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TONG HOQP VA NGHIEN CUU KHA NANG PHAT QUANG CUA
PHUC CHAT Eu(ll), Gd(111), Tbh(I11), Yb(I11) VOI HON HQP PHOI TU
2-PHENOXYBENZOAT VA O-PHENANTROLIN
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SUMMARY

PREPARARION AND LUMINESCENCE INVESTIGATION OF
COMPLEXES OF Eu(I11), Gd(I11), Th(I11), Yb(I11) WITH MIXED
LIGANDS 2-PHENOXYBENZOATE AND O-PHENANTROLINE

Some mixed ligands complexes of rare earth elements with 2-phenoxybenzoate
and o-phenantroline with the general formula [Ln(Pheb),(Phen),]CI (Ln: Eu,
Gd, Th, Yb; Pheb: 2-phenoxybenzoate; Phen: o-phenantroline) have been
prepared. The luminescence properties of mixed ligands complexes in solid state
were investigated by measuring the excitation and emission spectra, the
intramolecular ligand-to-rare earth energy transfer mechanisms were discussed.
The emission spectra of the Gd(lI1l) and Yb(I1l) complexes displayed only one
narrow band arising from°®P,,—®S,, and ’F,-’F, respectively. , The
emission spectrum of the Eu (I11) complex displayed four bands arising from
°D,-'F,°D,—F,,°’D,~"F,, °D, - 'F, transitions; On the other hand
the emission spectrum of the Tb (I111) complex displayed four bands arising from
°D,-'F,, °D,- 'R, °D,-F,, °D, - F, transitions.
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1.MO AU

Vat liéu mai co kha nang phat quang
thu hat dugc sy quan tam nghién cuu
cia nhiéu nha khoa hoc trong va
ngoai nudc, dic biét 1a cac hop chit
phdi tri c6 kha ning phat huynh
quang [1, 2]. Kha nang phat xa huynh

quang cia cic phtc chat dugc ung
dung rong rai trong danh dau huynh
quang sinh y, trong cac dau do phat
quang cua phan tich sinh hoc ... [3, 4,
5]. O viét Nam, viéc nghién ctru kha
ning phat quang cta phirc chat hén
hop phdi tir 2-phenoxybenzoat va



o-phenantrolin cua cac nguyén té dat
hiém co rat it cong trinh dé& cap dén.
Trong cong trinh ndy, chang toi tién
hanh téng hop va nghién ctru kha ning
phat quang mét s6 phiic chat hdn hop
phdi tir 2-phenoxybenzoat va o-
phenantrolin caa Eu(lll), Gd(Il),
Th(11), Yb(III).
2. THUC NGHIEM
2.1. Téng hep phirc chat hdn hep
phéi tir caa Ln (I11) véi axit 2-
phenoxybenzoic vao-phenantrolin
Quy trinh tong hop céc phirc
chat hdn hop phdi tir dugc md phong
theo tai liéu [3]. Céch tién hanh cu thé
nhu sau: Hoa tan hai phdi tur axit 2-
phenoxybenzoic (HPheb) va o-
phenantrolin (Phen) trong C,HsOH
tuyét ddi cho dén khi thu dwoc dung
dich trong suét. 6 tir tir dung dich
chua LnCls (Ln: Eu, Gd, Th, Yb)
vao dung dich hdn hop phéi tir trén.
Ti ¢ mol gita LnCl; : 2-
phenoxybenzoic : o-phenantrolin la
1:2: 2. Hon hop duoc khudy trén
may khudy tr & nhiégt do 60°C,
khoang 2-2,5 gio, két taa phirc chat tir
tir tach ra. Loc, rira phuc chat bang
nugc cat trén phéu loc thaty tinh x4p.
Lam khd céac phiic chat trong binh hat
am dén khdi luong khong doi. Hiéu
suit tong hop dat 80-85%. Céc phuc
chat thu dugc c¢6 mau dic trung cia
jon dat hiém.
2.2. Phuwong phap nghién ciu
Phé hap thu hong ngoai cua cac chat
duoc ghi trén may Shimadzu 1800
trong viing tir (400 + 4000) cm™. Miu
dugc ché tao bang cach nghién nho va
ép vién voi KBr, thuc hién tai khoa

Hoa hoc, Truong Pai Hoc Khoa Hoc
Tu Nhién — Dai Hoc Quéc Gia Ha Nai.
Phé khéi lwong cua cac phac chét
dugc ghi trén may UPLC-Xevo-
TQMS-Waters (My). Phac chét dugc
hoa tan trong dung méi con. Ap suét
khi phun 30 psi, nhiét d6 ion hoa
325°C, khi hd tro ion hoa: Nj, thuc
hién tai phong phd khdi, Vién Hoa
hoc - Vién Han lam Khoa hoc va
Cong nghé Viét Nam.

Phé huynh quang dugc do trén
quang phé ké huynh quang NanoLog
Horiba iHR 550 dugc trang bi voi
cuvet thach anh, thuc hién tai phong
quang pho, trudng Pai hoc Bach
Khoa Ha Noi.

3. KET QUA VA THAO LUAN

Sy hinh thanh phirc chat va tinh chat
lién két trong phuc chit duoc khing
dinh nhd phuong phap phd hap thy
hong ngoai. Cong thuc phan tir va
cdng thiic cau tao gia thiét cua phuc
chat dugc xac dinh bai phuong phap
pho khéi lwong. Hinh 1, 2 13 phd hép
thu hong ngoai va phd khéi luong cia
phitc  chat  [Eu(Pheb),(Phen),]Cl.
Hinh 3, 4, 5, 6 1a ph6 huynh quang
ciia cac phuc chit hdn hop phdi tir
caa Eu(Ill), Gd(111), Th(111), Yb(lII)
tuong Ung.
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Hinh 1. Phé hong ngogi cia
[Eu(Pheb),(Phen),]ClI



e

‘ [

wio T8
s | { R
wze o s '
| pe_ oo w2 Y Ll b L
T T T

Hinh 2. Phé khéi lirong cua
[Eu(Pheb),(Phen),]Cl

Trong pho hap thu hong ngoai cua
cac phicc chat hon hop phdi tir xuat
hién dai c6 cuong d6 manh & vung
(1606 + 1626) cm™ dwoc quy gan
cho dao dong hoéa tri bat dbi xang cua
nhém C=0, ching dich chuyén vé
viing ¢6 sé song thap hon so véi phd
ctia HPheb tu do (1688 cm™). Bidu d6
chtng to, trong céc hop chat da hinh
thanh lién két kim loai — phéi tir qua
nguyén tir oxi caa nhom —COO". Mt
khac, trong phé hap thu hong ngoai
cuia cac phac chat xuat hién céc dai
trong vung (1538 — 1547) cm™, cac
dai nay dugc quy gan cho dao dong
hoa tri cua lién két C=N trong céc
phac chat, cac dai nay déu bi dich
chuyén vé ving c6 sb song thap
hon so v&i Vi tri twrong wng cua no
trong phd cua Phen tu do (1588 cm’
1. Nhu vay trong phuc chat hdn
hop phéi tir, sy phéi tri caa phoi tir
véi ion dat hiém Ln*" duoc thuc
hién qua hai nguyén tir oxi cua
nhom -COO° trong 2-
phenoxybenzoat va qua hai nguyén
tar N trong phenantrolin.
Trén pho khéi lugng cua cac phic chat
hon hop phdi tir déu xuét hién pic co
m/z 16n nhat bang 939, 944, 945 va
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960 tuong tng V6i cac phuc chat coa
Eu(ll), Gd(I11), Th(Il), Yb(ll1). Céc
gia tri nay ing dang voi cong thic ion
phan tar [Ln(Pheb),(Phen),]” cua cac
phuc chat (Ln: Eu, Gd, Tb, Yb; Pheb:
2-phenoxybenzoat; Phen: 0-
phenantrolin). Tur két qua pho khéi
luong, két hop véi céc dir liu cua phd
hap thy hong ngoai ching tdi gia thiét
rang trong diéu kién ghi pho, phtic chat
hdn hop phdi tir ¢6 s6 phdi tri 8. Trén co
s& ndy chiing toi gia thiét cong thic cau
tao cuia phtic chat nhu sau:

(Ln: Eu, Gd, Th, Yb)
Nghién ctu kha nang phat huynh
quang cua cac phuc chat thiy rang,
phd phat xa huynh quang cua phirc
chat Eu(III) xuat hién ¢ ving tir 550
+ 800 nm. Khi bi kich thich bdi nang
lugng tir ngoai & 325 nm, phac chat
nay phat xa huynh quang véi bon cuc
dai phat xa hep va sic nét lién tiép o
591 nm, 612 nm, 648 nm va 692 nm
(hinh 3), trong d6 cuc dai phat xa ¢
648 nm c6 cudng do rat yéu, hai cuc
dai phat xa ¢ 591 nm va 692 nm co
cuong do trung binh va twong duong
nhau, cuc dai phat xa ¢ 612 c6 cuong
d6 manh nhat. Ung véi cac dai phat xa
nay 1a su xuat hién anh sang ruc rd cua
mién trong thay: ving cam (592 nm;



612 nm) va ving do (648 nm, 692
nm). Cac dai phd nay duoc quy gan
twong ung cho su chuyén doi
°D,— "R (591 nm),’D, — "F, (612
nm),°D, — 'F, (648 nm), °D,-"F,
(692 nm), cua ion Eu®* [6].
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Hinh 3. Phé huynh quang cua
[Eu(Pheb),(Phen),]CI
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Hinh 4. Phé huynh quang cua
, [Gd(Pheb),(Phen),]Cl

boi véi phuc chat cua Gd(I), khi
duoc buc xa béi anh sang tur ngoai &
300 nm, phirc chat nay phét ra mot dai
phét xa duy nhit, sic nét va c6 cudng
d6 phét xa rat manh (hinh 4), phét xa
nay thuoc vung &nh sang tim ¢ 403
nm, su phat xa nay phu hop Véi
chuyén mtc ning luong
°P,,, —°S,,, cua Gd* [6].

Phd phat xa huynh quang cua phirc

chat Tb(Ill) xut hién & ving tir 420
+ 650 nm. Khi bi kich thich bai nang
luong tir ngoai & 325 nm, phac chat
nay phat xa huynh quang véi bon cuc
dai phat xa hep va sic nét lién tiép o
495 nm, 548 nm, 582 nm va 620 nm
(hinh 5), trong d6 cuc dai phat xa &
548 nm c6 cudng d6 manh nhat. Ung
Vé6i cac dai phat xa nay la su xuat hién
anh sang ruc ry cua mién tréng thay
thuoc vang luc (495 nm; 548 nm) va
vung cam (582 nm; 620 nm). Cac dai
phd nay dugc quy gan tuong ung cho
sw chuyén doi, °D,—"F, (495 nm),
°D,—'F, (548 nm), °D,-F, (582

nm), °D, — 'F, (620 nm) cua Th*" [6].
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Hinh 5. Phé huynh quang cua
[Tb(Pheb),(Phen),]Cl
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Hinh 6. Phé huynh quang cua
[Yb(Pheb),(Phen),]Cl



Dbi véi phac chat cua Yb(III), khi
duogc kich thich bdi birc xa tir ngoai &
325 nm, phuc chat nay phat xa huynh
quang trong khoang 450-650 nm véi
Mot cuc dai phat xa c6 cuong do rat
manh ¢ 513 nm (hinh 3.16), tuong
tng véi sy xuat hién anh sang ving
luc. Su phat xa nay tuwong Gng Vai
chuyén doi °F,, - *F,, cua Yb*>* [6].
C6 thé giai thich co ché phat xa
huynh quang cua céc phic chit nhu
sau [6]: Khi nhan dugc nang lugng
kich thich, céc phdi tr chuyén tir
trang thai singlet sang trang thai
triplet; tiép theo 1a qué trinh chuyén
nang lugng tur trang thai triplet cua
phdi tir sang Ln(111); cudi cung 1a ion
Ln* chuyén tir trang théi kich thich
Vvé trang thai co ban va phéat xa anh
sang dic trung ctia ion dt hiém.

Nhu véy, cac ion Eu**, Gd**, Th** va
Yb* déu c6 kha ning phat huynh
quang khi nhan dugc nang luong kich
thich tr ngoai ¢ 325 nm dé chuyén
I&n trang thai kich thich, sau do la cac
qua trinh phuc hdi xudng nhirng mirc
nang luong thap hon mang lai céc qua
trinh phét huynh quang. Cac két qua
nay ching to truong phéi tar hdn hop
2-phenoxybenzoat — o-phenantrolin
da anh huong mot cach co hiéu qua
kha ning phat quang ctia cc ion dat
hiém.

IV. KET LUAN

1. Pa téng hop duoc 04 phic chit
hén hop phdi tir 2-phenoxybenzoat va
o-phenantrolin cua Eu(lll), Gd(ll),
Th(II1), Yb(Il).

2. Phuong phap phd hip thu hong

ngoai va pho khéi luong da xac dinh
cac phire chit c6 cing cong thirc phan
tir [Ln(Pheb),(Phen),]CI.

3. Pa dua ra cong thic cAu tao gia
thiét cua ion phuc chat, trong d6 ion
dat hiém phdi tri hai cang qua 2
nguyén tir oxi cia COO" cua 2 phdi tir
2-phenoxybenzoat va qua 2 nguyén tu
nito cua 2 phdi tir o-phenantrolin.

4. Pa nghién ctu cac phic chat bang
phuong phap phd huynh quang, két
qua cho thdy cac phuc chat di tong
hop déu c6 kha ning phat xa huynh
quang khi dugc kich thich bo1 budc
song A = 325nm, do c6 qua trinh
chuyén ning lwong hiéu qua tir phdi
tr sang ion dat hiém. Trong 04 phuc
chat nghién cau thi phic chat cua
Eu(l11) va Tb(Il) phat quang manh va
ruc r& nhat.
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