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HON HQP PHOI TU SALIXYLAT VA O-PHENANTROLIN VOI MOT SO
NGUYEN TO PAT HIEM NANG
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SUMMARY

PREPARATION AND LUMINESCENCE INVESTIGATION OF MIXED
COMPLEXES OF SALICYLAT AND O-PHENANTROLINE WITH SOME HEAVY
RARE-EARTH ELEMENTS

Some mixed complexes of heavy rare-earth ions with salicylic acid and o-
phenantroline with the general formula Ln(HSal);.Phen (Ln: Tb, Er, Yb; Hsal-:
Salicylate; Phen: o-phenantroline) have been prepared. The luminescence properties of
mixed 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 strong luminescence emitting peaks at 405 nm for Er(lll), at 307
nm and 342 nm for Yb(I1l), from 407 nm to 583 nm with four emission bands for Tb (I11)
can be observed, which could be attributed to the ligand has an enhanced effect to the
luminescence intensity of the Tb (111), Er (I11) and Yb (111)..

1. MO DAU

Hoa hoc cac hop chat phdi tri ludén thu
hat dugc sy quan tam nghién ctru cua céac
cac nha khoa hoc trong va ngoai nudc,
dic biét 1a cac hop chét phdi tri co kha
ndng phat huynh quang [1,2]. Khd nang
phat huynh quang cta cic phuc chét
duoc tng dung rong rii trong danh dau

huynh quang sinh y, trong cic dau do
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phat quang cta phan tich sinh hoc va hoa
hoc... [3.4,5]. O viét Nam, viéc nghién
ctru kha nang phat quang cta phirc chat
hdn hop phdi tor salixylat va o-
phenantrolin ciia cac nguyén t6 dat hiém
ning c6 rat it cong trinh dé& cap dén.
Trong cong trinh ndy, ching t6i tién hanh
tong hop va nghién ctru kha ning phat
quang mot s6 phirc chat hdn hop cua



salixylat ~dat hiém véi o
2. THUC NGHIEM

1. Téong hop phirc chit hén hop cia

nang

dit hiém véi axit salixylic va o-
phenantrolin [3]

Tron 1 mmol LnCly (Ln*": Tb*, Er*,
Yb*) v6i 3 mmol NaHSal (Hsal:
salixylat), dun nong & 60°C, pH = 6. Sau
d6 o-phenantrolin di hoa tan trong con
duoc thém dan vao hdn hop, ti 1€ mol cua
o- phenantrolin va Ln** 1a 1:1. Hon hop
dugc dun hdi luu trong binh cau chiu
nhiét day tron trong 1,5 + 2 gio. Dé
ngudi, tinh thé phuc chit tir tir tach ra.
Loc, rira két toa va lam kho cac san pham
trong binh hiit am dén khéi lwong khong
ddi. Hiéu suét téng hop dat 80-85 %. San

phim c¢6 cong thic chung la
Ln(HSal)s.Phen.H,O (Ln**: Tb*, Er*,
Yb®*: HSal: Salixylat; Phen: o-

phenantrolin)

2. Phuong phap nghién ctru

Ham luong dat hiém duoc xac dinh b?lng
phuong phap chuan d6 complexon véi
chét chi thi arsenazo I11.

Ph6 hip thu hong ngoai dwgc ghi trén
may Impact 410 — Nicolet (My), trong
ving 400 + 4000 cm™, k§ thuat ép vién
v6i KBr.

Gian d6 phan tich nhiét dugc ghi trén
may NETZSCH STA 409 PC PG trong
moi truong khi argon, tbc do dbt nong
10°C/phut tir nhiét d6 phong dén 800°C.
Phé khéi luwong dugc ghi trén may
Agilent 6310 Ion Trap, tai phong phan

cosmo-~owo>

phenantrolin.

tich hoéa hoc, Vién Hoéa hoc — Vién KH
va CNVN

Ph6 huynh quang duoc do trén quang
phd k& huynh quang SFS920-
EDINBURGH (Anh) vé1 cuvet thach
anh, tai nhi¢t do phong, thuc hién tai
phong quang phd, Khoa Vit Ly, truong
Pai Hoc Su Pham - Pai Hoc Thai
Nguyén.

3. KET QUA VA THAO LUAN

Ham lugng ion dat hiém trong cac phirc
chat duge xac dinh bang phuong phap
chuan d6 complexon. Két qua cho théy,
ham luwong ion dat hiém trong cac phirc
chat xac dinh duoc bang thyc nghiém
(21,09 %; 21,62%; 22,06% tuong Ung
v6i cac phirc chat hdn hop cua Tb(III),
Er(I), Yb(III)) 14  twong d6i phu hop
véi cong thie gia dinh Ln(HSal)s.Phen
(Ln**: Tb*, Er¥, Yb*; Hsal: Salixylat;
Phen: o-phenantrolin).
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Hinh 1. Phé hdp thu hong ngoai cia
phirc chat Er(HSal)s.Phen.

Phuong phap phan tich nhiét dugc dung

dé nghién ciru d6 bén nhiét cua cac phic
chat. Sy hinh thanh phtrc chat va tinh
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chat lién két trong phtrc chit duoc khang
dinh nhd phuong phap phd hip thu hong
ngoai. Hinh 1, 2, 3 1a phd hap thy hdng
ngoai, gian dd phan tich nhiét va phd
khéi luong cua phuc chét
Er(HSal);.Phen. Hinh 4, 5, va 6 1a phd
huynh quang cta cac phirc chit hdn hop
cia Er(Ill), Yb(II) va Tb(lill) tuwong
ung.
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Hinh 2. Gidn ’dé‘ phdn tich nhiét cia
phire chat Er(HSal)3.Phen.

Trong phd hép thu hdéng ngoai ciia cac
phtic chit hdn hop khong xut hién dai &
viing 3000-3500 cm™,
chat hdn hop t6n tai ¢ trang thai khan.

chung té cac phtrc

Dai ¢6 cuong do manh ¢ vung (1593 +
1595) cm™ dwoc quy cho dao dong hoa
tri bat déi xung ctia nhém C=0, ching
dich chuyén vé ving c6 sb séng thip hon
s0 v6i phd cua HSal tu do (1665 cm™).
Diéu d6 chung t6, trong cac hop chat da
hinh thanh lién két kim loai — phdi tir
(Ln**-0) qua nguyén tir oxi ciia nhom —
COO". Mit khac, trong phd hip thy
hdng ngoai cua cac phuc chat hdn hop
xuét hién cac dai trong vung (1462 —
1466) cm™, cac dai nay dugc quy gan
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cho dao dong hoa tri cua lién két C=N
trong cac phirc chat hdn hop, cac dai
nay déu bi dich chuyén v& ving c6 sb
song thip hon so vé6i vi tri tuong tmg
ctia n6 trong phd ctia Phen tu do (1588
Cm'l). Nhu vy trong phtc chit hdn
hop, su phéi tri cua phéi tir v6i ion dat
hiém Ln*" duogc thyc hién qua nguyén
td oxi cia nhom —-COO™ trong ion
cacboxylat va qua nguyén tir N trong
o-phenantrolin

Trén gian d6 nhiét cta cac phirc chat hon
hop khong xuét hién hiéu ung nhi¢t va
hiéu ung mat khdi luong & vung dudi
226°C, chung té khong cé nudce trong cac
phuc chat. Két qua nay hoan toan phu
hop véi dit kién ctia phd hong ngoai. Cac
hiéu tGng thu nhiét
226+266°C ung v&i qua trinh tach Phen,
cac hiéu ing thu nhiét va téa nhiét con lai
trong khoang 435+500°C tmg véi qué trinh

trong khoang

phan huy va chdy cua Ln(HSal)s;.Phen tao
thanh san pham cudi cing 1a Ln,O; [6].
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Hinh 3. Phé khoi lwong ciia phirc chat
Er(HSal)s.Phen



Trén pho khéi luong cua cic phirc chat
déu xuit hién pic c6 m/z 16n nhit bang
gid tri nay Gng dang vdi cong thirc phan
tr Ln(HSal)s.Phen (Ln*: Tb*, Er**, Yb*;
HSal: salixylat; Phen: o-phenantrolin) ctia
cac phirc chat.

Ghi phd huynh quang cac phirc chit cho
thdy, d6i voi phuc chit hdn hop cua
Er**, khi kich thich biang buc xa t
ngoai & 341 nm, phirc chat phat ra anh
sang tim voi mot dai phat xa duy nhat co
cuc dai & 405 nm (hinh 4). Sy phat xa

nay tuwong Ung v&i  chuyén doi

? H9/z —* I15/2 [7]
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Hinh 4. Phé phat xa hupnh quang ciia phirc
chdt Er(HSal)s.Phen

Dbi véi phic chat hdn hop cua Yb**,
dudi buc xa anh sang tim ¢ 400 nm, phirc
chat nay phat ra hai dai phat xa, mot phat
xa yéu & 307 nm va mot phat xa manh &
342 nm thugc vung tir ngoai (hinh 5).
Pay 1a huynh quang chuyén doi nguoc
cua phirc chit hdn hop cua Yb*.

750, 759 va 765 tuong Uing vdi cac phuc
chat hdn hop cua Tb>*; Er¥* va Yb**. Cac
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Hinh 5. Phé phat xa hupnh quang ciia phirc
chdt Yb(HSal);.Phen

Phirc chat hdn hop cua Tb" c6 anh séng
huynh quang ruyc r& nhat. Khi bi kich
thich baoi tia sang cé bude song 346 nm,
ph6 huynh quang cta phirc ¢6 bén cuc
dai 407 nm, 490 nm, 545 nm va 583 nm
(hinh 6a). Cac dai pho nay dugc quy gan
twong tng cho sy chuyén doi Dy - "Fe
(490 nm), °D, - 'Fs (545 nm), D4 - 'F4
(583 nm) [7], trong do, cuc dai phat xa
anh sang mau tim & 407 nm va mau luc &

545 nm c6 cuong do rat manh.
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Hinh 6a. Phé phdt xa huynh quang ciia phirc
chdt Th(HSal)s.Phen kich thich & 346 nm
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Néu kich thich bing buéc song 545 nm,
phte chat hdn hop cua Tb*"  thi phd
huynh quang c6 dang hinh 6b.
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Hinh 6b. Phé phdt xa huynh quang ciia
phike chat Th(HSal)s.Phen

Nhu vay cac phtic chat hdn hop cua
Er(IIT), Yb(III), Tb(III) déu xuit hién
phd huynh quang khi duoc kich thich ¢
vung c¢6 cac budc song tuong ung la
341 nm; 400 nm; 346 va 545 nm.
Huynh quang c6 dugc cua céc phuc
chit 1a do cac tdm phat quang Ln**
nhan duoc niang luong tir ngudn kich
thich thong qua anh hudng rat 16n cia

trudng phdi tir.

4. KET LUAN

1. Pa tong hop dugc ba phtic chit hdn
hop phdi tir ctia Th(IIT), Er(IIT) va Yb(IIT)
voi axit salixylic va o-phenantrolin.

2. Phuong phap phén tich nguyén t6, phd
hap thy hdng ngoai, phan tich nhiét va
phd khdi lwong da xac dinh cac phirc chat

déu & dang khan va ¢ cong thirc chung
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(Ln*": Tb*, Er®,
salixylat;

Ln(HSal)s;.Phen
Yb¥*:  Hsal:
phenantrolin).

Phen: o-

3. Pa nghién ctru phé huynh quang
ctia cac phtrc chit, két qua cho thay
cac phirc chat déu co kha ning phat
huynh quang khi dugc kich thich bdi
cic niang luong phu hop. Phtc chat
cia Er*' phat quang ¢ vung anh sang
tim tai budc song A = 405 nm dudi
kich thich 341 nm. Nguoc lai, phtc
chét cua Yb** phat quang & ving anh
sang tir ngoai tai A = 307 va A = 342
nm dudi kich thich bdi anh séng tim A
= 400 nm. Phtrc chat tecbi salixylat c6

kha niang phat huynh quang rat man}kich thich & 5¢

dudi kich thich tir ngoai ¢ 346 nm,
phtic chit phat ra anh sang lién tiép
trong ving tir tim dén vang cam tuong
ung voi 4 phat xa ¢ 407 nm, 490 nm,
545 nm va 583 nm.

TAI LIEU THAM KHAO

1. Na Zhao, Shu-Ping Wang, Rui-Xia
Ma, et. al, "Synthesis, crystal structure
and properties of two ternary rare earth
complexes with aromatic acid and 1,10-
phenanthroline”, Journal of Alloys and
Compounds, Vol. 463, pp. 338-
342,(2008).

2. Xiang-Jun Zheng, Lin-Pei Jin, Zhe-
Ming Wang, Chun-Hua Yan, Shao-Zhe

Lu, "Structure and photophysical
properties of europium complexes of
succinamic acid and 1,10-



Phenanthroline”, Polyhedron, Vol. 22,
pp. 323-330, (2003).

3. Cunjin Xu, "Luminescent and thermal
properties of Sm®'
salicylate and
incorporated in Silica Matric", Journal of
Rare Earths, Vol. 24, pp. 429-433, (2006).
4. Ling Lui, Zheng Xu, Zhindong Lou,
et. al., "Luminnescent properties of a
novel terbium complex Th(o-
BBA)s(phen)”, Journal of Rare Earths,
Vol. 24, pp. 253-256, (2006).

5. Soo-Gyun Roh, Min-Kook Nah, Jae
Buem Oh, et. al., "Synthesis, crystal
structure and luminescence properties of
a saturated dimeric Er(lll)-chelated

complex  with
o-Phenantroline

complex based on benzoate and
bipyridine ligands”, Polyhedron, Vol. 24,
pp. 137-142, (2005).

6. Nguyén Thi Hién Lan, "Téng hop va
nghién ctru tinh chat phtc chat hdn hop
ciia mot sd nguyén t6 dat hiém ning véi
axit salixylic va o-phenantrolin”, Tap chi
Héa hoc, T. 51, S6 3AB, Tr 413-417,
(2013).

7. Yasuchika Hasegawa, Yuji Wada,
Shozo Yanagida, “ Strategies for the
design of luminesent lanthanide (1)
complexes and their photonic
applications”, Journal of photochemistry
and Photobiology, Vol.5pp. 183-202,
(2004).

TONG HQP VA NGHIEN CUU PHUC CHAT.....(tiép theo tr.31)

Lanthanide =~ Complexes,
Chemistry (2011).

2. Jangbo Yu, Hongjie Zhang, Lianshe
Fu, Ruiping Deng, Liang Zhou, Huarong
Li, Fengyi Liu, Huili Fu, Synthesis,
structure and luminescent properties of a
new praseodymium(IIl) complex with -
diketone, Inorganic chemistry
communication(6), 852-854 (2003).

3. Jing Wu, Hong-Yan Li, Qui-Lei Xu,
Yu-Cheng Zhu, Yun-Mei Tao, Huan-
Rong Li, You-Xuan Zheng, Jing-Lin
Zuo, Xiao-Zeng You, Synthesis and
photoluminescent  properties  ternary
lanthanide (Eu(lI), Sm(lI1), Nd(111),
Er(111), Yb(IIl)) complexes containing
4.4 4-trifluoro-1-(-2-naphthyl)-1,3-
butanedionate and carbazole-
functionalized ligand, Inorganica

Inorganic

Chimica Acta, 2394-2400 (2010).

4. Jose A. Fernandes, Rute A. Sa Fereira,
Martyn Pillinger, Luis D. Carlos, Josua
Jepsen, Alan Hazell, Paulo Ribeiro-
Claro, Isabel S.Goncalves, Investigation
of europium(lll) and gadolium(llI)
complexes with naphthoytrifluoroacetone
and Dbidentate  heterocyclic amines
Journal of Luminescence, 113, 50-63
(2005)

5. Duarte, Adriana P.; Gressier, Marie;
Menu, Marie-Joelle;  Dexpert-Ghys,
Jeannette; Caiut, Jose Mauricio A,
Ribeiro, Sidney J. L. Structural and
Luminescence Properties of Silica-Based
Hybrids Containing New Silylated-
Diketonato  Europium(lll)  Complex
Journal of Physical Chemistry C, 116 (1),
505-515 (2012).

55



