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ABSTRACT

In this study, anisotrpic silver nanoparticles (ASNPs) were fabricated by
photochemical method under green LED irradiation. The formation of
ASNPs at various trisodium citrate (TSC) amounts was investigated by

employing different characterization methods such as ultraviolet-visible
spectroscopy (UV-Vis), transmission electron microscopy (TEM) and X-
ray diffractometer (XRD). It was found that ASNPs could not form
without TSC. However, TSC served capping of (111) faces of
nanoparticles and also reduced the Ag® ions to Ag’ under LED
irradiation, thus promoting shape transformation of ASNPs.
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thudng xay ra cham nhét va quyét dinh téc dé phén

Gidi thiéu chung
ung [2]. o] giai doan phat trién mam, cac hat mam

Vat liéu nano bac bat dang hudng (ASNPs) nhu nano
bac dang phién (AgNPTs), nano bac dang thanh
(AgNRs), nano bac dang Iu8ng thap tam giac
(AgNPRs), nano bac dang kh&i musi mat (AgNDs)...
ngay cang dugc nhiéu nhém nghién clu trén thé gidi
quan tdm bdi cd kha nang Ung dung trong cdm bién
quang hoc, dac biét la tan xa Raman tdng cudng bé
mat [1]. Hinh dang clia ASNPs phu thudc vao sy tucong
tac gilta chét bao vé va ion Ag*, phuang phép ché tao,
ti 1é clia cac chat tham gia phéan Ung, vai tro cla chat
khirion Ag* thanh Ag®. Ca ché tao thanh ASNPs trong
dung dich trai qua ba giai doan: chuyén pha, tao mém
va phét trién méam, trong dé giai doan phét trién mam

nano bac c6 thé két hop vdi nhau dé tao thanh vat liéu
nano bac da chiéu bang phuong phap khir héa hoc
véi H202 la chat dinh hudng hinh dang, dudc goi la
phucong phap Mirkin [1,2,3]. Gan day, phuong phép
quang hdéa vdi cac tac nhan vat ly nhu tia laser [4] hay
den LED [5,6,7,8,9] dugc tap trung nghién ctu bai kiém
soat khéng gian va thdi gian t6t, ¢ thé ché tao mau &
qui mo 1én, tranh st dung chat khir khdng than thién
véi moi truong [5,6]. Trisodium citrate (TSC) la chéat
bado vé bé mat (111) trong cdu tric tinh thé nano bac,
0 vai tro quan trong trong hinh thanh ASNPs [7,10,11].
Trong phudng phap Mirkin, bén canh vai tro la chét
bdo vé, TSC con dong vai tro la chét lién két, dinh
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hudng ion Ag* gan Ién mém nano bac [3,10], vai tro
nay can thiét phai dugc tim hiéu & phuong phap
quang hdéa. Cac nhém nghién clu ASNPs bang
phuong phap chiéu LED clng d& tim hiéu anh hudng
clia TSC nhung hau hét thuc hién & nong dé AgNOs
0,1 mM, chua nghién clu & ndng dé cao hon cling nhu
su phu hgp gilta TSC va budc song LED kich thich
[5,6,7,11]. Trong nghién cltu nay, ASNPs dugc ché tao
bang phuong phép chiéu LED xanh 18, méam dugc ché
tao & ndng dé AgNO3 TmM va dugc béo vé bdi ti lé
mol TSC:AgNO:s (ti 1é R) khac nhau. Két qua phan tich
hoa ly cho théy ti Ié R anh hudng quyét dinh dén hinh
thai va do chuyén héa mam thanh ASNPs.

Thuc nghiém va phuang phap nghién clu
Héa chdt

Silver nitrate (AgNQOs, >99%), trisodium citrate tribasic
dihydrate (TSC, >99%), polyvinylpyrrolidone (PVP K30,
Mw = 40.000) tU nha san xudt Sigma-Aldrich; L-
arginine (L-A, 99%), sodium borohydride (NaBH4,
98%), nuéc DI (chudn HPLC) dugc mua tir hang Merck.

Ché tao vit liéu nano bac bdt ddng hutng

Vat liéu nano bac bat dang hudng dugc ché tao theo
nghién cfu clia nhdm téac gia da cong bé trudc day [9].
Qua trinh ché tao qua hai budc: (i) ché tao hat nano
bac hinh cdu (AgNPs) dong vai tro la mam va (i) chiéu
LED vao mam tao ASNPs.

+ Ché tao mam

Cho dung dich TSC 0,05 M vdi thé tich khac nhau, 300
pL PVP 0,05 M, 20 mL AgNOs 5 mM va 500 pL dung
dich L-arginine 0,005 M vao céc. Thém nudc DI vao
500 vong/phdt trong 5 phut. Thanh phan cac mau
dugc thé hién & bang 1.

Bang 1: Thanh sao cho téng thé tich ciia mau 1a 100 mL
va khudy tr & phan cac mau nano bac

TSC PVP L-A | AgNOs | NaBH4
M3u | 0,05M | 0,05M | 0,005M | 0,005M | 0,1M
(mb) | (mb) | (ml) (mL) (mL)
A 0 2
B 10
C 25 0,5 20 16
D 50 03
E 65

Dung micropipette cho nhanh 1,6 mL dung dich chét
khr NaBH4 100 mM lanh vao hé va tiép tuc khudy

trong 30 phut, dung dich chuyén tir khédng mau sang
vang nhat. Mau A (R=0) dugc ché tao & 2 mL PVP 0,05
M dé bao vé mam nano bac. Tat ca dung cu thly tinh
va ca tu dugc xf ly dung dich cudng thuy trudc khi st
dung.

+ Chiéu LED xanh la vao mdm tao vdt liéu nano bac
bdt ding huéng

20 mL mam & cac mau thi nghiém dugc cho vao lo
thdy tinh loai 25 mL (Wheaton-Bc), dat theo chiéu
thang ding, cach dén LED 8 c¢m trong hop carton
dugc phi gidy nhom. Bén dugc dat chiéu vubng goc
vdi lo thy tinh, sao cho lo thly tinh nam <& dinh & vi
tri gita chum sang tdi trong tat ca thi nghiém. Chiéu
den LED xanh 1& (520 + 20 nm) vdi chip c6 cong suat
20W héng Epistar, Taiwan trong 48 gid tao ASNPs.

Cdc phuong phdp phan tich

Cac mau thi nghiém dugc phan tich bang cac phuong
phép quang phd UV-Vis (Jacco V-670), budc song
quét tr 800 nm — 200 nm, t&¢c dé quét 100 nm/phut.
Hinh thai hoc dugc quan sat bang kinh hién vi dién t
truyén qua TEM (JEM — 1400, Japan). Cdu tric mau
nano bac dugc phéan tich bdi phucng phap XRD vdi
thiét bj D8 Advance-Bruker, ngudn phat Cu-K (40 kv,
40 mA), t6c dd quét 4°/pht.

K&t qua va thao luan

Két qua UV-Vis
1.2
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Hinh 1: Phé UV-Vis clla mam A (R=0), B (R=5), C
(R=12,5), D (R=25) va E (R=32,5)

PhS UV-Vis clia mau A c6 dinh hdp thu & budc séng
397 nm trong khi cac mau con lai cod dinh hap thu
budc song khodng 402 nm (hinh 1), chiing t6 trong
cac mau co su hién dién cua vat liéu nano bac dang
hat cau (AgNPs) [6,7,11]. Mat khac, phé UV-Vis cla
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mau A (R=0) c6 dd dan rong (FWHM — full width at
half maximun) 16n hon cac mau con lai cho thay
AgNPs 6 kich thudc khong dong déu. Nguyén nhén
la do mau nay chi dugc bao vé bai PVP, khong dugc
bdo vé bdi ca TSC va PVP nhu cac mau con lai. Mat
khac, t& mau B dén mau E vdi lugng TSC tang, vi tri
budc song hép thu va FWHM thay déi khong déang ké.

|- ——R=0

308

S
206
\D_
T 04
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£02

BudGc song (nm)

Hinh 2: Ph& UV-Vis clia cac mau A,B,C,D va E sau
48 gid chiéu LED

Ph& UV-Vis clia cac mau nano bac sau 48 gi¢ chiéu
LED xanh la dugc thé hién & hinh 2. Mau A (R=0) cho
thdy mét dinh hép thu & budc séng 399 nm, hinh dang
phd va budc séng hdp thu khéng qua khac biét so vai
mau mam, chiing té khong cé su chuyén hda AgNPs
thanh ASNPs. Ph§ UV-Vis clia mau B (R=5) cho thay
ba dinh hap thy dac trung cho vat liéu nano bac dang
phién [3,57,11]. Cu thé dinh th nhat xudt hién tai
budc séng 335 nm 1a do sy cdng hudng tU cuc mat
ngoai (out-of-plane quadrupole, OPQ), dinh th( hai &
400 nm la do cédng hudng tU cuc mat trong (in-plane
quadrupole, IPQ) va dinh thd ba & 624 nm la do cong
hudng ludng cuc trong (in-plane dipole, IPD), pht hgp
véi nhiéu nghién clu da cong bé [3,5,6]. Khi ham
lugng TSC tang, phS UV-Vis ctia mau C vai R=12,5
cling cho thay ba dinh hép thu chiing té cé sy hinh
thanh ASNPs [5,7,11]. Tuy nhién, dinh IPD dich chuyén
xanh vé budc séng 534 nm véi FWHM I6n, hinh dang
dinh IPD khéng r6 rang, chiing té& ASNPs khong déng
déu va co kich thudc nhd hon so vai mau B. Khi tiép
tuc ting ham lugng TSC, phd UV-Vis & mau D (R=25)
cho thdy mét dinh hap thu & 400 nm, gén vdi dinh hap
thu clia mam D nhung FWHM I6n hon. V&i ham lugng
TSC cao nhét trong day thi nghiém & mau E (R=32,5),
mau cho thdy cé hién tugng két tu, dung dich xuét
hién phéan rdn mau den, ching to vat liéu bac da
khéng con & kich thudc nano. Cé thé nhan thay ham
lugng TSC thay déi s& anh hudng dén hinh dang va

kich thudc ASNPs tao thanh sau 48 gi chiéu LED xanh
4.

Két qua TEM

y ¥ = —
Hinh 3: Anh TEM clia cac mau A,B,C va D sau 48
gid chiéu LED

Anh TEM clia cac mau A, B, C va D sau 48 gid chiéu
LED xanh 14 dugc thé hién & hinh 3. Mau A cho thay
héu hét la cac hat nano bac hinh cau. Khi khéng cé
TSC, s& khéng co sy chuyén hda AgNPs thanh ASNPs
trong phuong phép chiéu LED xanh 4. Anh TEM &
mau B cho thdy phan I6n 1a phién nano bac (AgNPTs)
c6 hinh dang tam giac vdi kich thudc khac nhau, tap
trung nhiéu & kich thudc khodng 40 nm va 80 nm do
ca ché phat trién mam thanh AgNPTs, ghép cdp bdén
AgNPTs thanh AgNPTs c¢6 kich thudc I6n han gap doi,
da dugc nhom nghién cliu bao céo trudc do [9]. Anh
TEM & mau D (R=12,5) cho thdy su ton tai clia nano
bac dang ludng kim tu thédp (AgNPRs) va dang khdi
mudi mat (AgNDs) vdi kich thudc khoang 50 nm, mot
s6 it AgNPTs vdi kich thudc khodng 20 nm. Biéu nay
tuang doéng vdi phé UV-Vis véi dinh IPD c6 FWHM 16n
3 hinh 2, ASNPs tao thanh khéong dong déu vé hinh
dang va kich thudc. Anh TEM & mau D cho thay s6
lugng it ASNPs, trong mau phan 16n la AgNPs vdi kich
thudc nho, ching t6 véi ti 16 R=25 khéng thuan loi dé
mam phét trién thanh ASNPs . Két quéd anh TEM cho
thay su tuong dong vai két qua UV-Vis, TSC dong vai
trd quyét dinh trong su chuyén hda mam thanh ASNPs
trong phuong phép chiéu LED xanh 14 Ti & R khac
nhau sé& anh hudng dén ASNPs tao thanh.
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Két qud XRD
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Hinh 4: Gian d& XRD cia mau B (R=5) sau 48 gi¢
chiéu LED

Gian do XRD clia mau B sau 48 gid chiéu LED (hinh 4)
xudt hién bén dinh nhiéu xa rd nét & 38,2°, 44,3% 64,5°
va 77,7° 6 hinh dang dinh réng, tuong Ung vdéi bé mat
6 mang tinh thé (111), (200), (220) va (311), day la céu
trdc lap phuong tam dién dac trung cho vat liéu nano
bac. Cudng do nhiéu xa tai mat tinh thé (111) gép ba
[an mat tinh thé (200), ching to uu tién phat trién theo
mat nay, phu hgp vdi cau tric cla AgNPTs [4,11]. Mat
khéc, gidn do XRD cling khong thady xuat hién dinh
nhiéu xa Agz0.

Anh hutng cia TSC

TSC déng vai tro la chat bdo vé bé mat (111) cla vat
liéu nano bac, lam sy phéat trién tinh thé theo cac
hudng khac nhau tao thanh ASNPs [3,7,10]. Trong
phuong phép chiéu LED, TSC con déng vai tro la chéat
khi, gitp phat trién méam thanh ASNPs [4,6,7]. Khi
chiéu LED vao mam vdi sy hién dién cla O> khuéch
tan trong dung dich, AgNPs c6 xu hudng gidi phéng
ion Ag* tao ngudn phat trién mam, IGc nay trong
mam ton tai song song AgNPs va ion Ag*, mat khac
néng luong photon cla anh sang LED con lam céc
nguyén t Ag® trén bé mat cla hat mam AgNPs bi
kich thich. Tai vi trf nay, TSC s& khit ion Ag* thanh Ag®
mai va gan két vao vi trf Ag” ciia mam. Qua trinh nay
dién ra theo phan ting (3.1) va (3.2) [7].

Ag* + AgNPs + Citrate = Ag'-Citrate (3.1

Ag® + Ag'-Citrate = Ag’ + acetonedicarboxylate (3.2)

Qué trinh gan két nay la cé dinh hudng do bé mat
(111) d& dugc bao vé bdi TSC nén nguyén t Ag® chi
gén 1én mat (100) tao AgNPTs. V&i nang lugng photon
I6n hon (LED c6 budc song nho han, vi du xanh
duang 460 nm) va téc do khit Ag* thanh Ag® nhanh
han, nguyén t& Ag® c6 thé gan 1én mat (111) tao thanh
AgNDs [7,8].

Anh hudng ctia TSC dén viéc chuyén hoa mam thanh
ASNPs dugc thé hién & hinh 5.

hv

‘: ‘
=N 4
R=0 r

Ag-™ Ag 4
Ag- Ag- Ag >
Ag* ) o ..
55 “mad

Hinh 5: Anh hudng clia TSC déi véi su chuyén hoa
mam thanh vat liéu nano bac bat dang hudng

Trong nghién ctu nay, mam A chi dugc bao vé vdi
PVP, khéng co tac nhan dong vai tro la chat khir (TSC)
nén khoéng thé tao thanh ASNPs. Nang Iugng photon
clia LED xanh 14 vd&i budc séng 520 + 20 nm phu hgp
tao thanh cac mam hai chiéu dang phién (planar
twinned), khéng pht hop chuyén hoa thanh mam
AgNDs [6,7]. Mat khéac, ti 1é R=5 & mau B la phu hgp
dé Ag® mdi tao thanh gan 1én mat tinh thé (100) tao
AgNPTs bdi téc do khi [7]. O mau C (R=12,5) ham
lugng TSC ting dan dén Ag® c6 thé gén lén mat (111)
tao phan I6n AgNPRs, day la dang trung gian dé hinh
thanh AgNDs [6,8]. Tuy nhién & mau D (R=25), t6c dé
khit Ag® thanh Ag” nhanh, tao thanh phan I6n 1a
AgNPs, khéng thuén lgi chuyén héa thanh ASNPs. Vi
mau E (R=32,5), ham lugng TSC cao nhat trong day
thi nghiém, qué trinh hinh thanh Ag® xdy ra nhanh,
dan dén khong sdp xép tap thanh ASNPs ma két tu
lai, khéng con & kich thudc nano. Bén canh do, nghién
cliu nay thuc hién & ndng dé AgNO3 1T mM, I6n hon
cac tai liéu d3 tham khao [5,6,11] nén dé xay ra hién
tugng két tu.

K&t luén

Nghién cttu da tim hiéu anh hudng ctia TSC trong qua
trinh ché tao vat liéu nano bac bat dang hudng
(ASNPs) bang phuong phép chiéu LED xanh 4. TSC
déng vai tro quyét dinh, 1a chat khir tao nguyén t&
Ag® trong phét trién mam nén khi khéng ¢ su hién
dién cta TSC, khong thé tao thanh ASNPs. Bang cac
phan tich UV-Vis, TEM va XRD cho théy vdi R=5 phu
hgp ché tao AgNPTs. Khi tang ti 1é R, ASNPs tao thanh
khong déng déu vé hinh dang, kich thudc va cé hién
tugng két tu. Nguyén nhan khac biét tinh cht ASNPs
tao thanh cling da dugc dé xuat.
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L&i cAdm on

Nghién cltu nay dudc tai trg bdi Uy ban nhan dan
Thanh phé HO Chi Minh, thuc hién nhiém vu thudng
xuyén theo chic nang vdi sy ang hd cda Ban Quéan ly
Khu Céng nghé cao (SHTP) va Trung tam Nghién ctu
trién khai Khu Céng nghé cao (SHTPLABs).
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