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LOI CAM DPOAN

T6i xin cam doan luan an: “Nghién ciru tong hop va ddc trung xiic tdc trén co s¢
nano titan dioxide va khung co kim -zirconi (Zr-MOFs) vmg dung xit Iy chdt ddc than
kinh co phét pho” 14 cong trinh nghién ctru cta chinh t6i dudi sy hudng dan khoa hoc
cta tap thé hudng dan. Luan an sir dung thong tin trich din tir nhiéu nguén tham khao
khac nhau va cac thong tin trich dan dwoc ghi rd ngudn gdc. Cac két qua nghién ctru cia
t6i duoc cong bd chung vai cac tac gia khac di dugc su nhat tri ctia dong tac gia khi dua
véo luan 4n. Cac sd liéu, két qua duogc trinh bay trong luan an 1a hoan toan trung thyc va
chua tirmg dugc cong b trong bat ky mot cong trinh ndo khac ngoai cac cong trinh cong
b clia tac gia. Luan an duoc hoan thanh trong thoi gian t6i lam nghién ciru sinh tai Hoc

vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

Ha Noi, ngay 09 thdng 5 nam 2025

Tac gia luan an

Lé Van Diing
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LOI CAM ON

Loi dau tién, em xin bay t6 long biét on sau sac toi PGS.TS Dang Tuyét Phuong
va TS. Nguyén Duy Trinh, nhitng thiy c6 da tin tinh huéng dan, gitp d& va tao moi
diéu kién thuan loi cling nhu ludn dong vién va ung ho em cé thé hoan thanh tét nhat
luan an ctia minh.

T61 xin cam on Phong Hoa hoc bé mat/Vién Hoa hoc/Vién Han Lam Khoa hoc va
Cong nghé Viét Nam, Vién Hoa hoc Moi truong quan su/Binh chung Hoa hoc/Bd Quéc
phong di da tao diéu kién vé co so vat chét, trang thiét bi nghién ctru va gitp do t6i hét
strc nhiét tinh trong suét qua trinh thuc nghiém.

T61 xin chan thanh cam on Ban Lanh dao, phong Dao tao, cac phong churc nang
cua Hoc vién Khoa hoc va Cong ngh¢ - Vién Han 1am Khoa hoc va Cong ngh¢ Vit
Nam d4 tao diéu kién thuan loi va giup do to1 hoan thanh moi thu tuc can thiét trong qua
trinh 1am nghién ctru.

T6i xin chan thanh cam on cac nha khoa hoc da giup dd, dong gop nhicu y kién
qui bau lién quan dén luan 4n cling nhu danh gia chat luong luédn an dé ban luan 4n duogc
hoan thién hon.

Cubi cung, toi xin giri 10i cam on sau sac nhat dén nhitng ngudi than yéu trong gia
dinh, ddng nghiép va ban bé d3 ludn quan tim, dong vién khich 18, ing ho va gitp d&

t6i trong sudt qua trinh hoc tap va nghién ciru.

Ha Noi, ngay 09 thdng 5 nam 2025

Téc gia luin an

Lé Van Diing
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LC-MS s
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1
MO DAU

Cic hop chit phdt pho hiru co (hop chét co phdt pho, Organophosphates, OPs)
1a dan xuét cta phét pho (V) va phédt pho (IIT) duoc sir dung dé tong hop rat nhiéu
chét hitu co ¢6 gia tri thuong mai nhu thudc trir sau, thudc diét con trung, thudc diét
co, thude diét nAm, chat chéng chay, chét hoat dong bé mat va duoc phém. Bén canh
d6, céc hop chit co phdt pho ciing duoc sir dung dé san xudt chit doc than kinh co
phét pho (Organophosphorus Nerve Agents, OPNAs) 12 mot trong nhirng tic nhan
chién tranh héa hoc (Chemical Warfare Agents, CWAs) c6 dgc tinh cao [[1].

Trong lich str, chién tranh héa hoc di timg xdy ra, hau qua cia nd rt ning né.
Mic du di ¢ nhitng cong ude vé cim sir dung vii khi héa hoc vao nhitng nim 1907
tai Petecbua (Nga), nim 1927 tai Gionevo (Thuy Si), gan day nhat 1a ngay 13-1-1993
tai Paris (Phap), nhung nguy co sir dung vii khi hoa hoc chua dugc loai trir va ching
van ton tai phat trién ca vé chung loai 13n sb luong, nguy co chién tranh héa hoc van
thudng xuyén de doa va hién hiru. Bén canh d6, hién nay, céc qudc gia ciling nhu cac
luc luong vii trang khac dang bi mat ché tao, cat trit mot lugng 16n vii khi héa hoc
nam ngoai tam kiém sodt ciia Lién Hop Qudc. Do dé, nguy co sir dung OPNAs trong
cdc cudc chién tranh, xung dot gitra cac luc lugng hodc khing bd c6 thé xay ra la rat
16n. Vi vy, moi nghién ctru dé phong chdng loai vii khi giét nguoi hang loat nay déu
mang ¥ nghia nhan dao, c6 tinh khoa hoc va tinh thyc tién cao [2]. Théy rd nguy co
str dung va hau qua cia OPNAs, nhitng nude c6 nén kinh té phat trién di va dang tién
hanh nghién ctru x4c dinh cac phwong phép, nhit 1a cdc vat liéu c6 kha ning vo hiéu
héa hi¢u qua céc chat doc nay, vai muc tiéu chinh 1a bao vé tinh mang con nguoi.

D3 ¢6 nhiéu cong trinh nghién ctru xtr Iy OPNAs dugc cong bd, theo d6 mot
s6 phuong phap co ban gdm: phuong phap hip phu sir dung cic loai vat liéu c6 kha
nang hép phu nhu than hoat tinh, graphene, than sinh hoc, bentonite, zeolite, chitosan
va chat hap phu hat nano [3, 4], phuong phép sinh hoc sir dung céc chung vi sinh vat
thich hop dé phén huy chét doc [3, 6], phuong phéap oxi héa nang cao dugc thyc hién
bang cach tao ra cac loai gbc oxi hoa co kha ning phan hity chat doc thanh khong doc
[7, 8], phan huy quang xuc tac st dung vat liéu xudc tic c¢6 hoat tinh quang nhu vat
liéu nano oxit kim loai, vat li€éu khung co kim (Metal-Organic Frameworks, MOFs)
dé xtr 1y [9, 10].

Trong nhitng nim gan déy, cac nha khoa hoc da danh luong thoi gian va cong
strc dang ké vao viéc phat trién cac vat liéu xuc tic c¢6 kha ning phan hiy OPNAs
mot cach nhanh chéng va hi¢u qua. Mt $b nghién ctru cho théy cac vat li€u nano oxit

kim loai hodac cac composite c6 chira cidc vat liéu nano oxit kim loai (Metal Oxide
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Nanomaterials, MONSs) véi dién tich bé mat riéng 16n, c6 kha nang xir Iy hiéu qua
cac taic nhan CWAs [11-13]. Trong d6, TiO2 1a mdt trong nhiing oxit linh hoat va da
chirc nang nhét, duoc dé xuét 1a vat lidu htra hen ¢ kha nang hap phu nhanh va xir Iy
hiéu qua tdc nhan CWAs [14, 15].

Gan day, vat lieu MOFs nbi 1én 1a xic téc tiém ning dé phan huy nhanh tic
nhan CWAs do chiing ¢6 nhimng wu diém nhu ciu tric hé mao quan phong phi, dién
tich bé mat riéng cao va chta phdi tir da chirc ning. Trong d6, vat lidu khung co kim
trén co s& tam kim loai zirconi (Zr—-MOFs) va bién tinh cta ching c6 tinh on dinh va
hoat tinh vuot trdi dd nhan duge nhiéu quan tdm cho Ung dung nay [16, 17]. Zr—
MOFs véi su ¢6 mat lugng 16n tam acid Lewis, dong vai trd quan trong trong viéc
day nhanh qua trinh phan huy tic nhdn OPNAs va chat mé phong OPNAs [18]. Ngoai
ra, Zr—-MOFs ¢6 d6 6n dinh nhiét va 6n dinh hoa hoc cao so voi cac MOFs thong
thuong. Nho nhitng vu diém nay, Zr—-MOFs ¢6 tiém nang 16n trong xiic tac, hip phu
va chuyén hoa ning luong. Trong cac loai Zr-MOFs, MOF-808(Zr) 1a mdt trong
nhirng vat liéu dat dugc sy ndi bat dang ké, cac nit mang dugc hinh thanh boi ion Zr
c6 thé két hop véi céc ion kim loai khac nhau. Tac dung hiép dong cia hai ion kim
loai trén cung mot nit mang s€ nang cao hoat tinh ctia n6. Do d6, MOF-808(Zr) bién
tinh vo1 cac ion kim loai khéc trd thanh vat li¢u dac biét cho xur Iy moi truong noéi
chung va OPNAs néi riéng [19-21].

Hién nay, & Viét Nam, xtr Iy OPNAs chil yéu dya trén nhiing vat liéu truyén
théng nhu st dung than hoat tinh, zeolit dé hép phu, cac dung dich tiéu doc c6 tinh
chét kiém, clo hoa, oxi hoa dé phéan huy ching thanh chat khong doc hoac it doc hon.
Tuy nhién, nhitng vat liéu nay c6 tinh an mon cao, gy hai cho da, mat khi tiép xtc,
hoat tinh gidm trong bao quan va thoi gian xur 1y con dai. Vat li¢u trén co so nano oxit
kim loai vdi MOFs gan day méi duoc dé xuat nghién ctru, tuy nhién van dang ¢ budc
nghién ctru tham do kha niang xtr Iy. Con thiéu nhitng nghién ctru co ban, nghién ciru
cac yéu t6 anh hudng, co ché phan tGng ciing nhu danh gia vé cdc san phdm sau xu
1y. Thuc té cling cho théiy réng, xu Iy OPNAs béng cac vat liéu nhu nano TiO; va vat
lidu Zr-MOFs, Ti—Zr-MOFs ¢ trong nuéc méi ¢ diém khai dau ca vé 1y thuyét va
g dung thuc té, chua c6 nghién ciru mot cach hé théng vé van dé nay.

Vi vay dé tai " Nghién ctru tong hop va dic trung xuc tac trén co s& nano titan
dioxide va khung co kim -zirconi (Zr-MOFs) ung dung xur ly chat doc than kinh co

phét pho" di dugc dit ra ¢ y nghia vé mit 1y luan va thyc tién cao.



% Muc tiéu ciia lugn dn

Téng hop dugc vat liéu xuc tac trén co so titan dioxide, vat li¢u Zr—MOFs va
mot s6 dang bién tinh ciia chung, tmg dung 1am xuc tac trong xir ly chat mé phong
chat doc than kinh co phét pho (Dimethyl p-nitrophenyl phosphate, DMNP) trong
linh vuc quan sy, tir d6 mé ra tiém ning Gmg dung trong thuc té xir Iy cac hop chat
co phét pho trong cong nghiép va dan sinh.

¢ Ngi dung nghién ciru ciia lugn dn

(1) Nghién ctru tong hop nano TiO», Zr-MOFs tir chét lién két tu tong hop
(Zr-MOFs-TH) gdm UiO-66C va UiO-66C/g-C3N4, Zr-MOFs tir chét lien két
thuong mai (Zr—-MOFs-TM) gém Ui0-66, Ui0O-66-NH,, UiO-67, Zr—-NDC, NU-
1000, MOF-808(Zr) va Ti-MOF-808(Zr) dinh hudng xur 1y DMNP.

(2) Pic trung cau triic va hinh théi tinh thé vat lidu tong hop duoc bang cic
phuong phéap héa 1y hién dai.

(3) Xac dinh hoat tinh xtc tac cua vat liéu da téng hop béng kha nang phan
huy DMNP.

(4) Panh gia do bén cua vat liéu xdc tdc trong qud trinh phan huty DMNP.

(5) Pé xuét co ché phan tng phan hay DMNP trén xuc tac da tong hop.

% Y nghia khoa hoc va ¥ nghia thuc tién ciia ludn dn:

(1) Vé mat khoa hoc: Pa téng hop thanh cong vat liéu ludng kim Ti-MOF-
808(Zr) va vit liéu lai UiO-66C/g-C5N4 ting dung dé xtr 1y chat doc than kinh co phot
pho c6 hi¢u suét cao so véi cdc Zr—-MOFs di duoc cong bd tinh dén thoi diém hién
tai. Két qua nghién ctru nay 1a co s khoa hoc dé tong hop vt liéu tién tién, than thién
moi trudng nham xtr 1y hiéu qua chat doc than kinh co phdt pho trong linh vuc quan
su va cdc hop chat co phét pho phat sinh trong cong nghiép va dan sinh.

(2) V& mit thuc tién: Tao ra vat liéu xdc tdc méi ¢6 thé dua vao trang bi quan
d6i 1am chét tidu doc chat doc than kinh co phét pho va ¢ thé md rong tmg dung
trong linh vyc xur Iy moi truong.

s Nhitng dong gop maoi cua ciia ludn dn:

(1) Toéng hop thanh cdng xic tic quang UiO-66C/g-C3Ns-30% sir dung chét
lién két HoBDC dugc ché tao tir nhua polyethylene terephthalate (PET) phé thai. Pua
thanh céng UiO-66C 1én g-C3N4 da lam ting hiéu suat chuyén héa DMNP tir ~50%
d6i v6i Ui0-66C 1én dén 98,9% trén UiO-66C/g-C3Na-30% trong mdi truong nudc,

dudi diéu kién chiéu buc xa dnh sang kha kién.
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(2) Xtc tac khung co kim ludng kim 4% Ti-MOF-808(Zr) dugc tong hop thanh
cong bang céch pha tap Ti 1én khung co kim MOF-808(Zr). Xc tic nay c6 kha ning
xtr Iy nhanh (thoi gian ban hty DMNP 1a 0,25 phat), hi¢u qua cao (phan huy 100%
DMNP trong 1,34 phit) hon so véi cic vat liéu khung co kim da dugc cong bd.

(3) Cdc yéu t6 anh hudong dén hoat tinh xdc tic dugce khao sit mot cach hé
thdng, tir 46 tim duoc diéu kién phtt hop dé phan hity DMNP nhanh va hiéu qua trén
hai loai xic tdc UiO-66C/g-C3N4-30% va 4%Ti—MOF-808(Zr). Bén canh do, budc
dau dé xuit co ché phan hiy DMNP trén xic tdc UiO-66C/g-C3Ns-30% va 4%Ti—
MOF-808(Zr). Co ché quang xiic téc ciia UiO-66C/g-C3N4-30% ngu ¥ rang *0*, ht
va "OH c6 thé 1a céc loai tAm hoat dong chinh. Trong khi do, cac tdm acid Lewis trong
xic tic 4%Ti-MOF-808(Zr) c6 thé dong vai trd quyét dinh trong viéc phan huy
DMNP. Pay la budc quan trong, lam co s khoa hoc dé téng hop vat licu ché tao chat
tiéu doc chat doc than kinh co phdt pho mot céch hiéu qua trong linh vuc quan s va

mo rong ung dung xtr 1y hop chit co phdt pho trong cong nghiép va dan sinh.
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CHUONG 1. TONG QUAN

1.1. Chit dc thin kinh va chit mé phong chit ddc than kinh co phét pho
1.1.1. Chit déc thén kinh co phot pho

Vao nim 1930, trong qua trinh nghién ctru phat trién thudce trir sdu co phdt pho
méi, nha hoa hoc Gerhard Schrader (Purc) di tim ra tabun (GA) 1a chat doc than kinh
co phdt pho dau tién duoc biét dén. Sau d6, mot loat chat doc than kinh co phdt pho
(Organophosphorus Nerve Agents, OPNAs) nhém G gom sarin (GB) va soman (GD)
duoc phat trién. Cho dén nam 1960, nhiéu loai OPNAs duoc phat trién dé sir dung
cho muc dich quan su. Tac nhan V 13 phién ban 6n dinh hon cua tic nhan “G”. VX
12 hop chat co phdt pho (Organophosphates, OPs) chira Iuu huynh, doc hon (khoang
10 1an), on dinh hon, it bay hoi va it tan trong nudc hon GB, hoat dong bang con
duong tiép xtGc v6i da va ton tai trong moi truong dén vai tudn sau khi phan tan.
OPNAs c6 ddc tinh cao va ¢ thé gay tir vong trong thoi gian ngan (vai phut dén vai
gid) sau khi tiép xtc, ty thudc vao nong do, do d6 c6 thé xem day 14 tac nhan chién
tranh hoc nguy hiém nhat da dugc biét dén. Mot s6 OPNAs c6 doc tinh cao duge biéu

dién bang ciu triic héa hoc trong Hinh 1.1 [22].

ICN F\P //O J\
o— ||==o HSC/ No
PN
O- Ethyl N,N dimethyl-phosphoramidocyanate Isopropyl methylphosphonofluoridate
Tabun (GA) Sarin (GB)

O\ //0 OEP/\ /\/ /K
P o” S N
F/ ~ /\ )\

O-1,1,2-trimethylpropylmethyl O-ethyl S-diisopropylaminoethyl
phosphonofluoridate methylphosphonothiolate (VX)
Soman (GD)

Hinh 1.1. CAu tric mot s6 chit doc than kinh co phét pho c6 ddc tinh cao [22]
Khi chat doc than kinh co phdt pho (OPNAs) xdm nhap vao co thé, chung s&
trc ché enzyme acetylcholinesterase (AChE), trong khi d6 AChE c6 tac dung xdc téc
cho qud trinh phan huy acetylcholine (ACh) dé duy tri truyén tin hiéu cho cac co co

bop, vi vay, néu ACh khong dugce phan hity sé dan dén co khong co bop mdt cach
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dung cach. Ngay khi OPNAs xam nhap vao co thé, cac triéu ching xuét hién gém sy
co thit dé)ng tur, chdy nudc miii, tang tiét md hoi, tiéu tién, dai ti€n, bai tiét phé quan,
co that phé quan, giam nhip tim va huyét ap, co giat co va chudt rat, rdi loan nhip
tim, run, giat, té liét co va Grc ché hé ho hap; cudi cung, tir vong do liét hd hip. Néu
ndng do chit doc cao thi tr vong ngay 1ap tic [22].

Trong trang thai tinh khiét, tit ca cic OPNAs déu 1a chit long khong mau. GB
hoa tan v6 han trong nuéc, GD it tan trong nude con GA va VX 1a chét tan trung
binh. Phan g ciia OPNAs dién ra thong qua su phan cit lién két P—X. Vi vay, doi
v6i chat doc than kinh co phdt pho nhém G (GA, GB, GD) khi ¢6 tédc nhan OH™ s& bi
thiy phén tao ra acid photphonic khong ddc, tuy nhién, san pham thuy phan ctua VX
dan dén san pham chat cyc ky doc hai khac [22]. VX c6 thé bi pha hily do phan Gng
v6i cac nucleophin manh. Phan tng cua VX véi dung dich NaOH dam dic dan dén
hai phan ng hoa tan canh tranh: phan cat lién két P-O hodc P—S. Mic du su phan
cat P—S 1a con dudng chu dao, san phiam cila sy phan cat lién két P—O 1a thioester
phosphonic doc hai EA-2192 (CoH22NO2PS) va ca hai phan tng déu dién ra cham.
Nguoc lai, phan (mg véi anion hydroperoxide (hydroperoxidolysis) dan dén sy phan
cit chon loc lién két P-S va phan ing téng thé nhanh hon [23].

1.1.2. Chit mé phéng chit dpc thin kinh co phét pho

Do OPNAs ¢c6 doc tinh rat cao, khong an toan khi tiép xtic. Do d6, khi nghién
ctru cac nha khoa hoc dé sir dung hop chét ¢ cdu trac va tinh chat twong tu (gan
tuong tu) nhung c6 doc tinh thip hon rat nhiéu 1an dé thay thé cac chat doc that nham
dam bao an toan, cac chat nhu vay duoc goi 1a chat mo phong.

Dé x4c dinh toc do qua trinh x1c tac cua vat li¢u Zr-MOFs, Ploskonka va cong
su [24], sit dung tam chit mdé phong nhém G gém dimethyl methylphosphate
(DMMP), trimethyl phosphate (TMP), dimethyl chlorophosphate (DMCP), diethyl
ethyl phosphate (DEEP), triethyl phosphate (TEP), dimethyl p-nitrophenylphosphate
(DMNP), diisopropyl fluorophosphate (DIFP), va diisopropyl methylphosphonate
(DIMP). Nghién ctru cho théy, chi c6 DMCP, DIFP va DMNP tuong tu nhu tdc nhan
G khi thily phan xiic tic bang MOF(UiO-66) nghién ciru. Trong khi d6, khi xem xét
dac tinh hép phu cia GB va GD, Agrawal va cong sy [25], da thir nghiém véi 4 chat
mo phong gém DMMP, DIFP, DMNP va DCP (diethyl chlorophosphate) véi xiic tac
MOF(UiO-66). Nghién ctru chi ra rang, khi danh gia vé tinh chat hap phu thi DCP
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hoic DMMP 1a chat mo phong tét nhat cho GB, trong khi @ DMNP 1a chat mo phong
tdt nhat cho GD. Bén canh d6, Oliver va cong su [26], da chon 3 hop chit khac nhau

dé mo phong cho chit doc VX, soman va sarin nhu Hinh 1.2.

(0] (o]
0 Y I I
I Il
(0]

P
A A P N / \ / N
than kinh o
\‘ Sarin

NO, 0 o
At MO a )\ J\
Chét mo 0 O/ No-to” o0
: No-P~o F
phong 0™ |
_0
DMNP DMMP DIFP

Hinh 1.2. Mot s chit mé phong chat doc than kinh co phdt pho [26]

Céc chat moé phong DMMP, pinacolyl methylphosphonate (PMP), diethyl
phosphoramidate (DEPA), 2-(butylamino) ethanethiol (BAET) dugc Alexandre va
cong su [27], lua chon Iam chit mo phong cho GB, GD, GA, va VX. Vé cau truc,
DMMP s6 hitu céc lién két P—C va P-O—C phu hop véi GB, GD, trong khi d6 PMP
¢6 cAu triic gibng hét véi GD ngoai trir nguyén tir flo cia GD dugc thay thé boi nhom
OH. Trong khi GB va GD s6 hitu lién két P—F thuy phén trong nudc twong dbi nhanh.
DEPA chira lién két P-N tuong tu trong GA. BEAT s¢ hitu cac lién két C—S va C—-N

va bat chude gdc 10n ctia VX gan voi nguyén tir phét pho.

Nhu da trinh bay ¢ trén, VX la chit ddc manh, bén hon so v&i cac OPNAs
khéc. Do d6, tac nhan VX thuong dugc wu tién 1am dbi tuong trong cac nghién ciru
xur 1y. Mt khéac, nhitng nghién ctru xir Iy OPNAs VX bang vat liéu MOFs da dugc
cong bd thi DMNP hodc BAET thuong duoc dung lam chit mé phong. Xét vé ciu
trac & nguyén tir P thi DMNP bt chudc nhu trong ciu trac VX (Hinh 1.2). Vi vay,
nhiéu nghién ciru sir dung dimethyl p-nitrophenyl phosphate (DMNP) cho nghién ciru
xtt Iy chat doc than kinh co phét pho [18, 28, 29]. Do d6, trong luan an nay, DMNP

duogc Iya chon 1am chat mo phong OPNAs st dung 1am déi twong nghién ciru.
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1.2. Phwong phap xir 1y chit doc than kinh co phét pho
1.2.1. Phwong phdp hip phu

Pi c6 nhiu nghién ctru tip trung vao tng dung cac chat hap phu khac nhau
trong xt 1y cac chat 6 nhiém co phét pho. Cac nghién ciru trong nhiéu thap ky qua
cho thiy phwong phap nay c6 wu diém ndi bat 1a thiét ké hé thdng, sir dung don gian
va linh hoat, van hanh dé dang va khong bi anh hudng nhiéu boi cac tic nhan giy 6
nhiém, doc hai. Tuy nhién, nhuoc diém chinh cua phwong phap nay viée tai sir dung
chat hap phy. Cac chat hap phu duoc sir dung rong rii va phd bién trong xtr 1y tac
nhan 6 nhiém hitu co trong méi trudong nudc nhu than hoat tinh, than sinh hoc,
graphene, bentonite, zeolite, chitosan va céac hat nano [3].

Trong thoi gian gan day, vat liéu nano duoc ing dung nhiéu trong dé xir Iy cac
hop chét co phét pho do chiing c6 dién tich bé mat riéng 16, hiéu qua xit 1y cao hon
so véi vat liéu khéi thong thuong. Mot s6 vat liéu dang hat nano (nanoparticles, NPs)
trén co so cacbon nhu dng nano carbon (carbon nanotubes, CNTs) [30], graphene
[31], va graphene oxit [32], nano oxit kim loai dugc quan tam stir dung cho muc dich
nay. Chang han, nhom nghién ctru ctia Trenque [33] da chi ra rang, cac hat nano CeO»
¢6 kha ning xir Iy paraoxon (POX). Péang chi ¥, vat liéu nano CeO, khong chi 1a chat
hap phu ma con c6 tinh chat xuc tac, gitip ting hiéu qua xur Iy mot cach dang ké. Sau
5 gid phan tng & nhiét do 32 °C, POX gan nhu bi chuyén héa hoan toan (97%) thanh
chét it doc hon.

Mic du phuwong phap nay c6 hiéu qua cao, thiét ké timg dung don gian, van
hanh d& dang, khong phat sinh cac chit 6 nhiém trung gian, tuy nhién han ché ctia n6
1a chat thai thtr cip tao ra sau khi xtr 1y, dé tai sir dung vat liéu nay gip kho khin vé
mit kinh t&, moi truong ciing nhu 1am phat sinh chét thai rin nguy hai 13 chat hap phu
bdo hoa chira cic hoat chat co phét pho sau xtr 1y [34].

1.2.2. Phwong phap sinh hoc

Nguyén tic cia phuong nay 12 tao ra méi truong phu hop vé cac diéu kién nhu
nhiét do, do am, pH dé cac chung vi sinh st dung hoat chét co phét pho lam nguén
dinh dudng cho sy sinh truéng va phat trién cta ching. Do viy, cac tic nhan doc hai
nay s¢ duoc chuyén hoéa thanh it ddc hoac khong doc.

Trong k¥ thuét sinh hoc, mot s6 enzyme c6 kha ning chuyén hoa OPs. Enzyme

phan hiy OPs ddu tién dugc quan sat boi Mazur [5], qua trinh thity phan diisopropyl
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fluorophosphate (DFP) thanh acid hydrofluoric va acid diisopropylphosphoric béi
cac enzyme c6 trong mo cuia nguoi va thé. Tu co sé ndy, cadc nha nghién ctru tim ra
lwong 16n chiing vi sinh vat nhan chuan nhu: Flavo Bacteria, Pseudomonas, Bacillus
va Arthrobacter c¢6 kha ning phan huy hop chit OPs. Ngoai ra, hoat tinh phan hiy
OPs dugc tim thdy 6 nAm Phanerochaete chrysosporium va Trichoderma viride ciing
nhu & tdo va vi khuén lam [6].

Cac enzyme phan huy OPs la ly tuéng cho xtc tac sinh hoc vi chung c6 chi
phi thép, on dinh trong khoang nhiét d§ va pH rong, va thuong cé tinh dac hiéu co
chét rong. Enzyme organophospho hydrolase (OPH) tir Pseudomonas dismuta MG.
OPH tu nhién 1a mot metallocoenzyme, can kém dé hoat dong xuc tac va co6 tinh dac
hiéu co chat rong. OPH c¢6 kha ning chuyén hoa cic tac nhan OPNAs gom GB, GD
va VX. Trong khi d6, enzyme DFPase (diisopropyl fluorophosphata) phan lap tir myc
va OP anhydrolase (OPAA) c6 kha ndng xtc tac thuy phan DFP, GD, GB va GA m{t
cach hiéu qua [6].

Phuong phép sinh hoc ¢6 nhitng uu diém nhét dinh nhu chi phi xir Iy thap,
than thién v&1 moi trudong, tuy nhién nhugc diém cua n6 1a hiéu suét thép, thoi gian
xu 1y 1au, phai nghién ctru lya chon dugc cac chung vi sinh vat phu hop dé xu 1y [35].
1.2.3. Phwong phdp oxi hoa nang cao (AOPs)

Phuong phap nay dya trén sy phan hiy oxi hoa bang cac gdc tu do duoc tao
ra ngay trong xur 1y. Pay 1a qua trinh khong chon loc, cac loai gbc oxi héa (H, "Oa,
"057, va "OH) c6 kha niang chuyén d6i va khoang hoa cac chat 6 nhiém thanh CO»,
H>0 va chét vo co khong doc hai [7]. AOPs bao gém cac qua trinh oxi hoa dién hoa
va qué trinh Fenton. Quy trinh héa hoc két hop dién héa duogc bao céo 1a ¢ hiéu qua
t6t dé xtr 1y hop chét co phét pho trong nude. Phuong phap dién va quang dién Fenton
dugc xem la qua trinh oxi hoa dién hoa tién tién [36].

Trong AOPs, su két hop cua céc chit oxi hoa, tia cuc tim va chit xuc tac dé
tao ra cac goc “OH cho qua trinh oxi héa chét 6 nhiém hiru co va khodng héa thanh
CO., H,0 va mudi khoang. Két hop phan tng Fenton, UV/H02 va quang - Fenton
xtr ly fenitrothion, diazinon va profenofos dugc nghién ctru bo1 M.I. Badawya & et
al [8]. Nghién ctru thay rang, kha ning phan hiy ting manh mé& boi sy hd trg quang.
Phuong phép quang Fenton c6 nhu ciu ning luong, dau tu thap, hiéu qua cao va san

pham khong doc hai. Goc *OH hinh thanh khi ion st va hydro peroxide (H202) phan
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g voi nhau trong nude, va nd c¢é thé pha huy cac tic nhan doc hai [37]. Qud trinh
Fenton thuong dugc van hanh ¢ dung dich c6 pH thép (< 3). Thé oxi hoa cia ‘OH
ting va kha nang oxi hoa dugc ting cuong khi giam pH. Nhuoc diém chinh cia quy
trinh nay 1a chi phi H2O» cao va luong bun sit 16n duge tao ra trong bude trung hoa
dung dich xtr 1y trudce khi thai bo [37].

Bén canh d6, qua trinh Fenton nang cao (quang, dién hda, Sono-Fenton) [37]
cling duogc str dung dé xir Iy OPs. Su két hop gitra H,O» va birc xa UV voi ion oxalat
Fe?* hodc Fe** tao ra nhiéu "OH hon so vé&i Fenton thong thudng, qua d6 ning cao
hiéu qua phan hity. Mot chu trinh oxi hoa khtr Fe**/Fe?* cam tng quang c6 thé giam
luong xuc tac st dung va cdn sat tao ra. Tuy nhién, quang-Fenton c¢6 nhugc diém,
nhu sir dung biic xa dnh sang kha kién thap, yéu cau nang luong UV, mirc sir dung
nang lugng va chi phi cao. Pdi véi cac qua trinh dién hoa-Fenton, qua trinh tao ra
H>0: dién ra cham vi kha ning hoa tan cua oxy trong nudc thap va hiéu qua trong
diéu kién pH thap (< 3). Ngoai ra, cac yéu té nhu ban chat dién cuc, pH, nong do chat
xuc tac, dién giai, mic oxy hoa tan, mat do dong va nhi¢t do cling anh huong dén
hiéu qua cua né. Trong khi d6, Sono-Fenton, siéu 4m thac day khuéch tan cic chét
phan tng trong dung dich, do do, co thé tdng cuong tdc do oxi héa va hiéu suét xur
ly. Tuy nhién, chi phi cho Sono-Fenton khd cao, ton ning lugng nén han ché ng
dung thuc té [37].

Nhu vdy, mic du c6 nhitng uvu diém nhu khong gay 6 nhiém giita cac pha khéac
nhau, hiéu qua twong ddi cao. Phuong phap nay c6 nhiing han ché nhu chi phi van
hanh cao (hoa chét hodc/va ning luong dau vao), hinh thanh hop chét trung gian doc
hai, luong bun sat 16n.

1.2.4. Xic tac quang hoa

Co ché xtic tac quang phan huy tic nhan ddc hai duoc trinh bay tong quét nhu
Hinh 1.3. Xiic tic quang héa hay xic téc két hop v6i anh sang mit trdi ty nhién (hodc
blrc xa nhan tao) dé xir 1y cac tac nhan ddc hai da va dang dugc sur dung mot cach
phé bién trong nhiéu linh vuc. Khi chiéu sing 4nh sang c6 ning lugng (hv) 16n hon
ning luong ving cAm (Eg) ctia cht xuc tac, cip electron va 16 trong (e /h*) dugc hinh
thanh. h* & ving hoa tri (Valence Band, VB) va e~ trong viing dan (Conduction Band,

CB) phan tng v6i nude va oxi ¢ moi truong bao quanh chat xtc tac tao thanh cac tac
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nhan oxi héa "OH va "O2", c6 kha nang chuyén héa chit doc hai thanh it doc hon hodc

! ru; FeCB

Oy

>7 Chét 6 nhiém

khong doc.

Sur tai hop

"OH

Sir kich thich
Niing lrgng vimg cim

San pham it doc hai

VB
bl v b h

H:O0 +h"VB

Qua
trinh
oxy hoa

Hinh 1.3. Co ché chung ctia qud trinh quang xdc téc [8]

Qua trinh nay bi anh hudng bai cac yéu t6, thir nhat, hiéu tng tai to hop cta
cap e /h*, do vay, su tai hop nay phai cham (nho) dé khong lam giam kha nang sinh
gbc "OH tham gia vao cac phan ing phan hily. Thir hai, 1a ham luong chat xdc tac, vi
tdc do phan tng phu thudc vao yéu té nay, va do do, trong nghién ctru can xac dinh
duoc luong xuc tac t6i vu dé dem lai hiéu sudt tt nhat [38, 39]. Yéu td nita d6 1a ban
chét ctia tac nhan can xir Iy nhu ndng d6 dau vao, pH cia dung dich. Ngoai ra, nhiét
d6, thoi gian phan tng, khoang cach ciing nhu cudng d6 ciia ngudn chiéu sang, kich
thude hat xuc tac, ndng do oxy, cac chat két hop voi gbe *OH méi hinh thanh. Nhimng
yéu t6 nay anh huong dén hiéu qua phan haty OPs trong méi trudng nudc.

Str dung xtc tac 1a phuong phap duoc quan tAm st dung nhiéu do hiéu qua xir
1y cao, thoi gian xtr Iy nhanh va than thién véi moi truong. Bén canh cac hé xtc tac
truyén thong dugc tng dung xtr Iy OPNAs nhu than hoat tinh tAm xuc tic, cac oxit
kim loai, graphene, hién nay, vat li¢u nano oxit kim loai, MOFs va MOFs bién tinh
c¢6 xu huéng dugc sir dung nhiéu béi kha nang xir 1y nhanh va hiéu qua hon so véi
xtc tac thé hé ci.

Trong ) nhitng vat li€u st dung cho quang xuc tac, vat li€u nano oxit kim
loai, MOFs, va Zr-MOFs dugc quan tdm nghién ctru ung dung do chung dap ung
duogc cac yéu cau nhu ning luong ving cdm nim trong pham vi ving tir ngoai hoic

kha kién, cdu trtc, hinh thai hoc 6n dinh, kha ning tai st dung, va dién tich bé mat
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riéng cao [8]. Pac biét, chiung c6 kha nang chuyén hoa tac nhan doc hai mot cach
nhanh chéng, hiéu qua, khéng giy nhiém thir cip, than thién v6i moi trudng, khong
chon lgc [34, 35]. Bén canh d6, nhitng vat li¢u nay co tiém nang 1én trong xur ly céc
tdc nhan OPNAs [11-13, 16, 17]. Chinh vi vay, rng dung ching trong phan huy quang
xtc tdc OPs néi chung va OPNAs néi riéng thu hat sy quan tim ngay cang nhiéu cia
céc nha khoa hoc trén thé gidi.

Tir tong quan trén, ching ta thiy rang dé xir Iy chit doc co phdt pho, cdc
phuong phap co ban duogc sit dung 13 hdp phu, sinh hoc, phuong phap héa hoc gdm
cdc qud trinh oxi héa va quang xidc tdc. Nhitng wu va nhuoc diém cua cac phuong
phap nay duoc tom tat tai Bang 1.1:

Bang 1.1. Uu va nhuoc diém cta cac phuong phap xir Iy chat doc than kinh co phdt pho

Phwong X .
TT | Uu diém Nhuwoc diém TLTK
phap
Gi4 thanh thap, dé van | Xu 1y khong triét dé, chat
hanh, thiét ké don | thai thu cép duoc tao ra
1 | Hap phu. gian, linh hoat. va viéc tai sir dung vat | [3,34]
lidu hip phu gip khé
khan.
Gia thanh thap, than | Thoi gian xu 1y dai, hiéu
Phuong thién voi moi truong. | qua xa 1y thap, phai
2 | phép sinh nghién ctu lga chon [35]
hoc. duogc cac ching vi sinh
phu hop.
C6 kha nang phan huy | Chi phi van hanh cao, tao
Phuong hoan toan cac hop chat | ra cac chat trung gian doc
3 phép oxi co phdt pho bén, kho | hai, luong bun sit cao 36, 37]
héa nang phan huy trong nudc. | dugc tao ra trong budc ’
cao. trung hoa dung dich xur ly
trudce khi thai bo.
7 | Hiéu qua xu 1y cao, | Chi phi tong hop vat liéu
Str dung vat .. Y N
L thot gian xtr ly nhanh | gid thanh cao.
liéu xtic tac T [8, 11-13,
_ va than thién véi moi
4 | nano oxit . N 5 16, 17,
i _ truong, tiéu thu nang
kim loai, P A 34, 35]
luong thap, khong
Zr—MOFs.
chon loc.
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Tur nhitng tom tit tai Bang 1.1, chiing ta thay rang phuong phéap sir dung vat
ligu xuc tdc nano oxit kim loai, Zr-MOFs cho hi¢u qua xtr Iy cao, thoi gian xu ly
nhanh va than thién v61 méi truong. Do vay, luan an di sau nghién ctru cac loai vat
lidu nay dé lua chon dugc loai vat liéu ph hop cho xir 1y chat doc than kinh co phdt
pho.

1.3. Vit liéu nano titan oxit xir Iy chat ddc than kinh co phdt pho
1.3.1. Gigi thi¢u vat liéu nano titan oxit (TiO:)

Trong phan tng quang xuc tac xay ra dong thoi qua trinh oxi hoa va qua trinh
khtr. Thudc tinh co ban va quan trong nhat ma mot chit xtc tac quang phai c6 1a ning
lwong ving cAm cua ban than nd, va ndm trong pham vi anh sang UV hodc 4nh sang
kha kién. Bén canh do, ching phai c6 cac thudc tinh khac nhu sy 6n dinh cau truc,
hinh thai hoc, kha nang tai st dung, va dién tich bé mit riéng cao. Cac oxit kim loai
nhu oxit ctia crom, kém, vanadi, xeri va titan dugc sir dung lam chat xic tac quang
do chiing déu co tit ca cac dic tinh nay [8]. Trong d6, TiO, 13 mét trong nhitng oxit
linh hoat, da chtrc ning nhat, dugc xem 1a day hira hen cho phép hap phu nhanh va
xu 1y hi€u qué tac nhan CWAs [14].

Vit liéu TiO> c¢6 ning luong vung cam (Eg) twong ddi 16n, trong khi ving VB
dugc electron lap day thi ving CB tréng hoan toan. O pha anatase né c6 E, khoang
3,2 eV (tuong duong anh sdng c6 A = 388 nm), rutile c6 E; ¢§ 3,0 eV (A =413 nm),
va pha brookite 12 3,2 eV [40]. Phan ing quang xtic tac cta TiO2 bao gdm mdt s6 qué
trinh co ban, chrfmg han nhu su hinh thanh cac chat mang dién, tach, gian, bt, chuyén,
tai két hop va van chuyén [41]. Khi vat lidu TiO2 dugc chiéu siang bang buc xa cé
nang luong 16n hon Eg, cdc electron (¢°) trong VB bi kich thich va chuyén t6i CB din
dén tao ra 15 tréng (h*). Cap e /h* dong vai trd 13 tac nhan oxi hoa - khir tao ra cac
gbc "0,7, "OH phan huy chat hiru co doc hai trong nudc.

Céc thong s6 kich vé thudce hat, ciu tric va pha tinh thé, do xép va dién tich
bé mit riéng (Sper) cua TiO, anh hudng dén kha ning xdc tic quang cta nd. Tinh thé
nano TiO> c6 mdt sb loi thé hon so v&i dang khéi thong thudng (bulk) cta chung vi
ti 16 Sper/V 16m, ting luong chat mang dugc gin trén bé mat, cai thién kha ning van
chuyén dién tich va thoi gian ton tai nho tinh di huéng cta chiing va kha nang phan
tach hiéu qua cap e /h* [42]. Hinh dang nhu hat, 6ng, thanh, so1 va cac hinh thai khac
nhau cho hoat tinh quang khac nhau, bai vi kich thuéc, cu tric 1a mot trong nhimng
yéu t6 quan trong nhat quyét dinh dén hoat tinh xtc tac quang. TiO2 duoc ing dung

phan huy quang xtc tic cdc tdc nhan hitu co 6 nhiém va cac hgp chat xenobiotic ¢
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pha nudc va khi, ciing nhu dé khir mau thuéc nhudém, khir hoat tinh ctia vi sinh vat,
san xuat hydro va quang hoa COa [43].

Mic du nano TiO> cé tiém nang 16n trong xtr Iy méi trudng, tuy nhién, trong
thue té tng dung n6 c¢6 cac han ché nhu cap e /h* tai hop nhanh, pha anatase c6 kha
nang hip phu va d6 on dinh nhiét thap. TiO> c6 ving cam rong 3,0 + 3,2 eV, nghia la
chét xtic tic quang nay chu yéu hap thu cic photon tir ngoai, do dé, gay tré ngai khi
st dung trong diéu kién dnh sdng thong thuong [41]. Dé giai quyét nhirng ton tai néu
trén, cac nha khoa hoc da pha tap TiO2 véi Sc, Y, La, Zr, Hf, V, Nb va Ta [44].

Nano TiO2 c6 thé dugc tong hop bang phuong phéap sol-gel, nhiét dung méi,
tong hop 6 hd tro vi séng, tron va két tia don gian [41, 45]. V6i cac phuong phap
diéu ché khac nhau cho kich thudc hat va hinh dang khac nhau. Ngoai ra, thoi gian
tong hop phu thudc vao phuwong phap va thiét bi str dung [45].

1.3.2. Ung dung nano TiO:xir Iy chit djc than kinh co phét pho

Str dung TiO2 do c6 chi phi thap va hoat tinh xtc tac quang cao, do vdy, nano
oxit ndy 1a chit xuc tic tiém ning cho viéc trung hoa va phan hiy cac tac nhan
OPNAs. Trong cac pha cta TiO», pha anatase c6 hoat tinh x{ic tic quang cao nhat.
Viée xir 1y cac tac nhan OPNAs bang vat liéu gbc oxit kim loai 1a mot qua trinh gdm
nhiéu buédc. Thong thuong qué trinh d6 gom trung hoa tac nhan OPNAs bang cach
héap phu thong qua oxy phosphoryl cta né (lién két P = O) dén tam acid Lewis trén
bé mat, phan huy thong qua su tin cong nucleophin nguyén tir phdt pho va lién két
ctia san phdm phan Gmg véi oxit kim loai [46].

TiO2 dugc chirng minh 1a c6 kha nang phan huy quang xtc tdic mot cach hi¢u
qua chét doc than kinh co phdt pho, do d6 di c6 nhiéu nghién ctru xr 1y cac tac nhan
nay & ca pha khi va pha long [47]. TiO, dugc Harada va cong su [48], st dung phan
huy quang xic tic DDVP (dimethyl-2,2- dichlorovinyl phosphat) va DEP (dimethyl-
2,2,2-trichloro-1-hydroxyethyl phosphonate). Nghién ctru cho thay TiO» phan huy t6t
khi két hgp véi Pt (hé Pt/TiO») hodc H>O». Trong khi E. Evgenidou & et al [49], diing
TiO: dé phan hity quang DMNP, két qua cho thdy, trong diéu kién ham luong 100
mg/L, ndng 46 DMNP 10 mg/L thi hiéu suét dat 100% sau 45 phut phan tng.

Steng & et al [15], tong hop anatase TiO> va xem xét kha ning phan hiy GD,
VX. Ti 1& chuyén hoa 16n nhat ddi v6i GD 1a 96,6% va VX 1a 98,3%. Trong khi
Wagner va cong su [50] cling st dung TiO> pha anatase va dang 6ng nano dé xu ly
VX cho ¢6 thoi gian ban hiy cuc ky ngén, v6i didu kién c6 du nude hip phu bé
mat. R. Tsyshevsky va cong sw [14], cling da xem xét khia canh pha cua vat li¢u,

nhom nghién ciru da xem xét kha niang hap phu va phan hily chat doc GB trén cac hat
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nano TiO, khd pha anatase va pha rutile. Két qua 12 ca hai dang pha nay déu dé dang
hép thu phan tir khi GB do luc hut tinh dién manh giita oxy phosphoryl va cac nguyén
tir titan bé mat. Su phan huy GB c6 thé thong qua viéc loai bo propen. Rio can ning
luong cao cho thay GB kho phéan hiy trén bé mat TiO2 khé va qud trinh phan hay c6
thé duoc kich hoat boi cac khuyét tat hodc chit giy 6 nhiém trong diéu kién sir dung
thuc té.

G. K. Prasad va cong su [51], nghién ctru sy phan huy thuy phén sarin trén 6ng
nano TiO,. Két qua nghién ctru cho thay san pham phan haty thiy phén sarin chi yéu
12 acid isopropyl metyl phosphoric. Qua trinh phan huy sarin trén dng nano TiO» dugc
dé xuat nhu Hinh 1.4. Theo d6, cac phén tir sarin phan tmg voi cac phéan tir nude hap
phu vat Iy hodc cac phan tir nudc xen ké tao thanh acid isopropyl methyl phosphonic
khong doc hai theo cach nay hodc cach khac, ching phan ing véi cdc nhom hydroxyl
bé mit (Ti—~OH) va cdc tdm acid Lewis (Ti**) hinh thanh phosphonate lién két bé mit.
Sy xuat hién cua cac phan tng thay phén trén bé mit ng nano TiO» va sy hinh thanh
cac loai alkoxy lién két bé mat hoic cic phosphonate lién két bé mat tao diéu kién
thudn loi cho qud trinh phan hay sarin. Qua trinh thuy phan lam phan tach nguyén tir
F khoi phan tir sarin, lam thay ddi cau triic, va qua d6 khién chat doc nay tro thanh it
ddc hoac khong doc. Noi chung, cac 6ng nano c6 dién tich bé mit 16n va tao diéu
kién cho viéc hép phu va c6 l1ap tadc nhan doc hai nhanh hon, va sau d6, nuéc xen k¢,
nhoém hydroxyl bé mit va tim acid Lewis phan tng thily phan véi tac nhan, do do
1am cho chit doc tré thanh khong doc [51, 521.
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Hinh 1.4. Qua trinh phan huy sarin trén dng nano TiOz [51, 52]



16

1.4. Vit liéu khung co kim trng dung xir Iy chit ddc thin kinh co phot pho
1.4.1. Céu triic vit ligu MOFs

Khung co kim, hay con goi la khung kim loai - hitu co (metal-organic
frameworks - MOFs) tao thanh tir ion kim loai hodc cum cdc ion kim loai va cht lién
két hitu co [53]. C4c nhém chirc chira nguyén tir con cip dién tir chua tham gia lién
két nhu O, N, S va P trong MOFs, c¢6 kha ning tao ra cdc lién két phéi tri véi cdc ion
kim loai chuyén tiép tao thanh don vi cdu tric tht cap (Secondary Building Unit,
SBU). Chit lién két hitu co két ndi cdc SBUs véi nhau tao thanh céu tric ba chiéu c6
su sdp xép mot cach trat ty trong khong gian v6i nhitng tinh chat xop dic biét caa
MOFs (Hinh 1.5) [54].

mess| Chit lidn két hitu O m— G

® . ©
/ ‘ ® Nhom chirc nang
Ton kim loai 4 r 4

Hinh 1.5. So d6 hinh thanh MOFs [54]

Trong qud trinh tong hgp MOFs, cic théng s6 nhu thoi gian, dung moi, va chét
lién két c6 thé thay doi dé thu duoc san phém theo mong mudn [55]. Cu trdc cia
MOFs c6 thé duoc xac dinh thong qua cdu tric ctia SBUs, hinh dang va kich thuéc
ctia chit lién két hitu co. MOFs mdi thu duoc béng cach thay ddi ion (cum ion) kim
loai va chat lién két. Chat lién két co da phan 1a cdc nhém carboxylate, phosphate,
pyrazolate, tetrazolate, catezolate, sulfonate ho#ic pyridine va imidazole 13 cic dan
xuat ctia N [54, 55]. Hé vong thom c6 do bén cao hon chudi alkyl mach théng, do
vay, chung thuong dugc wu tién lya chon lam chét lién két. Cac da dién kim loai -
phéi tir (thudng 12 kim loai-oxy) duogc tao thanh khi chét lién két va cic ion kim loai
lién két phdi tri v6i nhau. SBUs duoc hinh thanh do cac da dién nay lién két 13n nhau.
Nhin chung, lién két oxy-phdi tir ciia cdc nhém carboxylate tao thanh khung cau triic
MOFs 6n dinh va bén hon so véi céc phdi tir chira N [56].

CAu tric x6p, dién tich bé mat riéng 16n, do xSp cao, c6 thé thay ddi kich thudc,
hinh dang mao quan, khung céu trac linh dong va c6 thé diéu chinh céu tric sau tong
hop 1a nhiing tinh chat noi bat cia MOFs. Do d6, chiing c6 thé ing dung cho luu trit
va tach khi, xuc t4c, vat liéu quang, cam bién héa hoc, y sinh, vat li¢u dién, vat li¢u

tir, dieu khién xic tac, pin, nang luong va cac linh vuc khac [57].
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1.4.2. Phan logi vit lieu MOF's

Pé tao ra vat liéu nano MOFs c6 chitc nang da dang c6 thé két hop vai oxit
kim loai, chdm luwong tir (quantum dots), vat liéu carbon, phn tir, polyoxometalate,
polymer va enzyme. Tty thudc vao thanh phan, cau triic, MOFs c6 thé phan loai nhu
sau [58]:

(1) MOFs dang huéng: MOFs dang huéng duogc tong hop boi SUB [ZnsO]%
va mot loat cacboxylate thom. Chung 13 nhitng vat liéu vi mao quan tinh thé bét dién;

(2) Khung zeolitic imidazolate (Zeolitic Imidazolate Frameworks, ZIF): st
dung nhiéu nguyén t6 khac nhau c6 céc electron héa tri va dan xuat imidazole dé tong
hop. Chiing 1a nhiing vt liéu c6 hinh théi cdu tric zeolite. ZIF bao gém ZIF-7, 8,
ZIF-67, 71,90 va ZIF-L;

(3) Mang lién két xép (Porous Coordination Networks, PCNs): 1a cac vat liéu
1ap thé bat dién va chiing c6 hinh thdi cau tric lién két 186-16ng-16 véi cau triic 3D.
Mot s6 PCN dién hinh nhu PCN-333, PCN-224, PCN-222, va PCN-57;

(4) MOFs cua Vién vat liéu Lavoisier (Materials Institute Lavoisier, MIL): str
dung nhiéu nguyén t6 c6 electron héa tri va hgp chat hitu co chira hai nhém chiic
carboxylic dé tong hop. Su sap xép kich thudc mao quan ciia MIL ¢6 thé duoc chuyén
doi tu do dudi su kich thich tir bén ngoai. Cac MIL nhu MIL-53, 88, 100, 101 va
MIL-125;

(5) Polymer lién két xép (Porous Coordination Polymers, PCP): duoc téng hop
bdi acid carboxylic, pyridin va din xuét cta né 1a don vi cau tric thir nhat) (primary
building unit, PBU) va cdc ion kim loai chuyén tiép 1a cic SBU;

(6) MOFs cua DPai hoc Oslo (University of Oslo, UiO): dya trén acid
dicarboxylic 12 PBU va Zrs(ut3-O)4(p3-OH) 12 SBU 1lan dau tién duoc tong hop boi
Lillerud va dong nghiép [59]. Dya trén cdch phan loai néi trén, nhiéu MOFs, chang
han nhu Dai hoc Tay Bic (NU), bai hoc Khoa hoc va Cong ngh¢ Pohang (POST-n),
Dai hoc Cong ngh¢ Dresden (ho DUT-n), Pai hoc Nottingham (NOTT-n), Pai hoc
Khoa hoc va Cong ngh¢ Héng Kong (HKUST-n), va Pai hoc Christian-Albrechts (ho
CAU-n), d3 ndi 1én nhirng nam gan day.

1.4.3. Phwong phdp tong hop MOFs

Tir Hinh 1.6 thay rang, nhiét dung mai 1a phuong phap pho bién nhat dugc sir
dung dé tong hop MOFs [60]. Phuong phap nhiét dung mai sir dung mot s6 dung mdi
dién hinh nhu ethanol, methanol, dimethylformamide (DMF) hoac acetonitrile véi
nhiét do tong hop khic nhau [61]. Han ché cta phuong phap nay 13 thoi gian tong
hop dai, tinh thé co kich thudc 16n va khé tong hop & quy md 16n. Hién nay, dé giam
thiéu anh hudng cta dung moi dén méi trudng, dung méi hitu co duoc thay thé bang

nude trong qud trinh tong hop [62].
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Hinh 1.6. Théng ké phuong phép tong hop MOFs [60]

1.4.4. Vit liéu khung co kim trén co so zirconi (Zr-MOF's)
Mot $6 vat liéu Zr—-MOFs va thanh phﬁn cua ching duogc trinh bay tai Hinh
1.7 dudi day [63]:

MOF-525
Ttwe

Hinh 1.7. Tém tit vé Zr—-MOFs va céc thanh phan cua ching [63]
Vit liéu Zr-MOFs (tam kim loai zirconi) c6 tiém ning tng dung cho luu trix
khi, tach khi, xtc tdc va y sinh bdi uu diém vé dién tich bé mat riéng cao, mao quan

16n va d6 tinh thé hoéa cao. Cum ion kim loai trong Zr—MOFs c6 kha nang phéi tri da
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dang tir 4 dén 12 lién két tiy thudc chét lién két va cach thirc tong hop. Tinh acid cua
MOFs c6 vai trd rat quan trong, anh huong dén hoat tinh xtic tac va kha nang hip phu
cua no. Zr-MOFs s¢ hitu hai loai tam hoat dong 1a Lewis acid (cum ion kim loai) va
Brensted acid (nhém acid carboxylic, ammonium chloride, va sulfuric acid) gitp tdng
cuong kha nang irng dung va hoat tinh cua loai vat liéu nay [64].

SUB phé bién nhét trong Zr-MOFs nhu Hinh 1.8 A bao gém sau ion Zr(IV)
dugc bic cau boi phdi tir hydroxyl va oxy. Bang cach thay doi sé luong phdi tir
hydroxyl bac cau va cac phan tir nwéc cudi cling, kha ning lién két cia SBU co thé
duoc tinh chinh tir 4 dén 12, cho su da dang vé céu trac ciia Zr-MOFs. Hinh 1.8 B
cho thiy su hinh thanh ctia mét khuyét tat Schottky trong Zr-MOFs do thay thé phéi
tir, tao ra tam Lewis acid Zr(IV), va c6 thé thiic day qua trinh thiy phan xuc tac cac
chat doc than kinh co phdt pho. Giam kha ning két ndi ctia SBU, nhu trong Hinh 1.8
C, cting lam cho Zr(IV) dé tiép can hon vé&i chit doc than kinh co phét pho. Cubi
cung, viéc ting thé tich mao quan co6 thé 1am giam cac rao can khuéch tan cia cac
phan tir tac nhan than kinh 16n, mé duong cho viéce tiép can cac tim hoat dong Zr(IV)
nam & trung tim ctia cac hat Zr—-MOFs va thuc day phan tng thity phan hiéu qua hon
[65].

A Chat litn kit hiu co B

H R
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Hinh 1.8. (A) SBU cua hau hét Zr—-MOFs, (B) Khuyét tat Schottky gy ra do thiéu
phéi tir, (C) Céc kha ning két ndi khéc nhau cua SBU trong Zr—-MOFs [65]
Dién tich bé mit riéng cao, kich thudc mao quan c6 thé diéu chinh va cac nhom
chtrc nang da dang 13 nhitng wu diém cta Zr—-MOFs. Chiing c6 kha nang dan hdi vuot
troi, duy tri 6n dinh trong dung dich c6 pham vi pH rong (1-12), déng thoi chira nhiéu

tam Lewis acid manh [66, 67]. Su tuong tac phéi tri manh gitra phéi tr vo1 cum
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Zr6(u3—0)4(u3—OH)4 hodc tuong tdc manh cua cum Zr—O lam cho vat li€u nay c6 tinh
on dinh nhiét va 6n dinh hoéa hoc cao [68]. Nho nhiing wu diém vuot troi nay, Zr—
MOFs duoc tmg dung 1am chét xuc tac, hap phu va chuyén hoa nang lugng. Vé co
ban vét liéu Zr-MOFs thong thuong duoc phan loai theo sb lién két gdm 12 lién két,
8 lién két va 6 lién két boi cac mudi kim loai Zriconi véi céc chat lién két khac nhau
cho Zr-MOFs khac nhau (Hinh 1.7) [63].

Theo Hinh 1.7, 1.8, khi thay ddi chat lién két thu dugc cac Zr-MOFs véi ciu
trac hinh hoc khac nhau, chang han, d6i véi loai nat (cum) 12 lién két khi str dung
chét lién két khac nhau thu dugc UiO-66, MOF-525, UiO-66 (AN), UiO-66-1,4 Naph,
Ui0-67, 68, Zr—NDC, Zr—BTDC; loai nit (cum) 8 lién két thu dugc NU-1000, 1008,
901, Zr—AP-1, 3, PCN-222, 225 va loai nat (cum) 6 lién két ta ciing thu duoc MOF-
808, PCN-224, 777. Ngoai ra, Zr—-MOFs ciing c6 loai 4 lién két nhu Zr—AP-2 [69].
Ngoai ra, co thé phan loai theo cAu trac, véi 5 dang cum Zr, gém Z160s, Z130¢, Z1Os,
ZrO7, va ZrOs 1am 15i ctia SUB. Khi sir dung céc chét lién két hitu co/thiét ké méi,
céc loai céu tric cua Zr—-MOFs s& lién tuc tang lén va nhiéu Zr—-MOFs mdi voi céc
dac tinh va chirc nang doc dao s¢€ xuét hién [69].

Zr-MOFs gan day dugc ching minh 13 mot trong nhimg xtc tac phan hiy
nhanh chéng chat doc than kinh va chat mé phong chat doc than kinh co phédt pho
thong qua qué trinh thuy phan hodc oxi hoa, vdi sy trg gitp cua cac tam acid Lewis
[70, 71].

Vat liéu Zr-MOFs goém cac cum acid Lewis Zrs va cac chat lién két hitu co
carboxylate phan bd theo chu ky 1a chit xuc tac c6 kha ning phan hity nhanh va hiéu

suat cao cic OPNAs va chat mo phong (Hinh 1.9 A, B) [26, 71].

EVI o)
i\ Xiic tic MOF p \ :
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Hinh 1.9. So d6 phan tng thiy phan chat doc than kinh co phdt pho GD (A) va VX
(B) bang Zr-MOFs [26]



21

Trong thuy phan cic chat doc than kinh co phét pho (OPNAs) va chit mo
phong cua ching duge thuy phan bang xtc tic Zr—MOFs thong qua hai co ché chinh
thuong duoc dé xuat. Cic co ché nay chi yéu duoc phan biét boi su tham gia cia
H>0 tu do va phuong thire lién két OPNAs trén SBU. Ban dau lién két gitta OPNAs
(chat mo phong) véi tam acid Lewis kim loai mé; tiép dén cé su tan cong nucleophin
& nguyén tir phdt pho bang phén tir nude bén ngoai hodc bai nhom phdi tir (OH hoic
OH>); sau d6 1a su loai bd nhom roi di khoi chit doc bﬁng cach ct lién két P-X (lién
két P—F trong GB va GD, P-S trong VX); va cudi cung 12 loai bo san pham thuy phan
khoéi tdam hoat dong [26].

Nhu vdy, vé co ban OPNAs va chit mo phong ctia chiing phan huy bang xtic
tic Zr—-MOFs thong qua qué trinh thiy phan (nho céc tm acid Lewis) va qué trinh
oxi héa (nho céc tdc nhan oxi hda thong qua qua trinh quang xuc tic). Xic tic Zr—
MOFs ¢6 s6 luong tam acid Lewis hodc hoat tinh xuc tac quang cang 16n thi hiéu qua
xur Iy cang cao. Do vay, cac nghién ctru dua trén co s& ndy dé dinh hudng tong hop
hoic bién tinh Zr-MOFs dé nang cao hiéu suat xu 1y ctia chung.

Tir nhiing tong quan trén thdy rang, vat liéu Zr—-MOFs rat phong phu vé cau
tric, da dang vé chung loai va di kém véi tinh chit va tng dung trong nhiéu linh virc
khéc nhau cuia ching. Trong d6, ching ciing dugc ung dung dé xi 1y OPNAs ciing
nhu chat mo phong cia chung nhd ¢6 nhidu tim acid Lewis trong cau trac cta chiing.
Trong pham vi nghién ctru nay, ludn an chu yéu dé cap dén mot sé6 Zr—MOFs loai 12,
8 va 6 lién két gdm UiO-66, 67, Zr-NDC, NU-1000, MOF-808(Zr) va mot sb bién
tinh cta ching.
1.4.4.1. Vit liéu Zr-MOFs c6 12 lién két

Trong muc nay trinh bay mot s Zr—-MOFs c¢6 cum ion lién két v6i 12 phdi tir
hiru co gom Ui0-66, UiO-66-NHa, Ui0-66/g-C3N4, UiO-67 va Zr-NDC.

Vao ndm 2008, Cavka va cong sy [72] st dung nut kim loai 1a ion Zr dé tao ra
Zr-MOFs c6 SBU la cum oxit ZrsOs. Ion Zr trong cum oxit ndy c6 hoéa tri 4 lam cho
lién két cation kim loai - anion oxy - phdi tir hitu co trd nén bén hon. Do d6, Zre—
MOFs c6 d6 bén nhiét, co hoc, on dinh héa hoc, va duge dit tén 12 UiO-66 [59]. UiO-
66 dugc tong hop kha dé dang ¢ quy mo phong thi nghiém [73]. Cu trac cia UiO-
66 duogc trinh bay tai Hinh 1.10.
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Hinh 1.10. (A) Céu triic UiO-66 véi nit ion kim loai (mau xanh) va chat lién két
(mau x4m), (B) Niit va chét lién két tao nén cau tric 10ng bat dién 12 A, va (C) 16ng
ttr dién 7,5 A, (D) Cé4c nguyén tir véi mau twong tmg [73]

Khung 3D ctia UiO-66 duogc hinh thanh tir cac cum oxit zirconi (ZrsO4(OH)a4)
lién két véi sau benzen-1,4-dicarboxylate (H.BDC) (Hinh 1.10). Do méi c6 6 lién két
tai cum oxo - zirconi tham gia két ndi, do @0, tai cac cum nay con cac vi tri khuyét
thiéu chua lién két. C4c vi tri ndy c6 xu huéng hinh thanh lién két véi nude va
hydroxid. UiO-66 dién tich bé mat riéng 16n (1200 m?/g) va 6n dinh trong nhiéu moi
truong khac nhau [74], do c6 nhiéu tim xdc tdc, tAm hép phu trén bé mit nén n6 duoc
sit dung cho nhiéu mg dung khac nhau.

bé nang cao hi¢u qua st dung, vat liéu UiO-66 duoc bién tinh véi cac loai vat
liéu khac nhau. Chang han, UiO-66 duoc gin 16n g-C3Ny c6 thé giai quyét viée thu
anh sang yéu hiéu qua va 1am giam su tai hop cua cip e/h*, do d6 ting hiéu suat
quang [75]. UiO-66/g-C3Na durgc diing trong san xuat Ha va khir CO» [76], xtr 1y nuée
thai [77], va phan huy quang xuc tac [75]. MOFs duoc chirc ning hoa bang cac nhom
amin (—-NHz) c6 tinh bazo c6 thé ning cao hoat tinh ciia chiing. UiO-66 duoc chirc
nang hoa bang amin (UiO-66-NH,), 1a mét trong nhitng MOF day hap dan, duoc tng
dung rong rai nho kha nang diéu chinh tét, o bén nude va hoat tinh quang cao [78].
C6 dinh nhém amin trong MOF cung cap nhiéu kha nang lién hop hon, tir 46 mé rong
kha ning hap thu 4nh sang cia MOF [79]. Nhom cua Silva [80], sir dung UiO-66—
NH> va UiO-66 dé tao ra Ha, trong khi d6 Long & et al [81], dung UiO-66-NHa cho
qua trinh phan hay quang xuc tac chit hitu co hiéu khi. Sun va cong sy [79], diéu ché
thanh cong Zr—-MOFs bién tinh bang cach sir dung chat lién két amin lién hop mé
rong va kham phd né nhu mét chit quang xuc tac cho khir CO». Trong khi d6 , M.
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Qin va cong sy [82] dua Ti, Hf vao UiO-66(Zr), két qua cho thiy rang Hf/Ti-UiO-
66(Zr) thé hién hiéu suit hap phu tot hon nhiéu so véi UiO-66(Zr) khong pha tap.
Riéng Hf-UiO-66(Zr) c6 kha niang hip phu cao nhat (346,0 mg.g™"). Viéc dua Hf hoic
Ti vao da thay d6i moi trudng phdi hop hoa hoc, din dén cau trac MOFs bi khuyét
tat, qua d6 1am ting cac tAim hoat dong hap phu, dién tich bé mit riéng va mé rong
cac mao quan.

UiO-66 dugc nhom cua Katz [83] st dung cho thuy phan xtc tic DMNP va p-
nitrophenyl diphenyl phosphate (PNPDPP), thiy rang, véi cac diéu kién va nong do
nhu nhau, thoi gian ban hiy DMNP khi st dung UiO-66 ngin hon 40 lan so voi
CrMIL-101 dugc bao cdo trudc d6 voi sy c6 mat cua dimethylaminopyridine
(DMAP) [83]. Viéc st dung UiO-66 phan huy DMNP ciing dugc D. Blizek va cong
su thuc hién [38], nghién ctru cho thay rang pH anh hudng dang ké dén hiéu suat
chuyén héa. Mit khac, cdu trac UiO-66 bén khi pH < 8,5, tuy nhién né bi pha huy
hoan toan & pH=9,5. Dién tich bé mit riéng ciia UiO-66 giam nhe tir 1391 m?/g xudng
1283 m?/g & pH = 8,5 va & pH 16n hon tao ra su giam dot ngdt xuéng khoang 9 m?%/g.

R. Chen & et al [84], st dung Fe;04@UiO-66-NH, dé thuy phan DMNP, vat
liéu nay thé hién hoat tinh xtc tac cao hon 36 1an so vdi UiO-66-NHa, diéu nay co
thé dugc giai thich 1a do bé mat Fe;04@UiO-66-NH: c6 nhicu khuyét tat lam ting
hoat tinh ctia n6. Thoi gian ban huy 9,4 phuat, hiéu suat chuyén hoa sau 100 phit co
thé dat t&i 90%. Khi tang luong MOF Ién khoang 6,5 %mol, hi¢u qua xtc tdc duoc
cai thién rd rét. Thoi gian ban huy co thé dat 4,8 phiit va hiéu suat phan hity cudi ciing
c6 thé 12 100%. Song & et al [10], dd quan sat thay rang phin huy xdc tic quang
DMNP trén UiO-66-NHa/graphene dién ra rat nhanh. Tuy nhién, cic yéu té nhu pH
vanoéng do dung dich dém NEM c6 tac dong manh dén hiéu qua chuyén héa. O nong
d6 NEM bang 0 M (trong nudc), sau 60 phat phan ing, hiéu suat xur 1y chi dat 49,1%.
Trong khi d6, nhém ciia Wang [28] da phu cac hat UiO-66-NH> 1én nén céc soi
polymer vi x6p (PIM-1) va céc soi nano polyacrylonitrile (PAN) nham ting d6 bén
co hoc ma van giit duoc kha nang phan hity d6i v6i cac chat mo phong chat doc chién
tranh [28]. L-Maya va cong su bao cdo composite soi @[UiO-66@LiOtBu] duoc ché
tao bang phuong phap electrospun thé hién tét kha nang thay phan DMMP [85]. Bén
canh do, moéi truong phan hiy cling dugc xem xét, nhém cia Koning [17], da so sanh
phan huy paraoxon, GA, VX, va GD béng Ui0-66-NH,, NU-1000, MOF-808 va
PCN-777 trong dung dich NEM (pH=10) va trong nudc, cho thiy rang, tat ca MOFs



24

déu phan huy rét tét cdc tdc nhan nay trong méi truong bazo. Sy ¢ mit ciia amin
hozic mét phan ciia UiO-66-NH; hoic trong chinh tac nhan (VX, GA), c6 y nghia chi
phdi téc d6 phan hiy trong nudc.

Nhom nghién ctru cia Son [63], dd xem xét su phan huy GB véi 10 loai Zr—
MOFs gom: NU-1000, NU-1000-Dehyd, NU-1000 ph acid benzoic (NU-1000-BA),
NU-901, MOF-808, NU-1008, MOF-525, NU-1200, UiO-66 va UiO-66 khuyét tat.
Két qua cho thdy, NU-1000 c6 kha ning hip phu va phan tng chon loc, trong khi
UiO-66 phan trng manh hon va MOF-808 phu hop cho viée xtr Iy d6i voi luong 1on
CWA:s.

Hinh 1.11. Tu trai sang phai: so sanh kich thudc cua cac lién két, cau tric, 1ong tur
di¢n va bat dién doi vai UiO-66 (a) va UiO-67 (b) [86]

Dé mo rong kich thudc mao quan cua vat li¢u, cac nha khoa hoc da téng hop
Ui0-67 véi chat lién két dai hon. UiO-67 ¢6 cau trac 3D, x6p va dang hudng so véi
Ui0-66, 1a sy mo rong d'fmg huong cua Ui0-66, sy khac biét duy nhét 1a chét lién
két. UiO-66 thu dugc bang cach st dung 1,4-benzendicarboxylate (BDC) lam chét
lién két, trong khi UiO-67 str dung 4,4 O-biphenyldicarboxylate (BPDC) dai hon lam
chat lién két [86] (Hinh 1.11). Viéc str dung chat lién két BPDC thay vi BDC dan dén
viéc méd rong cdu trac lién két ddi ximg UiO-66. Cau ndi vo co trong ciu trac van 1a
cum 12 lién két Zrc04(OH)4(CO2)12 mang lai sy 6n dinh nhiét cho ca UiO-66 va UiO-
67. Do chét lién két dai hon nén ca hai 1dng vi xdp tir dién va bat dién déu co kich
thude rong hon trong truong hop UiO-67 (Hinh 1.11), 1an lugt chuyén tir 7,5 sang 12
A vatir 12 dén 16 A. Viéc mo rong kich thude co thé lam tang kha nang hap phy va
hiéu qua xur 1y cua vat liéu.

Zr-NDC gbm cac cym kim loai ZrsO4(OH)s lién két voi nhau thong qua 12
lién két NDC (Naphthalenedicarboxylic acid, NDC) dé tao thanh cdu trac tuin hoan
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3D véi cac 10ng bat dién (14 A) duoc bao quanh boi tam 10ng t dién (11 A) (Hinh
1.12) [87].

Hinh 1.12. CAu tric tinh thé ctia Zr-NDC (Zr da dién, mau xanh; H, tréng;
C, xam; O, do) [87]

Pé tong hop Zr-NDC, L. Valenzuela & et al [87] st dung phuong phap nhiét
dung mai tir tién chat ZrCly va chat lién két acid naphthalene-2,6-dicarboxylic (NDC).
Trong khi d6, Linh va cong su [88] ciing st dung phuong phap nay va cé su ho trg
vi séng dé tong hop duge Zr—NDC véi kich thudce hat 100 nm. Hoat tinh hap phu cao
ctia Zr-NDC c¢6 thé 1a do céc vi tri khuyét tat trong khung cua vat liéu.

Cac vat liéu Zr-MOFs nhu UiO-67, UiO-67-NH2 va UiO-67-N(Me)> duoc
S.Y Moon va cdng su [89], chirng minh 1a xtc tac chon loc va hoat tinh cao dé phan
huy VX. Trong dung dich dém NEM (pH =10), quan sat dugc su thity phan chon loc
lién két P—S trong VX. Piéu quan trong 14 lién két P—S (cht khong phai lién két P—
O) dugc thuy phan c6 chon loc tao ra cac san phém uu tién, c6 doc tinh thép EMPA
(ethyl methylphosphonic acid) va DESH [2—(diisopropylamino)ethanethiol]. Thoi
gian ban hity cia VX bang 1,8 phut khi thily phan bang UiO-67-N(Me),. Qua trinh
thity phan ciing dién ra khi khong c6 chat dém va ciing pha hily san pham doc hai
EA-2192 (CoH22NO,PS). Trong khi d6, anh hudng cia nhém chirc va kich thude mao
quan dén kha ning phan hiy chat doc GD va DMNP trén xic tic UiO-66, UiO-67 va
UiO-66-NH, da duoc G.W Peterson xem xét [90]. Két qua cho thay hai thong sb nay
1a nhirg yéu t6 quan trong phan huy DMNP. GD bi phan hity nhanh hon hoic bang
DMNP véi thoi gian ban huy dudi 1 phut. Patrique Nunes va cong su [91], da thuy
phan natri para-nitrophenyl phosphate (chat mé phong chat doc GD) bang UiO-67 va
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hiéu qua xtr Iy dat 90%. Nghién ctru cia MW. Terban & et al [92] thdy rang UiO-67
hap phu va phan hiy nhanh chong DMMP. Khi ting nhiét d 1én khoang 40 °C thi
loai b6 DMMP duoc nhiéu hon.

1.4.4.2. Vit liéu Zr-MOFs c6 8 lién két
Céu trac vat liéu NU-1000 duoc thé hién tai Hinh 1.13 dué6i day [93]:

(a) (¢) NU-1000
Zre OQ H- R oA
(b) . B 3 5%
-
QO™ el

Hinh 1.13. Cau triic NU-1000: (a) niit hexa—Zr, (b) chat lién két tetratopic, va (c)
mao quan luc gidc 3 nm [93]

NU-1000 1a Zr-MOFs c6 8 lién két dién hinh, c6 cdc ndt hexa-Zr
([ZrsO16H16]%* duoc két ndi thong qua chit lién két bdn vi tri (1,3,6,8-tetrakis(p-
benzoic-acid)pyrene, HITBAPy) (Hinh 1.13). Cau tric cudi cung chira cic mao quan
luc gidc 3 nm v6i cac nhom hydroxyl huéng vao trong. Cac cum Zrs voi cac lién két
TBAPy* tao ra NU-1000 x&p, 6n dinh nhiét [93]. Cac cum Zrs ¢6 cau trac bat dién
va moi mit tam giac ciia cum duogc bao phi bdi nhém ps-oxo hosic nhom p3-hydroxyl
[72]. Do céu tric rat cung, tinh ddi xung va lién két manh mé gifra cac lién két va nut,
NU-1000 c6 d6 6n dinh nhiét cling nhu hoa hoc vuot troi so voi phﬁn 16n cac MOFs
khdc [94]. Pic diém khong bao hoa ctiia cum Zrg, trong do chi c6 tam trong s6 muoi
hai canh bat dién duoc ghép nbi vai cac lién két, 1a mot loi thé cia NU-1000 [93].

Céc van dé chuyén khéi thuong gip trong cic tmg dung xdc tac va cho phép
dong chit nén va thude thtr di chuyén nhanh chong trong toan bo khung dj thé c6 thé
duogc giai quyét do cac mao quan trung binh dic biét rong 16n kéo dai trong khap cau
trac cia NU-1000. Do d6, NU-1000 14 chat nén Iy tuong dé cai tién, mo rong tng
dung trong linh vuc hép phu, xuc tac va lam sach vat li¢u ddc hai do céc vi tri tréng

trén cum Zre [93, 96].
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NU-1000 dugc st dung thuy phan DMNP tir nam 2021 [97]. Sy tuong tac cia
NU-1000 trong qua trinh thity phdn DMNP va chat doc than kinh co phdt pho ethyl
methylphosphonofluoridate (EMPF) giéng nhu thity phan chét doc than kinh co phot
pho dong G, GB. Wang va dong nghiép d tiét 10 tac dong ciia ham lugng nude trong
Zr—MOFs dén tc d6 thuy phan. Khi phan hity DMNP & pha ran bang NU-1000, UiO-
66 va UiO-66-NH> cham hon so v&i pha long (dung dich) [98]. Grissom va cOng su
dé cép dén sy khuéch tan, hip phu va phan tng cia CWAs bang NU-1000 két hop
v6i polyoxometalate, dé kiém tra anh hudng cta cac loai khi phd bién xung quanh (vi
du: CO2, SOz, NO,) dbi voi hiéu qua phan huy CWAs cua NU-1000 va
polyoxometalate [99]. Cac tam kim loai m& rong, nhu 1a tam Lewis acid, trong NU-
1000 déng vai trd quan trong trong qua trinh phan huy CWAs dugc chi ra béi
Mondloch va c¢ong su [96] cling nhu Gallingto va cong sy [100]. Trong khi do, Chen
va Snurr di xem xét thay phan xuc tic DMNP & pha khi bang NU-1000 don kim va
ludng kim [101]. Ho chi ra rﬁng dé tao thuén loi cho phan ng, cac dang kim loai-
oxy-kim loai hoat dong nhu 1a acid va bazo trong thily phan. Ngoai ra, nghién ctu
cac yéu td anh huong, viéc cai thién dang ké hoat tinh NU-1000 sau bién tinh dem lai
hiéu suat phan hily xtc tac t6t hon tic nhan OPNAs [102]. De Koning va nhom cua
ong di cho thay tiém nang cia DTNB@NU-1000 trong viéc phan hity VX trong cac
chat dém trung tinh [103].
1.4.4.3. Vit liéu Zr-MOFs ¢4 6 lién két

MOF-808(Zr) 1a loai Zr-MOFs c¢6 6 lién két duoc quan tim nhiéu. MOF-
808(Zr) dya trén cum ZrsO4(OH)4(—CO2)s, trong MOF-808(Zr), cac cum ion dugc
lién két bang acid benzenetricarboxylic (BTC) [104]. Mdi cum ZrsO4(OH)4(~CO2)s
trong MOF-808(Zr) dugc lién két véi 6 phdi tir BTC, tuy nhién vé mit 1y thuyét cum
Z1r604(OH)4(—CO2)6 s€ bao hoa voi 12 phéi tu carboxylic, do d6 con lai 6 vi tri trén
cum Zrs04(OH)a(~CO2)s c6 thé phédi hop cac phdi tir khac. Cac phdi tir ndy c6 thé 1a
dung mdi, chét kiém soat hoic cac loai khac c6 trong méi truong tong hop [73]. MOF-
808 ¢o ciu truc lién két spn (dang cau trac lién két dya trén khoi di thé duoc chia sé
& cac goc khac nhau) bao gom cac 16ng tir dién c6 kich thuéc mao quan bén trong 12
4,8 A. Trong nhitng 10ng nay, céac lién két BTC nam & cac mit cla tir dién. Cac 1ong

chia sé cac cum oxo nam & céc dinh, tao ra mdt long adamantane c6 kich thudc mao
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quan bén trong 12 18,4 A [105]. CAu trtc caa nit va tinh thé MOF-808(Zr) thé hién
trong Hinh 1.14 a va b [70, 73].

..............

A {Chitlién két |
{ :

o n £ € x 2
Khung co kim MOFs Nut kim loai Zre Tim acid Lewis Nut Zrs 6 lien ket Cau tric tinh the MOF-808(Zr)

Hinh 1.14. a) C4u trtic nat cia MOF-808, b) CAu truc tinh thé cia MOF-808 (xdm
=C, dé =0, xanh = Zr) [70, 73]

MOF-808(Zr) dau tién duoc téng hop boi Furukawa va cong su [106] tir
ZrOCl,-8H>0 va H;BTC hoa tan trong hdn hop DMF va acid formic (50:50% thé
tich) & 100 °C trong 7 ngay. Nhém Jiang bién tinh MOF-808(Zr) dé thu duoc vat li¢u
c6 Brgnsted acid manh lam trung tam hoat dong [107]. Phuong phap nhié¢t dung moi
cling duoc st dung boi J. Xua va cdng su [108], Ardila-Suarez va cong su [109] hay
S. Dai & et al [110]. Ngoai ra, trong qua trinh tong hop MOF-808(Zr) c6 thé str dung
hd tro cta vi séng dé gia ting tbc do gia nhiét, giam thoi gian tong hop, doi khi chi
mat vai gidy. Diéu ndy giup nang cao hiéu qua sir dung ning luong, din dén giam
dang ké mirc tiéu thu ning luong. Phuong phap nhiét dung mai str dung chiéu sdng
vi song 1a mot phuong phap hoa hoc xanh, thoi gian tao mam tinh thé ngén, nhiét 4o
phan mg thap, do qua trinh gia nhiét bang hiéu tng dién truong chuyén ning luong
dién tur song vi ba thanh nang lugng nhiét. Bén canh do, viéc sir dung vi song gilp cod
thé kiém soat qu4 trinh tong hop dé& dang khi tit ngudn. Cudi cting phuong phap nay
than thién voi moi trudng, gitip giam dang ké luong phat sinh 6 nhiém [111].

MOF-808(Zr) duoc tong hop béi Gonzalez va cong su [112], vat lidu ndy co
hiéu suét tét d6i v6i viée hdp phu cac ion phdt phat hodc phan hity DMNP trong nudc.
Trong hdn hop c6 chira ca hai chat 6 nhiém, MOF-808(Zr) ciing c6 thé phan hity dong
thoi DMNP va hap phu cac ion phdt phat. Ngoai ra, vat lidu duy tri hidu suat tot trong
it nhét ba chu ky phan hay - hip phu - giai hp. Trong khi d6, K. Ma va cong su [29],
da phat trién hon hgp gom hydrogel dya trén amin va cac Zr-MOFs dién hinh phan
huy tot chat doc than kinh co phét pho.
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MOF-808(Zr) dugc chirng minh thuy phin gan nhu tirc thdi OPNAs GD va
VX (ti2< 1 phiit) va chat mé phong (DMNP, ti» < 30 gidy) trong dung dich kiém.
Piéu dang cht ¥ 13 hau hét cac nghién ctru phan hity OPNAs/chit mé phong bang
xtc tdc Zr-MOFs trong dung dich dém N-ethylmorpholine (NEM). NEM dong vai
tro 1a bazo thiét yéu dé diéu chinh do pH va tai tao cac tdm hoat dong Zr ctia MOF
trong qué trinh xuc tac [71]. Tuy vay, do trong MOF-808(Zr) chi c6 zirconi la tam
acid Lewis c6 kha ning thiy phan hiéu qua nhiéu OPNAs va chat m6 phong; tuy
nhién, trong moi trudng nude, MOF-808(Zr) thé hién hoat tinh xtic tac kém trong qua
trinh thay phan DIFP, véi thoi gian ban huy dai 46,2 phit. Dé ting hiéu qua thay
phan, E. Geravand va cong su [113], da thay thé mot sb ion Zr(IV) trén SBU béng
ion Ce(IV), vat liéu ludng kim Ce—-MOF-808(Zr) ¢ thé duoc tong hop véi cac ti 18
Ce:Zr khac nhau. Do tac dung hiép dong, Ce-MOF-808(Zr) c6 thé thiy phan DIFP
nhanh hon véi thoi gian ban hity 13 6 phat. Toc do xuc tac phan tach lién két P—F ting
1€n khi ti I¢ mol Ce/Zr tang 1€n. Ngoai ra, khi pha tap thém Mg(OMe), vao Ce -MOF-
808(Zr) lam gia tang hoat tinh xtc tac, thot gian ban huy 2 phat va phan hay hoan
toan DIFP trong 55 phut. Piéu ndy chiing minh tiém ning tic dung hiép dong trong
viéc hd tro thuy phan OPNAs biang MOF da kim loai.

Trong nhitng nim gan day, MOF-808(Zr) di dat dugc su ndi bat dang ké, co
nhiéu thanh phﬁn da kim loai gém céc ion Zr va La, Hf, Zn, Cu, Fe két hop v61 nhau
mé ra nhiéu ung dung nhu hép phuy, x0c tac, va cam bién [19, 20]. Tac dung hi¢p
d6ng ctia hai ion kim loai chiém cting mot nat mang lam gia ting hiéu suat cua nhiing
qua trinh nay. Chang han, Cu-MOF-808(Zr) lam dién cuc cam bién NO2 ¢ nong do
10 ppm va ndng d6 50 ppm NO» trong 2 gid, dién cuc nay duy tri hoat dong 6n dinh,
trong khi d6 dién cuc MOF-808(Zr) khong con hoat dong [19]. Sun va cong sy [114],
nhan thy rang Fe-MOF-808(Zr) hip phu Sb(V) véi hiéu suat 524 mg.g™' , vuot qua
MOF-808(Zr) chua bién tinh (284 mg.g™"). Su va cong su [21], bao céo ring vat lidu
La—MOF-808(Zr) c6 kha ning hap phu cao ddi véi phosphate va As(V) lan luot dat
287,71 va 217,54 mg.g~". Do d6, vat liéu ludng kim MOF-808(Zr) c6 nhitng uu diém
vuot trdi nhu dién tich bé mit riéng 16n, do 6n dinh hoéa hoc va do xdp cao, khién
ching 1a nhiing vat li¢u dac biét cho x1r Iy méi truong [20, 115].

Khia canh kich thuéc mao quan cua cidc Zr-MOFs ciing anh huong dén

kha ning phan huy céac tic nhan than kinh ciing nhu chit mé phong cua chung. Thirc



30

vay, Farha, Hupp va cong su da ching minh rang qua trinh thay phan DMNP bang
xtc tic UiO-66 trong dung dich dém N-ethylmorpholine, nhung thoi gian ban huy
16n (35 = 50) phut. Kha ning hap phu va két qua hoat tinh thity phan DMNP chu yéu
bi han ché ¢ cac tAm & bén ngoai ctia cac hat UiO-66 (co 1& & cac tam khuyét thiéu
lién két). Piéu nay 1a do véi kich thuéc cia DMNP khoang 1,1 x 0,45 nm, qué 16n
dé tiép can phan bén trong ciia UiO-66, c6 mao quan khoang 0,6 nm. Pé khic phuc
van dé nay, cac nha nghién ctru da tim cach mo rong do rong mao quan, va NU-1000
dugc bdo céo la phu hgp. B rdng mao quan cia NU-1000 (1,0 + 3,0 nm) tao diéu
kién thuan loi cho DMNP khuéch tan vao khong gian bén trong MOF, noi tap trung
phan 16n cic tim hoat dong. Hon nita, bn phdi tir nude khong bén thay thé & mdi
niit Zre c6 thé bi thay thé d& dang boi DMNP. Ca hai khia canh nay lam giam thoi
gian ban hily trong qué trinh thity phan DMNP xuéng 15 phut. Cac két qua néu trén
d6i v6i UiO-66 12 lién két ciing nhu NU-1000 8 lién két chi ra rang cac Zr-MOFs
dua trén nit Zre ¢6 kha nang lién két thap c6 thé cho hiéu qua hon dé thuy phan nhanh
chat doc than kinh co phdt pho va chat mo phong. Piéu nay chu yéu gy duoc giy ra
boi sy sn co luong 16n hon nhidu cac chat phan tng ¢ thé tiép can dugc phdi tir
nuoc khong bén. MOF-808(Zr) véi kich thudc mao quan tur 0,48 dén 1,8 nm, DMNP
gan nhu bi thiuy phan ngay lap tic (ti2 = 0,5 phit). Nhu vay, viéc thu giit va thay
phan cic tdc nhain OPNAs bang Zr-MOFs 14 rat hiéu qua. Hiéu qua nay duoc cho l1a
lién quan dén cac cum Zrs chira cac tdm acid Lewis Zr(IV) cho qua trinh thay phan
xtc tac cac lién két P-F, P-O trong tic nhan OPNAs [116].

1.5. Tinh hinh nghién ciru trong nuéc

Hién nay, trong nudc dé tiéu doc chat doc than kinh co phdt pho chung ta cha
yéu st dung céc vat liéu ti€éu doc truyén théng duoc hd tro tir cac nude x3 hoi chi
nghia (XHCN) trude day gdm: Céc chét tidu doc c6 tinh oxi héa, clo héa thuong duoc
str dung dé tiéu doc chit doc lau tan (VX). Cac chat tiéu doc co ngudn gdc vo co nhur:
Canxi Hypoclorit; natri hypoclorit; hydro peoxit, kali pemanganat...vv. Cac chét tiéu
doc oxi héa - clo hoa c6 ngudn gbe hitu co: 1a cac hop chat hitu co c6 chira nguyén
tir nito lién két truc tiép véi cac nguyén tir clo. Cac hop chét ndy 13: MonoCloramin
(DT-1); Dicloramin (DT-2); Hecxa Cloramin (DT-6); bot DANC. Cac chat tiéu doc
nay c6 kha nang ti€u doc hau hét céc loai chit doc than kinh co phét pho (OPNAs),
nhung khong c6 kha ning tiéu doc cho sarin. Cac chat tiéu doc c6 tinh kiém: dung dé
tiéu doc cac loai OPNAs ho sarin. Cac chit tiéu doc dang nay dugc dung phé bién
trong cac nganh cong nghi€p dan sinh nhu: NaOH; monoethanolamine, Na,S; Cac
chat tiéu doc tong hop 1a chat hodc hdn chat co kha ning tiéu doc hiéu qua cho hau

hét cac chat doc. Cac chit tiéu doc tong hop trén co s& cac hop chit hiru co c6 kha
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nang ti€éu ddc theo co ché thé nucleophin: oxi hoa, hodc clo hoa. Bén canh do, cac
chét tiéu doc dang ran: 1 cac chét co kha nang hép phu chat doc dang khi, hoi hodc
thAm hut chat doc dang giot 16ng, va phan huy chit doc boi céac tic nhan hoa hoc duoc
tam trong chat hap phu hodc hoat tinh ¢ sin trong chat hip phu. Cac chat hap phu
nhu: than hoat tinh; than hoat tinh tim xuc tac; bentonit; silicagel hoat tinh... cac chét
tam 1a: t0 hop cac oxit kim loai; ddn xuat ctia amin; etylen glycol hodc céc phenat...vv,
trong thuc té bentonite mang tinh kiém nén tu ban than n6 ciing da c6 kha ning thiry
phan chat doc (sarin) hap phu 1én nén. Mic du chét tiéu doc truyén théng c6 nhing
hiéu qua nhat dinh trong xir Iy cac tic nhan OPNAs, tuy nhién, nhiing chat tiéu doc
nay ¢ tinh dn mon cao, giy ton thuong da, mat khi tiép xtc, hoat tinh giam trong qué
trinh bao quan, thoi gian xtr Iy con cao, phan huy khong hoan toan va anh hudng moi
truong sau khi str dung [117]. Trong linh vuc quan sy, hién nay, cac nha nghién ctru
trong nudc da nghién ctru ché tao theo mau cac chat tiéu doc nhap khau nhu BX24
(Italia) dua trén clo hoat dong va GDS2000 (Pirc) dua trén tic nhan ancolat. Chét
tiéu doc BX24 trén co sd clo hoat dong véi thoi gian tiéu doc tir 15 dén 30 phut.
Trong khi 6 GDS2000 thanh phan chinh 14 cic cac ancolat ctia kim loai kiém va cac
ancol amin, c6 kha ning tiéu doc dbi voi chat doc soman (GD) 12 >99,0% va OPNAs
ho Vx (Vx) 12 99,0%) trong khoang thoi khoang 10 phat. Mac du nhiing chét tiéu doc
nay c6 hiéu qua cao trong phan huy cac tac nhan OPNAs, tuy nhién han ché cia ching
12 an mon kim loai, gdy di tng da va dnh huong dén méi truong khi st dung [117].
Nhu vay, trong nudc hién nay, dé tiéu doc OPNAs sir dung cac chét tiéu doc truyén
thong (duoc hd trg tir cac nudc tir khdi XHCN cii). Bén canh d6, cac nha nghién ciru
trong nudc da nghién ctru ché tao theo mau cac chét tiéu doc thé hé mai duge nhap
khau gan day. Tuy nhién, cac chat tiéu doc nay van con nhimg han ché nhu da dugc
néu & trén.

Vé khia canh nghién ctru vat liéu MOFs va Zr—-MOFs da c6 mot ) cong trinh
nghién ciru nhu ctia nhém Huynh Thi Minh Thanh [118] vé MOFs bién tinh Fe-MIL-
101 ¢6 dién tich bé mat 2440 m%g. Nghién ctru mot s6 Zr-MOFs nhu Zr—UiO-66
khong khuyét tat va co khuyét tat mang ludi, Zr—UiO-66 @Ti va Zr—UiO-66-NH> ciia
nhém nghién ctru Nguyén Puc Hai [119], vat liéu thu duoc c6 dién tich bé mat riéng
lan luot 12 597,38 m?/g, 781,17 m%/g, 766,98m%/'g va 606,25 m*/g. Tac gia Phing Thi
Thu va cong sy [120] da tong hop va nghién ctru d bén, tinh chét cia UiO-66 trong
nude dinh hudng tmg dung cho hap phu khi, két qua cho thay vat lidu nay c6 do bén
nhiét cao 809 K (536 °C) va bén trong méi trudng nudc. Hay Lé Viét Hai & et al
[121] tong hop Zr—AzBDC va cho thiy vt liéu nay c6 hoat tinh xuc tac tét dbi véi
khir CO».
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Nhu vay, hién tai vé co ban trong nuéc van dang sir dung cac chat tiéu doc
truyén thong dé tiéu doc chat doc OPNAs mic du bude dau da co nhitng nghién ctru
ché tao theo miu mot sb chat tiéu doc nhap khau. Tuy nhién, nhitng han ché cua
chung nhu di néu van 1a thach thire can duogc giai quyét. Pa c6 mot sé nghién ctru vé
cac loai vat lieu MOFs va Zr-MOFs, tuy vay, chua c6 cong trinh nao nghién ctru xu
li chat doc than kinh co phdt pho. Bén canh do, ching ta ciing chwa nhap khau nhiing
loai vat liéu nay cho muc dich xt Iy chat doc than kinh co phdt pho, diéu nay co thé
1a vat liéu nay chua duogc san xut phd bién va thuong mai hoa. Mit khac, cac vat lidu
xtr Iy chat doc than kinh co phdt pho 13 yéu t6 bi mat quan sy, do vay, viéc tiép can
cong nghé ché tao va nhap khau gip nhiéu kho khan.

Tir cdc thong tin va dit lidu trinh bay ¢ tong quan cho thdy: Cdc loai chat doc
than kinh co phét pho c6 doc tinh rat cao, c6 thé giy chét ngudi ngay lap tic. Vi vy,
cédc nghién ctru tap trung tim ra vat liéu phan hiy nhanh chéng cic loai tdc nhan nay
da duogc thyc hién. Trong do, nano oxit, vat li¢u Zr—-MOFs ma ndi bat 12 nano TiOs,
MOF-808(Zr), UiO-66(Zr) va bién tinh ctia né phin hity chat doc than kinh co phét
pho tdt hon cac vat liéu khic. Piéu dang chu y 1a, viéc dua céc ion kim loai vao cac
Zr—MOFs thyc sy dem lai su thay doi dang ké vé hoat tinh ctia ching. Vi vay, nghién
cuu téng hop vat licu Zr-MOFs va céac bién tinh cua chung dinh huéng xur 1y OPNAs
c6 y nghia khoa hoc va thyuc tién cao. Tuy nhién, nhitng nghién ciru nay ciing méi
dugc quan tAm trong thoi gian gan day va ung dung dé xir 1y céc tdc nhan OPNAs
van con muc d6 han ché. Hon nita, & Viét Nam, xir 1y cac chat doc than kinh co phét
pho béng loai vat liéu nay chua dugc quan tdm nghién ctru. Bén canh do, vat liéu trén
co s& Zr-MOFs c¢6 chi phi tong hop cao. Do d6 dé giai quyét cic van dé con ton tai
néu trén, ludn an tap trung nghién ctru téng hop va xac dinh hoat tinh cia mot s6 xuc
tac trén co s nano TiO», Zr—-MOFs tir chat lién két tu téng hop (Zr-MOFs-TH), Zr—
MOFs tir chat lién két thuong mai (Zr—-MOFs-TM) va Ti-MOF-808(Zr), trong d6 céc
hé vat liéu Zr-MOFs bang phuong phap nhiét dung mdi két hop vi séng, riit ngan
phan g tong hop tir 12 — 72 gid xudng con 30 phit. Nhu vy, vé mit niang lugng
sir dung cho qud trinh tong hop da dugc cai thién, dan dén giam chi phi tong hop. Céc
vat liéu xuc tac téng hop trong luén an dugc su dung dé khao sat, danh gia mot cach
hé thong kha niang phan huy chit doc than kinh co phét pho. Bén canh do, luan 4n
lam 16 cac yéu td anh huong, kha nang xir 1y tac nhan chat doc nay trén céc xiic tic
tong hop duoc. Tir d6 c6 thé bd sung co s khoa hoc trong viée dinh hudng lua chon
vat liéu xir 1y cdc tdc nhan chat doc than kinh co phdt pho trong linh vic quén sy, tir
d6 mo ra tiém niang Gng dung xur 1y cdc hop chat co phét pho phit sinh trong cong

nghi¢p va dan sinh.
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CHUONG 2. THU'C NGHIEM VA PHUONG PHAP NGHIEN CUU

2.1. Héa chéat

Hoa chat sir dung trong tong hop vt liéu, phan tich va nghién ctru hoat tinh

xtc tac cta vat liéu tong hop duoc trinh bay trong Bang 2.1 dudi day:

Bang 2.1. Hoa chit sir dung trong luin an

Tén héa chat Conig, th}IC Cong thirc cu tao bo lenh NglA}on
phan tu khiét g0c
Cetyltrimethylam |
monium bromide Ci9H4BrN E;W 98% Merck
(CTAB)
H.o  Hz0
: : Ho % i .
Zirconyl chloride d Il HaC Sigma
octahydrate Z10CL-8H0 HL g7~ G e 8% Aldrich
H-_':':: H-\I:::I
Titanium (IV) CHs
isopropoxide CisHorOTi )\ 97% Sigma
(TTIP) 1200285 HsC™ 07| Tit ° | Aldrich
4
CH
Trung
Isopropyl alcohol CsHsO HaC ACHa 98% Quéc
N 30% Trun
Ammonia NH; H/ \ 'H trong A
. Quoc
H nudc
-
|
. O = — 0O
Dimethyl 4-
nitrophenyl CsH10NOgP Sigma
phosphate 99,99% Aldrich
(DMNP)
(o] ~ 0
0%5 0 .
L P 1gma
Sulfuric acid H>SOq4 (lj 0 98% Aldrich
H
Sodium o Sigma
hydroxide NaOH Na™™"H 98% | Aldrich
N, N° e
- T e .
. ’ : N™ =0 Sigma
dimethylformami C3H7NO 98% Aldrich

de (DMF)



https://pubchem.ncbi.nlm.nih.gov/#query=C8H10NO5P
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Tén héa chat Cglrll ﬁgntftlgc Cong thirc cu tao leh?érih Ngggl;)n
Ethylene glycol HO Sigma
(EG) C2HsO2 ~""oH 9% | Aldrich
HC
N \' Sigma
- N
ethylmorpholine CeHisNO [ j % Aldrich
HO
0
Trimesic acid Sigma
(H3BTC) CoHeOe i 9% | Aldrich
0]
HO
Terephthalic acid . o 959 Sigma
(H,BDC) CsHeO4 " Y ° | Aldrich
0O
2-Amino benzene |y, OH Sigma
dicarboxylic acid HO 99% Aldrich
H>BDC-NH: NH2
O
Sigma
4,4'-Biphenyl o 0 Aldrich
dicarboxylic acid | C1+H1004 97%
(BPDC) HO OH
5 Merk
2,6- i
Naphthalenedicarb C12HgO4 HO “ 99%

oxylic acid (NDC)
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Tén héa chat Conig th}m Cong thirc cu tao bo gnh Ng?on
phan t khiét g0c
Vi ﬂ,._
R R
1,3,6,8-Tetrakis(p- Q ; x\ﬁng
benzoic CasH260s IOy 089, | 1rune
acid)pyrene Ease Qudc
(TBAPy) ¢y &N
- ) {
4 =
?I) Sigma
Formic acid CH20: H”C“‘OH 98% Aldrich
Acetonitril-d3 C:DsN CD;CN 999, | Sigma
Aldrich

Nguon nhya thai tir vo chai nudc bang polyetylen terephthalate (PET) dugc six
dung dé diéu ché acid terephthalic (H.BDC).

Trong mot sd nghién ctru danh gia hiéu suat phan hity DMNP ciia mot s6 vt
lidu tong hop, N-ethylmorpholine (NEM) duoc sir dung nhu mét bazo dé trung hoa
cac san pham co tinh acid (4-nitrophenol) dugc tao ra dé day nhanh qua trinh phan
ng va khir proton nudc dé tao diéu kién cho qué trinh thay phan. Ngoai NEM, c6
thé str dung cac dung méi khac 14 ddn xuat morpholine nhu N1-(3-morpholino propyl)
-N1-((pyridine-2-yl)methyl)butane-1,4-diamine, N1-(2-morpholinoethyl)-N1-
((pyridine-2-yl)methyl)butane-1,4-diamine.

2.2. Thiét bi va dung cu
Thiét bi chinh str dung trong luan an duoc liét ké tai Bang 2.2 nhu sau:
Bang 2.2. Thiét bi sir dung

TT Tén thiét bi

1 | Hé thong sac 1y 16ng hiéu ning cao (HPLC) Agilent 1260 (M¥)

2 | May siéu am 200 W (Anh)

3 | May nghién hanh tinh Planetary Fritsch Pulverisette 7 Micro Mill (Pic)
4 | Mdy li tam Hermle Z-207A (DPuc)

5 | Lo nung 7,2 lit, SXII-5-12 (Kenton/Trung Qudc)

6 | May khudy tir gia nhiét ARE (Velp -Italy)

7 | Ta say 300 °C, Model 101-3 (Viét Nam)

8 | Can phan tich dién ta (Puc)

9 | Lo thuy tinh trong sudt VIAL loai 2 mL, 5 mL, 10 mL (Trung Qudc)
10 | Coc dong 50, 100 mL (Viét Nam)

11 | Diia thay tinh (Trung Qudc)

12 | Micropipet tu dong 1 kénh AHN dai 0,5-5 mL (Dtic)

13 | C6i st 100 mL (Trung Qudc)
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14 | Binh thuy nhiét Teflon 250 mL (Trung Qudc)

15 | B gia nhi¢t Autoclave 3000 class B, 18 L (Durc)

16 | Lo vi séng MMO-EM34CEA(34L-1800W) (Nhat)

2.3. Phwong phap tong hop vat liéu

Trong muc nay, luan an trinh bay phwong phap tong hop nano TiO», cdc Zr—
MOFs tong hop tir chét lién két tu tong hop (ky hiéu Zr—-MOFs-TH) gom UiO-66C,
Ui0-66C/g-C3Ny va tir chit lién két thuong mai (ky hiéu Zr-MOFs-TM) gdom UiO-
66, UiO-66-NH», UiO-67, Zr—NDC, NU-1000, MOF-808(Zr), va Ti-MOF-808(Zr).
2.3.1. Nano titan oxit (TiO>)

Vit liéu nano TiO; trong luan an dugc téng hop theo so dd Hinh 2.1 duéi day:

TTIP Isopropyl alcohol

______ 4 Rung siéu am, 50 KHz, 25 °C,
! 15 phut

________________________

i Nung ¢ 450 °C, 2 gio TiO;

Nghién >

Hinh 2.1. So d6 tong hop TiO»
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Nano titan oxit kim loai dugc tong hop theo so d6 Hinh 2.1 theo quy trinh
duoc bao cdo trude d6 [122], cu thé cho 7,5/10/15/20 mL TTIP vao 92,5/90/85/30
mL isopropyl alcohol va rung siéu 4m & tan sb 50 KHz, 25 °C trong thoi gian 15 phit.
Tiép dén, s dung dung dich NaOH 0,1 M dé diéu chinh pH ciia hdn hop dung dich
trén dén pH~8, khi d6 huyén phu tring xuat hién. Sau dé, sol dugc gia hoa trong thoi
gian 4 gid & nhiét do phong. Rira bang nude cat va ly tim 6000 v/ph két tia trong 10
phut thu dugc chat rin mau tring. Chit rin nay duoc siy kho & 80 °C trong 12 gio,
sau d6 nghién, nung 2 gio & 450 °C. Vit liéu thu duoc ky hiéu TiO»-75, 100, 150,
200. Cac mau vat liéu nay dugc str dung dé phan tich dac trung va hoat tinh xtc tac.

Céc mau (2%, 8%)Ti-MOF-808(Zr) dugc tong hop twong tu, chi khac ti 1¢
mol Ti/Z1(%) duoc diéu chinh nhu Bang 2.3.

Bang 2.3. Khi luong tién chit, dung mdi trong tong hop TiO»

TTIP (mL) 1sopropyl alcohol (mL) Ky hiéu mau
7,5 92,5 Ti02-75
10 90 Ti02-100
15 85 Ti0O2-150
20 80 Ti02-200

2.3.2. Zr-MOFs tong hop tir chit lién két tw ché tao (Zr-MOFs-TH)

Trong muc nay, ludn an trinh bay phuong phap tong hop Zr-MOFs-TH. Cu
thé chit lién két H.BDC ty diéu ché dwoc ding dé tong hop UiO-66C va UiO-
66C/gC3Ns.
2.3.2.1. Tong hop H2BDC tir vo chai nuoc polyethylene terephthalate (PET)

Chét lién két HoBDC tong hop tir vo chai nudc polyethylene terephthalate
(PET) duoc thuc hién theo cac bude tai so d6 Hinh 2.2 dudi day:

PET + NaOH + EG

Hdn hop, 1am ngudi
dén 80 °C

Hon hop dung dich tan

hoan toan

€------- Dleu chinh pH = 3 bang H,SO4 2M
Huyén phu trang
14 -------- Loc rira, sy kho ¢ 60 °C qua dém
H>BDC

Hinh 2.2. So d6 tong hop H.BDC tir v6 chai nugc PET
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H>BDC tong hop tir vO chai nu6e PET theo thtr ty trong Hinh 2.2. Cy the, VO
chai nuéc PET tai ché da duoc lam sach, siy kho va cét thanh miéng 4 x 4 mm. Tlep
theo, hon hop gdm 24 g cac manh PET, 44 g NaOH, va 110 mL EG duoc cho vao
binh ba ¢6 500 mL két n01 vO1 mot binh ngung. Khuay manh hén hop 300 V/ph dun
nong 190 °C, 3 gio. Tiép dén 1am ngudi hon hop den 80 °C, thém 200 mL nudc cat
va khuay den tan hoan toan. Su dung H>SO4 2M diéu chinh pH ~3 thu dugc huyen
phtt mau trang. Cudi cung, san pham duoc loc va rira bang nudc cit (4 1an) va siy &
60 °C qua dém.

Pho séc ky 1ong hi¢u néng cao (HPLC) cua san pham tong hop (Hinh 2.3). Dé
phan tich HPLC, h¢ théng Agilent 1260 HPLC v&i Agilent Poroshell 120, EC-C18,
3.2 x 100 mm, ¢4t 5,0 um da duoc su dung, detection UV 270 nm. Pha dong MeOH
va dém acid formic (0,5%), toc d6 dong 1a 1 mL/phit, thé tich tiém 1a 10 pL va tong
thot gian chay 1a 15 phut.

Tai Hinh 2.3 cho thdy, vat liéu H.BDC duoc téng hop c6 su hlen thi dinh 16n
tai thoi gian luu ¢ mtrc khoang 6,25 phit twong ty nhu H.BDC mau (hang Sigma
Aldrich). Diéu nay cho thay di téng hop thanh cong H2BDC va san pham tong hop
c¢6 thanh phéan chinh H>BDC la khoang 99% sau qua trinh tinh ché. H.BDC nay duoc
sir dung lam chét lién két dé tong hop UiO-66C va UiO-66C/g-C3Na.

300

200+

=)

il

%.

=11]

—

2 1004 — Sigma Aldrich
@) — Tong Hop

Ul o 2 4 & 8 10 12 14
Thoi gian [phit]

Hinh 2.3. Sic ky do sac ky long hiéu ning cao (HPLC) cta san pham H.BDC
2.3.2.2. Piéu ché g-CsNy o ‘
Vit liéu g-C3N4 trong luan an duoc di€u ché theo so do Hinh 2.4 dudi day:

Uré NH4Cl
<----- i Nghién i
v o}
Hon hop Uré + NH4Cl
1____j Nung 500 °C, t =3 gio, |
i Vgianniet = 5 °C/phiit i
g-C3Ny

Hinh 2.4. So d6 diéu ché g-C3Ny



39

Ché tao g-C3Nu theo so @6 Hinh 2.4, cu thé tron hdn hop gdm 10 g uré vao 10
g NH4ClI va dem nghién trong c6i ma ndo. Hon hop sau khi nghién cho vao chén st
¢6 phti tim melamine va nung & 550 °C thoi gian 3 gid, bude nhay nhiét 5 °C/phiit,
g-C3Ny thu duoc ¢ dang bot mau vang [123].
2.3.2.3. Tong hop UiO-66C va UiO-66C/g-C3N4

Vit lidu UiO-66C duoc tong hop theo so dd Hinh 2.5: Hoa tan 1,710 g H;BDC
(10 mmol) (duoc diéu ché tai myc 2.3.2.1) trong 60 mL DMEF, tiép dén cho 2,520 g
(7,8 mmol) ZrOCl,.8H>0O va 0,356 g (0,98 mmol) CTAB da duogc hoa tan trong 40
mL nudc cat. Hon hop thu duge khudy trong 60 phut, sau d6 chuyén sang binh teflon,
dua binh Teflon vao budng cua thiét bi Autoclave va dun néng ¢ 100 °C trong 12 gio.
San pham dugc loc, rira bang DMF (3 1an) va ethanol (3 1an) dé loai hét phan chat
khong tham gia phan tng, sau do, say ¢ 80 °C trong 12 gid thu duoc UiO-66C.
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Hinh 2.5. So d6 tong hop UiO-66C
Vit lidu Ui0-66/gC3N4 duge tong hop theo so @6 Hinh 2.6: Hoa tan 1,710 g

H>BDC (10 mmol) (dugc diéu ché tai muc 2.3.2.1) trong 60 mL DMF. Tiép theo cho
2,520 g (7,8 mmol) ZrOCL.8H>0 va 0,356 g (0,98 mmol) CTAB da dugc hoa tan
trong 40 mL nuéc cat. Hon hop thu dugc khudy manh trong 60 phut. Cho 0,8 g (4
mmol) g-C3Ny (diéu ché tai muc 2.3.2.2) da duoc hoa tan trong 20 mL nudc cat. Hon
hop thu duoc tiép tuc khudy trong 30 phit, sau d6 cho vao binh Teflon, dwa binh
Teflon vao budng cua thiét bi Autoclave va dun néng & 100 °C, 12 gid. San pham
dugc loc, rira baing DMF (3 1an) va ethanol (3 1an) dé loai bo phan khéng phan tng,
tiép dén, sy kho & nhiét do 80 °C trong 12 gio, thu duoc UiO-66C/g-C3Ny.
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Hinh 2.6. So d6 tong hop UiO-66C/g-C3N4

Trong nghién ciru, luan an tong hop UiO-66C/g-C3N4-10%, UiO-66C/g-C3Na-
20%, UiO-66C/gC3N4-30% va UiO-66C/g-C3Ns-40%, theo ti 1& phan trim khoi
lwong ctia g-C3Ny trong UiO-66C/g-C3Ny lan lugt 1a 10%, 20%, 30% va 40%.

2.3.3. Zr-MOFs téng hop tiv chit lién két thwong mai (Zr-MOFs-TM)

Trong muc nay trinh bay phuong phap tong hop cac Zr-MOFs-TM gom UiO-
66, UiO-66-NH;, UiO-67, Zr-NDC, NU-1000, MOF-808(Zr), va Ti— MOF-808(Zr).
Cac vat liéu Zr-MOFs-TM duoc téng hop theo so dd tai Hinh 2.7.

- Vit ligu Ui0-66, UiO-66-NH>, UiO-67, Zr-NDC, NU-1000, MOF-808(Zr)
duogc tong hop theo quy trinh dugc bao cao trude do [72, 96] (Hinh 2.7). Cu thé, cho
8 mmol mét trong cac chat lién két BDC, BDC-NH,, BPDC, NDC, TBAPy, hoic
BTC vao 60 mL DMF, tuong trng. Sau d6, 30 mL formic acid dugc thém vao va
khudy manh dé duoc dung dich trong sudt (dung dich 1, ddi). Tiép theo, thém 40 mL
nude cat vao 2,578 g (8 mmol) ZrOCl,.8H>0 (hoac 10,312 g (24 mmol) ZrOCl>.8H>O
d6i voi tong hop NU-1000 hoic MOF-808(Zr), hay 7,418 g ZrOCl»..8H.O (23,04
mmol) ddi véi tong hop Ti-MOF-808(Zr)) va rung siéu am trong 30 phut (dung dich
2, dd). Thém dong thoi timg giot dda vao ddi va khudy trong 60 phut. Cudi cing,
cho hdn hop vao binh Teflon, dua vao 10 vi song va chiéu xa vi song & 100 °C trong
thoi gian 60 phat. Bé dung dich ngudi dén nhiét moi truong, loc va rira bang DMF (3
1an) va etanol (3 1an). Sy khé san phim & 80 °C qua dém. Vat liéu thu dugc UiO-66
(mau trang) UiO-66-NHa (mau vang), UiO-67 (mau tring), Zr-NDC (mau tring),
NU-1000 (mau vang), hoic MOF-808(Zr) (mau tring).
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BDC, BDC-NH: hoiac BPDC hoac NDC
hodc TBAPy hodc BTC + DMF + ZrOCl,.8H>0 + H>O
Formic acid

i Khuéy manh :r——b» }--j Rung siéu am 30 phuit i
Dung dich trong subt (ddi) Dung dich trong suét (ddz)

\ 4

<«---4 SAy 6 80°C, 12 gi |

v
Ui0-66 hoac UiO-66-NH: hoac UiO-67 hoac Zr—
NDC hoac NU-1000 hoac MOF-808(Zr)

Hinh 2.7. So d6 tong hop Ui0-66 hodc UiO-66-NHz hodc UiO-67 hodc Zr—-NDC
hoac NU-1000 hoac MOF-808(Zr)

- Tong hop Ti-MOF-808(Zr): Hinh 2.8. trinh bay so d6 tong hop Ti-MOF-
808(Zr). Cho 0,262 g TTIP (0,93 mmol) vao 20 mL acid formic va si€u am 30 phit
(dung dich 3, dds). Tiép theo, thém tirng giot dung dich dd, va dd; déng thoi vao dd;
va khudy trong 60 phut. Sau d6, chuyén hdn hop vao binh Teflon, dua binh Teflon
va0 10 vi séng va chiéu xa vi song & 100 °C, trong 60 phit. San pham duoc lam ngudi
dén nhiét d6 phong va sau d6 rira bang DMF (3 1an) va etanol (3 1an). San pham ran
thu duoc sau d6 duge sdy o 80 °C trong 12 gid, thu dugc vat liéu 4%Ti-MOF-
808(Zr).
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Hinh 2.8. So d6 tong hop Ti-MOF-808(Zr)

Cac mau (2%, 8%)Ti-MOF-808(Zr) duoc tong hop tuong tu, chi khac ti 18
mol Ti/Zr(%) dugc diéu chinh nhu Bang 2.4.
Bang 2.4. Khoi lugng tién chat, ti 1¢ mol(%) Ti/Zr trong tong hop Ti-MOF-808(Zr)

Ti 1€ mol N
H3;BTC (g) | ZrOCl2.8H20 (g) | TTIP (g) Ky hi¢u mau
Ti/Zr (%)
1,68 7,573 0,134 2 2%Ti—MOF-808(Zr)
1,68 7,418 0,262 4 4%Ti—MOF-808(Zr)
1,68 7,109 0,505 8 8%Ti—-MOF-808(Zr)

2.4. Cac phuong phap dic trung cau tric va hinh thai tinh thé vat li¢u
2.4.1. Nhiéu xq tia X (X-ray diffraction, XRD)

Phuong phap XRD dugc st dung dé xac dinh céu trac tinh thé caa vat liéu
(thong sb mang, kich thuéc tinh thé, kiu mang) va phan tich dinh tinh, dinh luong
thanh phén pha c6 trong mau vat liéu téng hop. Kich thudc cia hat dugce tinh theo
phuong trinh Debye-Scherrer [124]:

d = KM[B12 cosB] (2.1)
Trong d6 d dai budc song cua buc xa Cu Ka, A=1,5406, P12 1a d0 ban rong
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vach nhiéu xa, 0 1 goc Brag, K 13 hé s6 hinh dang, khi dung anot dong K = 0,9.

Vat liéu téng hop trong luan an dugc do trén thiét bi Bruker D8 Advance dung
buc xa cua Cu Ka, k=1,5406 A, pham vi goc 20 ~ 5 —50° tai Trudng Dai hoc KHTN
- PHQGHN.

2.4.2. Hong ngoai bién déi Fourier (FT-IR)

FT-IR duoc st dung dé nghién su ¢ mat cua cac nhom chuc va céc lién két
¢6 thé c6 trong cac miu xic tac. FT-IR duoc thuc hién théng qua giao thoa 4nh sang,
cho phép quét tit ca cac tan sb co trong birc xa hdng ngoai. Bang cach ap dung phép
bién d6i Fourier, giao thoa duoc chuyén thanh quang phd véi cac dinh trong g voi
céc lién két hoa hoc hodc dao dong cua cac nhom chirc hay phan tir cu thé. Tu két
qua FT-IR c6 thé xac dinh duoc cac nhom chirc hodc cac lién két véi cac dao dong
dac trung cua chung.

Cac mau vat lidu tong hop trong luan an dugc do trén thiét bi quang phd hong
ngoai FT-IR 4700/JASCO, v&i d6 phan giai 1 cm!, trong pham vi buéc song 400 +
4000 cm!, tai Vién Hoa hoc - Vién Han 14m Khoa hoc va Céng nghé Viét Nam.
2.4.3. Hién vi dién tir quét (SEM) va hién vi dién ti truyén qua (TEM)

Céc hinh thai tinh thé ctia cac mau xuc tac tong hop trong ludn 4n nay duogc
xac dinh bang kinh hién vi dién tir quét (Scanning Electron Microscope, SEM).
Phuong phép nay hoat dong dua trén viéc st dung mot dau do 1a chum dién tu hep
queét trén bé mat vat liéu. Cac hinh anh bé mit thu duoc dua trén viée ghi nhan va
phan tich cac burc xa phat ra tir cac chum dién tur sau khi tuong tac véi vat liu. Do
phong dai cia SEM tir 10 dén 100.000 1an dé quan sét hinh thdi va cau tric bé mit
cua vat liéu [125].

Trong nghién ciru ndy, anh SEM duoc chup trén kinh hién vi dién tor quét
TOPCON ABT-150 Scanning Electron Microscope tai Vién vé sinh dich té trung
uong, Ha Noi.

Twong ty nhu SEM, kinh hién vi dién tir truyén qua (Transmission electron
microscopy, TEM) dugc sir dung xem xét dac tinh hinh thai bé mat vat liéu. Nguyén
Iy hoat dong khac véi SEM & chd sir dung chum dién tir c6 ning lugng cao chiéu
Xuyén qua mau vat ran méng. Cac thau kinh tir dugc sir dung dé thu dugc cac anh co
do phong dai 16n. Cac hinh anh cua bé mit vat liéu thu duge thong qua cac may chup

k¥ thuat s6 huynh quang hodc film quang hoc. Trong luan 4n nay, anh TEM duoc
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chup trén kinh hién vi dién tur truyén qua (TEM 1010, Nhat Ban), voi do phong dai
80 000 1an, tai Vién Vé sinh Djch t& Trung wong.

2.4.4. Ping nhigt hdp phu - khir hdp phu nito (Nitrogen Adsorption and
Desorption Isotherms)

Pé tinh toan dudng phan b kich thude mao quan theo DFT ciia MOF-808(Zr)
va Ti-MOF-808(Zr), luan 4n di str dung phin mém do hing Micromeritics cung cap.
Cu thé, dudng dang nhiét hap phu giai hdp phu N> duoc thuc hién & ap suét twong d6i
rat thip (P/Po~107) dén ap suét bao hoa va khoang thoi gian can bang hip phu tai ap
sudt nay dugc thyc hién & 600 gidy dé dam bao dat dugc can bang hoan toan (thong
thuong khoang 120 gidy). Sau do, cac duong dang nhiét hap phu N thuc nghiém
dugc lap vao cac mo hinh 1y thuyét thuong dua trén 1y thuyét ham mat do (DFT), dé
thu duoc dudng cong phan bé kich thude mao quan DFT. Cac mé hinh DFT duoc tao
ra dua trén mot s6 gia dinh nhat dinh, chang han nhu hinh dang mao quan (tirc 13 hinh
try, hinh cau, khe) hodc tinh khong dong nhat ctia bé mat (ttc 1a oxit kim loai, cacbon,
lai). Trong luén nay, do MOF-808(Zr) c6 mao quan gidng nhu cac kénh trt tir, do d6
s& phu hop v&1 mo hinh mao quéan hinh try, do d6 nghién ctu st dung Geometry:
cylinder va model: NLDFT for Cylindrical Oxide dé mé phong dudng phan bd mao
quan cua vat liéu MOF-808(Zr) va Ti-MOF-8089Zr).

Cic thong s6 bé mat nhu dién tich bé mit riéng, thé tich, phan bd mao quan,
va tinh chat xp cua vat liéu tong hop trong luin an duoc xac dinh bang phuong phap
dang nhiét hap phu - giai hip phu N> & nhiét 6 77 °K, trén Thiét bi do Tristar 3030
(Micromeritics-USA) & Vién Hoa hoc-Vién Han 1am KH&CN Viét Nam.

2.4.5. Phé quang dién tir tia X (X-ray photoelectron spectroscopy, XPS)

XPS duoc str dung dé xac dinh nhitng thong tin vé thanh phan co ban, trang
thai hoa hoc, trang thai dién tir cua cac nguyén t trén bé mat vat liéu, béng cach ghi
lai nang luong lién két ctia dién tir phong ra tir bé mat mau sau khi bi chiéu bai tia X.
Phuong phép nay dua trén hi€u ting quang dién tor duoc tao ra khi chiéu mot chum
btrc xa cé budc song ngén vao bé mat vat liéu. Khi duoc hép thu nang luong tir cac
blrc xa dién tir tuong tac véi vat liéu, cac electron & 16p ngoai cung hodc electron hoa
tri thoat ra (goi la quang electron) v6i dong nang Ex. Nang luong lién két E, cia quang
electron phu thudc vao dong ning ctia chung theo biéu thirc Ernest Rutherford:

Ec=hv-(Es+9) (2.2)
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Trong d6, @ 1a cong thoat electron (phu thudc vao thiét bi), v 13 tan sb photon,
h 12 hing s6 Planck. Ning luogng lién két E, 1a dai luong dic trung cho nguyén tir nén
tir gia tri nay ngudi ta c6 thé phat hién cac nguyén td & trén bé mat vat liéu va xéac
dinh dugc trang thai lién két cua céac nguyén tr (mic do oxi hoa, do chuyén dich
electron). Pho XPS thuong dugc biéu dién trong mot d6 thi ma truc tung ghi cuong
d6 dong photoelectron, truc hoanh ghi cac gia tri nang lwong lién két cua cac electron
ung voi cac phan 16p trong vo electron ciia nguyén tur [126].

Trong luan 4n nay, cac mau duogc do XPS trén Thiét bj thiét bi Thermo VG
Multilab 2000 tai Anh.

2.4.6. Phé phin xa khuéch tin tiv ngoai kha kién (UV-Visible Diffuse Reflectance
Spectroscopy, UV-Vis DRS)

Tinh chét quang va niang luong ving cam (Eg) cta vét liéu duoc xac dinh bang
ph6 UV-Vis DRS, dua trén nguyén tic khi chiéu anh sang c6 cudng do ban dau (I,)
di vat liéu hép phu co chiéu day (1), voi hé ) hép thu «, theo dinh luat Lambert-Beer
ta c6 cuong do (1) cua tia sang phia sau l16p vat liéu:

I=1,¢e“ (2.3)
Hé s hap thu a dugc tinh theo phuong trinh sau:
a= 1/l xInT (2.4)

Véi [ 1a chiéu day ctia miu va 7 1a d6 truyén qua dugc tinh tir phd UV-Vis

DRS. Dya vao phuong trinh Tauc tinh dugc nang luong ving cim E, nhu sau:
ax hx v =Ax (hx v - Eg)"? (2.5)

Véi h - hang s6 Planck, A 13 hang sd, E, 1a nang luong viing cam va v 13 tan sd
kich thich. V& dd thi (ax hx v)2 theo hx v, dudng thang tuyén tinh di qua diém uén
ciia dudng cong ndy cét tryuc hoanh, gia tri hoanh d6 ¢ diém cit chinh bang ning
lugng viing cAm cua vt liéu.

Céc phép do UV-Vis DRS duogc thuc hién trén mdy UV-2600 (Shimadzu, Nhat
Bén), trong khoang budc song 200-800 nm, tai Vién Vat 1y - Vién Han 1am Khoa hoc
va Cong ngh¢ Viét Nam.

2.4.7. Phdt quang (Photoluminescence, PL)
Pho PL sir dung dé xac dinh sy tai hop cta cédc cap e /h*. Khi vt liéu duogc

kich thich bang photon (btic xa dién tir) va sau d6 chuyén vé trang thai ban dau s& tdi
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phét ra photon. Photon (dnh sdng) phat ra tur vat liéu s€é dugc detector thu lai va dugc
xtr Iy thong qua hé mdy tinh cho dit liéu phd phét quang cta vat liéu. Cudng do phat
xa cang 16n thi cuong do photon phat ra tir vat liéu cang 16n, nghia 13 téc d6 tdi hop
cua e /h* trong vat li¢u cang nhanh.

Phép do PL trong nghién ctru nay dugc thuc hién trén may quang Cary Eclipse
(Varian), vdi bude song kich thich 320 nm, va du liéu dugc ghi lai trong khoang 350
-600 nm, tai Vién Héa hoc - Vién Han lam KH&CN Viét Nam.

2.4.8. Phé tan sic nang lwong tia X (Energy Dispersive X-ray Spectrometry,
EDS)

Thanh phan cac nguyén t6, ti 1& % khdi lwong cua cac nguyén tb co trong cac
mau vat liéu duoc xac dinh bﬁng EDS. Khi chum dién tr c6 nang lugng 16n duoc
chiéu vao vat liéu, no s& dam xuyeén sau vao nguyén tir vat li¢u va tuong tac vaoi cac
16p dién tir bén trong clia nguyén tir tao ra cac tia X c6 budc song dac trung ti 1€ voi
s6 Z ctia nguyén tir. Viéc ghi nhan ndy s& cho thong tin vé nguyén to va ti 1& % khoi
lugng cua chung [127].

Trong luan an nay, EDS duoc do véi thé gia toc 15 keV, va do phan giai tir 10
- 100 pm trén kinh hién vi dién tir quét Hitachi S-4800, tai Vién Khoa hoc Vat li¢u —
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.4.9. Phan tich nhiét trong lwong va nhiét vi sai (Thermogravimetric Analysis,
TGA and Differential Thermal Analysis, DTA)

Céc phép phan tich nhiét vi sai (DTA) va phan tich nhiét trong luong (TGA)
duogc sir dung dé xac dinh do bén nhiét ciia vat lidu. Khi thyuc hién phép phén tich nay,
cac phan tng thu nhiét hay téa nhiét cia mau duoc khao sat khi co su ting hodc giam
nhiét ctia mau so voi mau chuan. Trong truong hop khong c6 su thay doi nhiét do
nao, duong dic trung DTA s& 1a mot duong nam ngang [128]. Vi phép phan tich
TGA, khi 6 sy bién thién nhiét do, s& 1am thay d6i khdi luong ciia miu va duoc ghi
lai trén duong dac trung TGA theo thoi gian.

Céc mau vat liéu trong luan an duoc phéan tich trén mday phan tich nhiét
LINSEIS STA PT1600 tai Khoa Cong nghé Hoa hoc- Pai hoc Cong nghiép Ha Noi.
Phan tich nay duogc tién hanh & nhiét do pham vi nhiét do tir nhi¢t o phong dén 800
°C trong méi trudng khong khi va téc do gia nhiét 10 °C/phiit.
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2.4.10. Phwong phdp gidi hdp phu NH; theo chwong trinh nhiét dp (TPD-NH;)
va phan tich FTIR sw hip phu acetonitrile-d3(CD3;CN)

- TPD-NHj3 str dung dé xem xét luc acid va do acid trén chét xtic tac. NH3 duoc
st dung nhu chét do, duoc hép phu bao hoa trén cac tam acid cua bé mat xuc tac. Céc
mAu xuc tac sau khi hip phu can bang khi NH; duéi diéu kién xac dinh s& dugc gia
nhiét theo chwong trinh nhiét d6. Khi ning lugng nhiét cung cip 16n hon ning luong
hap phu, cac phan tir NH; s& giai hap phu khoi bé mat chat hap phu va duoc khi mang
dua qua dau do nham dinh luong NHj thodt ra.

Hoat héa MOF-808(Zr) va Ti-MOF-808(Zr) ¢ 150 °C, 10 gio dé loai bo nudce
trong vat liéu. Sau d6, 100 mg mau MOF-808 va Ti-MOF-808(Zr) dugc nap vio thiét
bi phan tng hinh chit U. Tiép dén, vat liéu duoc dem di hap phu bang NH3 ¢ 100 °C
trong 30 phut dé dat do bdo hoa NH; va dong khi He duoc dua qua hé thong phan
ung hinh chir U dé loai bo NHj3 trén bé mat vat liéu. Cudi cung, NH3 duoc giai hép tu
100 dén 400 °C, véi bude nhiét 10 °C/phit va lwong NH; dugc giai hap duoc ghi lai
[129]. Luc cta tam acid dugc danh gia dya vao nhi¢t o Tmax. Tai d6 luong NH3 gidi
hép la cuc dai, cac tdm acid manh s€ c6 Tmax 16n va nguoc lai. Téng dién tich dinh
NHj; cho biét lugng khi bi hap phu va tir d6 c6 thé tinh duwoc ndng d6 H* (s6 tim acid
trén mot don vi khéi lugng chat xic tac). Tuy nhién, phuong phap TPD-NH;3 khong
phan bi¢t dugc tdm acid Bronsted va tam Lewis cua vat li¢u.

- Phén tich CD3CN dé xac dinh sé lugng tdm acid Brensted va Lewis trén bé
mat xuc tac [130]. Hoat héa MOF-808(Zr) hoac Ti-MOF-808(Zr) ¢ 150 °C, 5 gio,
tron k¥ va sau d6 nghién v6i 90 mg KBr (ti 1¢ khdi luong 1:9) ) dé tao thanh vién.
Sau d6, lam bdo hoa vt liéu bang CD3;CN. Luong du bi hdp phu vét Iy sau d6 duogc
loai bo bang cach lam kho chan khong trong 2 gid & nhiét d6 phong. Vién mau da
chuan bi duoc do quang phd hong ngoai trén thiét bi quang phd hong ngoai FT-IR
4700/JASCO véi do phan giai 1 cm’!, trong pham vi budc séng 2100 + 2400 cm’.

Trong luan 4n nay, phuong phap giai hdp phu NH;3 duoc thyc hién trén thiét bi
Autochem 2020 (Micromeritics-USA), phén tich sy hip phu CD3-CN trén mdy quang
phd hong ngoai bién doi Fourier FT/IR Nicolet Nexus 670 tai Vién Hoa hoc - Vién
Han lam KH&CN Viét Nam.
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2.5. Xac dinh Ecs va Eyg cia g-C3Na, UiO-66C, va UiO-66C/g- C3N4-30%

Dé xac dinh thé ving dan Ecp cua g-C3Ny4, UiO-66C va UiO-66C/g- C3Ny-
30% sir dung phép do biéu dd biéu dé6 Mott—Schottky.

Trong dién hoéa ban dan, biéu dd Mott—Schottky m6 ta nghich dao binh phuong
dién dung so voi hiéu dién thé giira chat ban dan va chat dién phan (phuong trinh
2.6). Trong nhiéu Iy thuyét va trong nhiéu phép do thuc nghiém, biéu d6 tuyén tinh.
Viéc sir dung biéu d6 Mott—Schottky dé xac dinh cac dic tinh cta hé thong (nhu thé
nang vung dan, mat do pha tap hodc dién dung Helmholtz) dugc goi 1a phan tich
Mott—Schottky [131].

-2 = 2 (V + Vi) (2.6)
gA%eNp

Trong d6, € hang s6 dién moi chat ban dan, 14 dién tich co ban, 1a mat do cua
chét pha tap, V 1a dién thé 4p dung, 1a dién thé tich hop, cho phép xac dinh dugc dién
thé vung dan.

Tir phuong trinh (2.6), xay dung biéu do quan hé giira gitta C2 va V (biéu do
Mott—Schottky). Biéu dd Mott—Schottky cho hai thong tin quan trong: Do déc cho
biét mat do pha tap (ban dan); va doan chin truc x cung cép dién thé viung dan Ecp
ctia chit ban dan. Tt do, co thé xac dinh duge dién thé vung hoa tri (Evg) theo phuong
trinh lién hé sau [132]:

Evs = Eg + Ecs (2.7)

Trong nghién ciru cia luan 4an, dé xac dinh dién thé ving dan (Ecg) cua g-
C3Ny, UiO-66C va UiO-66C/g- C3N4-30% dugc thyc hién nhu sau:

Chuan bi dién cuc st dung dé do Mott-Schottky: phan tin 1 mg vat li¢u can
do trong 1 mL ethanol, dua 1én mang FTO va dé khé ty nhién. Sau do, tim FTO dugc
dua vao dung dich Na2SO4 0,1 M va do Mott-Schottky trong khoang dién thé tir —1,5
dén +1.5 V (so v6i NHE), tan s6 500 Hz, trén thiét bi Autolab tai Vién Hoa hoc, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam. Tir biéu d6 Mott-Schottky xac dinh tir
phép do dién thé, dién thé ving din (Ecg) ctia g-C3Nu, UiO-66C va UiO-66C/g- C3Na-
30% duoc xac dinh, va dién thé ving hoa tri (Evs) xac dinh theo cong thirc (2.7).
2.6. LC-MS xac dinh san phim hinh thanh trong qua trinh phan hiy DMNP

San pham thity phan va phan huy xic tic DMNP duoc xac dinh bang sic ky
16ng khédi phdé LC-MS. Miu sau khi tach bang sic ky long, duoc dua timg phan qua
dau do khéi pho, cac thanh phan mau duogc ion hoa bang ngudn ion tao ra cac ion c6
dién tich va s6 khdi khac nhau. Cac ion bi ion hoéa tai nguén ion dé tao ra cac ion ¢
dién tich va s6 khdi khac nhau. Cac ion duoc may phan tich khéi lugng tach ra theo
cic ti 1& khdi luong trén dién tich khac nhau (m/z), va khéi pho thu duoc theo ti 18
khéi luong trén dién tich (m/z). X Iy phén tich phd khdi dé thu duoc két qua dinh
luong va dinh tinh mau.

Trong luan an nay, két qua LC-MS duoc phan tich hé théng Thermo-fisher
(XEVO TQ-XS LC-MS). Pha dong 1a nudc véi téc do dong 0,1 mL.phiit” tai Vién
kiém nghiém thudc trung wong.

2.7. Xac dinh hoat tinh xuc tac cta vat li¢u
Trong muc nay, trinh bay phuong phap xac dinh hoat tinh xtc tac ctua vat liéu



49

bang cach tinh hiéu suit chuyén héa DMNP. Phan tmg phéan hiy xdc tic DMNP nhu
Hinh 2.9 [133].

Dimethyl hydrogen

Qo o phosphate
o~ \P-..' H\rj K| _Xﬁc tac q-ﬁ OH T e
b
._.D I-.\-\r_* }..fl"“‘--‘x (8] " P + | T
F e NO; D Huf.f’“‘xx-{;.-
DMNP ; 4-nitrophenol

Hinh 2.9. Phan huy xuc tac DMNP [133]

Hinh 2.9 cho thay, san pham phan hily chinh cia DMNP & 4-nitrophenol va
ti 16 s6 mol DMNP va 4-nitrophenol 14 1:1. Do vy, khi DMNP chuyén hoa duoc 1
mol thi sé mol 4-nitrophenol thu dugc 1a 1 mol. Vi vay, dé xac dinh % chuyén hoa
DMNP, c6 thé xac dinh % 4-nitrophenol tao ra. Do dd, luan an xac dinh d6 chuyén
héa DMNP bang cach theo ddi su c6 mit cua 4-nitrophenol (san pham phéan huy).
Sau timg khoang thoi gian phan tmg, san pham duoc 13y ra va dugc pha lodng bing
NEM, véi cac ndong d6 san pham tao ra khac nhau khi dugc pha véi dung dich NEM
s€ cho mau c6 do dam, nhat khac nhau va duogc do bé“tng quang phé UV-vis Lambda
35 ¢ dinh hap thu 403 nm [10]. Tir d6 c6 thé xac dinh duoc % khdi lugng DMNP
dugc chuyén hoa. Thoi gian ban huy chinh 14 thoi gian chuyén héa dugce 50% luong
DMNP.

Do chuyén héa DMNP dugc tinh toan theo néng do6 DMNP ban dau, Co
mg.L™") va thoi diém t C, (mg.L™") trong dung dich phan tng tai thoi diém phan tng
t (phut).

¥ =((Co-Cp)/Co) x100 (2.8)

% 1a phan trim d6 chuyén hoa ciia DMNP.

C, duoc xéac dinh thong qua ndng d6 4-nitrophenol nhu sau:
Ci = Cne(Mpmne/Mn) (2.9)

Trong d6, Cnt 12 ndng d6 4-nitrophenol tai thoi diém t, Mpmne va My 1an luot
1a khéi lugng phan tir gam cia DMNP va 4-nitrophenol.

Phuong phap UV-vis s& x4c dinh dugc ndng do cua 4-nitrophenol tai timg thoi
diém t, tir d6 xac dinh dugc C (phuong trinh 2.9) va x4c dinh d6 chuyén héa DMNP
(phuong trinh 2.8).

Trong céac thi nghiém xac dinh hoat tinh cua vét li¢u téng hop duogc, 6,2 mg

(0,025 mmol) DMNP cho vao 1 mL hdn hop xtic tic di dugce hoa vao dung méi trude



50

d6. Nhu vay, ndng do cia DMNP duoc xac dinh 13 6,2 mg/mL.

Hoat tinh x(ic tac cta vat liéu duoc thuc hién theo so dd Hinh 2.10 duéi day:

Pén mo phong bire xa mat troi
L /== resa iy ea——
| | '
(I |
(A) ¥ Y v Y
Hop kin
(B)
o]
; —
| Khuay tir » |
| Khuay tir ® |

Hinh 2.10. So dd m6 ta hé thiét bi quang (A) phan hay DMNP trén xuc tac TiOa,
Zr-MOFs-TM va hé thiét bi (B) phan huy DMNP trén xuc tac Ti-MOF-808(Zr),
Zr—MOFs-TH

Xac dinh hiéu suit chuyén hoa DMNP trén xuc tac TiO2 va Zr-MOFs-TM,
sir dung hé thiét bi quang (Hinh 2.10 A). Hé gdm may khuay tir dugc st dung khuay
hé phan tng (1.300 v/ph); cac lo thuy tinh loai 2 mL duoc dit trong hop kin va chiéu
sing 4nh sang bang dén huynh quang (04 dén) md phong anh sang mit troi
(simulated sunlight) cong sudt 30 W, cudng d6 cua birc xa anh sang ti khoang 2880
Lux, dugc chiéu sdng trong sudt qué trinh phan tmg dién ra phan tng. Hé thiét bi st
dung xac dinh hiéu suit chuyén héa DMNP khi str dung xtc tic Ti-MOF-808(Zr),
Zr-MOFs-TH (Hinh 2.10 B), ddi véi hé nay khong sir dung hé thdng chiéu sang,
céc phan tmg duoc thyc hién ¢ diéu kién méi trudng phong thi nghiém.
2.7.1. Titan oxit nano (Ti0:>)

Phan huy DMNP béng TiO2 dugc thuc hién nhu sau [96, 134]: cho 30 mg TiO>
(75 hodc 100 hodc 150 hodc 200) vao 1 mL nuéc (pH = 7, nhiét do 25 °C) va khudy
1300 v/ph bang may khudy tir trong 15 phdt. Thém 6,2 mg DMNP vao va chiéu sdng
bang btrc xa dnh sdng voi cong suat 30 W bang dén huynh quang, cudng do cua bic
xa anh sang toi khoang 2880 Lux, dugc chiéu sang trong sudt qua trinh phan tng dién
ra. Khoang cach tir ngudn sang dén bé mit dung dich khoang 15 cm. Tiép dén 1iy 20
L hdn hop phan tng ra, pha lodng bang 10 mL NEM 0,15 M dé xac dinh nong do
4-nitrophenol. Tu két qua nay, lya chon vat li€u c6 hoat tinh tot nhat dé xac dinh céac
yéu t6 anh hudng dén kha ning chuyén hoa DMNP va d6 bén tai sir dung. Trong
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nghién ctru ndy, mau TiO,-100 c6 hoat tinh tot nhat (kha ning chuyén héa DMNP dat
96,14% sau 120 phut phan ing), do vay mau nay dugc lua chon x4c dinh anh hudng
cua néng do NEM va do bén tai st dung.

Céc gia tri khao sat NEM 0 M, 0,15 M, 0,3 M, 0,45 M va 0,6 M thu duoc bang
cch thém O pL, 17 pL, 34 pL, 50 uL va 68 uL NEM (99%) vao 30 mg chét xtic tic
Ti02-100 va 1 mL nude (pH =7, nhiét do 25 °C). Thir tu thuc hién tuong ty nhu phr:in
xac dinh hoat tinh ctia cac mau TiO».

Do bén tai sir dung cua vat liéu duge xac dinh bang cach sau mdi lan xac dinh
hoat tinh, TiO2-100 duoc 1am sach bang NEM 1M va etanol, sau d6 say ¢ 80 °C, 12
gid dé str dung cho chu ky phan tmg tiép theo.

2.7.2. Zr-MOF's-TH

Hoat tinh xuc tac cua UiO-66C va UiO-66C/g-C3N4(10, 20, 30, 40%) dugc
danh gia bang qud trinh phan hay DMNP [135, 136]. Cu thé, 2,5 mg ting loai miu
trén va 1mL nudc (pH = 7) dugc thém vao binh phan tng 2 mL va khudy 1300 v/ph
bang may khudy tir trong 15 phit. Thém 6,2 mg DMNP vao hdn hop trén, khudy va
chiéu sang bang birc xa dnh sdng v4i v6i cong suat 30 W bang dén huynh quang,
cudng d6 anh sang téi vao khoang 2880 Lux, duoc chiéu sang trong sudt qué trinh
phan ung dién ra. Khoang cach tir ngudn sang dén bé mit cua dung dich phan ung
khoang 15 cm. Sau d6 1ay 20 uL hdn hop phan tng pha loang véi 10 mL NEM 0,15
M dé xac dinh ndng do 4-nitrophenol. Tir két qua nay, vat liéu UiO-66C/g-C3Na-30%
c¢6 hoat tinh t6t nhéat (kha ning chuyén héa DMNP dat 98,55 % sau 60 phut phan
tmg), do vdy mau nay duogc sir dung dé xac dinh cac yéu té anh hudng dén kha ning
chuyén héa DMNP va d6 bén tai sir dung.

- Panh gia anh hudng cuia ham lugng xtc tac: Cac mau 0,84 mg, 1,68 mg, 2,5
mg, 3,36 mg, 4,2 mg va 5,04 mg UiO-66C/g-C3N4-30% dugc khao sat kha nang
chuyén hoa 6,2 mg c6 trong 1 mL dung dich.

- Xac dinh d0 bén tai st dung vat li¢u hép phu: Str dung ham luong xtc tac co
hiéu qua chuyén héa t6t nhat dé xac dinh d6 bén tai sir dung. UiO-66C/gC3N4-30%
sau phan hay DMNP dugc rira nhiéu 1an bang dung dich NEM, etanol va sy ¢ 80
°C, 12 gid cho chu ky tiép theo.

2.7.3. Zr-MOFs-TM

Hoat tinh Zr-MOFs-TM gom Ui0-66, UiO-66-NH,, Ui0-67, Zr—NDC, NU-
1000, MOF-808(Zr) va (2%, 4% va 8%)Ti—-MOF-808(Zr) dugc xac dinh qua phan
huy DMNP [83, 135, 137]. Cu thé, cho 2,04 mg vao 1 mL nuéc va khudy 1300 v/ph
bang may khudy tir trong 15 phit. Thém 6,2 mg va 4 uL NEM (99%) va tiép tuc
khudy. Sau 10 gidy phan tng, liy ra 20 pL hdn hop phan tng va pha lodng véi 10
mL NEM 0,15 M dé xac dinh ndong do 4-nitrophenol. Tir két qua nay, mau 4%Ti—
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MOF-808(Zr) c6 hoat tinh t6t nhat (kha niang chuyén héa DMNP dat 100% sau 1,34
phut phan tng), do d6, miu vat liéu nay duoc sir dung dé xac dinh cac yéu té anh
hudng dén kha niang chuyén hoa DMNP va do bén tai sir dung.

- Anh huong ham lugng xtc tac: 0,68 mg, 1,36 mg, 2,04 mg, 2,72 mg, 3,40
mg, va 4,08 mg chit xic tic 4%Ti-MOF-808(Zr) dugc khao sat dé danh gia anh
huong. Cac bude thi nghiém va diéu kién phan Gng tuong tu nhu phan trén khi khao
sat va1 MOF-808(Zr), chi khac & lugng xtc tac khac nhau.

- Anh huong néng do NEM: Str dung ham lugng c6 hoat tinh tdt nhat ciia mau
vat lidu 4%Ti-MOF-808(Zr) dé khao sat anh huéng nong do NEM. Céc gi4 tri nong
dé 0,00, 0,15, 0,30, 0,45, 0,60 va 0,80 M dugc khao sat. Cac budce thi nghiém va diéu
kién phan trng twong tu nhu phan trén khi khao sat véi MOF-808(Zr), chi khac ¢ ndng
do NEM khac nhau.

- Anh huéng cua pH: Khao sat phan hay DMNP bang 4%Ti-MOF-808(Zr)
trong dung dich NEM véi su thay doi pH tir 3 d&én 10. Cac budc thi nghiém va diéu
kién phan tng twong tu nhu phan trén khi khao sat véi MOF-808(Zr), chi khac ¢ ndng
do NEM khac nhau.

- St dung ham luong xuc tac c¢6 hoat tinh tdt nhat dé danh gia do bén tai str
dung. Sau khi phan hity DMNP vit liéu xic tic dugc thu hoi va rira nhiéu 1an bang
NEM 0,15 M, ethanol. Tiép dén, vat liéu duoc siy & 80 °C, 12 gio va sir dung cho
chu ky tiép theo [129]. Pho XRD va TEM duoc sir dung phan tich mau xtc tac sau
chu ky xur Iy dé xem xét sy thay doi ciu tric vat lidu.

2.8. Xéac dinh vai tro ciia goc tu do ddi voi kha ning phan hiy DMNP

Vai tro cia cac goc tu do trong phan tmg phan huy DMNP bang UiO-
66C/gC3N4-30% dugc xac dinh bang thi nghiém bay dién tir. Thuc nghiém “biy dién
ti” duoc thuc hién nhu sau: 2,5 mg ting loai mau trén va 1mL nuéc (pH = 7) duoc
thém vao binh phan tng 2 mL va khudy 1300 v/ph bang may khudy tir trong 15 phut.
Thém cac chat bay gém: amoni oxalat monohydrate (AO), tert-butanol (TBA), kali
dicromat (K>Cr207) va 1,4-benzoquinone (BQ), véi néng do 1 mM, duogc str dung dé
bat h*, "OH, e”, va ‘02", tuong tng tmg [138]. Thém 6,2 mg DMNP vao hdn hop trén,
khudy va chiéu sdng bang birc xa anh sang v4i v6i cong suat 30 W bang dén huynh
quang, cuong d6 anh sang t&i vao khoang 2880 Lux, duoc chiéu sing trong subt quéa
trinh phan tng dién ra. Khoang cach tir ngudn sang dén bé mat cta dung dich phan
g khoang 15 cm. Sau d6 lay 20 uL hdn hop phan (mg pha loang v6i 10 mL NEM
0,15 M dé xac dinh nSng dd 4-nitrophenol. Cac chit bat dién tir tuong ing s€ anh
huong dén hiéu sut chuyén hoa DMNP, tir két qua nay s& danh gia duoc vai tro cia

tirng gbc tur do trong qua trinh phan huy.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Vat liéu nano titan oxit (TiOz)

3.1.1. Dac trung vit liéu
3.1.1.1. Gian dé nhiéu xa tia X (XRD)

Gian d6 XRD ciia cac mau TiO(75, 100, 150, 200) duoc trinh bay tai Hinh
3.1. Két qua cho thiy, cuc dai nhiu xa twong Ung voi cac mit phiang phan xa xuét
hién lan lugt & goc 26~253°(101); 37,94°(004); 48,10°(200); 53,89°(105);
55,15°(211) va 62,69°(118) dic trung ctia pha anatase ctia TiOa [139], déu xuét hién
trén tat ca cac mau. Trong do, cac mau TiO2 (100, 150) thé hién cac dinh 13 rang hon
mau TiO2(75, 200). Tir gian dd ciing thdy rang, ndong do cia cac chat sir dung tong
hop vat liéu anh huong dén cuong do cac dinh dic trung cho cdu tric TiO2. Trong
cac mau thu dugc, mau vat lidu TiO2-100 c6 cau trac pha 6n dinh, do két tinh tot véi
cuong do cac dinh cao voi dac diém c6 cac dinh dic trung nhon, can ddi va 1o nét
nhéat. Nguoc lai, cac dinh dac trung tu, khong can ddi xuat hién dbi v6i mau TiO»-
200, diéu nay c6 thé 1a do c6 nhiéu khuyét tat trong cau tric va do két tinh thap [140].
Str dung phuong trinh Debye-Scherrer (2.1) xac dinh dugc kich thudc trung binh cta
tinh thé vat liéu TiO2 dao dong tir 5,4 dén 7,8 nm [124]. Dya trén dinh luit Bragg va
chi s6 Miller [124], tinh toan dugc cac thong sb mang cua Ti02-100 lanlugtlaa="b
=3,785 A, c=9,514 A; a =P =y = 90°, két qua nay phu hop v6i bao cao ciia nhém
nghién ctru Jeremy K. Burdett [141].

TiO,-100

ﬁ I TiO,-200
! T F T T T T T T T T
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Géc 20 [°]

Cuong do [a.u]

Hinh 3.1. Gian d6 nhiéu xa tia X (XRD) ctia cac mau vét liéu nano TiO»
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3.1.1.2. Anh hién vi dién tir quét (SEM)
Hinh thai tinh thé cua cac mau vat liéu nano TiO» duge xem xét b::ing viéc su

dung anh hién vi dién tor quét (SEM) tai Hinh 3.2 dudi day:

S4800-NIHE 10.0kv 8.5 E{M) 7HE2020. 200nm [SH £ 1gioky 8 *x200K-EE(M} 8/28/202 i

Hinh 3.2. Anh SEM (a) TiO2-200; (b) TiO2-150; (c) TiO2-100 va (d) TiO»-75
Két qua phan tich SEM cua vit liéu TiO» (Hinh 3.2) cho thdy, cic hat nano

nay c6 dang hinh cau, kich thudc tir dao dong tir 20 dén 30 nm va twong ddi dong
déu. Tuy nhién, cac hat trong TiO2-200 lai c6 xu huéng co cum v61 nhau va tao thanh
cum hat 16n hon 100 nm. Diéu nay chimg t6, khi ting ndong d tién chét Ti thi thu
dugc vat liéu co kich thudc hat cling tang 1én. Hién tuong cac hat tinh thé ¢6 kich
thudc ting co thé 1a do cac hat nho hon két dinh véi nhau dé hinh thanh céc tinh thé
16n hon. Diéu nay c6 thé duoc giai thich rang, khi ndng d6 dung dich ting 1én thi sb
hat nhan hiéu dung tham gia phan tng hinh thanh tinh thé tang 1én va toc d6 va cham
giita cac hat nhan ciing tang 1én theo thoi gian, dan dén hinh thanh céac hat vai kich
thudc 16n hon [142]. Do d6, cac mau vat liéu TiO2-200, TiO»-150 c¢6 kich thude hat
khoang 100 nm, khong déng déu va co cum vao v&i nhau. Cac vat liéu TiO2-100 va
TiO»-75 thu duoc c6 dang hinh ciu va kich thude twong dbi ddng déu. Hon nita, cic
mau nay kich thudc hat rat nho, do vay, lam ting dién tich bé riéng mat ctia chiing.
Vit liéu Ti0,-200 c6 nhiéu khuyét tat va do két tinh thip trong ciu tric so voi

cac vat li¢u TiO; khac c6 thé do khi nong do tién chat Ti qua cao dan dén cac tién
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chat Ti khong thé tham phan mg dé tao thanh oxit titan trong qua trinh két tinh hogc
thoi gian két tinh ngén, dan dén kha ning két tinh chua hoan toan. Do d6, cic nguyén
tir Ti dugc gan 1én trén bé mit cia tinh thé TiO», dan dén hinh thanh cac khuyét tat,
két qua nay ciing 1am gia ting kich thudc hat cua vat liéu. Két qua nay twong dong
v61 bao céo cua Chelbi va cong su [143].
3.1.1.3. Duong dang nhiét hdp phu - gidi hdp phu nito

Puong ding nhiét hap phu - giai hap phu N, cta vat liéu nano TiO2 dugc thé
hién tai Hinh 3.3 cho théy, day la dang duong tré loai IV theo ITUPAC [144]. Trén cdc
dudng ndy, tai ap suat twong ddi P/P, ~ 0,4 =1 xuét hién dudng cong tré thudng quan
sat duoc trong vat liéu mao quan trung binh (mesoporous). Piéu niy cho thiy, N»
ngung tu trong mao quan vt liéu & ap sut twong ddi cao.

250

—=—TiO,-200
|—+—TiO,-150
200 4 —#— TiO,-100
| —e—TiO,-75

ap phu [cm¥/g]

Lwong N> bi h

Ap suit trong d6i (P/P,)

Hinh 3.3. Puong dang nhiét hp phy-giai hap phu N2 ciia nano TiO»

Phan b6 mao quan ctia cdc mau vat liéu nano TiO2 duoc trinh bay tai Hinh 3.4.
Két qua cho thay cac mau vat lidu nay c6 kich thudc mao quan trung binh dao dong
tir 5,53 nm (mau Ti0,-200) dén 7,12 nm (mau TiO2-100). Sy khac nhau cia kich
thudc mao quan clia cac mau vat liéu TiOz c6 thé do su hién dién cua céc loai khuyét
tat va cac chd trong oxy khac nhau, din dén dnh huong dén kich thuéc mao quan.
Bén canh d6, kich thuéc mao quan cia TiO2 phu thudc vao ham lugng nudc trong
qua trinh thuy phan TTIP, ham lugng nude cang cao kich thude mao quan cua TiO2
cang 16n. Tuy nhién, ham lugng nuéc qua 16n c6 thé giy v& mao quan trong qué trinh
nung TiOx.
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Xem xét cac thong sb tinh chat bé mit nano TiO» (Bang 3.1), thay rang, dién
tich bé mat riéng tang tir 85 1én 139 m?/g khi giam nong do TTIP tir 200 mL/L xudng
100 mL/L. Tuy nhién, néu tiép tuc giam xubng 75 mL/L thi dién tich bé mat riéng lai
giam tir 139 xudng con 117 m?%g. Nhu vay, nong d6 TIPP & 100 mL/L (g véi mau
Ti02-100, cho dién tich bé mit riéng 16n hon & cac n6ng do khac. Hon nita, mau
Ti02-100 c¢6 kich thudc mao quan trung binh 7,12 nm (Hinh 3.4, Bang 3.1) 16n hon

cac mau TiOs con lai, diéu nay co lgi cho khuéch tan céc tic nhan (ch'fmg han DMNP)
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Hinh 3.4. Phin bd mao quén (tinh theo BJH) ctia nano TiO>

dén mao quan trong qu4 trinh phan huy.

Bang 3.1. Dic trung bé mit ciia TiO»

TT Mau Seer (M?/g) Vpore (cm’/g) Dpore (nm)
1 Ti102-200 85 0,182 5,53
2 Ti02-150 110 0,206 5,81
3 Ti10,-100 139 0,247 7,12
4 Ti02-75 117 0,219 6,92

*Sper(m?/g) dién tich bé mdt, Vyore(cm?/g) thé tich mao quan, Dpore(nm) kich thuée mao qudn

trung binh tinh theo mé hinh BJH.
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3.1.1.4. Phé phan xa khuéch tan tir ngoai - kha kién (UV-Vis DRS)
Dé xac dinh kha ning hip thu blrc xa tir ngoai va ning luong ving cim (Ey)

cua vat liéu nano TiO2, ludn an str dung phé UV-Vis DRS (Hinh 3.5).

g do [a.u]

Cuon

T I
250 300 350 400 450 500 550 600 650 700 750 800
Budc song [nm]

Hinh 3.5. Ph6 UV-Vis DRS ciia nano TiO,

Két qua phan tich phé UV-Vis DRS (Hinh 3.5) cho thay rang, cac mau TiO»
c6 kha nang hép thu vliing cyc tim manh ¢ budc song tir 400 dén 450 nm. T dit liéu
nay, co thé xac dinh duogc nang luong vung cAm (Eg) cua vat liéu theo phuong trinh
Tauc (ohv = A(hv - Eg)"?) dugc trinh bay tai Hinh 3.6. Quan st Hinh 3.6 cho thy,
E, ctia Ti02-200, TiO,-150, TiO»-100 va TiO»-75 1an luot 1a 3,20, 3,15, 3,05 va 3,06
eV (Bang 3.2). Nhu vay, khi nong d6 tién chét Ti giam thi gié tri E, cta vat lidu TiO2
cling giam theo, diéu ndy co thé giai thich 13 do gié tri Eq phu thudc vao hé sd hap
thu, tic 1a phu thudc vao cau tric cta vat liéu (kich thude hat). Nhu vay, co thé thay
rang gitta gia tri Eg va kich thudc hat cua vat liéu TiO2 c6 ti 1é thuan voi nhau, nghia
1, khi kich thuéc hat ctia cac mAu vat lidu nay giam thi Eg ciing giam theo. Két qua
phan tich ciing cho thay rang, E, ctia TiO,-75, Ti0»-100, TiO,-150 gan véi mirc hap
thu nang lwong viing bire xa kha kién, day 1a loi thé khi str dung cdc chat nay 1am xiic

tic quang.
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Hinh 3.6. Biéu db tinh toan E, cta cic mau TiO»

Bang 3.2. Nang luong ving cam cia vat lidu nano TiO2

TT Mau E, (eV)
1 Ti0,-200 3,20
2 TiO>-150 3,15
3 TiO2-100 3,05
4 TiO»-75 3,06

3.1.1.5. Phé phdt quang (PL)

Trong nghién ciru nay, quang pho phat quang (PL) dugc sir dung dé nghién ctru
su tdi hop cta cip electron/16 trong (e /h*) trong cdc mau TiO» (Hinh 3.7). Két qua
phan tich cho thy, cdc mau TiO, dugc tong hop véi nong do tién chat Ti khi duoc
kich thich & budc song A = 280 nm cho cuong dd phat quang khac nhau [145]. Cu
thé, mau Ti0»-200 xuét hién dai phét xa cuong d6 manh & khoang 445 nm dugc quy
cho sy tdi hop e /h* va chuyén tiép electron n—n*. Cudng do cta dinh nay giam dan
theo thtr ty sau: Ti02-200 > TiO2-150 > TiO2-75 > Ti0»-100, ddng nghia véi toc do
tai hop cap e/h* cling giam theo thtr tw nay. Nhu vay, c6 thé thay téc do tai to hop

nay ti 18 nghich véi dién tich bé mit riéng va kich thudc hat tinh thé (Bang 3.1). Diéu
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nay c6 thé duogc giai thich rang khi vét liéu c¢6 dién tich bé mit riéng 16n hon s& cung
cAp nhiéu khong gian hon cho céc hat e, h* khuéch tdn, qua d6 giam téc do va cham,

va din dén giam kha ning tai td hop.

—— Ti0,-200
—— TiO,-150
TiO,-100
—— TiO,-75

Cuong do [a.u]

Buoc song [nm]

Hinh 3.7. Pho phat quang cta TiO>

Tir két qua phan tich dic trung vat liéu, c6 thé khing dinh rang lun 4n d3 téng
hop thanh cong nano TiOs. Vit liéu nay c6 hinh cau, kich thudc hat tinh thé kha dong
déu va dao dong tir 20 dén 30 nm. Trong d6, mau TiO,-100 c6 dién tich bé mit riéng,
thé tich mao quan, kich thuéc mao quan 16n nhat 1an luot 1a 139 m%/g, 0,247 cm’/g,
va 7,12 nm, diéu nay c6 loi cho khuéch tan, tiép xiic ctia chat tham gia phan ng véi
nhau. Bén canh d6 ciing thiy ring, mau TiO»-100 c6 sy tdi tb hop cip e /h* cham
nhat, va niang luong viing cAm nho nhét (3,05 eV) diéu nay c6 1gi cho phan hiy quang
xuc tac.

3.1.2. Hoat tinh xtc tdc cua vt liéu nano TiO:

Pé xem xét hoat tinh xtc tic ciia nano TiO», luan 4n danh gia kha niang phan
huy DMNP (v6i néng d6 6,2 g/L) trén cac vat liéu nay (ham luong xtc tac 30 g/L)
trong dung dich dém N-Ethylmorpholine (NEM) 0,45 M [96, 134], va dugc chiéu

sdng birc xa 4nh sdng voi cong sudt 30 W bang dén huynh quang, cudng d6 cta birc
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xa anh sang t&i vao khoang 2880 Lux trong sudt qua trinh phan tng dién ra (két qua
tai Hinh 3.8).

100

Ham hrong xuc tac 30z L, NEM 0,43M,
Chutu sang

D6 chuyén hoa DMNP [%)]

Ti0,-200  TiO150 TiO,-100  TiO,-75
Vat liéu nano TiO:

Hinh 3.8. Do chuyén hoa DMNP trén xdc tic nano TiO»

Két qua cho thiy vat liéu nano TiO> c6 kha nang chuyén héa DMNP twong ddi
cao, dat trén 88% sau 120 phut phan g (Hinh 3.8). Cu thé, do chuyén hoéa trén xuc
tac TiO2-(200, 150, 100 va 75) dat 1an luot 1a 88,22, 91,23, 96,14 va 93,63%. Trong
do, xtic tac TiO,-100 dat hiéu qua cao nhét (96,14%), diéu nay c6 thé dugc giai thich
l1a do vét li¢u ndy c6 cac thong s6 bé mat (dién tich bé mat riéng, kich thudc mao
quan) 16n nhat (Bang 3.1), do d6 thuan lgi cho qué trinh khuéch tin DMNP 1én chat
xtc tdc. Mit khac, mau vat liéu ndy c6 ning luong ving cAm thép nhét (3,05 eV,
Bang 3.2), do d6, tang kha nang hoat tinh phan hiy xuc tac quang cua n6. Do TiO-
100 ¢6 hoat tinh xtc tac cao nhat, vi vay, ludn an lya chon mau nay dé xac dinh céc
yéu t6 anh huong dén hiéu qua chuyén héa DMNP va d6 bén tai sir dung ciia nd.

3.1.3. Cdc yéu té anh hwéng dén khd néing phan hity DMNP trén xiic tdc nano
Ti0-100
3.1.3.1. Anh huong ciia néng dé dung dich dém NEM

Xéc dinh anh huéng ctia ndng d6 NEM: Hiéu qua chuyén hoa DMNP trén xtic
tac TiO2-100 phu thudc vao ndng @6 NEM duoc thé hién tai Hinh 3.9. Cac diéu kién

phan g dugc thuc hi¢n tuong tu nhu danh gia hoat tinh xtc tac tai muc 3.1.2. Két
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qua cho thdy, khi ting ndng d6 NEM tir 0 M dén 0,45 M thi do chuyén hoéa ting tir
48,65 1én 96,14% sau 120 phiit phan Gng. Cu thé, véi ndng do dung dich dém NEM
0, 0,15, 0,30, 0,45 va 0,6 M twong tng véi do chuyén hoa DMNP lan luot 13 48,65,
68,55, 76,50, 96,14 va 80,05%. Diéu nay c6 thé duoc giai thich 1a khi ting ndng do
dung dich dém s& ting kha ning trung hoa cic san phadm phan hity DMNP (thay phan
va quang xiic tc) c6 tinh acid [10], qua d6 thiic day phan tng chuyén hoa. Tuy nhién,
néu tiép tuc ting ndng do NEM 1én 0,6 M thi do chuyén hoa DMNP lai giam dang
ké. Pidu nay c6 thé 1a do khi nong d6 NEM ting 1én, nghia 13 mat do phan tr NEM
tang, khi mat d6 phan tir NEM ting cao qua s& gy can tré dén qud trinh khuéch tan,
tiép xtdc ctia chit tham gia phan Gng v&i nhau va qua d6 anh huong dén hiéu qua phan
tmg phan hiy, do vay, hiéu suit chuyén héa DMNP c6 xu hudng giam xudng.

100

(2,3 fo's)
S <) S
| | 1 1

D6 chuyén héa DMNP [%]

b2
o
n

(=
L

oM 0.15M 030 M 045 M 0.60 M
Néng do dung dich dem NEM

Hinh 3.9. Anh hudng ctia ndng d6 dung dich dém NEM dén kha ning phan huy
DMNP bang xtc tac TiO2-100

3.1.3.2. Anh huong ciia chiéu sdng birc xa dnh sdng
Anh hudng cta chiéu sang va khong chiéu sang birc xa 4nh sang dén kha niang
chuyén héa DMNP bang mau vat liéu TiO»-100 ciing dugce xem xét. Cac diéu kién

thuc hién phan ung tuong ty nhu muc danh gié hoat tinh xtc tac (muc 3.1.2). Két qua

nghién ctru dugc trinh bay tai Hinh 3.10 dudi day.
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Hinh 3.10. D6 chuyén hoa ciia DMNP bang xtic tic TiO2-100 khi c6/khong chiéu
sdng buc xa anh sing

Két qua nghién ctru tai Hinh 3.10 cho thay, khi khong chiéu sang (trong béng
t61), d6 chuyén hoa chi dat 75,34% so v6i 96,14% khi chiéu sang birc xa anh sang sau
120 phit phan tng. Diéu nay co thé giai thich rang, khi khong chiéu sang birc xa anh
sang, TiO2-100 chi c6 qua trinh hap phu va thuy phan xay ra dé phan hity DMNP, do
d6, cho hiéu suét khong cao. Thuc vay, khi khong chiéu buc xa anh sang, DMNP s¢
duoc hip phu 1én bé mit xuc tac théng qua lién két Ti-O=P trén tim Ti khuyét tat c6
chtra acid Lewis (Ti**). Sau sy hinh thanh lién két Ti—-O=P, nguyén tir oxi nhudng
electron cho acid Lewis va nguyén tir photpho tré nén thiéu electron va dé bi tin cong
nucleophin, dan dén lién két RO=P bj suy yéu [16, 146]. Su tin cong nucleophin vio
P>* dan dén sy hinh thanh P-OH trung gian [147] va DMNP bi thay phéan giai phong
4-nitrophenol va dimethyl phosphate [133]. Nhu vay, cac phan tt DMNP phén tng
v6i cac phan tir nude hap phu vat Iy hodc cac phan tr nudc xen k&, bang cach nay
hay cach khac, chung phan tng voi cac nhém hydroxyl bé mat (Ti—OH) va cdc tim
acid Lewis (Ti**) hinh thanh phosphonate lién két bé mat [51]. Qua trinh thuy phan
trén bé mat nano TiO2 va su hinh thanh cac loai alkoxy lién két bé mat hodc cac
phosphonate lién két bé mat tao diéu kién thuan loi cho qué trinh phan huty DMNP.
Tir d6 thay rang, trong diéu kién khong chiéu sang birc xa anh sing, DMNP duoc hap
phu 1én bé mit nano TiO> va chi c6 qua trinh thuy phan dé chuyén hoa no thanh tac
nhan khong hodc it dgc hai hon. Nguoc lai, khi thyc phan ing trong diéu kién chiéu

sang burc xa anh sang, vat liéu nay phan huy DMNP thong qua cac qua trinh dién ra
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dong thoi gdm hap phy, quang xtc tic va thily phan, vi vay, hiéu suit phan huy ting
dang ké (96,14%). Nhu vay, khi thyc hién phan tmg phan huy DMNP trong diéu kién
chiéu sdng anh sang, hiéu suit chuyén hoa DMNP trén xic tic TiO,-100 dugc ting

1én, diéu nay 1a do qua trinh phan huy xuc tac quang dién ra.
3.1.4. Xdc dinh d¢ bén tdi sir dung ciia vit ligu nano TiO2-100

Do bén tai str dung duoc xac dinh bang cach lip lai phan tng phan huy DMNP
trong 4 chu ky tai str dung vat liéu hap phu TiO2-100 (Hinh 3.11). Céc diéu kién phan
ung duoc thuc hién nhu muc xac dinh hoat tinh. Két qua cho théy, hi¢u qua chuyén
héa DMNP thay d6i khong déng ké sau 4 chu ky phan tmg, vin dat trén 90%. Cu thé,
sau 4 chu ky d6 chuyén ha DMNP lan luot 13 97,20, 94,50, 92,50 va 90,50%. Diéu
nay cho thay hoat tinh cua vat liéu nay kha cao va twong d6i 6n dinh sau 4 chu ky st
dung.
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Hinh 3.11. D6 chuyén héa DMNP trén TiO»-100 & cac chu ky khac nhau

Tir két qua nghién ctru thiy rang, vat lidu nano TiO2-100 dugc tong hop trong
luén 4n c6 kha nang phéan huy xuc tdc quang DMNP (6,2 g/L), ham lugng xtc tac 30
g/L trong dung dich dém NEM 0,45 M véi ti I¢ tuong ddi cao (khoang 96,14%). Va
do bén tai sir dung ciing twong ddi 6n dinh, sau 4 chu ky tai str dung van dat do chuyén
héa DMNP trén 90%. Tuy nhién, vat li¢u ndy c6 thoi gian phan hiy va ham lugng
xuc tac twong dbi cao, 1an luot 1a 120 phut va 30 g/L. Do vy, can tiép tuc nghién ctru
céc vat lidéu phan hily nhanh hon va ham lugng xuc tac it hon. Trong cac muc tiép

theo luan 4n trinh bay két qua nghién ctru vat liéu Zr-MOFs-TH va Zr—MOFs-TM.
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3.2. Vat li¢u Zr-MOFs-TH

Trong muc nay trinh bay dic trung cau tric, hinh thai tinh thé, hoat tinh xtc
tic, do bén tai st dung va dé xuat co ché phan hay DMNP cta Zr-MOFs-TH gdém
Ui0-66C va UiO-66C/g-C3Na.
3.2.1. Dac trung vit liéu g-C3N4, UiO-66C va UiO-66C/g-C3N4
3.2.1.1. Gian do nhiéu xa tia X (XRD)

Gian d6 nhiéu xa tia X ctia cac mau vat liéu g-C3Na, UiO-66C va UiO-66C/g-
C3N4 dugc trinh bay tai Hinh 3.12.
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Hinh 3.12. Gian d6 XRD cta mau vat liéu g-C3Na, UiO-66C va UiO-66C/g-C3Na

Gian d6 nhiéu xa tia X (XRD) ctia g-C3N4 (Hinh 3.12) c6 dinh nhiéu xa tai
27,3°1a do khdi tri-striazine cua g-C3N4 (JCPDS 87-1526) [148]. Binh 27,3° déc trung
cho hé vong twong tmg cac mit mang véi chi sé Miller (002) tng vé6i su sip xép déu
dan cua cac don vi tris triazine [149]. Piéu nay chung té luan an da téng hop thanh
cong g-C3Ny. Vit lidu g-C3N4 nay duoc sir dung dé tong hop UiO-66C/g-C3Na.

Cau tric tinh thé cla vt liéu UiO-66C va UiO-66C/g-CaNa(10, 20, 30, 40%)
dugc xac dinh bang XRD. Gian d6 XRD ctia UiO-66C va UiO-66C/g-C3N4(10, 20,
30, 40%) (Hinh 3.12) thé hién tdm dinh nhiéu xa chinh ¢ géc 20 14 7,2°, 8,3°, 12°, 17°,
22°, 26°, 31° va 44° tuong ng v6i su phan xa cia cac mat phang (111), (200), (022),
(004), (044), (006), (117) va (339) ctia UiO-66C (Zr) (CCDC sb 733458) [150, 151].
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Ngoai ra, dinh dic trung cta pha g-C3Ny dugc phat hién & 27,3° (JCPDS s6 87-1526)
(Hinh 3.12) [152] chung té rﬁng vat liéu UiO-66C/g-C3N4(10, 20, 30, 40%) duoc téng
hop thanh coéng. Hon nira, chiing t6i quan sat thiy rang cudng do dinh & 27,3° ting
1én khi ham luong g-C3N4 trong vat liéu tang tir 10 1én 40% khéi lwong. Nhiing két
qua ndy chi ra rang, cau trac tinh thé UiO-66C thay d6i khong dang ké khi b sung
g-C3Nay.
3.2.1.2. Quang phé hong ngoai bién doi Fourier (FT-IR)

Phé FT-IR cuia cac mau UiO-66C/ g-C3N4(10, 20, 30, 40%) so voi UiO-66C va
g-C3N4 (Hinh 3.13) dugc stir dung dé xem xét sy ¢ mit clia cdc nhom chire va lién

két co trong cdc mau xuc tac sau khi gan UiO-66C 1én g-C3Na.
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Hinh 3.13. Pho FT-IR ciia UiO-66C va UiO-66C/g-C3N4 ,

Trong Hinh 3.13, dao dong & 3200 dén 3600 cm ™! duoc gén cho lién két O-H
clia ca phan tir nudc ty do va phan tir nude hap phu vat Iy bén trong cac mao quan
cua UiO-66C hodc N-H cua g-C3N4 [153]. Dai dao dong & 1583, 1437 va 1388 cm™!
dugc gan cho dao dong lién két khong d6i xtng va cac bién thé kéo dai ddi xing cua
céc nhém cacboxyl [154]. Cac dai & 746 cm™! va 661 cm™! duoc cho 1a do dao dong
kéo dai Zr—O [102]. Trong phd FT-IR cila g-C3Na (Hinh 3.13), cac dai & 1254, 1320
va 1456 cm™! duoc cho 1a ¢6 lién quan dén dao dong mach thom g-C3N4 [155], trong

khi cac dai & 1574 va 1638 cm™! duoc quy cho lién két C=N [156]. Tuy nhién, sy
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vang mit cta nhitng bién ddi nay trong phd FT-IR ctia UiO-66C/g-C3N4 (10, 20, 30,
40%) (Hinh 3.13) ¢6 thé 1a do su chong chdp cua cac dai trong mau UiO-66C. Nhu
vay, khi ham luong g-C3Ny thay di trong khoang tir 10 dén 40% khdi luong khong
gy anh huong dang ké dén cau trac ban dau ciia UiO-66C, két qua nay phu hop véi
phén tich XRD néu trén.
3.2.1.3. Anh hién vi dién tir quét (SEM) va hién vi dién tir truyén qua (TEM)

Anh hién vi dién tir quét (Hinh 3.14) va anh hién vi dién tir quét truyén qua
(Hinh 3.15) cta cac mau g-C3Na, UiO-66C va UiO-66C/ g-C3Ny dugc st dung dé
xem xét hinh thai ciu tric va kich thudc ctia nhitng vt liéu nay.
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Hinh 3.14. Anh SEM cua g-C3Ns, UiO-66C va UiO-66C/ g-C3N4
Anh SEM va TEM xéc nhén céc hat nano UiO-66 trong vat liéu UiO-66C/g-
C3N4-10%, UiO-66C/g-C3N4-20% va UiO-66C/g-C3Ns-30% co6 kich thire hat 20 +
40 nm, rit ddng déu. Tuy nhién, gia ting ham luong g-C3Ny 18n 40% trong vat liéu
UiO-66C/g-C3N4-40% kéo theo su gia tang kich thudc hat UiO-66, cac hat c6 kich
thudc khong dong déu, cac hat 16n 80 + 120 nm (Hinh 3.14). Két qua phan tich SEM
va TEM ctia UiO-66C cho thiy cac hat nano c¢6 dudng kinh 80 +120 nm, trong khi
cac tim g-C3Nu c6 chidu dai khong dong déu duoc quan sat thdy trong anh SEM va
TEM ciia g-C3N4 (Hinh 3.14 va 3.15). Bdi v6i cac mau UiO-66C/g-C3Nu(10, 20, 30,
40%) nhu hién thi trong anh TEM (Hinh 3.15), & d6 c6 cac ving t6i trén anh vi mo
clia cac tinh thé UiO-66C duoc gan 1én cac tim g-C3N4 va cac dudng vién sang hon
tuong g voi cac tim g-C3Na. Tuong ty, anh SEM ctia mau UiO-66C/g-C3Na-40%
cho thiy rang c6 su tap trung cua cac hat nano UiO-66C thanh céc hat 1én 100 +150
nm (Hinh 3.14).
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Hinh 3.15. Anh TEM cuia UiO-66C (A), UiO-66C/g-C3N4-10% (B), UiO-66C/g-
C3N3-20% (C), Ui0-66C/g-C3N4-30 % (D), UiO-66C/g-C3N4-40% (E) va g-CsN4 (F)

3.2.1.4. Puong dang nhiét hdp phu - gidi hdp phu nito

Céac mau vat liéu UiO-66C va UiO-66C/g-C3Nu(10, 20, 30, 40%) duoc phan
tich ddng nhiét hap phu - giai hip phu biang N» & 77 °K. Két qua duoc trinh bay tai
Hinh 3.16.
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Hinh 3.16. Puong dang nhiét hap phu-giai hip phu N, cua UiO-
66C va UiO-66C/g-C3N4(10, 20, 30, 40%)
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bac tinh do Xép ctia mau UiO-66C va UiO-66C/g-C3N4(10, 20, 30, 40%) thu
dugc bang phuong phap ding nhiét hip phu - giai hip phu N2 (Hinh 3.16). Mau UiO-
66C/g-C3N4(10, 20, 30, 40%) thé hién duong ding nhiét loai IV véi d6 tré khi giai
hép trong khoang ap suit trong dbi P/P, 12 0,45 + 1, thé hién cac vét liéu mao quan
trung binh dién hinh [66]. Tuy nhién, UiO-66C thé hién dudng dang nhiét loai I voi
su hién dién kich thudce vi mao quan (<2 nm) [157].

Phén bd kich thudc mao quan ctia mau UiO-66C va UiO-66C/g-C3Na4(10, 20,
30, 40%) duoc trinh bay tai Hinh 3.17. Két qua cho thiy riang, cdc mau vat liéu nay
¢6 kich thudc mao quan tap trung ¢ khoang 7 nm. Tuy nhién, déi véi UiO-66C c6

kich thudc dudi 1 nm.

—— |10 -G6C
——Ui0-66/g-C N -10%
—&— Ui0-66/g-C N -20%
—y— Ui0-66/g-C N -30%
y——Ui0-66/g-C N —40%

2.0 =

dVWidlog(D) Pore Volume [cm?g)
-
|

0.0

———r——— ] ——
2 4 B 8 10 12 14 16 18 20
Budmg kinh mao quan [nm]
Hinh 3.17. Sy phan phan b mao quan (tinh theo BJH) ciia UiO-66C va
UiO-66C/g-C3N4(10, 20, 30, 40%) .
Céc tinh chat bé mit cua vt lidu UiO-66C va UiO-66C/g-C3Nu(10, 20, 30,
40%) tai duoc trinh bay tai Bang 3.3 dudi day:



69

Bang 3.3. Pic tinh bé mat caa UiO-66C va UiO-66C/g-C3Ny

TT Mau Seer (m%/g) | Vpore(cm*/g) | Dpore (nm)
1 Ui0-66C 1440 1,05 3,44
2 Ui0-66C/g- C3N4-10% 1162 1,49 4,08
3 Ui0-66C/g- C3N4-20% 994 1,28 4,99
4 Ui0-66C/g- C3N4-30% 827 1,06 5,32
5 Ui0-66C/g-C3N4-40% 583 0,79 5,56

*Sper(m?/g) dién tich bé mdt, Vyore(cm’/g) thé tich mao quan, Dpore(nm) kich thudc mao qudn
trung binh tinh theo mé hinh BJH.

Su khac bi¢t gia kich thudc mao quan tap trung (Hinh 3.17) va gia tri kich
thudc mao quan trung binh cua vt li¢u UiO-66C va UiO-66C/g-C3N4(10, 20, 30,
40%) (Bang 3.3.) c¢6 thé giai thich nhu sau: Gia tri kich thuéc mao quan trung binh
dugc tinh trén co s& tat ca kich thuéc mao quan cua vat liéu bao gdm vi mao quén,
mao quan trung binh va mao quan 16n duoc cong lai véi nhau, sau d6 1dy gid tri trung
binh (két qua nay do phan mém tinh toan trén co s duong dang nhiét hip phu-giai
hap phu N»). Chang han, kich thudc mao quan trung binh cia vat liéu UiO-66C c6
kich thuéc mao quan tap trung & khoang 7 nm, tuy nhién né xuat hién nhiéu mao
quan bé < 1 nm, dan dén kich thuéc mao quan trung binh thap nhat (3,44 nm).

Két qua cho thiy, UiO-66C c6 dién tich bé mat riéng cao nhat 1a 1440 m?/g,
thé tich mao quan 1,05 cm®/g va kich thudc mao quéan trung binh theo mé hinh BJH
nho nhat 3,44 nm (Bang 3.3). Mau UiO-66C/g-C3N4(10, 20, 30, 40%) c6 dién tich bé
mit riéng dao dong tir 583 dén 1162 m%/g, thé tich mao quan tir 0,79 dén 1,49 cm’/g
va kich thuéc mao quan trung binh 12 4,08 + 5,56 nm (Bang 3.3). Do d6, viéc gin
Ui0-66C 18n cac tam g-C3N4 (UiO-66C/g-C3N4(10, 20, 30, 40%) lam giam dang ké
dién tich bé mat riéng so voi UiO-66C chua bién tinh, diéu ndy phi hop voi cong bd
ciia X. Zhang & et al [75]. Tuy nhién, thé tich mao quan ting tir 1,05 1én 1,49 cm®/g
va kich thuéc mao quan trung binh ting tir 3,44 dén 4,08 nm (Bang 3.3). Diéu nay
tao thuan loi cho su hép phu va phan huy cua DMNP béi vi cac tdm kim loai Zrs dugc
mo rong cho phan Gmg phan huy [16]. Hon nira, viéc bd sung g-C3Ny c6 thé giup tao
ra nhiéu khuyét tat hon, gitip cai thién hiéu suat phan huy cta xuc tac [158].
3.2.1.5. Quang phé quang dién tir tia X (XPS)

Pho XPS dugc sir dung dé phan tich trang thai hoa hoc va thanh phan bé mit
cua Ui0-66C va Ui0-66C/g-C3Ns-30% (Hinh 3.18).
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Hinh 3.18. Phd XPS ciia UiO-66C va UiO-66C/g-C3Na-30%

Két qua phan tich XPS tai Hinh 3.18 A cho thiy cac dinh C 1s (285,6 eV), O
1s (532,6 eV) va Zr (184,6 eV) cua UiO-66C. Tuong tu, tai Hinh 3.18 B xuét hién
cac dinh C 1s (285,5 eV), O 1s (531,8 eV), Zr (183,7 eV), va N 1s (401,7 eV) cua
Ui0-66C/g-C3N4-30% [139]. XPS phan giai cao C s cia mau UiO-66C xuat hién
bon dinh c6 nang lugng lién két & mirc 282,52, 284,07, 286,53 va 290,02 eV, duoc
gan cho cidc nhém C=C/C-C, C-0O, C=0 va O—C=0 tuong ung (Hinh 3.18 C) [75,
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159]. Trong khi d6, XPS phan giai cao C 1s ctia mau UiO-66C/g-C3N4-30% (Hinh
3.18 D) hién thi sdu dinh va ning luong lién két cta chung tai C=C/C—C (281,74 eV),
C-0 (283,78 eV), C=0 (286,73 eV), O—C=0 (288,70 eV), lién két cacbon sp? (N—
C=N, 286,23 €V) va nhém cacbon graphite (sp®> C, 282,34 eV) [75]. XPS phan giai
cao O 1s cua UiO-66C (Hinh 3.18 E) cho théy ba dinh & 530,81, 532,35 va 533,53
eV duogc gin vao O trong tinh thé lién két kim loai mang tinh thé (Zr—0O), O bi hap
phu héa hoc va O trong nhém O—C=0 [138]. Phd O 1s cta mau UiO-66C/g-C3Na-
30% (Hinh 3.18 F) cho théy ba dinh & 530,69, 531,99 va 533,25 eV la gén vol O
trong mang tinh thé lién két kim loai (Zr—0O), cdc loai O hip phu hoa hoc va O trong
nhém O—C=0 [138]. Pho phan giai cao Zr 3d ctia mau UiO-66C (Hinh 3.18 G) xuét
hién tin hiéu & 182,88 va 185,19 eV lién quan dén Zr 3ds va Zr 3ds twong tng. Phd
c6 do phan giai cao Zr 3d cia mau UiO-66C/g-C3N4-30% (Hinh 3.18 H) hién thi tin
hiéu & mrc 181,92 va 184,75 eV lién quan dén Zr 3ds» va Zr 3ds; twong Gng [160].
Phd N 1s ctia mau g-C3N4 (Hinh 3.18 I) cho thiy ba dinh duoc gin vao ning luong
lién két sp? N (C-N=C, 399,25 eV), nguyén tir N bac ba (sp> N, 400,42 eV) va nhém
chtrc amin (C2-NH, 402,25 eV) [161]. Phd phan giai cao XPS O 1s va Zr 3d ctia mau
Ui0-66C/g-C3N4-30% dugc chuyén sang viing ning luong lién két thap hon hon miu
Ui0-66C; diéu nay 1a do su thay dbi electron tir g-C3Ny4 dén UiO-66C [161].
3.2.1.6. Phé phan xa khuéch tan tir ngoai - kha kién (UV-Vis DRS)

Tinh chat quang hoc cua g-C3N4, UiO-66C va UiO-66C/g-C3Na(10, 20, 30, 40
%) dugc xac dinh bﬁng UV-vis DRS (Hinh 3.19). Buong dbc hép thu bure xa tir ngoai
cuc dai cua UiO-66C xuit hién & pham vi tia cuc tim (380 nm), trong khi canh hép
thu cuia cac mau UiO-66C/g-C3Nu(10, 20, 30, 40 %) va g-C3N4 xuat hién ¢ ving kha
kién (450 + 550 nm). Két qua nay cho thiy, qué trinh thuy nhiét tai chd trong tong
hop mau UiO-66C trén g-C3N4 ting kha nang hap thy bire xa viing kha kién ctia UiO-
66C/g-C3N4(10, 20, 30, 40 %).
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Hinh 3.19. Pho phan xa khuéch tan UV-vis ctia g-C3N4, UiO-66C va cac mau vat
liéu Ui0-66C/g-C3N4 (10, 20, 30, 40%)
Ning luong ving cam (Eg) cua cac mau g-C3Ni, UiO-66C va UiO-66C/g-
C3N4(10, 20, 30, 40 %) duoc ude tinh bang cach sir dung biéu dd Tauc (Hinh 3.20).
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Hinh 3.20. Biéu db tinh todn E, ciia UiO-66C va UiO-66C/g-C3Na(10, 20, 30, 40%)
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Theo biéu @ Hinh 3.20 cho thdy, gia tri E, ctia mau g-C3Ny va UiO-66C lan
lwot 14 2,72 va 3,50 eV va cua cdc mau UiO-66C/g-C3N4(10, 20, 30, 40 %) 1a dao
dong tir 2,82 dén 3,28 eV. Két qua cho thiy Eg ctia UiO-66C/g-C3Na(10, 20, 30, 40
%) nam trong ving E, ctia UiO-66C va g-C3Na, cho thay su lai tao thanh cong cia
UiO-66C va g-C3Ny, tao thanh dj thé giira hai vat liéu nay.

Ning luong ving cdm cua cac mau vat liéu ndy duoc trinh bay tai Bang 3.4.
Két quéa cho thiy, Eg cia miu UiO-66C/g-C3Ny thiap hon so v6i UiO-66C khi chua
bién tinh. Hon nita, E, ctia UiO-66C/g-C3N4(10, 20, 30, 40 %) giam khi ham lwong
g-C;3Ny tang 1én. Diu nay cho thay, khi gin UiO-66C 1én g-C3Ny cho vit liéu c6 tinh
chat quang tot hon (do 1am E, giam). Két qua nghién ctru nay ciing pht hop véi cong
bd cta X. Zhang va cong sy [75].

Bang 3.4. Ning luong ving cam ctia UiO-66C va
Ui0-66C/g-C3N4(10, 20, 30, 40%)

TT Mau E, (eV)
1 Ui0-66C 3,50
2 Ui0-66C/g- C3N4-10% 3,28
3 Ui0-66C/g- C3N4-20% 3,11
4 Ui0-66C/g- C3N4-30% 2,91
5 Ui0-66C/g-C3N4-40% 2,82

Dién thé viing dan (Ecs) ctia g-C3Na, UiO-66C va UiO-66C/g- C3N4-30% dugc
xac dinh bang biéu d6 Mott— Schottky (Hinh 3.21). Cac gia tri Ecp ctia g-C3N4, UiO-
66C va Ui0-66C/g-C3N4-30% lan lugt 14 -0,91, -0,66 va -0,78 eV. Vi tri viing hoa tri
(Evs) 6 thé duoc wdc tinh dwa vio mbi quan hé giita E; va Ecs (phuong trinh 3.1).
Gia tr1 Evs cua g-C3Ny, UiO-66C va Ui0-66C/g-C3N4-30% duge udce tinh lan luot 1a
1,81,2,84 va2,13 eV.

EVB=Eg+ECB (3.1)
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Hinh 3.21. Biéu d6 Mott—Schottky ctia g-C3Ns, UiO-66C va UiO-66C/g-C3N4-30%
3.2.1.7. Phé phdt quang (PL)
Pho phat quang (PL) duoc sir dung dé xem xét sy tai to hop ctia cip e /h* trong
cac mau vit liéu UiO-66C, g-C3N4 va Ui0-66C/g-C3N4(10, 20, 30, 40 %) (Hinh 3.22).
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Hinh 3.22. Phé phat quang (PL) ctia g-C3Ny, UiO-66C va UiO-
66C/g-C3N4(10, 20, 30, 40%)
Theo két qua tai Hinh 3.22 thiy ring, miu g-C3Ny c6 dinh phat xa manh &
budc song A = 442 nm vi sy tai hop cip e /h* va sy chuyén tiép electron n—m* [162].

Trong khi d6, mau UiO-66C c6 dinh phat xa & 440 nm do sy tai hop cua cip e /h*
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[163]. Cuong d6 phat xa & budc song 440 nm giam dang ké sau khi gan UiO-66C 1én
g-C3Ny; sy tai hop cta cip e /h* trong vat lidu giam do su bt electron cta g-C3N4 boi
Ui0-66C. Cuong do phd phat quang cia cac miu vat liéu nay giam theo thir ty sau:
g-C3N4 > Ui0-66C > UiO-66C/g-C3Ns-10% > UiO-66C/g-C3N4-20% > UiO-66C/g-
C3N4-40% > Ui0-66C/g-C3N4-30%. Két qua nay cho thiy, khi gin UiO-66C 1én g-
C3Nj tao thanh céc xtc tac di thé 1am giam kha ning tai to hop cua cip e /h*, qua dé
cai thién hoat tinh xtc tac quang cua chung [75].

3.2.1.8. Phé tan xa ning lwong tia X (EDS)

Thanh phan hoa hoc cac nguyén té trong mau UiO-66C va UiO-66C/g-C3N4-30%
dugc phan tich bé“mg EDS (Hinh 3.23). EDS (Hinh 3.24) cho théy su cO mat cua C,
O, va Zr trong UiO-66C (Hinh 3.23 A) va su xuat hién N trong vat liéu Ui-O66C/g-
C3N4-30% (Hinh 3.23 B), va khong c6 su xuat hién ctia nguyén td la. Pidu nay chimg
t6 vat liéu tong hop duge tinh khiét. Thanh phan % khdi luong ciia cac nguyén t6

duogc trinh bay tai Bang 3.5.

Hinh 3.23. Pho EDS ciia UiO-66C (A) va Ui0-66C/g-C3N4-30% (B)
Bang 3.5. Phan traim (%) khéi luong cac nguyén tb trong UiO-66C
va Ui0-66C/g-C3N4-30%

TT Nguyén t6 Ui0-66C (%) Ui0-66C/g-C3N4-30% (%)
1 C 47,60 43,18
2 o) 24,38 18,13
3 Zr 28,02 21,47
4 N - 17,22
Tong 100 100

Xem xét sy phan tan cila cac nguyén to trong vat liéu bang phan tich anh dién
tor EDS - mapping (Hinh 3.24). Anh EDS-mapping cho thdy cic nguyén t6 phan tan
ddng déu trén ban dd phan bd nguyén té (Hinh 3.24 B, C, D, E). Diéu nay thé hién sy
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phan tan d@)ng déu cua cac nguyén td trong vat li¢u. Hon nira, ti I¢ khdi lugng cua C,
O va Zr gidm ¢ UiO-66C/g-C3N4-30%, trong khi ham lugng N tang 17,22% (Bang
3.7). Ham lwong N chiém 17,22% khdi luong trong mau UiO-66C/g-C3Ns-30%, tir
day co thé tinh ti 1 C trong g-C3Ny trong miu ndy twong ung 17,22%x3x12/4x14 =
11,07%, do vay ham lugng ciia g-C3Nu trong mau vat liéu UiO-66C/g-C3Na-30% 1a
17,22% + 11,07% = 28,29%. Nhu vay, ti 1¢ khéi luong ctia g-C3N4 trong UiO-66C/g-
C3N1-30% duoc xac dinh bo1 EDS gén voi gia tri thue nghiém 1a 30%. biéu nay cho
thiy luan 4n da thanh cong trong viéc dua UiO-66C 1én g-C3Na.

Hinh 3.24. EDS-mapping 16p nguyén t6 (A), EDS-mapping ctia nguyén t6 C (B), O
(C), Zr (D) va N (E) ctia mau UiO-66C/g-C3N4-30%

Tir cac két qua phan tich dic trung da trinh bay, cho thay vat liéu UiO-66C va
Ui0-66C/g-C3N4 di duge tong hop thanh cong, cdc vat lidu nay c6 kich thude hat tir
80 dén 120 nm, dién tich bé mit riéng va thé tich mao quan 16n nhét 1a 1440 m%/g va
1,49 cm?/g. Vit liéu UiO-66C/g-C3N4(10, 20, 30, 40%) -c6 kha nang hap thu ving
btic xa 4nh sang kha kién t6t hon va ning luong ving cam (E,) nho hon so véi UiO-
66C khi chua lai tap. Nghién ctru ciing cho thay, su tai hop ciia cip e*/h trong céc
mau vat liéu nay giam khi ting ham luong g-C3Ny, diéu nay 1a do su bt electron cua
g-C3Ny boi UiO-66C. Két qua nay chimg to rang, khi lai tap UiO-66 va g-C3Ny cai
thién cac tinh chét quang cua vat liéu.

3.2.2. Hoat tinh xuc tdc cua g-C3N4, UiO-66C, UiO-66C/g-C3N4

Hoat tinh quang xtc tac cua g-CsN4, UiO-66C, va UiO-66C/g-C3N4 (10, 20,
30, 40%) dugc danh gia bang sy phan hiy DMNP (6,2 g/L) trong diéu kién chiéu
sdng 4nh sang kha kién, moi truong nudc pH =7, luong xtc tac 2,5 g/L (Hinh 3.25).
Két qua cho thiy, hiéu suit chuyén hoa DMNP dat 28,2%, 54,65% ddi voi g-C3Ny va
Ui0-66C sau 60 phiit chiéu sang. Thoi gian ban hay DMNP trén UiO-66C khoang
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38 phiit. Pang chu ¥, hiéu suat chuyén hoa DMNP cia mau UiO-66C/g-C3Ny(10, 20,
30, 40%) tang 1én dang ké so voi mau g-C3N4 hodc UiO-66C.
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Hinh 3.25. Sy chuyén héa DMNP trén g-C3N4, UiO-66C va
Ui0-66C/g-C3N4(10, 20, 30, 40%)

Hiéu suit loai bé6 DMNP ciia cdc mau UiO-66C/g-C3Nu(10, 20, 30, 40%) ting
tor 86,84% 1én 98,55% va&1 ham luong g-CsNy tang tu 10 1én 30% khoi luong. Hi¢u
suét taing mot cach dang ké ddi voi UiO-66C/g-C3Na(10, 20, 30, 40%) so voi UiO-66
khi chua lai tap duoc cho la kha nang hép thu buc xa dnh sdng kha kién cua ching
tang, diéu nay duoc xac nhan boi két qua UV-vis DRS va PL (Hinh 3.19 va 3.22).
Hon nifa, kich thuéc mao quan ciia mau UiO-66C/g-C3N4(10, 20, 30, 40%) ciing duoc
cai thién, gitp su tiép xtc pha cta chat phan tng thuan loi hon thay vi tiép xtic giita
chat xtic tac va lién két este phosphate trong hop chét co phdt pho, chi dién ra & bé
mat bén ngoai cua xuc tac [83, 116]. Ngoai ra, trong cac mau vat liéu UiO-66/g-C3N4
chtra cum bat dién oxo- Zre 12 cdc tim acid Lewis, chiing cat lién két este phosphate
dé tao ra dimethyl phosphate va 4-nitrophenol [133]. Tuy nhién, khi ham lugng g-
C3Ny tang 1én 40% (mAu UiO-66C/g-C3N4-40%) thi hiéu sudt giam tir 98,55% xubng
91,56%, diéu nay c6 thé 1a do dién tich bé mit riéng mau 40% (583 m?/g) giam so
v6i mau 30% (827 m¥g) va thé tich mao quan ctia mau 40% (0,79 cm?/g) nhé hon so
v6i miu 30% (1,06 cm?/g) (Bang 3.3), 1am giam kha ning khuéch tin DMNP vao

bén trong x1uc tac, qua dé lam giam hi¢u qua xtc tac phan huy [116]. Thém vao do,
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cudng do phat quang ctia mau 40% 1én hon mau 30% (phd PL Hinh 3.22), nghia 1a
tbe do tai to hop cip e/h* cia mau 40% 16n hon mau 30%, do d6 hoat tinh xtic tac
quang ctia mau 40% kém hon mau 30%.

Nhu vay, trong cidc mau g-C3Na4, UiO-66C va UiO-66C/g-C3N4(10, 20, 30,
40%) thi mau cac mau bién tinh UiO-66C/g-C3N4(10, 20, 30, 40%) c6 hoat tinh t6t
hon va trong d6, UiO-66C/g-C3N4-30% dat hiéu suit phan hay DMNP tét nhat, dat
98,55%. Tir két qua nay, mau xtc tac UiO-66C/g-C3Ns-30% duogc lia chon dé xac
dinh cac yéu t6 anh hudng, d6 bén tai st dung trong diéu kién thir nghiém nhu trong
xac dinh hoat tinh xtc tac.
3.2.3. Yéu t6 anh hwong dén kha néing phin hity DMNP trén xiic tic UiO-66C/g-
C3N4-30%
3.2.3.1. Anh hwdng ciia lwong xiic tic

Anh hudng ciia lugng xtc tac UiO-66C/g-C3N4-30% dén kha nang chuyén hoa
DMNP dugc thé hién tai Hinh 3.26. Bé xac dinh anh huong cua yéu tb nay, luan an
khéo sat cac mau 0,84 mg, 1,68 mg, 2,50 mg, 3,36 mg, 4,20 mg va 5,04 mg UiO-
66C/g-C3N4-30% duoc pha v6i 1 mL dung dich DMNP (ndng d6 6,2 g/L).

100 -

80 S

60
0,84 g/L

—g— 1.68 g/L
—— 250 ¢/L.
—p— 336 gL
—e— 420g/L
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pH—17 .
Chiéu bire xa kha kién

40 -

Do chuyén héa [%)]

0 10 20 30 40 50 60
Thoi gian phan tmg [pht]
Hinh 3.26. Anh huong cua lugng xtc tac UiO-66C/g-C3Ns-30% dén kha ning
chuyén hoa DMNP
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Két qua cho thdy d6 chuyén hoa DMNP ting dang ké (khoang 14,8%) tir
84,1% v6i mau 0,84 g/L 1én 98,9% v6i mau 4,20 g/L sau 60 phut chiéu sang (Hinh
3.26). Hiéu suét tang 1én co thé 1a do su phan tan xuc tadc mot cach d("ing déu trong
dung dich phan ung, diéu nay 1am ting sy tiép xuc gitta DMNP va cac tAm xic tic
hoat dong [138]. Khi ting ham luwong xidc tdc 1én 5,04 g/L, d6 chuyén héa DMNP c6
xu hudng giam nhe. Nhu vay, voi ham lugng xuc tac UiO-66C/g-C3N4-30% la 0,84,
1,68, 2,50, 3,36, 4,20 va 5,04 g/L, thoi gian ban hity DMNP trén cdc mau xic tic nay
lan luot 12 11,89, 6,95, 4,67, 2,38, 2,17 va 2,35 phiit (Hinh 3.27). Tir Hinh 3.27 thay
rang chat xtc tac Ui0-66C/g-C3N4-30% voi ham lugng xtc tac 4,20 mg/mL cho thoi
gian ban hiy DMNP nh¢ nhét (nghia 1a hi¢u suat chuyén hoa DMNP ) tét nhat.

12 11.89 pH=7 _
Chiéu bire xa kha kién

Thoi gian ban hiuy [phut]
re o e =)

| 5]

0.84 g/L 168gL  250gLl  336gL  4.20gL 5.04gL
Ham luong xuc tac [g/L]

Hinh 3.27. Thoi gian ban hiy DMNP véi ham luong chét xuc
tdc UiO-66C/g-C3N4-30% khac nhau

3.2.3.2. Anh huéng cia birc xa dnh sdng

Su phu thudc vao chiéu birc xa birc xa anh sang dén hiéu suét chuyén hoa
DMNP trén vat li¢u UiO-66C va UiO-66C/g-C3N4-30% duogc trinh bay tai Hinh 3.28.
Phan ung dugc thuc hién ¢ diéu kién: ham lugng xtc tac 4,20 g/L, mdi trudong nudc

(pH = 7) va chiéu/khong chiéu sdng dnh sang kha kién.
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Hinh 3.28. Su phu thudc vao chiéu buc xa anh sang cua hiéu suét chuyén hoa
DMNP trén vat li¢u UiO-66C va UiO-66C/g-C3N4-30%

Puong cong dong hoc ciia qua trinh hap phy va phan hay DMNP trén cac vat
lidu UiO-66C va UiO-66C/g-C3N4-30% (Hinh 3.28), cho thiy trong bong tbi, cdc
mau UiO-66C va UiO-66C/g-C3Ns-30% dat higu suat khoang hon 50% va UiO-66C
cao hon UiO-66C/g-C3N4 khong dang ké; diéu nay 1a do sb luong cdc cum bét dién
oxo0-Zrs cua UiO-66C/g-C3N4-30% thap hon ciia UiO-66C (Bang 3.5). Sau 60 phut
chiéu sang, ti 1& phan hiy DMNP trén UiO-66C/g-C3N4-30% tiang dang ké 1én
98,90%, thé hién hiéu tng hap thu birc xa 4nh sang cong huong gitra UiO-66C va g-
C3Na. Trong khi d6, hiéu suat chuyén héa DMNP ciia UiO-66C cao hon khong dang
ké (khoang 6%) khi chiéu birc xa birc xa dnh sdng. Piéu nay la do UiO-66C hép thu
burc xa 4nh sang kha kién kém [164].

Nhu vay, trong cic mau vat liéu UiO-66C/g-C3Na duoc téng hop, chét xtc tac
di thé Ui0-66C/g-C3N4-30% cho hiéu suit chuyén hoa DMNP t6t nhat. Trong diéu
kién ti wu 1a ham luwong xtic tac 4,20 g/L, chiéu birc xa dnh kha kién thi thoi gian ban

huay va hiéu suat cao nhat dat 1an luot 2,17 phut va 98,90%.
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San pham chuyén hoa DMNP trén xic tic UiO-66C/g-C3N4-30% véi ham
lwong 4,20 g/L, trong mdi truong nude (pH = 7), chiéu birc xa b xa 4nh séng kha
kién dugc xac dinh bang pho UV-Vis cia DMNP (Hinh 3.29) va LC-MS (Hinh 3.30A
khong chiéu btrc xa 4nh séng va Hinh 3.30 B chiéu biic xa buc xa 4nh sdng). Két qua
tai Hinh 3.29 nhan thiy ring cudng do budc song ¢ 280 nm giam do DMNP bi phan
huy va cuong do budce séng tai tai 403 nm ting do hinh thanh san phdm phéan Gng

thuy phan 4-nitrophenol.

1.0
1 4-nitrophenol
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Hinh 3.29. Ph6 UV-Vis phan hity DMNP bang UiO-66C/g-C3N4-30%
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Hinh 3.30. Pho LC-MS ciia DMNP (A) UiO-66C trong nu6e pH =7, trong t6i, (B)
UiO-66C/g-C3N4-30% trong nudc pH = 7 va chiéu buc xa blrc xa anh sdng kha kién
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Phé LC-MS ciia mau UiO-66C (Hinh 3.30 A) cho thdy san pham thuy phan
DMNP trong nuée (pH =7) trong diéu kién khong chiéu blrc xa 4nh sdng kha kién
gém dimethyl phosphate (m/z = 126,08), methyl phosphate (m/z = 109,24), 4-
nitrophenol (m/z =137,80), va methyl 4-nitrophenyl phosphate (m/z = 231,77). Pang
chd y 1a methyl 4-nitrophenyl phosphate doc hon DMNP [165]. Ngoai cac pic dac
trung cho cac san pham thuy phan DMNP, trén Hinh 3.30B c6 cac pic & m/z 107,9
dugc quy cho methyl phosphate, pic 76 c6 thé 13 san phim hydrocarbon mach ngin
1a san pham cua qué trinh phan huy 4-nitrophenol. Pinh pic 485 c6 thé 1a né di ton
tai trong trong hé thong thiét bi phan tich, vi phan tir DMNP c¢6 phan tir m/z 13 247,14
khong thé phan tng dé hinh thanh san phdm m/z 485 16n hon rat nhiéu. Qua trinh
phan huy DMNP cuia chat xuc tac quang UiO-66C va UiO-66/g-C3N4 trong bong tbi
12 qud trinh thiy phan lién két P—O, diéu nay dwoc thuc hién 1a do cac chit xuc tac
nay chira cac tim acid Lewis va Brosted. Pho LC-MS ciia mau UiO-66C/g-C3N4-30%
(Hinh 3.30 B) trong diéu kién chiéu burc xa anh sang kha kién cho thay san pham cta
phan hay quang xtc tac va thuy phan chu yéu 1a dimethyl phosphate (m/z = 126,12),
methyl phosphate (m/z = 109,23) va 4-nitrophenol (m/z = 137,83). Piéu nay chimg
t6 xtc tac Ui0-66C/g-C3N4-30% phan hiy DMNP boi su két hop gitta thity phan va
phan hily quang x{ic tac tao ra cac san pham it ddc hon so véi thiy phan thong thuong
(khong chiéu birc xa anh séng) trong méi trudng nude. Pidu ndy cd thé giai thich nhu
sau: UiO-66C trong diéu kién & pH =7, trong méi truong nudc thuc hién qua trinh
thiry phan lién két PO (cac vi tri -P—-O—C—, hoic P-O—Me theo ky hiéu ¢ so dd) theo
bao cdo cua Craig Wilson va cong su [165]. Do do, cac san phém nhu dimethyl
phosphate (DMP) va methyl 4-nitrophenyl phosphate (M4NP) dugc hinh thanh, san
pham M4NP phosphate ddc hon DMNP. Nhu vdy, qua trinh thity phan DMNP trong
moi trudng nude, pH =7 trén chit xuc tic UiO-66C thanh dimethyl phosphate va 4-
nitrophenol dién ra cham (thay phén vi tri PO cua lién két -P—-O—C-), dong thoi qua
trinh thay phan P-O ciia lién két P-O—Me ciing dién ra dé hinh thanh san pham
methyl 4-nitrophenyl phosphate (M4NP). So d6 cac san pham phan huy c6 thé c6 dbi
v6i qua trinh phan huy methyl paraoxon (MP) (Céc san pham phan hiy bao gom:
dimethyl phosphate (DMP) va methyl 4-nitrophenyl phosphate (M4NP)) nhu Hinh
3.31 dudi day [165].

NO, NO,
t Y. 33 LY
P — 5 P

MeO” 1 >0 MeO” I OH Me0” |0
OMe OMe OH

Water

MP DMP M4NP
Hinh 3.31. So' @ phan hiiy methyl paraoxon (MP)

Dbi v6i chét xtc tac quang UiO-66C/g-C3Ny 30%, ngoai qua trinh thiy phan
lién két P—O, thi cac gc nhu "OH, va "0, phan (g v6i DMNP dé tao thanh cac chat
it doc. Ngoai ra, cac gbc ndy cling co thé tiép tuc phan huy san pham M4NP thanh
cac san pham it doc hai hon. Nhu vay, co ché ciia UiO-66C/g-C3N4 30% tao thanh
céc chét it doc doi véi DMNP bao gém qué trinh thily phan va phan ung phan hay
quang xuc tac.
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3.2.4. Xdc dinh dé bén tdi sir dung ciia vit liéu UiO-66C/g-C3N430%

Do chuyén héa DMNP trén xiic tic UiO-66C/g-C3N4-30% theo cac chu ky va
gian dd nhiéu xa tia X cta vat liéu nay trudc va sau khi sir dung dugc trinh bay tai
Hinh 3.32 A va Hinh 3.32 B dudi day:
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Hinh 3.32. (A) Do chuyén héa DMNP trén UiO-66C/g-C3N4-30% & cac chu ky khac
nhau; (B) Gian d6 XRD ciia UiO-66C/g-C3N4-30% trude va sau phan tng

Do bén tai sir dung ctua mau vat liéu UiO-66C/ g-C3N4-30% duogc xac dinh béng
viéc 1dp lai qua trinh phan huy DMNP (6,2 g/L) véi lugng xuc tac 4,20 g/L, trong
moi trudng nude (pH = 7), chiéu bt xa dnh sdng kha kién trong 60 phut. Két qua 1a
sau 5 chu ky phan tng phan huy (Hinh 3.32 A), hiéu suat chuyén hoa DMNP giam
khong dang ké (van & mire trén 98%). Diéu nay ching to, hoat tinh quang xtc tac cla
Ui0-66C/g-C3N4-30% c6 d6 bén tai st dung tét. Pidu ndy ciing dugc x4c nhan thém
boi két qua XRD ciia mau trude va sau phan tmg (Hinh 3.32 B). Trén gian do XRD,
cho thiy cac dinh dic trung clia cic miu trude va sau phan tng khong c6 su khac
biét dang chu y nao, cho thay vat liéu van giir duoc su 6n dinh sau 5 chu ky st dung.
3.2.5. Pé xudit co ché phdn teng phéan hity DMNP trén xic tic UiO-66C/g-C3N4

Pau tién xac dinh vai tro cua cac gdc ty do trong phan ung phan hity DMNP
trén xudc tic UiO-66C/g-C3N4. Bé thyuc hién viéc nay, cac thi nghiém bay gbc hoat
dong da dugc thyc hién. Cac chat bﬁy dién tuo g6m ammonium oxalate monohydrate
(AO), tert-butanol (TBA), K2Cr207, va 1,4-benzoquinone (BQ), dugc su dung dé thu
giit h*, "OH, e~ va "0 twong ung [138] (Hinh 3.33). Tai Hinh 3.33, toc d6 phan huy
ctia DMNP bj anh huéng manh bdi AO va BQ, ching t6 rang cac gbc h* va ‘02 c6
tac dong manh dén sy phan hity DMNP. Trong khi d6 TBA va K>Cr,O7 chi giam nhe
ti 18 loai b6 DMNP. Vi vdy, gdc ‘O>~ dong vai tro thiét yéu trong su phan hay cia
DMNP.
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Hinh 3.33. Thi nghiém bay dién tir

Mit khéc, dya trén phd UV-vis DRS (Hinh 3.19) va biéu do Mott—Schottky
(Hinh 3.21) & trén, cdu trac ving ning lugng ciia g-C3Na, UiO-66C va UiO-66C/g-
C3N; dugc phan tich (Hinh 3.34 A). Cu thé, gia tri Ecs ciia g-C3N4, UiO-66C va UiO-
66C/g-C3N4-30% dugc udc tinh 1a -0,91, -0,66, va -0,78 eV, tuong ing, c thé tao ra
géc "0, vi vi tri CB cua cac miu 4m hon so véi vi tri thé oxi hoa khir 0202~ (0,33
eV). Cac géc "OH c¢6 thé duoc tao ra trén bé mit UiO-66C do vi tri VB cia UiO-66C
(+2,84 V) duong hon dién thé chudn ciia *OH/H20 (+2.,40 eV). Dbi v6i mau g-C3Ny,
géc ‘OH khong thé duoc tao ra trén bé mit cua g-C3N4 vi vi tri VB cua g-C3Ny (+1,81
eV) nhoé hon thé ning tiéu chuin cua "OH/HO.

NHE (eV)
BE -
149 -0.91
0.66 smumpuns
oT > 10,05 (E=-0,33 V)
1 & % :
wy
3 T 1.81 A i,
) &GNy DMNP — " 2
3 4 2.84 melem OH/H,O (E=24eV)  pg ] OH
Ui0-66C Hop cht .-
(A) Trude tiép xic trung gian (B) Sau tiép xuc

Hinh 3.34. Co ché phan tach va chuyén electron/15 trong ctia UiO-66C/g-C3Na
trude khi tiép xuc (A) va sau khi tiép xtc (B)
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Dua trén cac nghién ctru trude day [166, 167] va phan tich co s¢ dir liéu thuc
nghiém, luan 4n dé xuit co ché quang xuc tac cia mau UiO-66C/g-C3N4, nhu duoc
minh hoa trong Hinh 3.34 B. Hoat dong x{ic tac quang ctia chét xac tac di thé UiO-
66C/g-C3N4 dugc hinh thanh nho sy tich hgp buc xa anh sang gitra UiO-66C va g-
C3N. véi cac vi tri CB va VB thich hop. Duéi buc xa 4nh sang kha kién, hinh thanh
di thé gitra UiO-66C va g-C3Na. Pau tién, khi xtc tac g-C3Ny va UiO-66C duoc tiép
xtc v6i ngudn bic xa anh sang kha kién c¢6 ning luong 16n hon Eg cta vat lidu, e
trong ving VB bi kich thich chuyén sang ving CB, do d6 tao ra e~ trong CB va h*
trong VB, dong vai trd 1a tac nhan chét khir va chat oxi héa, tuong tmg, (phuong trinh
3.2).

UiO-66C/g-C3N4 + hv — UiO-66C/g-C3N4 (h* +e7 ) (3.2)

Sau d6, e~ trong CB ctia UiO-66C két hop lai voi h* trong VB cila g-C3N4. e~
trong CB ctia g-C3N4 phéan tmg véi O2 duoc hap phu trén bé mit g-C3N4 dé tao ra gdc
‘O2” (phuong trinh 3.3).

g-C3Ny(e) + O2 — "0O2 (3.3)

Ngoai ra, h* ¢ ving VB ctia UiO-66C phan tng véi H,O dé tao thanh gbc *OH
(phuong trinh 3.4).

Ui0-66C (h*) + H.O — 'OH + H" (3.4)

Cudi cung, cac gdc nhu ‘Oz, h* va "OH oxi hoa DMNP dé tao ra cac san pham
it doc hon (phuong trinh 3.5).

*OH (hodc/va h* va ‘O2") + DMNP — san pham (3.5)

Nhu vy, nguyén tic xtc tic quang ciia UiO-66C/g-C3N4-30% ciing nhu cac vt
lidu xtic tac quang khac, tirc 1a s& tao ra cip e/h* dong vai tro 14 cac tac nhan chat khur
va chat oxi héa. Trong co ché xtc tic quang cua vt liéu xuc tac di thé UiO-66C/g-
C3N4-30%, viée gan UiO-66C 1én g-C3Nu di han ché sy tai to hop cip e/h* trong
Ui0-66C (mot phan e~ trong CB ctia UiO-66C két hop lai voi h* trong VB cua g-
C3Ny), qua d6 gdp phan ting cudng hoat tinh cua vat liéu.

Tom lai, vat ligu UiO-66C/g-C3N4-30% da dugc luan an téng hop thanh cong
tir chat lién két tu tong hop. Véi diéu kién khéi lwong xtc tac 4,20 g/L, mdi truong
nuéc (pH=7), chiéu blrc xa anh sang kha kién trong 60 phiit thi UiO-66C/g-C3Ni-
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30% phan hay DMNP (6,2 g/L) v6i thoi gian ban hay va hiéu suit chuyén hoa lan
luot 2,17 phut va 98,9%. Viée tu tong hop chat lién két HoBDC tir nhua PET phé thai
mo ra tiém ning khai thac cac ngudn chét thai nay vao khoa hoc va thuc tién. Mt
khac, chit xtc tac UiO-66C/g-C3Ns-30% c6 hoat tinh tot trong mdi trudng nude (pH
= 7), chiéu birc xa 4nh sang kha kién, diéu nay gitp dua vao st dung thuc té d& hon.
Tuy nhién, han ché 1 trong diéu kién khong chiéu btrc xa anh sdng, hiéu suit chuyén
hoa thip (dat khoang 50%), san pham phan hity c6 metyl 4-nitrophenyl phosphate
doc hon DMNP [165]. Do vay, xem xét xuc tac co thé st dung trong cac diéu kién
khac nhau 13 can thiét. Trong muc tiép theo, luan an khao sat Zr—-MOFs-TM nham
tim loai vat liéu c6 thé khic phuc mot phﬁn nhiing han ché néu trén.

3.3. Vat liéu Zr-MOFs-TM

Trong muc nay trinh bay dic trung cau tric, hinh thai tinh thé va hoat tinh xtc
tac cia Zr-MOFs-TM gom UiO-66, UiO-66-NH,, UiO-67, Zr—-NDC, NU-1000, va
MOF-808(Zr).

3.3.1. Ddc trung vdt liéu
3.3.1.1. Gian do nhiéu xa tia X (XRD)

Céu truc vat lidu cua Ui0-66, UiO-66-NH,, UiO-67, MOF-808(Zr), Zr-NDC
va NU-1000 dugc nghién ctru bang gian d6 XRD (Hinh 3.35). Theo d6, UiO-66 va
UiO-66-NH; c6 cac dinh ¢ 20 ~ 7,2°, 8,3°, 22°, 26°, 31°, va 44° tuong ing v4i mat
phang phan xa (111), (200), (044), (006), (117) va (339) ciia UiO-66 (CCDC No.
733458) [10, 72, 154].

Céc dinh 6 20 ~ 5,6, 6,8, va 17,1° twong Gng v&i miat phang phan xa (222),
(400), va (422) dic trung cia pha tinh thé UiO-67 [168]. Miu MOF-808(Zr) c6 cic
dinh nhiéu xa tai 20 ~ 4,35°, 8,33° va 8,70° duoc gan cho cdc mat phéng phan xa
(111), (311) va (222) (CCDC No. 1002672) [109]. Vat li¢u Zr-NDC c6 cac dinh
nhiéu xa & 20 ~ 6,51°, 7,42°, 10,55°, 12,25° va 12,81° twong ung véi (111), (200),
(220), (311) va ( 400) [87, 169]. Mau NU-1000 c6 dinh & 20 ~ 2,64°, 5,13° va 7,52°
tuong tng véi mat phang (010), (020) va (021) (CAS: 1446138-63-1) [96, 170].
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Hinh 3.35. Gian d6 XRD cua UiO-66, UiO-66-NHz, UiO-67, MOF-808(Zr), Zr—
NDC va NU-1000
3.3.1.2. Anh hién vi dién tir truyén qua (TEM)
Anh hién vi dién tir truyén qua cta cic mau UiO-66, UiO-66-NH,, UiO-67,
MOF-808(Zr), Zr-NDC va NU-1000 dugc trinh bay tai Hinh 3.36 dudi day.

—

(A) UiC (B) Ui0=86-NH,(Zr)

Hinh 3.36. Anh TEM cua UiO-66, UiO-66-NH,, UiO-67, MOF-808(Zr), Zr-NDC
va NU-1000
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Anh TEM ciia mau UiO-66, UiO-66-NH,, UiO-67, MOF-808(Zr), Zr—NDC
va NU-1000 cho thay hinh dang cta cdc hat vét liéu nay khong déng déu va kich
thude dao dong tir 80 dén 120 nm (Hinh 3.36). Quan sit anh TEM thay rang, cdc chat
lién két HoBDC, H.PBDC, H3BTC két hop v6i cum Zrs(pz—0)a(ps —OH)4 tao ra hinh
thai hoc twong ty nhau. Déi véi mau NU-1000, cu tric cia TBAPy két hop v6i cum
Zre(3—0)a(3 —OH)4 tao thanh cau trdc vi tinh thé hinh que kha dong déu.
3.3.1.3. Buong dang nhiét hap phu - gidi hdp phu nito

Phuong phap nhiét hip phu-giai hdp phu N2 duoc st dung dé xac dinh dién
tich bé mat riéng va phan bd kich thuée mao quan cua vat liéu (Hinh 3.37). Cac mau
Zr—-MOFs déu hap phu luong khd 16n Na trong pham vi dp suat twong dbi thap (P/Po <
0,1), cho théy sy hi¢n dién vi mao quan [67]. O pham vi dp suét tuong ddi P/Py cao
(~ 0,9 + 1,0) cho thdy sy xuét hién ctia mao quan trung binh, do cac dudng dang nhiét

co vong tré [67].
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B —4—Zr-NDC
1 —a4— NU-1000
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0.0 02 0.4 06 038 1.0

Ap suat twong ddi (P/P,)
Hinh 3.37. Puong dang nhiét hap phu-giai hip phu N» ctiia Ui0-66, UiO-66-NHo,
UiO-67, MOF-808(Zr), Zr-NDC va NU-1000
Céc dic tinh bé miat cia Zr—-MOFs duoc trinh bay trong Bang 3.6 cho thay,

dién tich bé mit riéng cua cdc Zr-MOFs dao dong tir 1019 dén 1756 m?/g va thé tich
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mao quan dat 0,657 dén 1,159 cm®/g. Trong @6, MOF-808(Zr) c6 dién tich bé mit
riéng (1756 m%g) va thé tich mao quan (1,159 cm?/g) 16n hon cac loai Zr—-MOFs khéc
duogc tong hop trong ludn 4n nay. Két qua nay phit hop voi cong bd cua Furukawa &
et al [106] hay Xua & et al [108], theo do vat licu MOF-808(Zr) 1a loai Zr—MOFs c6
dién tich bé mat riéng 16n.

Hinh 3.38 trinh bay su phan b kich thudc mao quan UiO-66, UiO-66-NHa,
Ui0-67, MOF-808(Zr), Zr-NDC va NU-1000 dugc suy ra tir mo hinh Ly thuyét ham
mat do (Density Functional Theory, DFT). Su phan bd kich thude mao quan ciia mau
MOF-808(Zr) cho thiy hai loai 16ng, bao gdm céc 10ng adamantane 16n (1,85 nm) va
céc cura sO luc giac (1,02 nm) [110]. Tuong tu, vat li¢u UiO-66, UiO-66-NH>, Zr-
NDC c¢6 léng bat dién 1,02, 1,12 nm va 1,15 nm, twong ing. Vat li¢u UiO-67 c6 hai
16ng bat dién va ti dién twong tng 1,45 va 0,83 nm, vat liéu NU-100 c6 hai 1dng c6
kich thudc 1,20 va 3,08 nm.

——Ui0-66

] n —— Ui0-66-NH,
Z —Ui0-67
2 ——MOF-808
= P \ ——7rNDC
r ——NU-1000
H 24
2
-
Y
=1
(=9
2 1-
S

04

1 2 3 4
P rong mao quan [nm]

Hinh 3.38. Sy phan phan b mao quan (tinh theo DFT) ciia UiO-66,
Ui0-66-NH, UiO-67, MOF-808(Zr), Zr-NDC va NU-1000
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Bang 3.6. Dic tinh bé mit ciia Zr-MOFs

Dpore (nm)
Vit lidu Sper (M%g) | Vpore (cm¥g) | Cira s6 luc Long
idc (nm) Adamantane

g (nm)

Ui0O-66 1434 0,657 - 1,02
Ui0O-66-NH> 1019 0,755 - 1,12
UiO-67 1342 0,807 0,83 1,45
MOF-808(Zr) 1756 1,159 1,02 1,85
Zr-NDC 1332 0,786 - 1,15
NU-1000 1685 0,980 1,20 3,08

“Sper(m?/g) dién tich bé mdt, Vyore(cm?’/g) thé tich mao quan, Dpore(nm) kich thuwée mao quan

trung binh tinh theo moé hinh DFT.

3.3.1.4. Phé tan xa ning lwong tia X (EDS)

Pho EDS cua UiO-66, UiO-66-NH», UiO-67, MOF-808(Zr), Zr—NDC va NU-
1000 (Hinh 3.39), cho thdy Zr-MOFs c6 thanh phan chinh gdm cac nguyén té C, O,
Zr. Pbi v6i mau UiO-66-NHa, ham luong N chiém 4,87%, su xuét hién cta N 1a do

n6 dugc tong hop tir chat lién két chira nhom chirc -NHz (H.BDC-NHb).

Hinh 3.39. EDS ciia UiO-66 (A), UiO-66-NH, (B), UiO-67 (C), MOF-808 (D),
Zr-NDC (E) va NU-1000 (F)
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Bang 3.7 cho thay % khdi luong ciia cac nguyén tir C, O va Zr ¢6 sy thay doi
1 rét, phu thude chu yéu vao chat lién két hiru co. Cu thé, ham lugng C thay doi tir
28,16 dén 50,75%, O thay d6i tir 25,39 dén 35,65%, va nguyén tb Zr thay ddi 22,70
dén 36,19%. Két qua nay do mot cum Zre(pz-O)a(ps -OH)4 lién két véi 12 nhém —
COO" clia céc chét lién két H.BDC, H.PBDC, HoNDC va HoBDC-NH: (6 phan tir
chét lién két H,BDC, H.PBDC, HoNDC va HoBDC-NHy); trong khi d6 mét cum
Zre(3-0)a(ps -OH)s lién két véi 6 hodc 8 nhém —COO™ cia cdc chat lién két H3BTC,
H;TBAPy (2 phan tu lién két H;BTC, H;TBAPy). Nhu vay, vat liéu MOF-808(Zr)
¢6 s6 luong tam Zr cao nhat (% wt chiém khoang 36,19%, Bang 3.7) trong s6 Zr—
MOFs tong hop.

Bing 3.7. Thanh phan phan trim (%) céc nguyén td trong Zr—-MOFs

Vit ligu C 0 Zr N Tong
Ui0-66 37,71 33,25 29,04 - 100
UiO-66-NH, 36,92 30,84 27,37 4,87 100
Ui0-67 50,75 25,39 23,86 - 100
MOF-808(Zr) | 28,16 35,65 36,19 - 100
Zr-NDC 45,94 28,99 25,07 - 100
NU-1000 51,81 25,49 22,70 100

Céc két qua phan tich dic trung cho thay rang, UiO-66, UiO-66-NH, UiO-
67, MOF-808(Zr), Zt-NDC duoc tong hop thanh cong. Trong d6, MOF-808(Zr) ¢
dién tich bé mat riéng, thé tich mao quan lon nhét 1an luot 1a 1756 m?*/g va 1,159
cm®/g, va c6 s lugng tim Zr cao nhat (%wt chiém 36,19 %, Bang 3.7) trong cic Zr—
MOFs nay.
3.3.1.5. Tinh chat acid cia xiic tic Zr-MOFs-TM

Tinh chat acid cua vat liéu Zr—-MOFs-TM duoc xac dinh bang qua trinh giai
hép theo chuong trinh nhiét do amoniac (NH3 TPD) dugc trinh bay ¢ Hinh 3.40.

: Uio-66
0.010 ——Ui0-66-NH,
; —Ui0-67
——MOF-808
T ¥ Zr-NDC
L — NU-1000
Q=
T

100 I 1!_%[] I EIIIJ[] I ESID I 3[5[! I Eéﬂ
Nhiét do (°C)
Hinh 3.40. Gian dd NH3-TPD cua Zr-MOFs-TM
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Gian do Hinh 3.40 cho thay cic pic nam trong khoang 100 + 160 °C va 180 +
260 °C cua vt liéu Zr-MOFs-TM duoc gan cho tinh chét acid yéu va trung binh cta
cdc nhém p3-OH, —OH> va —OH. Vit liéu MOF-808 c6 cuong do ¢ 136 °C manh
nhét, cho thfiy su ton tai nhiéu cac tam acid yéu. Vat liéu NU-1000 c6 cuong do dinh
clia ving acid trung binh cao nhat. Hinh 3.40 cho thay s6 lwong tam acid yéu va acid
trung binh rat khac nhau khi két hop cum oxo Zrs(u3-O)a(pz -OH)4 v6i cdc chit lién
két hitu co khac nhau. Bang 3.8, tong luong NH; duoc giai hip thip nhat trong cac
vat liéu Zr—-MOFs-TM la vat li¢u Zr-NDC (0,453 mmol/g). Nguoc lai, vat licu MOF-
808 cho thay tong lwong NH; duogc giai hip cao hon dang ké, dat 0,644 mmol/g.

Bang 3.8. Tinh acid cua vat li¢u Zr-MOFs-TM

Miu UiO- | UiO-67- | UiO- MOF- Zr- NU-
66 NH> 67 808(Zr) | NDC | 1000

TPD-NH3(mmol/g)
Acid yéu 0,339 0,309 0,314 0,421 | 0,306 | 0,315
Acid trung binh 0,154 0,185 0,174 0,223 | 0,147 | 0,231
Tong 0,493 0,494 0,488 0,644 | 0,453 | 0,546

D6 rong mao quan va va do acid déu 13 hai yéu t6 rat quan trong quyét dinh
dén hiéu qua xur Iy DMNP trén chét xtc tac Zr—-MOFs-TM, do mao quan phai du 16n
dé DMNP c6 thé khuéch tan vao trong cac mao quan cila vat liéu, tiép theo cic tim
acid mai bat dau phan tng vdi DMNP, dé hinh thanh cac san pham.

Hinh 3.38 va Bang 3.6, Bang 3.8 cho thay vat liécu MOF-808(Zr) ¢6 hiéu qua
cao hon NU-1000, ma kich thuéc mao quan NU-1000 lai 16n hon, nhung d6 acid thap
hon, két qua nay cho thay khi mao quan du 16n, thi d6 acid quyét dinh dén hiéu qua
xtr ly DMNP.

3.3.2. Hoat tinh xuc tic Zr-MOFs-TM

Hoat tinh xtc tac duge xac dinh bang phuong phép st dung 2,04 mg chat xuc
tac phan huy DMNP (6,2 g/L) trong moi truong dung dich dém NEM (0,45 M, pH =
10), két qua duoc biéu thi tai Hinh 3.41. Tir két qua cho thiy anh hudng cta chat lién
két hitu co trong cic mau Zr-MOFs ddi v6i qua trinh phan hiy cia DMNP. Tir Hinh
3.39 thiy rang, kha ning chuyén hoa DMNP trén cac chét xtc tic Zr-MOFs dién ra
voi tbe do rat nhanh. Diéu nay duogc gidi thich boi vat liéu Zr—MOFs chtra cac cum
Zrs nhiéu tim acid Lewis [66] va cac lién két H thuan loi gitra 3—OH trén cdc nut Zre

v6i cac phan tir nudc gop phan ting tde do cua qua trinh thuy phan xuc tac [171].
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Hinh 3.41. Hi¢u suat chuyén hoa DMNP ctia cic chat xtc tac UiO-66, UiO-
66-NH>, UiO-67, Zr-ND, NU-1000, va MOF-808(Zr)

Hon nita, toc d6 phan hity chit mé phong DMNP duoc ting cudng do sy cai
thién kich thudc hat nano, dién tich bé mat riéng cao va c6 d¢ rong mao quan 16n (déi
v6i miu MOF-808(Zr) va NU-1000) gitup qué trinh khuéch tan DMNP 1én xdc tic
nhanh hon. Cu thé, thoi gian ban huy cuia DMNP trén cac vat li¢u nay giam dan theo
thtr ty UiO-66 > Zr-NDC > UiO-67 > UiO-66-NH> > NU-1000 > MOF-808(Zr)
tuong tmg 22,66 > 5,43 > 7,78 > 3,07 > 2,61 > 0,47 phiit (Hinh 3.42).

22.66

Ham Iwong xuic tac 2,04 g/L
Dung dich dém NEM 0.45 M
pH=10
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Thei gian ban hity [phuit]

UiO-66 UiO-66-NH2 UiO-67 MOF-808(Zr) Zr-NDC  NU-1000
Vit liéu

Hinh 3.42. Thoi gian ban hiy DMNP trén cdc chat xuc tac UiO-66, UiO-66-NHa,
UiO-67, MOF-808(Zr), Zr—NDC, va NU-1000
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Vat litu UiO-66 véi cum Zrs(OH)s(H20)s két noi véi 12 lién két
dibenzenecarboxylic acid c6 thé thity phdn DMNP véi thoi gian ban phan huy 1a
22,66 phit trong dung dich NEM, két qua nay phu hop véi cong bd ciia Katz M. J &
et al [83] va Larsson A & et al [172]. Thoi gian ban hity DMNP trén UiO-66 16n hon
céc vat liéu con lai c6 thé 1a do kich thuéc DMNP (khoang 1,1 x 0,45 nm) 16n nén
gy kho khin trong viéc tiép can phan bén trong cua UiO-66 (0,97 nm, Bang 3.6)
[116]. Vatliéu Zr-NDC, UiO-67, NU-1000 va MOF-808(Zr) c¢6 thé phan hity DMNP
vo1 thot gian ban phan hay 7,78, 5,43, 2,61 va 0,47 phut, tuong tng. Thoi gian ban
phan hily cua cac chat mé phong chét doc than kinh co phét pho giam (téc do phan
huy tang) dugc cho 1a do sy mé rong d rong mao quan, gitp tdng kha nang tiép can
bén trong Zr—-MOFs véi tac nhan DMNP va nong do cac tim acid Lewis ting [66,
89]. Pdi véi mau UiO-66-NHa, cac nhom amin chirc ning hoa bé mat da 1am gia ting
toc do thuy phan DMNP, do su thay d6i mdi trudong phan tng. Cac nhém amin hoat
dong nhu cac bazo Lewis trung hoa cac san pham ¢ tinh acid ctia qua trinh thuy phan
[39]. Tuy nhién, cac chit lién két hitu co chira cac nhom amin ¢6 gia thanh cao, dan
dén kho tong hop MOF-NH: véi s6 lugng 16n.

Két qua xac dinh hoat tinh cho thay, vat liéu MOF-808(Zr) cho thoi gian ban
phan hity DMNP nhanh nhat 0,47 phut va phan hity hoan toan tic nhan nay trong 3,00
phiit. Vi vay, MOF-808(Zr) duoc Iya chon dé bién tinh voi ion kim loai tao ra vt liéu
MOFs ludng kim, qua do, tao ra loai vat li¢u c6 nhitng wu diém nhu c6 nhiéu tim
hoat dong, do 6n dinh héa hoc va d6 xép cao, nhim tang hoat tinh xtic tc [20]. Trong
ludn 4n nay, ion Ti*" dugc lva chon dua vao khung MOF-808(Zr) do Ti cung nhém
kim loai chuyén tiép véi Zr (nhém IVB), ban kinh ion cua Ti** va Zr* kha tuong
ddng nhau 1an luot 13 0,68 A, 0,82 A, vi vay chiing c6 thé thay thé 1an nhau hoic lién
hi€p véi nhau trén khung mang. Bén canh d6, M. Qin va cong su [82], da dua thanh
cong Hf** va Ti** vao khung vat liéu Zr-MOFs 1a UiO-66(Zr), qua d6, ting kha ning
hép phu va hoat tinh cua vat li¢u nay. Do d6, MOF-808(Zr) bién tinh béng ion Ti*
(ky hiéu 13 Ti-MOF-808(Zr)) duoc tong hop tir chat lién két thurong mai s& duoc thao
luan trong muc tiép theo cua luan an.

3.4. Vit liéu Ti-MOF-808(Zr)
3.4.1. Ddc trung vt liéu Ti-MOF-808(Zr)
Pé so sanh giita Ti-MOF-808(Zr) va MOF-808(Zr) chua bién tinh, trong muc
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nay luan an trinh bay két qua phén tich ctia ca hai loai vat liéu nay.
3.4.1.1. Gian do nhiéu xa tia X (XRD)

Gian dd XRD dang bot cua cac mau (2, 4, 8%)Ti—-MOF-808(Zr) va MOF-
808(Zr) khong bién tinh duge trinh bay tai Hinh 3.43.

£000 : 1 8% TI-MOF-808(21)
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Hinh 3.43. Gian do6 XRD cia MOF-808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr)
Tir gian d6 XRD Hinh 3.43, thiy rang cic dinh nhiéu xa cia MOF-808 (Zr) &
260 13 4,35°, 8,33°, 8,7°, 9,99° va 10,88° duoc gan cho cac mit phang phan xa (111),
(311), (222), (400) va (331) (CCDC s6 1002672) [109]. Trong cac mau MOF-808(Zr)
ludng kim, cac dinh nhiéu xa dic trung cia MOF-808 (Zr) chua bién tinh duoc duy
tri sau khi bo sung Ti*". Két qua nay cho thiy, cdu traic MOF-808 (Zr) khong bi pha
vO trong qua trinh bién tinh. Hon nita, cac dinh nhiéu xa 20 tai 4,35°, 8,33° va 8,7°
cho thay su dich chuyén nhe vé phia cac goc 20 16n hon. Su dich chuyén nay 1a do
ban kinh ion cua Ti** (0,68 A) nho hon so v&i Zr* (0,82 A), dan dén su co lai cta
mang tinh thé trong cAu traic MOF-808 (Zr) [82].
Phuong trinh Debye-Scherrer (2.1) duoc ap dung dé tinh kich thudc tinh thé
trung binh cta cdc mau MOF, két qua 14 chiing nam trong khoang tir 30,2 dén 33,8
nm (Bang 3.9). Cac tham s6 mang ctia mau MOF-808 (Zr) ciing duoc tinh toan bang
chi s6 Miller va dinh luat Bragg, cic mau MOF-808(Zr) nay c6 cau tric 1ap phuong
v6i cac tham sé mang o =B =y=90°vaa=b=c=23556 A (Bang 3.9). Nhitng két
qua nay pht hop véi két qua dugc bao cao bai W. Zhang [173] va B. Yang [174]. Su
thay d6i nho trong cac thong sd mang quan sat duoc trong mau ludng kim (2, 4,
8%)Ti—-MOF-808 (Zr) 1a do su tich hop cta Ti** (0,68 A) voi ban kinh ion nho hon
50 v&i Zr* (0,82 A).
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Bang 3.9. Céac thong s6 mang co ban va kich thudc tinh thé trung binh cia MOF-
808 (Zr) va (2, 4, 8%)Ti-MOF-808(Zr)

Mau a=b=c(A) Kich thudc hat (nm)
MOEF-808(Zr) 35,56 30,20
2%Ti-MOF-808(Zr) 34,91 33,80
4%Ti-MOF-808(Zr) 34,60 33,30
8%Ti-MOF-808(Zr) 34,29 33,20

3.4.1.2. Quang phé hong ngoai bién doi Fourier (FT-IR)

Két qua phan tich quang phd FT-IR cia MOF-808(Zr) va (2, 4, 8%)Ti-MOF-
808(Zr) (Hinh 3.44), théy r@ing, ca hai mau vat liéu nay co nhirng dac diém riéng biét.
Péng chii y, n6 hién thi dao dong kéo dai cia nhém —OH trong khoang 3700 + 3200
cm™! [175]. Hon nita, dao dong kéo dai khong d6i ximg (1617 va 1572 cm™), trong
khi dao dong kéo dai d6i xung (1443 va 1385 cm™') ctia nhém carboxyl dugc quan
sat thay [176]. Cac dao dong trong pham vi 750 + 655 cm™' duogc gan cho cac dao
dong Zr—O trong khung MOF-808(Zr) [175]. Trong khi d6, cac mau (2%, 4% va 8%)
Ti-MOF-808(Zr), cac dao dong dic trung ciia Zr-O dao dong trong pham vi 666 dén
662 cm™! cho thdy su dich chuyén nhe giira cic miu, diéu nay c6 thé 1a do sy hién

dién cua Ti v6i cac ham lugng khac nhau trong khung Zr—MOFs [82].

8%4Ti-MOF-808(Zr)
. 8% Ti-MOF-808(Zr)

4%T+-MOF-808(Zr)

i'.? 29Ti.MOF-808(Zr) I » A/-\/w
& ~.\ ./ _\A\. Sa%rimor-8bsarn)
2 MOF-808(Zr) U I ¥ i
£ g g 2% Ti-MOF-808(@Zr)
g AT
-8 MOF-808(Zr)

-OH o =

3 3

T3

s w
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S6 song [cm™']
Hinh 3.44. Pho FTIR ctia mau MOF-808(Zr) va Ti-MOF-808(Zr)
3.4.1.3. Anh hién vi dién tir quét (SEM) va hién vi dién tir truyén qua (TEM)
Anh hién vi dién tir quét (SEM) va hién vi dién tir truyén qua (TEM) cta vat
liéu MOF-808(Zr) va (2, 4, 8%)Ti—-MOF-808(Zr) dugc trinh bay tai Hinh 3.45 va
3.46 duoi day.
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Hinh 3.45. Anh SEM ctia mdu MOF-808 (Zr) va Ti-MOF-808 (Zr)

Anh SEM va TEM cua mau MOF-808(Zr) (Hinh 3.45 A va 3.46 A) thé hién
c4u trac tinh thé hinh luc giac voi cac canh sdc nét, co kich thudc hat trung binh
khoang 100 nm. Anh SEM va TEM ctia miu (2, 4, 8%)Ti—-MOF-808(Zr) (Hinh 3.45,
3.46- B, C, D) cho sy thay doi vé hinh thai khi so sanh véi mau MOF-808(Zr) 1a
khong déng ké.

(Ai”OI”-BOB(Zr) Py '-.\' (B) 2%T i-MOF-808(2r)
'l
l.

X ‘)

o s

Hinh 3.46. Anh TEM ctia mau MOF-808 (Zr) va Ti-MOF-808 (Zr)
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3.4.1.4. Puong dang nhiét hdp phu - gidi hdp phu nito

Phén tich dudng dic nhiét hip phu - giai hip phu N2 ¢ nhiét d6 77 K ciia MOF-
808(Zr) va (2, 4, 8%) Ti-MOF-808(Zr) d¢ xac dinh dién tich bé mit riéng ctia nhiing
vat li¢u nay (Hinh 3.47).

800
700
600
500

400

300

200 —— MOF-808(Zr)
e 2% Ti-MOF-808(Zr)
100 —s— 4% Ti-MOF-808(Zr)
o v 8% Ti-MOF-808(Zr)

Luong hap phu [cm?/g STP]

0.0 0.2 0.4 0.6 0.8 1.0
Ap suat twong d6i (P/Py)

Hinh 3.47. Puong dang nhiét hap phu-giai hap phu N»

Két qua tai Hinh 3.47 cho thiy, trong pham vi ap suit tuong dbi thip (P/Po <
0,1) tit ca cac mau MOF déu hép phu N2 nhanh, diéu nay thé hién sy hién dién cua
céc cAu tric vi mao quan [67]. Trong khi d6, & pham vi P/Po ~ 0,9 + 1,0, su xuét hién
clia cic cau trac mao quan trung binh trd nén rd rang hon, do sy xuat hién cta cac
vong tré dang nhiét hap phu-giai hap phu [67]. C4c thong s ddc tinh bé mat cua vat
liéu MOF-808(Zr) va Ti-MOF-808(Zr) dugc trinh bay tai Bang 3.10, cho théy, dién
tich bé mit riéng cia MOF-808(Zr) 12 1756 m?/g va thé tich mao quéan 1a 1,159 cm?/g.
Trong khi do, cac vat liéu (2%, 4%, va 8%)Ti-MOF-808(Zr) dao dong trong khoang
1741 + 1406 m*/g va 1,082 + 0,913 cm®/g. Piéu dang chu y 1a dién tich bé mit riéng
va thé tich mao quan ciia MOF-808(Zr) chtra Ti giam nhe, diéu nay c6 thé 1a do ban

kinh ion ciia Ti** (0,68 A) nho hon so véi Zr* (0,81 A) [177].
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Hinh 3.48 trinh bay su phan b6 kich thuéc mao quan MOF-808(Zr) va (2, 4,
8%)Ti-MOEF-808(Zr). Trong Hinh 3.48, tir dir li¢u thu duoc cung cép cho ching ta
cAi nhin siu sic vé su phan bd kich thudc mao quan cua cac mau MOF-808(Zr) va
(2, 4, 8%)Ti-MOF-808(Zr), duoc suy ra tir mo hinh Ly thuyét ham mat d6 (Density
Functional Theory, DFT).

3.0

~—— MOF-808(Zr)
2% Ti-MOF-808(Zr)
4% Ti-MOF-808(Zr)
8% Ti-MOF-808(Zr)

2.5

2.0

1.5

1.0

dV/dW Pore Volume [cm’/g.nm]

0.5

0.0 l

05 10 15 20 285 30 35 40
D0 rong mao quan [nm]

Hinh 3.48. So db phan bd mao quan (theo DFT) cua MOF-808(Zr) va
Ti-MOF-808(Zr)

Su phan b6 kich thudc mao quan cia mdu MOF-808(Zr) cho thiy hai loai 1ong,
bao gom céc 16ng adamantane 16n (1,85 nm) va cac cira so luc giac (1,02 nm) [110].
Viéc hinh thanh cac l@)ng adamantane 1a do MOF-808(Zr) ¢6 ciu truc lién két spn
(dang cau trac lién két dya trén khdi di thé duoc chia sé o cac goc khac nhau) bao
gom cac 16ng tir dién co kich thudc mao quan bén trong 12 0,48 nm. Trong nhiing
16ng nay, cac lién két BTC nam & cac mat cta tt dién. Cac 16ng chia sé cac cum oxo
nam & cac dinh, tao ra mot 1ong adamantane c6 kich thuéc mao quan bén trong Ia
1,85 nm [105]. Khi lwong Ti** ting 1én, dudng kinh céc cira s6 luc giac khong thay
d6i, trong khi dudng kinh cua cac 16ng adamantane 16n dao dong trong khoang 1,80
+1,85 nm (Bang 3.10). Su thay ddi kich thuéc 16ng ndy 1 do nhitng thay ddi quan st
dugc trong cac tham sé mang tinh thé, c6 thé quan sat dugce trong két qua XRD (Hinh

3.42) [177].
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Bang 3.10. Dic tinh bé mit cia MOF-808(Zr) va Ti-MOF-808(Zr)

Dpore (nm)
- V ore 5 N
Mau Seer (M%/g) b Cua so luc | Long Adamantane
(cm’/g)
gidc (nm) (nm)
MOF-808 (Zr) 1756 1,159 1,02 1,85
2%T1i—-MOF-808(Zr) 1741 1,082 1,02 1,83
4%Ti—-MOF-808(Zr) 1647 1,023 1,02 1,82
8% T1—MOF-808(Zr) 1406 0,913 1,02 1,80

“SpeT(m?/g) dién tich bé mdt, Viore(cm’/g) thé tich mao quan, Dpore(nm) kich thiée mao quan
trung binh tinh theo mé hinh DFT.
3.4.1.5. Quang phé quang dién tir tia X (XPS)

Quang phd dién tir tia X (XPS) 1a mot k¥ thuat c6 do nhay cao dé xac dinh

nhimng thay d6i hoa hoc trong cic nguyén to. Trong Hinh 3.49, phé XPS cua miu
MOF-808(Zr) hién thi cac dinh & 284, 532 va 183 eV duogc gan cho cac nguyén tir C
Is, O 1s va Zr 3d, tuong ung. Cac mau (2, 4, 8%)Ti—-MOF-808(Zr) xuét hién dinh

moi & 458 eV dbi voi Ti 2p va cuong do cua dinh nay tang khi ham luong ion Ti**

tang (Hinh 3.49).
0
—— MOF-808(Zr)
2% Ti-MOF-808(Zr)
4% Ti-MOF-808(Zr)
ey 8% Ti-MOF-808(Zr)
s - &
b o
= g & ° 2
%ﬂ =
g
=
O l\_ﬂn\
SR N
! 1 I I 1 I ¥
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Niang lwong lién két [eV]

Hinh 3.49. Ph XPS ciia MOF-808(Zr) va Ti-MOF-808(Zr)
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Pho XPS C 1s ¢6 dd phan giai cao cia MOF-808(Zr) va (2, 4, 8%) Ti-MOF-
808(Zr) cho thay bdn dinh ning lwong lién két ¢ 284,76 eV (C—C/C=C), 286,44 eV
(C-0),288,86 eV (C=0) va 290,96 eV (O=C-O) (xem Hinh 3.49 A-D va Bang 3.11)
[178]. Ning luong lién két O 1s trong nhitng mau nay co thé dugc chia thanh ba cuc
dai 6 530,9, 530,1 va 529,3 eV (Bang 3.11), dugc gén cho dai C—O=C, vi tri con tréng
oxy va lién két mang oxy, twong tmg (xem Hinh 3.50 E-H) [179]. Phd XPS Zr3d phan
giai cao cua MOF-808(Zr) va (2, 4, 8%)Ti—-MOF-808(Zr) (Hinh 3.50 I-L) duogc chia
thanh hai cuc dai ¢ 182,85 va 185,21 eV (Bang 3.11) twong ung vdi Zr 3dsp va Zr
3da ctia Zr** [180]. Thém vao d6, phd XPS phan giai cao Ti 2p cua mau Ti-MOF-
808(Zr) thé hién hai dinh tai ning luong lién két 13 464,26 va 458,68 (Bang 3.11), lan
lugt duogc gan cho Ti 2pi2 va Ti 2pse [181]. Pang cha ¥, nang luong lién két cia Zr
3d chuyén sang gia tri cao hon khi ham luong Ti trong miu ting 1én. Hién tuong nay
la do Ti c6 do am dién (1,54) cao hon Zr (1,33), din dén mat d electron xung quanh
pha Zr bi kéo vé phia pha Ti. Két qua ndy chi ra rang, cic electron trong vat lidu (2,
4, 8%)Ti—-MOF-808(Zr) chuyén tir pha Zr sang pha Ti.

C1s O1s Zr 3d

(A)

E I
C=CIC-C © Chemisgrbed O v

MOF-808

Ti2p
F J M
® Chemisorbed O ¥ ") Ti 2Dz
Ti 2py
0.C= Zr0 1
C G K N
© £=CIC-C @) Chemisorbed 0 " ™) Ti 2Dy,
C=0
el 0-C=0 Zr-Q
0-C=0 >
(H) [ (o)
Chemisorbed O 2r 3d.,
2r3d,,
0-C=0 Zr-
536 532 528 190 188 186 184 182 180 468 464 460 456

Ning hrong lién két [eV]

Hinh 3.50. Ph XPS ciia MOF-808(Zr) va Ti-MOF-808(Zr)

4% Ti-MOF-808 2% Ti-MOF-808

8% Ti-MOF-808
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Bang 3.11. Ning lugng lién két (eV) cta cic lién két trong mau MOF-808(Zr) va
(2, 4, 8%)Ti—-MOF-808(Zr)

Nguyen | ..o MOE- | 2%Ti-MOF- | 4%Ti—-MOF- | 8%Ti—-MOF-
tur 808(Zr) |  808(Zr) 808(Zr) 808(Zr)
C-C/C=C | 284.89 284,78 284.75 284.63
C-0 286,29 286,25 286,32 286,26
Cls C=0 288,67 288,69 288.65 288.59
0=C-0O 290,79 290,99 291,13 290,89
Zr-Ohode | 5,q g9 530,43 530,19 530,19
Ti-O

O1s | vitdeon | s34 531,59 531,69 531,75

trong oxy
Mang oxy | 532,16 532,43 532,74 533.19
2 Zr 3dsp 182.85 182,93 183,03 183.11
Zr 3dsp 185,20 185,30 185,42 185,48
Ti2p Ti2pi _ 465,00 464,41 46433
Ti2psn _ 45870 458,67 458,58

3.4.1.6. Phé tan xa nang lwong tia X (EDS) va EDS-mapping
Pho tan xa nang luong tia X (EDS) dugc sir dung dé xac dinh thanh phan %

cac nguyén to ¢ trong cac mau vat lidu duoc trinh bay tai Hinh 3.51.

ull Scale 2490 cts Cursar: 1 15.625 ke (11 ct=) ull Socale 35215 cts Cursaor: 115972 ke (47 ct=)

m T T T T T T
] 1 2 3 4 £ =3
ull Scale 18110 otz Cursor 115922 ke (36 cts) ull Scale 2451 otz Cursor 15031 ke (3 cts)

Hinh 3.51. Ph6 EDS ctia MOE-808(Zr) (A), 2%Ti—-MOF-808(Zr) (B),
4%Ti-MOF-808(Zr) (C) va 8% Ti—-MOF-808(Zr) (D)
Phén tich két qua phd EDS dé xac dinh thanh phan % cua cac nguyén t co
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mit trong vat liéu (Hinh 3.51), tir day, ta c6 thanh phan % khéi lugng cta cac nguyén
t trong vat lidu MOF-808(Zr) 1a C (28,16%), O (35,65%) va Zr (36,19%) (Bang
3.12). B6i véi mau (2, 4, 8%) Ti-MOF-808(Zr), i 18 phan tram khéi luong ctia nguyén
t6 C va O khong thay d6i dang ké. Tuy nhién, phan trim khéi luong cua Ti ting tir
0,35 1én 1,46%, trong khi nguyén t6 Zr giam tir 36,19 xudng 34,10%.
Bang 3.12. Thanh phan % khéi luong cac nguyén t cia MOF-808(Zr) va
(2, 4, 8%)Ti—-MOF-808(Zr)

Mau C O Zr Ti Tong
MOF-808(Zr) 28,16 35,65 | 36,19 - 100
2%Ti-MOF-808(Zr) 28,20 35,67 | 35,78 | 0,35 100
4%Ti—-MOF-808(Zr) 28,37 35,84 | 35,00 | 0,79 100
8%T1i—-MOF-808(Zr) 28,30 36,13 | 34,10 | 1,46 100

Tur két qua thanh phén % cua cac nguyén td tai Bang 3.11, tinh toan dugc ti 1¢
mol cta Ti/Zr trong cac mau 2%Ti-MOF-808(Zr), 4%Ti-MOF-808(Zr) va 8%Ti—
MOF-808(Zr) trong Bang 3.13, lan luot 1a 1,90, 4,29 va 8,17, tuong tng. Két qua nay
cho thdy ham luong Ti tinh toan bang phuong phap EDS khé gan véi ti 18 TTIP duoc
dua vao khi tong hop vat liéu. Diéu nay chimg t6 da thanh cong trong viéc dua Ti vao
MOF-808(Zr).

Bang 3.13. Thanh phan nguyén t6 (mol%) ciia MOF-808(Zr)
va (2, 4, 8%) Ti-MOF-808(Zr)

Ti 1€ mol Ti/Zr (%)

Mau C O | Zr | Ti |Toéng | Theotinh | Theo

todn téng hop
MOEFE-808(Zr) 47,19 | 44,81 | 8,00 - | 100 0 0
29%Ti-MOF-808(Zr) | 47,19 | 44,77 | 7,90 | 0,15 | 100 1,90 2
4%Ti-MOF-808(Zr) | 47,23 | 44,75 | 7,68 | 0,33 | 100 4,29 4
8%Ti-MOF-808(Zr) | 46,96 | 44,97 | 7,46 [ 0,61 | 100 8,17 8

Su phan tin ctia cac nguyén td trong vit liéu 4%Ti-MOF-808(Zr) duoc phan
tich bang anh dién tr EDS - mapping (Hinh 3.52). Thanh phan cac nguyén tb trong
vat liéu cho thiy su c6 mit cia C, Ti, O va Zr (Hinh 3.52 A) va ¢6 cdu trac x6p ciing
nhu sy két tu cta cac hat c6 kich thudc vai micromet (Hinh 3.52 B). Cac nguyén t6

phan tan dong déu trén ban d6 phan bd nguyén t6 (Hinh 3.52 C, D, E, F), chung t6
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rang vat liéu tong hop dugc 1a tinh khiét va cé su phan tan dong déu cao cua cac

nguyén to.

o 1 2 3 4 ) B
ul Scale 18110 cls Cursar: 15522 ke (36 c15)

Hinh 3.52. (A) Phé EDS, (B) EDS 16p nguyén td, anh dién tir EDS-mapping ctia
nguyén té C (C), O (D), Zr (E) va Ti (F) ctia mau 4%Ti—-MOF-808(Zr)
3.4.1.7. Két qua phan tich nhiét trong lwong (TGA) va nhiét vi sai (DTA)

Pé danh gia do bén nhiét cua vat liéu, phan tich nhiét trong luong (TGA) va
nhiét vi sai (DTA) trén cac mau MOF-808 (Zr) va 4%Ti-MOF-808(Zr). Két qua TGA
ctia cac mau nay (Hinh 3.53), cho théy, MOEF-808(Zr) va 4%Ti—-MOF-808(Zr) thé
hién bén giai doan giam khdi lugng riéng biét. Cu thé, ¢ giai doan dau tién, khoi
lugng giam khodng 18% & nhiét d§ dudi 200 °C, diéu nay dugc cho 1a do vi¢c loai
b6 nude hip phu trong cic khoang rdng cua vat liéu. Tiép theo, 6% khéi luong giam
dién ra ¢ nhiét 6 200 + 500 °C 1a do su loai bo hoa hoc cta nudc bi hép phu va qua
trinh khtr hydroxyl héa ctia cac cum oxo zirconi trong vat licu [24]. Giai doan giam
khéi lugng thir 3 bat dau & 500 °C twong Gng voi qua trinh phan hity MOF-808(Zr)
va 4%Ti-MOF-808(Zr) thong qua qua trinh d6t chdy cac lién két hitu co trong khung
[182]. O giai doan thir tu, trong khoang 560 + 800 °C, quan sat thay khong cé sy doi
dang ké vé& % khéi lugng trong tit ca cac mau va cin ran thu dugc trong giai doan
nay duogc quy cho pha ZrO» [24]. O nhiét d6 800 °C, % khdi lugng con lai cua mau
MOF-808(Zr) va 4%Ti—-MOF-808(Zr) lan luot 14 43,12% va 47,24%.
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Hinh 3.53. Pudng cong TGA ctia mau MOF-808(Zr) va 4%Ti—-MOF-808(Zr)

Két qua phan tich nhiét vi sai (DTA) (Hinh 3.54), dinh ¢ 100 °C duoc quan

sat, co lién quan dén qua trinh mat nuée (qua trinh thu nhiét, AH > 0); nguoc lai, qua

trinh toa nhiét (AH < 0) & 520 °C dugc cho 1a do sy phan huy cac lién két hitu co

trong khung MOF-808(Zr). Tir két qua phan TGA, DTA thay rang vat liéu MOF-
808(Zr) va 4%Ti-MOF-808(Zr) c6 d6 on dinh nhiét trén 500 °C.
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Hinh 3.54. Puong cong DTA ctia mau MOF-808(Zr) va 4%Ti—-MOF-808(Zr)



3.4.1.8. Tinh chat acid
Tinh chét acid cta cac mau (2, 4, 8%)Ti-MOF-808(Zr) va MOF-808(Zr) dugc
xéac dinh bang phuong phap giai hap phu NHs theo chuwong trinh nhiét d6 (NH3;-TPD)
duogc trinh bay tai Hinh 3.55.

Cuimg 4§ [anlg
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Hinh 3.55. Gian 46 NHs-TPD ctia MOF-808(Zr) va (2, 4, 8%) Ti-MOF-808(Zr)
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Tai Hinh 3.55 thiy rang, tit ca cac mau MOF-808(Zr) va (2, 4, 8%)Ti-MOF-
808(Zr) c6 dinh nam trong khoang 100 +160 °C va 180 + 260 °C. Nhiing dinh nay
dugc gan cho tinh acid yéu va trung binh ctia cac nhom pz-OH, —OH, va —OH [183].
Diéu thd vi 13, cuong d6 cia cac dinh nay tang tuyén tinh voi ham luong Ti tang, cho
thiy rang sb lugng tAm acid yéu va trung binh ting 1én khi dwa Ti vao MOF-808(Zr)
(Bang 3.14).

Bang 3.14. Tinh acid cua MOF-808(Zr) va Ti-MOF-808(Zr)

. MOF- 2%Ti—MOF- 4%Ti—MOF- 8%Ti—-MOF-
Mau
808(Zr) 808(Zr) 808(Zr) 808(Zr)
TPD-NH3(mmol/g)
Acid yéu 0,421 0,456 0,500 0,506
Acid trung

0,223 0,251 0,266 0,281

binh
Téng 0,644 0,707 0,766 0,787

Trong Bang 3.14, mau MOF-808(Zr) cho thay tong lvong NH3 duoc giai hap
thap nhit 1a 0,644 mmol/g, trong khi mau (2, 4, 8%)Ti—-MOF-808(Zr) c6 tong luong
NH; duoc giai hip cao hon dang ké. Nong d6 NH; hip phu cua cac miu 2%Ti-MOF-
808(Zr), 4%Ti-MOF-808(Zr) va 8%Ti—-MOF-808(Zr) lan luot 1a 0,707, 0,766 va
0,787 mmol/g. Nhimng két qua nay chi ra rang su két hop gitta Zr va Ti da cai thién
s6 luong tam acid trén bé mat chat xtic tac, diéu nay cling duge quan sat boi A.M. R
-Almansa [184] va Z. Xi [185].

S6 lwong tim acid Brensted va Lewis trén bé mit xtc tac ctia cac mau MOF-
808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr) dugc xac dinh bang phuong phap phén tich
FTIR su hép phu acetonitrile-d3 (FTIR-CD3CN) (Hinh 3.56). Trong Hinh 3.56, ba
dai dao dong ndi bat ¢ 2308, 2272 va 2261 cm™', twong g vai sy hap phy vat Iy cia

CD3CN trén cac tam acid Lewis, Brgnsted va axetonitrile [130].
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Hinh 3.56. Phd FTIR-CD3;CN ciia MOF-808(Zr) va (2, 4, 8%) Ti-MOF-808(Zr)

Véi tat ca cac miu nay, kha nang hap phu vat 1y ciia CD3CN van twong dbi 6n
dinh, dao dong tir 0,431 dén 0,440 mmol/ g (Bang 3.15). Nguoc lai, cuong do hép phu
CD3sCN ¢ budc song 2308 va 2272 cm™! twong tng véi tAm acid Lewis va Brensted
clia cac mau Ti-MOF-808(Zr) tang dang ké khi ting ham lwong Ti tir 0 1én 4 %mol.
Su gia ting nay cho thiy sy gia ting lwong cac tim acid Lewis va Brensted trong mau
(2, 4, 8%)Ti-MOF-808(Zr). Su gia ting s6 lugng tdm acid Lewis va Bronsted dat
dugc bang cach két hop cac nhém -OH vao cac nat kim loai trong qué trinh tong hop
thiy nhiét va dua Ti** vao khung MOF-808(Zr) [130]. Tuy nhién, mau 8%Ti-MOF-
808(Zr) cho thay ham lugng acid Lewis giam do lugng Ti dugc tich hop vao khung
MOF-808(Zr) quéa nhiéu, c6 thé giy ra sy tap trung va co cum cua cac hat Ti** trén

khung, dan dén dién tich bé mit giam dang ké (xem Bang 3.10).
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Bang 3.15. Tam acid Brgnsted va Lewis cua mau MOF-808(Zr)
va (2, 4, 8%) Ti-MOF-808(Zr)

Miu MOEF- 2%Ti—-MOF- 4%Ti—-MOF- 8% Ti—-MOF-
808(Zr) 808(Zr) 808(Zr) 808(Zr)
FTIR- CD3CN (mmol/g)

Hap phuvatly | 0,431 0,425 0,440 0,439

Acid Brgnsted 0,228 0,239 0,244 0,240

Acid Lewis 0,309 0,340 0,386 0,348

Tong tam acid

Lewis va 0,537 0,579 0,630 0,588
Bronsted
Ti 1€ acid

Lewis/ 1,355 1,423 1,582 1,450
Bronsted

Tu Bang 3.15, thiét 1ap su bién ddi tam acid Brensted va acid Lewis va téng

s6 tam acid Lewis va Bronsted va ti 1¢ acid Lewis/ Bronsted (D) theo ham lugng Ti

c6 trong cac mau Ti-MOF-808(Zr) nhu Hinh 3.57 dudi day.

0,246

0244 | (A)
0242
0,240
0238
0236
0234
0232
0.230
0.228

0.226

W MOF-808(Zr)

%Ti-MOF-808(Zr)y

=
/ 2%Ti-MOF-808(Zr)

" 8%Ti-MOF-808(Zr) =

Tam acid Brensted [FTIR- CDsCN (mmol/g)]

Ham lwrgmg Ti ¢6 trong mau vat liéu Ti-MOF-808(Zr)

0.64

©

0.62

S
[
S

=
;Jt
G0

0,56

[FTIR- CDsCN (mmol/g)]

0.54

Tong tdm acid Lewis va Brensted

= MOF-808(Zr)

0,52

4%Ti1-MOF-808(Zr) u

8%Ti-MOF-808(Zr) =
2%Ti-MOF-808(Zr)

Ham luwong Ti ¢6 trong méu vét liéu Ti-MOF-808(Zr)

Ty |& acid Lewis/Brensted

Tam acid Lewis [FTIR- CD:CN (mmol/g)]

0.39
0,38 (B)
0,37
0.36
0,35
0.34
0,33
0,32

0.31 a” MOF-808(Zr)

4% Ti-MOI "-E{DH(ZI')

8% Ti-MOF-808(Zr) =

u
A 2% Ti-MOF-B08(Zr)

0,30

Ham luong Ti co trong mau vat liéu Ti-MOF-808(Zr)

4%T1-MOF-808(Zr)_

8% Ti-MOF-808(Zr) =

~® 204 Ti-MOF-808(Zr)

160 | (D)

1.55

1.50

1.45

1.40

1.35 " MOI?-S(}S(ZI-)

Ham luong Ti ¢6 trong méu vt liéu Ti-MOF-808(Zr)

Hinh 3.57. Bién d6i tim acid Brgnsted (A), tim acid Lewis (B) va tong sb tam acid
Lewis va Brgnsted (C) [mmol FTIR- CD3;CN/g] va ti 1€ acid Lewis/ Brensted (D)
theo ham luong Ti c6 trong cac mau Ti-MOF-808(Zr)
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Tur Hinh 3.57 thay rang, luong tdm acid Lewis, Brensted ciing nhu ti 1¢ Lewis/
Bronsted ting dan khi ting ham luong Ti trong mau Ti-MOF-808(Zr). Pang chu ¥,
cac thong sb nay dat gia tri 16n nhat tai mau 4%Ti-MOF-808(Zr).

Nhu vay, tir cac két qua phan tich dic trung di duoc trinh bay & muc trén, c6
thé két luan riang, luan an da tong hop thanh cong MOF-808(Zr) va Ti-MOF-808(Zr).
Vit lidu tong hop duoc c6 dién tich bé mit riéng cao nhét (1756 m?/g), kich thudc
hat khoang 100 nm, hinh dang khéi va c6 do 6n dinh nhiét trén 500 °C. Tinh acid va
sb lugng tam acid Lewis va Brensted phu thudc vao luong Ti dua vao mau vat liéu.
S6 luong tam acid yéu va trung binh ting tuyén tinh v6i ham luong Ti, trong khi d6
) lugng tam acid Lewis va Brensted tang khi tang Ti dén mot lugng nhét dinh
(4%mol, mau 4% Ti—-MOF-808(Zr)) va sd lugng tdm acid nay giam néu tiép tuc tang
ham lugng Ti trong mau vat lidu.

Pé lam 1 anh hudng cua tim acid Lewis va Brensted dén kha nang phan hiy
DMNP, mdi quan hé giita téng s6 tdm acid (mmol CD3CN/g) va thoi gian ban huay
DMNP trén MOF-808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr) dugc xac dinh (Hinh 3.58).
Theo Hinh 3.58 ta quan sat thay rd sy anh huong cia tong cdc tam acid dén thoi gian
ban hity DMNP, cu th¢, khi tong cac tdm acid ting tir 0,537 1én 0,630 mmol/g, thoi
gian ban hay giam tir 0,47 phit (MOF-808(Zr)) xuéng 0,305 phiit (4%Ti-MOF-
808(Zr)). Nhu vay, khi téng s tam acid ting 1én thi thoi gian ban hay DMNP giam,
nghia 1a toc d6 phan hily ting Ién, trong d6 mau 4%Ti—-MOF-808(Zr) ¢ thoi gian
ban huy thap nhat (0,305 phiit).

0.5
B 145 W MOF-808(Zr)
5
=Y
& 1373
=
A
2 04 @ 2%Ti-MOF-808(Zr)
E
. dah | |
g 8%Ti-MOF-808(Zr)
/]
S 13
-
03 4%Ti-MOF-808(Zr) M

0,52 0.54 0,56 0.58 0.60 0,62 0,64

T6ng s6 tam acid [mmol CD;CN/g]

Hinh 3.58. Méi quan hé giita tong s6 tim acid (mmol CD3CN/g) va thoi gian ban
huy cuia DMNP trén MOF-808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr)



111

Pé xem xét anh hudng cua acid Lewis va Brgnsted dén kha ning phan huy
DMNP cua MOF-808(Zr) va (2, 4, 8%) Ti—-MOF-808(Zr), ti 1€ acid Lewis/Brgnsted
trong cac vat liéu nay duogc nghién ctru (Hinh 3.59). Két qua cho théy, khi ti 1€ acid
Lewis/Bronsted tang tir 1,35 1én 1,58, dan dén giam thoi gian ban hay cia DMNP tir
0,47 xudng 0,305 phit (tbc d6 phan tng ting). Su gia ting ti 18 acid Lewis/Brensted,
hay noi cach khac 1a su gia ting cic tdm acid Lewis (Bang 3.15), din dén sy hinh
thanh lién két gitta nhom oxy phosphoryl cia DMNP va acid Lewis trong (2, 4,
8%)Ti—-MOF-808(Zr). Trong truong hop nay, acid Lewis s€ nhan thém electron tur
nguyén ttr oxy hoat dong, trong khi nguyén tir phdt pho dé bi cac nucleophin tin cong
do thiéu dién t&r va DMNP bi thity phan dé giai phong 4-nitrophenol [186]. Két qua
nay cho thdy, tim acid Lewis co trong xtic tic dong vai tro quyét dinh trong viéc phan

hity DMNP.

0.5
E 1453 W MOF-808(Zr)
=
Z 133
- e /i |
%
A
> )
2 04 W 2%Ti-MOF-808(Zr)
&
O 35
8 1.1/3 — -
) 8%Ti-MOF-808(Zr)
213
=
03 4%Ti-MOF-808(zr) ™

1.35 1.40 1.45 1.50 1,55 1.60
Ty lé acid Lewis/ Bronsted
Hinh 3.59. Méi quan hé giira ti 16 acid Lewis/Brensted va thoi gian ban hity DMNP
trén vat liéu MOF-808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr)

Méi quan hé gitra tong sb tim acid (mmoINH3/g) va thoi gian ban hiy DMNP
cling dugc nghién ciru xem xét (Hinh 3.60). Két qua chi ra rang, khi tong tim acid
tang tir 0,664 1én 0,766 mmolNH;/g dbi voi cac mau MOF-808(Zr) va 4%Ti—MOF-
808(Zr), thoi gian ban huy DMNP giam tir 0,47 xudng 0,305 phdt. Nguoc lai, khi
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téng tam acid ting tir 0,766 1én 0,787 mmol NH3/g ddi v6i 4%Ti—-MOF-808(Zr) va
8%Ti-MOF-808(Zr), thoi gian ban hiy DMNP ting tir 0,305 1én 0,36 phut (dong
nghia voi tbe do phan g giam). Két qua nay c6 thé duogc giai thich 13 do s gia ting
cdc tAm acid Brgnsted trén mau 8%Ti-MOF-808(Zr), trong khi tdm acid Lewis quyét
dinh toc d6 phan tng thi giam dang ké (Bang 3.14). Do d6, téc d6 phan hiy DMNP
bi anh hudéng manh mé bdi téng sb cac tim acid va ti 1& thuan véi téng s6 cdc tAm
acid Lewis va Brgnsted.

0.5

m MOEF-808(Zr)

0.4 2%Ti-MOF-808(Zr)m

Thai gian ban hiy DMNP [phit]

113 8% Ti-MOF-808(Z1)
.
1/3
03 .
4%Ti-MOF-808(Zr)
0.64 0.68 0.72 0.76 0.80

Tong so6 tam acid [mmol NHz/g]

Hinh 3.60. Mbi quan hé téng s6 tam acid (mmolNH3/ g) va thoi gian ban hay
DMNP trén MOF-808(Zr) va (2, 4, 8%)Ti—MOF-808(Zr)

Nhu véy, hiéu suat phan haty DMNP ctia Ti-MOF-808(Zr) bi anh huong manh
boi s6 lugng tam acid Lewis va ti 1€ tdm acid trung binh c6 trong vat li¢u.
3.4.2. Hoat tinh xtc tdc cua vt ligu Ti-MOF-808(Zr)

Hoat tinh xuc tac cua (2, 4, 8%)Ti—-MOF-808(Zr) duoc xac dinh béng cach
khao sat kha nang chuyén héa DMNP theo thoi gian cia ching. Diéu kién va thir tu
thir nghiém dugc trinh bay trong chuong 2. Két qua d6 chuyén hoa DMNP trén (2, 4,
8%)Ti—-MOF-808(Zr) va so sanh véi vat liéu MOF-808(Zr) (Hinh 3.61), cho thay, tc
d6 phan hiy DMNP trén MOF-808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr) xay ra rat
nhanh. Sy phan hity nhanh chdng nay c¢6 thé 14 do dic tinh von ¢6 ciia vat liéu MOF-

808(Zr). Nhitng dic tinh nay bao gém su hién dién cua nhiéu cum acid Lewis Zrs
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[187] va lién két hydroxyl (u3—OH) trén céc nit Zrs, gop phan day nhanh qué trinh
xtc tdc thuy phan [188]. Pang chu ¥, cac mau Ti-MOF-808(Zr) thé hién tc d6 phan
hity DMNP nhanh hon dang ké so véi MOF-808(Zr), do mat do tam acid Lewis cao
hon ctia ching (Hinh 3.58). Cu thé, thoi gian ban huy phan huy trén cac miu MOF-
808(Zr), 2%Ti-MOF-808(Zr), 4% Ti-MOF-808(Zr) va 8%Ti—-MOF-808(Zr) lan luot
120,47, 0,40, 0,305 va 0,36 phdt (Hinh 3.62). C6 thé thiy rang khi ham luong Ti ting
tir 0 1én 4% thi thoi gian ban huy phan hioly DMNP giam tir 0,47 xuéng 0,305 phiit,
d6ng nghia véi tdc d6 phan hiy tang 1én. Tdc d6 phan hity nay ting co6 thé 1a do ham
lwong Ti trong MOF-808(Zr) ting 1én, dan dén gia ting sb lwong cac tim acid Lewis
va Brgnsted trong vt liéu va do d6 téc d6 phan hiy DMNP tiang 1én mic du dién tich
bé mat riéng, thé tich va do rong mao quan c6 su gidm nhe (Bang 3.10). Nhin chung,
tat ca cac mau MOF-808(Zr) va (2, 4, 8%)Ti-MOF-808(Zr) déu thé hién hiéu qua
vuot troi trong viéc chuyén héa DMNP thanh 4-nitrophenol va dimethyl phosphate
trong vong khoang 1,67 phut phan ung.

100 = s !. —& e

-
M
”

—{i}—— MOF-808(Zr)

Do chuyén héa DMNP [%)]

L3 2%Ti-MOF-808(Zr)

Ham luong xtc tac 2,04 g/l 4%Ti-MOF-808(Zr)
Dung dich NEM 0.45 M

A

pH =10 A 4 8%Ti-MOF-808(Zr)
|l
2

rr+72,. 7T MmrmrTyTTmTT
0 1/3 2/3 1 4/3 5/3

L l L 'l' L 'l L
7/3 8/3 3 10/3

Thoi gian[phut]
Hinh 3.61. Hiéu suét chuyén héa DMNP theo thdi gian phan tng trén cac mau MOF-
808(Zr) va (2, 4, 8%)Ti—-MOF-808(Zr)
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Vit ligu
Hinh 3.62. Thoi gian ban hity DMNP trén cac mau MOF-808(Zr)
va (2, 4, 8%)Ti-MOF-808(Zr)

bong hoc qua trinh phan ung phan huy DMNP trén MOF-808(Zr), 2%Ti—
MOF-808(Zr), 4%Ti—-MOF-808(Zr) va 8% Ti—-MOF-808(Zr) dugc trinh bay tai Hinh
3.62. Nhu thé hién trong Hinh 3.63, cac mau (2, 4, 8%)Ti—-MOF-808(Zr) déu co kha
nang phan huy nhanh hon MOF-808(Zr), hay noi cach khac khi pha tap Ti vao khung
MOF-808(Zr) 1am ting toc do phan hity DMNP cua ching. Puong cong dong hoc
qué trinh phan hiy DMNP dugc tinh toan theo qua trinh gia bac nhét (In(C/Co) = kt
+ A) va céc gia tri k dugc hién thi (Hinh 3.64). Hiéu suat phan hiy ddi véi cac miu
vat liéu theo thir tw 4%Ti-MOF-808(Zr) (2,874 min™!) > 2%Ti-MOF-808(Zr) (2,346
min') > 8%Ti-MOF-808(Zr) (2,274 min™") > MOF-808(Zr) (1,950 min"). Két qua
tinh toan hang s6 toc do phan tng chi ra rang khi dua Ti** vao di 1am ting hiéu qua
phan hay DMNP mét cach dang ké. Hang s téc do nay ting khi ham lugng Ti ¢
trong mau vat liéu tang tir 0 dén 4%mol, két qua nay pht hop véi sy ting téc do phan
g phan hity duwoc néu & phan trén. Tir két qua nghién ciru thay rang, ham luong cia
Ti trong mau (2, 4, 8%)Ti-MOF-808(Zr) c6 anh huéng dén hoat tinh xtc tac cla vat
liéu. Va ham luong Ti cho vt liéu c6 hoat tinh tot nhét 1a 4%mol hay chinh 12 miu

4%Ti-MOF-808(Zr).
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|m MOF-808(zr)
® 2% Ti-MOF-808(Zr)
A 4% Ti-MOF-808(Z1)
¥ 8% Ti-MOF-808(Zr)
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Tho1i gian[phut]

Hinh 3.63. Pong hoc phan tmg bac nhat ctia phan hity DMNP trén MOF-808(Zr)
va (2, 4, 8%)Ti-MOF-808(Zr)

301 MoF-s08(zy) 2874

2.3

2.0

1.5

1.0

0.5

0.0

MOF-808(Zr) 29%TiMOF-808(Zr)  4%TiMOF-308(Zr)  $%TiMOF-80%(Zr)

Hinh 3.64. Hing s6 toc do phan tmg phan huy DMNP trén cac xuc tic MOF-808
va (2, 4, 8%)Ti-MOF-808(Zr)
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3.4.3. Cdc yéu t6 anh hwong dén kha ning phan hity DMNP trén xiic tic 4%Ti-
MOF-808(Zr)
3.4.3.1. Anh huéng ciia ham lwong xiic tdc

Pé danh gia anh hudong ciia ham luong xuc tac 4%Ti-MOF-808(Zr), luan 4n
da khao sat cac ham luong xuc tac khac nhau gém: 0,68, 1,36, 2,04, 2,72 g/L. Két
qua khao sat dugc trinh bay trong Hinh 3.65.

100 = v;‘ s :——' '

4 ‘ . p
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Tho1i gian[phat]
Hinh 3.65. b6 chuyén héa cua DMNP véi cac lugng khéc nhau cia 4% Ti—-MOF-808(Zr)

Két qua khao sat cho thy, tdc d6 chuyén héa DMNP tang dang ké khi lugng
chat xuc tac ting tir 0,68, 1,36, 2,04, 2,72 g/L. Sy gia ting ndy dan dén giam dang ké
thoi gian ban hity giam tir 0,75 phit xudng 0,25 phdt. Cu thé, v6i ham luong xuc tac
0,68, 1,36, 2,04, 2,72, 3,40, va 4,08 g/L thoi gian ban hay lan luot 1 0,75, 0,48, 0,31,
0,25, 0,32 va 0,47 phit (Hinh 3.66). Tuy nhién, khi tiép tuc tang ham lugng xdc tac
trén 2,72, 3,40 g/L, hiéu sut chuyén héa DMNP giam nhe. Hiéu suat giam rd rét khi
luong xtic tac tang 1én 4,08 g/L. Sy giam sut ndy c6 thé 1a do lugng nap xuc tac qua
murc dan dén tuong tac giira cac 16p bén trong va 1am giam qua trinh tao photon cta
chat xuc tac. Do d6, két qua nay dan dén giam hiéu qua phan hity DMNP [138]. Nhur
vay, ham lugng xuc tac c6 anh hudng ro rét dén hoat tinh xtc tac phan huy DMNP

cta 4%Ti-MOF-808(Zr).
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0,75 Dung dich dém NEM 0.45 M
pH=9

o
Ln

Thai gian ban huy [phut]

0,68 g/L 136 gL 204g/L 22¢L 340gL 4,08 gL
Ham lugng xuc tac [g/L]

Hinh 3.66. Mdi quan hé giira thoi gian ban hily cia DMNP véi cac ham lugng
khéc nhau ctia chét xtc tic 4%Ti-MOF-808(Zr)

T Hinh 3.66 thiy rang, thoi gian ban hay DMNP ting dan khi ting ham
luong chit xtc tac 4%Ti-MOF-808(Zr) tir 0,68 g/L dén 2,72 g/L. Tuy nhién, khi tiép
tuc tang ham luong chat xuc tac trén 2,72 ¢/L thi thoi gian ban huy lai ting 1én (hiéu
suat chuyén hoa DMNP giam). Nhu vdy, ham luong xuc tac t6i vu dé phan hay

DMNP bang xuc tac 4%%Ti—-MOF-808(Zr) tot nhat 13 2,72 g/L.
3.4.3.2. Anh huéng ciia nong dé dung dich dém NEM

Két qua nghién ciru anh huong cua nong d6 NEM dén qua trinh phan hiy
DMNP ctia 4%%Ti-MOF-808(Zr) (Hinh 3.67), cho thdy, khi ndng d6 NEM ting tir
0 1én 0,45 M thi hiéu suat phan hity DMNP ting vot tir 44,33 1én 100% sau 120 gidy.
Su cai tién nay tuong (mg véi viée giam dang ké thoi gian ban hity tir 152 gidy xubng
14,95 giay. Cuy thé thoi gian ban huy cua DMNP voi néng do cua NEM 0,00, 0,15,
0,30, 0,45, 0,60 va 0,80 M lan Iuot 1a 2,00, 0,47, 0,30, 0,25, 0,29 va 0,33 phiit (Hinh

3.68). Sy hién dién ctia NEM giup trung hoa cac san pham c6 tinh acid nhu 4-



118

nitrophenol va cung cip cic nhom hydroxyl cho phan tmg thity phan [10], ciing nhu
tai tao cac tdm hoat dong Zr (tam acid Lewis) cua MOF trong qua trinh xtc tac [71].
Tuy nhién, khi ndng do NEM ting 1én 0,6 M thi téc d6 chuyén héa DMNP giam nhe
va thoi gian ban huy tang tir 0,25 1én 0,29 phit va 0,33 phut tai NEM 0,8 M. Piéu
nay co thé 1a do khi nong d6 NEM ting 1én, nghia 1 mat d6 phan tir NEM ting, khi
mat d6 phan tit NEM ting cao qué s& gy can trd dén qua trinh khuéch tan, tiép xic
ctia chat tham gia phan tng véi nhau va qua d6 anh hudng dén hiéu qua phan tng
phan huy, do vay, hiéu suit chuyén hoa DMNP c6 xu huéng giam xudng. Nhu viy,
dung dich dém NEM c6 thé hoat dong nhu mot bazo dé trung hoa cac san phém co
tinh acid va tao thuan loi cho qua trinh thity phan [10]. Ttr két qua phan tich cho thiy,
ndéng do cua dung dich dém NEM c6 anh huong dang ké dén hiéu suit phan hay
DMNP va ndng d6 dung dich NEM dugc x4c dinh hiéu qua nhat ¢ 0,45 M.

100 ~
80
“
Ham lwong xuc tac 2,72 g/L
60 = pH=9

Do chuyén héa DMNP [%]

i 0,00 M - 0,15 M
e 0.30 M i 0,45 M
it 0.60 M it 0.80 M
'Y 9 % @ 'Y & =k -T@ T8 Y®"R*B*
0 13 2/3 1 43 53 2 73 83 3 103
Tho1 gian [phut]

v

Hinh 3.67. D6 chuyén héa ciia DMNP trén 4%Ti-MOF-808(Zr) véi gia tri
noéng do dung dich d¢m NEM khéc nhau
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2,00

Ham lwromg xie tic 2,72 g/L
pH=9
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Théi gian ban hiy [phit]
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Hinh 3.68. Thoi gian ban huy cua DMNP trén xuc tac 4%Ti—-MOF-808(Zr) vdi gia
tri ndng d6 dung dich dém NEM khac nhau
Tir Hinh 3.68 thay rang khi ting nong d6 dung dich dém NEM thi thoi gian
ban huy giam va thoi gian ban huy ngin nhat (0,25 phuit) tai ndng do dung dich NEM
120,45 M.
1.0

4-Nitrophenol

Cuong do [a.u]
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Hinh 3.69. Pho UV-vis cia DMNP trong dung dich dém NEM 0,15 M tai céac thoi
diém phan tng khac nhau
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Ph6 UV-vis cia DMNP (Hinh 3.69) trong dung dich dém NEM 0,15 M cho
thdy cudng do ting & 403 nm do su hinh thanh san pham 4-nitrophenol va giam cuong
d6 ¢ 280 nm do sy phan hity cia DMNP. Bang cach quan sat truc quan ta ciing thiy
su thay d6i mau sic ciia dung dich DMNP trong dung dich dém NEM khi thoi gian
tiép xtic voi b xa 4nh sang tang (Hinh 3.70). Sy thay d6i mau sic nay lién quan dén
su phan hity DMNP tao thanh 4-nitrophenol theo thoi gian phan tng. Mau sic chuyén

d6i tir khong mau (¢ thoi diém ban déu, 0 s) va mau vang dam dan khi thoi gian phan

— : oo e

g ting 1én, ching to san pham phén hiy 4-nitrophenol ting 1én.

Hinh 3.70. Sy thay ddi mau sic cﬁg DMNP trong dung dich dém NEM 0,15 M tai
) cac thoi diém phéan trng khac nhau
3.4.3.3. Anh huong cua pH

Anh hudng ctua pH dén kha niang chuyén héa DMNP duoc khao sat v6i gid tri
lan lwot 14 3, 5, 6, 7, 8, 9 va 10. Két qua duoc trinh bay tai Hinh 3.71.
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ESO- " A 4 ‘
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¢/L; NEM 0.45 M
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-
Yyéehrunw

Hinh 3.71. D6 chuyén héa ciia DMNP trén 4%Ti-MOF-808(Zr) véi gia tri pH

khac nhau
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Gia tri pH anh huong dang ké dén hiéu qua loai bd6 DMNP vi qua trinh phan
hiy DMNP bao gém céa qua trinh quang xic tac va qua trinh thay phan véi su tin
cong nucleophin phét pho hitu co boi céc ion hydroxit trong méi trudng nude. Nhur
dugc miéu ta trong Hinh 3.71, khi gia tri pH tang tir 3 d&én 9, toc d6 phan huy DMNP
duoc cai thién dang Kké, tang tr 42,70 1én 100% sau 1,67 phuit. Sy cai thién nay lién
quan dén su giam dang ké thoi gian ban hay ciia qua trinh phan hay, giam tir 3,34
xuéng 0,25 phut. Cu thé, véi gia tri pH cia dung dich phan ung 3, 5, 6, 7, 8, 9, 10 c6
thoi gian ban hay cia DMNP lan luot 1a 3,34, 1,11, 0,74, 0,40, 0,30, 0,25 va 0,29
phiit (Hinh 3.72). Tuy nhién, trong diéu kién pH cao hon (pH = 10), toc d6 phan huy
DMNP giam déng ké mic du ndng d6 ion hydroxit trong dung dich cao hon. Két qua
nay la do sy dich chuyén cua cac phan tir nudc tir cac vi tri khuyét tat trén nut Zre
trong Ti-MOF-808(Zr). O d6 pH du cao, cic phan tr nude duge thay thé bang cac
phéi tir hydroxo it hoat dong hon, do d6 1am cham téc do thiy phan [189]. Vi vay,
gia tri pH anh huong dang ké dén kha ning phan ung cua xuc tac 4%Ti-MOF-
808(Zr).

33 334 Him lrong xic tdc 2,72 g/L
NEM 045 M
3,0
s 25
=
R
2,
= 20
g
LD
g 1.5
"Bh
£
= 1,0
05
0,0
3 5 6 7 8 9 10
b6 pH

Hinh 3.72. Thoi gian ban huy cia DMNP trén 4%Ti—MOF-808(Zr) véi
gia tri pH khac nhau
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Nhu véy, voi dung dich ¢6 d6 pH = 9, xdc tic 4% Ti-MOF-808(Zr) cho két
qua phan huy DMNP t6t nhat, voi thoi gian ban hay 13 0,25 phuit.
3.4.4. Khad nang tdai sir dung ciia vat lieu 4% Ti-MOF-808(Zr) trong qud trinh
phédn huy DMNP

Pé danh gia kha ning tai sir dung cua vat liéu 4%Ti-MOF-808(Zr), sau thoi
gian thi nghiém xtr Iy DMNP lan thtr nhét, vat liéu dugc thu hdi bang phuong phap
ly tam, rira bang NEM 0,15 M va sdy 12 gio & 80 °C dé str dung cho lan thi nghiém
tiép theo. Thi nghi¢m lan thir hai, ba, bdn, nam, sau dugc thuc hién tuong tu nhu lan
dau véi cac diéu kién khac khong doi (DMNP 6,20 g/L, ham lwong xuc tac 2,72 g/L,
pH =9, NEM 0,45 M). Nong d6 chat 6 nhiém sau phan tmg dugc xac dinh dé tinh
hi€u qua xur Iy cua vat li¢u da st dung. Hinh 3.73 cho théy dd bén ndi bat cua chét

xuc tac, voi ti 1€ chuyén hoéa DMNP vugt quéa 98% tham chi sau 6 chu ky phan tng.

Do chuyén hoa DMNP [%]

1 2 3 4 5 6
Chu ky

Hinh 3.73. Kha ning tai sit dung cua vat liéu 4%Ti-MOF-808(Zr) dé phan huy
DMNP (6,2 g/L) sau thoi gian phan g 1,34 phait
bo bén vuot troi nay dugc xac dinh thém boi gian dd XRD va anh TEM cua
xUc tac sau phan tng. Pang cht ¥ 1a ca gian ¢6 XRD (Hinh 3.74) ciing nhu anh TEM
(Hinh 3.75) cta vat liéu 4%Ti—-MOF-808(Zr) sau phan ng khong cho thiy bat ky
thay doi dang ké ndo, lam ndi bat tinh toan ven ciu trac bén viing cua nd. Tir danh
gia trén, thdy rang vat lidu 4%Ti-MOF-808(Zr) c6 do bén tai sir dung twong ddi tot,

mo ra tiém nang ng dung thyc té ctia no.
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| 4%Ti-MOF-808(Zr) sau 6 chu ky
4 phan 1'mg

Cuong do [a.u]

4%T1-MOF-808(Zr) trude phan ung

1 ' T J T y
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Hinh 3.74. Gian d6 XRD cua 4%Ti-MOF-808(Zr) trudc va sau 6 chu ky phan tng

Hinh 3.75. Anh TEM cta 4%Ti—-MOF-808(Zr) trudc (A) va sau 6 chu ky phan tng (B)

3.4.5. Pé xuit co ché phan ieng phéan hity DMNP trén xiic tic Ti-MOF-808(Zr)

Dé c6 co sd dé xuit co ché phan Gmg phan huy DMNP, luin an xac dinh cac
san pham phan huy DMNP bang xuc tac 4% Ti—-MOF-808(Zr), phd sic ky long khoi
phd (LC-MS) duoc str dung. Két qua tai Hinh 3.76 cho thiy ring, sau 1,34 phut
DMNP bi phan hity hoan toan thanh cac san pham it doc hon. Cac san pham phén
hiy bao gdm dimethyl phosphate (m/z = 126,15), methyl phosphate (m/z = 109,23)

va 4-nitrophenol (m/z = 137,83). Viéc hinh thanh cac san phém nay la do vat liéu nay
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chtra cac tm acid Lewis cit lién két ester phosphate ctiia hop chit co phdt pho. Mit
khac, su cai thién kich thuéc mao quan cua vat liéu xtc tic nay giup su tiép xic pha
ctia chat phan Gng thudn loi hon thay vi tiép xtc giita chat xtc tac va lién két ester
phosphate trong hop chit co phét pho, chi xay ra trén bé mit ngoai cua chét xtc tac
[83], do d6 nang cao hiéu sudt chuyén héa DMNP. Tir két qua phén tich san phim
hinh thanh trong qua trinh phan huy DMNP, budc dau co6 thé dé xut phan tng (Hinh
3.77) va co ché phan huy DMNP bang Ti-MOF-808(Zr) (Hinh 3.78).
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Hinh 3.76. Pho LC-MS san pham phan hay DMNP bang xiic tic 4%Ti—-MOF-
808(Zr) v&i thoi gian phan img khac nhau (A) O's, (B) 10 s va (C) 80 s

Dimethyl hydrogen
0 phosphate

‘}\ ,/0
\\.\_\0,.-P\ Ti-MOF-808(Zr) 0\5\ _oH S
;‘0 H0 o~ P\\ + ‘
/ NO; o o =

H

DMNP 4-nitrophenol

Hinh 3.77. Phan mg phan hity DMNP bang Ti—-MOF-808(Zr)
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Hinh 3.78. Co ché thity phan DMNP trén xtic tic Ti-MOF-808(Zr)

Dau tién, cac chit doc than kinh hoic chat mé phong chat doc than kinh co
phét pho (DMNP) duge Ti-MOF-808(Zr) hap phu thong qua lién két Zr—O=P trén
tam Zr khuyét tat co chtra acid Lewis. Sau su hinh thanh lién két Zr—O=P, nguyén tir
oxy nhudng electron cho acid Lewis va nguyén tir photpho tré nén thiéu electron va
d& bi tAn cong bai nucleophin, din dén lién két RO=P bi suy yéu [16, 146]. Tiép theo,
mot phan tir nudce lién két véi Zr—OH, 1an cén va tan cong nucleophin P°*, dan dén
su hinh thanh P—OH trung gian [147]. Sau khi b6 sung nudc cho SBU, chat md phong
DMNP bj thity phan va giai phong H-X (4-nitrophenol). Cudi cuing, lién két hoa hoc
P—OAr (ArO = 4-nitrophenol) bi tach ra va cac san phadm phan hay lién tuc duoc giai
phong khoi tim hoat dong dé tai tao phan tng xuc tac [186]. Can luu ¥ rang, ca tAm
acid Bronsted va Lewis déu hap phu DMNP thong qua viéc hinh thanh lién két oxy
phosphoryl. Tuy nhién, tdm acid Brensted chi hip phu céc phan tdt DMNP, trong khi
tam acid Lewis hap phu va thiy phan DMNP thanh san pham it doc hon thong qua
phan Gmg vé6i cac nhom bé mit [16]. Trong qué trinh phan tng, dung dich dém NEM
c6 thé déng vai tro 1 bazo dé trung hoa cic san pham c6 tinh acid tao ra nham day
nhanh toc do phan Ung va loai bo cac proton nudc tao diéu kién thuén loi cho qua
trinh thity phan [10]. Vi vdy, tdm acid Lewis quyét dinh dén hiéu qua phan huy
DMNP.
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Twr nhitng két qua cong bd trude day va cac s6 liéu thu duoc cua luan 4n, dua
ra so sanh hiéu suit chuyén héa DMNP tai Bang 3.16. Tir sb liéu trinh bay trong Bang
3.16 thay rang, hiéu suat chuyén héa bang xuc tic 4% Ti-MOF-808(Zr) cao hon dang
ké so v&i cac vat liéu da cong bd trude d6, nhan manh hiéu qua dac biét cua vat licu
nay nhu mot chat xtc tac dé loai bo DMNP nhanh chéng. Nhu vay, 4%Ti—-MOF-
808(Zr) ¢ tiém nang ung dung lam vat liéu xur 1y cht doc than kinh co phét pho mot
cach nhanh chéng va hi¢u qua. Trong khi d6, phan hiy xtc tac quang DMNP trén vat
ligu Ui0O-66C/g-C3N4-30% dugc thuc hién trong moi truong nude (pH = 7) va chiéu
sdng anh sang kha kién cho két qua kha tot (t12 = 2,17 phut), diéu ndy c6 thé mé rong
pham vi tmg dung ctia Zr-MOFs néi chung va UiO-66C/g-C3N4 ndi riéng trong diéu

kién thuc té.

Bang 3.16. Kha nang phan huy DMNP trén céc vat liéu xtc tdc khiac nhau

Vit liéu Moi truong phan ung Thot gian ban TLTK
huy ti2 (pht)
UiO-66 NEM (0,45 M, pH =10) 40 [83]
PP/ZnO/UiO-66-NH> | NEM (0,45 M, pH = 10) 4,80 [39]
Zr-MOFilter UiO-66-NH2| NEM (0,45 M, pH =10) 2,40 [104]
UiO-66-NH: NEM (0,45 M, pH =10) 2,80 [190]
Graphene/UiO-66-NH> | NEM (0,45 M, pH = 10) 1,60 [10]
Ui0-67 NEM (0,45 M, pH = 10) 4,50 [191]
NU-1000 NEM (0,45 M, pH = 10) 3,60 [89]
Ui0-66C/g-C3N4-30% Nudc, pH=7 2,17 Luan an
4%Ti—MOF-808(Zr) NEM (0,45 M, pH =9) 0,25 Luan an
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KET LUAN VA KIEN NGHI

KET LUAN

1. Luan an da téng hop dugc vat li¢u nano TiO2 va 9 loai Zr—-MOFs v61 3 dang
lién két khac nhau gom: loai 12 lién két (UiO-66C, UiO-66C/g-C3Na, UiO-66, UiO-
66-NH,, UiO-67, Zr-NDC), loai 8 lién két (NU-1000), va loai 6 lién két (MOF-
808(Zr) va Ti-MOF-808(Zr). Trong dé, UiO-66C va UiO-66C/g-C3N4 duoc tong hop
stt dung chat lién két HoBDC duoc diéu ché tir nhya tai ché PET (polyethylene
terephthalate). Trong s cac vat liéu tong hop duoc, MOF-808(Zr), Ti-MOF-808(Zr)
c6 dién tich bé mat riéng 1an luot 1a 1756 m%/g va 1741 m2/g 16n hon so véi TiO2 (139
m%g) va cdc Zr-MOFs riéng & (583 + 1685 m%/g) va 6n dinh nhiét trén 500 °C. Kich
thude hat cuia MOF-808(Zr), Ti-MOF-808(Zr) (~100 nm) va UiO-66C, UiO-66C/g-
C3Ny (80 + 120 nm) nho hon so véi cac vat lidu tong hop dugc.

2. Hoat tinh x0ic tdc cta nano TiO»-100 dugc xac dinh ¢ diéu kién v6i ham
luong xtc tac 30 g/L, trong dung dich dém NEM 0,45 M, cho théy vat liéu nay co
kha phan huy xtc tac quang dat 96,14 % sau 120 phut phan mg. Nghién clru ciing
chi ra rang, hiéu suat chuyén héa DMNP ting 1én khi chiéu sing anh sang, ting tir
75,34% (khong chiéu sing) 1én 96,14% (chiéu sdng). Diéu nay ching t6 ring, viéc
két hop qua trinh thuy phan va quang xutc tac 1am ting hiéu suit chuyén héa DMNP
trén vat liéu nano TiO2-100.

3. Xéc dinh hoat tinh xtc tac cua vat li¢u UiO-66C va UiO-66C/g-C3N4 & diéu
kién t61 wu v6i ham luong xuc tac 4,20 g/L, mdi truong nude (pH = 7), cho thay hiéu
suat phan hiy quang xtac tic DMNP 16n nhat dat 98,9% (60 phut) trén UiO-66C/g-
C3N4-30% 16n hon so véi trén Ui0-66C (50%) véi thoi gian ban huy 1a 2,17 phut.
Két qua nay cho thdy khi dua UiO-66C 1én g-C3N4 1am ting kha ning hap thu birc xa
anh sang kha kién va han ché su tai to hop cap electron/16 tréng cua vat liéu lai, qua
d6 tang hiéu suat phan hiy DMNP. Budc dau nghién ciru cho thay, co ché quang xuc
tac ctia UiO-66C/g-C3N4-30% ngu ¥ rang “0?~, h* va "OH c6 thé 1a cac loai tAm hoat
dong chinh trong phan huty DMNP.

4. So sanh hoat tinh phan huy quang xiuc tac DMNP cua MOF-808(Zr) va
4%Ti—-MOF-808(Zr) trong diéu kién méi truong thich hop 1a dung dich dém N-
ethylmorpholine 0,45 M, pH = 9 va ham luong xtc tac 1a 2,72 g/L cho thiy, thoi gian
ban hay DMNP giam tir 0,47 phat trén MOF-808(Zr) xudng 0,25 phut trén 4%Ti—
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MOF-808(Zr) va thdi gian phan hiy hoan toan (100%) DMNP giam tir 3,00 phat dbi
v6i MOF-808(Zr) xudng con 1,34 phit ddi véi 4%Ti-MOF-808(Zr). Hoat tinh xuc
tac ctia Ti-MOF-808(Zr) tang 1én 13 do lwong tim acid Lewis dong vai tro quyét dinh
dén hiéu suét phan huy DMNP tiang 1én khi ¢6 sy hién dién cta ion T* trong vat liéu
Ti-MOF-808(Zr). Budc dau nghién ciru co ché phan hity DMNP trén 4%Ti-MOF-
808(Zr) thay ring, cdc tim acid Lewis trong xuc tic 4%Ti—-MOF-808(Zr) c6 thé dong
vai tro quyét dinh trong viéc phan huy DMNP.

5. Nghién ctru d6 bén tai sir dung cho thy vat liéu 4%Ti-MOF-808(Zr) duy
tri hiéu suat phan huy DMNP dat trén 98% sau 6 chu ky phan tmg. Trong khi d6 UiO-
66C/g-C3N4-30% ciing giit duoc hiéu suét trén 98% sau 5 chu ky sir dung.

KIEN NGHI

Nghién ctru ndy budc dau danh gia kha nang phan hiy chat mo phong chat doc
than kinh co pht pho DMNP bang nano TiOz, UiO-66C/g-C3N4-30% va 4%Ti—
MOF-808(Zr), két qua cho thay vat liéu UiO-66C/g-C3N4-30% va 4%Ti-MOF-
808(Zr) c6 kha ning xir Iy nhanh va hiéu qua va c6 kha ning tai st dung tot. Dé co
nhimg danh gia toan dién vé kha nang xir 1y chat doc than kinh co phét pho can ¢
thém nghién clru trén cac chit mo phong khac cua loai chit doc nay. Bén canh do,
cling can nghién ciru thém mat s6 hop chét co phdt pho khéac dé c6 thé danh gia, hoan

thién va mé rong doi tuong xur 1y cua céc vat ligu nay.



129

DANH MUC CONG TRINH CONG BO LIEN QUAN PEN LUAN AN

1. Dung Van Le, Trinh Duy Nguyen, Phuong T. Dang, Pham Thi Hai Yen and
Manh B. Nguyen, “Enhancing the Degradation Efficiency of Dimethyl Nitrophenyl
Phosphate, a Chemical Warfare Agent Simulant, through Acid Sites in Bimetallic
Metal-Organic Framework Ti-MOF-808(Zr): Synergistic Roles of Lewis and
Bronsted Acids”, Applied Surface Science, 2024, 655, 159588. (IF 6,3, Q1).

2. Dung Van Le, Manh B. Nguyen, Phuong T. Dang, Taeyoon Lee and Trinh
Duy Nguyen, “Synthesis of a UiO-66/g-C3N4 composite using terephthalic acid
obtained from waste plastic for the photocatalytic degradation of the chemical
warfare agent simulant, methyl paraoxon”. RSC Adv, 2022, 12, 22367-22376. (IF
3,361, Q2)

3. Lé Vin Diing, Ping Tuyét Phuong, Nguyén Duy Trinh, Nguyén B4 Manh,
“Tong hop vat lidu nano TiOz va ZrO, dé phan hily chat mod phong tac nhan than
kinh”, Tap chi xuc tac va hép phu Viét Nam, 2022, 11 (1), 104-109.

4. Bui Trung Thanh, Ping Thanh Binh, Lé Vin Diing, Nguyén Xuan Toan,
Lai Van Cuong, Nguyén B4 Manh, “Téng hop vat liéu nano TiO; tmg dung dé phan
huy chat mo phong chat doc than kinh DMNP”, Tap chi Nghién ctru Khoa hoc va
Cong ngh¢ quén sy (JMST), 12/2022, 84, 42-49.



[7]

[10]

[11]

[12]

130

DANH MUC TAI LIEU THAM KHAO

Adebayo A, Erind M, Angela C. R, Louisdon P., 2023, Organophosphates,
National Library of Medicine.

Nikolina Macek Hrvat, Zrinka Kovarik., 2020, Counteracting Poisoning with
Chemical Warfare Nerve Agents, Arh Hig Rada Toksikol, vol. 71(4), p. 266-284.

Mojiri M., et al., 2020, Pesticides in aquatic environments and their removal
by adsorption methods, Chemosphere, vol. 253, p. 126646.

Bandosz T. J., et al., 2012, Reactions of VX, GD, and HD with Zr(OH)4: near
instantaneous decontamination of VX, J. Phys. Chem. C, vol. 116, p. 11606-11614.

Maria J.M., et all., 2019, Paraoxonase-1 as a Regulator of Glucose and Lipid
Homeostasis: Impact on the Onset and Progression of Metabolic Disorders,
Int. J. Mol. Sci, vol. 20, p. 4049.

Russell J. A., Berberich J. A., Drevon F. G., and Koepsel R. R., 2003,
Biomaterials for mediation of chemical and biological warfare agents, Annu.

Rev. Biomed. Eng, vol. 5, pp. 1-27.

Malakootian M., et al., 2020, Advanced oxidation processes for the removal of
organophosphorus pesticides in aqueous matrices: A systematic review and meta-

analysis, Process Safety and Environmental Protection, vol. 134, pp. 292-307.
Badawya M. 1., Montaser Y. G., Gad-Allaha T. A., 2006, Advanced oxidation

processes for the removal of organophosphorus pesticides from wastewater,
Desalination, vol. 194, pp. 166-175.

Lee J., et al., 2021, UiO-66-NH> and Zeolite-Templated Carbon Composites
for the Degradation and Adsorption of Nerve Agents, Molecules, vol. 16.

L. Song, T. Zhao, D. Yang, X. Wang, X. Hao, Y. Liu, S. Zhang, ZZ Yu., 2020,
Photothermal graphene/UiO-66-NH; fabrics for ultrafast catalytic degradation
of chemical warfare agent simulants, Journal of Hazardous Materials, vol.
393, p. 122332.

Jeon S., et al., 2019, Conformal Nanoscale Zirconium Hydroxide Films for
Decomposing Chemical Warfare Agents, ACS Appl. Nano Mater, vol. 4, p.
2295-2307.

Michael A., et al.,, 2021, Adsorption and Decomposition of Dimethyl
Methylphosphonate on Size-Selected Zirconium Oxide Trimer Clusters, J.
Phys. Chem. C, vol. 125, p. 23688—23698.



[13]

[16]

[18]

[22]

[23]

[25]

131

Nasiripur P., Zangiabadi M., Baghersad M. H., 2021, Visible light photocatalytic
degradation of methyl parathion as chemical warfare agents simulant via GO-
Fe304/B12M00Og nanocomposite, J. Mol. Struct, vol. 1243, p. 130875.

Tsyshevsky R., et al., 2021, Degradation of Fatal Toxic Nerve Agents on Dry
TiO2, ACS Appl. Mater. Interfaces, vol. 13, pp. 696-705.

éteng V., et al., 2005, Reaction of sulfur mustard gas, soman and agent VX
with nanosized anatase TiO> and ferrihydrite, J. Chem. Technol. Biotechnol,
vol. 80, p. 754-758.

LiuY.,etal., 2017, Catalytic degradation of chemical warfare agents and their

simulants by metal-organic frameworks, Coordination Chemistry Reviews,
vol. 346, pp. 101-111.

De Koning M. C., Grol M. V., Breijaert T., 2017, Degradation of Paraoxon
and the Chemical Warfare Agents VX, Tabun, and Soman by the Metal-
Organic Frameworks UiO-66-NH>, MOF-808, NU-1000, and PCN-777,
Inorganic Chemistry, vol. 56, p. 11804—11809.

Luo H. B., et al., 2021, Rapid, Biomimetic Degradation of a Nerve Agent
Simulant by Incorporating Imidazole Bases into a Metal-Organic Framework,
ACS Catal, vol. 11, p. 1424-1429.

C-velilla L., et al., 2023, Synergistic binding sites in a metal-organic framework
for the optical sensing of nitrogen dioxide, Nat Commun, vol. 14, pp. 1-10.
LiW., etal., 2023, FeSx @ MOF-808 composite for efficient As(III) removal from
wastewater: behavior and mechanism, J. Hazard. Mater, vol. 446, p. 130681.

Su S., et al., 2022, Fabrication of lanthanum-modified MOF-808 for phosphate and
arsenic (V) removal from wastewater, J. Environ. Chem. Eng, vol. 10, p. 108527.
Ganesan K., Raza S. K., Vijayaraghavan R., 2010, Chemical warfare agents,
J Pharm Bioall Sci, vol. 2, pp. 166-78.

Daniel K., et al., 2008, Computational studies on the solvolysis of the chemical
warfare agent VX, J. Phys. Org. Chem, vol. 21, p. 321-28.

Xiang W., et al., 2020, The metal-organic framework UiO-66 with missing-
linker defects: A highly active catalyst for carbon dioxide cycloaddition,

Applied Energy, vol. 277, p. 115560.
Agrawal M., Gallis D. F. S., Greathouse J. A.,Sholl D. S., 2018, How Useful

Are Common Simulants ofChemical Warfare Agents at Predicting Adsorption
Behavior?, SAND, pp. 1-46.



[26]

[29]

[33]

[34]

[36]

[37]

132

Oliver M. C and Huang L., 2023, Advances in Metal-Organic Frameworks for
the Removal of Chemical Warfare Agents: Insights into Hydrolysis and

Oxidation Reaction Mechanisms, Nanomaterials, vol. 13, p. 2178.

Vorontsov A. V., etal., 2002, Routes of photocatalytic destruction of chemical
warfare agent simulants, New J. Chem, vol. 26, p. 732-744.

Wang S., et al., 2020, Polymer of intrinsic microporosity (PIM) based fibrous
mat: combining particle filtration and rapid catalytic hydrolysis of chemical
warfare agent simulants into a highly sorptive, breathable, and mechanically

robust fiber matrix, Materials Today Advances, vol. 8, p. 100085.

Ma K., et al, 2021, Near-instantaneous catalytic hydrolysis of
organophosphorus nerve agents with zirconium-based MOF/hydrogel

composites, Chem Catalysis, vol. 1, p. 721-733.
Firozjaee T. T., Mehrdadi N., Baghdadi M., Bidhendi G. N., 2017, The

removal of diazinon from aqueous solution by chitosan/carbon nanotube
adsorbent, Desalin Water Treat, vol. 79, pp. 291-300.

Liu X, et al., 2013, Graphene-coated silica as a highly efficient sorbent for residual
organophosphorus pesticides in water, J. Mater. Chem. A, vol. 1, pp. 1875-1884.

Mahpishanian S., Sereshti H., Baghdadi M., 2015, Superparamagnetic core-
shells anchored onto graphene oxide grafted with phenylethyl amine as a nano-
adsorbent for extraction and enrichment of organophosphorus pesticides from

fruit, vegetable and water samples, Chromatogr. A, vol. 1406, pp. 48-58.

Trenque I, et al., 2019, Shape-selective synthesis of nanoceria for degradation of

paraoxon as a chemical warfare simulant, Phys. Chem, vol. 21, pp. 5455-5465.
Rashi Gusain, Kanika Gupta, Pratiksha Joshi, Om P. Khatri., 2019, Adsorptive

removal and photocatalytic degradation of organic pollutants using metal
oxides and their composites: A comprehensive review, Advances in Colloid
and Interface Science, vol. 272, p. 102009.

Zhang Y, Zhou B, Chen H, Yuan R., 2023, Heterogeneous photocatalytic
oxidation for the removal of organophosphorus pollutants from aqueous
solutions: A review, Science of The Total Environment, vol. 856, p. 159048.
Marco A., et al., 2011, Advanced Oxidation Processes (AOPs) for Removal of
Pesticides from Aqueous Media, chez Pesticides - Formulations, Effects, Fate,
InTech, pp. 685-730.

B-Lecompte C., 2020, Advanced Oxidation Processes - Applications, Trends,
and Prospects, Published in London, United Kingdom.



[38]

[47]

[48]

[49]

[50]

133

Buzek D., Demel J., Lang K., 2018, Zirconium Metal-Organic Framework
UiO-66: Stability in an Aqueous Environment and Its Relevance for

Organophosphate Degradation, Inorg. Chem.

Lee D. T.,etal.,2017, UiO-66-NH2 MOF Nucleation on TiO2, ZnO, and Al.O3
ALD-treated Polymer Fibers: Role of Metal Oxide on MOF Growth and
Catalytic Hydrolysis of Chemical Warfare Agent Simulants, ACS Appl. Mater.
Interfaces, vol. 51, p. 44847-44855.

Nguyén Trung Duong., 2018, Tinh chat quang hoc cta vat liéu TiO2 ¢ ciu
trac nano, Bo Gido Duc, Thanh phé Hué.

Eddy D. R., et al., 2023, Heterophase Polymorph of TiO> (Anatase, Rutile,
Brookite, TiO> (B)) for Efficient Photocatalyst: Fabrication and Activity,
J.Nanomaterials, vol. 13, p. 704.

Evtushenko Y. M., Romashkin S., Davydov V., 2011, Synthesis and properties
of TiO-based nanomaterials, Theor. Found. Chem. Eng, vol. 45, pp. 731-738.

Grabowska E., Marchelek M., Gawron M. P., Medynska A. Z., 2018, Metal
oxide photocatalysts, University of Gdansk, Gdansk, Poland.

Pana J.W, Li C, Zhao Y.F, Liu R.X, Gong Y.Y, Niu L.Y, Liu X.J, Chi B.Q,,
2015, Electronic properties of TiO» doped with Sc, Y, La, Zr, Hf, V, Nb and
Ta, Chemical Physics Letters, vol. 628, p. 43—48.

Seman N., et al., 2020, Preparation Method of Titanium Dioxide Nanoparticles
and Its Application: An Update, IOP Conf. Ser.: Earth Environ. Sci, pp. 1-11.

Gloria Bazargan, Igor V. Schweigert, Daniel Gunlycke., 2022, Adsorption of
organophosphate nerve agent VX on the (101) surface of anatase titanium
dioxide, Surface Science, vol. 716, p. 121957.

Cong Y., ZhangJ., Chen F., Anpo M., He D., 2007, Preparation, photocatalytic
activity, and mechanism of nano-TiO2 Co-doped with nitrogen and iron (III),

Journal of Physical Chemistry C, vol. 111, p. 10618—-10623.
Harada K., Hisanaga T., Tanaka K., 1990, Photocatalytic degradation of

organophosphorous insecticides in aqueous semiconductor suspensions,
Water Research, vol. 24, pp. 1415-1417.

Evgenidou E., et al., 2007, Photocatalytic oxidation of methyl parathion over
TiO2 and ZnO suspensions, Catalysis Today, vol. 124, p. 156—162.

Wagner G. W., Peterson G. W., Mahle J. J., 2012, Effect of Adsorbed Water
and Surface Hydroxyls on the Hydrolysis of VX, GD, and HD on Titania



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[59]

[60]

[61]

[62]

134

Materials: The Development of Self Decontaminating Paints, Ind. Eng. Chem.
Res, vol. 51, pp. 3598-3603.

G. K. Prasad, T. H. Mahato, Beer Singh, K. Ganesan, Anchal. R. Srivastava,
M. P. Kaushik, R. Vijayraghavan., 2008, Decontamination of sulfur mustard
and sarin on titania nanotubes, AIChE Journal, vol. 54, pp. 2957-2963.

Yenny Cardona Quintero, Ramanathan Nagarajan., 2018, Molecular and
dissociative adsorption of DMMP, Sarin and Soman on dry and wet TiO2(110)
using density functional theory, Surface Science, vol. 675, p. 26-35.

Xue Y., Zheng S., Xue H., Pang H., 2019, Metal-organic framework composites
and their electrochemical applications, J. Mater. Chem A, vol. 7, p. 7301-7327.

Scherb C. C., 2009, Controlling the surface growth of metal-organic
frameworks, Dissertation for the PhD degree from the Faculty of Chemistry
and Pharmacy of the Ludwig-Maximilians-University of Munich.

Yaghi M. O., Kalmutzki M. J., Diercks C. S., 2019, Introduction to Reticular
Chemistry: Metal-Organic Frameworks and Covalent Organic Frameworks,
Wiley-VCH Verlag GmbH & Co. KGaA.

Perera I. R., Hettiarachchi C. V., Ranatunga R. J. K. U., 2019, Metal-Organic
Frameworks in Dye-Sensitized Solar Cells, in: Adv. Sol. Energy Res., Springer
Singapore, Singapore, p. 175-219.

Naser S. A. E., Badmus K. O., Khotseng L., 2023, Synthesis, properties, and

applications of metal organic frameworks supported on graphene oxide,
Coatings, vol. 13, p. 1456.

TongP., Liang J., Jiang X., LiJ., 2020, Research progress on metal-organic framework
composites in chemical sensors. Crit. Rev. Anal. Chem, vol. 50, p. 376—392.

Howarth J. A., et al., 2016, Chemical, thermal and mechanical stabilities of

metal— organic frameworks, J. Nat. Rev. Mater, vol. 1, p. 15018.

Dey C., et al, 2014, Crystalline metal-Organic frameworks (MOFs):
Synthesis, structure and function, Acta Crystallogr. Sect. B Struct. Sci. Cryst.
Eng. Mater, vol. 70, pp. 3-10.

Feng S.-H., Li G.-H., 2017, Chapter 4 - Hydrothermal and Solvothermal
Syntheses, Mod. Inorg. Synth. Chem. Second Ed, pp. 73-104.
Sénchez M. S., et al., 2015, Synthesis of metal-organic frameworks in water

at room temperature: Salts as linker sources, Green Chemistry, vol. 17, p.
1500-15009.



[63]

[65]

[66]

[69]

[70]

[72]

[73]

[74]

135

Son F. A., et al., 2020, Uncovering the Role of Metal-Organic Framework
Topology on the Capture and Reactivity of Chemical Warfare Agents,
Chemistry of Materials.

Nguyén H6 Thuy Linh., 2023, Tong hop va chirc ning hoa vat liéu khung hiru
co -kim loai ¢6 tinh ning acid cho tng dung lam xuc tac va hap phy, PHQG
TPHCM, H6 Chi Minh.

Yunzhuo Li., 2022, Catalytic Hydrolysis of Organophosphorus 1 Nerve Agents by
Metal-organic Frameworks: What Happens Next?, Preprints, p. 2022100212.

Kirlikovali K. O., et al., 2020, Zirconium-Based Metal-Organic Frameworks
for the Catalytic Hydrolysis of Organophosphorus Nerve Agents, ACS Applied
Materials and Interfaces, vol. 12, p. 14702-14720.

Tao Y., et al., 2022, Green synthesis of MOF-808 with modulation of particle

sizes and defects for efficient phosphate sequestration, Elsevier.

Zhang X., et al., 2021, Recent advances of Zr based metal organic frameworks
photocatalysis: Energy production and environmental remediation, Coord.
Chem. Rev, vol. 448, p. 214177.

Bai Y., et al., 2016, Zr-based metal-organic frameworks: design, synthesis,

structure, and applications, Chem. Soc. Rev, pp. 1-41.

Ning-Yu Huang, Jun Gu, Dafa Chen, and Qiang Xu., 2021, MOF/hydrogel
catalysts for efficient nerve-agent degradation, Chem Catalysis, vol. 1, p. 488—508.

Hong-Bin Luo,Anthony J. Castro, Megan C. Wasson, Willmer Flores, Omar
K. Farha, and Yangyang Liu., 2021, Rapid, Biomimetic Degradation of a
Nerve Agent Simulant by Incorporating Imidazole Bases into a Metal-Organic
Framework, ACS Catal. 2021, vol. 11, p. 1424—1429.

Cavka J. H., et al., 2008, A new zirconium inorganic building brick forming
metal organic frameworks with exceptional stability, J. Am.Chem. Soc, vol.
130, pp. 13850-13851.

Joseph W, et al., 2020, A decade of UiO-66 research: A historic review of dynamic
structure, synthesis mechanisms, and characterization Techniques of an Archetypal
MetalOrganic Framework, Crystal Growth and Design, vol. 20, p. 1347-62.

Katz M. J., et al., 2013, A Facile Synthesis of UiO-66, UiO-67 and Their
Derivatives, Chem. Commun, vol. 49, p. 9449-9451.



[75]

[77]

[78]

[79]

[80]

[82]

[83]

[84]

136

Zhang X., et al., 2018, g-C3N4/UiO-66 nanohybrids with enhanced
photocatalytic activities for the oxidation of dye under visible light irradiation,
Materials Research Bulletin, vol. 99, p. 349-358.

Shi L., Wang T., Zhang H. B., Chang K., Ye J. H., 2015, Electrostatic self-
assembly of nanosized carbon nitride nanosheet onto a zirconium metal-

organic framework for enhanced photocatalytic CO: reduction, Adv. Funct.
Mater, vol. 25, p. 5360-5367.

Wang F., et al., 2016, Enhanced photodegradation of Rhodamine B by coupling
direct solid-state Z-scheme N-K:TisOo/g-C3N4 heterojunction with high
adsorption capacity of UiO-66, J. Environ. Chem. Eng, vol. 4, p. 3364—-3373.

Kaur M., Mehta S. K., Kansal S. K., 2021, Construction of Multifunctional
NH2-UiO-66 Metal Organic Framework: Sensing And Photocatalytic
Degradation of Ketorolac Tromethamine And Tetracycline In Aqueous

Medium, Research Square, pp. 1-34.
Sun M., et al., 2018, Enhancement of visiblelight-driven CO; reduction

performance using an amine-functionalized zirconium metal—organic, Dalton
Trans, vol. 47, p. 909-915.

Silva C. G., Luz 1., Xamena F. X. L., Corma A., Garcia H., 2010, Water stable
Zr- benzenedicarboxylate metalorganic frameworks as photocatalysts for
hydrogen generation, Chem Eur J, vol. 16, p. 11133—-11138.

Long J., et al., 2012, Amine-functionalized zirconium metal—organic
framework as e’"cient visible-light photocatalyst for aerobic organic
transformations, Chem Commun, vol. 48, p. 11656—11658.

Qin M., et al., 2022, High-performance Hf/Ti-doped defective Zr-MOFs for
cefoperazone adsorption: Behavior and mechanisms, Applied Surface Science,
vol. 595, p. 153494.

Katz M. J,, et al., 2014, Simple and Compelling Biomimetic Metal-Organic
Framework Catalyst for the Degradation of Nerve Agent Simulants, Angew.
Chem. Int. Ed, vol. 53, p. 497 -501.

Chen R, et al., 2019, Layer-by-layer Fabrication of Core-Shell Fe;04@ UiO-
66- NH> with High Catalytic Reactivity toward the Hydrolysis of Chemical
Warfare Agent Simulants, ACS Applied Materials & Interfaces,, vol. 11, p.
43156-43165.



[85]

[88]

[90]

[92]

[93]

[95]

[96]

137

Maya E. L., et al., 2015, Textile/Metal-Organic-Framework Composites as
Self-Detoxifying Filters for Chemical-Warfare Agents, Angew. Chem. Int. Ed,
vol. 54, pp. 1-6.

Chavan S., et al., 2012, H> storage in isostructural UiO-67 and UiO-66 MOFs,
Phys. Chem. Chem. Phys, vol. 14, p. 1614—1626.

Valenzuela L., et al., 2022, Zirconium-based Metal-Organic Frameworks for
highly efficient solar light-driven photoelectrocatalytic disinfection, Separation
and Purification Technology, vol. 285, p. 120351.

Linh H. T. N, et al., 2022, Microwave-assisted solvothermal synthesis of
defective zirconium-organic framework as a recyclable nano-adsorbent with
superior adsorption capacity for efficient removal of toxic organic dyes, Colloid

and Interface Science Communications, vol. 46.

Moon S. Y., et al., 2015, Effective, Facile, and Selective Hydrolysis of the
Chemical Warfare Agent VX Using Zrs-Based Metal-Organic Frameworks,
Inorganic Chemistry, vol. 54, p. 10829-10833.

Peterson G. W., et al., 2015, Tailoring the Pore Size and Functionality of UiO-

Type Metal-Organic Frameworks for Optimal Nerve Agent Destruction,
Inorg. Chem, vol. 54, pp. 9684-6.

Nunes P., et al., 2015, Promotion of phosphoester hydrolysis by the Zrv-based
metal-organic framework UiO-67, Microporous and Mesoporous Materials,
vol. 208, pp. 21-29.

Terban M. W., et al., 2021, Atomic resolution tracking of nerve-agent simulant
decomposition and host metal-organic framework response in real space,

Commun Chem, vol. 2.

Webber T. E., et al., 2020, Size Control of the MOF NU-1000 through
Manipulation of the Modulator/Linker Competition, Crystal Growth &
Design, pp. 1-8.

Noh H., et al., 2018, Redox Mediator-Assisted Electrocatalytic Hydrogen

Evolution from Water by a Molybdenum Sulfide-Functionalized Metal—-
Organic Framework, ACS Catal, vol. 9848, pp. 1-11.

Desai S. P., et al., 2018, Well-Defined Rhodium-Gallium Catalytic Sites in a
Metal-Organic Framework: Promoter-Controlled Selectivity in Alkyne
Semihydrogenation to E-Alkenes, J. Am. Chem. Soc, vol. 140, pp. 15309-15318.
Mondloch J. E., et al., 2013, Vapor-Phase Metalation by Atomic Layer Deposition
in a Metal—Organic Framework, J. Am. Chem. Soc, vol. 135, pp. 10294-7.



138

[97] Liao Y., et al., 2021, Product Inhibition and the Catalytic Destruction of a
Nerve Agent Simulant by Zirconium-Based Metal-Organic Frameworks, ACS
Appl. Mater. Interfaces, vol. 13, p. 30565—30575.

[98] Wang H., etal., 2019, Solid-Phase Detoxification of Chemical Warfare Agents
using Zirconium-Based Metal Organic Frameworks and the Moisture Effects:
Analyze via Digestion, ACS Appl. Mater. Interfaces, vol. 11, pp. 21109-21116.

[99] Grissom T. G., etal., 2020, Metal-organic framework- and polyxotometalate-based
sorbents for the uptake and destruction of chemical warfafe agents, ACS Appl.
Mater. Interface, vol. 12, pp. 14641-14661.

[100] Gallington L. C., et al., 2016, Regioselective atomic layer deposition in metal—

organic frameworks directed by dispersion interactions, J. Am. Chem. Soc, vol. 138.

[101] Chen H., Snurr R. Q., 2020, Insights into Catalytic Gas-Phase Hydrolysis of
Organophosphate Chemical Warfare Agents by MOF-Supported Bimetallic
Metal-Oxo Clusters, ACS Appl. Mater. Interfaces, vol. 12, p. 14631-14640.

[102] R. Gil-San-Millan, E. Lépez-Maya, A. E. Platero-Prats, V. Torres Pérez, P.
Delgado, A. W. Augustyniak, M. K. Kim, H. W. Lee, S. G. Ryu, J. AR
Navarro., 2019, Magnesium Exchanged Zirconium Metal-Organic

Frameworks with Improved Detoxification Properties of Nerve Agents, J. Am.
Chem. Soc, vol. 141, pp. 11801-11805.

[103] De Koning M. C., et al., 2019, Degradation and detection of the nerve agent
VX by a chromophore-functionalized zirconium MOF, Chem. Mater, vol. 31,
pp. 7417-7424.

[104] Liang H., Yao A., Jiao X., Li C., Chen D., 2018, Fast and sustained degradation of
chemical warfare agent simulants using flexible self-supported metal-organic
framework filters, ACS Appl. Mater. Interfaces, vol. 10, p. 20396-0403.

[105] Yao A., Jiao X., Chen D., Li C., 2019, Photothermally enhanced detoxification
of chemical warfare agent simulants using bioinspired core—shell dopamine—
melanin@ metal-organic frameworks and their fabrics, ACS ppl. Mater.
Interfaces, vol. 11, p. 7927-7935..

[106] Furukawa H., et al., 2014, Water Adsorption in Porous Metal-Organic
Frameworks and Related Materials, J. Am. Chem Soc, vol. 136, pp. 4369-4381.

[107] Jiang J., et a., 2014, Superacidity in Sulfated Metal-Organic Framework-808,
Journal of the American Chemical Society, vol. 136, pp. 12844-12847.

[108] Xua J., et al., 2019, Optimized synthesis of Zr(IV) metal organic frameworks
(MOFs-808) for efficient hydrogen storage, New J. Chem.



139

[109] A-Suérez C., R-PereiraJ., B-Medrano V. G., R-Caballero G. E., 2019, An analysis
of the effect of zirconium precursors of MOF-808 on its thermal stability, and

structural and surface properties, CrystEngComm, vol. 21, p. 1407-1415.
[110] Dai S., et al., 2021, Monodispersed MOF-808 Nanocrystals Synthesized via a

Scalable Room-Temperature Approach for Efficient Heterogeneous Peptide
Bond Hydrolysis, Chem. Mater, vol. 33, p. 7057-7066.

[111] Mohamed Yahia, Luis A. Lozano, Juan M. Zamaro, Carlos Téllez, Joaquin
Coronas., 2024, Microwave-assisted synthesis of metal-organic frameworks
UiO-66 and MOF-808 for enhanced CO2/CHy4 separation in PIM-1 mixed matrix
membranes, Separation and Purification Technology, vol. 330, p. 125558.

[112] Gonzalez L., et al., 2022, Green synthesis of zirconium MOF-808 for
simultaneous phosphate recovery and organophosphorus pesticide
detoxification in wastewater, J. Mater. Chem. A.

[113] Geravand E., et al.,, 2020, Mixed-Metal Cerium/Zirconium MOFs with
Improved Nerve Agent Detoxification Properties, Inorganic Chemistry.

[114] Sun B., et al., 2022, Insights into the binding manners of an Fe doped MOF-

808 in high-performance adsorption: a case of antimony adsorption, Environ.
Sci.: Nano, vol. 9, pp. 254-264.

[115] Chiang T. Y., et al., 2022, Cerium-based metal-organic framework as an
electrocatalyst for the reductive detection of dopamine, Electrochem.
Commun, vol. 135, p. 107206.

[116] Suvendu Sekhar Mondal and Hans-Jirgen Holdt., 2016, Breaking Down
Chemical Weapons by Metal-Organic Frameworks, Angew. Chem. Int. Ed,
vol. 55, pp. 42-44.

[117] Bo Tu 1énh Hoéa hoc., 2017, Chét tiéu tiy va phuong phap tiéu tay, Ha Noi:
nxbQDND.

[118] Huynh Thi Minh Thanh, Ha Thi Héng Hanh, Nguyén Phi Hung, Tran Ngoc
Tuyén, Dinh Quang Khiéu., 2018, Tong hop va dic trung vat liéu khung hiru
co kim loai bién tinh Fe-MIL-101, T ap chi Khoa hoc Pai hoc Hué: Khoa hoc
Ty nhién, vol. 127, pp. 123-134.

[119] Nguyén Pwrc Hai, Vi Minh Tan, Pang Hiru Canh, Nguyén Dinh Tuyén., 2018,
Nghién ctru tong hop vat liéu khung hiru co kim loai chtra Zirconium véi
khuyét tat mang tinh thé, Tap chi Khoa hoc & Céng nghé, vol. 45, pp. 86-89.

[120] Phung Thi Thu, Pham Thi Lién, Ngbé Thi Hé)ng L¢, Nguyén Thanh Huong,
Nguyén Thanh Binh., 2016, Nghién ciru d6 bén va tinh chat vat liéu khung co



140

kim Zr-MOF trong nuéc va dinh hudng cho tng dung hip phu khi, Tap chi
Khoa hoc va Cong nghé, vol. 54, pp. 128-135.

[121] Lé Viét Hai, Nguyén Thi Trac Quyén, C6 Thanh Thién, Tran Vin Man., 2018,
Tong hop vat liéu khung hitu co kim loai Zr-AzBDC va khéo sat hoat tinh xtc
tac dién hoa cho phan tng khir CO» trong dung dich nudc, Tap chi Khoa hoc
Ky thuat va Cong nghé Viet Nam, vol. 60, pp. 46-49.

[122] Viana M.M, Soares V.F, Mohallem N.D.S., 2010, Synthesis and characterization
of TiO; nanoparticles, Ceramics International, vol. 36, pp. 2047-2053.

[123] Zhou Y., et al., 2019, Template-Free One-Step Synthesis of g-C3N4 Nanosheets
with Simultaneous Porous Network and S-Doping for Remarkable Visible-Light-
Driven Hydrogen Evolution, ACS Sustainable Chem. Eng, vol. 7, p. 5801-5807.

[124] Cullity B.D, Stock S.R., 2014, Elements of X-Ray Diffraction, Harlow,
England: Pearson New International Edition, Third Edition.

[125] Settle F. A., 1997, Handbook of instrumental techniques for analytical
chemistry, Prentice Hall PTR, New Jersey, USA.

[126] Russell G., et al., 2020, Henry Moseley, X-ray spectroscopy and the periodic
table, Phil. Trans. R. Soc. A, vol. 2180, n° %120190302, p. 378.

[127] 2. Johannes Bernardi., Energy-dispersive X-ray spectroscopy, IOP Publishing.
[128] William W. W., 1974, Thermal methods of analysis, New York.
[129] Pham S. T., et al., 2021, Influence of Brgnsted and Lewis acidity of the

modified AI-MCM-41 solid acid on cellulose conversion and 5-

hydroxylmethylfurfuran selectivity, Chemosphere, vol. 265.
[130] R-Buzo S., et al., 2021, Tailoring Lewis/Brgnsted acid properties of MOF

nodesviahydrothermal and solvothermal synthesis: simple approach with

exceptional catalytic implications, Chemical Science, vol. 12, p. 10106-10115.

[131]J. 2. Bisquert, Nanostructured Energy Devices: Equilibrium Concepts and
Kinetics, CRC Press.

[132] Yuwei Sun., et all., 2020, Supporting Information Fabrication of magnetic
ternary ZnFe;04/Ti02/RGO Z-Scheme system with efficient photocatalytic
activity and easy recyclability, The Royal Society of Chemistry.

[133] Gregory W. P., et al., 2017, Optimizing Toxic Chemical Removal through
Defect-Induced UiO66-NH> Metal-Organic Framework, Chem. Eur. J, vol.
23, p. 15913 — 15916.



141

[134] Danielle L. K., 2019, The Fabrication of Anisotropic Ag Nanoplatelets on the
Surface of TiO2 Fibers for Enhanced Photocatalysis of Chemical Warfare
Agent Simulant, Methyl Paraoxon, J. Phys. Chem. C, pp. 1-28.

[135] Mondloch J. E., et al., 2015, Destruction of chemical warfare agents using
metal-organic frameworks, Nat Mater, vol. 14, pp. 512-516.

[136] Yu C. L., et al., 2023, Photodegradation under Ultraviolet Light Irradiation of
RhB by ZnO-ZnCr:04/g-C3Ns Nanocomposites Fabricated by Urea
Combustion Method, Materials transactions, vol. 64, pp. 2417-2424.

[137] Chen M., Tu Y., Wu S., 2021, Preparation of UiO-66-NH>@PDA under Water
System for Chemical Warfare Agents Degradation, Materials (Basel), vol. 14, p.2419.

[138] Manh B. N., et al., 2021, Bimetallic Ag-Zn-BTC/GO composite as highly
efficient photocatalyst in the photocatalytic degradation of reactive yellow 145
dye in water, J. Hazard. Mater, vol. 420, p. 126560.

[139] Pareek S., Quamara J. K., 2018, Dielectric and optical properties of graphitic
carbon nitride—titanium dioxide nanocomposite with enhanced charge

seperation, Journal of Materials Science, vol. 53, p. 604—-612.
[140] Wu Y., et al., 2020, The preparation and study of multilayer structured SiO>—

TiO> film: the effects of photonic crystals on enhanced photocatalytic

properties, Journal of Materials Science, vol. 55, pp. 11095-11105.

[141] Burdett., et al., 1987, Structural-electronic relationships in inorganic solids: powder
neutron diffraction studies of the rutile and anatase polymorphs of titanium dioxide
at 15 K and 295 K, J. Am. Chem. Soc, vol. 109, pp. 3639-3646.

[142] Muthee D. K., Dejene B. F., 2020, The effect of tetra isopropyl orthotitanate
(TTP) concentration on structural, and luminescence properties of titanium
dioxide nanoparticles prepared by sol-gel method, Materials Science in

Semiconductor Processing, vol. 106, p. 104483.
[143] S. Chelbi, D. Djouadi, A. Chelouche, L. Hammiche, T. Touam, A. Doghmane.,

2020, Effects of Ti-precursor concentration and annealing temperature on
structural and morphological properties of TiO2 nano-aerogels synthesized in
supercritical ethanol, SN Applied Sciences, vol. 2, pp. 1872.

[144] Donohue M. D., Aranovich G. L., 1998, Classification of Gibbs adsorption
isotherms, Adv. Colloid Interface Sci, vol. 77, pp. 137-152.

[145] Omri K, Alharbi F., 2019, Synthesis and effect of temperature on

morphological and photoluminescence properties of TiO: nanoparticles,
Applied Physics A, vol. 125.



142

[146] Troya D., 2016, Reaction Mechanism of Nerve-Agent Decomposition with Zr-
Based Metal Organic Frameworks, Journal of Physical Chemistry C, vol. 120,
p- 29312-29323.

[147] Islamoglu T., et al., 2018, Presence versus Proximity: The Role of Pendant
Amines in the Catalytic Hydrolysis of a Nerve Agent Simulant, Angewandte
Chemie, vol. 130, p. 1967-1971.

[148] Liu DY, Dong JH, Liu FM, Gao XF, Yu Y, et al. 2019, Synthesis and photocatalytic
performance of g-C3N4 composites, J. Ovonic Res, vol. 15, p. 239—46.

[149] Bojdys M , Miiller , Antonietti M, Thomas A., 2008, Ionothermal synthesis of
crystalline, condensed, graphitic carbon nitride, Chem. Eur. J, vol. 14, p. 8177-82.

[150] Wang W., et al., 2023, Chemical Bonding of g-C3N4/UiO-66(Zr/Ce) from Zr
and Ce Single Atoms for Efficient Photocatalytic Reduction of CO2 under
Visible Light, ACS Catal, vol. 13, p. 4597-4610.

[151] Solis R. R., et al., 2022, Boosted Activity of g-C3N4/UiO-66-NH>
Heterostructures for the Photocatalytic Degradation of Contaminants in Water,
Int. J. Mol. Sci, vol. 23, p. 12871.

[152] Tian N., Huang H., Zhang Y., 2015, Mixed-calcination synthesis of CdWO./g-
C3Ns heterojunction with enhanced visible-light-driven photocatalytic
activity, Appl. Surf. Sci, vol. 358, p. 343-349.

[153] Dung N. T., et al., 2021, Photocatalytic removal of Rhodamine B in water
using g-C3N4/MIL-53(Fe) material under LED visible light with persulfate
activation, Korean J. Chem. Eng, vol. 38, p. 2034-2046.

[154] Moghaddam Z. S., Kaykhaii M., Khajeh M., Oveisi A. R., 2018, Synthesis of
UiO-66-OH zirconium metal-organic framework and its application for
selective extraction and trace determination of thorium in water samples by
spectrophotometry, Spectrochim. Acta, Part A, vol. 194, pp. 76-82.

[155] Ye R., et al., 2016, Fabrication of CoTiO3/g-C3N4 Hybrid Photocatalysts with
Enhanced H> Evolution: Z-Scheme Photocatalytic Mechanism Insight, ACS
Appl. Mater. Interfaces, vol. 8, p. 13879—13889.

[156] Ma J., Yang Q., Wen Y., Liu W., 2017, Fe-g-CsN4/graphitized mesoporous
carbon composite as an effective Fenton-like catalyst in a wide pH range, Appl.
Catal., B, vol. 201, p. 232-240.

[157] Assaad N., Sabeh G and Hmadeh M., 2020, Defect Control in Zr-Based Metal—

Organic Framework Nanoparticles for Arsenic Removal from Water, ACS
Appl. Nano Mater, vol. 3, p. 8997-9008.



143

[158] Peterson G. W., et al., 2017, Optimizing Toxic Chemical Removal through
Defect-Induced UiO-66-NH> Metal-Organic Framework, Chem. — Eur. J, vol.
23, p. 15913-15916.

[159] Zhang R, Du B, Li Q, Cao Z, Feng G, Wang X., 2019, a-Fe2O3 nanoclusters
confined into UiO-66 for efficient visible-light photodegradation performance,
Appl. Surf. Sci., vol. 466, p. 956-963.

[160] Eltaweil A. S., et al., 2020, Fabrication of UiO-66/MIL-101(Fe) binary
MOF/carboxylated-GO composite for adsorptive removal of methylene blue
dye from aqueous solutions, RSC Adyv, vol. 10, p. 19008—19019.

[161] Boon-Junn Ng., et al., 2020, Z-Scheme Photocatalytic Systems for Solar
Water Splitting, Adv. Sci, vol. 7, p. 1903171.

[162] N. T. Dung, N. V. Hiep, M. B. Nguyen, V. D. Thao and N. N. Huy, Korean J.
Chem. Eng., 2021, 38, 2034-2046.

[163] Hassannezhad M, Hosseini M, Ganjali M. R, Arvand M., 2019, A graphitic
carbon nitride (g-C3N4/Fe30O4) nanocomposite: An efficient electrode material

for the electrochemical determination of tramadol in human biological fluids,
Analytical Methods., vol. 11.

[164] Taddei M., et al., 2019, Band gap modulation in zirconium-based metal—
organic frameworks by defect engineering, J. Mater. Chem. A, vol. 7, p.
23781-23786.

[165] Craig Wilson., et al., 2018, Investigating the breakdown of the nerve agent
simulant methyl paraoxon and chemical warfare agents GB and VX using
nitrogen containing bases, Org. Biomol. Chem, vol. 16, p. 9285-9291.

[166] G Liao., et al., 2021, Emerging polymeric carbon nitride Z-scheme systems
for photocatalysis, Phys. Sci, vol. 2, p. 100355.

[167] G Liao., et al., 2022, Emerging frontiers of Z-scheme photocatalytic systems,
Trends Chem, vol. 4, p. 111-127.

[168] Jin Y., Wu D., Ma N., Dai W., 2022, Well-design and synthesis of a water-
And heat-resistant U10-67@CNTs composite for Congo red efficient capture,
Water Science and Technology, vol. 85, pp. 1636-1647.

[169] Li L., Han S., Zhao S., Li X., Liu B., Liu Y., 2020, Chitosan modified metal—

organic frameworks as a promising carrier for oral drug delivery, RSC
Advances, vol. 10, pp. 45130-45138.



144

[170] Biswas S., Chen Y., Xie Y., Sun X., Wang Y., 2020, Polypyrrole merged
zirconium-based metal-organic framework NU-1000 for detection of

levodopa, Microchimica Acta, vol. 187.

[171] Momeni M. R., Cramer C. J., 2019, Computational Screening of Roles of
Defects and Metal Substitution on Reactivity of Different Single- vs Double-

Node Metal-Organic Frameworks for Sarin Decomposition, Journal of
Physical Chemistry C, vol. 123, p. 15157-15165.

[172] Larsson A., et al., 2021, In vitro human skin decontamination efficacy of
MOF-808 in decontamination lotion following exposure to the nerve agent
VX, Toxicol Lett, vol. 339, pp. 32-38.

[173] Zhang W., et al., 2019, P Ka-directed incorporation of phosphonates into mof-
808 via ligand exchange: Stability and adsorption properties for uranium, ACS
Applied Materials and Interfaces, vol. 11, p. 33931-33940.

[174] Yang B., et al., 2021, Computational determination of coordination structure
impact on adsorption and acidity of pristine and sulfated MOF-808, Materials
Advances, vol. 2, p. 4246-4254.

[175] Park B. H., Jung Y., Kim S., 2021, Particle Size Control Influence on the
Electrochemical Properties of Sulfur Deposited on Metal Organic Frameworks

Host Electrodes, Journal of Inorganic and Organometallic Polymers and
Materials, vol. 31, p. 1931-1938.

[176] Pangestu A., Lestari W. W., Wibowo F. R., Larasati L., 2020, Green Electro-
Synthesized MIL-101(Fe) and Its Aspirin Detoxification Performance

Compared to MOF-808, Journal of Inorganic and Organometallic Polymers
and Materials, vol. 32, p. 1828-1839..

[177] Hon L. C., Babarao R., Hill M. R., 2013, A route to drastic increase of CO2
uptake in Zr metal organic framework UiO-66, Chemical Communications,

vol. 49, p. 3634-3636.
[178] Nguyen B. M., et al.,, 2022, Bimetallic Co-Fe-BTC/CN nanocomposite

synthesised via a microwave-assisted hydrothermal method for highly
efficient Reactive Yellow 145 dye photodegradation, Journal of the Taiwan
Institute of Chemical Engineers, vol. 140, p. 104543.

[179] Zhou C., et al., 2022, MOF-808-derived Ce-doped ZrOF composite as an
efficient polysulfide inhibitor for advanced lithium-sulfur batteries, Journal of
Alloys and Compounds, vol. 924, p. 166486.



145

[180] Baumann A. E., et al., 2020, Graphene-metal-organic framework composite
sulfur electrodes for Li-S batteries with high volumetric capacity, ACS Applied
Materials and Interfaces, vol. 12, p. 37173-37181.

[181] Solis R.R., etal., 2021, Microwave-assisted synthesis of NH2-MIL-125(T1) for the
solar photocatalytic degradation of aqueous emerging pollutants in batch and

continuous tests, Journal of Environmental Chemical Engineering, vol. 9.

[182] Yang Q., et al., 2018, Ru/UiO-66 Catalyst for the Reduction of Nitroarenes
and Tandem Reaction of Alcohol Oxidation/Knoevenagel Condensation, ACS
Omega, vol. 3, p. 4199-4212.

[183] Carballo C. P., et al., 2020, Theoretical and Experimental Study for Cross-
Coupling Aldol Condensation over Mono- and Bimetallic UiO-66
Nanocatalysts, ACS Applied Nano Materials.

[184] R-Almansa A. M., Iglesias M., Sanchez F., 2016, Synthesis of bimetallic
Zr(Ti)-naphthalendicarboxylate MOFs and their properties as Lewis acid
catalysis, RSC Advances, vol. 6, p. 106790-106797.

[185] XiZ., et al., 2020, Hydrogenolysis of glycerol on the ZrO»-TiO2 supported Pt-
WO catalyst, Catalysts, vol. 10, pp. 1-12.

[186] Ploskonka A. M., DeCoste J. B., 2019, Insight into organophosphate chemical
warfare agent simulant hydrolysis in metal-organic frameworks, Journal of
Hazardous Materials, vol. 375, pp. 191-197.

[187] Zhang Y., et al., 2018, A Flexible Metal-Organic Framework with 4-
Connected Zr6 Nodes, J. Am. Chem. Soc, vol. 140, p. 11179-11183.

[188] J Castells-Gil., et al., 2020, Heterometallic Titanium-Organic Frameworks as
Dual-Metal Catalysts for Synergistic Non-buffered Hydrolysis of Nerve Agent
Simulants, Chem, vol. 6, p. 3118-3131.

[189] Katz M. ], et al., 2015, One Step Backward Is Two Steps Forward: Enhancing the
Hydrolysis Rate of UiO-66 by Decreasing [OH-], ACS Catalysis, vol. 5, p. 4637-4642.

[190] Zhao J., et al., 2016, Ultra-Fast Degradation of Chemical Warfare Agents
Using MOF—Nanofiber Kebabs, Angew. Chem. Int. Ed:, vol. 55, pp. 1-6.

[191] Katz M. J., et al., 2015, Exploiting parameter space in MOFs: A 20-fold

enhancement of phosphate-ester hydrolysis with UiO-66-NH2, Chemical
Science, vol. 6, p. 2286-2291.



VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Pjc lap - Ty do - Hanh phiic
HQC VIEN KHOA HQC VA CONG NGHE

S6: 60/QD-HVKHCN Ha Ngi, ngay 24 thdng 02 nim 2025

QUYET PINH
Veé viéc thanh 1ap Hoi dﬁng dénh gié lufin 4n tién si cAp Hoc vién

GIAM POC
HOQC VIEN KHOA HQC VA CONG NGHE

Céin ctr Quyét dinh 56 3 03/0D-VHL ngay 01/03/2023 cua Chi tich Vién Han lam
Khoa hoc va Cong nghé Viét Nam vé viéc ban hanh Quy ché Té chirc va hoat dong cua
Hoc vién Khoa hoc va Cong nghé;

Can ctr Thong tu s6 18/2021/TT-BGDPT ngay 28/6/2021 cua B¢ Gido duc va
Dao tao vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh dg tién st:

Cdn cit Quyét dinh sé 1 968/0D-HVKHCN ngay 28/12/2021 cia Gidm doc Hoc
vif‘n Khoa hoc va Céng nghé vé viéc ban hanh Quy ché tuyén sinh va dao tao trinh d¢
tién si;

Cdn cir Quyét dinh sé 2015/QD-HVKHCN ngay 30/11/2022 cua Gidm dée Hoc
vién Khoa hoc va Cong nghé vé viéc cong nhdn nghién citu sinh;

Xét dé nghi cua Trudng phong Do tgo.

QUYET PINH:

Diéu 1. Thanh 1ap Hoi dong danh gid luan 4n tién st cAp Hoc vién cho nghién ctru
sinh L& Vian Diing v6i d@ tai:

“Nghién ciru tong hop va dic trung xic tic trén co sé nano titan dioxide va
khung co kim-zirconi (Zr-MOFs) trng dyung xir Iy chit djc thin kinh co phét pho”

Nganh: Hoa ly thuyét va hoéa Iy Ma s6: 9 44 01 19

Danh séch thanh vién Héi ddng d4nh gia ludn 4n kém theo Quyét dinh nay.

Diéu 2. Hji ddng c6 trdch nhiém dénh gia lun 4n tién si theo diing quy ché hién
hanh ciia B§ Gido dyc va Pao tao, Hoc vién Khoa hoc va Cong nghé.

Quyét dinh c6 hiéu lyc t&i da 90 ngay ké tir ngdy ky va phai dim bao thdi han
dao tao theo quy dinh ctia Hoc vién Khoa hoc va Céng nghé. Hoi dbng tyr giai thé sau
khi hoan thanh nhi¢m vy.

Diéu 3. Truéng phong Td chirc - Hanh chinh va Truyén théng, Trudng phong
Dao tao, Truéng phong Ké toan, cdc thanh vién c6 tén trong danh séch Hoi dong va
nghién ctru sinh ¢6 tén tai Piéu 1 chju trdch nhiém thi hanh Quyét dinh nay./.

Noi nhin:
- Nhu Diéu 3;
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- Lwu: VT, DT. TN16.
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BAN NHAN XET/ PHAN BIEN LUAN AN TIEN SI CAP HQC VIEN

Tén d@ tai ludn sn: Nghién cieu tong hop va ddc trung xiic tdc trén co S0 nano titan
dioxide va khung co kim -zirconi (Zr-MOFs) tng dung xi Iy chat dgc than kinh co phot
pho.
Chuyén nganh: Héa Iy thuyét va Héa Iy,
M sb: 9 44 01 19.
Nghién ctru sinh: Lé Van Diing.
Nguori hwéng dén: 1. PGS.TS Déng Tuyét Phiong,.
2. TS. Nguyén Duy Trinh.
Ngudi nhén xét phin bi¢n: PGS TS Lé Minh Cam
Co quan cong tac: DHSP HN

Noi dung nhan xét
LTinh cin thiét, thoi sw, ¥ nghia khoa hoc va thyc tién ciia dé tai ludn 4n.
Nhimg téc nhan chién tranh héa hoc nhu OPNAs dé lai di chimg rat ning né cho
con ngudi va doi hoi can phai duge xir ly. C6 nhiéu phuong phap dugc ép dung nhu
hép phy, oxi hoa ning cao, phan hily quang xic téc, sinh hoc,...M3i phuong phép
déu c6 nhimg wu nhuoe diém riéng va tiy vao diéu kién ma cé thé lya chon phuong
phép xir 1y hi¢u qua. Tuy nhién trong nhiing ndm gan diy, v6i muc dich ning cao
hiéu qua phén hity chét doc than kinh co phét pho, nhiéu nghién ctru tép trung véao
phét trién nhitng hé vét lidu xtc téc trén co s& két hop oxide kim loai véi vit ligu
khung co kim do nhimng tinh chét vugt trdi ciia chiing vé cu tric hé mao quan, dién
tich bé miit va céc phéi tir da chirc ning. Boi thé, luan 4n véi muc tiéu tong hop vét
liéu trén co so titan dioxide, vat li¢u Zr-MOFs va m{t s6 dang bién tinh cua ching,
dinh huéng mg dung 1am xtic tic trong xir Iy chit chét ddc thin kinh co phdt pho
trong linh vyue quén su va céc hop chét co phét pho trong cong nghiép va trong dan
sinh 1a cén thiét va c6 tinh thoi su.
Viéc téng hop thanh céng vat liéu ludng kim Ti-MOF-808(Zr) va vit li¢u lai UiO-
66C/g-C3Ns ciia ludn 4n s& 1am co s& khoa hoc dé téng hop vét ligu tién tién, thén
thiém moi trudmg nhim mg dung cho xir Iy chét doc than kinh co phét pho ¢6 higu
sudt cao, déng thoi ¢6 thé m& réng Ung dung trong linh vire méi trudmg. Luén 4n do
d6 cé y nghia khoa hoc va thye tién.
IL.Su khéng tring lip ciia dé tai nghién ciru so véi cic cong trinh, lujn 4n da
cong b & trong va ngodi nuérc; tinh trung thye, rd rang va day di trong trich
din tai li¢u tham khio.
De tai nghién ctru cuia ludn dn khong c6 su tring Idp véi cac cong trinh, luén 4n da
cong bd & trong va ngoai nude. Viée trich dén tai liéu tham khéo trung thuc, rd rang
va diy du.
111 Sy phit hop giira tén dé tai véi ndi dung, giita ndi dung véi chuyén nganh
va mi s6 chuyén nganh.
Luén 4n c6 sy phi hop gitta tén dé tai véi ndi dung, gitta ndi dung véi chuyén nganh
va mi s6 chuyén nganh.
IV.D{ tin ciiy va tinh hién dai ciia phwong phap da sir dung dé nghién ciru.
Cac phuong phap tdng hop vit liéu déu dic trung co ban clia héa hoe: phuong phép
két tua héa hoc (TiO2), nhiét dung méi MOFs), chiéu xa vi séng.
Ngoai ra, vit liéu khong co kim sir dung chét lién két tir nhiéu ngudn: H,BDC tdng
hop tir vo chai nuée (PET); tir thuong mai.



Ti0-75, 100, 150, 200 tong hop dx‘mg & phan tich dic trung va hoat tinh xuc téc.
Zr-MOFs tong hop tir chét lién két tw ché tao gbm UI0-66C va UiO-66C/g-C3N4
véi ti 1¢ % khéi luong g-CsNa lan lugt 10, 20,30 va 40 %
Zr-MOFs tir chét lién két thuong mai gobm UiO-66, UiO- 66-NHa, UiO- 67 Zr-NDC,
NU-1000, MOF-808(Zr) va Ti-MOF-808(Zr), vdi ti 1¢ khéi lwgng Ti lan luot 2, 4,
6%.
Céc vat liéu tdng hop duge dic tnmg céu triic va hinh thai tinh thé bing céc phuong
phap phi hgp: XRD x4 dinh cAu truc tinh thé; FT-IR d& nghién ciru ban chét héa
hoc ciia cac nhém chire va cdc lién két; SEM, TEM dé xac dinh hinh thai tinh thé;
dang nhiét hip phu va khir hap phu mtrogen dé dénh gié tinh chét x6p cia bé mit
vit lidu;phd quang dién tir XPS nhim xéc dinh thanh phéan héa hoc co bén, trang
thai dién tir cha cdc nguyén t6 trong hé vat llcu, UV-vis DRS xéc dinh tinh chat
quang cua vt liéu; PL nhim danh gia sy tai tb hop electron va 16 tréng quang sinh;
EDS d& x4c dinh thanh phan nguyén t6, ti le % khéi lugng clia cic nguyén to trong
mAu vit lidu; TGA-DTA dé xéc dinh do bén nhiét cia vat liéu; TPD-NH3 xac dinh
luc acid va d6 manh acid bé mit; phén tich FT-IR su hap phu CD3CN dé xéc dinh
tAm Bronsted va Lewis trén bé mit xtc tac.
Xac dinh hoat tinh xuic tic d6i véi su phﬁn huy DMNP bing phén { mg xuc tac quang
v6i hé thiét bj md phong anh sang kha kién. Nong ¢6 DMNP thay dbi theo thoi gian
duoc xac dinh théng qua sy xuét hién cta 4-nitrophenol ( dinh lugng bang UV-vis
16ng tai budc séng 403 nm vai viée tao mau trong dung dlch NEM). Xac d;nh san
pham hinh thanh trong qué trinh phan hily DMNP béng séc ki 1ong khdi phd.
Céc yéu t to anh hudng dén kha ning chuyén héa DMNP dugce khao sat 1a ham lugng
xtc tac, néng d6 NEM va pH.
Vai trd clia cic gbe tir do ddi véi kha ning phin hity DMNP duge xac dinh bang thi
nghiém bdy dién tlr: amoni oxaltat monohydrat(AO) cho h™, tert-butanol (TBA) cho -
OH, kali dicromat (K2Cr207) cho e, va 1,4 benzoquinone (BQ) cho 'O,
V.Két qui nghién clru méi ciia tic gia.
1.Téng hop thanh cong xic tic quang UiO-66C/g-C3N430% sir dung chit lién két
H2BDC dugc ché tao tir nhya polyethylene terephtalate (PET) phé thai. Hé vit liéu
Ui0-66C /g-C3Ng dat hiéu suat chuyén héa DMNP 98,9% trong mdi trong moi
truong nude dudi bire xa kha kién. ( so véi 50% trén UiO-66).
2.Téng hop thanh cong hé xtc téc khung co kim ludng kim 4% Ti-MOF-808(Zr). -
Hé xtc tdc ¢6 kha ning phén huy tdi 100% DMNP trong vong 1,34 phit ( thoi gian
ban huy chi 0,25 phut)
3.Cac yeu t6 anh hudng dén hoat tinh xtc tdc duge khao sat hé théng, tir d6 dua ra
dugc dxeu kién thich hop @& phan hity DMNP nhanh va hi¢u qua. Budc dAu dé xuit
co ché phan hiy DMNP trén hé xtc tac UiO-66C/g-CsNs 30% va 4%Ti-MOF-
808(Zr)
V1. Uu diém va nhwoe diém vé ni dung, két ciu va hinh thirc cita ludn 4n.
Uu diém
Luén 4n c6 tng quan t6t. Dt vin dé va phan tich vén dé dé tir d6 dua ra dugc muc
tiéu nghién ciru rat logic, co co s& khoa hoc va thuyét phuc, néu bat dugc y nghia
khoa hoc va y nghia thuc tién cta ludn 4n.
Trong tong hop vat liéu, luan an tra trong vao tong hop vat lleu tiét kiém nang luqng
Zr-MOFs duqc tdng hop bang phuong phap nhiét dung méi két hop vi séng riit ngén
phén img téng hop tir 12-72 gidy xuong con 30 phut. Céc h¢ vt heu xtc téc tdng hop
duge khao sét danh gid mot cach hé théng kha ning phén hity chit dgc thén kinh co



phét pho. Ludn n ciing lam 13 cdc yéu t6 anh huong, kha nang xir Iy céc tdc nhén
ddc hai trén céc hé xic tac

Noi dung cua lugn én thé hién tinh chuyén nganh rét séu: tu khéu tdng hop vat liéu
dén céc phuong phap dac trung vt liu va phﬁn tich cac két qua thuc nghlém loglc
va thuyét phuc. Gin két duoc cdc dic trung cdu triic véi cac hoat tinh xtic téc cla
vat liéu.

Luan én c6 khéi lugng nghién ciru 16m. Giai quyét cac vin dé kha tron ven.

B4 cuc luén an hop y, trinh bay logic va vin phong khoa hoc. Cac hinh vé biéu bang
rd rang, dep. Céc qu1 trinh téng hop vét liéu dugc trinh bay theo so dd khéi nén ngan
gon va rd rang, dé theo dai.

VILNGi dung ludn 4n da dugce cong b6 trén tap chi, ky yéu hdi nghij khoa hoc
nao va gia tri khoa hqc cua cie cong trinh di cong bd.

Tac gia lufn 4n da cong bd dugc 4 cong trinh khoa hoc trong d6 cé 2 cong trinh
ding trén tap chi chuyén nganh quédc té (applied Surface Science, Q1,IF > 6,7; RSC
Adv Q1, IF >3,9); 2 cong trinh trong nuéc: Tap chi Xic tac Hép phu va Tap chi
Nghién ciru khoa hoc va Céng nghé quén sy.

Céc cdng trinh déu phén anh ndi dung khoa hoc caut ludn dn va c6 gia trj khoa hoc
rat cao.

VIIIL Két luin

Luénanla mot cong trinh nghién ciru c6 gié trj ca ve khoa hoc va vé thuc tién. Lugn
én dép tmg tét cac yéu chu déi véi mot ludn 4n tién si chuyen nganh Hoéa ly thuyét
va héa ly. Ban tém tit lufn 4n phén anh trung thanh ndi dung co ban cia luan éan
hay. Luén én cé thé dua ra bao vé cap Hoc vién dé nhan hoc vi tién si.

Ha N§i, Ngay 16 thing 3 nim 2025
Ngudi nhin xét

(41,

PGS TS Lé Minh Cim



BAN NHAN XET PHAN BIEN LUAN AN TIEN SI CAP HOC VIEN

Tén dé tai ludn 4n: Nghién ciru téng hop va déc trung xic tac trén co s¢ nanotian
dioxide va khung co kim — Zirconi (Zr-MOFs) (mg dung xir ly chat dgc than kinh co phét
pho

Chuyén nganh: Héa ly thuyét va Hoa ly
Ma s6: 9 44 01 19
Nghién ciru sinh: L& Vin Diing
Ngudi hudng dan: 1. PGS.TS. Dang Tuyét Phuong
2. TS. Nguyén Duy Trinh
Ngudi phan bién: ~ PGS.TS. Pao Quéc Tuy
Co quan cong tac:  Trudng Héa va Khoa hoc Su sdng, Dai hoc Bach khoa HN

N¢i dung nhan xét:
1. Tinh cép thiét, thoi sy, y nghia khoa hoc va thue tién cta ludn 4n.

Chat dgc than kinh co phét pho (Organophosphorous Nerve Agents, OPNAs) la mot
trong nhirng hqp chit hoa hoc duge sir dung trong chién tranh héa hoc, hiu qua giy nén tir
chit dQC nay la rit ning né va lau dai. Nghién ciru dé phong chdng, xir Iy chuyén héa loai
hoa chit nay sang cic hop chat an toan hon la mot trong nhirng hudng di mang y nghia Ién
vé mit nhan dao, ¥ nghia vé khoa hoc va thuc tién.

Hién nay, da c¢6 nhiéu céng trinh nghién ctru nham xir Iy hop chit OPNAs da dugc
cong bd. Nghién ciru sir dung céc loai vit liéu hip phu dé thu gitt OPNAs nhu than hoat
tinh, graphene, than sinh hoc, bentonite... Phwong phap xir ly sinh hoc sir dung céc chung
vi sinh vét thich hgp de phén hiy chat doc. Phuong phép oxi hoa ning cao thuc hién bang
céch tao ra cac loai gbe oxi hoa cé kha ning phan hiy chét doc. Phuong phap phan huy
quang xuc tac str dung vat li¢u xuc tac c6 hoat tinh quang nhu vat liéu nano oxit kim loai,
vét ligu khung co kim MOFs dé xir ly.

O Viét Nam hién nay, hau nhu chua c6 céng trinh nghién ctru bai ban vé xi Iy
OPNAs, chii yéu vén sir dung cac vit liéu ding dé hap phu OPNAs, sir dung céc dung dich
tiéu doc c6 tinh kiém, clo hoa, oxi héa dé& phén huy ching thanh cac hop cht it déc hon.
Do d6, luéin én tap trung nghién ciru xtr ly chit doc than kinh co phét pho sir dung xc tic
trén co sO nano titan dioxide va khung co kim — Zirconi (Zr-MOFs) la huéng nghién ctru
vira c6 y nghia khoa hoc va thyc tién.

2. Su khéng tring lip ctia dé tai nghién ctru so véi cdc cong trinh, ludn an da cong

b6 & trong va ngoai nude, tinh trung thyc, 1 rang va diy di trong trich dan tai liéu tham
khao.



D¢ tai nghién ciru cua ludn 4n khong trung 1ap vdi cac cong trinh, ludn an di coog
bé trong va ngoai nude. Cac théng tin duge viét trong ludn 4n 1a trung thyre, 16 rang.

Luén an da trich din 189 tai liéu tham khao, toan b céc tham khao da dugc trich
dan hop 1y va logic.

3. Su phu hop giira tén dé tai va ndi dung, giira ndi dung véi Chuyén nganh va ma
s6 Chuyén nganh.

Noi dung nghién ciru clia dé tai dugce tém tit trong 5 phan chinh:

+ Nghién ctru tong hgp nano TiOs, Zr-MOFs tir chét lién két ty téng hop (Zr-MOFs-
TH) gom Ui0-66C va UiO-66C/g-C3Na, Zr-MOFs tir chét lién két thuong mai (Zr-MOFs-
TM) gdm Ui0-66, UiO-66-NHz, UiO-67, Zr-NDC, NU-1000, MOF - 808(Zr) va Ti-MOF-
808(Zr) dinh huéng xir Iy Dimethyl p-nitrophenyl phosphate DMNP.

+ Pic trung cdu triic va hinh thai tinh thé vat liéu téng hop duge bing céc phuong
phap hoa ly hop ly.

+ Xac dinh hoat tinh xtic tic cua vit liéu da tong hgp duge bing kha ning phan huay
DMNP.

+ Pénh gid d6 bén cua vat li¢u xic tac trong qua trinh phan huy DMNP.
+ Pé xuit co ché phan tmg phan hily DMNP trén xic tc da tong hop.

Cac ndi dung nghién ciru & trén cua ludn dn hoan toan phu hop véi tén cua dé tai
ctia lufin 4n: Nghién ciru tdng hgp va dic trung xuc tic trén co s& nano titan dioxide va
khung co kim — Zirconi (Zr-MOFs) mg dung xtr ly chit dgc than kinh co phospho. Ngi
dung nghién ciru hoan toan phit hgp véi mi sé Chuyén nganh Hoa 1y thuyét va hoa ly.

4. D¢ tin cay va tinh hién dai clia phuong phép da sir dung dé nghién ciru.

Luén 4n da sir dung phuong phap tdng hop xiic téc, dénh gia dac trung vt liéu xic
tac tong hgp duge va sir dung phan {rng phin hity DMNP dé danh gia hoat tinh xtic téc.

Céc phuong phap da sir dung dé nghién ciru trong ludn én 1a hop ly, tin cdy va hién
dal Téc gia da su dung cac phuong phép phan tich d4nh gia cu thé la: nhiéu Xa tia X (XRD);
hong ngoai bién dbi Fourier (FT-IR); Hién vi dién tir quét (SEM) va truyen qua (TEM)
ding nhiét hap phu khir hip phu vat 1y nito; pho quang dién tir tia X; phé tan xa khuéch
tan tir ngoai kha kién; phd phat quang; phd tan sic ning lwgng; phan tich nhiét trong lugng
va nhiét vi sai; phwong phép giai hdap phu NH; theo chwong trinh nhiét do va phén tich
FTIR su hdp phu acetonitrile; phén tich LLC-MS dé xac dinh san phidm hinh thanh trong qua
trinh phan huy DMNP.

5. Két qua nghién ctru méi cua tac gia.



Luan 4n da néu dugce 3 nhém déng gép mai, bao gom:

+ Tong hop thanh cong quang xic tac UiO-66C/g-CsN4-30% sir dung chit lién két
H>BDC dugc ché tao tir nhyua polyethylene (PET) phé thai. Dua thanh c6ng UiO-66C 1én
g-C3Ny lam ting hiéu suat chuyén hoa DMNP tir khoang 50% déi véi UiO-66C 1én 98,9%
trén UiO-66C/g-C3N4-30% trong méi truomg nude, dudi diéu kién chiéu birc xa anh sang
kha kién.

+ Xice tac khung co kim ludng kim 4%-Ti-MOF-808(Zr) dugc tong hop thanh cong
bang cach pha tap Ti 1én khung co kim MOF-808(Zr). Xiic téc nay c6 kha nang xir ly nhanh
(thoi gian ban hiay DMNP la 0.25 phat), hi¢u qua cao hon (phan hiy DMNP trong 1.34
phut) so véi cac vit li¢u khung co kim da duge cong bé.

+ Khao sat ¢6 hé thong cac yéu té anh huéng dén hoat tinh xic téc, tir d6 tim ra
dwge diéu kién thich hop dé phén huy DMNP nhanh va hi¢u qua trén hai loai xic tic UiO-
66C/g-C3N4-30% va 4%-Ti-MOF-808(Zr). Budc diu dé xudt co ché phian hity DMNP trén
hai loai xtic tic trén.

Céc dong gop mdi cia luan 4n 14 co sé khoa hoc trong hudng nghién ciru téng hop
va ché tao vét li¢u xic tac xir ly chat dgc than kinh co phosphor mét céc hiéu qua trong
linh vue quén sir cling nhu ing dung trong cong nghiép va dan sinh.
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6. Uu diém va nhuge diém vé ndi dung, két cau va hinh thirc cua ludn an.

Quyén ludn én cta nghién ciru sinh Lé Vin Diing dugce trinh bay sach dep, ngi dung
nghién ctru phong phi, phén tich va bién luan két qua nghién ciru logic va hop 1y.

Mét s6 cac gop v:

+ Stra lai mét 56 15i cau tir, 16i chinh ta: trang 12 - bang 1.1 théng nhét cum tir “gia
thanh ré” va “gi4 thanh thip”; phin hip phu nén thay cum tir “t4i sir dung xtc tac” bang
“tai str dung vat liéu hap phu”; trang 35 — bang 2.2 nén bd sung tén “thiét bi va dung cu sir
dung”; trang 63 — muc 3.2 16i cau “dic trung cdu tric”™; tom tat ludn 4n khong dé trang
trong (ticng Anh va tiéng Viét).

+ Céc hinh v& biéu dd nén chinh lai phéng chit cho phit hop véi phéng chit chung
cua ludn an. Hinh 3.69 trang 119 khong thé hién rd su khac nhau vé mau sic cua cdc mau
trude va sau khi xur ly.

+ Phan téng quan vé tinh hinh nghién ciru trong nuGe con it trich dan, dic bidt vé
céc phuong phap xir ly hét déc hiru co phospho.

+ Phan két qua va thao luan 3.1 — Téng hop vit liéu titan oxit, cdn néu rd céc mau
TiO; 75-100-150 va 200 la méu ¢6 ty 1¢ céc thanh phan nhur thé nao, vi trong thuc nghiém
cling chua noi rod.



+ Trong bang 3.1 trang 55, dic trung bé mit cia TiO2. Khi nong d6 TTIP glam thi
dién tich bé mit ting, duong kinh mao quan trung binh ciing ting lén, tuy nhién thé tich
mao quan lai ting khong dang ké. Thong thuong khi dudng kinh mao trung bmh tang ma
thé tich khéng thay ddi dang ké thi bé mit giam, vy tic gia giai thich thé nao vé thong sb
cua bang nay?

+ Khi nghién ciru tai sir dung vit liéu xtic tic dé xac dinh d bén, véi xtc tac UiO-
66C/g-C3N4-30% thi hoat tinh sau 6 1an st dung la bao nhiéu?

7. N§i dung ludn 4n da duge cong bé trén tap chi, ky yéu héi nghi khoa hoc nao va
gia tri khoa hoc cuia céc cong trinh da duge cong bd.

Luén 4n dd cong bd duge 04 cong trinh khoa hoc trén cac tap chi trong va ngoai
nude. Trong d6 ¢6 02 cong trinh duge cong bd trén cac tap chi quic té 6 uy tin xép hang
Q1 va Q2; 02 cong trinh cong b trén céc tap chi khoa hoc ¢6 uy tin trong nudc.

Day la cac cong b c6 chit lugng tét, ndi dung cua cac cong trinh nghién ciru 12 phi
hop véindi dung cia luén an.

8. Két luan chung:

Ban luén n cia nghién ctru sinh Lé Van Diing dap (ng day du ngi dung cua mot
ludn an tién si Chuyén nganh Hoéa ly thuyét va Héa ly. Ban tém tit ludn an phan anh trung
thyc an dung co ban cua luan 4n. Luan an c6 thé dua ra bao vé trude Hoi dong cham ludn
an cap Hoc vién dé nhén hoc vi Tién si.

Ha Néi, ngay 16 thang 3 nam 2025
Nguwdi nhan xét

PGS.TS. Dao Quée Ty



CONG HOA XA HQI CHU NGHIA VIET NAM
Poc ldp - Ty do - Hanh phic

BAN NHAN XET PHAN BIEN LUAN AN TIEN SI CAP HQC VIEN

Tén dé tai ludin 4n: Nghién ciru tong hop va dic trung xtic tac trén co s& nano
titan dioxide va khung co kim -zirconi (Zr-MOFs) tmg dung xir Iy chét doc than kinh
co phét pho.

Chuyén nganh: Hoéa 1y thuyét va Hoa ly.

Ma s6: 9 44 01 19.

Nghién ciru sinh: Lé Van Diing,

Ngudi huéng din: 1. PGS.TS Ding Tuyét Phuong.

2. TS. Nguyén Duy Trinh.

Nguwoi phan bién: PGS.TS. Pao Ngoc Nhiém

Co quan cong tac: Vién Khoa hoc vt li¢u, Vién Han lam Khoa hoc va
Cong nghé Viét Nam

N¢i dung nhan xét:
1.Tinh cAn thiét, thoi sy, ¥ nghia khoa hoc va thue tién ciia dé tai ludn an.

Pé tai co tinh cép thiét, thoi su trong viéc bién tinh ché tao cac vat liéu nano
(TiO,, Zr-MOFs) cé cac tinh chat dic biét dé xir Iy cc chat doc hai dang dugc cac
nha khoa hoc trong va ngoai nudc quan tim. Do vy, dé tai “Nghién ciru tong hop
va dac trung xic tac trén co sd nano titan dioxide va khung co kim -zirconi (Zr-
MOFs) g dung xir Iy chét dc than kinh co phét pho.” ctia NCS Lé Van Diing ¢6 y
nghia khoa hoc va thuc tién.

2. S khong trung lip ciia dé tai nghién ctru so véi cac cong trinh, ludn an da
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cong bo ¢ trong va ngoai nwéce; tinh trung thwe, ré rang va day du trong trich
din tai liéu tham khao.

Dé tai ctia NCS Lé Vin Diing khéng tring lap véi cac cong trinh, ludn 4n da
cong bd & trong va ngoai nude.

Céc tai liéu tham khio dugc cdp nhat, trich dan dz‘“iy du, trung thuc va rd
rang.
3. Sur phit hop giira tén dé tai véi ndi dung, gitra ndi dung véi chuyén nganh va
mé s0 chuyén nganh.

Tén dé tai phi hop véi ndi dung nghién ctru. Ludn an c6 ndi dung hoan toan
phu hop v6i chuyén nganh Héa ly thuyét va Hoa ly, ma so: 9 44 01 19.

4. D) tin cily va tinh hién dai ciia phwong phap da sir dung dé nghién ciru.

~ Téc gia da sir dung cdc phuong phap héa Iy hién dai dé tong hop bién tinh
ché tao vat liéu nano cting nhu phan tich xdc dinh ddc trung tinh chat cua vat liéu
tong hop dugc: phuong phap nhiéu xa tia X (XRD), pho hong ngoai bién doi
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Fourier (FT-IR),hién vi dién tir quét (SEM), hién vi dién tir truyén qua (TEM),
déng nhiét hip phu - khir hap phu nito (BET), Phé quang dién tor tia X
(spectroscopy, XPS), phd phan xa khuéch tan tir ngoai kha kién (UV-Vis DRS),
phé phat quang (PL), phd tan sic nang lugng tia X (EDS) , phan tich nhiét trong
lugng va nhiét vi sai (TGA-DTA), Phuong phap giai hap phu NH; theo chuong
trinh nhiét do (TPD-NHj3) va phén tich FTIR su hap phu acetonitril-d3(CD;CN) va
xéc dinh san pham hinh thanh trong qua trinh phén hiy DMNP béng phuong phap sic khi
16ng khéi pho (LC-MS ). Do vy, ket qua thu nhan duoc cia ludn an la dang tin cay.
5. Két qua nghién ciru méi cia tac gia.

Pa nghién ctru tong hop thanh cdng xtc tc quang Ui0-66C/g-C3Ny-30% st
dung chat lién két H,BDC dugc ché tao tir nhua polyethylene terephthalate (PET)
nhira phé thai. D4 nghién ctru dua thanh cong Ui0-66C lén g-C3Nj. Két qua nghién

cru thiy rang hiéu suit chuyén héa DMNP trong mdi trudng nudc, duéi diu kién
chiéu birc xa 4nh sang kha kién tir ~50% (déi v6i UiO-66C) lén dén 98,9% (d6i
voi Ui0-66C/g-C3Ny-30%).

Xtc tac khung co kim ludng kim 4%Ti-MOF-808(Zr) dugc tong hop thanh

cong bang cach pha tap Ti lén khung co kim MOF-808(Zr). Xtc tac nay c6 kha
nang xir ly nhanh (thoi gian ban hiy DMNP la 0,25 phut), hiéu qua cao (phén huy
gan nhu hoan toan DMNP trong 1,34 phut).
Két qua nghién ciru cua ludn an budc diu d& xuit co ché phan hiy DMNP
bang xic tic Ui0-66C/g-C3Ny-30% va 4%Ti-MOF-808(Zr). Co ché quang xuc tac
clia UiO-66C/g-CsN4-30% théy ring vai trd ciia "0”", h' va 'OH c6 thé 1a cac loai
tam hoat dong chinh. Cac tdm acid Lewis trong xtic tac 4%Ti-MOF-808(Zr) c6 thé
dong vai tro quyét dinh trong viéc phin huy DMNP.Day la budc quan trong, lam
co s& khoa hoc dé tong hop vat liéu ché tao chat tiéu doc chit ddc than kinh co
phét pho mét cach hiéu qua trong linh vuc quan sy va mo rong Gmg dung xur ly hop
chit co phét pho trong cong nghiép va dan sinh. Két qua luan 4n la tai liéu tham
khao c6 gia tri trong nganh hoa, moéi truong, vét liéu,...

6. Uu diém va nhuge diém vé ngi dung, két cAu va hinh thirc cia ludn dn.

Luén 4n duge trinh bay sach dep két cau hop ly, ngi dung va hinh thic dap
{mg yéu cau ctia mdt ludn an tién sy theo dung quy dinh cua co s& dao tao.

7. Noi dung ludin 4an di dwgc cong b6 trén tap chi, ky yéu hdi nghi khoa hoc
nao va gia tri khoa hoc ciia cic cong trinh da cong bo.

Tir niim 2022 dén 2024 NCS Lé Vin Diing da c6 04 bai béo cong bb trén céc
tap chi uy tin trong vai ngoai nude. Trong d6 02 bai béo qubc té uy tin SCI-E (01
bai ding trén Applied Surface Science (Q1), 01 bai ding trén RSC. Adv (Q2) va
02 bai bao trong nude (01 bai dang trén Tap chi xuc tac va héap phu Viét Nam va
01 bai dang trén Tap chi Nghién ciru Khoa hoc va Cong nghé quan sy) .

K&t qua céc bai bio cong bd cia NCS Lé Van Diing phan dnh trung thye
céc két qua chinh cta luén an.



8. Két Iuan chung cin khing dinh mirc do dap @ng cac yéu ciu doi véi mqt
lufin dn tién si chuyén nganh. Bin tom tat ludn 4n phan anh trung thanh noi
dung co ban cua luan an hay khong; ludn an ¢o thé dua ra bio vé cap Hoce
vién dé nhan hoc vi tién si dwge hay khong.

Luan an cia NCS Lé Van Diing c6 két qua phong pht dap tng day du yéu
cau ve ndi dung va hmh thire dbi véi mot luan 4n Tién si chuyén nganh Hoa ly
thuyét va Hoa ly; Ma s6: 944 01 19.

Ban tém tat cta ludn an c6 két qua chinh co ban phan énh trung thuc noi
dung luan an.

Ngudi doc dong y cho NCS Lé Van Ding dua ludn an ra bao vé tai Hoi
déng cap Hoc vién dé nhan hoc vi Tién si.

Ha Noi, Ngdy /4 thang % ndm 2025
Nguwoi nhan xét

/
S

Pao Ngoc Nhiém



BAN NHAN XET LUAN AN TIEN SI CAP HQC VIEN

Tén dé tai ludn én: Nghién citu tong hop va ddc trung xiic tdc trén co sé nano titan dioxide
va khung co kim-zirconi (Zr-MOFs) iing dung xit Iy chat dic than kinh co phét pho.
Chuyén nganh: Héa Iy thuyét va hoa ly Misd: 9440119
Nghién ctru sinh: Lé Vian Diing
Ngudi huéng dan: 1. PGS.TS. Pang Tuyét Phuong
2. TS. Nguyén Duy Trinh
Nguoi nhan xét: PGS.TS. Nguyén Tuén Dung
Co quan cong tac: Vién K¥ thuat nhiét dgi, Vién Han lam KHCNVN

NOI DUNG NHAN XET

1. Tinh cin thiét, thoi su, ¥ nghia khoa hoc va thwce tién cia dé tai ludin 4n:

Trong sd cdc phuong phap xir Iy cdc chét hitu co doc hai, phuong phap quang xtc tac
dang dugc quan tdm phat trién rAt manh mé& nho ¢6 cic vu diém ndi bat vé tinh hi¢u qua va
than thién moi truong. Trong linh vuc nghién ctru xir ly, phin hiy chit doc than kinh co
phét pho, cic cong bd gin ddy sir dung chét xic tic quang trén co s& oxit kim loai chuyén
tiép va vit liéu khung co kim (MOFs) cling t6 ra rét c6 trién vong. Pé tai ludn an cia NCS.
[.é Vin Diing dit ra muc tiéu téng hop TiO> va céc hgp chét Zr-MOFs, tir nhiéu loai phéi
tir hitu co khac nhau, bién tinh Zr-MOFs véi Ti, khao sat kha nang tng dung xir 1y
dimethyl p-litrophenyl phosphate (DMNP) la chdt mé phong chit ddc than kinh co phét
pho. Dy la ndi dung nghién ctru c6 tinh cép thiét, c6 y nghia khoa hoc tét va dinh huéng
trng dung ro rang.

2. Sw trung lip ciia luiin 4n, tinh trung thye trong trich din tai li¢u tham khao

Theo hiéu biét ctia ngudi nhén xét, ludn 4n c6 ndi dung va cac sé liéu khong tring ldp vai
cdc cong trinh, luéin 4n da cong b trong va ngoai nude. Céc tai lidu tham khao dugc trich dén
trung thue, rd rang, c6 tinh cdp nhat.

3. Sw phit hop giira tén d@ tai véi noi dung, giita ndi dung véi chuyén nganh va ma sé
chuyén nganh.

Ludn 4n c6 tén d& tai hoan toan phi hop véi ndi dung ludn &n va phu hop véi chuyén
nganh Hoa Iy thuyét va hoa 1y, ma s6 9 44 01 19.

4. D) tin cily va tinh hién dai cia phwong phip da sir dung dé nghién ciru 2. Syr trung
ldp va sur phu hop véi chuyén nganh dao tao cia luidn 4n.

Luén an da st dung cac phuong phap nghién ciru phit hop véi muc tiéu va ndi dung
nghién ciru: nhiu xa tia X XRD, kinh hién vi dién td SEM, TEM, phé héng ngoai FTIR,
phd UV-Vis DRS, phd phat quang PL, phd quang dién tir tia X-XPS, phd tén sfc ning
lvong tia X-EDX, phan tich nhiét trong lugng TGA, sic ky long két ndi khdi phd LC-MS,
xéc dinh bé mit riéng BET... Céc thiét bi sir dung trong ludn 4n déu hién dai, dim bao do
tin cdy cao cho cac két qua thu dugc.



5. Két quéa nghién ciru méi cia lufn an.

- Luén 4n da tong hop va dic trung tinh chit cac vat liéu xic tic quang trén co s¢ TiO; va
Zr-MOFs, sir dung cac phdi tir hitu co va téc nhan bién tinh MOFs khac nhau.

- Ludn an da khao sat kha nang (rng dung cac vit li¢u xuc tdc quang trong phén huy, xur ly
DMNP, két qua cho thdy UiO-66C/g-C3N4-30% va 4%Ti-MOFs-808(Zr) ¢6 hiéu suit xir Iy
DMNP t6t nhat.

- Ludn an da dua ra gia thiét vé co ché xuc téc quang cua hai loai vét li¢u UiO-66C/g-
C3N4-30% va 4%Ti-MOFs-808(Zr).

6. Nhirng wu diém va thiéu s6t cin sira chira.

- Uu diém cia ludn an: Luan 4n c6 khi lugng thuc nghiém 16n, bd cuc trinh bay hop 1y,
hinh v&, bang biéu rd rang, c6 ¥ nghia khoa hoc va dinh huéng tmg dung t6t. Két qua cong
b tot.

-Gopy:

+ Tinh méi cta ludn an cén chi ro hon, trong céc phin Mé déu, Tong quan, khi bién ludn
céc két qua thu dugce (nén ludn so sanh véi céc két qua & phén trude va so sanh véi tai lidu
tham khéao).

+ Phén luan giai tinh can thiét thyc hién luén 4n (cudi Chuong 1, tr.32) cin bd sung vat
liéu TiOx.

i Luu ¥ bién luin cdc két qua phén tich phd hdng ngoai (hinh 3.13, 3.43...) rd rang va
thuyét phuc hon.

+ Luu y vdn phong déi chd con dai dong, chinh sira Muc tiéu, Noi dung nghién ctru va
Nhitng déng gép méi clia ludn 4nn cho khoa hoc hon (trang xv). Ra soat, chinh sira mét sd
18i bién soan, 15i chinh ta, théng nhét sir dung danh phap.

6. Nhin xét vé chét lwgng cong bd khoa hoc ciia NCS.

Két qua ctia ludn 4n da dugc ding trong 02 cong trinh khoa hoc trén cac tap chi quic
té ¢6 uy tin (1 bai Q1, 1 bai Q2) va 02 bai bao quéc gia. Cac cong trinh khoa hoc cé ndi
dung lién quan dén ludn 4n, NCS. ding tén dau.

8. Két luiin:

Luén 4n da dap Gng ddy du cac yéu cau vé noi dung va hinh thirc d6i véi mot luén 4n
tién sT Khoa hoc vét chét. Ban tom tét ludn dn phan anh trung thanh ndi dung co ban cua
ludn 4n. Téi dong ¥ cho phép NCS. dugc bao vé trude Hoi ddng chim lufn én tién s cp
Hoc vién dé nhan hoc vi Tién s.

Ha Ngi, ngay {0. thdang Z. ndm 2025
Nguwdi nhan xét

Xy~

Nguyén Tuén Dung



(Mciu 8-HV-Mdu nhén xét ludn dn)/Mau trinh bay Ban nhdn/phan bién (lam 02 ban)
BAN NHAN XET/ PHAN BIEN LUAN AN TIEN ST CAP HQC VIEN

Tén dé tai ludn dn: Nghién ciru tdng hop va dic trung x0c tac trén co s¢ nano titan
dioxide va khung co kim -zirconi (Zr-MOFs) timg dung xir ly chéit doc than kinh co phét pho.

Chuyénnganh: Hoa ly thuyét va Hoa 1y.

Misd: 9 44 01 19.

Nghién ctru sinh: Lé Vian Diing.

Nguoi hudng dan: 1. PGS.TS Dang Tuyét Phuong,

2. TS. Nguyén Duy Trinh,

Ngudi nhén xét/ Nguoi phan bién: PGS.TS. Phan Thi Binh

Co quan cOng tac: Vién Hoa hoce- Vién HL KH&CNVN

N§i dung nhiin xét:

- Tinh can thiét, thoi s, y nghia khoa hoc va thue tién ciia dé tai lugn dn.

Chét doc than kinh co phdt pho 1a mét trong nhimg tic nhén chién tranh héa hoc ¢6
doc tinh cao. Viée xtr ly céac tac nhan nay la muc ti€u nghién ctru cua nhiéu nha khoa hoc
trén thé gioi. trong do tdp trung nhidu vao viée phat trién cac vat liéu xuc tac ¢6 kha nang
phén hiy cao chit doc than kinh co phdt pho. Ludn dn nay da tip trung tong hop vat ligu
xiic tic trén co sd ti tan dioxide va vit liéu MOFs ciing nhur mdt sé dang bién tinh ctia ching
nhdm tién 16i img dung lam xic tic trong md phong chit doc than kinh co phdt pho trong
linh vy quéan sy, mé ra tiém nang tmg dung trong cong nghi¢p va dan sinh. Pé tai ludn an
¢6 ¥y nghia khoa hoc va thye tién cao.

- Sir khéng trimg lap cua dé tai nghién civu so véi cde cong trinh, ludn dn dd cong bé o
trong va ngoai nudoe; tinh trung thuc, ro rang va day i trong trich dan tai liéu tham khao.

Pé tai nghién ciru khong triing lap véi cic cong trinh, ludin an da cong b & trong va
ngodi nudce; tinh trung thye, ro rang va diy du trong trich dén tai li¢u tham khao.

- Sur phit hop gitta tén dé tai voi ndi dung, giita noi dung voi chuyén nganh va ma s6
chuyén nganh.

Tén dé tai phit hgp véi ndi dung nghién ctru, ndi dung nghién ctru cia ludgn an phu
hgp véi chuyén nganh (Hoa ly thuyét va Hoa ly) va ma s6 chuyén nganh (9 44 01 19).

- D¢ tin edy va tinh hién dai cua phwong phap da sir dung dé nghién ciru.

Cac phuong phép nghién ciru duge sir dung trong lugn dn bao gbm nhiéu xa tia X,
FT-IR, SEM. TEM, BET, SPS. UV-vis, PL, EDS. Diy la cac phuong phap nghién ctru hién
dai c6 do tin cdy tot.

- Két qua nghién ciru méi ciia tac gia.

Luéan an thu dugc 3 két qua mai nhu sau:

+) Téng hgp thanh cong xhc tic quang UiO-66C/g-C3N4-30% sur dung chat lién két
HaBDC duge ché tir nhua polyetylene terephtalate (PET) phé thai. Pua thanh cong UiO-
66C 1én g-C3N4 da lam tang hicu sudtchuyén hoa DMNP tir ~50% ddi voi UiO-66C 1én dén
98,9% trén Ui0-66C/g-C3N4-30% trong mdi trudng nude, dudi diéu kién chiéu birc xa 4nh
sang kha kién.

+) Xue tac khung co kim ludng kim 4%Ti-MOF-808(Zr). Xuc tac nay c¢6 kha nang
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xur Iy nhanh (thoi gian ban huy DMNP 14 0.25 phat). hiéu qua cao (phén huy 100% DMNP
trong 1,34 phut) hon so véi cac vt liéu khung co kim da cong bd.

+) Cac yeu t6 anh huong dén hoat tinh xtc tac duge khao sat mdt cach h¢ thong, tir
d6 tim duge dicu kién phi hop dé phan hiy DMNP nhanh va hiéu qua trén 2 loai xuc tac
Ui0-66C/g-C3N4-30% va 4%Ti-MOF-808(Zr). Bén canh do, bude dédu dé xudt co ché phén
hiuy DMNP trén xtc tic UiO-66C/g- C3N4 30% va 4%Ti-MOF-808(Zr). Co ché quang xtic
tac cua UiO-66C/g-CiNy-30% ngu y ring ‘0%, h* va ‘OH ¢6 thé 1a cdc tam hoat dong chinh.
Irong khi do, cac tdm acid Lewis trong xuc tac 4%Ti-MOF-808(Zr) ¢6 thé dong vai tro
quvet dinh trong viéc phan huy DMNP. Dd) [a bude quan trong, lam co s& khoa hoe dé
tong hgp vat liu ché tao chét tiéu doc chéat ddc than kinh co phol pho mét cach hi¢u qua
trong linh vye quén sur mo rong Gmg dung xu ly hop chit co phdt pho trong cong nghiép va
dén sinh.

- U diém va nhiege diém vé néi dung, két céu va hinh thire cua ludn dn.

Uu diém: Ludn an dugc trinh bay dep, ro rang. déc biét la cac hinh duge vE in mau rd
rang, sang sta, it 18i chinh ta. Noi dung nghién ciru nhiéu, phong phi. Ludn an thu duge
nhiéu két qua, két qua duge bién lugn kha logic va hop ly.

Nhuge diém: Nén viét hoa tén ghi trén tryc tung clia mot s6 hinh (Hinh 3.4, 3.17, 3.37
va 3 47) Trang 84: B6 sung thém thém ky hiéu viét tat TMG vao danh muc va so do phﬁn
hiy dbi voi methyl paraoxon (MP) nén la Hinh 3.31, dong thot stra lai thir ty céc hinh tlcp
theo sau do. Trang 95: Stra thir ty Bang 3.8 thanh 3.9, dong thoi sira lai thr ty cdc bang tiép
sau do. Trang 101: Bang 3.10 chua duge vién dan. C6 gi khac nhau gitra khai nigm dudng
kinh mao quan (Hinh 3.4 va 3.17) va d§ rong mao quan (Hinh 3.37 va 3.47)?

- Ngi dung ludn an da dwoc cong bé trén tap chi, ky yéu hoi nghi khoa hoc nao va gid
tri khoa hoc cua cac cong trinh da cong bo.

N¢i dung ludn an da dugc cong bé trén 4 tap chi chuyén nganh ¢6 uy tin, trong do ¢o
2 bai bdo quéc t& ¢6 uy tin, 2 bai béo trong nude. Cac bai bao déu c6 chit lugng tét 1 phan
anh noi dung lién quan dén lugn én.

- Két lugn chung can kl?éng dinh mirc d¢o dap umg cac yéu cdu déi véi mot lugn dn tién
s chuyén nganh. Ban tom tiit lugin dn phan anh trung thanh ndi dung co ban cia lugn dn hay
khong, lugn dn co thé dea ra bao vé cd'p Hoc vién dé nhdn hoc vi tién st duge hay khéng.

Ban lu@n an dap (mg cac yéu ciu ddi véi mot ludn dn tién si theo qui dinh cta Quy
ché dao tao trinh do tién si. Ban tom tit luéin 4n phan dnh trung thanh ndi dung co ban cia
ludn 4n. Ludn an co thé dua ra bao vé trude hoi déng chdm luén an cép Hoc vién dé nhén
hoc vi tién si.

Ha N¢i, ngay 12 thang 03 nam2025
Ngwoi nhan xét

o
W

PGS.TS Phan Thi Binh
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CQNG HOA XA HQI CHU NGHIA VIET NAM
Doc lap — Tw do — Hanh phic

BAN NHAN XET LUAN AN TIEN ST CAP HQC VIEN

1

Tén dé tai luan an: Nghién civu tong hop va diic trung xuc tdc trén co sé nano titan
dioxide va khung co kim -zirconi (Zr-MOFs) irng dung xir Iy chit dpc than kinh co
phét pho

Chuyén nganh: ~ Héa ly thuyét va Héa Iy
Ma s6: 9440119
Nghién ctru sinh: L€ véan Diing
Nguoi huéng dan: 1. PGS.TS Pang Tuyét Phuong
2. TS. Nguyén Duy Trinh
Ngudinhan xét:  GS.TS Vi Thi Thu Ha
Co quan cong téc: Phong thi nghiém Trong diém cong nghé Loc, Héa diu
- Vién Hoa hoc cong nghiép Viét nam

NOQI DUNG NHAN XET

1. Tinh can thiét, thoi sw, y nghia khoa hoc va thye tién ciia dé tai lufin 4n

Chét doc than kinh co phdt pho (Organophosphorous Nerve agents, OPNAs) 1a
mét trong nhitng tac nhan chién tranh héa hoc (Chemical Warfare Agents, CWASs)
c6 dgc tinh cao. Trong lich s, chién tranh héa hoc da timg xay ra va gy hau qua
rat ning né. Mic du di c6 nhiimg cong udce vé cim sir dung vii khi héa hoc, nhung
nguy co chién tranh hoa hoc van thuong xuyén hién hitu. Hon nira, ‘hién nay céac
quoc gia dang bi mat ché tao, cat trir mét lugng 16n vii khi héa hoc nam ngoél tAm
kiém soat ciia Lién qu Quéc. Do do, nguy co su dung OPNAs trong céc cuge
chién tranh, xung dot giira cac lye lugng hodc khung b6 ¢6 thé xay ra l1a rét lon Vi
vay, nghién ctru dé phong chéng loai vii khi giét nguoi hang loat nay la rat can
thiét. P c6 nhiéu phuong phap xur ly céc téc nhan OPNAs, nhu hép phy, oxy hoéa
nang cao, phin huy xuc tic, quang Fenton va sinh hoc. Trong dé, phuong phép
phén hiy xtic tic OPNAs mét céach nhanh chéng va hiéu qua thanh chit khéng doc
hai, dang dugc quan tdm nghién ciru.

Dé tai " Nghién cieu téng hop va dic trung xuc tdc trén co sé nano titan dioxide va
khung co kim -zirconi (Zr-MOFs) ting dung xit Iy chat djc than kinh co phot pho"
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nghién ctru téng hop xtc téc td hop cuia nano TiO, v&i Zr-MOFs tao ra hé xtic tac
uu viét nhd higu tng hiép dong ctia chiing dé xir 1y hiéu qua chat doc than kinh
moi phong, tu d6 mé ra tiém ning mg dung dé xir Iy céc hop chét co phét pho
trong thyc té & Viét Nam. Dé tai mang y nghia nhan van, c6 tinh khoa hoc va tinh
thuc tién cao.

2. Su khong trung lip cia dé tai nghién ciru so véi cic cong trmh ludn 4n da
cong b6 & trong va ngoai nuwéc; tinh trung thwe, rd rang va day di trong trich
din tai liéu tham khao.

Céc ndi dung nghién ctru chinh cua ludn 4n 13 hoan toan méi, khong trung 13p véi
céc cong trinh da cong bo trong va ngoai nudc.

Luan 4n gdm 189 tai lidu tham khao cép nhat dén nim 2024, duge NCS trich din
day du, trung thye va phi hop véi ndi dung nghién cin.

3. Sw phu hgp gitia tén deé tai véi ndi dung, giira ndi dung véi chuyén nganh va
mi s6 chuyén nganh

Tén dé tai ludn 4n da khai quat dugc toan bd ndi dung luén 4n. N¢i dung ludn én

pht hop v6i chuyén nganh Héa ly thuyét va Hoa 1y va ma sb chuyén nganh 9 44 01
19.

4. P} tin cdy va tinh hi¢n dai ciia phwong phap da sir dung dé nghién ciru

Cac phuong phép nghién ciru thong dung va hién dai dugc kiém dinh phu hqp véi
ndi dung can thue hign. Vi vdy, ket qua thu duge dam bao do chinh xéc va c6 do
tin cdy cao.

5. Két qua nghién clru méi ciia tic gid

Ngudi nhén xét luén an dong y voi nhing diém méi da duoc dua ra trong ludn 4n,
cu thé nhu sau:

(1) Téng hop thanh céng xic téc quang UiO-66C/g-C3Ny4-30% sir dung chét
lién két H,BDC duoc ché tao tir nhua polyethylene terephthalate (PET) phé thai.
DPua thanh cong UiO-66C lén g—C3N4 da 1am ting hiéu suét chuyén héa DMNP tir
~50% d6i véi UiO- -66C 1én dén 98,9% trén UiO- -66C/g-C3N4-30% trong mobi
trudng nude, dudi diéu kién chiéu bic xa dnh sang kha kién.

(2) Xc tac khung co kim luéng kim 4%Ti-MOF-808(Zr) dugc tong hg'p thanh
cong bang céch pha tap Ti 1én khung co kim MOF-808(Zr). Xtc tic ndy c6 kha
nang xu ly nhanh (thoi gian ban hiy DMNP 1a 0,25 phut), hiéu qua cao (phan huy
100% DMNP trong 1,34 phut) hon so véi céc vat liéu khung co kim da dugc cong
b.

(3) Céc yéu t6 anh hudng dén hoat tinh xuc tac dugc khao sat mét cach hé
thong, tir d6 tim duoc diéu kién pht hop dé phan hiy DMNP nhanh va hiéu qua
trén hai loai xuc téc UiO-66C/g-C3Ny-30% va 4%Ti-MOF-808(Zr). Bén canh dé,
budce dau dé xudt co ché phan huy DMNP trén xic tac UiO- -66C/g-C3N4-30% va
4%Ti-MOF-808(Zr). Co ché quang xiic téc ciia UiO- -66C/g-C3N4-30% ngu ¥ ring
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‘0%, h* va "OH c¢6 thé 1a céc loai tdm hoat dc}ng chinh. Trong khi’ do, céc tdm acid
Lewis trong xtc tac 4%Ti-MOF-808(Zr) c6 thé dong vai trd quyét dinh trong viéc
phan huy DMNP. Dy la budce quan trong, lam co s& khoa hoc dé tong hop vit liéu
ché tao chat tiéu doc chit doc than kinh co ph(‘)t pho mot céch hig¢u qua trong linh
vuc quan sy va mé rong tmg dung xir ly hop chat co phét pho trong cong nghiép
va dan sinh.

6. Uu diém va nhuge diém vé ni dung, két ciu va hinh thire ciia ludn 4n

Luén an c6 bé cuc can déi, két cég phu hop, hinh thie dep, ly giai hop ly va ro
rang, khoi luong nghién citru 16m, s6 liéu nhidu. Cac két ludn phan anh day du noi
dung da nghién ciru.

Y kién dong gop:

- Phén Két luan nén 1dng ghép néi dung 6 vao ndi dung 4 va 5.

- MGt s6 tai liéu tham khao qua cii nén bo néu c6 thé (vi du tai liéu [5, 127]
cong bo nam 1946 va 1913).

- Stra mdt vai 15i in 4n, danh may.

- Trong quyén Tém tét luan 4n: Phin Két luan va l‘(ié'nqnghj, Phan Nhiing dong
gop mdi cua luén an nén dé & trang riéng biét. Can bo sung tén céc phan bién
vao quyén Tom tat luan an.

7. N§i dung ludin 4n da dwge cong bo trén tap chi, ky yéu hdi nghi khoa hoc
nao va gid tri khoa hoc ciia cic cong trinh di cong bd

Téc gia ludn an da cong pé duoc 04 cong trinh trong céc tap chi chuyén nganh uy
tin trong nude va quoc te, gom Tap chi Xiic tdc Hap phu (1 bai), Tap chi Nghién
ctiu Khoa hoc va Céng nghé quan su (1 bai), Applied Surface Science (1 bai - IF
6,3, Q1), RSC Adv (1 bai - IF 3,95, Q1). Céc bai bdo c6 chat lugng cao, phan anh
ndi dung chii yéu cia luén é4n.

8. Két lufin
Luén an ctia NCS dap (g céc yéu ciu ddi véi mot ludn 4n tién si chuyén nganh.
Ban tém tit luén 4n phan anh trung thanh va diy du néi dung co ban ctia ludn an.

Téi dong y dé NCS dua lun én ra bao vé cAp Hoc vién dé nhan hoc vj tidn si.

: Ha Néi, ngay 12 thdng 3 nam 2025
Ngudi nhan xét

TLIL

GS.TS Vii Thi Thu Ha




VIEN HAN LAM CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA HOC VA CONG NGHE VN Pic lip - Tw do - Hanh phic
HOC VIEN KHOA HQC VA CONG NHE

Ha Néi, ngay 22 thang 4 ndam 2025

QUYET NGHI ‘
CUA HOI PONG DANH GIA LUAN AN TIEN ST CAP HQC VIEN

Ho va tén NCS: Lé Vian Diing
Tén dé tai luan an: “Nghién ciru tong hop va déic tru'ng xuc tdc [rén co s¢ nano titan
dioxide va khung co kim -zirconi (Zr-MOFs) itng dung xie Iy chét dpe than kinh co phot
ho”
llzlgénh: Hoa ly thuyét va Hoa Iy, Ma s6: 9 44 01 19.
Nguoi hudng dan:
1. PGS.TS. Dang Tuyét Phuong - Vién Hoa hoc, Vién Han 1dm KHCNVN.
2. TS. Nguyén Duy Trinh - Trudng Pai hoc Nguyén Tat Thanh.
S6 thanh vién Hoi dong danh gid luin dn tién si cap Hoc vién c6 mat:#7
Hoi dong danh glé luén 4n tién s7 cip Hoc vién ciia NCS. Lé Vian Diing da hop tu

9 git 00 phut dén giv  phat ngay 22/4/2025 tai Hoc vién Khoa hoc va Cong nghé, s6
18 dudong Hoang Qudc Viét — Cau Gidy — Ha Noi.

Sau khi nghe NCS. Lé Vin Diing trinh bay ndi dung luén 4n, Hoi dong da nghe
phan bién phat biéu nhén xét ludn dn; nghe cac y kién nhin xét luéin an cla cic
vién khéc trong Hoi dong. Hoi dong da tién hanh thao luin chung tai Hoi truong, §
Hoi déng da hop riéng va nhét tri quyét nghi nhu sau:

- Ket qua b phleu danh gxé ludin 4n ctia Hoi dong: s6 phiéu tan thanh 128¢/07, tro '
s6 phiéu xép loai xuéit sic 1a0¢/07.

- Nhitng két luan, nhﬁng diém moi, dong gOp mdi cia ludn an:
+ Ludn 4n da dua ra diéu kién thich hqp dé tong hop xic tac quang UiO-66C/g- -C3Ny
sir dung chét lién ket HzBDC duge ché tao tir nhyra polyethylene terephthalate phé thai.
Vit liéu ¢6 hiéu sudt chuyén hoa dimethyl p-litrophenyl phosphate (DMNP) cao duéi
bitc xa dnh sang kha kién.
+ Luén 4n da dua ra diéu kién thich hop dé t6ng hop xtc tac khung co kim ludng kim
Ti-MOF-808(Zr), ¢6 kha ning xur Iy DMNP véi hiéu qua cao trong thoi gian ngan.
+ Lufin 4n da d& xuét co ché phan hiy DMNP trén xic tic UiO- 66C/g-C3Na va Ti—
MOF-808(Zr), cé nhitng déng gép méi trong linh virc ché tao chit tiéu doc chat doc
thén kinh co phot pho mdt céch hiéu qua.

- Co s& khoa hoc, dd tin cdy cta nhiing luan diém va nhitng két luan néu trong ludn an:
Luan 4n dugc thyc hi¢n bai ban, nghiém tuc, st dung cac phuong phap nghién ciru
hién dai va pht hgp dam béao d¢ tin cdy cao cho céc két qua thu duoc.

- Y nghia vé 1y luan, thyc tién va nhitng dé nghi st dung cic két qua nghién ctru cua
luan an:
Luén 4n c6 nhitng dong g6ép mdi, 6 y nghia khoa hoc va y nghia thuc tién ro rang. Két
qué nghién ctru c6 trién vong phét trién, 4p dung trong linh vic ché tao vit liéu xic tic
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quang xir Iy chét doc thin kinh co phét pho.

- Nhfmg thiéu st vé ndi dung va hinh thuc cua ludn an:
+ Két luan s6 6 16ng ghép v6i Két lugn s6 4.
+ Lam rd hon mét sé diéu klcn thuc nghu;m
+ Thay thudt ngit “chiéu xa” bang “chiéu sang”, théng nhét sir dung danh php.
+ Nén lugc bo tai liéu tham khao qua cu.

- Mirc d6 dép tmg cac yéu cau ctia lugn 4n:
Lu@n an da dap tng day di céc yéu ciu vé ndi dung va hinh thire d6i véi mot ludn an
tién si Khoa hoc vét chit.

- Nhitng diém cén bd sung, sira chira trude khi ndp luén 4n cho Thu vién Quéc gia Viét
Nam:

Chinh sira cac 131 in 4n, bién soan, theo gép ¥ clia cac thanh vién Hoi dong.
-Kién nghi cta Hoi ddng vé viéc cong nhan trinh do va cép béng tién si cho NCS:

Héi ddng nhét tri cong nhén trinh d§ va dé nghi cp bing Tién si cho NCS. Lé Vin
Ding.

- Nghi quyét dugc 7/7 thanh vién Hoi ddng nhét tri thong qua bing biéu quyét cong khai.

THU KY HQI PONG CHU TICH HQI PONG
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PGS. TS. Nguyén Tuén Dung

S.TSKH. Diing Vii Minh

XAC NHAN CUA HQC VIEN KHOA HQC VA CONG NGHE,
KT. GIAM bOC
PHO GIAM BOC

KHOAHOC VA
CONG NGHE /4

" Nguyén Thj Trung



(Méu 20-HV-BB ctia HP cdp Hoc vién)

VIEN HAN LAM CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA HQC VA CONG NGHE VN Péc lap - Tw do - Hanh phiic
HOQC VIEN KHOA HQC VA CONG NGHE

Ha Néi, ngay 22 thang 4 nam 2025

' l}IEN BAl}J CI"JA‘ o
HOI PONG PANH GIA LUAN AN TIEN ST CAP HQC VIEN

Ho va tén NCS: Lé Vin Diing
Tén dé tai luan an: “Nghién ciru tong hop va dic trung xic tac trén co
s’ nano titan dioxide va khung co kim -zirconi (Zr-MOFs) rng dung xir ly
chit doc than kinh co phdt pho”.
Nganh: Héa ly thuyét va Hoa ly
M3 s6: 9 44 01 19.
Nguoi hudng dan 1: PGS.TS. Dang Tuyét Phuong- Vién Hoa hoc, Vién
Han lam Khoa hoc va Cong nghé Viét Nam.
Ngudi hudng din 2: TS. Nguyén Duy Trinh- Truong Pai hoc Nguyén Tat
Thanh.
Pai biéu tham dur:
- TS. Tran Thi Phuong Anh, Phé Giam déc Hoc vién Khoa hoc va Cong
nghé, Vién Han lam KHCNVN.
- Pai ta Vii Van Khay, Chi nhiém Cuc Hau can-Ky thuét, Binh ching Hoa
hoc, Bo Quéc phong.

Phin I:

1. Pai dién co s& ddo tao tuyén bd ly do, doc quyét dinh clia Giam dbc
Hoc vién Khoa hoc va Cong nghé vé viéc thanh lap Hoi d(’ing danh gia luan an
tién si cép Hoc vién va dé nghi Chu tich Hoi déng diéu khién phién hop

2. Chu tich H6i dong cong bd danh sach thanh vién c6 mit, thong qua
chuong trinh budi bao vé, dé nghi Thu ky théng béo céc diéu kién chuén bj cho
budi bao vé va doc ly lich khoa hoc ciia NCS.

3. Thu ky thong béo cac diéu kién cho budi bao vé

- Da tip hop ddy du 07 nhan xét ludn 4n ctia 07 thanh vién trong Hoi
déng;

- P4 ¢6 gidy x4c nhan cla céc dong tac cho phép NCS duoge sit dung bai
bao;



- Lun 4n, théng tin tom tit vé nhitng déng gbp méi ciia ludn an tién si
dugc ding trén trang web cia B GD&DT ngay 05/3//2025 va website Hoc
vién KH&CN ngay 27/02/2025.

- Tin vé ngay bao vé di duoc ding trén trang web cia Hoc vién KH&CN
ngay 21/3/2025.

- Thu ky Hai ddng doc tom tit LLKH va bang diém ctia NCS.

NCS c6 du céc didu kién dé bao vé luén an tién si cap Hoc vién.

4. NCS. trinh bay ndi dung luan an trong 30 phut.

5. Céc phan bién doc nhén xét va dat cau hoi

* PGS.TS. Lé Minh Cam-Phan bién 1 doc ban nhan xét (c6 vin ban kém theo):
Mot s6 gop ¥ va cau hoi:

- Trong Chuong 2 can lam r hon vai trd ciia dung dich dém NEM, kiém tra lai
quy trinh khao sat sy phan hity DMNP

- Lam rd cach xéc dinh Ecg va Evp theo phuong trinh Mott-Schottky.

- Vé viée gia thiét co ché quang xtc tdc, nén lam rd hon anh hudng cua thiy
phén, ctia chiéu sang, vai tro cla axit.

* PGS.TS. Pao Qudc Ty-Phéan bién 2 doc ban nhén xét (c6 vin ban kém theo):
Mot s6 gop ¥ va cau hoi:

- Phén Téng quan nén b sung thém tinh hinh nghién ciru trong nudc.

- CAn néu 13 cic miu Ti0, 75-100-150 va 200 1a mAu co ty 1¢ cac thanh phéan
nhu thé nao?

- Giai thich két qua trong bang 3.1 (tr. 55), vi sao khi néng do TTIP giam,
dudng kinh mao quan trung binh cta TiO, ting Ién, thé tich mao quan ting
khéng déang ké ma dién tich bé mit lai ting?

- Giai thich vi sao cac vat liéu xtc tac duge khao sat tai sur dung 6 lan, nhung
véi xtic tic UiO- 66C/g-C3Ny-30% thi chi khao sat 5 1an?

- Ra soat, chinh sira mot s6 181 cAu tir, 18i chinh ta va 16i bién soan.

* PGS.TS. Pao Ngoc Nhiém-Phan bién 3 doc ban nhén xét (c6 van ban kem
theo):

Mot s6 gbp y va cau hoi:

- Chuong 2 cAn mé ta k§ hon cac diéu kién thuc nghiém, vi du tr.35 b6 sung
thiét bi siéu Am va binh phan tmg, cing mot vai thong s6 co ban; tr.47 mo ta
diéu kién khao sét thoi gian, cch thirc ldy mau theo thoi gian?

- K&t qua phan tich EDX nén c6 so sanh véi ty 1& nguyén t6 ban déu.

- Nén thay thuét ngit “chiéu xa” bing “chiéu séng”.

- Luu ¥ khi so sanh céc két qua can ciing diéu kién thyc nghiém.

- Nén bé Két luan cudi clng,



6. PGS.TS. Nguyén Tuin Dung, thu ky Hoi dong, doc hai ban nhén xét
ludn an cua hai Phan bién doc lap.

7. Tac gia luén an tra loi céc ciu hoi cua phan bién:
- NCS. tiép thu cac ¥ kién gbp ¥ va s& chinh stra, hoan thién luan an.
- Do vit liéu Ti-MOFS-808(Zr) c6 kha nang phan huy DMNP rat nhanh tén tac
gia khong khao sét theo thdi gian chiéu sang.
- Ve két qua do bé miit riéng BET, téc gia da giai thich dya theo tai liéu tham
khao.

8. Cac thanh vién khéc trong Hoi ddng dua ra y kién nhan xét va dat cau
hoi:
* PGS.TS. Phan Thi Binh:
- Tac gia sir dung hai phuong phap xac dinh phén bé mao quan liéu cé khac
nhau khong? Khai niém duong kinh mao quan va dé rong mao quan c6 khac
nhau khong?
- Céc quy trinh téng hop vat liéu néu theo tai liéu tham khao thi can phai trich
dan.
* GS.TS. Vi Thi Thu Ha:
- Két luén sb 6 nén 1dng ghép véi Két luan s6 4 va so S.
- Nén luogc bat tai liéu tham khao qua cii.
- Xem xét lai nhan dinh ring viéc tai sir dung vt liéu khong anh hudong dén vt
liéu chi dya trén két qua phan tich XRD?
- Ra soét lai céc 15i in an.

9. Tac gia luén an tréd 101 céc cau hoi:
- NCS. tiép thu cac ¥ kién gop ¥ va s& chinh stra, hoan thién luén an.

10. PGS.TS. Diing Tuyét Phuong, dai dién tap thé huéng dan phat biéu
y kién, nhan xét qué trinh 1am luén 4n cia NCS.

Phan I1: H§i dong hop riéng dé bau ban kiém phiéu, b6 phiéu kin va
thao luin thong qua quyét nghi cia Hoi dong

1. Bu ban kiém phiéu gém 3 nguoi:

- PGS.TS. Phan Thi Binh: Truéng ban

- PGS.TS. Pao Quéc Tuy: Uy vién

- PGS.TS. Lé Minh Cam: Uy vién.

2. Thong qua Quyét nghi cta Hoi dong (c6 van ban kém theo)

EY)

Q)
<

2\ I



Phan III: Céng bd két qua va bé mac
1. Truéng ban kidm phiéu cong bd két qua danh gia luén 4n:
S6 phiéu tan thanh : 07/07
S6 phiéu xuét sic : 07/07
2. Chu tich Hoi dong doc quyét nghi ctia Hoi dong
3. Chu tich Hoi dong tuyén bo Hoi dong da hoan thanh nhiém vu va trao
. A A A » N
lai quyén diéu khién cho Co s& dao tao.

THU KY CHU TICH )
M / >
PGS.TS. Nguyén Tu4n Dung GS.TSKH. Piang Vit Minh

XAC NHAN CUA HQC VIEN KHOA HQC VA CONG NGHE
KT. GIAM POC
PHO GIAM POC




VIEN HAN LAM

KHOA HOC VA CONG NGHE VN
HQC VIEN KHOA HQC VA CONG NGHE

CONG HOA XA HOI CHU NGHIA VIET NAM
Doc ldp - Tw do - Hanh phiic

BAN GIAI TRINH CHINH SUA, BO SUNG LUAN AN TIEN Si
CAP HOQC VIEN

Ngay 22 thang 4 niam 2025, Hoc vién Khoa hoc va Céng nghé da té chic danh
gia luan an tién si cép Hoc vién cho nghién ciru sinh Lé Van Diing theo Quyét dinh s6
60/QD-HVKHCN ngay 24 thang 02 nim 2025 cia Giam dbc Hoc vién.

Dé tai: “Nghién ciru tdng hop va diic trung xic tic trén co s& nano titan dioxide
va khung co kim -zirconi (Zr-MOFs) tmg dung xir 1y chét dgc than kinh co phét pho”.

Nganh: Hoa ly thuyét va Hoa ly
M s6: 9 44 01 19.
Ngudi huéng din khoa hoc:

1. PGS.TS. Pang Tuyét Phuong - Vién Hoa hoc, Vién Han 1am Khoa hoc va

Cong nghé Viét Nam.

2. TS. Nguyén Duy Trinh - Truong Pai hoc Nguyén Tét Thanh.
Theo Bién ban ctia Hoi dong, NCS phai bd sung va chinh sira ludn an cac diém

sau day:
ac 2 : s o N¢i dung da dwge chinh sita, bo sung
TT | Noi dung d¢ nghj chinh sira, bo sung (Ghi ro so tragg/chuo'ng/muc da dugc chinh sita)
I | Y kién ciia phéan bién 1
Trong chuong 2 cén lam rd vai trd cta | NCS tlep thu va bd sung tai muc 2.1 (trang 35)
dung dich dém NEM NCS tiép thu va tra 1oi nhu sau: N-ethylmorpholine
hoat d6ng nhu mot base dé trung hoa céc sin pham
c6 tinh acid dugc tao ra dé ddy nhanh phan img va
1 khir proton nuée dé tao diéu kién cho qué trinh thuy
phdn. NEM khong tham gia vao qua trinh phan
tmg. Tom lai, NEM khéng tham gia viao qua trinh
phan ng, va n6 hoat dong nhu la base trung hoa
acid.
5 Kiém tra lai quy trinh khao sat sy phan | NCS tiép thu va da kiém tra tai muc 2.6 x4c dinh
huy DMNP. hoat tlnh XUc tac trong chuong 2 (trang 48).
Lam rd céch xdc dinh Ecs va Evs theo | NCS tiép thu va bo sung phuong phap do Mott-
phuong trinh Mott-Schottky. Schottky dé& xac dinh duorc nang lugng ving din
(Ecs), thong qua dudng tiép tuyen ctia duong Mott-
Schotky. Sau do dya vao mbi quan hé gli‘ra nang
3 lwong ving cdm va ning lugng ving din dé xéc
dinh ning lugng ving héa tri (Evs): Eve = E, + Ecp
Phuong phap Mott-Schottky dd duge bd sung tai
trang 48.

Luu y: Cac chix ky xdc nhin cin g(fn v&i nji dung trén ciing mjt trang gidy. Hoc vién sé khéng xdc
nhén néu phﬁn chit ky tach roi voi nji dung
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N¢i dung dé nghi chinh sira, bb sung

Noi dung da dwgc chinh sira, bo sung
(Ghi rd 50 trang/chuong/muc... dd dwoc chinh sia)

Vé viée gia thiét co ché quang xuc tac,
nén lam rd hon anh hudng cia thiy phéan,
ctia chiéu séng, vai trd cua axit.

Trong luén an, qua trinh thuy phan cta cac vét
liéu UiO-66C/g-C3Na va Ui0-66C duge NCS khao
sat thong qua qué trinh phan hiuy DMNP trong bong
toi (Hinh 3.28, qué trinh quang khong xay ra trong
bong t6i), cac vét ligu ndy c6 hiéu sudt phan huy
DMNP dat khoang 50% sau 60 phut phan tng.
Trong Hinh 3.28, NCS ciing tién hanh xac dinh
hiéu suit phan hily DMNP trong didu kién chiéu
sang, hiéu qua phan hity DMNP dat 98,90% sau 60
phit. Trong khi d6, vat liéu UiO-66C hidu suit
khoang 50%, khong ddi khéng dang ké trong didu
kién chiéu sang. Nhu vy, vt liéu Ui0-66C/g-C3N4
hi¢u suat phan mg phan hiy DMNP ting, nhé hiéu
qua cta qua trinh quang xuc tac.

D&i véi hé vt lidu Ui0-66C/g-CaNg va UiO-
66C, vai trd clia cdc tdm acid Lewis ciing rit quan
trong, tuy nhién trong khuén khd luén én, NCS
nhén manh tam quan trong cua qua trinh quang xuc
tac. NCS s& cd ging giai quyét vin dé nay mdt cach
thiu déo trong cac nghién ciru trong tuong lai.

11

Y kién ciia phén bién 2

Phéan tong quan nén bd sung thém tinh
hinh nghién ciru trong nudée.

NCS tiep thu ¥ kién déng gop cua hoi ddng va da
bo sung tai chinh sira tai myc 1.5 trang 30.

Phan két qua va thao lun 3.1 - Téng hop
vét ligu titan oxit, cdn néu rd cdc miu
TiO2 75-100-150 va 200 la méu c6 ty 18
cdc thanh phén nhu thé nao, vi trong thuc
nghiém ciing chua néi rd.

NCS tiép thu y kién dong gop va da bd sung Bang
2.3 trang 37. Theo d6: TiO2 75-100-150 va 200 c6
ty 18 TTIP/(hdn hgp TTIP+isopropyl alcohol):
75mL/1000mL-100mL/1000mL-150mL/1000mL
va 200mL/1000mL.

Trong bang 3.1 trang 55, dic trung bé
mit cia TiO2 Khi ndng d6 TTIP giam thi
dién tich bé mat ting, duong kinh mao
quan trung binh ciing tang 1én, tuy nhién
thé tich mao quan lai tang khong dang ké.
Théng thuong khi duong kinh mao quan
trung binh téng ma thé tich khong thay
d6i déng ké thi bé mit giam, viy téc gia
giai thich thé nao vé thong sO cla bang
nay?

NCS tiép thu y kién hoi ddng va chinh sira nhu sau:
Trong Bang 3.1 NCS da sir dung hai ham tinh toan
thé tich mao quan khéc nhau, din dén su khéc biét
ndy. NCS théng nhit tinh thé tich theo “Single
point adsorption total pore volume of pores less
than 237.0957 nm diameter at p/p°® = 0.992000000”
va sb lidu gé'c da dugc thém vao phu luc.

Giai thich vi sao céc vit lidu xtc tac khao
sat tai s dung 6, nhung véi xtc tac UiO-
66C/g-C3Ny thi chi khao sat 5 1an.

NCS tiép thu y kién déng gop va tra 181 nhu sau:
trong cac tai liéu dugc cong bé truéc do
https://doi.org/10.1016/j.rechem.2024.101786;
https://doi.org/10.1021/acsomega.2¢03675,  DOI
10.1186/s11671-017-2311-6, dé x4c dinh d6 bén tai
str dung, sir dung 5 chu ky, do do, dé clng hé quy
chiéu so sanh, NCS sir dung 5 chu ky phan tng
trong luin én,

Ra soat, chinh stra mdt so 16i cau ti, 13i
chinh ta va 16i bién soan.

NCS tiép thu y kién dong gop va da chinh sira trong
toan luén an.




N¢i dung dé nghi chinh sira, b sung

N¢i dung da dwgc chinh sira, b sung
(Ghi ré 56 trang/chuong/muc... da duge chinh sita)

I

Y kién ciia phéin blen 3

Trong Chuong 2 cAn mo ta ky hon cic
diéu ku;n thuc nghlq:m vi du trang 35 b
sung thiét bj siéu am va binh phéan (g,
cung mot vai thong s6 co ban; trang 47
mo ta dleu kién khao sat thoi gian, cach
thire 14y méu theo thoi gian?

NCS tiép thu va chinh sira, bo sung tai Bang 2.2
trang 35.

Két qua phan tich EDX nén ¢6 so sanh ty
1& nguyén td ban diu.

NCS tiép thu va tra 1oi nhu sau: tai 3.2.1.8. Ph tan
xa nang luong t1a X (EDS) gtrang 77), NCS da tinh
toan gifra thuc té va ly thuyét: Ham lugng N chiém
17,22% khéi luqng trong mau UiO-66C/g-C3Ny-
30%, tir ddy co thé tinh ty 1¢ C trong g-C3Ny trong
mau néy twong tmg 17,22%x3x12/4x14 = 11,07%,
do vy ham luong cta g-C3N4 trong miu vit liéu
UiO- 66C/g-C3N4-30% la 17,22% + 11,07% =
28,29%. Nhu véy, ty 1& khéi luong ctia g-C3Ns
trong UiO-66C/g-C3N4-30% duge xéc dinh boi
EDS gin v6i gia tri thuc nghiém la 30%.

Dung cum “chiéu sang” thay vi “chiéu
xa”

NCS tiép thu va chinh sira thong nhat sir dung cum
“chiéu séng” trong toan ludn an.

Luu ¥ khi so sanh két qua cén cung diéu
kién thue nghiém

NCS tiép thu va ra soat, kiém tra, chinh sira trong
toan luén an.

Nén bo doan cudi phan Két luan

NCS tiép thu va da bo phén cudi két ludn tai trang
130.

v

& oA > - oA
Y kién cua iy vién

Téc gia dung hai phuong phap xéc dinh
phdn bd mao quan liéu c6 khic nhau
khong? Khai niém duong kinh mao quén
va do rong mao quan cé6 khac nhau
khong?

NCS tiép thu y kién ctia Hoi dong va tra 1oi nhu
sau: Khai niém duong kinh mao quan va do rong
mao quéan déu 1a mot. NCS théng nhét chinh sira lai
thanh “kich thuéc mao quan trong toan ludn an”.
Pudng phén b mao quan duge NCS phan tich theo
ham BJH va DFT, hai phuong phép nay c6 thé ép
dung cho cac vit liu khac nhau. Vi du, vét li¢u c6
kich thuéc mao quéan cé tinh déng nhéit nhu MOF,
NCS sir dung ham DFT. Trong khi &6, véat liéu
Ui0-66/g-C3N4, ¢6 sy phin bd mao quin khic
nhau, thé hién cta ca Ui0-66 va g-CiNg, thi
phuong phap BJH ¢6 thé duoc ép dung dé thu duge
két qua chinh x4c hon.

Céc quy trinh tong hop néu theo tai lidu
tham khao thi cAn phai trich dén.

NCS tiép thu va bd sung. Viéc tong hqp vat li¢u
dugc dya trén cac tai li¢u da cong | bb truge do, NCS
chi cu thé héa cac bude bang so db khéi cho thudn
tién trong viéc theo doi. NCS da trich din céc tai
liéu tham khao sir dung dé téng hop vit liéu trong
luén an.

Y kién ciia wiy vién

Phan két ludn nén long ghép ndi dung 6
vao ndi dung 4 va S

NCS tiép thu y kién cua Hoi dong va da long ghép
trong phan két ludn tai trang 130.

Nén luge bat tai liéu tham khao qua cii.

NCS tiép thu y kién va da luge bo tai liéu qua cii
trong luan an.

Xem lai nhdn xét rfmg viéc tai s dung
vit liéu khong anh hudng dén vat liéu chi
dra trén két qua phan tich XRD?

NCS tlep thu y kién va tra loi nhu sau: Trong NC
d6 bén tai sur dung, sau chu ky cudi, XRD dugc six
dung dé xac dinh cdu tric tinh thé cua vt liéu; tir




TT | Nji dung dé nghi chinh sira, b§ sung

N¢i dung dé dwge chinh sira, b6 sung
(Gh: ré 50 trang/chuong/muc... dd ci":t(rc chmh stea)

két qua so sanh XRD giita mAu ban ddu vi mau sau
khl sir dung dé quan sat c6 hay khong su thay dm
cdu tric cua vt liéu, qua do co thé suy doan d§ bén
céu triic sau khi str dung vét liéu. Hon nita, hiéu qua
xu ly DMNP khong thay dbi déng ké.

4 | Rasodt lai céc 161 in 4n

NCS tiép thu y kién déng gop va da chinh sira trong
toan ludn an.

Nghién ctru sinh chan thanh cam on Qui thiy, ¢6 trong Hoi dong dénh gid ludn
an tién si cép Hoc vién da goép y va tao co hdi cho NCS hoan thién luén 4n cta minh.

Xin tran trong cam on./.

Ha Néi, ngay 27 thang 4 nam 20 25
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