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Metallic and bimetallic nanoparticles are widely used in many fields. In
this paper, Cu/Ag bimetallic nanostructures as well as copper and silver
nanoparticles were synthesized using lemon peel extract. Lemon peel
extract was used as a reducing agent and surface stabilizer in the
synthesis of nanoparticles. The optical properties of the nanoparticles
were investigated through UV-Vis absorption spectra. The Fourier-
transform infrared spectroscopy (FTIR) indicated the functional groups
and compounds present in the lemon peel extract and the nanoparticle
solution. The composition and percentage of elements in the
synthesized nanoparticles were shown on the energy-dispersive X-ray
spectrum (EDS). The shape, size and structure of the nanoparticles
were known through the scanning electron microscope (SEM). The
results showed that spherical silver, copper and bimetallic nanoparticles
were synthesized with relatively uniform sizes.
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Phuong phap xanh
Nano ludng kim
Cu/Ag

Dich chiét vo chanh
Nano Cu

Nano bac

Cac hat nano kim loai va nano ludng kim dugc ung dung rong rai trong
nhiéu linh vuc. Trong bai bao niy cac cau tric nano ludng kim Cu/Ag
ciing nhu cac hat nano dong va bac duoc tong hop bang cach sir dung
dich chiét vo chanh. Dich chiét v chanh duoc sir dung nhu mot chét khir
va chat 6n dinh bé mit trong viéc tong hop cac hat nano. Tinh chit quang
clia cac hat nano dugc khao sat thong qua phd hap thu UV-Vis. Pho hip
thy hong ngoai cho biét cac nhom chirc va hop chit c¢6 trong dich chiét vo
chanh va dung dich hat nano. Thanh phan va ti 1 phén tram cua céc
nguyén t6 ¢6 trong cac hat nano tong hop dugc duge the hién trén phé tan
sac nang luong tia X. Hinh dang, kich thudc va chu trac cua hat nano
dugc biét thong qua anh hlen vi dién tir quét SEM. Két qua cho thay cac
hat nano bac, dong dang cau va nano ludng kim di dugc tong hop véi
kich thudc twong ddi dong déu.
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1. Giéi thiéu

Nano ludng kim 1a vt liéu nano duoc tao bai tir hai hoic nhiéu kim loai khac nhau. Sy ra doi
cua vat li¢u nano ludng kim lam da dang cac ung dung caa nano kim loai, bai ching khai théac
duoc cac tinh chat dién, tinh chat quang va tinh chat xuc tac doc dao so véi cac vat lieu nano kim
loai don [1]. Cac cdu tric nano ludng kim Cuw/Ag ¢6 d6 dan dién cao dugc sir dung rong réi trong
viéc ché tao cac hop kim han khang chi [2]. C4c hat nano ludng kim c6 thé 6 cac cAu triic khac
nhau chang han nhu cau tric 16i/vo [3] - [5], cau tric hdn hop [6], [7] hay cau trac da vo [8], [9]
tay thudc vao phuong phap tong hop chiing. C6 thé két hop cac kim loai khac nhau de tao nén vat
liéu nano ludng kim nhu Au-Pt, Fe -Pd, Cu -Pd, Co-Ni, Au-Ag, Cu/Ag... Trong s6 cac vat lidu
nano kim loai thi vat liéu nano ludng kim cua Cu va Ag khai thac duoc nhidu cac tinh chat dac
trung cuia cac kim loai don nhu 1a do dan dién cao [10], kha nang hoa tan ty nhién & nhiét do
phong tbt [11], [12], tang hoat tinh bé mat [13], [14], cai thién qué trinh xic tac [15], [16], cai
thi¢n kha nang khang khuén [17], [18],... Cac nano ludng kim Cu/Ag dugc (ng dung nhiéu trong
cac linh vuc ché tao céc linh kién dién tir [10], cam bién [14], xdc tac [16], khang khuan [17],
[18] va tang cuong tan xa Ramman bé mat [19], [20].

Do d6, cac nano ludng kim Cu/Ag di dwoc nhidu nhém nghién ctu quan tam va téng hop
bang nhiéu phuong phap khac nhau. Céc hat nano Cu pha tap Ag duoc ché tao bang ki thuat niu
chay dong lanh hinh thanh cac hat nano dang cau dwong kinh 50 nm [21]. Hat nano hop kim Ag-
Cu dugc ché tao bang quy trinh ngung tu khi tro (IGC) trong khoang nhiét do tir 800 °C dén 1400
°C [22]. Céc hat nano Ag-Cu dugc tong hop bang phuong phap polyol sir dung ethylene glycol
(EG) l1am dung méi va chat khtr, va polyoxyethylene-(80)-sorbitan monooleate (Tween 80) lam
chat 6n dinh [23]. Céac hat nano ludng kim Ag-Cu & dang myc nano vai ti 1¢ thanh phan c6 thé
kiém soat duoc tao thanh bang phuong phédp héa uét & nhiét d6 phong. Hon hop Cu va Ag va
nano ludng kim Cu/Ag da dugc tong hop sir dung 10 vi song vai chitosan lam chat on dinh [24].
Céc hat sau d6 duoc sir dung dé nghién ciru hiéu tng khang khuan trén vi khuan Bacillus subtilis
va Escherichia coli.

Trong nghién cau nay, cac hat nano kim loai Cu, Ag va nano ludng kim Cu/Ag cling dugc
t6ng hop nham hudng dén khai thac céc ung dung tiém ning cta cac vat lidu. Tuy nhién dé tao ra
duogc cac vat liéu than thién vai méi truong, ching tdi tong hop bang phuong phap xanh sir dung
dich chiét xuét tir vé chanh.

2. Phuong phap nghién ciru
2.1. Nguyén ligu — Héa chit

Qué chanh hai tir khu vuon thuc nghiém ciia truong ching t6i dugce rira sach v6i nude nhidu lan
dé loai bo bui ban. Lép vo ngoai cung dugce tach ra dé lam nguyén liéu tao dich chiét vo chanh. 10
g vo chanh dugc cho vao 100 ml nude khir ion va dun s6i trong 15 phat. Dung dich ngudi dugc loc
thu 1ay dich chiét. Dich chiét duoc bao quan ¢ 4 °C dé sir dung trong khoang 1 thang.

Mudi bac nitrate AgNO3 99%, mudi ddng (IT) nitrate ngdm 3 phan tir nudc (Cu(NOs)..3H,0,
> 99,9%) duoc mua cua Sigma-Aldrich, natri hydroxide (NaOH, 98%), axit clohydric (HCI, 37-
38%) duoc cung cap bai Merck, Ptic. Nude khir ion dugc san xudt tir may Milli — Q véi dién tro
18,2 MQ. Tit ca cac hoa chat dugc sir dung tryc tiép ma khong can thém bat ctr qua trinh lam
sach nao. Cac hat nano bac, nano dong va nano ludng kim Cu/Ag dugc tong hop sir dung dich
chiét qua chanh theo so d Hinh 1.

Hdn hop bao gdm 20 mL dung dich AgNO; 1 mM va 20 mL dung dich Cu(NO3);.3H,0 1mM
dugc dua vao mot binh tam giac 100 mL khudy tir cham 500 vong/phit & nhiét d6 phong. Sau do
dua 3 mL dich chiét vo chanh vao binh phan tng, duy tri khudy tir trong diéu kién t6i khoang 5
gio. Dung dich thu duoc chita cac hat nano ludng kim Cu/Ag (Hinh 1). B¢ tong hop céac hat nano
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Cu va nano Ag qué trinh tong hop dugc lap lai voi 20 mL dung dich mudi tién chat AgNOz 1 mM
hoic 20 mL dung dich Cu(NOs), .3H,0 1mM va 1,5 mL dich chiét vo chanh.

Cu/AgNP

s 4

Vo6 chanh

CuNP

Hinh 1. So dé téng hop cdc hat nano dong, nano bac va nano heong kim Cu/Ag

2.2. Phwong phdp do dac

Dic tinh quang cua cac dung dich hat thu duoc duge khao sat trén hé may quang phd hap thu
Jasco V-770 UV—Vis hoat dong trong dai budc séng tir 250 nm dén 1000 nm. Cac nhém chirc va
cac hop chat trong dich chiét vo chanh ciing nhu dung dich hat thé hién trén phd hong ngoai bién
d6i Fourier FTIR dugc thuc hién trén hé thong may quang pho Cary 600 Series FTIR trong pham
vi sb song 7500 - 2800 cm™'. Dung dich hat thu dugc dugc rira sach trong nude khir ion béng
cach li tim 3 lan, két tua thu duoc trai trén ludi cacbon va lam vat mau dé do hinh thai, kich
thude, cu tric hat thong qua kinh hién vi dién tir quét SEM - Hitachi S4800. Chum dién tir dugc
gia téc dudi hidu dién thé 10 kV dé tuong tic v6i bé mit mau. Thanh phan ciing nhu ti 1¢ phan
trim cac nguyén tir trong mau hat ciing dugc thuc hién trén hé do Hitachi S4800 thong qua phd
tan sic nang luong tia X- EDS. Mau hat duoc trai trén dé thuy tinh mot 16p du day dwong kinh 1
mm dé 1am mau vét trong phép do EDS.

3. Két qua va thio luin

Hinh 2a 1a phd hép thu cua cac dung dich hat nano Ag, nano Cu va nano ludng kim Cu/Ag
dugc tong hop st dung dich chiét vo chanh. C6 thé thdy duoc phd hip thu cua cac dung dich c6
mot dinh he”ip thy cuc dai tai 366 nm (nano bac), 373 nm (nano Cu), 390 nm (nano ludng kim
Cu/Ag). Pay la phd dic trung cua cac hat nano dang cau [25]. Fit cac do thi theo ham Gauss,
chung t6i tinh dugc do rong ban phd cua cac dung dich AgNP, CuNP va Cu/AgNP lan luot 1a
93,74 nm; 146,63 nm va 173,69 nm (Hinh 2b). D6 rong ban phd twong dbi hep chig té cac hat
tong hop duoc tuong d6i dong déu vé hinh dang va kich thudc. Hon nita su dich dinh cong
hudng plasmon vé phia song dai va d6 hap thu giam chung t6 kich thudc caa Cu/AgNP 1a 16n
hon so véi kich thudc cua cc hat nano kim loai don va ndng d6 hat nano thu dwoc it hon trong
truong hop tong hop cac nano kim loai don. Piéu nay gian tiép khang dinh ring phd cua
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Cu/AgNP 1a phd hép thu cua ciu tric ludng kim chir khong phai phd chong chap cua cac hat
nano kim loai don 1¢. Pdng thoi c6 thé nhan thiy mot vai vai hap thu nhé voi cuong do thap &
phia budc song dai hon dinh hip thu cuc dai. Cac vai hip thu nay cé thé duge quy cho 1a dong
gop cua cac cong hudng plasmon do sy ddi ximg khong hoan toan cau cua cac hat tao ra. Khi cac
hat tr& nén mét tinh déi xung cAu thi cac dién tir bé mit sé bi dao dong cong huong theo cac
mode d6i xtrng bac cao hon chéng han mode dao dong tir cuc va ludng cuc. Cac mode dao dong
nay ¢ nang luong thip hon mode dao dong ludng cuc (trong dbi xtmg cau), vi vy trén pho cong
huong xuat hién thém hai vai hip thy tai budc song dai. Tinh chat nay dugc giai thich cu thé khi
dé cap dén tinh chat quang cua vat liéu nano kim loai [26]. Piéu nay duoc thé hién 1 véi cac hat
nano Cu va nano ludng kim Cu/Ag khi dugc tong hop st dung dich chiét vo chanh.
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Hinh 2. Phé hép thu UV-Vis ciia cdc dung dich nano Cu, nano Ag va nano lwong kim Cu/Ag
(a) Pho fit theo ham Gauss cua cdc dung dich hat nano twong vng (b) va pho FT-IR cua dich chiét vo
chanh va cac dung dich hat nano (c)

Céc dinh dic trung cta phd FT-IR cia dich chiét vé chanh va dung dich cac hat nano 1a twong
dong nhau (Hinh 2¢). D6 1a cac dinh dic trung cho cdc nhom chirc c6 trong dich chiét. Chang han
nhu dinh hap thu tai 1048 cm™, 1647 cm!, va 3298 cm™ dic trung cho lién két C-O-C, nhom
amin N-H, C=C va nhom Hydroxyl -OH [27]. Su giam manh v& cudng d6 hap thu cua dinh tai
3298 cm’! va 1647 cm™ cho thdy vai tro ciia cac nhém phenols va nhom amin trong viéc khir cac
mudi tién chét dé hinh thanh cac hat nano kim loai.

Hinh 3. Anh SEM ciia cic hat nano Ag (a), nano Cu (b) va nano luéng kim Cu/Ag (c). Thang do 100 nm

Hinh dang, kich thudc ciia cac hat nano Cu, nano Ag va nano ludng kim Cu/Ag dugc thé hién
trén anh SEM voéi cung mot thang do kich thude. Co thé th?iy duoc dang clu cua cac hat nano
duoc tao thanh. Tuy nhién véi cac hat nano Ag thi cAu trtic clu 1a rd rang nhét, kich thude trung
binh cuta cac hat dugc xac dinh khoang 15-20 nm. Ddi v6i cac hat nano Cu va nano ludng kim
Cu/Ag viéc xac dinh kich thudc cac hat kho hon vi ching khéng don phén tan gidng nhu céc hat
nano bac.

Thanh phan va ti 18 phan trim khdi luong ciing nhu phan trim nguyén tir cia cic nguyén té co
trong nano ludng kim Cu/Ag dugc thé hién trén Hinh 4. Tin hiéu manh cta dinh tan sic dugc ghi
nhan tai 3 keV. P6 1a dinh dic trung cta kim loai Ag. Trong bang cac thanh phan Ag chiém
43,26% vé khdi lugng 16n nhit trong tat ca cac thanh phan thu duoc tir phép do EDS. Céc dinh
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tan sic tai 0,93 keV, 8,04 keV, va 8,91 keV twong tng véi cac dinh déc trung cua Cu: L, Ko va
Kj [28]. Ngoai ra trong bang thanh phan con c6 mit cia mot sd nguyén t6 khac nhu C, Si, O, Al
S 1a c4c nguyén td c6 mit trong ludi cacbon va dé thity tinh noi ma mau duge trai 1én.

Element Weight% Atomic%

CK 6.83 17.93
OK 28.25 55.72
AlK 0.61 0.72
SiK 0.55 0.61
SK 0.26 0.25
CIK 5.23 4.66
Cuk 15.01 745
AgL 43.26 12.65

Totals 100.00
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Hinh 4. Phé tan sdc néing lwong tia X -EDS va bdang thanh phan cdc nguyén té ciia nano lwéng kim Cu/Ag
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Hinh 5. Gidn do6 nhiéu xa tia X ciia cau triic Cu/Ag

Mot minh ching khéac chimg t6 rang ciu triic hrorng kim Cu/Ag da tong hop duge cung cip tur
gian dd nhidu xa tia X cta vat liéu. Trén Hinh 5 1a gian d6 nhifu xa tia X cua AgNP, CuNP va céu
traic Cu/AgNP. Trén gian do nhidu xa tia X cia Cuw/Ag c6 cic dinh nhidu xa tai goc 20 bing
38,15°, 44,36°, 64,12°, 78,04° va 81,30° tuong ng véi vi tri cic mit phang mang (111), (200),
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(220) (311) va (222) cua tinh thé nano Ag [29]. Pdng thoi trén gian do ciing cho thay cac dinh
nhiu xa tuong tng vdi cac mit phang mang ciia tinh thé Cu. Tuong (mg véi cac goc nhiéu xa 20
bang 43,4°, 51,01°, va 74,9° 1a vi1 tri cia cac mat phang mang (111), (200) va (220) cta tinh thé Cu
[30]. Cong thirc Debye-Scherrer: D = (kA)/(B cos 6), trong d6 D 1a kich thudc tinh thé trung binh
ctia mau bot, K 1a h?mg sb Scherrer, B 1a d6 rong tai mdt nira cua cudng d6 cuc dai (FWHM) tinh
theo don vi radian, 6 1a géc nhiéu xa cho phép tinh dugc céac kich thudce tinh thé cta cac mau hat
nano. Theo s liéu thu duge tir cac gian dd nhiéu xa trén Hinh 5, ta c6 thé tinh duoc kich thudc tinh
thé cia AgNP, CuNP, va Cu/AgNP 1an luot 13 16,87 nm, 17,56 nm va 28,75 nm. Két qua tinh toan
nay phu hop t6t voi két qua du doan tur phd héap thy cua cac mau trong Hinh 1. Diéu nay mot lan
nira khang dinh hat Cu/AgNP tong hop dugc c6 ciu trac ludng kim. Ngoai cac dinh nhiéu xa tuong
ung voi vi tri cac mat phang mang cia tinh thé Cu va Ag, khong xuét hién bét ki dinh nhidu xa nao
khac, didu nay ching t6 su tong hop thanh cong cua cac ciu trac ludng kim Cu/Ag.

4. Két luan

Trong cong viéc nay cac hat nano Cu, nano Ag va nano ludng kim Cu/Ag da duoc tong hop
bang cach sir dung dich chiét v0 chanh. Cac nhom phenol va amin trong dich chiét vo chanh dong
vai tro quan trong trong viéc tong hop cac hat nano. Chiing vira 1am chat khir vira lam chat 6n
dinh bé mat giup cac hat nano on dinh dugc trong dung dich. Cac hat nano Ag dang cau véi kich
thudc trung binh 15-20 nm don phan tan. Cac hat nano Cu va nano ludng kim Cu/Ag c6 dang tua
cau nhung v6i su ¢6 mit clia cac nguyén tir Cu, cac hat c6 xu hudng co nhanh. Trong cong viée
tiép theo chiing t6i s& khao sat cu thé su anh hudng ciia ndng do cac tién chat va nong do dich
chiét dén ciu tric cua hat ciing nhu nghién ctru kha ning khang khuan va quang xuc tac ciia cac
hat nano ludng kim Cu/Ag.

Lo1i cam on

Bai bég dq:qc hd tro boi dé tai sinh vién ma sd: SV2024 cua truong Pai hoc Su pham Ky thuat
Thanh pho H6 Chi Minh.
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