dung djeh ion Au^* ed 
chua eae hat mam, eae ion Aû "̂  se hap phu Ign be mat hat mam va qua trinh khu ion Au^* tign 
be mat hat mam da tang kich thude hat im tien han qua trinh khii ion Au^^ trong dung dich dg 
tao ra hat mdi vi the oxi hda khu E"(AU^VAU'') = -1,5 V [18]. Nguygn nhan tao rahai viing kieh 
thudc hat Au nano khi ti le [Au'^]/[Au''] eao la do eae hat mam Au nano da hap phu bao hda 
AU^* nen phan Au * edn du tiong dung dich se tao cac hat Au nano mdi cd kich thude nhd hon. 
Kgt qua nay kha phu hgp vdi kgt qua tiong edng tiinh trude day eua ehung tdi vg ehg tao Au 
nano bang buc x^ sii d\mg alginat lam chit dn dinh [11]. Kich thudc hat Au nano cung ehi tang 
tir 20 nm (hat mim) dgn 40 nm ddi vdi [Au^^/[Au''] = 6 va khi [Au^^/[Au''] = 8 tiii kich thudc 
hat khdng tang nua ddng thdi xult Men hai vimg kieh thudc hat. 
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Hinh 2. Anh TEM va phan bo kich thudc hat vang nano theo theo ti le nong dp [Au "̂̂ /[Au°] lan lugt la 
hat mim (A, a); 2,5 (B, b), 5 (C, c); 10 (D,d); 20 (E, e) va 40 (F, f). 

Kgt qua vg mdi tuong quan giua kich thudc hat, Â ax va phd UV-vis eiia mlu Au nano theo 
ti le ndng do [Aû "̂ ]/[Au*'] (hinh 2) eho thly X^^ eua dimg dieh Au nano djeh ehuygn ve phia ed 
budc sdng ldn hon, cu thg la tir 523 nm (hat mam) dan 525, 537 va 549 nm tuong img vdi su 
tang kieh thudc hat tir 10 nm (hat mam) Ign 20, 38 va 53 nm, Mau cua dung dich Au nano 
ehuygn tu mau do (hat mam) sang mau tim khi ti le [Au^*]/[Au''] = 10 (hinh 3). Tuy nhien, khi ti 
le [Au^*]/[Au''] tang Ign 20 va 40 thi X^^ cua dung dieh vang nano dich ehuygn vg phia cd budc 
sdng ngan hon cu thg la bude sdng giam tir 549 nm ([Au '̂* ]̂/[Au ] = 10) xudng 531 nm 
([Au^^]/[Au''] = 40) (hinh 2) va man cua dung dieh chuygn tid vg mau dd bigu hien su gidm kieh 
thudc eua hat Au nano (hinh 3). 
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Hinh 2. Tuong quan giua kich thuoc hat, A^̂ , (a) va ph6 UV-vis 0̂ ) cua mlu Au nano theo ti le nong do 
[Au^^/[Au''] 

Hinh 3. Mau ciia dung dich Au nano sau khi chieu xa a cac ti le [Au^^/[Au''] = 0 (hat mam) (A); 
2,5 (B); 5(C); 10(D) va 40(E)' 

Kat qua tuong tu ciing thu duge trong edng trinh eiia Jane et al. [19] khi cha tao Au nano 
dieu ehinh tang kich thudc hat diing axit ascorbic lam chat khu. Kich thudc hat va sir phan bd 
kich thude hat phu thudc vao tde do khir. Khi cho nhanh axit ascorbic vao dung dich vang ion 
Au^* cd ehua hat mam kieh thude hat tang nhanh tir 12 nm (hat mam) len 20 va 40 nm tuong 
ling vdi [Au^*]/[Au''] = 6 va 40. Tuy nhidn, kich thude hat lai giam xudng va xuat hien hai vung 
kieh thude hat khi tang ti le [Au"*"̂ ]/[Au''] Ign tign 126. Khi tdc do khu giam bang each cho cham 
axit ascorbic lOml/phut, kich thudc hat tang dgu tir 20 nm (hat mam) Ign 24, 49, 74 va 96 tuang 
ung vdi ti le [Au'*]/[Au''] = 6, 40, 126 va 415. Ket qua nay cho thay tde do khu va tae nhan khir 
ddng vai trd quan tiong qua trinh gia tang kich thudc hat vang bang phuang phap trign hat mam. 
Chat khii ygu va tdc do khir cham se lam tang kich thudc hat Au nano ma khdng tao ra vimg 
kieh thudc hat nhd ddi vdi ca trudng hgp ti le [Au^^]/[Au°] cao. 

3.2. Khao sat hieu irng ehdng oxi hoa cua Au nano 6- cac kich thirdc hat khac nhau 
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Hinh 4. Su tucmg quan giSa hieu suat bat goc tu do theo thdi gian cua cac mau Au nano vdi 
kich thudc hat khac nhau. 

Kha nang ehdng oxi hda eua Au nano tai eung mgt ndng do 20 ppm vdi eae kich thudc hat 
khac nhau dugc khao sat bang phuong phap bit gdc tu do cation ABTS*' (hinh 4). Kgt qua eho 
thay kha nang chong oxi hda eao nhlt ddi vdi Au nano ed kich thude hat nhd (10 nm) va giam 
dan khi kieh thude hat tang len 20, 38 va 53 nm. Sau thdi gian 450 phiit phan iing, dimg dich Au 
nano kieh thudc 10 nm dat hieu suat bit gdc tu -100 %, tiong khi dd cac mau cdn lai chi dat 
89,5 % (20 nm); 79,2 % (38 nm) va 70,5% (53 nm). Kgt qua nay eting phu hgp vdi kgt qua cua 
Yakimovieh et al. [20] khi danh gia kha nang ehdng oxi hda (bit gde tu do OH') ciia dung dieh 
Au nano dugc dn djnh blng chitosan vdi kich thude hat khae nhau blng phd edng hudng spm 
dien tii (ESR). Cac tac gia ciing khang dinh rang sir tuong tae ciia hat vang nano vdi cac gdc tu 
do phu thudc vao kieh thude hat, dien tich be mat va ndng do cua dung dieh Au nano. Ngoai ra, 
Yaldmovich et al. ciing nhan thay ring dung dich Au nano cd kieh thude hat ldn, dign tich bg 
mat rieng nhd thi kha nang ehdng oxi hda se thap hon so vdi dung dieh Au nano cd kich thude 
hat nhd, dien tich be mat rieng ldn [20]. Esumi et al. [21] khao sat kha nang ehdng oxi hda eua 
vang nano/chitosan theo ndng do Au nano. Kgt qua cho thay kha nang ehdng oxi hda tang khi 
ndng do Au nano tang va Au nano/chitosan ed kha nang chong oxi hda cao gip 80 lln so vdi axit 
ascorbic [21], 

4. KET L U - ^ 

Da nghien eiiu che tao Au nano digu chinh gia tang kieh thude hat su dung chitosan tan lam 
ehit dn dinh blng phuong phap ehieu xa yCo-dO. Kich thudc hat Au nano dugc digu chinh gia 
tang tii 10 nm (hat mam) den 20, 38 va 53 nm. Kdt qua nghign euu hieu iing chong oxi hda ciia 
Au nano vdi kich thude hat khae nhau cho thly h^t Au nano nhd (10 nm) cd hieu ung ehdng oxi 
hda tdt hon doi vdi hat ed kich thudc ldn hon. Au nano/CTTN ehg tao blng phuong phap ehigu 
xa yCo-60 rat ed tiign vong img dung lam chit ehdng oxi hda tiong my phim va cac ITnh vuc 
khae. 
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SYNTHESIS OF GOLD NANO PARTICLES WITH ENLARGEMENT SIZE BY GAMMA 
Co-60 IRRADIATION AND INVESTIGATION OF ANTIOXIDATION EFFECT 

Nguyen Ngoc Duy', Dang Van Phu, Le Anh Quoe, Nguyen Quoc Hien 

Research and Development Center for Radiation Technology, Vietnam Atomic Energy Institute, 
202A, Str. II, Linh xuan Ward, Thu due District, Ho Chi Minh City, Vietnam 

Email: ngocduvl58lS>.vahoo.com 

Gold nanoparticles (AuNPs) with size in the range of 10-53 nm were synthesized by yCo-
60 irradiation using water-soluble chitosan (WSC) as stabilizer and size enlargement by seed 
approach. Absorption wavelength (?tma,) was measured by UV-Vis spectroscopy and particle 
size was determined fi-om TEM images. Results showed that value of ^̂ ^̂ ^ mcreased from 523 
nm (seed particles) to 525, 537 and 549 nm and the size of AuNPs increased from 10 nm (seed 
particles) to 20, 38 and 53 nm, respectively for concentration ratio of Au^ V Au" (seed) of 2.5, 5 
and 10. Antioxidant effect of AuNPS with size of 10, 20, 38 and 53 nm was investigated using 
fi-ee radical 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulphonie aeid) (ABTS' ""). Results 
mdicated that the smaller the particles size (10 nm) tiie stionger the antioxidant effect attained. 
Thus, AuNPs/WSC synthesis by YCO-60 irradiation are promising for applications as 
antioxidants in cosmetics and in other fields as well. 

Keywords: gold nanoparticles, chitosan, yCo-dO, antioxidant. 
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