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Tém tit. Trong nghién ciru nay, cac hat nano bac (AgNPs) duoc tong hop bang phuong phap xanh va don
gian, str dung chiét xuét tir Hoa Ngau (Aglaia duperreana) lam chét khir ciing nhu chét 6n dinh. Thoi gian
phan tng 30 phut, nhiét d6 90 °C va néng d6 ion bac 1a 1,0 mM duoc xéac dinh 1a diéu kién tot nhat dé téng
hop AgNPs. Phan tich XRD da xac nhan cAu tric lap phuong tdm mat c6 d tinh thé cao cua vat liéu nano
Ag sinh tong hop. Cac hat AgNPs c6 dang hinh cau voi kich thudc trung binh tinh thé 1a 20 nm, dugc xac
nhan boi phép do FE-SEM. Su hién dién va vai trd quan trong cta cc phan tir hiru co trong viée 6n dinh
cac hat nano da dugc lam sang to béng cac ky thuat FTIR, EDX va DLS. Cac hat AgNPs dugc tiép tuc khao
sat ing dung lam vat lidu xtc tac trong phan tmg phan hity Methylene Blue (MB). Két qua nghién ctru da
ching minh ring cic hat AgNPs thé hién hoat tinh xuc tac cao trong viéc chuyén d6i MB boi NaBH,. Tai
nhiét d6 30 °C, viéc khir hoan toan MB c6 thé dat dugc trong 10 phut boi xuc taic AgNPs voi h?mg s6 tde
d6 bac mot biéu kién 1a 1,87.103 s va nang lugng hoat hoa 15,01 kJ.mol ™.

Tur khoa: Nano bac, tong hop xanh, Aglaia duperreana, hoat tinh xtic tac, Methylene Blue.

1. GIOI THIEU

Trong nhitng ndm gan day, cong nghé nano dya trén san xuat vat liéu & cip do kich thudc nano da thu hit
duoc nhiéu su quan tam, cht y tir cac nha khoa hoc, do chiing c6 cac dac tinh vat 1y va hda hoc ddc ddo nén
dugc ung dung thanh cong trong nhiéu linh vuc cong nghiép. Trong sé do, cic hat nano bac (AgNPs) di
thu hut dugc sy quan tam trong nhiéu tng dung, nhur trong y hoc, xtic tac, thiét bi quang hoc, cam bién sinh
hoc va xtr ly nuéc do cac déc tinh tha vi cia chiing, chéng han nhu hoat dong xuc tac va khang khuén cao,
tinh tro hoa hoc, hoat tinh quang dién héa tdt, tinh twong thich sinh hoc va tong hop don gian [1-3]. Mot
trong nhimng tmg dung ndi bat nhat cia AgNPs dang duogc sir dung nhu mot chat xtic tac hidu qua dé xu 1y
cac hop chat hiru co [4]. Dién tich bé mit cao va do dan dién tuyét voi ciia AgNPs lam cho chiing tré thanh
chat xtc tac hiéu qua cho qua trinh khir nay, trong d6 AgNPs hoat dong nhu mot chit trung gian dé chuyén
cac dién tir tir chat khir sang cac phén tir hitu co khi ca hai loai déu dugc hap thu trén bé mit chat xic tic [5].

Do tng dung rong rii cia AgNPs trong mot sd linh vuc quan trong, AgNPs da duoc san xuat rong rii trong
nhitng nim gin day. Cac phuong phap vat Iy va hoa hoc khac nhau da duoc sir dung dé tong hop AgNPs
[6]. Tuy nhi€n, chi phi cao va sy phuc tap cia qua trinh tong hop cling voi viée str dung cac hoa chét ddc
hai da han ché sy pho bién ctia cac phuong phap nay. Trong nhitng ndm gan day, phuorng phap tiép can
xanh str dung chiét xudt tir thuc vat da dugc ua chudng dé tdng hop AgNPs, vi tinh don gian, an toan, than
thi€n v&i moi truong va hiéu qua vé chi phi [6]. Hon nita, cac phan tir sinh hoc hién dién trong thuc vat co
thé dong vai tro df”)ng thoi 1a chat khir va chat 6n dinh, thé hién khia canh hoa hoc xanh trong qui trinh téng
hop AgNPs, trong khi cac phuong phap hoa hoc can cac chét khir va 6n dinh 1a cac hoa chat cong nghiép
doc hai. Mot s6 loai thyc vét dd duge st dung thanh cong dé tong hop AgNPs véi kich thudce va hinh dang
da dang nhu Basella alba [7], Caulis Spatholobi [8], Codonopsis pilosula [5], Limnophila rugosa [9],

Eriobotrya japonica (thunb.) [10], Holoptelea Integrarifolia [11], vv... Nguoi ta nhin thay rang sy da dang
trong cac thanh phan hiru co trong chiét xuat ctia thyc vat c6 thé dan dén su khac biét vé dac tinh céu trac,

tinh dan dién va xuc tac cua cac AgNPs téng hop duge. Do d6, cic ngudn thuce vat méi va cac ing dung
tiém ning ctia AgNPs sinh hoc lién tuc dugce kham pha.

Trong nghién ctru nay, chung t6i 1an dau tién sir dung hoa Ngiu Aglaia duperreana - mot thanh phan tao
huong thom trong tra, dé ché tao thanh cong AgNPs. O Viét Nam, Aglaia duperreana moc dang bui cao toi
3,6 mét. Hoa Aglaia duperreana dugc nhiéu nguoi biét dén nhu mot thanh phan gin lién voi nghé thuat
thuong thirc trd huong. Thanh phan héa hoc cua Aglaia duperreana gdom aloe-emodin, umbelliferone,
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scopoletin, ethylacetate, quercetin, gallic, caffeic, and chicoric acids [12]. Do chira nhidu hoat chit c6 tinh
Kkhr va cac chat c¢6 kha nang lam bén hat nano tao thanh, viéc sir dung chiét suat tir hoa Aglaia duperreana
de tong hop AgNPs c6 thé s& lam ting hoat tinh xiic tic ctia cac hat nano nay. Cac thong s6 tong hop, bao
gdm nong d6 ion kim loai, thoi gian phan ng va nhiét do, duoc t6i wu hoa dé tim ra diéu kién tong hop t6i
uu. Cac hat AgNPs sau khi tong hop ¢ cac diéu kién tdi vu duoc dic trung bdi cac ky thuat thiét bi phan
tich hién dai, gdm SEM, XRD, FTIR, EDX, sau d6 dugc khao sat hoat tinh xuc tac ddi voi Methylene Blue
va xac dinh nang luong hoat héa ctia phan Ung.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén liéu

Natri borohydrid (NaBHa, > 98,0%), Methylene Blue (C16H1sCINsS, > 98%), bac nitrat (AgNOs, 99,85%)
dugc mua tir cong ty hoa chat Himedia (An D). Hoa Aglaia duperreana kho co ngudn gbc tir Tay Bic,
Viét Nam, thu hoach vao thang 4 nam 2021.

2.2 Piéu ché dich chiét

Hoa sau khi hai dugc rira sach, phoi khd, va xay thanh bt min bang may xay. Bot hoa (3 g) sau d6 duogc
phan tan trong 300 mL nudc cat, dun néong & 90 °C trén may khudy tir gia nhiét véi toc do khudy 300
vong/phut va héi luu trong 60 phut. Sau khi 1am lanh dén nhiét d6 phong, dich chiét duoc tach khoi chat
ran bang phuong phap loc, bao quan trong ti lanh (2-5 °C) dé tong hop AgNPs.

2.3 Tong hop AgNPs

QUua trinh tong hop AgNPs duoc thuc hién voi dung dich AgNOsva dich chiét theo ti 18 1:1, dugc mo ta
theo Qui trinh 1. Sy thay d6i mau cua dung dich sau phan tng chimg t6 AgNPs d duogc tong hop thanh
cdng. Cac yéu td anh huong dén qua trinh tong hop nhu ndng do ion bac, nhiét d6 va thoi gian phan tGng
cling duoc khao sat. Cac yéu t6 anh huong duoc ti wu héa thong qua phép do UV-Vis voi do hap thu cuc
dai dic trung ciia AgNPs & 420 nm. Cac hat AgNPs sau khi tong hop & ba diéu kién t6i wu duoc ding dé
nghién ctru ddc tinh héa ly va ing dung xuc tac.

— Characterizations

e UV-Vis spectroscopy,
* XRD, FTIR, DLS

« FE-SEM. EDX.
I ' Catalytic kinetics
Hoa Ngau (4glaia

duperreana) Flower extract AgNPs * Methylene Blue + NaBH,

—

¥, 52/300 mL H,0 A"\Owl mM

60 min, 90°C 60 min, 90°C

. Héng sb toc do
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Hinh 1: Qui trinh tong hop va ing dung AgNPs

2.4 Phwong phap phan tich cac dic tinh héa ly

Su hién dién cua cac nhom chirc co trong MAU nano vang va mau cao dich chiét kho dugc phan tich bang
phuong phap phd hdng ngoai bién doi Fourie (F TIR) trén may quang phé 27 Brucker Tensor (Pic) trong
pham vi s6 song 4000-500 cm® "1 Cu trac tinh thé ciia mau nano vang dugc 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 voi buc xa CuKa c6 budc song 1,5406 nm véi tdc do quét 0,05 °/s, buac nhay 0,02° trong pham vi
20 tir 10° dén 80°. Hinh thai va kich thudc cua cac hat nano vang dugc xac dinh bdi kinh hién vi dién tt
quét (FE-SEM) trén may may FE-SEM S4800 (Nhat Ban). Thanh phén cac nguyén té c6 trong mau AgNPs
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dugc phan tich bang phuong phap phd tan xa ning luong tia X, tich hop trén may FE-SEM S4800.
2.5 Phwong phap nghién ciru hoat tinh xtic tac ctia AgNPs

Hoat tinh xuc tac cua AgNPs cho phan trng khir MB véi sy ¢6 mat cua NaBH4 da dugc khéo sat trong cuvet
thuy tinh thé tich 3 mL véi chiéu dai duong quang 1,0 cm [13]. Qui trinh thuc hién duoc tom tat nhu sau:
2,5 mL MB (0,1 mM) va 0,5 mL NaBH. (0,1 M) dugc tron trong cuvet ¢ nhiét d6 phong, sau d6 thém 3
mg xtc tc. Sau mdi 2 phut, phan ing khir MB duoc kiém tra bang may quang phé UV-Vis. Hang sb tc
d6 phan ung dugc xac dinh theo phuong trinh sau:

— _plt
kt = lnAO @

Trong d6 k 1a hang sé toc do dong hoc bac nhat (s Y; t1a thoi gian phan tmg (s); Ao va A lan luot 1a 6 hip
thu quang cta dung dich MB tai thoi diém ban dau va tai thoi diém khao sat t.

Nang lugng hoat hoa (Ea, kJ/mol) ctiia phan tmg khir MB khi ¢6 mat cac hat AgNPs ciing dugc danh gia
theo phuong trinh Arrhenius:

Ea
Lnk = — =t LnA (2

Trong d6: T (K) 14 nhiét d6 tuyét ddi, R (8,314 J.KL.mol ™) 1a hang s6 khi Iy tuong va A 12 hé sb. O day, Ea
¢6 thé duge udc tinh dua trén duong hdi qui tuyén tinh ctia Lnk theo 1/T véi hé sé goc bang - E/R. Hang
sO tde d6 k & cac nhiét @6 T khac nhau duoc x4c dinh bang cach thuc hién phan tmg khir MB ¢ cac nhiét tir
30 °C dén 70 °C, tuong tu phan khao sat dugc mé ta phia trén.

3. KET QUA VA THAO LUAN

3.1 T6i wu héa tong hop AgNPs

Céc thong sb tong hop bao g6m ndng d6 ion kim loai, thoi gian phan tng va nhiét do phan ung dé anh
hucng manh mé& dén kich thudc cta cac hat nano bac thu dugc. Qua trinh tdi wu hod cac thong sd nay sé

gitp thu dugc cac hat cé kich thudc hop 1y, dung dich c6 do bén viing nhiét dong cao va kho bi keo tu
hon theo thoi gian.
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Hinh 2: Phé UV-Vis cta dung dich AgNPs theo thoi gian (a), ndng do (b) va nhiét do (c)

Trong cong trinh nay, thoi gian phu hop cho phan tng dugc khao sat bang cach mang dung dich nano di
do quang mét lan sau mdi 10 phut, trong khi néng d6 va nhiét d¢ dugc gitr cb dinh (Hinh 2a). Két qua quan
sat & hinh 2a cho thy thoi gian t6i wu dé téng hop nano bac 1a 30 phat. Véi thoi gian tdng hop 16n hon 30

69



TONG HOP XANH VA KHAO SAT...

phiit thi ¢6 hap thu quang hoc hau nhu khong thay ddi, cho thdy lwong lugng AgNPs sinh ra 1a cuc dai.
Nong d6 ion bac dugc khao sat béng céch thay doi néng d6 dung dich AgNOs trong khoang 0,25-1,15 mM,
nhiét d6 va thoi gian dugc gitr ¢6 dinh (Hinh 2b). Két qua cho thay nong do i ion anh hudng nhiéu dén su
hinh thanh cua hat nano, nong d¢ cang tang do hap thu quang hoc cang cao, 56 lugng nano sinh ra cang
nhiéu. Khi dén nong dd nhét dinh nao d6 thi do hap thu quang hoc hau nhu khong ddi, cho thay luwgng nano
sinh ra 13 tdi wu. Qua thuc nghiém x4c dinh dugc néng d6 thich hgp cua AgNO3 dé téng hop AgNPs la1,0
mM. Cubi cung, nhiét do phan tng duoc khao sét trong khoang 60-100 °C, ndng d6 va thoi gian duoc giit
cb dinh (Hinh 2c). Két qua chi ra rang, nhiét do cang cao thi do hap thu quang hoc ciing tang theo, sau do
dat t6i uu. O nhiét &6 cao hon, cac phan tir chuyén dong nhanh, s va cham hiéu qué ting nhanh dan dén
hat nano tao thanh nhanh, dé bj keo tu, hat c6 kich thuéc 1én gdy giam mat do quang [7]. Nhu vay, nhiét
do tot nhat d¢ tong hgp AgNPs 1a 90 °C.

3.2 Pac trung hoa ly ciia AgNPs
Két qud phén tich nhiéu xa tia X va FT-IR
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Hinh 3: Gian d6 XRD va phd FTIR ciia mdu AgNPs

Két quéa phan tich FTIR cta mau AgNPs cho thiy su xuat hién cac dai phd ¢ cac dinh 476, 887, 1062, 1351,
1523, 2814, 2920 va 3462 cm* (Hinh 4a). Dic trung cho dao dong kéo dai ctia nhom —OH la sy xuat hién
dinh pho tai 3462 cm! [14]. Pinh phé & vi tri khoang 2920 va 2814 cm™ dic trung cho lién két nhém C-H.
Dinh pho tai vi tri 1523 cm™ 1a do dao dong cua lién két C=C trong nhan thom. Cac dinh phd tai s6 song
1351 cm™ va 1062 cm™ twong tmg vai cac lién két C-O va C-O-C [15]. Cac nhém chirc chinh nay 14 ctia
cac hop chét hitu co c6 trong dich chiét, bam vao cac hat nano sau khi két thuc phan tng gitra dich chiét va
ion kim loai. Chinh cac hop chét hitu co nay da dong vai tro la chét 6n dinh, ngan can sy két tu céc hat
nano.

Céc dic diém cau tric tinh thé cia mau AgNPs dugc xac dinh bai gian d6 XRD, trinh bay trong Hinh 4b.
Gian dd XRD cua mau AgNPs cho théy cac peak 20 gia tri 38,4°, 44,4°, 64,8° va 77,5° ddc trung cho cac
mit phang (111), (200), (220) va (311) trong tinh thé 1p phuong tim dién ctia AgNPs, twong tmg thé XRD
chuan s6 00-004-0783. Cac dinh peak & 27,8°, 32,2°, 46,2°, 54,8°, 57,4° va 67,3° tuong tng voi phan xa tur
cac mat phang (111), (200), (220), (311), (222) va (420) tinh thé AgCl (thé sb 00-001-1013). S hién dién
ctia tinh thé AgCl trong mau AgNPs c6 thé 1a do phan tmg clia ion Ag* véi ion clorua cé trong dich chiét
[16].
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Anh FE-SEM, phé EDX, DLS va thé zeta
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Hinh 4: Anh FE-SEM (a), Phé EDX (b), phan b kich thudc hat (c), va thé zeta cia AgNPs

Tinh 6n dinh ctia AgNPs trong dung dich 14 yéu t§ chinh anh hudéng dén cac ting dung thuc té va thoi han
sir dung ciia cac hat nano nay. N6i chung, tinh 6n dinh ciia AgNPs phan 16n phu thudc vao kich thude, gia
trj pH dung dich va 16p hiru co bao vé bén ngoai. Ngoai ra, tinh 6n dinh cia AgNPs con ¢6 thé duoc danh
gia thong qua gia tri thé zeta. Thé zeta cao hon +30 mV hodc nhé hon -30 mV 1a dau hiéu cta su phén tan
on dinh [17], do céc hat nano tich dién manh 1am cho lyc diy Columb giita cac hat di1 16n dé phan tan cac
hat trong dung dich mot cach bén viing. Hinh 4d cho thay thé zeta cia AgNPs trong méi truong trung tinh
do dugc 1a -36 mV, cao hon dang ké so voi mau AgNPs da cong b trude day, nhu duge AgNPs sinh tong
hop bang cach sir dung Chlet xuét thuc vat vé chudi (-11 mV) [18], carboxymethylated gum kondagogu (-
18,7 mV) [19], va chiét xuat 14 O. basilicum (-24,3 mV) [2]. Gia tri thé zeta cao ctia mau AgNPs cho thay
su phén tan on dinh tuyét voi ctia dung dich AgNPs, dugc dam bao boi luc day tinh dién manh giita cac hat
AgNPs. Pién tich 4am ciia AgNPs c6 thé 1a do cac nhom tich dién 4m nhu —OH va ~COOH c6 trong hop
chat hitu co bao phti cac hat nano nay.

3.3 Dong hgc phan rng xuc tic phan hiy MB

Céc dac tinh xic tic cia AgNPs da dugc khao sat dbi v6i phan tmg khir MB véi chét khir NaBH,. Phan
ung nay dugc coi la phan Gng dién hinh d€ danh gia hoat tinh xtic tic cia cac hat nano kim loai nhu nano
Ag, Au va Pt [20].

71



TONG HOP XANH VA KHAO SAT...

Absorbance

Absorbance

— Omin
——1min |

10 minp

T
600

T
700

Wavelength (nm)

"550

T
600

T T
650 700

Wavelength (nm)

Absorbance

650 7‘00

Wavelength (nm)

1.2

1.0

@

60°¢C

—— 0 min
——1min
—3m|n

—— 0 min |
—— 1 min
—— 3 min
—— 5 min
7 min
10 min

0.8

0.6

Absorbance
Absorbance
o
©
L

0.4

0.2 0.2

0.0

600 650 700 750 800

Wavelength (nm)

550 600

Wavelength (nm)

Hinh 5: Phé UV-Vis caa phan tng khir MB tai cac nhiét dd khac nhau, st dung xuc tdic AgNPs
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Hinh 6: Buong dong hoc bac 1 tai cac nhiét d6 khac nhau va nang lugng hoat hoa ctia phan ing khir MB, sir dung
xuc tac AgNPs

Co ché clia phan tmg khir MB, str dung xiic tac AgNPs va chét khir NaBH, da duoc cong bé trude ddy. Co
ché bao gém ba giai doan chinh. Trong giai doan dau, xay ra qua trinh hip phu cac phan tir MB trén bé mat
AgNPs. Giai doan thir hai bat diu v6i sy vin chuyén dién tir giita cac phan tir MB va NaBH, két thuc bang
viée tao ra cac san phim khir twong tng. Sau do, cac phan tir san pham s& dugc giai phong khoi bé mit cua
AgNPs, qua trinh hdp phu MB s& dugc tiép tuc va bé mit xtc tac sin sang cho mdt chu ky khur MB méi
[20]. Trong nghién ctru nay, chat xuc tac AgNPs da dugc st dung vi mot luong nho dé tranh sy chong
dinh phd UV-Vis cua cac hat nano va dinh hap thu cta cac _phén tu MB. Tién trinh cua phan tmg khir MB
tai cac nhiét d6 khac nhau st dung xtc tic AgNPs dugc thé hién qua phd UV-Vis, trinh bay trong Hinh 5.
Sau khi thém vao xuc tac AgNPs, cuong do ciia dinh MB giam nhanh chong, 1a bang ching cho viéc chuyén
dbi thanh cong.
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béi véi loai phan g khi chét hiru co nay, NaBH4 du dugc st dung thuong xuyén nhét, vi vay dong hoc
cua phan Gmg c6 thé dugc mo ta bang phan tng bac mot biéu kién (Hinh 6). Theo do, héng s6 toc d6 khur
(k) c6 thé duogc tinh tir @b thi ctia —Ln (At/Ao) voi thoi gian phan tmg t. Co the thiy rang, phu thudc thoi
gian ctia d0 thi —Ln (A/Ao) la mot duong tuyén tinh véi h¢ s6 tuong quan R? xap xi bang 1, xac nhan dong
hoc biéu kién bac mot cua phan ¢ tng khir MB. Can ch y rang, nang lugng hoat hoa 1a mot dai luong quan
trong trong dong hoc xuc tac, khang dinh kha nang xay ra ciia phan Gmg. Pay 1a mic nang luong can thiét
dé dat dén trang thai chuyén tiép, trang thai trung gian trong mot phan tng héa hoc ¢6 nang luwong cao hon
cac chat phan @ng hoic cac san phiam. Ning lugng hoat hda ciia mot phan tng hoa hoc lién quan chat che
dén téc d6 cua nd. Cu thé, nang lugng hoat hda cang cao thi phan tng héa hoc cang cham. Diéu nay la do
cac phan tir chi ¢d thé hoan thanh phan ung khi chung da dat dén dinh cta hang rao ning luong hoat hoa.
R&o can cang cao thi cang it phan tir co du ning luong dé vuot qua tai bat ky thoi diém nao. Qué trinh khir
hoan toan MB ¢ thé dat duoc trong 10 phut bai xuc tic AgNPs véi hang sé toc do bac mot biéu kién 1a
1,87.10° s va nang lugng hoat héa 15,01 kJ.mol™. Nang lugng hoat hda nho khi ¢ mat cua x(c tac, chuang
t6 phan (ng phan huy MB di vuot qua rao can dong hoc, dién ra thuan loi tao thanh san pham.

4. KET LUAN

Bang phuong phap tong hop xanh di tong hop thanh cong cac hat AgNPs hinh cau c6 kich thudc hat trung
binh 20 nm ma khong str dung bat ky chat khir va chat 6n dinh thuong mai dat tién nao. Cong trinh nay da
chtng minh tinh hiéu qua cta dich chiét tir hoa Aglaia duperreana trong viéc khir cac ion bac thanh cac
hat nano tuwong tmg va lam bén cac hat nano tao thanh. Céc hat nano AgNPs phén tan tét trong mdi trudng
nudce vai tinh bén vimg va 6n dinh cao. Déi v6i khao sat xtic téc, cac hat AgNPs cho thay kha ning xuc
tac rat tot cho cac phan ing phan huy chét hiru co.
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GREEN SYNTHESIS AND STUDY ON CATALYTIC ACTIVITY OF SILVER
NANOPARTICLES OBTAINED FROM AGLAIA DUPERREANA FLOWER EXTRACT

BACH THI MY HIENY" NGUYEN THI LAN HUONG?
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Abstract. In this work, a green and simple method was utilized to fabricate silver nanoparticles (AgNPs)
using Aglaia duperreana extract as reducing and capping agents. The best condition for the AgNPs
production were optimized at 30 min, 90 °C, and 1.0 mM Ag*. A highly crystalline face-centered cubic
structure of the biosynthesized silver nanoparticles was confirmed by XRD analysis. FE-SEM
measurements showed that, AgNPs were in a spherical shape with an average size of 20 nm. FTIR, EDX,
and DLS techniques were also used to identify the presence of biomolecules, playing role in stabilizing the
nanoparticles. The fabricated silver nanoparticles were further studied for the reduction reaction of
Methylene Blue (MB). The results indicated that AgNPs showed a good catalytic performance in the
reduction of MB by NaBHa. At the temperature of 30°C, the reduction of MB could be finished after 10
min with the pseudo-first-order rate constant of 1,87.10° s and activation energy of 15.01 kJ.mol* using
AgNPs as catalysts.

Keywords: Silver nanoparticles, biosynthesis, Aglaia duperreana, catalytic activity, Methylene Blue.
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