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Tém tit. Trong cong trinh nay, nano vang (AuNPs) da duoc tong hop thanh cong bang phuong phap mot
budc don gian s dung chiét xut tir v trai thom (PP), mot ngudn phé thai néng nghiép de lam chét khir
cing nhu chat on dinh. Cac thong sb chinh anh huong dén tong hop PP-AuNPs, bao gdm nong do ion vang,
thoi gian phan ng va nhiét do phan Gmg dugc toi vu hoa bang quang phd hép thy tir ngoai - kha kién (UV-
Vis) voi do héap thu cuc dai dic trung cho nano vang tai 560 nm. Cac nhém chtre hitu co dong vai tro khir
c4c ion vang va on dinh cac hat PP_AuNPs duoc kiém tra bang quang phd hong ngoai bién ddi Fourier
(FTIR). Phan tich nhidu xa tia X (XRD) da xac dinh cau truc tinh thé cia PP_AuNPs. Cac phép do trén
kinh hién vi dién tir truyén qua (TEM) cho thiy cac hat PP AuNPs chu yéu c¢6 dang hinh cau véi kich thuéce
nho trong khoang 5-15 nm. Cac hat nano vang ciing da thé hién hoat tinh xuc tac kha tdt trong viéc khir
hoan toan 4-nitrophenol thanh 4-aminophenol trong 10 phat v6i hang s6 toc do phan ung 1a 0,233 phat ™.,
Tir khéa. Nano vang, tong hop xanh, vo trai thom, hoat tinh xtc tac, phan tng khir 4-nitrophenol.

GREEN SYNTHESIS OF GOLD NANOPARTICLES BASED ON EXTRACT FROM
AGRICULTURAL WASTE OF PINEAPPLE PEELS FOR CATALYTIC REDUCTION
TOWARD 4-NITROPHENOL

Abstract. Biogenic gold nanoparticles (AuNPs) were successfully synthesized by a simple single-step
method using extract from agricultural waste of pineapple peels (PP) as reducing as well as stabilizing
agent. Major parameters affecting the formation of PP-AuNPs, including gold ions concentration, reaction
time, and reaction temperature were optimized using ultraviolet-visible (UV-Vis) measurements at
characteristic maximum absorbance of 560 nm. The functional groups responsible for reducing gold ions
and capping AuNPs were examined by Fourier-transform infrared (FTIR) spectroscopy. Powder X-ray
diffraction (XRD) analysis confirmed the crystalline nature of PP_AUNPs. Transmission electron
microscopy (TEM) measurements showed that the biosynthesized PP-AuNPs were mostly spherical with
an average size of 5-15 nm. The gold nanoparticles also demonstrated excellent catalytic activity for the
complete reduction of 4-nitrophenol to 4-aminophenol in the presence of NaBH, within 10 min with
reaction rate constant of 0.233 min.

Keywords. Gold nanoparticles, biosynthesis, pineapple peel, catalytic activity, 4-nitrophenol reduction.

1. GIOI THIEU

Trong nhitng nim gan déy, linh vuc cong nghe nano ngay cang thu hut sy quan tdm nghién ctru cua cac nha
khoa hoc. Trong nhiing loai vat liéu nano day trién vong, khong thé khong nhic dén cac hat nano kim loai
quy, dac biét la nano vang (AuNPS) vi Chung dugc str dung rat sém va c6 rat nhidu ing dung trong trong
xuc tac, khang khuan, khang ndm, va cam bién sinh hoc [1-4].

Dé kiém soat kich thudc va hinh thai cta cac hat nano vang, nhiéu phuong phép tong hop tir vat Iy dén hoa
hoc dé duoc dé xuat, dién hinh 14 cac phuong phap khir héa hoc sir dung hydrazine, sodium borohydride,
acid ascorbic, glycerol nham chuyén héa ion vang thanh vang kim loai & dang kich thudc nano. Uu diém
ctia nhimg phuwong phap nay 1a thoi gian tién hanh tdng hop nhanh va d& dang nhung c¢6 han ché 16n 1a doc
tinh tir hoa chat sir dung 1am chét khir ¢6 thé anh huéng dén pham vi tng dung caa san phdm nano va viée
loai bo chiing 1a rat kho khan [5]. Ngay nay, phuong phép tong hop xanh dung dich chiét ciia thyuc vat 1am
tac nhan khir 3 nhan duoc sw quan tdm rat 16n tir cac nha nghién ciru vi phuong phap tong hop nay rat hiéu
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qué, tiém nang san xuat cdng nghiép vai chi phi thap thap, nhung cho hoat tinh sinh hoc cao, tan dung cac
nguyén liéu tir tw nhién, quy trinh tong hop don gian va than thién v6i moi truong [6]. Nhiéu cong trinh
nghién ciru bao c4o0 vé tong hop nano vang sir dung dich chiét thyc vat, nhu Lactuca indica, Fritillaria
cirrhosa [7], Jasminum auriculatum leaf [8], Commiphora wightii [9], red cabbage [10], Flammulina
velutipes [11], Euphorbia fischeriana root [12], Solanum nigurum [13].

Nhiéu nha nghién ctru bao céo rang AuNPs thé hién hoat dong xuc tac manh mé trong phan ¢ng hydro héa
céc hop chét nitrophenol doc hai thanh cac chat khong gay hai aminophenols tuong ung [14 15]. Trong s6
do, 4- nltrophenol (4-NP) thai ra chu yeu tir cac hoat dong san xudt phan bon, hoa dau va thude nhudém duge
coi 1a mot chat 6 nhiém hiru co nguy hiém trong nudc thai cong nghiép [16]. Phan tmg khir 4-NP bang dung
dich NaBH, str dung AuNPs trong vai trd cia chit xuc tac da dugc nghién ctru rong rdi [17, 18]. Can chi y
r::ing, phan tng khtr nitrophenol v&i NaBH4 khi khong cé chét xuc tac thuan loi vé mat nhiét dong, nhung
khong thuan lgi vé mat dong hoc do nang lugng hoat hoa 16n. Sy hién dién ctia cac hat nano kim loai, dac
biét 1a AuNPs, da 1am nang luong hoat hoa ctia phan g giam xudng thong qua co ché chuyén dién tir ciia
chat xuc tac, dan dén phan g xay ra voi tdc d6 nhanh hon. O ddy, ca hai ion borohydride va nitrophenolate
dong vai tro 1a chét cho va nhan dién tir trén bé mat chét xuc tac [19].

Thuec té cho thdy, ché bién thyc pham s& ludn tao ra mot lwong chat thai nhét dinh Uoc tinh hang nam, tong
gi4 tri thiét hai thuc pham ddi v6i ba dong chat thai nong nghlep 16n bao gdm ngii coe (36,1 ty USD) rau
(108,7 ty USD) va trai cdy (62, 2ty USD) [20]. Vi thé, da c6 nhiéu cong trinh khoa hoc nghién cau vé viéc
ung dung cac ngu0n phé thai ndng nghiép nay dé tong hop cac hat nano kim loai mang lai gia tri cao [21].

Nudc ép tir phan thit trai thom da duoc sir dung dé tong hop nano vang cho tng dung khang khuan [22],

nhung theo sy hiéu biét cuia chung t6i, hién nay van chua c6 c¢ong trinh khoa hoc nao cong bé viéc st dung
ngudn phé thai vo trai thom (pineapple peel, PP) dé tong hop AuNPs cho cac ing dung xac tac. Trong cong
trinh nay, chung t6i tién hanh nghién ctru tong hop nano vang tir dung dich HAUCI4.3H,0 v&i tac nhan khir
1a dich chiét tir vo trai thom, mot ngudn phé thai néng nghiép va danh gia hoat tinh xtc tac ciia AuNPs trong
phan tmg khir 4-NP bang dung dich NaBH,.

2 NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén li¢u

Hydrogen tetrachloroaurate (111) hydrat (HAuCl,. 3H20), sodium tetrahydridoborate (NaBH4) dwoc mua tir
cong ty hoa chat Acros (Belgium). 4-nitrophenol (CsHsNOs) duoc cung cip boi cong ty Merck (An o).
Tat ca dung cu thay tinh dwoc trang rira sach s& bang nudc cat trudc khi sir dung dé tranh hién twong keo
tu dung dich nano vang gay ra béi cac chat dién ly.

2.2 Pidu ché dich chiét tir vé trai thom

V6 trai thom duoc thu lwom tai khu vuc ban trai cay ¢ chg Go Vap, TP. HCM. V6 duoc rira sach dé loai
bo hoan toan chat ban, sy khé va cit thanh cac manh nho. Can khoang 100 g vé trai thom cit nho cho vao
200 mL nudc cat, dun sdi hoan luu trong thoi gian 1 gid. HOn hop sau dun dwoc lam ngudi toi nhiét do
phong, loc bang gidy loc Whatman No. 1 dé loai bo chat ran hitu co khong tan. Phan dich chiét dwoc bao
quan trong ngan mat ta lanh & 4-8 °C chuan bj cho cac thi nghiém tiép theo.

2.3 Tong hop PP_AuNPs

Qué trinh tong hop nano vang duogc thuc hién véi dung dich HauCl, va dich chiét vo trai thom theo ti 18
1:20 theo so @b Hinh 1. Sy thay d6i mau cua dung dich sau phan @mg tir mau vang nhat caa dich chiét sang
mau tim ddm chimg t6 nano vang di duoc téng hop thanh cong. Cac yéu t6 anh hudng dén qué trinh tng
hop nhu ndng do ion vang (0.5-2 mM), nhiét dé (60-90 °C) va thdi gian (45-90 phat) dugc khao sat. Cac
yéu t6 anh huong dugc téi wu hoa thong qua phép do UV-Vis véi d6 hip thu cuc dai dic trung ctia nano
vang & dinh 560 nm. Nano vang sau khi tong hop & cac diéu kién t6i wu dwoc dung dé phan tich cac dic
tinh héa Iy va nghién ciru tmg dung ctia ching.
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Hinh 1: So d6 tong hop PP_AuNPs tir dich chiét vo trai thom
2.4 Phwong phap phan tich Xac dinh dic tinh héa ly cia PP_AuNPs
Su hién dién cua cac nhom chirc ¢o trong mau nano vang va mau cao dich chiét kho dwoc phan tich bang
phuong phap phd hong ngoai bién doi Fourie (FTIR) trén may quang phd 27 Brucker Tensor (Dirc) trong
pham vi sé song 4000-500 cm™. C4u trac tinh thé cia mau nano vang duoc phan tich bang phuong phap
nhiéu xa tia X trén may Shimadzu 6100 diffractometer (Nhat Ban), hoat dong & dién ap 40 kV, dong dién
30 mA véi birc xa CuKa c6 bude song 1,5406 nm vai tde do quét 0,05 °/s, budc nhay 0.02° trong pham vi
20 tir 10° dén 80°. Hinh thai va kich thudc ctia cac hat nano vang duoc xac dinh bai kinh hién vi dién tir
truyén qua (TEM) va kinh hién vi dién tir quét (FE-SEM) trén may JEOL JEM-2100 va may FE-SEM S
4800 tuong (ng. Phan bé kich thudc hat va thé zeta dugc do bang phuong phap dong oc phan tan anh sang
(DLS) trén may Horiba SZ-100 (Nhat Ban). Cac tinh chat nhiét cta hat nano vang dugc xac dinh boi phuong
phap phan tich nhiét trong lwong (TG) hét hop phan tich nhiét vi sai (DTA) sir dung may Evo LabSys
S60/58988 (Phap). Cac mau khé duoc nung tir 30 dén 800 °C vdi tc d6 gia nhiét 10 °C/phut trong diéu
kién khi quyén.
2.5 Hoat tinh xdc tac cia AuNPs
Khao sat kha ning xtic tac cia mau PP_ AuNPs dé loai bo cac chit hitu co 4-NP bang chit khir NaBH, duoc
thyc hién trong mot cuvet tai nhiét do phong. Dung dich 4-NP (2,5 mL; 0,1 mM) duogc tron vdi dung dich
NaBH, (0,5 mL; 0,1 M), sau d6 thém vao 3 mg nano Vang dé phan g dién ra. Nano vang st dung trong
thi nghiém nay thu dugc bang phuong phép ly tim véi toc do 8000 vong/phut, sau d6 loai bo nudc rdi sdy
kho. Pong hoc cua phan tng xuc tac dugc danh gia qua phép do UV-Vis véi sy suy giam nhanh ctia 4-NP
voi do héip thu cuc dai ¢ 400 nm. Dé don gian hoa trong nghién ctru vé dong hoc xuc tac, lwong NaBH4
dugc sir dung vuot xa ndng do chit gay 6 nhiém, nén ndng d6 cua NaBH, thuc té duoc coi la khong dbi
trong sudt qua trinh phan tng. Do d6, phan mg dugc coi 1a phan tng bac mot gia kién va duge mo ta boi
phuong trinh ln(At) f(t) [15], trong d6 k 1a hang s6 tdc do, t 14 thoi gian phan tng, va [At] 1a ndng d6 chét
0 nhiém tai thoi diém khao sat. Khi xay dung duong hoi qui tuyen tmh In(At) theo thoi gian sé& thu dugc
mot duong thang va tir do dc ciia duong thang co thé xac dinh hang sb tdc do phan ung.

3 KET QUA VA THAO LUAN

3.1 Téi wu héa tong hop PP_AuUNPs

Céc thong sb tong hop bao gdm nong do ion vang, thoi gian phan ting va nhiét d6 phan tng anh hudng
manh m& dén kich thu6c ctia cac hat nano vang thu dugc. Qua trinh téi wu hoa cac théng sb nay sé gitip thu
duoc nano vang co kich thudc hop ly, dung dich c6 d9 bén viing nhiét dong cao va kho b1 keo tu hon theo
thoi gian. Trong cong trinh ndy, nong d6 ion vang duorc khao sat bang cach thay d6i nong do dung dich
HAUCl, trong khoang 0,5-2 mM trong khi cac thong s6 nhiét d6 va thoi glan 1an luot 14 90 phit va 90 °C
duogc glu cb dinh (Hinh 2(a)). Két qua cho thiy nong do ion anh huong nhiéu dén sy hinh thanh ciia nano
Vang, nong do cang tang do hap thu quang hoc cang cao. Khi dén nong d6 nhét dinh nao do thi do hap thy
bt dau giam, diéu d6 cho thiy & nong dd cao cac hat nano vang dé bi keo tu. Qua thuc nghiém xac dinh
dugc nong d¢ thich hop ctia HAUCI, dé tong hop PP_AuNPs 1a 1,5 mM.

Budrc ké tiép, dé tim thoi gian phii hop cho phan tmg , dung dich nano vang ctr 15 phit dugc mang di do
quang mot 1an, ndng do va nhiét do duogc giit ¢ dinh tai 1,5 mM va 90 °C (Hinh (2b)). Két qua quan sat &
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Hinh 2(b) cho thiy thoi gian téi vu dé tong hgp nano vang 1a 60 phut. Vi thoi gian tong hop 16n hon 60
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phut thi d6 hap thu quang hoc giam cho thay kha niang hat hinh thanh to, dé keo tu.

Cudi cuing, nhiét do phan tmg duogc khao sat trong khoang 60-90° C, sir dung ndng do va thoi gian tong hop
tuong tmg 1a 1,5 mM va 60 phit (Hinh 2(c)). Két qua cho thay nhiét d6 ciing anh hudng rat 16n dén viéc
hinh thanh céc hat nano, nhiét 4§ cang tang thi 6 hép thu quang hoc cling tang theo. Nhiét d tdt nhat dé
téng hop nano vang 1a 80 °C. O nhiét d6 cao hon, céac phan tir chuyén dong nhanh, sb va cham hiéu qua
tang nhanh dan dén hat nano tao thanh nhanh, d& bi keo tu, hat c¢6 kich thudc 16n gy giam mat d6 quang.
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Hinh 2: Phé UV-Vis cta dung dich PP AuNPs theo ndng do (a), thoi gian (b) va nhiét do (c)

3.2 Tinh chat héa ly cia PP_AuNPs
phan tich nhiéu xa tia X va FT-IR
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Hinh 3: Gian ¢6 XRD va pho FTIR ciia mdu PP_AuNPs va cao dich chiét
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Céc dic diém cau tric tinh thé ciia PP AuNPs duoc xac dinh bai gian dd XRD, trinh bay trong Hinh 3(a).
Gian dd XRD ctia mau PP_AuNPs hién thi cic peak & cac goc nhidu xa 20 lan luot 13 38,12°, 44,4°, 64,58°
va 77,6°, dic trung cho cac mit phang (111), (200), (220) va (311) cua tinh thé lap phuong tam dién Au
tuong tng voi gian 6 XRD chuan PDF ICDD 00-004-0784. Trong d6, dinh cao nhat 1a & mat (111), cho
thay cac tinh thé phat trién wu tién theo mat (111). Nhu vay, khi xac dinh chiéu rong ban dinh ¢ mat (111),
c6 thé tinh ra kich thudc trung binh cua tinh thé. Kich thude trung binh cia tinh thé dwoc xac dinh theo
phuong trinh Debye-Scherrer d = 0.9A/Bcos0, véi d 1a dudng kinh trung binh cia tinh thé (nm), ‘B’ 1a
(n/180) x FWHM (full width at half maximum - chiéu rong ban dinh); ‘A’ 1a ngudn birc xa tia X (0.1540
nm) and ‘0’ 1a goc Bragg. Theo dé, kich thudc trung binh cua tinh thé PP_AuNPs la 12,4 nm.

Két qua phan tich FTIR ctia mau PP_AuNPs va mau cao dich chiét siy kho cho thiy su xuat hién cac dai
phd & cac dinh 1034; 1101; 1410; 1632; 2923 va (Hinh 3(b)). Cé4c dinh phd ciia nano vang sau khi tong hop
bang dich chiét hoan toan twong dong véi mau cao dich chiét say kho. Pic trung cho dai phd ¢ 3272 cm™?
la sy hién dién ctia nhom chire -OH, ching t6 su tdn tai cla glucides, polyphenol va mét sd it cac phan ti
nude [23]. Pinh phd 1632 cm™ tuong tmg véi lién két C=0 cia keton [4]. Pinh & 1410 cmt ¢6 lién quan
dén lién két C = C trong cac hop chat nhan thom [24]. Céc dinh ¢ 1101 va 1034 cm™ dic trung cho lién két
C-O cua ether va nhom chuc axit cacboxyhc tuong ung [25]. Ph6 FTIR cho thiy thanh phan hiru co cta
dich chiét vo trai thom da  dong vai tro nhu mot chat 1am bén hiéu qua cho hat nano vang.

Thanh phan nguyén té ciaa PP_AuNPs

keV

Hinh 4: Pho EDX ciia PP_AuNPs

Thanh phan nguyén t6 hoa hoc ciia mau PP_AuNPs duoc phan tich bang phuong phap quang phd tan sic
nang luong tia X (Hinh 4). Bé c6 thé danh gia mot cach tuong ddi chinh xac sy hién dién cua cac nguyén
t trong hop chat hiru co cling nhu v6 co ¢6 trong dich chiét vo trai thom, mau PP_AuNPs sau tong hop
dugc lam keo ty, loc va sy khé ma khong tach qua ly tim. Phd EDX chi ra ring cac hat PP AuNPs chu
yéu bao gdm Au (8,41%) voi cac dinh dic trung & 1,74 va 2,195 keV. Carbon (11,05%) va oxy (6,0%)
cung dugc quan sat ¢ dinh 0,255 va 0,53 keV, xac nhén su hién dién cua cac thanh phan hitu co duge phu
trén AuNPs. Ngoai ra, cac nguyén to v co nhu K (35,02%) va Cl (39,01%) ctng dugc tim thay Sy hién
dién cua cac nguyén t6 K va Cl trong nhiu chiét xuét thuc vat da duoc bao cdo trong mét sb cong trinh
trudc day [26, 27].

Hinh thai va phan bé kich thwéc hat

Anh SEM, TEM cua mau PP_AuNPs duoc thé hién twong tng trén Hinh 5(a) va 5(b), cho thiy cac hat nano
vang c6 dang hinh cau véi kich thudc hat nho trong khoang 5-15 nm. Phéan b kich thudc hat trong dung
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dich PP_AuNPS (Hinh 4(c)) da chi ra ring, duong kinh dong hoc trung binh cua hat PP_AuNPs la 69,1
nm, l6n hon rat nhiéu so véi kich thuéc hat chup bang phuong phap TEM. Sy khac bi€t nay ching to rang
c4c hat PP AuNPs di dugc bao phu bai mét 16p chat hiru co day, giap cac hat tranh bi keo tu. Thé zeta cua
dung dich PP_AuNPs duoc xac dinh biang -18,2 mV (Hinh 4(c)). Nhu vy, c6 thé két luan rang ton tai song
song hai co ché giup bao vé cac hat PP_ AuNPs.. Co ché thir nhat dya vao hiéu tng khong gian, 16p chit
hiru co bao boc bén ngoai hat nano vang dong vai tro nhu 16p 40 bao vé, giup cac hat nano khong dinh lai
v6i nhau. Co ché thir hai dya trén tuong tac tinh dién giita cac hat nano, cu thé la cac hat PP_AuUNPs cang
tich dién &m s& day nhau, han ché hién tuong keo tu. Trén thuc té, nho co ché bao vé tich hop nay ma dung
dich PP_AuUNPs sau khi tong hop cé thé bén viimg hon mét tuan ¢ ngay nhiét do phong.
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Hinh 5: Anh SEM (a), TEM (b), phan b6 kich thudc hat (c), va thé zeta caa dung dich PP_AuNPs

Phuong phap TG/DTA di duogc sir dung dé xac dinh tinh chat nhiét cua mau PP_AuNPs (Hinh (6)). Mau
PP_AuNPs sau tong hop duoc mang di ly tam dé loai bo cac thanh phan vo co tan trong nurdc, sau d6 say
kho. Trong giai doan dau, khdi lugng nano vang giam gan 6% tuong ung véi dinh peak thu nhiét ¢ 89°C
c6 thé giai thich 1a do su bay hoi ctia cac hop chat hitu co va cta hoi nudce. Giai doan sau trong lwong mau
PP_AuNPs giam tiép 22% (peak toa nhiét & 306 °C) va cudi cung giam 14,1% (peak toa nhiét 495 °C). Su
giam khdi lugng trong giai doan sau la do phan hay nhiét (sw oxy héa) cua cac hop chét hitu co bao boc
bén ngoai nano vang. Nhu vay, lwong vang trong mau PP_AuNPs chiém 53%. Su phan huy nhiét ciia cac
phan tir hitu co trén bé mit cia cac hat nano vang khang dinh rang cac hop chit hitu co c¢6 trong dich chiét
tir vo trai thom dong vai tro quan trong trong viéc khir cac ion vang va on dinh cta céc hat nano vang tao
thanh.
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Figure : 1 Experiment : Sample NPs- AU (Minh Thanh) Atmosphere : 1:Air
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Hinh 6: Puong cong TG va TGA cua mau PP_AuNPs

3.3 Kha nang xitc tac cia PP_AuUNPs

Sau khi thém dung dich NaBH4 vao dung dich 4-NP mau vang, mau cta dung dich chuyén sang mau vang
dam va dinh cuc hip thu dai ghi nhan & budc séng 400 nm do sy hinh thanh ion 4- nitrophenolate trong
kiém trung binh, mic du phan tmg phén huy khong xay ra. Ngay khi b sung nano vang vao hon hop phan
mg, mau cua dung dich dan dan nhat di va bién mat. Quang phd UV-Vis vé sy thay do6i vé do hap thu
quang hoc ctia hdn hop phan wng theo thoi gian duoc trinh bay ¢ Hinh 7(a). Su giam dan cta d6 hip thu &
dinh 400 nm va su xuét hién dinh méi cao dan ¢ budc song 300 nm chimg t6 qua trinh phan hay 4-NP dang
xay ra dé tao thanh 4-aminophenol (4-AP). Két quéa cho thiy sy phan hily 4-NP véi xuc tac nano vang da
dugc hoan thanh trong 12 phut véi bang chimg tir sy hdp thu quang hoc gan nhu biang khong tai dinh 400
nm dic trung ciia 4-NP. Mdi quan hé tuyén tinh giita LnA va thoi gian phan tng di xac dinh hiang sb toc
d6 phéan tng k = 0,233 phat? (Hinh 7(b)).
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Hinh 7: Phd UV-Vis khao sat phan ing xic tac (a) va duong hoi quy tuyén tinh Ln(A) theo thai gian (b)
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4 KET LUAN

Toém lai, cac hat nano vang hinh cau c6 kich thudc hat trong khoang tir 5 dén 15 nm da duogc sinh tong hop
thanh coéng bang phuong phap tong hop xanh ma khong sir dung bét ky chat khir va chat 6n dinh thwong
mai dit tién nao. Cong trinh nay da chimg minh hiéu qué cta dich chiét tir vo trai thom - nguon phé thai
ndng nghiép trong viéc khir cac ion vang va lam bén cac hat nano vang tao thanh. Céc hat keo nano vang
phan tan t6t trong moi truong nude va on dinh trong dung dich hon mot tuan. Cac hat PP AuNPs thu dugc
ciing thé hién hoat tinh x(c tac manh m& déi véi phan tng khir 4-NP. Do d6, cac hat PP_ AuNPs sinh tong
hop c6 thé duge coi 1a mot chat xic tac hi¢u qua than thién véi méi truong wng dung trong xir Iy cac chat
6 nhiém hitu co.
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