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SUMMARY

THE STRUCTURE AND OPTICAL INTERACTION WITH SINGLET OXYGEN OF THE
Y*¥, Eu®* COMPLEXES CONTAINING 2-THENOYLTRIFLUOROACETONE AND
ANTHRACENE LIGANDS

The complexes of Y** and Eu®* rare earth elements with 2-Thenoyltrifluoroacetone (HTFTB) as ligand and
N,N-Dimethyl-N'-(9-methylanthracenyl)ethylenediamine (AnMe2) as auxiliary ligand were synthesized. Two
new complexes M1, M2 were structurally investigated using infrared and mass spectrometry. The structure
of the [Y(TFTB)3;AnMe2] (M1) complex was determined by nuclear magnetic resonance spectroscopy. The
luminescent property of the [Eu(TFTB)sAnMe2] (M2) complex was investigated using absorption
spectroscopy and photoluminescence spectroscopy. The results indicate that Y** and Eu®" ions are
coordinated to six oxygen atoms from three TFTB™ ligands and two nitrogen atoms of AnMe2 ligand. The
Eu®" complexes exhibit strong absorption in the 220 — 400 nm range. Upon reaction with 'O, (singlet
oxygen), the M2 complex transforms into M2-EPO, which displays a luminescence intensity nearly three
times higher than that of M2.

Keywords: Photoluminescence; anthracene ligand; Eu®* luminescence; singlet oxygen; optical sensor.

L. DAT VAN BE: quang, phd phat xa cta Eu®" thuong bao
s ) o gom cac dai phat xa dac trung trong vung
Céac phtrc chat cua kim loai dat hiém véi do [1-3]. Khi két hop vé&i phdi tir B-

phoi tur B-diketone da thu hat sy quan tam diketone nhu 2-thenoyltrifluoroacetone,
rong réi trong nghién ctru vat liéu quang phuc chit thu dugc co thé dat dugc hiéu
h,()C do tinh 6n dinh cao, kha nang hoa tan Suét phét quang cao. Chinh vi vay, phﬁfc
t6t trong dung méi hitu co va dac biét la Eu®* B-diketonate thuong dugc st dung
hiéu Ung “ang ten” gilp tang cuong rong rdi trong cac thiét bi quang hoc tién
cuong do phat quang cua ion kim loai. tién nhu diode phat quang hitu co
Nho do, phtc chét thu duoc ¢ thé phat (OLEDs), danh diu sinh hoc va vat liéu
quang manh véi hl@u sudt luong tir cao, laser [4]. Trong khi d6, yttrium khong
thich hop cho nhiéu tmg dung trong man thudc nhom kim loai phat quang nhung lai
hinh huynh quang, cam blen quang hoc va dong vai tro quan trong trong viéc xac dinh
quang XUC tac. Trong sO cac kim loai dét cdu tric ctia phic chat. Nhor bén kinh ion
hiém, Eu®" 1a mét ion déc biét do c6 mirc twrong duong vé6i cac ion Ln**, yttrium c6

nang luong thuén lgi cho qua trinh phat thé tao thanh cac phtrc chat 6n dinh tuong
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tu nhu europium. Diéu nay giup yttrium
tr¢ thanh mot lya chon ly tudng trong cac
nghién ciru nhdm so sanh, t6i vu héa ciu
trac va danh gia anh hudng cua méi truong
phdi tri 1én tinh chét ctia phirc chét.

Viéc két hop thém cac phdi tir phy trg
khong chi giup 6n dinh phtre chat ma con
c6 thé mang lai cac tinh chit méi. Trong
d6, cac phdi tir chira hé vong thom nhu
anthracene c6 kha nang tuong tic vobi
singlet oxygen (*O,), mot dang oxygen
hoat tinh c6 vai tro quan trong trong qua
trinh oxy hoa sinh hoc, quang dong hoc tri
liéu (PDT) [5, 6]. Do d6, cac phuc chat
nay co tiém ning tng dung trong viéc
phat trién cam bién quang hoc nhay véi
singlet oxygen, gop phan vao cic nghién
ctru trong linh vyc y sinh va moi truong
[5, 7]

Trong nghlen cliru nay, ching t01 tap trung
vao viéc tong hop, xac dinh cdu trac va
nghién ctru tinh chat cac phirc chat cua
ion Y* va Eu®* véi phdi tir chinh 1a 2-
thenoyltrifluoroacetone va mot phdi tir
phu trg AnMe2 c6 chtra nhan anthracene.

2. PHUONG PHAP NGHIEN CUU

2.1. Toéng hep cac phic
[Ln(TFTB)3(H.0),] (C1, C2)

Nho dung dich HCI dam dac (36 %) vao
coe thay tinh chira 0,2 mmol Ln,O3 (Ln =
Y, Eu) dun néng & 50°C dén khi oxide tan
hoan toan. Tiép tuc dun nong dén khi
dung dich HCI bay hoi hét, nho thém
nudc cat vao va diéu chinh nhi¢t do ¢
120°C. San pham thu duoc 13 mudi LnCls
dugc hoa tan trong 15 mL CH3;OH. Tiép
theo, thém tur tr dung dich nay vao 15 mL
hon hop c6 chira 1,2 mmol NaOH va 1,2
mol HTFTB trong CH3;OH. Khuay trén
may khudy tr ¢ nhiét d6 phong cho
CH30H bay hoi hoan toan, hon hop phan
mg lac nay & dang bot ran. Sau d6 thém
10 mL CCl, vao hon hop trén, khudy déu
dén khi thu duoc luong két taa khong doi.

chit
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Loc lay két tia va lam khé & nhiét do
phong trong binh hat 4m. Phic chat
[Y(TFTB)3(H20)e] (C1) va
[EUu(TFTB)3(H20)2] (C2) thu duoc co
mau dac trung cua ion kim loai. Hiéu suét

80-82%.
2.2. Téng hop phéi tir AnMe2
O HN/_\ 7
O CHO + HaN N % sscB:n
9,
So 66 1
Hoa tan hoan toan anthracene—9—

carboxaldehyde (0,206 g; 1 mmol) trong
50 mL dung mdi CHzOH. Tiép theo, nho
tur tir N,N-dimethylethylenediamine (0,12
mL; 1,1 mmol) vao dung dich trén. Hon
hop dugc khudy déu lién tuc trong 36 gid
o nhiét do phong, thu dugc AnMel.

Pé loai bé hoan toan dang base Schiff,
thém khoang 4 — 5 lan (0,2 g) luong du
NaBH; vao AnMel, khudy lién tuc va
dun hoi luu & 60°C trong 4 gio dé thu
dugc san pham AnMe2. Sau do6, ria ki
bang 50 mL nudc cit & nhiét do phong
trong 30 phut nham loai bo amine du.
Tiép theo, cho 20 mL CH.CI, vao hén
hop trén, lic manh rdi chiét 1ay phan dung
dich mau vang tan trong CH,Cl,. Khi bay
hoi dung dich nay, thu duoc san pham
AnMe2 dudi dang keo mau vang nau.
Hiéu suét 78%.

23. Tong hop cac phic
[Ln(TFTB);AnMe2] (M1, M2)

Nho tir tir dung dich cua phéi tir phu tro
AnMe2 da dugc hoa tan trong 15 mL
CH,Cl; vao cbc thiy tinh ¢ chira sén 0,5
mmol phure chat ddu C1 (C2)trong 15 mL
dung mdi CHz;OH. Khuay déu hdn hop
trén & nhiét d§ phong cho dén khi thé tich
dung dich con khoang 10 mL, Iac nay két
tha bat dau xuat hién. Tiép tuc khudy dén
khi thu duoc lugng két tia khong ddi. Loc

chét
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két tia bang may hut chan khong, sau do
lam kho san pham. Hi¢u suat 84%.

2.4. Twong tac cia phic chit M2 véi
1
0,

Hoa tan phtrc chat M2 trong dung moi
CH,Cl, (d6 tinh khiét 99,7%) dé thu duoc
dung dich ¢6 néng do 103 M. Sau d6 pha
loang béng CH,Cl, dé thu dugc phuc chét
M2 ndng d 5.10° M.

Dung dich M2 (5.10° M) trong CH.Cl,
(3 mL) dugc thém vao 0,25% cremophor
C040. Thém vao hon hop trén 200 pL
dung dich Na;MoO, (0,01 M), sau do la
500 pL dung dich H,0; (0,2 M) va khuay
lién tuc trong 15 gidy & nhiét do phong.
Dung dich bi phan thanh hai 16p, 16p phia
trén ¢c6 mau vang nhat [7].

2.5. Cac phwong phap nghién ctru

Ph hong ngoai ciia cac hop chét duge ghi
trén may IMPACT 410 NICOLET va may
FTIR Affinity - 1S trong vung 400 — 4000
cm %, mau do & dang vién nén véi KBr.
Phd ESI-MS cua céc phuc chit M1, M2
dugc do trén may Waters™ SQ Detector
2, dung mdi st dung 1a acetonitrile.

Pho cong hudng tir hat nhan cac hop chat
dugc do ¢ nhiét do 298K, dung modi
CDCl; bang may Bruker AVANCE (600
MHz).

Pho hap thu phén tir UV—Vis cac hop chat
duoc ghi trén may do quang phd hap thu
phan tir Biochrom S60.

Pho huynh quang (PL) cua cac dung dich
phtre chit duoc do bang may F—4700 FL
Spectrophotometer.

3.KET QUA VA THAO LUAN

3.1. Pho hdng ngoai

Phd hdng ngoai ctia phirc chat dai dién
M2 duoc dua 6 Hinh 1.
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Hinh 1. Phé héng ngoai ciia M2

Pho hap thy hong ngoai cua cac phirc chat
ban dau C1, C2 c0 sy xuat hién cua céc
dai hép thu dac trung cho dao dong hoa tri
ctia nhém hydroxyl (3426 — 3453 cm?).
Tuy nhién, cac dai nay khong quan sat
dugc trong phd cua céc phtre chat hon
hop M1, M2. Piéu nay cho thay rang cac
phan tir H,O di bi loai khoi cau phdi tri.
Trong phirc chat hdn hop, tan s6 hap thu
clia C=0 (1597 — 1602 cm ™) nhin chung
thip hon tan sd dic trung cia nd trong
phirc chit C1, C2 (1602 — 1605 cm ™) [1].
Dao dong hoa tri cua lién két Ln—O trong
cac phtrc chat hdn hop thé hién & mot vai
van trong viing 579 — 580 cm™ , cao hon
so v6i phirc chat ban dau (513 — 517 cm™
). Bén canh d6, M1 va M2 con ¢6 su
xuat hién cua cac van hép thy dic trung
cho lién két Ln—N ¢ tan s6 456 — 458 cm™

1 [7]. Két qua phd IR budc dau xac nhan
su ph01 tri giita ion dat hiém voéi nhom
phéi tir chtra oxygen va nitrogen.

3.2. Pho khéi lwgng ESI-MS

Trén phd -MS? cua cac phire chat M1, M2
déu xuét hién cac pic c6 m/z = 972,71;
1036,72 tuong ung véi ion phan ta [Y-
(TFTB)4]" va [Eu-(TFTB)s]". Tuong tu,
trén phd +MS? cling déu c6 m/z tuong
ung 280,11 va 279,27 phu hop véi ion
phan tor [AnMe2+H]" cua cac phtrc chat.
Két qua phd khéi lugng chi ra phirc chat
da bi phan tach thanh cac manh ion, trén
phd -MS' ¢o hién tuong tao ra manh ion
phan tir [Ln-(TFTB)4] trong do6 ion dat
hiém két hop véi bon phdi tir TFTB’, con
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trén phd +MS?* xuét hién pic ion phan tu

cta phdi tir phu trg AnMe2 (Bang 1). Tur

dir kién nay c6 thé khang dinh cong thirc

gia dinh cua phirc chat M1 va M2 la phu

hop.

Bang 1. Quy két cic manh ion twong tng véi pic
ion phan tir trong phé +MS' cua M1, M2

Hop chit Pho MS m/z Quy gan manh
M1 -MS' 97271 [Y(TFTB).]
+MS' 280,11 [AnMe2+H]"
M2 -MS'  1036,72 [Eu(TFTB).]
+MS' 279,27 [AnMe2+H]"

3.3. Phé cong hwéng tir hat nhén

th) cong huong tir hat nhan cia M1 duoc
thé hién trong Hinh 2. Su quy keét cac tin
hi€u duogc trinh bay ¢ Bang 2.

Bang 2. Cac tin hi¢u trén phd "H-NMR ciia M1

STT b} Poboi  Tich Quy két
(Ppm) phan
1 8,44 Vanddéi 2,09  2H (Hi, Hy)
2 8,41 Vandon 0,99 1H (Hyo)
3 801 Vanbdi 1,95  2H (Hg, Hs)
4 7,71  Vandséi 2,95 3H (Hy)
5 751 Vandséi 2,95 3H (Hys)
6 747  Vanbdi 3,89  4H (Hy367)
7 7,06  Vanba 2,86 3H (Hyp)
8 6,43 Vandon 2,76 3H (Hy)
9 517 Vandon 2,02 2H (H,)
10 3,17 Vandon 1,09 1H (Hy)
11 2,90 Vandon 2,08 2H (Ho)
12 2,32 Vandon 6,09 6H (H,, 1)
13 2,07 Vandon 182 2H (Hg)
Haa

R.76

6.6
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Hinh 2. Phé *H-NMR ciia phirc chat M1

D

Céc tin hiéu trong phd *H-NMR cuta phirc
chat M1 duoc quy gan dua vao cac tin
hiéu proton ctia phdi tir ty do. Trén phd
cong huong tir hat nhan ‘H-NMR cia
M1, cac tin hiéu quan sat duoc déu twong
ung voi by khung H trong phan tr cia
phirc chat. Trong d6, cac tin hiéu & ving
7,06 — 8,44 ppm dac trung cho cac proton
thu¢c nhom thiophenyl va anthracene. Su
xen phu gitra cac tin hi€u proton cua céc
vong thom duogc quan sat thdy, do d6 viéc
quy gan cha yéu dua trén su phan tach cac
tin hiéu va ti 1€ tich phan. Ngoai ra, su
xuét hién ciia mot tin hiu van don tai
6,43 ppm voi ti 1€ tich phan 2,76 tuong
ung voi 3 proton cua nhém C-H trong ba
phdi tir TFTB", cho thiy ion Y3* da phdi
tri v6i ba phdi tir thong qua cac nguyeén tu
oxygen. Hon nira, trong ph6 xuét hién bén
tin hi€u gian rong tai 5,17 ppm; 3,17 ppm;
2,90 ppm va 2,32 ppm véi ti 1€ tich phan
2:1:2:2 duge quy gan lan luot cho cac
proton H,, Hp, He va Hy. Chung toi cho
rang qué trinh tao phirc di lam giam su
quay tu do cta nhom -CH-, dan dén su
gidn rdng cua cac tin hiéu nay. Mot gia
thiét dugc dua ra 1a sau khi tao phrc, cac
nguyén tir N trong phéi tir AnMe2 khong
con ¢ trang thai dong phang, dan dén cac
proton Hc, Hyq trong nhdm -CH»- tré nén
khong twong dwong. Day 1a co so dé
khing dinh thém sy tao phirc ciia Y** véi
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cac phdi ta. Ngoai ra, trén két qua phd
con xuit hién mot tin hiéu singlet & 2,32
ppm voi ti 1€ tich phan 6,09 dugc quy gan
cho sau proton cua hai nhom —CHs trong
phéi tir AnMe2.

Két qua phd cong huong 'H-NMR tir
ching to céc ph01 to TFTB™ Va AnMe2
da tham gia phdi tri v6i ion Y* qua céc
nguyén td O va N theo dang ti I¢
1Y®* : 3TFTB : LAnMe2. Tir céc dit kién
thu duogc, chung t6i dua ra cong thirc phuc
chét thu duoc nhu sau:
H —

& ™o s
/ H@
3
3.4. Pho hap thu phan tir

Tinh chat quang cua cac phuc chit duoc
nghién cau thdong qua phd hap thu
electron, dugc do trong dung méi CH,Cl,
voi ndng do 5.10° M [7] trong khoang
budc séng 200 — 800 nm. Phd hap thu cia
cac phdi tir va phirc chat dwoc hién thi
trong Hinh 3a.

Két qua phé UV—-Vis cho thay cac phéi tir
HTFTB, AnMe2 va cac phic chat C2,
M2 déu hap thy quang manh trong ving
tir ngoai (220 — 400 nm). Céc dai hap thuy
rong tai 280 — 400 nm dugc gan cho
chuyén mic n© — n* cia PB-diketonate
trong phéi tir tw do HTFTB va cac phic
chat C2, M2. Trong khi d6, dai hap thu
trong khoang 225 — 280 nm dugc quy gan
cho chuyén mic ® — w* cua nhan
anthracene trong phdi tir AnMe2 va phtic
chat M2. So véi phirc chat C2 ban dau,
phirc chit M2 c6 xuat hién thém dai hap
thu & 265 nm va mot vai vai phd trong
vung tir 360 - 390 nm déc trung cho cac
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dai hap thu cta anthracene, chtng to ion
dat hiém da phdi tri véi phdi tir AnMe2.
Do bi cdm theo quy tic Laport nén hau
nhu khong quan sat duoc cac dai chuyén
mirc 4f — 4f cua ion Eu®" trén phé hap thu
clia cac phirc chét.

1.0

—— AnMe2
——HTFTB

081 —2cC2

& (nm)

@)

40000+ 5p,—~F,

25000 '\ —— M2-EPO
| — M2

30000 4

25000 4

Cwéng do

20000 ‘

15000 [

10000 1 ) l\
5000 - I\ |
0 J A
B
700

T N
500 600

A (nm)

Equation y=a+b'x
064 Intercept 10.46544 + 0.03
Slope -0.02761 £ 0.001
10.4 - Pearson's r -0.98925
* Adj. R-Square 0.97595
10.2 N
= +*
T 1004
-
*
9.8 4 *
*
*
9.6 *
.
94
T T T T T T T
0 5 10 15 20 25 30 35 40
Thoi gian (phat)
(©

Hinh 3. () Pho hdp thu ciia cic phdi i va phitc
chat. (b) Pho huynh quang ciia M2 va M2-EPO.

(C) Biéu do hoi quy tuyén tinh ciia M2-EPOQ theo
thoi gian o 608 nm
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3.5. Ph6 huynh quang

Phirc chat M2 dugc nghién ciu bang
phuong phap quang phd phat quang trong
dung méi CH,CIl, véi budc song kich
thich & 360 nm, ndng do 5.10° M. Trong
quang phd ciia M2, cac chuyén mirc °Dy
— 'Fy (0 = 0-6) cua ion Eu®" da duoc
quan sat thdy (Hinh 3b). Piéu thi vi 1a
phirc chit M2 phat xa ¢ cuong do tuong
d6i thap mic du nude phéi tri trong C2 da
bi AnMe2 thay thé. Piéu nay c6 thé dugc
giai thich do trang thai triplet cia vong
anthracenyl c6 ning luong thip nén qua
trinh truyén ning luong sang Eu®* khong
hiéu qud, lam gidm kha nang phat quang
ctia phtre chat. Vong anthracenyl ciing c6
thé 1am gian doan hiéu ung “ang ten” tir
cac nhom B-diketonate dén ion Eu®* [6, 7].

Khi M2 tuong tac voi 'Oy, qué trinh phéat
xa cua phirc chat M2-EPO manh hon so
v6i M2 (khoang ba lan) (Hinh 3b). Cac
dinh phat xa cia M2 va M2-EPO tuong
tu nhau va ddc trung cho qua trinh phat xa
c6 tam la europium. M2-EPO sau khi tao
thanh hop chat endoperoxide, tinh thom
cua vong anthracenyl bi pha vg, tao ra
trang thai triplet méi c6 muc nang luong
cao hon va phu hop dé truyén hiéu qua
dén ion Eu®*. Sy truyén ning luong truc
tiép tir cac nhom p-diketonate dén ion
Eu’* cling duoc phuc héi [6, 7].

Mot dic diém hap din khac 1a phat xa
mau dé cia M2-EPO gidm nhanh sau
mot khoang thdi gian ngin (37 phut),
ngin hon so v&i thoi gian trong tai lidu
[7]. Piéu nay cho thdy co sy tuwong tac
quang thuan nghich gita M2 va M2-
EPO. C6 thé 1y giai rang, sau mot thoi
gian phan tr oxygen dugc giai phong khoi
M2-EPO, phuc héi hiéu qua tinh thom
cia anthracene, mot 1an nita dap tat su
phat xa cua Eu®* théng qua quéa trinh
truyén nang lugng ndi phan tir [6, 7]. Viéc
theo ddi su thay doi phat xa cia M2-EPO
& 608 nm cho thiy phan ung tuén theo
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phuong trinh dong hoc béc nhat (Hinh
3c). Pay 1a co sd dé phirc chat M2 c6 thé
stt dung nhu mot cam bién huynh quang
nhén biét phan tir 'O,

4. KET LUAN

Trong nghién ctru nay, chung t6i da tong
hop thanh cong cac phuc chat cia Y3* va
Eu* véi phéi tir 2-thenoyltrifluoroacetone
(HTFTB) va phdi t¢ phu tro N,N-
dimethyl-N'-(9-
methylanthracenyl)ethylenediamine. Két
qua phan tich ph6 hong ngoai va pho khoi
luong ESI-MS da xé4c nhén su phéi tri cua
ion Y** va Eu** véi cac phdi tir thong qua
c4c lién két Ln-O va Ln-N. Ngoai ra, phd
cong hudng tir hat nhan ctia phirc chat M1
da gitp lam sang to thém cu trac cua hé
phdi tri theo ding ti 16 1Ln* : 3TFTB :
1AnMe2. Pho hép thu UV-Vis cho thiy
cac phirc chat cia Eu®" hip thu manh
trong vung tir ngoai tir 220 dén 400 nm.
Pang cha ¥, phiic chat M2 c6 tuong tac
quang thuan nghich véi singlet oxygen,
trong do thoi gian phan img cling nhu thoi
gian phuc hoi kha nhanh so véi phirc chét
dugc cong bd trong tai lidu [7], cho thiy
tiém ning tng dung trong cam bién
huynh quang. Nhitng két qua nay khong
chi cung cép hiéu biét sau hon vé cdu trac
va tinh chit quang hoc ctia cac phurc chét
dat hiém ma con mé ra hudng ung dung
méi trong linh vuc cam bién quang hoc,
vat liéu phat quang.

Loi cam on: Nghién ciru nay dugc hoan
thanh trong khuén kho dé tai ciia B6 Gido
duc va Dao tao, ma so: B2025-SPH-03.
Céc tac gia chan thanh cam on.
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