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MO PAU

Sy phét trién nhanh chéng cac nganh céng nghiép, nong
nghiép nhu luyén kim, xi ma, dét may, in an, san xuat phan bon,
héa chét, thudc trir sau, dugc pham v.v, di va dang 1am gia ting
lwong chat doc hai thai ra méi truong. Pham mau nhudm, thudc
trir sAu, du lugng khang sinh la cac hop chat phd bién c6 mat
trong nudc thai hitu co. Cac hop chat nay c6 doc tinh cao, kho
phan huy sinh hoc. Sau khi phan tan trong nguén nuéc, ching
theo chudi thirc an di vao co thé nguoi, gay ra nhiéu loai bénh
nguy hiém du chi & ham luong nhé. Chang han, Methylene blue
(MB) la mét loai thuéc nhuém duoc st dung rong réi trong y hoc,
cdng nghiép ché muyc in, va dic biét trong dét nhuém. Pham mau
nay ton tai nhiéu trong nudc thai c6 thé gay ra nhiéu hau qua tiéu
cuc cho moi trudng, con ngudi va dong thuc vat. MB can tré qua
trinh hoa tan oxy tir khong khi vao nuéc, anh huong dén su sinh
truong cua cac loai dong thuc vat thuy sinh, gay rdi loan hoat
dong cua vi sinh vat va qué trinh ty 1am sach nguén nudc. Ngoai
ra, MB c6 thé gay bong mit & ngudi va dong vat khi tiép xdc,
gay kho thé, tang nhip tim, kich thich duong tiéu héa, buon non,
tiéu chay néu nudt phai [56]. Mét vi du khac, Phenol va cac dan
Xuat cua no 1a cac chat 6 nhiém duoc Hiép hoi bao vé méi truong
Hoa Ky xem xét uu tién can loai bo hang dau. 4-Nitrophenol la
dan xuit ciia phenol dugc xac dinh ¢ thé gay ton thuong cho
gan, than, hé thdng than kinh cua con ngudi va vat nudi [76],
[111], [10]. Do vay, can phai xir Iy cac hop chat hitu co doc hai
trude khi thai ra méi truong.

Hién nay cdng nghé nano dang phat trién nhanh va dugc tng
dung nhiéu trong qué trinh xu ly c&c hop chit hitu co bang nhiéu



phuong phap khac nhau nhu hap phy, x(c tac quang hoa, phan
tng Fenton, mang loc, tham thau va phan hay sinh hoc, v.v.
Trong do, vat liéu khung httu co kim (Metal-Organic Framework,
MOFs) 1a nhém vt liéu méi dang nhan dwoc nhidu sy quan tam
cua gioi khoa hoc trong thoi gian gan day. MOFs hinh thanh tir
su lién két cua cac phéi tir hiru co va cac nat vo co cua Cac ion
kim loai hay cum céc ion kim loai, tao ra cau tric tinh thé c6 d6
x6p cao, bé mit riéng va kich thudc mao quan I6n [5]. Vat liu
MOFs hién nay duoc tng dung nhiéu trong cac linh vuc khac
nhau nhu: Iuu trit khi [18], cam bién tir [74], phan tan thudc [65],
chat dan thudc [132], hap phy, xtc tac [106]. Ngoai ra, vai nhiing
vu diém nhu c6 ciu tric tinh thé, hinh thai da tang, dién tich bé
mit riéng Ion, d6 xdp cao, kich thudc 16 x6p 1on, dé dang bién
tinh c4u trac nén MOFs duoc sir dung dé 1am gia thé ¢ dinh cac
hat vat liéu xuc tac kich thudc nano. Vat liéu UiO-66 1a mot trong
nhitng vat liéu MOFs thu hut dwoc sy cha ¥ dang ké nho d6 6n
dinh héa hoc, co hoc va nhiét cia nd. CAu trdc tinh thé cua UiO-
66 bao gom céac cum oxide zirconi (Zrs0s(OH)a) két ndi véi sau
lien két benzen-1,4-dicarboxylate (H,BDC), dan dén su hinh
thanh caa khung 3D. Tuy nhién, ciu tric UiO-66 da dugc xac
dinh tir cac cong bd 1 cau trdc chira céc vi tri khuyét tat tai cac
cum zirconi oxide, noi ma chat lién két bi thiéu nhu nudc va
hydroxid [153], [140], [104]. Ngoai nhimng wu diém vé do 6n dinh
trong nhiéu méi trudng twong di cao, vat liéu UiO-66 c6 dién
tich bé mat Ion, dé dang tong hop & quy md phong thi nghiém va
¢6 cac dic tinh quan trong cho nhiéu tng dung khéc nhau nhu c6
nhiéu tdm x(c tac va hap phu trén bé mat vat liéu. Do d6 UiO-66



duoc xem nhu vat liéu htra hen cho nhiéu nghién ciru lién quan
dén tong hop - cau trlc - tng dung.

Gan day, phuong phap xuc tac di thé duoc str dung rong rai
hon ca do ¢6 nhiéu vu diém vuot tréi hon so véi cac phuong phap
khac nhu: chi phi thap, hiéu qua cao, d& thu hdi va tai st dung
vt liéu, dic biét co thé chuyén hda chit hiru co doc hai thanh cac
chat it doc hai hon [68]. UiO-66 c0 thé sir dung nhu mot vat liéu
c6 kha ning xuc tac dua vao nut zirconi oxide, vira 1a vat liéu hd
trg cho cac hat nano kim loai, oxide kim loai dé thuc hién phan
rng xUc tac di thé dé phan hiy cac hop chét hiru co doc hai. Cac
oxide kim loai, hat nano kim loai va phirc kim loai gan day duoc
xem nhitng tng vién day trién vong trong linh vuc xic tac dj thé.
Cac vi tri ma kim loai hoat dong chu yéu nam & cac goc, canh va
mit tinh thé, do d6 chung c6 cac dic tinh xtc tac da dang [145].
Trong sb cac chat xuc tac kim loai di thé duoc dé cap & trén, phic
kim loai dugc goi 1a chit xdc tac di thé don vi tri ngay cang thu
hit sy chd y trong nhitng nam gan ddy. Dé tng hop céc chat xtc
tac di thé don vi tri, mot trong nhitng phuong phap don gian nhat
la gén chat cac nguyén ti, cation hoic phuc kim loai truc tiép vao
cac gia d& ran c6 dién tich bé mat 16n. Gan day, nguyén tir nickel
két hop véi UiO-66 duoc quan tam vai cac vi tri tm kim loai Ni
hoat dong & bé mit 15 rdng véi cac khung UiO-66, didu nay s&
tang cuong dang ké su khuéch tan tu do cua cac phan tir chat
phan tmg. Do dé, xtic tac di thé vi tri Ni don nguyén tir thé hién
xuc tac khir hiéu qua cao ddi véi cac chat 6 nhiém hiru co.

Ngoai ra, trong s cac oxide kim loai, dong (1) oxide (Cu.0)
1a oxide dwgc biét dén nhu cac chat ban dan cé hiéu suat xdc tac
cao dbi vai hau hét cac hop chat hiru co kho phan hiy, dé tong



hop, gia thanh ré va tuong ddi bén déi véi cac tac nhan oxy hoa
trong mdi trudng nudc [63]. Trong thoi gian gan day, hé x(c tac
Fenton dugc nghién ciru rat manh va phat trién rong hon thé hién
qua nhiéu cong trinh trén thé gioi khong nhiing & dang tac nhan
Fenton ¢ dién (H:0./Fe?*) va tac nhan Fenton bién thé
(H20./Fe®) [147] ma con sir dung nhitng ion kim loai chuyén
tiép va cac phirc chat cua chiing & trang thai oxi hoa thap nhu
Cu(l), Cr(11) va Ti(I11) tc dung vai H.0, dé tao ra goc HO', duoc
goi chung la c4c tac nhan kiéu nhu Fenton (Fenton-like Reagent)
[82]. Su két hop giita Cu,0, FesOx trén vat liéu UiO-66 s& duoc
nghién ctru su hon tng dung dé xu ly hop chét hitu co doc hai
theo co ché xdc tac Fenton nhd vao trung tdm hoat dong xuc tac
Cu-Fe-Zr va gitp cho viéc thu héi vat liéu sau khi sir dung mot
cach d& dang bang nam cham.

Bén canh do6, FesO4 duoc dua vao bén trong cau trlic hoic trén
bé mit cia ZnO dé tang hoat tinh xuc tac cua no trong ving kha
kién. Nhém nghién ciru cia Jin-ChungSin [121] da phat trién vat
liéu quang xuc tac c6 cau tric vi xop dang hat hinh cau trén co
s Fes04/Zn0 dé xtr ly phenol. Két qua nghién ciru chi ra rang su
tich hop FesO4 VAo cau tric cia ZnO lam ting dang ké kha ning
xtc tac cua ZnO trong ca viing tir ngoai va kha kién.

Acetaminophen la thanh phan hoat chét duoc st dung kha phd
bién, c6 tAc giam dau va ha sét. Gan s& chuyén hoa
acetaminophen thanh cac chit khac nhau khong con hoat tinh, d&
dang tan trong nudc tiéu va thai ra ngoai. Ngay nay, su két hop
ctia ascorbic acid trong cac thuéc giam dau c6 y nghia quan trong
trong viéc bao vé su ton thuong gan va than do acetaminophen
gay ra nhd vao tac dung khang viém cuaa ascorbic acid. C6 nhiéu



phuong phap duoc tng dung dé phan tich hai thanh phan nay
trong dugc pham. Tuy nhién cac phuong phép nay ton kém va
mat nhiéu thoi gian trong qué trinh xt Iy mau nhu 1am giau mau,
chiét xuat ¢ cac dung moi khac nhau hay tach sic ky. Gan day,
su phét trién cua cac ki thuat dién hoa phan tich dia trén cac dién
cuc duoc bién dbi bang vat liéu xdp da thu hut manh mé cac nha
nghién ctru dé xac dinh dong thoi mot sé hop chat. Cac phuong
phap dién hda c6 mot s6 wu diém nhu d6 nhay cao, do chon loc
va phan tich nhanh, chi phi thdp cho cac mau phan tich. Vat liéu
UiO-66 bién tinh dién cuc dé dinh luong cac hop chit hitu co
trong dung dich ciing dang dugc cac nha nghién ciru quan tam.
Xuét phat tir c4c van dé néu trén, ching tdi lya chon dé tai:
“Tong hop vat ligu composite trén nén UiO-66 wng dung
trong xuc tac va phéan tich dién hoéa”.
Muc tiéu nghién cau

Tong hop dugc vt liéu UiO-66 va cac composite trén nén vat
lieu UiO-66 (UiO-66/Ni va Cu20/Fes0./Ui0-66) va ting dung
cac vat lidu nay dé xir ly cac hop chit hitu co dwa trén co ché xtc
tac Fenton, x(c tac di thé, x(c tac quang hoa. Bién tinh UiO-66
trén nén dién cuc than thiy tinh dé dinh lugng cac hop chat hiru
co bang phuong phap dién hoa.
N@i dung luan an

- Téng hop duoc UiO-66 bang phuong phap thuy nhiét va ang
dung bién tinh dién cuc dé dinh lwong ascorbic acid va
acetaminophen trong dugc pham bang phuong phap dién hoa;

- Tong hop vat liéu composite trén nén UiO-66 (UiO-66/Ni),
g dung dé khir 4-Nitrophenol va xur Iy Methylene blue trong

mdi trudng nude theo co ché xdc tac di thé;



-Téong hop véat lieu composite trén nén UiO-66
(Cu20/Fe304/Ui0-66) va xir ly Reactive blue 19 trong moi
truong nudc theo co ché x(c tac Fenton.

Nhirng dong gop mei cia luan an

- Tong hop vat liéu UiO-66, UiO-66/Ni; Cu,0/Fes0./UiO-66
c6 dién tich bé mat riéng lon.

- Xé4c dinh ddng thoi ascorbic acid va acetaminophen trong
dugc pham bang phuong phap Volt-ampere xung vi phan (DPV)
dung dién cuc bién tinh bang vat liéu UiO-66/GCE. Két qua nay
da dugc cong bd trén tap chi Journal of Nanoparticle Research.

- Ung dung vat liéu UiO-66/Ni dé xt ly pham mau nhuom 4-
Nitrophenol va Methylene blue trong mdi truong nude theo co
ché xuc tac di thé. Két qua nay dugc cong b trén tap chi Journal
of Nanomaterials.

- Vit liéu Cu,0/Fe304/Ui0-66 c6 kha nang xu Iy pham mau
nhudém Reactive blue 19 trong méi trudng nude theo co ché xtc
tac Fenton.

Céu tric cua luan an

Luan an duoc bd cuc nhu sau:

- bt van dé;

- Chuong 1: Tong quan tai liéu;

- Chuong 2: Noi dung, phuong phap nghién ciru va thuc nghiém;
- Chuong 3: Két qua va thao luan;

- Két luan;

- Danh muyc cac cong trinh cong bd lién quan dén luan an.



CHUONG 1. TONG QUAN TAI LIEU
- Gi6i thiéu vé vat liéu khung co kim (MOFs) va UiO-66
- Nghién cru ngoai va trong nudc vé vat liu UiO-66 va céac vat
liéu composite trén nén UiO-66 cho tng dung xlc tac va bién
tinh dién cuc
- Ung dung vat liéu MOFs: phan tich mét sb chét hiru co bang
phuong phap dién hoa str dung dién cuc bién tinh bang MOFs;
hap phu; xdc tac.
CHUONG 2. NOI DUNG NGHIEN CcUU
Noi dung nghién ciru chi yéu bao gom:
1. Tong hop duoc UiO-66 bing phuong phap thuy nhiét va tng
dung bién tinh dién cuc dé dinh lugng ascorbic acid va
acetaminophen trong duoc pham bang phuong phap dién hoa;
2. Tong hop vat liéu composite trén nén UiO-66 (UiO-66/Ni),
ng dung dé khir 4-nitrophenol va xir ly methylene blue trong
mdi trudng nude theo co ché xdc tac di thé;
3. Tong hop vat lieu composite trén nén UiO-66
(Cu20/Fe304/Ui0-66) va xir ly reactive blue 19 trong moi truong
nuée theo co ché x(c tac Fenton;
CHUONG 3. KET QUA NGHIEN CcUU

3.1. Tong hop vat ligu UiO-66 va ing dung bién tinh dién cuc
dé dinh lwong dong thoi hop chit hiru co trong méi truong
nuwéc bing phwong phap dién hda
3.1.1. Tong hop vat ligu UiO-66 va khao sat dic trung vat ligu

Céac mau vat lieu UiO-66 dugc tong hop & cac dung mdi khéac
nhau thu duwoc ZT/DMF, ZT/ACN va ZT/EtOH. Phén tich hinh
anh XRD cho thiy ZT/DMF c6 cac dinh nhiéu xa dic trung cua
Ui0-66 theo CCDC ID 733.458. Cac mau tong hop trong ACN



va EtOH khong c6 cac dinh dac trung ctia UiO-66, ma thu duoc
bis-trimethylammonium zirconium bis-nitrilotriacetate khir nuréc
(JCPDS: 00-054-2125) va zirconium oxide (JCPDS: 00-037-
1413). Nhu vay, DMF la dung méi phu hop dé tong hop UiO-66.

Hinh théi cia cac mau duoc khao sat bang SEM. Zirconium
terephthalate tong hop trong DMF (ky hiéu 1a UiO-66) c6 dang
hinh cau véi duong kinh 100 —150 nm. Trong khi d6, cac mau
zirconi terephthalate duoc téng hop trong ACN va EtOH 14 cac
hat 16n tap hop lai véi kich thwdce trung binh vai micromet.

Theo phan loai caa IUPAC, dudng dang nhiét hap phu N, caa
ZT/EtOH c6 hinh dang cua dudng ding nhiét loai 1V, cho thiy
vat liéu c6 cau triic mao quan trung binh. Tuy nhién, zirconium
terephthalate duoc tong hop trong ACN va DMF c6 dudng dang
nhiét giira loai | va loai IV va vong tré loai H1 ¢ &p suat tuong
dbi cao. Diéu nay cho thay sy ton tai vi mao quan va mao quan
trung binh trong ciu trdc cua céc vt liéu.

Vit liéu UiO-66 c6 dién tich bé mat riéng (1044,27 m?/g) va
thé tich 16 x4p (0,463 cm?/g) Ion nhit trong cac vat liéu tong hop
duoc. Kich thuéc phan bé 16 cia UiO-66 nam trong khoang 8,0
va 16,2 A va dat cuc dai ¢ 11,7 A; diéu nay cho thdy su cd mat
cuia cac 15 xdp rat nho trong vat liéu. Tir cac két qua nay, DMF
duogc chon dé tong hop UiO-66 trong thi nghiém tiép theo.

Trang théi oxi hoa cua cac nguyén té duge xac dinh bang phé
XPS. Két qua cho thay su c6 mit cua O 1s, C 1s va Zr 3d tuong
ung voi mic nang lugng 528, 280 va 181 eV. Vac nhom chic
cua UiO-66 duoc khang dinh bang phuong phap phd FT-IR Vi
mot dai hap thu manh ¢ 3440 cm™, twong ung véi dao dong O —
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H, va cac dai dao dong cdi cuong do thap honnhuO-C -0, O
—HvaC-H.

Phwong phéap phén tich nhiét (TGA) dugc sir dung dé xac dinh
d6 on dinh nhiét cua vat ligu UiO-66. Sy mat khéi lwong cudi
cuing bat ddu ¢ 360 °C cho ti 600 °C la do sy phan huy cua UiO-
66 thong qua su chay cac phan tir hitu co. Diéu ny cho thiy vat
lieu UiO-66 bén nhiét cho toi dudi 600 °C.

Diém tich dién khdng (pHezc) cua UiO-66 12 6,5.

Tinh 6n dinh héa hoc cua vat liéu UiO-66 duoc khao séat bang
cach khudy vt liéu trong méi trudng axit va bazo & pH tir 2 dén
9 trong 24 gio. Dya vao hinh XRD, ci¢c mau van giir dugc cau
trdc tinh thé, chung to rang UiO-66 bén trong nudc, axit va bazo.
3.1.2. Ung dung dé xac dinh dong thoi AA va AC
3.1.2.1. Anh hwong ciia céc logi dign cuc

Khong c6 sy xuat hién rd dong dinh ciia AA va AC trén dién
cuc GCE va dong dién thu dugc twong ddi thap. Trong khi do,
hai cuc dai ¢ 0,385 V va 0,591 V tuong (tng vai AA va AC trén
dién cuc bién tinh va cudong d6 dong c6 ting 1én voi su phan tach
dién thé gitra dinh AA va dinh AC rat r3; diéu nay dam bao kha
ning Gng dung dién cuc bién tinh dé xac dinh dong thoi ca hai
hop chat nay.
3.1.2.2. Xdc dinh dién tich bé mat

Phuong phap CV (cyclic voltammetry) dwoc sir dung dé khao
sat dac tinh dién hoa cua cac dién cuc trong dung dich dich hon
hop Ks[Fe(CN)s] 1 mM, Ka[Fe(CN)s] 1 mM. Két qua cho thay,
d6 1a qua trinh bat thuan nghich. Dién tich bé mat hoat dong duoc
tinh theo phuong trinh Randles — Sevcik:

I, =2,69 x 10° n¥2 x A x D, x C x v? (3.1)



11

Dién tich bé mat hoat dong cua dién cuc GCE va UiO-
66/GCE lan luot 120,070 va 0,11 cn?.
3.1.2.3. Anh hwéng cia pH

Céc phuong trinh hdi quy tuyén tinh cua thé dinh E, va pH:
Ep, an = (0,54 = 0,01) + (=0,054 + 0,002) x pH; r = 0,997 (3.2)
Ey, pa= (0.87 £ 0.03) + (=0.061 + 0.007) x pH; r = 0,983 (3.3)

Hé sé goc cb gia tri 1a -0,054 va -0,061 d6i véi AA va AC,
gan véi gia tri ly thuyét ciia phuong trinh Nernst (-0,0592), chiing
t6 sw oxi hoa cia AA va AC trén dién cuc bién tinh cé sb dién tu
va proton trao d6i bang nhau. pH 4 dugc chon cho céc thi nghiém
tiép theo.
3.1.2.4. Anh hwong ciia téc dé quét thé

Tin hiéu dong dinh hoa tan I, cua céc chat AA va AC ting khi
téc do quét thé tang. Piéu nay cho thay phan tmg trao ddi dién tir
c6 lién quan toi qué trinh xay ra trén bé mat dién cuc.

Phuong trinh hdi quy tuyén tinh gitra 1, va v

lpaa = (0,01 £ 0,02) + (=0,031 + 0,002V r = 0,994  (3.4)
lp.ac = (0,0006 = 0,0008) + (—0,027  0,001)v"; r = 0,996 (3.5)
Hé sb chan cua ca hai chat déu vuot qua goc toa, co nghia rang
qua trinh oxy héa AA va AC trén UiO-66/GCE dugc kiém soat
bai qua trinh khuéch tan.

Tinh toan s electron trao ddi cua qué trinh oxi héa théng qua
mébi quan hé giira thé dinh (E,) va Inv theo phuong trinh Laviron
S dién tur tinh dwoc 12 2 (1,82 cho AA va 2,04 cho AC), cho thiy
rang qua trinh oxy hoa AA va AC trén dién cuc bién doi dién ra
VGi sur trao doi ctia hai dién tir va hai proton.
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3.1.2.5. P$ p lai, dé én dinh va gidi han phét hién

D6 1ap lgi cia tin hiéu: xac dinh bang cach do 7 1an vai dién cuc
bién tinh ¢ ndng d6 AA va AC 2 va 20 UM theo cac diéu kién
duogc t6i vu hoa. Do tai lap tét voi RSD cua tin hiéu dong thu
duoc 1a 2,06% cho AA va 1,01% cho AC & nong d6 1a 2 pM;
1,90% cho AA va 0,83% cho AC & ndng dé 1a 20 pM; Céac gia
tri RSD(%) déu nho hon 1/2. RSDy cho thay phuong phép c6 do
lap lai chap nhan duoc.

Pé on dinh cia phiwong phdp: do dong dinh trén dién cuc giir
trong binh hat 4m trong sau ngay. Sau mdi ngay do mot lan. Dong
dinh giam 7,6% va 9,2% véi AC va AA sau sau ngay lién tiép.
Diéu nay cho thiy dién cuc UiO-66/GCE c6 d6 bén dién hoa cao,
khién né c trién vong cho céc wng dung thyc té.

Anh hwong cua chdt can tro

Két qua nghién ctu cho thay tat ca cac chat can tré vo co, ciing
nhu sucrose, starch va glucose khéng gay tré ngai cho viéc xac
dinh AA va AC bing dién cuc di bién tinh, ngay ca & nong do
rat cao (50 va 128 lan so véi ndng do chat can phan tich).
Khodng tuyén tinh

Trong khoang nong do6 tir 0,02 1én 2,92 (UM) cia AA va AC,
gitra I, va nong do c6 su twong quan tuyén tinh tot véi r > 0,99.
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Gigi han phét hién (LOD)
Gia tri LOD tinh duoc 12 0,019 va 0,018 uM déi véi AA va AC).
3.1.3. Phan tich miu thuc
Bang 3.1 Két qua xac dinh AA va AC trong duoc pham voi
phuong phap DPV va HPLC

Phuong phap DPV ﬁl;uLoélg phap
MAu gg”gam Thém gg’”go Pg thu (';'g’”%o Pg thy

dhu chuan duoc hOOI duoc hool

om) PP opm) ) ppm) )
1 921 30 1220 999 916 997
2 893 30 1183 96 900 1005
3 832 30 1142 1032 835 1012
4 750 30 1045 983 753 993
5 100 30 403 1009 104 1015

49,5 30 788 975 48,8 100,6

3.2. Tong hop vat ligu UiO-66/Ni va &ng dung phan hiy
pham mau nhugm MB theo co' ché xuc tac di thé

3.2.1. Téng hep vat liéu UiO-66/Ni

CAu tric va pha tinh thé cua UiO-66 va UiO-66/Ni duoc xac
dinh bang phuong phap XRD, cac dinh nhidu xa cia UiO-66 va
Ui0-66/Ni twong dong vi XRD md phong cua UiO-66, cho thay
rang UiO-66/Ni di duoc tong hop thanh cong véi do két tinh cao.

Dé khao st su ton tai cua Ni trong ciu tric UiO-66, hinh anh
EDX cua mau UiO-66 va UiO-66/Nix (x = 0,3; 0,5; 0,7 va 1,0)
cho thay ty 18 nguyén tir Ni/Zr ting 1én khi luwong tién chat
NiCl,.6H.0 ting tir 0,3 dén 0,5 mmol va khong ddi tir 0,7 dén
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1,0 mmol, chang té rang s luong vi tri khuyét tat bi gigi han
trong cau trdc cua UiO-66.

Phan tich TGA cua UiO-66/Ni1.0 cho thay san pham bi phan
hily bat dau ¢ 610 °C twong ung sy hinh thanh ZrO..

Hinh thai cua UiO-66 va UiO-66/Nil.0 dugc quan sat bang
hinh anh SEM va TEM, cho thay UiO-66 va sau khi két hop, cac
nguyén tir Ni don 1¢ I cac hat giéng hinh cau véi kich thudc dong
nhat va bé mat nhin; hat nano Ni hodc NiO khéng xay ra trén bé
mit cuia cau tric UiO-66; diéu nay twong ddng véi két qua phan
tich XRD cua UiO-66 va UiO-66/Ni1.0.

Puong dang nhiét hap phu - giai hap nito ciia cac mau UiO-
66 va UiO-66/Ni1.0 thé hién loai | vai vong lap tré H4. Céc vat
liéu 6 cau trdc vi mao quan. Kich thudc 16 cua cac mau khoang
4,4 va 4,8 nm, dién tich bé mat BET cua UiO-66.Ni da tong hop
khoang 855,06 m?/g.

Thanh phan hda hoc va trang thai hda hoc cua cac nguyén tb
trong mau UiO-66/Nil.0 duoc xac dinh bing phd XPS, cho thiy
Ni 2p thudc trang thai oxi héa Ni (11) trong ciu tric UiO-66/Ni.
3.2.2. Ung dung khir 4-NP va xir ly MB bing UiO-66/Ni
3.2.2.1. Su khar xUc tac cua 4-NP

Hiéu suét x(c tac ciia UiO-66/Ni duoc dénh gia bang md hinh
phan &ng khir 4-NP thanh 4-aminophenol (4-AP) bang dung dich
NaBH.. Luong tién chat NiCl,.6H,0 duoc dua vao cau tric UiO-
66 12 1,0 mmol (UiO-66/Ni1.0) cho hiéu suat xuc tac tot nhat.

Pong hoc gia bac mot da dugc sir dung dé khao séat phan
g khtr ciia 4-NP. Db thi biéu dién In(Cy/Co) theo thai gian phan
g dé khir 4-NP c6 sy phd hop tuyén tinh vai hé sb xac dinh rat
gan vai su théng nhit ciing hd tro gia thiét vé dong hoc gia bac
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nhét. Cac gié tri hang s téc do biéu kién (Kapp) VA tan sé quay
vong (TOF) dugc thé hién Bang 3.2.
Bang 3.2 Gia tri kapp va TOF cua phan ung khir 4-NP véi cac
chat xuc tac khac nhau véi nong do chat xdc tac 1a 8,33 mg/L

TOF? x 102 Kapp

X 2
Mau (phan tidg.phat)  (Upha) -
Ui0-66 6,89 0,026 0991
UiO-66/Ni0.3 876 0036 0975
UiO-66/Ni05 18,96 0198 0985
UiO-66/Ni0.7 61,03 0794 00983
UiO-66/Nil0 76,19 0956 0964

TOF (Turnover frequency) = (Khdi lugng chat hiru co da phan
g / khéi lwong chat xdc tac) x thoi gian phan ang (1/phut)

Phan tng khir x(c tac thanh 4-NP ciing dugc dénh gia bang
cach sur dung céac gia tri TOF (Turnover frequency). Su gia tang
gia tri TOF 1 do s6 luong cac vj tri xuc tac nickel hoat dong c6
trong mang UiO-66 va su khuéch tan d& dang cua cac phan ter
chat phan (mg dén céc vi tri hoat dong trong cau trlic x4p.

Ning luwong hoat hoa biéu kién Ea tinh tir phuong trinh
Arrhenius (3.19) duoc xac dinh 1a 23,15 kJ/mol di véi chat xdc
tac UiO-66/Ni1.0. So vai cac chat x(c tac khac trong cac bai bao
d3 xudt ban truéc day vé hiéu suat khir 4-NP (Bang 3.3), UiO-
66/Ni1.0 c6 hoat tinh xuc tac cao dbi véi qué trinh khir 4-NP.

Bang 3.3 So sanh kha ning xtc tac cua cac chat xdc tac khac
nhau cho qua trinh khir 4-NP

fe o Canp Cext Thoi gian  Kapp
Chat xuc tac (mM)  (mg/mL) (min) (phath
Au@[Na]-
HAMS 5,217 1,739 15 0,310

Pd/C 1,67 0,0024 8 0,529
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Co-Nidouble 159 373 ¢ 0,669
hydroxide

Co@C 01 0,02 4 0,660
PUCOOs (0958 00479 4 0,678
CEOZ

Ca/Cos0:  35x10° 0,08 41,67 0,230
M0S/SnO, 0.1 05 13 0.252
PL@Ag 01 0016 8 0.355

3.2.2.2. Co ché khir 4-Nitrophenol

Ban dau, trong dung dich nuéc, 4-NP ¢ thé d& dang khuéch
tan vao khong gian 16 xp cua UiO-66/Ni. Tai day, cac phén tir
4-NP hap phy nhanh chéng trén céc vi tri hoat dong Ni (11) cua
vat liéu UiO-66/Ni ¢ dang 4-nitrophenolat. Bong thoi, cac ion
BH, s& hap phu Ién bé mat chét xuc tac va phan ng véi bé mat
kim loai Ni d¢ tao ra cac tm hydro hoat dong. Dwa vao kha ning
chuyén dién tir cua céc vi tri hoat dong chira Ni (1) tao diéu kién
thuan loi cho viéc chuyén dién tir tir BH,- dén 4-NP va giam ning
luong hoat hoa [114]. Sau do, 4-Nitrophenolat trong dung dich
khuéch tan vao ciu triic x5p va phan tng véi cac tam hydro hoat
tinh nay dé tao thanh 4-hydroxyaninophenol (chat trung gian);
cudi cing duoc chuyén thanh 4-AP va khuéch tan ra khoi 16 xp
cua chat xtc tac [70], [89], [120].

NH,
OH H* H
OH St

© " :
NO, NO

Hinh 3.1 M6 hinh co ché khtr 4-NP

NH,
BO,-
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3.2.2.3. Khd ndng tai ché ciia chat xuc tac UiO-66/Nil.0.

Pé danh gia kha nang tai ché chat xdc tac, chling t6i tién hanh
nam chu ky khir 4-NP véi chat xdc tac UiO-66/Nil.0. Két qua
cho thdy do chuyén hoa caa 4-NP va ciu tric cua UiO-66/Nil.0
cling gan nhu khong thay d6i sau niam 1an xuc tac cho phan @ng.
Nhu vay, UiO-66/Ni1.0 1a mot chat xdc tac thich hop voi kha
nang khir 4-NP véi hiéu suit va kha ning tai sir dung cao.

3.2.3. Kha ning xiic tac ciia UiO-66/Nil.0 ddi véi MB

Mau cua dung dich MB bién mat nhanh chéng trong vong 4
phat khi phan tan 5 L dung dich UiO-66/Ni (5 mg/mL) vao dung
dich. Phan ¢ng mat mau caa MB dong hoc khir mau MB tuan
theo mé hinh déng hoc gia bac mot. Hang sb téc do phan tng
(Kapp) va TOF dé khir MB & nhiét do phong 1a 0,787 1/phdt va
33,89 x 10 phan tu/g.phit; nang luong hoat hoa biéu kién E,
dugc xac dinh la 28,72 kd/mol.

Kha ning tai st dung vat liéu duoc khao séat bang phan ung
khtr khir MB qua niam chu ky véi hiéu suat khir hau nhu khong
dbi. Do d6, Ui0-66/Nil.0 ciing thich hop cho phan wng khir xic
tac chét hiru co trong thuc té.

3.3. Tong hop vat ligu Cu,0/Fe304/Ui0-66 va frng dung xir ly
pham nhudm Reactive Blue 19 (RB19) theo co ché phan wng
Fenton

3.3.1. Pac trung vat ligu

Hinh anh SEM cua FesO0s; CuO, UiO-66 va
Cu,0/Fe304/Ui0-66 cho thiy cac hat UiO-66 c6 hinh luc gi4c
ddng nhat véi kich thugc tir 100 ¢én 150 nm, hat FesO, c6 dang
hinh cau duong kinh 100-300 nm va két ty thanh ting dam, Cu,0
c6 cau trc bat dién véi kich thude nam trong khoang tir 100 dén
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200 nm, mau két hop Cu,0/Fes04/UiO-66 gdm céc hat dan xen
véi nhau c6 hinh dang va kich thudc khac nhau.

Phé EDX cua Cu,0/Fe;04/UiO-66 cho thiy su c6 mat cac
nguyén té chinh (C, O, Fe, Cu va Zr) cua ba thanh phan riéng l¢.
Anh xa EDX ciia Cu,0/Fe;04/Ui0-66 cho thay sy phan b6 dong
déu caa Cu, Fe, Zr, O tai cing mot ving.

Pho FTIR cua Fe;04/Ui0-66 va Cu,0/Fes0./Ui0-66 déu xuat
hién cac dinh dic trung ctia cac nhom carboxyl va cac lién két
cua Fe-O. Ngoai ra, gian d6 XRD ciing cho thay cac dinh dic
trung cua UiO-66, FesO4 va Cu,0 trong vat liéu.

Puong dang nhiét hip phu/giai  hip nito cua
Cu20/Fe304/Ui0-66 c6 dang duong loai IV vong tré ¢ ap suit
tuong dbi tir 0,7 dén 1,0, ching to ¢o sy tn tai ciia cau tric mao
quan trung binh trong vat liéu; dién tich bé mat BET la 35,45
cm?/g, kich thudce hat cua vat liéu trai dai tir 5,5 mm dén 13,4 nm
va cuc dai 6 9,2 nm.

May phan tich trong luong nhiét (TGA) dugc st dung dé mo
ta tinh on dinh nhiét cua vat liéu. Gian d6 TGA cho thy vat liéu
Cu,0/Fes04/Ui0-66 bén nhiét dudi 600 °C.

Tir ké mau rung duogc sir dung dé dénh gia dinh luong tir tinh
cua vat liéu nho vao sy ¢ mat cua cac hat Fe;O,4 trong vat liéu.
Gia tri do tir hda bao hoa la 8,4 emu/g.

3.3.2. Kha niing rng dung xiic tic Fenton dé xir Iy RB19
3.32.1. Khdo sat khd mnang xuc tic Fenton cua
Cu20/Fe304/Ui0-66

Hoat tinh xc tac ciia Cu,0/Fes04/Ui0-66 duoc khao sat bang
su phan huy RB19 tir phan (g Fenton. Két qua cho thay RB19
hap thu &nh sang & budc séng 595 nm, va cudng do dinh hap thu
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giam khi ting thoi gian phan tng va gan nhu bién mat sau 90
phat. Bé ching minh quéa trinh xdc tac 1a di thé, chung toi loai
chat xdc tac sau 30 pht phan tng va xac dinh ndng d6 chat mau.
Qua trinh khir mau cua RB19 dirng lai khi loc bo chat xdc tac,
Cu,0/Fes04/Ui0-66 la chat xic tac di thé trong hé phan tng
Fenton dé phan huy RB19.

Kha nang phan huy RB19 trén céc vat liéu khac nhau (bao
gom khong c6 chat xdc tac, UiO-66, Fes0,/UiO-66 va
Cu,0/Fe304/Ui0-66) dugc nghién cau & diéu Kién nhur gia tri pH
bang 7,0; nhiét 6 25 °C; nong d6 RB19 ban du 100 mg/L; liéu
lwong chat xdc tac 40 mg; liéu luong H,02 1 mL; thoi gian 90
phut. Vat lidu Cu,0/Fe304/Ui0-66 thé hién hoat tinh cao vai hiéu
suat phan hity 83,9% trong 90 phut nho lién két Cu(l)-Fe-Zr trong
cau tric. Bong hoc xc tac Fenton caa RB19 cho thiy qué trinh
phU hop véi md hinh dong hoc gia bac nhat véi Kapp 12 0,0196
phat? cao hon gia tri ndy cua phan tng phan hay trén chét xtc
tac khac (0,0112, 0,0043 va 0,0006 1/ phat twong ung vai
Fes0./Ui0-66, UiO-66 va khong c6 chat xdc tAc).
3.3.2.2. Anh hwéng cia pH

Sy phan huy RB19 tang 1én khi gia tri pH giam va hiéu suat
cao nhét dat duoc ¢ pH 3. Tuy nhién, hiéu qua khi loai bo RB19
& pH 3, 5 va 7 déu dat trén 83% va khdng chénh léch dang ké.
Bai vi 46 pH thip khong than thién, gié tri pH mong muén trong
nghién ciru nay ching ti chon pH 7 dé khao sat phan &g Fenton
nham loai bo RB19 khoi dung dich nudc.
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3.3.2.3. Anh hwong ciia Iwong chdt xdc tac

Kha niang xir Iy RB19 cang cao khi lugng chat xdc tac tham
gia phan &ng nhiéu vi cac géc tu do tao ra nhiéu. Luong chat xuc
tac 40 mg dugc chon dé thyuc hién cac phan tng tiép theo.
3.3.2.4. Anh hwong ciia néng dé chit phan tich

Két qua cho thiy & ndng do cang thip thi kha nang phan huy
RB19 xay ra cang cao sau 90 phdt phan ung & nong do RB19
tuong (ng & 50, 100, 150 va 200 ppm (pH 7, 40 mg chat x(ic tac,
1 mL H,0, 4 M, 25 °C).
3.3.2.5. Anh hwéng ciia nong dé H20;

Sy phan huay ting dan khi ting ndng do H20; tir 2 dén 4 M.
Diéu nay c6 thé 1a do sy tao ra nhidu nhém oxy hda phan tng
hon (cac goc hydroxyl) khi chat xdc tac tiép xuc véi H20,. Sau
d6, khi ting ndng do H,0, tir 4 dén 5 M, su phan huy RB19 khong
c6 su thay doi (83,4%). Nong d6 H.02 4 M duoc chon dé thuc
hién cac phan tng xuc tac tiép theo.
3.3.2.6. Anh hwong ciia nhigt dé phan ing

Khi ting nhiét do phan ¢ng tir 25 dén 55 °C thi kha nang xdc
tac giam tir 83,9 dén 79,8 %. Khi nhiét do cao thi H.0, c6 thé
phé&n huy thanh O va H.0 va khéng con kha nang phan tng; do
do6, nhiét d6 phan tmg duogc sir dung dé khao sat 1a 25 °C.

3.3.3. Kha ning tai sir dung Cu.O/Fe;04/UiO-66 trong qua
trinh xuc tac Fenton

Kha nang tai sa dung vat liéu Cu,O/Fe;04/Ui0-66 dugc
nghién ciru trong nam chu ky lién tiép & nong do thudc nhuom
ban dau 100 mg/L; 1 mL H,02 4 M; 40 mg chat xuc tac va thoi
gian phan g 90 phat; va nhiét &6 phan ng 25 °C. V4t ligu van
c6 hoat tinh xtic tac cao (70%) sau ndm 1an véan hanh lién tuc. Do
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d6, Cu,0/Fe;04/Ui0-66 co kha ning tai st dung tt, 6n dinh va
c6 thé duoc sir dung lau dai.

Bang 3.4 liét ké kha nang xuc tac loai bo RB19 cua cac chat
xuc tac khac nhau véi cac diéu kién phan timg tuong ung. Chat
XUc tac Cu,0/Fe;04/Ui0-66 loai bo RB19 tuong ddi tét & pH 7
v6i nong d6 RB19 cao. Trong khi cac chat xtc tac con lai chu
yéu thyc hién ¢ pH thap. DPay duoc coi la mot wu diém cua vat
liéu va c6 thé thyc hién loai bo RB19 trong méi trudng than thién
va it doc hai.

Bing 3.4 So sanh hiéu qua xc tac véi cac didu kién phan tng
ctia cac chat xtc tac khac nhau

, . Co(mg/L)/lwgn
Chét xtc tac a(lhj;ng /Fentontac g chat xdc tac
(o/L)/pH
a-Fe203/WO3 Xdc tac quang 10/1/2
AgBIr/BiPO4/g-CsNs  Xuc tac quang 20/1/3
La%*/S/TiO, Xlc tac quang 25/1/-

MgosNiosZnoiFe.0,  Xdc tac quang 25/0,3/5

Bentonite clay Xuc tac quang c6
modified with szOs H,0O,

ZnO nanoparticle XUc tac quang 10/0,21/-
Cu,0/Fe;04/Ui0-66  Fenton 100/1,6/7

3.3.4. Co ché xuc tac Fenton ciia vat liéu Cu,O/Fe;04/UiO-66
Ban dau, H,0, hap phu trén bé mat chat xdc tac va phan

30/0,5/3

g véi Fe(l11) trong cau trdc FesO4 ¢6 san trén bé mat dé tao
thanh Fe(I1)va HO2* va H*; va Fe(l1) s& tiép tuc phan ung vai véi
H,0, sinh ra cac géc OH®. Su c6 mat cua kim loai chuyén tiép
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Cu trong cau trdc vat liéu cd thé gop phan tang cuong kha ning
sinh ra cac gc tu do.

(Fe" —OH) + H,0; > (Fe"' —OH).(H0,) (3.28)
(Fe'"' ~OH).(H202)-OH->Fe" + HO.* + Hz0 (3.29)
Fe' + H,0, > Fe'-OH + OH* (3.30)
Fe"'-OH + HO,* >Fe" + H,0 + 0, (3.31)
Fe' + Cu' = cu" + Fe' (3.32)
Cu'+ H,0, > Cu'-OH + OH* (3.33)
CU'-OH + H,0, > (Cu". H,0,)-OH (3.34)
(Cu". H,02)-OH - Cu' + HO;* + H0, (3.35)
Cu"-OH +HO.* > Cu' + H,0 + 0, (3.36)

Luc nay, Cu,0/Fe;04/Ui0-66 dong vai tro 1a chat du trir cho Fe
va Cu giai phong cac ion Fe (IT) dé kich hoat su phan cat cac phan
tir H,0, thanh cac géc tu do. Ngoai ra, trung tdm Zr trong cau
tric UiO-66 6 chie nang nhu mot “tau con thoi” dé chuyén dién
tir trong mot hé phan (ng gidng Fenton. N6 ¢6 thé nhan cac dién
tir tir O, tao diéu kién tao ra O,. Theo Yue va cong su, khi két
hop FesO, va Ui0-66, ¢6 thé hinh thanh twong tac Fe(Il) va Zr
thong qua lién két Fe(11)-O-Zr(1V) 1am cho su mat dién tur trén
Fes04 dé dang hon, thiic day qué trinh khir H20; va tao ra cac goc
OH°*[164]. Mat d6 dién tich cao cua Zr trong chit x(c tac s& gilp
Fe va Cu tuong tac voi nhau dé tao ra dién tur di chuyén giita cac
tam hoat dong Cu-Fe-Zr trén chat xuc tac 1am ting thém sy san
sinh céc géc tu do [164]. Khi qua trinh phan hay chat xdc tac dién
ra, HO,®, OH* tin cong RB19 dé tao thanh cac phan tir vo co nhur
H,0, CO, va c4c chit trung gian it doc hon [45].

HO,* > H* + 0" (3.37)
RB19 + OH* = CO; + H,0 + Chét trung gian (3.38)
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CHUONG 4. KET LUAN

Muc tiéu dat ra trong luan an 1a phat trién vat liéu UiO-66 va
cac composite trén nén vat lieu UiO-66, qua dé tién hanh ung
dung cac vat liéu nay dé xu ly cac hop chat hitu co dya trén co
ché xuc tac Fenton, xUc tac di thé; dong thoi bién tinh UiO-66
trén nén dién cuc than thiy tinh (GCE) dé dinh luong cac hop
chat hiru co bang phuong phap dién hoéa. Qua cac két qua thu
dugc tir thuc nghiém, chiing t6i dwa ra cac két luan nhu sau:
- P téng hop vat liéu UiO-66 bang phuong phap nhiét dung moi
vé6i dién tich bé mat 1044,27 m?/g va c6 kich thudc hat tir 100
dén 150 nm. Vat liéu tdng hop duoc sir dung dé bién tinh dién
cuc than thuy tinh dé xac dinh ddng thoi ascorbic acid va
acetaminophen trong dugc pham bing phwong phap volte-
ampere xung vi phan.
Kha niang xac dinh dong thoi ascorbic acid va acetaminophen
trong khoang tuyén tinh rong tir 0,02 dén 2,92 uM véi gia tri gisi
han phat hién LOD 1a 0,019 va 0,018 uM. Phuong phap volt-
ampere xung vi phan dé xac dinh hai thanh phan c6 do nhay tét,
¢6 tinh chon loc va it ton thoi gian, cho phép ap dung dé xac dinh
ddng thoi cac chat phan tich trong cac mau thuc khac nhau.
- Cau trac di thé UiO-66 (UiO-66/Ni) da dugc tong hop ¢6 dang
cau véi dién tich bé mit riéng cao va kha ning 6n dinh nhiét tét.
Céu trdc c6 vi tri hoat dong duoc xac dinh r rang véi dién tich
bé mat riéng 16n, noi cac nguyén tir Ni don 1¢ duoc gin vao céc
nguyén tir oxy ctia -OH/OH; che phu cac vi tri khuyét tat trén cac
cum oxide Zr cua UiO-66. Chat xuc tac tong hop duoc st dung
dé khao sét phan ung khir caa 4-Nitrophenol bang NaBH..
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Cu thé, UiO-66/Ni duoc diéu ché thé hién hoat tinh xUc tac cao
va d6 6n dinh dé khir 4-Nitrophenol trong diéu Kién ning luong
hoat hoa thap (E. = 23,15 kJ/mol), tan sé luan chuyén TOF cao
(76,19x10% phan tir/g.phat), va hang sé toc d6 biéu kién cao (Kapp
= 0,956 1/phat). Ngoai ra, Methylene blue (MB) ciing dugc chon
[am mé hinh nhuém hitu co cho phan ng khir xc tac. Kapp va
TOF dé xur Iy MB bang cach str dung UiO-66/Nil.0 lan luot 1a
0,787 1/phit va 33,89x10% phan tu/g.phut.

- XUc tac Cu,0/Fe3;04/Ui0-66 la vat ligu tir duge diéu ché tir sy
két hop cua cac hat nano Cu20, FesO, va UiO-66. Hoat tinh xtc
tac duoc danh gia bang cach phan hay thuéc nhuém RB19 bing
phan wng Fenton bang H20,. Vit liéu Cu,0/Fe;04/Ui0-66 c6
higu suat xtic tac cao hon nhiéu so véi UiO-66 va Fes04/UiO-66.
Thudc nhudm mat mau & diéu kién téi wu: pH 7, lidu luong chat
xUc tac 40 mg, nong d6 H202 4 M, nhiét 6 phan &ng 25 °C. Chat
xUc tac c6 thé duoc tach tir tinh va tai sir dung, va duogc duy tri
hoat tinh xdc tac rat tot sau nam lan tai su dung. Vat liéu
Cu20/Fe304/Ui0-66 la chat xuc tac thich hop dé loai bo cac chat
6 nhiém trong nudc thai bang phan tng di thé Fenton.
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INTRODUCTION

The rapid development of industrial and agricultural
industries such as metallurgy, plating, textiles, printing, and
production of fertilizers, chemicals, pesticides, pharmaceuticals,
etc., has increased the number of hazardous substances
discharged to the environment. Residues of dyes, pesticides, and
antibiotics are common compounds in organic wastewater. These
compounds are highly toxic and difficult to biodegrade. After
dispersing in water, they follow the food chain into the human
body, causing many dangerous diseases even in small
concentrations. For example, Methylene blue (MB) is a dye
widely used in medicine, the printing ink industry, and textile
dyeing. This dye is present in wastewater and can cause many
negative consequences for the environment, people and animals.
MB interferes with the dissolution of oxygen from the air into the
water, affects the growth of aquatic plants and animals, disrupts
the activity of microorganisms and the process of self-cleaning
water sources. In addition, MB can cause eye burns in humans
and animals upon contact, difficulty breathing, increased heart
rate, gastrointestinal irritation, nausea, and diarrhoea if
swallowed [56]. As another example, Phenol and its derivatives
are pollutants considered a top priority by the American
Environmental Protection Association. 4-Nitrophenol is a phenol
derivative that has been identified to cause damage to the liver,
kidneys, and nervous systems of humans and animals [76], [111],
[10]. Therefore, it is necessary to treat toxic organic compounds
before being discharged into the environment.



Currently, nanotechnology is developing rapidly and is
widely applied in treating of organic compounds by various
methods such as adsorption, photocatalysis, Fenton reaction,
membrane  filtration, osmosis and  decomposition.
biodegradation, etc. In particular, metal-organic framework
materials (Metal-Organic Framework, MOFs) are a new group of
materials that have received much attention from the scientific
community recently. MOFs form from the association of organic
ligands and inorganic nodes of metal ions or clusters of metal
ions, resulting in a crystal structure with high porosity, specific
surface area and large pore size. [5]. MOFs are now widely used
in various fields such as gas storage [18], magnetic sensors [74],
drug dispersion [65], drug carriers [132], adsorption, and
catalysis. [106]. In addition, with advantages such as crystal
structure, multilayer morphology, large specific surface area,
high porosity, large pore size, and easy structural modification,
MOFs are used to make can immobilize nanoscale catalytic
material particles. UiO-66 is one of the MOFs that has attracted
considerable attention due to its chemical, mechanical and
thermal stability. The crystal structure of UiO-66 consists of
zirconium oxide (ZrgO4(OH)4) clusters connected with six
benzene-1,4-dicarboxylate (H.BDC) bonds, leading to the
formation of a 3D framework. However, the structure UiO-66
has been identified from the publications as the structure
containing defect sites at the zirconium oxide clusters, where the
binding agent is missing such as water and hydroxide [153],
[140], [101]. In addition to the advantages of stability in a
relatively high range of environments, the UiO-66 material has a



large surface area, is easily synthesized at the laboratory scale,
and has properties necessary for many other applications. as
having multiple catalytic and adsorption sites on the surface of
the material. Therefore, UiO-66 is a promising material for many
studies related to synthesis-structure-application.

Recently, the heterogeneous catalysis method has been more
widely used due to its many outstanding advantages compared to
other methods such as low cost, high efficiency, easy recovery
and reuse of materials, can convert harmful organic matter into
less toxic substances [68]. UiO-66 used as a catalytic material
based on the zirconium oxide node was a support material for
metal nanoparticles and metal oxides to carry out heterogeneous
catalytic reactions for remove the toxic organic compounds.
Metal oxides, metal nanoparticles and metal complexes have
recently been considered promising candidates in the field of
heterogeneous catalysis. The sites where the metal acts are
mainly located in the corners, edges and crystal faces, thus they
have diverse catalytic properties [145]. Among the
heterogeneous metal catalysts mentioned above, the metal
complex known as the single-site heterogeneous catalyst has
attracted more and more attention in recent years. For the
synthesis of single-site heterogeneous catalysts, one of the
simplest methods is to fasten metal atoms, cations or complexes
directly to solid supports with large surface areas. Recently, the
nickel atom associated with UiO-66 has been of interest to the
active Ni metal center sites at the pore surface with the UiO-66
frameworks, which will significantly enhance the free diffusion
of reactant molecules. Therefore, the monatomic Ni-site



heterocatalysts exhibit highly efficient reduction catalysis for
organic pollutants.

In addition, among metal oxides, copper (1) oxide (Cu.0) is
an oxide known as a semiconductor with high catalytic efficiency
for most organic compounds that are difficult to decompose and
easy to synthesize, low cost and relatively stable to oxidizing
agents in the aquatic environment [63]. In recent times, the fenton
catalyst system has been studied very intensely and developed
more widely, shown in many works around the world, not only
in the form of classical Fenton agent (H.O./Fe?") and modified
Fenton agent (H.O:/Fe*, H,0./Fe®*) [147] but also uses
transition metal ions and their complexes in low oxidation states
such as Cu(l), Cr(Il) and Ti(lll) to react with H,O, to generate
HO* radicals, collectively known as Fenton-like agents [82]. The
combination of Cu,0, Fes04 on UiO-66 material will be further
studied and applied to treat toxic organic compounds by Fenton
catalytic mechanism thanks to the Cu-Fe-Zr catalytic activity
center and makes it easy to recove materials by a magnet.

Besides, Fez0;4 is introduced inside the structure or on the
surface of ZnO to increase its catalytic activity in the visible
region. The research group of Jin-ChungSin [121] has developed
a photocatalyst material with a spherical granular microporous
structure based on Fe304/ZnO for phenol treatment. The results
show that the integration of Fes;O, into the structure of ZnO
significantly increases the catalytic ability of ZnO in both
ultraviolet and visible regions.

Acetaminophen is a commonly used active ingredient that has
analgesic and antipyretic properties. The liver will convert



acetaminophen into various inactive substances that are easily
dissolved in the urine and excreted. Today, the incorporation of
ascorbic acid in analgesics is important in protecting the liver and
kidney damage caused by acetaminophen because of the anti-
inflammatory effects of ascorbic acid. There are many methods
used to analyze these two components in pharmaceutical
products. However, these methods are expensive and time
consuming in the process of sample processing such as sample
enrichment, extraction in different solvents or chromatographic
separation. Recently, the development of analytical
electrochemical techniques based on electrodes modified with
porous materials has strongly attracted researchers to identify
several compounds simultaneously. Electrochemical methods
have several advantages such as high sensitivity, selectivity and
fast analysis, and low cost for analytical samples. UiO-66
materials modified electrodes to quantify organic compounds in
solution are also of interest to researchers.

Starting from the above issues, we choose the topic:
“Synthesis of composite materials based on UiO-66 for
catalysis and electrochemical analysis”.

The aim of the thesis

Synthesized UiO-66 materials and UiO-66-based composites
(UiO-66/Ni and Cu,O/Fe304/UiO-66) and applying these
materials to process organic compounds based on Fenton
catalysis, heterogeneous catalysis, photocatalysis. Modification
of UiO-66 on glass coal electrode for quantification of organic
compounds by electrochemical method.



The content of the thesis

- Synthesis of materials UiO-66, modified GCE electrode for
guantification of ascorbic acid and acetaminophen in
pharmaceuticals by electrochemical method.

- Synthesis of UiO-66/Ni nanocomposite materials for 4-
nitrophenol reduction and methylene blue treatment in agueous
environment by heterogeneous catalytic mechanism.

- Synthesis of Cu,0/Fe;04/Ui0-66 nanocomposite materials
to treat reactive blue 19 dyes in aqueous environment by Fenton
catalytic method.

The new contributions of the thesis

- Ui0-66, UiO-66/Ni, Cu,O/Fes04/UiO-66 materials were
synthesized with high porosity and specific surface area.

- Simultaneous determination of ascorbic acid and
acetaminophen in pharmaceutical products by differential pulse
Volt-ampere (DPV) method using UiO-66/GCE modified
electrode. The results were published in the Journal of
Nanoparticle Research.

- Application of UiO-66/Ni materials to treat 4-Nitrophenol
and Methylene blue dyes in agueous environment by
heterogeneous catalytic mechanism. The results are published in
the Journal of Nanomaterials.

- Cu,0/Fe;04/Ui0O-66 materials have the capacity to reduce
Reactive blue 19 in water by Fenton catalytic mechanism.

The structure of the thesis

The thesis is arranged as follows:

- Introduction;

- Chapter 1: Overview;



- Chapter 2: Content, research and experimental methods;
- Chapter 3: Results and discussion;

- Conclusions;

- List of publications.

CHAPTER 1: OVERVIEW

- Introduction to Metal-organic framework materials and UiO-66
- Research situation on UiO-66 materials and UiO-66-based
composite materials for catalysis and electrode modification
applications

- Application of composite materials: treatment of toxic organic
compounds by catalytic mechanism.

CHAPTER 2: CONTENT RESEARCH

- UiO-66 was synthesized by hydrothermal method and applied
electrode modification to quantify ascorbic acid and
acetaminophen in pharmaceuticals by electrochemical method;

- Synthesis of composite materials based on UiO-66 (UiO-
66/Ni), applied to reduce 4-Nitrophenol and treat Methylene blue
in agueous environment by heterogeneous catalytic mechanism;
- Synthesize composite materials on the basis of UiO-66
(Cu20/Fe304/Ui0O-66) and process Reactive blue 19 in aqueous
environment by Fenton catalytic mechanism.



CHAPTER 3: RESULTS AND DISCUSSION

3.1. Synthesis of UiO-66 material and application for
simultaneous quantification of organic compounds by
electrochemical method

3.1.1. Synthesis of UiO-66 materials

UiO-66 materials were synthesized in different solvents to
obtain ZT/DMF, ZT/ACN and ZT/EtOH. XRD image analysis
shows that ZT/DMF has characteristic diffraction peaks of UiO-
66 according to CCDC ID 733.458. Samples synthesized in ACN
and EtOH did not have the characteristic peaks of UiO-66, but
yielded dehydrated bis-trimethylammonium zirconium bis-
nitrilotriacetate (JCPDS: 00-054-2125) and zirconium oxide
(JCPDS: 00-037-) 1413). Thus, DMF is a suitable solvent for the
synthesis of UiO-66.

The morphology of the samples was investigated by SEM.
Zirconium terephthalate synthesized in DMF (symbol UiO-66) is
spherical with a diameter of 100-150 nm. Meanwhile, the
zirconium terephthalate samples synthesized in ACN and EtOH
are large particles aggregated with an average size of several
micrometers.

According to the IUPAC classification, the N2 adsorption
isotherm of ZT/EtOH has the shape of a type IV isotherm,
indicating that the material has a medium capillary structure.
However, zirconium terephthalate synthesized in ACN and DMF
has an isotherm between type | and type IV and a type H1
hysteresis ring at relatively high pressures. This indicates the



existence of micro and medium capillaries in the structure of the
materials.

The UiO-66 material has the largest specific surface area
(1044.27 m?/g) and pore volume (0.463 cm®/g) among the
synthetic materials. The hole distribution size of UiO-66 is
between 8.0 and 16.2 A and peaks at 11.7 A; This indicates the
presence of tiny pores in the material. From these results, DMF
was selected to synthesize UiO-66 in the next experiments.

The oxidation states of the elements were determined by XPS
spectroscopy. The results show the presence of O 1s, C 1sand Zr
3d with energy levels of 528, 280 and 181 eV, respectively. The
functional group of UiO-66 was confirmed by FT-IR
spectroscopy with a strong absorption band at 3440 cm,
corresponding to the O—H oscillation, and lower intensity bands
suchasO.-C-0,0-Hand C-H.

Thermal analysis method (TGA) was used to determine the
thermal stability of UiO-66 material. The final mass loss starting
at 360 °C up to 600 °C is due to the decomposition of UiO-66
through the combustion of organic molecules. This shows that
the UiO-66 material is thermally stable to below 600 °C.

UiO-66's zero charge point (pHezc) is 6.5.

The chemical stability of the UiO-66 material was
investigated by stirring the material in an acidic and basic
medium at pH 2 to 9 for 24 h. Based on the XRD figure, the
samples retain their crystalline structure, demonstrating that
Ui0O-66 is stable in water, acids and bases.
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3.1.2. Simultaneous determination of AA and AC

3.1.2.1. The influence of electrode types

There is no prominent appearance of peak currents of AA and
AC on the GCE electrode, and the obtained current is relatively
low. Meanwhile, the two peaks at 0.385 V and 0.591 V
correspond to AA and AC on the denaturing electrode, and the
amperage increases with a clear potential separation between the
AA and AC peaks; this ensures the applicability of the modified
electrode for the simultaneous determination of both compounds.

3.1.2.2. The electroactive surface area of UiO-66/GCE
electrode

The cyclic voltammetry (CV) method was used to investigate
the electrochemical properties of the electrodes in a 1 mM
K3[Fe(CN)6] mixed solution, K4[Fe(CN)6] 1 mM solution. The
results show that it is an irreversible process. The active surface
area is calculated according to the Randles—Sevcik equation:
I, =2,69 x 10° n¥2 x A x D, x C x v (3.1)

The active surface areas of the GCE and UiO-66/GCE
electrodes are 0.070 and 0.11 cm?, respectively.

3.1.2.3. The influence of pH
Linear regression equations of peak potential E, and pH:
Ep, aa = (0,54 + 0,01) + (—0,054 £ 0,002) x pH; r = 0,997 (3.2)
Ep, pa=(0.87 £ 0.03) + (=0.061 = 0.007) x pH; r = 0,983 (3.3)
The slope coefficients are -0.054 and -0.061 for AA and AC,
close to the theoretical value of the Nernst equation (-0.0592),
which shows that the oxidation of AA and AC on the modified
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electrode has the same number of electrons and protons are
exchanged. pH 4 was selected for further experiments.

3.1.2.4. The influence of scan rate

The peak current signal 1, of AA and AC increases when the
potential scan rate increases, indicating that the electron
exchange reaction is related to the process occurring on the
electrode surface.

The linear regression equation of 1,and v'2:

Ipaa = (0,01 £0,02) + (-0,031 £ 0,002)v"% r = 0,994 (3.4)
Ip.ac = (0,0006 £ 0,0008) + (0,027 + 0,001)v¥%; r = 0,996 (3.5)
The intercepts of both substances cross the radical, meaning that
the oxidation of AA and AC on UiO-66/GCE is controlled by
diffusion.

Calculate the number of electrons exchanged in the oxidation
process through the relationship between the peak potential (Ey)
and Inv according to the Laviron equation. The number of
electrons calculated is 2 (1.82 for AA and 2.04 for AC), giving
found that the oxidation of AA and AC on the modified electrode
takes place with the exchange of two electrons and two protons.

(3.6)

f Y - (3.7)
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3.1.2.5. Repeatability, linear range and limit of detection
Repeatability: determined by measuring 7 times with a modified
electrode at AA and AC concentrations of 2 and 20 uM under
optimized conditions. The good reproducibility with RSD of the
received current signal is 2.06% for AA and 1.01% for AC at a
concentration of 2 uM; 1.90% for AA and 0.83% for AC at a
concentration of 20 uM; The RSD(%) values are all less than 1/2.
RSDn shows that the method has acceptable repeatability.
Stability: Measure the peak current on the electrode kept in the
desiccator for six days. Measure once a day. Peak current
decreased by 7.6% and 9.2% with AC and AA after six
consecutive days. This shows that the UiO-66/GCE electrode has
high electrochemical strength, making it promising for practical
applications.

The influence of interferences

The study results showed that all inorganic inhibitors, as well as
sucrose, starch and glucose did not interfere with the
determination of AA and AC by modified electrodes, even at
very high concentrations (50 and 2, respectively)

The linear range

In the concentration range from 0.02 to 2.92 (uM) of AAand AC,
there is a good linear correlation between Ip and concentration
with r > 0.99.

Limit of detection (LOD)

The LOD values are 0.019 and 0.018 uM for AA and AC.
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3.1.3. Analysis of real samples
Table 0.1 AA and AC detection in pharmaceuticals using the
DPV and HPLC method

S DPV method HPLC method
a Co Initial Found Found
m mpo . conce

und cor_lcent Spike ntratio Rev concen Rev
F ration (ppm) n (%)  tration (%)

m m

5 (ppm) (opm) (ppm)
1 AA 921 30 1220 999 916 99.7
2 AA 893 30 1183 96.6 90.0 100.5
3 AC 832 30 1142 103.2 835 101.2
4 AC 750 30 1045 98.3 753 99.3
5 AA 10.0 30 40.3 1009 104 101.5

AC 495 30 788 975 488 100.6

3.2. Synthetic UiO-66/Ni materials and applications of
removing 4-NP and MB
3.2.1. Synthesis of UiO-66/Ni

The structure and crystal phase of UiO-66 and UiO-66/Ni was
determined by XRD method, the diffraction peaks of UiO-66 and
UiO-66/Ni are similar to the simulated XRD of UiO-66, giving
found that UiO-66/Ni was successfully synthesized with high
crystallinity.

To investigate the existence of Ni in the UiO-66 structure, the
EDX images of samples UiO-66 and UiO-66/Nix (x = 0.3; 0.5;
0.7 and 1.0) show that The ratio of Ni/Zr atoms increased as the
amount of NiCl,.6H,0 precursor increased from 0.3 to 0.5 mmol
and remained constant from 0.7 to 1.0 mmol, indicating that the
number of defect sites is limited term in the structure of UiO-66.
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TGA analysis of UiO-66/Nil.0 showed that the
decomposition product started at 610 °C corresponding to the
formation of ZrO..

The morphology of UiO-66 and UiO-66/Nil.0 was observed by
SEM and TEM images. It can be clearly seen that the formation
of Ni or NiO nanoparticles does not occur on the surface of the
UiO-66 structure; This is similar to the XRD analysis results of
UiO-66 and UiO-66/Nil.0.

The nitrogen adsorption-desorption isotherms of UiO-66 and
UiO-66/Nil.0 exhibit type | with an H4 hysteresis loop.
Materials with a microcapillary structure. The pore size of the
samples is about 4.4 and 4.8 nm, the BET surface area of the
synthesized UiO-66.Ni is about 855.06 m?/g.

The chemical composition and chemical state of the elements in
the sample UiO-66/Nil1.0 were determined by XPS spectroscopy,
showing that Ni 2p belongs to the Ni(ll) oxidation state in the
UiO-66/Ni structure.

3.2.2. Treatment of 4-NP and MB with UiO-66/Ni

3.2.2.1. The catalytic reduction of 4-NP

The reduction reaction model of 4-NP evaluated the catalytic
performance of UiO-66/Ni to 4-aminophenol (4-AP) with
NaBH4 solution. The amount of NiCl..6H,O precursor
introduced into the UiO-66 structure is 1.0 mmol (UiO-66/Nil.0)
for the best catalytic performance.

Pseudo-first-order kinetics was used to investigate the
reduction reaction of 4-NP. The graph of In(C/Co) versus
reaction time for 4-NP reduction has a linear fit with coefficient
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of determination very close to unity, supporting the pseudo-first-
order kinetics hypothesis. The values of apparent speed constant
(kapp) and revolution frequency (TOF) are shown in Table 3.2.
Table 0.2 kapp and TOF of reduction reaction of 4-NP with
different catalysts (concentration catalyst of 8.33 mg/L)

TOF? x 102

kapp 2
Sample (molecules/g.min)  (1/min)
UiO-66 6.89 0.026 0.991
UiO-66/Ni0.3  8.76 0.036 0.975
UiO-66/Ni0.5 18.96 0.198 0.985
UiO-66/Ni0.7 61.03 0.794 0.983
UiO-66/Ni1l.0  76.19 0.956 0.964

The catalytic reduction to 4-NP was also evaluated using TOF
(Turnover frequency) values. The increase in the TOF value is
due to the number of active nickel catalytic sites present in the
UiO-66 lattice and the easy diffusion of the reactant molecules to
the active sites in the porous structure.

The apparent activation energy E. calculated from the
Arrhenius equation (3.19) was determined to be 23.15 kJ/mol for
the UiO-66/Nil.0 catalyst. Compared with other catalysts in
previously published papers on 4-NP reduction efficiency (Table
3.3), UiO-66/Ni1.0 has high catalytic activity for 4-NP reduction.
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Table 0.3 Comparison of catalytic ability of different catalysts
for 4-NP reduction

Canp Coxt Time

o1
Catalyst (MM) (mg/mL)  (min) Kapp (Min™)
Au@[Na]-
e 5217 1739 15 0,310
PA/C 1,67 00024 8 0,529
Co-Nidouble 159 373 ¢ 0,669
hydroxide
Co@C 01 0,02 4 0,660
PUCO:0s (0958 00479 4 0,678
CeO»
Ca/Cos:0s  35x10° 0,08 41,67 0,230
Mo0S,/SnO, 0.1 05 13 0,252
Pt@Ag 01 0016 8 0.355

3.2.2.2. Mechanism

Initially, in aqueous solution, 4-NP can readily diffuse into
the pore space of UiO-66/Ni. Here, 4-NP molecules rapidly
adsorb on the Ni(ll) active sites of the UiO-66/Ni material in the
form of 4-nitrophenolate. At the same time, BH4 ions will adsorb
onto the catalyst surface and react with the Ni metal surface to
generate active hydrogen centers. Relying on the electron
transfer ability of the active sites containing Ni(ll) facilitates the
electron transfer from BH4 to 4-NP and reduces the activation
energy [114]. Then, 4-Nitrophenolate in solution diffuses into the
porous structure and reacts with these active hydrogen centers to
form 4-hydroxyaninophenol (intermediate); finally converted to
4-AP and diffused out of the catalyst pores [70], [89], [120].
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NH, NH,
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OH

NO, NO,

Figure 0.1 Mechanism of 4-NP reduction

3.2.2.3. Recyclability of UiO-66/Nil.0

To evaluate the catalyst recycling, we carried out five cycles
of 4-NP reduction with the catalyst UiO-66/Nil.0. The results
show that the conversion of 4-NP and the structure of UiO-
66/Ni1.0 are also almost unchanged after five times of catalysis
for the reaction. Thus, UiO-66/Nil.0 is a suitable catalyst for 4-
NP reduction with high efficiency and reusability.

3.2.3. Catalytic capacity of UiO-66/Nil.0 for MB

The color of MB solution disappeared rapidly within 4
minutes when 5 pL of UiO-66/Ni solution (5 mg/mL) was
dispersed into the solution. The color loss response of MB
decolorization kinetics follows a pseudo-first-order Kinetic
model. The reaction rate constants (ki) and TOF for MB
reduction at room temperature are 0.787 1/min and 33.89 x10%
molecules/g.min; The apparent activation energy E. was
determined to be 28.72 kJ/mol.

The material reusability was investigated by the MB
reduction reaction over five cycles with almost constant
reduction efficiency. Therefore, UiO-66/Ni1.0 is also suitable for
practical organics catalytic reduction reaction.
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3.3. Synthesis of Cu20/Fe;04/UiO-66 materials and
application for treatment of RB19
3.3.1. Characterization

SEM images of Fe304, Cu0, UiO-66 and Cu,0O/Fe304/UiO-
66 show that UiO-66 particles have uniform hexagonal shape
with size from 100 to 150 nm, Fe3O4 particles have a spherical
shape with a diameter of 100 -300 nm and clumps, Cu2O has an
octahedral structure with sizes ranging from 100 to 200 nm, the
combined sample Cu,0/Fe;04/Ui0-66 consists of interwoven
particles with different shapes and sizes. different size.

The EDX spectrum of Cu.O/Fes04/UiO-66 shows the
presence of major elements (C, O, Fe, Cu and Zr) of the three
individual components. The EDX mapping of Cu,O/Fe;04/UiO-
66 shows a uniform distribution of Cu, Fe, Zr, O in the same
region.

The FTIR spectra of Fes04/UiO-66 and Cu,0/Fe;04/UiO-66
both show characteristic peaks of carboxyl groups and Fe-O
bonds. In addition, the XRD dilation also shows the characteristic
peaks of UiO-66, Fe;04 and Cu,0 in the material.

The nitrogen  adsorption/desorption  isotherm  of
Cu20/Fe;04/Ui0-66 has a hysteresis loop type IV line at relative
pressures from 0.7 to 1.0, indicating the existence of a medium
capillary structure in the material; The BET surface area is 35.45
cm?®/g, the grain size ranges from 5.5 mm to 13.4 nm and peaks
at 9.2 nm.

Thermal gravimetric analyzer (TGA) is used to characterize
the thermal stability of materials. The TGA diagram shows that
the Cu.0/Fe;0./Ui0O-66 material is heat stable below 600 °C.
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Vibrating sample magnetometers are used to quantitatively
evaluate the magnetism of materials thanks to the presence of
Fes0. particles in the material. The saturation magnetization
value is 8.4 emu/g
3.3.2. Fenton reaction for treatment of RB19.

3.3.2.1. Treatment of RB19 with Cu,0O/Fe;0./UiO-66

The catalytic activity of Cu,0/Fe;04/UiO-66 was investigated
by the decomposition of RB19 from the Fenton reaction. The
results show that maximum absorbance of RB19 is 595 nm, and
the absorption peak intensity decreases with increasing reaction
time and almost disappears after 90 min. To prove that the
catalysis process is heterogeneous, we remove the catalyst after
30 minutes of reaction and determine the concentration of the
pigment. The decolorization of RB19 stops when the catalyst is
removed. Cu,0/Fe;04/Ui0-66 is a heterogeneous catalyst in the
Fenton reaction system to degrade RB19.

The efficiency degradation of RB19 on different materials
(including  catalyst-free, UiO-66, Fes04/UiO-66 and
Cu20/Fe;04/Ui0-66) was investigated under conditions such as
pH value at 7.0; temperature at 25°C; initial concentration of
RB19 at 100 mg/L; catalyst dosage at 40 mg; H.O, dose at 1 mL;
time reaction at 90 minutes. Cu,O/Fe;04/UiO-66 materials
showed high activity with decomposition efficiency of 83.9% in
90 minutes thanks to Cu(l)-Fe-Zr bonding in the structure. The
Fenton catalytic kinetics of RB19 shows that the process fits the
pseudo-first-order kinetic model with an apparent rate constant
(k) value of 0.0196 min? higher than this value of the
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decomposition reaction on other catalysts (0.0112, 0.0043 and
0.0006 min? for Fe;04/UiO-66, UiO-66 and no catalyst,
respectively).

3.3.2.2. Effect of pH

The degradation of RB19 increased as the pH value
decreased, and obtained the highest yield at pH 3. However, the
RB19 removal efficiency at pH 3, 5 and 7 was all over 83% and
were not significantly different. Because the low pH is not
friendly, the desired pH value in this study, we chose pH 7 to
investigate the Fenton reaction to remove RB19 from an aqueous
solution.

3.3.2.3. Effect of catalyst dose

The ability to process RB19 is higher when the amount of
catalyst involved in the reaction is high because free radicals are
generated. The amount of catalyst 40 mg was selected to carry
out the subsequent reactions.

3.3.2.4. Effect of the concentration of RB19

The results showed that the lower the concentration, the
higher the ability to degrade RB19 occurred after 90 minutes of
reaction at RB19 concentrations at 50, 100, 150 and 200 ppm,
respectively (pH 7.40 mg catalyst, 1 mL H202 4 M, 25 oC).

3.3.2.5. Effect of concentration of H.0-

The decomposition increased gradually with increasing H20-
concentration from 2 to 4 M. This may be due to the generation
of more reactive oxidation groups (hydroxyl radicals) when the
catalyst is exposed to HO,. Then, when increasing the
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concentration of H.O, from 4 to 5 M, the degradation of RB19
did not change (83.4%). The concentration of 4 M H,O, was
chosen to carry out the next catalytic reactions.

3.3.2.6. Effect of temperature rection

When increasing the reaction temperature from 25 to 55 °C,
the catalytic ability decreased from 83.9 to 79.8%. When the
temperature is high, H,O, can decompose into O, and H20 and is
no longer able to react; therefore, the reaction temperature used
for the investigation is 25 °C.

3.3.3. Reusability of Cu,O/Fe304/UiO-66 in Fenton reaction

The reusability of Cu,0/Fe30./UiO-66 materials was studied
for five consecutive cycles at an initial dye concentration of 100
mg/L; 1 mL H,0; 4 M; 40 mg catalyst and 90 min reaction time;
and reaction temperature of 25°C. After five consecutive
operations, the material still has a high catalytic activity (70%).
Therefore, Cu,0/Fe;04/UiO-66 has good reusability, stability
and can be used for a long time.

Table 3.4 lists the RB19 removal catalytic ability of different
catalysts with respective reaction conditions. Cu,O/Fe304/UiO-
66 catalyst removes RB19 relatively well at pH 7 with the high
concentration of RB19. While the remaining catalysts mainly
perform at low pH. This is considered an advantage of the
material and can perform RB19 removal in a friendly and less
toxic environment.
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Table 0.4 Comparison of catalytic efficiency with reaction
conditions of different catalysts

Catalyst EZg:gzatalyst/ ggggﬂ_ ! dose
(g/L)/pH
a-Fe;03/WO0; photocatalyst 10/1/2
AgBr/BiPO4/g-CsNs  photocatalyst 20/1/3
La**/SITiO, photocatalyst 25/1/-
MgosNiosZno1Fe.0s  photocatalyst 25/0,3/5
modified witiNb:0r  with HGy 3010573
ZnO nanoparticle photocatalyst 10/0,21/-
Cu,O/Fe304/Ui0-66  Fenton 100/1,6/7

3.3.4. Mechanism of Fenton reaction with Cu,O/Fe;0./UiO-
66

The proposed reaction mechanism for RB19 degradation is
based on the electron transfer of Cu-Fe-Zr active centers on
Cu,0/Fes04/UiO-66 materials.

Initially, H2O, was adsorbed on the catalyst surface and
reacted with Fe(l1l) in the FesO4 structure on the surface to form
Fe(Il) and HO2* and H*; and Fe(Il) will continue to react with
H»O, to produce OH®* radicals. The presence of the transition
metal (Cu) in the structure of the material may contribute to the
enhancement of the generation of free radicals.

(Fe"" -OH) + H,0, - (Fe'"' ~OH).(H.0) (3.8)
(Fe"" -OH).(H.0;)-OH->Fe" + HO* + H,O (3.9)
Fe'' + H,0, - Fe'"-OH + OH* (3.10)
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Fe"-OH + HO.* >Fe'" + H,0 + 0, (3.11)
Fe'"+ Cu' > Cu" + Fe" (3.12)
Cu'+ H,0; > Cu"-OH + OH* (3.13)
Cu'-OH + H,0, = (Cu". H,0,)-OH (3.14)
(Cu". H20,)-OH - Cu' + HO,* + H;0; (3.15)
Cu'-OH + HO,*-> Cu'+ H,0 + O, (3.16)

At this time, Cu,O/Fe3;04/UiO-66 acts as a reserve for Fe and
Cu releases Fe(ll) ions to trigger the cleavage of H,O, molecules
into free radicals. The Zr center in the UiO-66 structure functions
as a "shuttle" for electron transfer in a Fenton-like reaction
system. It can accept electrons from O™, facilitating the creation
of Oz. According to Yue et al., when combining Fe3zO,and UiO-
66, it is possible to form Fe(Il) and Zr interactions through Fe(ll)-
O-Zr(IV) bonds causing the loss of electrons on FesOs more
easily, promoting the reduction of H,O, and the generation of
OH?* radicals [164]. Besides, the high charge density of Zr in the
catalyst will help Fe and Cu interact with each other to induce
electron migration between the Cu-Fe-Zr active sites on the
catalyst, increasing the production. generation of free radicals
[164]. When the catalyst decomposition takes place, HO.*, OH*®
attack RB19 to form inorganic molecules such as H,O, CO; and
less toxic intermediates [45].

HO2* 2 H" + O* (3.17)
RB19 + OH* = CO, + H,0 + Chét trung gian ~ (3.18)
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CHAPTER 4: CONCLUSION

The goal set in the thesis is to develop UiO-66 materials and
UiO-66-based composites, thereby applying these materials to
process organic compounds based on catalytic mechanism.
Fenton, heterogeneous catalyst; and at the same time modified
UiO-66 on glass coal electrode (GCE) to quantify organic
compounds by electrochemical method. Through the
experimental results, we reach the following conclusions:

- The material UiO-66 has been synthesized by solvent heat
method with a surface area of 1044.27 m2/g and particle size
from 100 to 150 nm. The composites were used to modify the
glass-charcoal electrode for the simultaneous determination of
ascorbic acid and acetaminophen in pharmaceuticals by the
differential pulse volte-ampere method.

Capability to simultaneously determine ascorbic acid and
acetaminophen over a wide linear range from 0.02 to 2.92 uM
with LOD detection limit values of 0.019 and 0.018 uM. The
differential pulse volt-ampere method for two-component
determination has good sensitivity, selectivity and is less time-
consuming, allowing it to be applied to the simultaneous
determination of analytes in different real samples.

- The synthesized UiO-66 (UiO-66/Ni) heterostructure has a
spherical shape with high specific surface area and good thermal
stability. The structure has a well-defined active site with a large
specific surface area, where the single Ni atoms are attached to
the oxygen atoms of -OH/OH, covering the defect sites on the
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oxide clusters Zr of UiO-66. The synthesis catalyst was used to
investigate the reduction reaction of 4-Nitrophenol with NaBHa.
Specifically, the prepared UiO-66/Ni exhibits high catalytic
activity and stability to reduce 4-Nitrophenol under the condition
of low activation energy (E. = 23.15 kJ/mol), TOF is high
(76.19x102° molecules/g.min), and the apparent rate constant is
high (kapp = 0.956 1/min). In addition, Methylene blue (MB)
was also selected as an organic staining model for the catalytic
reduction reaction. Kap, and TOF for MB processing using UiO-
66/Ni1.0 are 0.787 1/min and 33.89x10® molecules/g.min,
respectively.

- Cu20/Fe304/UiO-66 catalyst is a magnetic material prepared
from the combination of Cu,0, Fe;O4 and UiO-66 nanoparticles.
The catalytic activity of this material was evaluated by degrading
of the dye RB19 by Fenton reaction with H,0..
Cu,O/Fes04/Ui0-66 materials have much higher catalytic
efficiency than UiO-66 and Fe;04/UiO-66.

The dye loses color at optimal conditions: pH 7, catalyst dosage
40 mg, H,O; concentration 4 M, reaction temperature 25 °C. The
catalyst can be magnetically separated and reused, and maintains
very good catalytic activity after five reuses. Cu.0/Fe;04/UiO-
66 materials are suitable catalysts to remove pollutants in
wastewater by Fenton heterogeneous reaction.
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