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TOM TAT

Hat bac nano hinh cau (AgNP) dwoc téng hop bang cdch khir mudi bac nitrat
boi chitosan (CTS) - ¢6 khd nang twong thich sinh hoc va khéng déc hai. San pham
dwoc ddc trung boi kinh hién vi dién tir truyén qua (TEM), phé hdp thu phan tir (UV-
Vis), nhiéu xa tia X (XRD) va phé hong ngoai bién doi Fourier (FTIR). Két qua cho
thdy nhiét @6 phdn ing, nong dé bac nitrat va nong dé STS la nhitng yéu t6 quyét
dinh sw hinh thanh AgNP, kich thudc va hinh thadi cua AgNP co thé duoc kiém sodt
bang cdch khao sdt cdc théng sé nay. O diéu kién téi wu (nhiét dg khir 12 105°C,
néng do bac nitrat la 0,5% va néng do chitosan la 0,1%, sdn phcfm thu dwoc la bac
nano c6 d phén tan cao, hinh cau va kich thude trung binh khodng 6 nm.

Tir khéa: Bac nano hinh cdu, chitosan, phirong phép xanh

1. Giéi thi¢u

Cau trac bac nano da thu hat duoc
nhiéu sy chl ¥ do cac tng dung tiém
ning cua ching trong nhiéu linh vuc
nhu khéang khudn, xuc tac, cam bién
sinh hoc, héa hoc va tang cuong bé mat
phd Raman [1-4]. Su cong hudng
plasmon phu thudc nhidu vao kich
thudc, hinh dang va thanh phﬁn cua hat
nano. Bic biét, kiém soat hinh théi l1a
rat quan trong dé cai thién ung dung cua
cac cAu trac nano & san pham.

AgNP co thé dugc tong hop bang
nhiéu phwong phap khac nhau nhu:
phuong phap hoéa hoc [5], buc xa tia y
[1], quang hoa [6], v.v... Trong do,
phuong phap phd bién nhat dé tong
hop AgNP la phuong phap hoa hoc, st
dung céc tdc nhan kht hoéa hoc nhu
NaBH, hay natri citrate dé kht mudi
bac [7]. Tuy nhién, nhuoc diém cua
phuong phap nay la st dung céac tac
nhan doc hai gy anh huong d6i voi
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moi trudng. Gan day, cac nha khoa hoc
dd st dung “phuong phap xanh” dé
tong hop nano AgNP nhiam khic phuc
han ché noi trén [8].

Trong qué trinh tong hop AgNP,
chat 6n dinh dong vai tro quan trong
trong viéc kiém soat sy hinh thanh cua
hat nano ciing nhu sy on dinh do phan
tan ctia ching [5]. Polyme thuong duoc
stt dung lam chat 6n dinh hat nano vi
chung c6 hi¢u qua trong viéc ngan ngura
su két tu va két tia cua cac hat nano.
Chitosan 1a polysaccarit, mot dan xuét
cua chitin tg nhién, la mot polymer
duoc st dung rong réi trong nhiéu linh
vuc khic nhau boi nhitng wu diém nhu
khang khuan, twong thich sinh hoc,
phan hity sinh hoc, hdp thy kim loai
ning trong nude, lam lanh vét thuong
va la mot vat liéu sinh hoc [9]. Vi
nhitng ly do nay, chitosan dugc st dung
rong rdi trong nhiéu linh vyc khac nhau
nhu y hoc, thuc pham va ky thuat hoa
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hoc, duogc phém, dinh dudng va nong
nghiép [10]. Trong bai b&do nay, chung
ti tong hop AgNP bang phuong phap
xanh, dung chitosan 1am chat khir va
lam chit 6n dinh. Két qua thu duogc 1a
AgNP c6 kich thudc nho, san pham thu
dugc chiu anh hudong cia nhiét d§ phan
g ciing nhu nong d6 ciia bac nitrat va
cua chitosan.

2. Thyc nghiém

2.1. Héa chit va thiét bi

AgNO3 dugc mua tr Sigma
Aldrich. CTS va axit axetic dugc iy tir
Quangzi, Trung Qudc, nudc cit 2 lan
dugc dung trong subt qui trinh thi
nghiém. Tat ca cac dung cu thay tinh
duoc lam sach béng nudc cuong toan
(HCI:HNOs, ty 18 3:1 theo thé tich) va
rira lai bang nude ct.

Ciu trac tinh thé cta cac AgNP
dugc dic trung bang may do nhiéu xa
tia X (XRD, Rikaku- Denki, CuKa, 40
mV, 20 mA, Puc). Binh tinh AgNP
theo budc song hép thu cuc dai cia san
phim duoc ghi lai bdi may quang phd
UV (Jasco V-630 UV-Vis), hinh thai
cua vat lidu duoc x4c dinh bdi kinh hiéu
vi dién tor truyén qua (TEM, Model
JEOLE-3432, Nhat Ban). Phé héng
ngoai (IR) dugc ghi lai bang May quang
phd Nicolet 6700 FTIR.

2.2. Chudn bi hat nano Ag- chitosan

Quy trinh tong hgp nano bac dua
trén tai liéu khoa hoc [10] cua Dong
Wei va cong su. Tuy nhién, ching t6i
c6 thay d6i mot s6 yéu td va diéu kién
thi nghiém.

2.2.1. Piéu ché dung dich chitosan 0,4%

Hoa tan 0,4 g CTS trong 100 mL
dung dich axit axetic 2%. Vi kha nang
hoa tan ctia CTS kém nén hon hop dugc
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khudy qua dém. Loc bo phan khong tan
thu duogc dung dich CTS véi ndng do
khoang 0,4%. Sau do, pha lodng ra &
cac nong d6 khao sat.

2.2.2. Téng hop hat nano bac hinh
cau (AgNP)

Cho 2 mL dung dich AgNO;3; 0,1%
vao 5 mL dung dich CTS 0,1%, dinh
murc thanh 10 mL bang nudc cat. Sau
d6, hdn hop trén duoc chuyén sang éng
COD 10 mL va gitr trong 12 gio ¢
105°C. Mau ciia dung dich chuyén tir
khéng mau sang mau vang nhat.

3. Két qua va thao luin

3.1. Anh hwéng ciia nhiét dp

Pho UV-Vis cua dung dich AgNP
thu dugc tai cac nhiét dd khir khac nhau
(hinh 1A), budc song cua cac pic cuc
dai nam trong khoang 410 - 430 nm, thé
hién dai hip thu cong hudng plasmon
bé mit dic trung cua cac AgNP [8].

Khi phin tmg thuc hién & 105°C,
cuong d6 cua pic nay hau nhu ting gip
déi va tré nén hep hon so véi & 90°C.
Cho thiy c6 sy ting vé sb lugng AgNP
trong dung dich phan Gng va do dong
nhit cao cia AgNP khi ting nhiét do
phan tGng. Chung t6i tiép tuc ting nhiét
dd phan ung 1én 120°C va 135°C, thu
duoc hai pic tu hon, cuc dai hép thu hau
nhu khong ddi (so sanh tir chan dén pic
cuc dai). Cac anh TEM tuong Ung cua
cac AgNP (hinh 1B) cho thdy, khi nhiét
do khu tang, kich thude hat tang. AgNP
duoc téng hop & 90°C c6 kich thudc
trung binh 4,56 + 1,33 nm trong khi
cac AgNP & 105°C cho kich thuéc
trung binh 5,92 + 0,98 nm, va miu &
nhiét dd cao hon 120 va 135°C, hat
nano cho kich thuéc trung binh 1an luot
14 12,08 + 2,13 nm va 32,60 £ 6,10 nm.
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Diéu nay c6 thé dugc giai thich 1a do &
nhiét d6 cao, toc do phan Ung tdng nén
tao ra hang loat mam cung mat lac lam
cho kich thudc hat nho, don phan tan.
Tuy nhién, khi nhiét d§ cang cao, kich
thudc hat cang ting, didu nay c6 thé 1a
do & nhiét d cao hon, CTS bj cit mach

Nhiét d6 khir khac

thanh hop chat c6 phan tir khdi nhé hon
va do do kha nang bao vé¢ AgNP kém
hon. Trong khi luong AgNP tao ra
nhiéu, dung dich tré nén qué bao hoa
AgNP nén dé dang két hop nhau tao ra
cac AgNP c6 kich thudc 16n hon, theo
co ché chin mudi Ostwald.

1B (90°C)

T
440

1B (105°C)

i

T
480

Hinh 1: Phé UV-Vis (A) va dnh TEM ciia AgNP thu duwoc & cic nhiét dg phan irng
khéc nhau 90 °C, 105 °C, 120°C va 135°C (B)

3.2. Anh hudng ciia nong dé bac nitrat

Trong phan nay, AgNP dugc tong
hop tir nhirng ndng dd bac nitrat khac
nhau: 0,1; 0,2; 0,5; 1,0; 2,0 va 4,0%
trong khi d6, c6 dinh nong do CTS la
0,2%, nhiét do6 khir 1a 105°C trong 12
gio. Ph UV-Vis (hinh 2A) thé hién, khi
n6ng dd bac nho (0,1 va 0,2%), pic cua
dung dich rat thap va tu. Vi cuong do
hép thy khong dang ké nén suy ra, luong
AgNP duoc tao thanh trong dung dich
rat it. Khi néng d6 AgNO; ting, cuong
do hap thu cuia AgNP trong dung dich
tang manh, tai budc song 420 nm. Tuy
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nhién, & budc song 300 nm 14 pic hap
thu cia ion Ag® trong tién chat AgNOs,
tai ndong do 4,0% pic & budc soéng
300nm hau nhu ting gap déi so véi pic &
budc song 420 nm nghia 13 lugng Ag’
du dang ké. Chung t6i chup TEM ba
mau dic trung (hinh 2), ndng d6 AgNO;
1an luot 12 0,5; 1,0 va 4,0%. Hinh 2B cho
thdy, mau cho phan bd kich thudc nho
va hep nhét thu duge & néng dd tién chat
bac 0,5%. Mau c6 nong do6 Ag* cang 1on
thi kich thudc hat cang 16n va cé xu
huéng két dinh lai v6i nhau. Piéu nay co
thé duoc giai thich dya vao co ché chin
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mudi Ostwald [6]. Theo d6, qua trinh
nhiét dong hoc xuat hién, cac hat co
kich thudc 16n s€ c6 nang lugng 16n
hon cac hat c6 kich thudc nho, va cac
phan tir trén bé mit cia hat kém bén
hon so v6i cac phan to bén trong long
cta hat. Do d6, cac hat trén bé mat c6
xu hudng vo ra thanh nhitng hat nho tan

trén bé mat cua cac hat 16n, tao thanh
hat c6 kich thudc 16n hon. Tuy nhién,
bé mat cua hat s& phat trién dén mot
muc d6 nhit dinh va sau do s& khong
tiép tuc phat trién thém nira. Mit khéc,
cac hat AgNP hap phu bdo hoa Ag* nén
trong dung dich c6 mot luong du Ag’,
do vay s€ tao ra cac cum mdi co6 kich

vao dung dich, khi dat d¢én d6 qua bdo thude nho hon (hinh 3).
hoa thi cac hat nay c6 xu huéng két tinh
(2A)
Nong 36 AgNO; khic nhau
104 4£%
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Hinh 2: (A) Phé hdp thu UV-Vis va (B) anh TEM cia AgNP véi nong
do AgNO3 khac nhau: 0,5%, 1,0% va 4,0%
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Hinh 3: M6 hinh minh hoa si phét trién hat mam trong trirong hop:
khéng c6 dir Ag™ trong dung dich (a) va cé die Ag” trong dung dich (b)
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3.3. Anh hwéng cia nong dp
chitosan (CTS)

Pé xac dinh nong d6 CTS tbi uu,
chung t6i da khao sat CTS & cac ndng

4A

D6 hip thu

d6 khéc nhau: 0,05; 0,1; 0,2, 0,4% trong
hdn hop phan tng va ¢ dinh nong do
ion Ag” 12 0,5% & nhiét d6 105°C trong
12 gio (hinh 4).

Nong dd chitosan khac nhau
0.4%
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Hinh 4: Phé hap thu UV-Vis (A) va dnh

TEM

ciia C4C AQNP ting véi nhitng nong do

CTS khéac nhau: 0,1% (B); 0,2% (C) va 0,4% (D)

Pho UV-Vis ctua cac AgNP duoc
tao ra & cac nong do CTS khéac nhau
(hinh 4A) cho thay, khi nong d6 CTS
thip (0,05%), hau nhu khéng thay su
thay doi tinh quang hoc cta phd UV-
Vis, nghia la lwong AgNP tao ra khong
dang ké. Khi ndong d6 CTS ting lén
0,1%, su xuat hién dai cong huong
plasmon bé mit véi pic tai budc song
420 nm. Tiép tuc ting ndng d6 CTS lén
0,4%, cuong do cua pic hép thu tai Amax
= 420 nm tang dang ké. Anh TEM (hinh
4B) cho thdy, nong d6 CTS 0,4%,
AgNP c6 kich thudce 16n va khong dong
déu. Khi ndong do giam dan thi 6 dong
déu cua kich thuéc hat va sd lugng hat
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nho ciing ting 1én. Piéu nay cé thé
dugc giai thich la do trong dung dich
phan tmg ndng do chat khir cang 16n thi
phan rng xay ra cang nhanh. Tuy nhién,
do CTS la mét polymer tu nhién c6 do
nhdt cao nén kha nang phan tan cac hat
nano s& kém hon so véi khi & nong do
thap, vi vay cac hat s& c6 xu hudng két
dinh lai voi nhau. Piéu nay ciing d&
dang nhan thiy khi anh TEM méiu nong
do CTS 0,4% cho hinh anh m¢ hon so
v6i cac mau nong d6 thap.

3.4. Phan tich gidn dé nhiéu xa tia
X (XRD)

Chang t6i chon mau cé néng do
Ag" 1a 0,5%, néng d6 CTS la 0,1%,
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nung & 105°C trong 12 gior dé do XRD.
Trén gian d6 nhiu xa XRD (hinh 5) c6
3 pic nhiéu xa tai cic gia tri 20 =
38,21% 44,2°% 64,4° ung vé6i cac mit
(111), (200), (220) véi nhitng cudng do
rat yéu. Biéu nay co thé giai thich I1a do
hat nano c6 kich thuéc rat nho, nghia 1a

CTS bao boc hat nano rat tét. Khong
tim thiy bat ky phan xa nao Ia tap nhiéu
dé chi ra rang trong mau ¢ 1an tap chat.
Theo JCPDS No. 03 - 065 - 2871, san
phdm bac nano cé ciu trdc lap phuong
tam dién.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Ch-Ag
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Hinh 5: Gian do XRD cuia AGNP

3.5. Phan tich phé héng ngogi
(FTIR)

Phd hong ngoai ciia CTS trudc va
sau khi phan ung voi Ag® duoc trinh
bay trén hinh 6. Két qua cho thiy, trén
gian d6 phd hong ngoai cua CTS xuat
hién cac pic dac trung cua CTS, d6 la
pic xuat hién & s6 song 3410 cm™ tng
vGi dao dong hda tri caia nhom hydroxyl
(vo); pic & sb song 2877 cm™ dic
trung cho lién két ven, s6 song 1650
cm™ 1a dao dong hoéa tri cua nhém
amide | (-NH,), sé séng 1420 cm™ Ia
dao dong bién dang (8) ctia nhom —
COCHj va tai s6 séng 1080 cm™ tuong
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rng vai lién két C-O-C. Phé hong ngoai
cia CTS sau khi bi oxy hoa bsi Ag*
cling c6 mot vai dinh dac trung cua
CTS, tuy nhién cuong do hap thu giam
manh. Piéu nay dwoc giai thich nhu
sau: Cac nhom -OH va -NH; con céac
cap di¢n tir ty do linh dong chua tham
gia lién két bi hat manh bai cac ion Ag*
lam cho lién két ban dau bi bién dang
(hinh 6), ngoai ra sy xuét hién dinh méi
& s6 séng 1759 cm™ (dao dong cua
nhom —C=0) duoc cho la c6 su tao
thanh nhém cacboxyl (-COOH) trong
phan te CTS [12].
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Hinh 6: Phd FT-IR cia CTS va nano bgac trong CTS

4. Két luan Diéu kién t6i uu dé diéu ché keo AgNP:

AgNP duoc bao vé boi CTS, v6i  ndng do Ag’ la 0,5%, néng do CTS la
duong kinh khoang 6 nm khi tién hanh 0,1%, nhiét do khir & 105 °C va thoi gian
bang phuong phap khir héa hoc, véi khir 1a 12 gio. Vi CTS c6 kha nang
CTS wvira la chat kher, vira 1a chat bao  twong thich sinh hoc, cung véi do tinh
vé. Kich thudc cua AgNP cd thé dugc  khiét va dic tinh khac biét cia dung dich
kiém soét bang cach thay doi nhiét do  keo AgNP — CTS duoc ung dung nhiéu
phan tng, nong d6 Ag* va nong do CTS.  trong y sinh hoc va duoc pham.
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GREEN SYNTHESIS OF HOMOGENEOUS SILVER NANOPARTICLES
USING CHITOSAN SUSPENSIONS

ABSTRACT

Silver nanoparticles (AgNPs) were synthesized by reducing silver nitrate salts
with nontoxic, biocompatible chitosan. The obtained products were characterized by
transmission electron microscopy (TEM), UV-Visible absorption spectra (UV-vis),
X-ray diffraction (XRD), and Fourier transform infrared spectra (FTIR). It is found
that the reaction temperature, silver nitrate and chitosan concentration were crucial
factors determining the formation of AgNPs, the size and shape of the AgNPs can be
controlled by investigating these parameters. At optimum conditions (reaction
temperature = 105°C, silver nitrate concentration = 0.5%, and chitosan
concentration = 0.1%, the obtained products were single-crystal Ag with highly
dispersion, spherical shape and an average size of 6 nm.

Keywords: Ag nanoparticles, chitosan, green method
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