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TOM TAT

Bai bao trinh bay viéc nano tinh thé cellulose (CNC) dugc t8ng hgp ti nguén phu pham bé mia
Viét Nam bang phuong phép hda hoc va thiy phan bang acid. Sau dé, composite trén ca s& CNC
va Ag (CNC/Ag) da dugc ché tao bang cach téng hop Ag NPs truc tiép trén gia mang CNC vai suhd
trg clia chét hoat dong bé mat cation la hexadecyltrimethylammoniumbromide (CTAB). Hinh thai,
cau trdc va thanh phan cuia vat liéu dugc phan tich bang cac phuong phap nhu phé tr ngoai- kha
kién (UV-Vis), gian do6 nhiéu xa tia X (XRD), phé héng ngoai bién déi Fourier (FT-IR) va anh hién
vi dién tl truyén qua (TEM). Két qua dnh TEM cho thay vat liéu CNC c6 dang sgi, vai chiéu dai va
duong kinh trung binh lan lugt la 400 = 12 nm va 10 £ 2 nm. Composite CNC/Ag dugc st dung
lam xUc téc trong phan tng khir 4-nitrophenol (4-NP) dé tao 4-aminophenol (4-AP). Phan (ng khir
4-NP khi co xtc tac CNC/Ag tuan theo phuong trinh dong hoc gia bac mét, trong dé hang s6 téc
d6 bidu kién (kepp) va hé s6 hoat tinh (k) co gid tri lan lugt 14 0,25 £ 0,02 phat™! va 20,82 + 1,4
phuat=!. g=!. Trong phan ting nay, xtc tdc CNC/Ag gilip phan Ung vuot rao can déng hoc bing
c4ch chuyén electron gian tiép tir ion BHs~ sang 4-NP qua hop chét trung gian la Ag NPs. Ngoai
ra, vat lieu CNC/Ag cling cho thdy hoat tinh khang khudn déi vai ca hai chdng vi khuén la Gram
duong, Staphylococcus aureus va vi khudn Gram am, Escherichia coli.

Tir khoa: composite cellulose/Ag, hat nano Ag, nano tinh thé cellulose, vat liéu khang khuén, xtc

tac khr 4-nitrophenol

MG PAU

Dén s6 cung cac hoat dong cong nghiép clia con ngudi
gia ting da doi hoi nhu ciu st dung nguén nudc
ngay cang nhiéu, kem theo do 1a phat sinh ra nhiing
ngudn nude thai doc hai. Tac nhan gay 6 nhiém chinh
trong ngudn nudc thai nay bao gém ca cac chit hiu
cG va vO co, nhu phdm nhudém!, cic hgp chit ni-
trophenol?, cac kim loai ning va mét s6 loai vi sinh
Hgp chdt 4-nitrophenol (4-NP) 1a mot
dong phan trong nhoém nitrophenol, dugc co quan

vat ¢6 hai’.

bao vé moi trudng Hoa Ky (EPA) xép vao loai chit
doc nghiém trong4, do c6 doc tinh cao va khong bi
phén huy sinh hoc. Hgp chit nay dugc st dung rong
rai dé€ san xudt thudc tri sdu, dugc phdm va thudc
nhuém tdng hgp®. Sau qua trinh san xut, du lugng
cia cdc hgp chét nay ton tai dudi dang hoa tan 6n dinh
trong nudc va dudc thai ra méi trudng. Co thé ngudi
khi bi phoi nhiém truc ti€p véi 4-NP c6 thé bi ton
thuong t€ bao mdu, t6n thuong hé than kinh trung
uong, tic dong gay dot bién doi véi sinh vat, dong
thoi day ciing 13 hoa chat c6 kha nang gy ung thu cho
con ngudi®®. Chinh vily do d6, rit nhiéu cac nghién
ctu da dugc thuc hién nhim loai bd 4-NP ra khoi

nguén nuéc®~4. Trong d6, phan ting khii 4-NP doc
hai d€ tao thanh 4-aminophenol (4-AP) than thién v6i
moi trudng dang la huéng nghién ctiu thu hat dugc
nhiéu sy quan tam '>16. Khéng nhiing vdy, 4-AP con
la mot loai amino thom thiét yéu, 1 tién chit quan
trong trong dugc phdm d€ san xudt cac loai thuéc nhu
paracetamol, phenacetin, acetanilide, ... !7.

Trong hon hai thap ky qua, cac hat nano bac (Ag NPs)
da dugc ting dung nhiéu trong cac linh viyc nhu chat
xuc tac'®19, chat khéng khuén 20, 16p phu dan dién
va cam bién?2! nhd s hitu cac dic tinh quang hoc va
dién t& doc dao. Ung dung quan trong clia Ag NPs
dang thu hut dugc nhiéu sy quan tdm nghién ctiu gdn
dayla stt dung lam xdc tc di thé cho cic phan ing héa
hoc, nhétla cdc phan ting phin htty phdm nhu¢m hiiu
co hay céc hgp chit nitro c¢6 chita vong thom gay 6
nhiém moéi trudng nudc. Chit xic tac Ag NPs khong
nhiing c¢6 khd ning phan ting cao, c6 tinh chon loc,
tinh 6n dinh ma chi phi téng hgp Ag NPs ciing tuong
déi thip hon so véi cac hat nano kim loai quy khac
nhu Au, Pt, Pd, ...

Tuy nhién, nhugc di€ém chinh ctia Ag NPs la cic hat
dé tap hgp lai, dé€ tao thanh vt liéu khdi co kich
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thudc 16n trong dung dich do cé ning lugng tu do
bé mit 16n. Diéu nay lam giam dédng k€ hoat tinh
xdc tac clia Ag NPs??2, DE gidi quyét vin dé nay,
mot phuong an dit ra la t6ng hop Ag NPs trén mét
gid mang c6 dién tich bé mit 16n, cu thé la cic loai
polymer. Mot s6 loai polymer da dugc st dung
dé t6ng hgp Ag NPs nhu polyacrylamide (PAM)??,
poly(methyl acrylate) (PMAA), polyvinylpyrrolidone
(PVP)?*. Nhiing polymer cé phén ti lugng 16n nay
c6 thé dong vai tro la gid mang, giup ngéin chin sy két
ty, ¢§ dinh sy hinh thanh phét trién ctia Ag NPs va
néang cao hiéu qud xuc tac. Tuy nhién, da phan nhiing
loai polymer nay c6 nguén géc tit ddu mo nén rat khé
phéan hity va c6 kha néng ton tai lau dai trong tu nhién.
Diéu nay dan dén nhiing hé luy cho moi trudng trong
tuong lai?®. Chinh vi Iy do dé, viéc st dung cac loai
polymer sinh hoc, ¢6 nguén géc tu nhién nhu cellu-
lose lam gid mang, dang thu hut dugc rit nhiéu sy
quan tdm%°, Day khong nhiing 1a loai polymer c6 trit
lugng déi dao trong tu nhién ma con 1a loai polymer
khéng ddc hai, c6 kha ning tuong thich sinh hoc va
phén hay sinh hoc t6t.

Nano tinh thé cellulose (CNC) dugc tong hop tii cel-
lulose béng qua trinh thiy phan acid. CNC la vat liéu
dang s¢i, c6 cdu trac tinh thé cing chic véi dudng
kinh 1—100 nanomet, va chiéu dai khoang vai tram
nanomet tuy thudc vao ngudén nguyén liéu cellulose
ban ddu. Nhe tinh ndng co ly tét, ty 1€ gitia chiéu dai
va duodng kinh 16n, kich thudc nanomet, tuong thich
sinh hoc va con c6 kha nang tai tao nén CNC dugc
ung dung trong nhiéu linh vuc, trong dé c6 st dung
lam gid mang cho cac loai xtic tac?’. Gi4 mang CNC
khéng nhiing bén nhiét, c6 dién tich bé mit 16n dé€
gitp 6n dinh cac xuc tac kim loai/ oxide kim loai ma
con khong doc hai, phan hay sinh hoc, thuan Igi cho
qué trinh thu hoi, téi st dung nén c6 kha nang ap dung
trén quy mo cong nghiép.

Hién nay, nghién ctu st dung cac ngu6én phu phim
noéng nghiép, 1a ngudn san phdm du thita sau cic hoat
dong cong nghiép va canh tac nong nghiép ctia con
ngudi, dé tong hop cellulose va CNC dang thu hut
dugc nhiéu sy quan tdm. Pay dugc xem 1a nguon
nguyén liéu tho doi dao va cé gia thanh ré. Thém nifa,
viéc tim hiéu anh huéng cta thanh phan cic ngudén
phu phim nay dén d6 két tinh, tinh 6n dinh nhiét va
thanh phén hoéa hoc ctia san phdm cellulose ciing rit
can dugc nghién ciu. Mot s6 nghién ciu téng hop
cellulose tii cac ngudn nguyén liéu khac nhau nhu ba
mia?®, xo dtia?’, rom ra®’, than cay chuéi®!, ba 14
tra ¥, ... d dugc cong bé. B mia la ngudn phy phdm
con sot lai sau qud trinh ép mia san xuét dudng. Theo
udc tinh, mdi 1000 tAn mia sau ché bién, c4 thé tao
ra 270 tin ba mia’>**. Nim 2015, khoang 1,81 ty

tdn mia dugc sdn xudt trén toan thé gisi va du kién
s6 lugng nay sé dat hon 2,21 tj tdn vio nam 2024 34,
Do san xudt ra v6i s6 lugng du thiia nén ba mia dugc
sti dung lam thuic én cho gia stc, chén ldp lam phan
bén cho céy trong hay cha yéu dugc dot d€ lay nhiét
lugng. Céc cach xt ly nay khong nhiing khéng mang
lai ngudn 1¢i vé€ mat kinh t€ ma con nguy hai dén moi
trudng>®. Trong thanh phén ba mfa c6 chda 32 - 45
% cellulose, 20 - 32% hemicellulose, 17 - 32% lignin
va 1 - 9% tro va cac thanh phan khac3%%7. Vi vay, st
dung ba mia lam ngudn nguyén liéu téng hgp CNC
dugc xem la moét giai phap khong nhiing dem lai lgi
ich vé€ kinh t€ ma ca moi trudng. Tuy nhién, & Viét
Nam hién van con khd it cic nghién ctiu ché tao CNC
ti ngudn nguyén liéu nay.

Viéc stt dung CNC lam gid mang d€ t6ng hop Ag NPs
da dugc mot s6 nhom nghién ciu thyc hién trong
khoang gén hai thap ky qua. Tam va céc cong su 38 da
st dung CNC dugc bién tinh bang dopamine (DP) d&
6n dinh huyén phti ciia Ag NPs, tti d6 ting cuong hoat
tinh khang khuén cta t8 hop vét liéu CNC—DP—Ag
NPs. Cung hudng tiép cin nay, Toyoko Imae cling cic
cong su? da bién tinh CNC bing polymer c6 cu triic
nhénh cy thé hé thi tu 1a poly(amido amine) nhim
c6 dinh Ag NPs. Trong ca hai nghién cttu nay, qua
trinh hinh thanh va phat trién cia Ag NPs déu dugc
quyét dinh béi nhom -NH; cu6i mach ctia dopamine
hay poly(amido amine). Trong linh vuc xdc tdc khi
4-NP, nhém nghién ctiu ctia Heidari 40 33 ché tao vat
liéu composite CNC/Ag, bang viéc st dung hydrogel
clia cdc vi s¢i cellulose lam chat 6n dinh, dong thoi
cling1a chdt kht dékhti cécion Ag™ thanh Ag. Mot sé
phuong phap héa hoc da dugc ap dung d€ ché tao vét
lieu CNC/Ag™*!~**, hay gan day 1a vat liéu nanocom-
posite CNC/Ag dang vi s¢i dugc ché tao bing phuong
phép electrospinning'®. Dic diém chung ctia cic
phuong phép nay la déu st dung qua trinh bién tinh
hoéa hoc, tao nhém chiic mdéi trén bé mit CNC. Sau
dé, chinh cdc nhém chiic nay déng vai tro chat khu
dékhti cac ion Ag™, tao Ag gan két trén bé mit CNC.
Tuy nhién, qua trinh bién tinh hda hoc ¢ thé giy ra
sy phtic tap trong cfu truc san phidm ciing nhu lam
thay d6i kha nang tuong thich sinh hoc cia CNC. Bai
bdo trinh bay viéc tdng hgp CNC bang phuong phap
héa hoc tlit ngudn phu phdm ba mia Viét Nam. Sau
d6, Ag NPs dugc tdng hop truc tiép trén gid mang
CNC v6i sy ho trg ctia chit hoat ddng bé mit cation 1a
hexadecyltrimethylammonium bromide (CTAB). Vat
liéu CNC/Ag tao thanh dugc khdo sit hoat tinh xdc
tac khtt 4-NP va kha nang khang khudn déi véi ca hai
chtng vi khuén 1a Gram duong, Staphylococcus au-
reus (S. aureus) vavi khuan Gram am, Escherichia coli
(E.coli).
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VAT LIEU VA PHUONG PHAP

Vat liéu

Ngu6n phu phdm ba mia dugc thu gom tit khu vuc
lang Pai hoc Qudc Gia, Linh Trung, Tha bic, TP H6
Chi Minh. Bi mia th6 dugc cit bo phan ciing gitia
cdc mét mia, riia sach, phoi kho va dugc nghién thanh
bot min d€ st dung cho cac bude xt ly tiép theo. Hoa
chat hexadecyltrimethylammonium bromide (CTAB,
> 98%) sti dung la dang tinh khiét thuong mai cua
hang Merck, Dtic. Tién chit clia Ag la siver nitrate
(AgNO3, > 99%) cung cac hoa chat khac nhu formic
acid (HCOOH, 90%), hydroperoxide (H,O,, 30%),
sodium hydroxide (NaOH, 96%) va hydrochloric acid
(HCI, 37%) déu la dang thuong mai dugc mua tit hang
Xilong, Trung Qudc. Ethanol (CoHsOH, 99,5%) va
acetone (CH3COCH3, 99,7%) la dung méi dugc cung
cdp bdi hang Chemsol, Viét Nam. Tat ca hoa chit
dugc st dung truc ti€p, khong cin phai tinh ché lai
va nudc khtt ion (nude DI) dugce stt dung dé pha céc
dung dich trong qua trinh thuc nghiém.

C6 lap cellulose tir ba mia va thay phan tao
CNC

Qua trinh c6 1ap cellulose tii ba mia dugc thuc
hién béng quy trinh formic acid/ peroxyformic acid
(Hinh 1) theo nghién ctu da dugc cong bd cua
nhém*. Diu tién, bot ba mia dugc rita bing nudc
& khoéang 100 °C trong 1 git d€ loai bo céc tap chit
hiiu co tan trong nudc bam trén bé mit. Sau do, ba
mia dugc loc va phoi kho tu nhién. Tiép dén, ba mia
dugce xti ly véi HCOOH 90 % (ti 1é gitia khoi lugng
sgi va thé tich HCOOH 90 % la 1:15) & 100 °C béng
cach khudy hoan luu lién tuc trong 2 gid. San phim
clia qud trinh nay dugc loc, rita nhiéu 14n bang nudc
néng va sdy kho ¢ 80 °C trong 6 gid. Tiép theo, ba mia
lai tiép tuc dugc khudy hoan luu véi dung dich perox-
yformic acid (90 % HCOOH, 4 % H,O,, 6 % H,0)
4 80 °C trong 2 gi¢. San phdm sau khi xt 1y acid lai
dugc loc, rtia nhiéu 1an bang nudc cit va sdy kho &
80 °C trong 12 gid. Giai doan tiép theo 1a tdy tring
béng hén hgp NaOH/H,O; . Cu thé, ba mia sau khi
xt ly PFA dugc tao dung dich huyén phu véi nuée
(4%), huyén phut dugc diéu chinh dén pH 11 bang
dung dich NaOH 1M, tiép dén H, O, 30% (khéilugng
chiém 40% khoi lugng ba mia) dugc thém vao ti tit
va hén hgp duge khudy 6 80 °C trong 1 gid. Két thuc
giai doan tdy tring, san phdm dugc loc va rtia nhiéu
lan bing nudc cit va sdy 6 80 °C trong 12 gid. Sau qué
trinh nay, san phdm thu dugc c6 dang bodt mau tring
sang. Day chinh la cellulose dugc co lap tii ba mia,
dugc ky hiéu 1a Cell. Cell sau d6 dugc tién hanh thuy
phén bang dung dich acid HCI 6M (ty 1é khoi lugng

sgi: thé tich acid 1a 1:25) 6 90 °C trong 90 phut. Két
thdc phan tng, hén hgp dugc cho vao bercher chiia
san 1000 mL nudc cit va thu dugc huyén phi. Huyén
phu dugc déling, thay nudc vailan réily tAm véi nude
DI & téc do 6.000 vong/phut trong 10 phut. Budc ly
tam nay dugc thuc hién nhiéu lan dén khi phén long
c6 pH 7. Sau d6, ly tam tiép 2 1an véi acetone va sdy
kho & 80 °C. San phdm sau qud trinh thiy phan c6
dang bot min mau tring, dugc ky hiéu la CNC.

Téng hop CNC/Ag

Quid trinh t6ng hgp Ag trén CNC (Hinh 2), st dung
chét hoat dong bé miat CTAB dugc thuc hién theo quy
trinh da dugc cong bo bdi Yalcinkaya cling cac cdng
sy %, Dau tién, huyén phit ctia CNC (2 % khéi lugng)
dugc ché tao bang cach phéan tan CNC vao nude DI
bing d4u phét siéu 4m UP200St (Hielscher, Diic) c6
cdng sudt 100 W, trong thdi gian 15 phut. Tiép dén,
3,0 mL dung dich CTAB 0,5 mM dugc cho vao 10,0
mL huyén phit CNC. Khudy hon hop nay 30 phut tai
nhiét d6 phong, sau d6 6,0 mL dung dich AgNO3
100 mM dugc thém vao va hén hgp dugc khudy tiép
thém 15 phut. Cu6i cung, 1,0 mL dung dich NaBHy4
0,03% dugc cho vao va hén hgp duge khudy trong 60
phit & téc d6 200 vong/phut, tai nhiét 46 phong, trong
diéu kién khong c6 anh sang. Sau khi phan ting két
thuc, san phidm ran dugc ly tim tai lyc ly tim RCF
la 4124 x g trong 10 phut va dugc rtia bang nuge DI
cho dén khi pH trung hoa. Tiép dén, san phdm ran
lai dugc ria bing cach ly tim 3 14n v6i ethanol. Cudi
cung, vat liéu CNC/Ag dang bot mau nau den thu
dugc sau khi sdy sén phdm sau ly tdm & 60 °C dén
khi khoi lugng khéng déi.

10,0 mL

i 3,0 mL
huyen phit ED:I -
CNC CTA]\?;I 0,5
(2%wt) m
1. Khudy
30phit | 26,0 mL AgNO; 100 mM
Khuay 15 phit

CNC/CTAB/Ag*

1,0 mL NaBH 0,03%

CNC/Ag

Hinh 2: So d6 minh hoa qua trinh téng hop CNC/Ag

Khao sat hoat tinh xtic tac khir 4-NP

Hoat tinh xtc tdc trong phan ting khtt 4-NP thanh 4-
AP ctia vt liéu dugc khdo sit trong dung dich 4-NP
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Xik Iy thé véi nicde cit

90 °C, 90 phiit

Ba mia dang Ba mia da Ba mia da
bot T 1:20 xtt Iy tho Tilg1:15 Xt Iy axit
100 °C, 1 gio 100 °G, 2 gio
Xit Iy PFA
(HCOOH, | Tii1:20

Thiiy phin bing axit NaOH va H,0,,
CNC HCi6M Ba mia da 80°C, 1 gic Ba mia da
111§ 1:25 tay trang * NaOH (pH=11) | xit ly PFA

Xit iy axit HCOOH

H,0, vi H,0)| 80 °C, 2 giv

Tdy tring véi

« H,0, (mdd H,0,
30%/ my; e = 40%)

Hinh 1: So d6 minh hoa qua trinh c6 1ap cellulose va thiy phan tao CNC tir ba mia

khi c¢6 chia lugng du NaBHy. Quy trinh thyc nghiém
14 hén hgp gom 1,0 mL 4-NP (0,005 M) va 20,0 mL
nudc DI dugc tron véi 10,0 mL NaBHy (0,2 M). Tiép
dén, 600 puL huyén phit cia CNC/Ag (2 mg. mL™')
dugc cho vao dung dich trén d€ xic tac cho phan ting
xdy ra. Sau cdc khoang thoi gian 2 phit, mét phan hon
hop phan ting (4,0 mL) dugc loc bang mang loc Sy-
ringe (Whatman, Anh) ¢6 dudng kinh 25 mm va kich
thudc 16 loc 0,2 um. Phan dung dich sau loc duge do
phd UV —Vis, trong vung buédc song tit 250—600 nm,
v6i gid tri budc nhay 1a 2 nm dé€ xac dinh d¢ hép thu
ctia 4-NP tai budc song 400 nm. Nong do cua 4-NP
tai tiing thoi diém phan tGng dugc xdc dinh tit d6 hép
thu ctia 4-NP bing phuong phédp dung dudng chuln.
Trong phén ting nay, ty 1é ndng d6 gitta NaBHy va 4-
NP 1 1:40, vi vy mot cach gin dung c6 thé xem dong
hoc ctia phan ting khtt 4-NP 1a doc 1ap véi NaBH, va
tudn theo dong hoc phan ting gid bac mot, c6 phuong
trinh: In(C,/C;) = kgppt (1). Trong do, C; va C, lan
lugt 1a n6ng do ctia 4-NP tai thoi diém t va thoi diém
bat dau phan tng, kp) 12 hing s6 t6c do biéu kién.
Hé s6 hoat tinh (activity factor) k dic trung cho hiéu
néng xuc tac cia CNC/Ag dugc tinh theo cong thic:
k = kgpp/m (2), v6i m la khoi lugng clia xic tac 4
Phan ting khti 4-NP thanh 4-AP véi xtic tdic CNC/Ag
dugc khao sat ba lan trong cung diéu kién dé 14y gia
tri trung binh.

Khao sat kha nang khang khuan

Kha nang khang vi khu&n Gram duong, Staphylococ-
cus aureus (S. aureus) va vi khudn Gram am, Es-
cherichia coli (E.coli) ctia vét liéu dugc khdo séat bing
phuong phép do dudng kinh vong khéang khuén. Dau
tién thyc hién hoat héa vi khudn bang céch cho 100
UL t€bao vi khudn can hoat héa vao 5 mL moi truong
LB. Dung dich dugc dévao ti dm § 37 °C trong 24 gio.

Sau 24 gi¢, dung dich duc hon, do vi khuén di dugc
hoat hoa. K& dén 1a rai vi khudn dé 14y khudn lac biang
cach d6 moi trudng LB Agar ra cac dia petri va chg
modi truong déng thanh thach. Sau d6 dung que cdy
ria, thuc hién céy ria vi khuén di dugc hoat héa trén
dia thach réi cho vao ttt 4m 37 °C trong 24 gid. Buédc
cudi cung cta qua trinh la thyc hién thi nghiém vong
khéng khuén. Sau khi da c6 khuén lac, 3—5 khuén
lac dugc hoa tan vao trong falcon chita moi trudng
LB. Tiép dén, ldy 100 uL dung dich vi khuén ti fal-
con roi thuc hién trai déu khap dia petri da d6 sdn
modi trudng LB Agar dén khi nao mat thach kho. Tiép
dén, mot lugng nhdo CNC/Ag (~ 0,01 g) dugc ddt 1én
mat moi trudng thach da cdy vi khuén tai 3 vi tri khac
nhau tai nhiét 46 phong. Sau thoi gian 24 gid, ion Ag™
trong CNC/Ag da giai ly, khuéch tan trén moi truong
thach va tc ché sy sinh trudng cta vi khudn, tao vong
khéng khudn. Hoat tinh khang khuin manh hay yéu
tuy thudc vao duong kinh vong khang khuédn 16n hay
nho.

Phuong phap phan tich

Ph§ hong ngoai bién d6i Fourier (FT—IR) clia céc
mau dang bdt dugc phan tich trén mdy quang phd
TENSOR 27 (Bruker, Dtic) trong ving sé song
4000—400 cm~! véi d phén gidi 1a 4 cm™!. Céu
tric tinh thé va thanh phan pha cta vat liéu dugc
xdc dinh bing gidn d6 nhiéu xa tia X (XRD). Gién
d6 XRD dugc phin tich trén may D2 PHARSER
(Bruker, Dtic), voi goc quét 20 10°—80° va budc
chuyén 0,02°/phut.Ham lugng tinh thé (CrI) cta Cell
va CNC dugc tinh tit cong thic Segal®’: Crl (%)
= % % 100 (3). Trong d6 Igg la cudng do nhiéu
xa cuc dai clia dinh ddc trung cho mat mang (200)
G20 = 22,6 va Iy 1a cudng d6 dugce xdc dinh tai
vung triing gitta cac dinh (110) va (200). Kich thudc
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tinh thé D (nm) ctia Ag NPs trong CNC/Ag dugc xac
dinh ti gian d6 XRD theo cdng thiic Debye-Scherrer:
D= ﬁoc’gje (4). Trong d6 D la kich thudc tinh thé, A
13 budc séng ctia biic xa tia X (1,5406 A), B 1a d ban
rong ctia dinh nhiéu xa (FWHM) va 0 1a géc nhiéu xa
Bragg do bing radian*®. Hinh thai hoc clia CNC va
CNC/Ag dugc dédnh gid qua anh hién vi dién td truyén
qua (TEM) dugc chup trén may JEM-1400 F (JEOL,
Nhat Ban). Trudc khi quan sét, cic mau phén tich
dang bdt dugc phan tan trong nudc (0,01 mg. mL~ 1)

trong 30 phut bang bé siéu &m Elma S 100 H & tan s6
14 37 kHz, sau d6 mot giot ctia hé huyén phi nay dugc
dua 1én luéi dong, c6 phtt mot bén bé mat bang mot
16p carbon mong, tiép dén mau dugc sy khod trude
khi phan tich. Két qua anh TEM dugc xtt ly bing
phan mém Image] (phién ban 1.53k). Kich thudc ctia
vat liéu dugc xac dinh dya trén hinh théi két hgp véi
thang do ctia anh TEM. Tt gia tri kich thudc cua it
nhédthon 100 diém anh, stt dung phan mém Origin Pro
9.0 vé d6 thi phan bé kich thudc hat (histogram), qua
d6 tinh dugc kich thuéc trung binh ctia vét liéu. Phé
UV—Vis dugc do bing mdy UV—Vis V-670 (Jasco,
Nhat Ban) trong vung budc séng 300—800 nm, véi
toc d6 400 nm/phit.

KET QUA THAO LUAN

Phé UV-Vis

Hinh 3 la phé UV—Vis cta huyén phu CNC va
CNC/Ag. Vatliéu CNCkhong cho dinh hép thu trong
khoang budc séng 300—800 nm. Két qua nay phi hgp
v6i cong bd Orelma cling cong su® khi nghién ctiu
vé dac tinh quang hoc ctia vét liéu cellulose. Khéc véi
CNC, phd UV—Vis ctia CNC/Ag xuét hién mot dinh
hép thu r6 tai budc séng 400 nm. Day chinh 13 tin
hiéu dac trung cho céng hudng plasmon bé mdt ctia
Ag NPs>?. Theo két qua nghién ctiu vé hiéu ting plas-
mon bé mat ctia Ag NPs dugc cong bd béi Benjamin
J. Wiley va cong su”’, thi trén phd UV—Vis ting v6i
budc song hdp thu tai 400 nm, Ag NPs thu dugc c6
dang hat c4u v6i duong kinh khoang 40 nm.

Gian d6 XRD

Hinh 4 14 gidan d6 XRD cua Cell, CNC va composite
CNC/Ag. Ciu truc tinh thé ctia Cell va CNC dugc
dac trung bdi ba dinh nhiéu xa tai cic vi tri 20 14n
lugt 1a 16,5; 22,6° va 34,5°. Theo dii liéu XRD chuin
(ID COD 4114994)°!, d4y 14 nhiing dinh nhiéu xa dic
trung cho cdu tric ctia tinh thé cellulose-I, ting véi cac
mit mang (110), (200) va (004) 2°. Gia tri Crl ctia Cell
va CNC tinh theo cong thtic Segal (3) 1an lugtla 68,3%
va 73,5%.

= = CNC

400 nm

Do hap thu

300 400 500 600 700 800
Bwd'c song (nm)

Hinh 3: Ph8 UV-Vis cia CNC va CNC/Ag

V& mit hda hoc, Cell c6 lap tii ba mia 13 mét polymer
ban két tinh ¢6 cdu tric gom cic chubdi mach cellu-
lose sap xép trat tu (viing két tinh) xen ké véi ving
mt trat ty (ving vo dinh hinh). Trong qua trinh thuy
phan Cell bing HCI dé tao CNC, cic ion H;0™" da
tac kich vao cdc vung v6 dinh hinh c6 cu truc 1ong
1éo nay va cit dut cac lién két glycoside ctia cellulose.
Qué trinh nay cit bod cic vung v6 dinh hinh va git
lai cac ving két tinh. Do d6 CNC khong nhiing van
giti dugc cdu truc tinh thé ban ddu ctia Cell, ma d¢ két
tinh con dugc céi thién 1én dén 73,5%. D6i vdi vat liéu
CNC/Ag, gian d6 XRD xudt hién cdc dinh déc trung
cho tinh thé Ag tai cic géc 26 = 38,2%; 44,4%; 64,6° va
77,5° tuong ung véi cac mit mang (111), (200), (220)
va (311) trong cdu tricl4p phuong tim mat (FCC) cuia
Ag NPs (JPCDS No.04-0783) >2. Kich thudc tinh thé
trung binh ctia Ag NPs tinh theo cong thiic Debye-
Scherrer (4) 1a 20,2 nm.

Ngoai ra, két qua XRD clia CNC/Ag ciing cho thdy
cudng d6 hai dinh nhiéu xa tuong tng véi cdc mit
mang (110) va (200) ctia CNC tai vi tri 20 1an lugt 1a
16,57 va 22,6° giam di ddng ké. Diéu nay cho thiy
cdu truc tinh thé cia CNC da bi pha v& trong qué
trinh téng hgp CNC/Ag. Nguyén nhén chi yéu la do
qua trinh ché tao huyén phu CNC va sy c6 mit cta
CTAB. Bé téng hop CNC/Ag, dau tién huyén phu ctia
CNC dugc ché tao bing cich phan tdn CNC vao nudc
(CNC chiém 2% khéi lugng) bang siéu am. Nang
lugng siéu 4m da bé gay cic lién két hydrogen noi
phén tl va lién phén ti, ti d6 1am yéu va pha v4 tuong
tac lién phén td gitta cac chudi mach cellulose. Hau
qua la ciu truc tinh thé cia CNC khong con hoan hao
s0 v6iban d4u. Tiép dén, dung dich CTAB dugc thém
vao va hinh thanh nén ciu trac nhj 16p cua CTAB
(Hinh 7). Chinh c4u triac nhi 16p cia CTAB trén bé
mat CNC da ddy cdc mach cellulose ra xa nhau, dan
dén phé v& cu truc tinh thé ctia CNC.
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Hinh 4: Gian d6 XRD cuta Cell, CNC va CNC/Ag

Phé FT-IR

Phg FT-IR cua Cell, CNC va CNC/Ag dugc thé hién
trén Hinh 5. Ca hai phd FT-IR ctia Cell va CNC déu
xudt hién dai phé rong tai s6 song 3380 em !, dic
trung cho dao dong kéo dan ctia cdc nhém hydroxyl
(-OH) trong céu truc ctia Cell va CNC. Mii hdp thu
tai s6 song 1645 cm~! xuit hién trén phd FT-IR ctia
ca hai vétliéu lién quan dén sy hdp thu hoi dm tao lién
két hydrogen lién phén tt ciia nhém hydroxyl véi cac
phan tit nudc trong khong khi. Mii hdp thu tai 2900
cm~! va 1370 cm~! 1a dao déng kéo dan va dao dong
bién dang bt d6i xting ctia lién két C-H>>**, Mii
1440 cm™! ting v6i dao dong bién dang ctia cdc nhém
-CH,-. Cac mii & 1000 - 1200 cm~! do dao dong
kéo dan cua lién két C-O. Dao ddéng khung C-O-C
ctia vong pyranose 1am xudt hién mot dai n6i bét tai
1060 cm™ !, dic trung cho hop chit polysaccharide .
Miii hép thu déc trung cho cdu tric cua cellulose xudt
hién tai s6 séng 890 cm~!. Mai nay nho va nhon dac
trung cho dao dong bién dang C-H két hop véi dao
dong uén ctia O-H trong lién két B-glycoside >*. Nhin
chung, cic dao dong dic trung ctia cac lién két trong
CNC khong thay ddi trong phé FT-IR ctia CNC/Ag.
Két qua phd FT-IR ctia CNC/Ag quan séat dugc cudng
do ctia dai phd tai 3380 cm~! (dao dong kéo dan O-
H) va tai 1000-1200 cm~! (dao dong kéo dan lién két
C-0O) gidm. Theo nghién ctiu cta Yalcinkaya cling
146

cac cong su*°, diéu nay cho thiy c6 sy tuong tac ctia

Ag NPs v6i cac nhém -OH trén CNC. Ngoai ra. tilé
cudng do gitta mai hdp thu dic trung cho bién dang
quat cia nhém -CH; (1330 cm™ 1) v6i mai hép thu &
s6 song 1645 cm~! trong CNC/Ag giam so v6i CNC
thuan. Diéu nay dugc giai thich la do Ag lién két véi
cdc nhom -OH ctia -CH,OH, tii d6 lam cho nhom
-CH; ltc nay khé bién dang hon nén cuong do hép
thu giam. Su gin két cia Ag NPs 1én CNC dugc hinh
thanh thong qualién két phoi tri dugc hinh thanh gitia
doi electron tu do trén nguyén ti oxygen ctia nhom -
OH vd6i cac orbital d tréng ctia Ag NPs.

[CNC/As

13380

4000 3500 3000 2500 2000 1500 1000 500
S& séng (ecm™)

Hinh 5: Phé FT-IR ctia Cell, CNC va CNC/Ag

Anh TEM

Anh TEM ctia Cell, CNC va CNC/Ag dugc thé hién
trén Hinh 6. Cellulose c6 lap tit ba mia (Cell) bing
quy trinh formic acid/ peroxyformic acid c¢6 hinh thai
dang sgi v6i chiéu dai khodng vai micromet. Sau khi
thay phéan, CNC thu dugc van con dang s¢i, nhung
¢6 chiéu dai ngdn hon Cell va kich thugc kha dong
déu. Anh TEM dugc phan tich bing phin mém Im-
age] (phién ban 1.53k) cho két qua chiéu dai va duong
kinh trung binh ctia CNC l4n lugt 1a 400 £ 12 nm
va 10 £ 2 nm. Sau qua trinh tng hop ¢6 st dung
chit hoat dong bé mat CTAB, két qua anh TEM ctlia
CNC/Ag da chiing minh rang Ag NPs dang hat cdu c6
kich thuéc trung binh 134 + 27 nm da dugc gén 1én
bé mit CNC.

Dua vao cic két qua phén tich ¢ trén, qud trinh gan Ag
1én CNC ¢4 thé dugc mo ta nhu tai Hinh 7. Khi dung
dich CTAB dugc thém vao huyén phu CNC, CTAB
véi ban chat cé mot dau va nude va mot dudi ki nude
da hinh thanh nén cu tric nhi 16p trén bé mit CNC.
Ciu truc nay dugc hinh thanh théng qua tuong tac
gitta nhém hydroxyl ua nuéc cia CNC vé6i ddu ua
nudc ctia CTAB >, Sau d6, 14n lugt AgNO3 va NaBH,
dugc thém vao hdén hgp. Chit khi NaBHy da khu cac
ion Ag* thanh Ag’. Khi Ag NPs dugc tao thanh trong
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Hinh 6: Anh TEM cta Cell (a), CNC (b) va CNC/Ag (c,d)

—e

P e o N N VYA
=

hexadacyltrimathylammonium brormide (CTAB)

@ ——@ CTAB nhi lép

Hinh 7: So d6 quy trinh gén Ag Ién CNC khi c6 mat chat hoat dong bé mat CTAB
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dung dich, cac phan ttt CTAB da dugc hdp phu trén bé
mat ctia Ag NPs. Qud trinh hdp phu va tai sdp xép cua
CTAB trén Ag NPs da hinh thanh nén ciu tric micelle
cta CTAB bao boc xung quanh Ag NPs. Chinh tap
hgp nay da bao vé Ag NPs tranh két tu lai thong qua
chudng ngai lap thé va dién tich bé mit ctia micelle 36
Nhu vay vé mat ciu tric, Ag NPs dugc 6n dinh trong
céc micelle ctia CTAB, cdc micelle nay sé gdn va phan
tan trén CNC nhd vao tuong tac gitta bé mat micelle
v6i nhém hydroxyl phan cuc trén bé mat CNC.

Hoat tinh xuc tac khir 4-NP

Két qua khao sat hoat tinh xdc tic ctia vét liéu
CNC/Ag trong phan ting khtt 4-NP khi c6 mat lugng
du NaBH, dugc thé hién trén Hinh 8. Trong phan
ung khii nay, qud trinh phan ing dugc theo déi qua
su thay déi cudng d6 ctia dinh hdp thu & vi tri 400
nm trén phS UV-Vis ctia 4-NP theo thoi gian. Két
qua phé UV-Vis trén Hinh 8a cho thay sau khi thém
NaBHy, dinh hép thu dic trung ctia 4-NP & budc séng
317 nm da dich chuyén vé budc séng 400 nm. Diéu
nay la do sy hinh thanh ctia ion 4-nitrophenolate i 4-
NP khi c¢6 mat NaBHy, kém theo 1a hién tugng dung
dich chuyén tif mau vang nhat sang mau vang sang >’
Khi c6 mit chat xtic tic CNC/Ag thi mii hép thu clia
4-nitrophenolate tai budc séng 400 nm gidm theo thoi
gian (Hinh 8b). Trong khi d6, phé UV-Vis xuét hién
mot mii hdp thu mdi tai budc séng 300 nm, va cudng
dd cua mai nay lai tdng theo thoi gian phan tng.
Déy la dinh hap thu dic trung ctia 4-aminophenol (4-
AP)?829, Ngugc lai, khi st dung vét liéu CNC-CTAB
lam xtc tdc thi phd UV-Vis khong c6 bat ky su thay
d6i nao. Diéu nay cho thiy vat liéu CNC/Ag c6 hoat
tinh xtc tac tot trong phan ting khii 4-NP, va hoat tinh
xuc tac c6 dugcla do sy c6 mit cia Ag NPs. San phdm
4-AP trong phan ting nay dugc tao thanh khi tac chit
4-NP nhén dugc electron tu cdc ion BH4~, dugc tao
ra sau qué trinh ion héa NaBH,>’. Tuy nhién, quéa
trinh chuyén electron ti chit cho 1a BH, ™ sang chit
nhan la 4-NP bi khong ché vé mit dong hoc do sy khéc
nhau vé thé oxi hoa khii gitia cap borate/borohydride
va cip 4-NP/4-AP%0-%2, Khi xtic tic CNC/Ag dugc
thém vao thi BH4~ va 4-NP dugc hép phu trén bé
mat CNC/Ag. Lic nay, Ag NPs dong vai tro lam chat
trung gian dé€ chuyén electron. Qua trinh chuyén elec-
tron nay gitp cho phan ting vugt dugc rao can dong
hoc va tao thanh 4-AP®. Hing s6 t6c d¢ biéu kién
(kapp) va hé s6 hoat tinh (k) ctia phan ting nay cé
gid tri 14 0,25 4 0,02 phut~! va 20,82 + 1,4 phut—!.
g~ !. Bang 1 la két qua so sénh hai gia tri ks, va k
ctia xtic tic CNC/Ag v6i mot s6 loai xic tac da duge
cong bo trude day. Tu Bang 1 c6 thé thdy hoat tinh

xuc tac trong phan tng khii 4-NP ctia CNC/Ag c6 thé
so sanh dugc véi nhiing két qua cta nhiing cong bo
khéc. Ngoai ra, uu diém ctia vat liéu nay 1a phuong
phép ché tao don gidn, khong cin dén nhiing trang
thiét bi chuyén dung va tiéu ton it nang lugng.

Kha nang khang khuan

Hinh 9 1a két qua khéng khuén cta vat liéu CNC/Ag
d6i véi ca hai chung vi khudn S. aureus va E. coli. So
v6i mau d6i chiing, vong khang khuédn ctia CNC/Ag
c6 duong kinh tai ba vi tri 14n lugt 14 7,05 mm, 6,42
mm va 7,07 mm déi v6i chung vi khuén E. coli. Déi
v6i chung vi khuén S. aureus, duong kinh vong khang
khuan tai ba vi tri la 10,50 mm, 11,80 mm va 11,70
mm. Diéu nay cho thdy, vat liéu CNC/Ag dang bot
¢6 hoat tinh khéng khuén tuong d6i t6t trén ca hai
chung vi khuéin Gram am (E. coli) va Gram duong (S.
aureus). Theo két qua nghién ctiu ctia Feng cung cac
cong sy ’” thi phan ting gitia ion Ag" véi nhém thiol
(-SH) trong protein dong vai tro quan trong trong qua
trinh tc ché vi khudn. Khi CNC/Ag dugc dit 1én mit
moi trudng thach thi thanh phan Ag trong vét liéu sé
gidi ly mot phan thanh cac ion Ag". Céc ion nay sé
nhanh chong khuéch tdn trong moi trudng thach, tiép
xuc va lam xdo tron chiic ning ctia thanh té€ bao thong
qua viéc tdn cong vao cac nhom -SH lam bat hoat en-
zyme ho hdp, tao ra cac tic nhan oxi héa manh (Re-
active Oxygen Species - ROS). Dong thoi, cac nhom
-SH bi mat H cuing véi nhau hinh thanh lién két méi
-S-S- trén thanh té bao va sé ngéan can sy van chuyén
dién tlt qua thanh t& bao”°.

KET LUAN

Vit liéu composite trén ¢ s§ nano tinh thé cellulose
va Ag (CNC/Ag) da dugc ché tao bing cach tdng hop
Ag NPs truc tiép trén gid mang CNC véi sy ho trg ctia
chét hoat dong bé mit cation 13 hexadecyltrimethy-
lammoniumbromide (CTAB). Celulose dugc c6 lap
tit ngudén phu phdm ba mia Viét Nam, di dugc thuy
phén trong moi trudng acid HCI dé tao CNC. Vat liéu
CNC dang s¢i, ¢6 chiéu dai va duong kinh trung binh
lan lugt 1a 400 nm va 10 nm, dugc st dung lam gia
mang giip Ag NPs gan két 1én bé mat. Qud trinh
hinh thanh, dn dinh va phéan tén ciia Ag NPs 1én bé
mit CNC dugc hd trg bdi chit hoat dong bé mit
CTAB. Composite CNC/Ag ¢6 hoat tinh xtc tac t6t
trong phan tng kht 4-nitrophenol (4-NP) dé€ tao 4-
aminophenol (4-AP). Trong phan ting nay, Ag NPs
do6ng vai tro 1am chét trung gian dé€ chuyén electron tu
ion BH4~ sang 4-NP. Qud trinh chuyén electron nay
gitp cho phan ting vugt dugc rao can dong hoc va tao
thanh 4-AP. Gid tri hing s6 tdc do bi€u kién (kspp) va
hé s6 hoat tinh (k) cta phan tng nay lan lugt 1a 0,25
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Hinh 8: Phé UV-Vis ctia dung dich 4-NP trudc va sau khi thém NaBHj, (a), theo thoi gian phan (ing véi chat xuc
tac 1a CNC/Ag (b), theo thai gian phan (ing khi st dung chat xuc tac 1a CNC-CTAB (c) va dudng biéu dién In (C,/C,)

theo thai gian ctia phan ting cé xuc tdc CNC/Ag (d).

Bang 1: So sanh gia tri k,,, va k cia xtic taic CNC/Ag v6i mét sé loai xtic tac da dugc cdng b trudc day

Xic tac kapp (phut~!) k (phut—1.g~1) Tham khéo
9,6 nm Ag NPs 0,126 88,9 o4
Composite C/Ag NPs 0,1014 101,4 2
T6 hop Fe3O4/Ag trén gia mang vi sgi 0,20 33,33 &
cellulose (NFC)
Composite Ag NPs@PGMA-SH 0,2364 262,8 Z
Micron-SiO, @Ag NPs 0,2136 15,96 o8
Ag NPs gin két trén Co304 0,1218 48,72 @
CNC/Ag 0,25 20,82 Nghién ctiu nay
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] Mau do6i chirng | CNC/Ag |

Hinh 9: Kha nang khang khuan ctia CNC/Ag d6i véi vi khudn S. aureus (a) va vi khuan E. coli (b).

+ 0,02 phut~! va 20,82 + 1,4 phat—'. g=!. Ngoai
ra, vat liéu CNC/Ag ciing cho thdy kha nang khang
khudn d6i vé6i vi khuén 13 Gram duong S. aureus va
vi khudn Gram am E.coli. Cac két qua trén cho théy
trién vong ting dung cta loai vét liéu nay trong linh
vic xt ly cdc hgp chat nitrophenol va vi khuén doc
hai trong méi trudng nudc.
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Preparation of cellulose nanocrystal/ silver nanoparticle
composite as a catalyst for 4-nitrophenol reduction

Vu Nang An"2"*, Vo Huynh Tra My'-2, Pham Thi Thu Giang'?, Nguyen Le Kim Phung?,
Nguyen Thai Ngoc Uyen'2

ABSTRACT

This paper presented the cellulose nanocrystals (CNC) were synthesized from the Vietnamese agri-
cultural waste, sugarcane bagasse, by a chemical method and then acid hydrolysis. The composite
based on CNC and Ag (CNC/Ag) was fabricated by directly synthesizing Ag—NPs on the CNC tem-
plate with the support of a cationic surfactant, hexadecyltrimethylammonium bromide (CTAB). The
morphology, chemical structure and composition of the materials were analyzed by physicochem-
ical methods, ultraviolet-visible spectroscopy (UV-Vis), X-ray diffraction (XRD), Fourier—transform
infrared spectroscopy (FT—IR), and transmission electron microscopy (TEM). The TEM image results
determined that the CNC material was a fibre with an average length and diameter of 400 & 12 nm
and 10 & 2 nm, respectively. The CNC/Ag composite was used as a catalyst in the 4-nitrophenol
(4-NP) reduction to produce 4-aminophenol (4-AP). The 4-NP reduction reaction in the presence
of the CNC/Ag catalyst followed a pseudo-first-order reaction kinetics where the catalytic rate con-
stant (kapp) and the catalytic activity factor (k) were 0.25 £ 0.02 min~! and 2082 £ 1.4 min~!. g7,
respectively. The CNC/Ag catalyst helped this reaction to overcome the kinetic barrier by directly
transferring electrons from the BH4 ™ ion to 4-NP through the Ag NPs as an intermediate. In ad-
dition, the CNC/Ag material showed the antibacterial activity against both Gram-positive bacteria,
Staphylococcus aureus and Gram-negative bacteria, Escherichia coli.

Key words: Antibacterial activity, cellulose nanocrystals, cellulose/silver composite, silver
nanoparticle, 4-nitrophenol catalytic reduction
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