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Cam bién huynh quang d9 nhay cao dé phat hién ion AI*
dua trén phirc chat Eu(I1I)-p-dixeton
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Tom tit:

Céu tric ciia cac phire chit Eu(IIT) dwoc xac dinh bang phwong phap nhiéu xa tia X don tinh thé. Két qua cho thiy,
cAc phirc chét nay ton tai duéi dang phire di nhan Eu(III)-Na(I), trong d6, ion Eu®* dwge phdi tri véi 8 nguyén tir dxy
cua 4 ph61 tir p-dixeton. Phirc chit Eu-Na monomeric xuét hién dai phat xa mau dé véi hiéu suét lwong tir 1én dén
47,5% tai A x—370 nm. Nhom nghién ciru da thiét ké thanh cong quy trinh dwa cac anion cta phirc chat Eu(III) Ién
nhua trao doi ion dé tao thanh vat liéu Resin-EuTFNB (RE1) va Resin-EuTFPB (RE2). Cac vit li¢u tong hop dugc
¢6 cwong do phat quang manh hon cac phire chit ban diu nho loai bé dung méi ph01 tri trong phirc chit. Buéc dau,
sir dung cac vat liéu nay dé phat hién sw c6 mit ciia ion AP* tai cac nong d thip. RE1 va RE2 déng vai tro nhu mot
cam bién huynh quang dua trén co ché bit - tit. Trong twong lai, cAc tac gia hy vong hé vat liéu nay c6 thé phat hién

ion APF* trong hé sinh hoc.

Tir khéa: cam bién huynh quang, phé huynh quang, phirc chit dat hiém.
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Viée dua vao co thé con ngudi mot luong 16n nhom c6 thé
gy ra bénh thiéu mau, chimg nhuyén xuong, sy khong dung nap
glucose va ngung tim. Gan ddy, nhom dugc xem 1a nguyén nhan
gy ra tinh trang bénh 1y (bénh ndo, xwong, chimg thiéu mau) c6
lién quan dén diéu tri tham tach. Ngoai ra, nhom 1a mgt nhan t6
g6p phan vio viée gy ra cac bénh suy thoai than kinh, trong d6 co
bénh Alzheimer (sa st tri tué 6 ngudi cao tudi). Theo TH chirc Y
té thé gioi, ham luong nhom trung binh nap vao co thé con ngudi
chi khoang 3-10 mg/ngay va c6 thé dung nap hang tuan t6i da 1a 7
mg/kg trong lugng. Do d6, viéc nghién ctru dé tim ra mot phuong
phap nhanh, don gian, gia thanh thap va hiéu qua trong phat hién
ion APP* 1a v ciing can thiét [1, 2].

Phuong phap cim bién huynh quang hién nay la mot trong
nhirmg phuong phap dugc st dung pho bién dé phat hién cac cation,
anion va phan tir nho trong co thé séng. Uu dlem cua phuong phap
nay la don gian, gia thanh thap, thAm nhap t6t, do nhay cao va tin
cdy 16n. Nhiéu cong trinh nhan biét ion A" dya trén cac cht hitu
co ¢6 kha nang cam bién huynh quang da dugc cong b6 trén thé
gidi. Tuy nhién, loai cdm blen huynh quang nay c6 nhuoc diém la
hiéu suat luong tir thap, tong hop phirc tap va do tan trong nudc
kém, nén khong thich hop dé sir dung trong cac té bao song. Dé
khic phuc nhuoc diém trén, cam bién huynh quang nhan biét ion
AP dya trén vat liéu MOF (khung hitu co - kim loai) da dugc cong
bé v6i wu diém vuot troi 14 ¢6 do nhay cao (10 nM), d6 chon loc
tot, thorl gian nhin biét nhanh (2 phat). Méc du vdy, phuong phap
nay van con ton tai diém yeu tong hop qua nhiéu giai doan va hiéu
suét quang thap. Phirc cht B-dixeton dat hiém Eu(IIT) thu hut duoc
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su quan tam cua nhiéu nha khoa hoc do c¢6 d6 bén 16n, hiéu suit
luong tir cao va khi thay d6i cdc nhom thé trong phdi tir dan dén
tang d tan trong nuée. Cam bién huynh quang dua trén phire chat
cia Eu(IIl) dugc phat trién dé co thé tmg dung phat hién cation,
anion trong co the song. Hién nay, trén thé gl()’l c6 mot 56 cong
trinh cong bé vé phirc chat cua Eu(IIT) nhan biét cation kim loai
nhu Cu*, Zn*, Fe*'... Tuy nhién, rt it cong trinh aé cap dén cam
bién huynh quang dua trén phirc chat Eu(IIT) dé phat hién ion APt
trong co the song [3-6]. Dic biét, viéc dua phirc chat 1én vat liéu
bén, do xop cao la mot trong nhimg giai phap dot pha gitip lam bén
phirc chét, ting hiéu sudt luong tir va thudn tién trong tmg dung
thyc tién. Vi vy trong cong trinh nay, ching t6i tién hanh: “Thiét
ké cam bién phat hién ion AI** d6 nhay cao dua trén phitc chat phat
quang Eu(III)-B-dixeton”.

Thuc nghiém

Tong hop phikc chit hai nhin kim loai Eu(Ill)-Na(l) voi
phoi tir benzoyltrifloaxeton (HTFPB) va 2-naphthoyltrifloaxeton
(HTFNB)

Quy trinh tong hop céc phitc chat hdn hop duoc thyc hién nhu
sau:

Budc 1: hoa tan 1 mmol mubi EuCl .6H,0 vao 30 ml CH,OH
(cbe 1).

Budc 2: hoa tan hdn hop gdm 5 mmol HTFNB/HTFPB va 5
mmol NaOH trong 20 ml CH,OH (cdc 2).

Budc 3: b tir tir coe 1 vao cde 2, vira d6 vira khudy déu dung
dich trén mdy khuay tur.
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Abstract:

The structure of the Eu(IIl) complexes were determined
by single-crystal X-ray diffraction. The results showed
that these complexes exist as a heteronuclear of Eu(IIl)-
Na(I) in which ion Eu** is coordinated through eight oxygen
atoms of four B-dixetone ligands. The authors found that
the monomeric europium-sodium complex displays a very
strong red emission with a quantum yield up to 47.5% at
A_=370 nm. The authors have successfully designed a simple
process to put the Eu(III) complexes on anion exchange resin
to create Resin-EuTFNB and Resin-EuTFPB materials.
The products have a luminescent intensity that is stronger
than that of the precursor complexes due to the removal
of the coordination solvents in these complexes. Initially,
using these materials to test the ability to recognise AF" ion
at low concentrations, Resin-EuTFNB and Resin-EuTFPB
played a role as a sensing chemosensor based on turn-off
mechanism. In the future, they are expected to detect AF*
ion in the biological system.

Keywords: chemosensor, photoluminescence spectroscopy,
rare earth complex
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Budc 4: khudy dung dich thu dugc trong thoi gian 4 gio. Sau
d6, dé dung dich bay hoi cham ngoai khong khi.

Budc 5: tinh thé phirc chét Eu-TFNB-Na va Eu-TFPB-Na thu
dugc sau 4-5 ngay. Hi¢u suat phan tng 90%.

So dd tong hop phtrc chat:

HTFNB
O KE
1 I F
OO 5 Eyu-TFNB-Na
MeOH
EuCl; + NaOH HTFPB
SO
i F
OO 5 FEu.TFPB-Na
MeOH
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Thiét ké vit ligu phdt quang dwa trén phirc chiit Eu-TFNB-
Na va Eu-TFPB-Na di tong hop dwoc

Quy trinh tong hop vat lidu phat quang nhu sau:

Bugc 1: ngdm 3 g nhya trao doi ion Resin trong 30 ml dung
dich muo6i NaCl 1 M trong 24 gio. Tién hanh loc gan va rira sach

hat nhua thu duge nhiéu lan béng nuée cét hai lan, séy kho &
600°C trong vong 2 gid (hinh 1).

ClJ thay thé OH-

OH OH OH OH OH OH" OH" QH" QH QH" QH" OH' il
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Hinh 1. So’ d6 diéu ché vat liéu RE1 va RE2 (bwéc 1).

Budc 2: can 10° mol phitc chit Eu-TFNB-Na/Eu-TFPB-Na
hoa tan trong 30 ml hon hop dung moi etanol/nude ty 1& 1:1. Sau
do, chuyén toan bo luong nhya thu duge & bude 1 vao cde chira
phirc chat, ngim trong thoi gian 6 gio. Tiép theo, loc gan thu toan
b9 hat nhua, san pham thu dugc dugc rura nhiéu Ian bang nudc cat
hai 14n va 1am kho trong binh hit a am, ky hiéu vat li¢u thu dugc lan
luot 1a RE1 va RE2 (hinh 2).

pht

moa T
pht pht pht pht Cr cr cu L, |pht = [Eu(TFNB)]/

B [Eu(TFPB)4]" s& thay
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Hinh 2. So’ db didu ché vat lieu RE1 va RE2 (bwéc 2).

Phwong phdp nghién ciru

Phd hong ngoai dugc ghi trén may FTIR 8700, trong ving
400-4.000 cm™!, theo phuong phap ép vién KBr tai Vién Hoa hoc,
Vién Han lam Khoa hoc va Cong nghé Viét Nam.

Dit liéu nhiéu xa tia X don tinh thé cua phuc chét duge do trén
may nhiéu xa tia X (STOE IPDS 2T) & nhiét d6 200 K tai Khoa
Hoéa hoc, Truong Dai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia
Ha Noi. Céu tric dugc tinh todn va tdi uu hoa bang phan mém
SHELXS-97.

Phd huynh quang (PL) ciia cac dung dich phirc chat Eu(III) ¢6
nf”)ng d9 10° M duogc do tai Vién Vit ly, Vién Han lam Khoa hoc
va Cong nghé Viét Nam bang quang pho ké Model-SP-2558 cua
Acton Research trong dung moi metanol.

Két qua va thao luan
Pho héng ngoai

Phd héng ngoai cta phuc chét dai dién Eu-TFNB-Na dugc thé
hién & hinh 3. Trén pho hong ngoai cac phirc chét xuat hién cac
van hép thu tir 1.611-1.615 cm trong cac phitc chit cho dao dong
ctia nhém C=0 cua phdi tir HTFPB va HTFNB. Khi tao phtrc véi
ion dét hiém, dao dong hoa tri ctia nhom C=0 dich chuyén vé ving
¢ s6 song cao hon so voi phéi tir. Nguyén nhan chinh Ia do hiéu
{mg lién hop = trong vong thom cta nhom thé phenyl, naphtalen
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va glixeton cua phéi te HTFNB, HTFPB. Dic biét, trén 2 phé déu
xuat hién van hap thy ¢ khoang 3.446 cm' cuong d§ manh, gia
thiét duoc dua ra ¢ day la trong phirc chat c6 nhom -OH phoi tri.
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Hinh 3. Phé IR cla phirc chat Eu-TFNB-Na.
Nhiéu xa tia X don tinh thé

(A) (B)

Hinh 4. C4u trac tinh thé phirc chat Eu-TFNB-Na (A) va Eu-TFPB-
Na (B).

Bang 1. Mot sé thong tin vé céu tric cua tinh thé Eu-TFNB-Na
va Eu-TFPB-Na.

Chit Eu-TFNB-Na Eu-TFPB-Na
Cong thire C, H, .EuF, NaO | C,H,EuF NaO,,
M (g) 1.467,02 1.119,66
Hé tinh thé Orthorhombic Orthorhombic
a(X) 12,6863 (5) 11,5622 (7)
b (&) 22,6585 (7) 25,9122 (13)
c(X) 22,5121 (8) 15,7206 (9)
0 (%) 90 90
B () 90 90
Y () 90 90
V (&%) 6.471,2 (4) 4.709,9 (5)
Nhom diém khong gian ~ Pben Pben
Sb phan tit/6 co so 4 5
R/WR, 0,0483/0,0871 0,0584/0,1173
TAP CHI
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Phuong phap nhidu xa tia X don tinh thé 1 mot phwong phap
hién dai, khang dinh chic chin ciu triic cac phirc chét tong hop. Két
qué céc phure chit Eu(III) chi ra trong hinh 4 va bang 1 cho thiy,
cac phirc chat ny ton tai dang anion, trong d6 ion dat hiém Eu’* co
s6 phoi tri 8 lién két véi 4 phdi tit HTENB/HTFPB thong qua cac
nguyén tir xy. Cdu ngoai phtrc chit co sw xuét hién cua ion Na*
lién két voi 2 nguyén tir flo ctia 2 phdi tir HTENB/HTFPB va lién
két v6i céc nguyén tir 6xy ctia dung mi phdi tri nho luc trong tac
tinh dién. Dic biét, voi hai phdi tir trong ciing mot ho p-dixeton,
két qua nhom nghién ctru thu duoc véi hai cau trac khac nhau.
Truong hop ctia Eu-TFNB-Na xay ra qué trinh thity phan mot phdi
tir trong moi truong kiém tao san pham 1-axetylnaphthalen theo
co ché Retro-Claisen, con Eu-TFPB thi khong. Bén canh do, phuc
chat Eu-TFNB-Na v6i su xuat hién ciia 1-axetylnaphthalen thay
thé mot phén tir nude phoi tri voi ion Na* hira hen s& ting kha ning
phat quang cho phirc chat.

Phé huynh quang PL

Phé huynh quang phitc chat Eu(II)-Na(I): phd huynh quang
cua hai phuc chit Eu-TFPB-Na va Eu-TFNB-Na dugc do tai buge
song kich thich A=370 nm trong dung mdi chloroform, hiéu suat
luong tir quang dugc xac dinh thong qua chit chudn Rhodamine
640.
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Hinh 5. Anh phat quang va phd huynh quang ctia phirc chat Eu-
TFPB-Na va Eu-TFNB-Na.

Két qua do cho thiy, phd huynh quang cia cic phirc chit
Eu(1IT) du xuét hién dai chuyén co cuong do cao tai A=612 nm,
ung voi dinh phat xa mau do cua ion Eu**. Gia tri hi¢u suat luong
tir do duogc khi so sanh Rhodamine 640 voi phirc chat Eu-TFNB-
Na va Eu-TFPB-Na lan lugt 1a 0,47 va 0,07. Phitc chit Eu-TFNB-
Na c6 hiéu suét luong tr cao hon Eu-TFPB-Na va cao hon 2,4 lin
$0 voi cac phuc chét cua Eu(IIl) da duoc cong b6 [6]. V6i cac két
qua huynh quang thu dugc mo ra trién vong tmg dung cac phirc
chét vao thue tién.

Phé hupnh quang ciia vt liéu REI va RE2: phd huynh quang
ctia vét liéu khi dua hai phirc chat Eu-TFNB-Na va Eu-TFPB-Na
(RE1 va RE2) dugc do tai budc song kich thich =370 nm. Két qua
huynh quang thu dugc cta miu tring va vét lidu khi dua cac phirc
cua Eu(III) dugc thé hién ¢ hinh 6.
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Hinh 6. Anh va phé phat quang ctia RE1 va RE2.

Két qua phd huynh quang vat liéu chi ra mau trang Resin (nhya
trao doi ion) khong phat quang, hai mau vét liéu RE1 va RE2 phat
quang voi cudng do rat manh, trong dwong véi cuong do cua phirc
chat Eu(IIT) lac dau. Trong d6, dai chuyén c6 cuong do 16n tai
1=612 nm, (ing ding dinh phat xa mau do cua ion Eu**, cuong do
huynh quang ctia RE1 cao hon cua RE2 khoang 1,5 lan. So sanh
cuong do huynh quang cua cac phire chat du va phic chat dua lén
nhya trao d6i ion cho thiy, cuong do huynh quang ting 1én, nhét
14 dbi voi truong hop Resin-EuTFPB. Dit liéu phd huynh quang
thu dugc 1a co s ching minh anion [Eu(TFNB/TFPB)]- da duoc
dua lén vat ligu. Khao st tinh bén chit ctia phite chat trén vat lidu
bing céch: rira vat liéu RE1 va RE2 nhiéu lan trong dung moi tan
phitc chat 1 etanol. Kiém tra dung dich rira bang dén tir ngoai tai
budc song chiéu A=365 nm, két qua cho thay dung dich khong phat
quang.

Khdo sdt khd nang phdt hién ion AP* ciia vit ligu RE1va RE2

Tién hanh do cuong d6 quang cua vat liéu RE1/RE2 trong céc
dung dich nuéc chira 1an luot cac ion kim loai n6ng do 10°M: Zn*,
Co?, Pb¥, Fe**, Cr¥*, Na*, Mn¥, Cu®’, Mg*, Ni%*, AI* va c4c hon
hopion AI**, Na™; AP*, Na', Fe*"; AP*, Mg?", Na", Fe**. Két qua phat
quang dudi dén tir ngoai budc song A=365 nm va cuong d6 huynh
quang tai budc song kich thich A=370 nm duoc thé hién & hinh 7.
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Hinh 7. Hinh anh va cwo'ng dé huynh quang khi c6 mat cac ion kim
loai cua vat liéu RE1/RE2.

So sanh cudng d huynh quang clia cac mau vat lidu khi test
thtr véi cac ion kim loai khac nhau, két qua dua ra chi ¢6 ion AI*
lam tit phat quang ctia vat liéu. Nhu vay, vat ligu RE1 va RE2 déu
c6 kha ning cam bién quang kiéu “bit - tit” khi c6 mat ion Al
ndng d6 104 M.

Tién hanh do cuong do huynh quang ciia cac miu vét liéu RE1/
RE2 theo nong d9 ion AI** va lugng nhya. Két qua duge thé hién
0 hinh 8.
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Hinh 8. Cwong dé huynh quang theo néng dé AP* (A) va theo
lwong nhwa (B).

Qua khao sat vé d6 chon loc ion, nf‘)ng dd ion AI**, lugng nhya
61 wru cia vt liéu dé phat hién ion AP 13 0,1 g, ndng do phat hién
ion AI** nho nhét trong cac nong do cho dap tmg 1a 10°M trong
thoi gian 1 phit.

P tong hop va nghién ciru thanh phan cau tric hai phic chat
Eu(III). Két qua nghién ctru huynh quang cho thdy, cic phirc chat
phat quang mau do tmg v6i dinh phat xa tai A=612 nm, hiéu suét
luong tir cao so v6i cac phirc chit Eu(Il) da dugc cong b, trong
d6 phtrc ciia Eu-TFNB-Na phat quang manh hon Eu-TFPB- Na.

Thiét ké thanh cong quy trinh don gian dua phiic chat Eu(III)
1én nhya trao doi anion tao vat liéu Resin-EuTFNB va Resin-
EuTFPB, phiic chét bén trén vat liéu, cuong do phat quang manh
hon nhiéu phirc cht dau do loai bo dung mdi phoi tri.

Vat li‘éu Resin-EuTFNB va Rqsin-EuIFPB nhan biét nhanh jon
AP* c6 nong d6 10 M theo co ché cam bién quang dang “bat - tat”.

LO1 CAM ON

Nghién ciu ndy dugc hoan thanh trong khudn kho @& tai
NAFOSTED, ma s6: 104.03-2020.12. Cac tac gia xin chan thanh cam on.
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