Chuong 1. TONG QUAN VE NGHIEN CUU

1.1. GIOI THIEU VE NGUYEN LIEU VO CAM
1.1.1. Téng quan vé mét sé gidbng cam thwong giap
Phét trién manh & tinh Mién Tay. CAy nay ra qua som, sau 2 nam trong. Co thé
thu hoach khoang 8 dén 9 thang, nang suét trung binh tir 30kg trg 1én /cay/nam 16p 5).
Qua ¢6 hinh cau, khi chin c6 vé mau xanh dén vang luc. Trong luong trung binh 235-
245¢, vo day 3-5 mm, ving mau cam ¢6 mau cam dam, mong nudc, rat thom, thuong

co hat.

Hinh 1.1. V6 va qua cam sanh

1.1.2. Pic diém va céng dung cia vé Cam Sanh
Dic diém: C6 hon 55 loai flavonoid, 170 phytonutrients, hespirin.. cac loai trong
vé cam gdom vitamin A, vitamin C, vitamin B5 , pectin va chét xo
Cong dung: Tang cuong sirc khoe tim mach, hd trg giam viém va di ung, hd tro
giam can, tdt cho sirc khoe rang miéng, cai thién sic khoe tiéu hoa.
1.2. TONG QUAN VE CONG NGHE, VAT LIEU NANO
1.2.1. Téng quan vé cdong nghé nano
Cong nghé nano la linh vyuc ki thuat ché tao va st dung vao cac hé théng théng
qua kiém soat hinh dang va kich cta chlng ¢ cap ¢6 nanomet (nm, 1nm =101 m). Nano
cdng nghé ciing co thé duoc hiéu 1a mot linh vuc ky thuat duwa trén kién thirc vé cac quy
luat cau triic, hién tuwgng va tinh chat cua cau tric vat ligu c6 kich thude cu thé o cap do
nano (L& Thi Thu Hién, Néng Vin Hai, 2004).
1.2.2. Vat liéu nano
Vit liéu nano c6 kich thuéc theo nhiéu chiéu 1a nanomet. C6 thé goi la chi dé nano

nghién ctru khoa hoc. Bac thu caa nano phu thudc vao kich thuéce, hinh dang cua chdng.



Chung c6 kich thudc tir vai nanomet dén hang trim nanomet, tiy thudc vao phuong
phap san xuat va ung dung caa chiing (Nguy&n Hoang Hai, 2007).
1.3. TONG QUAN VE HAT NANO KIM LOAI VA HAT AgNPs

1.3.1. Hat nano kim loai

% Tinh chdt quang: N6 xay ra do su di chuyén cua céc electron véi buc song
dién tir. Cac electron chuyén dong trong hat nano dugc phan phéi lai, phan cuc dién cho
hat nano va tao thanh cac ludng cuc dién. Hon nira, tinh chat quang ciing vi tic dong
boi mat do hat nano. Vi du, &nh sang phan chiéu tir mot khdi vang c6 mau vang, nhung
anh sang truyén qua c6 mau xanh lam hoic mau cam khi cac hat thay d6i kich thuéc.
Chi nhitng hat kim loai ¢ electron ty do bi hap thu trong viing &4nh sang kha kién mai
gay ra hién tugng quang hoc trén (Nguyén Hoang Hai, 2007) .

% Tinh chdt dién: Khi kich thudc cua vat liéu ha xudng, cac hiéu ang lwong tir s& 1am
roi rac cau trdc dai nang luong, dan dén hiéu tng chan Coulomb (Nguyén Hoang Hai,
2007).

% Tinh chdt tiz: Khi vat liéu duoc 1am nho hon, né thé hién tir tinh twong d6i manh.
Kim loai c6 tinh chat tir sac nét chuyén sang trang thai siéu thuan tir & cap do nano. Khi
cd tir truong thi ¢6 tir truong manh nhung khi 1dy di tir tredng thi tir treong sé bién mat.
tir du va luc cudng ché hoan toan bang khong (Nguyén Hoang Hai, 2007).

% Tinh chdt nhiét: nhiét d6 ndng chay Tm ctia vat liéu phu thudc vao mie do lién két
giita cac nguyén tir trong mang tinh thé. Nhiét d6 nong chay giam khi kich thuéc cuat
hat nano giam (Nguyén Hoang Hai, 2007).

1.3.2. Hat nano bac

1.3.2.1.80 liroc vé bac kim logi

Bac c6 mau trang, d& udn, dan dién va nhiét cao va dién tré suat nho nhat. Bac co
d6 bong kim loai, khéi lwgng 16n, d& kéo dai va tao hinh. Bac ban trén thi truong co do
tinh khiét it nhat 12 99,9% va trong mot s6 trueong hop vuot qué 99,999%.

1.3.2.2. Téng quan Vé tinh chdt va ddac tinh cia nano bac.

Kich thuéc AgNPs tir 0,1 dén 100 nm, chi ra cé4c tinh chit dic trung khac nhau dang
ké s0 véi bac thong thuong.

Bac c6 thé khang sinh va c6 hiéu qua cao. Bac c6 doc tinh cao ddi véi vi sinh vat,
trong d6 c6 16 loai vi khuan chinh(Slawson, Trevors and Lee, 1992) (Zhao and Stevens,

1998). Vi kha ning nay bac duoc ding trong y té. Bac thuong dugc sir dung dudi dang
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nitrat dé tao ra tac dung khang khuan nhung khi sir dung ¢ dang hat 1am ting hiéu tng
diét khuan

Sy phan tan trong pham vi nanomet lam tang dién tich bé mat cu thé, do d6 ting
gap do6i hidu qua chdng khuan cua bac. Nhitng thi nghiém da thanh cong cho rang hoat
tinh diét khuan cua AgNPs (1-100 nm) tét hon so véi bac s6 lwgng 16n va 1g.

Tinh khang khuan cia nano bac dwec giai thich theo mét sé co ché

e CA4c hat nano bac c6 thé duoc neo va uc ché té bao diét khuan va 1am bién doi vé
CAu tao bén trong md bao, chang han nhu tinh thAm nhap cua mang va phé hay té bao
(Drake and Hazelwood, 2005).

e Dé tao thanh géc tu do bai hat AgNPs c6 thé 1a mot co ché gay chét té bao vi
khuan. Voi quang pho cong hudng dién tir da chi ra rang cac hat nano bac lam hong
mang té bao, khién chang tro nén xdp gay tc ché tiéu huy mang té bao (Danilczuk et
al., 2006) (Kim et al., 2007).

e Bac nano tao ra cac AgNPs. Cac ion nay cd thé két hop vai cac enzym, protein
gay vo hiéu hoa chuc nang cua ching. Béi véi cac loai vi khuan hd hap bang oxy, cac
ion bac s& gay uc ché enzym hd hap va tin cong cac té bao cia chinh n6 (Matsumura
et al., 2003)(Morones et al., 2005) (Hatchett and White, 1996).

e C4c hat bac nho tham nhap vao mang té bao ching gap va két hop voi DNA c6

chira nhém sunfua hozc phét phat, 1am bat hoat cac enzyme hoic DNA, qué trinh sao
chéo DNA bi can tro va tiéu diét vi khuan (Shrivastava et al., 2007) (Singh et al., 2008).

Hinh 1.2. Phwong thirc hoat dong cia cac hat nano bac trén vi khuan



1.3.3. Ung dung caia nano bac

Hat nano 1am chat xdc tac, chat cam bién quang hoc trong k¥ thuat dét may, thiét
bi dién tir, trong quang hoc va quan trong nhat trong y dugc vi 1a chat diét khuan va chat
diéu tri. AgNPs duoc xay dung trong cac vat liéu tdng hop nhua nha khoa, trong 16p
pht cua cac thiét bi y té hay nhu 1a mot 16p phu diét khuan trong céc bo loc nuéc. Ngoai
ra n6 con 1a tdc nhan khang khuan trong thudc xit khong khi khir tring, gi, mit na
phong doc, vo, khin lau wét, chit tay rira, xa phong, dau goi...va nhiéu san pham tiéu
dung khac nhu xi ming xwong Va trong nhiéu cac loai bang vét thuong...

4+ Trongy hoc
AgNPs c6 tinh khang khuan 1a ban chat cia nhiéu thanh phan trong nganh y dugc
gilp nhanh chéng chita lanh vét thuong 1a do su giam hoat dong cua matrix
metalloproteinase (MMP) va su gia ting qua trinh apoptosis bach cau trung tinh trong
vét thuong (Shin et al., 2007).

Cac hat nano bac dugc phu luéi polypropylen cé tac dung khang khuan tuyét voi
va ung bién trong ludi phau thuat dé chong khuan(Cohen et al., 2007). Ngoai ra, nano
bac dung dé chéng tai nhiém khuan do vi khuan gay ra trong cac dung cu y té va bang
vét thuong.

Nano bac da va dang phat trién trong nganh vi sinh. Céc thugc tinh plasmon cua
nano bac dugc quyét dinh bai hinh dang, kich thudc va cac phuong tién dién méi bao
quanh né. Tinh chat caa n6 1am chat dién méi trong cam tng sinh hoc. AgNPs tac dong
I&n nhiéu loai protein khac nhau ma cac cam bién khong bién di khé nhan ra. Uu diém
nay cua AgNPs duoc phat minh dé phat hién nhiéu loai khdng 6n dinh, bao gom ca ung
thu.

Pic tinh plasmonic cua nano bac dung dé loai bo té bao khong tét. Nang luong

nhiét nay co thé gay ra su cat bo nhiét cua hat tiéu o cac té bao dich. (Loo et al., 2005).
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Hinh 1.3. Bing vét thwong cé hat AgNPs
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Hinh 1.4. Lwéi thoat vi chira AgNPs
4+ Trong cac linh vuc khac
Hang tiéu dung: Hién nay, nano bac dugc cho vao cac polyme véi kha nang khir
mui hiéu qua bang cach tiéu diét nhiéu loai vi khuan. AgNPs hién duoc sir dung trong

nhiéu san pham moi nha, hop dung thire an, chat tay ria thyc vat, son va my pham. ..
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Hinh 1.5. AgNPs dwoc sir dung trong mei san pham hang tiéu ding

Kj thudt dét may: Nano bac con duoc dwa vao vai gidp quan 4o giam muii héi,
giam thiéu nguy co nAm méc, c6 mui, c6 dic tinh chéng tinh dién, cai thién dic tinh sinh
hoc cua da, gilip gitr can bang. N6 duogc sir dung trong quan 4o thé thao, quan 4o y té va

khin tdm tré em.



Hinh 1.6. Mac hang vai dwoc pha AgNPs
Chat tiép xuc: Str dung lam chat xdc tac, hat AgNPs thuong dugc trang mot 16p
silica phing, alumina, v.v.. N6 ¢6 tac dung bam dinh céc hat nano bac vao gia d& va c6
thé cai thiéntudi tho. N6 bao vé chat xuc tac khoi su két tu cuc bo, v.v. (ILibor Kvitek,
2005).
Xz ly chat long nwéc: dién tich bé mat twong ddi 16n caa cac hat AgNPs ¢6 thé loc

nuéc 6 nhiém va loc nude udng theo tiéu chuan.

Ocpuritech

Hinh 1.7. Thiét bi loc nwéc cd hat AgNPs
1.4. SO LUQC TINH HINH NGHIEN CUU NGOAI NUOGC VA TRONG NUOC
1.4.1. Tinh hinh nghién céu nwéc ngoai
Nano ¢ng dung trong nhiéu linh vuc cu thé cac tac gia nudc ngoai di c6 mot sb
nghién ctru nhu sau:

Nim 2010, tac gia Prathna da tong hop AgNPs bang dich chiét nuéc Citrus limon
(chanh) va du doan 1y thuyét vé kich thuéc hat. Quy trinh tong hop trong 4 gid véi nudc
chanh (néng do axit citric 2% va noéng do axit ascobic 0,5%) theo ty I& 1:4. Sy hinh
thanh AgNPs duoc xac dinh bang phd UV-Vis trong khoang 400 — 500 nm. Cac nghién
ctru phd FTIR di chirng minh axit citric ¢d thé 1a chat 6n dinh. Céc hat AgNPs c6 kich

8



thudc 50 nm ¢6 dang hinh cau duoc quan sat qua TEM. Pay 1a phuong phép kha thi,
than thién vai moi truong(Prathna et al., 2011).

Tong hop céc hat nano bac st dung chiét xuat 14 caa Hibiscus cannabinus di duoc
nghién ctru nam 2013. Cac hat nano tong hop dugc dic trung bang phuwong phap quang
phd UV-vis, quang phé hong ngoai (FTIR), nhidu xa tia X (XRD) va Kinh hién vi dién
tir truyén qua (TEM). Céc hat nano bac da ché tao dugc don phén tan, c6 dang hinh cau
Véi kich thudc hat trung binh 12 9 nm va cho thay dinh plasmon bé mat ¢ 446 nm. Nghién
ctru ciing tiét 16 rang axit ascorbic c6 trong chiét xut 14 H. cannabinus d dugc sir dung
lam chat khir. Hat nano bac bao ché duoc cho thay hoat tinh khang khuan tét ddi voi
Escherichia coli, Proteus mirabilis va Shigella flexneri(Bindhu and Umadevi, 2013)

Niam 2015, tac gia Haytham M.M. Ibrahim d3 nghién ctu tong hop AgNPs tir vo
chudi Cac diéu kién téi wu 1a bac nitrat (1,75 mM), BPE (khéi luong kho 20,4 mg), pH
(4,5) va thoi gian 1 (72 gid). BPE c¢6 thé khir cac ion bac thanh cac hat nano bac trong
vong 5 phut duoc biéu thi bang mau nau. Phd UV - Vis cua hat nano bac ¢ budc song
433 nm. Kinh hién vi dién tir truyén qua di xac nhan tinh chat hinh cau va do két tinh
cta hat nano. Kich thuéc trung binh cua hat nano 1a 23,7 nm. Céc hat nano bac cho thay
hoat dong khang khuan hiéu qua chdng lai mam bénh dai dién cua vi khuan va nam
men(lbrahim, 2015)

Nam 2019, tac gia Margarita I. Skiba nghién ctru dé diéu ché cac hat nano bac
“xanh” (AgNP). Cac AgNP t6ng hop duoc dic trung bai quang phé UV-Vis, tan xa anh
sang dong va kinh hién vi dién tir quét, két qua khang dinh hat nano bac dwgc hinh thanh
& nong do6 khao sat cua Ag* (0,25-6,0 mmol/L) trong 5-10 phut, véi ty 1¢ AgNOs: chiét
xuat (ml) 1:1, va & mac 75°C. Két qua XRD dang bot cho thay hat nano Ag c6 cau tric
tinh thé 1ap phuong tim mat Anh huong cia pH dén qué trinh tong hop hat nano da
dugc xac dinh bang cach diéu chinh do pH cua hon hop phan tmg. AgNPs ciing da duoc
nghién ctu trong quéa trinh phan hay xic tac cta thudc nhuém xanh methylene
(MB)...Phan tng phan hay xtc tac dudi buc xa mat troi da hoan thanh (99%) trong
vong 35 phdt, biéu thi dic tinh xic tac tuyét voi cua hat nano bac trong viéc khir MB
(Skiba and Vorobyova, 2019).



1.4.2. Tinh hinh nghién ciru trong nwoéc

Nudc ta dang tp trung phét trién linh vuc AgNPs do dugc chd y nhiéu. Nhitng
phat minh vé& kim loai nano dugc quan tdm rong rai trén cac bao dai cho dén nay con
thu hep.

Nam 2019, tac gia Tran Nguyén An Sa tong hop AgNPs bang chiét xuat vo chanh
day. Su hinh thanh cac hat AgNPs duoc kiém tra giam séat bang phan tich quang phé
UV-Vis & budc song 445 nm. Puong kinh hat nano (61,7 nm) duoc do bang k§y thuat
tan xa anh sang v&i may phan tich kich thudc hat nano. Hon nira, cac hat nano bac duoc
tao ra c6 thé tng dung dé phét hién cac ion Zn?* va Pb?*trong mai truong nudc vai gisi
han phét hién (MDL), giéi han dinh luong (LOQ) lan cudi 1a: MDLS = 0,035 mM, LOQ
= 0,1 mM ddi véi Zn?* and MDLS = 0,043 mM, LOQ = 0,137 mM d6i véi Pb?* (Sa et
al., 2021).

Nam 2020, tic gia Vinh Tién Nguyén da tong hop céc hat AgNPs tir dich chiét vo
budi va thir nghiém khang khuan. Quy trinh téng hop bao gom st dung chiét xuat vo
budi va anh sang mit troi truc tiép, da duoc sur dung dé tong hop cac hat nano bac
(AgNP). Biéu ché bang cach xu Iy vé buai bang dung dich axit xitric & 85°C trong 2
gid. PPE sau d6 duoc tron vai AgNOava tiép xUc véi anh sdng mat troi dé tao ra su hinh
thanh AgNPs. Phé UV-Vis phu thudc vao thoi gian ciia hdn hop phan tng da ching
minh rang AgNPs duoc hinh thanh duéi su chiéu xa cua &nh sang mat troi nhanh hon
so Véi qua nhiét & 90°C. Cac ky thuat mé ta dic diém, bao gom nhiéu xa tia X, kinh hién
vi dién tir truyén qua va kinh hién vi dién tr quét, da xac nhan su hinh thanh cua AgNPs
véi kich thuéc 20-30 nm (Nguyen, 2020).

Nam 2023, tac gia Triéu Qudc An da nghién ciu tong hop nano bac tir dich chiét
14 tra xanh kho va budc dau danh gia kha nang khang khuan cua vat liéu. Trong nghién
ctru ndy, anh huong caa nhiing théng sé quan trong nhu diéu kién pH, thoi gian phan
ing, ndng do AgNOs, va ti 18 thé tich dich chiét tra va dung dich AgNO3 dén qué trinh
t6ng hop AgNPs sir dung dich chiét tra xanh da dugc chirng minh. Mot s6 phuong phap
phan tich dic trung ciu tric AgNPs duoc st dung nhu quang phd hap thu UV-Vis, DLS,
XRD va TEM nham hd tro x&c nhan su thanh cong cta con duong tong hop AgNPs sir
dung dich chiét tra. Dai hap thu SPR xuat hién trong ving budc song 420 — 430 nm,
trong phd UV-Vis ciia AgNPs dugc tong hop tir dich chiét tra sir dung nhitng diéu kién
t6i vu nhu pH 8.5 - 9, thoi gian phan ang trong 30 phut, va ti 1¢ thé tich dich chiét/ AgNOs3
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1:1. Kich thudc trung binh cia AgNPs xac dinh bang DLS trong khoang 28 - 34 nm.
Phé XRD ctia AgNPs dugc tong hop ching minh r rang sy tén tan cia Ag va do tinh
khiét tinh thé ciia n6. Hoat tinh khang khuan dang ké cia AgNPs tong hop tir dich chiét
tra trén cac chung khuan gram duwong S. aureus, va gram am E. coli ¢6 thé dugc tng
dung trong céac linh vyc dugc, thuc pham va néng nghiép. .. (Trieu et al., 2023).

4+ Y nghia khoa hoc vé viéc sir dung vé cam sanh dé chiéu ché nano:

Tong hop AgNPs dang tién b vuot bac so véi mot sé phuong phap vi sinh vi no
thé d& dang cai thién. Toan bo thanh phan trén cay thuc vat déuchira cac phan tir sinh
hoc (enzim, alkaloid, tannin, vitamin...) ¢ gié tri chira bénh cao. Chiét xuat AgNPs tir
v6 cdy cam 1a phuong phap hoa hoc xanh,tan ding nguyén ngudn nguyén liéu thién
nhién. Vo cam chira flavonoid c6 tac dung trc ché cac protein lién quan dén ung thu va
v6 cam chtra hop chat limonene han ché nguy co gay bénh nang. Nho vitamin C trong
v6 cam, gilp khang viém tranh lam nang vét thuong hé. Chét xo trong vo cam lam ting
tinh 6n dinh va hd tro tiéu héa. Flavonoid trong vo cam duoc biét 1a 6 tinh thim cua

mang Vva tac dung chita lanh vét thuong. Han ché gay 6 nhiém.
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Chuong 2. NGUYEN LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. HOA CHAT, DUNG CU VA THIET BI
2.1.1. Hoa chat
+ Bac nitrat (AgNO3): dang tinh thé duoc san xuit boi Merck Peruana,
Polyvinylpyrrolidone (PVP) duwoc mua tir Sigma — Aldrich.
% Cam Sanh: Ia giéng cay dic trung cua ving Pong Nam Bo
< NaOH: Natri hydroxit Ia mot chat hoa hoc két tinh trang, manh. N6 hat am
cao, hoa tan trong nuwdc va tao ra mot lugng nhiét Ion. Hydroxit ¢ nhiét @6 ndng
chay khong gay mui du nhiét do cao ¢ 318°C (591 K), nhiét do soi 1.390°C (1.663
K), d6 hoa tan 111 g/100 ml (20°C) va tinh bazo 1a - 2,43 pKp. Gay dn mon vai, gidy
va da.
2.1.2. Thiét bj

Hinh 2.1.a) Can phan tich 3 s6 My, PX223/E 001 va b) Biit do pH Hanna HI 981036

12



d)

Hinh 2.2. ¢) May ly tdm 4000 v()ng/phut, 12x15ml va d) Bé rira siéu am PS-40ATrung
Quoc Gemmy PLC-05

| Miy quang ph g
LABOMED UV-VIS

—
i
~

Hinh 2.3. €) May khudy tir gia nhiét 85-2A va f) May quang phé hap thu UV — Vis
LABOMED
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2.2. LUA CHON PHUONG PHAP NGHIEN CUU

Nhin chung, céc thao tac nay co c6 xu huéng tét va thoi gian tong hop ngan nhung
rat tbn kém do str dung thiét bi dat tién va sy doc hai c6 trong hda chat s& gay doc. Nén
viéc tong hop theo huéng hda hoc xanh d3 va dang tiép tuc 1a trong tam (Hung, 2011).

Mot s nghién ciru ché tao nano theo huéng tong hop xanh dwa trén céc loai dich
chiét nhu: dich chiét 14 diép c&(Tran, 2016), dich chiét 14 tra den (Lan et al., 2018), dich
chiét caa 14 hoa hong (Nhut et al., 2015). Ngoai thuc vat mot sé6 nghién ciu con tan
dung trén céc loai vi sinh vat, nam(Hai et al., 2019).

Trong dy &n nay, nghién ciru tap trung vao qué trinh tao ra AgNPs tir chiét xuét vo
cam. L& nguon nguyén lidu cho qué trinh tng hop AgNPs tan dung nguyén liéu tir thién
nhién c6 ¢ cac tinh mién Tay.

2.3. PHUONG PHAP NGHIEN CUU
2.3.1. Phwong phap xac dinh dac tinh hat nano bac
2.3.1.1. Phurong phdp phé tir ngogi kha kién (UV — Vis)
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Hinh 2.5. May quang phé tir ngoai kha kién UV-Vis
Phuong phap do nay duoc sir dung dé theo ddi thudc tinh cua AgNPs, do chiéu cao
cuc dai va bé rong pho, mic do phan tan hat. Qua d6 xac dinh xem liéu c6 thé tao ra
dung dich chtra nano bac hay khong.
2.3.1.2. Kinh hién vi dién ti truyén qua
Kinh hién vi dién ti truyén qua (TEM) 12 phuong phap d¢é kich thudc va hinh dang
cua cac hat nano duoc hinh thanh.Néu nguyén liéu tao ra khéng phl hop vai tiéu chi

khao sat thi can xem lai quy trinh san xuat hat nano dé diéu chinh.

Hinh 2.6. Kinh hién vi dién tir truyén qua TEM
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2.3.1.3. Phurong phdp phé hong ngogi FTIR
La mot phuong phap phan tich phat trién gilp nhan dién cac lién két caa chat phan
tich va cac nhom chuec.
Dua trén tan sb riéng va cudong do cuc dai cua phd hdng ngoai, su hién dién cua
cac nhom chire va céc lién két duoc xac dinh trong phan tir dang nghién ctiu ¢6 thé

dugc danh gia truc tiép, tir 46 x4c dinh cau tric phan tir cua vat liéu nghién cuu.

Hinh 2.7. Kinh hién vi quang phé héng ngoai FTIR
2.3.1.4. Phurong phdp do nhiéu xa tia X (XRD)

Thu duoc anh phd nhiéu xa, cung cap théng tin vé cau tric tinh thé, sé liéu cau

tric khac nhu kich thudc hat trung binh va khuyét tat tinh thé.
Cac miii nhiéu xa tia X duoc gay ra bai su giao thoa cua cac tia X bi nhiéu xa &
cac goc cu thé bai cac mat phang mang cua mau. Cac miii nhidu xa duoc dic trung boi

su phan b cta cac nguyén tir trong mang tinh thé.
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Hinh 2.8. M4y do nhiéu xa tia X (XRD)
2.3.1.5. Phurong phap do kich thuoc hat DLS

Trong dinh ¢& hat DLS dugc do bang cach sir dung may phan tich tan xa anh séng

qua d6 biét dugc kich thudc trung binh, biéu dd phan bé kich thudc va chi sb phan tan.
5

0

‘ Winneraoza myxmmy g

Nano Laser particle sizer

My i tich kich (e hat nano
Dynanic light scatiering winner 302
manaparicle size analycee for Lab Research

Hinh 2.9. May phan tich kich thwéc hat WINNER 802
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2.3.2. Thuc nghiém
2.3.2.1. Chudn b;i nguyén liu

4 Chuin bj bgt vé Cam sanh

Vo cam sanh
Rua
] T °C =100 °C
Sa
Y t=26h
Nghién

Hinh 2.10. So' dd chuan bj bt vé Cam Sanh
% Quy trinh chuin bi bt vé cam sanh: Trai cam sanh sau khi dwoc rira sach va
got vo thi vé cam s& duoc dem di sy ¢ 100 °C trong 26 tiéng, dén khi vo cam gion s&
dem di say min thanh bét va thu duoc bot vo cam sanh.

Hinh 2.11. Bt vé Cam sanh
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£ Chuin bi dich chiét vé Cam Sanh

1g Bot cam 40ml nude
sanh cat
T°C = 75°C
Bun t= 30 phut

Dich chiét vé cam

sanh

Hinh 2.12. So' @ chuan bj dich chiét qua Cam Sanh
£ Quy trinh chuén bi dich chiét vé cam sanh: Can 1g bot vo cam sanh va cho 40ml
nudc cat vao, tién hanh nau trén bép gia nhiét & 75 °C trong 30 phat. Sau khi hét thoi
gian hdn hop sé& dugc dem di loc va thu duogc dich chiét vo cam sanh.
+ Chuan bi dung dich bac nitrat
Bac nitrat & dang muédi tinh thé dugc pha & nong d6 1000 mM . Dung dich ban
dau ¢ ndng d6 1000mM ha dan xudng 50ml véi cac nong d6 sau: 1mM, 1.5mM, 2 mM,
2.5 mM, 3 mM, 3.5 mM, 4 mM, 4.5 mM, 5 mM.
2.3.2.2. Téng hgp nano bac
+ Céch bd tri thi nghiém
Cho dich chiét vo cam va AgNOs véi ty 1¢ 1:1 vao coc. Dung méay do pH do nong
d6 pH ban dau. Sau d6 cho cham cham dung dich NaOH 0.1M vao céc chira dung dich
da hon hop trén dong thoi dao lién tuc. Thém NaOH cho dén khi dat pH mong muén.
Hon hop nay sau d6 dugc dao trén may khudy bing ca tir da duoc gia nhiét ¢ 75°C trong
30 phat. Sau thoi gian phan ang s& tit may khudy tir, thu dugc hdn hop, dé ngudi va
dem di do voi may UV — Vis.
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Hinh 2.13. Cach bé tri miu dang dwoc khuiy trén bép gia nhiét

a) Khao sat anh huwong cua pH Ién qua trinh hinh thanh nano bac

4+  Muc dich: Chon do pH téi uu bang cach kiém tra mau sic, hap thu & buéc

song toi da.

4 Piéu kién khao sat
Bang 2.1. Piéu kién khao sat anh hwéng pH 18n sw tao thanh AgNPs

STT

pH

Thai gian
(phut)

Nhiét dé
(°C)

Nong dd
AgNOs3
(mM)

Ti lé

\Vdich chiét :V bac nitrat

7.5

8.5

8.7

8.8

9.2

O 0O N| O O | W N| =

9.3

[EEN
(@)

9.5

30 phat

75°C

2.5 mM

1:1
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11 10
12 10.5
13 11

Thuyét minh:

Cho dich chiét vo cam va bac nitrat véi ty 16 1:1 vao céc. Kiém tra pH ban dau.
Sau d6 cho cham cham dung dich NaOH 0.1M vao céc chira dung dich da hdn hop trén
d6ng thoi khudy lién tuc. Thém NaOH vao toi khi dat duoc téi ndng dd pH can khao sat.
Hon hop nay sau d6 duoc dao tron trén may khuay tir 3 duoc gia nhiét ¢ 75 °C trong
30 phut. Sau 30 phut s& tat may khuay tir, thu dugc hdn hop, dé ngudi va dem di do voi
may UV — Vis.

NaOH 0.1M W

Extract

AgNPs

AgNO3
Hinh 2.14. So @6 m6 phéng qua trinh thwc nghiém

b) Khdo sat anh hwong cia ty 16 thé tich 1én quéa trinh hinh thanh nano bac
4+ Muc dich: Xem xét mau sic, hap thu ¢ budc song tdi da va chon ty 18 tét
nhat.
4 Piéu kién khao sat

Bang 2.2. Piéu kién khao sat sw anh hwéng ti 1¢ tac chat phan &ng 1én s tao thanh
AgNPs

Ti l¢ Thei gian Nong dd | Nhiét do
STT V dich chiét : V bac nitrat (phl]t) AgNOg (OC) pH
(mM)
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1:1
1:5
1:10 30 phat 2.5 mM 75°C 8.7
o:1
10:1

gl B~ W N

Thuyét minh: thyc hién twong tu nhu khao sat pH. Giit ¢ dinh pH d3 khao sat toi
vu (6 phan 2.3.2.2.1), thay ddi ty Ié can khao sat, t = 30 phit, Cy=2.5 mM, T =75°C
c) Khdao sét anh huong cua thoi gian phan #ng Ién qua trinh hinh thanh nano bac
+ Muc dich: Kiém tra mau sic, hap thu cuc dai ¢ budc song téi wu va chon thoi
gian tdi vu.
+ Diéu kién khao sat

Bang 2.3. Piéu kién khao sat anh hwéng théi gian phan wng 1én qua trinh hinh thanh
AgNPs

Thoi gian Tilé Nong dd | Nhiét do
STT (phat) M dichchiét : V bac nitrat AgNO:3 (°C) pH
(mM)
1 15 phut
2 30 phut
3 45 phut 1:1 2.5 mM 75°C 8.7
4 60 phat
5 90 phut
6 120 phat

Thuyét minh: thuc hién trong ty nhu & cac phan trén. Giit nguyén pH da khao sat
t6i wu, ty 1& da khao sét t6i wu. Thay doi thoi gian dé khao sét, nhiét ¢ chon ¢ dinh la
75 °C, nong d6 1a 2.5mM.

d) Khao sat anh hwong ciia nong dé bac nitrat trong qua trinh téng hop nano bac
+ Muc dich: Kiém tra mau sic, hap thu cuc dai ¢ budc song ti wu dé chon nong do

bac t6i vu.
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+ Piéu kién khao sat
Bang 2.4. Piéu kién khao sat anh hwéng cia nong dd AgNO3 Ién s thao thanh AgNPs

STT

Nong do
AgNO3
(mM)

Nhigt do
(°C)

Thoi gian
(phit)

Tilé

Vdich chiét : bac nitrat

1 mM

2.5 mM

4 mM

A W N

55 mM

80 °C

45 phat

1:1

8.7

Thuyét minh: thuc hién tuong tu cac khao sat trén can thay doi ndng d6 khao sét

phu hop.

e) Khao sat anh hirong cua nhiét dé 1€n qua trinh hinh thanh nano bac

£ Muc dich: khao sat mau sic, hap thu cuc dai & budc song téi uvu dé chon ra nhiét

do toi1 uu.

+ Piéu kién phan ing

Bang 2.5. Piéu kién khao sat sw anh hwéng ciaa nhiét dé phan &ng 1én qua trinh hinh

thanh AgNPs

STT

Nhiét do
(°C)

Thoi gian
(phuat)

Ti lé

Vdich chiét - VBgc nitrat pH

Nong do
AgNO3
(mM)

30°C

40°C

50°C

60°C

70°C

75°C

~N| O o B~ W N

80°C

45 phut

1:1

8.7

2.5 mM

Thuyét minh:
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f) Khdo sdr ddc tinh cia hat nano bac tong hep tir dich chiét cam

4+ Phan tich UV-Vis duoc thuc hién tim do hap thu cuc dai trong khoang budc

song 400 — 450 nm. Xac dinh su tao thanh nano bac.

£ Pho hong ngoai FTIR: thuc hién do phd hdng ngoai cho mau dung dich

AgNPs duogc tong hop ¢ diéu kién tbi uu.

£ Anh TEM: mau ¢ diéu kién t6i uvu duoc chup ¢ hiéu dién thé 80KV trén
thiét bi Joel 1010.

4+ Phuong phap do XRD: Cung cap thdng tin vé ciu trdc tinh thé cia AgNPs.

+ Phuong phap do DLS: Do kich thuéc thuy dong luc hoc cua AgNP va chi

sb polydispersity.
2.3.3. Tién @9 thuc hién

Thang 3+ 4 | Tim ra yéu t6 anh huong 1&n qua trinh tao AgNPs tir dich chiét vo cam
Thang 5+ 6 | Tim ra yéu to khao sat AgNPs tir dich chiét ¢ kha nang khang oxy hoa
va khang khuan
Céac phuong phap nhu UV-Vis, DLS, XRD, FTIR va TEM duoc st
Thang 7 | dung dé nghién ciu anh hwong caa nhiét do lién quan dén cac phan
rng nham ma ta dic tinh cau trdc cua AgNPs.
Thang 8 | Tong hop s6 kiéu, két qua, viét bai, soan Powerpoint
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Chuong 3. KET QUA THUC NGHIEM VA BAN LUAN

3.1.CAC YEU TO ANH HUONG PEN QUA TRINH TONG HQP
3.1.1. Khao sat sw anh hwéng pH dén qua trinh hinh thanh AgNPs

Dich chiét trudc phan ¢ng c6 mau vang nhat, nhung sau khi thém dung dich
AgNO3 vao thi hdn hop chuyén mau (Hinh 3.1). Anh huéng cia pH ¢6 tim quan trong
quyét dinh trong qué trinh téng hop va diéu nay dugc dugc chirng minh trong céc nghién
ctru 6 lién quan (Prathna et al., 2011). Sau khi cho NaOH vao dé ting pH caa hdn hop
thi mau caa hdn hop chuyén sang nau d6 cho dén nau den (Hinh 3.2 — 3.4), pH cang cao
thi dung dich s& c6 mau cang ddm qua day c6 thé thdy rang phu hop véi nghién ciu
trude d6 (Pryshchepa, Pomastowski and Buszewski, 2020). Do sy chuyén ddi cua cac
nhom hydroxyl tir chat chuyén hda thir cip nhu flavonoids c6 trong dich chiét vo cam
tao ra cac dwong luong khir va duoc sir dung dé chuyén ddi cac ion Ag* thanh nano
nguyén t6 Ag® (Chandra et al., 2020) diéu nay thuong tao ra su thay doi mau sac trong
qua trinh tong hop AgNPs. S xuét hién miii cong huong plasmon bé mit (SPR) trong
khoang 400 - 450 nm méi la dau hiéu cho biét sy hinh thanh AgNPs trong dung dich.

!’!; ( -
o =y

<

Hinh 3.1. AgNPs trwéc va sau khi cho NaOH 0.1M vao

Hinh 3.2. Mau sic caa cac dung dich & cac pH tir khoang 6 dén 8.5
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Hinh 3.4. Mau sic cia cac dung dich & cac pH tir khoang 9.5 dén 11

Pho UV-Vis cua cac dung dich AgNPs c6 d6 hap thu trong khoang budc song
400 - 450nm va c6 xu hudng c6 thé nhan thiy do hap thu cuc dai ting dan tir pH = 7
dén pH = 10 va sau d6 giam dan tir pH = 10.5 d&én pH = 11 (Hinh 3.5). Trong khoang
pH tir 8.7 dén 9.2 cuc dai hap thu dat gié tri 6n dinh nhét. Khi ting pH tir thap dén cao
cac hop chat trong dich chiét vo cam nhu hop chét flavonoids, phenolic bi ion hda lam
tang kha nang khir ca ching(Martinez-Castafion et al., 2008). Ngoai ra sy thay doi pH
con anh huong kha nhiéu dén dang ton tai cia Ag* tir d6 1am cho phd UV — Vis ¢6 su

bién dong va thay ddi theo xu hudng ting dan cuc dai hip thu (Rolim et al., 2019).
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pH=7

pH=75
—pH =8
—pH =85
—pH =87
—pH =28.8

pH =105
pH =11

350 450 550 650 750
Wavelength (nm)

Hinh 3.5. Phé do d9 hap thu ciia dung dich AgNPs téng hep tir pH 7-12

Két qua kich thuéc hat tir phuong phap DLS ti thiéu trong khoang 40 - 55 nm (pH
8.7 - 9.2) va c6 gia tri (+ SD) 1a 45 + 6.88 %, pH tang thi kich thudc hat cang l6n. O
diéu kién pH 16n hon 9.2 va nho hon 8 kich thuéc AgNPs ting 1én qua dang ké (Hinh
3.6). Két qua nay pha hop véi phdé UV-Vis cua dung dich AgNPs tai pH khéac nhau va
cho thay riang qua trinh khtr dién ra thuan loi khi ting do pH dé tao thanh cac AgNPs
nho. Nhung néu khoang pH 16n s& ¢6 hién twong két ty, 1am cho AgNPs trong dung dich
khong on dinh va ting kich thudc.

140 26,

105.72

84.59
73.33
6186 6635 65.6
53 91 52.57
38044079 I I 38.21 I I | I

pH =pH =pH =pH =pH =pH =pH =pH =pH =pH =pH =pH =pH =
7 75 8 85 87 88 9 92 93 95 10 105 11
pH

N B O
o O o O
T T T T

DPuwong kinh hat AgNPs
o

Hinh 3.6. Kich thwadc hat caa AgNPs phan wng véi pH khac nhau
Sau khi tién hanh thi nghiém trong céc khoang pH cua dung dich AgNPs, két qua
do cho thay kich thudc hat nho nhat va @6 hap thu it thay doi & pH khoang 8.7 dén 9.2.
Vi vay, pH tir 8.7 dén 9.2 1a khoang pH téi wu cho cac thi nghiém tiép theo.
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3.1.2. Khao sat anh hwéng caa ty 18 tac chat 1én qua trinh hinh thanh AgNPs
Dung dich AgNPs tré nén nhat hon khi thé tich chiét tang 1én. Mau hén hop AgNPs
chuyén doi tir ndu sim xudng dan mau nau cam sang khi lwong chiét ting dan. Quan sat
bang mit thudng nhan thay cac mau AgNPs trong khdng bi ling cin. Mau sic caa dung
dich tang dan khi ting thé tich AgNO3z &'ti I¢ 1:1 dén 1:10 va giam dan & ti Ié 5:1 dén
10:1(Hinh 3.7).

Hinh 3.7. Mau sic ciia cac dung dich & cac khoang ty I twong ng
Cac dinh hap thy trén phé UV-Vis c¢6 xu hudng giam dan va chuyén sang budc
song dai hon khi thé tich dich chiét nhiéu so véi luong dung dich AgNOs. Con khi ting
dan thé tich AgNO3 so véi dich chiét vo cam sanh thi cuc dai hap thu trong pho giam
dan c6 thé thay rang néu khao sat thé tich dich chiét 16n hon thi cuc dai hap thu s& giam.
Néu thé tich caa dich chiét nhiéu hon ap dao thé tich AgNOs (ti I¢ 5:1 va 10:1) thi cac
hat AgNPs s¢ khéng hinh thanh trong dung dich (Hinh 3.8).

L2 —1:01
1.3
1.1

0.9

Abs

0.7
0.5
0.3

0.1

01350 450 550 650 750
Wavelength (nm)

Hinh 3.8. Gian dé thé hi¢n sy lién quan giira ty I¢ tac chat tham gia phan ing voi
bwdéc song hap thu cuc dai
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Két qua do kich thudc hat bang phuong phap DLS cho thay néu thé tich cua dung
dich chiét vo cam quéa cao thi cac hat AgNPs s& khong hinh thanh trong dung dich diéu
d6 thé hién qua viéc khdng thé do dugc kich thude hat (Hinh 3.9). Khi tang dan thé tich
cua AgNO;3 thi cac hat AgNPs c6 xu hudng hinh thanh nhiéu hon nhung van khdng 6n
dinh. O ty Ié c6 thé tich dich chiét bang véi thé tich AgNOs thi kich thudc hat da 6n dinh.
Gia tri (+ SD) la 40.68 + 1.812 %

120

=

o

o
T

(00)
o
T

o
o
T

Duong kinh hat AgNPs
(nm)
S 3

(@)

1:01 1:05 1:10
TS’ lé (VDich chiée! VAgNOS)

Hinh 3.9. Két qua do DLS ciia mau AgNPs ¢ khao sét ty 1§

Két qua thuc nghiém khao sat vai timng muc ti 18 tac chat khac nhau thi véi ti 1¢ 1:1
cho d6 hap thy cao nhat (Amax = 1,2167) tai budc song 415 nm chang t6 ti I¢ 1:1 12 toi
wu dé tong hop AgNPs. Chinh vi thé s& sir dung ti 16 1:1 cho nhiing khao sét tiép theo.

3.1.3. Khao st anh hwéng cia thai gian phan @ng Ién qué trinh hinh thanh
AgNPs

Dung dich AgNPs c6 mau chuyén sang dam dan khi thoi gian khuay tang 1én (Hinh
3.10). Dung dich ban dau khudy s& chuyén tir mau vang cam nhat sau d6 ¢am dan dén
mau nau. Sau 120 phat khudy, mau sic cia dung dich AgNPs khong thay doi nhiéu. Khi
thoi gian khuay cang ting qua trinh khir dé tao thanh cac AgNPs trong dung dich s&
cang cao, nhung khi thoi gian khudy qué 1au thi qua trinh tao thanh AgNPs s& khong

con nira nén 1am cho mau sic caa dung dich s& khong thay doi (Ibrahim, 2015).
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Hinh 3.10. Mau AgNPs véi khio sat thoi gian phan ng khac nhau

Phé do do hap thu cua cac hdn hop (Hinh 3.11) ¢6 cuc dai hap thu tir 400 — 450
nm va d6 hap thu cuc dai c6 xu huéng ting dan va dén khi 120 phat thi dat on dinh.
Hién tuong nay co thé duoc giai thich 1 do véi thoi gian phan ang dai hon, cac hop chat
trong dich chiét cang 1am can kiét cac ion Ag*, ddn dén muc t6i da ma van khéng lo 1am
tang kich thugc hat cia AgNPs. Tuy nhién néu kéo dai thoi gian khuay thi su két tu s&
xay ra va mii hap thu s& chuyén sang budc song dai hon(Chandra et al., 2020). Néu thoi
gian phan tng thay doi thi cudng do hap thu cuc dai thay doi. Tuy nhién, d6 hap thu cuc
dai cua dung dich khong thay d6i dang ké sau 45 phdt phan ung (Amax= 1,2176). Do

d6, chon thoi gian phan @ng 1a 45 pht 12 tdi wu, vi ddy 1a thoi gian vira da dé phan tng

hoan thanh.

1.4 ——15 phat
1.2 ——30 phat

1

45 phi
0 0.8 > phat
0

<06 — 60 pht
0.4 ——90 pht
0.2 ]
—120 phut

0

350 450 550 650 750

Wavelength (nm)

Hinh 3.11. Pd thi biéu thi lién quan giira thoi gian phan @ng véi bwéc séng hap thu
cuc dai
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Két qua do DLS cho thay khi thoi gian khudy qua ngan hay qua dai (Hinh 3.12),
AgNPs hinh thanh ¢6 kich thudc 16n hodc khéng on dinh. Véi gia tri (+ SD) 12 54.85 +
13.7%

80 r
=70 +

o
~
fo'e}
~
o
=
H
\I

57.37

a

15 phut 30 phat 45 phat 60 phat 90 phat 120 phat
Thaoi gian phan ng (phut)

Hinh 3.12. Két qiia do DLS ciia khao sat thai gian cia mau AgNPs
3.1.4. Khao sat anh hwéng caa nhiét do Ién qua trinh hinh thanh AgNPs
Khi khao sat nong do AgNOs, tdc do, thoi gian phan ang va pH trong cing diéu
kién ¢ cac nhiét ¢ phan tng khac nhau. Nhin bé ngoai, dung dich AgNPs c6 mau trong
va khong c6 két taa. N6i chung, mau cua dung dich ddm hon khi nhiét 46 cao hon. Mic
du vay, khi quan sét tir nhiét do phong dén 50 °C, mau sic khong thay dbi dang ké (Hinh
3.13).

Hinh 3.13. Cac mau dung dich AgNPs véi nhiét @6 phan wng khac nhau
Két qua do do hap thu cho thay hau hét cac miii hap thy déu nam trong khoang 400
dén 450 nm, chting to day 1a dung dich AgNPs. Tir cc phé UV-Vis, cd thé nhan thiy

cudng d6 hap thu cua mau thu duge ting dan khi ting nhiét do phan Gng, twong Gng véi
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v6i ndng d6 hat nano Ag tang 1én trong dung dich. Tuy nhién & nhiét do nhiét do tir 30
dén 50 °C khdng thiy xuit hién miii SPR ctia AgNPs (Hinh 3.14).

1.4

1.2

1.0

80'8

<0.6

0.4

0.2

0.0

350 450 550 650 750
Wavelength (nm)

Hinh 3.14. P thi biéu thi sw lién quan giira nhiét @6 phan &ng véi buéc song hap
thu cwe dai

Két qua do kich thudc hat sir dung phuong phap DLS bién dong nhiéu hon khi
thay d6i nhiét d6 khuay. Néu nhiét do khudy cang cao thi cac hat AgNPs s& c6 kich
thugc giam. Khi giam dan nhiét do khudy thi cac hat AgNPs c6 kich thudc to hon (Hinh
3.15).
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Hinh 3.15. Két qiia do DLS ciia khao sat nhigt do cia mau AgNPs
Nhiét do trong khoang 75- 80 °C cho tin hiéu SPR cao nhét va 6n dinh, bé rong
miii SPR hep nén 1a 6 phén tan kich thudc han hep. Vi vay, nhiét 6 80 °C duoc chon

1a diéu kién khao sat ¢ diéu kién tiép theo.
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3.1.5. Khao sat anh hwéng cia ndng dd AgNOs trong qua trinh téng hop
AgNPs.

Dung dich AgNPs c6 mau chuyén sang nau dam dan ddi véi ndng 46 AgNOs cang
cao (Hinh 3.16). Mau sic cua dung dich AgNPs véi nong d6 AgNOs 1mM ¢6 mau cam
anh nau trong sudt van nhin xuyén qua duoc dung dich. Khi nong do caa AgNOs cang
cao thi mau cua dung dich cang ddm hon mau chuyén dan sang nau den khéng con nhin

xuyén qua duoc dung dich.

Hinh 3.16. Cac miu dung dich AgNPs véi nong dé phan @ing khéac nhau

Khi ting dan ndng d6 AgNOs Ién thi cuc dai hap thu caa cac dung dich AgNPs
trong phd UV — Vis ¢6 xu huéng dich chuyén budc song dai, khdng cé hién tuong giam
dan cuc dai hap thu. Budc song cuc dai caa dd thi dung dich AgNPs trong khoang 350
- 410 nm (Hinh 3.17). Nong ¢6 AgNOs cang cao tao diéu kién thuan loi hon cho qua
trinh tong hop AgNPs. Piém dang chu y 1a bé rong cua cac dai hap thu co xu huéng
tang dan theo ndng d6 AgNOsz c6 thé 1a do su phan b kich thudc cang 16n khi nong do
AgNO;3 tang dan trong qua trinh tong hop. Diéu nay la do téc do khir cia AgNO; khi
tang néng do 1&n tuy nhién sy két tu cua AgNPs c6 thé xay ra va dugc thé hién qua cac

bé&o nghién ctru trude d6 (Bindhu and Umadevi, 2013; Rajkumar et al., 2019).
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Hinh 3.17. Pé thi biéu thj lién quan giira nong dé bac nitrat véi bwéc song hap thu

O ndng do khac nhau cho thay két qua do DLS cho thay kich thuéc hat AgNPs
trong cac dung dich huyén phu AgNPs c6 kich thudc trong khoang 25 — 65 nm (Hinh
3.18) va diéu nay cho thiy ndng d6 AgNOs ban dau khong anh huong dén kich thudc
hat. Vi néng do cua Ag* khong lam anh huéng dén qua trinh khiar Ag* thanh AgP nén

—1mM
—2.5mM
4mM
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Hinh 3.18. Két qiia do DLS ciia khao sat nong do AgNOs ciia mau AgNPs
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3.2. PANH GIA PAC TINH CAU TRUC CUA AgNPs

3.2.1.

Céc diéu kién nhu ty Ié dich chiét so véi AgNOs, thoi gian phan ng, nhiét do phan

trng va pH ti vu dugc chon dugc trinh bay ¢ Bang 3.1. Tir d6 tim ra duoc céc yéu td

Piéu kién phan tng

t6i wu AgNPs va tim ra tinh chat AgNPs dugc tao thanh.

Bing 3.1. Tong két cac yéu td khao sét tdi wu
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Ty lé . :
STT pH Thai gian Nhiét do
V dich chiét:V bac nitrat

1 8.7-9.2 11 45 phat 80°C

3.2.2. Panh gia mdt s6 dic tinh cau trdc cia AgNPs nhw: XRD, FTIR,
TEM
3.2.2.1. Kétqud XRD
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Hinh 3.19. Phé XRD ciia AgNPs dwoc tong hop tir dich chiét vé cam

Phé XRD dai dién cho cac hat AgNPs hinh thanh sau qua trinh tong hop tir dich
chiét vo cam sanh va AgNOs hién thi 4 miii nhidu xa (Hinh 3.19) déc trung cho kim loai
Ag trong khoang gia tri goc nhiéu xa tir 35 — 80° tuong wng tai cac vi tri goc nhiéu xa
20 1a: 37.961° 44.176°, 64.381°, 77.280° trong tng VGi cac mat phang cé chi so6 Miller
(111), (200), (220), (311). Nhitng mit phiang nay cé cau tric lap phuong tim dién (FCC)
cuia AgNPs (JDPDS no. 00 — 004 - 0783) cho thay xuat hién cac miii tuong ang Vi cac
hat AgNPs. Cac mili nhidu xa ciia AgNPs phi hop voi duong chuan ¢ hinh 3.19. Két
qua nay phu hop véi nghién ciru trude day (Sougandhi and Ramanaiah, 2020). Bén canh
d6 vi ham lugng AgNPs khéng nhiéu nén cudng do tin hiéu XRD khong cao dan dén
nhiéu nén. Theo c4c tai liéu nghién ciru da kham khao thi phd XRD nhiéu nén ciing kha
cao (Trieu et al., 2023).
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3.2.2.2. Két qua FTIR
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Hinh 3.20. Phé FTIR ciia AgNPs dwoc tong hop tir dich chiét vé cam

Quang phé hong ngoai (FTIR) duoc sir dung dé xac dinh cau trdc caa cac nhém
chtc cia mot s6 hop chat lién quan dén sy hinh thanh hat AgNPs. Cac dinh hap thu cua
dich chiét va AgNPs duoc quan sat thdy & 3344.66 cm™®, 1636.7 cm™ ,640.5 cm™,595.2
cm™ ,553.21 cm™, 547,97 cm* (Hinh 3.20) chi ra sy hién dién cua cac nhém chuc O —
H, C = 0, Ag - O c6 chiic nang khir cac ion Ag* thanh AgP. Pho FTIR ciia AgNPs cho
thiy c6 dinh hap thu ¢ 3344.66 cm* dic trung cho dao dong k&o dan cua nhom O — H
qua d6 chitng t6 sy c6 mat cua cac nhom chire phenol va carboxylic acid trong dich chiét
thuc vat ciing nhu sy lién két cia cac hop chat nay véi cac AgNPs hinh thanh. Ngoai ra
cac dinh hap thu 1636.7 cm™ dic trung cho dao dong hda tri cia C = O. Binh hap thu
& 640.5 cm™? 595.22 cm, 553.21 cm?, 547.97 cm™ twong ttng véi dao dong cua lién
két Ag — O. Mat khac cac dinh hap thu nho hon 480 cm® tuong tng dic trung cho kim
loai Ag. AgNPs dugc bao phu bgi cac thanh phan hiru co ¢6 trong dich chiét (Pawar et
al., 2016)

3.2.2.3. Kétqud TEM
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Hinh 3. 21. Hinh chup TEM céc hat AgNPs téng hep tir dich chiét vé cam sanh (100nm)

Anh TEM cho thay hau hét AgNPs hinh thanh c6 dang hinh cau (Hinh 3.21). Di
liéu cling cho thay su khéc biét vé kich thudc hat va phan bd kich thuéc. Kich thude
trung binh uéce tinh 12 28 + 9.59 nm va kich thudc hat duoc tim thay 1 tir 10 dén 50 nm.
Két qua chup TEM tuong dong véi két qua do DLS (DLS = 26 nm) (Gonzalez-Pedroza
et al., 2023).

3.3. PANH GIA KHA NANG KHANG KHUAN

Nguoi ta phat hién rang cac chat hoa hoc co trong cam cé hoat chat khang khuan
do kha ning ctia chat hesperidin c6 trong cam (Rolim et al., 2019).

Dung dich AgNPs dugc tong hop tir nong do 5.5mM, mau dich chiét vo cam sanh
vamau Ag* 5.5 mM. Day la ba nén mau test khang khuan khéc nhau thi kha nang khang
khuan ciing s& khac nhau.

Déi v6i mau dich chiét vo cam sanh thi kha nang khang vi khuan déu tét cua ca
ba mau.

Mau AgNPs dugc téng hop tir dich chiét vo cam van c6 kha niang khang khuan
nhung it khong rd tin hiéu bang mau dich chiét vo cam sanh va Ag*.

Dbi véi mau dich chiét vo cam sanh kha niang khang vi khuan E.Coli 1 tét nhat c6
vong tron khang khuan rd rang va to hon. Mau Ag* 5.5mM kha ning khang khuan
Pseudomonas aeruginosa tét vi duong kinh tong cua vong tron khang khuan to hon, tin
hiéu rd hon so véi hai vi khuan con lai. Con mau test khang khuan AgNPs khéng khang

vi khuan Pseudomonas aeruginos (Kaviya et al., 2011).
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Hinh 3.22. Panh gia khi ning khang khuin trén dia petri véi vi khuin E.Coli
(Escherichia coli) tai cac mau test khang khuan gém: Extraction vé cam sanh, AgNPs va
Ag* 5.5mM

Hinh 3.23. Danh gia kha nang khing khuin trén dia petri véi vi khuan Bacillus
cereus tai cac mau test khang khuan gom: Extraction vé cam sanh, AgNPs va Ag*
5.5mM

Trwéc a

Hinh 3.24. Panh gia kha ning khang khuén trén dia petri véi vi khuan
Pseudomonas aeruginosa tai cAc mau test khang khuan gom: Extraction vé cam sanh,
AgNPs va Ag*5.5mM

Sir dung cong thire dé tinh khang khuén:
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di, —d
2
d

e di; 1a: duong kinh tong cua vong tron khang khuan(mm)

NMWhalo =

e d: duong kinh giay loc (mm)
Bang 3.2. Kha niing khang khuin ciia cac miu Exxtraction vé cam sanh, AgNPs,
Ag* 5.5mM trén 3 loai vi khuan

Vikhudn | Miu test khang khuin | | nane Khing
khuan
Extraction vo cam sanh 0,33
Bacillus cereus AgNPs 0,167
(Gram +) Ag* 5.5mM 0,75
E.Coli (khang | Extraction vo cam sanh 0,83
khuén) AgNPs 0,583
(Gram -) Ag*5.5 mM 0,75
Pseudomonas Extraction vé cam sanh 0,25
aeruginosa AgNPs 0
(Gram -) Ag* 5.5mM 0,875

Do thi thé hién khang ning khang vi khuan
Bacillus cereus

= 08 - 0.75
X {1

-

= 06 -

2

=04 0.33

=

202 - 0-167

=

: B

= 0

= Extraction AgNPs Ag+ 5.5mM

MAiu kiém tra khang khuin

Hinh 3.25. P thi hién thi kha ning khang khuan cia Extraction vé cam sanh,
AgNPs, Ag* 5.5.mM trén vi khuan Bacillus cereus
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Do thi thé hién kha ning khang vi khuén E.Coli
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Hinh 3.26. P6 thi hién thi kha ning khang khun cia Extraction vé cam sanh,
AgNPs, Ag* 5.5 mM trén vi khuan E.Coli

Po thi thé hién kha ning khang vi khuin

) Pseudomonas aeruginosa

c) 0.875
b(§ 08 B

E

~ 06 |

=1}

3

< 04 0.25

0

¥ Extraction AgNPs Ag+ 5.5mM

MAu kiém tra khang khuén

Hinh 3.27. P thi hién thi kha ning khang khuan caa Extraction, AGNPs, Ag+ 5.5
mM trén vi khuan Pseudomonas aeruginosa
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Do thi so sanh kha niing khiang khuin ciia ba

°<§ mau x Bacillus
< 1T 0.83 cereus 0.875
20 08 | = = E.Coli Oé\ioi
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2201 = = § =
g 04 - O'33§o 25 = \E
E 0.2 - § = 0.167= § —
ES = B T E
Extraction _  AgNPs Ag+ 5.5mM

MAiu kiém tra khang khuin

Hinh 3.28. P thi so sanh kha ning khang khuan cia cac mau test trén 3 loai vi
khuan.

3.4.DANH GIA KHA NANG XUC TAC QUANG HOA
3.4.1. Quan sat truc quan
Phuong phap phan huy xdc tac quang hoa methyl do dugc tién hanh bang cach
phoi sang dung dich AgNPs vo cam véi methyl do dudi anh sang mat troi trong 12h,
24h, 72h. Sy giam mau caa thubc nhudm ban dau dugc xac dinh bang su thay d6i mau
sic. Mau ban dau cua thuéc nhuém 1a mau do, nhung né chuyén sang mau hong khi u
Vi hat nano bac va dudi anh sang mat troi trong vai gio. Sau d6, mau hong chuyén sang

mau hdng nhat. Cudi ciing, qué trinh phan hay hoan tat sau 72 gio (Hinh 3.29), dugc

danh gia bang su thay d6i mau cua hdn hop phan @ng thanh khéng mau..(Panyala, Pefia-
Méndez and Havel, 2008)

Mau trudc phoi Méu phoi nang 12h

{on ol

[
iy
-

L B
e e
18
.

Mau phm n&ng sau Maéu phoi ndng sau
72h
2 ‘ /&
- 3
"a e e
b —-

Hinh 3.29. Dung dich MR (ndng d§ 10 mg/L) khi tac dung véi AgNPs qua tirng thoi
gian phoi sang khac nhau
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Dung dich MR (néng d6 10mg/L) dudi sy c6 mat cia AgNPs va phoi sang o tirng
thoi gian khéac nhau trén hinh 3.30. Cam quan c6 thé nhan thay mau dung dich nhat dan
tir mau hong dam dén hong nhat va trong suét theo thoi gian rd nhat 1a tir 24h dén 72h
chang to thoi gian phoi sang anh huong dén kha ning loai bo MR. Do tiép xtc véi anh
sdng mat troi nén cac photon twong tac véi AgNPs va cac electron bi kich thich tir dai
hoa tri 1&n dai dan, tao ra cac cap electron 13 tréng. Cac electron quang dién bi oxy trong
khi quyén bat gitr dé tao thanh cac gc anion oxy, trong khi cac cap electron 15 tréng do6
tao ra cac goc hydroxyl. Céac géc tu do c6 thé phan huy MR thanh CO2, H20, cac phan
tur hoac ion khac (Jose et al., 2018).

3.4.2. Két qua do pho hap thu UV — Vis va %PD ciia MR khi tac dung véi
AgNPs & tirng thai gian khac nhau

2.5 ———Trudc khi phoi
2
———phoi 12h o 1
1.5
f,:’ phoi 24h Io 1
1
05 ———phoi 72h lo 1
0
350 450 750

Wavseﬁeongth (nm6)50
Hinh 3.30. Phé UV — Vis ciia MR khi tac dung véi AgNPs qua tirng thoi gian khac
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Hinh 3.31. P thi %PD va SD cia khao sét thoi gian phoi sang
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Anh huong cua thoi gian chiéu sang dén hiéu suat phan huy quang caa MR dugc
nghién ctru bang sir dung 1 mL AgNPs va 10 ml MR nong d6 10mg/L va do hip thu ¢
cac khoang thoi gian khéac nhau ¢ pH = 2 dudi buc xa anh sang. Két qua do do hap thu
cho thay d6 hap thu & budc song 512 nm (Hinh 3.30) nho dan khi ting thoi gian phoi
sang. %PD duoc tinh toan cao nhat dugc tinh trong bang 1a 97.83 + 0.17 (+SD) (Hinh
3.31) sau 72 gio (Vanaja et al., 2014).

3.5. PANH GIA KHA NANG KHANG OXY HOA VOI THUOC THU DPPH
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Hinh 3.32. Pwong chuin cia DPPH dwa trén chat chuan Ia Vitamin C
Puong chuan ¢ R? = 0.9999 (Hinh 3.32) va d6 hap thu cua mau trang theo ly
thuyét 1 1.1807.
Kha ning bat gitr goc tu do DPPH duoc biéu dién bang: mgVCE/L
Cac mau tién hanh danh gia khang oxy hoa nhu sau:
e Dich chiét vo cam sanh
e AgNPs khong ly tdm
e AgNPs ly tam
e AgNO35.5mM
Sau khi tién hanh thuc nghiém khang oxy hoa cua cac mau can kiém tra thi dich
chiét vé cam sanh c6 kha ning khang oxy hoa tot nhat cu thé 1a mgVCE/L 12 435 + 93.54
(£SD) sau @6 1a AgNPs khong ly tam c6 mgVCE/L la 170 + 3.24 va AgNPs c6 ly tam
c6 kha nang khang oxy héa kém hon mau AgNPs khdng ly tdm cu thé chi sé mgVCE/L
la 137 + 20.65. Cudi cing mau AgNOs 5.5 mM khong c6 kha nang khang oxy héa. Tim
hiéu vé dic tinh chéng oxy hoa caa chiét xuat vo cam, vi vo cam c6 chira flavonoid 1a

chat gifip ngan ngira ung thu. V6 cam chira nhiéu vitamin C va hesperidin. Hesperidin
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c6 kha nang khang oxy hoa va khang sung viém va chii yéu co trong cac loai trai c6 mi
(Phuong Uyén/HELLO BACSI, 2022).
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KET LUAN VA KIEN NGHI

1. KET LUAN

Thuc nghiém nay tap trung tong hop cac dung dich huyén phit AgNPs tir dich chiét
v6 cam sanh 6n dinh vé mat thoi gian, trong d6 kich thuéc hat khéng thay d6i nhiéu theo
thoi gian va hién tuong keo tu dugc giam thiéu. Sy hinh thanh caa AgNPs, duoc quan
sat bang su thay doi mau tir vang nhat sang nau, dugc ghi lai bang quang phd do d6 hap
thu véi cuc dai hap thu trong khoang 400 — 450nm, cho thidy AgNPs tao ra c4c hat nano
trong dung dich.. Kich thuéc hat cia AgNPs dugc do va kiém dinh bang may do DLS,
phd FTIR, phd XRD. Két qua chup TEM cua mau AgNPs thu duoc ¢é dang hinh ciu
véi kich thudce hat trung binh 12 28 + 9.59 nm cac hat AgNPs dugc phan b déu trong
dung dich va c6 mau trong suét. Sy khang vi khuan ciaa AgNPs duoc thé hién bang viéc
chéng lai vi khuan Gram am (E.Coli, Pseudomonas aeruginosa) va Gram duong
(Bacillus cereus). Kha ning xtc tac quang hoa AgNPs chiét xuat vo cam c6 kha ning
loai bo thudc nhuém hiéu qua véi kha ning loai bé methyl do 1én dén 97.83 %. Bén
canh d6, AgNPs ciing ¢6 kha nang khang oxy hoa ro rét so véi AgNO:s.

Cac yéu t6 t6i wu dé tong hop AgNPs tir dich chiét vo cam 1a:

e pH moi truong phan tng: 8.7 — 9.2
e Thoi gian tao thanh AgNPs: 30 — 45 phat
o Ty lé thé tich tac chat: V gich chiét : V bac nitrat 12 1:1
e Nhiét do: 80°C
2. KIEN NGHI

Hién nay, AgNPs rat pho bién trong cudc séng va phat trién trong tat ca cac nganh
cdng, ndng nghiép va tham chi ca y té, my pham va cac linh vuc khac.Do dic tinh khang
khuan ctia AgNPs, cac nha nghién ctiu hién dang dan chuyén sang tong hop xanh tir
chiét xuat thuc vat dé bao vé méi trudong dong thoi tan dung cac ngudn tai nguyén thién
nhién hién c6 va than thién voi moi trudng. Ngoai ra, nude ta 1a nudc nhiéu cay cam rat,
cay cam phan bd khap ¢ cac tinh Mién Tay nén c6 thé bién doi tir quy md phong thi
nghiém sang quy md cong nghiép. Moi ngudi nén phaét trién va ang dung manh mé hon
vao cac linh vuc trong doi séng.

Néu c6 thé ching ta nén dua hé dung dich huyén phi nano bac sang hé hydro —
gel nano bac ma tir d6 ing dung vao viéc chira cac vét thuong ho vi AgNPs ¢6 kha nang
khang khuan va khang oxy hoé s& 1am cho vi khuan bi ac ché dé khdng gay hai lén bé
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mat vét thuong 1am cho tc d6 chita 1anh vét thuong nhanh hon. Pay 1a mot trong nhitng
xu huéng cua viéc tao AgNPs bang phuong phap hoa hoc xanh tir dich chiét vo cam
sanh. Bén canh d6 AgNPs con c¢6 kha ning loai bo thudc nhudém trong nude nhd vao co
ché quang xuc tac hiéu qua cu thé 1a trong nghién ciu nay toi s& sir dung AgNPs tong
hop tir dich chiét vo cam tng dung vao qua trinh quang xuc tac loai bo thudc nhuém

methyl do va c6 tiém ning tng dung vao phuong phap loc nudc.
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