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SUMMARY

SYNTHESIS OF CITRIC ACID COATED Ag-CoFe; O, NANOMATERIAL FOR
APPLICATION IN BIOMEDICAL FIELD

In this study, we focus on the synthesis of citric acid (AC) coated silver-cobalt ferrite nanoparticles (AC
coated CFO.Agx NPs, note as CAx NPs) by hydrothermal method combined mechanochemical ligand
exchange process. The structure, morphology and magnetic properties of CAx NPs were characterized
by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), and vibrating sample magnetometer (VSM). The solubility and stability of some CAx NPs
solution have been investigated, aqueous solution of 1 mg/mL CAOQ.2 are stable in neutral medium for
up to one month. CAx NPs were evaluated the antibacterial ability by disc diffusion test (Kirby-Bauer
method) against Gram-negative Pseudomonas aeruginosa (PA) and Gram-positive Staphylococcus
aureus (SA) bacterial in vitro. At the same concentration of 0.25 mg/mL, the antibacterial activity of
samples depended on the ratio of Ag doping: The zone of inhibition diameter for SA and PA increased
as the Ag content gradually increased from x = 0.05 to 0.2 and decreased slightly as further increased
pass to 0.2. The largest zone of inhibition diameter for SA and PA of CA0.2 NPs are 32 and 36 mm,
respectively. The hyperthermia studies showed that the CA0.2 NPs was highly suitable for magnetic
hyperthermia applications.

Keywords: Citric acid coated CFO.Agx NPs, Hydrothermal method, Mechanochemical lihand
exchange, Antibacterial ability, hyperthermia.

1. PAT VAN PE hai ngudn sinh nhiét chinh dang dwgc nghién
Ung thu dang 1a cin bénh nan y cua y hoc hién ctu la chuyén héa tir - nhiét va chuyén hoa
nay. Cac phuong phap diéu tri ung thu phd quang - nhiét [1]. CAc vat ligu chuyén hoa
bién 1a phau thuat, héa tri va xa tri. Viéc tim quang nhiét 1a cac vat liéu c6 kha nang hap thu
kiém céc ligu phap méi van lubn thu hat sy budc song dai va cd kha ning chuyén hoa
quan tam ciia cac y bac si, cac nha khoa hoc. quang nang thanh nang luong nhiét, da c6 mot
Trong do6, nhiét tri dang 1a mot liéu phap co s6 nghién ciru nhu vang, mot sé kim loai
nhiéu tiém ning cao. Pay la phuwong phap dung chuyén tiép, kim loai hiém, vat liéu carbon, céc
nhiét dé tiéu diét té bao ung thu ma cac té bao chat mau hiru co phan tir lugng nho, polymer
lanh khéng bi anh huong. Nhiét nay duoc ban dan hay melamin [2]. Tuy nhién, diy la
truyén tir mot thiét bi tir bén ngoai co thé hay linh vuc ma van chwa co6 nhidu nghién cau.
tir mot ddu do dat trong khdi u va két néi vei Céc vat liéu dugc nghién ctu chuyén héa tir
mot thiét bi diéu khién bén ngoai. Hién nay c6 nhiét chinh hién nay la oxit sit, cac ferit kim
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loai va céc vat liéu bién tinh cua chdng, trong
do6, CoFe,04 (CFO) dugc quan tam nghién ctru
do nhiéu wu diém vuot troi vé do bén vat ly va
bén hda hoc ciing nhu tir tinh cua chang [3].
Céc nghién ciu da khang dinh CFO & kich
thudc hat nho, (dudi 15 nm), siéu thuan tur, co
kha ning chuyén hoa tir nhiét tét. Hon nira,
CFO con c6 kha ning khang khuan cao [4],
[5]. Kha ning khang khuan va chuyén hoa tir -
nhiét cua CFO da duogc ting cudng biang viéc
doping bai mot sé thanh phan héa hoc khéc
nhu Ag [6], Zn [7], Ni [3], ... CFO con dugc
nghién ciru bién tinh bang cac 16p pha hitu co
nham tang tinh tan dugc trong nudc cua vat
lieu (vi CFO khong tan) nhu Albumen [8],
polyvinylpyrrolidone, polyethylene glycol [9],
axit citric [10], Aminodextran [11], ... .

Tir rdt sém, Ag cing véi Au, Cu, Zn di duoc
biét dén l1a cac chat khu trang hiéu qua [12].
Ag da duoc nghién cau tao lop phu khang
khuan trén bé mat gém va thuay tinh [13], 1én
vai quan phuc [14] hay lam tac nhan doping
vao nhiéu chat khac nhau nham lam ting kha
ning khang khuén, giy doc té bao ung thu cua
chat d6 nhu ZnO [15], Fe,Os [16], vat liéu
carbon [17], CuO [18], ... Hon nira, Ag c6 kha
nang hip thu &nh séng trong ving anh sang
thuong, ¢6 thé tro thanh tac nhan chuyén hoéa
quang — nhiét.

Viéc doping kim loai (Ag) Ién vat liéu CFO da
thuc hién theo mot sé quy trinh khac nhau: (1)
tong hop 1 giai doan: hdn hop mudi Ag(l),
mubi Co (I1) va mudi Fe(l11) dugc dong két taa
bang kiém [19], [20] hay tao solgel roi dét
chay ¢ nhiét d6 cao (khoang 400-700°C) [21],
[22]; Quy trinh nay don gian nhung dé hinh
thanh hé hon hop hai pha: pha Ag doping vao
tinh thé CFO va composite giita CFO va Ag
tinh thé. (2) tong hop hai giai doan: trugc tién
CFO duoc tdng hop theo mot sé phuong phap
nhu ddng két tua, solgel, thity nhiét, nhil tuong,
sau d6 CFO duoc dung 1am tién chat thyuc hién
giai doan hai la qud trinh oxi hoa Ag* trong
dung dich c6 mit CFO bang chit khir nhu
NaBH, [23], bang &nh sang tir ngoai [24] hay
bang nhiét — dét néng & nhiét do cao [25] trong
mbi trudng Kiém rugu hoic dung méi hitu co;
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Quy trinh nay thuong tao ra dugc hiéu (ng
phan tan Ag trén bé mat CFO khé tét. Viéc tao
I6p pha nhim ting tinh tan ciia CFO ciing
dugc tién hanh bang mot sé phuong phap nhur
phan tan [8], trao ddi nhiét [26] hoic trao ddi
co - héa hoc [10]. Hau hét, cac qua trinh boc
nay da cho két qua tét véi CFO, nhung boc cho
vat lieu CFO/Ag thi c6 rat hiém tai liu cong
bd.

Trong nghién ctu nay, ching t6i da Iua chon
quy trinh don gian tong hop hé vat ligu
CFO/Ag boc axit citric. Truéc hét, CFO dugc
t6ng hop thuy nhiét trong méi truong kiém &
180°C trong mdi truong nudc trong khoang 3
gio c6 mat chat hoat dong bé mat axit oleic;
tiép theo, Ag* dugc khir bang dén UV ¢ nhiét
do thuong két tua 1&n bé mat CFO; sau do, 16p
boc axit oleic dugc thay bing axit citric theo
phuong phap trao ddi phéi tir co-hoa hoc ciing
& nhiét do thuong. Axit citric 12 mot héa chat
lanh tinh, ré, cd thé con chiét tach duoc tir qua
chanh. Vit liéu duoc nghién ctu cac dac trung,
theo doi do bén hoa tan, danh gia kha ning
khang khuan va kha nang chuyén héa tir - nhiét
va quang - nhiét.

2. THUC NGHIEM

2.1. Hoa chat

Céc hoa chit sir dung 1a cac héa chat tinh khiét
mic do phan tich, duogc san xuat boi héng
Xilong, Trung Quéc: Silver nitrate (AgNO3),
cobalt nitrate (Co(NOs)2-6H20), iron nitrate
(Fe(NOs)3-9H,0), sodium hydroxide (NaOH),
axit oelic , axit citric, axit clohydric (HCI),
nuée cit , con 98°, n-hecxan (CeHis), moi
truong LB tryptone dugc dung trong danh gia
kha nang khang khuén.

2.2. Téng hep va dic trung vit ligu nano
CFO gin Ag boc axit citric

Hoa tan 0,005 mol Co(NOs), va 0,01 mol
Fe(NO3)s trong 20 ml nuéce cit trén may khudy
tr (dung dich A); Hoa tan 0,5 mL axit oleic
vao 50 mL dung dich NaOH 1 M ¢ 60°C trong
30 phdt (dung dich B); Tiép d6 nho tir tir timg
giot dung dich A vao dung dich B ¢ 60°C trén
may khudy tir, nho xong duy tri 15 phdt roi
chuyén toan bd hé vao binh teflon dat trong hé
thiét bi thuy nhiét bang thép khong gi, gia nhiét



t6i 180°C va u 3 gio rdi 1am ngudi tu nhién vé
nhiét do phong, loc ldy phan két taa, rira 2 1an
bang con 95° rdi rira dén trung tinh bang nudc
cét, sdy t6i khd hoan toan thu dwoc san pham
ky hiéu 1a CFO.AO. Tiép theo 2,5 g CFO.AO
dugc phan tan toi ddng nhét trong 50 mL nuéc
cat (dung dich C); x mol AgNOs (x lay gan
dung bang 0,1; 0,2; 0,5; 1; 2 va 4 lan s6 mol
CFO.AO) duoc hoa tan hoan toan trong 20 mi
nudc cat (dung dich D), nho tir tir ting giot
dung dich D vao dung dich C trong diéu kién
c6 khudy va chiéu sang bang dén UV (budc
séng 254 nm, cong suat 11W) trong 60 phdt,
dung dich s& chuyén tir mau den sang mau
xam, chung to Ag da dugc hinh thanh, ¢ ling,
loc 1y phan két tua, rira lai bang nudc cat, say
khd, thu dugc san pham ky hiéu 1a ky hiéu la
CFO.Agx.AO. Tiép theo, 1g CFO.Agx.AO
dugc hoa tan trong 10 mL n- hexan trén c6i ma
ndo, thém tiép vao cdi 5 g axit citric, ding
chay ma ndo nghién min axit citric va phan tan
t6i ddng nhat, tiép tuc nghién déu dén dung
moi bay hoi hoan toan thu duoc bt nhéo déo,
phan bot nay duoc rira 3 1an bang con 95° rdi
rira lai bang nudc toi moi truong trung tinh sy
khé, thu dugc vat lisu bot CFO gén bac boc
axit citric CFO.Agx.AC, ky hiéu ngin gon la
CAX, bao quan dung cho cac nghién ciru tiép
theo.

CAX dugc danh gia dic trung bang méay nhidu
xa tia X Bruker AXS X-ray (XRD) (Khoa Héa
truong DH Khoa hoc, PHTN), kinh hién vi
dién tr quét SEM (vién Khoa hoc Vit liéu,
Vién Khoa hoc va Céng nghé Viét Nam), kinh
hién vi dién tur truyén qua TEM (Vién Vé sinh
dich t& Trung wong) va tir ké miu rung (vién
Khoa hoc Vit liéu, Vién Khoa hoc va Cong
nghé Viét Nam)

2.3. Panh gia kha nang ng dung

Ddnh gia kha ndng tan va dé bén dung dich:
CA0.2 va CA1 dugc hoad tan & ndng do 1
mg/mL trong nuéc voi nén 1a cac dung dich
NaCl néng d6 150 mM, 175 mM, 200 mM,
225 mM, 250 mM, 275 mM va nén pH
2,5,7,9,11, dua 1én may lic 30 phut sau d6 dé
yén theo doi, ghi lai hinh anh miu va do thé
dién dong hoc zeta sau cac méc thai gian 1 gio,
1 ngay, 1 tuan va 1 thang.
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Panh gid kha ndng khdng khudn: Céc mau
CAX duoc hoa tan trong nuéc ¢ nong do 0,25
mg/mL, ding dé danh gia kha niang khang vi
khuin P.aeruginosa va S.aureus bang phuwong
phap khuéch tan dia thach (Khoa Sinh truong
Pai hoc Su pham Thai Nguyén). Kha ning
khang khuan dya vao kich thuéc vong khang
khuan hinh thanh.

Pdnh gid khd ndng chuyén hoa quang — nhiét
va tir - nhiét: Mau CFO va CA0.2 ndng do 1
mg/mL duoc dung danh gia kha ning chuyén
hoa tir - nhiét va quang — nhiét trén thiét bi
chuyén dung UHF-20A (Chengdu JinKeZhi
Electronic) cua Vién Khoa hoc Vit liéu, vién
Khoa hoc va cong nghé Viét Nam. Mdi phép
do tién hanh 3 l1an lay gia tri trung binh.

3. KET QUA VA THAO LUAN

3.1. Pac trung vat liéu

CAu tric pha tinh thé cua cac mau CAXx duoc
xac dinh bang phuong phap nhidu xa tia X,
gian d6 phé thé hién trong hinh 1.

Tur hinh 1 cho thdy: Gian do nhiéu xa tia X cua
hé vat lieu CFO va CAXx véi x = 0.1 dén 1.0
mang hai dac trung: (1) nhém cac peak tai cac
vi tri goc 2 theta: 31°; 36°; 42,8°; 53,5°% 56,8°;
62,6° twong wng VGi cac mat tinh thé (220),
(311), (400), (422), (511) va (440) trong ciu
tric spinel 1ap phuong cua tinh thé CFO, triing
khép phéd chuan JCPDS 22-1086, xac nhan su
hinh thanh tinh thé CFO trong cadc mau vat
liéu. (2) nhém gom céc peak nhidu xa tai vi tri
goc 2 theta: 38,0°; 44,2° 64,1° va 77,1° tuong
ung vai cAc mat mang lap phuong tdm dién
(111), (200), (220), (311) cua Ag (phd chuén
JCPDS 004-0783); Cac peak nay xuit hién
cang rd rét khi ham lwong Ag trong mau ting,
trong khi vi tri cac peak nhiéu xa trén miu
CAx khong thay ddi so véi cac peak twong tng
cua CFO, ching to Ag khdng ton tai dang ion
Ag* nam trong mang ludi tinh thé CFO ma chi
hinh thanh tinh thé bac kim loai doc lap trén bé
mat CFO. Riéng phd db cua CFO.Ag2 xuat
hién thém mot peak la & 20 = 34,34° va phé do
ciia CFO.Ag4 gom rat nhiéu peak la, chung to
& ham luong Ag tir x=2 tré 1én bit dau xuit
hién tap chit. Kich thudc tinh thé trung binh
tinh toan dugc theo phuong trinh Scherrer cua
CFO lan luot 13 12,1; 15,25; 16,41; 17,19;
17,25 nm va 18,20 khi x = 0; 0,1; 0,2; 0,5; 1 va
2 con cua Ag tuwong ung la 0; 22,32; 21,22;
19,53; 17,95 va 20,70 nm. Kich thuée nay thay



dbi theo quy luat trir Ag & mau CA2 ching to
do su thay doi vé cau tric cua hé (bat dau xuat
hién tap chat).

Intensity (a.u)
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2 theta (degree)

Hinh 1. Gian do nhiéu xa tia X cac mau CAx
Dic diém hinh thai cua vat liéu va su phan b
kich thuéc hat cac mau CFO, CAO0.2 va CA1l
dugc nghién ciru théng qua anh SEM va TEM
(hinh 2a,b,c). Hinh 2a cho thdy: Cac hat CFO
c6 dang hinh lap phuong véi kich thude tuong
dbi dong déu, trong khoang tir 15 - 20 nm
(trung binh 18,75 nm). Khi gin thém bac (hinh
2b, 2c), céc hat c6 su thay déi kich thudc va
xuat hién cac hat c6 do dam nhat khac nhau.
cac hat mau dam (den) chinh la Ag, cac hat
mau sang duoc cho la CFO. Mat d6 cac hat Ag
trong mau CAO0.2 nho hon nhidu so véi miu
CAl. Cac hat CA0.2 c6 kich thuoc hat kha
ddng déu va nho hon CFO, trung binh 1a 15,63
nm. Kich thuéc hat trong mau CAL phan bd
kém dong déu hon, c6 hién tugng cac hat Ag bi
két dam, kich thudc hat trung binh khoang
20,00 nm; Két qua nay cho thiy kich thudc hat
tang khi ting ndng do cua bac, tuy su ting
khong 16n; va cd su phi hop nhét dinh voi két
qué phan tich tir phd XRD.

Y
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Hinh 2. Anh SEM va TEM vt liéu CFO (a),
CAO0.2 (b) va CAL (c) va duwong cong tir héa
cac mau CAx (d)
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Puong cong tir hda cia cac mau CAx duoc ghi
tai nhiét @6 phong trong khoang + 11 KOe boi
tir ké mau rung (VSM) duogc biéu dién trén
hinh 2d. D& nhan thiy: Puong cong tir tré cua
vat lisu CAX (0,1 < x < 2) c6 tir do bao hoa
Ms giam dan so véi CFO khi tang dan ham
luong bac trong khi lyc khang tir thay doi
khong dang ké, ching té su gan Ag trén bé mat
khéng anh huong dén ban chit lyc khang tir
cua CFO, tir d6 bdo hoa va tir du giam chu yéu
do lugng CFO trong mau do giam boi su gia
tang ham luong bac.

3.2. P§ bén hoa tan cia dung dich CAx/H20
theo thai gian.

Do bén cua dung dich CA0.2 va CA1 1 mg/mL
trong cac mdi trudng khac nhau thé hién trén
hinh 3 va hinh 4.
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Hinh 3. D¢ bén phan tan trong dung dich NaCl
theo thoi gian : 1-150 mM; 2-175 mM; 3-
200mM; 4-225mM; 5-250mM; 6-275mM va
két qua do thé dién déng hoc zeta
Tir hinh anh quan sat thyc té ghi lai va gié tri
thé dién dong hoc zeta cho thay: cac dung dich
CAO0.2 va CA1 nong d6 1 mg/mL trong dung
dich NaCl ndng d6 150 — 275 mM bén toi 1
tuan, khi dé tinh t6i 1 thang ciing méi bi sa
ling mot phan. Trong khi d6, trong méi trudng
c6 pH khac nhau thi chi cac dung dich tai pH
=7 va 9 m¢i bén t6i 1 thang, cac dung dich



khac déu bi sa ling véi téc do khéc nhau khi
theo ddi t6i 1 thang. Tur gia tri thé dién dong
hoc zeta cho thiy: Tht nhit, thé zeta cua cac
mau déu &m, chung t6 bé mat CFO.Agx déu
mang dién am. Thu hai: thé zeta cua cac miu
déu giam theo thoi gian, tuy nhién, véi cac
mau khac nhau thi d6 giam khéc nhau, bén
nhét 1a céc dung dich & pH = 7, téi 1 thang thé
zeta van chi giam rat it trong khi ¢ cac pH thap
hozc pH cao thi thé zeta déu giam rat manh, d¢
giam thé zeta cua céc dung dich trong nén
NaCl céc ndng do khéc nhau véi pH xép xi 7
giam nhanh hon khi ¢ pH nay nhung khéng cé
mat mudi NaCl. Ta biét, gia tri thé zeta cang
I6n (cang am), hé cang bén. Nhu vay, véi diéu
kién co thé nguoi (NaCl 170185 mM, pH =
6,5+9) thi cac dung dich nghién ciru c6 thé bén
t6i 1 thang. Day la diéu kién thuan loi dé tng
dung vét li¢u trong linh vuc y sinh.

CA0.2

12 3 4 5

H‘”’i .5 ¥

1 2 3 45

1h

1 ngay

CA02 CcAl

1 tuan

1 thang

-5 —m— CA0.2/pH5
—8— CA0.2/pH7

| —A— CA0.2/pH11
—¥— CA1/pH5
—&— CA1/pH7

15| —4— CA1/pH11

25l
1h 1 ngay 1 tudn 1 thang
Thoi gian
Hinh 4. D¢ bén phan tan cia CA0.2 va CAl
trong dung dich pH kh&c nhau theo thoi gian:
1-pH 2; 2-pH 5; 3-pH 7; 4-pH 9;5-pH 11 va két
qud do thé dién dong hoc zeta
3.3. Ung dung cua vat ligu

Thé zeta (mV)
®
o
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3.3.1. Khd ning khdng khudn

Céc mau tdng hop dugc tién hanh thir nghiém
kha ning khang vi khuin P.aeruginosa va
S.aureus & ndéng do 0,25 mg/mL theo phuong
phép khuéch tan dia thach. Két qua thé hién
trén hinh 7 va bang 1.

Hinh 5. Kha ndng khdng khudn S.aureus (SA)
va P.aeruginosa (PA) ciia cAc mau CAX nong
do 0,25 mg/mL.

Két qua cho thay: cac mau CFO c6 va khong
gan Ag boc AC déu c6 kha ning khang
P.aeruginosa va S.aureus; trong d6 hiéu qua
giam nhe theo tha tu: CA0.2 > CA0.1 > CA0.5
> CA1 > CA2~CFO, kha ning khang vi khuin
P.aeruginosa cao hon so véi vi khuan
S.aureus. Diéu nay c6 thé 1a do d6 day cua lop
peptidoglygan cia vi khuan P.aeruginosa
mong hon so v6i khuan P.aeruginosa [27].
Céc nghién ciru da cong bd trude do ciing da
X&c nhan sy cai thién dang ké kha nang khang
khuan cua hé vat liéu nano t6 hop Ag-CoFe,0q
S0 Vi cac vat liéu don 1€ [2], [25]. Tuy nhién &
mau CA1 va CA2 c6 su giam nhe kha ning
khang khuan P.aeruginosa so véi CFO, day la
mau ma pho nhidu xa tia X cho thay da c6 mat
tap chit, ddng thoi c6 su két tu cac hat lam
kich thuéc hat (Ag) ting déng ké, cd thé lam
giam hiéu qua khang khuén. Kich thuéc va anh
TEM déu cho thiy, mau CA0.1 va CA0.2 ¢6
thé da dat dwoc sy phan tan Ag va CFO tét hon

ca.

3.3.2. Khd nding chuyén héa quang, tir thanh
nhigt cia vt ligu CAx

Kha nang chuyén héa tir - nhiét va chuyén héa
quang — nhiét cia CFO va CA0.2 ndng do 1
mg/mL dwoc biéu dién trén hinh 6.



Vi CFO, d6 tang nhiét d6 sau 1000 s la 19°C.
Tuy nhién, chi trong 55s dau tién, nhiét do da
tang tr 22°C 1én 27,4°C (khoang hon 5°C). Vi
CAO0.2, hiéu ttng quang — nhiét khdng manh,
chi 1am nhiét ¢ mau tang tir 25°C 1én 28,2°C
sau 490 gidy ma khéng tang; hi¢u ung tu -
nhiét sau 1000s thi tang 16,1 °C, giam so véi
mau CFO khoang 15%. Tuy nhién, khi tac
dong ddng thoi tir va quang 1én mau, thi sau
1000s, nhiét do tang 24°C, ching to 6 su tac
dong cong huong gitra tac dong quang — nhiét
va tir - nhiét trong mau. Tuy nhién, su gia ting
nhiét 1a tir tir trong sudt thoi gian tac dung chir
khong ting nhanh & giai doan dau nhu CFO.
Nhu vay, viéc dua thém Ag vao cau tric CFO
d3 1am tang kha nang chuyén héa tac dung tir
va quang thanh nhiét cua vat liéu, viéc boc
CFO bang axit citric 1am ting d6 lanh tinh cua
vt liéu 1én dang ké so véi viéc s dung CFO
thong thuong.

pryn CFO.CA

a0l CAO0.2 tng

CAO0.2 Quang --> nhiét
20 CAO.5 tr -->nhiét
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@
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Hinh 6. D¢ tang nhiét dé theo thoi gian tac
déng tir va qung 1én mau CFO va CA0.2

4. KET LUAN

Trong nghién ctu nay, vat liéu CFO gin Ag
dugc boc bang axit citric da dwoc téng hop
thanh cong vai nhitng hda chat va thiét bi kha
don gian, vat ligu khong lan tap chat, kich
thuac nano (15-20 nm). Bac biét, vat liéu tan
trong nuéc, bén trong cac méi truong NaCl
150 — 275 mM va pH 7 dén 9 t6i 1 thang, day
la tinh chat quan trong dé vat liéu dugc xem
xét ung dung trong linh vyc y sinh. Ngoai ra,
vt liéu c6 kha niang khang khuén cé tét dbi véi
tryc khuan ma xanh va ty cau vang
(P.aeruginosa va S.aureus), tét nhat 1a ¢ ty 1¢ 1
CFO: 0,2 Ag, kich thuéc vong khang khuin
dat 32 va 36 mm ¢ nong do vat lieu 0,25
mg/mL. Vat liéu c6 kha nang cong huong tét
gitra hai hiéu tng tir - nhiét va quang - nhiét,
hiéu qua ting nhiét do tot hon so vai khi vat
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lieu khong c6 mat Ag. Cac két qua nay la
nhitng co s& ban dau cho thiy kha ning ung
dung CFO gan Ag boc axit citric trong linh vic
y sinh.
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