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MO DAU

1. Ly do chon deé tai:

Trong vai nim gan day, cong nghé nano di phat trién vuot bic va duoc tng
dung rong rai trong nhiéu linh vuc khac nhau nhu: cong ngh¢ xuc tac, y hoc, dét may,
sinh hoc, my phém, quang hoc, v.v... Trong d6 nano bac da va dang dugc céc nha
nghién clru dac biét quan tam.

Nano bac khac véi bac khdi & nhiéu tinh chat, dugc nghién ciru va tmg dung
trong cong nghé cam bién quang hoc [1], sinh hoc [2], xtc tac [3].... Gan ddy, nano
bac thuong duoc sir dung lam thudc khang khuan va khang ndm nham chdng lai mot
s6 chung vi sinh vat [4]. Cac nghién ctru cho thiy hoat tinh sat khuan cta bac & kich
thudc nano (1 — 100 nm) 1én hon khoang 50,000 1an so v&i bac khéi. Dicu nay lam
giam dang ké khdi luong bac dugc st dung trong san pham gitp lam giam gia thanh
san pham. Ngoai cac tmg dung cho khang khuan, nano bac con duoc sir dung lam
chat xuc tac cho cac phan ung héa hoc dé dicu ché cac hoa chat hitu co phan tir nho
c0 gia tri cao hoac lam mot chét xuc tac dung dé phan huy cac chit 6 nhiém ddc hai.

C6 nhiéu phuong phap dé tong hop nano bac nhung phuong phéap khir héa hoc
12 mot trong nhitng phuong phap hiru hiéu va kiém wdc duoc chi phi. Trong s do,
cac chat khir hoa hoc nhu hydrazine, natri borohydride duoc sir dung phd bién dé
tong hop nano bac. Tuy nhién cac chat khir ndy gy 6 nhiém méi trudong va doc hai
khéng thich hop dé tmg dung trong linh virc méi trudng va duoc phdm. Vi viy, trong
d8 tai nghién ctru nay ching toi huéng dén tong hop hat nano bac bang cach thay thé
céc chat khir héa hoc béng cac dich chiét tir thue vat. Dich chiét thuc vat c6 chira cht
khir va chat 1am bén tuy nhién v&i uu diém than thién an toan cho méi trudng va chi
phi thap. Tuy nhién, thanh phan va ham lugng cta cac hop chét hoat tinh sinh hoc c6
trong dich chiét thyc vat phu thudc nhidu vao nhiéu yéu t6 bén ngoai nhu dija 1y, diéu
kién dat dai, thoi tiét,... c6 thé dan dén hiéu nang san xuét ctia cac hat nano kim loai
thip. Vi thé, nhiing cay trong trong diéu kién méi trudng phong thi nghiém co thé 1a
giai phap hitu ich dé giai quyét nhitng nhwoc diém nay.

Sam Ngoc Linh (Panax vietnamensis) 1la mdt loai Panax chi dugc phat hién &
Viét Nam. Theo két qua nghién ctru to nam 1978, sdm Ngoc Linh 1a mot cay thude
c6 nhiéu cong dung: chdng stress vt ly, chdng stress tim 1y va trdim cam, chdng oxi
hoa nio hoa, phong chong ung thur, bao vé té bao gan. Vi thé, trong thoi gian gan day
qua trinh nudi phdi sim ngoc linh da phat trién manh mé tai cac trung tim nudi trong
thuc vat ¢ Viét Nam. Tuy nhién nhitng cdy sinh truéng khong tot duoc loai bo tir

phong thi nghiém nudi cdy mo gy 6 nhiém va trd thanh ngudn phé thai sinh hoc. Vi
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thé, nghién ctru img dung san pham ndy s& mang lai loi thé 16n dé giai quyét qua trinh
tong hop 6n dinh nano kim loai va lam giam phé thai sinh hoc ra méi truong.

Vi nhiing 1y do trén, t6i chon d¢ tai nghién ciru véi ndi dung “Nghién ctru tong
hop nano bac tir dung dich bac nitrate sir dung dich chiét tir phéi sim Ngoc
Linh.”

2. Muc dich nghién ciru:

Téng hop hat nano bac tir phéi sim Ngoc Linh (Panax vietnamensis) c6 kha
ning khang khuén, xtic tic phan (g khtr nitrophenol va phan huy cac chat mau hitu
co.

3. N¢i dung nghién ctru:
> Chiét xuét dich chiét nuéc tir phoi sim Ngoc Linh.
> Khao sat nhidu diéu kién tong hop nano bac tir dich chiét phoi sam Ngoc
Linh

» Khao sat tinh chat 1y hoa cua vat liéu nano

> Nghién ctru kha nang khang khuén ciia hé nano bac trén cac chung vi khuan.

> Nghién ctru dong hoc xuc tac cho phan tmg khtr cac nitrophenol va cc chét

mau hitu co.
4. Co sé khoa hoc va tinh thuec tién cia dé tai:

Qua nghién ctru nay cho thay dich chiét phoi sam Ngoc Linh c6 chira chat khir
va chat 1am bén 14 co s¢ dé tong hop nano bac theo hudng than thién véi moi truong
va an toan. Tir d6 co thé ché tao cac loai xtc tic moi, thude khang vi sinh vat méi.. .

Dic tinh khang khuan & nano bac dang nhan duoc nhiéu sy quan tim va nghién
ctru trong nhiéu nim gan ddy. Ngoai ra, kha ning lam xuc tac phan tmg khtr cac chit
lam 6 nhiém méi trudng va thudc nhudém hiru co doc hai cling cho théy nano bac co
nhiéu wu diém trong linh vuc xir Iy 6 nhiém méi trudng.

5. Nhirng déng gép méi cia luan van:

> Lan dau tién dich chiét phoi sim Ngoc Linh duoc sir dung dé danh gia kha

nang khir va lam bén cua hé nano bac tir ion Ag*.

» Heé nano bac trén dich chiét phoéi saim Ngoc Linh duoc chi ra déy du cac tinh

chat 1y hoa.

» H¢ nano bac trén dich chiét phoi sim Ngoc Linh dugc khdo sat kha nang

khang khuan trén cac dong vi khuan gay hai trén ngudi va dong vat.

» Hé nano bac trén dich chiét phéi sam Ngoc Linh dugc danh gia dong hoc

xuc tac cho phan ung khir.



CHUONG 1. TONG QUAN NGHIEN CUU

1.1 TONG QUAN VE SAM NGOQC LINH:
1.1.1 Pic diém:

Sam Ngoc Linh (danh phap khoa hoc: Panax vietnamensis) 1a mot trong ba loai
sam phat trién ty nhién ¢ Viét Nam, thudc ho Cam ting (Araliaceae), con dugc goi
1a sdm Viét Nam, sim trac (sdm dot triic), sim Khu Nam (sém K5), phan b6 ¢ mién
Trung, tap trung cha yéu tai khu vuc ving nai Ngoc Linh (Pik T6), Tu Mo Réng
(Kon Tum) va Nam Tra My (Quang Nam). Ngoai ra, con phan bb ¢ nii Ngoc Lum
Heo (Phudce Ldc), huyén Phudce Son va dinh Ngoc Am (Quang Nam). [5] [6]

Sam Ngoc Linh la giéng cay thao dac biét thich am, wa bong mat, véi nhiét do
khong khi trung binh tir 15 — 18°C. Thuong moc thanh ting ddm nhé dudi tan rung
kin cta cay 14 rong hay 14 kim... Cay sinh truéng manh trong mua xuan va mua he,
ra hoa qua hang nim thudng vao thang 5 dén thang 10. Loai thuc vat nay co thé tir
hat dé tai sinh tot va thudng trong tir 4 dén 7 ndm mdi thu hoach dugc liéu. Mua dong

cling 13 thoi diém t6t nhat dé thu hoach than ré ctia sim. [7]

Hinh 1.1. Cay sam Ngoc Linh [7]

Than 1& (cu) c6 dudng kinh tir 2 dén 3 cm trd 18n, ndm ngang, phan nhanh va
thuong trdi 1én trén mat dat (Hinh 1.1). O phan cubi than ré c6 mot phan ré cu to
hinh con quay hoic dang hinh cau duong kinh 5 — 7 cm. Than c6 dudng kinh tir 0,3
dén 0,6 cm, tron nhin. Cac 14 kép co hinh chn vit, moc thanh vong c6 tir 3 dén 6 14
kép; mdi 14 kép dai 10 — 14 cm, rong 3 — 5 cm, c6 hai dau nhon, c6 long ciing & ca 2
mit va mép 14 c¢6 rang cua. Cum hoa moc & ngon, c6 cudng dai 15 — 29 cm, cao vuot
qua khoi tan 14 (dai gip 1,5 — 2 1an chiéu dai cudng 14 kép). Tan cua hoa c6 dudng

kinh 3 — 5 cm, c6 thé mang tir 50 dén 150 hoa. Hoa nhé c6 mau trang xanh hay trang
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nga, cé cuéng dai 1 — 2,5 cm, 5 canh hoa hinh tam giac rong. Phan nhi moc & gitra
cac canh hoa, dau nhuy ché doi, bao 1iy phan xoan. Quéa c6 dang hinh cau hoi det,
duong kinh 0,5 — 1,0 cm, ¢ trong ¢6 voi nhuy, khi chin s€ c6 mau dé tuoi, co6 mot vai
chim den khong déu & phﬁn dinh qua. Qua s€ c6 1 hodc 2 hat, c6 mau tréng hoac
tring nga, c6 nhidu chd 16i 16m trén bé mit qua. Hién nay c6 2 loai sim Ngoc Linh
1a: sam Ngoc Linh nuéi trong thuong to khoe, map map va sim Ngoc Linh ring phan
cu s& thuong dm yéu hon sim nuéi trong. Mit khac ciing c6 sy phan loai giita cac
gidng sam Ngoc Linh moc & trén moi truong dat tot va cac gidng sim moc & ving
dat can cdi...Vé co ban, gia ctia sim Ngoc Linh duoc trong s& thap hon sdm tu nhién
rat nhiéu do sdm tu nhién c6 ham lugng duogc tinh cao. R4t quy hiém va luén duge
tim kiém. [8]

Sam Ngoc Linh ¢6 dugc tinh manh nho chira nhiéu thanh phﬁn héa hoc, thuong
dugc s dung dé diéu tri diéu hoa hoat dong h¢ tim mach [9], tang cuong churc nang
sinh Iy [7], ndng cao thé trang tang cuong strc dé khang cho co thé [7], tac dung chng
tram cam giam au lo [9], tac dung khang khuan khang viém [9], ...

1.1.2 Mt s6 hop chit dwge tim thy trong sim Ngoc Linh:

Thanh phan sdm Ngoc Linh di phan 1ap dugc 50 saponin trong d6 26 saponin
thuong thdy ¢ sim Tridu Tién, sim My, sim Nhat phian con lai 1a 24 saponin
dammarane c6 cdu trac hoa hoc chura dugc tim thiy & loai sim nao khac (Hinh 1.2).
Trong sam Ngoc Linh thanh phan ham lugng saponin khung dammarane c¢6 ham
lugng cao nhét (chiém 7,58%), nhém diol va triol c6 ham lugng saponin chiém
khoang 3,3% va con c6 thém mot lugng nhéd saponin cé trong acid oleanolic. Ngoai
ra, sam Ngoc Linh con chira ham lugng 16n Majonoside R2 va Ocotillol Saponin (cac
chat nay chiém khoang 4,3%) cao gip khoang 40 lan ham luong Majonoside va
Ocotillol Saponin c¢6 trong cic cdy sam khac. Pidu d6 giup sdm Ngoc Linh tao ra
nhiéu cong dung mang tinh dic thu. Bén canh do, trong thanh phan sdm Ngoc Linh
con ¢o 16 acid amine v6i 8 acid amine thiét yéu (phenylalanine, lysine, leucine, ...),
14 acid béo, cing 20 nguyén td vi lvgng, cac vitamin, glucid, lipit va ham lugng tinh
dau 13 0,1% [5] [10] [11].
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Hinh 1.2. Mot so hop chat saponin [11].

Hién nay, nha nuéc di co chi truong bao vé ngudn cdy thude quy ndy nhung

ngudn sim trong ty nhién van dang bi khai thac trai phép va 1én lut khién nguén sam
trong tu nhién bi can ki€t mot cach nghiém trong. Vi vay, can c6 nhiéu nghién curu
nham gitp nganh y hoc c6 thé danh gia chuin xac ciing nhu biét duoc gia tri kinh té
to 16n cia sdim Ngoc Linh. Trong cac huéng nghién ciru, huéng nudi cdy mé hira hen
s& giup cdy sdm Ngoc Linh phat trién ca vé& chit va sé luong, cung tng di nhu cu
cua thi trudong va dem lai hiéu qua kinh t& cao. Véi sy phat trién cua cong nghé sinh
hoc hién dai, dd c6 mét sd tac gia nghién clru nudi céy in vitro sam Ngoc Linh nhu
nghién ctru sy hinh thanh va phat trién ciia phoi soma, san xudt sinh khéi té bao trong
nudi cdy in vitro, anh hudng cia spermidine, proline va ngudn carbon 1én phat sinh
phéi soma, ... Tl d6 viéc nhan gidng in vitro duoc ap dung thanh cong trén sim Ngoc
Linh, cac mau thi nghiém nuoi céy hinh thanh mé seo nhanh, tao ra nhiéu protocorm
(cum chéi), tr mot mau c6 thé nhan ra dugc rat nhiéu miu, c6 nhiéu vu diém vuot
tr6i hon. Hé sb nhan gidng nhanh, chi dong vé mua vu va thoi gian nhan gidng nham
tao ngudn cay gidng chit lugng cao cho viéc duy tri va phat trién loai cay nay. Cay
saim Ngoc Linh nuéi cdy mé dugc mong doi s& md ra huéng nghién ctru gidu tinh
khoa hoc va thuc tién, giam chi phi dau tu so v6i nhan gidng theo kiéu truyén thong
bang d4u mam va hat [12] [13]. Tuy nhién, k¥ thuat nudi ciy nay c6 mot nhuge diém
1a ty 1¢ cay dua ra trong ngoai ty nhién co ti 1¢ séng rat thap chi khoang tir 3 — 10%
do cay thuong bi séc bai diéu kién ngoai canh khac voi diéu kién phong thi nghiém.
Tir 46 dan dén s6 luong san pham phoi phé thai bi bo di 14 rat nhiéu gay nguy hai cho
moi trudng. Mic du 1a phoi phé pham tuy nhién trong d6 van con rit nhiéu hop chit
c6 hoat tinh sinh hoc. Vi viy, c6 thé dung san pham phoi phé pham d6 dé tong hop

cac hat nano.
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1.2 GIOI THIEU VE CONG NGHE NANO:
1.2.1 Khai niém vé cong nghé nano:

Cong nghé nano (tiéng Anh: nanotechnology) 1a nganh hay linh vuc cong nghé
trong do sé bao g6m dén viéc ché tao, phan tich, thiét ké va ung dung cac céu tric,
bang viéc kiém soat kich thude, hinh dang trén quy moé nanomet (nm, 1 nm = 10~% m)
trong cac thiét bi va hé thoéng (Hinh 1.3). O kich thudc nano, vat liéu s& co nhiing
dac tinh dac biét ¢ vat liéu truyén théng s€ khong c6 dugc nhu c6 sy thu nho vé mait
kich thudc va dién tich cua cac bé mat tiép xtic dugc ting 1én [14].

Cong nghé nano cé nhiéu linh vyuc khoa hoc da dang nhu héa hoc hiru co, khoa
hoc bé mit, sinh hoc phén tir [15], vt Iy ban dan [16], lvu trit ning luong [17], ché
tao vi mo [18], k¥ thuat phan tr [19]...

10™ 1 10 10? 10° 10* 10° 10° 10

................................................

Y TR S

Hinh 1.3. Kich thuoc cua cac vat [20].

1.2.2 Vit liéu nano:

Vat liéu nano: La nhiing vat li€u c6 kich thudce tir khoang 1 nm dén 100 nm, ¢
cAu trtc 14 soi, hat hodc tAm mong... Co cac tinh chit hoa hoc va vat ly mé1i, doe dao
va vuot trdi hon so voi cau trac khdi cta no, ngoai ra con co nhiéu dic tinh nbi troi
nhu: Ty 1€ bé mat/thé tich 16n, tao ra hiéu ung cong hudng bé mit Plasmon, ¢6 tiém
ning phan tng cao... Kich thudc vat liéu nano phu thudc vao tinh chat va ban chit
vat liéu can nghién ctru [21].

Phéan loai vat li¢u nano: Vat li¢u nano la vat li¢u trong do it nhéat mot chiéu co
kich thudc nanomet. Vé trang thai cua vat li€u, nguoi ta phan chia thanh ba trang thai,
ran, long va khi. Vat liéu nano duoc tap trung nghién ctru hi€n nay chu yéu la vat liéu
ran, sau d6 mai dén chit 16ng va khi. V& hinh dang vat liéu, ngudi ta phan ra thanh
cac loai sau [22]:

> Vit liéu nano khong chiéu (ca ba chidu déu co kich thude nano, khong con

chiéu tr do nao cho dién tir), vi du: ddm nano, hat nano.

» Vit liéu nano mdt chiéu 13 vét liéu trong do hai chiéu ¢6 kich thude nano,

dién tir duoc tu do trén mot chiéu (hai chiéu cAm tu), vi du: day nano, 6ng

nano.
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» Vit liéu nano hai chiéu la vat liéu trong d6 mot chiéu c6 kich thude nano,
hai chiéu tu do, vi du: mang mong.

> Ngoai ra con c6 vat liéu co cdu triic nano hay nanocomposite trong d6 chi
c6 mot phén cua vat liéu ¢6 kich thude nm, hodc ciu tric clia nd ¢d nano
khong chiéu, mot chiéu, hai chiéu dan xen 13n nhau.

1.2.3 Phwong phép tong hop nano kim loai:

Téng hop nano kim loai bao gdm c6 hai phuwong phap: phwong phép c6 tén tiéng
Anh 1a Top-down hay con dugc goi 1a tir trén xudng: Cac hat c6 kich thudc nano s&
duoc tao ra tir cac hat ¢o6 kich thudce 16n hon. Phuong phép tir dudi 1én (Bottom-up):
Su hinh thanh ctia céc hat nano tir cac nguyén tir.

> Phuong phép tir trén xudng (Top-down) (Hinh 1.4): Nguyén ly cia phuong
phap nay 1a dung k¥ thuat nghién va bién dang dé bién vat liéu thé khdi véi
t6 chirc hat tho thanh c& hat kich thudc nano. Day 1a phuong phép don gian,
ré tién nhung rat hiéu qua, co thé tién hanh cho nhiéu loai vat liéu véi kich
thudc kha 16n (ng dung 1am vat liéu két cau). Trong phuong phap nghién,
vat liéu ¢ dang bot duoc tron 1an véi nhiing vién bi duge 1am tir cac vat lidu
rat cimg va dat trong mot cai cdi. May nghién c6 thé 13 nghién lic, nghién
rung hodc nghién quay (con goi la nghién kiéu hanh tinh). Cac vién bi cting
va cham vao nhau va phat v& bot dén kich thude nano. Két qua thu duoc 1a
vat liéu nano khong chiéu (cac hat nano). Phuong phap bién dang dugc sir
dung véi céc k¥ thuat dac bi¢t nham tao ra su bién dang c& 16n ma khong
lam pha huy vat liéu. Nhiét d6 co thé dugc diéu chinh tuy thude vao tung
truong hop cu thé. Néu nhiét d6 gia cong 1én hon nhiét d6 két tinh lai thi
duoc goi la bién dang nong, con nguoc lai thi duoc goi la bién dang nguoi.
Két qua thu dugc 1a cac vat liéu nano mot chiéu (day nano) hodc hai chiéu
(16p c6 chiu day nm). Ngoai ra, ngdy nay cac cu tric nano ¢ dang phurc
tap s& duoc téng hop tir phwong phap quang khic [23].

» Phuong phap tir dudi 1én (Bottom-up) (Hinh 1.4): Nguyén 1y ciia phuong
phap nay 1a hinh thanh vt liéu nano tir cac nguyén tir hodc ion. Phuwong phap
tur dudi 1én dugce phat trién rit manh mé vi tinh linh dong va chat lugng cua
san pham cubi cung. Phan 16n cac vat liéu nano ma ching ta dung hién nay
duoc ché tao tir phuong phap nay. Phuong phap tir dudi 1én c6 thé 1a phuong
phap vt 1y, héa hoc hodc két hop ca hai phwong phap héa — Iy [23].
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Hinh 1.4. Phiong phdp tong hop nano kim logi [24).
1.3 Vit liéu nano bac:
1.3.1 Giéi thiéu vé kim loai bac:

Bac (silver) 1a mot nguyén t6 hoéa hoc trong bang tuan hoan nguyén té ¢ ky
hiéu Ag (tir tiéng Latin: Argentum) va sb hiéu nguyén tir bang 47. La mot kim loai
chuyén tiép mau tring, mém, né c6 tinh din dién cao nhat trong bat ky nguyén t6 nio
va ¢6 d0 dan nhiét cao nhat trong tat ca kim loai. Kim loai bac xuit hién trong tu
nhién & dang nguyén chat, nhu bac ty sinh ¢ dang hop kim vé6i vang va cac kim loai
khac, va ¢ trong céc khoang vat nhu argentite va chlorargyrite. Hau hét bac duoc san
xudt 13 mot san pham phu cua didu ché déng(Copper), vang(Gold), chi(Lead) va
kém(Zinc) [25] [26].

Phan loai Kim loai chuyén tiép
Nhom, phan l6p 11,d

Chu ky Chu ky 5

CAu hinh electron [Kr] 4d'0 5s!

1.3.2 Giéi thiéu vé nano bac:

Nano bac ton tai & dang hat vdi kich thude nano cua kim loai bac ¢6 kich thudc
nam trong khoang tir 1 — 100 nm. Hat nano bac c6 ti I¢ dién tich bé mat 16n hon hang
triéu 1an so voi kim loai bac. Vi vay, tinh chat dic hiéu cua bac duoc cai thién 1én
dang ké. Nano bac ton tai chi yéu dudi dang dung dich. Cac san phdm nano bac
thudng duoc goi 1a keo bac. Mau sic cua dung dich nano bac thay doi tir vang t6i do
sam. Tham chi néu ndng d6 1én t6i 5,000 ppm c6 thé thdy mau gin nhu den.

1.3.3 Phuong phap tong hop nano bac:

Nano bac dugc téng hop bing nhiéu phuwong phap bao gdm phuong phap bao
mon laser, phuong phap dién phan — si€u am, phuong phap plasma, phuwong phap hoda
hoc va phuong phap sinh hoc. Mdi phuong phap c6 uu nhuge diém khac nhau va tiy
thudc muc dich s dung cia ching:

> Phuong phap biao mon bang tia laser: Ky thuat nay sir dung tia laser véi budc

song ngan dé cat bo kim loai trong dung dich ma khong c6 thube thir hoa



9

hoc. Phuwong phap nay cho phép thu duoc hat nano bac tinh khiét. Nong do
va hinh thai cta cac hat nano bi anh huong bdi tan sd laser. Hat nano thuong
s& c6 kich thudc khoang 10 nm khi duogc tao ra. Mat khac, song dién tir nang
lugng cao nhu tia tir ngoai, tia gamma c6 thé duoc st dung dé kht ion kim
loai. Dudi tic dung cua céac tac nhan nay, cic chat phu gia trong dung méi
dugc bién doi dé sinh ra cac gdc héa hoc c6 tac dung khir ion thanh kim loai
[27] [28].

K§ thuit dién phan — siéu am: Theo cac nghién ctru gan day, phwong phap
dién phan két hop siéu am c6 thé ding dé san xudt ra hat nano bac tinh khiét
ma khong can str dung chét hoat dong bé mat hodc chét 6n dinh nao. Binh
thudng phuong phap dién phan chi tao ra 16p mang kim loai trén bé mit dién
cuc. Nho ¢o siéu am, céac hat sé ro1 dién cuc va di vao trong dung moi nude
[29] [30].

KV thuat Plasma dién hoéa (Hinh 1.5): Nguyén ly ctia phuong phap la su
dung mot day bac lam di€n cuc, nhing trong dung moi nudc. Trong qua
trinh phong dién, 16p bé mit ciia day bac bi an mon va dugc khir ngay boi
plasma tao ra cac hat nano bac. Ngoai ra, plasma con giai phong céc electron
tich dién 4m khién céc hat nano bac day nhau, tranh két tu. Phuong phap nay
6 thé khir triét dé cac ion bac nén dung dich nano bac on dinh 1au dai va an

toan. Cac hat nano bac tao ra c6 kich thuéce tir 20 — 30 nm [31].

- bién cuc bac -\
/ \ \
\\
i Y B6 tiép
Gia do Teflon — ' song

Solution Plasma

| Maykhudytr
Binh Teflon —

Hinh 1.5. Ky thudt plasma dién hoa [31].
Phuong phap hoa hoc (Hinh 1.6): Dé tong hop nano bac bang phuong phap
héa hoc cén st dung mubi bac, chit khir va chéat on dinh dé kiém soat su
hinh thanh c4c hat nano. Mudi bac nitrate thuong duoc stir dung dé tao ra hat
nano do chi phi thip va 6n dinh hoéa hoc hon cac mudi khac. Cac chat khir
dugc sur dung 1a borohydride, citrate, ascorbate va khi hydro. Trong do
borohydride 1a mot chat khir manh c6 thé tao ra hat co kich thudc nhé vai
tdc d6 khir nhanh. Déng thdi nd ¢o vai trd nhu chat 6n dinh dé tranh két tu
trong qua trinh phan huy. Ngoai ra dé cac hat nano phan tan tét trong moi

truong, ngudi ta ¢ thé sir dung phuong phap tinh dién dé 1lam cho bé mit
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cac hat tinh dién trai dau s& déy nhau, tranh két tu. Mit khéac c6 thé st dung
cac chat hoat dong bé mit dé boc cac hat nano. Kich thudc hat nano bac tao

ra nho phuong phap nay nam trong khoang tir 10 nm — 100 nm [31] [32].

@
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Hinh 1.6. Téong hop nano bac bang phiong phép héa hoc [29].

> Phuong phép sinh hoc: Qua trinh tong hop hat nano bang phuong phap sinh
hoc gém qua trinh khir enzyme hoic khong c6 enzyme. Qua trinh khir khong
st dung enzyme tuong ty nhu tong hop héa hoc nhung tic nhan khu 1a vi
sinh vat hodc dich chiét thyc vat. Qua trinh ndy dién ra nhanh va tranh dugc
dung moi hitu co va thube thtr doc hai. Vi vay, day dugc goi la qua trinh
xanh va than thién voi méi truong. Tuy nhién, nhuge diém cua phwong phép
13 c6 thé 1am 1ay nhidm vi khudn nén can than trong khi ing dung trong y té
[31].

1.3.4 Pic tinh khang khuin:

Nano bac ¢6 tic dung khang khuan trén ca vi khuan Gram am, Gram duong va
cac chung vi khuan khang khang sinh. Mot s6 loai phd bién nhu: Staphylococcus
aureus (tu cau vang), Streptococcus, E. Coli, Coliform, P. aeruginosa,
Aci.baumannii, Vibrio cholerae (phiy khuan ta), Enterococcus faecalis (khuan lién
cau), N. gonorrhoeae (1au cau),...Kha ning khang khuin manh cta nano bac c6 duoc
nhd dic tinh khang khuan ctia ion bac va dién tich bé mit 16n ciia cac hat nano. Hiéu
qua cua cac hat nano bac phu thudc vao nong d6 va kich thuée cia chung. Nong do
cao ¢ hiéu qua tt hon. Hat c6 kich thudc cang nho c6 thé diét khuan & nong d6 thap
[33].
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Mic du cong dung khang khuin duoc nghién ciru rong rai nhung co ché tac
dung cua nano bac van chua dugc 1am sang t6. Cac hat nano bac bam va tham nhap
vao thanh té bao vi khuan, lam thay d6i cdu tric mang ctia chiung (Hinh 1.7). Mot sb
nghién ctru cho réng do cac hat nano bac c6 dién tich bé mit 16n tré thanh kho chira
dé giai phong ra cac ion bac tu do. Cac ion bac giai phong ra c6 thé twong tic véi
nhom thiol ciia nhiéu enzym téng hop té bao vi khuan. Do d6 nd e ché mot sb chue

ning cua té bao vi khuan nhu ngin can sy phéan chia té bao va sao chép ADN [34].
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Hinh 1.7. Co ché khdng khudn ciia nano bac [29].
1.4 Tong quan vé cac chiing vi khuan:
1.4.1 Bacillus subtilis:
Bacillus subtilis 1a mot loai vi khuan c6 hinh que (truc khuan), gram duong

(Hinh 1.8). Thudc chi Bacillus, ho Bacillaceae, vi thudong dugc tim théy trong ¢,

rom nén con c6 tén goi khac la tryc khuén c6 hodc truc khuan cé kho. Tuy nhién
chung thuong sinh trudong nhiéu trong 6ng tiéu hoa clia nguoi va nhidu loai gia suc
(dong vat nhai lai). Vi khuan sinh nha bao, c6 16ng va di dong bang 16ng ciia chung.
Nha bao hinh elip va thuong & giira than vi khuan, khong 1am bién dang than vi khuan.
Su hinh thanh nha bao tuy thudc vao diéu kién moi truong. Trong diéu kién méi
truong khong tdt, B. subtilis thuong tdn tai & trang thai bao tu, nham chiu dugc moi
truong khic nghiét cho nén bao tir ciia chiing c¢6 16p vo kha day va ctng. Hién tuong
nay di duoc tng dung dé tao nén cac chung B. subtilis ¢6 1gi nham bao quan lau dai
va ché tao thanh san phém nhu mdt loai thudce diéu tri bénh cho con nguoi. Tuy nhién,
B. subtilis c6 thé gdy bénh nhiém tring nhu nhiém triung huyét, viém phdi,...Ngo doc
thirc an ciing c6 thé gip phai khi trong d6 c6 truc khuan B. subtilis nhu d6 hop [35]
[36].
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Hinh 1.8. Vi khudn Bacillus subtilis [37]

Mo ta: B. subtilis c6 chiéu dai khoang tir 1 dén 10 pm, chiéu ngang 0,2 — 1 um,
hai dau tron c6 8 — 12 1ong nhé. Thuong ton tai don 1¢, nhung ciing tao thanh "quan
thé" hinh chudi ngan, c6 kha ning di chuyén trong mdi truong nude nho hoat dong
ctia cac 16ng gidng nhu trung roi. Bao tir hinh bau duc nho, kich thudc tir 0,8 dén 1,8
um, duoc bao boc bai 16p vo gdm nhiéu 16p mang ¢ cac thanh phan nhu lipoprotein,
peptidoglycan. .. c6 kha ning chiu dugc pH thap, chiu nhiét (& 100°C trong 180 phit),
chiu 4m, tia tir ngoai, tia phong xa, ap suét, chat sat trung, cé thé séng vai nam dén
vai chuc nam [38].

Sinh san: B. subtilis sinh san theo co ché phéan bao dé tao ra hai té bao con hodc
tao ra mot ndi bao tir (endospore) duy nhét c6 thé ton tai toi hang chuc nam va chiu
duogc cac diéu kién bat loi. Khi noi ¢ thuan lgi, nd phan bao theo kiéu nguyén phan,
trong d6 nhiém sic thé cia n6 nhan doi theo co ché nhan déi ctia nhidm sic thé nhan
s0. Khi noi & ¢6 nhidu bat thuan 1am n6 khong thé phan bao, thi n6 sinh san theo co
ché bao tir hoa (sporulation) va hoa thanh bao tir [39].

1.4.2 Staphylococcus aureus:

Staphylococcus aureus (con goi 1a Tu cau vang). Thudc ho Staphylococcaceae,
chi Staphylococcus 13 mot loai tu ciu khuan Gram dwong hiéu khi tuy nghi, c6 duong
kinh khoang 1 pm hinh clu, chung tao thanh tirng cum béng cach nam tu lai v&i nhau,
c6 hinh thai giéng nhu chum nho. Khong sinh nha béao, khong 16ng va thuong khong
c6 vo (Hinh 1.9) [40] [35].
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Chiing thuong cu tri chi yéu & vang da va niém mac cta ngudi. Thong thuong,
cac tu cAu nay thuong hién dién chil yéu trén da hodc sb it trong co thé con ngudi
nhung chi gy nhiém tring da nhe hodc khong gy bénh. Tuy nhién, cac vi khuén ty
cau khuan c6 thé dan dén tinh trang nhiém tring nghiém trong khi ching xam nhap
sau hon vao khép, trong mau, phdi hodc tim. Chung s& gay nhitng nguy hai nhu 1am
loét, phong da, nhiém trung da hodc gy nhiém tring ning trong phdi, mau va & cac

mo khac 1am cho tinh mang ngudi bénh gip nguy hiém [41] [42].

Hinh 1.9. Vi khudn ‘;Zaylocccus aureus [43]

Sinh san: Staphylococcus aureus & méi truong thong thudng cé thé d& dang phat
trién tot. Tuy c6 khoang nhiét do rat rong nhung chung lai khong thé sinh trudng &
nhiét do thép, nhiét o sinh truong tir 7 — 48°C, khoang pH 4,2 — 9,3, nhiét d6 sinh
truong toi vu 13 30 — 45°C v6i do pH 1a 7 — 7,5 va trong mdi trudong chira trén 15%
mudi natri clorua. O canh thang, sau vai gio (5 — 6 gid) 1am cho méi truong bi duc,
sau 24 gio s& lam cho moi trudng bi duc rd hon. Vi khuan lac ¢6 hinh dang tron 10i,
bong lang, 6éng anh co thé c6 mau vang d4m, mau vang cam hodc mau tring khi &
moi trudng dic va sau 24 gio chiing s& phat trién kha 16n [35] [44].

1.4.3 Escherichia coli:

Escherichia coli thudc chi Escherichia, ho Enterobacteriaceae 1a vi khuan
Gram am, hinh que, ky khi tuy nghi, c6 dang hinh que, dai khoang 2,0 um va duong
kinh 0,25 — 1,0 pm, thé tich té bao 1a 0,6 — 0,7 um? (Hinkh 1.10). Trong nhirng diéu
kién méi trudng khong phu hop (ching han nhu c6 khang sinh trong méi trudng) vi
khuan c6 thé dai nhu soi chi. Mot s6 ching E. coli ¢6 vo, hau hét c6 1ong va di chuyén
nhd tién mao. Vi khuan séng trong duong tiéu hoa ciia ngudi va dong vat. E. coli va
céc vi khuan ky khi tiry nghi khac chiém khoang 0,1% hé vi sinh vat duong ruét. Tuy
nhién, E. coli cling 1a nguyén nhan giy mot s6 bénh duong rudt nhur tiéu chay, viém
duong tiét niéu, viém duong mat va cac bénh khac nhu viém phéi, viém mang nao,
nhiém khuén vét thuong [41] [38] [45] [46].
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Hinh 1.10. Vi khuén Escherichia coli

Sinh san: E. coli ting trudng dé dang & cac mdi truong nudi cdy thong thuong

hodic c¢6 thé ting trudng trén cac moi trudng téng hop nghéo chit dinh dudng. Phat
trién & nhiét do tir 5 — 40°C. Nhiét do thich hop & 37°C. Tuy nhién, mot sé ching
trong phong thi nghiém c6 thé phan d6i & nhiét d6 1én t6i 49°C [47] [35]

E. coli phat trién rat nhanh trong nhiéu loai mdi trudng phong thi nghiém (vi du
moi truong LB Broth), hodc bat ky moi truong nao c6 chira glucose, amoni phosphat,
natri chloride, magnesi sulfat, dikali phosphat va nudgc. E. coli dugc phan loai 1a vi
khuan ky khi tiiy nghi, sir dung oxy khi c6 tiép xtic oxy. Tuy nhién, E. coli c6 thé tiép
tuc phat trién trong diéu kién khong c6 oxy bang qua trinh 1én men hodc hé hap ky
khi. Kha ning tiép tuc phat trién trong diéu kién thiéu oxy 1a mét loi thé dbi véi vi
khuan vi kha ning sdng sét cua loai ting 1én trong méi truong xung quanh 1a nuée
[48].

1.5 Thir nghiém khang khuin theo phwong phap dia gidy khuéch tan trén
moi truong thach:

Dinh nghia: Phuong phap dia gidy khuéch tan trén moi truong thach (phuong
phap Kirby — Bauer) 1a mot phuwong phap don gian, phd bién nhét vi dé thuc hién
hang ngay & phong xét nghiém vai nhiéu quy mé khac nhau. Phuong phap nay duoc
dua ra lan dau tién ndm 1950 boi nha khoa hoc B. A. Thompson. Cho dén nay phuong
phap nay di khang dinh dugc vai tro hitu hiéu ctia n6 va dugc sir dung rong rai trong

nhiéu nghién ctru vé cong nghé sinh hoc va y duge hoc [49] [50]
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Hinh 1.11. Khuéch tan trén méi trieong thach bang phwong phdp dia gidy
[50].
Céc budc tién hanh cua ky thuat:

X/

+¢ Tién hanh lay mau roi nudi cay trén dia thach ¢ chira moi truong dinh dudng

dic biét dé nuoi cdy vi khudn giy bénh.

X/
L X4

Lua chon dong thudn vi khun gay bénh bang cach phan lap va dinh danh.

X/
L4

Mot lugng vi khuén thich hop dugc léy va trai trén dia thach, dat cac dia
khang sinh vao dia thach (dia khang sinh 1a nhitng manh gidy tron c6 tam
khang sinh v6i ham lugng nhét dinh).

Céc dia thach dugc G 4m ¢ nhiét d6 35 - 37°C.

Sau 24 - 48 gio tién hanh doc két qua: khang sinh tir khoanh gidy khuéch tan

X/
L X4

X/
L X4

ra moi truong thach uc ché su phat trién cua vi khuén, vi thé tao vong tron
khéng c6 vi khuin hay con goi 1a ving trc ché xuét hién trén bé mat dia thach
(Hinh 1.11). Dya vao duong kinh cta ving tc ché ching ta s& xac dinh
duoc d6 nhay ctia khang sinh ciing nhu d6 khang khang thudc cta vi khuén.
Puong kinh ving tc ché ty 18 thuan véi mic do nhay cam [51].

1.6 Tong quan nitrophenol va mét sé chat mau:

1.6.1 Nitrophenol:

Nitrophenol ton tai & ba dang dong phan:

» 2-nitrophenol (con duogc goi 1a ortho- hoac o-) (Hinh 1.12)

» 3-nitrophenol (con duoc goi 1a meta- hoac m-) (Hinh 1.12)

» 4-nitrophenol (con dugc goi 1a para- hoac p-) (Hinh 1.12)

O-nitrophenol 13 chit rin c6 mui thom, mau vang nhat. M-nitrophenol va P-
nitrophenol 12 chat ran khong mau dén vang nhat. Cac chat dong phan cua nitrophenol
chu yéu dugc str dung lam chit trung gian dé san xuit thudc nhudém, bot mau, duoc
phém, hoa chét cao su, hoa chét chup anh, thudc trir sdu, thude diét nAm va chit bao

quan go. O-nitrophenol dugc st dung d€ san xuat thuoc trir sau, thuoc di€t nam va



16

cac hoa chat néng nghiép khac. M-nitrophenol duoc sir dung 1am chat chi thi va tong
hop mot s6 thudc nhudom va thude. P-nitrophenol dugc st dung dé nhudom den thudc
da va san xuat thudc, thudc diét nim, thuéc nhuém methyl va ethyl parathion [52]
[53].

OH
OH CI) OH
N
~o
-0

N+

I N7

o 0% o

o-nitrophenol m-nitrophenol p-nitrophenol

Hinh 1.12. Céng thirc cdu tao ciia o-nitrophenol, m-nitrophenol, p-
nitrophenol [54].

Trong cac nganh cong nghiép cac déng phin cia nitrophenol duoc st dung
nhiéu. Tuy nhién, nhitng hop chit ndy rit nguy hai cho méi trudng luc thai ra khi
chua dugc xir 1y hoan toan triét dé. Céac nitrophenol 1a cac hop chét ¢ tinh doc hai
¢6 thé 1am tén thuong hé than kinh trung wong, than, gan, mau cua dong vat va con
nguoi [52]. Do ¢o tinh hoa tan tt trong nurdc va thoi gian ton tai 1au nén rat kho dé
phan haty sinh hoc trong méi truong nude thong thuong. Vi thé viée xu 1y cac hop
chét doc hai nay c6 thé duoc thyc hién bang nhiéu phuwong phap khac nhau. Trong sb
do, qua trinh khir xtc tac st dung cac tdc nhan oxy hoa va khir nhu H>O» va NaBHa.
Thém nita, qué trinh khir nhém NO> ctia cac dan xuit nay sinh ra cdc amine khong
ddc hai va 1 tién chit dé san xuét cac thudc (VD. p-aminophenol 13 tién chat dé san
xuat thudc paracetamol (N-acetyl-p-aminophenol). Trong co ché xtic tac ciia qua trinh
phan hiy bang NaBHa, bé mit ciia AgNPs dong vai trd quan trong 1a chat hip thu
chat 6 nhiém va ion BH4™ noi xay ra qua trinh chuyén dién tir tir BH4~ (chét cho dién
tir) sang chat giy 6 nhiém (chat nhan dién tir).

1.6.2 Cc chat mau:

» Rhodamine B (Hinh 1.13):

La nhirng tinh thé mau tdi, c6 anh sang xanh, & dang bot c6 mau tim do. Puoc
st dung phd bién 1am thudc nhudém trong nganh cong nghiép dét may. Rhodamine B
gy doc cAp va man tinh. Viée tiép xtc véi nd s& 1am cho ngudi tiép xtc bi di ing
hodc gdy man ngira & mét, da.... Qua dudng ho hap, né gay ho, ngira cd, kho thé, dau
nguc. Qua dudng tiéu hoa, nd gy non mira, c6 hai cho gan va than. Néu tich ty dan
trong co thé nd gay nhiéu tac hai dbi voi gan, than, hé sinh san, hé than kinh cling
nhu 6 thé gy ung thu [55] [56].
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Hinh 1.13. Céng thirc cdu tao ciia Rhodamine B [55].

» Rhodamine 6G (Hinh 1.14):

La mot dan xuit cua thudc nhudém xanthene, c6 kha nang hoa tan cao trong
nude. Pay 1a mot trong nhiing loai thuéc nhudém tong hop lau doi nhat va dugc sir
dung phd bién nhét duoc sir dung lam chat tao mau trong dét may va thyc pham.
Thudc nhudém rhodamine 6G doc hai c6 thé gay ung thu, gy hai néu con ngudi va

dong vat nudt phai, ddng thoi gay kich tng da, mit va duong hé hap [57].

Hinh 1.14. Céng thirc cdu tao ciia Rhodamine 6G [57].
» Methyl Orange (Hinh 1.15):
La chat chi thi pH thuong dugc sir dung trong chuan do va duoc st dung rong
rdi trong mot sd nganh coéng nghiép bao gébm nganh dét, gidy, in 4n va thyc pham.

MO c6 tinh doc tinh cao va nguy hiém d6i véi con nguoi va méi trudng [58] [59].

054 ) /

Na* o N@N
\

Hinh 1.15. Céng thirc cdu tao ciia Methyl Orange [59].
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1.6.3 Phan ing phén hity khir cic hop chit mau hiru co sit dung NaBH, trong

xuc tac nano kim loai:

BH,
BH, \\;‘LA@
N\ @ O e
'1%@ e @JJJ
N::‘e‘/ &etrz
(©)
@;ﬂ@re@@ )
S) w e BH,

Et Et 7 g

Hinh 1.16. Co ché phan iing khir cdc hop chat mau hitu co bang NaBHy sir
dung cac nano kim logi.

Phan tng phan huy st dung NaBH4 trong xuc tadc nano kim loai c6 du NaBH4
duoc mod hinh hoa dya theo co ché Langmuir-Hinshelwood. Trén bé mit cua chit xuc
tac nano kim loai truéc khi phan tng ca hai chit phan tng déu sé& dugc hip phyu. Co
ché phan tmg c6 thé dugc gia dinh qua hai giai doan chinh:

O giai doan dau, ion BH4 duge hép phu va chuyén dién tir vao bé mat chét xuc
tac. Trong thuc nghiém thong thudng, st dung nong d6 cuia BH4 nhidu hon rit nhiéu
so v6i chit phan haty (khoang 100 1an), cho nén vé co ban ndng do ctia ion BH4 khong
thay doi trong sudt qué trinh phan ting cing lic d6 s& ngin chin dugc qua trinh oxy
hoéa trong khong khi ciia chat phan hity. Ngoai ra, su tao thanh cuia bot khi hydro nho
cling 6 vai tro giup khudy tron dung dich, dam bao rang cac hat xtic tac dugc phan
phbi dong déu.

O giai doan hai, bao gdm su hap phu can bang cua nitrophenolate, chuyén dién
tr tir bé mit ctia cac hat nano thanh nitrophenolate va hinh thanh san pham thong qua

viéc tdch aminophenolate.



19
CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1 POI TUQNG NGHIEN CU'U:
2.1.1 Poi twong nghién ciru:
Pho1 Sam Ngoc Linh, Bac nitrat, vi khuan Bacillus subtilis, Staphylococcus
aureus va Escherichia coli, cac chat mau nitrophenol, ...
2.1.2 Pham vi nghién ctru:
> Diéu ché dich chiét phoi Sam Ngoc Linh.
> Tong hop nano bac tir dich chiét Sam Ngoc Linh va khao sat cac diéu kién
phén trng
» Nghién ctru tinh chét Iy hoa cua hé nano: kich thudc hat, hinh thai hoc, do
bén,v.v...
> Nghién ctru kha ning khang khuin cia hé nano bac trén vi khuan Gram
duong va Gram am.
» Nghién ctru dong hoc xtc tac cho phan ting khur cac nitrophenol va cac hop
chat mau hiru co.
2.2 DUNG CU, HOA CHAT, THIET BI VA NGUYEN VAT LIEU:
2.2.1 Dung cu:
Bang 2.1. Bang danh muc dung cu

STT Tén dung cu
1 Pipet 1,2, 5, 10 mL
2 Micropipet 100-1000pL, 2-20pL
3 Erlen 50, 100, 250 mL
4 Becher 10, 20, 50 mL
5 Catu
6 Gia do
7 Ong sinh han
8 Nt cao su
9 Phéu thuy tinh
10 Gidy loc
11 Bop cao su
12 Binh cau 250 mL
13 Binh dinh muc 5, 10, 20, 100 mL
14 Chai bi 20, 40 mL
15 Ong dong 100 mL
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Bdng 2.2. Bang danh muc héa chdt

STT Tén héa chat Cong thirc h6éa hoc | Ngudn goc
1 Bac nitrate AgNO;
2 o-nitrophenol CeHsNO3
3 m-nitrophenol CsHsNO3
4 p-nitrophenol CsHsNO3
5 Natri borohydride NaBH4 Acros Co.
6 Methyl da cam Ci14H14N3NaOsS
7 Rhodamine 6G C25H31N205C1
8 Rhodamine B C23H31CIN20O3
9 Nuéc cit 2 1an H>O Viét Nam
10 Acetone CH3;COCH;3 Viét Nam

2.2.3 Thiét bi:

» Can phan tich dién tir Sartorius

Ta sdy UNB 400

May khudy tir gia nhiét MR Hei-tec

Bé siéu am

May ly tam Biobase L400Bp

May lic Vortex

Tu hat

Kinh hién vi dién t& truyén qua — TEM, HRTEM-SAED, STEM-

mapping duoc do trén thiét bi JEOL JEM1400 (Nhat Ban), Vién Khoa

hoc Vit liéu — Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam, sb 18

Hoang Quéc Viét, Cau Gidy, Ha Noi.

» Phuong phép phan tich XRD dugc thuc hién trén may do khuc xa tia X
Shimadzu 6100 (Nhat Ban) noi thyc hién Khoa Cong nghé Hoa hoc —
Truong BH Cong nghép TP.HCM.

> Pho hong ngoai (IR) dugc do trén may Bruker Tensor 27 (Dtc), may
duoc dit tai Vién Khoa hoc Vat liéu Ung dung — Vién Han 1am Khoa
hoc va Cong nghé Viét Nam.

YV V V V YV VYV V
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> Kinh hién vi dién tir quét SEM duoc do trén thiét bi S-4800 HI-9057—
0006 (Nhat Ban). Bugc do tai Nanotechnology Lab, SHTP Labs, L.6 13,
duong N2, Khu cong nghé cao, Quan 9, TP. HCM.
> Phuong phap phan tich nhi¢t TGA-DSC duoc do bang may phan tich
nhi¢t LabSys Evo 1600 (SETARAM, Phép) tai Truong Pai hoc Su Pham
TPHCM - Khoa Hoa.
> Kich thudc hat va thé zeta dugc do trén thiét bi SZ — 100 HORIBA. Noi
thuc hién phép do tai Trung tdm Thiét bi khoa hoc & Phan tich héa 1y —
Vién Khoa hoc Vat liéu Ung dung.
> Pho tan xa ning luong tia X EDX dugc phan tich bang may phén tich
Horiba EMAX ENERGY EX-400. Phd dugc do tai Nanotechnology
Lab, SHTP Labs, L6 13, duong N2, Khu cong ngh¢ cao, Quén 9, TP.
HCM.
> Pho hap thy phan tir UV — VIS dugce do trén UV-5100, Shanghai Metash
Instuments Co,.Ltd. Noi thyc hién Vién Cong nghé Hoa hoc — Vién Han
lam Khoa hoc Cong ngh¢ Viét Nam.
2.2.4 Nguyén vat liéu:
Phéi sam Ngoc Linh (Panax vietnamensis) duoc cung cip boi Khoa Cong nghé
Sinh hoc — Truong Pai hoc Tan Tao, Tinh Long An (Hinh 2.1).
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2.3 PHUONG PHAP NGHIEN CcU'U:

100 mL Binh cau o
250 mL Chai bi AgNO;

Dun hoi hru
Thoi gian 1h

A4 A

HSI] h(_)’p A
dung dich Bep tr
Tdc @6 1000 rpm & nhiét
do va thoi gian xac dinh
y
Loc

Hinh 2.2. Quy trinh tong hop nano bac.
2.3.1 Chuin bi dich chiét sim Ngoc Linh:
» Phoi sam Ngoc Linh dugc lam khé ¢ 60°C trong 24 gio.
> Cho 10 g bot kho vao binh cau thay tinh 250mL, thém 100 mL nuée tinh
khiét (nudce cat) va tién hanh dun hdi luu trong 1 gidr & nhiét 46 100°C (Hink
2.3).
> Hon hop sau khi dun hoi luu duge loc. Dich loc duoc bao quan tai 4°C.
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&
Hinh 2.3. H¢ thong dun hoi luu va dich chiét sam Ngoc Linh.
2.3.2 Tong hop nano bac tir dich chiét sim Ngoc Linh:

Dich chiét SNL AgNO;

Nong d6 ion Ag" (0 — 25 mM)
Khudy »  Nhiét do phan tmg (30 — 100°C)
Thoi gian phan tng (10 — 120 phut)

AgNPs

Hinh 2.4. Tong hop nano bac.
Pha dung dich mudi bac nitrate 25mM: Can chinh xac 0,4293 g AgNO3 cho vao
becher 50mL, sau d6 cho 20mL nudc cit vao becher va khqu déu cho toan bd bac
nitrate tan hét. D6 hdn hop trong becher vao binh dinh mtrc 100mL va dinh mirc bang

nudc cat.
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Hat nano bac duoc téng hop tur dich chiét sam va dung dich bac nitrate theo ti
1¢ 1:10 trong chai bi 20mL dugc boc kin bang gidy nhom. Dung dich dugc khudy va
gia nhiét trén bép tir v6i te d6 1000 rpm, ¢ nhiét do va thoi gian thich hop tir qua
trinh khao sat. Sau d6, cho dung dich vao ly tim & téc d6 3000 rpm va rira voi nudc
cAt dé loai bo cac thanh phén hoa hoc khong duoc hép thu trén bé mat hat nano.

Céc thong s6 khao sat ciia phan Gmg bao gdm ndng do cia ion bac (0 — 25 mM),
nhiét do phan g (30 — 100°C) va thoi gian phan trng (10 — 120 phut) s€ dugc khao
sat thong qua phdé UV — VIS.

> Khao sat sy anh huéng ciia ndng d6 ion bac dén qué trinh hinh thanh nano
bac:

Dich chiét sim Ngoc Linh va dung dich bac nitrate duoc stir dung theo ti 1€ 1:10
(v/v) tudn tu & nhitng néng d6 0, 5,8, 10, 15, 20, 25 mM cta Ag". Sau do, dung dich
duoc boc kin bang gidy nhom va tién hanh phan tng bang bép tir & nhiét d6 90°C, tdc
d6 khudy 1000 rpm trong 120 phat. Po UV-Vis ctia nhitng dung dich thu duoc dé
khao sat sy anh huéng cta nong do dén qua trinh tao thanh nano bac va tim duoc
ndng do thich hop va st dung cho khao sat tiép theo.

Bdng 2.3. Luwong héa chat dimg trong khdo sdt nong dé ion bac

Nong do Nhiét do
STT | Tilé dich chiét : AgNO; ion bac phéan @ng
(mM) °C)

Thoi gian
(Phut)

0
5
8
: 10 10 90 120
15
20
25

NN | B W N
—

> Khao sat sy anh huéng cta nhiét d6 phan tng dén qua trinh hinh thanh nano
bac:

Dich chiét sam Ngoc Linh va dung dich bac nitrate theo ti I¢ 1:10 (v/v) & néng
d6 thich hop da duogc thyc hién & phén khdo sat trén cho vao cac chai bi 10 mL. Dung
dich dugc boc kin bang gidy nhém va tién hanh phan ung trén bép tir lan luot & cac
nhiét d6 30°C, 40°C, 50°C, 60°C, 80°C, 90°C, 100°C véi toc dd khudy 1000 rpm trong
120 phut. Bo UV-Vis cac dung dich thu dugc dé khao sat su anh huong cua nhiét d
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phan ung dén qua trinh hinh thanh nano bac va xac dinh dugc nhiét do thich hop va

duoc sir dung cho budc khao sat tiép theo.

Badng 2.4. Lwong héa chat dimg trong khdo sat nhiét dg.

Nong do Nhiét do
STT | Tilé dich chiét : AgNO; ion bac phéan @ng
(mM) °C)

Thoi gian
(Phut)

30
40
60
1:10 25 120
80
90

100

AN | B W] N =

> Khao sat sy anh hudng cia thdi gian &én qua trinh hinh thanh nano bac:
Dich chiét sdm Ngoc Linh va dung dich AgNO:; theo ti 1& 1:10 (v/v) ¢ ndng do
thich hop da dugc thyc hién ¢ phén khao sat trén cho vao chai bi 10 mL. Dung dich
duoc boc kin bing giidy nhom va tién hanh phan tng trén bép tir & nhiét d6 thich hop
da duoc xac dinh & khao sat trude véi toe do khudy 1000 rpm theo thoi gian. Cir mi
10 phtit mAu 1 1an tir chai bi &é do UV-Vis nhim khao sat sy anh huéng cua thoi gian
phan ng dén sy hinh thanh nano bac va xac dinh duoc thoi gian phan tng thich hop.
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Badng 2.5. Luwgng héa cht ding trong khdo sat thoi gian.

X Nhi¢t do o
o o Nong d¢ ion L Thoi gian
STT | Til¢ dich chiét : AgNOs3 phan ung )

bac (mM) °C) (Phut)

10
20
30
40
50
60
70
80
90
100
110
120

O | 0| | | | | W| DN —

[a—
(=)

—_—
—

J—
[\

2.3.3 Hoat tinh xuc tac:

Chuén bi dung dich NaBH4 0,5 M: Can chinh xac 0,0955 g NaBH4 dang ran cho
vao binh dinh mtrc 5 mL. Hoa tan NaBH4 trong 3 mL nudc cat, sau do tiép tuc dinh
muc béng nudce cat. Thu duge dung dich NaBH4 0,5 M.

Chuén bi dung dich o-nitrophenol, m-nitrophenol, p-nitrophenol 0,1 M: Can
0,0028 g o-nitrophenol, m-nitrophenol va p-nitrophenol rin cho vao 3 becher 20 mL.
St dung pipet hat chinh xac 10 mL nudc cat cho vao timg becher va khudy déu dé
hoa tan ran, d6 dung dich trong becher vao binh dinh mac 20 mL va dinh murc bang
nude ct, thu duge dung dich chuan cua o-NP, m-NP, p-NP c6 néng do 1 mM. Sau
d6 hat 2 mL dung dich chuan (dung dich me) cho vao 3 binh dinh mirc 20 mL khéc
va dinh murc bﬁng nude cit. Ta duge dung dich o-NP, m-NP, p-NP c6 néng do 0,1
mM.

Chuén bj dung dich Rhodamine B va Rhodamine 6G 0,05 mM: Can 0,0048 g
Rhodamine B va Rhodamine 6G cho vao 2 becher 10 mL. Str dung pipet hat chinh
xac 5 mL nudc cat cho vao ting becher dé hoa tan dung dich Rhodamine B va
Rhodamine 6G. Sau d6 d6 dung dich trong becher vao binh dinh mtc 10mL va dinh
mirc bang nudc cat. Thu duge dung dich chuan cia Rhodamine B va Rhodamine 6G
c6 ndng d6 1 mM. Hut 1 mL dung dich chuin cho vao 2 binh dinh mtrc 20mL va tiép
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tuc dinh murc béng nudce cit thu duge dung dich Rhodamine B va Rhodamine 6G 0,05
mM.
Chuan bi dung dich Methyl da cam 0,05 M: Can 0,0033 g MO cho vio becher
10 mL. Dung pipet hit chinh x4c 5 mL nudc cat cho vao becher dé hoa tan dugc dung
dich MO. Sau d6 dd dung dich trong becher vao binh dinh mirc 10mL va dinh mirc
bang nuée cit. Thu duge dung dich chuan ciia MO ¢6 néng d6 1 mM. Hat 1 mL dung
dich chuén cho véao binh dinh mac 20 mL va tiép tuc dinh murc béing nude cat. Thu
dugc dung dich MO 0,05 mM.
> Khdo sat hoat tinh xtic tdc cia AgNPs cho cic phan tmg phan huy d6i voi

o-nitrophenol, m-nitrophenol. p-nitrophenol:

Bang 2.6. Khao sat hoat tinh xuc tac cua AgNPs voi o-, m-, p-nitrophenol

AgNPs o-,m-,p-nitrophenol 0,1 mM
NaBH4 0,05 M (mL)
(uL) (mL)
1
2
3 0,5 25
4
5

Str dung micropipet hut 2,5 mL dung dich o-NP/m-NP/p-NP 0,1 mM cho vao
cuvette thach anh. Tiép do, cho 1/2/3/4/5 pLL dung dich nano bac vao cuvette. Sau
cung, cho tur tr 0,5 mL dung dich NaBH4 0,05 M vao cuvette va tién hanh do phé
UV-Vis ¢ budc séng 300-800 nm theo thdi gian dé khao sat kha ning xuc tac khir
mau cua phan tng.

> Khdo sat hoat tinh xuc tac cia AgNPs cho phan ng phan hiay ddi voi
Rhodamine B, Rhodamine 6G va Methyl da cam:
Bang 2.7. Khao sat hoat tinh xuc tac cua AgNPs voi RhB, Rh6G va MO.

AgNPs Rhodamine B, Rhodamine 6G, Methyl
NaBH4 0,025 M (mL) da cam 0,05 mM
(uL) (L)
1
2
3 0,5 2,5
4
5




28

Str dung micropipet hut 2,5 mL dung dich RhB/Rh6G/MO 0,05 mM cho vao
cuvette thach anh. Tiép 0, cho 1/2/3/4/5 pL dung dich AgNPs vao cuvette. Sau cuing,
cho tur tir 0,5 mL dung dich NaBH4 0,025 M vao cuvette va tién hanh do phé UV-Vis
& bude song 300-800 nm theo thoi gian dé khao sat kha ning xuc tac khir mau cia
phan ng.

2.3.4 Khao sat kha ning khang khuén:

Thtr nghiém khéang khuén cta cac hat nano bac dugc thuc hién béng phuong
phap dia gidy khuéch tan trén méi truong thach. Hai loai vi khuan Bacillus subtilis
va Staphylococcus aureus 13 vi khuan Gram duong va Escherichia coli 14 vi khuan
Gram 4m duoc sir dung dé danh gia hoat tinh khang khuén.

Déu tién vi khuin dugc iy ra khoi noi luu trit va duoc nudi cdy trong moi
truong LB ¢ 37°C trong 6 gid. Sau do, dung que cdy vo triung dé ciy ria vi khuan trén
dia thach. Cac dia s& duoc i 4&m ¢ 37°C trong 1 ngay (24 gid). Cac khuan lac trén dia
dugc nhit chuyén sang méi truong long va nudi cdy ¢ 37°C trong 6 gid. Hon hop
nuoi ciy duoc tron nhe nhang dé tao huyén phu dong nhat.

Hut vai trim pL dung dich huyén phu trén voi 100 pL trypan blue (0,4%). Sau
d6, cho vao cac budng ciia may huyét cau ké bang micropipette. Vi khuin dugc dém
dué6i kinh hién vi. S6 lvong vi khuan séng phai tir 100 dén 200 trong budng (vi khuan
song khong mau va vi khuan chét c6 mau xanh lam). Tong s6 vi khuan sdng trong
hon hop nudi céy dugc tinh toan dya trén sb lugng vi khuan dém duoc. Sau khi da
tinh toan ndng do thich hop dua trén s6 luong vi khuan dém dugc, hdn hop nudi cdy
s& duoc trai trén cac dia thach dé danh gia hoat tinh khang khuan cila cac hat nano
bac.

Mau dich chiét & néng dé dam dac duogc su dung dé kiém tra hoat tinh khang
khuan. Két qua cho thiy dich chiét khong giy ra hoat tinh khang bat ky vi khuén test
nao. Tir d6, ching t6i tién hanh khao sat anh hudng cua ham lwong nano bac ddi véi
kha ning khang khuan. Phuong phap duoc thuc hién nhu sau: nano bac (1 pL) & cac
néng ds 2.5, 5, 10, 15, 20 mM duoc thim vao tung dia giéy. Chung duoc dat trong
tu cdy vo trung trong khoang 15 phiit myc dich giup cho dung dich nano bac duoc
phan tan déu trén dia gidy. Dia gidy dbi ching dwong cé chira khang sinh ampicillin
(0,01 mg/mL) va moi truong Luria—Bertani broth (LB) duoc sir dung lam dia gidy
dbi chimg am. Tiép d6, dat timg dia gidy thir nghiém trén moi trudng thach da duoc
chuén bi ¢ trén. Cac dia dugc U trong 24 gid & 37°C. Hoat tinh khang khuan duogc ghi
lai thong qua dudng kinh cta ving Gc ché xung quanh dia gidy tinh bang mm. Tién

hanh quan sat va ghi nhan két qua.
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CHUONG 3. KET QUA VA BAN LUAN

3.1 Két qua khao sat sy anh hwéng ciia ndng dd, nhiét d9 va thoi gian
dén sy hinh thanh nano bac:

3.1.1 Anh hudng cua n(‘ﬁng d¢ dén sy hinh thanh nano bac:

0,4 —a— 0mM
—~ —e— 5mM
=) —a— 8mM
S 0,3+ —v— 10mM
—o— 15mM
_g' —<— 20mM
= —— 25mM
a 02
~<(U
c
<O-
I 0,1
0.0 400 500 600

Buwéc song (nm)

Hinh 3.1. Ph6 UV-Vis sy anh hudng ciia nong do dén sw hinh thanh nano

bac.

Hinh 3.2. Két qud khdo sdt s anh hwong ciia nong dé den sw hinh thanh
nano bac.

Duya vao ph6 UV-Vis (Hinh 3.1) tai ving budc song 350 — 500 nm ta s& thy
peak hap thu ciia dung dich AgNPs, dat cuc dai & khoang 435 nm. Co thé quan sat
thiy anh hudng ctia ndong do ion Ag* dén sy hinh thanh nano bac khi cang ting nong
d6 ion Ag" thi peak hap thu cang ting cho thiy ndng do nano bac trong dung dich
tang 1én, cung voi d6 mau cua dung dich cling s& dam dan. Két qua chi ra rang khi
tang ndng do ion Ag* dén 20 mM thi peak hap thu vin con ting nhung dén nong do
ion Ag" 25 mM thi peak hép thy giam. Do khi ting ndng d6 Ag* cao hon lugng nano
bac hinh thanh 16n hon tuy nhién hoat chat 1am bén tir dich chiét khong du dé lam



30

bén hat nano bac duoc sinh ra, tir d6 c4c hat nano bac bj tach ra khoi dung dich do bi
két tu dan dén cuong do phé hép thu ctia dung dich giam. Chinh vi thé, néng do ion
Ag" thich hop dugc chon dé tién hanh khao sat & cac diéu kién ké tiép 1a 20 mM.
3.1.2 Anh hwéng ciia nhiét do dén sy hinh thanh nao bac:

2,0

—=— 30°C

_ —e—40°C

:5. —a— 60°C
) 1,51 —v—80°C

S —e—90°C
< —e— 100°C

Q_ 1 ,0 7
%<0

£

<O-

Q 0,5

0,0 :
300 400 500 600

Bwéc song (nm)

Hinh 3.3. Phé UV-Vis sw anh hwong cua nhiét do dén sw hinh thanh nano

bac.

Hinh 3.4. Két qua khao sét su anh huong ciia nhiét dé dén sw hinh thanh

nano bac.

Déi véi anh hudng cua nhiét do, theo két qua UV-Vis (Hink 3.3) s& thiy luong
nano bac dugc tao ra cang nhiéu khi tang nhié¢t do cuia phan tng Ién, mau cua dung
dich s& dam dan, tir 6 cac peak s& c6 cuong d6 hip thy ting & khoang 440 — 450 nm.
Diéu nay chimg to su gia taing d6 hap thu khi ting nhiét do phan (mg va gia tri dat
cuc dai ¢ 90°C cho théy su phu thuéc manh mé trong vi¢c tao ra nano bac vdi nhi¢t
d6. Khi tang nhiét d6 dung dich 16n hon 90°C, céc hat nano bac cling bi ngung tu, c6
thé do nhiét do cao su twong tac cuia cic phan tir 16n gy anh huong dén bé mat hat
va gay ra su két tu hat. Do d06, 90°C s& dugc chon lam nhiét do cua phan ing dé tién

hanh khao sat & nhitng diéu kién tiép theo.



31

3.1.3 Anh hwéng ciia thoi gian dén sy hinh thanh nano bac:
0,5

—a— 10 min
—— 20 min
—a— 30 min
—v— 40 min
—&— 50 min
—<¢— 60 min
—>— 70 min
—e— 80 min
—x— 90 min
—e— 100 min
—o— 110 min
—+— 120 min

400 500 600
Bwéc song (nm)
Hinh 3.5. Pho UV-Vis sy anh huong cua thoi gian dén sy hinh thanh nano
bac.

Dua vao phé UV-Vis thu duoc cho théy su hinh thanh nano bac trong dung dich
bi anh hudng bai thoi gian phan Gmg. Cudng d6 ctia peak hap thu cang cao khi thoi
gian phan tmg cang ting, ndng d6 nano bac tao ra trong dung dich cang nhiéu. Trong
khoang thoi gian 10 dén 60 phut cudng do cua cac dinh hap thu thap, chua thé xac
dinh dugc peak hap thu. Dinh hip thu chi xuat hién 1 rang ¢ phut 80. Sau cac khoang
thoi gian 80, 90, 100, 110 va 120 phit, cuong do dinh hap thu ting khong dang ké.
Vi vy, tir két qua trén 120 phit s& dugc chon 1am thoi gian thich hop dé téng hop.

bé nghién cuu ddc tinh 1y hoéa cua vat li¢u va khdo sat g dung h¢ nano bac
duoc tong hop tai diéu kién thich hop sau qua trinh duoc khao sat (Bang 3.1) va mau
nano dugc mo ta trong (Hinh 3.6).

Hinh 3.6. Tong hop nano bac tir dich chiét sam Ngoc Linh trwde (trdi) va sau

(phai) khi tong hop tai diéu kién thich hop phan iing: nong dé 20 mM, nhiét d¢
90°C va thoi gian 120 phut.
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Bang 3.1. DPiéu kién téng hop thich hop cua nano bac

Théng s6 va diéu kién Gia tri
Ti 18 dich chiét : Ag* 1:10
Nong d6 Ag* 20 mM
Nhiét do phan Uing 90°C
Thoi gian phan g 120 phut
3.2 Giin d6 XRD:
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[61].

Goc nhiéu xa - 20 (°)

Hinh 3.7. Gian dé XRD cuia nano bac.

Céu truc tinh thé clia nano bac duoc xac dinh bang cach sir dung phan tich XRD
trong (Hinh 3.7. Gian d6 XRD ciia nano bac. Su ¢6 mit cua nhiing dinh nhiéu xa &
cac vi tri 20 13 38,24°, 64,80° va 77,78° twong tng voi cac mit phang (111), (220) va
(311) lan luot 13 cac mat phang lap phuong tim mit (FCC) cua tinh thé nano bac.
Mit khac, su xudt hién cua cac dinh nhidu xa & 27,62°, 32,32°, 46,10°, 54,91° va
57,30° phu hop vé6i cac mat phang (111), (200), (220), (311) va (222) cia tinh thé
AgCl [60]. AgCl dugc sinh ra tir thanh phan ion am CI" ¢6 trong dich chiét phdi sam

tor moi truong nudi cay. Hién tugng nay cling dugc quan sat trong cac nghién khac
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3.3 Két qua hinh thai hoc va phan bd cia vat liéu:

*

$-4800 10.0kV 1 E(M)

th 3.8. Anh chup SEM cua nano bac.

- . - oy
Hinh 3.9. Anh TEM cua nano bac ¢ kich thuoc 50 nm va 20 nm.
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Hinh 3.10. Phén bé kich thuée hat nano (trdi) va anh nhiéu xa vung lya chon

ctia nano bac (phai).
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Hinh 3.11. Anh STEM (4) va EDX mapping (B — F).

Duya vao anh chup SEM (Hinh 3.8) cho thay tong quan bé mat vat liéu nano
bac. Céac hat nano bac ¢ dang chum dugc hinh thanh tir cac hat dang hinh clu co
duong kinh duéi 25 nm va kich thude khong dong déu.

Két qua anh TEM (Hinh 3.9) ctia nano bac c6 thé thiy cac hat nano c6 dang
hinh cau, phan bd véi kich thudc khong déu duge quan sat thiy trong khoang 3 — 20
nm, v6i kich thudc trung binh 14 10 nm (Hink 3.10). Diéu nay chi ra ring cac hop
chét hoat dong trong dich chiét c6 thé 1am On dinh dé tao thanh céac hat nano c6 kich
thude nho gitp tang cuong hoat tinh cta nano bac.

Anh nhiu xa ving lwa chon ciia nano bac (Hinh 3.10) c6 thé thdy cac duong
tron dong tim xuat hién lién tuc. Diéu nay chimg minh dugc mau nano bac ton tai &

trang thai tinh thé. Cac vong sang trong mau SAED tng véi phan xa dic trung cho
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cac mang (111), (200), (220) va (311) trong cAu tric 1ap phuong tim mit (FCC), phu
hop véi dir liéu ciia XRD [62] [63].

Két qua phan tich anh xa STEM va EDX Mapping (Hinh 3.11) cho thay sy hién
dién ctia cac nguyén té bao gém bac, clorua, carbon va oxy cing v&i d6 cho thay sy
hién dién cta tinh thé nano bac, AgCl va cac thanh phén hiru co trong cac hat nano.

3.4 Két qua EDX:

2000

-
o
o

o
o
o
% Khéi luong (wiw)
(4]
o

o

C O Cl Ag

Cudng do tia X

®
4@&
©

®

02 :

0 5
Nang lvong hoat hda (keV)

10

Hinh 3.12. EDX ciia mdu nano bac.

Biéu d6 cta ning luong ion hoa (keV) so véi cudng d6 tia X (Hinh 3.12) cho
théy bac ¢ trong mau nano dugc xac dinh bdi cac tin hidu & vi tri 2,6 va 3,0 keV.
Bén canh d6 phd ciing xuét hién tin hiéu cta cloride ¢ vi tri 2,7 keV diéu nay cho
thiy AgCl da dugc hinh thanh trong mau nano bac. Thanh phéan hitu co trong mau
duoc dai dién boi cac nguyén td carbon va oxy. Hon nita, phan tich EDX cho thiy
thanh phan ctia bac trong miu duoc téng hop chiém kha cao (76,23%, w/w). Pay 1a
co s6 dé ung dung hé nano trong khao sat hoat tinh xtc tac va hoat tinh sinh hoc cua

hat nano bac.
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3.5 Pho FTIR:
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Hinh 3.13. Phé FTIR ciia dich chiét phéi sam Ngoc Linh (a) va nano bac (b).
Ph FTIR dugc dung dé xac dinh cac nhom chirc c6 thé ¢é trong thanh phan cia
dich chiét phoi sim Ngoc Linh. Pho FTIR cua dich chiét va nano bac duge thé hién
trén (Hinh 3.13. Phé FTIR cia dich chiét phéi saim Ngoc Linh (a) va nano bac (b).
Pho cuia hai mau cho thiy cac dai hip thy 13 trong ty nhau, diéu nay chi ra rang thanh
phén cua dich chiét dong vai tro quan trong trong viéc lam 6n dinh cac hat nano bac.
> Két qua pho FTIR cua dich chiét cho thiy tin hiéu tai 3413 cm™ 1a sy dao
dong ctia nhém O-H va N-H dic trung cua cac hop chét c¢6 hoat tinh sinh
hoc nhu polyphenol, favonoid, polysaccharide, protein va alkaloid. Tin hi¢u
tai 2930 cm™! 1a sy dao dong cuia nhom C—H dic trung cua polysaccharide
va saponin. Tin hiéu tai ving 1630 cm™! 13 tin hiéu dao dong cia nhém C=0

dic trung cho cidc nhom amide va axit carboxylic. Cac tin hiéu tai 1408 cm™

va 1072 cm™! twong ng véi cac dao ddng cua nhém C=C va C-O

> Két qua phd ctia nano bac cho thay cac tin hiéu & 3561, 2922, 1641, 1387 va
1006 cm™! ciing twong ty nhu phd FTIR cua dich chiét. Bidu nay cho thiy
rang cac phan tir sinh hoc dong vai trd 13 tac nhan 6n dinh trong qua trinh

sinh tong hop cac hat nano.
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3.6 Gian d0 TGA-DSC:
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Hinh 3.14. Két qua gian do TGA-DSC.

Tinh chat nhiét cua dich chiét va nano bac (AgNPs) da dugc nghién ctiu b?mg
cach sir dung phan tich TGA — DSC do tir nhiét d6 phong dén 800°C, ap suit khi
quyén, téc d6 gia nhiét 10°C/phut trong khong khi.

Két qua TGA (Hinh 3.14) cho thiy mau dich chiét bi phan huy khéi luong 10%
& vung nhiét do dudi 100°C do su bay hoi ciia nuée va cac hop chat dé bay hoi,
khoang 50% khdi lugng trong ving nhiét do 200°C. Trong d6 & mau nano bac gan
nhu 6n dinh ¢ ving nhiét d6 nay. Diéu nay cho thiy cac hat nano dugc sinh téng hop
khong cé cac thanh phan dé bay hoi. Mau dich chiét bi mat khoang 96% khéi luong
& 800°C, trong khi nano bac giam khoang 40% khéi lugng & ving nhiét do nay.

Két qua DSC (Hinh 3.14) ciia mau dich chiét cho thay cac dinh thu nhiét & ving
nhiét do thap la do qua trinh bay hoi cua cac ché pham dé bay hoi. Ca hai dudng cong
DSC cua dich chiét va nano bac cho théy cac dinh toa nhiét trong tu nhau ¢ 280°C
dén 300°C, 445°C va 540°C dén 550°C, diéu nay lién quan dén qua trinh oxy hoa cac
hop chét hitu co. Pong thoi ciing chirg minh trong dich chiét sim c¢6 nhitng phan tir

hiru co 1a tadc nhan 6n dinh céc nano bac dugc tong hop.
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3.7 Ung dung xc tic ciia nano bac trong cic phan vmg Khir cic hop chit
gy 6 nhiém:
3.7.1 Ung dung xtc tic ciia nano bac déi véi phan vng Khir o-nitrophenol (o-

NP):
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Hinh 3.15. Phé UV-Vis qud trinh khir o-NP & cdc thé tich nano bac khdc nhau

(1-5ul).
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Dua vao két qua phd do UV-Vis (Hinh 3.15) cho thiy, ndng do hap thu cua o-
NP duoc do & budce song trong khoang 350 — 500 nm, peak hip thu cuc dai & budc
song 414 nm. Khi vira thém NaBHa, mau cta dung dich s& chuyén tir mau vang nhat
sang mau vang dam do sy hinh thanh ctia ion o - nitrophenolate trong kiém trung tinh.
Sau d6, mau s& nhat mau dan va cudi cing 13 trong sudt khi qua trinh khir o-NP xay
ra dé tao thanh o — aminophenol (Hink 3.16). Luong xtc tac khi cho vao phan tng
s& ti 18 thuan voi toe d6 phan tng va ti 1 nghich véi thoi gian phan tng. Diéu nay

chtrng minh rang nano bac c¢6 hoat tinh xtc tac dbi voi phan tmg phan hiy o-NP.

_’—-P

Hinh 3.16. Phan irng khir ciia o-NP lic bat dau va két thiic.
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Hinh 3.17. D6 thi dong hoc bac nhdt va cac gia tri hcing s6 toc do.

DPong hoc bac 1 cua phan Gmg c6 thé dugce biéu dién bang phuong trinh In
(AJ/A,) = - kt, trong d6 k 14 hing sb toc d6 gia bac nhat, t 1a thoi gian phan tng, [Ao]
12 ndng d6 o-NP tai thoi diém t = 0 va [A(] 1a ndng do o-NP tai thoi diém t thu dugc
tir do hép thu cua peak cuc dai ¢ 414 nm. Héng s6 k ¢o thé xac dinh truc tiép tir hé sd
gdc ciia phuong trinh dudng thang gitra In (A/Ao) so voi thdi gian phan tng.

Qua trinh khir o—NP khi ¢c6 mét xtc tac cia nano bac tr I — 5 pLL hoan thanh
trong thoi gian 1an luot 14 27, 21, 18, 15 va 9 phit (Hinh 3.17). Dua vao két qua phd
UV-Vis cua nano bac héng sb tdc do gia bac nhat k cua phan ung duogc xac dinh khi
thém luong xuc tac tir 1 — 5 pL 1an luot 1a 0,00114, 0,00188, 0,00218, 0,00217,
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0,00301 s™'. Hang s toc do ting dan cho thiy ham luwong xtc tic lam giam déng ké

nang luong hoat hda ctia phan tng.

3.7.2 Ung dung xiic tac ciia nano bac d6i véi phan tng khir m-nitrophenol (m-

NP):
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Hinh 3.18. Phé UV-Vis qud trinh khit m-NP ¢ cdc thé tich nano bac khéc

nhau (1 -5 ul).
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Dua vao két qua phd do UV-Vis (Hinh 3.18) cho thiy, ndong d6 hip thu cia m-
NP dugc do & budce song trong khoang 350 — 450 nm, peak hap thu cuc dai ¢ budc
song 398 nm. Khi vira thém NaBHs, mau ciia dung dich s& chuyén tir mau vang nhat
sang mau vang dam do sy hinh thanh cta ion m - nitrophenolate trong kiém trung
tinh. Sau d6, mau s& nhat mau dan va cudi cung 13 trong subt khi qua trinh khir m-NP
xay ra dé tao thanh m — aminophenol (Hinh 3.19). Lugng xuc tac khi cho vao phan
g s& ti 1& thuan voi téc do phan Gng va ti 16 nghich véi thoi gian phan tmg. Piéu

nay chimg minh rang nano bac c6 hoat tinh xtic tac ddi voi phan Gng phan hay m-NP.

— ]
—
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i S p—

a- 4B

T

Hinh 3.19. Phdn ung khu’ ciia m-NP lic bdt dau va két thiic.
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Hinh 3.20. D6 thi dong hoc bac nhdt va cdc gid tri hc%ng 56 toc do.

BPdng hoc bac 1 ctua phan ung co thé duge biéu dién béng phuong trinh In
(AJ/A,) = - kt, trong d6 k 13 hing sb téc d6 gia bac nhat, t 1a thoi gian phan tng, [Ao]
1a ndng dd o-NP tai thoi diém t = 0 va [A] 12 ndng d6 m-NP tai thoi diém t thu duoc
tor do hép thu cta peak cuc dai ¢ 398 nm. Hf?mg s6 k ¢6 thé xé4c dinh truc tiép tir hé s
godc clia phuong trinh dudng thang gitta In (AJ/Ao) so véi thoi gian phan tng (Hink
3.20).
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Qua trinh khtr m—NP khi ¢6 mat xuc tac ciia nano bac tir 1 — 5 uLL hoan thanh
trong thoi gian lan luot 1a 17, 17, 15, 12 va 12 phat. Tir két qua phd UV-Vis ciia nano
bac hang s6 toc do gia bac nhat k ciia phan (mg duoc xac dinh khi thém lugng xuc
tac tir 1 — 5 uL 1an luogt 1a 0,00097, 0,0009, 0,00172, 0,00172, 0,00203 s™'. Hing sb
tdc do ting dan cho thay ham luong xtc tac 1am giam dang ké ning luong hoat hoa
cua phan ung.

3.7.3 Ung dung xic tac ciia nano bac di véi phan tng khir p-nitrophenol (p-
NP):
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Hinh 3.21. Pho UV-Vis qua trinh khu p-NP o cdc thé tich nano bac khac nhau

(1 -5 ul).
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Dua vao két qua phd do UV-Vis (Hinh 3.21) cho thiy, nong do hap thu cua p-
NP duoc do & budce song trong khoang 350 — 500 nm, peak hip thu cuc dai ¢ budce
song 400 nm. Khi vira thém NaBHa, mau cta dung dich s& chuyén tir mau vang nhat
sang mau vang ddm do sy hinh thanh cta ion p - nitrophenolate trong kiém trung tinh.
Sau d6, mau s& nhat mau dan va cudi cung 1a trong sudt khi qué trinh khtr p-NP xay
ra dé tao thanh p — aminophenol (Hinh 3.22). Luwong xtc tac khi cho vao phan tng
s& ti 18 thuan véi téc do phan ung va ti 1¢ nghich véi thoi gian phan tng. Diéu nay

chtng minh ring nano bac c6 hoat tinh xuc tac d6i voi phan tng khir p-NP.
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Hinh 3.23. Do thi dong hoc bac nhdt va cdc gid tri hdng s6 toc dg.

Pong hoc bac 1 cia phan ung c6 thé duoc biéu dién bang phuong trinh In
(A/Ao) = - kt, trong d6 k 14 hang s6 toc d6 gia bac nhat, t 1 thoi gian phan tng, [Ao]
12 ndng d6 p-NP tai thoi diém t = 0 va [A(] 1a ndng do p-NP tai thoi diém t thu duoc
tor do hép thu cua peak cuc dai ¢ 400 nm. Héng s6 k ¢o thé xac dinh truc tiép tir hé s
goc cua phuong trinh dudng thang giita In (AJ/Ao) so v6i thoi gian phan tng (Hinh
3.23).

Qua trinh khir p—NP khi ¢6 mat xtc tac ciia nano bac tir 1 — 5 pLL hoan thanh
trong thoi gian 1an luot 1a 18, 18, 12, 12 va 12 phut. Tir két qua phd UV-Vis clia nano
bac hang s6 toc do gia bac nhat k ciia phan Gmg duoc xac dinh khi thém lugng xuc
tac tir 1 — 5 uL 1an lugt 12 0,00210, 0,00246, 0,00434, 0,00413, 0,00459 s”'. Hang sb
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tdc do ting dan cho thay ham luong xdc tac 1am giam dang ké ning luong hoat hoa
cua phan ung.

Két qua cho thiy rang phan tmg khtr trén xuc tac AgNPs phu thudc dang ké dén
vi tri ctia nhom nitro trong phan tir ctia ching. Hién tuong nay co thé giai thich do
anh huéng phan cuc ciia nhom OH dén sy tin cong ctia nano bac ddi voi cac hop chit
nitrophenol tang theo thir ty m-NP < 0-NP < p-NP.
3.7.4 Ung dung xic tac ciia nano bac ddi véi phan tng khir Rhodamine B

(RhB):
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Hinh 3.24. Pho UV-Vis qua trinh khu RhB o cac thé tich nano bac khdc nhau

(1-5ul).
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Dua vao két qua pho do UV-Vis (Hinh 3.24) cho thiy, nong d6 hip thu cua
RhB dugc do & bude song trong khoang 450 — 600 nm, peak hap thu cuc dai & bude
song 549 nm. Mau cia dung dich s& chuyén tir mau hong sang trong sudt khi qua
trinh khir RhB dién ra (Hinh 3.25). Lugng xtc tac khi cho vao phan tng sé ti 16 thuan
v6i toc do phan tng va ti 18 nghich véi thoi gian phan Gng. Piéu nay chimg minh

rang nano bac c6 hoat tinh xtic tic dbi voi phan timg phan hity Rhodamine B.

- —
AR

Hinh 3.25. Phdn vng khir ciia RhB liic bdt dau va két thiic.
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Hinh 3.26. Do thi dong hoc bac nhdt va cdc gid tri hdng s6 toc do.

DPong hoc bac 1 phan tng c6 thé duoc biéu dién bing phuong trinh In (AJ/A,) =
- kt, trong d6 k 1a hing s téc do gia bac nhit, t 1a thoi gian phan ung, [Ao] 1a ndng
d6 RhB tai thoi diém t = 0 va [A,] 1a ndng d6 RhB tai thoi diém t thu duogc tir d6 hip
thu cta peak cuc dai & 549 nm. Héng s6 k ¢6 thé xac dinh truc tiép tir hé s6 gbc cua
phuong trinh duong thang giita In (Ay/A.) so v&i thai gian phan ung (Hinh 3.26).

Qua trinh khir RhB khi c6 mat xac tdc cuia nano bac tir 1 — 5 pLL hoan thanh
trong thoi gian 1an luot 13 24, 15, 12, 12 va 6 phut. Tir két qua phdé UV-Vis ciia nano
bac héng s6 toc do gia bac nhét k cta phan irng dugc xac dinh khi thém luong xtc
tac tir 1 — 5 uL lan lugt 12 0,00216, 0,00273, 0,00408, 0,00402, 0,01206 s”'. Hang sb
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tdc do ting dan cho thay ham luong xdc tac 1am giam dang ké ning luong hoat hoa
cua phan ung.

3.7.5 Ung dung xiic tac ciia nano bac d6i véi phan tng khir Rhodamine 6G
(Rh6G):
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Hinh 3.27. Phé UV-Vis qud trinh khit Rh6G & cdc thé tich nano bac khéc
nhau (1 —5 ul).
Dua vao két qua phd do UV-Vis (Hinh 3.27) cho thiy, nong d6 hip thu cua
Rh6G duoc do ¢ budce song trong khoang 450 — 600 nm, peak hap thu cuc dai ¢ budc
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song 524 nm. Mau cta dung dich s& chuyén tir mau hong sang khong mau khi qua
trinh khir Rh6G dién ra. Luong xuc tac khi cho vao phan Gmg sé ti 1& thuan voi toe do
phan tng va ti 1¢ nghich voi thoi gian phan tmg. Diéu ndy chirng minh rang nano bac

¢6 hoat tinh xtic tac d6i v6i phan (mg phan hity Rhodamine 6G.
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Hinh 3.28. D6 thi dong hoc bdc nhat va cac gia tri hang so toc do.

DPong hoc bac 1 phan tg ¢ thé duge bicu dién bang phuong trinh In (AJ/A,) =

- kt, trong d6 k 1a hang sb toc do gia bac nhat, t 1a thoi gian phan ung, [A,] 12 ndng
d6 Rh6G tai thoi diém t = 0 va [A(] 1a ndng do Rh6G tai thoi diém t thu duoc tir do
hép thu cta peak cuc dai & 524 nm. Héng s6 k ¢6 thé xéac dinh truc tiép tir hé s6 gbc
ctia phuwong trinh duong thang giita In (Ay/A,) so v6i thoi gian phan tng (Hinh 3.28).
Qua trinh khir Rh6G khi c6 madt xuc tac cia nano bac tir 1 — 5 pL hoan thanh
trong thoi gian 1an lugt 13 60, 60, 18, 15 va 15 phat. Tir két qua phd UV-Vis ctia nano
bac héng s6 toc do gia bac nhét k cta phan tng duogc xac dinh khi thém luong xuc
tac tir 1 — 5 uL 1an luot 1a 0,00038, 0,00101, 0,00206, 0,00321, 0,00354 s°'. Hang sb
toc do tang dan cho thidy ham luong xic tic 1am giam dang ké ning luong hoat hoa

cua phan ung.
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3.7.6 Ung dung xic tac ciia nano bac di véi phan ing khir Methyl da cam
(MO):
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Hinh 3.29. Pho UV-Vis qua trinh khir MO o cdc thé tich nano bac khdc nhau

(1 -5 ul).
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Dua vao két qua phd do UV-Vis cho thay, ndng do hip thu cia MO duoc do &
budc séng trong khoang 350 — 550 nm, peak hip thu cuc dai ¢ bude song 464 nm.
Mau cua dung dich s& chuyén tir mau cam sang khong mau khi qua trinh khart MO
dién ra (Hinh 3.30). Luong xtc tac khi cho vao phan tng sé ti 1¢ thudn véi tde do
phan tng va ti 1& nghich vé6i thoi gian phan tng. Diéu ndy chimg minh ring nano bac

c6 hoat tinh xtc tac ddi v6i phan tmg phan hity Methyl da cam.

15

0 L)
v l l
-1 v L
49 * A m
* L ]
27 Yo
k<1 o =
—1 3 vV A
m 1l P
® 2ul
44 A 3L
v 4uL
5 ¢ 5uL 1
0 500 1000 1 2 3 4 5
Thoi gian (s) Thé tich xuc tac (uL)

Hinh 3.31. Do thi dong hoc bac nhdt va cdc gid tri hdng s6 toc do.

Pong hoc bac 1 phan tng co thé duoc biéu dién bang phuong trinh In (AJ/A,) =
- kt, trong d6 k 1a hang sb toc do gia bac nhat, t 1a thoi gian phan ung, [A,] 12 ndng
d6 MO tai thoi diém t = 0 va [A(] 1a ndng d6 MO tai thoi diém t thu duoc tir d6 hp
thu cta peak cuc dai & 464 nm. Héng s6 k ¢6 thé xac dinh truc tiép tir hé s6 gbc cua
phuong trinh duong thing gitta In (A/A,) so v6i thoi gian phan ung (Hinh 3.31).

Qua trinh khtr MO khi c¢6 mat xtic tdc cua nano bac tir 1 — 5 pL hoan thanh trong
thoi gian 1an luot 1a 21, 18, 18, 15 va 12 phut. Tir két qua phdé UV-Vis cia nano bac
hang s6 toc d6 gia bac nhat k cta phan Gng duoc xac dinh khi thém luong xuc tac tir
1 -5 uL 1an luot 12 0,00209, 0,00325, 0,00282, 0,00335, 0,00415 s”'. Hang s6 téc do
tang dan cho thiy ham lugng xtc tac lam giam dang ké ning luong hoat hoa cta phan

ung.
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Dua vao két qua hing sd téc do da tinh dugc cho thdy kha niang khir cuia nano
bac d6i v6i cac chit mau tang theo thir tu Rhodamine 6G < Methyl da cam <

Rhodamine B. Phan tng khtr phu thudc ciu triic phan tir cia cac hop chat hitu co.

Bang 3.2. So sanh hang so toc do cua cac chat xuc tac hat nano bac dwoc sinh

tong hop doi véi qud trinh phéan hiyy 4-NP.

. Cor Tai li¢u
- ) Kich thuéc | Hang so toc do trén
Loai thyc vat L tham
(nm) Img chat xtc tac .
khao
Dich chiét phéi sdm
. 10 2,1x103
Ngoc Linh
Dich chiét ré cay
o 10 (3,84 £0.32) x 1073 [64]
Codonopsis Pilosula
Dich chiét 1a cay
AgNPs ' o 20,5 3,34 x 1073 [65]
Crinum Latifolium
Dich chiét tir than
g 5-6 1,72 x 1073 [66]
chuoi phé thai.
Dich chiét 14 Lactuca
) 13,5 2,1 x10% [67]
Indica

Dua vao s6 liéu & Bang 3.2, cac hat nano bac trong céc cong trinh nghién ctru
trude ddy cho thdy kha ning xtc tic phan hay 4-NP 13 hiéu qua. Tir d6 cho thiy viéc
sir dung cac nguyén lidu c6 xuat x{r tir thuc vat s& 1a mot hudng di hidu qua trong linh

vuc phan hay cac chat gay 6 nhiém.
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3.8 Két qua khio sat hoat tinh khang khuén ciia nano bac:

Hinh 3.32. Khdo sdt hoat tinh khang khudn doi véi Escherichia coli tai nong
dé tang dan ciia nano bac tir 2,5 — 20 mM (twong vimg ky hiéu mau tir 1 — 5).

Hinh 3.33. Khdo sdt hoat tinh khdang khudn doi véi Bacillus subtilis tai nong
dé tang dan ciia nano bac tir 2,5 — 20 mM (twong vimg ky hiéu mau tir 1 — 5).
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Hinh 3.34. Khdo sat hoat tinh khdng khudn déi véi Staphylococcus aureus tai
nong dé tang dan cia nano bac tir 2,5 — 20 mM (twong ving ky hiéu mau tir 1 — 5).

E. coli
B. subtilis
S. aureus

7
?

/

(+) 25 50 100 150 20.0
Nong do (mM)

Hinh 3.35. Biéu do cot vung e ché cua cac vi khuan khac nhau so voi cac

nong dé khdc nhau ciia dung dich AgNPs.

Hoat tinh khang khuéan ctia nano bac dugc thir nghiém trén ba ching vi khuan
bao gém: B. subtilis, S. aureus (vi khuan Gram duong) va E. coli (vi khuan Gram 4m)
& cac ndng d6 khac nhau. Két qua cho thiy nano bac duoc tong hop tir dich chiét sam
Ngoc Linh thé hién duoc hoat tinh khang khuén tot ddi voi tit ca cac chung vi khuén
thir nghiém.

Cac mau cho thiy khong c6 kha ning khang khuin & nong do 2,5 mM nhung
tai 5,0 mM déu c6 tac dung khang khuan va ting dan theo nong d6. Két qua (Hinh
3.35) chi ra nhu sau:

> Ddi v6i khudn E. coli vong khang khuan dat 0,5 mm twong tmg véi ndng do

5,0 mM, & néng dé 10 mM thi vong khang khuan dat 1 mm, & n6ng do 15
mM dat 2,67 mm va néng d6 20 mM vong khang khuéan dat 3,67 mm.
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> D6i voi khuan B. subtilis vong khang khuan dat | mm tuong tng v6i ndng
do 5,0 mM, & néng do 10 mM thi vong khang khuan dat 1,67 mm, & néng
do 15 mM dat 2,67 mm va néng d6 20 mM vong khang khuin dat 3,3 mm.
> Doi véi khuan S. aureus vong khang khuan dat 0,67 mm twong tng véi nong
do 5,0 mM, & néng do 10 mM thi vong khang khuén dat 1,67 mm, & né)ng
do 15 mM dat 2,67 mm va néng d6 20 mM vong khang khuén dat 4 mm.
Dua vao két qua trén cho thiy s gia ting ndng do nano bac lam ting kich thudce
ctia ving trc ché. Diéu nay cho thiy & ndng d6 nano bac cang cao thi kha nang khang
khuin cang dat hiéu qua. Nano bac c6 kha ning khang khudn tot véi ca ba ching vi
khuan khao sat. Tuy nhién, kha ning khang khudn cta nano bac ddi véi vi khuan S.
aureus thé hién duge nhiéu hon so véi 2 ching con lai. Vi vay, ta co thé mo rong kha

nang khang khuan in vivo trén dong vat doi voi chung vi khuén S. aureus.
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KET LUAN VA KIEN NGHI

Két luin:

Dé tai nghién ciru da tong hop thanh cong nano bac tir dich chiét phoi saim Ngoc
Linh v&i cac diéu kién thich hop voi n@)ng d6 ion Ag*la 20 mM, nhiét d¢ phan Gng
90°C va thoi gian phan tng 1a 120 phat.

Céc dac tinh héa ly nhu SEM, TEM, EDX, FTIR, XRD, TGA-DSC da chung
minh duoc nano bac téng hop dugc bang tic nhan khir ¢6 trong thanh phan dich chiét
sam Ngoc Linh. Cac hat nano bac c6 dang hinh cau va ¢6 kich thude trung binh &
khoang 10 nm. Hat nano bac dugc hinh thanh tir dich chiét sam Ngoc linh chura cac
tinh thé AgCl trong thanh phan cua ching.

Céc hat nano cho thiy duoc hoat tinh khang khuan cao ddi v6i ba ching vi
khuén dugce tht nghiém. Gia tri MIC dugc tim théy 1a 5,0 mM. Ngoai ra, cac hat nano
con cho thay kha ning tmg dung lam xuc tac phan huy d6i véi cac chit gay 6 nhiém
va cac thudc nhudém hiru co. Dua vao két qua hang sb toc do di tinh duoc cho thay
kha nang khir ciia nano bac ddi v6i cac hop chét nitrophenol ting theo thir tu m-NP
< 0-NP < p-NP va d6i v6i cac chat mau ting theo thtr ty Rhodamine 6G < Methyl da
cam < Rhodamine B. Hiéu suit ctia qua trinh phan hiy duoc ting 1én khi ting liéu
lwong xtc tac cho vao.

Tom lai, nghién ctru d3 ching minh phoi thuc vat phé thai 14 mot ngudn sinh
hoc ¢6 thé duoc tan dung dé téng hop cac hat nano kim loai than thi¢n véi méi truong
ung dung trong xtc tc va cong nghé sinh hoc.

Kién nghi:

Tir két qua nghién ctru ciia dé tai, ching toi c6 mot sd kién nghi cho cac nghién
ctru tiép theo nhu sau:

> Ung dung nano bac vao trong thuc té qua trinh xtr Iy nuée.

> Khao sat kha nang khang khuan in vivo cta hat nano trén dong vat.
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A novel approach using plant embryos for green synthesis
of silver nanoparticles as antibacterial and catalytic agent
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Abstract

The plant extract has been used extensively for biosynthesis of noble metallic nano-
particles due to cost efficiency and simple technology. However, influence of plant
growth condition can induce changes in composition and content of bioactive com-
pounds, leading to difficulty in reproducing the metallic nanoparticles. In this work,
we first utilized the plant embryos (Panax vietnamensis embryos—PVE) cultured
under laboratory condition as a biosource for the synthesis of silver nanoparticles
(AgNPs). This method can reduce unwanted changes of bioactive composition in the
plant. The formation of AgNPs was optimized to afford the best colloidal solution.
The physicochemical properties were characterized using analysis techniques includ-
ing X-ray diffraction (XRD), transmission electron microscopy (TEM), selected
area electron diffraction (SAED), Fourier transform infrared spectroscopy (FTIR)
and thermal properties. Size of crystalline AgNPs was determined in the range of
3-20 nm with a mean size of 10 nm. The applications were investigated for antibac-
terial and catalytic effect. The biosynthesized AgNPs exhibited high antibacterial
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