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TOM TAT

Nghién cieu dd tong hop thanh cong vit liéu nano lai ghép trén co sé porphyrin bang cdch sir
dung dan xudt ciia porphyrin la meso-tetra(4-cacboxylphenyl) porphyrin self-assembly lai ghép
Véi cdc hat nano ZnO. Pdc trung vit liéu tong hop dwoc chitng minh qua dnh chup kinh hién vi
dién tir quét va phé nhiéu xa tia X (XRD). Tinh chat xiic tdc quang ciia vit liéu nano lai ghép thu
dwoe sé dwoc khdo sat trong xir 1y mau xanh methylene duéi sw kich hoat ciia dnh sang kha kién.
Hiéu sudt phdn hiyy mau xanh methylene dat 97% véi nong dé ban dau 10 ppm va 0,4 mg xuc tac
s dung sau 3 h xu [y.

Tur khéa: Nano kém oxit; Porphyrin; Self-assembly; Oxy héa; Mau hitu co.
1. MO PAU

O nhiém mau hiru co ndi riéng va cac chat hitu co kho phan hity hién dang 1a mét thach thirc
16n ctia cac cong nghé xir Iy nude thai noi chung va nude thai tir cac hoat dong quan sy noi riéng.
Nghién ctru tmg dung cac qué trinh oxy hoa tién tién (AOPs) trong d6 c6 phan tmg quang x(c tac
vao céc qua trinh xr Iy nudc thai dang ngay cang dugc cac nha khoa hoc quan tdm nho hi¢u qua
xtr 1y cao, kha nang tai str dung tot va tiét kiém nang lugng.

Nano kém oxit di dugc biét dén nhu mét loai vat lidu xuc tac quang nham phan hity mau hiru
co dudi sy kich hoat cta 4nh sang kha kién [1-3]. Tuy nhién, hi¢u suat ciia phan tmg quang oxi
hoa nay tuong dbi thip, chi dat ¢ 65% véi ndng do ban dau cua MB la 10 ppm [1]. Vi vay, nang
cao kha nang phan hay mau hitu co clia nano k&m oxit 1a mot vin d& dwoc quan tm hién nay.

Gan day, cdu tric nano self-assembly ctia porphyrin di thu hut dwoc nhiéu su cht ¥ tng dung
trong cac phan tng xtc tac quang dudi sy kich hoat ctia anh sang kha kién [4-9]. Do do, viéc ché
tao cac cdu triic nano dai phan tir self-assembly tir porphyrin véi cac tiém ning Gmg dung trong
xuc tac quang 1a linh vuc nghién ciru méi va tinh thyc tién cao.

Muc tiéu cua nghién clru nay la tap trung vao viéc ché tao cac vat lieu nano trén co s&
porphyrin va ZnO ddng thoi khao sat tinh chit xtc tac quang cta vat liéu cho phan tng phan hay
xanh methylene (MB). Nghién ctru gop phan vao viéc nang cao hiéu biét vé viéc ché tao vat lidu
lai ghép bang phuong phap self-assembly, c6 thé hap thu c6 hiéu qua mot dai rong ning luong
photon tir &nh 4ng mat troi cho XUc tac quang, dua ra mot giai phap kha thi cho viéc xir 1y cac
chat thai trong méi truong.

2. THU'C NGHIEM
2.1. Vatliéu

Tetrakis(4-carboxyphenyl) porphyrin (TCPP) dugc mua tir hidng Shanghai Macklin
Biochemical Company. Dung dich amoniac, Zn-(CHsCOOQ),.2H.O 99%, hexamethylene
tetramine (CesH12N4 99%), hydrochloric acid (HCI, 99%), sodium hydroxide (NaOH, 99%),
ethanol (99%), and NaClO (99%) déu sir dung cua hang Xilong Chemicals (Trung Qudc). Nudc
cat 2 1an duoc cit tai Phong thi nghiém Vién Mai truong va st dung trong toan bd ndi dung
nghién ctru cta dé tai.
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2.2. Tong hop nano kém oxit

Quy trinh tong hop nano ZnO dugc 4p dung tir mot nghién cau trude day [3]. 2,19 g kém
axetat (0,012 mol) va 0,7 g hexametylen tetramin (0,005 mol) duoc hoa tan trong 100 mL nudc
cat hai lan bang may khuay tr. D6 pH cua dung dich duoc dicu chinh vé 8 bang cach st dung
dung dich amoniac. Dung dich thu dugc dwgc do vao noi hap va trai qua qua trinh thuy nhiét
trong 24 gio ¢ nhiét do 150 °C. Ket tua duoc loc chan khong, sau do, rea ki bang nuéc va lam
khé qua dém trong tu say. Cac hat nano ZnO thu dugc bang cach nung bot khé ¢ 400 °C trong 3
gio trong Khi No.
2.3. Tong hep vit liéu lai ZnO va TCPP

Composite sgi nano ZnO/TCPP dugc tong hop bang phuong phap fur lap rap tai két tia (self-
assembly). Dung dich porphyrin thu duogc bang cach hoa tan 8 mg tién chat TCPP trong 2 mL
NaOH 0,2M. Nano ZnO duoc thém vao dung dich TCPP véi ty 1¢ TCPP/ZnO tir 1: 1-1:25 (tinh
theo khoi lugng). Cac dung dich hon hop duge phén tan trong bé rira siéu am trong 20 phat de
thu duogc bSn hop ZnO/TCPP dong nhat. Sau do, 0,1 M HCI déa dugc thém timg giot va khudy
lién tuc deé thu duoc dung dich c6 pH = 7. Két tia dugc thu nhan bang cich ly tam, rira bang
nudc cat, va sau d6 duogc lam kho hoan toan.

Mau dbi ching chi gdm TCPP ma khong c6 ZnO dugc téng hop twong ty theo quy trinh trén.
2.4. Nghién ctru dac trung vat liéu

Hinh thai vat liéu dugc nghién ciu qua anh kinh hién vi dién tir quét (SEM) trén may Hitachi
S-4600, Nhat Ban.

Cau trdc vat liéu tong hop duoc nghién ctiu qua phé nhidu xa tia X (XRD), dugc do trén may
X’Pert PRO PANalytical (Malvern, Ha Lan) c6 nguon bac xa Cu Ka 0,15405 nm.
2.5. Hiéu qua xudc tac quang

Hoat tinh quang xuc tac cua vét liéu nano ZnO/TCPP dugc nghién ciu bang phan ng phan
huy quang MB trong nudc. Ban dau, 10 mL MB (5 ppm) duoc lay trong lo 20 mL; Bot
ZnO/TCPP (0,4 mg) duoc thé:m vao dung dich‘, va si’éu am trong 30 pht. Cac hon hop duoc dat
trong bdng t6i trong 6 gio dé dat duoc can bang hap phu/giai hap phu tredc khi thuc hién thi
nghiém quang xuc tac. Sau do, hdn hop duogc lc nhe va dwa vao budng xic tac quang dugc mo
phong ngudn &nh sang mat troi tir dén Xenon 350 W vai bo lam mat (Trung Quoc 350 W). Sau
3 h phan ung, loc bo xuc tac va do UV- \(IS cho dung dich MB. Sy thay d6i nong do MB da duoc
ghi lai va dugc xac dinh tur quang pho hap thy & budc song 663 nm. Sau do, hoat tinh quang xdc
tac cua Zn0O va TCPP tu do dugc khao sat theo cung quy trinh khéng c6 chat xuc tac cho thi
nghiém d6i chirng. Tat ca cac cac thie nghiém dugc thuc hién 3 lan va lay gia tri trung binh.
2.6. Hi¢u quad tai s dung xuc tac quang

X tAc sau khi xir Iy MB duoc rira sach bing nu6c cat hai lan va duoc I3p lai trong 5 chu ki. Mi
chu ki duoc thuc hién trong ty nhu muc 2.5 dé danh gia hiéu suat xtr ly caa tieng lan téi sir dung.

3. KET QUA VA THAO LUAN

Hinh 1 m6 ta hinh thai hoc ciia cac mau vat liéu: nano k&m oxit (hinh 1a), TCPP tu do (hinh
1b) ciing nhu cua vét liéu lai tong hop duge ZnO/porphyrin (hinh 1c va 1d) véi ty 16 TCPP:ZnO
= 1:5. Cac hat nano ZnO c6 hinh dang hat déu din c6 duong kinh khoang 35+5 nm, dugc quan
sat rd & hinh 1a. Trong khi d6, TCPP ty do ¢6 cau triic dang soi v6i duong kinh xap xi 40 nm va
chiéu dai khoang vai micromet (hinh 1b). Cac soi TCPP duoc ty to hop trén bé mat ciia ZnO,
hinh thai cia ching dwoc duy tri va tich hop tdt voi cac hat nano ZnO trong vat liéu lai
ZnO/porphyrin tong hop dugc (hinh 1c). Hinh 1d 13 két qua cua viéc khing dinh cdu truc dang
nano sgi ZnO/porphyrin thong qua anh kinh hién vi dién tir truyén qua (TEM).
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Hinh 1. Anh SEM ciia: a) Nano ZnO; b) TCPP t do;
¢) Anh SEM; d) Anh TEM cua vt liéu lai ZnO/porphyrin.
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Hinh 2. Pho nhiéu xa tia X ciia vt liéu ZnO/porphyrin.

Céu trac tinh thé ciia soi ZnO/TCPP composite dwoc nghién ciru bang phd nhidu xa tia X
(XRD), va duoc trinh bay trong hinh 2. Mau XRD ciia hdn hop cho thiy cac dinh nhidu xa ¢ 20
=32, 35, 36,7, 48, 56,2, 63, 66,7, 67,8, 69, 72,5 va 78,2° tuong tmg v&i cac mat (100), (002),
(101), (102), (110), (103), (200), (112), (201), (004) va (202) cua ZnO (patient s6 00-036-1451).
Dua trén chiéu cao va chiéu rong cua cac peak, két hop cong thic Debye-Scherrer dé tinh kich
thudc trung binh cia cac hat nano ZnO. Kich thudc trung binh dugc tinh toan cua cac hat nano
ZnO la khoang 34 nm, tuong quan véi kich thudc trung binh quan sat dugc trong hinh 4nh SEM.
Ngoai ra, mau XRD cua composite chira cac dinh nhiéu xa cuong do cao ¢ khoang 33 va 59°
(dugc biéu thi bang dau hoa thi), 1a do cac sgi nano TCPP. Nhiing két qua nay da chimg minh sy
tich hop hiéu qua cua viéc tu to hop ciia cac hat nano ZnO va porphyrin. Cau trac va kich thudce
ctia vat liéu soi nano ZnO/TCPP khong bi thay doi sau qua trinh tich hop.

Phan (g phan hity xanh methylene dudi kich thich cta anh sang nhin thidy mé phong boi dén
xenon 350 W duogc thuc hién véi cac mau vat liéu téng hop dua trén cac ty 1€ TCPP:ZnO khac
nhau tir 1 dén 30. Hiéu suét cua phan g phan hily MB ctia cac mau vat liéu dugc biéu thi &
hinh 3. Két qua cho thay hiéu suat phan g phan hay MB tang dan khi ting ty 1& TCPP:ZnO tur
1 den 5 va dat khoang 97,1% sau 3 h phan Gng. Tuy nhién, khi néng ty 1¢ nay 1én tiép thi hiéu
sudt phan tmg giam. Do do, ty 18 TCPP:ZnO bang 5 1a ty 18 t6i wu dé tong hop vat liéu quang xtic
tac lai tap nano ZnO va porphyrin véi muc dich phan hity xanh methylene. Hi¢u suat phan tmg
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phan hiy MB cua vat lidu lai ZnO/porphyrin tong hop dat 97% la mirc hiéu suét cao hon nhiéu
so voi hiéu suat phan tng khi sir dung nano k&m oxit hodc soi nano TCPP don 1¢. Nguyén nhan
ctia hién tuong nay c6 thé do sy két hop porphyrin va cac hat nano ZnO cho phép chat x(c tac
quang thu dugc cac photon c6 nang luong trén toan bg vung anh sang. Ngoai ra, n6 lam tang
dang ké su phén tach dién tich, do do nang cao hiéu sudt quang xtc tac. Két qua nay ciing cho
thdy vat liéu lai ZnO/porphyrin c6 hi¢u suit cao hon nhiéu so véi vét liéu nano ZnO dugc tong
hop tir cac nghién ctru khac [1].
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Hinh 3. Hiéu sudt phdn hity MB dwdi dnh sang nhin thdy ciia cdc mau vt liéu tong hop
voi cac ty ¢ TCPP:ZnO khac nhau.

_ Thoi gian phan mg cling la mot thong s6 duoc khao sat ¢ trong nghién ctru nay. Mau vat liéu
tong hop co6 ty 1& TCPP:ZnO bang 5 dugc su dung lam xuc tac quang cho phan ung phan hay
MB ¢ cac moc thoi gian khac nhau, tir 30 dén 210 phut.
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Hinh 4. Khdo sdt hiéu sudt phan ieng phin hity MB theo thoi gian phan img.

) Két qua tir hinh 4 cho thay hiéu suat phan tng tang dan khi thoi gian phan tng tang dan tir 30
deén 180 phut va dat khoang 97,1% ¢ 180 phut. Tuy nhi€n, khi nang thoi gian phan tung 1én 210
phut thi hi¢u suat phan tmg phan hiy MB khong thay doi nhieu. Do d6, 180 phut 1a thoi gian toi
uu cho phan ung phan hiy xanh methylene.

Kha ning tai st dung 14 mot thong s k¥ thudt quan trong cua xtic tac, danh gia dugc kha
nang tmg dung cua xuc tac cho coéng nghiép. Trong nghién ciru nay, vat liéu lai ZnO/porphyrin
(ty 1€ TCPP:ZnO = 5) dugc tai str dung xtr ly xanh methylene trong 5 lan (hinh 5).

Qua 5 lan tai sir dung, hiéu suat ctia phan tmg giam dan va chi dat 70% & 1an tai st dung thi
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5. Nguyén nhan cta hién twong hiéu suét phan hity giam dan c6 thé do co ché xir Iy mau MB cua
vat liéu bao gbm ca hép phu va phan ng quang xtic tac. Do do, vat liu sau mdi chu ki xu ly
chua dugc giai hap phu va dung luong hap phu ctia vat liéu giam. Tuy nhién, mirc hiéu suat nay
van tuong ddi cao va cho thay tiém ning tmg dung thyc tién.
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Hinh 5. Kha nang tai sw dung cia vdt liéu lai ZnO/porphyrin.
4. KET LUAN

Nghién ctru da chimg minh viéc tong hop thanh cong vat liéu composite lai gitta nano k&m oxit
va porphyrin. Cac phan tir porphyrin TCPP trén bé mit cua cac hat nano ZnO. Hon hop ZnO/
TCPP di chuin bi cho thdy cu trac soi TCPP di duoc xac dinh trude voi dudng kinh khoang 40
nm va chiéu dai vai micromet dugc tich hop vao cac hat nano ZnO véi kich thudc trung binh 1a 37
nm. Chét xuc tic quang ZnO / TCPP thé hién hiéu suat xtc tac quang cao véi hiéu suat phan hay
MB dat 97%, hi€u qua hon hiéu sut quang xuc tac cia cac hat nano ZnO va sgi nano TCPP ty
do. Hon nira, chit xtic tic quang thé hién tinh 6n dinh trong ddi sau mdi chu ky tai ché, cho thay
rang né 1a mot ing dung phu hop va day hira hen dé xir Iy nuéc thai nhiém thude nhudm.

Léi cdim on: Nghién ciru ndy dwoc tai tro boi Trieong Pai hoc Hang hai Viét Nam trong dé tdi ma so:
DT2021.05.
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ABSTRACT
Study on the synthesis of nano ZnO/porphyrin, used to methylene blue

The study has successfully synthesized porphyrin-based hybrid nanomaterials by using
the meso-tetra(4-carboxylphenyl) porphyrin self-assembly hybrid with ZnO nanoparticles.
The properties of the composites were demonstrated by scanning electron microscopy and
X-ray diffraction (XRD) spectroscopy. The photocatalytic properties of the resulting
hybrid nanomaterials were investigated in the treatment of methylene blue under visible
light activation. The methylene blue degradation efficiency reached 97% with MB initial
concentration at 10 ppm and 0.4 mg photocatalyst after 3 hours of treatment.

Keywords: Nano ZnO; Porphyrin; Self-assembly; Oxidation; Organic dye.
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