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The effect of Chitosan molecular weight on morphology and stability of copper
nanoparticles synthesized via chemical method
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TOM TAT

Trong nghién ctru nay, dong nano da duoc ché tao bang phwong phép hoa hoc sir dung NaBH4 1am chét
khtr, chitosan c6 khdi Iugng phan tir khac nhau 1am chét 6n dinh. Sy hinh thanh déng nano dwoc xéac
dinh bing mau sic dic trung, phd UV-vis va gian d6 nhidu xa tia X (XRD). Hinh thai va kich thugc hat
dugc phan tich bang kinh hién vi dién tur truyén qua (TEM). Két qua cho thiy khéi lwong phan tir cua
chitosan ¢ anh huéng dén hinh thai, kich thuéc hat ciing nhu d6 6n dinh cua vat liéu. Cac hat dong
nano dugc 6n dinh bang Chitosan khéi luong phan tir tir 90kDa dén 160kDa co kich thuéc khoang
3,5nm. Vit liéu ché tao dugc kha bén & nhiét do phong sau 2 thang luu giit.

Tir khéa: chdt én dinh, Chitosan, dong nano, khéi lirong phan tiz Chitosan
ABSTRACT

In this study, copper nanoparticles were fabricated by the chemical method using NaBH4 as a reducing
agent, chitosan with different molecular weights as the stabilizers. The formation of copper
nanoparticles was confirmed using different characterization techniques, including characteristics of
colour, ultraviolet-visible spectroscopy (UV-Vis) and X-ray diffraction (XRD). The morphology and
particle size of the materials were evaluated by transmission electron microscopy (TEM). The results
showed that the molecular weight of Chitosan affects the morphology, particle size as well as stability
of the materials. The copper nanoparticles prepared by chitosan with molecular weight from 90 to
160kDa had an average size of 3,5nm. The as-synthesised materials were quite stable at ambient
temperature after two months of storage as a water dispersion.

Keywords: stabilizer, Chitosan, copper nanoparticles, Chitosan molecular weight

1. Mé dau

Céac hat nano kim loai véi hinh dang
va kich thuéc khac nhau da thu hat duoc
su quan tdm cua cong ddng nghién ctu
trong thoi gian gan day ca trén khia canh
phuong phap ché tao ciing nhu phat trién
kha nang tng dung. Tuy thudc vao cac linh
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vuc kh&c nhau nhu y sinh [1], dién tu,
quang hoc [2], hay xuc tac [3, 4]... vat li¢u
nano duoc thiét ké voi hinh dang, kich
thudc va hoat tinh phu hgp. Céc hat nano
cua céc kim loai quy nhu bac, vang va bach
kim da dugc ung dung kha hiéu qua trong
cac linh vuc trén, tuy nhién, gia thanh rat
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cao nén viéc san xuét ching véi quy md
I6n t6 ra thiéu thyc té. Bé khic phuc tinh
trang ndy, dong nano véi gia thanh ché tao
ré dugc xem la lya chon kha hop ly cho
viéc thay thé cac kim loai quy néu trén.

Céac phuong phap ché tao déng nano
thudng gap tro ngai 13 hiéu suit va do tinh
khiét khong cao do bé mat rat dé bi oxi
hoa, san pham tao thanh thuong c6 mit ca
CuO va Cu0. Pé giai quyét van dé nay,
c4c chét chéng oxy hod thudong dugc thém
vao hé nham cai thién hiéu suat va ting do
bén cta san pham. Cac loai polymer cé
ngudn gbc ty nhién thuodng duoc sir dung
nhim gia ting kha ning bao vé hat nano
chéng lai quéa trinh oxy hoa. Ngoai tac
dung chdng oxy hoa, loi thé caa polymer la
c6 kha nang diéu chinh téc do hinh thanh
c4c hat mam, ting kha niang 6n dinh cac
hat nano, nho dé cé thé kiém soat kich
thudc hat nhu mong mudn nhd Vao viéc
diéu chinh noéng do hay khéi luong phan tir
cua polymer.

Chitosan la moét loai polymer sinh hoc,
c6 murc d6 phong phu chi xép sau cellulose
trong ty nhién. Chitosan thuong duoc ché
tao bang phuong phap deacetyl héa chitin —
loai polymer c6 trong voé cua cac loai giap
Xac tém, cua, nhén... Uu diém ndi bat cua
chitosan la kha nang phan huy sinh hoc,
hoat tinh khang khuan, khang nim va
chéng oxi hoa tét [3]. Cac nghién ciru gan
day cho thay ngoai tac dung chdng oxy
hod, chitosan con c6 kha ning 6n dinh tét
cac hat nano nho tao phtrc va tuong tac
tinh dién véi ion kim loai [3]. Tuy nhién,
anh huong cua khdi luong phan tir cua loai
polymer nay 1én d6 6n dinh cua vat liéu
van con it dugc dé cap trong cac cong trinh
nghién cau.

Trong nghién ciu nay, déng nano
duoc ché tao bang phuong phap hoa hoc sir

dung NaBHs lam chat khu, céc loai
chitosan c6 khdi lwong phan tir khac nhau
duoc st dung 1am chét 6n dinh. Co ché 6n
dinh cac hat dong nano biang Chitosan va
d6 bén cua chung dya vao khéi lugng phan
tir chét 6n dinh ciing duoc thao luan.

2. Thuc nghiém

2.1. Nguyén ligu va Hoa chat

Chitosan nguyén liéu c6 khdi lugng
phan tir khac nhau tir 10 dén 160kDa dugc
cung cap boi Cong ty C6 phan Pau tu va
Cong nghé Huong Nam, Viing Tau, Viét
Nam. CuSO4.5H20 dang tinh khiét cua
Beijing (Trung Quéc). NaBH4 1a san pham
tinh khiét cia Merck (Puc). Cac hda chat
khac nhu acid ascorbic, acid acetic... duocC
st dung ¢ dang tinh khiét phan tich. Nudc
cat hai lan dugc st dung cho toan bo thi
nghiém.

2.2. Phwong phdp thuc nghigm

2.2.1. Ché tao dong nano én dinh bang
Chitosan

So dd quy trinh ché tao ¢6ng nano 6n
dinh bang chitosan duogc cong bd boi
Usman va cong su [3], chi thay d6i khéi
lugng phan tir (Mw) cua Chitosan. Hoa tan
0,25gam CuSO4.5H,0 bang nuéc cat dé
dugc 40mL dung dich CuSOs4, thém
100mL acid acetic 0,1M chtra 1% chitosan
theo khéi luong, khudy hdn hop trén trong
vong 20 phdat trén may khudy tir. Thém
0,5mL acid ascorbic 0,5M vao hén hop
phan @ng, tiép tuc khudy trong 20 pht.
Nho tir tr 0,5mL NaBH4 0,4M vao hon
hop, khudy tir 5 phat dé dung dich chuyén
sang mau nau den. Tiép tuc khudy tir 30
phut dé phan @ng xay ra hoan toan. Trong
nghién ctru nay, cac loai chitosan dugc sur
dung dé 6n dinh dong nano c6 khéi lugng
phan tir lan luwot 1 9,9kDa, 91kDa va
160kDa, cac mau dong nano 6n dinh bing
chitosan duoc ki hiéu trong tng lan luot 1a
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Cu-CTS10, Cu-CTS90 va Cu-CTS160.

2.2.2. Pdc trung dong nano

Sy hinh thanh cac hat déng nano dugc
xac dinh bang mau sic dic trung; phuong
phép phd UV-vis, st dung thiét bj UV -
DR 5000. Phuong phap nhiéu xa tia X ciing
duoc sir dung dé xac dinh thanh phan pha, st
dung thiét bi do XRD vdi btic xa CuKa (A =
0,15406nm), thé ting téc 40kV, 40mA, gdc
20 = 20° — 90°, téc do quét 0,03°/s. Hinh
thai va kich thuéc hat duoc xac dinh bang
kinh hién vi dién tir truyén qua (TEM) trén
thiét bi JEM-1400.

2.2.3. Khdo sét dnh huong cia khoi eong
phan ti Chitosan dén dé bén cia vt lieu

Cac mau dong nano 6n dinh bing
Chitosan ¢ khdi lwong phan tir khac nhau
dugc luu gitr & diéu kién nhiét d6 phong,
tranh tiép xuc véi anh sang va khong khi

Do hap thy (a.u)
N

trong 3 thang. Quan st su thay d6i mau
sic, do phd UV-vis va chup anh TEM dé
danh gia d6 bén cua hé keo ddng nano.

3. Két qua va thao luan

3.1. Sw hinh thanh keo dong nano

Sy thay d6i mau sic cua dung dich
phan tng duoc thé hién trén Hinh 1. Truéc
phan tng, dung dich ¢c6 mau xanh duong,
1a mau dic trung cua ion Cu?* (Hinh 1a).
Sau phan &ng, dung dich chuyén sang mau
nau den, 1a mau dac trung cta dung dich
doéng nano (Hinh 1b), twong tu nhu cong
bé trude d6 ctia Usman va cong su, khi sir
dung chitosan 1am chat 6n dinh cho qua
trinh ché tao déng nano [5]. Phan tng khir
ion déng (Cu®*) bang NaBH4 dién ra nhu
sau [6]:
CuSO4 + 2 NaBH4 + 6 H.O — Cu +
2H3BO3 + 7H2 + NaxSOq4

b sau phan tng

a trudc phan img

v )

T T
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Hinh 1. Phé UV-vis va mau sic caa dung dich truéc phan tng va sau phan tng dbi
v6i mau dong nano dugc 6n dinh trong chitosan Mw ~160 kDa

Nhiing nghién ciru trude day cho thay,
dinh hap thu gay ra do hién twong plasmom
cia dung dich keo dong nano dugc ghi
nhan trén phdé UV-vis trong khoang budc
s6ng tir 500-600nm [1, 7]. Hinh 1 cho thay

trudc phan ung chua quan sat dugc dinh
hap thu & khoang budc song trén. Sau phan
(g, xuat hién hap thu cuc dai tai 579nm 1
budc séng hap thu dic trung cua dung dich
keo ddng nano [3].
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Hinh 2. Gian d6 nhidu xa XRD cua chitosan (a) va vt liéu ddng nano 6n dinh bang

Chitosan c6 Mw ~ 160 kDa (b)

Hinh 2 thé hién gian d6 nhiéu xa XRD
cua Chitosan va vat liéu dong nano duoc
6n dinh bang Chitosan. O Hinh 2a, hai dinh
nhiéu xa dic trung cua Chitosan dé dang
quan sat dugc tai cac goc nhiéu xa 20 =
9,26° va 20 = 19,82° [3]. Trong khi do, déi
v6i gian d6 nhidu xa cua vat liéu dong
nano 6n dinh bang chitosan, ngoai 2 dinh
nhiéu xa cua Chitosan quan sat duoC Véi
cuong do tuong ddi yéu, con co sy xuét
hién caa 3 dinh c6 cudng do twong ddi l6n
hoan toan tring hop véi cac dinh nhiéu xa
chuan cua kim loai déng tai cac goc 20 =
43,35° 26 = 50,60° va 20 = 74,17° tuong
ung voi cac mat (111), (200) va (220)
thugc & mang cau tric lap phuong tam dién
cua kim loai dong [3, 7].

Nhu vay, su hinh thanh cac hat dong
nano trong hé phan ing da dugc xac nhan
thdng qua mau sic dic trung, phd UV-Vis
va gian do nhidu xa XRD. Theo mot sb
cong bd gan day, kha ning tng dung cua
hé keo déng nano phu thudc rat 16n vao do
6n dinh cua vat liéu do dong nano rat dé bi

oxi hod [3, 8]. Chen va céac cong sy 2019
da cb gang cai thién do bén cua cac hat
déng nano bang cach boc ching trong
carbon graphen. Két qua cho thay, hé c6 do
bén khoang 60 ngay khi vt liéu dugc ché
tao trong diéu kién ti 16 CuCl,: glucose =
1:5 [8]. Trong nghién ctu nay, chdng toi
huéng dén kha niang 6n dinh cua vat liéu
théng qua viéc sir dung polymer tu nhién la
Chitosan.

3.2. Anh hong cua khoi lwong phan
tir Chitosan dén hinh thdi va kich thuéc vat
licu

Hinh 3 thé hién phd UV-vis ciing nhu
su thay d6i mau sic cua dung dich dong
nano khi thay d6i khdi lugng phan tir cua
chitosan tir 10kDa dén 160kDa. C6 thé d&
dang nhan thay, mau cua dung dich dong
nano duoc 6n dinh bang chitosan ¢ khéi
lugng phan tir 16n cho mau nau den dam
hon so véi hai mau con lai.

Tir Hinh 3 ciing c6 thé nhan thay, khi
tang khdi lwong phan tir Chitosan, do hap
thu quang cua dung dich keo dong nano
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tang. Diéu ndy c6 thé 1a do khi ting khdi
lwong phéan tir caa Chitosan, qué trinh 6n
dinh hat mam dién ra nhanh hon di han
ché toc do cua qué trinh phat trién mam. Vi
vay, hat thu dugc co kich thude tuong ddi
nho hon, dan dén d6 hap thy quang Ién hon

3

Do hip thy (au)

[9]. Ngoai ra, khi ting khdi lugng phan tu
cua chitosan tir 10kDa 1én 90kDa c6 thé
quan sat thiy c6 su chuyén dich nhe cuc
dai hap thu vé phia budc séng ngan hon
gay ra do hiéu ng plasmon khi giam kich
thudc hat [5, 9] (Bang 1).

— CU-CTS160

w—  Cu-CTS90

w—  Cu-CTS10

1] 8 |
600 650 700

Budce song (nm)

Hinh 3. Phé UV-vis va mau sac caa dung dich ddng nano khi thay doi khéi lwong
phén tir cua Chitosan

Vai tro cia Chitosan trong co ché 6n
dinh hat ddng nano, han ché kha ning keo
tu da dwoc mot sb tac gia dé cap [1, 9, 10].
Theo d6, gia thiét vé kha ning tao lién két
phdi tri cua dong véi nhém amin cua
Chitosan dugc nhiéu tac gia thira nhan [10,
11]. Nho vao kha nang nay, cac hat dong

nano sau khi hinh thanh duoc 6n dinh boi
cac chudi phan tir Chitosan c6 khéi luong
phén t& 16n. Tuong tac gita cic phan tir
chitosan v&i nudc gilp phén tan cac hat
ddng nano [10, 12], han ché dugc kha ning
phét trién hat, va vi vay ngan chin dugc su
keo tu cua ching.

Bang 1. Po hap thu cia dung dich dong nano 6n dinh bang Chitosan ¢6 khéi luong

phén tir khac nhau

Mau A max (a.u.) ) max, nm dib, nmM
Cu-CTS10 1,693 587 23,3+0,5
Cu-CTS90 2,563 586 3,7+0,3
Cu-CTS160 2,741 588 34+£0,6

Anh TEM va gian dd phan bé kich
thudc hat dugc xac dinh bang cach dém hat
trén anh TEM cua cac mau dong nano 6n
dinh bang Chitosan c6 khéi luong phan tir

khéc nhau dugc thé hién & Hinh 4. Hinh
anh cho thay d6i véi miu Cu-CTS10,
tuong ung vai Chitosan dang oligomer ¢6
khdi lwong phan tir kha thap, céc hat thu
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dugc co kich thude khong dong déu, dong
thoi ¢6 xu hudng chum lai tao thanh céc
cum (cluster), kich thudc hat trung binh thu
duoc 1a khoang 23nm. Déi véi chitosan c6
khdi lwong phan tir thap khoang 90kDa,
céc hat thu dwoc dang hinh cau, phan tan
kha ddng déu, kich thudc hat thu duoc
tuong dbi nho, khoang 3,7nm (Hinh 4b).
Khi khéi lwong phan tir cua Chitosan ting
1én 160 kDa, kich thudc hat cua c&c mau
dong nano thay doi gan nhu khong déng
ké, kich thudc hat trung binh thu dugc 1a
khoang 3,4 nm, tuy nhién, mac d6 phéan tan
cua ching kha dong déu (Hinh 4c). Nhin
chung, ngoai trir Chitosan ¢ dang oligomer

i

Tam suat (%)
coBE38838

i

véi khéi lugng phan tir nho cho phan b
kich thuéc hat kém dong déu, cac mau
ddng nano dugc on dinh véi chitosan khéi
luong phan tir 16n hon co tinh ddng déu
kha tét. Piéu nay chimng to, khdi luong
phan tr thdp nhu trong truong hop
oligomer c6 thé da khong on dinh tét cac
hat d6ng nano. Nguyén nhan c6 thé 1a do
i voi khdi lwong phan tir thip, do dai cua
mach polymer khong du 16n, lién két tinh
dién gitta chiing cling nhu murc d6 tao phirc
VGi cac hat dong cling giam di [11]. Piéu
nay lam tang kha nang phan manh cua I6p
Vo boc, vi vay vai trd 6n dinh cuia ching
d6i véi cac hat dong nano ciing giam di [3].

Kich thwde: 23,3 + 0.5 nm

() L] 22 206
Kich thude (nm)

Kich thadc: 3.7 « 0.3 nm

1.

2 o 10
Kich thudre (nm)

Kich thwudc: 3.4 4 0.6 nm

& 10
Kich thwde (nm)

Hinh 4. Anh TEM va gian d6 phan b kich thudc hat cia cac mau Cu-CTS10 (a);
Cu-CTS90 (b); Cu-CTS160 (c)

3.3. P$ on dinh cia dung dich keo
dong nano

Cac mau ddéng nano 6n dinh bing
chitosan c6 khéi lugng phan tir khac nhau
duogc luu giit va theo ddi dén 90 ngay cho
hinh anh nhu trén Hinh 5. C6 thé nhan

thiy sau 2 thang luu giit (Hinh 5a) céc
mau ddng nano c6 mau sic gan nhu khong
thay d6i so véi mau khi vira dugc ché tao
(Hinh 3), diéu nay cho phép du doan hé
keo ddng ché tao duwoc kha bén sau 2
thang luu giit. Hinh 5b cho thdy sau 2,5
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thang lwu gitt mau Cu-CTS90 va Cu-
CTS160 van con giit dwgc mau sic nhu
ban dau. Trong khi d6 mau Cu-CTS10 da
c6 su thay d6i dang ké vé mau sic. Khi

a)
Hinh 5. C4c mau dung dich dong nano dugc luu giit sau 60 ngay (a), 75 ngay (b) va 90
ngay (c); tu trai sang phai Cu-CTS10, CuCTS90 va Cu-CTS160

tang thoi gian luu gitt 18n 3 thang, mau sic
cia tit ca c4c miu dong nano déu thay
dbi. Biéu nay c6 thé 1a do hé bi keo tu va
mat phan bi oxy hoa [5].

c)

25 1
= Cu-CTS160
£ — Cu-CTS80
© 20 - == Cu-CTS10
=
=
B 15 1
=
.8.
1.0 4
05 v T T v T v 1
500 550 600 650 700

Budc song (nm)
Hinh 6. Phé UV — Vis caa dung dich déng nano sau 75 ngay luu giit

Phd UV-vis ciia c&c mau dong nano sau
75 ngay luu giit dugc thé hién trén Hinh 6.
Két qua cho thdy mau Cu-CTS160 van ton tai
mét dinh hap thu & 586nm c6 cudng do twong
ddi cao. Cac mau con lai co cuong do hap thu

quang thip hon dong thoi budc song cuc dai
hép thu 16n hon so véi miu Cu-CTS160
(Bang 2). Nhin chung, sau 75 ngay luu gitr do
hap thu quang cua c&c mau déu giam so Vi
thoi diém khi mai ché tao (Bang 1).

Biang 2. D6 hap thu quang cia dung dich dong nano ché tao trong dung dich Chitosan

c6 khéi lwong phan tir khac nhau sau 75 ngay

Mau A max A max, nm dtb, nm
Cu-CTS10 1,595 591 93+2
Cu-CTS90 1,835 588 37,0+0,5
Cu-CTS160 2,183 586 39+1
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Hinh 7 m6 ta hinh thai va kich thuéc  twong ddi c6 khoang cach. Khac véi mau
hat sau cua cac mau sau 75 ngay luu giit.  Cu-CTS160, & mau Cu-CTS90 cac hat co
C6 thé nhan thidy ¢ miu Cu-CTS10, kich  xu huéng chum lai véi nhau tao thanh cac
thuéc hat trung binh thu dwoc la 93nm,  cum (cluster) hat nano, kich thudc hat thay
tang 1én dang ké so véi kich thudc ban dau  doi trong mot pham vi rong. Tir két qua thu
cua ching 23nm. O hai mau con lai, kich  duoc ¢ thé nhan thdy Chitosan c6 khdi
thudc hat déu ting, mau Cu-CTS90 cd kich  lwong phan tir cao di phan nao han ché
thugc hat thu dugc trung binh nhé hon so  duoc kha ning két tu cua cac hat nano. Tuy
véi Cu-CTS160. Tuy nhién, trén anh TEM nhién su khac biét vé kich thudc hat cua
c6 thé nhan thay phan b6 cua cac hat mau  mau Cu-CTS160 va Cu-CTS90 la mét van
Cu-CTS160 kha dong déu, gitra cac hat  dé con chua rd, can dwoc nghién ctu thém.

~—a ™
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Hinh 7. Anh TEM va gian d6 phan bé kich thudc hat ciia cac mau Cu-CTS10 (a);
Cu-CTS90 (b); Cu-CTS160 (c) sau 75 ngay luu gitr

Ngoai phuong phap st dung chat 6n  cua chung t6i thu dugc a kha bén, phuong
dinh dé bao vé cac hat dong nano, phuong  phép ché tao kha don gian, c6 trién vong ap
phap goi cac hat nano trong mot chat nén  dung & quy mé I6n.
nham chéng lai s oxy hod bé mat gan day 4. Két luan
ciing dugc chd y. Chen va cong su (2019) Pong nano di duoc ché tao kha don
da tong hop vat liéu dong nano tir ddng  gian tir ddng sunfat st dung Chitosan c6
clorua va glucose theo ti 1¢ khdi lugng nhé  khdi lugng phan tir khac nhau lam chat
hon 1:5, san pham thu duoc 1a dong nano  6n dinh. Su hinh thanh céc hat dong nano
duoc goi trong carbon graphen cho thanh  da dugc chung minh bing mau sic dic
phan dong don pha, khong c6 su xuat hién  trung, phé UV-vis va gian do nhiéu xa tia
ctia cac oxit dong. Ngoai ra, 16p carbon bén  X. Két qua cho thay khéi luong phan ti
ngoai da bao vé kim loai dong bén trong  chitosan c6 anh huéng dén hinh thai, kich
khoi qué trinh oxi hod mot cach hiéu qua,  thudc ciing nhu do bén cua cac hat dong
vat liéu (Cu-NPs@C) thu dugc ¢ tinh 6n  nano. Chitosan & dang oligomer cho kich
dinh va khdng bi oxi hoa & nhiét do phong  thudc hat nano twong dbi 16n hon so véi
sau 2 thang luu giit [8]. So sénh véi kétqua  Chitosan khéi lwong phan tu thap va
nay, hé keo dong nano trong nghién cau  trung binh. Miu dong nano dwgc 6n dinh

10



DANG XUAN DU - QUACH NGUYEN KHANH NGUYEN TAP CHI KHOA HOC BAI HOC SAI GON

bang chitosan c6 khéi lwong phan tir  23,3nm; 3,7nm va 3,4nm. Cac mau dong
9,9kDa; 91kDa va 160kDa cho kich  nano ché tao dwgc khad bén sau 2 thang
thuéc hat dong thu duoc lan luot 1d  luu giir.
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