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LOI CAM POAN

T61 xin cam doan ban luédn an: "Nghién cuu tc”;ng hop vdt liéu composite trén
co s& hop chat khung co kim va 6ng nano carbon dé ché tao sensor dién héa phdn
tich bisphenol A va paracetamol” 13 cdng trinh nghién ciru cua chinh minh dudi su
huéng din khoa hoc cia tip thé hudng din. Ludn 4n sir dung théng tin trich dan ti
nhiu ngudn tham khao khac nhau va céc thong tin trich ddn dwgc ghi 16 ngudn ghe.
Céc két qua nghién ciru ciia toi duge cong bd chung véi céc téc gia khac di duge su
nhét tri ciia ddng tac gia khi dua vao luan an. Cac s6 liéu, két qua duoc trinh bay trong
luéin 4n 13 hoan toan trung thuc va chua timg dwoc cong b trong bat ky mot cong
trinh ndo khac ngoai céc céng trinh cong bd cia tac gia. Ludn 4n dugc hoan thanh
trong thoi gian tdi lam nghién ctru sinh tai Hoe vién Khoa hoc va Cong nghé-Vién
Han 1am Khoa hoc va Céng nghé Viét Nam.

Ha N¢i, ngay thang 6 nam 2025

Tac gia

Nguyén Ngoc Tién
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LOI CAM ON

Cong trinh khoa hoc nay duge hoan thanh 1a su nd luc clia ban than t6i cliing
qud trinh dao tao va chi bao ciia cac Thay, C6 huéng dén, khong thé thiu su hé trg,
tao diéu kién va danh thoi gian cia ddng nghiép va gia dinh.

Trong subt thoi gian thuc hién luén an, t6i dd nhan duoc rit nhidu sy quan tam,
gitip d& ctia quy thiy cé, gia dinh va ban bé. Véi long biét on sAu sic, toi xin giri dén
TS. Vii Thi Thu, PGS.TS. Vii Thi Thu Ha 15i cam on chén thanh nhét, t tri thic va
tim huyét clia minh, quy C6 da truyén dat vén kién thic quy bau cho t6i trong sudt
thoi gian hoc tap, nghién ctru. Dong thai, quy C6 da ludn ddng hanh, hd tro, gitip d&
t6i vé vat chit ciing nhu tinh thin trong nhiing giai doan khé khin nhét ctia qué trinh
lam Nghién ctru sinh. T8i xin trin trong cam on cdc Can bd, Nhan vién Vién Hoa hoc
- Vién Han 14m Khoa hoc va Céng nghé Viét Nam d3 tao moi diéu kién thudn loi cho
t61 hoan thanh luan an nay.

T6i xin trin trong cam on sy gitip d&, chi day nhiét tinh ctia cac Thay, C6 gido
va Ban Lanh dao Hoc vién Khoa hoc C6ng nghé - Vién Han 14m Khoa hoc va Cong
nghé Viét Nam. T6i xin chén thanh cam on cdc Céan bd, Giang vién Khoa Khoa hoc
Vit liéu tién tién va Cong ngh¢ nano; cac ban Nghién ctru sinh, Hoc vién, Sinh vién
Truong Pai hoc Khoa hoc va Céng nghé Ha Noi di giup dd, tao diéu kién thuan loi
cho tdi trong thoi gian hoc tip, nghién ctru va bao vé lun an.

Cubi cting, tdi xin bay té long biét on dén Gia dinh, ban bé va céc dong nghiép
dé luén ¢ bén t6i, quan tdm, gitp dd, ddng vién va khich 1€ t6i trong subt qua trinh
hoc tdp va nghién ciu.

Ha Ngi, ngay  thdang 6 nam 2025

Tac gia

Nguyén Ngoc Tién
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MO DAU

1. Ly do lwa chon dé tai

O nhiém méi trudng nude do cac hop chat phenolic s& dan téi nhitng hau qua
vO cling nghiém trong, nguy hai t6i stic khoe cong dong va can bang sinh thai. Cac
hop chét nay co tac dong cap tinh va man tinh 1én co thé ngudi. Phoi nhiém phenolic
thoi gian dai s& gay kho thd, suy co, run riy, hon mé, ngimg thd va tham chi gy tir
vong. Tiép xuc truc tiép voi cac hop chit nay thuong gay kich tng da, mit va cac
mang nhay, giy chan in, giam can, tiéu chay, chong mit, chay nudc bot, nude tiéu
sam mau. O dong vat, viéc nhiém cac hop chét phenolic man tinh s€ gy roi loan chtrc
nang hé ti€u hoa, hé than kinh, hé tuan hoan, gan va than, dan t&i giam can, cham
phat trién hodc c6 cac phat trién bat thuong. Cac hop chit phenolic di duoc liét ké
trong danh muc cic chat giy 6 nhiém can luu y ciia Cuc Bao vé Méi truong Hoa Ki
(EPA) va Cuc phat hanh 6 nhiém quéc gia Canada (NPRI) trong céc chwong trinh
phat trién bén viing. EPA thiét 1ap nong do gisi han cua phenolic cho méi trudng
nudc mat 1a ¢d 1 ppb, Quy chuan Viét Nam (QCVN) quy dinh nong do gi6i han cia
phenol tong cho mai truong nude mat 1a 5-20 ppb tiy vao muc dich st dung. Mirc d6
gy doc hai ctia cac hop chat phenolic thudng nam trong dai 9-25 mg/L [1]. Chinh vi
vay, yéu cau vé viéc phat trién cac phuong phéap, phuong tién phan tich nhanh céc
hop chét phenolic 1a diéu cap thiét.

Hién nay, trén thé gii ciing nhu trong nudc, viée phan tich cac hop chat
phenolic chi yéu duoc thyc hién bang cac phuong phap do quang, phuwong phap sic
ky 16ng hiéu ning cao (HPLC), phuong phap sic ky khi khdi pho,... Bén canh do,
mot s6 nhém nghién ciru da phat trién cam bién dién hoa va cam bién quang hoc phin
tich cac hop chét phenolic.

Cam bién dién hoa 1a giai phap ki thuét cho phép thuc hién cac phép phan tich
chat 6 nhiém trong méi truong nude véi do tin cdy cao, thoi gian phan tich nhanh va
¢6 thé thuc hién ngay tai hién truong. bé nang cao pham vi hoat dong ctuia cdc cam
bién dién hoa, mot s vat liéu nhu: polyme dan, nano kim loai, nano oxit, nano carbon
da dugc st dung dé lam ting do dan, ting dién tich hoat dong bé mit, cling nhu do

tuong thich gitra cac phan tir cAn phén tich véi bé mit dién cuc.



Trong luan 4n nay, tac gia hudng t6i tong hop mot sb vat liéu khung co kim
(MOF) tién tién, véi tAm kim loai c6 hoat tinh dién hoa t6t va cac phdi tir hitu co ¢o
kha ning hap phu chon loc cac hop chit phenolic dé ché tao cam bién dién hoa c6 46
nhay, d6 chon loc cao. Cac vat lidu khung co kim véi thiét ké méi (tdm kim loai c6
hoat tinh xuc tac tot nhu Zr, Fe, Cu... V&i cac phdi tir hitu co) s& duge tong hop bang
phuong phap nhiét dung méi, dién hoa. Vit lidu da tong hop duoc sir dung dé phat
trién cam bién dién hoa tmg dung phén tich cac hop chat phenolic trong méi trudng
nuéc. Dé tai “Nghién civu téng hop vit liéu composite trén co' sé hop chit khung
co kim va éng nano carbon dé ché tao sensor dién héa phén tich bisphenol A va
paracetamol” véi muyc tiéu, ndi dung nghién ctru sau:

2. Muc tiéu nghién ciru

Téng hop vat liéu composite trén co sé vat liéu khung co kim (MOF) va 6ng
nano carbon (CNT) tmg dung ché tao thanh cong cam bién dién hoa dé phat hién
nhanh, nhay mot s6 hop chat phenolic trong méi trudng nudc.

3. Noi dung nghién ciru

- Nghién ciru tong hop mét sb vat liéu composite méi trén co s& MOF chira Zr,
Cu, Fe, Ni va CNT bang cac phuong phap khac nhau nhu: nhiét dung méi, dién hoa.

- Nghién ctru dac trung cAu tric, hinh thai hoc va céc dic tinh dién hoa cua vat
lidu tong hop dugc bang cac phuong phap héa 1y hién dai nhu: Nhiéu xa tia X (XRD),
phd hdng ngoai (FT-IR), hién vi dién tir quét (SEM), quang dién tir tia X (XPS), tan
xa nang luong tia X (EDX), do dang nhiét hap phu - khir hap phu nitrogen (BET),
phan tich nhiét trong lugng (TGA), pho tong tro (EIS), quét thé tuan hoan (CV), von-
ampe xung vi phan (DPV),...

- Ung dung vat liéu composite dé ché tao cam bién dién hoéa trén co s& bién
tinh dién cuc GCE dé phan tich nhanh bisphenol A (BPA) va paracetamol (PA) trong
moi truong nudc.

4.Y nghia khoa hoc va thyec tién cia dé tai

- Téng hop thanh cong mot sb vat liéu MOF don kim loai, hai kim loai méi
bang phuong phap nhiét dung méi va phuong phap dién hoa, vat liéu c6 kha ning
tang cudng hip phu cac hop chat phenolic va xuc tac quéa trinh oxi hoa dién hoa céc

hop chat nay.



- Phat trién cic cam bién dién hda mdi trén co s& vat liéu composite MOF/CNT
tmg dung phat hién nhanh cac hop chat phenolic trong méi truong nudc véi do nhay
va tinh chon loc cao.

- Pé xuat co ché hap phu va oxi hoa dién hoa cac hop chat phenolic trén dién
cuc bién tinh.

5. Nhirng dong gop méi cua ludn an

1. ba nghién ctru ché tao thanh cong 03 hé vat liéu composite méi trén co s
MOF ludng kim két hgp CNT bién tinh bing phuong phap nhiét dung méi gdm:

- H¢ vat li¢u Cu,Zr-BTC/CNT

- H¢ vat li¢u Fe,Ni-BTC/CNT

- H¢ vat li¢u Cu,Ni-BTC/CNT

2. Két qua nghién ciru chiing minh céc vat lidu c6 hoat tinh dién hoa tot, phu
hop tmg dung bién tinh dién cyc carbon thity tinh (GCE) dé phan tich nhanh, chon
loc tot doi v6i BPA.,

3. Pé xuét phuong phap méi tao mang MOF va téng hop thanh cong mang vat
lidu Cu-BTC trén dién cuc GCE bang phuong phéap két tia dién hoa, img dung phan
tich nhanh hop chat PA trong nudc cd do nhay va do chon loc tdt.

6. Cau triic ciia Luin an

Luan 4n gom 123 trang, phan bé cuc nhu sau:

- M6 dau

- Chuong 1: Tong quan nghién ctru

- Chuong 2: Thuc nghiém

- Chuong 3: Két qua va thao luan

- Két luan va kién nghi

- Danh muc cac cong trinh cong bé lién quan dén luan an

- Tai liéu tham khao



CHUONG I: TONG QUAN NGHIEN CUU

1.1. Toéng quan vé cac hop chét phenolic

1.1.1. Cic hop chit phenolic va hién trang 6 nhiém

Phenolic 13 tén goi chung ctia cac hop chat hydroxybenzene. Cac hop chat nay
c6 mit trong gidi thuc vat, ching duoc hinh thanh tu nhién va 1a san pham cia sy
trao ddi chit tha cép & thue vat. TAt ca cac hop chét phenolic déu c6 ciu tric héa hoc
chung gdm mot vong thom v6éi modt hodc nhiéu nhém hydroxyl, 1a cac
phenylpropanoids hodc phenolic don gian [2]. Phenolic ¢6 hoat tinh sinh hoc tu nhién
va doéng mot vai tro rit quan trong trong cac qua trinh kich thich sinh hoc & thuc vat,
ching hién dién trong mo thuc vat, trai cdy, rau va ngii cdc; €6 cau tric vong thom
lién két voi mot hodc nhidu nhém chire hydroxyl. Cac hop chat phenolic c6 thé chong
viém, chéng oxy héa va khang khuan, din dén viéc str dung rong rdi 1am chat bao
quan trong thuc phém, san xuit nhua, thudc nhudém va chat téy rua gia dung. Tuy
nhién, do viéc sir dung pho bién trong nhiéu nganh céng nghiép, nudc thai chira cac
hop chat phenolic va san pham phuy trd thanh chat giy 6 nhiém doc hai do dic tinh
rat kho phan huy cua chung trong méi truong [3]. Bén canh d0, cac hop chét nay ciing
dugc dung dé ché tao mot sb loai thudc, chéng han nhu aspirin va thudc chita lao.
Trong thuc pham, phenolic c6 mat trong cac san pham nhu xtc xich, thit hun khoi,
ba chi ran, thit ga ran va ché den 1én men. Trong tu nhién, cac hop chat phenolic c6
thé duoc tim théy trong nhiéu loai thuc phflm nhu téo, cu lac, chudi, cam, cacao, nho
d6, dau va sita. Con nguoi c6 thé tiép xuc véi phenolic qua nhiéu con dudng khac
nhau nhu: khong khi, dat, nudce, hodc ngay trong moi truong lam viéc.

Phenolic 13 nhém céc hop chat thudc danh muc cac hoa chit doc hai, day 1a
nhom chét 6 nhiém cong nghiép, gy hity hoai moi truong séng cta nhiéu vi sinh vat
va rat nguy hiém cho strc khoe con ngudi. Tiép xuc voi phenolic dudi dang bui, hoi
hoic dung dich c6 thé gay bong niém mac mat, duong ho hap va da, gay 16 loét; néu
dién tich bong trén 25% co6 thé gay tir vong. Khi vao co thé qua dudng tiéu hoa,
phenolic dic biét nguy hiém, co thé gay té liét té bao, pha huy hong cau, 1am vén cuc
protein dan dén teo co, chay mau va 16 loét ndi tang. Ngoai ra, phenolic con gay suy
giam va tham chi té liét chirc nang hé than kinh. Nhidm doc phenolic man tinh c6 thé

gay céc tridu chimg nhu giam can, chong mat, tiéu chdy, rbi loan than kinh, ciing nhu



t6n thuong than, gan va hé tim mach [4]. Co quan Béo vé Méi trudng My (EPA) quy
dinh liéu luong téi da cho co thé ngudi ddi véi phenolic 12 0,3 mg/kg/ngay [5].

Hon nita, cac dan xuét cua phenolic ciing 1a ddi twong can dugc nghién ciru,
ching dong vai trd quan trong trong cong nghiép nhu: céng nghiép san xuat nhuya,
chét két dinh, cong nghiép thuc phdm nhim ting huong vi, mau phu gia. Mot sé dan
xuat phenolic c6 hoat tinh chdng oxi hoa, tot cho stc khoe va duge khuyén ding
trong thyc pham. Tuy nhién, mot sé dan xuét phenolic khac ¢ trong trai cay co kha
nang gay ung thu va anh hudng téi h¢é van dong cua con nguoi.

Céc hop chit phenolic, tac hai va sy xuat hién ctia chiing trong cac san pham
¢6 thé duoc tom tat trong bang 1.1.

Bang 1. 1. Cau triic héa hoc, tdc hai ciia mét s6 hop chat phenolic

Co trong san

2,4-
Dichlorophenol

Cl

Tén goi Ciu tric hoa hoc R Tac hai
pham
_ HiC CH Chai nhya chira | Gy ung thu, dot
Bisphenol A ¢ oA A A A 1A
nudc uong, ong | bién gene, gy day
(BPA) O/ \O\ nhya, héa don | thi sém
HO OH s
Keo dan, keo | Giy ung thu, dot
"o o | epox hop | bién gene, gy da
Bisphenol S \O\OQ poxy: D | OIen EHIS, B S
I dung thuc | thi sém
lcl) pham, hoa don
NH, Trang  phim | Gay dau mat, cham
anh, thuc | da, hen suyén, dot
4-Aminophenol pham,  thudc | bién gene
nhudm toc
OH
OH Nudc sinh hoat | Gay ung thu, bénh
Cl X 2. n
2-Chlorophenol ph(jl’ thay doi he
mién dich
OH Nudc sinh hoat | Gy ung thu, bénh
Cl

phoi, thay doi hé

mién dich




OH Thudc giam | Nguy co  bién
dau ching da day, hoai
Paracetamol tlr gan va viém tuy
(acetaminophen)
PA H/N\C/CH3
lcl)

Trong khudn khé luan an, hop chat phenolic dién hinh duoc tip trung nghién
ctru 1a BPA va PA do day 1a hai hop chét dugc sir dung rat phd bién trong nganh cong
nghiép nhya va duoc pham.

1.1.2. Gigi thigu vé BPA

1.1.2.1. Tinh chat vit 1y:

- BPA la tén goi khac cua 4,4'-(propane-2,2-diyl) diphenolic

- Cong thtrc hoa hoc: C1sH160:

- Khdi lugng phan tir M = 228,29 g/mol

- La chat bot hodc tinh thé mau vang, nhiét d6 nong chay khoang 158 °C

- Cong thuc cau tao:

1.1.2.2. Tinh chat héa hoc

Trong cdu trac ciia BPA ¢6 cac nhém OH gan vai vong thom va cau alkyl, nén
chiing ciing xay ra cac phan tng twong ty nhu phenolic khac, dé tham gia cac phan
g polime hoa. Mot s6 phan tng tiéu biéu cia BPA nhu:

Phan mg v6i dung dich kiém:

%Hs c
HOO?OOH +2NaOH —» Na' 'o@?Oo'Na+ +2H,0
CHz CH,4

Phan tng véi dung dich Xo:
X
CH, CH,
| |
HO C OH +4x, —> HO Cll OH +4HX
|
CH, CH,
X



Phan rng polime hoa:
HO@ET@OH + o:c\/ CIor o:c:(oa{i> — 0 O CH 0—C),-
CH cl o) eH, 0

1.1.2.3. B¢c tinh cua BPA

BPA 1a hop chét c6 doc tinh cao, n6 ¢ thé giy anh hudng truc tiép dén stc
khoe con ngudi khi tiép xuc qua da hodc dudng ho hap. BPA giy mét cin bang noi
tiét t6 va anh hudng xau dén chirc nang sinh san ctia ca nam va nit, 1am thay doi chirc
nang hé mién dich, gdy réi loan hanh vi va bat thudng trong kha ning nhan thic. Vé
lau dai, BPA c6 thé gay tdn thuong nao bg, din dén cic bénh nhu Alzheimer va mot
s6 loai ung thu. Tré em néu tiép xtic sém voi BPA ¢ nguy co bi tén thuong vinh
vién. Do d6, tir thang 6 ndm 2011, Lién minh chau Au da cam sir dung chai sita cho
tré em lam tir polycarbonate - mot san pham chira BPA [6].

1.1.2.4. Phuwong phdp tong hop va img dung

Phuong phap pho bién nhat dé tong hop BPA 1a phan tng giira phenol va
axeton vaéi xuc tac la axit HCI. Phuong phap nay dugc Thomas Zincke thude dai hoc
Marburg, Birc cong bd chinh thirc vao nam 1905.

Phan ung chinh:

C
N

H
JOR. L —5
+ O +
HO OH HO OH
H,O

Niam 1953, tién si Hermann Schnell thudc tip doan Bayer ctia Duc va tién si

CH, HsC  CH,

Dan Fox thudc cong ty General Electric cia My di nghién ciru san xuét vat liéu nhya
méi polycarbonate, san pham nay sir dung BPA lam nguyén liéu chinh. Quy trinh san
Xuit polycarbonate duoc trién khai & quy mé cong nghiép tai My vao nim 1957 va
tai chau Au vao nim 1958. Dong thoi, nhua epoxy cling dugc phét trién va tng dung
rong ri trong cdng nghiép. Su phét trién manh mé ung dung caa polycarbonate va
nhya epoxy dan dén viéc BPA duoc san xuat véi s6 luong 16n va lién tuc gia tang [7].

Pén nam 1980, san lugng BPA toan cau di dat 1 triéu tin mdi nim, va con sb

nay da vuot 2,2 triéu tan vao nam 2009. Cu thé, trong nam 2007, chi riéng tai My da



tiéu thu 1.088.000 tin BPA, trong d6 74% dugc ding dé san xuat nhya polycarbonate
va 20% cho nhua epoxy [8].

Ngoai viéc duoc sir dung trong san xuat nhua polycarbonate va epoxy, BPA
con duoc dung lam chat chdng chay, trong san xuit nhya polyester, nhua
polysulphone, va cac loai polymer khac nhu polyimide va polyacrylate.
Polycarbonate va nhya epoxy ¢6 nhiéu tng dung trong cac linh vic nhu 1am kinh
chan gi6, chai nhya, dung cu y té, cac san pham céng nghé nhu dia CD, DVD, vo
dién thoai di dong, vo may tinh, vat liéu dién, va nhiéu vat dung khac. Nhua epoxy
duoc sir dung rong réi trong cac tng dung nhu san cong nghiép, keo dan va chat bao
vé bé mit [7].

1.1.2.5. Cdc phuong phdp phdn tich BPA

a. Phuwong phap UV-Vis

Phuong phéap pho hap thu tir ngoai - kha kién (UV-Vis) dua trén kha nang hap
thu chon loc btc xa chiéu vao dung dich chat phan tich. Mdi chat c6 budc song cuc
dai hap thu dic trung, day 13 co s¢ cua viéc phan tich dinh tinh. Do hap thu buc xa
phu thudc vao ndng do cua chat phan tich trong dung dich, day 1a co so cho phan tich
dinh lugng. Phuong phap nay co thé duoc sir dung dé xac dinh chinh xac nong do
BPA trong cidc mau nudc. Phuong phap nay c6 thé phét hién nong d6 BPA & mirc
khoang 1 pg/L.

b. Phuong phap GC-MS

Xac dinh BPA trong nudc va dat bang phuong phap sic ky khi khéi phd
(GC/MS) da duoc nghién ctru va ap dung kha phé bién. Phuong phap nay cho phép
x4c dinh ham luong BPA trong mau mot cach chinh x4c va dang tin cay. Phuong
phap don gian dé xac dinh BPA trong nudc da duoc phat trién bang phuong phap sac
ky khi - khéi pho véi khoang ndng do tuyén tinh 12 2,5 - 10 ng/mL, giéi han phat hién
1a 0,6 ng/mL, d6 1éch chuan twong ddi 1a tir 1,5 dén 8,6 %.

C. Phuong phap LC-MS

Nguyén tac ciia phuong phap nay 1a két hop gitta k§ thuat phan tich sac ky
long (LC) va phén tich khbi phd (MS) theo co ché sac ky phan b pha dao.

Phuong phap LC-MS cho phép xac dinh chinh xdc BPA trong mau va dong

thdi cung cap thong tin vé ciu triic phan tir ciia chung. Phuong phap nay cé gi6i han



phat hién thap, khoang 10-50 ng/L. Day 1a phuong phap dugc sir dung rong rii trong
linh vyc phén tich moi truong va an toan thuc pham. Tuy nhién, thiét bi phan tich dat
tién, van hanh phuc tap, chi phi cao.

d. Phwong phdp scc kY 1ong hiéu ndng cao

Phuong phap sic ky 16ng hiéu ning cao (HPLC) la phuwong phap dugc tng
dung trong nhiéu linh vyc, phan tich cac hop chét thude trir sau, thudc khang sinh,
cac chat phy gia thyc pham, duoc phadm, méi trudng,. ... Phuong phap nay c6 d6 nhay
cao, kha ning dinh luong tot va thich hop dé tach cac chit kho bay hoi hodc d& phan
huy nhiét.

e. Phuong phap dién hoa.

Phuong phap ndy dua trén sy tuong tac dién hoa giira cac chit phan tich véi
dién cuc lam viéc. Co s& phuong phap l1a do cudong do tin hi¢u dién hoa dé xac dinh
ndng do chat cAn phan tich trong mau. Uu diém chinh cua k§ thuét phan tich dién hoa
la chi phi thdp, c6 d6 nhay cao va c6 kha ning phan tich nhanh, ngay ¢ ngoai hién
truong [9]. Bén canh viéc phan tich cac hop chat phenolic trong méi truong mot cach
tryc tiép, phuong phap ndy con ¢ thé duoc st dung dé dinh luong BPA trong hang
loat cac d6i tuong mau phtrc tap [10], hay tng dung ctia cam bién sinh hoc dua trén
xuc tac enzym ciing thuong duoc st dung dé phan tich BPA véi gidi han phét hién
rat thap 12 1,2nM va khoang tuyén tinh rong tir 3,5 nM - 18,9 mM [11, 12].

1.1.3. Gidi thigu vé Paracetamol

1.1.3.1. Tinh chat

- Tén IUPAC: N-(4-hydroxyphenyl)acetamide;

- Paracetamol (PA) hay acetaminophen (ACE);

- Cong thue phan tu 1a CgHoNOz;

- Khéi lwong phan tir: 151,17 g/mol;

- Cong thic cau tao:
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OH

Paracetamol 1a chit khong mui, vi ding nhe, tinh thé dang bot mau tring. Khéi
luong riéng 1a 1,263 g/cm?®; néng chiy & 169 °C. Do tan trong nudce tir 0,1 dén 0,5
/100 mL ¢ 20 °C. Dung dich bio hoa cta PA trong nudc c6 pH khoang tir 5,3 dén
5,6; voi gid tri pKa la 9,51. PA tan trong cac dung mdi hitu co nhu methanol, ethanol,
ethylene dichloride, acetone, va ethyl acetate, nhung it tan trong chloroform, ether,
dau hoa va benzene.

Do trong céu trac ciia PA chtra nhém hydroxyl (-OH), nhom chirc acetamide (-
NHCOCHS,), va vong benzen, PA ¢6 kha niang phan tg véi cac hop chat thom c6 4i luc
dién tir. Su lién két cia nhom acetamide va hydroxyl véi vong benzen 1am giam tinh
bazo ciia nhém amide va tang tinh axit cia nhom hydroxyl. Nhém -OH khién PA c6 tinh
axit, va khi tac dung voi dung dich mubi sat (IIT), n6 tao ra san pham mau tim.

Ciing nhu nhiéu loai thude khac, PA khi ubng vao s& duoc hip thu vao mau va
c6 tac dung giam dau va ha sét. Gan chuyén hoa PA thanh cac san pham khong con
hoat tinh, cubi ciing duoc bai tiét qua nudce tiéu. O lidu ding thong thuong, PA khong
gay kich Gmg niém mac da day, khong 1am déng mau va khong anh hudéng dén chirc
nang than. Tuy nhién, mot s nghién ctru cho thay viéc str dung PA & liéu cao (trén 2
g/ngay) co thé ting nguy co gy ra cic bién chimg nhu loét da day, hoai tir gan va
viém tuy [13, 14]. Paracetamol 1a mot hoat chat dugc Gng dung rat phd bién trong
nganh duoc pham, chinh vi vdy ma c4c phuong phap phén tich nhanh, chinh xac PA
da dugc cac nha khoa hoc va nhiéu cong ty 16n trong nudc cling nhu trén thé gidi
quan tAm phat trién.

1.1.3.2. Cdc phwong phdp phan tich PA

a. Phwong phdp phén tich quang phé

Tac gia Ruiz-Medina A. va cong su dd tng dung phuong phép quang phd tir
ngoai-kha kién (UV-Vis) két hop vai ki thuat chiét pha ran dé xac dinh PA. Phuong
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phép c6 gidi han phat hién 14 0,02 pg/mL va d6 1éch chudn tuong ddi sau 10 1an do lap
lai 12 1,5 % [15]. Tac gia Tran Thuc Binh va cong sy cling dd nghién ctru hra chon cac
diéu kién thich hop dé x4c dinh PA bang phuong phap UV-Vis véi gi6i han phat hién
14 0,139 pg/mL [14]. Uu diém cua phuong phép 1 tién hanh don gian va thoi gian xac
dinh nhanh, két qua do trén miu thuc thém chuédn c6 do thu hoi 14 101,5 % [14, 15].

b. Phurong phdp phan tich sdc ky

Phuong phap sic ky 16ng hiéu ning cao (HPLC) duoc coi la phuwong phap tiéu
chuan trong viéc xac dinh PA. Tac gia Momin M.Y. va cong su di st dung phuong
phap HPLC voéi cot pha ddo C18 (250x4,6 mm, 10 pm) dé phan tich PA, véi pha
dong 1a hdn hop metanol va nudc. Phuong phap c6 khoang tuyén tinh tir 2 dén 50
ppm [16]. Nhom tac gid Sarakbi A. va cong su cling da nghién clru xac dinh PA trong
dugc pham bang phuong phap HPLC, sir dung pha dong 1a hdn hop dém photphat
0,1 M trong metanol voi ty 1€ 91:9 (v/v) tai pH 6,5 va cot RP-C18. Phuong phép do
¢6 khoang tuyén tinh rong tir 2.107 M dén 10 M véi giéi han dinh luong LOQ 1a
5.107 M [17].

C. Phuong phadp phdn tich dién hoa

Gan day, cam bién dién hoa da chirng to 1a mot giai phap hiéu qua dé phan tich
PA. Cac phuong phap phan tich hién dai nhu HPLC va UV-Vis thuong cé chi phi
cao, thiét bi phirc tap va doi hoi ki thuat vién cé tay nghé cao. Nguoc lai, cam bién
dién hoa co chi phi thap, yéu cau chuan bi mau don gian va thoi gian phan tich ngén,
Vi vay rat phi hop cho viéc phan tich nhanh va tai chd.

Cam bién dién hoa thuong duoc thiét ké vai cac dién cuc c6 16p vat liéu dan
dién tét, toc do dich chuyén dién tir cao va dién tich bé mat hoat dong 16n dé tang
cudng tin hiéu dién hoa tir cac phan (ng oxi héa hoac khir caa hoat chat. Cac vat liéu
thudong duoc st dung bao gom hat nano kim loai, oxit, polyme dian, MOF va CNT.
Trong mot sb trudng hop, phan tir nhan biét sinh hoc dugc ¢6 dinh trén bé mit dién
cuc dé ning cao tinh dic hiéu cua cam bién [18].

1.2. Tong quan vé vit liéu khung kim loai hiru co

1.2.1. Tong quan vit ligu

Vit liéu khung kim loai hitu co (MOF) dugc ciu tao tir hai thanh phan chinh:

phan ti hiru co, thudng goi 12 phéi tir, va ion kim loai hoac to hop cac ion kim loai.
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Trong vat liéu MOF, cac ion kim loai va phéi tir hitu co lién két vai nhau qua lién két
phdi tri, tao ra mot cau tric khung mang khéng gian ba chiéu véi nhirg dic tinh xop
dic biét [19]. Vat liéu MOF c6 dién tich bé mat riéng 16n hon nhiéu so véi cac vat
liéu mao quan khac. Qué trinh tu sap xép va lién két giira cac phdi tir hitu co voi céc
ion kim loai trong vat liéu MOF tao thanh mét hé théng khung mang khéng gian ba

chiéu, nhu duoc minh hoa trong Hinh 1.1 [20].

_)—J

Ion kim logi J J +— J I
Nhom chikc nang
/10, = | o0
Jd J 4 V 4
/

Phéi tik hitu co I

Hinh 1. 1. Si hinh thanh cdu trac vat liéu MOF.
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acid (X = Br, OH, (X = Me, Cl,
NO,, and NHp) COOH, OC3Hs,
and OCsH7)
HN-I‘\I
COOH OH N
HOOC COOH = NH
HoO " Lo HOOHOOH ot LS ok
s HN N S
HsATC HaTHBTS H3lmDC HzBTP DTOA

Hinh 1. 2. Mt s¢ phdi tit hizu co thirong gdap trong cau tric MOF
Cac phdi tir hitu co phd bién thuong st dung trong tong hop MOF nhu:
cacboxylate, phosphonate, sulfonate, amin va nitril [21]. Nhitng phdi tir nay dong vai
trd quan trong trong viéc hinh thanh ciu trac mang ciia MOF va anh huéng dén tinh
chét ciing nhu Gmg dung cta ching. Céac phdi tir c6 thé dugc thay doi dé dap tmg céc
yéu cau cu thé cua qua trinh téng hop MOF, tiy thudc vao muc dich sir dung. Trong
qua trinh tong hgp MOF, céc phdi tir hitu co thudng chtra cac nhom chirc -COOH

(Hinh 1.2) [21] dé tao lién két véi cac tdm kim loai, hinh thanh cdu trac tinh thé xdp.
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Céc ion kim loai thuong duoc sir dung, ¢6 ngudn gde tir mudi nhu: ZrOCl2.8H,0,
Cu(NO:3)2.4H20, FeCls.6H.0, Zn(NO3)2.4H-0, v.v.

Piém dic biét cua vat liéu MOF 1a kha nang thay thé cac ion kim loai & cac vi
tri nat mang béng cac ion kim loai khac nhau, tir 36 dan dén su thay ddi, diéu chinh
va dinh hudng céc tinh chat nhu tinh oxy héa-khir va tinh axit-bazo theo muc dich
tmg dung [22]. Viéc thay thé cac ion kim loai trong cu trac MOF ban dau c6 thé tao
ra cac san pham thir cip (SBU) c6 cdu trac dic biét theo dinh huéng tng dung. Mot

s6 vi du vé cac SBU hinh hoc duoc thé hién trong Hinh 1.3 [23].

b

?

Zn,0(CO,), Zn-N-Zn Zr,0,(OH),(CO,),,
MOF-5 ZIF-8 Ui0-66

~

Ti,0,(0OH),(CO,),, Eu,(OH),(CO,),, Zr,0,(OH),(H20),(CO0,),
MIL-125 RE-fcu-MOFs PCN-700

Y <

Cu,(CO,), Cr,(1,-0)(CO,), Chains of CrO (OH),
HKUST-1 MIL-100 MIL-53

Hinh 1. 3. Mgt s6 don vi xay dung thiz cap SBU
Gan day, dé tang cuong kha ning ing dung cua vat lidu MOF, cac nha nghién
ctru d thay thé mot phan ion kim loai thir nhat trong cau tric bang cac ion kim loai
thir hai dé tao ra vat liéu MOF ludng kim loai (BMOF) [24]. BMOF duoc hinh thanh

b1 phoi tr hitu co va hai ion kim loai khac nhau dé tao ra cau tric vat li€éu moi bi
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bién d6i, méo moé va nhiéu khuyét tat [25, 26]. Cac kim loai dugc lién két trong cuing
mot SBU c¢6 thé thé hién twong tac hiép dong manh hon so véi cac kim loai trong cac
MOF khéc nhau [27, 28]. Tuy nhién, trong nhiéu MOF ludng kim, su sip xép cu thé

ctia cac kim loai cau tréc tinh thé van chua dugc xac dinh [29].

Kim loaiA Kim loai B MOF ludmg kim

Lién két &

l \ Tong hop mot bude

I iy
: Tong hop
\ hai buoc m—

Hinh 1. 4. Sy hinh thanh cqu trdc vt ligu BMOF

%}'

M,M'O

Hinh 1. 5. Hai cach sap xép theo khong gian cuia kim logi va SBU ciia BMOF
1.2.2. Pic trung, tinh chét cia vit liéu MOF
Vat liéu MOF ndi bat v&i nhiéu tinh chit dic biét, bao gém cAu trac sép xép
trat tu, dién tich bé mat riéng 16n, do xép cao va kha nang thay ddi kich thudc cling
nhu hinh dang cta 16 xdp. Khung cu trac caa MOF ciing linh dong va c6 thé diéu
chinh. Vi vay, MOF c6 nhiéu ing dung trong cac linh vic khac nhau nhu: luu trir va

tach khi [30], xtc tac di thé [31], xuc tac quang [32], va cam bién dién hda [33]. Tuy
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nhién, bén canh nhitng vu diém, MOF cling c6 mot s6 nhuoc diém nhu do dan dién,
hoat tinh dién hoa va d6 6n dinh khéng cao [34, 35].

1.2.3. Phwong phdp téong hop vit lieu MOF

Vit liéu MOF c6 thé duoc tong hop truc tiép hodc gian tiép tir cac mudi kim
loai va cac phéi tir hitu co. Phuong phap truyén théng dé tong hop MOF 1a phuong
phap nhiét dung moi. Phuong phap nay c6 han ché nhu: thoi gian phan tmg dai, kich
thudce tinh thé 16n va kho tong hop ¢ quy mé 16n. Ngoai phuong phap nhiét dung moi,
mot s& phuong phap khac nhu: thiy nhiét, thay nhiét két hop vi song, thuy nhiét két
hop siéu am, nghién co-hda hoc, dién hoa da dugc nghién ctru va phat trién. Tuy
nhién, hién nay phuong phap nhiét dung méi van dang duoc uing dung rong rii dé
tong hop MOF va chiém ti trong 10n trong cac nghién ctru, tng dung vt liéu nay.

Cac phuong phap tong hop MOF duoc thé hién trén hinh 1.6 [36].
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Hinh 1. 6. Cdc phwong phdp tong hop MOF

1.2.3.1. Phwong phap nhiét dung moi

Phwong phap nhiét dung mdi dya trén su thay doi do phan cuc caa dung mai
dé hoa tan céc cau tir tham gia phan tng, két hop vai nhiét do két tinh thich hop dé
hinh thanh céc tinh thé vat lisgu MOF. Han hop phéi tir hitu co va mudi kim loai hoa
tan trong dung moi duoc gia nhiét téi 100 dén 200 °C trong thoi gian tir 12 - 72 gid
dé tao mam va phat trién tinh thé. Cac dung moéi thuong st dung 1a nhitng dung mai
phén cyc, 6 nhiét d6 s6i cao nhu dimetylformamit (DMF), dialkyl formamit, dimetyl
sunfoxit (DMSQO), acetonitrile [37].

Uu diém: C4c tinh thé MOF c¢6 d6 két tinh cao va cau trac 6n dinh.
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Nhuoc diém: Do thoi gian phan tng lau, khé téng hop ¢ quy md 16n va khé
lya chon duoc hé dung mdi pht hop véi ca ¢ phan cuc cia mudi kim loai va cau ni
hitu co. Phuong phap nhiét dung méi c6 nguy co gy 6 nhidm moi truong do tiéu ton
mét luong Ion dung moi dé tong hop va rira san pham.

1.2.3.2. Phuong phdp thuy nhiét

Tong hop MOF bang phuong phap thuy nhiét thudong dugc thyc hién & nhiét
d6 va ap suét cao [38]. Nguyén tic cua phuong phap 1a dung dung dich axit hoic bazo
dé phan tan cac tién chét theo ty & nhat dinh, sau d6 gia nhiét hé théng trong binh
thay nhiét & nhiét do va &p suét cao trong khoang thoi gian khé dai.

Uu diém: Phuong phap thay nhiét ¢6 thé diéu chinh hinh dang va kich thuéc
hat thdng qua viéc diéu chinh nhiét do trong qua trinh thay nhiét. Phuong phap nay
gilp tao ra cac vat lisu MOF ¢ cau tric tinh thé déng déu va 6n dinh véi @6 tinh
khiét va cau tric tinh thé cao.

Ngay nay, phuong phap thuy nhiét con dugc két hop véi cac phuong phap
nhu: thay nhiét két hop vi song, thay nhiét két hop dién hoa, va thay nhiét két hop
siéu am nham giam thoi gian phat trién mam, tang do két tinh, va diéu chinh kich
thudc hat cling nhu cau tric vat liéu.

Nhuoc diém: Phan (ng tong hop MOF theo phuong phap nay thuong yéu cau
thuc hién & diéu kién nhiét do va ap suat cao.

1.2.3.3. Phuong phdp thuy nhiét - Vi sOng

Phuong phap thuy nhiét két hop gia nhiét tir vi song gitip tang téc do va giam
thoi gian két tinh do cac chat tham gia phan ing hap thy nhiét tir vi song. Cac thong
s6 vé cong suat va thoi gian sir dung vi séng c6 anh hudng dén kich thudc tinh thé
cua vat licu MOF [39]. Manh B. Nguyen va cong su [40] da st dung phuong phap
thiy nhiét - vi song dé tong hop vat liéu Ag-Zn-BTC/GO trong dung dich NaOH 1M
& diéu kién 100 °C, trong thoi gian 60 phiit. Vat liéu Ag-Zn-BTC/GO c6 kich thudc
hat tir 30-80 nm va phan bb dong déu trén cac 16p graphene oxide (GO).

Uu diém: Phuong phép thity nhiét - vi song 1a mot k¥ thuat htra hen trong viéc
téng hop cac vat liéu MOF, giam thoi gian tong hop, tiét kiém nang luong va cai thién

tinh chat cua vat liéu.
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Nhuoge diém: Chi phi thiét bi cao, kho kiém soat quy trinh ddi voi mot sb vat
lidu nhat dinh va han ché trong viéc ing dung quy mo 1on.

1.2.3.4. Phuong phdp thiy nhiét - siéu am

Phuong phéap thity nhiét - siéu 4m 1a mot k¥ thuat co trién vong Vi san phim
tao cac tinh thé MOF mot cach hiéu qua va khé than thién véi moi truong [41]. Vit
liéu MOF tong hop bang phwong phéap ndy c6 kha ning ap dung trong san xuat thuong
mai. Siéu Am tao ra cac diém néng cuc bd ¢ nhiét do va ap suit rat cao (4000 K, 1000
atm). Tai cac diém néng nay, qua trinh tao mam va phat trién tinh thé duoc thic day,
dan dén viéc hinh thanh vét liéu MOF. Vat liéu MOF tong hop theo phuong phap nay
thuong cé kich thudce hat bi gidi han do tbc d6 1am mat nhanh chong, dan dén viéc
nhiét d6 moi trudng phan tng giam trong thoi gian ngan. Phuong phap thay nhiét -
siéu am tong hop MOF nhanh chéng trong diéu kién than thién véi moi truong, giam
thiéu dung moi.

Nhém nghién ciru ciia Zong va cong su [41] da tong hop Cus(BTC), bang
phuong phap thuy nhiét - siéu am, tao ra khung hitu co ba chiéu Cuz(BTC)2 c6 kich
thudc tir 10 - 200 nm, nho hon nhiéu so véi cac tinh thé dugc téng hop bang phuong
phap nhiét dung moi thong thudng. So voi cac ki thuat tong hop truyén thong nhu
nhiét dung moi va thuy nhiét, phuong phép thuy nhiét - si€u am mang lai hi€u qua
cao va than thién voi moi truong.

Uu diém: Tang toc qua trinh téng hop, cai thién tinh chat vat lidu, tiét kiém
thoi gian va ning luong, dong thoi giup tao ra cac MOF voi ciu trac tinh thé dong
déu va chat luong cao.

Nhuoc diém: Chi phi thiét bi cao, kho kiém soat hoan toan qué trinh va han
ché trong viéc md rong quy mo san xuat.

1.2.3.5. Phuong phadp thuy nhiét - dién hoa

Phuong phap thity nhiét - dién hoa hoc ¢6 vu diém 1 phan g thuong dién ra
& nhiét do thap [42]. Phuong phap nay co thoi gian két tinh ngén va cho phép kiém
so4t pha, hinh thai, va d6 day cia mang MOF bang cach thay d6i dién ap trong qua
trinh tong hop. Nguyén ly phuong phap dua trén viéc tao cation kim loai qua qué
trinh oxi hoa anot, tir 6 tao diéu kién cho qua trinh tong hop. Cac thong sb dién hoa

nhu chat dién phan va mat d6 dong dién déng vai trd quan trong trong viéc diéu chinh
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kich thudc, hinh dang, su phan bd ctia cac hat va hiéu suét cua phan g [42]. Mac
dii ¢6 nhiéu vu diém, nhung tong hop vét lieu MOF bang phuong phap dién hoa hoc
van it duogc nghién ctru hon so véi cac phuong phap khac.

Uu diém: C6 kha niang dinh hudng cau trdc va tinh chat vat liéu, tiét kiém thoi
gian va nang lugng, cung vai kha nang tao ra cac vat liéu co tinh nang dac biét cho
cac tng dung trong cam bién, xtc tic va luu trit ning lugng.

Nhuoc diém: Chi phi thiét bj cao, khé kiém soét hoan toan qua trinh tong hop
va kha ning tao ra cac san pham phu khéng mong muén.

* Tom lai, tir két qua tong quan, danh gia wu - nhugce diém cia cic phuong
phap tong hop MOF, trong noi dung nghién ciu cua luan an, tac gia st dung hai
phuong phéap dé tong hop vat lieu MOF d6 1a phuong phap nhiét dung méi va phuong
phap dién hoa do phuong phap nhiét dung moéi 1a phuong phap khéa pho bién, dé tién
hanh va phuong phap dién hoa 1a phuong phap méi, cho phép diéu chinh dwoc mang
vat lieu MOF.

1.2.4. Cdc yéu té anh hwéng dén qud trinh tong hop MOF

Vit liéu MOF duoc tao thanh tir cac SBU khéac nhau s& c6 hinh dang va cau
tric khac nhau. Ngoai ra, diéu kién tong hop nhu: dung mai, nhiét do, phéi tu, thoi
gian két tinh, phwong phap tong hop...ciing anh huong téi cu trdc tinh thé va tinh
chat cia MOF. Vi vay, lva chon diéu kién tong hop vt liéu MOF thich hop dé c6 cau
trdc va tinh chat on dinh 12 rat can thiét trong khoa hoc co ban va c6 ¥ nghia thuc té
trong trién khai tng dung [43, 44, 45].

1.2.5. Ung dung ciia vit liéu MOF

1.2.5.1. Hép phu, luu trit va tach loc khi

Singh va cong su [46] da tong hop vat lidu CoxZnioox-ZIF-8 véi ti 1& Co khac
nhau (x = 0, 25, 50, 75, 90 va 100). Vat liéu Co-Zn-ZIF-8 c0 dién tich bé mat tang
Ién khoang 40% va thé tich 16 x0p ting 1én khoang 33 % so véi Zn-ZIF-8. O 77 K va
1 bar, miu Co75Znzs-ZIF-8 ¢6 do hap phu H» ting 23% (172,47 cm?/g) so v6i Zn-
ZIF-8 (140,29 cm®/g). Kha niang hap phu H» ting ctia CoZn-ZIF-8 c6 thé 1a do thé
tich 16 xdp va dién tich bé mat ting, voi do xdp siéu nho.

Botas va cong su [47] tong hop vat liéu MOF-74 ¢ 0 °C va 10 bar véi ti 16 Co
khac nhau trong khoang 0 - 100% dé hap phu Hz. Kha niang hap phu Hz cia miu
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ZnCo-MOF-74 tang khi ti 1& Co ting 1én. Cac tic gia dd tim thiy mdi twong quan
giita nhiét dang tich cua hip phu (Q«°) va cac gia tri ning luong ving cidm cia
Zn;- xCox-MOF-74 dén kha ning hip phu Ha, nghia la c4c twong tac cum kim loai v&i
Ha c6 vai tro quyét dinh trong qua trinh hip phu.

Xiao va cong su [48] di pha tap Mg trong MIL-101 (Cr) dé tong hop MOF
ludng kim loai MIL-101(Cr, Mg), két qua cho thay kha nang hap phu CO2 ctia MIL-
101(Cr, Mg) dat 3,28 mM/g & 298 K va 1 bar, ting 40% so vdi MIL-101 (Cr). Su hap
phu CO2 ting ctia MIL-101(Cr, Mg) dugc cho 1a do dién tich bé mit ting va cac vi
tri hip phu manh hon d6i véi CO2 do su pha tap cia Mg. Hill va cong su [49] da thay
d6i Zr trong UiO-66 bang Ti dé tao ra UiO-66 ludng kim véi kich thude 16 nhé hon
va entanpi hip phu cao hon dé ting cudng hap thu CO2. Su hip phu CO, § 273 K cua
mau Zr-UiO-66, Tis-Zr-Ui0-66 va Tise-Zr-UiO-66 tuwong tmg la 2,2 mM/g, 2,3
mM/g va 4 mM/g. Cac tac gia cho rang viéc giam kich thudc 16, dién tich bé mat ting
va dic diém hip phu manh hon cua Ti(lV) di gop phan ting cudng sy hap
phu CO trong Zr-Ui0-66 dugc trao doi Ti.

1.2.5.2. Luu trit va chuyén héa ning lwong

MOF véi dién tich bé mit 16n, cau triic 16 c6 thé diéu chinh va cac tim kim
loai oxy hoa khur 1a vat li¢u dién cuc déy htra hen cho céc tu dién hoa va ac quy. Tuy
nhién, tinh dan dién kém cia MOF 1a mét trong nhiing trd ngai 16n anh huéng dén
viéc nang cao hi¢u suat tu dién. Cac MOF ludng kim loai véi do dan dién tang da
duoc tng dung lam vét li€u dién cuc cho siéu tu dién [50]. Yang Jiao va cong su [51]
d3 cai thién do dan dién cia MOF bang cach trao d6i mot phan Ni2* trong Ni-MOF
([Ni3(OH)2(tp)2(H)20)4].2H20, tp=CgH404*") v6i Co?* hodc Zn?* cho siéu tu lai.
Cong suat cy thé ctia Co/Ni-MOF, Zn/Ni-MOF va Ni-MOF tuong tng 14 236,1, 161,5
va 142,3mAh/g & 1 A.g”!, v6i kha niang duy tri dung lugng twong tng 1a 82,8%, 56%
va 37%. Céc siéu tu dién lai duoc ché tao tir (Co/Ni-MOF/CNTs-COOH) ¢6 mat do
ning luong 13 49,5 W.h.kg™' va cong suét riéng 1a 1450 W.kg™". Qua trinh trao ddi
ion kim loai din dén su gia tang cac 15 trong tu do va khoang cach gitta cac 16p, dan
dén viéc tang cuong d6 dan dién va dién tich bé mit, do d6 hiéu suat cia MOF ludng

kim khi trng dung lam ty dién tang Ién.
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Cac MOF ludng kim loai da dugc nghién ctru lam vat liéu dién cuc cho pin
ion-lithium (LIB). Khi sir dung BMOF 1am vt liéu cuc duong, cac 16 x6p o thé diéu
chinh cho phép cac ion Li dugc Iuu trir va dua vao/ra mot cach thuan nghich, [27].
Mot s6 BMOF cho phép bién doi/tai sinh thuan nghich duoc str dung lam dién cuc
loai chuyén hoéa. Vittal va cong su [52] ddkhao sat hiéu sudt dién héa cua
Zn15Co1,5(HCOO)s, cac MOF véi cau ndi formate da duge chuyén hoa thanh MOF
lithium formate sau qua trinh oxy héa va tai sinh khi khir. Phan tng chuyén héa thuan
nghich dan dén su 6n dinh cic chu ky ctia Zn15Co15(HCOO)s, v6i kha ning thuin
nghich cao 1én dén 60 chu ky & cong suit phong 510 mAhg™, 16n hon so véi COMOF
don kim loai. Lee va cdng su [53] da sir dung vat liéu Iudng kim Mn-Co-MOF-74
lam chat xuc tac catot cho pin Li-Oz, vat lidu c6 cong suat phong 11150 mAhg ™' va
pin c6 thé dugc sac va xa 44 chu ky lién tiép & mirc dung lwong gidi han 1000 mAh-g™
ma khong bi suy gidm hiéu suit, vuot tréi hon so voi Co-MOF-74. Su tuong tac hi¢p
ddng ctia cac kim loai Mn va Co di gop phan nang cao hiéu qua va tinh thuan nghich
cua pin.

1.2.5.3. Xdlc tac quang

Vit liéu MOF c6 thé 1am chét xuc tac phu hop cho cac phan Gng quang xtc
tac, nhu phan tng tong hop hitu co, tich nudc, khir CO2 va phan hay chit 6 nhiém
hitu co. BMOF dya trén Ti két hop cac ion kim loai thit hai trong cau tric c6 thé ting
cudng dang ké hoat dong quang xuc tac. Marti-Gastaldo va cong su [54] da tong hop
vat liéu BMOF dya trén Ti(MUV-10, Ti'V3sM''3(us3-0)2(BTC)s-(H20)s M = Ca'!,
Mg'" ) bang cach pha tap kim loai dé san xuat Hz bang qua trinh quang xuc tic. MUV-
10 (Mg) c6 thé tao ra 6500 pmolg™" Ha sau 24 gid dudi su chiéu xa ciia dén Xe (300
W). Zhou va cong sy [55] da tong hop BMOF dura trén Ti, PCN-333 (Sc)-Ti, MIL-
100 (Sc)-Ti, MOF-74(Zn)-Ti va MOF-74(Mg)-Ti tng dung dé phan huy metylen
xanh (MB). Cac mau PCN-333(Sc)-Ti va MIL-100(Sc)-Ti 1an lugt cho thay sy phan
hiy MB dat 35% va 64% dudi birc xa cua dén Xe 300 W trong 9 phat. Cac mau
MOF-74(Zn)-Ti va MOF-74(Mg)-Ti déu cho hiéu suit chuyén hoa 1én dén 98% trong
3 phdt.

Kitagawa va cong su [56] di tong hop vat liéu MIL-101(Cr)@NH2 -MIL-
125(Ti) lam chat hap phu va xtc tic quang dé xu 1y Cré*. Vat licu MIL-
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101(Cr)@NH2-MIL-125(Ti) ¢6 kha nang hap phu Cr* (3,16 mg/g) cao hon so voi
NH2-MIL-12 (Ti) (1,12 mg/g) va MIL-101(Cr) (1,28 mg/g). Vat liéu MIL-101 (Cr)
@NH2-MIL-125(Ti) tach loai 72% Cr®* khoi dung dich dudi chiéu xa anh sang kha
kién. Cac BMOF trén di két hop duoc kha nang hap phu tot ciia MIL-101(Cr) va hoat
tinh quang xuc tac cuia NHp-MIL-125 (Ti) dé thé hién hiéu qua cao trong xuc tic
quang.

Vit liéu nano MOF ludng kim da cho thfiy hoat tinh cao va én dinh trong viéc
phan huy cac chat 6 nhiém hitu co, ching han nhu thudc nhudém hitu co va thude
khang sinh [57]. Li va cong sy [58] da tong hop vat liéu nano ZnO@C-N-Co c6
ngudn goc tir Zn/Co ZIF dé phan hily metyl da cam (MO). Duéi sy chiéu xa cia dén
Xe (300 W) trong 2,5 git, ZnO@C-N-Co c6 hiéu suat phan huy MO dat 99,5%, cao
hon nhiéu so véi ZIF-67-600 (29,4%) va ZIF-8-600 (41,9%). Li Lan va cong su [59]
d3 tong hop BMOF dua trén cac cum FesM (M = Fe, Co, Ni, Zn) két hop véi phéi tir
biphenyl-3,4',5-tricarboxylic acid (BPTC) dung dé dién phén tao oxy (OER).

1.2.5.4. Ung dung phat trién cam bién dién héa

Chao Hu va cong su [60] da phat trién vat liéu Cr-MOF bang phuong phap
thay nhiét, san pham c6 kich thuéc 50 nm véi cau tric lap phuong. Vat liéu Cr-MOF
duoc gin voi dién cuc GCE (Cr-MOF/GCE) dé lam cam bién dién hoa phat hién p-
nitrophenol. Cam bién dién héa dya trén co so vat liéu Cr-MOF c6 gigi han phat hién
p-nitrophenol thap (0,7 pM) va khoang tuyén tinh tir 2-500 uM. Dién cuc nay hoat
dong on dinh trong méi truong ¢ chta cac chat gay nhidu nhu cac mudi kim loai
MgCl,, KCI, CaCl,, NaCl, Na>SQO4, hydroquinone, phenolic va catechol véi néng do
0,5 mM.

Yu Yan va cong su [61] da ché tao vat liéu composite két hop MOF chua Zr,
Cu (MOF-818) véi rGO va CNT (MOF-818/rGO/CNTS) c6 cAu tric xdp, do dan dién
t6t dé 1am cam bién dién hoa phat hién céc hop chat phenolic: axit caffeic (CA), va
axit chlorogenic (CGA). Cam bién thé hién hai dai tuyén tinh tir 0,2-7 uM va 7-50 uM
V6i d6 nhay cao 12,89 nA/uM, giéi han phat hién thap 5,7 nM ddi voi CA va do nhay
12,50 pA/uM trong céc dai 1 0,1-3 pM va 3-20 uM d6i véi CGA.

Manh B. Nguyen va cong su [62] da phat trién cam bién dién hoa dé phat hién
2,4-dichlorophenolic (2,4-DCP) bang céch sir dung Cu-BTC/GO. Cam bién duoc ché
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tao bang cach dua mot luong xac dinh Cu-BTC/GO Ién bé mit dién cuc, va sau d6
duoc khur dién hoa dé tao mang Cu-BTC/rGO. Do vit liéu Cu-BTC c6 dién tich 16n
duogc phan tan trén cac 16p GO da lam tang cac tAm phan tng, do do da cai thién hiéu
suat phét hién 2,4-DCP. Két qua cho thay gigi han phét hién thap (83 x 10 M), pham
vi tuyén tinh tir 1,510 - 24x10° M va c6 d6 lap lai cao (RSD = 2,5% cho 8 cam
bién doc 1ap). Cam bién da duoc sir dung dé phat hién 2,4-DCP trong cac mau thuc
té v6i do6 chinh xac cao (d6 thu hoi tir 97,17 - 104,15%). Yuling Chen va cong su [63]
téng hop vit liéu Fes04@MIL-100(Fe) dé ché tao cam bién dién hoa phét hién axit
chlorogen (CGA) véi gidi han phat hién (LOD) 1a 0,05 uM. Trong cac diéu kién toi
uu, cam bién co thé phat hién dinh lugng CGA trong khoang tuyén tinh 14 0,1-10,0
uM va 10,0 - 460 uM. Yang Wang va cong su [64] di tong hop nano MOF/TiO>
(Ui0-66-NH2/TiOz) bang phan tng thuy nhiét va (g dung lam xuc tac dién hoa trong
qua trinh oxy héa axit chlorogen. Cam bién c6 thé duoc sir dung dé dinh luong CGA
trong khoang 0,01-1,0 uM va 1,0-15 uM vai gidi han phat hién 1a 7 nM. Hon nira,
UiO-66-NH2/TiO2 con thé hién tinh 6n dinh trong 90 chu ky trong dung dich dém
(moi trudng axit). Hicham Meskher [65] tong hop vat liéu nano composite rGO/MOF
lam cam bién phét hién penta-chlorophenolic (5-CP). Cam bién hoat dong tét trong
khoang tuyén tinh rong tir 50-200 uM, d6 nhay 3,4 nAnM va gigi han phat hién 1a
75,63 nM. Han Chen [66] di két hop uu diém cua carbon c6 nguon goc tir MOF va
rGO (ZIF-8C@rGO) dé lam chat bién tinh dién cuc xac dinh hydroquinone (HQ) va
catechol (CC). Pién cuc ZIF-8C@rGO/GCE thé hién tinh chon loc va do nhay cao
hon so vai khi sir dung ZIF-8C va rGO riéng I¢, nho vao hiéu irng cong hudng cua
ZIF-8C va chét nén rGO. Két qua do dién hda cho thiy cam bién dya trén ZIF-
8C@rGO thé hién dai tuyén tinh rong tir 0,5-70 pM cho ca HQ va CC, véi gigi han
phét hién thap lan lugt 13 0,073 pM ddi voi HQ va 0,076 uM dbi véi CC.

Manh B. Nguyen va cong sy [67] di tong hop vat liéu Fe-Cu-BTC bang
phuong phap thity nhiét va dwa cac hat nano vang lén bé mat vat liéu Fe-Cu-BTC dé
cai thién d6 dan dién caa cam bién. Cam bién Fe-Cu-BTC/AuNPS/GCE ¢4 giéi han
phét hién BPA 14 18 nM & hai dai tuyén tinh tir 0,1-1,0 pM va 1,0-18 uM, khi duoc
sir dung dé do mau thyc co do thu hoi tir 85,70-103,23%. Mao-Long Chen va cong
su [10] da phat trién vat lieu MOF chira st kich thudc nano (Fe-MIL-88B-NH>) ting
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dung 1am dién cuc dé phét hién BPA. Gidi han phat hién 1a 4,1x104 M, véi dai lam
viéc tuyén tinh tir 5,010 - 2,0x10°° M. Jing Zhang va cong su [11] da phat trién hé
dién cuc Ce-MOF duoc bién tinh bang cetyltrimethylammonium bromide (CTAB)
(CTAB/Ce-MOF/GCE) lam cam bién dién hda phat hién BPA. Cam bién BPA duoc
ché tao c6 dai tuyén tinh rong tir 0.005 - 50 uM va gi6i han phat hién thap 1a 2,0
nM (S/N = 3). Cam bién c6 d6 on dinh, ¢6 tinh chon loc cao va da duoc str dung dé
phat hién BPA trong cac mau thuc. Da Silva va cong su [68] da chirc ning hoa MOF
bang céc silan (3-aminopropyl) triethoxysilane (APTES) va hat nano vang (AuNPs)
dé bién tinh dién cuc carbon bot nhio (CPE) dé lam cam bién xac dinh BPA. Dién
cuc AUNp@MOF c6 dién tich bé mat hoat dong dién hoa cao hon 2,3 1an so véi CPE
ban dau va kha niang phat hién tin hiéu BPA gap 2,5 lan. Xue Wang va cong su [69]
tong hop vat liéu Cu-MOF sir dung 1am cam bién dé phat hién BPA. Vat liéu Cu-
MOF c¢6 céu tric 3D vaéi dién tich bé mat riéng Ion, hap phu BPA hiéu qua, do nhay
ciia cam bién 12 0,2242 pA.uM, pham vi tuyén tinh rong tir 5,010 - 3,0x10¢ M,
giéi han phat hién 12 13 nM. B¢ thu hoi nam trong khoang 94,0-101,6% khi do mau
thuc. Dihui Huang va cong su [70] da ché tao mot cam bién dién hoa phét hién BPA
trén co so vat lieu Ce-Zn-MOF va MWCNT (Ce-Zn-MOF/MWCNT) trén nén GCE.
Vit liéu Ce-Zn-MOF/MWCNT véi nhiéu tdm xtc tac, dién tich bé mat riéng 16n gidp
cai thién do dan dién va kha niang xtc tac cia MWCNTSs. Trong cac diéu kién tdi uu,
cam bién c6 thé xac dinh BPA trong khoang 0,1-100 puM, giéi han phét hién 1a 7,2
nM (S/N = 3). Pién cuc nay duoc sir dung dé phéan tich BPA trong nudc ubng voi do
thu hoi tir 96,5-103,4%. Junping Ma va cong su [12] da gan tyrosinase (Tyr) véi cac
I6p mang nano Cu-MOF siéu mong (Tyr@Cu-TCPP) bang phuong phap nhiét dung
moi dé phét hién BPA. Cam bién Tyr@Cu-TCPP c¢6 khoang tuyén tinh rong 3,5 nM-
18,9 uM, gidi han phat hién la 1,2 nM. Sunil Kumar Naik va cong sy [71] rng dung
vat liéu UiO-66-NDC/GO lam cam bién phét hién BPA véi gigi han phat hién 1a
0,025 uM va khoang tuyén tinh 1a 10-70 pM. Cam bién nay dugc ang dung thuc té
dé phan tich BPA trong nudc mdy, nudc ubng va sita tuoi dang long, do thu hdi trong
khoang 94,8 - 99,3%.

1.3 Tong quan vé vit liéu dng nano carbon (CNT)
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1.3.1. Vit li¢u nano carbon

Carbon 14 nguyén t6 thr 6 trong bang hé théng tuin hoan, 16p vo electron co
cac dang lai hoa tuyén tinh sp, dang mit phing sp? va dang tr dién sp® véi cac
electron ctia nguyén tir bén canh. Trang thai lai hoa sp?, sp* chu yéu tao nén cac vat
liéu carbon vé co, con trang thai lai hoa sp rat it gip. Cac nguyén tir carbon co trang
thai lai hoa sp? c6 thé tao thanh nhiéu dang thu hinh dic trung cta vat liéu carbon cau
tric nano nhu: graphit, graphen, fullerene, CNT [72].

Graphen c6 cdu trac khong gian 2 chiéu (2D) hinh t6 ong, duoc tao béi cac
vong 6 canh cia 6 nguyén tir carbon xép chit khit, cac nguyén tir carbon lién két véi
nhau bang lién két cong hoéa tri, chiéu dai lién két khoang 0,141 nm. Khi cic tim
graphen dugc xép chdong 1én nhau tao nén dang thu hinh graphit (3D) va khi cudn lai
tao nén dang thu hinh CNT (1D) va khi quan lai tao nén dang thu hinh fulleren (0D)
Hinh 1.7 [73, 74].

P N T T T

% Graphit, 3D

Nano cacbon ong, 1D Fulleren, 0D

Hinh 1. 7. Cac dgng thu hinh cua carbon

1.3.2. Céu triic ciia CNT

CNT la vat liéu c6 cau tric tinh thé do tAm graphit cudn tron tao thanh cac ong
hoic tru rdng 16ng vao nhau c6 dudng kinh khoang vai nm, chiéu dai 6ng khoang vai
um dén vai cm. CNT dugc tao boi cac vong 6 canh xép chat khit do 6 nguyén tir
carbon lién két cong hoa tri véi nhau, c¢6 chiéu dai lién két 1a 0,142 nm. M&i nguyén
tir carbon nay co6 4 electron & 16p ngoai cung tao thanh 3 lién két ¢ da lai hoa sp? va
orbital 7 nhu chi ra trén hinh 1.8a [75, 76].
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Hinh 1. 8. Orbital x ciia nguyén tir carbon trén CNT (a), md phéng cdu tric cua
SWCNT (b) va MWCNT (c)

C6 thé phan chia vat liéu CNT thanh hai loai 1a CNT don tudng (SWCNT) va
CNT da twong (MWCNT). Cau trac cia SWCNT va MWCNT nhu hinh 1.8b va hinh
1.8¢c [77].

Trong qua trinh tong hop hodc tinh ché va nhém chirc hoa bé mit thuong sé
1am 6ng CNT bi 4n mon, tao ra khuyét tat [76]. Su c6 mit cta khuyét tat co thé lam
tdng dién tich bé mit va tao nén cac tam hoat dong trén CNT.

CNT la vat liéu o cau tric Xép, dién tich bé mit cia CNT thay doi trong mot
pham vi rong, tiy thudc vao duong kinh 6ng, sd tudng, trang thai tip hop va céac
nhom chirc bé mat [78, 79].

Qua trinh hoat hoa s¢€ tao nhiéu khuyét tat, vi thé lam tang thé tich vi mao quan,
mao quan trung binh, va ting dién tich bé mit cia vat liéu CNT [80].

1.3.3. Pic tinh hép phu cdc hop chit hivu co trén vit ligu CNT

Su hip phu cac hop chét hitu co trén CNT trong méi truong nude 1a su hap
phu khong dong nhat. Bgi vi trén bé mat CNT ton tai nhiéu tAm hap phu nhu: cic
khuyét tat CNT [81], cac nhom chic, cac electron m [82].

Qua trinh hap phu cac hop chat hiru co trén CNT bi quyét dinh béi nhiéu co
ché nhu: twong tac ky nudc, twong tac 7 - m, twong tac tinh dién [83]. Nhiing phén tir
hitu co chtra electron 7 ¢6 thé tao lién két @ - © voi CNT [84]. Piéu nay, lam ting sy
hap phu cua cac hop chat hitu co mach vong trén CNT.

Sy hap phu cac hop chét hiru co trén CNT chiu anh hudng boi cic dic trung vat
ly cia CNT. Vi vdy, dung luong hap phu cac hop chét hiru co trén CNT tang cing voi

su tang cua dién tich bé mit, thé tich vi mao quan va mao quan trung binh [85].
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Dic trung cdu triic bé mit cia CNT c¢6 anh huong dang ké dén sy hap phu cac hop
chét hiru co. Su ¢6 mit cia cac nhoém chire chira oxi tai vi tri cia electron 7, lam giam
twong téc 7 - 7 gitta CNT vdi vong benzen ctia cac hop chat hitu co vong thom [86].

Pic tinh ctia nhom chire trén cac hop chat hitu co anh huéng rat 16n ti kha
nang hap phu cta chiing trén CNT. Do mdi nguyén tir carbon trong CNT c6 mdt quy
dao electron  vudng goc véi bé mit, vi vy, nhitng phén tir hitu co chira electron
c6 thé tao lién két 7 - T véi CNT [87]. Cuong d6 cua luc lién kétm-m phu thudc vao
cac nhom chire trén cac hop chit hitu co va CNT [88].

Nhu vay, ciu trac dic trung ciia CNT (dién tich bé mit 16n, tinh dan dién cao
va kha nang tuong tac tot véi cac nhom chire) gitip ting cudng kha nang hap phu va
tuong tic v4i cac phan tir hop chét hiru co, dong vai tro then chdt trong viéc ning cao
hiéu suét cua cac cam bién dién hoa. Nhitng dac tinh nay giap CNT tr¢ thanh vat liéu
Iy twong ing dung phat trién cam bién dién hoa phan tich cac hop chat hitu co ndi
chung va phan tich nhanh cac hop chat phenolic néi riéng.

1.4. Cam bién dién héa va ing dung

1.4.1. Cam bién dién héa

Cam bién dién hoa 1 thiét bi phan tich cac théng s6 hoa - ly - sinh hoc, ... sir
dung bo chuyén d6i dién hoa dé phan tich nhiing trang thai, qua trinh vat 1y hay hoa
hoc cia mdi trudng can khao sat. Tl c4c thong tin thu dugc cho phép xéac dinh gia tri
cua dai luong can do.

Ngay nay, cam bién dién hoa dugc st dung pho bién trong nhiéu linh vuc nhu
trong y sinh hoc, phan tich méi truong, danh gia an mon, kiém tra chat lugng san
pham trong san xuat nong nghiép ciing nhu nudi trong thuy san. Co rat nhiéu loai cam
bién dién hoa duogc ché tao dya trén cac nguyén ly va vat liéu khac nhau, c6 kha nang

phan tich nhiéu d6i twong khac nhau duoc thé hién trong bang 1.2.

Bang 1. 2. Mt s6 cam bién dién héa thong dung [89]

[ Newenthe] o
STT| Loai cam bién R Vat liéu dién cuc Xac dinh cac chat
hoat dong
Cam bién oxit | Po d6 dan, | SnOz, TiO2, ZnO,, | H2, 02, CO, SOy,
1 | ban dan do dién tré | WOz, polyme NOyx, HCy, alcohol,
H2S, NH3
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. . .z | Nguyén tic Ap 1AL A L . A
STT| Loai cam bién R Vat liéu dién cue Xac dinh cac chat
hoat dong
Cam bién dién | Po dong Composite Pt, Au | Hz, Oz, O3, CO, NHj,

2 | ly long SO2, NOy,  glucozo,
hydrazin
3 Pién cuc chon | Po dién thé | Thuy tinh, CaFs, | pH, K*, Na*, CI,
loc ion (ISE) LaF3 Ca**, Mg®*, F, Ag*
4 | Cam bién dién | Po dong, do| YZS, B-Al, Nafion | Hz, Oz, CO, SOy, C,
ly ran dién thé

¢

#*
4ﬁ\e*\A

Chét phan tich

bién cuc

Thiét bi dién hoa

Tin hiéu dién
hoa-Két qua do

Hinh 1. 9. So @6 nguyén ly ciia cam bién dién hoa

Dua vao nguyén tac do tin hi€u, c6 thé phan chia cam bién thanh ba loai la cdm

bién do dong, cam bién do dién thé va cam bién quét thé vong [90].

Cam bién dién hoa do dong dau tién 1a cam bién do oxi, phuong phap duoc sir

dung dé xac dinh ham luong oxi trong mau [89]. Ngay nay véi su phat trién cta ki

thuat co khi chinh xac va cong nghé ban dan, cam bién da dugc phat trién va ting

dung rong rii, dong thoi tmg dung dé phan tich ham lugng cac chat dién hoat trong

dung dich. Cam bién do dong c6 wu diém hon cac loai cam bién khéac 1a n6 ¢d kich

thude nho, tiéu thu nang lugng it, d6 nhay cao, gia thanh ré [89].




28

Trong cam bién dién héa hoat dong dua trén nguyén tic do dong thi khi ap vao
hé dién hoa mot dién thé khong d6i, ta do dugc tin hiéu dong twong Gng. Tai dién thé
ap vao s€ xay ra phan ing oxi hoa hodc khur trén bé mat dién cuc lam viéc, dong dién
do dugc phu thudc vao néng do chat can phan tich theo dinh luat Faraday va dinh luat
chuyén khéi luong.

1.4.2. Vit ligu dién cwe trong cam bién dién héa

Cam bién dién hoa thudng sir dung mét hé gdm 3 dién cuc: dién cuc lam viéc
(WE), dién cuc so sanh (RE), dién cuc d6i (CE). Vat liéu dé 1am dién cuc 1am viéc
rat da dang nhu kim loai (vang, bac, bach kim) hay carbon [91, 92]. Vat liéu carbon
thuong duoc dung 1am dién cuc 1am viéc do chi phi thap, d6 twong thich sinh hoc cao
va khoang thé hoat dong rong, giip mo rong kha niang (ng dung trong cac hé dién
hoa [93, 94]. Bién cuc lam viéc 1a dién cuc quan trong nhat trong hé dién hoa vi moi
qua trinh phén tich va twong tac déu xay ra trén bé mat dién cuc nay khi tiép xdc voi
chat dién ly.

Vit liéu dién cuc 1a phan trung tAm dé thiét ké cac nén tang cam bién dién hoa.
Hau hét cac vat liéu dién cuc hién nay 1a vat liéu lai tich hop nhiéu vat liéu c6 dic
tinh khac nhau, bao gdém cac vat liéu c6 d6 dan dién cao dé thiic day su chuyén dich
dién tir, nhirng vat liéu co do x4p 16n ting cudng cho dién tich bé mat hoat dong dién
hoa [95].

1.4.3. Ung dung cam bién dién héa trong phan tich cdc hop chdt phenolic

K thuat dién hoa da duoc phat trién va cai tién dé phan tich cac hop chat
phenolic. Uu diém chinh ctia k¥ thuat nay 1 c6 d6 nhay cao, c6 kha ning phan tich
nhanh, ngay ca ngoai hién truong. Cam bién dién hoa dya trén graphene dang duoc
quan tim rong rai nhd kha nang phat hién nhanh, nhay va don gian cac hop chat
phenolic trong nude. Trong nghién ctru cia Kun Chen va cong su [96] di phat trién
cam bién tir dién cuc GCE bién tinh boi graphene—polyaniline va enzyme tyrosinase
cho théy hi€u qua cao trong viéc dinh lugng phenol. Cam bién cho tin hiéu dién hoa
rd rang, tuyén tinh tot v6i gidi han phat hién 1a 2.10* mol/L va c6 thé ap dung truc
tiép cho mau nuédc thuc.

Zhao va cong su [97] bao cao mdt phuwong phap méi xac dinh dong thoi

hydroquinone va catechol trong nudc bang cam bién dién héa PASA/MWNTs/GCE.
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cam bién cho phép phan tach hai chat mot cach 13 rang voi do nhay cao. Két qua cho
thay dai tuyén tinh rong 6x107¢ - 1,0x10* M/L dbi véi hydroquinone va 6 x 107° -
1,8x107* M/L d6i véi catechol, gi6i han phat hién thap 10 M/L va kha ning ap dung
thuc tidn tdt trén mau nudce that.

Trong cong bd khac, Jiang va cong sy [98] da cong b két qua tng dung cac
vat liéu graphene, nanodiamond, va nanocarbon bién tinh dién cuc GCE dé phan tich
ddng thoi cac hop chét phenol c6 gidi han phat hién khoang 108 M.

Bén canh d6, cac nghién ctru sir dung cam bién sinh hoc gin tyrosinase trén
vat liéu carbon dé phén tich cac hop chat monophenolic mét cach chon loc véi do
nhay cao. SWCNH Ia mét dang khac cua vat liéu nano carbon co cAu tric dang hinh
try duong kinh co s¢ 14 5 nm va chiéu dai 6ng 1a 50 nm duogc sir dung dé phat trién
cam bién phan tich cac hop chat chloramphenicol triclosan va BPA [99]. Hoat tinh
dién hoa cua cac hop chit phenolic nhu catechol, dopamine va tert-
Butylhydroguinone cling dugc nghién ctru trén cac loai vat liéu dién cuc khac nhau
nhu trén GCE bién tinh bang CNT hay graphen, graphen oxit (GO) hoic oxit cila cac
kim loai chuyén tiép. Piém chung cua cac vat liéu bién tinh dién cuc nay la cé cAu
triic nano va c6 kha nang lam chét xtc tac dién hoa, hd tro cho qua trinh oxy héa/khur
phenolic va cac hop chat cua chung trén dién cuc mot cach thudn loi, ting tin hiéu
dién hoa can do.

Xiaozhou Huang va cong sy [100] di ché tao vat liéu Ce-Ni-MOF bang
phuong phép thuy nhiét véi ty 1€ mol cua Ce®* va Ni?* la 3:7. Bimetallic Ce-Ni-MOF
duoc thém vao vat lisu MWCNTs dé cai thién do dan dién. Vat liéu Ce-Ni-MOF véi
nhiéu 16 tréng c6 kha nang hap phu BPA cao va gitp nang cao d6 nhay caa cam bién.
bién cuc nay duoc st dung dé xac dinh BPA véi dai tuyén tinh rong 0,1-100 pM,
giéi han phat hién 1a 7,8 nM (S/N = 3). Nho d6, dién cuc nay duoc st dung dé do
ham luong BPA trong cac nhan hiéu nudc udng khac nhau véi do thu hoi tir 97,4 dén
102,4%.
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CeNEMOF/MWONTS
e P04 O o

1A S benzenetricarbosylic acid

MWONT

Hinh 1. 10. So d6 tong hop vat liéu Ce-Ni-MOF/MWCNTSs

Congming Li va cong su [101] da két hop vt liéu Cu-MOF va rGO lam cam
bién phét hién BPA c6 tinh chon loc va 6n dinh cao. Cam bién c6 khoang tuyén tinh
tir 0,02 - 90 uM va gidi han phat hién BPA 12 6,7 nM (S/N=3). Cam bién di duoc
rng dung thanh cong dé xac dinh BPA trong cac san pham nhya. Jahani va cong su
[102] da tong hop vat lieu MOF-508a dé 1am cam bién xac dinh BPA. Cam bién c6
d6 nhay cao (0,0564 pApM™), gii han phat hién thap (0,03 uM), pham vi tuyén tinh
rong (0,1 - 700,0 uM) va dé chon loc tét.

45

48

y = 0.0864x + 0.7688
R* = 0.9996

30 A

m

16 -

o 300 00 200
[Bisphenol A)Y M

300 500 700 200
E / mV vs. Ag/AgCIKCI

Hinh 1.11. Pwong cong DPV biéu dién dé nhay va khodang tuyén tinh doi véi BPA
trong dung dich 0.1 M PBS (pH 7.0) ciza MOF-508a/GCE.
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Xiao-lei Zhang va cong su [103] da tong hop vat liéu cau tric xp MOF-
74(Zn) (Zn2(DHBDC)(DMF)(H20)2, Hsdondc = 1, 5-dioxide-2, 6- naphthalene
dicarboxylic acid) dé ché tao mot cam bién c6 d6 nhay va chon loc cao nham phat
hién nhanh tetrabromoBPA (TBBPA). Cam bién c6 khoang tuyén tinh 50-400 pg/L
Vvé6i gidi han phat hién 0,75 pg/L. Chengxin Xu va cong su [104] da tong hop cac tim
nano khung hitu co chira Ni (Ni-MOF) lién két véi CNT (Ni-MOF@CNT) & nhiét do
phong. Vit liéu c6 dién tich bé mit riéng 16n cua Ni-MOF, d6 dan dién tot cua CNT,
d3 tao ra hiéu ¢ng hiép dong, vi vay cd hoat tinh dién hoa tét ddi véi BPA. Gidi han
phat hién BPA 1a 0,35 nM va d6 nhay cao 284,64 pA.uM1cm?2. Cam bién 3D Ni-
MOF@CNTs dugc sir dung thuc té dé phat hién BPA trong cac mau thuc khac nhau
nhu héa don, vé xem phim va trong cac loai nhya cho két qua twong duong Vi
phuong phéap phan tich sac ky khi. Jingxian Li va cong su [105] phat trién hé vat liéu
Ru(bpy)32+@MIL-125) dé bién tinh dién cuc GCE lam cam bién phét hién BPA. O
diéu kién ti wu, cam bién co thé phat hién BPA trong dai tuyén tinh rong tir 102 -
10 M v¢i gi6i han phat hién 1a 6,1x10 M (S/N = 3).

Bang 1. 3. Tom 1t mot s6 logi MOF dworc sir dung lam cam bién phat hién BPA

LOD | Khoéng tuyén | PO thuhdi | Tai
TT Vit liéu
(M/L) tinh (M/L) (%) lidu
Fe,Cu-
1 18.10° | 107-18.10° | 85,70-103,23 | [67]
BTC/AuNPs/GCE
2 Cu-MOF 1,3.108 | 5.10%-3.10° | 94,0-101,6 | [69]
3 | Ce-Zn-MOF/MWCNT | 7,2.10° | 10%-10* 96,5-103,4 | [70]
UiO-66-
4 0,025.10¢| 10%-7.10° 94,8 -99,3 [71]
NDC/GO/CPE
Ce-Ni
5 7,8.10° 107-10* 97,4-102,4 | [100]
MOF/MWCNTSs/GCE
6 Cu-MOF/ERGO 6,7.10° | 2.10%-9.10° | 98,4-105,3 | [101]
7 MOF-74(Zn)-en 0,75.10° | 50 - 400 (ug/L) | 89,2 -106,67 | [103]
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Bén canh d6, di c6 nhiéu cong bd vé két qua nghién ctru ing dung vit liéu
MOF dé bién tinh dién cuc phan tich PA trong mdi truong nude, dién hinh nhu tac
gia Aya A. Mouhamed va cong sy [106] phat trién hé vat licu NiCo-MOF dé bién
tinh dién cyc CPE lam cam bién phat hién PA. O diéu kién t6i wu, cam bién co thé
phat hién PA trong dai tuyén tinh rong tir 0,6 - 100 UM v6i giéi han phat hién 14 0,02
MM. Jing Wang va cong su [107] da str dung vat licu NiCu-CAT bién tinh dién cuc
GCE dé phan tich PA trong dung dich nuéc, cam bién c6 do 6n dinh cao va khoang
tuyén tinh 5 -190pM.

M. Manjunatha Charithra va cong su [108] da img dung phuong phép trung
hop dién hoa ché tao dién cuc PACSLSMCNTPE dé phén tich PA. Cam bién c6 gidi
han phat hién thap 0,06 uM, va khoang tuyén tinh rong 4,0 - 100 pM. Nguyen Hai
Phong va cong su [109] di nghién ctru tong hop vat lidu khung hitu co kim loai zif-
67 va bién tinh dién cuc GCE dé x4c dinh PA. Cam bién c6 khoang tuyén tinh 14 2.10"
5M dén 4,5.10“ M voi gii han phat hién 14 0,51 uM. Téac gia Meareg Amare [110]
d3 nghién ctru st dung vat liéu composite zeolite-graphite bién tinh GCE dé phan tich
PA. Cam bién c6 gi6i han phat hién thap 0,01 uM véi khoang tuyén tinh 0,5-200 M.
Khi str dung phén tich mau chira PA c6 do thu hdi tir 94,54 dén 102,0 %.

Bang 1. 4. Tom 1t mot 56 logi MOF dwoc sir dung lam cam bién phat hién PA

LOD |Khoang tuyén| Do thuhoi | Tai
TT Vit li¢u

(um) tinh (um) (%) li€u
1 NiCo-MOFs/CPE 0,02 0,6 - 100 98,77 - 99,81 | [106]
2 NiCu-CAT/GCE - 5-190 97,23 - 103,8 | [107]
3 PACSLSMCNTPE 0,06 4,0 - 100 98 - 102 [108]
4 Zif-67/GCE 0,51 2,3-300 - [109]
5 | Zeolite-graphite/GCE 0,01 0.5-200 94,54 -102 | [110]
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Két luan chuong 1:

Trén co sé tong quan tai liéu, cé thé rat ra mét sé nhan xét sau:

Céc hop chét phenolic c¢6 nhiéu tng dung trong san xuit cong nghiép, phuc
vu phat trién kinh té xa hoi va doi séng. Tuy nhién, viéc lam dung qua murc va phat
thai thiéu kiém soat c6 nguy co rat 16n anh huéng tric tiép dén sire khoe cong dong
va hity hoai moi truong sdng ctia con nguoi va hé sinh thai.

Céc loai vat licu MOF va CNT da dugc nghién curu, ing dung rong rai trong
nhiéu linh vire do c6 dién tich bé mit riéng 16n, d6 x6p cao va MOF c6 kha ning tuy
chinh ciu tric pht hop v6i muc dich sir dung, dic biét CNT bién tinh c6 kha ning
dan dién t6t va nhiéu tdm hoat dong trong cau tric s& c6 tic dung twong hd khi két
hop vo1 vat ligu MOF.

Chinh vi vay, vat liéu composite trén co s MOF va CNT la san pham s& két
hop dugc nhiing ddc tinh ndi troi cua cac vat lidu don 1é. VAt lidu nay co nhiéu trién
vong ng dung dé phat trién cam bién dién hoa ding cho phan tich méi trudng noi
chung va phan tich nhanh céc hop chat phenolic néi riéng. Pay chinh 13 co so lra
chon d¢é tai nghién ctru cta ludn an: “Nghién citu tong hop vt liéu composite trén co
s6 hop chdt khung co kim va 6ng nano carbon dé ché tao sensor dién héa phén tich
bisphenol A va paracetamol”.

Vit liéu composite trén co s6 MOF két hop CNT bién tinh hoan toan c6 thé
nghién ciru, tong hop truc tiép ¢ didu kién Viét Nam, ndi dung nghién ciru va két qua

chi tiét s& dugc trinh bay cu thé tai cac chuong tiép theo cta luan 4n.
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CHUONG II: THU'C NGHIEM

2.1. Thiét bi, dung cu, héa chat

2.1.1. Thiét bi, dung cu

Dung cu: May ly tam, may khudy tir gia nhiét, may siéu am, dng dong, binh
dinh muc, phéu chiét, micropipet cac loai, ...

Thiét bi: Kinh hién vi dién tir quét FE-SEM, Jeol JSM-IT800SHL; thiét bi
HITACHI S-4800; thiét bj nhidu xa tia X AXS D8-Advance, Brucker; thiét bi Thermo
Electron Scienctific Nicolet iS50; TristaPlus-11; thiét bi hong ngoai THERMO VG
SCIENTIFIC (UK), MultiLab2000; thiét bi Horiba LabRAM HR Evolution; thiét bi
DTG-60H, thiét bi HPLC Model HP-1100 ctia hang Agilent My.

Céc qua trinh do dién hda sir dung hé 3 dién cuc: dién cuc so sanh Ag/AgCl,
dién cuc dém Pt va dién cuc 1am viéc (GCE) dugc két ndi vai may Autolab - PGSTAT
302 potentiostat.

2.1.2. Hoéa chit

Aceton (CH3COCH3 98%), Triethylamine (EtsN 99%), dong (I1) clorua
(CuCl2.2H20 98%), axit trimesic (HsBTC 98%), N,N-dimetyl formamit (DMF 98%),
Zirconyl clorua octahydrat (ZrOCl2.8H20 98%), etanol (C2HsOH, 95%), Niken (I1)
clorua (NiCl2.6H20 99%), Sat (11) clorua (FeCls.6H20 98%), Kali ferricyanua
(K3[Fe(CN)s] 98%) va kali ferrocyanua (Ka[Fe(CN)s].3H20 98%), KCI 99%,
K2HPO498%, KH2PO498%,... dwgc mua tir Sigma-Aldrich, CNT bién tinh (dién tich
bé mit riéng 267 m?/g, dudng kinh mao quan trung binh 21,275 nm, thé tich mao
quan la 1,426 cm®/g) [111].

2.2. Cac phwong phap tong hop vit lidu

2.2.1. Téng hop vit ligu M-BTC (M la Cu, Zr, Ni hodc Fe)

Tong hop vat liéu Cu-BTC, Zr-BTC, Ni-BTC va Fe-BTC (goi tat chung M-
BTC, trong dé M la cdc ion kim logi) bang cach hoa tan m g mudi MClx.nH20 (2,05
g CuCl2.2H20 (12 mmol); 2,58 g ZrOClI2.8H20 (8 mmol); 1,9 g NiCl..6H.O (8
mmol); 2,16 g FeCls.6H20 (8 mmol), twong ng) vao 100 mL nudc cat, khudy véi
tdc 46 500 rpm (dung dich 1) va rung siéu am 30 phut thu duoc dung dich déng nhat.
Tiép theo, hoa tan 1,68 g H3BTC (8 mmol) vao 60 mL DMF va khudy tc do 500 rpm
cho dén khi thu dugc dung dich trong suét (dung dich 2). Thém tir tir tirng giot dung
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dich 1 vao dung dich 2 va khudy trong 60 phut. Cudi cing, hdn hop duoc cho vao
binh phan tng teflon va gia nhiét & 100 °C trong thoi gian 12 gio. San pham dugc dé
ngudi dén nhiét d6 phong, sau d6 loc rira bang DMF va etanol dé loai bo thanh phan
du phan tng. Cudi cing, san pham duoc sy kho trong ti sy ¢ 80 °C thu duogc vat
lieu M-BTC [62, 112].

Quy trinh téng hop vat li¢u Cu-BTC dugc trinh bay ¢ Hinh 2.1. Céac vat li¢u
Zr-BTC, Ni-BTC va Fe-BTC tong hop theo quy trinh turong tu nhu so dd quy trinh &
hinh 2.1, chi khéc 1a thay CuCl2.2H20 bang cac mudi ZrOCl2.8H,0, NiCl,.6H:0,
FeCl3.6H20 tuong ing.

[ CuCl,.2H,0 + H,0 ] [ H,BTC + DMF ]

Khuay trong 1 h

[ Hoén hop ]

Khudy ¢ 100 °C trong 12 h

[ Chat rin mau
xanh )

Loc rtra va say

Cu-BTC

Hinh 2. 1. Quy trinh téng hop vdt liéu Cu-BTC

2.2.2. Tong hop vit liéu MOF hai kim loai (M,M-BTC)

Céac méu vat liéu Cu,Zr-BTC, Ni,Cu-BTC va Fe,Ni-BTC dugc tong hop bang
cach hoa tan hon hop mubi twong tng ((1,64 g CuCl2.2H20 (9,6 mmol) va 0,77 g
ZrOCl,.8H.0 (2,4 mmol), (1,8468 g CuCl..2H.O (10,8 mmol) va 0,2856 g
NiCl2.6H2.O (1,2 mmol) hoac (1,728 g FeCls.6H.0 (6,4 mmol) va 0,380 g
NiCl2.6H20) (1,6 mmol) vao 100 mL nudc cat, khudy toc d6 500 rpm (dung dich 1)
va rung siéu &m 30 phuat dé hdn hop thanh dung dich déng nhét [113, 114]. Hoa tan
1,68 g HsBTC (8 mmol) vao 60 mL DMF va khuay véi toc d6 500 rpm cho dén khi
thu dugc dung dich trong sudt (dung dich 2). Thém tir tir ting giot dung dich 1 vao
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dung dich 2 va khudy trong 60 phut. Cubi ciing, hdn hop duoc cho vao binh phan tmg
teflon va dun néng & 100 °C trong thoi gian 12 gio. San pham duoc dé ngudi dén
nhiét d6 phong, loc rira bang DMF va etanol dé loai bo cac thanh phan du. Cudi cung,
san pham duoc 1am kho trong tu say ¢ 80 °C thu dugc vat lieu M,M’-BTC.

Quy trinh téng hop vat liéu Cu,Zr-BTC duoc trinh bay ¢ Hinh 2.2. Céc vat liéu
Ni,Cu-BTC va Fe,Ni-BTC tong hop theo quy trinh twong tu nhu so dd quy trinh &
hinh 2.2, chi khac 1a thay hdn hop (1,64 g CuCl2.2H20 va 0,77 g ZrOCl,.8H,0) bing

cac hon hop mudi tuong Ung.

[ CuCl,.2H,0 + ]

ZroCl,8H,0 + H,0 [ H.BTC +DMF ]

Khudy trong 1 h

Hon hop

Khudy & 100 °C trong 12 h

[ Chat ran mau
xanh

Loc rtra va say

Zr-Cu-BTC

Hinh 2. 2. Quy trinh téng hop vdt liéu Cu,Zr-BTC

2.2.3. Tong hop vit ligu composite M,M-BTC/CNT

Cac mau vat liéu Cu,Zr-BTC/CNT, Ni,Cu-BTC/CNT va Fe,Ni-BTC/CNT
duogc tong hop bang céch hoa tan hdn hop mudi trong g ((1,64 g CuCl2.2H20 (9,6
mmol) va 0,77 g ZrOCl,.8H20 (2,4 mmol), (1,8468 g CuCl».2H.O (10,8 mmol) va
0,2856 g NiCl2.6H20 (1,2 mmol) hoac (1,728 g FeCls.6H20 (6,4 mmol) va 0,380 g
NiCl2.6H20 (1,6 mmol)) vao 100 mL nudc cit (dung dich 1) va rung siéu &m 30 phut
dé hdn hop thanh dung dich dong nhat [113, 114]. Hoa tan 1,68 g HsBTC (8 mmol)
vao 60 mL DMF, khudy manh cho dén khi thu dwgc dung dich trong sut (dung dich
2). Thém tir tir tig giot dung dich 1 vao dung dich 2 va khudy trong 60 phut. Tiép
theo, thém tir tir 0,8 g CNT vao hdn hop trén, khudy trong 60 phut va rung siéu am
trong 30 phat [62]. Cudi cung, hdn hop duge cho vao binh phan tng teflon va dun
néng & 100 °C trong thoi gian 12 gio. San pham duge dé ngudi dén nhiét do phong,
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loc rira bang DMF va etanol dé loai bo céc thanh phan du sau phan Gng. Cudi clng,
san pham dugc sdy kho trong ti siy ¢ 80 °C thu duoc vat liéu M,M-BTC/CNT.

Quy trinh tong hop vat liéu composite Cu,Zr-BTC/CNT dugc trinh bay & Hinh
2.3. Cac vat liéu Ni,Cu-BTC/CNT va Fe,Ni-BTC/CNT dugc tong hop twong ty nhur
so dd quy trinh & hinh 2.3, chi khac 1a thay hdn hop (1,64 g CuCl2.2H20 va 0,77 g
ZrOCl».8H,0) bang cac hdn hop mubi twong tmg.

CuCl,.2H,0 + I I
[ ZrOC1,8H,0 + H,0 HGBTC + DMF ]

Khudy trong 1 h
Hén hop ]
CNT —
[ Hén hop

Khudy & 100 °C trong 12 h

Chat ran mau
xanh

Loc rtra va say

Zr-Cu-BTC/CNT

Hinh 2. 3. Quy trinh tong hop vt liéu composite Cu,Zr-BTC/CNT

2.2.4. Tong hop dién héa mang Cu-BTC trén nén GCE

Cu-BTC dugc diéu ché bang phuong phap quét thé tuan hoan, lay 10 ml DMF,
sau d6 thém 13,85 pl EtsN. Tip theo, thém 31,5 mg HsBTC va 17,1 mg CuCl.2H-0,
khuay manh bang may khuay tir trong 5 phut dé dung dich dong nhat.

Dién cuc GCE (d = 3mm) duoc 1am sach bang bot Al,03 0,05 pm, sau d6 rira
sach bang nudc dé ion, dé khé ¢ nhiét do phong. Tién hanh ché tao dién cuc bién tinh
Cu-BTC/GCE bing cach str dung hé ba dién cuc, trong d6 GCE, Pt va Ag/AgCl 1a
dién cuc 1am viéc, dién cuc ddi va dién cuc so sanh twrong tng. Méi trudong dién i 1a
dung dich néu trén. Qua trinh két tua dién hda mang Cu-BTC trén GCE budc dau
duoc khao sat bang phuong phap dién thé tuan hoan (CV) vai dai thé do tir -1,6 - OV

& toc do quét v = 50mV/s trong 10 vong. Bé mang vat liéu c¢6 tinh dong nhat, ding
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phuong phap CA véi didu kién quét thé va thoi gian khac nhau (5, 15, 30 phat) dé
khao sét, lya chon diéu kién ti wu cho qué trinh tong hop dién hoa.

2.3. Cac phuwong phap nghién ciru dic trung vat liéu

2.3.1. Phuwong phdp hién vi dign tir quét

Phuong phap hién vi dién tir quét (SEM) duoc tng dung dé xac dinh hinh théi,
hinh déng, kich thuéc hat va su phan b kich thudce hat [115]. Cac mau vat liéu duoc
do trén thiét bi FE-SEM, Jeol JSM-IT800SHL tai Truong Pai hoc Khoa hoc va Cong
nghé Ha Noi va thiét bi FE-SEM, Hitachi S-4800 tai Vién Khoa hoc Vit liéu - Vién
Han 1am Khoa hoc va Cong nghé Viét Nam véi thé gia téc 1a 5kV.

2.3.2. Phwong phap tan xa ning luwong tia X

Phuong phap tan xa ning luong tia X (EDX) dua trén viée sir dung tia X dé
kich thich mau vat liéu. Sau khi duoc kich thich, cudng d6 ning lugng tia X phat ra
tir mau dugc do bang phd ké tan xa nang luong. Cuong d6 cua cac tia X phat xa cung
cap thong tin dinh tinh va dinh lugng vé cac nguyén t c6 trong mau [116]. Trong
nghién ctru nay, c4c vat liéu duoc phan tich trén thiét bi HITACHI S-4800 véi hiéu
thé gia tdc 10kV. Mau duoc do tai Vién Khoa hoc vt liéu - Vién Han 14m Khoa hoc
va Cong ngh¢ Viét Nam.

2.3.3. Phwong phdp nhiéu xa tia X

Phuong phap nhiéu xa tia X (XRD) duoc sir dung dé xac dinh ciu trlc pha,
thanh phan pha, nhom khong gian, kich thuéc 6 mang co so, do tinh khiét cua vat liéu
va kich thuéc céc hat tinh thé [117].

Trong nghién ctru ndy, gian 6 XRD duoc ghi trén thiét bi AXS D8-Advance,
Brucker véi tia phat xa CuKa cong suat 40 KV dong 15 mA va budc séng A = 1,5406
A. Mau dugc siy khd ¢ 393K qua dém, sau d6 dugc nghién min va dua 1én dia quét.
Cac mau duoc quét goc 20 tir 3 d&én 70°, & nhiét 6 25 °C. Phuong phap XRD duogc
thuc hién tai Truong Pai hoc Khoa hoc va Céng nghé Ha Noi.

2.3.4. Phwong phdp phé hong ngogi

Pho hong ngoai (FT-IR) duoc sir dung dé xac dinh cac lién két hda hoc va cac
nhom chire dic trung trong mau vat liéu [118]. Trong nghién ctu ndy, cac mau duoc
phan tich trén thiét bi Thermo Electron Scienctific Nicolet iS50 tai Truong Dai hoc

Khoa hoc va Cong nghé Ha Noi. Pho hong ngoai thu dugc trén may quang pho ké co
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do phan giai 4 cm™ va dai séng tir 400 - 4000 cm™. Mau dugc ép vai KBr theo ty 1¢
1:100 sir dung may ép thay luc (5000 psi) dé tao thanh vién.

2.3.5. Phwong phdp do ding nhi¢t hdp phu - khir hdp phu nitrogen BET

Phuong phéap dang nhiét hap phu - khir hdp phu N2 duoc sir dung dé xac dinh
dién tich bé mit riéng (m?/g), tong thé tich mao quan (cm%/g), duong kinh mao quan
trung binh (nm) va sy phan b duong kinh mao quan cua vat liéu. Ngoai ra, dya vao
duong dang nhiét hip phu - khir hap phu N2 c6 thé xac dinh dugc dang cu tric mao
quan, loai vat liéu (mao quan trung binh, vi mao quan va mao quan 1én) [119]. Trong
nghién ctru ndy, cic mau vit liéu duoc do trén hé thdng Tristar-3030 (Micromeritics-
USA) ¢ 77K st dung N2 léng [am chat lam lanh, tai Vién Héa hoc-Vién Han Lam
Khoa hoc va Cong nghé Viét Nam. Trudc khi phan tich, mau duge xir 1y trong dong
N> tai nhi¢t d§ 150 °C trong 12 gio dé 1am sach mao quan cua vat liéu. Dién tich bé
mat dugc xac dinh theo phuong phap BET, duong kinh mao quan dugc xac dinh theo
phuong phap BJH, vi mao quan dugc xac dinh theo tpiot.

2.3.6. Phwong phdap quang dién tir tia X

Phuong phap quang dién tir tia X (XPS) str dung tia X dé ion hoa cac nguyén
tir trén bé mat miu, sau d6 thu nhan va do nang lugng cia cac dién tir quang phat ra.
Két qua do dong ning cua cac dién tir quang va biét nang luong cua photon téi, ¢6
thé xac dinh duoc ning lugng lién két. Pay 1a dai luong dic trung cho nguyén tu, tir
d6 cung cap thng tin quan trong vé cac nguyén té c6 mit trong mau, ham lugng phan
tram cua ting nguyén té, va trang thai hoa tri ciia ching. Phuong phap XPS cho phép
xac dinh dinh tinh va dinh lwong cac nguyén tb trong mau vat liéu [120]. Trong luan
an nay, cac mau vat lidu dugc phan tich bang pho XPS trén thiét bi Thermo VG
Scientific (UK), MultiLab2000.

2.3.7. Phwong phdp phé Raman

Phuong phap pho Raman 1a mét ki thuat diung dé xac dinh cac dao dong dic
trung ctia nguyén tir trong mau vat. K§ thuat nay ghi lai ning lugng cta b xa tan
xa phat ra tir mau khi bi chiéu boi anh sang don sic. Phuong phap phé Raman dugc
ap dung dé nghién ciru co ché dao dong dic trung clia phan tir, nhém nguyén tir trong
vat li€u, hodc dao dong déng thoi cia mang tinh thé trong chit rdn. Phd Raman rét

nhay vdi cau truc va cac lién két doi xung [121]. Trong luan an nay, phé Raman cua
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cic mau vat liéu duogc do trén thiét bi Horiba LabRAM HR Evolution v&i d6 phan
giai 0,5 cm™/pixel & bude song 532 nm.

2.3.8. Phwong phdp phén tich nhiét

Phuong phép phan tich nhiét (TGA) duogc sir dung dé khao sat sy thay do6i
trong luong ciia mau vat liéu khi nhiét do ting tir nhiét do phong dén 800 °C. Ky
thuat nay cung cip thong tin vé do on dinh nhiét cia miu, cac giai doan mat khéi
lugng, va qua trinh toa nhiét hoac thu nhiét. Sy mét khoi luong ctia mau cd thé duoc
so sanh dé xac dinh cau trac, tinh chat, va qua trinh chuyén pha cua vt liéu [122].
Trong nghién ctru nay, cadc phép do TGA dugc thyc hién tai Truong DPai hoc Cong
nghi¢p Ha Noi trén thiét bi Linseis TGA PT 1600, véi khoang nhiét do tir nhiét do
phong dén 800 °C trong khi quyén O2 va tdc d6 gia nhiét 10 °C/phut.

2.4. Cac phwong phap bién tinh dién cuc

2.4.1. Chudn bi dién cwc GCE

B6t Al2O3 chuyén dung c6 kich thudc hat 0,05 pm dugce dua 1€n mot tam vai
ni, thém mot it nude cat hai 1an dé tao thanh hé nhii tuong. Sau do, tién hanh mai
GCE cho dén khi sang bong. Cubi cung, rira bang ruou etylic va nudc cit 2 1an, mdi
loai rira 3 1an, dé kho ty nhién ¢ nhiét do phong trong 60 phut.

2.4.2. Bién tinh dién cwe GCE bang phwong phdp nhé giot

Pay 1a phuong phap tao mang mong trong d6 vat liéu bién tinh duoc hoa
tan/phan tan dudi dang dung dich va dugc nho truc tiép 1én bé mit dién cuc lam viée.
Vit liéu ling dong thanh 16p mang mong trén bé mat dién cuc sau khi dung méi duoc
lam kho. Trong phuong phap nay, do day ctia mang c6 thé dugc diéu chinh theo ham
lugng vat li¢u trong dung dich hoac lugng dung dich nhé 1én bé mat dién cuc [123,
124, 125].

Trong nghién clru nay, phan tan vat li¢u nghién ctru vao ethanol v4i ham luong
1,0 mg/mL, si€u am trong khoang 01 gid. Dung micropipet nhé SuL dung dich 1én
dién cuc GCE sao cho dung dich phu kin déu trén bé mit dién cuc. Dé dung moéi bay
hoi & nhiét d6 phong trong 60 phit. Sau d6 siy dién cuc & 60 °C trong 30 pht trudc
khi str dung.
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2.4.3. Bién tinh dién cwe GCE béing phwong phdp dién héa

Bién tinh dién cuc bang phuwong phap dién hoa 13 sir dung k¥ thuat quét thé tao
cac san phém polyme hoa cua vat li¢u bién tinh 1én bé mat dién cuc GCE, hodc dung
dé ling dong vat liéu 1én bé mat dién cuc, hodc bién tinh vat liéu di lang dong trén
bé mit dién cuc thong qua k§y thuat ap thé. Phuong phép tong hop dién hoa cho phép
cac vét liéu l:flng dong 1én bé mat dién cuc nén GCE, qua trinh duogc kiém soat chinh
xac theo thoi gian tong hop, dién thé 4p vao, cuong d6 dong dién. [126, 127, 128,
129, 130]. Trong nghién ctru ndy, dién cuc GCE duoc bién tinh bang Cu-BTC theo
phuong phap két tiia dién héa. Quy trinh thuc hién trinh bay tai muyc 2.2.4.

2.5. Cac phwong phap dién héa danh gia hoat ddng ciia cam bién

2.5.1. Phwong phdp von-ampe vong

Phuong phap von-ampe vong (CV) 1a mot ky thuat pho bién trong nghién ciru
dién hoa, cung cap nhiéu thong tin hitu ich vé cac phan ing va qua trinh dién héa. Uu
diém cta phuong phap nay la kha ning danh gia nhanh chong ban chat nhiét dong
hoc ctia qué trinh oxi hoa-khir, ciing nhu dong hoc ciia phan vng trao doi dién tir gitta
chat oxi héa va chit khir, hodc qua trinh hap phu. K§¥ thuit CV con giup xac dinh
nhanh chéng dién thé tai thoi diém chat dién hoat bi oxi hoa, hodc khir, cling nhu anh
huong ciia méi trudng dén qua trinh oxi hoa-khir. Cac khoang quét dién thé duogc lya
chon dé nghién ctru cac phan ung dién hoa duya vao vat liéu dién cuc va ban chat dién
hoa ctia chit dién hoat. S6 vong quét va téc do quét duge diéu chinh phu hop véi muc
dich nghién ctru. Trong cac khao sat thuc hién, qua trinh quét dién thé dugc thyc hién
theo chiéu tang dan tir gia tri E1 dén Eo, sau d6 dao chiéu va giam tir Ez tro vé Ex.

2.5.2. Phwong phdp von-ampe xung vi phan

Phuong phap von-ampe xung vi phan (DPV) dugc str dung dé giam gi6i han
phat hién bang cach ting ty 1& dong faraday so v6i dong phi faraday. Nho vao viéc ap
dung cac k¥ thuat xung, cac thiét bj hién nay c6 thé do miu véi giéi han phat hién
dén 108 M. DPay la mot phuong phap hién dai nho kha ning kiém soat dién thé va do
dong faraday. Phuong phap nay cho phép do chinh xac dong faraday do qué trinh oxi
hoa-khtr cac chat dién hoat, dong thoi tach biét dong phi faraday do 16p dién kép giira

bé mit dién cuc va dung dich.
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Trong phuong phap nay, dién cuc 1am viée dugc ap thé mot chiéu bién thién
theo thoi gian vai tbe d6 cham, va cac xung dugc ap vao trong qué trinh ap thé. Dong
dién duoc do tai hai thoi diém: ngay trude khi 4p xung (t1) va ngay trude khi xung
két thic (t2). Hiéu cua cuong do dong tai hai thoi diém, Ai = it — ity thé hién dudi
dang peak tin hiéu trén d6 thi DPV. Chiéu cao cta peak ty 1& v6i ndng do chat phan
tich trong dung dich [131]. Cac thong s6 can diéu chinh khi thuc hién phép do DPV
bao gdm khoang quét thé, bude thé, cudong do xung, thoi gian 4p xung, va chu ky ap
xung.

2.5.3. Nghién ciru toi wu héa hoat dong ciia cam bién déi véi BPA

Viéc phat hién BPA dugc thuc hién trong moi trudng nudc, st dung phuong
phap von ké xung vi phan (DPV) trong khoang tir 300 dén 800 mV, véi bude dién
thé 1a 5 mV va bién d6 xung dién ap cho dién cuc lam viéc 1a 25 mV. Dé khao sat
diéu kién toi uru cho hiéu suat cam bién, tién hanh khao sat & diéu kién pH khac nhau
(5,0, 6,0, 7,4, 8,0 va 9,0) cling nhu thoi gian tich liiy khac nhau (0, 60, 90, 120, 180,
240 va 300 gidy). Cac thir nghiém dugc khao sat voi dung dich BPA ndng d6 50 pM.

2.5.4. Ddnh gid cdc thong so hoat dpng ciia cam bién

2.5.4.1. Khdo sat tin hiéu dién hda trén cam bién

Sau khi dién cyc dugce lam sach, phu Ién bé mit dién cuc cac vat lidu khac
nhau véi ciing nong do 1 mg/ml, sau d6 tién hanh do trong dung dich dém photphat
(PBS) chira BPA cling ndng d6 va diéu kién hoat dong dé so sanh tin hiéu ghi nhan
dugc trén cac dién cuc bién tinh. Két qua do 1 co so dé danh gia hiéu qua hoat dong
clia cam bién.

2.5.4.2. Banh gia do lap, do on dinh cia cam bién

Do 1ap lai ciia cam bién dugc xac dinh bﬁng cach chun bi cac dién cuc giéng
nhau, dugc phu vat liu trén bé mit véi cung mat néng do, va tién hanh do trong dung
dich BPA 5 uM bang phuong phap DPV véi cung diéu kién do, va diéu kién hoat
dong toi wu da xac dinh. Sau khi xac dinh d6 lap lai, tién hanh danh gia do 6n dinh.
Do 6n dinh cua cam bién duge xac dinh béng cach chuan bi 15 dién cuc giéng nhau
dugc phu vat liéu trén bé mat vai cung mat néng do sau d6 dung 2-3 dién cuc da bién
tinh & trén tién hanh do trong BPA véi diéu kién do nhu khao sat do 1ap lai. Cac dién

cuc bién tinh khac dugc giit lai, bio quan & nhiét do phong va tiép tuc dung nhing
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dién cuc d6 dé do trong cac ngay tiép theo voi quy trinh gidng nhu ngay dau tién. Két
qua do thu duogc trong cac ngay dugc dung dé xé4c dinh d6 6n dinh cua dién cuc.

2.6. Phwong phap d6i chirng danh gia hiéu suit ciia cam bién

Pé danh gia tng dung thuc té ctia cam bién, tién hanh phan tich BPA trong
nuéc may duoc thém chuin & cic ndng d6 BPA 1a 5 mg/L, 10 mg/L, 15 mg/L. Ddng
thoi, ndng do BPA trong cac mau ciing duge phan tich ddi ching bang phuong phap
HPLC dé so sanh, danh gia két qua gitta hai phuong phép.

Diéu kién phan tich trén HPLC:

Nong do BPA trong dung dich dugc phan tich trén thiét bi HPLC Model HP-
1100 cua hang Agilent My, cdt phan tich SB-C18 (4,5x150 mm, 5 pm) tai Vién Hoa
hoc Moi treong quan su

H¢ pha dong MeOH : H.O =70 : 30

Téc d6 dong: 1ml/phut

Budc song: 224 nm; 260 nm



44

CHUONG III: KET QUA VA THAO LUAN

Céc két qua nghién ciru ciia dé tai luan 4n dugc trinh bay trong chuong nay,
bao gdm:

- Két qua tong hop cac hé vat liéu composite chira MOF: Cu,Zr-BTC/CNT;
Fe,Ni-BTC/CNT; Cu,Ni-BTC/CNT bang phuong phap nhiét dung méi. Khao sat,
danh gia chi tiét dic tinh cau trc, hinh théi, thanh phan va dic tinh dién héa cta cac
hé vat liéu téng hop dugc, déng thot ng dung ché tao cam bién dién hoa trén nén
GCE dé phat hién BPA trong moi trudng nudc.

- Két qua ché tao dién cuc Cu-BTC/GCE theo phuong phap két tiia dién hoa
mang vt liéu Cu-BTC trén nén GCE tng dung lam cam bién phat hién PA trong moi
truong nudec.

Két qua cu thé duogc trinh bay dudi day:

3.1. Két qua tong hop va ing dung ciia hé vt liéu Cu,Zr-BTC/CNT

Nhu da trinh bay trong cac muc 2.2.2 va 2.2.3; Cu,Zr-BTC khi c6 va khong co
CNT di duoc téng hop va ing dung dé phat trién cam bién phan tich BPA trong moi
truong nudce.

3.1.1. Ddc tinh hinh thdi cua vt liéu

Két qua do SEM cua vat lieu Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-
BTC/CNT tong hop bang phuong phap nhiét dung méi duoc thé hién ¢ Hinh 3.1.

Anh SEM ctia mau do cho thiy, Cu-BTC c6 hinh thai bat dién voi chiéu dai
canh 1a 5-15 um (Hinh 3.1a). Hinh thai bat dién ctia mau vat liéu van duoc giit nguyén
khi zirconium duoc dua vao véi ti 16 Cu:Zr = 8:1. Két qua twong tu ciing thu duoc
trén cac tinh thé Cu-BTC duoc pha tap vi cac ion sat trong nghién ciru trude day cua
Sun va cong sy [132]. Péi véi mau Zr-BTC, quan sat dugc cac vay day 20 pm véi
cac dém kich thude nano trén bé mit (Hinh 3.1b). Jiong Xu va cong sy quan sat dugc
cAu trac hinh bat dién (kich thudc nho hon 50 nm) caa vat liéu Zr-BTC tir anh TEM
c6 do phén giai cao hon [133]. Trong vt liéu composite Cu,Zr-BTC/CNT, ta c6 thé
dé dang quan sat thdy CNT cudn lai (Hinh 3.1d). Sy khéc nhau vé hinh thai ctia Cu-
BTC va Zr-BTC xuét phat tir sy khac biét ctia mbi lién két giita cac ion kim loai va
phéi td BTC trong cAu tric MOF. Cu thé, mdi nit Zr duoc lién két véi sau phéi tur
hiru co BTC [134], trong khi d¢6 mdi niit Cu lién két v6i bon phdi tir hitu co BTC.
Ngoai ra, tuong tac giita cac tim kim loai véi phéi tir hitu co khong gidng nhau. Bén

canh d6, d6i voi cac vat liéu va Cu,Zr-BTC va Cu,Zr-BTC/CNT, do sy twong dong
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vé ban kinh cta cac ion (Cu?* = 72 pm va Zr** = 79 pm), ciing c6 kha ning cac ion Zr**
c6 thé thay thé mot phan cac ion Cu?* & mot sb vi tri nhat dinh va tro thanh vat lidu c6
cAu tric pha tap. Tt hinh thai cAu tric cdc mau do anh SEM c6 thé nhan théy vat liéu
composite Cu,Zr-BTC/CNT c¢6 su phan b kha dong déu MOF trén bé mat CNT.

& 3 FAE ek

ot £ ) s
Omm x2.00k SE(M) 20 e

Hinh 3. 1. Anh SEM ciia vt ligu Cu-BTC (a), Zr-BTC (b), Cu,Zr-BTC (c)
va Cu,Zr-BTC/CNT (d) ¢ cdc do phong dai khac nhau
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3.1.2. Pic tinh cdu triic va thanh phin héa hoc ciia vit liéu

Pé xac dinh ti 18 cac nguyén t6 cia vat liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC va
Cu,Zr-BTC/CNT, nghién ctru tién hanh dic trung bang tan xa ning lugng tia X trong
vung nang luong tir 0-17 keV (Hinh 3.2). Gian d6 EDX ctia cac mau duoc phan tich
dé x4c dinh thanh phan nguyén t6. Chi tiét hon vé phin trim nguyén tir ciia cic
nguyén t6 duoc néu trong Bang 3.1. C6 thé thiy rang ty 1¢ mol Cu:Zr trong Cu,Zr-
BTC/CNT dat 8,5 rt gan véi ty 16 mol giita cac tién chét sir dung trong qua trinh tong
hop. Gia tri ti 16 Cu:Zr chi dat 5,3 trong miu Cu,Zr-BTC. C6 thé do lién két giita ion
Zr** va phdi tr BTC manh hon lién két giita ion Cu?* va phdi tor BTC. Pong thoi, sy
c6 mat cua CNT da gitp cai thién ti 1€ gitra cac ion kim loai va phéi tr hitu co, do do
ty 16 thanh phan cac nguyén td trong san pham cudi cing rat gan véi ty 1& mol ban

dau trong tién chat. Gian 46 EDX-mapping (Hinh 3.3) ciing chi ra su phan bd dong

nhat hon cuia cac nguyén td kim loai sau khi CNT duoc dua vao.

s |

Hinh 3. 2. Gidn d6 EDX cua vt liéu Cu-BTC (a), Zr-BTC (b), Cu,Zr-BTC (c)
va Cu,Zr-BTC/CNT (d)




Bang 3. 1. Thanh phan nguyén t6 ciia cdc mdu vt liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC va

Cu,Zr-BTC/CNT

Thanh phan khéi lwgng cac nguyén to (%) Ti1 mol
Vit liéu Cul/Zr
C (%) O(%) | O/C | Cu(%) | Zr (%)

Cu-BTC 56,7 39,1 0,69 4,2 - -
Zr-BTC 51,9 37,4 0,72 - 10,3 -
Cu,Zr-BTC 60,98 33,52 0,55 4,64 0,87 5,33

Cu,Zr-BTC/CNT | 63,81 31,27 0,49 4,41 0,52 8,48

o lat

Cu kal

rLal

Hinh 3. 3. Gidn d6 EDX-mapping cua vt ligu Cu,Zr-BTC/CNT
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Trang thai lién két cua cac phan tir trong mau duoc phan tich tir phd XPS, két

qué dugc trinh bay ¢ Hinh 3.4.
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Hinh 3. 4. Phé XPS C1s cra cac mau
Cu-BTC: Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT

T
278 280 282 284 286 288 290 292 294 296 298

Tir phd Cls ciia mau Cu-BTC, Zr-BTC va Cu,Zr-BTC déu quan sat thay ba
peak & cac nang luong lién két C=C/C—C (284,7 eV), C-OH (286,3 eV), C=0 (288,6
eV). Tuong tu, gian 46 XPS Cls ctia mau Cu,Zr-BTC/CNT xuét hién cac peak & cic
giai nang luong lién két C=C/C—C (284,8 eV), C-OH (286,5 eV), C=0 (288,8 eV)
dic trung cta cac lién két trong phdi tir BTC. Ngoai ra, phd XPS Cls cia mau Cu,Zr-
BTC/CNT con xuét hién hai peak & cic ning lugng 283,6 eV va 282,6 eV dic trung
cho cac dao dong ciia CNT. Cac két qua ndy dd chirng minh sy hinh thanh vat liéu

composite/MOF trén co sd cac lién két ciia Cu,Zr-BTC véi CNT.
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Hinh 3. 5. Phé XPS O1s cua cac mau
Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT
Pho O 1s cua cac mau Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT cho
thay cac peak o 531,6 - 531,9 eV c¢d thé dugc gan cho oxy trong mang tinh thé lién
két véi kim loai (Zr-O hoac Cu-0) [135, 136, 137].
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Hinh 3. 6. Phé XPS Cu2p cua cdc mau Cu-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT
Phd phén giai cao cua Cu2p trong miu Cu-BTC; Cu,Zr-BTC va Cu,Zr-
BTC/CNT (Hinh 3.6) cho théy, cac tin hiéu & 934,6 - 934,9 eV va 954,5 - 954,9 eV

lién quan dén Cu 2ps2 va Cu 2p12 twong tng. Trong mau Cu,Zr-BTC, cac dinh cua
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Cu2p dich sang ning luong lién két thap hon do ai lyc véi electron cua Zr** yéu hon

Cu?* [138].
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Hinh 3. 7. Phé XPS Zr3d cuza cac mau Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT

Pho phan giai cao cia Zr3d trong mau Zr-BTC; Cu,Zr-BTC va Cu,Zr-
BTC/CNT (Hinh 3.7) cho thay, cic tin hiéu ¢ 182,6 - 182,8eV va 185,0 - 185,1 eV
lién quan dén Zr3ds; va Zr3ds2 twong tmg [139].

Cau tric tinh thé clia cac mau Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-
BTC/CNT duoc phén tich bang phuong phap nhiéu xa tia X (Hinh 3.8). Gian d6 XRD
ctia Cu,Zr-BTC/CNT va Cu,Zr-BTC chu yéu hién thi cac dinh nhidu xa duge gan cho
cic mat phang phan xa (200), (220), (222), (400), (440), (600) cua Cu-BTC
(CCDC:112954). Hai dinh nhiéu xa & cac goc nhod hon (100) twong tGng véi tinh thé
Zr-BTC ciing thu duoc trong cac mau Cu,Zr-BTC/CNT va Cu,Zr-BTC [99].
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Hinh 3. 8. Gidn dé XRD cua vdt liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC
va Cu,Zr-BTC/CNT
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Hinh 3. 9. Phé FTIR va Raman cua vdt liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC
va Cu,Zr-BTC/CNT

Pho FTIR cua cic mau Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT
(Hinh 3.9) thé hién cac dao dong khong dbi xung va ddi xtmg cua cac lién két trong
nhom carboxylate ctia phdi tt BTC ¢ 1622 cm™, 1566 cm™®, 1451 cm™ va 1371 cm™t
tuong ung [132]. Dao dong trong khoang 3500 cm™ lién quan dén nhom hydroxyl
trong phéi tur hitu co hodc cac phan to nudc hép phu trén bé mit vat lidu. Dao dong
ctia Cu-O xuit hién & 728 cm?, trong khi dao dong cua nhom Zr-O xudt hién & 657
cm [133]. Céc dinh trong phd Raman ghi nhén trong cic miu dugc gan dao dong
clia cac lién két két C=C va C-H trong phdi tir BTC, C=C trong vong benzen (1618
va 1006 cm™); lién két C-H (826 cm™ va 745 cm™), C-02 bat d6i xtmg (1552
cm™) va ddi xtmg (1465 cm™®). Tai dai ¢ 501 cm™ dugc gan cho véi cac dao
dong cua lién két Cu-O. Trén co sé cac két qua do SEM, FTIR, Raman, XRD,
XPS, EDX c6 thé khang dinh d3 tong hop thanh cong vt liéu composite Cu,Zr-
BTC/CNT.

3.1.3. Pwong ding nhigt hip phu/khir hip phu N> ciia vit liéu

Phuong phéap dang nhiét hap phu BET st dung dé xac dinh cac thdng sé dién
tich bé mat, duong kinh mao quan va téng thé tich mao quan cua vat liéu Cu-BTC;
Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT, két qua do dugc thé hién trén céc hinh
Hinh 3.10 - 3.12.
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Hinh 3. 10. Puong dang nhiét hap phu-khi: hap phu N2 cia cac mau
Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT
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Hinh 3.12. P6 th tuyén tinh ciia phwong trinh BET

Tir két qua do cho thdy, cic mau Cu-BTC, Zr-BTC va Cu,Zr-BTC déu co
duong dang nhiét hap phu - khir hap phu N; dang dudng cong loai I véi vong tré H4
[140]. Puong dang nhiét hap phu N, cua tat ca cic mau déu hap phu N2 rat nhanh
trong pham vi ap suat twong ddi thap (P/Po < 0,1), cho thay sy hién dién ctia vi mao
quan chiém da sb [141]. Trong khi d6, duong ding nhiét hip phu - khir hip phu N,
ctia mau Cu,Zr-BTC/CNT thudc loai IV, v6i dudng dang nhiét hap phy - khir hap phu
N2 hién thi mét vong tré 16n thuong duoc quan sat ddi voi vat liéu mao quan trung
binh. Dién tich bé mat riéng (Seet), thé tich mao quan (Vpore) va duong phan b mao

quan ctia cac mau Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT duoc thé hién

o0 Bang 3.2.
Bdng 3. 2. Pdc diém cdu triic hé vit liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT
5 2 2 Po rong trung
R Dién tich bé mat | Tong thé tich mao . )
Mau (mefg) in (em¥/g) binh mao quan
u
g q g (nm)
Zr-BTC 902 0,68 3,02
Cu-BTC 1134 0,49 1,74
Cu,Zr-BTC 1110 0,47 1,68
Cu,Zr-BTC/CNT 672 1,16 6,90
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Trong Bang 3.2, vat li¢u Cu-BTC c6 di¢n tich bé mat 1134 m?/g, thé tich mao
quan 0,49 cm®/g va dudng kinh trung binh mao quén (1,74 nm). Mau Zr-BTC c¢6 dién
tich bé mat 902 m?/g, thé tich mao quan 0,68 cm®g va duong kinh mao quan trung
binh (3,02 nm). Mau vt liéu Cu,Zr-BTC/CNT c¢6 dién tich bé mat khong cao (672
m?/g), nhung c6 thé tich mao quan 16n nhét (1,16 cm®/g) do c6 dudng kinh mao quan
16n nhat 6,90 nm. Sy hién dién caa CNT trong qua trinh téng hop da anh hudng dén
qua trinh ty ldp rap cac don vi cdu tric trong MOF, din dén dudng kinh mao quan
tang, kéo theo thé tich mao quan ting dang ké. Thé tich va duong kinh mao quan ting
s& hd tro cho qua trinh khuéch tan céc chat tham gia phan tng t6i cac vi tri hoat dong
ctia tam kim loai Cu hodc Zr dé dang hon khi ung dung vat liéu Cu,Zr-BTC/CNT dé
bién tinh dién cuc GCE.

3.1.4. Phan tich nhi¢t TG-DTA ciia vit liéu

Puong cong TG-DTA cua vat liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC va Cu,Zr-
BTC/CNT dugc trinh bay & Hinh 3.13. Gian d6 TGA ciia tit ca cac mau c¢6 nim giai
doan mat khoi luong, cu thé giai doan nhi¢t do phong dén 150 °C duoc quy cho sy
mét khéi luong do su méat nudce caa vat lidu (10-18%). Su suy giam trong luong giai
doan thr hai (150-280 °C) dugc gan cho 1a sy giai hap phu ctia cac phan tr nudc lién
két trén cac nguyén tr Cu va Zr. Giai doan thir ba mét khoang 40% dugc quy cho su
phan hay cac phdi tir BTC trong khung mang Cu-BTC (& khoang 300 °C). Giai doan
tht tu, cac mau Zr-BTC; Cu,Zr-BTC va Cu,Zr-BTC/CNT trong khoang 350-550 °C
dugc quy cho su pha v& phdi tir BTC ctia Zr-BTC (Zr-BTC bén nhiét hon so vi miu
Cu-BTC). Giai doan thtr nam trong khoang 500-800 °C, khong quan sat thiy sy thay
d6i khéi lwong dang ké nao, chét rin con lai dugce quy cho pha CuO va ZrO2 ( khoang
30%). Buong cong DTA cua vt liéu Cu-BTC va Zr-BTC c¢6 cac dinh peak ¢ 300 °C
va 520 °C duogc gan cho qua trinh phan hay phdi tir BTC twong tmg. Déi véi cac mau
Cu,Zr-BTC va Cu,Zr-BTC/CNT xuét hién hai dinh peak ¢ 295 °C va 400-420 °C.
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Hinh 3. 14. Gidn dé EIS va CV cua vt liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC
va Cu,Zr-BTC/CNT

Tinh chét dién hoa ctia cac mau dugc kiém tra trong dung dich [Fe(CN)]* oxi
hoa khir bang k¥ thuat do pho tré khang dién hoa (EIS). Gian d6 Nyquist clia cac mau
thé hién cac hinh ban nguyét, dic trung nay lién quan dén qua trinh truyén dién tich
& tan sb thap hon va cac dudng tuyén tinh lién quan dén qua trinh khuéch tan & tan
sb cao hon. Pién tré chuyén dién tich cua dién cuc GCE va GCE dugc bién tinh bé’mg
céc vat liéu Cu-BTC; Zr-BTC; Cu,Zr-BTC; Cu,Zr-BTC/CNT lan luot 12 1576, 3789,
1071, 3173 va 1636 Q (Bang 3.3). Kha ning truyén dién tr kém trén vt liéu Cu-BTC
1a nguyén nhan lam ting dién tré truyén dién tich sau khi vat liéu nay duoc dua l1én

bé mat dién cuc.
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Bang 3. 3. Dién tro chuyén dién tich cua GCE, GCE bién tinh véi Cu-BTC; Zr-BTC; Cu,Zr-
BTC va Cu,Zr-BTC/CNT

STT Vit liéu Recr (Q)
1 GCE 1576
2 Cu-BTC 3789
3 Zr-BTC 1071
4 Cu,Zr-BTC 3173
5 Cu,Zr-BTC/CNT 1636

Vat liéu Zr-BTC c6 d6 dan dién tot va hoat tinh xtc tdc manh duge cho 1a hd
trg cho qua trinh chuyén dién tir. Déi vé6i dién cuc bién tinh boi vat liéu Cu,Zr-BTC,
do ti 18 thanh phan nho Zr-BTC trong vat liéu Cu,Zr-BTC nén dong hoc chuyén dién
ttr chua duge cai thién nhiéu. Tuy nhién, viéc xuat hién Zr-BTC véi trung tam xuc
tac hoat tinh cao c6 thé s& tao diéu kién thuan loi cho qua trinh oxy hoda céac phan tu
chét phan tich trong cac ing dung cam bién. Pic biét, dién cuc duoc bién tinh boi vat
liéu Cu,Zr-BTC/CNT da lam gidm manh dién tro chuyén dién tich trén dién cuc, hién
tuong trén 13 do CNT c6 tinh dan dién cao da cai thién dong hoc chuyén dién tir trén
bé mat dién cuc ngay ca voi mét luong CNT tuong ddi nho.

3.1.6. Cdc yéu té anh hwéng dén hiéu qud hoat dong ciia dién cwc bién tinh
bdi hé Cu,Zr-BTC/CNT

3.1.6.1 Anh hwéng ciia @6 pH

pH 12 mot thong s6 quan trong anh hudng dén qua trinh oxy héa dién héa
BPA trén bé mat dién cuc. Hinh 3.15 cho thiy, cac dudng cong DPV cua dién cuc
bién tinh Cu,Zr-BTC/CNT/GCE d6i v6i dung dich BPA 50 pM trong dém photphat
& cac d6 pH khac nhau. Ta nhan thay, dong dién ting khi pH ting tir 5 dén 8 va
gidm ¢ do pH cao hon. Do do, & pH = 8,0 1a gia tri dugc chon cho céac thi nghiém

tiép theo.
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Hinh 3. 1511. Anh huong cia pH dén qué trinh oxy hda BPA trén bé mdr dién cuc

b6 pH td1 vu cho cam bién BPA trén dién cuc MOF/GCE ¢ day cao hon mdt
chut so véi trén dién cuc GCE (pH = 7,4) (Hinh 3.15). Cac két qua tuong ty ciing
duogc bao cao trong cac cong trinh khac vé cam bién BPA dua trén MOF. Vi du,
Xiaolin Lei et al. bdo cao réng hiéu suét cam bién cua BPA trén dién cuc MOF/GCE
t6i vu ¢ do pH =09. Dé hiéu rd hon vé co ché oxy hoéa dién hoa cua BPA, co thé uéc
tinh s6 lugng electron hodc proton tham gia vao qué trinh nay tir sy dich chuyén vi
tri ciia dinh oxy hoa theo pH. Theo két qua khdo sat, vi tri ciia dinh DPV dich chuyén
sang cac dién thé thap hon khi d6 pH ting: Eox = 0,951-0,058*pH (R? = 0,9959) d6i
v6i dién cyc bién tinh Cu,Zr-BTC/CNT/GCE va Eox = 0,958-0,057*pH (R? = 0,9787)
d6i véi dién cuc GCE. Cac do doc xap xi gan véi gid tri 1y thuyét 13 0,059 V trén mbi
don vi pH, phan anh cing mét sb luong electron va proton tham gia vao qua trinh
oxy hoéa di¢n hoa BPA trén dién cuc [142].

3.1.6.2. Anh hudng ciia thoi gian hdp phu BPA trén bé mdt dién cuc

Thoi gian hap phu chét phan tich trén bé mat dién cyc 1a mot tham sé quan
trong anh hudng dén cac tin hiéu dién hoa trong qua trinh oxy hoa/khtr chlng trén
dién cuc. Nhu thé hién trong Hinh 3.16, thoi gian 1am giau t6i wu dugc tim thiy 14 ¢
180 giay ddi voi dién cuc GCE. Pdi voi dién cuc bién tinh Cu,Zr-BTC/CNT/GCE,
co thé, qué trinh hép phu BPA vao cAu trac Xép ctia Cu,Zr-BTC/CNT d3 dat dén do
b3o hoa & khoang 120 dén 180 giay. O ca hai trudng hop két qua déu cho thay, sau
thoi gian hap phu khoang 180 giy thi tin hiéu cudng d6 dong dién c¢6 xu huéng giam

xudng. Hién twong nay c6 thé do khi ndng d6 cac chat hiru co hap phu cuc bo trén bé
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mat dién cuc qua cao dan dén hién tuong gidm manh kha nang truyén dién tir trén bé
mat dién cuc va lam gidm tin hi€u dién hoa cua BPA.
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Hinh 3. 16. Anh hwong cua thoi gian hap phu BPA trén bé mdr dién cuc
3.1.6.3. Anh hwong ciia toc do quét

40

F
)

1=00158v+ 044
R*=0.997

354

3.0 4
| Zr-Cuo-BTC/ONT

2‘5 . GCE

2,0+

Curdmg 80 (1IA)

1,54

1,0 4

0,5 4

0 50 100 150 200
toe dd quét thé (mV/s
Hinh 3. 17. Anh hwong cua toc dg quét dén qué trinh oxy hda BPA

trén bé mat dién cuc
DPong hoc clia qua trinh oxy hoa dién hda BPA trén GCE bién tinh béi Cu,Zr-
BTC/CNT di dugc nghién ctru trong PBS chira BPA 10 uM véi toc d6 quét khac
nhau tir 10 dén 200 mV/s (Hinh 3.17). Gia tri tdi wu ctia pH = 8,0 va thoi gian tich
liy 12 180 gidy da dugc chon. Dong cuc dai oxy hoa xuat hién ¢ 550 mV va ting
tuyén tinh voi téc d6 quét ting dan nhu sau: Ipa (pA) = 0,0159*v (mV/s) + 0,424
(R%= 0,9970), diéu nay cho thdy day mot qua trinh dong hoc c6 kiém soat hap phu.
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Qua trinh dong hoc twong tu ciing thu duoc trén dién cuc GCE véi phuong trinh tuyén
tinh sau: Ipa (WA) = 0,0104*v (mV/s) + 0,4925 (R?= 0,9934).

3.1.7. Tin hiéu di¢n héa ciia BPA trén cdc dién cwe bién tinh béi hé Cu,Zr-

BTC/CNT
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Hinh 3. 18. Duong cong DPV ghi trén cac dién cuc khac nhau
trong dung dich PBS 0,1M chuzza BPA 2uM.
Bang 3. 4. Dong dinh peak ciia BPA trén dién cuc bién tinh

STT Vit li¢u Dong dinh peak (UA)
1 Cu-BTC 0,09485
2 Zr-BTC 0,09770
3 Cu,Zr-BTC 0,20688
4 Cu,Zr-BTC/CNT 0,30194

Tin hiéu dién hoa trén cac dién cuc bién tinh duoc do trong dung dich BPA

2uM & pH = 8,0, két qua do duoc dung dé so sanh, danh gia (Hinh 3.18). Tir cac két

qua do dugc cho thiy, cac dinh peak lién quan dén qua trinh oxy hoa dién hoa cia

BPA 12 qua trinh chuyén dich hai electron va hai proton nhu dugce minh hoa trén so

d6 phan g [84]. C6 thé thiy, phan ung dién hoa dugc cai thién gap 2 va 3 1an khi
céc dién cyc duoc bién tinh 1an lugt bang Cu,Zr-BTC va Cu,Zr-BTC/CNT. Thoi gian

hap phu dugc ¢b dinh 6 mirc 180 gidy. Nhu vy, co thé thiy rang, dic trung ciu trac
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ctia Cu,Zr-BTC va kha ning dan dién cao cia CNT déng vai trd quyét dinh trong viéc
nang cao hiéu suit cam bién.

So db co ché phan tng trén bé mit dién cuc [84].

CHs CHs
OO =010~
HO OH ——» 0 (o]
-2e
CHs CHs

Qua trinh oxy hoa di¢n hoéa BPA trén bé mit dién cuc duoc cho 1a sy dich
chuyén hai electron va hai proton trong nhom -OH gin v6i vong benzen. CNT trong
cAu tric giup ting cudng cuong do tin hidu dién hoa duoc ghi lai bang cach ting do
dan dién, dong hoc dién cuc va tdc do truyén dién tur.

3.1.8. Xdy dung dwong chuin va xdc dinh cdc théng so hoat déng ciia dién

ciee bién tinh béi hé Cu,Zr-BTC/CNT

20
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Hinh 3. 1912. Puwong chuan cia BPA trén dién cuc Cu,Zr-BTC/CNT/GCE

Nhu duoc hién thi trong Hinh 3.19, cac dong dién cuc dai thé hién su phu

thudc tuyén tinh vao néng d6 BPA tir 2 - 50 uM véi phuong trinh hdi quy nhu sau:
| (MA) = 0,0316*Cgpa(UM) + 0,2021 (R? = 0,9965). Gidi han phat hién 13 0,50 pM
va do nhay 12 0,451 pA.uML.cm2. Tir két qua trong Bang 3.5 cho thdy, dién cuc GCE
bién tinh thé hién hiéu suit cam bién tuong duong véi cac dién cuc da duge bédo cdo
trude d6. Chung t6i cling da so sanh hiéu suat cam bién BPA cua dién cuc dua trén

Cu,Zr-BTC/CNT vai dién cuc dua trén Cu,Zr-BTC; Cu-BTC va Zr-BTC. Rd rang la
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viéc str dung CNT c6 kha ning dan dién cao di giup cai thién do nhay clia cam bién
BPA 1én 1,7 1an. Trong khi d6, v6i sy ton tai dong thoi clia cac ion Zr** va Cu?* trong
cAu trac Cu,Zr-BTC di cai thién do nhay 1én 1,9 14n so v6i Cu-BTC, tuy nhién chi
cai thién 10% so voi Zr-BTC. Cu-BTC véi cdu trac xOp va cac vi tri xuc tac Cu?*
hoat dong c6 loi thé dé cai thién hiéu suit ciia cam bién dbi v6i BPA. Nhu thé hién
trong nghién ctru hinh thai hoc, viéc bd sung cac ion Zr** da dan dén cau tric x6p hon
va do d6 lam tang di¢n tich bé mit hoat dong cua cam bién.

Nhu vay, do nhay cua cam bién BPA duya trén Cu,Zr-BTC d3 duoc cai thién
hon so v&i cam bién BPA dua trén Cu-BTC. Pic biét, viée két hop CNT c6 tinh dan
dién cao da gop phﬁn cai thién hiéu suat cam bién trén GCE duoc bién tinh boi Cu,Zr-
BTC/CNT.

Bdng 3. 5. So sanh kha néng phat hién BPA ciia mét sé dién cuec.

Pién cuc Khoéng tuyén tinh LOD | Tai liéu tham khao
Cu,Zr-BTC/CNT/GCE 2-50 uM 0,50 uM Nghién ctru nay
AUNp@MOF composite | 2.10%-103°M 37,8 uM [68]
Cu-MOF 5.108-3.10°% M 13 nM [69]
UiO-66-NDC/GO/CPE 10°-7.10° M 0,025 uM [71]
MOF-508a/GCE 107-7.10* M 30 nM [102]

3.1.9. Pdnh gid dé ldp, d én dinh ciia dién cuc Cu,Zr-BTCICNT/GCE

Do lap ciia cam bién di duoc kiém tra bang cach do phan mg dién héa trén
mét sd dién cuc duge bién tinh bdi Cu,Zr-BTC/CNT & cung diéu kién trong dung
dich BPA 5 uM. Két qua cho thay do léch chuan nho hon 7% (Bang 3.6). Cac cam
bién ciing thé hién d6 6n dinh trong ddi tot véi tin hiéu dién hoa giam nhe (dudi 12%)
sau 5 ngdy bao quan (Bang 3.7). Pién cuc bién tinh Cu,Zr-BTC/CNT/GCE khi khao
sat trong dung dich BPA c6 do lap lai tdt va c6 d6 6n dinh cao v&i do 1éch chuan
tuong doi 1an luot 13 6,4% va 11,48%.

Bang 3. 6. Két qua khao sat do lap lai cua dién cuc Cu,Zr-BTC/CNT/GCE

STT DPién cuc Dong dinh peak (uA)
1 1 0,088
2 2 0,094
3 3 0,103
4 4 0,090
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STT Pién cuc Dong dinh peak (uA)
5 5 0,087
6 6 0,089
7 Trung binh 0,092
8 SD 0,006
9 RSD (%) 6,462
Bdng 3. 7. Két qud khdo sdt tinh én dinh ciia dién cwe Cu,Zr-BTCICNT/GCE
STT Ngay Dong dinh peak (uA)
1 1 0,095
2 2 0,114
3 3 0,119
4 4 0,095
5 5 0,094
6 Trung binh 0,103
7 SD 0,012
8 RSD (%) 11,48

3.1.10. Két qud phén tich mdu déi chikng

Pé danh gia hiéu qua, do tin cdy va kha ning tmg dung cta dién cuc bién tinh
ché tao duoc, nhom nghién ctru da tién hanh tao mau thuc va phan tich ddi ching

giira dién cyuc bién tinh Cu,Zr-BTC/CNT/GCE véi phuong phap HPLC, két qua cu

thé duoc thé hién trong bang 3.8.
Bang 3. 8. So sanh két qua do BPA bang cam bién dién héa va HPLC

Phwong phap
Nong dd Cam bién dién héa HPLC
(Ppm) Kétquado | D6 thu hoi Két qua do D6 thu hdi (%)
dugc (ppm) (%) dugc (ppm) | ’
5 4,58 91,60 4,60 92,16
10 9,21 92,11 11,04 110,43
15 14,23 94,91 14,03 93,54

Tur két qua trén bang 3.8 cho thay, ham lugng BPA trong dung dich mau thyc
khi do bang cam bién dién hoa va phan tich trén thiét bi HPLC cho két quéa tuwong
déng, cam bién dién hoa ché tao c6 do thu hdi duge tim théy trong khoang tir 91,6

dén 94,91 %. Khi do mau trén thiét bi HPLC cho d6 thu hoi trong khoang 92,16 dén

110,43 %.
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3.2. Két qua tong hop va ing dung hé vt liéu Fe,Ni-BTC/CNT

Thay cho Cu, Zr - Loai vat liéu tiép theo tong hop nham hudng téi phét trién
cam bién phan tich BPA 13 Fe,Ni-BTC duoc t6 hop v6i CNT. Dic trung cdu tric vat
liéu, cac wu, nhuoc diém cta cam bién st dung vat liéu ndy dé phan tich BPA trong
mdi truong nudc duge trinh bay chi tiét dudi dy.

3.2.1. Ddc tinh hinh thdi cua vt liéu

Hinh 3.20 mé ta két qua anh SEM cua céc vat liéu. Tinh thé Ni-BTC (Hinh
3.20.a) c6 dang hinh khéi v6i kich thuéce khoang 5 pm. Trong khi d6, vat liéu Fe-
BTC c6 dang két dam (Hinh 3.20.b). Anh SEM ciia Fe,Ni-BTC (Hinh 3.20.c) cho
thdy c6 sy xuat hién dong thoi ctia Fe-BTC va Ni-BTC; kich thudc, hinh dang ciia
Fe,Ni-BTC ciing phu thudc khé nhiéu vao ty 16 Fe/Ni. Anh SEM cua Fe,Ni-BTC/CNT
(Hinh 3.20.d) cho thay sy xut hién cua vét liéu Fe,Ni-BTC trén cac soi CNT. Kich

Hinh 3. 20. 4Anh SEM cua vt liéu Ni-BTC (a), Fe-BTC (b), Fe,Ni-BTC (c)
va Fe,Ni- BTC/CNT (d)
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3.2.2. Pic tinh cdu tric va thanh phin héa hoc ciia vit liéu

Pho tan sac ning luong tia X (EDX) 1a phwong phap dugc ap dung dé xac dinh
thanh phan cac nguyén td trong miu vat liéu. Tir két qua do bang phuwong phap EDX
(Hinh 3.21) cho thay, cac nguyén tb trong mau Fe,Ni-BTC/CNT c6 thanh phan va ti

1é cac nguyén t6 Ni, Fe, C, O phu hop voi thanh phan cua tién chit va ciu trac cua

vat liéu composite/MOF tong hop duoc.

o S 4700 oz Cupmar #5304 MV () ow

Hinh 3. 21. Gian do EDX cua vt ligu Fe-BTC (a), Ni-BTC (b), Fe,Ni-BTC (c) va
Fe,Ni- BTC/CNT (d)
Thanh phan va ti 1é khéi luong céc nguyén té trong mau Fe,Ni-BTC/CNT duoc
thé hién trén bang 3.9.
Bang 3. 9. Bang thanh phan khoi lwong cdc nguyén t6 trong mau Fe,Ni-BTC/CNT

STT | Nguyén to | Khoi lwong (%) | Ti 18 nguyén t6 %)
1 C 71,41 81,66
2 @ 18,39 15,79
3 Si 0,37 0,18
4 Fe 6,71 1,65
5 Ni 2,66 0,62

Két qua do pho FTIR ciia Fe,Ni-BTC dugc thé hién ¢ hinh 3.22. Dai dao dong
rong trong khoang tir 3000 dén 3600 cm™, twong tmg vai cac dao dong ddi xtng va
khong ddi xtmg cua lién két O - H tir cac phan tir nude duoc hap thu trong cac mao

quan ciia MOF [143]. Su ¢6 mit ctia cac phdi tir hitu co va phdi tri ctia chung véi cac
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kim loai ciing c6 thé quan sat trén phd FTIR, cac dai dic trung cua phdi tir hitu co va

cum kim loai xuét hién trén cac dai & 1628 cm™ 1a dic diém cua lién két C = C. Bén canh

d0, cac dai dao dong khac trong khoang tir 1375 dén 1577 cm duoc cho 1a do cac dao

dong ctia nhom carboxylat (-OCO-). Céac lién két phdi tri gitra phéi tir hitu co BTC va
céc kim loai Fe (Fe-O) va Ni (Ni-O) duoc quan st tai 488 cm™ va 720 cm [144].

90

88 —

86

84 - c=0
1433

Po truyén qua (%)

82

80 —

/ 1628

Fe-Ni-BTC

-OH

. Wr“jwww'\/”"’“‘ N

78 T T T T

500 1000 1500 2000 2500 3000 3500

$3 séng (cm™)

4000

Hinh 3. 22. Phé FTIR cia Fe-BTC, Fe,Ni-BTC va Fe,Ni-BTC/CNT
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Hinh 3. 23. Gidn dé XRD cua cua Fe-BTC; Ni-BTC; Fe,Ni-BTC va Fe,Ni-BTC/CNT
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Két qua do mau XRD (Hinh 3.23) cho thiy, cic dinh & 26 = 11°, 19° phu hop
véi Fe-BTC [145], voi dinh ¢ 26 = 42° phu hop véi Ni-BTC trong Fe,Ni-BTC.

Céc trang thai hoa tri ctia cac nguyén td trong mau Fe,Ni-BTC/CNT dugc thé
hién thong qua phuong phap phd quang dién tir tia X (XPS) (Hinh 3.24). Két qua
phan tich dinh lugng ty 1& cac nguyén té 1a C (89,36%), O (7,12%), N (2,51%), Fe
(0,91%), va Ni (0,1%). Ph6 Cls (Hinh 3.24.a) cho thay cuc dai 10n nhat 1a & 284.8
eV, xung quanh co nhiéu cuc dai khac ¢ nhiéu mirc nang luong khac nhau. Cyc dai
chinh ctia ph6 Cls 1a lién két C = C va C - C trong cac vong thom cta phéi tir hitu
co, cac dinh tiép theo 1a ciia cac lién két trong CNT (¢ 283,9 eV va 285,2 eV), lién
két C = 0 (287,7 eV), C - OH (286,5 eV), O=C-O (288,9 eV), carbonat (290,3 eV),
-7 transition (291,8 eV). Phé Ols (Hinh 3.22.b) cho thay dinh céc lién két C = O
(531,7 eV), C - O (532,8 eV). Ph6 Ni2p (Hinh 3.24.c) c6 mot dinh Ni2p & 855,6 eV
ctiia Ni(OH)z. Phd Fe2p (Hinh 3.24.d) ¢6 hai dinh chinh ¢ 710,7 eV va 713,8 eV déu

la Fe2pss2 ciia Fed*.

Nang lromg lién két (eV)

Nang lrromg lién k&t (eV)

Hinh 3. 24. Phé XPS cua Fe,Ni-BTC/CNT, (a) C1s, (b) O1s, (c) Ni2p, (d) Fe2p
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3.2.3. Dac trung dién hoa cua vit li¢gu Fe,Ni-BTC/CNT

o GCE }
' 0,24
Fo NI BTC/ONT 3 » [ FoNiBTCIONT| o2 v—»‘j

Current{puA)

s " otentalV,ve AuAGC
Hinh 3. 25. Gidan do EIS va CV cua Fe,Ni-BTC/CNT/GCE va GCE
trong dung dich Ks[Fe(CN)s]/Ks[Fe(CN)s] nong dé 0,1 mM

bac trung dién hoéa dugc khido sat trong hdn hop dung dich
Ks[Fe(CN)s]/Ka[Fe(CN)s] nong do 0,1 mM va dung dich KCI 1M bang phuong phap
CV va EIS. Pinh peak oxi hoa-khir hai dién cuc khong c6 su thay d6i dang ké.

Két qua do dién tro dich chuyén dién tich ghi nhan trén pho tré khang dién hoa
EIS (hinh 3.25). Gia tri dién tré dich chuyén dién tich (Rer) 1a 2245,6 Q d6i véi dién
cuc Fe,Ni-BTC/CNT/GCE, con (Rct) cua GCE 1393,6 Q. Nhu vay, dién tré dich
chuyén cua Fe,Ni-BTC/CNT/GCE 16n hon nhiéu so véi GCE, hién tugng nay c6 thé
1a do Fe ¢4 tir tinh manh khién dong di¢n dich chuyén bi can tro hon.

Bang 3. 10. Dir liéu EIS ciia dién cuc Fe,Ni-BTC/CNT va GCE

Thong so
i Ret ()
Dién cuc
GCE 1393,6
Fe,Ni-BTC/CNT 2245,6

3.2.4. Cdc yéu to anh hwéng dén dién cuc bién tinh Fe,Ni-BTC/CNT/GCE

3.2.4.1. Anh hudng cia pH

Pé thay dugc su anh hudng cia pH Ién qua trinh oxi hoa-khir ciia BPA trén
dién cuc Fe,Ni-BTC/CNT/GCE, ta dung phép do DPV véi dung dich BPA 50uM.
BPA c6 hai nhom hydroxyl trong cau tric phan tir, qua trinh oxi hoa ciia BPA dugc
cho 1a qua trinh chuyén dich ctia hai electron va hai proton H* [84] dé tao thanh san

pham, nén qua trinh oxi hda BPA bi anh hudng nhiéu tir gia tri pH cua dung dich. Tir
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d6 thi biéu dién cudng dd peak ¢ nhitng gia tri pH khac nhau cta dung dich BPA
(Hinh 3.26) ta thiy dién cuc Fe,Ni-BTC/CNT/GCE ting dan tir pH = 5 dén pH = 7,4
va sau d6 giam tir pH = 7,4 dén pH = 9, qua d6 thiy rang gia tri pH t6i wu cia dung
dich BPA dé dung cho dién cuc Fe,Ni-BTC/CNT/GCE la ¢ pH =7,4.
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Hinh 3. 26. ¢ thj biéu dién cuong dg dong peak cia Fe,Ni-BTC/CNT/GCE va
GCE tai cac pH khac nhau cua dung dich chiza BPA 50uM
3.2.4.2. Anh hwong ciia thoi gian hdp phu BPA trén cdc dién cuc
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Hinh 3. 27. D¢ thj biéu dién cwong do dong peak cia Fe,Ni-BTC/CNT/GCE va
GCE tqi thoi gian hap phu khac nhau trong dung dich chiza BPA 50uM
Két qua khao sat tir hinh 3.27 cho thdy, tai cac thoi diém quét tir 0 dén 120
gidy thi tin hiéu dong peak cua Fe,Ni-BTC/CNT/GCE tang dan va tin hiéu cao nhat
1a & 120 gidy sau d6 giam dan & 180 gidy dén 300 gidy, dién cuc GCE ciing gan nhu
vay, nhung tin hiéu dong cao nhat ghi nhan 1a ¢ 180 gidy. Diéu d6 cho thay rang khi
thoi gian hip phu BPA trén dién cuc Fe,Ni-BTC/CNT/GCE la 120 gidy nhiing phan
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g trén bé mit dién cuc dién ra 6n dinh nhat. Chimg t6 thoi gian hip phu t6i vu BPA
trén dién cuc Fe,Ni-BTC/CNT/GCE 1a ¢ 120 giay.

3.2.4.3. Anh hudng cia toc dé quét

Pé khao sat anh huong cua toc do quét, dung phuong phap CV dé khao sat
dién cuc GCE va cac dién cuc bién tinh boi hé vat liéu Fe,Ni-BTC/CNT va trong
dung dich BPA 50 uM véi toc do quét thé ting dan tir 10 mV/s dén 200 mV/s.

Két qua khao sat khi thay doi tbc do quét ¢ hai dién cuc (Hinh 3.28) déu cho
thiy cuong d6 dong | ting theo tbc d6 quét, va I ting tuyén tinh v6i v & ca hai dién
cuc (Cac dién cuc khac dung dé so sanh). Chung t6 rang, day 1a qua trinh dong hoc
6 kiém soat hap phu. Ngoai ra do déc I - v ctia Fe,Ni-BTC/CNT/GCE cao hon so
v6i dién cuc GCE ching té khi dién cuc GCE duoc bién tinh boi Fe,Ni-BTC/CNT
d3 lam thay d6i toc do phan tmg oxi hoa BPA trén bé mat dién cuc, két qua ghi nhan
tdc 46 phan Gmg va tin hiéu dién hoa do duoc déu ting 1én dang ké. Qua dé thay rang,

toc do quét cling da anh hudng tédi cac qué trinh dién hoa trén dién cuc.
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Hinh 3. 28. Phé CV ghi trén dién cuc Fe-Ni-BTC/CNT trong dung dich PBS 0,1M
chita BPA 50 uM va dwong chuan | — v (¢ dong peak oxi hda) véi dién cuc bién tinh
khé&c nhau

3.2.5. Tin hiéu dién héa ciia BPA trén dién cuc bién tinh Fe,Ni-BTCICNT/GCE

Tin hi¢u dién hoéa dugc do trong dung dich BPA 2 uM & pH = 8,0 va thot
gian lam giau BPA trén bé mat dién cuc dugc cb dinh & 120 giady. Két qua do dugc
thé hién trén bang 3.11. Tir két qua cho thdy, tin hiéu dién hoa ting tir 1,1 dén 3,4
lan khi cac dién cuc dugc bién tinh lan lugt bang Fe-BTC; Ni-BTC; Fe,Ni-BTC
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va Fe,Ni-BTC/CNT. Nhu viy, c6 thé thiy rang, vai trd cta vit liéu composite trén
co s& MOF ludng kim va CNT c6 kha ning hip phu tot va tinh dan dién cao da
lam ting hiéu suat cam bién.

Bang 3. 11. Dong dinh peak cuia BPA trén dién cuc bién tinh

STT Vit liéu Dong dinh peak (HA)
1 Fe-BTC 0,02051
2 Ni-BTC 0,04453
3 Fe,Ni-BTC 0,06396
4 Fe,Ni-BTC/CNT 0,07150

3.2.6. Xdy dung dwong chudn va xdc dinh cdc théng so hoat déng ciia dién
cwe bién tinh béi hé Fe,Ni-BTC/ICNT

Pé xay dung dudng chuan va xac dinh cac thong sé hoat dong cta cam bién
sir dung phuong phap DPV. Phuong phép nay cho tin hiéu rd rang, thoi gian hip phu
va pH cta dung dich BPA da dugc t6i wu nhu da trinh bay ¢ trén (pH = 7,4, thoi gian
hap phu 120 gidy) va dai nong do do cua BPA 1a tir 2-50 M.
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Hinh 3. 29. Phé DPV ghi trén dién cuc Fe-Ni-BTC/CNT va dwong chudn 1-C cua
cdc dién cyc bién tinh va GCE
Puong chuan cua dién cuc Fe,Ni-BTC/CNT/GCE va GCE nhu trén hinh 3.29,
cho thay cudong do dong tang tuyén tinh & khoang nong do BPA tir 2 - 50 uM cua ca
hai dién cuc theo phuong trinh: 1 (uA) = 0,0236Cgpa (UM) + 0,0242 (R? = 0,9982)
v6i gi6i han phét hién (LOD) 14 0,7 uM va d¢ nhay 13 0,334 pA.pML.cm? ddi véi
dién cuc Fe,Ni-BTC/CNT/GCE, va I (uA) =0,0206Cgpa (UM) + 0,0042 (R? =
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0,9963) véi gidi han phat hién 1a 0,82 uM, d6 nhay 1a 0,294 pA.uMt.cm? déi voi
dién cuc GCE. Tir nhitng s liéu tinh toan dugc, ta thay viée str dung Fe,Ni-BTC/CNT
dé bién tinh dién cuc GCE da gitip cai thién do nhay tin hiéu cia BPA. Do Fe,Ni-
BTC/CNT la mot vat liéu composite c6 ¢ x6p cao, dién tich bé mat riéng 16n va kha
ning dan dién tdt cia CNT d3 lam cho hiéu sudt cam bién cua dién cuc Fe,Ni-
BTC/CNT/GCE dugc cai thién tét hon so véi dién cyc GCE. Qua céc két qua thu
duogc tir d6 nhay, giéi han phat hién cua Fe,Ni-BTC/CNT/GCE cho thay nhing tin
hiéu kha quan nhung van can dugc cai thién nhiéu vé d6 6n dinh va do nhay trong
cac phép do dién hoa.

Bang 3. 12. So sanh dwrong chudn cia dién cuc bién tinh boi cdc vit liéu

N LOD Do nhay
STT Vit li¢u Pwong chuan
(M) | (MA.uM™.cm™?)
| =0,0206C + 0,0042
1 GCE 0,82 0,294
R2? = 0,9957
) | =0,0157C + 0,0534
2 Ni-BTC 1,07 0,224
R?=0,9833
| =0,0096C - 0,0039
3 Fe-BTC 1,49 0,137
R?=0,9975
] | =0,0158C + 0,0220
4 Fe,Ni-BTC 0,86 0,221
R?=0,9948
] | =0,0236C + 0,0242
5 |Fe,Ni-BTC/CNT 0,7 0,334
R? = 0,9982

3.2.7. Pdnh gid dé ldp, dp on dinh ciia dién cwe Fe,Ni-BTC/ICNT/GCE

Dé kiém tra d6 6n dinh va tinh l3p lai cta dién cuc Fe,Ni-BTC/CNT/GCE, da
ap dung phuwong phap von-ampe xung vi phan (DPV) dé do tin hi¢u cia dién cuc &
cung diéu kién cho ca hai trudong hop. Thir nhat 1a do do 1ap lai 1an luot 5 dién cuc
Fe,Ni-BTC/CNT/GCE trong dung dich BPA 5 uM cho két qua RSD 1a 9,49% (Bang
3.13). Két qua cho théy do 1ap lai cua dién cuc Fe,Ni-BTC/CNT/GCE duogc ché tao
cung mot ngay kha tot. Twong ty, sau mdi ngay do mot dién cuc cing v6i dung dich
BPA ban dau, két qua RSD thu duoc 1a 14,67% (Bang 3.14). Diéu d6 cho thiy, d6 6n
dinh cta dién cuc Fe,Ni-BTC/CNT/GCE khong cao, hién tuong nay cé thé do tac
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dong cua nhiét o, d6 am khong khi dd anh huéng dén d6 bén cua vat liéu Fe,Ni-
BTC/CNT trén bé mit dién cuc di 1am giam kha ning hap phu chat phan tich va do
dan cua dién cuc bién tinh.

Bang 3. 13. Tinh lap lai cua dién cuc phii Fe,Ni-BTC/CNT trong BPA 5uM

So lan Lan 1 Lan 2 Lan 3 Lan 4 Lan 5
I (A) 1,20.107 | 1,10.107 | 9,73.10®% | 9,65.10° 1,02.10°7
RSD 9,49%
Bdng 3. 14. Bé on dinh cuia dién cuc phii Fe,Ni-BTC/CNT trong BPA 5uM
Céc ngay Ngay 1 Ngay 2 Ngay 3 Ngay 4 Ngay 5
I (A) 1,20.107 | 1,07.107 | 1,01.107 | 9,23.10® | 8,11.0°%
RSD 14,67%

3.2.8 Két qud phan tich méu doi chikng giiva dién cwe Fe,Ni-BTC/CNT/GCE
va phwong phap HPLC
Pé danh gia do tin cay cua dién cyuc bién tinh, tién hanh tao mau va phén tich
d6i ching voi phuong phap HPLC, két qué cu thé duoc thé hién trong bang 3.15.
Bang 3. 15. So sanh két qua do BPA bang cam bién dién héa va HPLC

Phwong phap
A n Cam bién dién hoa Fe,Ni-
Nong do : HPLC
BTC/CNT/GCE
(ppm) : - : -
Két qua do Do thu hoi Két qua do Do thu hoi
dugc (ppm) (%) dugc (ppm) (%)
5 4,08 81,60 4,42 88,40
10 10,14 101,40 9,28 92,80
15 14,19 94,60 15,37 102,47

Tir két qua trén bang 3.15 cho thay, ham luong BPA khi do bang cam bién
dién hoa Fe,Ni-BTC/CNT/GCE va phan tich ddi chtig bang phuwong HPLC cho két
qua tuong déng, cam bién dién hoa ché tao c¢6 do thu hdi dugc tim théy trong khoang
81,60 dén 101,40 %. Khi do mau trén thiét bi HPLC cho d9 thu hoi trong khoang
88,40 dén 102,47 %.

3.3. Két qua tong hop va ing dung ciia hé vat liéu Cu,Ni-BTC/CNT
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Nham mé rong kha nang ung dung cac loai vat liéu khac nhau dé bién tinh
dién cuc phat hién BPA bang phuong phap dién héa, mot vat liéu khung co kim hai
kim loai khac ciing dd dugc tong hop va thir nghiém, trong d6 ion kim loai Fe duoc
thay bang ion kim loai Cu. Chi tiét vé vat liéu va kha nang phat hién BPA trong nuéc
duogc trinh bay dudi day.

3.3.1. Ddc tinh hinh thdi cua vt liéu

Hé vat liéu Cu,Ni-BTC/CNT dugc téng hop nhu trinh bay trong cac muc 2.2.2
va 2.2.3. Két qua do anh SEM cua cac mau vat liéu Ni-BTC; Cu-BTC; Cu,Ni-BTC
va Cu,Ni-BTC/CNT dugc thé hién nhu trén Hinh 3.30.

Hinh 3. 30. 4Anh SEM cua cac mau vat liéu Cu-BTC (a), Ni-BTC (b), Cu,Ni-BTC (c)
va Cu,Ni-BTC/CNT (d)

Tir két qua do SEM cua cé4c vat liéu cho thay, vat liéu Cu-BTC c6 dang cac
khéi hinh bat dién c6 kich thudc khoang 2 pm, vat liéu Cu-BTC ché tao 12 cac tinh
thé c¢6 do x6p kha cao. Tinh thé Ni-BTC c¢6 dang hinh khéi véi kich thudc 2-5 um.
Trong khi d6, Vi anh SEM ctia Cu,Ni-BTC cho théy ¢ sy xuét hién d@)ng thoi cia
Cu-BTC va Ni-BTC; kich thudc, hinh dang ctia Cu,Ni-BTC ciing phu thudc nhiéu
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vao ty 16 Cu/Ni. Anh SEM cua vat liéu Cu,Ni-BTC giéng nhu qua cau gai dugc phi
bén ngoai 1a nhirng tinh thé Cu-BTC.

Anh SEM cua vat liéu Cu,Ni-BTC/CNT cho thiy sy c6 mit dong thoi cia vat
liéu Cu,Ni-BTC va céac sgi CNT. Kich thudc cia CNT c6 duong kinh khoang 20-30
nm con cia céc tinh thé Cu,Ni-BTC ¢& 1 pm.

3.3.2. Pdc tinh ciu tric va thanh phin héa hoc ciia vit liéu

Két qua do phd FTIR trén hinh 3.31 cho thay, dai dao rong trong khoang tir
3000 dén 3700 cml, trong tmg v6i cac dao dong dbi xung va khéng ddi xtimg cua
lién két O - H tir cac phan tir nudc duge hap thu trong cac 16 x6p cua vt liéu MOF
[143]. Ngoai ra, trén pho FTIR duoc quan sat 1a cac dai dic trung ciia phdi tir hitu co
va kim loai. Cu thé, dinh rong & khoang 3400 cm™ ¢6 thé dugc gan cho 1a cdc nhom
hydroxyl trong phdi tir hitu co, dai & 1628 cm™ 1a dic diém ciia nhém dao dong C =
C, cac dao dong & 1375 em™?, 1433 cm™ va 1557 cmt ¢6 thé dugc gan cho cac lién
két trong nhom cacboxylat. Cac lién két Cu (Cu-O), Ni (Ni-O) gitta nguyén t6 kim
loai va phoi tir hitu co BTC duoc quan sat tai 726 cm™ (Cu-O) va 788 cm™ (Ni-O).
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Hinh 3. 31. Phé FTIR cia Cu-BTC; Ni-BTC; Cu,Ni-BTC; Cu,Ni-BTC/CNT
Ph6 Raman hién thi cac dic diém céu tric lién quan dén phdi tir hitu co va su

lién két ctia chung véi cac tim kim loai. Két qua (Hinh 3.32) cho thay, cac dinh chinh
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trong phé Raman duoc gan cho cac dao dong ciia C=C va C-H trong phdi ti BTC;
C=C trong cac vong benzen (1005 cm™?); dao dong C-H (826 cm™?), C-O, (1462 cmL).

Dai & 500 cm? duoc gan cho lién két Cu-O.
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Hinh 3. 32. Phé Raman cza Ni-BTC; Cu-BTC; Cu,Ni-BTC; Cu,Ni-BTC/CNT
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Hinh 3. 33. Gidn dé XRD cua cac vdt lidu

CAu trac tinh thé cta vat liéu duoc nghién ctru khao sat qua két qua do nhidu
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xa tia X (Hinh 3.33). Hai dinh nhiéu xa dic trung cua tinh thé Ni-BTC xuit hién &
cac gboc 7° va 12°. Ngoai ra, tin hi¢u nhiéu xa tro nén rong hon khi c6 CNT va su két
hop giira 2 kim loai khién cho mét sé nhifu xa dic trung cua tinh thé Ni-BTC va Cu-
BTC bi mét di.

Dé xac dinh thanh phan va ti 1& cac nguyén té trong mau vat lidu nghién ciru,
d3 tién hanh tmg dung phwong phap quang dién tr dé do mau. Két qua do XPS (Hinh
3.34) cho thay rd sy c6 mit cta cac nguyén t6 (C, O, Cu, Ni) ciing nhu thanh phan
nguyén td gan nhu dy doan va gin twong ng véi ti 16 tién chit ban dau, thanh phan
va ti 1& cac nguyén t6 cu thé dugc trinh bay trong Bang 3.16.

Bdng 3. 16. Bang thanh phan khéi heong CAc nQUYEN 6 trong mdu

Vit ligu

Nguyénto | Cu,Ni- Cu,Ni- Cu- Ni-

BTCICNT | BTC BTC BTC

C 89,33 60,84 57,25 60,00

Thanh phan— g 9,12 31,96 | 3488 314

khot luong ¢, 1,38 5,51 6,63 N/A
nguyen to

%) Ni 0,17 1,69 N/A 4,31

N . 0 1,24 3.8

Tong 100 100 100 100

Két qua phan tich dinh luong ty 18 cac nguyén to 1a C (89,33%), O (9,12%),
Cu (1,38%) va Ni (0,17%). Nang luong lién két ciia C1, Ols, Cu2p va Ni2p duoc thé
hién trong Hinh 3.34. Pho da phan rd cho thay, ning lugng lién két twong Gng véi
C=C/C-C (284,8 eV), C-O (286,5 eV), C=0 (287,7 eV), O=C-0 (288,9eV). Ngoai
ra, pho C1s ciing cho thiy sur xuét hién cac nguyén tir C lai héa sp? (283,9eV) va sp®
(285,2¢V) ctia CNT, dong thoi ciing c6 phan nho ctia nhom carbonate (290,3eV) va
lién két - ciia mach carbon (291,8¢V). Phd Cu2p cho thiy ning lwong lién két duoc
quy cho Cu2pse trong d6 mot dinh & 932,6eV 1a & trang thai chuyén hoa giita
Cu(0)/Cu(I) con mot dinh ¢ 934eV dugc cho 13 ing véi trang thai Cu(Il) cu thé 1a
CuO. Pong thoi phd c6 xuét hién hai dinh lién két ung véi dic diém cia ion Cu?*.
Pho c6 d6 phan giai cao cta Ni2p ciing hién thi hai dinh lién két véi cac ion Ni%* &

872,9 eV (Ni 2p1r2) va 855,3 eV (Ni 2par2), Ni2* tn tai dudi dang Ni(OH)o.
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Hinh 3. 34. Phé C1s, O1s, Cu2p va Ni2p cia Cu,Ni-BTC/CNT

3.3.3. Cdc yéu té anh hwéng dén hoat dpng ciia dién cwc bién tinh béi hé
Cu,Ni-BTC/CNT

3.3.3.1. Anh huong ciia pH

Khao sat sy anh huong cua pH trong qué trinh oxi héa - khir BPA trén dién
cuc Cu,Ni-BTC/CNT/GCE va GCE, ta dung phép do DPV vdi dung dich BPA 50
uM trong BPS 0,1M. Nhu di dé cdp & trén, BPA c6 hai nhom hydroxyl trong phan
tlr va qua trinh oxi héa cia BPA duogc cho 13 qua trinh chuyén dich cua hai electron
va hai proton H* [84] d¢ tao thanh san pham nén qua trinh oxi hda BPA bi anh huéng

nhiéu tir chi s6 pH cta dung dich.
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Hinh 3. 35. H6 thj biéu dién cuong do peak ciia GCE bién tinh béi cac vat lidu va
GCE tai cac pH khac nhau trong dung dich BPS 0,1M chiza BPA 50uM
Db thi hinh 3.35 biéu dién cuong do dong peak cua cac dién cuc khi do dung
dich BPA 50 pM. Két qua cho thy trén dién cuc Cu,Ni-BTC/CNT/GCE, khi pH ting
dan tr 5 - 7.4, dong dat tin hi¢u cao nhét & pH = 7,4 va sau d6 giam khi pH tang tur
7,4 - 9. Tuong tu, trén dién cuc GCE, khi pH ting dan tir 5 -7,4, dong dat tin hiéu cao
nhat & pH = 7,4 va giam khi pH tang tir 7,4 - 9. Qua d6 thiy ring, tai pH = 7,4 thi
cuong do tin hiu 1a tdt nhat. Vi vay, ta str dung pH tdi wu ciia BPA dé dung cho di¢n

cuc Cu,Ni-BTC/CNT/GCE la pH = 7,4.
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3.3.3.2. Anh hudng cia thoi gian hdp phu BPA trén dién cuc
Thoi gian hap phu 1a mot thong sé quan trong anh huong dén cac tin hiéu dién

hoa duoc ghi lai trong qué trinh oxy hoa dién héa cua cac chat phan tich trén bé mat

dién cuc.
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Hinh 3. 36. Anh huong cua thoi gian hap phu BPA trén bé mdr dién cuc

Tir két qua trén hinh 3.36 cho thiy, tai cc thoi diém tir 0-120 gidy thi tin hiéu
dong peak cua BPA trén dién cuc Cu,Ni-BTC/CNT/GCE ting dan va tin hiéu cao

nhat 14 & thoi gian 120 gidy sau d6 tin hiéu giam dan & 180-300 gidy. Qua sb liéu trén,
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cho thay thoi gian 1am giau t6i wu déi véi dién cue Cu,Ni-BTC/CNT/GCE khi phan
tich BPA 1a 120 giay. Hién tuong trén co6 thé do sy hap phu BPA vao cau tric x6p
ctiia Cu,Ni-BTC/CNT dat d6 bio hoa sau 120 gidy. Trong thoi gian dai hon, néng do
cuc bd cao cua cac phan tu hitu co co thé mot phén dan dén tac nghén bé mat khién
kha ning hip phu BPA bj giam. Nhu vay, thoi gian toi vu duoc lwa chon cho céac
nghién ctru tiép theo cua dién cuc Cu,Ni-BTC/CNT/GCE 1a ¢ 120 giay.

3.3.3.3. Anh hudng ciia toc dé quét
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Hinh 3. 37. Phé CV ghi trén dién cuc Cu,Ni-BTC/CNT trong dung dich PBS 0,1M
chita BPA 50 UM va dwong chuan | - v (¢ dong peak oxi h6a) véi dién cuc bién tinh
khac nhau

Pong hoc qua trinh oxy hoa dién hoa ciia BPA trén dién cuc bién tinh Cu,Ni-
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BTC/CNT/GCE dugc nghién ciru trong PBS 0,1M chia BPA 50 uM & cac téc do
quét khac nhau tir 10 dén 200 mV/s (Hinh 3.37). Gia tri pH t6i uu 1a 7,4 va thoi gian
tich lity 1a 120 gidy d duoc chon. Dong dién cuc dai oxy héa ting tuyén tinh véi toc
dd quét nhu sau: Ipa (pA) = 0,0098 x v (mV/s) + 0,1123 (R? = 0,9904). Nhu vay, day
la qua trinh dong hoc duoc kiém soat béng su hép phu. Pong hoc tuong tu cling duoc
quan sat thay trén dién cuc GCE, v6i phuong trinh sau: Ipa (uA) = 0,0009 x v (mV/s)
+0,0297 (R? = 0,9898).

Bén canh do, két qua khao sat ciing cho thy, khi thay déi tbe do quét, cuong
d6 dong I ¢ ca hai dién cuc déu ting theo toc d6 quét, va I ting tuyén tinh v6i v ¢ ca
2 dién cuc, diéu d6 co thé khang dinh ddy 14 qué trinh dong hoc hap phu. Ngoai ra do
ddc T-v ctia Cu,Ni-BTC/CNT/GCE cao hon so vé6i dién cuc GCE, déng nghia la viéc
khi dién cuc GCE c¢6 su xuat hién ciia Cu,Ni-BTC/CNT trén bé mit da lam thay doi
tdc 46 phan tng oxi hoa ciia BPA, tdc do phan g oxi héa va tin hiéu ghi nhan dugc
déu tang 1én dang ké. Qua d6 thay rang toc do quét cling da anh hudng t6i cac qua
trinh di€n hoéa trén dién cuc.

3.3.4. Tin hi¢u di¢n hoa ciia BPA trén dién cuc Cu,Ni-BTC/CNT/GCE

Tin hiéu dién hoa cua cac dién cuc bién tinh duoc do trong dung dich BPA
5uM ¢ pH = 7,4. Thoi gian tich lity dugc ¢ dinh & mirc 120 gidy (Bang 3.17). Tur
két qua khao sat co thé théy réng, tin hiéu dién hoa tot nhat trén dién cuc Cu,Ni-
BTC/GCE 16n hon tir 1,4 dén 1,7 1an céc dién cyc con lai.

Bdng 3. 17. Dong dinh peak ciia BPA trén dién cuc bién tinh
boi hé Cu,Ni-BTC/CNT

STT Vit liéu Dong dinh peak (LA)
1 Cu-BTC 0,1214
2 Ni-BTC 0,0978
3 Cu,Ni-BTC 0,107
4 Cu,Ni-BTC/CNT 0,171

3.3.5. Xay dwng dwong chudn va xdc dinh cdc thong sé hoat dong ciia dién
cwe bién tinh béi hé Cu,Ni-BTC/CNT
Pé xay dyng duong chuan va xac dinh cac thong s6 hoat dong ctia cam bién,

str dung phuong phap DPV. Phuong phap nay cho tin hiéu mot cach ro rang, thoi gian
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va pH cua dung dich BPA da duoc khao sat ¢ diéu kién t6i wu va dai néng do do cua

BPA 1a tur 2-50 pM.
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Hinh 3. 38. Phé DPV ghi trén dién cuc Cu,Ni-BTC/CNT va dwong chuan 1-C cua
cdc dién cyc bién tinh va GCE
Nhu duogc hién thi trong hinh 3.38, dong dién cuc dai thé hién mbi tuong quan
tuyén tinh tot vi ndong 46 BPA tir 2 - 50 uM. Phuong trinh hdi quy nhu sau: I (uA)
= 0,0337 x Cgpa (UM) — 0,0140 (R? = 0,9945) v&i gidi han phat hién 13 0,5 uM va do
nhay 12 0,481 pA pM-lecm2 ddi véi dién cuc Cu,Ni-BTC/CNT/GCE.
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Bdng 3. 18. So sdnh dwong chudn ciia cam bién bién tinh boi cde vit lidu khdc nhau

2 Do nhay
STT Vit liéu Puwong chuan LOD (uM)
(MA.uM1.cm?)
| =0,0193C + 0,0663
1 GCE 0,84 0,283
R2=0,9957
| =0,0171C + 0,0519
2 Cu-BTC 0,87 0,141
R2=0,9913
_ | =0,0157C + 0,0534
3 Ni-BTC 1,07 0,224
R2=0,9833
_ | =0,0158C + 0,0220
4 Cu,Ni-BTC 0,57 0,226
R2=0,9948
Cu,Ni- | =0,0337C - 0,0140
5 0,5 0,481
BTC/CNT R2=0,9945

Két qua so sanh hiéu suat cam bién BPA cua dién cuc Cu,Ni-BTC/CNT/GCE
v6i dién cuc Cu,Ni-BTC/GCE cho thay, sy xuat hién CNT c¢6 tinh dan dién cao trong
vat liéu composite Cu,Ni-BTC/CNT di nang cao d6 nhay cta cam bién ddi voi BPA
1én 2.1 lan.

3.3.6. Pdnh gid dé ldp, d én dinh ciia dién cuc Cu,Ni-BTC/ICNT/GCE

Dé danh gia d6 6n dinh va tinh 13p lai cta dién cuc Cu,Ni-BTC/CNT/GCE, d3
ap dung phuong phap von-ampe xung vi phan (DPV) dé do tin hiéu cta cac dién cuc
& cung diéu kién va ¢ hai truong hop. Tht nhét 13 do d6 1ap lai lién tiép lan luot 5
dién cuc bién tinh bai Cu,Ni-BTC/CNT trong dung dich BPA 5 puM, két qua khao sat
c6 do 1ap RSD 14 13,5%. Bang 3.19 cho thay do lip lai 6n dinh cua dién cuc Cu,Ni-
BTC/CNT/GCE duoc tao ra cing mot ngay voi dung dich BPA ndng do 5 uM. Tiép
theo, sau moi ngay str dung mot dién cuc dé do voi dang dung dich BPA ban dau, thu
duoc két qua RSD 1a 18,55% (Bang 3.20). Tir cac két qua khao sat cho thiy d6 lip
va do on dinh cua dién cuc Cu,Ni-BTC/CNT/GCE la khong cao.

Bang 3. 19. Tinh lap lai cua dién cuc phu Cu,Ni-BTC/CNT trong BPA 5uM
S61an| Lanl1 Léan 2 Lan 3 Lan 4 Lan 5
| (A) | 2,9577.107 | 2,809.107 | 2,2495.107 | 2,6495.107 | 2,1653.107
RSD 13,5%
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Bdng 3. 20. Bé 6n dinh cua dién cuee phii Cu, Ni-BTCICNT trong BPA 5puM

Cacngay| Ngayl Ngay 2 Ngay 3 Ngay 4 Ngay 5
| (A) | 2,6495.107 | 2,534.10" | 2,026.107 | 1,9324.107 | 1,7096.10
RSD 18,55%

3.3.7. Két qud phin tich mdu doi chirng giita dién cwe Cu,Ni-
BTC/CNT/GCE va phwong phap HPLC
Két qua phan tich mau d6i ching va danh gia d6 thu hoi ciia phuwong phap
phan tich dugc thé hién cu thé trong bang 3.21
Bang 3. 21. So sanh két qua do BPA bang cam bién dién héa va HPLC

Phwong phap
Nong dp | Cam bien dign héa Cu,Ni- HPLC
Kétquado | D6 thu hoi Két qua do R 5 o
duoc (ppm) | (%) | duoc (ppm) | PO NOTCR)
5 4,24 84,80 4,49 89,80
10 9,77 97,70 10,38 103,80
15 13,86 92,40 14,99 99,91

Qua két qua trén bang 3.21 cho thy, ham lugng BPA khi do bang cam bién
dién hoa Cu,Ni-BTC/CNT/GCE va phan tich ddi ching bang phuong phap HPLC
cho két qua twong dong, cam bién dién hoa ché tao ¢ d6 thu hoi duge tim thiy trong
khoang 84,8 dén 97,7 %. Khi do mau trén thiét bi HPLC cho d6 thu hdi trong khoang
89,8 dén 103,8 %.

Tur két qua nghién ctru, khao sat cac thong s6 dic trung cia cam bién khi duoc
bién tinh boi cac hé vat liéu Cu,Zr-BTC/CNT; Fe,Ni-BTC/CNT va Cu,Ni-BTC/CNT
dé phat hién BPA cho thay: Di vai dién cuc bién tinh boi vat liéu Cu,Ni-BTC/CNT
khi do BPA c6 gidi han phat hién va d6 nhay 1a t6t nhat, tuy nhién, dién cuc nay c6
d6 lap va do 6n dinh khong tot nén kho c6 trién vong phat trién ing dung thuc té. Dbi
voi dién cuc bién tinh bai hé vat 1iéu Cu,Zr-BTC/CNT ¢6 do nhay khé cao va gidi
han phat hién thap phu hop dé do nhiéu d6i twong mau méi truong khac nhau. Pac
biét, dién cuc nay khi tng dung do BPA ¢6 d6 lap lai va do 6n dinh t6t nén c6 kha

nang phat trién mg dung thuc té dé phan tich nhanh BPA trong cac d6i twong mau
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moi truong thich hop. Két qua cu thé so sach cac dién cuc duoc trinh bay chi tiét
trong bang 3.22.
Bang 3. 22. So sanh hiéu sudt cuia cdc dién cure diroc bién tinh béi cac hé vat lidu

composite khac nhau

~ Kl;oal}g LOD Po nhay Do lap })(:) on Do thu hoi
Dién cuc  tuyeén tinh @M) |pA uM'l C'm_2 RSD dinh (%)
vy |V PRI (06) | RSD ()

Cu,Zr-
BTC/CNT/GCE 2-50 0,50 0,451 6,462 11,48 | 91,6-9491

Fe,Ni-

’ - 0 0 -

BTC/CNT/GCE 2-50 0,7 0,334 9,49% | 14,67% | 81,6-101,4

Cu.Ni- 2-50 0,5 0,481 13,5% | 18,55% | 84,8-97,7
BTC/CNT/GCE | | S e e

3.4. Két qua tong hop dién héa mang Cu-BTC trén dién cwe GCE va ing
dung phan tich PA

Nhu da trinh bay & trén vé phuong phéap truyén thong dé bién tinh dién cuc,
d6 1a phtt mot luong xéac dinh chét bién tinh (Cac composite/MOF) 1én bé mit dién
cuc GCE bang phuong phap nho giot. Phuwong phéap nay c6 uu diém 1a dé thao tic va
c6 thé thuc hién linh hoat & cac diéu kién lam viéc khac nhau. Tuy nhién, cac két qua
nghién ctru cho thay, dién cuc duoc bién tinh biang phuong phap nhoé giot c6 kha ning
dan dién khéng cao (dién tro thudng kha 16n), dién cuc bién tinh thuong c6 d6 lap va
tinh 6n dinh khong cao. Hién twong ndy cé thé do phuwong phap nhé giot thudng
khong on dinh, su phan b vat lidu dién héa trén bé mat dién cuc chua dong déu, dic
biét 1a sy lién két va do bén cua vat liéu trén bé mit dién cuc chua cao. Van dé nay
can tiép tuc nghién ctru tdi wu cac diéu kién bién tinh dé nang cao hiéu qua va kha
nang tng dung thyc té ciia san pham.

No6i dung tiép theo trinh bay két qua nghién ciru bién tinh dién cuc bang
phuong phap dién két tia vat liéu dién hoa 1én bé mit dién cuc.

3.4.1. Co ché qua trinh hinh thanh Cu-BTC trén bé mit dién cuwe

Mang Cu-BTC trén GCE dugc ché tao nhu d¢3 mé ta trong muc 2.2.4. Sy hinh
thanh Cu-BTC bat du véi qua trinh deproton héa tao ra cac ion BTC? tir phdi tir hitu
co HsBTC sau d6 cac ion BTC?® bit cip véi Cu?* dé tao nén cau truc Cu-BTC. O day,

EtsN duoc bo sung dé gitip diéu chinh pH gan bé mat dién cyc, ting té¢ qua trinh
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deproton hoa, 1am cho qua trinh hinh thanh mang Cu-BTC trén dién cuc dién ra nhanh
hon. Téc do két tinh vat liéu trén bé mat dién cuc s& tao mang xdp, go ghé, nang cao
kha ning hap phu chat phan tich trén bé mit va dam bao do dan dién tot caa vat liéu.

0
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2" eycle

3" cycle
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-20 4

-30 1

Cuong dd (pA)
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Dién thé (V, vs Ag/AgCl)
Hinh 3. 39. Puong CV téng hop Cu-BTC
Theo quan st tai hinh 3.39, cho thdy xuat hién mot peak r6 rét tai -1,04V lién

quan t&i qué trinh deproton hoa cia phéi tir hitu co & vong quét dau tién. Trong cac
vong quét sau, c6 sy suy giam cudng do cua peak nay do su giam cuc bo ndng do cua
tién chat (HsBTC) tham gia phan (ing ¢ vling gan bé mat dién cuc. Trietylamine dong
vai trd hd tro gilp qua trinh hinh thanh mang dién ra thuan loi hon. Gia thuyét duoc
dit ra 1a qué trinh két tua dién héa mang Cu-BTC phu thudc vao pH cua cap dém
EtsNH*/EtsN va duoc kiém soat bang cach khong ché nong do EtsNH* va diéu chinh
dién thé tong hop do téc do cua mot phan ung dién hoa ty 1¢ véi mat do dong dién,
yéu t& nay phu thudc vao logarit ciia qué thé gop phan lam ting dién thé lang dong
va tang pH cuc bo trén bé mat dién cuc. Viéc khir ion trietylamoni (EtsNH*), thanh
H, va trietylamin (EtsN), duoc lya chon vi Hz 13 mot phan tir twong ddi tro va khong
hoa tan s€ khong can tré su hinh thanh cac phan toe Cu-BTC [146]. Khi khong c6
EtsN, peak nay s& xuat hién ¢ thé 4m hon (-1,3V) (hinh 3.40).
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| == cu®* + DMF + Et,N + H,BTC
Cu® + DMF
Cu®* + DMF + H;BTC
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Dién thé (V, vs Ag/AgCl)
Hinh 3. 40. Anh huong cua cac chdt trong qua trinh tong hep Cu-BTC
bang phwong phap CV
Co ché tong hop dién hda Cu-BTC trén GCE dwoc md ta qua 3 giai doan [147, 148]:
- Giai dogn 1: Proton hoa trietylamine va kha ion trietylamoni:
EtsN + H.O «— EtszNH* + OH"
2EtsNH* + 26— Hj + 2Et3N
- Giai dogn 2: Deproton hoa trimesic acid:
HsBTC + 26 —» HBTC?* + H>
HBTC> —— H*+ BTC*

- Giai doan 3: Cu-BTC dwoc hinh thanh nho sir bt cap cua cac ion Cu?* tir

muéi CuClz.2H.0 va BTC?® duroc tao ra ¢ giai doan 2:
3Cu2* + 2BTC® — Cus(BTC):

Ngoai ra, nudc tir mudi CuClz.2H,0 ciing dugc dién phan song song véi qua
trinh proton hoa EtsN da gép phan lam ting toc do tao ra cac ion BTC® nho vao viéc
tang pH dung dich theo phan tng:

2H>0 + 26" —— H> + 20H"

Trén co s& nhitng quan sat nay, tién hanh ling dong mang vat liéu Cu-BTC st
dung phuong phap ap thé véi cac thé ap vao la -1,0V; -1,1V; -1,2V va -1,3V (d6i Véi
dién cuc Ag/AgCl) vai thoi gian tong hop 13 5 phat. So véi phuong phap quét thé
vong, phuong phéap ap thé cho phép tao mang vat liéu co tinh déng nhat cao hon.

Hinh 3.41 thé hién mdi quan hé cuong d6 dong - thoi gian cua qué trinh tong hop Cu-
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BTC khi &p céc gié tri thé khac nhau. Gi4 trj dién luong g cta qua trinh nay duoc tinh
toan va danh gia, két qua nhu trong bang 3.23.

0
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= -1.1v
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g — 1.3V
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£ -150-
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Thai gian (s)
Hinh 3. 41. Purong CA téng hop Cu-BTC khi ap céc thé khac nhau
Bang 3. 23. Pién luong (q) tong hop tai cdc thé khdc nhau.

Thé ap dit (V) q (mC)
-1,0 -7,96
1,1 -7,46
-1,2 -7,64
-1,3 -8,21

Dién luong dugc tinh theo cong thic: g = [ idt

Pé danh gia hiéu qua caa qua trinh tong hop vat liéu sir dung phuong phap ap
thé, dién tich q cua qué trinh tdng hop s& duoc xac dinh tir dién tich bén dudi duong
cong I(t) tir thoi diém 0 gidy (khi qua trinh tong hop bt dau) téi thoi diém 300 gidy
(khi két thac qué trinh téng hop).

Tir bang 3.23 thay rang ¢ thé -1,3V thi lwvong dién tich q caa qué trinh tong
hop cao hon so v&i céc thé khac. O dién thé nay, qua trinh proton hoa EtsN thanh
EtsNH* va qué trinh khir EtsNH* xay ra nhanh hon, din dén ting gia tri pH cuc bo
gan bé mat dién cuc. Thém HsBTC vao dung dich EtsN/DMF dé tao ra cac ion BTC®
cho qua trinh hinh thanh Cu-BTC va H* cho qua trinh khir EtsNH* dé 1am ting toc do
hinh thanh Cu-BTC [147, 149].
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3.4.2. Pic truwng ciu tricc va hinh thdi ciia Cu-BTC téng hop dién héa

Anh SEM caa mang Cu-BTC phét trién trén nén GCE & d6 phong dai khéc
nhau duoc trinh bay trén hinh Hinh 3.42. Két qua cho thdy mot mang tinh thé bat dién
Cu-BTC c6 kich thudc khoang dudi 1um da duoc hinh thanh [150]. Kich thuéc cua
c4c tinh thé Cu-BTC c6 thé lién quan dén téc do phét trién nhanh cua vat liéu trong
dung mdi hiru co [151, 152, 153]. Ngoai ra, kich thudc caa tinh thé MOF duogc diéu
ché bang phuong phéap dién héa thudng nho hon khoang 10 Ian so vai kich thuéc cua
tinh thé MOF duoc tong hop bing phuong phap hoa hoc (nhu thuy nhiét hozc nhiét
dung mai) [154, 155, 156]. Tuy nhién, kich thudc cua tinh thé va do day cia mang vat
liéu c6 thé tang 1én khi thoi gian phan mg ting. Trong nghién ciru ndy, thoi gian phan
tmg duoc gidi han ¢ 5 phut dé han ché sy hinh thanh cac tinh thé Cu-BTC 16n trén bé
mat dién cyc ciing nhu hién tuong ty két tua cua vat liéu trong dung dich tong hop.

Tur cac két qua nghién ciu cho thay, hau hét cac mang mong Cu-BTC duoc
ling dong trén dién cuc chi giéi han & cau trac vi x6p véi kich thudc 16 nho hon 2 nm
[157]. Vi khong c6 tac nhan dinh hudng cau tric d& mé rong kich thude 16 xop trong
thi nghiém nay, nén mang Cu-BTC téng hop duoc ky vong cé kich thuéc kha nho
trén dién cuc [158, 159]. Tuy nhién, kich thuéc 16 xdp ciing nhu dién tich bé mat hoat
dong ciia mang mong Cu-BTC 14 chua xac dinh dugc do diéu kién thoi gian nghién

ctru con han ché.

Hinh 3. 42. Anh SEM cua Cu-BTC téng hop bang phirong phép
két tiia dién hoa trén GCE

Céac nhom chirc va phan tich cau tric phan tir caa Cu-BTC dugc danh gia thong
qua phd FT-IR. Hinh 3.43 cho thiy, cac dao dong bat dbi xung (1585 cm™) va dbi
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xang (1321 cmt) dugc cho 14 cua cac nhém carboxylat. Dong thoi lién két Cu-O
duoc biéu hién bang mot dinh & 653 cm™. Céac dao dong & s6 song thap hon 1321 cm’
1 cho thay c6 su lién két cua cac phdi tir hitu co véi cac ion kim loai [160]. Trong khi
d6, dinh tai 1038 cm* dugc cho 1a cua lién két C-O-Cu chiing to sy hinh thanh lién
két gitta cac phdi tir BTC va cac tm ion kim loai Cu [160]. Ngoai ra con c6 mét dinh
& 2918 cm™1a dao dong cua nhdm -CH trong cac nhém carboxylate va mot dinh ¢ 3323
cm'? 1a dao dong cua nhoém -OH cua nudc chieng té rang vat liéu Cu-BTC c6 kha ning
hap phu hoi nudc trong khdng khi [161].

Do truyén qua (%)

653 1038
Cu-O C-O-Cu

500 1000 1500 2000 2500 3000 3500 4000
S6 séng (cm™)
Hinh 3. 43. Phé FTIR cua Cu-BTC téng hop bang phwong phdp két tia dién héa
Pho Raman 1a mot ki thuat phan tich tién tién dé xac dinh cac lién két co trong
vat liéu Cu-BTC nham cung cip nhitng théng tin sau hon vé ciu tric khung cua vat
licu (hinh 3.44). Nhu di thay trong phd Raman, c4c cuc dai trong vang tir 100 dén tsi
500 cm! 14 cua cac dao dong lién quan dén céc ion Cu?*. Céc cuc dai tir 185 dén 277
cmt ¢d thé twong ting véi dao dong cua lién két Cu - O. Mot dinh ¢ 500 cm™ gén cho
dao dong cua lién két Cu - O lién quan dén oxy cua cac cau ndi cachoxylat. Sy xuat
hién cac san pham trung gian c6 chtra Cu nhu Cu,0 trong qué trinh hinh thanh vat
liéu Cu-BTC ciing da dugc cong bd trong cac nghién ciu trude day [161].
Céc dao dong bién dang cua lién két C-H quan sat duoc lan luot tai cac dinh ¢

742 cmt va 827 cm™L. Pinh tiép theo quan sat duoc xung quanh 1006 cm? 14 dao
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dong d6i xung cua cac lien két C=C trong vong benzen cua benzen-1,3,5-
tricarboxylate. Vung tir 1400 dén 1600 cm™ duoc cho 1a dao dong cua cac nhom
cachoxylat, trong d6 dinh ¢ 1548 cm® 1a do dao dong khong ddi xing kéo dai cua O-
C-O va 1458 cm™ 1 ctia dao dong ddi xang kéo dai cia O-C-O [161].

3500
C=C (aren)
3000 ——GCE 0-c-o
Cu-BTC ‘ A
2500 / c=C
’5 ]
. Cu-O
io"— 2000
[{e])
e | C-H
2 \
£ 1500 -
8 | Cu-Cu
1000 /
500
Mg
0

250 500 750 1000 1250 1500 1750 2000
S6 séng (cm™)
Hinh 3. 44. Phé Raman ciia GCE va Cu-BTC téng hop bang phuong phdp két tia
dién hoa trén dien cuc GCE

Pé nghién ctru cac trang thai hoa tri ciia Cu ciing nhu phan tich dinh luong va
ty 16 cac nguyén tb co trong cdu trac vat liéu Cu-BTC, phuong phap phd quang dién
tir tia X (XPS) di dugc sir dung. Nhu di thay tir pho khao sat XPS trong hinh 3.45.a,
Cu-BTC chu yéu bao gdom C (75,25%), O (15,94%) va Cu (0,83%), ngoai ra con cd
N (2,13%) va F (5,85%). Pho XPS ciia Cls (Hinh 3.45.b) cho thdy mét cuc dai chinh
0 284,7 eV va ba cuc dai khac & muc nang lugng lién két cao hon. Pinh chinh trong
pho XPS cua Cls dugc cho 14 ciia cac lién két C - C va C = C trong cac vong thom
ctia phéi tir hitu co BTC. Ngoai ra ba peak khac dugc tim thiy tir cac lién két voi
nhom chirc nhu C-OH (286,7 eV), C=0 (288,7 eV) va O=C-OH (291,7 e¢V). Phé
XPS cua Ols md ta trong hinh 3.45.c cho théy mot dinh duy nhat & 532.3 eV duoc
cho 14 lién két Cu-O-C trong ciu truc tinh thé cua Cu-BTC [62, 162]. Phd XPS cua
Cu2p (hinh 3.45.d) c6 hai dinh chinh & 934,6 va 954,6 eV Gng vai hai trang thai lién

két Cu2pa2 va Cu2py2 cia ion Cu?* [163]. Ngoai ra con c6 cac dinh lién két c6 cuong
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d6 yéu hon & 939,8; 944.3 va 963 eV ching t6 Cu trong cau traic Cu-BTC ton tai
trong trang thai Cu?* duéi dang CuO. Bén canh do, trang thai cua Cu* duéi dang Cu20
va Cu ciing duogc tim thiy. O trang thai Cu* c6 mot dinh lién két voi cudong d6 thap o
945 ¢V ¢6 thé do van con CuO, cuiing v6i d6 1a cac hop chat khac ciia Cu?* ciing duoc
tim thiy bang phép do XPS (hinh 3.45). Tuy nhién ngoai cic nguyén té chinh la C,
O va Cu con c6 sy hién dién cua nito. Hai peak ¢ 399,9 va 401,6 eV trong phé XPS
ctia N1s (hinh 3.47) dugc cho 13 cia nhém -NH va -NH; ching t6 rang trong thanh

phﬁn vat liéu Cu-BTC con ¢6 sy hién dién cua dung moéi DMF.
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Hinh 3. 45. Phé XPS day dii (a) va phé C1s (b), O1s (c), Cu2p (d) cia Cu-BTC tong
hop bang phirong phép két tia dién hda



93

\

Strong Cu?* Cu2py,
satellite
Strong Cu?*
Cu2pyz salellite

Cu2p spectraof dilferent
Cu(ll) compounds

Cu carbonale
dihydroxide

Binding Enorgy (oV)

/ \ \
ety s
Weak ] Vo
w0 g\ saelite cuo
Cumetal __ & . \,W
e m———— Cu phthalocyanine i)
960 950 240 960 850 910 930

Binding Encrgy (V)

Hinh 3. 46. C4c trang thai khac nhau cia Cu duwoc tim thdy trong cau tric Cu-BTC

tong hop bang phiong phdp két tia dién hoa

N1s

Cuong do (Counts)

-NH

\

,WJGWAV

el o

T

—— T T
392 394 396 398 400 402 404 406 408 410 412

T T T T T T T T T T T T T

Nang lwong lién két (eV)

Hinh 3. 47. Phé XPS cua N1s

3.4.3. Pic trung tinh chit di¢gn héa mang Cu-BTC
3.4.3.1. Khao sat voi dung dich KCI 100mM
Tinh chat dién hoa ciia mang Cu-BTC duoc khao sat trong dung dich dién ly

KCI 100 mM. Nhu quan sat ¢ hinh 3.48, ¢6 hai cap oxi hda-khtr xuat hién trén pho
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quét thé vong lién quan toi su dich chuyén giira cac trang thai oxi hda cua dong, cu
thé: Cu?* + e~ «» Cul* ddi véi cap peak I11 (6 111mV) / 11 (6 150mV) va Cut* + e~
Cu® dbi véi cap peak IV (¢ -380mV) / | (& -40mV) [156]. Ti 1¢ gitta 2 cap peak 1/1V
rat 16n so vai 11/111 nén c6 thé cd kém theo ca qué trinh chuyén hda Cu?* + 2¢ « Cu®.

Mang vat liéu Cu-BTC dugc tong hop & -1,1V ¢6 cuong do cap peak oxi hoa-
khtr cao hon so v&i c4c mang dugc ché tao & cac dién thé khac. Do vay, mang vat liéu
nay s& dugc lra chon cho cac ng dung trong cam bién & phan tiép theo. Ciing can
lwu ¥ rang, céc tin hiéu dién hoa dic trung cia mang Cu-BTC xuat hién & ving nho
hon +300 mV, nén khéng anh hudng téi viéc ghi nhan tin hiéu dién hda tir PA trong

cac thi nghiém tiép theo.
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Hinh 3. 48. Buong CV cua dién cuc Cu-BTC/GCE trong KCI 100mM

3.4.3.2. Hcing 56 téc do dich chuyén dién tw va tro dich chuyén dién tu

Kha ning trao dbi dién tich trén bé mat dién cuc 1a mot théng sé quan trong
anh huong t6i hoat dong caa cam bién dién hda. O day, nghién ctiu tién hanh danh
gia ban dau vé kha ning trao doi dién tich trén bé mit dién cuc bién tinh sir dung
phuong phap quét thé tuan hoan véi [Fe(CN)s]*’* 5 mM nhu mét dau do oxi hda-khir
& toe do quét 50mV/s. Ca dong dién anot lpa va catét Ipc tng vai peak oxi hda va khi
g v6i qua trinh [Fe(CN)e]* + 1e <> [Fe(CN)e]* déu tang 1,4 1an so vai GCE, trong
khi su chénh léch dinh peak duoc thu hep xubng gan 80 mV (hinh 3.49). Nhu du
doan, su xuat hién cua vat liéu Cu-BTC trén bé mit dién cuc GCE di 1am ting cudng

su dich chuyén dién tich ¢ trén bé mat dién cuc.
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Hinh 3. 49. Puong CV trong dung dich Ks[Fe(CN)s] / Ka[Fe(CN)s] cua dién cuc
GCE va Cu-BTC/GCE Véi téc dé quét 50mV/s
Hang sb toc do dich chuyén chuan (Ks) cua dién cuc bién tinh Cu-BTC/GCE
cling duoc xac dinh, sir dung phuong phap Laviron bang viéc ghi nhan pho quét thé
vong trong dung dich Ks[Fe(CN)s]/Ka[Fe(CN)s] & cac téc do quét khac nhau. Két qua
cho thay téc @6 dich chuyén chuan cua Cu-BTC/GCE la 16n hon 3,55 1an so véi Ks

cua GCE (hinh 3.50).
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Hinh 3. 50. Puong CV cua dién cuc Cu-BTC/GCE (a) va GCE (b) dwoc ghi nhgn
trong dung dich KCI 1M va hén hop Ks[Fe(CN)s]/Ks[Fe(CN)s] 5mM véi toc dé
queét tzr 10 - 700mV/s
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Két qua nay twong dong vai cac két qua vé dién tré dich chuyén dién ti ghi
nhan trén pho tré khang dién hoa EIS (hinh 3.51). Phé tong tra ghi nhan ¢ hai phan,
phan ban nguyét (& tan sé cao) phan anh dién tré dich chuyén dién tr va phan tuyén
tinh (& tan s6 thap) phan anh qua trinh khuéch tan. C6 thé thay rang phan ban nguyét
turong &ng voi qua trinh chuyén dién tr gan nhu bién mat khi dién cue duoc bién tinh.
Gia trj dién trg dich chuyén dién tich (Re) 1a 2172,5Q d6i véi dién cuc GCE, nhung
da giam xudng con 86Q ddi véi dién cuc bién tinh Cu-BTC/GCE (bang 3.24). Nhu
vay, d6 dan cua dién cuc duoc ting 1én 25 1an. Két qua nay tuong dong véi két qua
tong hop Cu-BTC cung phuong phép trong cic nghién ctitu khac [164]. Tuy nhién,
v6i Cu-BTC néi riéng va MOF noéi chung thi d6 dan dién khdng cao, thap hon nhiéu

S0 Vi cac vat liéu nano kim loai nhu vang, platin,...[165].
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Hinh 3. 51. P6 thi Nyquist giia dién cuc GCE va Cu-BTC/GCE trén ddi tan sé tir
101 - 10° Hz véi bién dé Eo = 190 mV
Bang 3. 24. Dir liéu EIS cua dién cuc Cu-BTC/GCE va GCE
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3.4.4. Cdc yéu té anh hwéng dén phdn vng oxi héa-khir ciia PA trén di¢n
cure bién tinh

Phan tng oxi héa-khtr cua PA trén dién cuc bién tinh Cu-BTC/GCE trudc hét
duoc khao sét bang phuong phap quét thé vong. Mang Cu-BTC tong hop bang phuong
phép 4p thé tai -1,1 V va thoi gian 5 phit véi dic tinh dién hoa tét nhat duoc sir dung
trong phan nay. Hai yéu t6 1a toc d6 quét va pH duogc khao sat dé cung cap thém thong
tin vé co ché phan ng oxi héa-khir cuia PA trén dién cuyc.

3.4.4.1. Anh hudng cia toc dé quét

Khi khao sat duong CV trén 2 dién cuc GCE va Cu-BTC/GCE trong dung dich
chira PA 1mM trong PBS véi toc do quét 50 mV/s (hinh 3.52) c6 thé thay rang su
phan tach dinh peak oxi hda va khir cia dién cuc GCE 16n hon nhiéu so véi dién cuc
bién tinh Cu-BTC/GCE nhung cuong d6 dong khong tang nhiéu. Két qua cho thay
su cai thién vé dich chuyén dién tir trén dién cuc khi ¢ mat Cu-BTC, diéu nay hira

hen su cai thién vé hoat dong caa cam bién sau nay.
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Dién thé (V, vs Ag/AgCl)
Hinh 3. 52. Puong CV cua dién cuc Cu-BTC/GCE va GCE trong dung dich chiza
PA 1mM trong PBS (pH7,4)
Pong hoc cua qué trinh oxy hoa dién héa PA trén dién cuc bién tinh Cu-
BTC/GCE dugc nghién ciu trong dung dich PBS (pH = 7,4) chita PA 1mM véi toc
d6 quét tang dan tir 10 ¢én 200 mV/s (hinh 3.53).
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Hinh 3. 53. Puong CV cua dién cuc Cu-BTC/GCE (a) va GCE (b) trong dung dich
PA ImM khi thay doi téc dé quét

Céc dong cuc dai oxy hda xuat hién ¢ 350 mV va cuong do lpaVa lpe ting tuyén

tinh vai can bac hai cua tée do quét (hinh 3.54), cho thay ddy 1a qua trinh dong hoc

bi khdng ché bai qué trinh khuéch tan.
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Hinh 3. 54. Purong chuan I, — v¥2 véi dién cuc Cu-BTC/GCE (a) va GCE (b)

DPong hoc twong tu cling duoc ghi nhan véi dién cuc GCE. Mit khac, do doc

ctia cac duong chuan dong hoc lpa - V2 va lpe - v2 cia dién cuc bién tinh Cu-

BTC/GCE cao hon so véi dién cuc GCE (hinh 3.55) chting to rang su c6 mat caa Cu-

BTC di gitp cho toc do ciia phan tng oxi hda PA dugc cai thién va tang tin hiéu nhan

biét trong dung dich.
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Hinh 3. 55. B¢ doc cuia lpa - V2 va Iy - V2 ciia dién cuc GCE va Cu-BTC/GCE
3.4.4.2. Anh huéng ciia pH
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Hinh 3. 56. So' do co ché oxi hoa cia PA
PA 12 mot loai hop chét phenolic duoc thé bai 1 nhém amid 1 acetamide theo
kiéu para (1,4). Su c6 mat cia hai nhém hoat tinh amid va hydroxyl 1am cho vong
benzene phan ung lai voi cac chat thay thé thom c6 4i luc véi e. Nhém -OH trong PA
c6 tinh linh d6ng va hoat tinh dién hda cao nén c6 thé bi oxi héa & pH trung tinh trong
cac phan tng dién hoa [166]. Co ché cua qua trinh oxi hoa lién quan dén qué trinh

dich chuyén hai electron va hai proton H* dé tao thanh san pham khéng 6n dinh 1a N-
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acetyl-p-benzoquinone imine (NAPQI) (hinh 3.56). Thuc té, su hinh thanh NAPQI
c6 thé do hai quéa trinh oxy héa mot dién tir lién tiép. Trong budc dau tién, qua trinh
oxy héa mot dién tir tao ra gbc phenoxy (Ar-O°). Sau dé, goc phenoxy bi oxy hda tao
thanh NAPQI [167]. Chinh vi vay, pH 1a mot théng s quan trong anh huéng dén qua
trinh oxy héa dién hoa PA trén bé mat dién cuc.
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Hinh 3. 57. Puwong CV khao sat anh hirong cua pH (5 - 9) trong dung dich PA 1mM
cua dién cuc Cu-BTC/GCE (a) va GCE (b)

Két qua trén hinh 3.57 cho thiy, cac duong CV & dién cuc bién tinh Cu-
BTC/GCE va GCE trong dung dich PBS chira PA 1mM ¢ cac pH khac nhau. Biém
chung dé nhan ra 1a cuong d6 dong ting khi pH ting tir 5 - 7 va giam & cac pH cao
hon (hinh 3.58a). Do d6, pH 7,0 duoc chon 13 pH téi wu cho cac thi nghiém cam bién
tiép theo. Clng véi do, su dich chuyén vi tri dinh oxi hda theo pH c6 thé woc tinh
dugc sd electron hoic sé proton tham gia vao qua trinh oxi hda PA, tir d6 hiéu 13 co
ché oxi héa dién hda cia PA. Puong CV trong hinh 3.57 cho thay rang, vi tri cia
dinh oxi hoéa dugc dich chuyén sang céc thé thap hon khi pH ting, biéu dién theo
phuong trinh: Eox = -0,0472pH + 0,7656 (R? = 0,9916) d6i véi dién cuc bién tinh Cu-
BTC/GCE va Eox = -0,0472pH + 0,873 (R2 = 0,9865) dbi véi dién cuc GCE. Do déc
cua 2 dudng bang nhau phan anh cling mét sb luogng electron va proton tham gia vao

qua trinh oxy hoa dién héa PA trén bé mat cac dién cuc (hinh 3.58b).

1.0
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Hinh 3. 58. Ankh hwong ciia pH dén cwong do dinh (a) va thé oxi hda cia PA (b)
3.4.5. Phan tich PA trén dién cwc bién tinh
Qua trinh phan tich PA st dung ki thuat quét thé xung vudng SWV, ki thuat
nay thuan tién hon quét thé vong vi cho tin hiéu rd nét hon, yéu cau thoi gian do dac
ngan hon. Pién cuc bién tinh Cu-BTC/GCE tbng hop bang ap thé tai -1,1 V trong
thoi gian 5 phat. Dai nong d6 PA dugc chon la tir 10 - 50 pM.
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Hinh 3. 59. Puong SWV cua dién cuc Cu-BTC/GCE (a) va GCE (b)
& C4c nong dé PA khéc nhau
Tir két qua dugc ghi nhan trén hinh 3.59 cho thay rang, sy c6 mat cia Cu-BTC
trén bé mat cua dién cuc GCE da lam giam thé oxy hda PA tir 450 mV xudng con
350 mV. D6 1a do su xuét hién cia Cu-BTC da lam cho sy dich chuyén dién tich ¢
trén bé mat dién cuc duoc ting cuong dan téi phan tng oxi héa PA theo so dd (hinh

3.56) xay ra nhanh hon.
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3,5 = Equation y=a+bx
Plot GCE Cu-BTC/GCE
Weight No Weighting
Intercept -0,17844+0,02961  -0,18681 + 0,04222
Slope 0,0337 £9,62273E-4 = 0,06969 + 0,00137
3,0 4 Residual Sum of Squares 000693 001408
Pearson's r 0,99756 0,99884
R-Square (COD) 0,99513 0,99768
Adj. R-Square 0,99432 0,99729
< 25-
3.
—
<O
?n 2,0 1 B GCE
c Cu-BTC/GCE
=)
S 15-
1,0
1=0,0337C -0,1784
R2=0,9951
0,5
0,0 T T T T T T T . T
10 20 30 40 50
N6ng dé (uM)

Hinh 3. 60. Puwrong chuan | - C cia PA trén dién cuc Cu-BTC/GCE va GCE

Nhu quan sat trén duong chuan ddi véi Cu-BTC/GCE (hinh 3.60), cudong d6
dong cuc dai tang tuyén tinh véi nong do PA tir 10 - 50 uM theo phuong trinh hoi
quy: | (LA) = 0,0697Cpa (UM) - 0,1868 (R? = 0,9977). Twong tu Sy ting tuyén tinh
cudng do dong theo nong do PA ciing duoc ghi nhan trén GCE: | (uA) = 0,0337Cpa
(UM) - 0,1784 (R?=0,9951). P9 nhay va gisi han phat hién (LOD) cua Cu-BTC/GCE
tinh tir phuong trinh hoi quy 13 0,996 pA.uM™.cm™? va 0,077 uM. Céc két qua trén
déu tot hon so véi dién cuc GCE (0,481 pA.uMt.cm?; 0,203 pM). R rang la viéc
sir dung Cu-BTC dé bién tinh dién cuc GCE da giup cai thién do nhay caa cam bién
PA 1én 2,1 lan, do Cu-BTC tong hop bang phuong phap dién hda c6 cau tric xp cao
va céc vi tri xtc tic Cu?* hoat dong ¢ loi dé cai thién hiéu suat cia cam bién.

Nhu vay, Véi viéc sir dung mang Cu-BTC dugc két taa truc tiép trén bé mat
dién cuc GCE bang phuong phap dién héa thi cuong d tin hiéu thu dwgc cao hon so
Vv6i phuong phap nho giot. Bén canh do, két qua khao sat ciing cho thay, néu ting do
day cua mang vat liéu Cu-BTC trén dién cuc GCE (ting thoi gian tong hop) thi tin

hiéu thu dugc c6 cudng do cao hon nhung khong dang ké (hinh 3.61).
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4,0

Equation y=a+b*

- |Plot GCE Cu-BTC 5 minutes  Cu-BTC 15 minutes

Weight No Weighting

3.5 - |interce
! Slope 0,0337 +9,62273E-4 0,06969 + 0,00137 0,07478 £ 0,0017
Residual Sum of Squares 0,00693 0,01408 0,02162

7 [Pearson's r 0,99756 0,99884 0,99845

R-Square (COD) 0,99513 0,99768 0,99691
3,0 =1 [Adj. R-Square 0,99432 0,99729 0,99639

pt -0,17844 +0,02961 -0,18681 +0,04222 -0,05797 + 0,05231

B GCE
2,5 - Cu-BTC5 mlr!utes
Cu-BTC 15 minutes

2,0 H

Cuwong do (uA)

1,5+
1,0

0,5 H

0,0 T T T T T T T T T
10 20 30 40 50

N6ng do (uM)

Hinh 3. 61. Pwong chudn | - C cuia cuia PA trén cac dién cuc
GCE va Cu-BTC/GCE trong thoi gian téng hop khac nhau
Nhitng gié tri vé do nhay va gigi han do ctia cam bién da ché tao c6 thé so sanh
dugc véi cac cam bién da duoc nghién ciu trude day (bang 3.25). Két qua so sanh
cho thay can tiép tuc nghién ctru khao sat, lva chon cac diéu kién tdi wu tong hop dién
héa mang Cu-BTC trén dién cuc GCE dé cai thién do nhay va gisi han phét hién caa
cam bién.

Bang 3. 25. So sanh kha nang phat hién PA cuia cac dién cuc

N Khoang tuyén | Pénhay | LOD | Tailiéu tham
Dién cuc )
T tinh (UM)  |(MA.uML.cm?)| (UM) khao
GCE 10-50 0,481 0,203 | Nghién ctru nay
Cu-BTC/GCE 10-50 0,996 0,077 | Nghién ctru nay
NiCo-MOFs/CPE 0,6 - 100 0,0564 0,02 [106]
NiCu-CAT/GCE 5-190 - 0,032 [107]
Zif-67/GCE 2,3-300 0,51 [108]
Zeolite- 0,5-200 - 0,01 [110]
graphite/GCE
AuUNPs/rGO- 1-9 0,028 0,352 [166]
PEDOT:PSS/GCE
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KET LUAN VA KIEN NGHI

. Két luén:

1. D3 téng hop thanh cong 03 hé vat lidu composite/MOF bao gdm: Cu,Zr-
BTC/CNT,; Fe,Ni-BTC/CNT; Cu,Ni-BTC/CNT va nghién ctru danh gia, khao sat cac
thong sb dic trung hinh thai, ciu tric, thanh phan cua vt liéu bang cac phuong phap
phan tich hoa ly hién dai.

2. bi tmg dung cac hé vat liéu trén dé phat trién cam bién dién hoa phan tich
BPA trong méi trudng nude. Dong thoi phan tich mau thue chira BPA va so sanh dbi
chtng v6i phuong phap HPLC qua d6 danh gia hiéu suat va do tin cdy cta cam bién
ché tao dugc.

- V6i cam bién Cu,Zr-BTC/CNT/GCE dé phan tich BPA cho thay hi¢u suat dang
tin cay voi khoang tuyén tinh rong (2-50 uM), gidi han phét hién thap (0,5 uM), d6 nhay
cao (0,451 pA.pM™.cm?), d6 lap lai (RSD = 6,462 %) va do 6n dinh (RSD = 11,48 %).

- Vé6i cam bién Fe,Ni-BTC/CNT/GCE d¢ phan tich BPA da 1am ting cudng
su dich chuyén dién tich trén bé mit dién cuc. Ung dung phan tich BPA c6 gi6i han
phat hién 1a 0,7 UM va do6 nhay la 0,334 pA.uM1.cm2véi d6 1ap lai (RSD = 9,94) va
d6 6n dinh (RSD = 14,67).

- Vi cam bién Cu,Ni-BTC/CNT/GCE dé phan tich BPA ¢ gidi han phat hién 1a
0,5 UM va do nhay 13 0,481 pA.uMt.cm2. Pién cuc nay khi tmg dung dé phan tich BPA
¢6 d6 lap (RSD = 13,5%) va do 6n dinh (RSD = 18,55%).

Tur két qua cho théy, dién cuc Cu,Zr-BTC/CNT/GCE c6 nhiéu trién vong phat
trién mg dung thuc té dé phéan tich BPA trong moi truong nudc do ¢ gidi han phat
hién théip, do nhay cao va dién cuc nay c6 do 1ap lai va do on dinh 12 tot nhat.

3. Bi budc dau nghién ciu, ché tao cam bién Cu-BTC/GCE bang phuong phap
két tua dién hoa, va khao sat céc thong sé dic trung, tinh chét vat liéu dién cuc Cu-
BTC tong hop theo phuong phép nay, qua dé du doan co ché chuyén hoa PA trén bé
mit dién cuc. Ung dung cam bién Cu-BTC/GCE dé phan tich PA trong dung dich,
két qua cu thé:

- Cam bién Cu-BTC/GCE ché tao theo phuong phap két tiia dién hda c6 cuong

d6 dich chuyén dién tich tang 1én 1,4 1an so véi dién cuc tran GCE.
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- Cam bién Cu-BTC/GCE khi phan tich PA c6 gi6i han phat hién kha thap
(0,077 uM) va do nhay cao (0,996 pA.uMt.cm).

Nhu vay, phuong phap két taa dién hoa 1a phuong phap bién tinh dién cuc c6
nhiéu trién vong phat trién tng dung thuc té.

I1. Kién nghi: Dé xuit hudng nghién ctru tiép theo

1. Nghién ctru t6i uu hoéa quy trinh bién tinh dién cyc bang phuong phap nho
giot nhdm nang cao tudi tho st dung va khao sat mé rong pham vi, dbi tuong phan
tich, dinh hudng phat trién tmg dung thuc té.

2. Tap trung hoan thién quy trinh cong nghé tong hop vat liéu, bién tinh dién
cuc theo phuong phap két tua dién hoa véi cac tim kim loai khac nhau nham nang

cao hi¢u qué ung dung va than thi¢n v61 moi truong.



106

DANH MUC CAC CONG BO CO LIEN QUAN LUAN AN

1. Nguyen Tien Dat, Nguyen Ngoc Tien, Nguyen Thi Thanh Ngan, Vu Thi Thu.

Sensing interface based on electrodeposited Cu-BTC microporous film for
electrochemical detection of the painkiller paracetamol.

Analyst, 2023,148, 1777-1785

DOI: 10.1039/d3an00110e

2. Nguyen Ngoc Tien, Nguyen Tien Dat, Nguyen Ba Manh, Nguyen Dinh
Hieu, Vu Cam Tu, Nguyen Thi Thanh Ngan, Vu Thi Thu Ha, Philippe Decorse,
Benoit Piro, Vu Thi Thu.

Cu,Zr-BTC/CNT composite for electrochemical detection of endocrine
disruptor BPA

J Mater Sci, 2023, 58(7), 1-15

DOI: 10.1007/s10853-023-09083-1

3. Nguyen Ngoc Tien, Nguyen Tien Dat, Nguyen Ba Manh,
Nguyen Thi Thanh Ngan, Magdalena Osial, Marcin Pisarek, Olga Chernyayeva,
Vu Thi Thu.

A simple one-pot approach to prepare compositees based on bimetallic metal—
organic frameworks M, Ni-BTC (M=Cu, Fe) andcarbon nanotubes
for electrochemical detection of bisphenol A.

J Nanopart Res, 2025, 27:87

DOI: 0rg/10.1007/s11051-025-06287-1.



10.

11.

12.

107

TAI LIEU THAM KHAO

Laura G. Cordova Villegas, Neda Mashhadi, Miao Chen, Debjani Mukherjee, Keith
E. Taylor, Nihar Biswas, 2016, A Short Review of Techniques for Phenolic Removal
from Wastewater, Curr Pollution Rep, 2, pp. 157-167.

Sylvain La Camera, Guillaume Gouzerh, Sandrine Dhondt, Laurent Hoffmann,

Bernard Fritig, Michel Legrand, Thierry Heitz, 2004, Metabolic reprogramming in
plant innate immunity: the contributions of phenylpropanoid and oxylipin pathways,
Immunological Reviews, 198, pp. 267-284.

Ingrid C. McCall, KA and Charles A. Parkos, 2009, Effect of phenolic on barrier
function of a human intestinal epithelial cell line corelate with altered tight junction
protein localization, Toxicology and Applied pharmacology, 241, pp. 61-70.

H. S. Arruda, 1. A. Neri-Numa, L. A. Kido, M. Roberto, M. Junior, G. M. Pastore,
2020, J. Funct. Foods, 75, 104203.

Ramatisa Ladeia Ramos, Victor Rezende Moreira, Miriam Cristina Santos Amaral,
2024, Phenolic compounds in water: Review of occurrence, risk, and retention by
membrane technology, Journal of Environmental Management, Volume

351, 119772.

Raul Pinero, Juan Garcia and Maria Jose Cocero, 2005, Chemical recycling of
polycarbonate in a semi-continuous lab-plant. A green route with methanol and
methanol - water mixtures, Green Chemistry, 7, pp. 380-387.

U.S. Environmental Protection Agency, 2010, BPA Action Plan.

Henry Lee, Kris Neville, 1967, Handbook of epoxy resins, pp. 324-361.

A. J. Blasco, A. G. Crevillen, M. C. Gonzalez and A. Escarpa, 2007, Electroanalysis,

19, pp. 2275.

M.L. Chen, J.H. Chen, L. Ding, Z. Xu, L. Wen, L.B. Wang, Y.H. Cheng, 2017, Study
of the detection of BPA based on a nano-sized metal-organic framework crystal and
an aptamer, Analytical Methods, 9, pp. 906-909.

J. Zhang, X. Xu, L. Chen, 2018, An ultrasensitive electrochemical BPA Sensor based
on hierarchical Ce-metal-organic framework modified with cetyltrimethylammonium

bromide, Sensors and Actuators, B: Chemical, 261, pp. 425-433.

J. Ma, J. Yuan, Y. Xu, Y. Jiang, W. Bai, J. Zheng, 2022, Ultrasensitive


https://www.sciencedirect.com/journal/journal-of-environmental-management/vol/351/suppl/C
https://www.sciencedirect.com/journal/journal-of-environmental-management/vol/351/suppl/C
http://www.ens-newswire.com/ens/jun2011/2011-06-01-01.html

13.

14.

15.

16.

17.

18.

19.

20.

108

electrochemical determination of BPA in food samples based on a strategy for activity
enhancement of enzyme: Layer-by-layer self-assembly of tyrosinase between two-
dimensional porphyrin metal-organic framework nanofilms, Chemical Engineering
Journal, 446, 137001.

Tran Thanh Tam Toan, Hoang Trong Nhén, Bui Dtc Diép, Mai Xuan Tinh, Nguyén
Hai Phong, 2018, Nghién ciru bién tinh dién cuc lam viéc bang graphen oxide dang
khir dé xac dinh acid ascorbic, paracetamol va caffein bang phuong phap von-ampe
hoa tan anot xung vi phan, Tap chi Khoa hoc va Cong nghé, Truong DPai hoc Khoa
hoc - Pai hoc Hué, T13, Sé 2, tr. 87-96.

Tran Thic Binh, Nguyén Thi Quynh Trang, Chau Viét Thach, 2017, Xac dinh dong
thoi paracetamol va caffein trong hdn hop bang phwong phap tric quang két hop thuat
toan loc Kalman, Tap Chi Phan Tich Hoa, Ly va Sinh Hoc, 22(3), tr. 14-21.
Ruiz-Medina A., Fernandez-de Coérdova M.L., Ayora-Cafiada M.J., et al, 2000, A
flow-through solid phase UV spectrophotometric biparameter Sensor for the
sequential determination of ascorbic acid and paracetamol, Analytica Chimica Acta,
404, pp. 131-1309.

Momin M.Y., Yeole P.G., Puranik M.P and S. J. Wadher, Reverse phase HPLC 110
method for determination of aceclofenac and paracetamol in tablet dosage form,
2006, Indian Journal of Pharmaceutical Sciences, 68, pp. 387-389.

Sarakbi A., Aydogmus Z., Sidali T., et al., 2011, Simultaneous determination of
acetaminophen (paracetamol) and ascorbic acid in pharmaceutical formulations by
LC coupled to a screen printed carbon based amperometric detector, Electroanalysis,
23, pp. 29-36.

Linna Guo, Lin Hao, Yufan Zhang, Xiumin Yang, Qiangian Wang, Zhi Wang, Chun
Wang, 2021, Metal-Organic Framework Precursors Derived Ni-Doping Porous
Carbon Spheres For Sensitive Electrochemical Detection Of Acetaminophen,
Talanta, 228, 122228.

L. Li, Y. Xu, D. Zhong, N. Zhong, 2020, CTAB-surface-functionalized magnetic
MOF@MOF compositee adsorbent for Cr(VI1) efficient removal from agueous
solution, Physicochemical and Engineering Aspects, 586, 124255.

O. Shekhah, H. Wang, D. Zacher, R.A. Fischer, C. Woll, 2009, Growth mechanism


https://www.aminer.cn/profile/linna-guo/640534f964f9d700019e1fe1?source=zz1
https://www.aminer.cn/profile/lin-hao/5618e0a045ce1e59641898dd?source=zz1
https://www.aminer.cn/profile/yufan-zhang/53f43687dabfaedce55302bb?source=zz1
https://www.aminer.cn/profile/xiumin-yang/542e00e5dabfaed722682bb8?source=zz1
https://www.aminer.cn/profile/qianqian-wang/5628186e45cedb3398771966?source=zz1
https://www.aminer.cn/profile/zhi-wang/64b09e7c67e821be74963997?source=zz1
https://www.aminer.cn/profile/chun-wang/542ccbbfdabfae4bbcf75a08?source=zz1
https://www.aminer.cn/profile/chun-wang/542ccbbfdabfae4bbcf75a08?source=zz1

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

109

of metal-organic frameworks: Insights into the nucleation by employing a step-by-
step route, Angewandte Chemie - International Edition, 48, pp. 5038-5041.

H. Furukawa, K.E. Cordova, M. O’Keeffe, O.M. Yaghi, 2013, The chemistry and
applications of metal-organic frameworks, Science, 341.

M. Ptak, K.L. Svane, I.E. Collings, W. Paraguassu, 2020, Effect of alkali and trivalent
metal ions on the high-pressure phase transition of
[C2HsNH3]MI0.5MI110.5(HCOO0)3(MI= Na, K and MIllI= Cr, Al) heterometallic
perovskites, Journal of Physical Chemistry C, 124, pp. 6337-6348.

J. Zhang, Y. Cui, G. Qian, 2018, Rational Designed Metal-Organic Frameworks for
Storage and Separation of Hydrogen and Methane, Current Organic Chemistry, 22,
pp. 1792-1808.

L. Chen, H. Wang, Chemical Science Bimetallic metal — organic frameworks and
their derivatives, (2020) 5369-5403.

N. Raza, T. Kumar, V. Singh, K.H. Kim, Recent advances in bimetallic metal-organic
framework as a potential candidate for supercapacitor electrode material,
Coordination Chemistry Reviews. 430 (2021) 213660.

M. Ding, W. Shi, L. Guo, Z.Y. Leong, A. Baji, H.Y. Yang, 2017, Bimetallic metal-
organic framework derived porous carbon nanostructures for high performance
membrane capacitive desalination, Journal of Materials Chemistry A, 5, pp. 6113-6121.
L. Chen, H.F. Wang, C. Li, Q. Xu, 2020, Bimetallic metal-organic frameworks and
their derivatives, Chemical Science, 11, pp. 5369-5403.

Q. Liu, H. Cong, H. Deng, 2016, Deciphering the Spatial Arrangement of Metals and
Correlation to Reactivity in Multivariate Metal-Organic Frameworks, Journal of the
American Chemical Society, 138, pp. 13822-13825.

X. Yang, Q. Xu, 2017, Bimetallic Metal-Organic Frameworks for Gas Storage and
Separation, Crystal Growth and Design, 17, pp. 1450-1455.

Yang Q., Xu Q., Jiang H.L., 2017, Metal-organic frameworks meet metal
nanoparticles: Synergistic effect for enhanced catalysis, Chemical Society Reviews,
46 , pp. 4774-4808.

Liu M., Wu J., Hou H., 2019, Metal-Organic Framework (MOF)- Based Materials as

Heterogeneous Catalysts for C—H Bond Activation, Chemistry - A European Journal,



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

110

25, pp. 2935-2948.

Zhu J., Li P.Z., Guo W., et al., 2018, Titanium-based metal—organic frameworks for
photocatalytic applications, Coordination Chemistry Reviews, 359, pp. 80-101.
LiuL.,ZhouY., Liu S, etal., 2018, The Applications of Metal-Organic Frameworks
in Electrochemical Sensors, ChemElectroChem, 5, pp. 6-19.

Hosseinian A., Amjad A., Hosseinzadeh-Khanmiri R., et al., 2017, Nanocompositee
of ZIF-67 metal — organic framework with reduced graphene oxide nanosheets for
high-performance supercapacitor applications, Journal of Materials Science:
Materials in Electronics, 28, 18040.

Muschi M., Serre C, 2019, Progress and challenges of graphene oxide/metal-organic
compositees, Coordination Chemistry Reviews, 387, pp. 262-272.

C. Dey, T. Kundu, B.P. Biswal, A. Mallick, R. Banerjee, 2014, Crystalline metal-
Organic frameworks (MOFs): Synthesis, structure and function, Acta
Crystallographica Section B: Structural Science, Crystal Engineering and Materials,
70, pp. 3-10.

G.L. Wen, B. Liu, D.F. Liu, F.W. Wang, L. Li, L. Zhu, D.M. Song, C.X. Huang, Y.Y.
Wang, 2020, Four congenetic zinc(1l) MOFs from delicate solvent-regulated strategy:
Structural diversities and fluorescent properties, Inorganica Chimica Acta, 502.

Y. Liang, W.G. Yuan, S.F. Zhang, Z. He, J. Xue, X. Zhang, L.H. Jing, D. Bin Qin,
2016, Hydrothermal synthesis and structural characterization of metal-organic
frameworks based on new tetradentate ligands, Dalton Transactions, 45, pp. 1382—
1390.

H.T. Vu, M.B. Nguyen, T.M. Vu, G.H. Le, T.T.T. Pham, T.D. Nguyen, T.A. Vu,
2020, Synthesis and Application of Novel Nano Fe-BTC/GO Compositees as
Highly Efficient Photocatalysts in the Dye Degradation, Topeaks in Catalysis, 63,
pp. 1046-1055.

M.B. Nguyen, G.H. Le, T. Duy, Q.K. Nguyen, T. Trang, T. Pham, T. Lee, T.A. Vu,
2021, Bimetallic Ag-Zn-BTC/GO compositee as highly efficient photocatalyst in the
photocatalytic degradation of reactive yellow 145 dye in water, Journal of Hazardous
Materials, 420, 126560.

Z.Q. Li, L.G. Qiu, T. Xu, Y. Wu, W. Wang, Z.Y. Wu, X. Jiang, 2009, Ultrasonic



42.

43.

44,

45.

46.

47.

48.

49.

50.

111

synthesis of the microporous metal-organic framework Cuz(BTC). at ambient
temperature and pressure: An efficient and environmentally friendly method,
Materials Letters, 63, pp. 78-80.

F. Zhang, T. Zhang, X. Zou, X. Liang, G. Zhu, F. Qu, 2017, Electrochemical
synthesis of metal organic framework films with proton conductive property, Solid
State lonics, 301, pp. 125-132.

R. Seetharaj, P. V. Vandana, P. Arya, S. Mathew, 2019, Dependence of solvents, pH,
molar ratio and temperature in tuning metal organic framework architecture, Arabian
Journal of Chemistry, 12, pp. 295-315.

C.A.F. De Oliveira, F.F. Da Silva, |. Malvestiti, V.R.D.S. Malta, J.D.L. Dutra, N.B. Da
Costa, R.O. Freire, S.A. Junior, 2013, Effect of temperature on formation of two new
lanthanide metal-organic frameworks: Synthesis, characterization and theoretical
studies of Tm(l11)-succinate, Journal of Solid State Chemistry, 197, pp. 7-13.

H. Jiang, Q. Wang, H. Wang, Y. Chen, M. Zhang, 2016, Temperature effect on the
morphology and catalytic performance of Co-MOF-74 in low-temperature NH3-SCR
process, Catalysis Communications, 80, pp. 24-27.

G. Kaur, R.K. Rai, D. Tyagi, X. Yao, P.Z. Li, X.C. Yang, Y. Zhao, Q. Xu, S.K. Singh,
2016, Room-temperature synthesis of bimetallic Co-Zn based zeolitic imidazolate
frameworks in water for enhanced CO. and H> uptakes, Journal of Materials
Chemistry A. 4, pp. 14932-14938.

J.A. Botas, G. Calleja, M. Sanchez-Sanchez, M.G. Orcajo, 2011, Effect of Zn/Co
ratio in MOF-74 type materials containing exposed metal sites on their hydrogen
adsorption behaviour and on their band gap energy, International Journal of
Hydrogen Energy, 36, pp.10834-10844.

Z. Zhou, L. Mei, C. Ma, F. Xu, J. Xiao, Q. Xia, Z. Li, 2016, A novel bimetallic MIL-
101(Cr, Mg) with high CO> adsorption capacity and CO2/N2 selectivity, Chemical
Engineering Science, 147, pp. 109-117.

C. Hon Lau, R. Babarao, M.R. Hill, 2013, A route to drastic increase of CO:
uptake in Zr metal organic framework UiO-66, Chemical Communications, 49,
pp. 3634-3636.

D. Tian, N. Song, M. Zhong, X. Lu, C. Wang, 2020, Bimetallic MOF Nanosheets



51.

52.

53.

54.

55.

56.

S7.

58.

59.

112

Decorated on Electrospun Nanofibers for High-Performance Asymmetric
Supercapacitors, ACS Applied Materials and Interfaces, 12, pp. 1280-1291.

Y. Jiao, J. Pei, D. Chen, C. Yan, Y. Hu, Q. Zhang, G. Chen, 2017, Mixed-metallic
MOF based electrode materials for high performance hybrid supercapacitors, Journal
of Materials Chemistry A, 5, pp. 1094-1102.

K. Saravanan, M. Nagarathinam, P. Balaya, J.J. Vittal, 2010, Lithium storage in a
metal organic framework with diamondoid topology-A case study on metal formates,
Journal of Materials Chemistry, 20, pp. 8329-8335.

S.H. Kim, Y.J. Lee, D.H. Kim, Y.J. Lee, 2018, Bimetallic Metal-Organic
Frameworks as Efficient Cathode Catalysts for Li-O, Batteries, ACS Applied
Materials and Interfaces, 10, pp. 660—667.

J. Castells-Gil, N.M. Padial, N. Almora-Barrios, J. Albero, A.R. Ruiz-Salvador, J.
Gonzalez-Platas, H. Garcia, C. Marti-Gastaldo, 2018, Chemical Engineering of
Photoactivity in Heterometallic Titanium—Organic Frameworks by Metal Doping,
Angewandte Chemie. 130, pp. 8589-8593.

L. Zou, D. Feng, T.F. Liu, Y.P. Chen, S. Yuan, K. Wang, X. Wang, S. Fordham, H.C.
Zhou, 2016, A versatile synthetic route for the preparation of titanium metal-organic
frameworks, Chemical Science, 7, pp. 1063-1069.

Y. Gu, Y. Wu, L. Li, W. Chen, F. Li, S. Kitagawa, 2017, Controllable Modular
Growth of Hierarchical MOF-on-MOF Architectures, Angewandte Chemie, 129, pp.
15864-15868.

B. Hu, J.Y. Yuan, J.Y. Tian, M. Wang, X. Wang, L. He, Z. Zhang, Z.W. Wang, C.
Sen Liu, 2018, Co/Fe-bimetallic organic framework-derived carbon-incorporated
cobalt—ferric mixed metal phosphide as a highly efficient photocatalyst under visible
light, Journal of Colloid and Interface Science, 531, pp. 148-159.

H. Chen, K. Shen, J. Chen, X. Chen, Y. Li, 2017, Hollow-ZIF-templated formation
of a ZnO@C-N-Co core-shell nanostructure for highly efficient pollutant
photodegradation, Journal of Materials Chemistry A, 5, pp. 9937-9945.

X.L. Wang, L.Z. Dong, M. Qiao, Y.J. Tang, J. Liu, Y. Li, S.L. Li, J.X. Su, Y.Q. Lan,
2018, Exploring the Performance Improvement of the Oxygen Evolution Reaction in

a Stable Bimetal-Organic Framework System, Angewandte Chemie - International



60.

61.

62.

63.

64.

65.

66.

67.

68.

113

Edition, 57, pp. 9660-9664.

C. Hu, P. Pan, H. Huang, H. Liu, 2022, Cr-MOF-Based Electrochemical Sensor for
the Detection of P-Nitrophenolic, Biosensors , 12, pp. 1-8.

Y. Yan, X. Bo, L. Guo, 2020, MOF-818 metal-organic framework-reduced graphene
oxide/multiwalled carbon nanotubes compositee for electrochemical sensitive
detection of phenolicic acids, Talanta, 218, 121123.

M.B. Nguyen, V.T. Hong Nhung, V.T. Thu, D.T. Ngoc Nga, T.N. Pham Truong, H.T.
Giang, P.T. Hai Yen, P.H. Phong, T.A. Vu, V.T. Thu Ha, 2020, An electrochemical
Sensor based on copper-based metal-organic framework-reduced graphene oxide
compositees for determination of 2,4-dichlorophenolic in water, RSC Advances, 10,
pp. 42212-42220.

Y. Chen, W. Huang, K. Chen, T. Zhang, Y. Wang, J. Wang, 2019, A novel
electrochemical Sensor based on core-shell-structured metal-organic frameworks: The
outstanding analytical performance towards chlorogenic acid, Talanta, 196, 85-91.

Y. Wang, H. Chen, X. Hu, H. Yu, 2016, Highly stable and ultrasensitive chlorogenic
acid Sensor based on metal-organic frameworks/titanium dioxide nanocompositees,
Analyst, 141, pp. 4647-4653.

H. Meskher, F. Achi, S. Ha, B. Berregui, F. Babanini, H. Belkhalfa, 2022,
Sensitive rGO/MOF based electrochemical Sensor for penta-chlorophenolic
detection: a novel artificial neural network (ANN) application, Sensors &
Diagnostics, 1, pp. 1032-1043.

H. Chen, X. Wu, C. Lao, Y. Li, Q. Yuan, W. Gan, 2019, MOF derived porous carbon
modified rGO for simultaneous determination of hydroquinone and catechol, Journal
of Electroanalytical Chemistry, 835, pp. 254-261.

M.B. Nguyen, N.H. Anh, V. Thi Thu, P. Thi Hai Yen, P. Hong Phong, L. Quoc Hung,
N.T.T. Ngan, T.Q. Hai, V. Thi Thu Ha, 2022, A novel bimetallic MOFs combined
with gold nanoflakes in electrochemical Sensor for measuring BPA, RSC Advances,
12, pp. 33825-33834.

C.T.P. Da Silva, F.R. Veregue, L.W. Aguiar, J.G. Meneguin, M.P. Moisés, S.L.
Favaro, E. Radovanovic, E.M. Girotto, A.W. Rinaldi, 2016, AuNp@MOF

compositee as electrochemical material for determination of BPA and its oxidation



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

114

behavior study, New Journal of Chemistry, 40, pp. 8872-8877.

X. Wang, X. Lu, L. Wu, J. Chen, 2015, 3D metal-organic framework as highly
efficient biosensing platform for ultrasensitive and rapid detection of BPA,
Biosensors and Bioelectronics, 65, pp. 295-301.

D. Huang, X. Huang, J. Chen, R. Ye, Q. Lin, S. Chen, 2021, An Electrochemical
Bisphenolic: a Sensor Based on Bimetallic Ce-Zn-MOF, Electrocatalysis, 12, pp.
456-468.

T.S. Sunil Kumar Naik, S. Singh, P. N, R. Varshney, B. Uppara, J. Singh, N.A. Khan,
L. Singh, M. Zulgarnain Arshad, P. C. Ramamurthy, 2023, Advanced experimental
techniques for the sensitive detection of a toxic BPA using UiO-66-NDC/GO-based
electrochemical sensors, Chemosphere, 311, pp. 137104.

Serp Philippe, Machado Bruno, 2015, Nanostructured Carbon Meterials Catalysis,
Royal Society of Chemistry, 40.

Garg Bhaskar, Bisht Tanuja, and Ling Yong — Chien, 2014, Graphene - Based
Nanomaterials as Heterogeneous Acid Catalysts: A Comprehensive Perspective,
Molecules, 19, pp. 14582 - 14614.

Wan Xiangjian, Huang Yi, and Chen Yongsheng, 2011, Focusing on Energy and
Optoelectronic Applications: A Journey for Graphene and Graphene Oxide at Large
Scale, Accounts of Chemical Research, 45, 4, pp. 598 - 607.

Loos Marcio, 2015, Carbon Nanotube Reinforced Compositees, William Andrew, pp.
73-101.

Rosa Axet M., R. Bacsa Revathi, F. Machado Bruno, Serp Philippe, 2011, Handbook
of Carbon Nano Meterials, Francis D Souza and Karl M Kadish, 5, pp. 39 - 183.
Razali Mohd Hasmizam, Ahmad Amirah, Azaman Mohamad Azri, Amin Khairul
Anuar Mat, 2016, Physicochemical Properties of Carbon Nanotubes (CNT’s)
Synthesized at Low Temperature using Simple Hydrothermal Method, International
Journal of Applied Chemistry, 12, 3, pp. 237 - 280.

Birch M. Eileen, Ruda - Eberenz Toni A., Chai Ming, Andrews Ronnee, Hatfield
Randal L, 2013, Properties that Influence the Specific Surface Areas of Carbon
Nanotubes and Nanofibers, Annals of Occupational Hygiene, 57, pp. 1148-1166.
Peigney A., Laurent Ch., Dumortier O., Rousset A, 1998, Carbon Nanotubes - Fe-



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

115

Alumina Nanocompositees. Part I: Influence of the Fe Content on the Sythesis of
Powders, J Eur Ceram Soc, 18, pp. 2005 - 2013.

Raymundo - Pinero E., Azais P., Cacciaguerra T., Cazorala - Amoros D., Linares-
Solano A., Besguin F., 2005, KOH and NaOH activation mechanisms of multiwalled
carbon nanotubes with different structural organization, Carbon, 43, pp. 786 - 795.
Shih Yang-hsin, Li Mei-syue, 2008, Adsorption of selected volatile organic vapors
on multiwall carbon nanotubes, Jounal of Hazardous Materials, 154, pp. 21 - 28.

Li Xiaona, Zhao Huimin, Quan Xie, Chen Shuo, Zhang Yaobin, Yu Hongtao, 2011,
Adsorption of ionizable organic contaminants on multi-walled carbon nanotubes with
different oxygen contents, Journal of Hazardous Materials, 186, pp. 407 - 415.
Wang Xilong, Liu Yan, Tao Shu, Xing Baoshan, 2010, Relative importance of
multiple mechanisms in sorption of organic compounds by multiwalled carbon
nanotubes, Carbon, 48, pp. 3721 - 3728.

Lin Daohui, Xing Baoshan, 2008, Adsorption of Phenolicic Compounds by Carbon
Nanotubes: Role of Aromaticity and Substitution of Hydroxyl Groups, Environ. Sci.
Technol., 42, pp 7254 - 7259.

Pan Bo, Xing Baoshan, 2008, Adsorption Mechanisms of Organic Chemicals on
Carbon Nanotubes, Environ. Sci. Technol., 42 (24), pp. 9005 - 9013.

Apul Onur Guven, Karanfil Tanju, 2015, Adsorption of synthetic organic contaminants
by carbon nanotubes: A critical review, Water Research, 68, pp. 34 - 55.

Lin Daohui, Xing Baoshan, 2008, Adsorption of Phenolicic Compounds by Carbon
Nanotubes: Role of Aromaticity and Substitution of Hydroxyl Groups, Environ. Sci.
Technol., 42, pp. 7254 - 7259.

Pan Bo, Xing Baoshan, 2008, Adsorption Mechanisms of Organic Chemicals on
Carbon Nanotubes, Environ. Sci. Technol., 42 (24), pp. 9005 - 9013.

Joseph R. Stetter, William R. Penrose, Shen Yao, 2003, Sensors, chemical Sensors,
electrochemical Sensors and ECS, Journal of The Electrochemical Society, 150, pp.
11-16.

Chung- Chiun Liu, Second Edition, Ed. Joseph D. Bronzino, 2000, Electrochemical
Sensors, The biomedical Engineering Handbook, Boca Raton: CRC press LLC.

F. Arduini et al., 2016, Electrochemical biosensor based on nanomodified



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

116

screenprinted electrodes: Recent applications in clinical analysis, TrAC — Trends
Anal. Chem., 79, pp. 114-126.

M. Tudorache and C. Bala, 2007, Biosensor based on screen-printing technology, and
their applications in environmental and food analysis, Anal. Bioanal. Chem., 388,
565-578.

M. I. Prodromidis and A. Economou, 2017, New Trends in Antibody-Based
Electrochemical Biosensors , Compr. Anal. Chem, 77, pp. 55-100.

V. Perumal and U. Hashim, 2014, Advances in biosensors : Principle, architecture
and applications, J. Appl. Biomed, 12, pp. 1-15.

Huijie Hou, Kemal M. Zeinu, Shun Gao, Bingchuan Liu, Jiakuan Yang, Jingping Hu,
2018, Recent Advances and Perspective on Design and Synthesis of Electrode Materials
for Electrochemical Sensing of Heavy Metals, Energy & Environmental Materials, 1, pp.
113-131.

Kun Chen, Zai-Li Zhang, Yong-Mei Liang, Wei Liu, 2013, A Graphene-Based
Electrochemical Sensor for Rapid Determination of Phenols in Water, Sensors, 13,
pp. 6204-6216.

Dong-Ming Zhao, Xiu-Hua Zhang, Li-Jun Feng, Li Jia, Sheng-Fu Wang, 2009,
Simultaneous determination of hydroquinone and catechol at PASA/MWNTSs
composite film modified glassy carbon electrode, Colloids and Surfaces B:
Biointerfaces, 74, pp. 317-321.

Luyun Jiang, Ibon Santiago, John Foord, 2018, Nanocarbon and nanodiamond for
high performance phenolics sensing, Communications Chemistry, 43.

M. Govindhan, B.R. Adhikari, A. Chen, 2014, Nanomaterials-based electrochemical
detection of chemical contaminants, RSC Advances, 4, pp. 63741-63760.

X. Huang, D. Huang, J.Y. Chen, R. Ye, Q. Lin, S. Chen, 2020, Fabrication of novel
electrochemical Sensor based on bimetallic Ce-Ni-MOF for sensitive detection of
BPA, Analytical and Bioanalytical Chemistry, 412, pp. 849-860.

C. Li, Y. Zhou, X. Zhu, B. Ye, M. Xu, 2018, Construction of a sensitive BPA
electrochemical Sensor based on metal-organic framework/graphene compositees,
International Journal of Electrochemical Science, 13, 4855-4867.

P.M. Jahani, S. Tajik, R. Alizadeh, M. Mortazavi, H. Beitollahi, 2020, Highly


https://onlinelibrary.wiley.com/journal/25750356

103.

104.

105.

106.

107.

108.

109.

110.

111.

117

electrocatalytic oxidation of BPA at glassy carbon electrode modified with metal-
organic framework MOF-508a and its application in real sample analysis, Analytical
and Bioanalytical Chemistry Research, 7, pp. 161-170.

X. lei Zhang, S. mei Li, S. Chen, F. Feng, J. quan Bai, J. rong Li, 2020, Ammoniated
MOF-74(Zn) derivatives as luminescent Sensor for highly selective detection of
tetrabromoBPA, Ecotoxicology and Environmental Safety, 187, 109821.

C. Xu, L. Liu, C. Wu, K. Wu, 2020, Unique 3D heterostructures assembled by quasi-
2D Ni-MOF and CNTs for ultrasensitive electrochemical sensing of BPA, Sensors
and Actuators, B: Chemical, 310, 127885.

J. Li, X. Shan, D. Jiang, W. Wang, Z. Chen, 2020, An electrochemiluminescence
aptasensor based on Ru(bpy)s** encapsulated titanium-MIL-125 metal-organic
framework for BPA assay, Microchimica Acta, 187, pp. 2-9.

Aya A. Mouhamed, Ahmed H. Nadim, Amr M. Mahmoud, Nadia M. Mostafa and
Basma M. Eltanany, 2024, Bimetallic MOF-based electrochemical sensor for
determination of paracetamol in spiked human plasma, BMC Chemistry, 18:148.
Jing Wang, Sen Liu, Jiahuan Luo, Shaogang Hou, Haixiang Song, Yongsheng Niu
and Chuanxiang Zhang, 2020, Conductive Metal-Organic Frameworks for
Amperometric Sensing of Paracetamol, Frontiers in Chemistry, 8, 594093.

M. Manjunatha Charithra, Dr. J. G. Manjunatha, 2020, Electrochemical Sensing of
Paracetamol Using Electropolymerised and Sodium Lauryl Sulfate Modified Carbon
Nanotube Paste Electrode, Analytical Chemistry, 5, pp. 9323-9329.

Nguyén Thi Thanh Ta, Nguyén Hai Phong, Dwong Thi Kim Chung, Tran Vinh Thién,
Nguyén Ptc Anh Vi, 2018, Tong hop vit lidu khung hitu co kim loai Zif-67 va bién
tinh dién cyc than thuy tinh dé xac dinh dopamine va paracetamol, Tap chi Khoa hoc
Pai hoc Hué, Tap 127, S6 1B, Tr. 163-173.

Meareg Amare, 2019, Voltammetric determination of paracetamol in tablet
formulation using Fe (I11) doped zeolite-graphite compositee modified GCE, Heliyon,
5, e01663.

Hoang Kim Hué, 2018, Nghién citu si hdp phu 2,4-D va 2,4,5-T trong méi trieong
miede bang vt liéu éng nano cacbon (CNTs), Luan an Tién sy, Vién Khoa hoc va Cong

nghé quan sy, Ha Noi.


https://www.cell.com/heliyon/fulltext/S2405-8440(18)38952-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2405844018389527%3Fshowall%3Dtrue

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

118

Manh B. Nguyen, Do Trung Sy, Vu Thi Kim Thoa, Nguyen Tuan Hong, Huan
V. Doan, 2022, Bimetallic Co-Fe-BTC/CN nanocompositee synthesised via a
microwave-assisted hydrothermal method for highly efficient Reactive Yellow 145
dye photodegradation, Journal of the Taiwan Institute of Chemical Engineers, 140,
104543.

Manh B. Nguyen, Linh Ho Thuy Nguyen, Hoa Thi Lai, Huan V. Doan, Ngoc
Quang Tran, Ngoc Xuan Dat Mai, Lam Dai Tran, Philip Anggo Krisbiantoro, Kevin
C.-W. Wu, Tan Le Hoang Doan, 2024, Tuning the compositeion of highly stable
mixed-metal MOFs by microwave-assisted hydrothermal method for ultra-high
selective and simultaneous capture of CO2 and H.S, Chemical Engineering Journal
497, 154479.

Manh B. Nguyen, Huan V. Doan, Doan Le Hoang Tan, Tran Dai Lam, 2024,
Advanced g-CsN4 and bimetallic FeNi-BTC integration with carbon quantum dots for
removal of microplastics and antibiotics in aqueous environments, Journal of
Environmental Chemical Engineering, 12, 112965.

Ho Soon Min, 2022, Scanning Electron Microscopy Analysis of Thin Films,
Research Aspects in Chemical and Materials Sciences, 5, pp. 16-28.
Niemantsverdriet JW, 2007, Spectroscopy in catalysis: an introduction, Wiley-VCH
Verlag GmbH & Co.KGaA;Weinheim, pp. 41-182.

McCusker LB, 1994, Advances in powder diffraction methods for zeolite structure
analysis, Stud. Surf. Sci. Catal, 84(C), pp. 341-56.

Stuart B., 2004, Infrared spectroscopy: Fundamentals and applications, John Wiley &
Sons, Ltd, pp. 18-24

Scherb C, 2009, Controlling the Surface Growth of Metal-Organic Frameworks,
Dissertation, Faculty of Chemistry and Pharmacy, Ludwig Maximilians University,
Munich, pp. 32-44.

Moulder JF., 1995, Handbook of X-ray photoelectron spectroscopy, Phys. Electron.,
230-32.

Luo Z, Yao J.,, 2017, Raman investigations of atomic/molecular clusters and
aggregates, In Raman Spectroscopy and Applications. InTech.

Nguyén Tién Tai, 2008, Phdn tich nhiét img dung trong vit liéu, Nha Xuat Ban Khoa


https://www.sciencedirect.com/journal/journal-of-the-taiwan-institute-of-chemical-engineers
https://www.sciencedirect.com/journal/journal-of-the-taiwan-institute-of-chemical-engineers/vol/140/suppl/C
https://www.sciencedirect.com/journal/journal-of-environmental-chemical-engineering
https://www.sciencedirect.com/journal/journal-of-environmental-chemical-engineering
https://www.researchgate.net/profile/Ho-Min-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

123.

124.

125.

126.

127.

128.

129.

130.

131.
132.

119

hoc Ty nhién va Cong nghé.

A. Munawar, M. A. Tahir, A. Shaheen, P. A. Lieberzeit, W. S. Khan, and S. Z. Bajwa,
2018, Investigating nanohybrid material based on 3D CNTs@Cu nanoparticle
compositee and imprinted polymer for highly selective detection of chloramphenicol,
J. Hazard. Mater, 342, pp. 96-106.

N. Sebastian, W. C. Yu, and D. Balram, 2019, Electrochemical detection of an
antibiotic drug chloramphenicol based on a graphene oxide/hierarchical zinc oxide
nanocompositee, Inorg. Chem. Front., 6, pp. 82-93.

R. S. B. Feier, I. Ionel, C. Cristea, B. Feier, 1. Ionel, C. Cristea, and R. Sandulescu,
Electrochemical behaviour of several penicillins at high potential, New J. Chem. 41
(2013) pp. 1-3.

T. S. Chen and K. L. Huang, Electrochemical detection and degradation of
acetaminophen in aqueous solutions, International Journal of Electrochemical
Science, 7 (2012) 6877-6892.

W. Wen et al., 2012, One-step fabrication of poly(o-aminophenolic)/multi-walled
carbon nanotubes compositee film modified electrode and its application for
levofloxacin determination in pharmaceuticals, Sensors and Actuators, B: Chemical,
74, pp. 202-209.

R. Yang, J. Zhao, M. Chen, T. Yang, S. Luo, and K. Jiao, 2015, Electrocatalytic
determination of chloramphenicol based on molybdenum disulfide nanosheets and
self-doped polyaniline, Talanta, 131, pp. 619-623.

L. Lijun et al., 2007, The determination of salbutamol sulfat based on a flowinjection
coupling irreversible biamperometry at poly(aminosulfonic acid)- modified glassy
carbon electrode, Analytical Letters, 40, pp. 3290-3308.

J. J. Feminus, R. Manikandan, S. S. Narayanan, and P. N. Deepa, 2019,
Determination of gallic acid using poly(glutamic acid): graphene modified electrode,
J. Chem. Sci, 131.

J. Wang, 2006, Analytical electrochemistry, John Wiley & Sons, Inc: Hoboken, New Jersey.
X. Sun, X. Gu, W. Xu, W.J. Chen, Q. Xia, X. Pan, X. Zhao, Y. Li, Q.H. Wu, 2019,
Novel Hierarchical Fe(l11)-Doped Cu-MOFs With Enhanced Adsorption of Benzene
Vapor, Frontiers in Chemistry, 7, pp. 1-9.



133.

134.

135.

136.

137.

138.

139.

140.

141.

120

J. Xu, J. Liu, Z. Li, X. Wang, Y. Xu, S. Chen, Z. Wang, 2019, Optimized synthesis
of Zr(iv) metal organic frameworks (MOFs-808) for efficient hydrogen storage, New
Journal of Chemistry, 43, pp. 4092-4099.

M. Haghighi, S. Gooneh-Farahani, 2020, Insights to the oxidative desulfurization
process of fossil fuels over organic and inorganic heterogeneous catalysts: advantages
and issues, Environmental Science and Pollution Research, 27 pp. 39923-39945.
Antonysamy Jeyaseelan , Munirah D. Albagami, Natrayasamy Viswanathan, Facile
design of metal ion fabricated benzene-1,3,5-tricarboxylic acid based metal organic
frameworks for defluoridation of water, Journal of Environmental Chemical
Engineering 9, 104995.

Xiang Li, Hongli Liu, Xiaoshan Jia, Guiying Li, Taicheng An, Yanpeng Gao, 2018,
Novel approach for removing brominated flame retardant from aquaticenvironments
using Cu/Fe-based metal-organic frameworks, Science of the Total Environment,
621, pp. 1533-1541.

Mahmoud Samy, Mona G. Ibrahim, Manabu Fujii, Kamal E. Diab, Marwa ElKady,
Mohamed Gar Alalm, 2021, CNTs/MOF-808 painted plates for extended treatment
of pharmaceutical and agrochemical wastewaters in a novel photocatalytic reactor,
Chemical Engineering Journal, 406, 127152.

C. Xu, Y. Pan, G. Wan, H. Liu, L. Wang, H. Zhou, S.H. Yu, H.L. Jiang, 2019, Turning
on Visible-Light Photocatalytic C-H Oxidation over Metal-Organic Frameworks by
Introducing Metal-to-Cluster Charge Transfer, Journal of the American Chemical
Society, 141, pp. 19110-19117.

A.S. Eltaweil, E.M. Abd EI-Monaem, G.M. El-Subruiti, M.M. Abd El-Latif, A.M.
Omer, 2020, Fabrication of UiO-66/MIL-101(Fe) binary MOF/carboxylated-GO
compositee for adsorptive removal of methylene blue dye from aqueous solutions,
RSC Advances, 10, pp. 19008-19019.

M.D. Donohue, G.L. Aranovich, 1998, Classification of Gibbs adsorption isotherms,
Advances in Colloid and Interface Science, 76, pp. 137-152.

W.W. Lestari, M. Arvinawati, R. Martien, T. Kusumaningsih, 2018, Green and facile
synthesis of MOF and nano MOF containing zinc(l1) and benzen 1,3,5-tri carboxylate and

its study in ibuprofen slow-release, Materials Chemistry and Physics, 204, pp. 141-146.


https://www.sciencedirect.com/journal/chemical-engineering-journal

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

121

X. Lei, Z. Deng, Y. Zeng, S. Huang, Y. Yang, H. Wang, L. Guo, L. Li, 2021, A novel
compositee of conductive metal organic framework and molecularly imprinted poly
(ionic liquid) for highly sensitive electrochemical detection of BPA, Sensors and
Actuators, B: Chemical, 339, 129885.

M. Bellusci, P. Guglielmi, A. Masi, F. Padella, G. Singh, N. Yaacoub, D. Peddis, D.
Secci, 2018, Magnetic Metal-Organic Framework Compositee by Fast and Facile
Mechanochemical Process, Inorganic Chemistry, 57, pp. 1806-1814.

Lian, X.; Yan, B., 2016, A postsynthetically modified MOF hybrid as a ratiometric
flourescent Sensor for anion recognition anda detection. Dalton Trans, 45, pp. 18668-
18675.

Pangkumhang, B.; Jutaporn, P.; Sorachoti, K.; Khamdahsag, P.; Tanboonchuy, V,
2019, Applicability of iron (111) Trimesic (Fe-BTC) to enhance lignin separation from
pulp and paper wastewater, Sains Malays, 48, pp. 199-208.

Jianmei Gu, Jianquan Li and Qingyu Ma, 2022, A Facile and General Approach to
Enhance Water Resistance of Metal-Organic Frameworks by the Post-Modification
with Aminopropyltriethoxylsilane, Nanomaterials, 12(7), 1134.

Liudi Ji, Junxing Hao, Kangbing Wu and Nianjun Yang, 2019, Potential-Tunable
Metal—-Organic Frameworks: Electrosynthesis, Properties, and Applications for
Sensing of Organic Molecules, Journal of Physical Chemistry, 123, pp. 2248-2255.
Minyuan Li and Mircea Dinca, 2014, Selective formation of biphasic thin films of
metal- organic frameworks by potential controlled cathodic electrodeposition, Chem.
Sci., 5, pp. 107-111.

Dinca, Minyuan Li and Mircea, 2014, Selective formation of biphasic thin films of
metal-organic frameworks by potential-controlled cathodic electrodeposition,
Chemical Science, 5, pp. 107-111.

Stephen SY Chui, Samuel MF Lo, Jonathan PH Charmant, A Guy Orpen, lan D
Williams, 1999, A chemically functionalizable nanoporous material
[Cu3(TMA)2(H20)z]n, Science, 283, pp. 1148-1150.

Rob Ameloot, Linda Stappers, Jan Fransaer, Luc Alaerts, Bert F Sels, Dirk E De Vos,
2009, Patterned growth of metal-organic framework coatings by electrochemical
synthesis, Chemistry of Materials, 21, pp. 2580-2582.


https://pubmed.ncbi.nlm.nih.gov/?term=Bellusci+M&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Guglielmi+P&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Masi+A&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Padella+F&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Singh+G&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Yaacoub+N&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Peddis+D&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Secci+D&cauthor_id=29412647
https://pubmed.ncbi.nlm.nih.gov/?term=Secci+D&cauthor_id=29412647

152.

153.

154.

155.

156.

157.

158.

159.

160.

122

Chonggxiong Duan, Jinhao Huo, Feier Li, Minhui Yang, Hongxia Xi, 2018,
Ultrafast room-temperature synthesis of hierarchically porous metal-organic
frameworks by a versatile cooperative template strategy, Journal of Materials
Science, 53, pp. 16276-16287.

Saeed Shahrokhian, Alnaz Khaki-Sanati, Hadi Hosseini, 2018, Direct growth of
metal-organic frameworks thin film arrays on glassy carbon electrode based on rapid
conversion step mediated by copper clusters and hydroxide nanotubes for fabrication
of a high performance non-enzymatic glucose sensing platform, Biosensors and
Bioelectronics, 112, pp. 100-107.

Yonghai Song, Mengli Xu, Coucong Gong, Yuan Shen, Linyu Wang, Yi Xie, Li
Wang, 2018, Ratiometric electrochemical glucose biosensor based on
GOD/AuUNPs/Cu-BTC MOFs/macroporous carbon integrated electrode, Sensors and
Actuators B: Chemical, 257, pp. 792-799.

Fuping Tian, Chenxia Qiao, Renyu Zheng, Qiaofeng Ru, Xin Sun, Yifu Zhang, 2019,
Changgong Meng, Synthesis of bimetallic organic framework Cu/Co-BTC and the
improved performance of thiophene adsorption adsorption, RSC Advances, 9, 15642.
Sun-Mi Hwang, Song Yi Choi, Min Hye Youn, Wonhee Lee, Ki Tae Park, Kanna
Gothandapani, Andrews Nirmala Grace, Soon Kwan Jeong, 2020 Investigation on
electroreduction of CO> to formic acid using Cuz(BTC). metal-organic framework
(Cu-MOF) and graphene oxide, ACS Omega, 5, pp. 23919-23930.

Minyuan Li, Mircea Dinca, 2011, Reductive electrosynthesis of crystalline
metal organic frameworks, Journal of the American chemical society, 133, pp.
12926-12929.

Saber Alizadeh, Davood Nematollahi, 2017, Electrochemically assisted self-
assembly technique for the fabrication of mesoporous metal-organic framework thin
films; composing of 3D hexagonally packed crystals with 2D honeycomb-like
mesopores, Journal of the American Chemical Society, 13, pp. 4753-4761.

OM Yaghi, Hailian Li, TL Groy, 1996, Construction of Porous Solids from
Hydrogen-Bonded Metal Complexes of 1,3,5-Benzenetricarboxylic Acid, Journal of
the American Chemistry Society, 118, pp. 9096-9101.

Melvin S Samuel, Kirankumar Venkat Savunthari, Selvarajan Ethiraj, 2021,



161.

162.

163.

164.

165.

166.

167.

123

Synthesis of a copper (I1) metal-organic framework for photocatalytic degradation of
rhodamine B dye in water, Environmental Science and Pollution Research, 28, pp.
40835-40843.

Ravi Nivetha, Aparna Sajeev, Aleena Mary Paul, Kannan Gothandapani, Subashini
Gnanasekar, Preetam Bhardwaj, George Jacob, Raja Sellappan, Vimala Raghavan,
Krishna Chandar, Sudhagar Pitchaimuthu, Soon Kwan Jeong and Andrews Nirmala
Grace, 2020, Cu based Metal Organic Framework (Cu-MOF) for electrocatalytic
hydrogen evolution reaction, Materials Research Express, 7, 114001.

Xiang Li, Hongli Liu, Xiaoshan Jia, Guiying Li, Taicheng An, Yanpeng Gao, 2018,
Novel approach for removing brominated flame retardant from aquaticenvironments
using Cu/Fe-based metal-organic frameworks: A case ofhexabromocyclododecane
(HBCD), Science of the Total Environment, 621, pp. 1533-1541.

Saira Shams, Wagas Ahmad, Amjad Hussain Memon, Yun Wei, Qipeng Yuan, and
Hao Liang, 2019, Facile synthesis of laccase mimic Cu/H:BTC MOF for efficient dye
degradation and detection of phenolicic pollutants, RSC Advances, 9, pp. 40845-40854.
Peng Hu, Xiaoming Zhu, Xiaohui Luo, Xiaofeng Hu, Liudi Ji, 2020, Cathodic
electrodeposited Cu-BTC MOFs assembled from Cu(ll) and trimesic acid for
electrochemical determination of BPA, Microchimica Acta, 187.

Yaqging Xu, Zhiyue Gao, Wen Chen, Er Wang, Yan Li, 2019, Preparation and
application of malachite green molecularly imprinted/gold nanoparticle compositee
film—modified glassy carbon electrode, lonics, 5, pp. 1177-1185.

Vu Cam Nhung, Nguyen Ngoc Tien, Dau Thi Ngoc Nga, Pham Do Chung, Nguyen
Thi Thanh Ngan, Vu Cam Tu, Vu Thi Thu, 2022, Facile preparation of highly
uniform and stable AuNPs/rGO-PEDOT:PSS hybrid film for electrochemical
detection of pharmaceutical residue in water, Journal of Nanoparticle Research, 24.
Mitchell R. McGill & Jack A. Hinson, 2020, The development and hepatotoxicity
of acetaminophen: reviewing over a century of progress, Drug Metabolism
Reviews,52, pp. 472-500.



