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TOM TAT

Bai béo trinh bay viéc tdng hap hat nano Ag (Ag NPs) bang phuong phéap khirhoa hoc, don gidn va
than thién véi moi truong. Bac nitrate (AgNOs), hydroxypropylmethyl cellulose (HPMC) va glucose
l4n luot duoc st dung 1am tién chat bac, chét bao vé va chat khit. Anh hudng clia nong do AgNOs3,
nong dé glucose, ham lugng HPMC, thai gian va nhiét dé clia phan tng 1én su hinh thanh ctia Ag
NPs da dugc khéo sat. Tinh chét clia Ag NPs dugc phan tich bang anh hién vi dién t truyén qua
(TEM), quang phd t&r ngoai-kha kién (UV-Vis) va gian dé nhiéu xa tia X (XRD). Két qua cho thay khi
ham lugng HPMC 1a 0,01%; néng do AgNOs la 0,05 M va néng do chat khirglucose la 0,4% thi phan
Ung xay ra tét nhat trong thai gian 9 gid ¢ 90°C. Ag NPs dugc diéu ché nha chat bao vé la HPMC cé
c4u truc tinh thé lap phuong tam dién (FCC), dang hinh cau vdi kich thudc tir 8 — 12 nm. Thé zeta
clia dung dich keo Ag sau phan tng cé gia tri la -37,21 mV. Ngoai ra, bai bdo da dé xuat phuong
phép xac dinh ham lugng Ag NPs gian tiép thong qua viéc téch Ag NPs ra khoi dung dich keo bang
cach keo ty, st dung chat dién ly la mudi AI(NO3)3.9H,0. Bang phuong phap nay, ham luong Ag
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NPs t&ng hop duac sau phan tng cé gié tri 1a 22 ppm.
Tu khoa: Hat nano Ag, hydroxypropylmethyl cellulose, khit héa hoc, phuang phap keo tu

MG PAU

Trong nhiing ndm gin déy, cdc hat nano bac (Ag
NPs) da thu hat nhiéu sy quan tdm nghién ctu do
chi phi ché tao thp, hiéu qua cao ciing cac dic tinh
quang hoc va dién tti doc ddo. Vat liéu nay cho thdy
tiém nang ting dung l6n trong cac linh vyc nhu xuc
téc!, khang khudn?, 16p pht din dién va cam bién >,
Nhiéu phuong phap da dugc nghién ciiu d€ téng hgp
Ag NPs, nhu khii bing biic xa UV?, xii Iy vi song®,
phan hiy nhiét”, phuong phap dién phan®, cdy ion?,
khit héa hoc!'®!!... Trong d6, khit héa hoc 1a mot
trong nhiing phuong phap dugc st dung phé bién do
c6 thé tdng hgp Ag NPs v6i kich thudc dong nhat véi
quy trinh va thiét bi don gian'?>~'*. Tuy nhién, cac
qua trinh khtt héa hoc thong thuong déu st dung chat
kht, chit 6n dinh va/hodc dung méi doc hai 14-16,
Diéu nay lam han ché tiém néng ting dung ctia Ag
NPs trong linh vuc sinh hoc. Ngoai ra, theo cac két
qua nghién ctiu vé doc tinh ctia Ag NPs d6i v6i con
ngudi va moi trudng da dugc cong bs gan day 720
céc chit 6n dinh hodc chit bdo vé Ag NPs st dung
trong qua trinh téng hgp c6 vai tro quan trong d6i véi
doc tinh va kha nang khing khudn cua vat liéu. Vi
vay, mac du hién nay nhiéu phuong phap “xanh” da
dugc nghién ctiu d€ tong hgp Ag NPs tli cac hoa chit
khong doc hai va than thién véi méi trddng21‘24, thi

bén canh d6 ciing cin phai phat trién cdc quy trinh
téng hgp Ag NPs c6 st dung céc chét bao vé hitu hiéu
dé khong nhiing ning cao hoat tinh khang khuén cta
vatliéu ma con giam thiéu cac tdc dung phu c6 thé xay
ra.

Trén quan diém st dung cac chat bao vé “xanh’, cel-
lulose dang thu hut dugc su quan tdm déc biét trong
viéc diéu ché Ag NPs. Cellulose c6 kha nang phan
hay sinh hoc va tuong thich sinh hoc. Trong d6, car-
boxymethyl cellulose (CMC)2°, hydroxypropyl cel-
lulose (HPC)?°® va cellulose vi tinh thé (MCC)?7 da
dugc nghién ctu dé€ téng hgp Ag NPs. Bang phuong
phap khii hoéa hoc, Dong Chunfa cling cac cong su
(2014) 28 da stt dung chit khit 1a glucose ciing chét bao
vé 13 hydroxypropylmethyl cellulose (HPMC) dé t6ng
hgp Ag NPs. Két qué cho thdy HPMC c6 tac dung 6n
dinh hiéu qué déi v6i Ag NPs, v6i san phdm Ag NPs
thu dugc c6 kich thudc phan bs 3 — 17 nm. Tuy nhién,
nghién ctiu nay khéng d€ cap dén do nhét va phan tu
lugng ctia HPMC da sti dung cling nhu anh huéng
ctia ham lugng HPMC dén hinh thai, kich thudc ctia
Ag NPs. Ngoai ra, mdc di1 13 chét khit than thién méi
truong nhung glucose lai ¢6 hoat tinh yéu nén dung
dich Ag sau phén ting chiia dong thoi cd Ag NPs va
ion Agt. Do d6, d¢ chuyén héa tii ion Ag+ thanh Ag
NPs ciing 1a mot thong s6 quan trong can quan tam.

Trich dan bai bao nay: HANT,Hoa L TN, Tuyén N TB, L6c N TK, Uyén N TN, An V N. Téng hgp xanh hat
nano bac phéan tén tét duéi su bao vé ctia tac nhan hydroxypropylmethyl cellulose. Sci. Tech. Dev. J.

- Nat. Sci.; 2022, 6(3):2181-2192.

2181


http://stdjns.scienceandtechnology.com.vn/index.php/stdjns/article/view/1164

Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién 2022, 6(3):2181-2192

Mot cach gian tiép, ham lugng Ag NPs dugc xdc dinh
duya trén sy thay déi gitia ham lugng ion Ag™ ban dau
va ham lugngion Ag™ con lai sau qué trinh khti. Ham
lugng Ag NPs ciing c¢6 thé xdc dinh tryc tiép béing
cach c6 14p Ag NPs ra khoi dung dich keo bac sau
phén ting. Tuy nhién, d6i v6i cac hé dung dich keo
bac c6 kich thudc nho (< 10 nm), viéc co6 lap Ag NPs
la rit kho. Mot s6 phuong phép da dugc dé nghi dé
xac dinh dugc dong thoi ham lugng Ag NPs va jon
Ag™ trong dung dich keo bac, bao gém ca phuong
phép phan tich quang phé nhu phd hip thu nguyén
ti (AAS) va khéi phS ICP-MS?’, cic phuong phap
vat ly nhu do d6 hép thu quang & budc séng 400 -
420 nm*°, cic phuong phép dién héa nhu quét thé
vong tudn hoan (CV - cyclic voltammetry) 3!, cyc ph§
(voltammetry) 32 dién di, do d6 dan, tham chi 1a cac
phuong phép don gian nhu chuin d6 ion Ag™ ... Hiu
hét cac phuong phap nay déu c6 han ché vi nguyén
nhén chinh 13 do miu & dang dung dich keo, ton tai
déng thoi cd Ag NPs vaion Ag™ hédp phu trén bé mit
Ag NPs.

Bai bdo trinh bay viéc téng hgp Ag NPs bang phuong
phép khit dung dich, sti dung chit bao vé la HPMC
cung chét khi 13 glucose. Qua trinh t6ng hgp Ag NPs
dugc tién hanh & cic diéu kién khic nhau vé nhiét
do, thoi gian, néng do AgNO3, ham lugng HPMC va
ham lugng chét khit glucose nham tim hiéu ré6 hon
su anh hudng cta cac yéu t6 nay dén sy hinh thanh
ctia Ag NPs. Ngoai ra, do dung dich Ag NPs sau khi
téng hgp c6 ban chétla hé keo ran-long véi kich thudce
pha rdn nho (chi vai nm) nén da xdc dinh ham lugng
Ag NPs gian ti€p thong qua viéc tach Ag NPs ra khoi
dung dich keo bang cach keo ty, st dung chat dién ly
1a mu6i AI(NO3)3.9H,O. Bay chinh la diém khéc biét
va cling la tinh méi cta bai bao. Ham lugng clia Ag
NPs dugc xac dinh dya trén sy thay d6i ctia ndng do
Ag™ ban ddu va néng d6 Agt con lai sau qué trinh
khu.

VAT LIEU VA PHUONG PHAP

Vat liéu

Hydroxypropylmethyl cellulose (HPMC) dugc cung
cdp boi hang Shin-etsu (Nhat Ban), véi cac thong s6
ky thuét nhu sau: d6 nhét ctia dung dich 2% (khéi
lugng) 1a 100.000 mPa-s (cps) tai 20°C; thanh phan
methoxy la 19,0 - 24,0% va hydroxypropyl 1a 4,0 -
12,0%. Al(NO3)3.9H;0, glucose, cling tién chit cua
Agla AgNO3 déu la dang thuong mai, c¢6 xudt xd tu
Trung Qudc. Tit ca cac hoa chat déu dugce st dung
tryc tiép va pha trong nudc cét 2 lan ma khong qua
bat ky qud trinh tinh ché nao.
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Quy trinh téng hop nano bac (Ag NPs)

Céc hat nano Ag (Ag NPs) dugc téng hgp béng
phuong phap dung dich trén co s6 tham khéo quy
trinh ctia Dong Chunfa cling céc cong su?®, st dung
chit bao vé la HPMC cling véi glucose lam chat khii.
DAu tién, 0,01 g HPMC dugc thém vao 70 mL nudc,
khudy ti va gia nhiét & 50°C cho dén khi HPMC tan
hoan toan, thu dugc dung dich trong suét. Ti€p dén,
10 mL dung dich AgNO3 0,05 M dudc nho giot tii ti
trong 30 phut vao dung dich HPMC. Hén hgp dugc
khudy lién tuc trong sudt qua trinh thém AgNO3 vao
dé thu dugc dung dich Ag™/HPMC. Sau dé, 20 mL
dung dich glucose 2% dugc thém vao dung dich trén
(t6ng thé tich dung dich méil4n thuc hién phan tngla
100 mL). Dung dich phan ting cudi cung dugc khudy
lién tuc trong 5 gi¢ tai nhiét do xac dinh. Nhiét do
khéo sat dugc thay déi tit 30°C dén 100°C va mbi
phén ting dugc thuc hién doc 14p véi nhiét do tang
10°C nham tim ra nhiét d6 phan tng t&i vu. Sau do,
phén ting lai dugc khao st & cac thoi gian khac nhau
ti 0,5 gi¢ dén 10 gid tai nhiét do t6i uu & cac ham
lugng hoéa chit tuong tu nhu trén. Ngoai ra, d€ khao
sat vai tro cua AgNO3, glucose va HPMC dén hinh
thai, kich thudc ctia Ag NPs, cac phan ting 6 ciing diéu
kién thoi gian va nhiét d¢ nhu trén da dugc thuc hién
& cac nong do dung dich AgNO3, ndng d6 glucose va
no6ng d6 HPMC khéc nhau.

Kich thudc va hinh thai cia Ag NPs dugc xac dinh
qua anh hién vi dién t truyén qua (TEM) trén thiét
bi JEM 1400 (JEOL) v6i thé gia tdc 100 kV. Mau do
TEM dugc nho 1én trén luéi d6ng va phti 1én mot 16p
carbon mong, tiép dén miu dugc sdy kho trude khi
phén tich. Mau kho6 dang bt dugc phan tich nhiéu
xa tia X (XRD-D2 PHARSER, Bruker), sti dung btic
xa Cu Ko v6i bude séng A = 1,5406 A cting gbc quét
26 tu 10° dén 80° véi bude chuyén 0,02°/phut. Phé
hép thu UV-Vis cta cac dung dich dugc do tai nhiét
d6 phong bang mdy quang phé UV-VIS-NIR-V670
(Jasco), trong vung budc séng tit 200 - 800 nm, véi
t6c d6 400 nm/phat. Su 6n dinh ctia dung dich nano
Ag sau khi tdng hop dugc xdc dinh théng qua gid tri
thé zeta dugc phén tich trén thiét bi Zetasizer Nano
ZS (Malvern).

Xac dinh dd chuyén héa Ag™ thanh Ag

Nong do ctia Ag NPs dugc xdc dinh dya trén su
thay déi gitia ndng do Ag" ban ddu va néng do ion
Ag"' con lai sau qud trinh khii. Néng do Ag NPs
dugc xac dinh gian tiép thong qua viéc taich Ag NPs
ra khoi dung dich keo béng cach keo ty, st dung
AI(NO3)3.9H,O. Trong dung dich keo sau phan tng,
ton tai dong thai Ag & kich thudc nm va ion Ag™ hip
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phu trén bé mat Ag. Vi ban chét 1a mot mudi dién ly
manh, AI(NO3)3.9H,0 da dién ly thanh cation AP
vaanion NO3 ~. Cation AI>* v6i mat do dién tich cao
canh tranh va gidi hdp ion Ag" ra khéi bé mit Ag.
Anion NO3~ khong nhiing khong lam két tia Ag*t
ma con lam tang ndng d¢ ion trong dung dich. Do sy
chat hep ctia khong gian, cac ion nay nén chit va lam
mong l6p dién kép ctia hat keo. Lic nay céc hat keo
bac khong con giti dugc luc ddy can thiét dan dén tap
hop lai v6i nhau, ting kich thudc va sa lang.

Phuong phép keo tu bing AI(NO3)3.9H, O dugc thuc
hién nhu sau: Pau tién, chuin bi 4 bercher 100 mL
(dugc ky hiéu theo thii ty A, B, C va D), mbi bercher
c6 chtia 20,00 mL dung dich nano bac da t6ng hgp.
Tiép dén, cho vao cac bercher mudi AI(NO3)3.9H,0
v6i khéi Iugng lan lugt 1a A (1,00 g), B (5,00 g), C
(15,00 g) va D (30,00 ).

Mau sic cua cic dung dich khi thém mudi
Al(NO3)3.9H,0 dugc trinh bay ¢ Hinh 1. Khi
tang lugng mudi ngdm nudc cho vao dung dich thi
dung dich ¢6 mau nhat hon do bi pha lodng. Céc
dung dich dugc khudy nhe trong 5 phut, sau dé tiép
tuc ghi nhén sy thay d6i mau sic sau cac khoang thoi
gian 1 phut, 30 phut, 60 phut va 90 phit.

Sau 90 phut, khi mau sdc ctia ca 4 bercher khong con
thay d6i thi tit cd cdc mau dugc ly tdm, loai bo phéin
rdn va thu lai dung dich. Phan dung dich sau ly tim
dugc do phd hap thu UV-Vis trong khoang buéc song
ti 200 - 800 nm. Két qua UV-Vis ctia cac dung dich
thu dugc & cac bercher A, B va C déu xuét hién mii
hép thu trong khoang budc séng 400 - 420 nm, dac
trung cho cong hudng plasmon bé mit ctia Ag NPs 28,
Riéng dung dich dugc ¢ 14p tii bercher D, sau ly tAm
trong sudt va khong xuét hién mai thdp thu trong
khoang budc song 400 — 420 nm trén phd UV-Vis.
biéu nay cho thdy sau thai gian 90 phut, Ag NPs trong
bercher D da bi keo tu va c6 l4p hoan toan ra khoi
dung dich.

Tiép dén, phan tich phé hdp thu nguyén ti (AAS) trén
thiét bi 240FS AA- Agilent ctia dung dich ban dau va
dung dich ctia bercher D. Két qua AAS tii mau dung
dich ban d4u, I3 t5ng ndng d6 Ag NPs va Agh. Két
qua thu dugc tii dung dich sau ly tim 1a néng do Ag™
trong dung dich. Nhu viy nong d6 Ag NPs (ppm) thu
dugc sau phan ting dugc tinh theo cong thic (1):
Nong do Ag NPs (ppm) = (Téng néng do Ag NPs va
Agh) - (Néng do Ag™) (1)

KET QUA VA THAO LUAN
Khao sat su thay déi diéu kién téng hgp Ag
NPs

Hinh 2 la phé hp thu UV-Vis ctia dung dich nano bac
thay ddi theo nhiét do va thdi gian phan ting. Két qua

cho thdy da s6 dung dich déu xuét hién mai hip thu &
budc séng 400 - 420 nm, dic trung cho cdng hudng
plasmon bé mit ctia Ag NPs?8.

Khi phan tng thuc hién tai nhiét do phong (nhiét
d6 dung dich khoang 27 - 30°C), dung dich c6 hién
tugng bi duc va tao nhiéu bot, khong xudt hién mau
vang déc trung ctia dung dich nano bac. Hién tugng
nay cing quan sat dugc khi thyc hién phan tng tai
40°C va 50°C. Nguyén nhén la do HPMC sti dung tan
hoan toan trong nude & nhiét d6 50°C dé hinh thanh
dung dich Ag*/HPMC. Khi nhiét do thdp hon 50°C,
mot lugng HPMC khong tan lam cho dung dich bi
duc, tao bot va cin trg qua trinh khti ion Ag™ tao Ag
NPs ctia glucose. Chinh vi Iy do d6 ma tai ba nhiét
do6 khao sat nay, mii hap thu & buéc séng 400 - 420
nm c6 cudng d6 hip thu thip trong phd UV-Vis. Khi
nhiét d6 phan tng la 60°C méi quan sat dugc dung
dich phan ting c6 mau vang va ddm dan khi nhiét do
1én dén 90°C. Khi nhiét d6 phan ting 13 100°C, hé
phén tng cé sy mat 6n dinh khi chét bao vé HPMC
bi két tu. Nguyén nhén c6 thé 1a do sy mat nudc xay
ra lién tuc khi thyc hién phan ting & nhiét d¢ chuyén
pha. Sdn phim thu dugc chuyén sang mau nu va sa
ling hoan toan khi dung dich dugc lam ngudi vé nhiét
do phong. Két qua phd UV-Vis ciing cho thdy khi ting
nhiét d¢ tit 30°C dén 80°C thi vi tri mai hap thu gin
nhu khong d6i. Tuy nhién, khi ting nhiét d6 phan
tng 1én 90°C, mui hép thu dich chuyén vé ving buéc
séng dai hon, méc du cusng d6 hip thu tuong duong
nhau. Nguyén nhanla do §90°C, d¢linh dong ctia cac
chubi mach HPMC tang nén kha nang bao vé Ag NPs
giam. Vat liéu c6 thé két tu lai va lam ting kich thuéc
ctia Ag NPs. Chinh diéu nay lam cho mii cdng hudng
plasmon bé mit ciia Ag NPs dich chuyén vé budc song
dai hon. Trén co s& cac hién tugng thu dugc cung két
qua phé hip thu UV-Vis ctia dung dich nano bac theo
nhiét d tai Hinh 2a, cho thdy nhiét d6 90°C 1a nhiét
d06 phan ting thich hgp dé tiép tuc khao sat cic yéu t6
tiép theo.

Khi thyc hién phan tGng & 90°C, trong khoang 15
- 60 phut tu khi glucose dugc thém vao, dung dich
chuyén ti trong sudt sang mau hong nhat. Luc nay,
trong dung dich da c6 sy hinh thanh Ag NPs, sau
d6 theo thoi gian nong do Ag NPs ting dan va dung
dich chuyén sang mau vang dic trung cia Ag NPs
(Hinh 3). Két qua ph6 hp thu UV-Vis ctia dung dich
nano bac theo thoi gian phan ting tai 90°C (Hinh 2b)
cho théy khi tang thoi gian phan ting thi cudng do
mii hdp thu ting, cudng do cao nhét thu dugc sau 9
i phan ting. Néu thyc hién phan ting trong 10 gio,
cudng do mii hép thu khong taing ma mii hdp thu con
¢6 su dich chuyén vé budc sdng dai hon. Diéu nay 1a
do sy tang kich thudc ciia Ag NPs nén c6 thé thiy 9
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Hinh 1: Dung dich nano bac sau khi sa I3ng theo thgi gian
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Hinh 2: Phé hap thu UV-Vis clia dung dich nano bac theo (a) nhiét d6 phan (ing va (b) thai gian phan tng

Hinh 3: Mau sic clia dung dich nano bac theo thai gian phan ting & 90°C (Ky hiéu “/ " 1a phut, “H” la gi®)

gio 1a khodng thoi gian phit hop cho phén ting téng
hgp Ag NPs.

Nhu vay, két qua khao sat vé thoi gian va nhiét do
phan ting cho théy véi ham lugng chit bao vé HPMC
stt dung la 0,01%, phan ting xay ra t6t ¢ 90°C trong
thoi gian 9 gio véi ndéng d6 AgNO3 ban diu la 0,05
M va néng do glucose la 0,4%. V6i muc dich khao sat
anh hudng ctia ham lugng chit bdo vé HPMClén hinh
thdi va kich thudc ctia Ag NPs, nghién ctu da tién
hanh t6ng hgp Ag NPs & cac ham lugng HPMC khéc
nhau bao gébm 0,01%; 0,02%; 0,1% va 0,2%. Phd UV-
Vis ctia dung dich Ag NPs dugc tong hgp & cdc ham
lugng HPMC khéc nhau dugc thé hién trén Hinh 4.
Két qua anh TEM va bi€u d6 phén bé kich thudc ctia
Ag NPs tong hgp ¢ cac ham lugng HPMC khéc nhau
dugc thé hién trén Hinh 5.

Két qua phé UV-Vis (Hinh 4) cho théy khi ting ham
lugng HPMC lén tit 0,01% dén 0,1% (gép 10 1an) thi
vi tri mai hdp thu dic trung cho cong hudng plas-
mon bé mit ctia Ag NPs khong bi dich chuyén. Khi
stt dung ham lugng HPMC 1én t6i 0,2% thi mai hép

thu nay dich chuyén nhe vé viing c6 budc song thip
hon. Diéu nay la do lic nay néng d0 HPMC trong
dung dich qué nhiéu, cdc chudi mach ctia HPMC da
bao boc cac “mam” tinh thé ctia Ag NPs, ngan can sy
phat trién kich thudc ctia Ag NPs. Céc hat nano Ag
trong trudng hgp nay ¢ kich thudc nho hon so véi
céc hat dugc téng hgp trong dung dich c6 ham lugng
HPMC nho hon 0,2%.

Két qua thong ké vé phan b6 kich thude ctia cdc mau
qua anh TEM, dugc xt ly bang phidn mém Image]
(phién ban 1.49v) va Origin Pro 8.6, dya trén 3 hinh
chyp khéc nhau ctia cting 1 mau & thang do 200 nm
dugc trinh bay ¢ Bang 1.

Nhu véy, két qué théng ké trén cho thdy HPMC c6
kha nang bao vé cho sy hinh thanh ctia Ag NPs rat
tot. Kich thudc nho nhat ctia Ag NPs thu dugc1a 2,70
nm khi st dung ndong do HPMC la 0,01%. Khi ting
noéng d6 HPMC lén 0,02% va 0,2% (gép 20 lan), kich
thuéc nho nhat ctia Ag NPs ciing khong thay déi. Két
qua anh TEM (Hinh 5) cho thdy khi st dung HPMC
6 nong d6 0,01% thi Ag NPs ton tai trong dung dich
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Hinh 5: Anh TEM va phan b kich thudc ctia Ag NPs khi st dung chat bao vé HPMC & cac ham lugng khac nhau

Bang 1: Tom tat két qua vé phan bé kich thuéc ciia cac mau qua anh TEM

Mau

*HPMC 0,01%
*HPMC 0,02%
*HPMC 0,1%
*HPMC 0,2%
**Glucose 1,0%

**Glucose 3,0%

Kich thuéc nhé  Trungvi(nm)

nhét (nm)

2,70 6,34
2,70 8,76
1,91 10,12
2,70 8,54
1,89 5,35
2,70 7,41

Kich thudc 16n nhét

(nm)
26,57
19,97
19,97
19,99
29,72

30,18

Do léch chuin

2,30
2,22
3,40
2,30
3,65

2,79

*Diéu ki¢n phdn iing: [Ag*] = 0,05 M, Glucose 0,4%, T = 90°C, t = 9 gi6 **Diéu kién phdn ting: [Ag" ] = 0,05 M, HPMC 0,01%, T = 90°C, t =

9 gio.
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Hinh 4: Phé hap thu UV-Vis ctia dung dich nano bac
khi stt dung chat bao vé HPMC & céc néng d khac
nhau

c6 mét do cao va kich thudc cac hat tuong d6i dong
déu. AgNPs c6 do da phén tén thép, kich thuéc phan
b6 trong khoang nhé hon 15 nm. Céc hat kich thuéc
trén 15 nm xudt hién khong dang ké. So véi két qua
cong b6 clia nhém Dong Chunfa?®, thi két qua ghi
nhéan ctia Ag NPs dugc tdng hgp trong nghién ctiu nay
6 phén t6t hon, mdc du néng d6 chét bao vé HPMC
dugc st dung it hon. Nguyén nhén la do kha nidng bao
vé Ag NPs ¢ thé lién quan dén thanh phan methoxy
va hydroxypropyl trong cdu trac HPMC. Pay chinh
12 diém ma nghién ctiu ciia nhém Dong Chunfa cing
cac cong su chua dé cap dén.

Anh huéng clia néng d6 AgNO; va glucose
trong qua trinh téng hop Ag NPs

Tu cc két qud trén cho thdy do chuyén héa Ag*t
thanh Ag khi st dung glucose la chét kht trong diéu
kién t6ng hgp da chon la kha thip. Pay 1a nhugc diém
chung khi sti dung chat khit d€ tao Ag NPs ti Ag™ 1a
céc tac nhén thin thién v6i moi trudng. Trong nghién
ctu nay, khi thyc hién phan ting ¢ 90°C trong 9 git
v6i ndng d6 AgNO3 va HPMC la 0,05 M va 0,01% &
cac nong do glucose khac nhau (0,1; 0,2; 0,4 va 1,0%)
thi c6 két qua UV-Vis dugc hién thi trén Hinh 6a. Két
qua cho thdy khi ndng d6 glucose ting tii 0,1% dén
0,4% thi cudng d6 hdp thu UV-Vis ciing sé tang. Tuy
nhién, khi ndng d6 glucose ting tii 0,4% lén dén 1,0%,
cuong d6 hap thu UV-Vis khong thay d6i. Ngoai ra,
d6 chuyén hoa Ag™ thanh Ag khi phan tich bing AAS
ciing cho két qua tuong tu khi st dung glucose & nong
d6 0,4 va 1,0%. Chinh vily do d6 nén d6i v6i hé phan
ung téng hgp Ag NPs ¢ 90°C trong 9 gio tit dung dich
AgNO3 0,05 M va chat bao vé HPMC 0,01% thi ndng
do chit kht glucose dugc st dung t6i uu la 0,4%. Khi
st dung glucose & néng do cao, do chuyén héa Ag™

thanh Ag khong nhiing khong ting malai conlam qua
trinh khit xdy ra nhanh. Hé qua 13 lam cho s6 lugng
cdc mam két tinh trong dung dich nhiéu, dan dén Ag
NPs tu tép lai va tao ra hat c6 kich thuéc 16n. biéu
nay c6 thé dugc nhén thdy dya vao két qua théng ké
vé phan bé kich thudc ctia Ag NPs tai Bang 1 va qua
anh TEM ctia Ag NPs khi st dung glucose & ndng do
1% va 3% (Hinh 7).

Nhu véy, khi c6 dinh néng do HPMC1a 0,01% va ting
nong do chat khi 1a glucose 1én thi kich thude 16n
nhét ctia Ag NPs ting nhung d6 chuyén hoa khong
thay d6i. Diéu nay cho thdy d€ st dung glucose lam
chat khit véi déc tinh than thién mai trudng, nén
sti dung glucose v6i nong d6 0,4% va chét bao vé la
HPMC véi n6éng d6 0,01% dé tao ra Ag NPs c6 kich
thudc nho va dong déu hon. Ngoai ra, két qua trén
mot 14n nita ciing cho thdy hiéu qua bao vé Ag NPs
t6t cia HPMC. Khi st dung HPMC ¢ n6ng d6 0,01%,
mac dit ndng d6 glucose tang 1én khd nhiéu (ti 0,4%
1én dén 3%) nhung kich thudc ctia Ag NPs thu dugc
van tuong duong nhau.

Anh hudng ctia néng d6 AgNO; dugc khao sat bing
viéc thuc hién phan ting & cac nong d6 dung dich
AgNOj3 khac nhau bao goém 0,01 M; 0,02 M; 0,05 M
va 0,1 M. Két qua phd hép thu UV-Vis clia cac dung
dich phan ting 6 cdc n6ng d6 AgNO3 khéc nhau dugc
hién thi trén Hinh 6b. Ung vé6i cac ndng do AgNO;
ban daula 0,01 M; 0,02 M va 0,05 M, dung dich phan
ung déu xudt hién mai hip thu & budc séng 400 -
420 nm, déc trung cho cong hudng plasmon bé mit
ctia Ag NPs. O ndéng do AgNO3 0,01 M va 0,02 M,
cuong do hap thu thap hon so véi 0,05 M. Tuy nhién,
khi néng d6 AgNO3 1a 0,1 M, dung dich phan ting cé
mau nau sdm, chuyén dan sang xdm den va sa ling
nhanh dén khi dung dich trong suét. Két qua phd
UV-Vis clia dung dich trong truong hop nay gan nhu
khong quan sat dugc mai hdp thu dic trung ctia Ag
NPs trong vung budc séng 400 — 420 nm. Nhu vay,
khi thuic hién phan ting & 6 90°C trong 9 gi6 véi ndng
dd AgNO3 1a 0,1 M va chat khtt la glucose 0,4% thi
ndéng d6 HPMC stt dung 13 0,01% khong thé bio vé
dugc hé keo c6 nano bac. Két qua la khong thé tong
hop dugc dung dich nano bac bén viing.

Céc khdo sat trén cho thdy khi st dung chat bao vé
HPMC v6i ham lugng 0,01%, néng d6 AgNO3 0,05
M va nong d6 glucose 1a 0,4%, Ag NPs c6 hinh thai
kich thuéc t6t khi thuc hién phan ting & 90°C trong
thoi gian 9 git. Vat liéu Ag NPs tdng hop trong diéu
kién nay dugc tién hanh c6 14p va khéo sdt mot s6 tinh
chét dic trung.
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Hinh 6: Phé hap thu UV-Vis ctia dung dich nano bac theo (a) néng dé glucose va (b) nong d6 AgNO3
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Hinh 7: Anh TEM va phén bé kich thudc Ag NPs khi st dung chat khir glucose 1,0% va 3%

Tinh chat ctia Ag NPs

Gidn dé nhiéu xa tia X (XRD)

Gién d6 XRD ctia mau rdn c6 lap sau phan ting dugc
hién thj trén Hinh 8. K&t qua XRD da xdc minh sy
ton tai cdu truc tinh thé ctia Ag NPs thong qua su
hién dién ctia dinh nhiéu xa tai cac gid tri 26 = 38,307;
44,45%; 64,55° va 77,48 tuong ting v6i cac mat mang
tinh thé (111), (200), (220) va (311) trong ciu tric
14p phuong tam mit (FCC) cua Ag NPs (JCPDS No.
87-0717)%8. Kich thuéc tinh thé D (nm) ctia Ag NPs
dugc xdc dinh tit gian d6 XRD theo cdng thiic Debye-

Scherrer: D = ﬁoégge . Trong d6 D la kich thuéc tinh
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thé, A 1a budc séng clia biic xa tia X (1,5406 A), B 1a
d6 béan rong cta dinh nhiéu xa (FWHM) va 6 la goc
nhiéu xa Bragg do bing radian>?. Céc gi4 tri FWHM
dugc tinh todn trén phin mém Origin Pro 8.6, bing
cach lam khép céc dinh nhiéu xa v6i ham Gaussian.
Tiép dén, bon gid tri kich thudce tinh thé (D) tuong
ting v6i bon mit mang dugc xdc dinh theo cong thiic
Debye-Scherrer va dugc liét ké trén Bang 2.

Kich thudc tinh thé trung binh ciia AgNPs 13 19,5 nm.
Gia trj ctia khoang cach gitia cac mat mang dugc tinh
theo dinh ludt Bragg: 2dsinf = nA. Trong d6 n la bac
nhiéu xa, trong trudng hop nay n c6 gid tri bang 1. Tu
boén gid tri khodng cach mit mang d, hing s6 mang a
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Bang 2: Két qua phan tich XRD ctia Ag NPs

26 Cos 0 Sin 6 FWHM Kich Khoang Chi s h%>+k®> Hing Thé tich
(radian) (radian) thuéc cach Miller +12 s6 0 mang
(radian) tinh mat (hkl) mang A3
thé (D) mang (a)
(d)
nm A
1 38,3096  0,9450 0,3280 0,3508 23,98 2,349 111 3 4,069 67,36
2 44,4797  0,9256 0,3783 0,5626 15,26 2,037 200 4 4,073 67,56
3 64,6270  0,8452 0,5343 0,4668 20,14 1,442 220 8 4,079 67,86
4 77,5600  0,7798 0,6260 0,5475 18,62 1,230 311 11 4,082 68,02

(111)

Intensity (a.u)

(200)

I (]zi) (311)

10 20 30 40 50 60 70 80
20 (Degree)

Hinh 8: Gidn d6 XRD ctia Ag NPs

dugc tinh theo cong thiic: a=d/ (h? +k*>+1?). Gid
tri hing s6 mang trung binh xéc dinh dugc la 4,075
A. Két qua nay kh4 pht hop véi gia tri hing s5 mang
chudn ctia Ag NPs 13 4,0857 A 34,

Thé zeta

Dung dich dugc do thé zeta nham xéc dinh d6 6n dinh
cta dung dich keo Ag. Két qua thé zeta (Hinh 9) cho
théy hé keo bén va khong bi tdp hgp. Céc hat keo
mang dién duong va c6 16p ion nghich c6 théla-37,21
mV. Thé zeta dm hon -30 mV du d€ duy tri lyc ddy can
thiét, gitt cho cac hat keo khong bi tu lai véi nhau 35-37,
Nhu véy, cdc két qua phén tich trén da chiing minh
ring Ag NPs da dugc tong hgp thanh cong bing
phuong phéap khtt héa hoc véi tdc nhén khu va chat
bao vé than thién moi trudng la glucose (noéng do
0,4%) va HPMC (ndéng d6 0,01%). Ag NPs c6 dang
hinh cdu, kich thuéc tuong d6i dong déu tu 8 - 12
nm. Dung dich keo Ag sau phan ting c6 thé zeta phu
hop dé€ duy tri d6 6n dinh, tranh hién tugng két tu lai.

Xdc dinh d6 chuyén héa Ag™ thanh Ag

Nong do ctia Ag NPs tao thanh sau phan tng dugc
xdc dinh bang phuong phap keo tu. Néng do cta Ag
NPs (ppm) ctia dung dich ban d4u va dung dich ly tim
sau qua trinh keo tu dugc phén tich AAS cho két qua
lan lugt la 578,0 ppm va 337,5 ppm. Nhu viy ham
lugng Ag NPs dugc tinh theo cong thic (1), (Nong do
Ag trong dung dich ban d4u - Néng d¢ Ag mau dung
dich ly tam sau keo tu x 32,96/20) 1a 22 ppm; trong
d6, 20 (g) la khéi lugng dung dich ban dau va 32,96 (g)
la khéi lugng dung dich sau khi da tinh thém lugng
nude cé trong 30 (g) mudi AI(NO3)3.9H,0. Thong
qua viéc c6 lap Ag NPs ra khoi dung dich, tiép dén
xac dinh néng do ion Ag™ con lai thi néng d6 Ag NPs
dugc xdc dinh da c6 lap dugc la 22 ppm. Nhu vay,
c6 thé két luan, néng d6 ion Ag™ con lai chua chuyén
héa hét 1a hon 500 ppm.

KET LUAN

Ag NPs da dugc téng hgp bing phuong phap khit héa
hoc don gian, than thién moi truong bang cich su
dung chit kht la glucose ciing chit bdo vé Ag NPs 1a
hydroxypropylmethyl cellulose (HPMC). Anh huéng
ctia ndng d6 dung dich AgNO3, chatkhu glucose, chat
bao vé HPMC, thoi gian va nhiét d¢ phan ting dén su
hinh thanh cia Ag NPs ciing da dugc khdo sat. Két
qua cho thdy, khi st dung chat khit glucose noéng do
0,4%, chat bao vé HPMC noéng d6 0,01% & nhiét do
phan ting 14 90°C trong 9 gid thi Ag NPs tao thanh c6
dang hinh cdu véi kich thuéc tuong d6i dong déu tu 8
- 12nm. Dungdich keo Ag sau phan ting c6 thézetala
-37,21 mV, da d€ duy tri Iuc ddy can thiét, git cho cac
hat keo khong bi tu lai véi nhau. Pay 1a nhiing két qua
tiém ning cho dinh huéng ting dung Ag NPs trong
linh vuc y sinh. Ngoai ra, bai bdo trinh bay buéc dau
khao st phuong phép xac dinh do chuyén héa Ag™
thanh Ag. Ham lugng Ag NPs dugc xac dinh gidn
tiép thong qua viéc tich Ag NPs ra khoi dung dich
keo bing cach keo tu, st dung chét dién ly 13 mudi
AI(NO3)3.9H,0.
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Hinh 9: Thé zeta ctia dung dich nano bac
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phd H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 VL2020-18-05. Nhom tac gia xin chan
thanh cam on.

DANH MUC CAC TU VIET TAT

AAS: Phé hép thu nguyén tt

Ag NPs: Hat nano bac

HPMC: Hydroxypropyl methyl cellulose
TEM: Kinh hién vi dién ti truyén qua
UV-Vis: Phé tt ngoai kha kién

XRD: Nhiéu xa tia X

XUNG POT LOI iCH

Nhoém tac gid cam két khong c6 xung dot lgi ich.
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Nguyén Thi Ha, Lé Thi Ngoc Hoa, Nguyén Thi Bich
Tuyén, Nguyén Thi Kim Loc: thuc nghiém

Vit Nang An, Nguyén Thi Ha, Nguyén Thdi Ngoc
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Green synthesis of well-dissolved high-stable silver nanoparticles
using hydroxypropylmethyl cellulose as a protective agent

Nguyen Thi Ha, Le Thi Ngoc Hoa, Nguyen Thi Bich Tuyen, Nguyen Thi Kim Loc, Nguyen Thai Ngoc Uyen,
Vu Nang An’

ABSTRACT
This paper presented the synthesis of Ag nanoparticles (Ag NPs) by the chemical reduction method
b which is simple and environmentally friendly. Silver nitrate, hydroxypropylmethyl cellulose (HPMC),
Use your smartphone to scan this and glucose were used as silver precursors, protective agents, and reducing agents, respectively.
QR code and download this article The effects of AQNO3 concentration, glucose concentration, HPMC content, reaction time, and re-
action temperature on the formation of Ag NPs were investigated. The properties of Ag NPs were
analyzed by transmission electron microscopy (TEM), ultraviolet-visible (UV-Vis) spectroscopy, and
X-ray diffraction (XRD). The results indicated that when the HPMC content was 0.01%, AgQNO3 con-
centration was 0.05 M and glucose reducing agent concentration was 0.4%, the best reaction oc-
curred in 9 hours at 90°C. The Ag NPs prepared under HPMC protection possessed a face-centered
cubic crystal structure (FCC), a spherical shape having average sizes in the range of 8 = 12 nm. The
Ag colloidal solution had a suitable zeta potential (-37.21 mV) to maintain the stability and to avoid
the agglomeration of Ag NPs. In addition,the paper proposed a method to indirectly determine
the Ag NPs content through the separation of Ag NPs from the colloidal solution by coagulation,
using the electrolyte AI(NO3)3.9H,0.
Key words: chemical reduction method, flocculation, hydroxypropylmethyl cellulose, silver
nanoparticles
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