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TONG HOP VANG NANO DUNG dextran LAM CHAT KHU
VA CHAT ON PINH

Phan Ha Nit Diém'2*, Tran Thai Hoa?, Tran Thic Binh?

ITrueong Pai hoc Bong Nai, 4 Lé Quy Dén, Thanh phd Bién Hoa, Dong Nai.
?Truong Dai hoc Khoa hoc - Pai hoc Hu€, 77 Nguyén Hué, Thanh ph6 Hué

Tém tit. Hat nano vang (AuNP) hinh cau, c6 kich thudc khoang 6-15 nm dwoc téng hop
béng phuong phép khir héa hoc, véi dextran vira la chdt khit, vira la chat 6n dinh. May
khudy tir duoc dung d€ tron hén hop dung dich axit tetrachloroauric va dextran & nhiét do
phong. Anh hudng cta thoi gian khit, néng d6 Au® va néng d6 dextran dén kich thudc cua
AuNP da duoc khao séat. Vi ciu tric caia AuNP duoc dic trung boi phd UV-Vis, phuong
phap nhiéu xa tia X (XRD) va kinh hién vi dién tx truyén qua (TEM). K&t qua cho thdy,
AuNP ¢6 kich thudc nho, d6 dong nhat cao dugc tong hop ¢ nhiét d6 phong, nong d6 Au®
la 0,50 mM, dextran 1a 1,00 % va pH = 12. Khi dung dich Au®* ¢ nong d¢ thdp, san pham la
AuNP ¢6 kich thudc nho nhung ngugce lai, khi dextran & nong do thép, san phdm thu dwoc
1a AuNP c6 kich thudc 16n. Bot AuNP thu duoc bang phuong phép sdy phun. Do tinh khiét
ctia bot AuNP duoc kiém tra bang phd tan sic nang luong tia X (EDX). AuNP dang dung
dich hodc dang bdt duge 6n dinh boi dextran - chat twong thich sinh hoc, da ¢6 nhiéu ting
dung tiém nang trong y sinh hoc va dugc phdm.

Tw khoa: Hat nano vang, Dextran, Phuong phap hda hoc

1  DPatvan de

O dang khdi, vang 1a mot kim loai quy, tro vé mat héa hoc nhung la mot trong nhitng
chat dan dién t8t, nho nhitng ddc tinh nay ma vang duoc st dung trong sudt chiéu dai lich s
nhan loai nhu trang sttc, dung trong nha khoa, dién tx. Tuy nhién, ¢ kich thwéc nano, vang da
thu hut sy quan tam ctia cac nha khoa hoc boi chiing duoc ting dung trong nhiéu linh vuc nhu:
xuc tac [8], cam bién sinh - hda [2], khang khuan [4], dién hoéa [11], tdng cuong bé mat phd
Raman [15], diéu tri ung thu va truyén thudc [2]. Ddc biét, su két hop gitta AuNP véi aptamer
cho nhiing loi thé trong phat hién t& bao ung thuw bang phuong phap phan tich mau [14].

Dextran 1a polysaccaric gom nhiéu monome glucose két hop lai véi nhau bang cac lién
két wu tién ¢ 1,6-a-D-glucopyranosyl. Hang nam, trén thé giéi da san xudt khoang 500 tan
dextran [3]. Dic biét, dextran dé tan trong nudc va la chét c6 d6 on dinh rat tot doi voi cac chat
dién phan, ¢6 pham vi st dung rong trong thuwc pham, cac linh vuc lién quan dén y té, va cac

chttc nang sinh hoc [1]. Nhitng ttng dung trong linh vic y-sinh hoc thi hat nano kim loai hoa
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tan trong dung moi nudc la rat can thiét [18]. Vi vay, dextran 6n dinh dung dich AuNP htta hen

sé st dung d€ tiém vao tinh mach [10], diéu tri ung thw [8,19].

Cé nhiéu phuong phap khac nhau d€ tdng hop vang nano nhu phuwong phap chiéu xa
[6], phrong phép khtr héa hoc [10], phwwong phép phat trién mam [5]... Mdi phuong phap tao
ra hinh thai khac nhau nhu hinh cau [6, 10], thanh [8], hinh 14 cay [16], hinh nhénh [6]. Trong s&
cac tong hop nay, bén canh viéc sit dung thiét bi cong nghé cao, dung tia y lam tdc nhan kha
[5]. Hau hét cac phuong phap déu st dung cadc dung moi hitu co va cac tac nhan khir doc hai
nhu natri borohydride. Piéu nay anh hwong khong nho dén mai treong. D€ khéc phuc han
ché nay, chting t6i tdng hop AuNP bang phuong phép khit héa hoc, st dung dextran vira la
chat khtr vira 1a chat bao vé, khong doc hai trong ca ba yéu td& dung moi, chat khir va chat 6n
dinh.

2 Thuc nghiém

2.1 Hoba chat va thiét bi

Hydrogen tetrachloroaurate trihydrate (HAuCls-3H20), NaOH dwoc mua tir Merck, Dtee.
Dextran (MW 60,000-90,000) dwoc mua tir Himedia, An Do. Céc chat dwoc hoa tan riéng biét
bang nudc cat 2 [an & nhiét d6 phong. Nudc cat 2 lan duoc dung trong sudt qud trinh thi

nghiém.

Chung t6i theo doi tién trinh ctia phan Gng tao AuNP dwa vao duwong phd UV-Vis. Pho
hap thu UV-Vis duoc thuec hién boi may quang phd UV-Vis, V-630 (Jasco, Nhat Ban) va cac vi
cdu truc cia AuNP duogc kiém tra boi kinh hién vi dién t& truyén qua (TEM) (JEOLE-3432,
Nhat Ban). Pho EDX duoc st dung d€ xac dinh thanh phéan nguyén t& cua AuNP, duoc do trén
may JEOL-6490-JED-2000.

2.2 Tong hgp nano Au hinh ciu (AuNPs)

Qua trinh tong hop AuNP c6 cai bién nhe trén tai liéu khoa hoc sd [2]. Cho 250uL dung
dich Au?* 10 mM vao cdc thay tinh chita 2,5 mL dung dich dextran 1,0 %, khudy nhe. Sau d¢,
dting NaOH 0,1 M d¢ diéu chinh dung dich hon hop ¢6 pH = 12. Cudi cling, diéu chinh thé tich
ctia hé 1én 5 mL bang nudc cat, tiép tuc khuay trong 30 phut. Dung dich tir mau phét vang cua
ion Au** dan dan chuyén sang mau do tia, mau ddc trung cta hat nano Au hinh cau. Tiép tuc

khudy trong 2 gio.

Khao sat anh hudng cta thoi gian phan tng duoc thiee hién nhw sau: Quy trinh tong
hop AuNP dugc thuc hién nhuw trinh bay trén hinh 1. Cac gia tri nong d6 Au®, dextran va pH
Tan luot 12 0,50 mM; 1,00% va 12. O day, ching toi theo dai anh hwong cta thoi gian phan tng
dén tinh chat ctia bac nano bang cach 1ay mau tir dung dich sau céc thoi gian phan tng la 15
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phut, 30 phut, 1h, 2h, 4h, 8h, 24h va 28h. Tién hanh do UV-Vis. Ky hiéu céc maiu AuNP tng voi
cac thoi gian khit khac nhau duoc trinh bay ¢ bang 1.

Khao sat anh huong cua néng dd dextran dwgc thye hién nhu sau: Quy trinh tong hop
AuNP duoc thye hién nhuw trén hinh 1. O déy, ching t6i thay d8i nong dd dextran trong dung
dich Tan luot 14 0,25; 0,5; 1,0 va 2,0%. Nong do Au3* va pH duoc ¢ dinh 1a 1 mM va 12. Ky hiéu

cac mau AuNP tng véi cic nong do dextran khéc nhau dugc trinh bay trén bang 2.

Khao sat anh hwong ctia nong dd Au® duoc thuc hién nhu sau: nong dé6 Au’* trong dung
dich duoc thay d6i lan luot 1a 0,125; 0,25; 0,50 va 1,00 mM. Nong dd dextran va pH duoc c6
dinh la 1 mM va 12. Ky hiéu cac mau AuNP tng véi cac ndong d¢ Au3* khac nhau dwoc trinh
bay trén bang 3.

250uLl. Au3 10 mM 2,5 mL dextran 1,0 %

<+—Khudy nhe

l«—pH =12, duing NaOH 0,1 M

«— Diéu chinh Ve =5 mL, dung nudc cat

4+ Khudy 120 phut
y

N

Vang nano hinh cau (AuNP)

mau do tia

Hinh 1. Quy trinh tong hop AuNP

Béng 1. Ky hiéu cdc mau AuNP tai cdc thoi gian phan tng khéc nhau

STT Tén mau tphanung (gi0) [Au¥], mM C%/(dextran) pH
1 AuNP - 0,25 0,25 1 1 12
2 AuNP - 0,50 0,5 1 1 12
3 AuNP -1,00 1 1 1 12
4 AuNP - 2,00 2 1 1 12
5 AuNP -4,00 4 1 1 12
6 AuNP - 8,00 8 1 1 12
7 AuNP -24,0 28 1 1 12
8 AuNP -48,0 48 1 1 12

Bang 2. Ky hiéu cic mau AuNP tai cic nong do dextran khac nhau

STT Tén mgu C%(dextran) tphan tng (glb) [Au3*], mM pH
1 AuNP - dex 0,25 0,25 2 1 12
2 AuNP - dex 0,50 0,50 2 1 12
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STT Tén mau C%(dextran) tphan ing (g10) [Au], mM pH
3 AuNP - dex 1,00 1,00 2 1 12
4 AuNP - dex 2,00 2,00 2 1 12

Béng 3. Ky hiéu cdc mau AuNP tai cic nong d6 Au®* khac nhau

STT Tén mau [Au?], mM tphan ing (g10) C%(dextran) pH
1 AuNP - Au 0,125 0,125 2 1 12
2 AuNP - Au 0,25 0,25 2 1 12
3 AuNP - Au 0,50 0,50 2 1 12
4 AuNP - Au 1,00 1,00 2 1 12

3 K&t qua va thao luin

3.1 Anh huéng cta thoi gian phan @ng

D&i véi cac hop chét hitu co, hau hét phan tng dién ra déu cham. Lanh va cic cong su
[11], tong hop AuNP da st dung chitosan vira la chat khir vira la chat bao vé, qua trinh phan
ting da dién ra trong sudt 8 gio. O bai bdo nay, chung toi stt dung dextran dé diéu ché AuNP &
nhiét d¢ phong trong moéi truong pH = 12, ndong d6 Au®* va dextran lan lwgt 1a 0,50 mM va 1,0
%. D€ theo doi qua trinh phan Ging, ching t6i tién hanh do phd UV-Vis sau nhitng khoang thoi
gian khac nhau: 15 phat, 30 phut, 1h, 2h, 4h, 8h, 24h va 28h (hinh 2). Két qua cho thay, khi thoi
gian phan tng tang, cuc dai hap thu tang dan. Tuy nhién, sau 2h, cyc dai hdp thu cia AuNP
hau nhw khong thay doi. Két qua nay cho biét, nong d¢ ion Au® con lai trong dung dich 1a
khong dang ké. D¢ hdp thu tang nhe la do sy bay hoi cua nude. Do d6, ching t6i chon thoi gian

phan tng 1a 2h d€ khao sat cac yéu t6 con lai.
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Hinh 2. Phd UV-Vis (a) va gian d6 biéu dién cuc dai hdp thu (b) ctia dung dich AuNP/dextran
tai cac khoang thoi gian khit khac nhau.
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3.2 Anh huéng ctia néng do Au>

Trong phan nay, AuNP duoc tong hop tit nhitng nong d¢ ion Au’* khac nhau: 0,125; 0,25;
0,50 va 1,00 mM, trong khi d6, ¢ dinh néng d6 dextran 1a 1,00 %, pH = 12, phan tng dwoc tién
hanh ¢ nhiét d6 phong trong thoi gian 2 gio. Phd UV-Vis (hinh 3) cho thdy, mdi dung dich chi
cho mot cuc dai hdp thu (Amax) ting voi budce song (Amax), gia tri Amax dao dong tir 514; 516,5; 516
va 516,5 nm twong tng voi ndong do ctia ion Au*la 0,125; 0,25; 0,50 va 1,00 mM. Tuy nhién, khi
nong do ion Au® tang gdp doi, cuong do hap thu twong ing tang dang ké dong thoi pic tré nén

nhon hon d6i véi cac mau c¢é néng dé6 Au® cao.

Theo anh TEM va gian d6 phéan bé kich thudc hat ctia cac AuNP tng véi cac nong do
Au?khéc nhau (hinh 4), khi ndong d¢ Au® tang lan luot tir 0,125 dén 1,00 mM, AuNP tao ra déu
c6 dang hinh cau. Vi vay, duong pho UV-Vis (hinh 3) cho mét cyc dai hap thy, phu hop ghi
nhan cua Bankura va cdc cong su [2]. Tuy nhién, kich thudc trung binh ctia cac AuNP khong
bing nhau. O ndng d6 0,5 mM, cac AuNP cho d6 dong nhét cao va khich thwdc va hinh théi
(bang 4). Hinh 4 thé hién anh TEM va biéu d6 phan bé kich thudc cia AuNP ¢ nhitng néng do
Au? khac nhau, kich thudc AuNP tang theo nong dd Au®, khi nong dd Au® qua thap hay qua
cao déu cho san phdm khong dong nhat vé kich thudc. AuNPs c6 kich thudce 8,04; 7,26; 7,60 va
12,67 nm twong tmg véi nong dé Au3+la 0,125; 0,25; 0,50 va 1,00 mM (bang 4), diéu nay phu hop
v6i cac nghién ctu da dugce cong b trude day, Li va cac cong su [12] tong hop nano Ag va Au
bang phuong phap chiéu xa, stt dung poly (N-vinyl pyrrolidone) lam tac nhan 6n dinh. Hien va
cac cong su stt dung hyaluronan lam chét 6n dinh cho AuNP [7] va Lanh cung cac dong tac gia
[11], st dung chitosan vira la chdt khi vira la chat 6n dinh AuNP. Cac nha khoa hoc trén cho
rang, kich thudc ctia AuNP ting khi ndng d6 Au’ ting, c6 thé 1a do su phét trién ctia clusters
va su két tu gitta cac AuNPs khi ty 1€ gitra chat bao vé va néng do Au®* khong cao.
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Hinh. 3. Phé UV-Vis ctia cac dung dich AuNP/dextran khi néng d6 Au® khac nhau
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nhau: 0,125; 0,25; 0,50 va 1,00 mM

Bang 4. Thong tin ctia AuNP khi st dung néng d6 Au®* khac nhau

Ky hiéu mau [Au*] (mM) Amax (nm) Amax d (nm)

AuNP - 0,125 0,125 514,0 0,58 8,04 +2,08 nm
AuNP - 0,25 0,25 516,5 1,21 7,26 + 1,54 nm
AuNP - 0,50 0,50 516,0 2,15 7,60 +0,72 nm
AuNP - 1,00 1,00 516,5 3,22 12,67 1,92 nm

Pho UV -Vis (hinh 3) cho thdy, nong dd Au?* tai 0,125 mM c6 dinh hap thu la tu nhat nén
kich thwdc ctia cdc AuNP khdng dong nhat (hinh 4). O néng d6 0,50 mM, cudng d6 hap thu cta
dung dich AuNP tang dang k& dong thoi dinh tré nén nhon hon. Nghia 13, AuNP tao ra nhiéu
hon, kich thwdc va hinh thai ctia hat c6 d6 dong nhat cao, dd 6n dinh t6t, san pham 1a don phan
tan. Phtt hop véi nghién cttu cia Mao va cong su [13], Rogach va cdng su [16], Wang va cac
cong su [18]. Tai nong do Au*=1 mM, tuy phd UV-Vis cho dinh hap thu cao va nhon nhung
cac AuNP da bi két tu trong thoi gian giti do TEM nghia la dung dich cho d on dinh thap, hé
kém bén. Vi vy, chiing t6i chon nong d6 dung dich Au3*la 0,50 mM dé khao sat cac yéu t6 con

lai.

3.3 Anh huéng ctia néng do dextran

Dextran ¢6 kha néng 6n dinh t6t AuNPs vi chudi dextran chtta cic nhém —OH va —COR,
ching bao vé AuNPs qua hiéu tng tinh dién va phan b6 nguyén tit trong cdu trac [8]. Dong
thoi, dextran hoat dong nhu chat khir goc tw do thong qua qua trinh tach hydro bang cach giai
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phong "H va "OH [5] nén khong can thiét phai thém ankanol vao dé€ khit "OH nhu treong hop
Aw/PVP [12].

O thi nghiém nay, nong do Au* duoc gitr khong doi ¢ 0,50 mM, pH ctia hé dwoc diéu

chinh dén 12. Trong khi d6, nong d6 dextran dwgc thay déi: 0,25; 0,5; 1,0 va 2,0 % 6 nhiét do
phong trong thoi gian phan tng la 2 gio.
Phd UV-Vis (hinh 5) va cac thong tin vé mau (bang 5) cho thdy, Amax ciia AuNP khi st dung
nong do dextran khac nhau 0,25; 0,50; 1,0 va 2,0% lan lwot la 521,5; 519,5; 518,0 va 516,5 nm.
Theo két qua thuwc nghiém, khi tdng nong do dextran thi Amaxchuyén dan vé vung cé budc song
ngan hon va cuc dai hdp thu ting dan. Theo chting t6i, khi ting dan nong d6 dextran, AuNP
trong hé keo tao ra nhiéu hon nén cuc dai hap thu ting dan. Tuy nhién, AuNP c6 kich thuéc
trung binh giam dan (hinh 6).

héa p thu
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Hinh 5. Ph6 UV-Vis ctia cac dung dich AuNP/dextran khi néng d6 dextran khac nhau.

7,60+ 0,72 nm

=1 10, 6=1, 81 nm L 6,02 +0,91 nm

86 Lo lint)
Sis g (hat)
8 H &

8 I (hat)

ooz s 151 1o

e s om o wowowow R R : . i o
Puimg kinh (nm) Puimg kinh (nm) Bwimg kinh (nm) Budmg kinh (um)

Hinh 6. Anh TEM va gian d6 phan bé kich thwdc ctia cic AuNP tai cac nong d dextran (C%) khac nhau
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Bang 5. Thong tin ctia AuNP khi stt dung néng d6 dextran khac nhau

Ky hiéu mau C%Dextran) Amax (nm) Amax d (nm)
AuNSs - D 0,25 0,25 521,5 1,55 13,71 +1,02
AuNSs - D 0,50 0,50 519,5 1,90 10,60 + 1,81
AuNSs - D 1,00 1,00 518,0 2,19 7,60 0,72
AuNSs - D 2,00 2,00 516,5 2,11 6,02+ 0,91

Khi tdng nong dd dextran nghia la nong d6 chat khir dong thoi 1a nong dd chat 6n dinh
trong dung dich tang nén cac hat nano duogc bao vé tdt hon. Dextran ¢ néng dd 1,00% cho hé
keo cho cuc dai hap thu 1 cao nhat va 1a hé don phan tan. Anh TEM (hinh 6 va bang 5) thé
hién kich thudc trung binh cia AuNP giam dan véi sy giam dan ctia Amax khi nong d6 dextran
tang. Cac kich trung binh ctia AuNP la 13,71; 10,60; 7,60 va 6,02 nm twong tng v6i nong dd
dextran tai 0,25; 0,5; 1,0 va 2,0%. Theo chung t6i, dextran vira la chat kht, vira la chat bao vé nén
khi néng d6 dextran tang, AuNP duoc bao vé tot hon, giam duoc su két tu gitra cac hat nano.
Vay 6 mot nong do dextran i wu, dung dich keo AuNP cho kich thude ddng nhét, hé 1a don

phan tan.

34  Dic trung, hinh thai, ciu triic cha AuNP

Hinh 7 biéu dién gian ¢6 XRD cua AuNP. Theo gian d6, AuNP thu duoc ton tai dang
tinh thé, pic nhiéu xa dic trung ctia Au tai 20 1a 38,20 ttng v6i mat (111) ctia mang lap phuong
tam dién ctia cdu tric nguyén ti Au. Pic nhiéu xa rong va thap, cho biét kich thwdc tinh thé rat
nho, khong c6 phan xa tap nhiéu nghia 1a san pham khong chira tap chat khéc.

ops
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Hinh 7. Gian d6 XRD (a) va gian d6 EDX (b) cia AuNP duoc tong hop ¢ néng d6 Au® 1a 0,50 mM, ndng
dd dextran 1a 1,0 %, pH=12 va thoi gian tong hop 2 gid, phan tng dién ra ¢ nhiét do phong.

Dé€ biét thanh phéan cac nguyén t6 c6 trong san phdm, ching t6i dwa vao gian d6 EDX
(hinh 6), két qua do pho bot AuNP, thu dugc khi sdy phun suong dung dich AuNP/dextran
duoc tong hop tir nong d6 Au’ 0,50 mM, dextran la 1,00%. Ham luong C va O la do dextran tao
nén. Ngoai cdc nguyén t&: C, O, Cl va Au, vat liéu khong 1an tap chat khac.
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4  Kétluan

AuNP duoc bao vé bdi dextran, v6i duwong kinh khoang 6-15 nm ¢6 thé thyce hién t6t khi
tién hanh bang phuong phap khir héa hoc, dextran vira la chat khit, vira 1a chat bao vé. Kich
thwdc ctia AuNPs 6 thé duoc kiém soat bang cach thay ddi thoi gia khit, nong dd Au?* va nong
dd dextran. Bot AuNPs véi kich thuwdc gan nhuwe khong thay d6i da duoc tao ra bang cach phun
sdy. Tt nhitng khao sét trén, ching t6i chon diéu kién t6i vu dé€ tdng hop AuNP la: nong do
Au 1a 0,50 mM, ndng d6 dextran 1a 1,00%, pH=12 va thoi gian tong hop 2 gid, phan tng dién
ra 6 nhiét d6 phong.
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SYNTHESIS OF GOLD NANOPARTICLES USING dextran AS
REDUCER AND STABILIZER AGENT

Phan Ha Nu Diem!2*, Tran Thai Hoa?, Tran Thuc Binh?

'Truong Dai hoc Dong Nai, 4 Le Quy Don, Thanh pho Bien Hoa, Dong Nai.
2Truong Dai hoc Khoa hoc - Dai hoc Hue, 77 Nguyen Hue, Thanh pho Hue

Abstract. Gold nanoparticles (AuNPs) in spherical shape with diameter about 6-15 nm were
synthesized by chemical method, using dextran as reducer and stabilizer agent. The
magnetic stirrer treats of the mixture of tetrachloroauric acid and dextran in aqueous
solution at ambient temperature. The influence of reaction time, Au* and dextran
concentration on the size of AuNPs was investigated. The microstructure of AuNPs were
characterized by UV-Vis spectroscopy, X-ray diffractory and transmission electron
microscopy (TEM). Results indicated that aqueous suspensions of the small and well
compositional homogeneity AgNPs were obtained at room temperature, Au® concentration
= 0.5 mM, dextran concentration = 1.0% and pH = 12. The smaller Au* concentration favored
smaller size and conversely the smaller dextran concentration favored bigger size of AuNPs.
AuNPs powders were prepared by spay drying. The purity of prepared AuNPs powders
was also examined by energy dispersive X-ray (EDX) analysis. Thus, the as-prepared
AuNPs stabilized by biocompatible dextran in solution and/or in powder form can be
potentially applied in biomedicine and pharmaceutics.

Keywords: Gold nanoparticles, Dextran, Chemical method

110



