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MO DAU

Trong mudi1 nam qua, cong nghé¢ nano duoc coi 1a mdt trong nhiing linh
vuc quan trong nhat ciia khoa hoc. Nhiéu linh vyc cong nghiép bao gdm cong
ngh¢ thong tin, an ninh ndi dia, cham soc stc khoe, nang lugng, giao thong van
tai, an toan thyc pham va nghién ciru méi trudng, duoc cai thién dang ké nho
cong nghé nano. Nhiéu tmg dung ctia n6 va nhu cau thi truong ting nhanh da
mo ra canh cira cho cac phuong phap tiép can sang tao dé san xuét vat liéu nano
chat lugng cao hon. Cuing véi su phat trién ctia cong nghé nano, hat nano Cu,O
duogc ting dung trong nhiéu linh vuc khac nhau nhu xtc tac, cam bién, chat ban
dan, pin mat troi,... Ban dau, vat liéu nano duoc téng hop béng cac k¥ thuat
tong hop thong thuong doi hoi dau vao niang luong cao va hoa chat gy ung
thu. Cac phuong phap da dang dé tong hop hat nano Cu,0 bao gém nhiét phan,
thuy nhiét, oxy hoa nhiét, dién hoa, ... Do do, xu hudng dat ra yéu cau nghién
ctru va ap dung céc k¥ thuat tong hop an toan hon véi méi truong, giam thiéu
va loai trir 6 nhiém so véi cac phuong phap tong hop truyén thdng gay ra.
Phuong phap tong hop xanh sir dung cac ky thuat ning luong thap va cac
nguyén liéu dau vao sin co trong tu nhién dé téng hop, khéc phuc nhugc diém,
san xuét vat liéu nano c6 hiéu qua twong tu nhu cac phuong phap tong hop
truyén thong nhung bén viing hon. Gan ddy, cac nha khoa hoc di quan tim dén
viéc sir dung cac hop chét ty nhién lam chat phan Gmg trong quy trinh héa hoc
xanh. Trong nghién ctru ndy, phuong phap tong hop cac hat nano Cu,O sir dung
chiét xuat thyuc vat lam tac nhan khir dé thay thé cho cac chat khir 1a hoa chat
thuong mai ton kém va cai tién hiéu suit, chit luong san phém so V&1 cac
phuong phap hoa hoc va vat 1y khac. Pac biét 1a bang 1a nguyén licu dé tim, ¢
san, cho ham luong polyphenol rat cao. Trong ludn vin nay, em hudng dén
chiét xuat polyphenol tir 14 bang 1am chat khtr xanh dé tong hop hat nano Cu,O
boi d6 1a phuwong phap it ton kém, than thién véi méi trudng va khong ding
héa chat doc hai. Ngoai ra, vat liéu sau khi ché tao dugc danh gia dac trung tinh
chat bang cac k¥ thuat va phuong phap phén tich hién dai, sir dung phuong
phap chup SEM dé dénh gia kich thuéc hat nano, phuong phap XRD dé xac
dinh duogc ciu trac tinh thé cta vat liéu nhim kiém soat qua trinh ché tao va
dinh hudng ung dung, phuong phap trac quang UV-Vis nham dinh hung tng

dung cho qua trinh quang xuc tac phan hiy cac hop chét hitu co doc hai trong
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nudc cua vat liéu Cu,0. Vi vay, dé tai luan van duoc lya chon 1a “Nghién cuu

tach chiét Polyphenol tir 1d bang lam tdc nhén khir trong tong hop nano Cu,0”.

Muc tiéu ctia dé tai luan van 1a nghién ctru tach chiét duoc Polyphenol
tir 14 bang lam tac nhan khir trong tong hop hat nano Cu,O c6 hoat tinh xtc tac

quang.

Do d6, ndi dung nghién ctru cia dé tai bao gdm:

Noi dung 1: Nghién ctru tach chiét Polyphenol tir 14 bang.

Noi dung 2: Nghién ctru ché tao vat liéu nano Cu,0O bing phuong phap
khtr véi tac nhan Polyphenol chiét dugc tir 14 bang.

Noi dung 3: Nghién ctru danh gia dic trung tinh chét cta vat liéu nano

Cu,0 bang cac phuong phap phan tich héa 1y hién dai.
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Chuwong 1. TONG QUAN
1.1. Téng quan vé Polyphenol

Polyphenol 1a mét trong nhitng nhém chat chuyén hoa tht cap 16n nhat
c6 ngudn gdc tir thién nhién va ton tai trong thuc vat duoc chimg minh 13 co
kha ning chéng oxy hda vo cung hiéu qua, dic trung boi c6 mot hay nhiéu vong
thom lién két voi cac nhom hydroxyl (hay con goi 1a hydroxyphenol) trong
phan tir [1]. Polyphenol c6 hon 8000 loai ciu trac dd duoc xac dinh, trong do
hon 4000 1 cac flavonoid [2]. Polyphenols c6 thé duoc phan loai thanh 4 nhom

chinh: flavonoid, phenolic acid, stilbene, lignans va cac polyphenol khac [3]

Flavonoid: chiém khoang 60% cta tit ca cac polyphenol, cac flavonoid
phé bién nhat duoc tim théy trong tu nhién la anthocyanin, flavone, flavonol,

flavanone, isoflavone, flavanonol va cac phan 16p khac.

Phenolic acid: chiém khoang 30% céc polyphenol, Axit phenolic thudc
vé mot nhém chinh cta cac hop chét phenolic trong thuc vat va c6 ¢ dang tu
do va dang lién két. Axit phenolic c6 thé dugc chia thanh 2 nhém: axit
hydroxybenzoic va axit hydroxycinnamic. Axit hydroxybenzoic bao gém C6-
C1, c¢6 ngudn gbc tir axit benzoic (C7HeO,). Axit salicylic, axit vanillic, axit
protocatechuic, axit gallic. Tuy nhién, axit hydroxycinnamic 12 hop chat thom
c6 chudi bén 3 carbon (C6-C3), bao gé)m axit coumaric, caffeic, ferulic va

sinapic [4]

Stilbene: 13 mot nhom hop chét phenolic, c6 trong nhiéu ngudn thuc
pham khac nhau nhu nho, qua mong, dau phong, ruou vang do va mot sb loai
cay thudc. Co mot sd stilbene ndi tiéng bao gdm resveratrol, pterostilbene va
3'-hydroxypterostilbene [5]. C4u trac hoa hoc cbt 18i ctia cac hop chét stilbene

1a 1,2-diphenylethylene.

Lignans: 13 mot nhom 16n cic san pham ty nhién c6 ngudn gbc tir qua
trinh oxy héa dimer héa ctia 2 don vi phenyl-propane. Ngudn thyc pham cua
chung bao gdm hat lanh (c6 1& 12 ngudn giau nhat), hat virng, rau, trai cdy, cac

loai hat, hat c6 dau, to1, dau 6 liu, rugu vang, tra, bia va ca phé.
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Cic polyphenol khdc: Tannin 13 mot nhom hop chit phenolic ¢6 nhiéu
trong ngii coc, hat ho dau va chu yéu trong nhiéu loai trai ciy va rau qua, noi
ching co6 nhiéu hoat tinh sinh hoc khac nhau bao gom khang khuan, chdng ky
sinh trung, khang vi-rat, chdng oxy héa, chong viém, diéu hoa mién dich [6].
Tannin duoc phan loai theo cau tric héa hoc ciia chiing thanh tanin thity phan
(axit tannic) va tanin ¢ dic (proanthocyanidin). Tanin thiy phan bao gdm axit
gallic va san pham ngung tu dimeric cta nd, axit hexahydroxydiphenolic duoc

este hoa thanh polyol, chil yéu 1a glucose.

Polyphenol dugc dac trung boi sy c6 mdt cua nhiéu don vi cu trtc
phenol. Tinh chét vat 1y, héa hoc hay hoat tinh sinh hoc ctia nhitng chét thudc
nhom polyphenol phu thudc vao sé lugng va dic diém cuia cac don vi phenol
nay.

1.2. Tinh chit ciia Polyphenol

Céc tinh chat vat Iy cua polyphenol phu thudc vao sb luong va dic diém
cua cac nhom phenol trong phan tu:

- Polyphenol thudong c6 trong luong phén tir tir 500 dén 4000 Da (don vi
Dalton), tan trong nudc vira phai, c6 5-7 vong thom trén 1000 Da.

- Polyphenol c6 kha ning hép thu anh sang trong ving tir ngoai - kha
kién (UV-Vis) va tu phat huynh quang do c6 nhan thom.

- Polyphenol ciing c¢6 kha ning tao phirc v&i cac protein, cac chat hiru co
chira amin va cac ion kim loai.

Céc tinh chat hoa hoc ciia polyphenol lién quan dén sy tham gia cua cac
nhoém phenol vao cac phan img oxy hoa - khu, tao lién két hydro, tao lién két
cong hoa tri va tao lién két hydroxy [7].

Polyphenol c6 vai trd 1a chit chdng oxy héa manh, co thé bat cac gbe tur
do va ngin nglra su oxy héa cua cic chat khac:

- Polyphenol ciing c6 thé tao lién két hydro vé&i cac phéan tir nudc hodc
cac nhom hydroxyl khac, lam tang do tan va 6n dinh cta phan tu.

- Polyphenol tao lién két cong hoéa tri voi cac nhom phenol khac hodc

cac nhom hydroxyl khac, tao thanh cac phan tir 16n hon va phtre tap hon.
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- Polyphenol chung c6 thé tao lién két hidroxy véi cac ion kim loai, tao

thanh cac phuc kim loai ¢6 mau sac khac nhau.

Céc polyphenol c6 nhiéu Gng dung trong nhiéu linh vuc khac nhau.
Trong cong nghiép thudc da, polyphenol dugc sir dung lam tannin dé két tua
protein trong da va lam cho da bén va dai. Trong céng nghiép thuc pham,
polyphenol dugc str dung lam chit bao quan, chit tao mau, chit tao mui va chat
tang cudng huong vi. Trong y hoc va duge pham, polyphenol duoc sir dung
1am chat tri liéu hodc chat phong ngira cho nhiéu bénh 1y nhu bénh tim mach,

bénh tiéu duong, viem, ung thu va bénh Alzheimer.

OH O

Hinh 1.1. Céu triic ciia Quercetin.
1.3. Cac phwong phap tich chiét polyphenol

Hién nay, cac k¥ thuat chiét tach polyphenol tir nguyén liéu thyc vat
duoc str dung bao gdm ca cac phuong phap thong thuong dén cac phuwong phap
tién tién, phi truyén théng. Cac phuong phap chiét xuat thong thuong chu yéu
duoc lya chon thuong phai st dung thé tich dung moi chiét 16n hon, cac quy
trinh tha cong hau hét can st dung nhiéu lao dong lai phu thudc tay nghé va
cach 1am. Cac phuong phap nay bao gdm chiét xuat pha ran - 16ng (SLE) hoic
chiét soxhlet, chiét 16ng-long (LLE), ngdm nudc, séc... 1a nhitng phuong phap
duogc sir dung nhiéu nhat. Vi cac phuong phéap chiét xuat thong thudng di dugc
sir dung tir rat 1au va mang tinh lich st truyén thong, tuy nhién chiing c6 mot
sb6 han ché can duoc khic phuc nhu giam thiéu lugng dung méi st dung, rat
ngan thoi gian chiét tich, tang hiéu suat chiét tach...

Chinh vi thé, cac phuong phap tién tién, phi truyén thdng di dugc nghién
ctru va tng dung bao gdm chiét long co ap suat (PLE), chiét nude toi han
(SWE), chiét chat 1ong siéu toi han (SFE), chiét xuét hd tro vi song (MAE),
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chiét pha ran (SPE), chiét xuat hd tro siéu am (UAE), chiét xut ap suét thuy
tinh cao (HHPE), chiét 16ng-16ng hd tro ran (SSLLE), phan tan pha rin ma tran
(MSPD) va sic ky nguoc dong (CCC). Cac k§ thuat tién tién hiéu qua hon 32
- 36% v6i mirc tiéu thy ning luong it hon khoang 15 1an va nang cao tinh chon

loc va hiéu qua tao ra cac chiét xuét chat lugng cao hon [8].
1.3.1. Phwong phap chiét truyén thong

Céc k¥ thuat chiét xuat thong thuong cua cac hop chit polyphenol 1a ngam
nudc, sic, loc, loc nong, phan huy ty nhién, chiét xuat hoan toan nbi tiép va
chiét xuat soxhlet (Hinh 1.2). Chiét xut bang phuwong phap ngdm nudc 1a qua
trinh don gian, ngdm mot mau da nghién thanh bot trong dung mai thich hop
trong mdt h¢ théng kin, sau do khuéy déu lién tuc hodc ngét quang o nhiét do
phong. Sau khi chiét xuat, qua trinh tach duoc ap dung dé tach cac phan ran ra
khoi dung moi béng cach loc, gan hoac lam trong. Mac du day 1a mot k¥ thuét
dé dang, nhung n6 c6 diém han ché 1a tén thoi gian va yéu cau luong dung moi
16m [9, 10].

II . I|

o = —8= Mafifc Fa

; . () =— (g sinhhan
MNguyén liéu {
thyc wit tho

Tam lurdri loc

Hinh 1.2. Céc phwong phdp chiét polyphenol: loc (a), sac (b), soxhlet (c).
1.3.2. Phwong phap chiét hién dai

Chiét xuat hd trg vi song (MAE) 1a str dung ning luong biic xa vi song
dé 1am noéng hdn hop chét tan - dung moi (Hinh 1.3). Nhiét tao ra tao diéu kién
thuan loi cho sy khuéch tan cta dung méi vao mau dé cai thién sy khuéch tan
ctia cac hop chit co nguodn gbc thuc vat can thu hoi ra khoi nguyén liéu thyc
vat tho. Su khuéch tan ctia dung méi qua nguyén liéu 1am ting sy pha v& cac
lién két hydro cua cac hop chat ¢ trong nguyén liéu, do d6 cho phép hop chit

dich hoa tan vao dung dich chiét. Uu diém cta chiét xuat hd trg vi séng 14 it



lang phi thoi gian hon va lugng dung moi it va 1a mot phuong phép hiru ich
trong chiét xuat cac polyphenol. Tuy nhién, cac yéu t6 can xem xét khi sir dung
ky thuat nay dé chiét polyphenol bao g(‘Sm loai nguyén li¢u, loai dung moi, do
tinh khiét, cong suét va thoi gian st dung vi séng, di¢n tich bé mit mau, nhiét
d6 chiét sinh ra tir vi song [11, 12].

- Nuédcra

Ongsinh han

Nudc vao

i
Binh chiét el Q
| ] Nguyén liéu
chiét
DEkhudy tir —f+——= e Q
[ —

Lo vi song
Hinh 1.3. H¢ théng chiét hé tro vi séng.

Chiét xuét hd tro siéu am (UAE) 1a mot k¥ thuét chiét xuat d& dang sir
dung tac dong co hoc gy ra thong qua su nd bong bong kich thude siéu nho dé
tao ra su hon don cac phan tir nhanh chéng, tao diéu kién thuén loi cho viéc
khuéch tan cac hoa chat thuc vat tir chat vao dung méi (Hinh 1.4). Pay la mot
phuong phap don gian va chi phi thip co thé dugc st dung & ca cac co sd quy
mo nho va quy mo 16n. Vai nam trd lai day, viée sir dung UAE ngdy cang nhiéu
dé chiét xuat polyphenol tir cac ngudn khac nhau. Qua trinh thir nghiém thuong
yéu cau str dung song siéu 4m co dai tan tir 20 dén 2.000 kHz dé ting kha ning

tham thau cta thanh té bao va tao ra 15 hé)ng [11, 12].

—_— -

Puong dan
sdng siéu am - PR
Pau chuyén doi

Ngudn phat - .

h A — Pau do séng

séng siéu am A
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| | Nguyén liéu
thuc vat

BE chiét
tach

Hinh 1.4. H¢ tho”'ng chiét hé tro siéu am.



K¥ thuat chiét CO, siéu t&i han (SC-CO,) la phuong phép sir dung CO,
1am chat 10ng siéu téi han (Hinh 1.5). Su két hop giita nhiét do va ap sudt thap
dam bao duy tri cac chat polyphenol chiu nhiét. Ngoai ra, phuong phap SC-
CO, con c6 cac wu diém khac nhu: kha nang chiét xuat cao hon, dung moi tham
nhép sau vao mau tdt hon, su két hop ap suét-nhiét 46 khac nhau s& chon duoc
diéu kién chiét xut t6t hon, c6 kha ning tai str dung CO, va khong gy 6 nhiém
mdi trudng. Tuy nhién, do d6 phan cuc ciia CO, thap nén chi thich hop cho
viéc chiét xuét cac hop chat khong phan cuc. Dé ¢ thé chiét xuat polyphenol
1a nhitng hop chit phan cuc biang phuong phap SC-CO; c6 thé dua mot phan
nho dung méi hiru co phan cuc vao qué trinh chiét xuat. Cac dung méi hitu co

thich hop dé str dung cuing véi CO, bao gdm etanol va etyl lactat [12]

Binh

chiét
Budng
thiét bi

-

Binh thu
dich chiét

Hinh 1.5. Hé théng chiét CO; siéu t6i han.

Mot sb truong hop cu thé co thé yéu cau sir dung két hop cic phuong
phap chiét xuat khac nhau dé cai thién viéc tach chiét cac hop chat polyphenol.
Diéu nay thuong xdy ra khi mot k¥ thuat chiét xuat don 1é khong du dé chiét
xuat hoan toan cac hop chit polyphenol dich tir nguyén liéu gbc. Do do, viée
tich hop cac phuong phap chiét xuat khac nhau c6 thé 1a cach tiép can thich
hop dé chiét xuat cac hop chét polyphenol nhu vay vai hiéu suat chiét xuat cao
hon, triét dé hon.

1.3.3. La bang

Cay bang (Terminalia catappa L.) 1a mot trong nhitng dbi twong gan day

dugc cac nha nghién ctru quan tdm, day la moét loai cay nhiét do1, c6 nguén goc
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tor Nam A, moc tu nhién & ven rung va ca ¢ nhirng noi dat kho can, soi da, cay
con dugc trong & cac khu do thi, ven duong, dinh chua, truong hoc... dé lam

canh va 1y bong mat.

L4 bang c6 chira ham luong polyphenol cao, chang han nhu flavonoid,
tannin, saponin va phytosterol. Trén thé gi6i, viéc nghién ctru cdy bang di dan
dugc chi trong. Tinh dén nay, dd c6 hang trim cong trinh nghién ctru vé cay
bang bao gém cac linh vuc chiét tach, xac dinh thanh phan héa hoc cac hop
chat hitu co di chtirng minh trong 14 bang c6 chtra cic nhom chat nhu saponin,
polyphenol, tannin [13, 14]. O Viét Nam, cdy bang dé& trdng, phat trién tot, va

c6 mit & hau hét cac dia ban trong ca nudc.
1.4. Vat liéu Cu20O

Pong (I) oxit 1a mdt trong hai dang oxit ciia dong, c6 mau tir vang dén
d6 voi cong thic héa hoc 1a Cu,O. Cu,O rat bén véi nhiét (noéng chay &
1240°C), khong tan trong nudc nhung tan cham trong kiém dic hodc NH; dic,
tan t6t trong dung dich axit. Trong khong khi am, Cu,O d& bi oxi hoa tao thanh
CuO.

/ >
= —
Hinh 1.6. Céu tric vit liéu Cus0.

Cu,0 14 chat ban dan loai p, khi & dang khi c6 nang luong ving cam
Eg = 2,14 eV va hip thu photon c6 budc séng = 580 nm. O pham vi nanomet,
khi kich thudc hoat héa giam thi nang luong ving cAm ting 1én do hiéu Gmg
kich thuéc. Vi vay, Cu,0 nano cé thé hip thu photon ving kha kién c6 budc
song < 580 nm. Pong (I) oxit ton tai trong thién nhién dudi dang khoang vat
cuprit. N6 duoc diéu ché bang tac dung ctia dung dich mubi dong (I) trong moi

truong kiém véi chat khir (thuong 1a glucose, hydroxylamine).

2CU.SO4 + 4NaOH + C6H1206 — CUQO + C6H1207 + 2H20 + 2NaZSO4
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1.5. Phuwong phap tong hop vit liéu Cu20
1.5.1. Phwong phap khiwr trong dung dich
Céc hat nano oxit déng (Cu,0) duoc tong hop bang phuong phap khir

hoa hoc u6t sir dung dong sunfat 1am tién chat. Mau nhidu xa tia X cho thay
cdu triic cua cac hat nano Cu,O 12 khéi 1ap phuong pha don véi kich thudc tinh
thé trung binh 13 6,8 nm. Kinh hién vi dién tir quét va kinh hién vi dién tir truyén
qua cho thay cac hat nano Cu,0 duoc ché tao sin c6 dang hinh cau. Cac nghién
ctru trén TEM cho thay kich thudc hat trung binh cta céc hat nano nay 1a
khoang 7,5 + 1,8 nm. Cac hat nano Cu,0 cho théy dai hép thu & 650 nm véi
khoang cach dai la 2 eV

Trong dung dich nudc, phan ing xdy ra nhu sau:
4Cu** +BH; +80H =4Cu+ B(OH)s +4H,0
4Cu+ O, =2Cu,0

Tong hop céac hat nano oxit ddng xdy ra lan lugt theo 2 phan tng trén,
ban dau PEG cho vao Cu?" tao thanh cac 16p. Sau d6, Cu?* phan tng voi cac
ion BH4 va tao thanh cac hat Cu. Phan tmg dién ra trong khong khi o diéu kién
thuong. Trong diéu kién nay, Cu bi oxy hoa thanh Cu,O boi oxy trong khong
khi va tao thanh huyén phu dang keo ctia cac hat nano Cu,O [15].

Tac gia Mohammed Aslam va cac cong su cling da diéu ché bot Cu,0/Cu
c6 kich ¢& tir 4-8 nm bang cach cho dung dich CuCl, tac dung véi cac phdi tir
hitu co nhu lauric acid, dodecathiol, hodc tridecyamine trong toluen va chét
khtr NaBH4 [16].

Cu,0 nano ciing duoc tao ra bang cach khir Cu?* trong dung dich nhung
khong dung chit hoat dong bé mit ma bang phan tmg cua phirc dong (II) citrate
v6i NoH, H,0 trong méi trudng kiém & nhiét do phong [17].

Céc hat CuO nano véi kich thude 5-6nm da duoc Ma L.L céc cong su
tong hop thanh cong khi cho Cu(CH;C00),.H,0 tic dung véi acetamide trong
dung moi diethylene glycol c6 str dung song si€éu am. Hat Cu,O nano thu duogc
c6 hinh dang bong hoa [18].

Elwy A. Mohamed va cac cong su da st dung phuong phap xanh dé tong
hop cac hat nano Cu/Cu,0O. Cac hat nano Cu/Cu,O duoc tong hop theo phuong



11

phap khir hoa hoc bang cach sir dung chiét xuét tir qua cha 13 khong hat lam
chat khtr do ham luwong phenolic va flavonoid cao. Kinh hién vi dién tir truyén
qua (TEM) cho thiy céc hat ¢ hinh cau gan dung da duoc tong hop. Phan tan
anh sang dong (DLS) cho thay cac hat nano Cu/Cu,O tong hop c6 kich thudc
hat trung binh 14 78 nm va thé zeta 1a +41 mV. Cu/Cu,O da duoc khang dinh
thong qua ca phuong phap nhiu xa tia X (XRD), cho thiy sy hién dién cua cac
dinh dic trung ctia dong ¢ 20 = 43,2745, 50,4083 va 74,1706°, va phuong phap
quang ph6 UV-Vis, cho thay dinh cong hudng plasmon bé mit dic trung cho
cac hat nano Cu/Cu,O & 576 nm. Ngoai ra, phuong phap quang ph6 hong ngoai
bién d6i Fourier (FTIR) cho thay su hién dién ctia cac hop chat phenolic [19].

Worku Wubet Andualem va cong sy di tong hop cac hat nano oxit dong
(CuO) d3 dugc tong hop bang cach str dung tién chat dong nitrate trihydrate va
chiét xuat 14 Catha edulis nhu mot tac nhan khir. Cac hat nano CuO tong hop
d3 duoc dic trung bang may nhifu xa tia X thé hién rang cac hat nano CuO
tong hop sinh hoc c6 ban chit tinh thé tét, kinh hién vi dién tr quét (SEM-EDS)
hat nano CuO c6 d6 tinh khiét cao, c6 dang hinh cau. Thir hoat tinh sinh hoat
khang khuan két qua cho thay ving trc ché cao nhat dugc do 1a ddi véi nano
CuO tong hop bang ty 1é 1: 2 & ndong d6 dung dich 40 mg/ml va quan sat thiy
1422 £0,01 mm, 24 £+ 0,02 mm, 32 £+ 0,02 mm va 29 + 0,03 mm tuong Ung v&i

S. aureus, S. pyogenes, E. coli va K. pneumonia [20].
1.5.2. Phwong phap dong két tia

Vit liéu Fe/Cu,O dang hat da duoc tong hop bang cach khir hdn hop
CuSO; va Fe(NO3); bang hidrazin trong méi truong kiém. Két qua cho thay
Cu,0 c6 do rong vung cAm 2,1 eV. Khi thém 1% Fe vao Cu,O thi do rong vung
cAm cua mau thu duoc 13 1,87 eV, con thém 2% Fe thi mau thu duoc c6 do rong
ving cam 13 1,65 eV. Nhu vay, c6 su giam do rong ving cam clia cac mau thu
dugc so v6i Cu,O tinh khiét. Tir tinh ciia Cu,O ciing thay d6i khi thém Fe. O
300°C mau 1% Fe/Cu,0 va 2% Fe/Cu,O 1a thuén ti, trong khi d6 Cu,O tinh
khiét c6 tinh nghich tir [21].

1.5.3. Phuwong phap sir dung birc xa va song siéu am

Bang phuong phép chiéu tia y vao dung dich chtta C2HasNaSOs,
(CH;),CHOH va dém axetat d tong hop duge Cu,0 c6 kich c& thay dbi tir 14-
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50 nm tiy thudc vao thanh phan dung dich du va lidu luong tia y [22-24]. Cu,O
nano hinh cau véi kich thude 10-20 nm ciing dugc tao thanh bang cach chiéu
tia viba vao dung dich hdn hgp cua CuSO,4, NaBH, va Ethylene Glycol [25].

1.6. Ung dung ciia vat liéu Cu,O

Cho dén nay, cac tmg dung chinh ctia Cu,0 nam trong linh vuc chuyén

do6i nang lugng va méi truong, cam bién va chat xtc tac.

Pong (I) oxit (Cu,0) 14 vat lidu tiém nang lam chat xtc tac khir CO,. Hat
nano Cu,O c6 nhiéu uvu diém, bao gdm kha ning phan tach va van chuyén dién
tich giao dién, dién tich bé mat tang, hiéu suat luong tir va kha nang bién doi
thong qua phat trién composite hodc tich hop cac nhom chirc bé mit thuan loi.
Trong qué trinh tong hop vat liéu nano Cu,O & nhiéu kich thudc hinh thai khac
nhau va cac ing dung quang hoa va dién hoa cta chung, phu hop voi su lam
giau vat 1y cua hoat dong tang cuong cua chung trong moi rng dung ma chung
dugc st dung.

Pong (I) oxit (Cu,0) dang thu hiit ngay cang nhiéu su chu ¥ nghién ctu
vi cac mg dung tiém ning cta nd trong san xuat hydrogen, chuyén doi ning
lugng mat trdi, xac tac va vat liéu anot cho pin lithium ion [26-28]. Cac cAu trac
nano Cu,0 c6 nhiéu uu diém trong qua trinh tong hop vat liéu nano Cu,0O ¢ nhiéu
kich thudc hinh thai khac nhau va cac img dung quang hoa va dién hoa ctia chung
hay mot $6 nghién ctru da dugc thyc hién lién quan dén viéc tich hop Cu,O trén
cac vat liéu carbon dé c6 duoc cac tinh chat nang cao cho cac tng dung, ching
han nhu hoat dong xuc tac 6n dinh cta cac dng nano carbon-cathode Cu,O trong
xu ly nude [22-24].

1.6.1. Xic tac phan huy

Chét xuc tac quang Cu,O c6 thé phan hiiy nude trong nude cat thanh oxy
va hydro duéi tac dung cta anh sang kha kién, nhung né rat khac so véi phan

ung quang hoda trong chat dién phan nudc trén cac dién cyc Cu,O phén cuc.

Vi thé oxy héa khir cho qua trinh oxy hoéa va khtr cia Cu,O don tri nam
trong khoang cach dai, viéc sir dung Cu,O dé khir nudc nhu mot quang catot 13
su bat 6n dinh cta chét dién phan dudi su chiéu sang, han ché cac ung dung
ctia chung trong san xuit ning lugng mit troi. Do d6 Cu,O c6 thé 1a mot vt

liéu day hira hen két hop voi mot hé thdng oxy hoa khir thich hop nhu mot
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quang dién cuc loai p trong mdt t€ bao quang dién dién hoa va sy 6n dinh cua

bé mit quang dién cuc Cu,O doi hoi phai sir dung mét 16p phu bao vé.

Cu,0 con c6 kha niang xuc tac cho phan tmg oxi hoa mubi thiosulfate,
g6p phan giai quyét anh hudng bét loi ciia cac mudi thiosulfate trong qua trinh
tuyén noi. Ngoai ra, Cu,O/C lam xuc tac cho phan tmg phan huy methanol
thanh H, va CO [29].

1.6.2. Xuc tac quang hoa

D3 c6 nhiéu nghién ciru vé str dung vt liéu Cu,O xuc tic quang. Nam
2020, Shahzad Ali va cac cong sy da bao cao cau trac di hop titania-Cu,O khtr
CO, thanh methane bang quang xtc tic. Tong hop lién quan dén qua trinh khir
nhiét héa hoc ctia TiO, va quang lang dong Cu,O. Co ché truyén dién tich, ngan
ngira sy tai hop electron va 15 tréng bang cach dat duoc su tach biét khong gian
trén giao dién quang xuc tac, dd xac nhan di hop Z-scheme va cung cap do 6n
dinh vuot trdi bé“mg cach trc ché an mon quang Cu,O. Mau Cu,O /titania khir
t6i wu tao ra san luong 462 nmol/g methane trong 6 gid va cho thay d6 on dinh

trong 42 gid ma khong str dung bat ky chat dong xuc tac nao [30].

Nam 2016, ML Ovcharov va cac cdng su da co thé thuc hién qua trinh
khtr CO, quang xuc tac bang cach sir dung Cu,O ¢6 cu tric bot [31]. Két qua
cho thay vat liéu c6 kha ning quang xtc tac tot dé khir CO, thanh aldehyde va
methane. Mot bao céo trudc day cho thay nang suat 1a 8,2 pmol/g/h va sau nay
cho ning suét 1a 19,2 pmol/g/h. Su thay doi nay c6 thé 13 do su phét trién mo
rong ctia cac tinh thé nano oxit dong va sy sap xép khong gian ciia cac tinh thé

nay trén vt liéu 3D gidng nhu bot.

Mot s6 cong trinh di nghién ciru Cu,O 1a chét xtc tac quang rat tot cho
qué trinh 1am méat mau methyl da cam va methylene xanh c6 trong thanh phan
mot s6 thude nhudm cong nghiép va ra co ché gia thiét ciia qua trinh lam mat

mau methyl da cam [32].

Nie va cong sy di tong hop cac tinh thé vi mé Cu,O pha tap Cl bang
phuong phap thiy nhiét don gian va st dung ching dé xir Iy cac chét giy 6
nhiém levofloxacin (LVX) trong diéu kién phan tmg nhe [33]. So vdi cac hé
phan tmg khac, qua trinh tong hop Cu,O pha tap Cl c6 hiéu suéat phan hiy

levofloxacin cao hon. Sau 240 phut phan tmg quang xuc tac, tc do phan huy
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tdi da ciia LVX 1a 85,8% va 80,3% sau tam chu ky, cho théy tinh 6n dinh va
kha ning tai sir dung cua chat xtc tic quang. Dua trén két qua tinh toan 1y
thuyét va tht nghiém, co thé két luan réng viéc dua cac orbital lai va khuyét tat
khuyét oxygen vao cac 6 tinh thé Cu,O bang cach pha tap Cl lam giam khoang
cach dai ciia Cu,0, dan dén sy dich chuyén vé phia dé ¢ canh hép thu. So véi
cac tinh thé vi md Cu,O tinh khiét, cac tinh thé don Cu,O pha tap Cl di chuan
bi v6i khuyét oxygen co khoang cach dai hep hon va hiéu suét tach va véan
chuyén electron-18 tréng quang sinh cao hon. Xem xét mdi quan hé chit ché
gilra hinh thai va cAu tric dién tu, nang lugng bé mat va phan tng hoa hoc cua
cac tinh thé nano, viéc kham pha anh hudng cta hinh thai/bé mit tinh thé tiép
xuc ctia CuyO ddi v6i qua trinh tong hop va hiéu suat quang xuc tac ¢ ¥ nghia

rét 16m.
1.6.3. Khang khuan

Céc hat nano oxit dong ¢ kich thudc nhé hon (~50 nm) thé hién hoat
tinh khang khuan t6t hon so vé6i cac hat c6 kich thudc 16n hon (250~350 nm);
cac hat nano oxit déng hinh cau duoc phat hi¢n 1a vuot troi hon cac hat nano
hinh khdi trong qua trinh tiéu diét vi khuan [34]. Ngoai ra, tac dung khang
khuan hiép dong cta cac hat nano oxit déng khi c6 mit mot tac nhan khang
khuan khéac 1a ascorbic acid (AA) da duoc nghién ctru. Két qua thuc nghiém
cho thiy kha niang khang khuan cua cac hat nano oxit dong dugc cai thién dang
ké khi co6 mat ascorbic acid (0,1 wt%). Co ché co thé ¢ cua hoat dong khang
khuan hi¢p déng da duoc thao luan chi tiét. TAt ca cac két qua thyc nghiém chi
ra rang hon hop khang khuan gia ré di phat trién c6 tiém niang tng dung day
htra hen [34].

Bang phuong phap tong hop xanh cac hat nano Cu,O sir dung lignin 1am
chat khir va chit phu c6 dic tinh khang khuan qua trinh khtr tring cac hat nano
Cu,0 trén Staphylococcus aureus (S. aureus) va Escherichia coli (E. coli) da
duoc nghién ctru. Két qua cho thiy cac hat nano Cu,O cho thay hoat tinh diét
khuan hiéu qua dbi voi E. coli va S. aureus. Ty 1& khang khuan c6 thé dat 100%
sau 30 phut voi 4,0 g/l hat nano CuO. Hon nita, cac hat nano Cu,O da dugc

x4c nhan 1a c6 doc tinh té bao thap [35].

Téng hop vat liéu nano Cu,O trén sgi bong c6 dic tinh khang khuan va

phan hily quang xuc tac c¢6 thé tai st dung ctia thudc nhuém. Cac thi nghiém
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dinh tinh va dinh lugng ching minh rﬁng vat liéu c6 hoat tinh khang khun cao
ddi v6i S. aureus va E. coli, ty 1¢ khang khuén cao nhét c6 thé dat tGi 93,25%.
Ngoai ra, vat liéu Cu,O dua trén soi vai con co tinh chat phan huy quang xtc
tac va khang khuan, quy trinh ché tao don gian va thuan tién dé sir dung nhiéu
lan, do d6 co tiém ning 16n trong xir Iy nudc thai cé chira thude nhudm va vi
khuéan [36].

1.7. Methylene xanh (MB)

Methylene xanh la mot thudc nhudm duoc st dung rong rai trong k¥ thuat
nhudm, chét chi thi va thudc trong y hoc. Methylene xanh kho phan huy khi
thai ra moi truong va gay mat vé dep mi quan ciia mdi trudng anh huong dén
qua trinh sinh hoat va san xuat cia con nguoi.

Cong thirc phan tu: C;6H;sCIN3S.3H,0

Cong thirc cdu tao:

CH4
-

cl”
|
+
SO
H5C |
o
M

Hinh 1.7. Céng thirc cdu tao ciia MB.

Hién nay, co nhiéu phuong phép nhu hép phuy, loc mang, dong tu/tao
bong, phan hity sinh hoc hiéu khi, dién hoa di dugc str dung dé xir 1y pham
mau hitu co doc hai trude khi thai ra moi trudng. Trong sé do, phuong phap
quang xuc tac phan hay hop chét hitu co mang mau st dung nano oxit kim loai
dugc nghién ctru rong rii va c¢6 nhiéu wu diém hon so véi cac phuong phap
khac nhu loai bo hau hét cac chit 6 nhiém hitu co, c6 kha nang hoat dong &
nhiét do thuong, khong tao bun thai

Co ché ctia qué trinh xtic tac quang hoa phan hity MB st dung oxit kim loai
duoc mo ta nhu sau [37]:
Qua trinh kich thich oxit kim loai (MOxy) béi dnh sang thich hop tao thanh
cac cap dién tir (¢)) va 15 trong quang sinh (h*) :
MO +hv — e +h"

- L trong quang sinh (h") trén bé mat chat xuc tac phan Gmg véi phan tir
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H,O bi hip phu:
MOy (h") + H,O — "OH + H* + MOy
- Céc dién tir (¢) di chuyén dén bé mit xtic tac va phan tir O, hoa tan
trong dung dich déng vai trd nhu chat nhan dién tir:
MOx(e’) + O, — Oy + MOy
- Phén ting cua anion Oy
O, + H,O — HO, + OH"
HO, + H,O — H,0, + OH"
-Su chuyén d6i quang ctia H,O, dé tao ra nhiéu gdc *OH hon
H,0, + MOy(e) — MO, + OH" + "OH
- Phan tng tong quat:
MB + MOy + hv — CO; + H,0O
Nhu vay, xir Iy hop chat hitu co doc hai bang phuong phap quang xuc
tac 1a phuong phap don gian va than thién méi truong.
Tu phﬁn téng quan tai li€u trén, co thé rt ra mot sé nhan xét sau:
- St dung phuong phap chiét tach truyén théng két hop siéu am s& lam
tang hiéu qua chiét véi ham luong cao
- Téng hop vat liéu nano Cu,O bang phuong phap str dung dich chiét 1a
bang 12 phuong phap héa hoc xanh, than thién vi moi trudng, it ton kém va it
doc hai.
- Vit liéu Cu,O c¢6 nhiéu tmg dung khac nhau nhu xtc tac, cam bién, pin
mat troi... Trong khuén kho cta luan van vat liéu Cu,O sau téng hop dugc danh
gia kha nang xtc tac quang phan huy MB.
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Chuwong 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru

2.1.1. La bang

- _
. ’I ] ;" '_ B - w
N /- »

Hinh 2.1. La bang tuoi.

La bang tuoi (14 xanh, tuoi, khong bi sau mot) dugc hai trong thoi gian
thang 3/2024-8/2024 & khu vuc Cau gidy, Ha Noi. Sau d6 1am sach 14, cét nho,
phoi kho va nghién nho.

2.1.2. Hoa chit va dung cu

Bang 2.1. Hod chat va dung cu phuc vu nghién cuu.

Hoéa chit Xuat xir

Ethanol (C,HsOH, 95%)
Copper(II) sulfate (CuSO4.5H,0, 98%)

Sodium potassium L(+)-tartrate tetrahydrate
(KNaC4H406.4H20, 99%)

Ethylene Glycol (C,HsO2, 99,5%)
Chloroform (CHCl3, 98%)

Sodium chloride (NaCl, 99,5%)
Sodium carbonate (Na,COs, 99,5%)

Macklin, Trung Qubc

Phenol Folin-Ciocalteu (2N) Sigma-Aldrich, Hoa Ky
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Gallic acid monohydrate ((HO);CsH,CO,H-H,O0,
98,5%)
Sodium hydroxide (NaOH, 97%)

Thiét bi Ngudn goc
May si€éu am Skymen JP-060S Trung Qudc
May do quang phd UV-Vis SP60 Trung Qudc
Can phan tich PA 213 OHAUS Trung Qudc
May khudy tir gia nhiét JOAN LAB HS-12 Trung Qudc
Binh hut 4m Viét Nam
May lac HY-5 Trung Qudc
May do pH HANNA HI8314 Romania

2.2. Phuong phap nghién ciru
2.2.1. Phuong phap thu thap thong tin

Tim kiém tai li€u, doc va phéan tich céc tai liéu trong va ngoai nudc, tim

hiéu tinh hinh nghién ctru vé doi tuong dugc nhic dén trong luan van.
2.2.2. Phwong phap nghién ctru va phan tich
+ Phuong phap tach chiét Polyphenol tir 14 bang
+ Phuong phap do UV-Vis dé xac dinh ham lugng Polyphenol
+ Phuong phap khir ché tao vt liéu nano Cu,O bang chat khir Polyphenol
+ Phuong phap phan tich héa 1y danh gia dic trung, tinh chat vat liéu nhu
SEM, FTIR, XRD,...
2.2.3. Phwong phap xir 1y s6 liéu
Céc két qua, dir liéu dugc phan tich, xtr 1y bang cac thuat toan théng ké
mo ta va v& d6 thi str dung cac phan mém nhu Phan mém Origin; Excel....Cac

cong thirc hoa hoc dugc v& bang phan mém ChemDraw.
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2.3. Thuc nghiém
2.3.1. Phuwong phap xac dinh ham lwgng Polyphenol
Ham luong phenolic duoc tién hanh theo phuong phap do mau UV-Vis

dung thubc thir Folin - Ciocalteu quy trinh cia Waterman va Mole [38] va
TCVN 9745-1-2013.

Trong thanh phan thudc thir Folin - Ciocalteu c6 chira chit oxi hoa 1a phirc
hop phospho wolfram phospho molybdat. Phirc hop nay sé bi khir béi cac hop
chat phenolic tao thanh san pham phan tmg c6 mau xanh duong, hap thu cuc
dai & budc song 713 nm. Ham luong phenolic twong duong c6 trong mau ti 18
thuan vé1 cuong do mau va dugc tinh theo acid gallic.

Trong nghién ctru ndy, phd hap thu phan tir dugc do trén thiét bj UV-Vis
SP60 tai phong thi nghiém thudoc Vién Hoa hoc - Vat li€u, Vién Khoa hoc va
Cong ngh¢ quan sy.

Xay dung dwong chuin acid gallic theo cic buéc sau:

- Can (0,110 £+ 0,001) g gallic acid monohydrate (M = 188,14) cho vao
binh dinh mtrc mdt vach 100 ml. Hoa tan trong nudc, pha loing dén vach va
tron.

- Ttr dung dich chuan gdc nay, hit vao binh dinh muc nhimng thé tich khac
nhau dé thu duoc mau c6 ham luong acid gallic twong tmg 13 5 ug, 10 pg, 15
ng, 20 ug, 25 pg.

- Hat 2 ml thé tich mau acid gallic twong Gmg 5 pg, 10 pg, 15 pg, 20 pg,

25 pg (hodc mau can xac dinh ) cho vao lo thity tinh 10 ml. V&i mau trang thay

bang nudc cat.

- Tiép tuc cho vao lo 1 ml thudc tht Folin-Ciocalteu 10%. Lic déu, dé yén
3 phiit sau d6 thém tir tir vao 0,8 ml dung dich Na,CO; 20%, lac déu.

- Pé yén trong t6i 2 gio.
- Bo quang & budc song 713 nm.

- Thi nghi€ém duogc 1ap lai 5 lan.
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2.3.2. Quy trinh tich chiét polyphenol tir 14 bang

L4 bang tuoi duoc rira sach, cit khoang 1 cm, siy kho trong ti siy dén
khi khéi lugng khéng ddi va nghién thanh 100 pm. Ldy m (gam) 1a bang cho
vao cdc thuy tinh, phan tan bot 14 kho trong V(ml) hdn hop nudc/ethanol (ti 16
thé tich v/v: 1/1) duéi song siéu am voi cong suat 90W tan sé 40 kHz trong 30
phat. Hon hop huyén phu duge dun & nhiét d6 va thoi gian thich hop sau do
dem di loc 2-3 1an béng giéy loc hoac ly tam dé loai bo can. Dich chiét loc xong

duoc bao quan & nhiét do thuong.

Hinh 2.2. Ld bang sau khi so ché: rika sach, cdt nhd, phoi khé (a) va sau khi

nghién thanh bt (b).
La Bang Bot 1a . £
« Sdy * Xaynho < Siéuam e« Gianhiét * Loc

Hinh 2.3. So dé tach chiét polyphenol tir 1d bang.

2.3.3. Khao sat cac yéu té6 anh huwéng dén qua trinh tach chiét
polyphenol

2.3.3.1. Anh hwéng ciia dung maoi chiét

Bot 14 bang dugc ngam chiét 1an luot trong cac dung méi cé ti 16 dung
moi ethanol/nudc khac nhau véi ty 1€ nguyén li¢u/dung moi 1a 1/20 (g/ml) gitr
nguyén trong tat ca cac khao sat, thoi gian si€u am 1a 30 phut, nhi¢t do chiét
60°C trong thoi gian chiét 30 phut. Sau d6, tién hanh loc thu dugc dich chiét.
Xac dinh ndng d6 polyphenol bang phuong phap do mau UV-Vis dung thude

thur Folin - Ciocalteu nhu trinh bay tai muc 2.3.1.
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2.3.3.2. Anh hwéng ciia thoi gian siéu am

B4t 14 bang dugc ngadm trong dung moi ethanol/nude 1a 1:1. Sau do cho
siéu 4m v&i cong suat 90W tan sd 40 kHz trong thoi gian 10 phuat, 20 phut, 30
phut, 40 phit, 60 phut. O nhiét d6 chiét 1a 30°C trong thoi gian chiét 1a 60 phut.
Sau d6, dich chiét duoc tién hanh loc thu duoc dich chiét. Xac dinh nong do
polyphenol bang phuong phap do mau UV-Vis ding thubc thir Folin -

Ciocalteu nhu trinh bay tai muc 2.3.1.
2.3.3.3. Anh hwéng ciia nhiét @ chiét

Bot 14 bang duoc ngdm trong dung méi thich hop. Anh huéng cia nhiét
dd chiét duoc khao sat voi cac nhiét do 35°C, 50°C, 60°C, 70°C, 80°C trong
thoi gian siéu 4m t6i wu nhat v6i thoi gian chiét 1a 60 phuat. Sau d6, dich chiét
duogc tién hanh loc thu duoc dich chiét. Xac dinh néng dd polyphenol bang
phuong phap do mau UV-Vis dung thude thir Folin - Ciocalteu nhu trinh bay

tai muc 2.3.1.
2.3.3.4. Anh hwéng ciia thoi gian chiét

Bot 1a bang duge ngadm trong dung moi thich hgp. Cho si€éu am vai thot
gian t6i wu nhat. O nhiét do toi uu, trong thoi gian chiét 1a 10 phut, 20 phat, 30
phut, 60 phat, 120 phat. Sau d6, dich chiét dugc tién hanh loc thu duoc dich
chiét. Xac dinh nong do polyphenol bang phuong phap do mau UV-Vis dung

thudc thir Folin - Ciocalteu nhu trinh bay tai muc 2.3.1.
2.3.4. Tong hop vit liéu nano Cu2O
2.3.4.1. Tong hop vit ligu nano Cuz0
Chuén bi cac dung dich:
- Dung dich 1: Dung dich CuSO,4 0,5M

- Dung dich 2: Dung dich mubi potassium sodium tartrate (KNaC4H4Os)
1,5M va NaOH 2,0M.

- Dung dich 3: Dung dich chiét 14 bang.
* Quy trinh téng hop: [39]
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Budc 1: Cho dung dich CuSO4 vao binh phan tmg, cho tiép lwong dung
dich chira hdn hop NaOH va C4H404NaK, khudy déu hdn hop trén may khudy
tur.

Budc 2: Sau thoi gian 30 phut cho thém ethylen glycol (EG 99%) vao
hdn hop, tiép tuc khudy tron dé dung dich chat phan tan va Cu®* duoc phan tan

ddng déu.

Budc 3: Sau thoi gian 15 phut, nho tir tir timg giot dich chiét vao binh
phéan tng theo nhitng lugng tinh toan san cho ting thi nghiém.

Budc 4: Loc lay két tiia va rira 3 1an bang nudc cit.

Budc 5: Say kho hat thu dugc trong ti sdy chan khong & nhiét d6 60°C

trong 8 gid. Sau do, hat duoc bao quan trong moi trudng tu nhién.

Viée str dung dung dich mubi potassium sodium tartrate (KNaC4H4Os)
vao phan tng dé ngan can su tao thanh két tha Cu(OH), ma tao phirc gitra ion
Cu?" va ion tartrate nén khi c6 tac nhan khir 1a polyphenol chira nhém OH trong
phan tir, Cu?* s& bi khir vé Cu™.

2.3.4.2. Tong hop vit ligu nano Cu:O trén nén carbon hoat tinh sinh

hoc nguon goc vo ca phé

Carbon hoat tinh sinh hoc (AC) ¢6 ngudn gdc tir vo ca phé Paklak duoc
ké thira str dung ctia nhom nghién ctru. Nung vo ¢ 450°C trong 30 phut, sau d6
dén 900°C trong 60 phut v6i tbe d6 dong khi 1a 100 cm va téc do gia nhiét 1a
10°C/phut. AC sau khi nung, dugc sang ray kich thudc 250 um, dugce stir dung
ludn khong can qua xir 1y.

Vit liéu AC c6 dién tich bé mit 19,049 m?/g; thé tich 16 xdp 0,0191466
cc/g; ban kinh 16 x6p 1,6933mm. Theo phan loai IUPAC, dudng dang nhiét hip

phu thudc loai 2 c6 hién tuong tré H3 1a vat liéu co6 cac 16 rong hinh khe hé.



Hinh 2.4. Anh SEM carbon sau khi hoat héa

Chuan bi cac dung dich:
- Dung dich 1: Dung dich AC 0,03 M va dung dich CuSO40,5M

- Dung dich 2: Dung dich mudi potassium sodium tartrate (KNaC4H4O)
1,5M va NaOH 2,0M.

- Dung dich 3: Dung dich chiét 14 bang.

Quy trinh tong hop:

Budc 1: Cho hdn hop dung dich 1 vao binh phan tmg khudy déu, cho
tiép lwong dung dich 2 chira hdn hop NaOH va C4H40sNaK, khuay hén hop
trén may khuy ti.

Buoc 2: Sau thoi gian 30 phut cho thém ethylene glycol (EG 99%) vao
hdn hop, dé dung dich chit phan tan va dung dich 1 duoc phan tan déng déu.

Budc 3: Sau thoi gian 15 phit, nho tir tir timg giot dich chiét vao binh
phan mg theo theo diéu kién t6i wu. Khuay tir gia nhiét & 60°C trong 30 phut

Budc 4: San phém duoc loc, rira bﬁng nude cat 3 lan.

Budc 5: Séy kho hat thu dugc trong ta séy chan khong & nhiét o 60°C

trong 8h gid. Bdo quan trong moi trudng ty nhién
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2.3.5. Khio sat cac yéu té anh hwéng dén qua trinh téng hop vat liéu
Cu:0

2.3.5.1. Anh hwéng ciia ti 1¢ dich chiét/dung dich CuSO;

Pé khao sat anh huong cia ti 1& dich chiét/dung dich CuSOy, t6i kha ning
ché tao hat nano Cu,O, tién hanh thi nghiém véi cac théng sé:

- Thot gian phan tng: 60 phut.

- Nhiét d6 phan tng: 60°C.

Déi v6i thong s6 ti 18 thé tich dich chiét/dung dich CuSO,, gia tri bién
thién 0,14 (7ml dich chiét); 0,30 (15ml dich chiét); 0,50 (25 ml dich chiét); 0,80
(40 ml dich chiét) thu dugc cac mau tuong Umg lan lugt 1a M1, M2, M3, M4.

2.3.5.2. Anh hwéng ciia ti Ié thé tich chét phén tin EG dén qud trinh

tao nano Cu;0O

Khao sat sy anh hudng cta chat phan tan EG dén sy hinh thanh Cu,O
duogc thyce hién khi cho EG vao qua trinh tong hop vat liéu nano, cac diéu kién
phan tmg khéac duoc c¢b dinh nhu sau: nhiét do phan tng: 60°C; thoi gian phan
tmg: 60 phut thu duoc cac mau N1; N2; N3; N4 tuong ung: Khong c6 EG;
5,04% EG; 12,5% EG; 15% EG.

2.3.5.3. Anh hwéng ciia nhiét dp phdn ikng dén qud trinh tao nano
Cu;0

- Ti 1€ dung dich khir/dung dich Cu,SOs :0,5.

- Thoi gian tao nano dong (I) oxit Cu,O: 60 phut.

Déi véi thong s6 nhiét do, gia tri bién thién trong khoang t (°C) = 40°C
dén 95°C. Cac mau P1, P2, P3, P4 tuong tng nhiét do lan luot 1a 40°C, 60°C,
80°C, 95°C.

2.3.5.4. Anh hwéng thoi gian phan irng dén qud trinh tao nano CuzO

- Ti 1€ dung dich khir/dung dich Cu,SO4: 0,5.

- Nhiét d6 tao nano dong (I) oxit Cu,0: 60°C.
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Thoi gian phan tng (t) duoc khao sat trong khoang tir 20 phut dén 80
phat. Cac mau T1, T2 ,T3 , T4 tuong Gmg voi thoi gian bién thién thoi gian 1an
lugt 1a 20 phut, 40 phut, 60 phut, 80 phut.

2.3.6. Panh gia diic trung tinh chat vt ligu

- Thanh phén pha cua vat li¢u dugc xac dinh thong qua k¥ thuat phan
tich nhidu xa tia X (XRD) trén thiét bi D8-Advance, hing Bruker (Dtrc) tai
Vién Hoéa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

- Hinh thai hoc cua vat liéu dugc quan sat béng k¥ thuat chup anh hién
vi dién to quét (SEM) trén thiét bi Hitachi S-4800 tai Vién Khoa hoc Vat liéu,
Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

- Thanh phan nhom chtrc va lién két nguyén tir duogc xac dinh thong qua
phuong phap phan tich héng ngoai (FTIR) trén thiét bi Bruker Tensor II tai
Vién Hoa hoc - Vat li¢u, Vién Khoa hoc va Cong nghé quan su.

Trong qua trinh thyc nghiém, thanh phan nguyén t6 c6 trong mau vat liéu
dugc tién hanh xac dinh boi may do phd tan sic ning luong tia X (EDX)
EMSA/MAS Spectral Data File (Nhat Ban), tai Vién Khoa hoc Vat liéu/Vién
Han lam Khoa hoc va Cong nghé Viét Nam.

2.3.7. Tinh toan

2.3.7.1. Hiéu sudt phan irng tgo nano Cuz0

Hiéu suét phan tng duoc tinh theo cong thirc:

H(%) = m—:t X 100 2.1)
myg

Trong do:

« my: Khéi luong san pham thuc té thu dugc (g),
« my: Khéi luong thu duge tinh theo 1y thuyét (g).
2.3.7.2. Danh gid khd ndang xuc tic quang loai bo MB

Hoat tinh quang xtc tac cta hat nano Cu,O da diéu ché: Trong mdi thi
nghiém, 25 mg nano Cu,O dugc cho tiép xuc véi 50 ml dung dich MB 10 mg/L
trong Ong thily tinh trong suét. Qua trinh hap phu dién ra trong bong tbi sau 30
phut. Sau do, cac 6ng thily tinh dugc dua vao ta chiéu sang, st dung ngudn

sang 1a dén Xenon trong diéu kién khong khi luu thong. Dung dich MB duoc
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loai bo khoi hon hop sau mot khoang thoi gian xac dinh trude va né)ng do duoc
do bang phwong phap tric quang UV-Vis trén thiét bi UV-Vis DV-8200

Drawell.

X4y dung phuong trinh dudng chuan MB

bo hép thu quang ciia MB & cac n(‘Sng do 2; 4; 6;8;10 mg/L ¢ budc song

Amax=062 nm duoc trinh bay trong Bang 2.2:

Badng 2.2. Két quad xdy dung dwong chuan MB

Nong d6 (mg/L) 2 4 6 8 10
Do hap thu quang (Abs) | 0,2590 |0,4709 |0,6867 |0,8972 |1,1710
Puong chuan xay dung duoc trinh bay trong Hinh 2.5.
1.2 1
1.0 y= 0,125 20+0,02187
R'=0,9972
0.8 -
2
< 06
0.4
0.2
2 : e 2
Nong dé (mg/L)
Hinh 2.5. Puong chudn ciia MB
Phuong trinh duong chuan y = 0,11252x + 0,02187 (2.2)

Trong do:

« x: Nong d6 dung dich MB (mg/L),

« y:Cudng d6 hap thu anh sang & Amu=662 nm.

Hiéu sut phan hity MB khi c¢6 mat chat xtc tac dugc tinh theo cong thic:

H(%) = “=* x 100
0

(2.3)
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Dit liéu loai bd MB bang phuong phap quang xtc tac duge dua vao md

hinh dong hoc bac nhat gia dé phan tich dong hoc:

—Int=ky Xt (2.4)

0
Trong do:
« Co: Nong d6 MB (mg/L) ban dau,
« Cg¢ Nong do MB (mg/L) tai thoi diém t,

« k;: Hang sb téc d6 phan tng
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Chuwong 3. KET QUA VA THAO LUAN
3.1. Puong chuin phén tich ham lwong polyphenol

Do hap thy quang cua gallic acid duoc hap thy ¢ budc song Ame=713 nm

0.70 - A =713 nm
LELE

060 -

Abs

0.55 o

Bl B0 M0 750 s00 BS0 000
Bwoc song (nm)
Hinh 3.1. Phé UV-Vis cia gallic acid xudt hién budc song cuc dai o 713 nm

bo hép thu quang cua gallic acid & cac néng do 5; 10; 15; 20; 25 mg/L
do tai budc soOng Amax thu dugc trinh bay trong Bang 3.1

Badng 3.1. Két qud xdy dung dwong chuan gallic acid.

Nong dé gallic acid

(mg/l) 5 10 15 20 25

P hip thu quang (abs) | 0,2079 | 04617 | 0,7071 | 0,9170 | 1,1620

Tir két qua trong bang ta tién hanh dyng duong chuan, két qua thu duoc:

1.2

L =0, 04T 270,171

Re=0, 9587
0.8 -

Abs

0.E

0.4 -

0.7 -

s w15 25

Nong 6 (mg/L)

Hinh 3.2. Puong chudn phén tich ham leong gallic acid.
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Puong chuin: y = 0,04727x - 0,01791  (R2=10,9987) (3.1)

Trong do:
« x: Nong do gallic acid (mg/L)
« y: Do hap thu quang (Abs).
3.2. Nghién ctru tach chiét tic nhan khir tir 14 bang
Pé tach chiét polyphenol c6 néng d6 tdi wu nhat bang phuong phap
truyén thong két hop siéu am ta can khao sat cac yéu té anh huong dén qua

trinh téng hop vat liéu: Dung moi chiét; thoi gian si€éu am; nhi¢t do chiét; thoi

gian chiét.

LR

Hinh 3.3. Dich chiét ld bang.

Sau khi tach chiét polyphenol tir 14 bang, ta thu dugc dich chiét. Su c6
mit cta polyphenol trong dich chiét duoc xac nhan bang phd UV-Vis va quang

pho FTIR.
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Hinh 3.4. Ph6 UV-Vis ciia dich chiét ld bang.
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Phé triac quang UV-Vis cta chiét xuat 14 bang dugc thé hién trong Hinh
3.4. Trén quang phd, hai dinh lién k& & budc séng 220 nm va 259 nm duoc cho
la dac trung ctia polyphenol trong 14 bang. Nhom tac gia Kin Weng Kong cung
cong su ciing nghién ctu cac pic dic trung co ban cua cac hop chat nhém
phenolic [40]. Ngoai ra, nguoi ta cling quan sat thay dinh thip hon & budc song
379 nm. Ham luong polyphenol trong dich chiét bang dugc tinh toan thong qua
phuong trinh xac dinh ndng d6 polyphenol bang phuong phap trac quang UV-
Vis.
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Hinh 3.5. Phé FTIR cua dich chiét 1d bang.

Polyphenol tir dich chiét 14 bang c6 quang pho FTIR dugc thé hién trong
Hinh 3.5, minh hoa su tOn tai cia cac nhoém chirc nang ddc bi¢t. Mot peak dac
trung duoc phat hién ¢ 3219 cm ' trong pham vi budc song. Su dao dong ddi
xtng va khong d6i xtng ctia nhém hydroxyl polyme (O—H), hay su lién két H,
duogc thé hién trong khoang 3400—-3200 cm™ va 1a dién hinh cta cac hop chat
polyphenolic. Mot peak dic trung & 1713 em™! trong vung 1730-1760 cm™ cho
thay vong thom 6 cacbon c6 méi quan hé voi nhom -C=0. Két qua cho thay su
hién dién ctia nhom -CH- ctia methylene trén cac vong thom kéo dai xuét phat
tir sw dao dong & budce song 1440 cm™ trong cac vung 1430-1470 cm™! duge cho
1a do lién két C-H. Vung trai rong tir 1000 dén 1100 cm™ thuong dugc goi 1a
vung dic trung do c6 nhiéu dai don cuong do thap dic biét lién két véi cac

nhém chirc trong pham vi ndy. Dao dong & 1052 cm ¢6 lién quan dén su kéo
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dai -COC-. Cubi cung, peak dic trung ¢ budc song 745 cm' ¢6 thé 1a lien két

CH cuia gbc phenyl.
3.2.1. Anh huéng ciia dung mdi chiét

Nhiéu nghién ctru di chi ra rang, hé dung méi 1a mot trong cac yéu to
quan trong nhét trong viéc chiét xuat. Viéc lwa chon dung méi c6 thé anh huong
dén ca loai va ham luong cac hop chét chiét tach duoc. PO hoa tan cla cic hop

chat phenolic chiu anh hudng 16n boi d6 phan cuc cia dung méi sir dung.

Céac dung méi c6 tinh phan cuc cao nhu nude hodc thap nhu chloroform
hay hexan thuong khong mang lai hiéu qua chiét xuit cao. Pé ting cudng hiéu
sudt chiét xuat polyphenol tir 14 bang, co thé sir dung cung cac dung méi hon
hop c¢6 do phan cuc trung gian nhu ethanol, methanol, acetone hay etyl acetat.
Cac dung moi hon hop nay c6 kha ning tuong tac v6i cac nhom chire khac nhau
ctia polyphenol, tir d6 tao ra sy can bang giita cac luc lién két giita dung méi
va polyphenol [41].

Dung méi duoc lua chon phu hop sé& gitp ting hiéu suat chiét tach, giam
chi phi va thoi gian. Dung méi ethanol va nuéc 1a 2 loai dung méi phd bién it doc
hai, chi phi ré va an toan voi stic khde con ngudi phu hop véi quy trinh héa hoc
xanh khi chiét tach [42]. Ham luong polyphenol trong 14 bang duoc trinh bay trong
Hinh 3.6.
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Hinh 3.6. Anh hwdng ciia dung méi dén hiéu sudt chiét polyphenol tir ld bang.
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Két qua cho thiy, trong céc ti 16 dung méi chiét tach thi sir dung ti 16 dung
mdi ethanol/nuée 1a 1:1 dugc chimg minh 13 t6t nhat, ham lugng polyphenol thu
duogc 1a 8978,146 mg/L. Do d6 dung mdi ethanol: nudc véi ti 1€ 1:1 dugc lua
chon dé khao sat cac diéu kién tiép theo. Ethanol va nuée duoc biét dén 1a mot
dung moi than thién véi moi trudng, tuong d6i an toan véi sire khoe con nguoi
[43].

3.2.2. Anh hwéng cia thoi gian siéu Am

Tach chiét polyphenol tir 14 bang str dung phuong phép truyén théng két
hop hd tro song siéu 4m duoc chimg minh nang cao hiéu qua va tiét kiém thoi
gian. Thoi gian siéu am anh huong dén qua trinh chiét xuat polyphenol. Sau

khi khao sat & cac thoi gian khac nhau két qua thu dugc ¢ Hinh 3.7.

14000 -
1234578

- I
= 12000 -
(=74}
E
S 10000 - 913:,743 8809245 8770,906
c
I ] 7
S 8000 -
=
2 6070,395
S 6000 - e
-
b.
2 4000
=
1]
T 2000-

0 T T Y T g 1 ' ! i ! i Y

10 20 30 40 S0 o

Thei gian siéu am (phut)

Hinh 3.7. Anh hudng cia thoi gian siéu dm dén hiéu sudt chiét polyphenol tir
ld bang.

Két qua cho thay & méc thoi gian 30-60 phat ham lugng polyphenol giam
dan. Theo két qua nghién ctru cua Vo, H. D. and Le, V. V. M, néu thoi gian
si€u am qua lau, ca ham luong va hoat tinh ctia polyphenol trong thyuc vat sé bi
giam [44]. Do d6, thoi gian t6i wu dé siéu am 1a 20 phat thu duoc nong do
polyphenol cao nhét dat 12345,78 mg/l.
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Su tang hiéu qué chiét cac hop chat polyphenol co thé dugc giai thich
nhu sau: véi co ché tac dong da chiéu, song si€u am tao ra hiéu ung vat ly va
co hoc, thay ddi ciu tric, trang thai cua nguyén liéu ting cuong su tiép xtc

giita nguyén liéu va dung méi chiét 1am ting sy khuéch tan cila cac hop chat.
3.2.3. Anh huéng ciia nhiét do chiét

Cung véi yéu té anh huong cua dung moi thi nhiét do chiét xuét ciing
duoc xem la yéu t6 ¢6 anh huong 16n nhat dén hiéu suét chiét xuit va hoat tinh
sinh hoc ctia dich chiét.

Két qua khao sat anh huong cua nhiét do dén qua trinh chiét duoc thé
hién trong Hinh 3.8
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Hinh 3.8. Anh huong ciia nhiét 36 dén hiéu sudt chiét polyphenol tir Id bang.
Két qua cho thay, trong khoang nhiét do chiét tang tir 35°C dén 60°C thi

ham lugng polyphenol tong sé thu duge ting dan dén hiéu suat chiét ting va
dat cuc dai tai 60°C. Do khi tang nhiét do lam mém mé thuc vat, tang tde do
tham thau, khuéch tan cua dung méi vao vao trong nguyén liéu va gitp qua
trinh chiét tach dién ra nhanh hon. Van Thuy N va cong su [45] d3 chi ra rang,
hiéu suat chiét polyphenol dugc ting cuong khi ting nhiét do chiét. Tir d6 c6
thé cai thién duoc hiéu suat chiét. Tuy nhién, tiép tuc ting dén 70°C, 80°C thi
ham luong polyphenol va hiéu suét chiét xuat giam do & nhiét do qua cao thi

dung moéi bi bay hoi nhiéu, ddng thdi c6 thé mot phan polyphenol di bi oxy
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hoa. Quan V. Vuong va cong su [46] ciing chi ra rang, hiéu sut chiét tach
catechin ché voi dung moi nude da giam khi ting nhiét do chiét tir 80°C 1én
95°C. Do d6, nhiét do duoc lwa chon thich hop dé tach chiét polyphenol 14
60°C.

3.2.4. Anh huéng ciia thoi gian chiét

Thoi gian chiét khong nhitng anh hudng dén hiéu suét chiét, ma con anh
huong dén chi phi va chat luong dich chiét. Anh hudng cta nhiét d6 dén qua
trinh chiét voi hé dung méi 1/1 (EtOH/H,0) tai nhiét do 60°C trong thdi gian
khao sat dugc trinh bay trén Hinh 3.9.
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Hinh 3.9. Anh huong cia thoi gian dén hiéu sudt chiét polyphenol tir 1d bang.

Két qua cho thdy, khi thoi gian chiét tang tir 0 dén 30 phut thi ham luong
polyphenol ting, do thoi gian chiét ngan ham lugng polyphenol cta du thoi
gian dé khuéch tan hét vao dung mai, tiép tuc ting thoi gian chiét tir 30 phit
dén 120 phut thi hiéu suét chiét khéng ting ma con giam xudng. Diéu nay
chtng minh rang thoi gian chiét dai ddn dén sy phan huy mot s6 hop chét tiang
nguy co oxy hoa cac hop chit polyphenol, dan dén ham lugng polyphenol giam
va tang dién nang tiéu thu. Quan V. Vuong va cong su [46] ciing cho két qua
tuong ty, voi dung moéi nudce, hiéu suat chiét catechin che giam manh khi kéo
dai thoi gian chiét qua 20 phit ¢ nhiét d6 80°C. Vi vy, chon thoi gian chiét 30
phut 1a khoang thoi gian tdi vu nhat.



35

3.3. Tong hop vit liéu nano Cu2O

Qu4 trinh hinh thanh Cu,O bang phwong phap khu trong dung dich
CuSO, bang dich chiét 14 bang duoc dién ra qua timg giai doan nhu sau:
Dich chiét 1 bang
MakCaHaOs -

Cu®* > Cu[C4H30sKNa]2 = Cu(OH) = Cwm0
OH: OH- OH-

San pham thu dugc nhu Hinh 3.10.

Hinh 3.10. Vat liéu Cu0 tong hop duwoc.

Dua trén két qua phan tich dinh tinh cho thay trong dich chiét nudc cua
14 bang c6 chira cic nhom chat saponin, tannin, flavonoid. Cac nhom chat nay
c6 chura cdc nhom OH & vong thom. Cac nhém OH cua polyphenol (nhu
catechin, quercetin, lutecolin, punicalin, tercatin,...) s€ dong vai tro 1a tdc nhan
khtr ion Cu®* thanh Cu* theo co ché sau: (trong d6 R 1a nhom c6 chira vong
thom).

Co ché du doan sy hinh thanh Cu,O bang dich chiét polyphenol cho thay
cac hop chat nhém phenol dong vai tro 1a chat khir dé khir ion Cu?* thanh Cu*.
Vi vay, khi pH thap, nong ¢6 H* 16n, thi (1) dich chuyén tir phai sang trai lam
cho tdc do phan tng (2) giam, tirc lam cho qua trinh khir Cu** dén dén Cu*
giam. Nguoc lai, khi pH ting, dan dén toc d6 phan tng (2) xay ra nhanh hon,
dan dén luong nano Cu,0 téng hop dugc nhiéu hon [47].
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Hinh 3.11. M6 ti co ché khir Cu®* thanh Cu* béi polyphenol.
Vit lidu sau khi duoc tong hop bang tac nhan khir 1a dung dich chiét 14
bang duoc danh gia dic trung tinh chat qua gian 46 XRD, EDX, pho UV-Vis
qua céc hinh dudi day.
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Hinh 3.12. Phé UV-Vis ciia ld bang va hat nano Cu;O.

Sau khi quan sat va phan tich phd UV-Vis da duoc st dung dé xac nhan
qua trinh tong hop cac hat nano Cu,O thanh cong. Viéc tao ra cac hat nano
Cu,0 duoc xac nhan bang su thay d6i mau nau vang sang d6 gach sau khi dun
néng chiét xuat 14 bang va dung dich dong sulfate. N6 ciing cho thay rang trong
qua trinh san xuét, cac hop chét phenolic thay doi hoa tri ciia dong tir IT thanh
I. Hinh 3.12 cho thiy quang pho cua chiét xuat 14 tir 14 bang va cac hat nano
Cu,O trong khoang tir 190 dén 590 nm. Cac thanh phan phenolic vén co cta

chiét xuat da trai qua qua trinh chuyén doi di¢n tu, tir T sang ©* hoac tur n sang
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m*, nhu thé hién bang cac dinh hip thu kép dugc thiy trong ca hai quang phd
0 234 nm/264 nm va 256/283 nm. Su hinh thanh cac hat nano Cu,O da duoc
ghi lai khi mot dinh rong xuét hién ¢ 414 nm. Déng thoi, dinh hep & 370 nm
trong quang phd cta chiét xut 14 bang bién mat. Piéu nay khang dinh ring
viéc san xuit cac hat nano Cu,O duge hd tro béi cc tac nhan khir co trong chiét
xudt 14 bang. Gia thuyét vé& qu4 trinh hinh thanh Cu,O duoc giai thich [48, 49].
Co ché du doan cho su hinh thanh cac hat nano Cu,O ¢6 thé duge dua ra nhu
sau:

Dich chiet la bang
Cu* — Cu* %% cuoH — Cu,O
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Hinh 3.13. Gian @6 XRD ciia hat nano Cu>0.

Trén gian d6 XRD cho thiy vat liéu sau tong hop c6 cac peak nhiéu xa
chinh tai céac vi tri ¢ 29,6°, 36,5°, 42,4°, 61,5°, 73,7° va 77,6° tuong ing, hoan
toan phu hop véi cac peak dac trung cia Cu,O [50, 51]. Ching tuong ung véi
cac mat phang tinh thé [110], [111], [200], [220], [311] va [222] ctia Cu,O [50,
52,53]. Su Véng mat ctia cac dinh nhiéu xa Cu, CuO va Cu(OH); cho théy réng
cac hat nano Cu,0O dugc tao ra ¢ pha tinh thé tinh khiét cta ching. Hon nira,
d6 két tinh sdc nét cia cac san phém da dugc chung minh. Thanh phﬁn hoa hoc
ctia hat nano Cu,0 dugce xac dinh bang phuong phap tan xa niang luong tia X.
Két qua xac dinh ham lugng nguyén to thé hién trén phd EDX (Hinh 3.14) cho
thay su ton tai ctia hai nguyén té Cu va O, vé6i khdi lugng twong tmg 12 80,31%
va 9,67%, twong ty nhu thanh phan pha trong dit liéu XRD ¢ Hinh 3.13.
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Hinh 3.14. Phé EDX ciia hat nano CusO.

Céc tinh chat quang hoc cua vt liéu ciing duoc danh gia thong qua phd
UV-Vis DRS. Cac két qua trinh bay trong Hinh 3.15 cho thdy ning luong
khoang céach dai Eg cua hat nano Cu,O, dugc tinh theo cong thic Tauc, tuong
tmg 13 1,945 eV, v6i cudng d6 hap phu cao nhit & bude song 477 nm. Cac két
qua vé nang luong khoang cach dai cua hat nano Cu,O thu duoc tuong duong
v6i cac 4n pham trude day [54-56]. Cu 1a mot nguyén td kim loai chuyén tiép.
Mic du electron ngoai cting phan bd & 16p 4s', nhung né thude phan 16p d, do
d6 electron don nay c6 thé dé dang thay d6i muc ning luong ctia n6 dé dat dugc

hoat ddng quang xtic tac va duoc biéu dién tot trong vung kha kién.
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Hinh 3.15. Phé UV-Vis DRS (a) va so dé Tauc (b) xdc dinh ning lwong viing

cam cua nano Cu0.

Pé tong hop duogc vat lidu nano Cu,O bang phuong phap khtr sir dung
dich chiét sinh ta cAn khao st cac yéu tb anh huong dén qua trinh tong hop vt
liéu. Ti 1€ dung dich khir/dung dich Cu?*, nhiét d0, tic nhan phan tan EG, thoi
gian phan ung.

3.3.1. Anh hwéng cia ti 1¢ dich chiét/dung dich Cu?*

Két qué khdo sat sy phu thudc ctua qua trinh tao nano déng vao ti 1€ dich
chiét/dung dich Cu®**. San pham Cu,O téng hop duoc phan tich trén gian d6
nhiu xa tia X (XRD) x4c dinh thanh phan pha va hiéu suét tao thanh. Két qua
phan tich thé hién qua Hinh 3.16 va Bang 3.2.

Két qua cho thay, khi cho ham lugng dich chiét thap thi phan ung khir
chua duoc triét dé, Cu* chua dugc khir vé Cu® ma khir vé san pham 1a CuO
hiéu sudt thu dugc thip. Khi thé tich dich chiét ting lén tir 15-25ml thi Cu?*
duogc khir vé Cu* hoan toan. Piéu nay cho thiy ¢ ndng d6 phu hop cac phan tir
chuyén dong nhanh dan dén hat nano dong oxit tao thanh t6t. Con khi ham
luong dich chiét cao dén 80% thi Cu®" duoc khir vé Cu' va Cu®. Diéu nay cho
théy dé c6 hiéu suét va vat liéu Cu,O duoc tao nén tién hanh phan Umg & ti 1€
dich chiét/dung dich CuSO,4 14 0,5.
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Hinh 3.16. Gian d6 XRD ciia Cu>0 ché tao & cdc i 1é dich chiét/dung dich

Cu’" khdc nhau.

Bang 3.2. Hiéu sudt ché tao Cu-0 theo ti 1é dich chiét/dung dich Cu*".

. Ti 1¢ dich chiét/dung dich CuSO4 s
Mau Hi¢u suat (%)
0,5M (V/v)
Ml 0,14 (7 ml dich chiét) 60,5
M2 0,30 (15 ml dich chiét) 69,0
M3 0,50 (25 ml dich chiét) 72,0
M4 0,80 (40 ml dich chiét) 63,2

3.3.2. Anh hwéng ciia ti 18 thé tich chit phan tan EG

Khao sat sy anh huong ti 1¢ thé tich EG dén su hinh thanh Cu,O duoc
thuc hién khi thay d6i thé tich EG cho vao hdn hop dung dich, cac diéu kién
phéan Umg khac duoc ¢ dinh nhu sau: ti 18 dich chiét/ dung dich CuSO;4 12 0,5;
nhiét do phan tng: 60°C; thoi gian phan tng: 60 phut.

Két qua khao sat kich thudc cac hat hinh thanh trong diéu kién thé tich
chat phan tan khac nhau dugc thé hién trong Bang 3.3. Hinh anh SEM cho thay
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kich thuéc cac hat hinh thanh voi ti 16 thé tich chat phan tan EG khac nhau 1a
khac nhau dugc thé hién ¢ Hinh 3.17.

£

é
300 nm

ir

Hinh 3.17. Anh SEM cuia vt liéu Cu,0 ché tao véi cdc néng do khac nhau
ciia chat phén tan EG.

Két qua cho thay, ¢ cc thé tich EG khéac nhau s& cho ra hinh thai va kich
thudc hat khac nhau. Khi khong c6 EG thi hat nano Cu,O thu dugc khong dong
déu; bé mat hat nano nham va c6 xu hudng mét On dinh co hoc, kich thudc hat
dao dong tir 200-400nm. Khi ting thé tich chat phan tan EG thi kich thudc hat
nho dan. Khi lwong chét phan tan nho 5% thi cac hat vat liéu bi dinh vao nhau,
c6 hat to nhé khong déu, bé mat nhin, c6 kich thudc khoang tir 100 - 300nm
xu hudng két tu lai thanh cac hat to hon. Nhung khi ting ti 16 EG 1én 12,5%
cAu trac tinh thé cao, co dang hinh cau, hinh thanh c¢6 kich thuéc déng déu va
bé mat nhin, c6 thé tao ra do6 bén co hoc cao hon kich thuéc hat déng nhat
khoang tir 50-150nm. Khi ting ti 1¢ EG 1én 15% thi kich thudc hat phan bd
khong déu, co kich thudc hat tir 50-200nm. Hau hét cac nghién ctru da sir dung
ethylene glycol 1am chat 6n dinh trong qué trinh téng hop hat nano. Mot s6
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nghién ctru khac sir dung EG 1am tac nhan kiém soat kich thuéc cho hat nano
[57]. Diéu nay cho théy & ti 16 EG 12,5% dat hiéu suét va vat liéu Cu,O tao
thanh c6 hinh thai va kich thudc 6n dinh.

Bang 3.3. Anh huong ciia ti 1é chat phdn tin EG dén kich thuée hat nano

Cu;0.
TT Méiu Ti 1€ Vic (%) Kich thuéc hat (nm)
1 N1 0 200-400
2 N2 5,04 100-300
3 N3 12,5 50-150
4 N4 15 50-200

3.3.3. Anh hwéng ciia nhiét do dén qua trinh hinh thanh Cu,O
Nhiét d6 phan mg anh hudng dén qua trinh khir Cu** (CuSOy) thanh Cu

va Cu'. Pé nghién ciru sy anh huong nay ta tién hanh diéu ché & cac diéu kién
nhiét do khac nhau tir nhiét 6 phong (40°C dén 95°C), céac diéu kién khac duoc
giit nguyén. San pham Cu,0 tong hop dugc phan tich trén gian do nhiéu xa tia
X (XRD) va SEM dé xac dinh thanh phan pha, hinh thai hoc va kich thudc hat.

Két qua phan tich thé hién qua Hinh 3.18 va Hinh 3.19. Hinh thai cta
Cu,0 tao ra & 60°C c6 hinh cau tron dong nhat, ¢ nhiét dd cac phén tir chuyén
dong nhanh, s va cham hiéu qua ting nhanh dan dén hat nano déng oxit tao
thanh nhanh, bén, khong bi keo tu, phan bé kich thudc hat dao dong tir 50 nm
dén 150 nm, gian d6 XRD xuit hién cac peak dic trung cua Cu,O hoan toan.
Céc hat nano Cu,O tong hop ¢ 40°C c6 hinh thai dong nhat, nhung trén gian
d6 XRD, xuét hién peak ctia CuO diéu nay c6 nghia phan tmg xay ra khi dich
chiét 12 bang chua khir Cu®* vé Cu,O hoan toan ma con ham luong CuO duoc
tao thanh, hinh thai vat liéu c6 kich thudc to va dao dong tir 100-200 nm. Trong
khi d6, cac hat nano Cu,O thu dugc ¢ nhiét 6 cao hon (80°C va 95°C) c6 xu
hudng khong dong nhét vé hinh thai va kich thudc. Miu tong hop ¢ 95°C ciing
cho thiy cac tinh thé 1ap phuong va lap phuong ti. Piéu nay cho thdy dé co

hiéu suat va vat liéu Cu,0 dugc tao nén tién hanh phan tng ¢ nhiét d6 60°C.
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Hinh 3.18. Gian d6 XRD ciia Cu>0 ché tao & cdc nhiét do khac nhau Pl1, P2,

P3, P4 twong vng vdi cac nhiét do 40°C, 60°C, 80°C, 90°C.

{ {

Hinh 3.19. Anh SEM ciia Cu>0 ché tao & cac nhiét @6 khac nhau P1, P2, P3,
P4 twong vmg véi cdc nhiét dg 40°C, 60°C, 80°C, 90°C.
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3.3.4. Anh huéng ciia thoi gian phan ving

Céc diéu kién phan tng sau khi khao sat mot s6 yéu té anh hudng dén
su hinh thanh Cu,0 da dugc lya chon. Thoi gian phan tng dugc khao sat thong
qua két qua chup SEM thé hién & Hinh 3.20, hiéu suit tao thanh vat liéu nano
Cu,0, mau cta dung dich phan tng thay ddi. Két qua dugc trinh bay trong
Bang 3.4.

Hinh 3.20. Anh SEM ciia Cu>0 ché tao theo cdc thoi gian khdac nhau T1, T2,
T3, T4 twong vmg lan ot la 20, 40, 60, 80 phiit.

Két qua cho thay, ¢ thoi gian khic nhau thi hiéu suat tao thanh nano
Cu,0 khac nhau. O thoi gian tir 20 dén 40 phut, phan ung dat hiéu suét thap do
phan img chua xay ra hoan toan khi cac hat tinh thé cua vat liéu chua dugce tao
thanh. Khi d6 anh SEM ciing cho thay vat liéu c6 bé mat khong min. Khi & thoi
gian 60- 80 phut, c6 thé thdy mau cta dung dich phan tmg chuyén tir mau xanh
sang vang nau roi sau d6 chuyén sang mau d6 gach va gan nhu khong thay doi

sau khi két thuc phan tng diéu nay chimg to ¢ thoi gian ndy phan tng da xay
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ra hoan toan. Anh SEM ciing cho thay kich thudc hat duoc dong déu nhau va
bé mat nhin. Tuy nhién & thoi gian 80 phit thi phan tng di xay ra hoan toan
va hiéu suat cling khong thay doi. Vi két qua khao sat nay, thoi gian thuc hién
& 60 phat dé phan tmg xay ra hoan toan dat duoc hiéu suét cao va ti uu hoa su
tiéu tén nang luong.

Bdng 3.4. Anh hieong cia thoi gian phan iing dén hiéu sudt ché tao Cu0.

Miu Thoi gian phan wng (phut) Hiéu suit (%)
T1 20 45,5
T2 40 56,1
T3 60 68,2
T4 80 70,1

3.3.5. Kha nang xuc tac quang phan hiy MB cia vat liéu nano Cu2O

Kha ning quang xuc tac cta hat nano Cu,O dé oxy hoa thudc nhudém
(methylene xanh) di duoc danh gia trong diéu kién anh sang mit troi mo phong.
Céc diéu kién thir nghiém da duoc thiét 1ap, bao gdom nong d6 MB ban dau 1a
10 mg/L, ham luong chat xtc tac 14 0,5 g/L va cong suat dén Xenon 13 300 W.
Két qua dugc thé hién ¢ Hinh 3.21.

1.8
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- - - min e
1.4 4 10 min :
20 min
1.2 4
30 min
w 104 40 min
.| 120 min
=< 3.8
0.6 -
0.4
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0.0 =" - T - T - T - T
520 560 600 G0 G680

Bwée sang (nm)

Hinh 3.21. Phé UV-Vis ciia dung dich MB sau khi bi phdn hity quang hoc

duoi anh sang mat troi mo phong voi hat nano Cu,0 lam chat xuc tac.
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Hinh 3.22. Hiéu sudt quang phdn hiy MB duwéi anh sang mdt tréi mé phong

voi hat nano Cu,0 lam chat xuc tac.

Két qua cho thdy MB phan hily nhanh sau 10 phut chiéu xa va hiéu suat
quang phan huy dat ~ 72% sau 120 phat. C6 thé thay rang hiéu suat quang xuc
tac phan hity MB cua hat nano Cu,O tong hop sinh hoc sir dung chiét xuat 1a
bang ciing dat hiéu suit cao. So véi cac cong trinh di nghién ctru va tong hop
nano Cu,0O theo cac phuong phap khac nhau nhu thé hién trong Bang 3.5.

Badng 3.5. So sanh hiéu sudt qud trinh phan hiyy quang hoc MB ciia chdt xiic
tdc Cuz0 ché tao duoc theo cac phirong phdp khdc nhau

o o Hiéu suit phan Tai ligu
Vat li¢u Phuwong phap tong hop ) N
huy MB tham khao
Tong hop xanh )
CuO o _ 65% sau 600 phut [58]
(Vo cay T. arjuna)
Cu,O Dung dich nudc ép 6i 91% sau 60 phut [59]
. o 100% sau 105
Mang Cu,O H¢ thong phun DC ] [60]
phut

Mang Cu,O Dién phan 89% sau 180 phut [61]

Tong hop xanh tir 1a ) Luan van
Cu,O . 72% sau 120 phit .
bang nay

V& mit 1y thuyét, O, hap phu va cac electron tap trung trén bé mit Cu,O
c6 thé phan tmg dé tao thanh 0% dudi anh sang mit troi md phéng. Sau do,
hydro peroxide (H,0,) va gdc hydroxyl ("OH) duoc tao ra khi *O* phan ng
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véi H,O. Piéu nay giai thich tai sao hat nano Cu,O c6 hoat tinh cao trong viéc
phan huy MB. O* va OH la cac loai phan ung chinh ctia qua trinh phan huy
MB va cac phan Umng sau ddy minh hoa cho qua trinh quang xtc tic cua MB
boi hat nano Cu,O nhu sau: [37]

hv + Cu,0 - h* + e~ (3.2)

0,+ e —-0; 3.3)

.05 + 2H,0 - 2 - OH + H,0, (3.4)

.03 + H,0, > OH+ 0, + OH" (3.5)

OH~ + h* —- OH (3.6)

MB +-0; — (- OH) - €O, + H,0 (3.7)
0 20 20 s 8 100 12

Hinh 3.23. Pong hoc bdc nhat ciia qud trinh phdan hity MB svr dung chat

quang xiic tac CusO dwdi birc xa dnh sang kha kién.

Su phan huy xanh methylen (MB) dugc nghién ctru trong 4 gi6 dudi buc
xa anh sang kha kién dé x4c dinh hoat tinh quang xuc tac cua CuO. Hi¢u sudt
phan huy MB cua Cu,0 sau 10, 30 va 120 phut 1a 26,82, 44,31 va 71,99%,
tuong trng nhu dugc hién thi trong biéu d6 & Hinh 3.22. Nhu dugc minh hoa
trong Hinh 3.23, dit liéu phan huy quang xtc tac dugc tinh toan bang mé hinh
dong hoc phan g gia bac nhat. Hang s toc do phan huy MB (k;) ciia Cu,O
1a 0,0084 phut .
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3.4. Tong hop vit liéu nano CuzO trén nén carbon hoat tinh sinh hoc
tir vé ca phé (Cu20/AC)
3.4.1. Tong hop vat liéu nano Cu20/AC
Vat liéu duoc téng hop khao sat & 2 ham lugng AC khac nhau: 0,05 gam
va 0,2 gam. Két qua duoc danh gia qua gian d6 XRD trén Hinh 3.24 va anh
SEM cua vat liéu nhu Hinh 3.25.

§ 2531%
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(b)
Hinh 3.24. Gian d6 XRD cua vit liéu Cu>0/AC ché tao dicoc véi ham lwong
AC khac nhau: myc = 0,05 g (a) va myc = 0,2 g (b).
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Két qua cho thay, sau khi tong hop vt liéu Cu,O trén nén AC thi vat liéu
tao thanh déu 1a phd dic trung cua vat liéu CuO cho thdy phan tng di xay ra
hoan va vé6i diéu kién t6i wu, ham luong AC tir 0,05-0,2 gam lugng Cu?* bi khir
hoan toan vé Cu®. Hinh anh SEM (xem Hinh 3.25) cho thay, vt liéu trén nén
AC c6 kich thudc hat déng déu, bé mat nhn, kich thude dao dong 20-50nm.
Khi cho ham luong AC nhé thi vét liéu Cu,O duoc téng hop di bao phi kin bé
mat AC diéu khi cho ham lugong AC tang lén 0,2 gam thi lugng vat li¢u Cu,O

tao thanh van con khoang tréng.

i

(a) (b)
Hinh 3.25. Anh SEM cua vat lieu Cu,O/AC ché tao duoc voi ham lwong AC

khac nhau: myc = 0,05 g (a) va myc = 0,2 g (D).
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3.4.2. Kha ning x1c tac quang phan hiy MB cua vat liéu Cu,O/AC
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Hinh 3.26. Phé UV-Vis ciia dung dich MB sau khi bi phan hiiy quang hoc

dudi anh sang mdt troi mé phong voi hat nano Cu;O/AC lam chdt xiic tdc.

Hiéu suat phan huy (%)

vt | 97,7%
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Hinh 3.27. Hiéu sudt quang phdn hiy MB duwéi anh sang mdt troi mé phong

véi hat nano Cu>O/AC lam chdt xic tdc.

Pho UV-Vis ctia dung dich MB sau khi bi phan hity quang hoc duéi anh
sang mat troi mo phong véi hat nano Cu,O/AC 1am chat xtic tic duge trinh bay
trén Hinh 3.26 va hiéu xuét trén hinh 3.27. Két qua cho thiy, vét liéu Cu,0/AC
c6 kha nang hip phu cuc dai sau 8 gid dé trong bong tdi, lvgng hip phu dat

4,67 mg/L. Sau d6 su phan hiy xanh methylen (MB) dugc nghién ctru trong 45

phut sau khi dugc hip phu dat cuc dai trong bong t6i dudi birc xa 4nh sang kha
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kién dé xac dinh hoat tinh quang xtc tac ctia Cu,O. Hiéu suat phan huy MB
cua Cu,O/AC sau 15, 30 va 45 phut 1a 70,52%, 85,94% va 97,7% nhu duoc
hién thi trong Hinh 3.27. Piéu nay chimg t6 vat liéu Cu,O/AC c6 kha ning xuc

tac quang.
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KET LUAN

Trong qua trinh thuc hi¢n dé tai nghién ctru luan van, em thu dugc mat

s0 két qua nhu sau:

1. Pa tach chiét polyphenol tir 14 bang bang phuong phép truyén thong
két hop siéu 4m. Qua trinh tach chiét duoc toi uu véi cac diéu kién sau: (i) ti 1¢
dung moi: Ethanol/nudc=50/50; (i) thoi gian si€u am: 20 phut; (ii1) nhié¢t do
chiét: 60°C; (iv) thoi gian chiét: 30 phut. Ham lugng polyphenol thu duoc sau
khi chiét dat 13001,321mg/1.

2. i tong hop duoc vat lidu Cu,O bang phan tng khir trong dung dich
str dung tac nhan khtr 13 dich chiét 14 bang véi cac diéu kién toi wu nhu sau: (i)
ti 1€ dich chiét/dung dich Cu?*: 0,5; (ii) ti 1& chat phan tan EG: 12,5%; (ii1) nhiét
dd tao nano Cu,O: 60°C; (1v) thot gian phan ing: 60 phut. Vat liéu nano Cu,O
tao thanh c6 dang hinh cau véi kich thudce tir 50-100 nm, ¢6 tinh chat dic trung
dugc danh gia qua XRD, SEM, EDX, UV-Vis.

P téng hop dugce vat liéu nano Cu,0 trén nén AC (nano Cu,O/AC) bang
phan tmg khir trong dung dich sir dung tic nhan khir 13 dich chiét 14 bang.

3. ba nghién ctru kha nang xtic tac quang cua vat li¢u nano Cu,O va vat
li¢u nano Cu,O/AC. Vit li¢u nano Cu,0O c6 kha nang phan huy MB nhanh sau
10 phit chiéu xa va hiéu suat quang phan huy dat ~ 72% sau 120 phut. Vat liéu
nano Cu;O/AC c6 kha niang hap phu va xuc tac quang voi hiéu suat dat 97%

sau 45 phut.

4. D3 c6 01 cong trinh céng bd trén tap chi Discover Applied Sciences.



53

KIEN NGHI

Nano Cu,O c6 réat nhiéu ing dung trong cudc sdng va trong cong nghiép.
C6 rat nhiéu phuong phéap dé tong hop nano Cu,O trong d6 tong hop nano Cu,O
béng con duong su dung dich chiét thuc vat 1a mot hudng nghién ctru con moi
mé. Mat khac,Viét Nam 1a mdt nudc c6 khi hau nhié¢t do1 gi6 mua nén hé thuc
vat ¢ day cuc ky phong phu, da dang. Trén co s¢ ciia nghién ctru nay chung t61
kién nghi tiép tuc nghién ctru tong hop nano Cu,O bang con dudng st dung
dich chiét thyc vat nhu sir dung cac loai 14 khac nhu 14 ché, qué, 6i,... dé tong
hgp nano Cu,O. Bé1 day la con duong an toan, it ton kém. Pac biét hién nay
viéc téng hop ra ra hat nano Cu,O sach, gid thanh ré dé ung dung trong cac linh
vuc cua doi sdng, nhat 1a img dung trong y sinh hoc dang dugc quan tim va

phat trién.
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Abstract

The large tree species Terminalia catappa is a member of the Combretaceae family and is mainly found in tropical climates.
They are commonly cultivated for shade because they have huge, dense foliage. Numerous polyphenols, including
flavonoids, tannins, saponins, and phytosterols, are present in the leaves. In this study, the green chemical method was
used to extract polyphenols from dried green almond leaves. They were employed in the synthesis of Cu,O nanoparticles
as a reducing agent. FTIR and UV-Vis were used to describe the leaf extract of Terminalia catappa after the chlorophyll
was removed. Copper salt was used to create Cu,0O nanoparticles via a reduction process. The extract’s potential for
photocatalytic dye degradation has also been explored. The obtained Cu,O had a spherical shape with dimensions of
50-100 nm, and its band gap energy reached 1.945 eV to remove methylene blue from aqueous media under visible
light irradiation conditions. At an initial MB concentration of 10 ppm, the decomposition efficiency reached 71.99% after
only 2 h of exposure to simulated sunlight. The decomposition process occurred according to a pseudo-first-order kinetic
model with a rate constant of 0.0084 min~".

Article Highlights

¢ Ultrasound-assisted polyphenol extraction from Terminalia catappa leaves for green synthesis of Cu,0 nanoparticles.
e Cu,0 nanoparticles, synthesized using these polyphenols, exhibit efficient photocatalytic activity.

e Photodegradation of methylene blue under simulated sunlight achieved 71.99% efficiency in 2 h.

e Green chemistry approach with natural extracts offers eco-friendly synthesis methods.
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1 Introduction

Polyphenols are aromatic compounds containing hydroxyl groups directly attached to benzene rings, and they are
found in many plants, such as vegetables, fruits [1-3], flowers [4, 5], and some parts of plants [6-8]. Depending on
the number and interaction position of OH groups with the chemical framework, the physicochemical properties or
biological activity change. Polyphenols play a vital role in plant life, such as creating characteristic colors and pro-
tecting plants from the harmful effects of insects, oxidation, and ultraviolet rays [9]. In medicine, polyphenols are
natural compounds with many effects, such as potent antioxidant [10, 11], anti-inflammatory [12-14], antibacterial
[15-17], anti-aging [18, 19], and anti-cancer [20-23]. More than 10,000 polyphenol compounds have been found in
various plant species. Polyphenols may be classified into different groups based on the number of phenol rings they
contain and the structural elements that bind these rings to one another. The main classes include phenolic acids,
flavonoids, stilbenes, and lignans.

Research on the extraction, enrichment, and purification of biologically active natural compounds is essential in
modern pharmaceuticals and medicine. Recently, scientists have expanded the application range of natural com-
pounds in many fields, such as environmental treatment and control, oil additives, and metal anti-corrosion additives.
Natural compounds can be extracted from various sources, including plants, animals, bacteria, and fungi. Scientists
separate substances, enrich compounds, or purify useful active substances from plant sources to effectively make
the most of available natural sources. Many extraction methods have been used to obtain polyphenols from different
plant sources [3, 4, 12, 24]. The efficiency of the extraction process depends on many factors, such as the nature of
the plant, the solvent, the ratio of solvent and raw material, temperature, extraction time, etc. In addition, additional
steps must be taken to remove other compounds and impurities. Polyphenol extraction techniques are diverse and
can be combined, including thermal extraction [25, 26], microwaves [26, 27], ultrasound [28, 29] with ionic liquid [30,
31], supercritical CO, [32, 33], deep eutectic solvents [28, 34, 35], etc.

Copper(l) oxide is an inorganic compound with the formula Cu,0 and one of the principal oxides of copper. Cu,0O is
very stable with heat, insoluble in water, slowly soluble in concentrated alkali or ammoniac, and well soluble in acidic
solutions. Depending on the particle size, cuprous oxide can have colors ranging from yellow to orange to red. In
addition, particle size also affects the photochemical properties of Cu,0. Cu,0 has a band gap energy of Eg=2.14 eV
at the micrometer scale. However, as the particle size decreases to the nanometer region, the size effect changes
the band gap energy. Along with the development of nanotechnology, Cu,0 nanoparticles are applied in many
different fields, such as catalysis [36-38], sensors [39-41], semiconductors [42, 43], solar cells [44-46], etc. Methods
Diverse methods of synthesizing Cu,O nanoparticle include pyrolysis [47, 48], hydrothermal [37, 49], thermal oxida-
tion [50-52], electrochemical [53, 54], etc. In addition, the chemical reduction method with reducing agents is used
to manufacture Cu,O nanoparticle [55-58].

Over the past 10 years, nanotechnology has been regarded as one of science’s most important frontiers. Numer-
ous industrial and technological sectors, including information technology, homeland security, healthcare, energy,
transportation, food safety, and environmental research, are significantly improved by nanotechnology. Its many uses
and rapidly increasing market demand have opened the door for creative approaches to producing higher-quality
nanomaterials. Many research projects related to the synthesis, characterization, and applications of nanoparticles
have been published [59-64]. Initially, nanomaterials were synthesized using conventional synthesis techniques
that required high-energy input and carcinogenic chemicals. There is a demand for environmentally safer synthesis
techniques because of the pollution that traditional synthesis methods produce. Natural agents are used in green
nanomaterial synthesis methods to produce nanomaterials [65]. Green synthesis uses low-energy techniques and
naturally available starting materials to produce nanomaterials with the same effectiveness as classic synthesis but
more sustainably. Therefore, including green synthesis offers a possible way around the drawbacks of conventional
synthesis techniques. Recently, scientists have been interested in using natural compounds as reactants in chemical
reactions in green chemistry processes. For example, Cu,0-based nanocomposites have been synthesized using
Commelina benghalensis leaf extract and oolong tea leaf extract [66-68]. These are some of the many raw material
sources for extracting natural polyphenols as reducing agents in synthesizing nanomaterials [69-71]. To date, plant
species containing many polyphenols have been exploited. However, the extraction of polyphenols from Terminalia
catappa leaves as a synthetic agent for Cu,0 nanoparticles has yet to be evaluated. In this study, polyphenols from
Terminalia catappa leaf extract are considered green reducing agents to synthesize Cu,0 nanoparticles for the pho-
tocatalytic decomposition of toxic organic compounds in water.
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2 Experiments and methods
2.1 Chemical

Ethanol (C,H;OH, 95%), Chloroform (CHCI;, 98%), Sodium carbonate (Na,CO;, 99.5%), Copper (ll) sulfate pentahydrate
(CuSO,-5H,0, 98.0%), Potassium sodium tartrate tetrahydrate (KNaC,H,0-4H,0, 99.0%), Ethylene Glycol (C,H;0,, 99.5%)
and Sodium chloride (NaCl, 99.5%) were purchased from Macklin Company (China). Sodium hydroxide (NaOH, 97.0%),
Gallic acid (C;H405, 98.5%) and Folin-Ciocalteu’s phenol reagent (2N) were purchased from Sigma-Aldrich (USA).

2.2 Preparation of the Terminalia catappa extract

The Terminalia catappa shoots were harvested in the summer. Leaves were cut to about 1 cm, dried under dry air for
72 h, and ground to 100 um. Disperse the dry leaf powder in a water/ethanol mixture (v/v: 1/1) at a ratio of 50 g/L under
ultrasound for 30 min. The suspension was heated at 60 °C for 2 h and filtered to remove the residue. Chloroform is used
to remove chlorophyll in the extract. The infrared spectrum of polyphenols extracted from Terminalia catappa in the
range of 4000-400 cm™' demonstrates the presence of characteristic functional groups. Polyphenol content was deter-
mined using the Folin-Ciocalteu method by UV-Vis spectroscopy at 713 nm. The equation for determining polyphenol
concentration is shown as follows: C=25,302* Abs —0.3903 (R>=0.9916).

2.3 Synthesis of Cu,0 nanoparticles

100 ml of the solution mixture containing 7.055 g KNaC,H,04-4H,0 and 2 g NaOH was slowly added (5 ml per minute)
into 50 ml of 0.5 M CuSO, solution under circular stirring conditions. Then, 50 ml of ethylene glycol was added to the
mixture and stirred for 10 min. 50 ml of purified extract is gradually dropped into the stirring suspension, raising the
temperature to 60 °C. After 60 min, the precipitate was collected and washed with distilled water three times (250 ml/
time). The purified Cu,O nanoparticle was dried in Ar gas at 80 °C for 24 h.

2.4 Characterization of Cu,0 nanoparticles

The material’s morphology was observed using scanning electron microscopy (SEM) techniques with magnification
capabilities up to 100,000 times. The crystal structure of the Cu,0 nanoparticles was analyzed through an X-ray diffrac-
tion (XRD). At 1.54 A in a copper X-ray tube (Cu-Ka), the device is operated at 44 mA and 40 kV in the range (26) from 10°
to 80°. The optical absorption characteristics of the Cu,0 nanoparticle were determined by ultraviolet-visible diffuse
reflectance spectroscopy (UV-Vis DRS) in the range of 200-800 nm.

2.5 Removing methylene blue with Cu,0 photocatalyst

The photocatalytic activity of the prepared Cu,O nanoparticle: In each typical experiment, 25 mg Cu,0 nanoparticle
was exposed to 50 mL of 10 ppm MB solution in a transparent glass tube. The adsorption process took place in the
dark after 30 min. Then, the glass tubes are put into the lighting cabinet, using the light source as a Xenon lamp under
air circulation conditions. The MB solution was removed from the mixture after a predetermined amount of time, and
the concentration was measured using UV-Vis photometry on UV-Vis DV-8200 equipment (Drawell). The equation to
determine MB concentration was built as follows: C=6.3746 * Abs — 0.2229 (R*=0.9938) where C is the concentration of
MB solution, ppm; Abs is the light absorption intensity at A=662 nm.
The degradation efficiency of MB in the presence of a catalyst is calculated according to the formula:

(-G

0
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The MB removal data by photocatalysis were fed into a pseudo-first-order kinetic model for kinetic analysis:

C
—In=t = k.t
”CO 1 (2)

where C, and C, are concentrations of MB (ppm) initially and at time t, and k, is the constant reaction rate.

3 Results and discussion
3.1 Characterization of the Terminalia catappa extract

The polyphenols isolated from Terminalia catappa are shown in Fig. 1a, illustrating the existence of distinctive func-
tional groups. A prominent obtuse peak is detected at 3219 cm™" in the wavenumber range. The symmetric and asym-
metric relaxation vibrations of the polymer hydroxyl group (O-H), or H-bond relaxation, are represented by the range
3400-3200 cm™" and are typical of polyphenolic compounds [72]. A vibration that may be detected at 1713 cm™' suggests
that the six-carbon aromatic ring has a relationship with the -C=0 group [73]. Further evidence for the presence of the
—CH- group of methylene on aromatic rings stretching comes from deformation fluctuations at wave numbers 1440 cm™"
in the regions 1430-1470 cm“l which is attributed to C-H linkage [74]. The area spanning from 1000 to 1100 cm™' is
commonly called the fingerprint zone due to the abundance of distinctive low-intensity single bands linked to particular
functional groups within this range. A vibration at 1052 cm ™' is associated with the -C-O-C- stretching [75]. Ultimately,
the phenyl radical’s C-H bond can be attributed to the wavenumber at 745 cm™" [76].

The UV-Vis photometric spectrum of Terminalia catappa leaf extract is shown in Fig. 1b. On the spectrum, two adjacent
peaks at 220 nm and 259 nm are believed to be characteristic of polyphenols in Terminalia catappa leaves. In addition, a
lower peak at 379 nm was also observed. Polyphenol content in Terminalia catappa extract was calculated through the
equation to determine polyphenol concentration by UV-Vis photometric method. The result of polyphenol concentra-
tion in Terminalia catappa extract was 24,291 mg/L.

3.2 Characterization of Cu,0 nanoparticle

Post-visual inspection and UV-Vis spectral analysis were utilized to confirm the synthesis of Cu,O nanoparticles. The
creation of Cu,0 nanoparticles is tentatively confirmed by the constant color shift to brick red after heating the Termi-
nalia catappa leaf extract and copper sulfate solution. It also shows that during the manufacturing process, the phenolic
compounds change the valency of copper from 2 to 1. Figure 2 shows the spectra of the leaf extract from Terminalia
catappa and the Cu,O nanoparticles between 190 and 590 nm. The extract’s inherent phenolic moieties underwent an

1.0
a b
1.0+
0.8
< 091
8 0.6
c 7
8 081 2
£ 5 <
5 2
5 074 s 0.4
S
= © & 3
[} © 5
06 & 8 g 0.2
pyte)
a2
82
0.5 T T T T T —— T T O-O T T T T
4000 3500 3000 2500 2000 1500 1000 500 200 250 300 350 400 450
Wavenumber (cm™) Wavelength (nm)

Fig. 1 FTIR spectroscopy (a) and UV-Vis spectroscopy (b) of polyphenol from Terminalia catappa
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electronic transition, either from 1 to * or from n to n*, as shown by the absorption double peaks seen in both spectra
at 234 nm/264 nm and 256/283 nm. The formation of Cu,O nanoparticles was recorded when a broad peak appeared
at 414 nm. At the same time, the narrow peak at 370 nm in the spectrum of Terminalia catappa leaf extract disappeared.
This confirms that the production of Cu,O nanoparticles is aided by reducing agents found in Terminalia catappa |leaf
extract. Monitoring the phenomenon during the formation of Cu,0 is recorded in Fig. 2. The hypothesis about the for-
mation process of Cu,0 is explained [77, 78]. The predicted mechanism for the formation of Cu,0 nanoparticles can be
given as follows:

2 TC leaf extract + OH~
Cu — Cu" — CuOH — Cu,0

The particle size of Cu,0 nanoparticles depends mainly on the synthesis mode, including initial concentration, sur-
factant content, stirring speed, etc. Meanwhile, the material particle shape depends on the above factors and the selected
reducing agent. The SEM image of Cu,O nanoparticle obtained by the reduction method with Terminalia catappa leaf
extract is shown in Fig. 3. The morphology of the created Cu,O at 60 °C has a uniform round sphere shape. Particle size
distribution ranges from 50 to 150 nm. Cu,O nanoparticles synthesized at 40 °C have a uniform morphology, but their
size ranges from a few dozen nanometers to more than 150 nm. Meanwhile, Cu,0 nanoparticles obtained at higher
temperatures (80 and 95 °C) tended to be heterogeneous in morphology and size. The sample synthesized at 95 °C also
shows cubic and obtuse cubic crystals.

Most studies have used ethylene glycol as a stabilizer in the synthesis of nanoparticles. Some other studies use EG as a
size control agent for nanoparticles [79-82]. The results of investigating the influence of EG on the state of Cu,0 nanopar-
ticles are shown on the SEM image in Fig. 4. For the sample without EG, the obtained Cu,0 nanoparticles were uneven;
the nanoparticle surface was rough and tended to mechanical instability. The presence of EG in the reaction mixture helps
the formed Cu,O nanoparticles have a uniform size and smooth surface, which can create higher mechanical strength.

The Cu,O’s crystal structure was observed by examining the XRD pattern (Fig. 5a). The 28 diffraction peaks at 29.6°,
36.5°,42.4° 61.5°,73.7°, and 77.6°, respectively, are in excellent accord with the standard cards (JCPDS file no. 05-0667)
of Cu,0 [37, 47]. These correspond to the [110], [111], [200], [220], [311] and [222] crystal planes of Cu,O [37, 50, 53].
The absence of Cu, CuO, and Cu(OH), diffraction peaks suggests that the produced Cu,O nanoparticle are in their pure
crystal phase. Furthermore, the sharp crystallinity of the products was demonstrated. The Cu,O nanoparticle’s chemi-
cal composition was determined using the energy-dispersive X-ray method. The results of determining the elemental
content shown on the EDX spectrum (Fig. 5b) show the existence of two elements, Cu and O, with respective masses of
80.31% and 9.67% (elemental ratio is approximately 2:1), similar to the phase composition in the XRD data.

The optical properties of the material were also evaluated through the UV-Vis DRS spectrum. The results pre-
sented in Fig. 6 show that the band gap energy E; of Cu,0 nanoparticle, calculated according to the formula of
Taug, is 1.945 eV, respectively, with the highest adsorption intensity at wavelength 477 nm. The results on the band
gap energy of Cu,0 nanoparticle obtained are equivalent to previous publications [83-85]. Cu is a transition metal
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Fig.3 The SEM images of Cu,0 nanoparticle with different synthesis temperatures: 40 °C (a), 60 °C (b), 80 °C (c), and 95 °C (d)

Fig.4 The SEM images of Cu,0 nanoparticle without (a, b) and with ethylene glycol (c, d)
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Fig.5 The XRD pattern (a) and EDX spectrum (b) of Cu,O nanoparticle
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Fig.6 The UV-Vis DRS spectrum (a) and band gap energy diagram (b) of Cu,O nanoparticle

element. Although the outermost electron is distributed in the 4s' layer, it belongs to the d subshell, so this single
electron can easily change its energy level to achieve photocatalytic activity and is well represented in the visible
region.

3.3 Removing methylene blue with nano Cu,0 photocatalyst

The photocatalytic ability of Cu,0 nanoparticle to oxidize dye (methylene blue) was evaluated under simulated sunlight
conditions. Experimental conditions were set up, including an initial MB concentration of 10 ppm, catalyst content of
0.5 g/L, and Xenon lamp power of 300 W.

The results showed that MB decomposed quickly after 10 min of irradiation and the photodegradation efficiency
reached ~ 72% after 120 min (Fig. 7a). It can be said that the photocatalytic efficiency of MB decomposition of biologi-
cally synthesized Cu,0 nanoparticles using Terminalia catappa leaf extract is comparable to researched and published
works as shown in Table 1.

Theoretically, adsorbed O, and focused electrons on the Cu,O surface may react to form ‘O,” under simulated sun-
light. Following that, hydrogen peroxide (H,0,) and hydroxyl radical (OH) are produced when ‘O, reacts with H,O. This
explains why Cu,O nanoparticle has a high activity in breaking down MB. O,” and OH are the main reaction types of MB
degradation, and the following reactions illustrate the photocatalytic process of MB by Cu,0 nanoparticle:
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Fig.7 The UV-Vis spectrum (a) and efficiency of photodegraded MB solution under simulated sunlight with Cu,O nanoparticle as catalyst

Table 1 Comparative
photodegradation of MB
by Cu,0 photocatalyst
synthesized from different
methods

Materials Synthesizing routes MB removal efficiency ~ References
Cu,0 Green synthesis (T. arjuna bark extract) 65% after 600 min [86]
Cu,0 Guava fruit juice solution 91% after 60 min [87]
Cu,Othinfilms  DC magnetron sputtering system 100% after 105 min [88]
Cu,0 films Electrodeposition 89% after 180 min [89]

Cu,0 Green synthesis Terminalia catappa leaf extract ~ 72% after 120 min This work

hv + Cu,0 - h* + e~ (3)

O,+e -0, )

‘0, +2H,0 — 2'0H + H,0, (5)

‘0] + H,0, »" OH + 0O, + OH™ (6)

OH™ + h* - OH

MB + 0, ('OH) — CO, + H,0

Methylene blue (MB) degradation was investigated for up to 4 h under visible light irradiation to determine the photo-
catalytic activity of Cu,0 nanoparticle. The MB decomposition efficiency of Cu,0 nanoparticle after 10, 30, and 120 min was
26.82,44.31,and 71.99%, respectively, as shown in the graph in Fig. 7b. Asillustrated in Fig. 8, the photocatalytic degradation
data were computed using a pseudo-first-order reaction kinetic model. The MB decomposition rate constant (k,) of Cu,0

nanoparticle is 0.0084 min™".
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4 Conclusions

To sum up, polyphenols from Terminalia catappa leaves were extracted using a green chemical method. With the use of
indirect ultrasound and heat treatment at 60 °C, the ethanol/water solvent mixture was extracted. In Terminalia catappa
leaf extract, the polyphenol level exceeded 24 g/L, or 48% by weight. The reduction technique was utilized to produce
copper(l) oxide nanoparticles using polyphenol from Terminalia catappa leaf extract. The generated Cu20 nanoparticle was
appropriately characterized using physicochemical techniques. The obtained Cu20 nanoparticle showed a spherical shape
morphology with particle sizes between 50 and 150 nm. In the visible spectrum, the produced Cu20 nanoparticle exhibits
strong photocatalytic activity. In 2 h, the Cu20 nanoparticle’s MB breakdown efficiency at a concentration of 10 ppm in
simulated sunlight was 71.99%. The earth’s environment is affected when natural components are used as chemical agents
in the synthesis of products. Thus, using Terminalia catappa leaf extract as a reducing agent shows promise for a green
approach in real-world applications.
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