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Tém tit. Trong nghién ctru ndy, chung t6i da tong hop thanh c6ng Nano Pong (CuNP) bang cach sir dung
quercetin 1am chat khir xanh. Cac diéu kién ti wu dé tong hop cac hat CUNP nhu ndng d6 dong sunfat
(CuS0,), polyetylen glycol (PEG-6000), nhiét d6 phan tng, ty 1& chat khir / dung dich, pH va thoi gian
phan trng da duogc khao sat va tuong ung la 1-3 mM, 2%, 60 °C, 10 mL / 100 mL, 8 va 30 phut. Khi quan
sat qué trinh phan tmg, Sy thay d6i mau sic tir mau xanh lam ciia dung dich sang mau néu nhat thong qua
quan sat béng mit c6 thé du doan su hinh thanh cac hat CuNP. PEG-6000 dugc sit dung lam chét phan tan
céc hat CUNP trong hé keo. Cac hat CUNP thu dugc sau d6 duoc xac dinh cic dic trung cu trac boi cac
phuong phap phén tich hoa Iy nhu UV-Vis, tan xa anh sang dong (DLS), nhidu xa tia X (XRD), phd hong
ngoai bién doi Fourier (FT-IR) va kinh hién vi dién tir truyén qua (TEM). Bang cach st dung XRD cho
thdy dic trung cAu trac cia CuNPs s hitu cdu triic mang tinh thé 1ap phuong tim dién (FCC) trong tu
nhién. Két qua do TEM cho thay sy hinh thanh cac hat CuNP ¢6 kich thude trung binh khoang 15-30 nm.
Tir khoa: Hat CUNP; Tong Hop Xanh; Quercetin

GREEN SYNTHESIS OF COPPER NANOPARTICLES USING QUERCETIN

Abstract. In this research, we successfully synthesized Copper Nano (CuNP) using quercetin as a green
reducing agent. The optimum conditions for the synthesis of CuNP such as the concentration of copper
sulfate (CuSO.), polyethylene glycol (PEG-6000), reaction temperature, reducing agent/solution ratio, pH
and reaction time were 1-3 mM, 2%, 60 °C, 10 mL/100 mL, 8 and 30 minutes, were investigated and
determined, respectively. When observing the reaction process, the color change from solution blue to light
brown visible to the eye could predict the formation of CuNP. PEG-6000 used as a dispersant of CuNP in
colloidal systems. The resulted CuNP were characterized then by the analysis method such as UV-Vis
Spectrometer (UV-Vis), Dynamic light scattering (DLS), X-Ray Diffraction (XRD), Fourier Transform
Infrared (FT-IR) and Transmission electron microscopy (TEM). Characterizationby using XRD shows
CuNPs possesses face centered cubic (FCC) crystal lattice structure in nature. The TEM images determined
the shape and the nanosizes of the particles of about 15-30 nm.

Key words: CuNP; Green synthesis; Quercetin.

1. TONG QUAN

Vai thap ki gan day, cong ngh¢ Nano la mot cong nghé dang phat trién nhanh chéng véi cac tng dung tiém
nang trong nhiéu linh vuc cua nén kinh té toan cau. Cong ngh¢ nay dang cach mang hoa moi nganh cong
nghiép, déng thoi thu hit rat nhiéu sy cha ¥ trén toan thé gidi. Cung vai cac nganh cdng nghé cao khac nhu
cong nghé thong tin, cong nghé sinh hoc, sy ra doi va phat trién manh mé cua cong nghé Nano hua hen sé
I4p ddy moi nhu cau trong cudc séng caa ching ta nho nhirng ung dung to Ién va hitu ich trong cac nganh
dién tir [1-3], ning luogng [4], y hoc [5-8], mi pham [9], chit x(c tac [10] [11] va con di xa hon nita trong
nhiéu linh vuc khac. Pac biét, nho vao nhitng kha nang gitp con nguoi can thiép ¢ kich thudc nanomet ma
vat liéu Nano dang tao ra mot cudc cach mang trong nhitng wng dung y sinh hoc véi nhirng tinh chat dic
biét ly thu cua no.

Hién nay, nhiéu hat Nano duoc tong hop tir cac kim loai quy nhu vang, bac va platin nhung gia thanh cta
ching cao nén Hong 1a mot kim loai day hira hen vi c6 6 din dién cao, gia thanh ré, c6 kha nang khang va
diét duoc nhidu loai nam [12]. Viéc tao ra CuNP di nhan duoc su cha y dang ké vi tiém ning wng dung cua
ching [13-18]. CuNP duoc tong hop bang nhiéu phwong phap khac nhau nhu: phuong phap thay nhiét [6],
ky thuat siéu am [19], phuong phap birc xa [20], k¥ thuat vi nhii twong [21], phuong phap hoa hoc [22, 23],
k§ thuat cit laser [24], phuong phép vi séng[25]... w
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Nhiéu nha nghién ciru da st dung cac phuong phép tong hop xanh cho cac hat Nano kim loai khac nhau do
sy gia tang nhu cau vé cac dac tinh than thién véi moi truong [12, 26]. Phuong phép tong hop xanh da duoc
tim thay 1a phuong phap tot nhat khi so sanh véi cac phuong phéap khac nhu: khir héa hoc, khir quang hoa,
khir dién hoa, bay hoi ... Trong phuong phép nay, chiét xuat tir thyuc vat hoic cac hop chit hiru co chiét tach
tir thuc vat da duoc st dung 1am chat kha cho qua trinh chuyén cac ion kim loai ¢ dang mudi thanh Nano
kim loai.

Quercetin 13 mot flavonoid phan bé rong khip trong ty nhién nhu tréi cay, rau, hat, qua mong va tra. Hoat
dong ngin ngira ung thu cua quercetin dugc ghi nhan rd rang do cac hoat dong chdng viém, chong ting
sinh va chdng tao huyét khdi ciia n6 [3, 27-29]. Tac dung ngin nglra ung thu cia quercetin duoc quan sat
thiy & ndng do khoang 1-40 uM va kha ning chéng oxy hoa cua quercetin & ndng do tir 40-100 uM [30].
Quercetin con cho thiy c6 thé bao vé chdng lai cac bénh khac nhau nhu lodng xwong, bénh phéi, tim mach
va chdng lai sy 130 hoa. Bac biét 1a quercetin c6 kha ning loai bo céc tac nhan tao ra peroxynitrite va goc
tu do dé bao vé co thé con ngudi chdng lai nhitng tac hai [31]. Ngoai ra, quercetin con c6 tac dung chdng
ting huyét 4p[32, 33].

Nhiing két qua nghién ctru cling cho thdy cd thé tao cac phuc chét gitra quercetin va nhiéu loai nguyén té
vi lwgng kim loai trong nu6c sac cua thyc vat. Cac phic hgp kim loai nay co thé 1a co s& cho cac tac dung
tang cuong stc khoe va diéu tri bénh [34]. Quercetin c6 thé tao phirc bén vai ion kim loai chuyén tiép dau
tién nhu Fe, Co, Ni, Cu va Zn [35].

Quercetin ¢6 tiém ning 16n trong hoa duoc va g dung trong phan tich dé xac dinh cac kim loai vi cau
trdc ciia phan tir c6 nam nhom hydroxyl gan truc tiép voi nhan thom, day 1a nhém quyét dinh dén céc tinh
chat héa hoc ciing nhu héa sinh ctia hgp chat ndy, cac nhém hydroxyl nay con c6 nhiing phan tng khtr cac
kim loai thanh Nano kim loai van chua duoc khai thac. Quercetin 1a mot hop chat thién nhién c6 tinh an
toan va pho bién co thé khai thac vai chi phi ré. Ngoai ra, viéc sir dung quercetin 1a mot hop chét thién
nhién than thién khdng tao ra cac chit doc bam trén bé mat cac hat nano lam chit khir Cu?* thanh CuNP ¢é
thé tao cac hat Nano an toan cho céc wng dung trong y sinh. Cho téi nay mai chi c6 ¢ong trinh cong bd st
dung quercetin trong tong hop cac Nano Ag va Au [36]. Vi vy trong nghién ciru nay ching tdi chon
quercetin lam chét khir cho phan ting tong hop cac hat CuNP.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Hoa chét duoc dung cho qué trinh tdng hop hé phan tan keo CUNP déu c6 do tinh khiét phan tich: Ddng
sunfat (CuSO4.5H,0), poly ethylen glycol 6000 (PEG 6000 g/mol), methanol (CH3;OH), ethanol (C2HsOH),
sodium hydroxide (NaOH), acid hydrochoric (HCI), quercetin dugc mua tir hang Sigma-Aldrich c6 do tinh
khiét 98.5% va nudc cat da khir ion duge dung cho nghién ctru nay.

2.2. Thiét bi nghién ctru

Str dung UV-VIS LUS-B15 véi budc song 190 dén 1100 nm. My quang phd hong ngoai FT-IR-4700 voi
chat chuan 1a KBr, khi do miu dugc ép thanh vién ctia CuNP va KBr véi khoang budc song tir 450-4000
cmt. Khao sat bang XRD bai loai Bruker D8 Advance (Cu K, 4 = 0,154046 nm) véi goc do mdi 1an quét
la 0.2 d6. May phan tich kich thudc hat Nano (DLS) SZ 100 cia HORiIBA, khi do CuNp trong dung dich
ethanol hoic nudc. Kinh dién tir truyén qua (TEM - JEM 1010, M = x 10 - 600.000), khi do mau dugc pha
trong ethanol.

2.3. Téng hop dung dich keo CuNP

Can 2 g PEG cho véo becher v6i mot lugng nude cit da dinh trude (100 mL). Hdn hop dugc khudy cho téi
ddng nhét trén may khudy tir gia nhiét. Sau d6 cho dung dich CuSO4 ¢6 ndng do tir 0.5 mM-5 mM vao dung
dich PEG s& tao ra duoc hdn hop. Gia nhiét hdn hop dén nhiét do khao sat phan tng tir 30-70 °C, sau d6
nho tir tir dung dich quercetin tir 5-25 mL c6 ndng d6 0.5-5 mM dé thuc hién phan tmg. Dung dung dich
NaOH 10% dé diéu chinh pH tir 6-11. Khi phan g két thic, nhan biét bang cach quan sat sy tao ra dung
dich keo CuNP ¢6 mau xanh lam chuyén thanh mau nau do dic trung. Xéc dinh cac dic trung ciu trac cia
hat CuNP bang cac phuong phap hoa Iy nhu: Phd UV — Vis, phd FTIR, DLS, XRD va TEM.

3. KET QUA VA THAO LUAN
3.1. Nghién ctru cac yéu to anh huéng t6i kich thuée hat CUNP
3.1.1. Anh huéng ciia nong d¢ chat khir
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Dé khao sat anh hudng cua ndng do chat khir dén qué trinh tong hop hat CUNP, qua trinh dugc thyc hign
v6i ty 1€ the tich ¢ dinh dung dich Cu?* (100 mL & nong d6 2 mM), nhiét do 60 °C, pH= 8, thoi gian 30
phut va PEG la 2%, nong d¢ quercetin 1a 2 mM lay 5, 10, 15, 20 va 25 mL.
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Hinh 1.1. Phé UV - Vis ciia dung dich keo CuNP duwgc tong hep theo thé tich chdt khi

Két qua UV—Vis trén hinh 1.1 cho thay ring, khi thay doi thé tich chat khir thi vi tri cac dinh hap thu cuc
dai ciing c6 sy thay doi. Khi ting ndng d6 chat khi tir 5, 10, 15, 20 va 25 mL thi vi tri cac dinh hap thu cuc
dai cling dich chuyén dan vé phia budc song tir 560 + 567 nm. Khi ndng do chét khir ting qua cao (15 dén
25 mL) thi vi tri cac dinh hap thu cuc dai dich chuyén dan vé phia budc song 16n hon tir 572 + 576 nm. Két
qua nay cho phép du doan cac hat CuNP tao ra c6 kich thuéc nho nhét tai thé tich chat khir 1a 10 mL.

Nhu véy, thé tich chat khir cling c6 su anh huong 16n dén kich thuéc hat CuNP thu dugc. O thé tich chat
khtr thap tirc ndng do nho, luong hat Nano sinh ra véi ham luong nho, qué trinh tao mam dién ra cham da
lam cho qué trinh phat trién va hinh thanh hat Nano kéo dai hon dan dén qué trinh két tu thanh hat I6n. Khi
thé tich chét khir taing dén 10 mL, qua trinh hinh thanh hat Nano duoc 6n dinh hon.

Khi thé tich chat khir ting cao (20, 25 mL), toc d6 phan tng dién ra qua nhanh, luong hat nhan sinh ra nhiéu
trong thoi gian ngan 1am qué trinh phat trién hat d& dang co su két tu dé hinh thanh cac hat co kich thudc
16n hon. Két qua cho thy thé tich chét khir thich hop nhét cho qua trinh tao hat CUNP 1a 10 mL cua dung
dich quercetin.

3.1.3. Anh hwéng cia nong do Cu®*
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Hinh 1.2. Phé UV — Vis ctia dung dich keo CuNP duoc tong hop theo ndng do Cu?*

Tir két qua do phé UV-Vis nhu hinh 1.2 cho thay khi ndng d¢ dung dich CuSOs tang dan tir 0,5 mM
(millimole/liter) dén 5 mM thi gia tri mat d6 quang do dwoc cling tng dan tir 0.5-4 mM, nhung tai 5 mM
thi mat d¢ quang lai thap nhét 1a do lwong CUNP tao ra nhiéu s& két tu thanh hat 16n lang xudng dudi. Trong
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qua trinh bao quan dung dich chita hat CUNP, chung t6i thdy xuat hién su két tia Pong & cdc mau c6 ndng
d6 4 mM, 5 mM. Nghia Ia hat CUNP duoc tao thanh khi nong d6 dung dich CuSOs 4 mM, 5 mM la khéng
bén trong diéu kién khao sat dé bi keo tu.
Nhu vay, chung t6i chon gia tri néng d6 dung dich CuSOs thich hop trong khoang 1-3 mM, véi budc song
tdi wu 567 nm va dung dich keo CuNP téng hop duoc bén, khong bi keo tu.
3.1.3. Anh huéng cia nhiét dp

Nhiét do ciing 1a mot yéu td anh huong toi qua trinh tong hop hat CUNP. Bé danh gia sy anh huong cua
nhiét do, qué trinh thi nghiém duoc khao sét tai cac gia tri nhiét d6 khac nhau tir 30 °C- 70 °C, ty 1& khoi
luong cb dinh PEG/Cu®* = 2%, pH=8, nong d6 Cu?* 1a 1 mM, dung dich quercetin 12 10 mL/100 mL hdn
hop, thoi gian 30 phat
Két qua UV-Vis trén hinh 1.3 cho thiy rang, khi thay d6i nhiét d6 thi vi tri cac dinh hap thu cuc dai co sur
dich chuyén véi gia tri budc song theo quy luat ciia sy dich chuyén tir 30- 70 °C nhu hinh 1.3. Két qua nay
cho phép du doan cac hat CuNP tao thanh c6 su thay ddi kich thudce theo gia tri nhi¢t d¢ khéac nhau. Cu thé,
khi tang nhiét d6 tir 30-60 °C thi kich thudc hat CUNP tao ra déu va nho thé hién cac peak nhon hon va tot
nhét tai 60 °C. Tuy nhién, khi ting tiép nhiét d6 1én 70 °C thi kich thuéc hat CuNP lai ting 1én thé hién dinh
peak bi thap xudng. Theo két qua nay, nhiét do thich hop nhat cho qua trinh tong hgp CuNP 12 60 °C.
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Hinh 1.3. Phd UV—-Vis ctia dung dich keo CuNP dugc tong hop theo nhiét do

3.1.4. Anh huéng cia ty 18 PEG/Cu?*

Poly(ethylene glycol) dong vai trd 1a chit bao vé, ngin chin sy két tu va qua trinh oxi hoa bé mit hat
CuNP khi bao quan trong thoi gian dai. Bé danh gia anh hudng cuia Poly(ethylene glycol) t6i qua trinh tong
hop CuNP, cac thi nghiém dugc tién hanh véi ti 18 khbi luong PEG/Cu?* = 0,0; 1; 2; 3; 5; 7%, nhiét do co
dinh 14 60 °C, pH=8, ndng d6 Cu?* 1a ImM, dung dich quercetin 1a 10 mL, thoi gian 30 phut.
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Hinh 1.4. Pho UV — Vis ciia dung dich keo CUNP dugc tong hop theo ty 16 PEG/Cu?*
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Hé phan tan keo CuNP thu dugc da duoc do phé UV-Vis cho két qua nhu trén hinh 1.4. Két qua cho thiy,
khi tang ti 16 PEG /Cu?* thi vi tri cdc dinh hép thu cyc dai cling dich chuyén dan vé phia budc song nhé hon
tir 550-600 nm. Két qua ciing cho thiy khong c6 sy thay doi budc song cac dinh hap thu cuc dai khi ti 18
PEG /Cu?* thay d6i tir 3-7. Nhu vy, ti 1¢ PEG/Cu?* thich hop nhiat cho qua trinh tong hgp CuNP 1a 2%.
3.2.4. Anh hwéng caa pH

Dé danh gia anh huong ciia pH t6i qua trinh tong hop hat CUNP, céc thi nghiém duoc tién hanh tai nhiét do
¢b dinh 13 60°C, ty 18 khdi lugng Cu?*/PEG = 2%, ndng d6 ion Cu? la 1 mM, dung dich quercetin la 10
mL/100 mL hdn hop, thoi gian 30 phut.

Nhu vy, pH c6 vai tro quan trong trong qua trinh tong hgp CUNP. N6 ¢6 vai trd 6n dinh trong qué trinh
tong hop hat CuNP thong qua co ché tao hat mixen. Khi pH < 6 thi qua trinh khtr dién ra cham, c6 thé qua
st thiy bang mit su thay d6i mau cta dung dich phan tng tir xanh lam sang nau nhat.
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Hinh 1.5. Phd UV — Vis cta dung dich keo CUNP duoc tong hop theo pH

Khi ting pH tir 7-9 thi méi truong tao hat CUNP thuan loi nhat, néu ting pH thém nita tir 9-10 thi qua trinh
tao ra hé keo CuNP qua nhanh dan dén keo ty, lam cho qué trinh hinh thanh cac hat CUNP 16n, hon nita pH
qué thap dé tao ra cac phan tg phu ctia Cu véi NaOH. Vi vay & pH=7- 8 14 diéu kién téi uu cho qua trinh
hinh thanh cac hat CUNP diéu nay c6 thé qua sat thong qua phd UV-Vis nhu hinh 1.5.
3.2.5. Anh huéng ciia thoi gian

Pé danh gia anh hudng cua thoi gian t6i qua trinh tong hop hat CuNP, céc thi nghiém dugc tién hanh
tai nhiét do c6 dinh 12 60°C, ty 18 khdi lwong Cu?*PEG = 2%, ndng d6 ion Cu?* 1a 1 mM, dung dich quercetin
12 10 mL/100 mL hon hop va pH= 8 nhu hinh 1.6.
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Hinh 1.6. Phd UV — Vis ctia dung dich keo CUNP dugc tong hop theo thoi gian
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Hinh 1.7: Dung dich chita CuNP sau qua trinh tong hop véi diéu kién téi vu va CuNP dang rén thu dugc sau tach

3.3. Co ché tao CuNP tir dung dich Cu?* khi sir dung quercetin l1am chét khir

Quercetin cd kha nang nhuong electron hoac nguyén tir hydro cho ion kim loai. Sy hinh thanh dang enol
clia quercetin gidp giai phong hydro va chiu trach nhiém chuyén d6i Cu?* thanh Cu®. Co ché khir Cu?*
thanh Cu®dién ra nhu so d6 1.1 (trong d6 R 1a nhém c6 chira vong thom). Gan ddy, moét nghién ciru da dé
xuit rang Luteolin, mot flavonoid khtr cac ion bac théng qua co ché twong tw (Ahmad va cong su) [37]

OH o)
=
- +2e+2H" (1)
R R
Cu

Cutt +2e =—— (2)
OH o

OH S
. Cu¥t =—= + Cu + 2H*
R R

So dd 1.1. Co ché phan tmg oxi hoa khir cia quercetin va dung dich Cu?*

3.2. Két qua khao sat dic tinh caa hat CuNP

Hé phan tan keo CuNP téng hop tir dung dich CuSO4 véi chat khir bang dung dich quercetin ¢ diéu kién
t6i uu va xac dinh dac trung cau tric bang cac phuong phap héa Iy nhu: UV-Vis, FT-IR, DLS, ZETA, XRD
va TEM. Két qua do phd dugc trinh bay ¢ cac hinh sau:
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Hinh 1.8. Ph6 FT-IR ciia mdu CuNP tong hop ¢ ndng d6 dung dich Cu®* (1-3 mM)
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Hinh 1.9. Gian d6 thé ZETA ciia CUNP & nong d6 dung dich Cu2* 2 mM

Trong phd FT-IR (hinh 1.8) ddi v&i hat CUNP tong hop & ndng d6 tir (1 - 3 mM), gié tri dinh peak & 3463
cmt 14 ciia nhom O-H (Ar-OH) cta hop chit quercetin, tai dinh peak 2918 cm va 2850 cm® 1a cc nhém
CH trong vong thom ctia quercetin. Tai dinh peak 1627 cm! cho thdy trén phd twong tmg véi lién két C=0.
Dinh peak ctia nhém C=0 bj kéo thap cé thé do tao phirc ctia Cu véi nhém C=0 va nhom OH ciia quercetin
tai vi tri C-3. Tai peak ¢6 cuong do 628 cm'? thé hién c6 sy hinh thanh cua CuNP. Tai néng dolva2mM
khi chong phd cho thdy cac hat Nano 1a nhu nhau va cac hat CUNP déu va nho hon tai nong d6 3 mM thé
hién peak nhon hon & dinh 628 cm™. Tir két qua do nhu hinh 1.9, dién thé zeta ctia hé phéan tan keo CUNP
(khi str dung tong hop CuNP & ndng d dung dich Cu?* 2 mM) ¢6 gié tri cao nhat & -54.4238 mV ching to
rang CUNP tong hop duge c6 tinh 6n dinh & muc t6t.
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Hinh 1.10.Phé XRD ctia CuNP khi khir Cu?* bang quercetin & nong d6 1 va 2 mM

Phén tich pho nhiéu xa tia X cua hat CuNP (hinh 1.10) cho thdy, c6 xuét hién cac peak dac trung cho ciu
tric mang lap phuong tam di¢n. D6 1a 4 peak déc trung cua tinh the dong tai cac goc 2-theta (23, 38, 52,
76) twong tng vai cac chi so Miller 1a (110, 111, 200 va 220) caa CuNP thudc loai tinh thé FCC.
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Cumulant Operations

Z-Average : 14.8 nm
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Hinh 1.11. Sy phan bd kich thudc hat va kich thuéc hat trung binh kich thuéc hat CUNP khi khtr Cu?* & né)ng do1
mM bang quercetin do bang DLS.

Cumulant Operations
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Hinh 1.12. Sy phan bd kich thude hat va kich ‘Ehuc'yc hat trung biqh kich thudc hat CUuNP khi khur Cu?* & néng do 2
mM bang quercetin do bang DLS.

Str dung phuong phép tan xa anh sang dong (DLS) nhu hinh 1.11 va hinh 1.12) dé phan tich kich thuoc
phan bé hat va gid tri trung binh ciia cac hat CuNP. Tir may phan tich kich thuéc hat, chiing toi da thu dugc
kich thuéc hat trung binh, d6 1éch chuan va cac dinh phan bd caa cac hat CuNP. Két qua thu duoc tir viéc
phan tich biéu 6 va kich thugc hat trung binh ciia cac mau, ching tdi c6 thé thay rang két qua phu hop voi
két qua XRD, cac hat CuNP c6 kich thudc trung binh tir 15-30 nm.

© 2022 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh



TONG HOP XANH CUA NANO PONG SU DUNG QUERCETIN 29

10 nm

— 5 () /M

Hinh 1.13. Anh TEM & d6 phan giai 10 va 50 nm ciia CuNP dung khi ndng d6 tong hop Cu?* & 2 mM

Trén hinh 1.13 cho thy céc anh TEM cua céc hat CUNP dugc tong hop bang quercetin. B phong dai cua
anh TEM la 10 nm va 50 nm cua CuNP duing khi nong @6 Cu?* & 2 mM va céc diéu kién toi wu dé tong hop.
Hinh dang nay c6 ban chat la hinh khoi 1ap phuong va kich thudc cac hat trung binh nam trong khoang 15-
30 nm.

Anh kich thuéc thu dugc tir TEM phii hgp véi kich thuéc phan bd trung binh bang phuong phép tan xa
DLS (hinh 1.11. va 1.12). Kich thuéc trung binh ctia CuNP khi khir Cu?* & nong do 1-2 mM bang quercetin
¢6 kich thuéc khoang 15-30 nm.

4. KET LUAN

Chung t6i da tong hop thanh cong hat CuNP bang viéc khir ion Bng (1) sulfat (CuSOs) trong dung dich
quercetin c6 sy hién dién caa chat bao vé PEG-6000, nghién cau cac yéu té anh huong toi kich thude cua
cac hat CuNP va cac diéu kién tbi wu cho qua trinh tao CuNP la nhiét do & 60 °C, pH= 8, trong thoi gian 30
phut, thé tich dung dich quercetin/ Cu?* (10 mL/100 mL), PEG/dung dich Cu%* (2%) va nong do Cu?* tir 1
mM dén 3 mM.

Cau truc dic trung hat CUNP di duoc xac dinh bang cac phuong phap hoa Iy nhu UV-Vis, XRD, FT-IR,
DLS va TEM. UV-Vis cho thay cac hat CuNP c6 dinh hap phu & khoang 567 nm. Phan tich nhiéu xa tia X
cho thay hinh thai tinh thé cua cac hat CuNP 1 thudc mang tinh thé FCC trong tu nhién. Phan tich pho két
gua TEM va DLS di xac dinh dugc cac hat CuNP véi kich thude trung binh 15-30 nm.

LOI CAM ON

Chung t6i xin chan thanh cam on Khoa Cong nghé Hoa hoc, Truong Dai hoc Cong nghiép Thanh phd Ho
Chi Minh d tao diéu kién cho ching tdi nghién ctru dé tai nay.
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