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Tom tit: Hat nano bac - chitosan (Ag@CS) dugc ché tao theo phuong phap boc
in-situ co kich thuéc trung binh 12,6 nm, hat ddng déu, phan tan tdt trong nudc va o6n
dinh. Két qua thuc nghiém cho thay nhiét 6 va thoi gian phan tng anh huong lé6n dén
su hinh thanh cé&c hat nano Ag@CS, kich thudc hat va do dong déu. Nhiét do téi wu
cho céc qua trinh tong hop hat Ag@CS 1a 60°C trong thoi gian 3 gi¢ thu duoc cc hat
nano Ag@CS c6 ham luong Ag chiém 9,01%. Thé zeta cia Ag@CS dang keo thu
dugc sau 3 thang cd gié tri l1a +25,6 mV ching to cac hat Ag@CS ¢ do 6n dinh tdt,
mé ra tiém ning cho viéc sir dung hé vat lidu nay 1am ché pham bao vé thuc vat.

Tir khoa: Nano bac - chitosan; phuong phap boc in-situ; phong bénh cay trong.

1. Mé dau

Trong nhitng ndm gan day, cong nghé nano di va dang duoc ap dung rat hiéu qua
vao nhiéu linh vuc ndng nghiép nhu: xir ly hat gidng; san xuat thuéc bao vé thuc vat,
phan bon vi lugng cho cay; bao quan néng san sau thu hoach... giup con nguoi hudng
dén nén ndng nghiép sach va an toan [1]. Trong linh vuc bao vé thuc vat, cdng nghé nano
da c6 nhitng tng dung quan trong trong san xuat cac ché pham phong trir bénh do nam,
vi khuan, tuyén trung, nguyén sinh dong vat, tao va dong vat nho gay nén [2]. Mot s6
bénh phd bién trén ciy an qua, cdy luong thyc nhu bénh vang 1, théi ré, ghe, than thu, ri
sat, loét qua, ddm nau, kho 14... dwoc diéu tri hiéu qua bang cac ché phiam nano dong,
kém, bac, titan oxit, chitosan [3- 4].

Kim loai bac (Ag) tir lau di duoc xem I chat khang khuan ty nhién va khong doc
hai, ddc biét khi ¢ kich thuéc nano, kha nang khang khuan caa hat nano bac ting manh
véi pho diét khuan rong. Cac nghién ctru gan day cho thay, hat nano bac ¢6 tinh khéng
khuan, _khang nam, chbng viém, khang virut, chbng tao mach mau mai va khang két tap
tiéu cau. Hat nano bac uc ché manh cac ching vi khuan khiang methicillin nhu
Escherichia coli, Pseudomonas aeruginosa va Staphylococcus aureus bang céch lién két
véi thanh té bao vi khuan tich dién am dé 1am thay ddi tinh thim va su 6n dinh caa vo té
bao [5]. Bi véi cac bénh trén thuc vat, cac hat nano bac c6 phd hoat dong manh voi
nhiéu loai nim nhu Magnaporthe grisea (bénh dao dn), Bipolaris sorokiniana (bénh théi
ré), Colletotrichum gloeosporioides (bénh than thw), Pythium ultimum (bénh théi den),
Botrytis cinerea (bénh mdc xam), Scalerotinia sclerotiorum (bénh mdc tring),
Sphaerotheca pannosa (bénh phan tring), Rhizoctonia solani (bénh khd van),
Colletotrichum theae Petch (bénh thdi blp ché), Phytophthora sp (bénh vang la théi ré)
[6]. Tuy nhién, khi sir dung céc hat nano bac duéi dang dung dich kém 6n dinh va dé bi
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két tu [7], nén thudng duoc 6n dinh bing cac polyme tu nhién nhu chitosan, alignate,
chat tao dic CMC (carboxymethyl cellulose). Diéu nay da dwogc A. Murugadoss va cong
su chitng minh khi sir dung chitosan vira 1am chat khir, vira 1am chét 6n dinh khi téng
hop céc hat nano bac theo phuong phap in-situ [9], thu duoc cac hat nano bac dong déu,
kich thudc nho hon 5 nm.

Trong qué trinh ndy, chitosan dong vai trod 1a tac nhan kiém soét sy hinh thanh cac
hat nano, phan tan ching trong dung mai va chong két dam, tao ra hé keo bac - chitosan
(Ag@CS). Mat khac, chitosan la polyme tu nhién co6 tinh kh&ng vi sinh vat, cam ng
khang bénh cua thyc vat, kich thich hoic (¢ ché su phat trién cua cac té bao, gitp ting
cuong hoat tinh cia céc hat nano bac - chitosan. Mic du, chitosan cé thé khir ion bac
thanh céc hat nano bac, nhung can nhiét do phan tng cao (93-95°C) trong thoi gian
tuong dbi dai (12 gio) [9].

Trong nghién ciru nay, ching toi dung phuong phap boc in-situ dé ché tao hat
nano bac - Chitosan (Ag@CS) bang céach sir dung chitosan vira lam chat boc, chat 6n
dinh, vira 1am chat khu. Bac biét, dé giam nhigt do va thoi gian phan ang tong hop
Ag@CS, chung t6i sur dung it chat khir NaBHy,, gitp giam chi phi va thoi gian ché tao,
diéu nay rat co y nghia khi dinh huéng dung vét liéu nay lam cac ché pham bao vé thuc
vat. Két qua cho thay, cac hat nano Ag@CS thu duoc ¢6 dang hinh ciu, don phén tan,
ddng déu vai kich thudc trung binh dat 12,6 nm.

2. Vat liéu va phwong phap nghién ctru
2.1. Vat ligu

Céc hda chat dung dé tong hgp miu nano Ag@CS I cac san pham thuong mai
cua hang BDH Chemicals, Sigma-Aldrich va Merck loai tinh khiét phan tich bao gom:
Silver nitrate (AgNOs), Acetic acid (CH;COOH), Sodium borohydride (NaBH,), nudc
cat de ion.

2.2. Phwong phdp ché tao

Can 0,3 gam chitosan (93%) pha trong 50 ml dung dich axit axetic 2%, khuiy déu
& toc d6 500 vong/phut trong thoi gian 3 gio, & nhiét d6 50°C (dung dich 1). Hoa tan 0,2
gam AgNOjs trong 50 ml nudc cat, khudy trong 45 phit ¢ nhiét do phong (dung dich 2).
Nh¢ tir tir dung dich 1 vao dung dich 2, khuay lién tuc trong vong 30 phat (dung dich 3).
Cuébi cung, 0,05g NaBH, pha trong 30 ml nudc dugc nhé tir tir vao dung dich 3 thu duoc
dung dich mau nau, tiép tuc khudy trong vong 3 gio, ¢ nhiét 6 khao sét tir 30 dén 90°C.
lon Ag" trong dung dich s& bi khir tao thanh nano Ag phan tan trong ma tran chitosan dé
tao thanh phitrc hop nano Ag-chitosan (Ag@CS).

Pé khao séat sy anh hudng cua thoi gian khudy, nhiét do 1én qué trinh tong hop,
c4c thi nghiém duoc tién hanh khuay trong thoi gian 1 gio, 3 gio va 5 gio, twong tng Voi
nhiét do 30°C, 60°C va 90°C (Hinh 1).

2.3. Ddc trung vat ligu

Hinh thai va kich thuéc hat cic mau Ag@CS NPs thu dugc khao sat trén kinh
hién vi dién tur truyén qua (TEM) JEM 1010 (Phong thi nghiém Siéu cau truc, Vién Vé
sinh dich t&8 TW). Phan b kich thuéc va duong kinh trung binh cta hat dugc tinh toan
bang phan mém cong cu hinh anh Java (ImageJ), dua trén dit liéu trung binh 50-100 hat
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tir két qua anh TEM. Phé UV-Vis cia cic miu duogc ghi trén may quang phé Libra S80
Libra (Biochrom - Anh), va thanh phan nguyén t trong san phdm duoc xac dinh bang
phuong phap hién vi dién tor quét (SEM) voi dau do tan xa nang luong tia X (EDX,
Oxford Instruments - Anh) trén thiét bi JSM - 6510LV (Jeol - Nhat Ban) (Vién Ky thuat
nhiét doi, Vién Han 1am Khoa hoc va Céng nghé Viét Nam). Phan bé kich thuéc hat va
d6 bén thé zeta cua cac mau trong nghién ciru duge xac dinh bang phuong phap tan xa
laser dong (Dynamic Light Scattering-DLS) trén thiét bi Zetasize-Nano ZS cua héng
Malvern-Anh (Vién Khoa hoc vat liéu, Vién Han Iam Khoa hoc va Cong nghé Viét
Nam).

0,3 g Chitosan 0,2 AgNO,

50 ml dung dich Khudy 3 gid, toe

Axit axetic 2% dd 500 vong/phit 50 ml H,0 Khudy 45 phit

Dung dich 1 Dung dich 2

Nho tir tir dung dich
1 vao dung dich 2

Dung dich 3

Khuiy 30 phat

Dung dich 3
Nho tir tir vao
. - Nhiét dd phan tmg 30 °C, 60 °C, 90 °C;
0,05 ¢ NaBH, hoa tan dung dich 3 1t G0 phan ung 57, B9 7, 50 Y

- Thot gian phan tng 1 gio, 3 gi0, 5 gio;
- Toc d0 khuay: 500 vong/phit.

trong 30 ml H,O

Nano Ag@CS

Hinh 1: Quy trinh téng hop hat nano Ag@CS

3. Két qua nghién ciru
3.1. Anh hwéng ciia thoi gian dén qué trinh téng hep vt ligu

Cac mau Ag@CS ky hiéu Ag@CS-1h, Ag@CS-3h, Ag@CS-5h twong ung Voi
thoi gian phan ng ting dan 1 gio, 3 gio va 5 gio tai nhiét do phan ung 60°C, duoc thé
hién trong Hinh 2.

Két qua cho thiy, khi tang thoi gian phan ung tir 1 gio 1én 5 gid, cac hat nano
Ag@CS thu duoc co kich thude ting nhung do dong déu cua cac hat khéc nhau. Cu thé,
khi tién hanh phan @ng trong 1 gio, cac mau Ag@CS-1h (Hinh 2a) thu dwoc ¢é hinh dang
chua hoan thi¢n, khong déng déu, kich thudc trung binh dat 8,5+3,8 nm. Trong khi do, khi
tién hanh phan tng trong 3 gio, cac hat Ag@CS-3h thu dwoc c6 dang hinh cau hoan thién,
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don phan tan, hat dong déu, kich thudc trung binh dat 12,6+2,7 nm. Diéu nay ching to,
chitosan déng vai trd rit quan trong, gilp 6n dinh hé hat va chdng két tu. Khi ting thoi
gian phan tng, chitosan c6 vai trd chat khir ion Ag* thanh Ag, dong thoi vi boc cac hat
nano Ag ngay ¢ kich thudc bé. Mt khéc thoi gian tang thi do tinh thé hda nano Ag cang
cao do d6 hat thu dugc c¢6 kich thudc dong déu hon, hé keo ton tai kha 6n dinh.

Tuy nhién, khi tiép tuc ting thoi gian phan ¢ng cua hé 1én 5 gio, kich thudc cua
c4c hat nano Ag@CS thu duoc tiép tuc ting, trung binh dat 14,8+4,8 nm. Cac hat
Ag@CS-5h thu duoc c6 hién tugng két dam, bién dong kich thudc 16n, khong dong déu.
Két qua nay ciing phu hop vai mot sé cong bd vé anh huong cua thoi gian dén sy hinh
thanh céc hat nano Ag, khi thoi gian phan mg tang kich thudc hat tang [8].

Nhu vay, thoi gian phan @ng ¢ anh huong 16n dén hinh dang va kich thudc cac
hat nano Ag@CS thu dwoc. Cac hat Ag@CS co kich thude dong déu, don phan tan khi
tién hanh phan ung & 3 gio. Diéu nay gilp giam dang ké thoi gian can thiét dé tién hanh
phan tng, so véi khi chi dung chitosan 1am chét khir (phai tién hanh trong 12 gio, theo
két qua cong bd cua nhdm A. Murugadoss va cs. [9]). Do dé, ching t6i chon thoi gian
thuc hién phan tng 12 3 gio cho cac nghién ciu tiép theo.

N=50
0312,6 2,7 nm

Thoi gian phan (ng ting

— 1 gi0
— 3 gI0

5 gi0

(d)
5 10 15 20 25 30
D (nm)

Hinh 2: Anh TEM ciia cdc mau Ag@CS-1h (a), Ag@CS-3h (b), Ag@CS-5h(c)
twong 1ng voi thoi gian phan #ng 1 gio (a), 3 gio (b), 5 gio ()
va (d) gidn do phdn bo kich thudc hat
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3.2. Anh hwong cia nhiét dg dén quéa trinh téng hep vt liéu

Céc miu Ag@CS ky hiéu Ag@CS-30°C, Ag@CS-60°C, Ag@CS-90°C tuong
ing véi nhiét d6 phan tng tang dan 30°C, 60°C va 90°C trong thoi gian phan tng 3h,
duoc thé hién trong Hinh 3.

N=50
D:lZ,G 2,7 nm

£

Nhiét d6 phan (ng ting

-

10 15

D (nm)

Hinh 3: Anh TEM ciia cdc mau Ag@CS-30°C, Ag@CS-60°C, Ag@CS-90°C
neong 1eng voi nhiét dg phan g 30°C (a) , 60°C (b), 90 °C (c)
va (d) gian do phdn bo kich thudc hat

Két qua cho thay, khi nhiét @6 phan tng ting tir 30°C I&n 90°C, vat liéu thu duoc
c6 kich thudc trung binh thay doi khdng nhiéu nhung mirc d6 phan tan vé kich thudc hat
va d6 dong déu 1a khac nhau. Cu thé, tai nhiét do 30°C, cac hat Ag@CS-30°C thu duogc
c6 kich thude trung binh dat 11,5 nm, bién dong 16n trong khoang 6,9 dén 16,1 nm; trong
khi néu nhiét @6 tang 1én 60°C cac hat Ag@CS-60°C thu dugc co d6 phan bé kich thudc
hep hon, dang hinh ciu va dong déu hon, vai kich thuéc chu yéu trong khoang tir 9,9 nm
dén 15,3 nm. Piéu nay co thé giai thich & nhiét d6 cao vai trd cua chat khir cia chitosan
dong gop 1a dang ké, mat khac nhiét do cao lam hoan thién cau trdc cua céc tinh thé nano
Ag. Tuy nhién, khi ting nhiét do l1&n 90°C, cac hat Ag@CS-90°C c6 hién tuong bi két
dam dang 3 dén 4 hat v6i nhau nhung khéng déng déu lam kich thudc hat dao dong Ién
trong khoang tir 9,3 dén 18,3 nm. Vi vay, chling t8i chon nhiét do t6i wu cho cac phan
g téng hop hat Ag@CS 1a 60°C, didu nay gilp tiét kiém chi phi khi dinh huéng @ng
dung hé vat liéu nay 1am ché pham bao vé thuc vat.

20 25 30
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3.3. Thanh phdan va tinh chdt cia vt ligu nano Ag@CS

Thanh phan va cdc nguyén to cau thanh vat liéu nano Ag@CS xac dinh béing
phuong phép phd tan xa ning luong tia X (EDX) mau Ag@CS-3h60°C tong hop ¢ nhiét
d6 téi wru 60°C trong thoi gian 3 gio, két qua thé hién trong Hinh 4.

) : ) B spectrum 3
Nguyéntdo % khoi lwong % nguyén to
(@ 1,77 2.52
O 84,53 90,33
4,69 5,72
Ag 9,01 1,43

Hinh 4: Phé EDX cia mdu Ag@CS-3h60°C

Két qua chup cho thy, trong Ag@CS-3h60°C thu dugc c6 ham lugng Ag chiém
9,01% vé trong luong, trong khi O chiém 84,53%, C chiém 1,77% va N chiém 4,69%.
Diéu nay rat co y nghia khi str dung nano Ag cho cac ché pham bao vé thyc vat, phong
trir su bénh vi chi can ham lwong nho Ag ciing c¢6 thé cho hiéu qua diét trir bénh cao.
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Hinh 5: Phg UV-Vis cia mau Ag@CS (a) va (b) su phan bo

kich thuéc dung dich nano bac - chitosan ché tao bang phuwong phdp in-situ

Céc dac tinh quang hoc cua cac hat nano bac hinh cau phu thugc nhicu vao dwong
kinh cta hat nano. Pho UV-Vis cta cac hat nano Ag c6 kich thudc dudi 20 nm thi déu
cho cong huong plasmon bé mat (Surface plasmon resonance-SPR) nhu nhau. Hinh 5a
cho thay dinh plasmon bé mit caa cac mau tong hop ¢ cac dieu kién khac nhau, tuong
ung voi kich thudc hat 11,5 nm; 12,6 nm va 13,8 nm déu c6 dinh hap thu cuc dai tai 396
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nm va 400 nm. Piéu nay c6 thé giai thich do cac qua cau nano nhoé hon chu yéu hap thu
anh séng va cd cac cuc dai gan 400 nm, trong khi cac qua cau nano 16n hon thé hién sy
tan xa tang 1én va c6 cac cuc dai mé rong va dich chuyén vé phia buéc song dai hon
(duoc goi la chuyén dich do). Két qua nay ciing phu hop véi cac két qua da dugc cong bd
cua Paramelle va cong sy [10,11]. RS rang tir Hinh 5a cho thay khéng c6 dinh SPR nao
duoc quan sat & hon 500 nm, cho thay rang hau hét cac Ag@CS thu duoc co kich thudc
nho va hinh thai twong tu.

Két qua phan tich sy phan bd kich thudc hat bang phuong phap phap DLS cho 1
dinh duy nhét (twong tng véi kich thuéc ¢ hat 24,5 nm) (Hinh 5b), hoan toan khéng cé
su két khdi, tao ra cac tap hop hat & ving kich thuéc ¢& hat chu yéu tap trung trong
khoang 15 dén 40 nm. Piéu nay khang dinh c4c tiéu phan nano c6 kich thudc bé va phan
tan dong déu. Két qua kich thudc hat thu dugc tir anh TEM nhé hon so véi két qua thu
duoc tir két qua phan tich DLS Ia hoan toan phu hop, vi két qua phan tich DLS (phuong
phap tan xa anh sang dong) 1a kich thudc dong, thu duoc tir mot tap hop hat rat 16n, trong
khi anh TEM chi quan sat mot ving nho, sé luong hat dugce quan sat it, kich thudc hat
thu duoc 1a kich thuéc tinh. Mit khac, kich thudc hat ciia cAc mau boc do trong moi
truong chat long (do DLS) ¢6 kich thudc 16n hon khi chup anh TEM c6 thé dugc giai
thich: khi do hat trong méi trudng chét 1ong, cac polime wu nudc & tuong tac véi nudc,
lam cho cac hat c6 kich thudc 16n hon.

Trong hé san pham dang long, thé zeta thuong duoc sir dung nhu 14 mot ngudng
dé danh gia cho su 6n dinh. Thé zeta thé hién mirc 46 day giira cac hat tich dién cung dau
gan nhau trong hé phan tan. Di véi cac phan tir va cac hat du nho, thé zeta cao (&m hoic
dwong) s& cho d6 on dinh cao, hé phan tan s& chdng lai su keo tu, két dam. Thé zeta do
dugc caa mau dat +26,4 mV (Hinh 6a). Nhu vay, véi két qua do duoc thi thé zeta dat
duoc 1a khé t6i wu, khang dinh tinh bén vitng va 6n dinh caa hé dung dich nano. Trong
nghién cau nay, tinh 6n dinh l1au dai theo thoi gian cia cac hat nano Ag dang keo da
duogc theo ddi bang ky thuat do dién thé zeta, tir d6 cho biét su thay doi dién tich bé mat
theo thoi gian (Hinh 6). Gia tri thé zeta cuia Ag@CS dang keo dugc diéu ché bang
phuong phap boc in-situ sau 3 thang c6 gia tri twong tng 1a +25,6 mV. Piéu d6 cho thay
rang dung dich nano Ag@CS dugc ché tao duoc co d6 on dinh tét. Két qua nay cho thay
su 6n dinh lau dai cua cac chat keo twong Gng, mé ra tiém ning cho viéc st dung hé vat
liéu nay 1am ché pham bao vé thuc vat.

300000 400000

+26,4 mVY
(a) | (b) l+25,6 mV

S o < e
& a0 _
0 5 20000
8 100000 =] T
Q 100000
) |

0 -100 0 b 0 20 400 0 100 20

Thé zeta (mV) Thé zeta (mV)

Hinh 6: Thé zeta cia dung dich nano bac - chitosan ché tao
bang phuwong phdp in-situ sau cdac khodng thoi gian: (a) sau ché tao; (b) sau 3 thang
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4. Két luan

Bing phuong phap boc in-situ sir dung chitosan lam chat 6n dinh, déng thoi la
chét khir ching t6i thu dwoc cac mau Ag@CS c6 kich thuéc nho, hat dong déu, phan tan
t6t trong nudc va 6n dinh. Két qua cho thiy, nhiét do va thoi gian phan ang c6 anh
huong dang ké dén sy hinh thanh cac hat nano Ag@CS, kich thudc hat va do dong déu
tang khi nhiét do va thoi gian phan tng ting nhung dat dén mot mic do nhét dinh, su
tuyén tinh nay bi phé& v&, cac hat c6 xu huéng két tu 1am cho hat c6 kich thude 16n hon.
Bing thuc nghiém, chung t6i thu duoc cac hat mau Ag@CS-3h60°C co diéu kién téng
hop téi wu ¢ 60°C trong thoi gian 3 gior c6 kich thude trung binh dat 12,6 nm, ham luong
Ag chiém 9,01%. San phiam c6 dé 6n dinh cao sau 3 thang va ¢ trién vong tng dung
lam cac ché pham bao vé thuc vat, phong trir nam va bénh hai cay trong.

Loi cam on: Cong trinh nay dugc thuc hign voi sy hd trg vé kinh phi cua dé tai
nghién ctru khoa hoc cap Tinh Nghé An ma s6 01/2020/HD-NCKHNA.
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SUMMARY

STUDY ON FABRICATION AG-CHITOSAN NANOPARTICLES
BY IN-SITU ENCAPSULATION METHOD FOR THE PREPARATION
OF NANOPROTECTIVE APPLIED IN PLANT PROTECTION

Ho Dinh Quang ), Chu Thi Thuy Dung ©®, Nguyen Thi Quynh Giang ©,
Nguyen Hoa Du @, Le The Tam @
! School of Biochemical Technology - Environment, Vinh University
2School of Natural Sciences Education, Vinh University
Received on 09/10/2020, accepted for publication on 13/12/2020

Silver - chitosan (Ag@CS) nanoparticles were synthesized by in-situ encapsulation
method, which achieved an average size of 12.6 nm, uniform particles, well-dispersed
particles in water and stable. Experimental results show that the temperature and reaction
time have greatly affected on the formation of Ag@CS nanoparticles, particle size and
uniformity. The optimal temperature is 60°C during 3 hours to obtain Ag@CS
nanoparticles with Ag content of 9.01%. The zeta potential of Ag@CS in the colloidal
form obtained after 3 months has a value of +25.6 mV, proving that Ag@CS particles have
good stability, opening up the potential for using this material system as a plant protection
product.

Keywords: Nano silver - chitosan; in-situ encapsulation method; plant protection
products.
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