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Trong nghién cttu nay, vat liéu hdn hop nano Cu-Ag (Cu-AgNPs) duoc tong hop
bang phuong phap khtr héa hoc véi mot quy trinh don gian stt dung hydrazine
monohydrate (N2H4+.H20) lam chét khtr va alginate lam chat bao vé. Chung toi tién
hanh khao st cac yéu t6 anh huong nhu: ty 1& Cu?:Ag*, néng d¢ alginate, nhiét d,
pH va thoi gian phan ting d€ dwa ra dugc diéu kién t6i wu cho qua trinh tong hop
Cu-AgNPs. Vat liéu Cu-AgNPs duoc dac trung boi cac phwong phap: quang pho
hép thu phéan tr (UV-Vis), kinh hién vi dién t& quét (SEM), kinh hién vi dién t
truyén qua (TEM), nhiéu xa tia X (XRD) va tan sic nang luong tia X (EDX) d€ phan

tich hinh thai, cdu trac va thanh phan cua vat liéu.

Tw khoa: alginate, hat nano Cu-Ag, hydrazine monohydrate, phuong phap kht

hoa hoc.

1. DAT VAN PE

Trong nhitng nam gan day, vat liéu nano - dac biét 1a nano kim loai da thu hat
dwgc sy quan tam do cac dac tinh va ¢ng dung ctia chung trong rat nhiéu linh vyc
nhu: quang, dién, ti, co, xtc tdc, my pham va cong nghé sinh hoc [1,2, 3].C4c nano
kim loai quy nhu Au, Ag va Pt da dugc nghién ctru va ¢ng dung rong rai do chung
bén va dé st dung trong khong khi tuy nhién cé gid thanh cao[4].D€ giai quyét van dé
chi phi, nano dong (CuNPs) la mét trong nhiing vat liéu duoc thay thé do nd co triv
luwgng 16n va gia thanh ré hon méc du chiung déu la cac kim loai quy [5].Nhu ching ta
da biét, nano dong va nano bac (AgNPs) 1a hai trong s6 cac nano kim loai ¢6 hoat tinh
khang va diét duwgc nhiéu loai vi khudn va nam[6, 7]. Do d6 chung da duoc nghién ctiu
dé uing dungtrong linh vat y dwgc va ndong nghiép [12,13]. Viéc sit dung dong thoi ca
hai loai nano c6 thé tang dugc hiéu qua khang vi sinh vat dong thoi ha gia thanh san
pham.
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C6 nhiéu phuwong phap khac nhau dé€ tong hop vat liéu nano nhu: phan hay
nhiét[10], phwong phap polyol [11], khir hoa hoc [12], nhiét vi song [13]...Trong do,
phuong phap khit héa hoc duoc sit dung phd bién do thiét bi don gian, dé thuc hién va
chi phi thdp. Trong nghién ctru nay, ching t6i tién hanh tdng hop vat liéu hon hop
nano Cu-Ag (Cu-AgNPs) bang phuong phap khtr héa hoc véi chat khir lahydrazine
monohydrate va chat bao vé la alginate. Qud trinh tao thanh san pham dién ra theo
phan tng sau:

Cu+Agr+NH, —>  Cuol+Agl+N; T+ HLO (1)

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chat

Mudi déng (II) sulfate pentahydrate (CuSOs+-5H20, d6 tinh khiét 98%), mudi bac
nitrat (AgNOs, do tinh khiét 98%), hydrazine monohydrate (N2Hs+.H20, néng do 80%)
duoc st dung ctua hang Merck (Dtic). Amoni hydroxit (NHsOH 25%) ctia Trung Qudc.
2.2. Cac phwong phap ddc trung vat liéu

Ph6 UV-Vis xac dinh dinh hdp thu cuc dai, d6 dich chuyén cta cac dinh hap
thu cuc dai. Gian d6 nhiéu xa XRD xéc dinh ciu tric tinh thé ctia vat liéu nano thu
duwoc. Anh SEM va TEM xdc dinh hinh théi c4u tric, kich thudc va ph6 EDX phan tich
thanh phan hoéa hoc cta vat liéu.

2.3. Phuwong phép tong hgp vat liéu

Cho dung dich CuSO+5H20 0,1 M va AgNO:s 0,1 M vao c6c chira 50 mL. Sau d6
dung dich NHsH20 5% duoc thém vao. Hon hop duoc khudy cho téi dong nhat trén
may khudy tur gia nhiét. Thém tiép dung dich alginate 1,2% vao cdc. pH ctia dung dich
phan ting duwoc diéu chinh bang dung dich NaOH 1M, HCI 1M.Gia nhiét hdn hop dén
nhiét dd phan tng, sau dé nho tir tir dung dich N2H+.H20 dé€ thuc hién phan tng khu
[6].

3. KET QUA VA THAO LUAN
3.1. Anh hudng ctia ti 1¢ nong d¢ giita Cu? va Ag*

Cac thong so tién hanh phan tng tong hop Cu-AgNps nhu sau: nong do
alginate 1a 0,6%; nong d hydrazine la 0,5M; nhiét d¢ phan tng la 90°C; pH = 9. O day
chung t6i st dung du ham luwong chat khtr hydrazine dé€ giam thiéu su oxy hoa cua
CuNPs sau khi tao thanh. Ky hiéu cac mau vdi ti 1é nong do khac nhau caa Cu? va
Agrduoc thé hién ¢ Bang 1.
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K&t qua ¢ Hinh 2 cho thay: phd UV-Vis ctia mau M1 va M13 (mau 6 ti 1é Cu? :
Agt+1a 0:10 va 10:0)chi c6 1 peak hédp thu véi ¢ 435nm va 581 nm la khoang budc song
hap thu déc trung cia dung dich nano bac va nano dong{14], [7]. Cac mau tir M2 dén
M7 méc du trong dung dich phan ting c6 Cu?* nhung san pham sau phan ting chi ton
tai AgNPs ma khong c6 CuNPs c6 thé la do nong do Cu?* qua nho. Hon nita do thé
dién cuc chudn cua Cu?/Cu’(+ 0,34 eV) la khé thap nén tdc dd khir Cu?*sé xay ra cham,
trong khi d6 thé dién cuiee chuan cua Ag/Agd(+ 0,78 eV) la kha cao nén t6c do khur sé
nhanh hon Cu*[11]. Mit khdc, trong diéu kién phan ting c6 ham luong Ag* 16n, ngoai
phan ting khtr Cu?, Ag*((2) va (3)) con cé thé xay ra phan tng thay thé (4)[11].

Agtte ——> Ag’ 2)
Cu*+2e —> Cu® 3
2Ag++ Cu® —> Cu®+2Ag° (4)

PhoUV-Vis ctia cAc mau khac (M8 dén M12) déu thé hién duoc 2 peak hap thu
dac trung ctia nano déng va nano bac tuy nhién budc séng hdp thu cuc dai (Amax) ctia
cac peak c6 su dich chuyén khi thay ddi ti 16 Cu> : Ag* (thé hién 6 Bang 1). Diéu nay
chimg to trong cidc mau nay da tao nén hén hop nano dong va nano bac trong dung
dich phan tng. Nhu chung ta da biét, trong phd UV-Vis, peak hdp thu cang nhon thi
kich thuwdc cac hat nano tao ra cang dong déu. Mat khac néu peak hdp thu dich chuyén
vé phia budc séng cang ngan thi kich thudc hat tao thanh cang nho[15]. Tt Bang 1va
Hinh 2 c6 thé thdy: Amactia AgNPs trong cdc mau hén hgp nano Cu-Ag (M8 dén
M12)c6 su dich chuyén vé phia budc séng ngan khd nhiéu dong thoi peak hap thu
cling sac nhon hon so véi trong mau chi ¢6 nano Ag (M1) chiing t6 kich thudc hat nho
hon va dong déu hon. Diéu nay c¢6 thé giai thich nhu sau: trong diéu kién phan tng
nhu trén, Ag*sé bi khit trede thanh Agsau d6 Cu?*s€ bi khit thanh Cu® bam trén bé mat
Ag? lam can trd su 16n 1én cua cac hat nano Ag. Tt d6 cho thdy san pham Cu-AgNPs
tao thanh c6 kha nang c6 cau truc 16i vo (Ag@CuNPs) theo co ché sau:

Cu®

Hinh 1. Co ché tao thanh Cu@AgNPs
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Biang 1. Sy dich chuyén ctia Amax vGi su thay ddi ti 1€ nong d6 Cu? : Ag*

Ky hiéu miu | Tilé ndong d6 Cu?:Ag* | Amaxctia CuNPs (nm) Amaxctia AgNPs (nm)

M1 0:10 Khong xuat hién 441

M2 1:9 Khong xuat hién 398

M3 2:8 Khong xuat hién 398

M4 3:7 Khong xuat hién 396

M5 4:6 Khong xuat hién 399

M6 5:5 Khong xuat hién 400

M7 6:4 Khong xuat hién 399

M8 7:3 570 401

M9 8:2 566 398

M10 9:1 571 402
M11 20:1 558 395
M12 25:1 561 396
M13 10:0 581 Khong xuat hién

Do
hap
thu 2

T T T ' T T T 7+ T ' 1
350 400 450 500 550 600 650

Budc song (nm)

Hinh 2. Pho UV-Vis cac dung dich keo nano Cu-AgNPs tao thanh sau 5 phut phan tng
véi cac ti 1€ nong doCu?* : Agrkhac nhau.

O ph8 UV-Vis ctia mau M11 (ti 1é nong d6 Cu? : Ag* 1 20:1)cho thdy: cuc dai
hap thu ctia bac va dong 16n hon so véi cdc mau khac chimg t6 ham lwong AgNPs va
CuNPs tao ra 1a 16n nhét. Do d6 chung t6i chon ti 1é nong d6 nay dé khao sat cac yéu td
tiép theo.

3.2. Anh huéng ctia néng d alginate

Chuing t6i ¢6 dinh diéu kién: ti 1€ nong dd Cu? : Agla 20:1; nong d¢ hydrazine
la 0,5M;nhiét do phan tng la 90°C; pH=9; riéng nong do alginate thay ddi voi cac gid tri
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tri 0,3%; 0,6%; 0,9%; 1,2% va 1,5%. Két qua UV-Vis duoc thé hién 6 Hinh 3. Co thé thdy:
khi tdng nodng d¢ alginate tir 0,3% dén 0,6% thi d6 hap thu ctia ctia nano bac giam
xuong nhung khong dang ké va do hap thu ctia nano dong tang 1én. Khi taing nong do
alginate tir 0,6% dén 1,5% thi d hap thu ctia nano bac va dong déu giam xudng mot
cach ro rét, nghia la ham lwong cac hat nano bac, nano dong tao thanh la it hon.
Nguyén nhén 1a do: khi néng d¢ aginate cang 16n thi dd nhét ctia dung dich phan tng
cang tang lam giam t6c d0 va can trd qua trinh khtt Cu*va Ag*. Tt Hinh 3 cho thay:
nong do alginate 0,6% la nong d¢ thich hgp cho qua trinh khit Cu?trong diéu kién
phan ting. Khi phan ting khit Cu*xay ra thuan 1¢i, lwgng Cu® tao ra cang nhiéu va bam
lén bé mdt Ag? lam can tro su két tu cua cac hat Ag nén kich thudc cia AgNPs sé nho
hon.

3.0 4

20e]
hdp 2.5
thu

2.0 H

T » T g T ¥ T Y T 2 T ¥ T Y
350 400 450 500 550 600 650
Budc song (nm)

Hinh 3. Pho UV-Vis ctia keo Cu-AgNPs tao thanh sau 5 phut phan ting
véi cac ndng do alginate khac nhau.

3.3. Anh huéng ctia nhiét do

Chung t6i khao sat cac nhiét dd 70°C; 80°C; 90°C; 100°Cv6i diéu kién phan ting:
ti 1¢ Cu?:Ag* 1a 20:1,n6ng do hydrazine la 0,5M; pH=9; nong d6 alginate la 0,6%. Pho
UV-Vis 6 Hinh 4 cho thay: trong diéu kién phan ng nay va v6i cac nhiét do khao sat
khac nhau déu cho san pham la hdn hgp nano Cu-Ag. Tuy nhién c6 thé thay nhiét do
90°C va 100°C la thich hop d€ tién hanh phan ting. Chang toi sé chon nhiét d6 90°C dé
khao sat cac yéu t6 tiép theo.
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Hinh 4. Pho UV-Vis cac dung dich keo nano Cu-AgNPs sau 5 phut véinhiét d6 khac nhau.
3.4. Anh huwong ctia pH

Vi cac thong sO t6i wu da khao sat duoc ¢ trén, ching t6i thay doi pH véi cac
gia tri: 6; 7; 8; 9 va 10.Hinh 5 thé hién phd UV-Vis ctia cdc mau san pham. C6 thé thay
ro: 6 nhitng mau pH=6,7,8 chi xuat hién peak hdp thu ctia nano bac ma khong xuat
hién peak hap thu nano dong, 6 pH=9 va 10 xuat hién dong thoi hai peak hap thu dac
trung cta nano dong va nano bac. Tuy nhién, peak hap thu cia CuNPs va AgNPs
trong mau cé pH=9 sdc nhon hon so véi trong mau pH=10, nghia la c4c hat nano tao
thanh co kich thudc dong déu hon. Tir d6 chung t6i két luan pH=9 la gia trithich hop
nhéttrong diéu kién ctia phan tng.

Do 4|
hap
thu

T T T T T T T
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Hinh 5. Pho UV-Vis cua keo nano Cu-AgNPs tao thanh sau 5 phiit phan ting

voi cac gia tri pH khac nhau.
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3.5. Anh huéng ctia thoi gian phan tng

Chung t6i tién hanh phan tng voi diéu kién thich hgp nhét da khao sat duoc,
tién hanh 18y mau sau thoi gian 5 phut; 10 phut; 15 phat; 20 phat; 25 phat; 30 phut d&
doUV-Vis va két qua duoc thé hién ¢ Hinh 6. C6 thé thdy 16 rang rang: voi cc thong
s0 trong nghién ctru nay, phan Ging xay ra nhanh va hiéu qua sau thoi gian 5 phut. Néu
thoi gian phan tng cang dai thi cac hat nano c6 xu hudng két hop v6i nhau tao thanh
cac hat c6 kich thuwdce 16n hon.

3.0+ ‘

Do -
hap h / 3 —— 5 phut
thu 25 / --~--10 phut

2.0+

3%0 ' 4(!)0 ' 4%0 ’ 5(!]0 ' SéO ’ G(I)O ' 6%0 ‘
Budc séng (nm)
Hinh 6. Pho UV-Vis cac dung dich keo Cu-AgNPs v6ithoi gian phan ting khac nhau.

Tkt nhiing két qua thu duoc trong qua trinh khao sat, ching toi dua ra duoc
diéu kién t6i wu dé tong hop vat liéu hon hop nano Cu-Ag va dugc trinh bay é bang 2.

Bdng 2. Diéu kién duoc lya chon dé€ tong hop vat liéu Cu-AgNPs.

Thong s6 Gia tri
Ti & nong do Cu? : Ag* 20:1
Nong d¢ hydrazine 05M
Nong d¢ alginate 0,6%
pH 9
Nhiét do 90°C
Thoi gian 5 phut

3.6. Dac trung vat liéu Cu-AgNPs

Hinh 7 trinh bay gian d6 nhiéu xa XRD cua vat liéu AgNPs, Cu-AgNPsva
CuNPs twong tng véi cac mau M1, M11, M13. Chiing t8i nhan thay, trén gian 6 XRD
cua vat liéu AgNPs (Hinh 7a) xuat hiénAgNPs xuat hién 4 peak tinh thé tai cac goc 20
=38,1° ( dna = 2,360A) ; 44,2°( dia = 2,044A); 64,2° ( drua = 1,444A); 77,2°( dra = 1,232A)
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trong ting véi cdc mat phang (111), (200), (220) va (311) trong cau tric lap phuong tam
mat (FCC) cua kim loai Ag (JCPDSCardnumber, 4-783)[16].

Twong tu, Hinh 7cthé hién gian d6 XRD cuta vat liéu CuNPs cingxuéat hién 3
peak tinh thé véi cuong do cao nhat hoan toan trung khép véi pho chuan cua kim loai
dong tai vi tri cac goc 20 = 43,23°(dwma =2,087 A), 20 = 50,37°(dw =1,807 A), 20 =
74,11°(dwa =1,277 A) twong ting véi mit (111), (200), (220) thudc 6 mang Bravais trong
cau truc lap phuong tam dién cta kim loai Cu (JCPDSCard number 04-0836) [17].

Trén gian d6 XRD cua vat liéu Cu-AgNPs (Hinh 7b) xuét hién dong thoi cac
peak tinh thé ctia ca Cu va Ag, ngoai ra khong xuat hién peak dac trung cua CuO,
Cu20 hay Cu(OH)zchting to vat liéu ching toi tong hop dwoc chi bao gom kim loai Cu
va Ag.

Cueng | (111) a:Cu
(do) - O:Ag
cps 2
20 (220) (311)
AgNPs
- Cu-AgNPs
CuNPs
T T T T T T T
30 40 50 60 70 80 90
26 (9)

Hinh 7. Gian d6 nhiéu xa XRD ctia vat liéu CuNPs, AgNPs va Cu-AgNPs

Hinh 8 1a anh SEM va TEM cua vat liéu Cu-AgNPs ching t6i da tong hop dugc.
C6 thé thay, vat liéu Cu-AgNPs thé hién hinh thai cau cd kich thudc trung binh khoang
20nm va kha dong déu.
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Hinh 9. (a)Anh SEM-EDX va (b) pho EDX cua vat liéu Cu-AgNPs
Chuang t6i thuc hién do pho tan xa nang luong tia Xdé€ khao sat thanh phan
chinh cta vat liéu Cu-AgNPs (Hinh 9). Tt ph6é EDX ching t6i nhéan thdy c6 cac peak
nang luong chita cac nguyén td chinh la Cu va Ag chiém ty 1é twong ting la 41.63% va
32.91% khdi lwgng mau vat liéu tong hop duoc.

4. KET LUAN

Chung t6i da tong hop duoc vat liéu hon hop nano Cu-Ag véi diéu kién toi
wu:ti 1€ Cu?:Ag*1a 20:1;n6ng do hydrazine la 0,5M; nong d¢ alginate la 0,6%;nhiét d¢ la
90°C; pH=9 va thoi gian phan tng la 5 phut. Hinh thai, cau trtuc cta vat liéu cling da
duoc xac dinh. Vat liéu Cu-AgNPs tong hop dwgc kich thuwde trung binh khoang 20 nm
trong diéu kién khao sat.
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ABSTRACT

In this study, Cu-Ag nanocomposite materials were synthesized by chemical
reduction method with a simple process using hydrazine monohydrate (N2H4.H20)
as a reducing agent and alginate as a protecting agent. We investigated the
affecting parameters such as Cu?: Ag* ratio, alginate concentration, temperature of
the reaction, pH and the reaction time to provide optimal conditions for Cu-AgNPs
synthesis. Cu-AgNPs were analyzed for the morphology, structure and
composition using UV-Vis spectroscopy, X-ray diffraction scanning electron
microscopy, transmission electron microscopy and energy-dispersive X-ray

spectroscopy.

Keywords: alginate, chemical reduction method,Cu-Ag nanoparticles, hydrazine

monohydrate.
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Nghién ciru téng hop vit liu hon hop nano Cu — Ag

Nguyén T4n Lugng hién dang la sinh vién khoa Héa hoc, treong Dai hoc
Khoa hoc, Dai hoc Hué.

Linh vwec nghién ciru: vat liéu nano.

Dao Khic Toan t8t nghiép ctr nhan chuyén nganh Héa hoc tai truong Dai
hoc Quy Nhon. Hién 6ng dang cong tac tai truong THPT Nguyén Binh
Khiém, Chu Puwh, Gia Lai, va dang la hoc vién cao hoc khoa Héa hoc,

treong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vwec nghién civu: vat liéu nano.

Ton Nit My Phuong t6t nghiép ct nhan chuyén nganh Hoda hoc tai
treong Dai hoc Khoa hoc, Pai hoc Hu€. Hién dang la hoc vién cao hoc

khoa Héa hoc, truong Dai hoc Khoa hoc, Dai hoc Hué.

Linh vwec nghién ciru: vat liéu nano.

Nguyén Thi Thanh Hai sinh ngay 17 thdng 04 ndm 1982 tai Thtra Thién
Hué. Nam 2005, ba t6t nghiép ky sw chuyén nganh Cong nghé thuc pham
va sinh hoc tai treong Dai hoc Bach khoa, Dai hoc Pa Nz?mg. Nam 2011, ba
nhan béng thac si chuyén nganh Héa 1y thuyét va hoa ly tai truong Dai
hoc Khoa hoc, Dai hoc Hué. Hién ba dang la nghién ctu sinh tai truong
Dai hoc Khoa hoc, Dai hoc Hué. Tt ndm 2008 dén nay, ba lam nghién cttu

vién tai khoa Hoéa hoc, truong Dai hoc Khoa hoc, Dai hoc Hué.
Linh vwec nghién ciru: vat liéu nano, hda duoc.

Tran Thai Hoa sinh ngay 27 thanh 12 ndm 1955, tai Ha Tinh. Ong t3t
nghiép cit nhan Hoéa hoc tai Truong Pai Téng hop Ha Noi nam 1977 va
tot nghiép Tién si nganh Hoéa hoc nam 2001 tai Truong DPHKHIN -
DPHQG Ha Noi. Ong dwogc phong hoc ham Pho gido sw nam 2005 va Giao
s nam 2013. Ong giang day tai Khoa Hda hoc, truong Dai hoc Tong hop
Hué (nay la treong Dai hoc Khoa hoc, Dai hoc Hué) tir nam 1978 dén nay.

Linh viec nghién civu: Vat liéu nano, Cac hgp chat Polyshaccharide, Héa hoc
tinh toan.
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