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SUMMARY
SYNTHESIS, LUMINESCENT PROPERTIES OF COMPLEXES OF Nd*, Sm**, Eu®
WITH SALICYLIC AND 2,2>-DIPYRIDINE-N-OXIDE

In this paper, the luminescent properties of three synthesis complexes of Ln (I11) (Ln: Nd, Sm, Eu) with mixed
ligands (salicylic and 2,2 -dipyridine-N-oxide) are described. The complexes correspond to their general
formula of Ln(Sal),(DipyO)(H;O), (Ln: Nd, Eu; Sal’: Salicylic, DipyO: 2,2’-dipyridine-N-oxide) and
Sm(Sal),(DipyO). The products were characterized by IR, thermal analysis, mass, and emission
spectroscopy. The findings from IR spectroscopy suggested that complexes had been synthesized
successfully, in which three of them consisted of neutral monomeric molecules. The thermal analysis
indicated that they were all quite stable to heat. The luminescent spectra of the Eu(Sal);(DipyO)(H,0),
displayed five bands arising from the °Do— 'F, dominant transition located at 614 nm, whereas the
weaker °Dy— 'Fy, °Do— 'F4 transitions located at 592 and 700 nm, respectively. Notably, the weakest °Dy —
"Fy, °Do— 'F5 transitions were located at 579, 652 nm, respectively. The luminescent spectra of the
Sm(Sal),(DipyO) displayed three weak bands at 561, 598, and 645 nm, arising from “Gs;, — ®Hsy, “Gs, —
®H.p5, “Gs, — °Hgp, transitions. These complexes demonstrated photoluminescence under UV light at room
temperature.

Keywords: Rare earth complex, luminescent property, salicylic acid, 2,2 -dipyridine-N-oxide.

truyén niang luong tir cac phdi tir sang ion kim

1. MO PAU o o
loai (hi¢u Ung ang-ten) [2,3]. Trang thai triplet
Céc phitc chat phat quang ciia kim loai dat hiém thip nhit ctia phdi tir dong vai trd 16n nhat trong
thu hit nhiéu su quan tAm nghién ciru vi céc tmg qué trinh ndy [4]. Nguoi ta da ching minh duoc
dung tiém nang cua chuing trong thiét ké cac didt ré_ng su truyén ning luong dwoc thuc hién mot
phat quang hitu co [1-3]. Mét trong nhiing vén dé cach hiéu qua khi trang thai triplet thdp nhit nim
quan trong nhét trong linh vyc nay 1a lya chon trén mirc ning lwong cong hudng cia ion kim
duoc cac phéi tr phu hop s&€ mang lai hi€u qua loai mot chut [4]. Theo cach tiép can nay, bon
phat quang cao cua cdc ion kim loai. Sy kich loai hop chit chinh di duogc nghién ctru dudi
thich, dan dén su phat quang cua cac ion dit hiém dang céac phdi tir hd tro, d6 1a : 8-oxiquinoline, p-
trong céc phirc chat, phy thudc rat nhiéu vao sy diketones, carboxylic acid thom va pyrazolones
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[4]. Trong bai bao nay, ching ti trinh bay quéa
trinh tong hop, tinh chét va sy phat quang ciia CAC
phttc chit tao bi Nd(I11), Sm(111), Eu(IIl) véi
hén hop phdi tir salicylic va 2,2’-dipyridine-N-
oxide.

2. THUC NGHIEM
2.1. Héa chét

Céc hoa chat: Salicylic acid, 2,2’-dipyridine-N-
oxide, Nd,O3;, Sm,0O;, Eu,03 HCI, C,HsOH la
hoa chét tinh khiét cua hing Merck. Nudc su
dung trong céc thi nghiém la nude cit 2 1an.

2.2. Tong hop phirc chit

Céc phirc chat duoc téng hop theo quy trinh sau
[5]: Hoa tan riéng r& hai phéi tir salicylic acid
(HSal) va 2,2’-dipyridine-N-oxide (DipyO) trong
C,HsOH (ndng d HSal = 0,1M; néng do DipyO
= 0,1M), tron hai dung dich nay v6i nhau thu
dugc dung dich hdn hop phdi tir. Cho tir tir dung
dich LnCl; (Ln: Nd, Sm, Eu) vao dung dich hén
hop phéi tir trén. Ti 1¢ mol gitta LnCl; : HSal :
DipyOla 1 : 3 : 1. Hn hop duoc khudy trén may
khudy tir & nhiét 4o phong, khoang 3,5 — 4 gio,
tinh thé phirc chit tir tir tach ra. Loc, rira phirc
chat bang nudc cat trén phéu loc thiy tinh xdp.
Lam khé phirc chit trong binh hit 4m dén khéi
luong khong doi. Hiéu suat tong hop dat 80 -
85%. Cac phirc chat thu dwgc c6 mau dic trung
cua ion dit hiém.

2.3. Cac phuong phap nghién ciru tinh chit
ciia phirc chét

3.1 Két qua phd hip thu hong ngoai

Phd hdng ngoai ciia cac phirc chit va phdi tir dwoc
ghi trén may FTIR Affinity — 1S, hang
SHIMADZU (Nhat) trong viing ¢6 s song tir (400
+ 4000) cm™, thyc hién tai khoa Hoa hoc, truong
PH Khoa hoc Tu nhién — PH Qudc gia Ha Noi.

Gian d6 phan tich nhiét cta cac phirc chat dugc
thye hién trén may SETARAM (Phép) trong moi
truong khong khi. Nhiét dd dugc nang tr nhét do
phong dén 900°C véi tc d6 nung 10°C/phdt, thuc
hién

tai Khoa Hoa hoc — Trudong PH Khoa hoc Ty
nhién — DH Qudc gia Ha Noi.

Phé khéi luong cua cac phirc chat duge ghi trén
may LC/MS — Xevo TQMS, hiang Water (M¥),
ngudn ion: ESI, nhiét do khi lam kho 325°C, &p
suét khi phun: 30 psi, thyc hién tai Vién Hoa
hoc, Vién Han 1am KH va CN Viét Nam.

Ph6 huynh quang dwugc do trén quang phd ké
huynh quang Horiba FL322, thyc hién tai Khoa
Vit ly, Truong Pai hoc Khoa hoc Ty nhién — Pai
hoc Qudc gia Ha Noi.

3. KET QUA VA THAO LUAN

Bang 1, 2 1a két qua phan tich phd hong ngoai va
phan tich nhiét twong Ung ciia cac phirc chat.
Hinh 1 12 phé khdi luong cua 3 phirc chét, hinh
2 1a cong thie cau tao gia thiét cua cac phirc chat,
hinh 3 1a phd huynh quang cia Sm(Sal),(DipyO)
va Eu(Sal),(DipyO)(H;0),. Cong thirc gia thiét
ctia cc phirc chit duoc dya trén co sé két hop két
qué phén tich pho hong ngoai, phan tich nhiét va
phé khéi lugng cua ching.

Bdng 1. Cdc 56 séng hap thu ddc trung trong phé hong ngoai ciia phéi tir va phire chat (cm™)

1T Hop chét VicooH) | Vascoon) | Vscoon | Vo) | Vien | Vanoy | Vion)

3230

1 HSal 1653 1479 3062
2 DipyO - - | 1232 | 1564 -

. 3315

3 | Nd(Sal)(DipyO)HO), | - | 1591 | 1458 | 1215 | 1548 | 532 |

. 3334

4 | sm(sal)y(DipyO) - | 1591 | 1460 | 1207 | 1556 | 532 |

_ 3332

5 | Eu(Sa,(DipyO)(H0), | - | 1610 | 1421 | 1207 | 1533 | 536 | .
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Két qua quy gan cac dai hip thu dic trung cho
dao dong cua cac lién két trong cac nhom chirc
trong phd hip thu hong ngoai ciia phdi tir va phirc
chat duoc trinh bay ¢ bang 1.

Phé hong ngoai ctia HSal xuét hién dai hap thy &
1653 cm™ ¢6 cuong do rat manh duge quy gan
cho dao dong hoa tri bat déi xung cua lién
két C=0 trong nhém —COOH. Ph6 hong ngoai
ctia ba phirc chét c6 dang rat giéng nhau, chimng
t6 cach phdi tri trong cac phirc chat 1a tuong
tu nhau. Trong phd hong ngoai cua cac phtic chat
déu xuat hién dai séng c6 cudng do manh &
1591-1610  cm™, duoc quy gan cho dao dong
hoa tri bat dbi xtimg ciia nhom -COO", dai nay da
bi dich chuyén vé ving c6 sé song thap hon so
véi vi tri twong Ung clia nd trong acid ty do
(1653 cm™), ching t6 trong cac phirc chit da
hinh thanh lién két kim loai - phdi tir 1am cho lién
két CO trong phirc chat bi yéu di. Cac dai & 1421
— 1458 cm™ dic trung cho dao dong hoa tri d6i
xtng ciia nhom -COO". Dai ¢ 1232 cm™ va 1564
cm™ dic trung cho dao dong ciia nhom NO va

CN tuong ung trong phdi tr DipyO da dich
chuyén vé viing c6 sé séng thap hon tuong ing &
1207 — 1215 cm™ va 1533-1556 cm™ trong céc
phitc chét. Piéu nay chung to trong cac phirc
chét, DipyO di phdi tri 2 cang voéi Ln** qua
nguyén tor O ciia nhom NO va qua nguyén tior N
ctia CN lam cho lién két N-O va C-N trong phirc
chat bi yéu di [2]. Nhu vay, trong phirc chat hon
hop phéi tr, ion dat hiém di dong thoi phdi tri
véi O cua -COO' trong Sal” va vai O, N cia NO
va CN trong DipyO tao thanh phirc chit vong hai
cang bén viing.

Trong phd hdng ngoai ciia cic phic chat con
xudt hién dai & 532 - 536 cm™ dugc quy gan cho
lién két Ln**- O trong cac phirc chét; dai ¢ ving
3064 - 3334 cm™ duoc quy gan cho dao dong cua
nhoém -OH hodéc cua H,O hodc cua Sal.

3.2. Két qua phan tich nhiét

Két qua phan hity nhiét cta cac phirc chit dwoc
trinh bay ¢ bang 2.

Bdng 2. Két qua phan tich gian do nhiét ciia cdc phire chdt

Nhi¢t do Khdi lrong mat
) xuat hién (%)
TT Phuc chat hlgu wng ng trinh Phan con lai Ly Thuc
mat khoi Xay ra thuvét | nahiam
lwong (°C) ye ghie
Tach nudc .
151 phéi tri NAd(SaDoDIpyO) | 539 | 3655
1 | Nd(Sal)(DipyO)(H,0), 249 Phan hay Nd(Sal),
420 Phan hay
598 Phan hay Nd,O4 39,94 37,37
246 Phan hity
2 Sm(Sal),(DipyO) 439 Phan hiy Sm(Sal). 28,85 | 3307
582 Phéan huy Sm,0, 41,95 38,65
Tach nudéc .
158 ohéi tri Eu(Sal)(Dipy0) | 358 | 3512
3 | Eu(Sal),(DipyO)(H,0), 254 Phan hay Eu(Sal),
430 Phan hity

Két qua bang 2 cho thdy, gian d6 phan tich nhiét
ctia phtrc chat Nd(IIT) va phic chit Eu(II) déu
xudt hién hiéu tmg mat khéi lwong ¢ 151-158 °C,
ching duoc gia thiét cho qua trinh tach 2 phan tir
nuéc phdi tri cua phac chit. Déi vaoi phac chit
cia Sm(I1l) khéng xuat hién hién twong nay,
chiang to phiic chit caa Sm(lll) & dang khan,
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khong chtra nude. Két qua nay hoan toan phu hop
vé6i két qua phd hong ngoai cua cac phic chit. Ba
hiéu tng mit khéi luvong con lai ciia ba phirc chat
la twong tu nhau & cac khoang nhiét do: 246-254
0C: 420-439 °C va 558-598 °C. Cac khoang nhiét
d6 nay duoc gia thiét 1a ung véi qué trinh phan
hay cua cac phic chat dé tao ra san pham cudi




cung 1a cac oxit dat hiém Ln,Os. Két qua tinh
toan ly thuyét twong ddi phu hop vai sb ligu thuc
nghiém thu duoc. Trén co s& d6 so dd phan hiy

(151-158) °C

Ln(Sal),(DipyO)(H,0), —=>2=—Ln(Sal), (DipyO)

~2H,0

sm(Sal), (DipyO) —Z52°¢ ,5m, 0,

3.3. Két qua phd khdi lwgng

N “L N Lot L l Lt llinn s i Bk ol it
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Hinh la. Phd khéi lwong ciia
Nd(Sal).(DipyO)(H.0),

il PRNTESRE oi VBN BB j‘ﬂmi sk s -

Hinh 1b. Phé khoi heong ciia
Sm(Sal),(DipyO)

af

RPN NPEN WP UNIT NOU TYW NEPET I
3 B o

Hinh 1c. Phé khoi lwong ciia
Eu(Sal)>(DipyO)(H:0).
Trén phd khéi lwong cua 3 phtrc chat déu xuét
hién peak c6 cuong dd manh nhét, c6 m/z lan luot
la 591; 597 va 599 twong g Vvéi cac phuc chat
caa Nd(I1); Sm(111) va Eu(lll). Céc gia tri nay
mg dung vai khdi luong twong &ng cua cac ion
phan tu: [Nd(Sal),(DipyO)T",

-
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nhiét cua céc phirc chat c6 thé duoc gia thiét nhu
sau:

e 10,0, (Ln:Nd,Eu)

[Sm(Sal),(DipyO)]*, [Eu(Sal),(DipyO)]*. Biéu
nay ching to, trong diéu kién ghi phd, khi da tach
hai phan tir nu6c phdi tri (d6i véi phic chat caa
Nd(I11) va Eu(lll)), cac ion phan tir phiic chat c6
chung cong thac: [Ln(Sal),(DipyO)]” (Ln: Nd,
Sm, Eu). Ngoai ra trén phé khéi lwong cua 3 phirc
chat con xuat hién peak c6 m/z = 173, peak nay
dugc quy gan cho su c6 mat cua ion phdi tu
[DipyO]*. Nhu vay, tir két qua phd khdi luong
clia cac phirc chat (déu xudt hién cac peak co gia
tri m/z tng dung véi khdi luong mol cua cac ion
phan tir: [Ln(Sal),(DipyO)]* (Ln: Nd, Sm, Eu)),
két hop v6i cac dir kién cua phd hip thu hdng
ngoai (déu xuat hién cac dao dong chi ra sy phéi
tri cua ion kim loai Ln®* véi O ciia -COO™ trong
Sal” va v6i O, N ctia NO va CN trong DipyO; céac
dao dong dac trung cho su c6 mat cia OH trong
H,0) va két qua phan tich nhiét (déu xuat hién
hiéu tng tach nude & nhiét do ciia mat nude phdi
tri), cong thirc cau tao phirc chit ciia Nd(IIT) va
cua Eu(Ill) da duogc gia thiét, d6 1a cac monome
hai cang, trong d6 ion dat hiém c6 s phdi tri 8,
ching c6 dang nhu hinh 2a.
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Hinh 2a. Céng thitc cdu tao gid thiét
cua Ln(Sal),(DipyO)(H,0),



Hinh 2b. Cong thirc cau tao gid
thiet cua Sm(Sal),(DipyO)

Riéng phirc chét caa Sm(IIl), ion Sm** ¢6 s6 phéi
tri 6 (khdng c6 H,O phdi tri), cong thirc cdu tao
gia thiét dwoc trinh bay & hinh 2b.

3.4. Két qua phd huynh quang

Dudi kich thich tir ngoai & 405 nm, phtrc chat hon
hop phdi tir cia Sm(IIT) phat xa huynh quang &
vung 400 + 700 nm véi ba dai phat xa & 561 nm,
598 nm va 645 nm (Hinh 3a). Cac dai phat xa nay
tuong Ung voi sy xudt hién anh sang ving luc
(561 nm), vung cam (598 nm) va ving d6 (645
nm). Cac dai phat xa nay dugc quy gan tuong
mg cho su chuyén doi “Gs, — °Hsp, (561 nm),
*Gsj, — ®Hzp (598 nm), *Gs), — *Hep, (645 nm) clia
ion Sm** [6].
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Hinh 3a. Phé hupnh quang ciia
Sm(Sal),(DipyO)

Khi dugc kich thich boi nang lugng tir ngoai ¢
325 nm, phé phat xa huynh quang cua phirc chat
hdn hop phdi tir ciia Eu(Ill) xudt hién & ving tir
500+720 nm. Phtrc chat nay phat xa huynh quang
v6i nam cyc dai phat xa hep va sdc nét lién tiép &
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Hinh 3b. Phé hupnh quang ciia
Eu(Sal)z(DipyO)(H.0).
579, 592 nm, 614 nm, 652 nm va 700 nm, trong
do6 hai cuc dai phat xa ¢ 579 nm va 652 nm c6
cuong do rat yéu, hai cuc dai phat xa 592 nm va
700 nm c6 cuong do trung binh, con cyc dai phat
xa & 614 ¢6 cudng d6 manh nhat (Hinh 3b). Ung
v6i cac dai phat xa nay 1a sy xudt hién anh sang
clia mién trong thdy: ving mau luc (579 nm),
vung mau cam (592 nm; 614 nm) va vung mau
do6 (652 nm, 700 nm). Cac dai phd nay dugc quy
gan tuong ng cho su chuyén doi °Dg-'Fo (579
nm), *Do-'F; (592 nm), °Dy-"F, (614 nm), °Do-"Fs
(652 nm), °Dg-'F4 (700 nm) cia ion Eu®"[3,4].
Cuong do phat quang cua phirc chat Eu®* manh
hon nhiu so voi phte chit cia Sm*, diéu do
chimg t6 truong phéi tir Sal-DipyO truyén ning
luong cho Eu** hiéu qua hon nhiéu so véi cho
Sm*®*. So v6i cac trudng phéi tir khac, phic chat
Eu®" dugc phdi tri boi hdn hop phdi tr Hsal-
DipyO c6 kha nang phat xa huynh quang manh
hon [7,8].

C6 thé giai thich co ché phat xa huynh quang cua
céc phirc chit nhu sau [6]: Khi nhan duoc ning
lwong kich thich, cac phéi tir chuyén tir trang thai
singlet sang trang thai triplet; tiép theo 1a qua
trinh chuyén nang lugng tir trang thai triplet cta
phdi tir sang Ln®"; cudi cing 1a ion Ln®* chuyén
tir trang thai kich thich vé trang thai co ban va
phat xa anh sang dic trung clia ion dat hiém. Cac
két qua nay chimg t6 truong hdn hop phdi tir Sal-
DipyO da anh huéng mdt cach co hiéu qua kha
nang phat quang cua cac ion dat hiém.

KET LUAN

Pi téng hop duoc 03 phirc chdt don nhan cua
Nd(I11), Sm(IIl), Eu(Ill) v6i hdn hop phdi tir



salicylic va 2,2’-dipyridine-N-oxide, cac phirc
chit  ¢o cong  thic  phan  t:
Ln(Sal),(DipyO)(H,0), (Ln: Nd, Eu) va

Sm(Sal),(DipyO).

P3a x4c nhéin su tao thanh lién két gifra ion dét
hiém véi cac phdi tir. D6i véi phirc chit cia
Nd(111), Eu(ll1), Ln** lién két véi: Nguyén tar O
ctia 2 phdi tir Sal’, nguyén tir N, O ctia mot phdi
tir DipyO, 2 nguyén tir O cua 2 phéi tir H,0. Ddi
v6i phic chét cia Sm(lll), Sm® lién két véi
nguyén tir O cuia 2 phdi tir Sal, nguyén tir N, O
ciia mot phdi tir DipyO. Phuc chat cia Nd(III),
Eu(l11) c6 nudc phdi tri; phirc chat cia Sm(III)
khong c6 nudc phéi tri; da dua ra so d6 phan hiy
nhiét ciia cac phirc chat. Ba phuc chit da tong
hop déu ton tai & dang monome, chiing twong d6i
bén trong diéu kién ghi phd. Céc phirc chat hdn
hop phdi tir cia Sm(III) va Eu(Ill) déu c6 kha
nang phat xa huynh quang dic trung khi duogc
kich thich bdi bude song c6 nang lwong phu hop.

D3 dua ra cong thic cdu tao gia thiét cia cac
phirc chét, trong phtc chit don nhén, ion dit
hiém duoc phéi tri 2 cang va c¢6 sb phdi tri 8 (ddi
v6i phtre chat ciia Nd(IIT), Eu(II)); c6 s6 phdi tri
6 (d6i v6i phure chat ciaa Sm(TII).
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