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TOM TAT

Bai bao nay trinh bay két qua phé khéi luwong va pho hupnh quang cua 3 phiic chdt han hop phéi
tir benzoate (Ben) va 2,2 -dipyridine-N-oxide (DipyrO) vai 3 ion lanthanide: Tb**, Dy**, Yb*". Cac
phirc chdt nay duot tong hop Véi hiéu sudt tong hop 85%. Keét qua phé khai lirong cho thay, cac
phwc chdt da tong hop déu ¢ dang monome, ¢ sé phai tri 10, trong dé ion lanthanide phoi tri hai
cang véi 2 phai tir Ben va 2 phoi tir DipyrO, phéi tri mét cang véi 2 phéi tir H20. Phic chat c6
thanh phan Ln(Ben)z(DipyrO);(Hz0). (Ln Tb, Dy, Yb). Thanh phan pha hoi ciia ba phic chat 1a
tuong ty nhau, deu gom chu yéu 4 logi ion manh, trong do ion manh [Ln(Ben)z(Dlper)] (Ln: Th,
Dy, Yb) c6 tan suat Ién nhat. Hai phezc chat Tb(Ben)z(Dlper)z(Hzo)z va Dy(Ben),(DipyrO),(H20).
déu phat quang manh ¢ nhiéz d6 phong véi thoi gian song twong doi tot.

T khoa: Lanthanide; Complex; Benzoate; 2;2’-dipyridine-N-oxide; Luminescence.
1. MO PAU

Phtrc chat Vong cang cta cac lanthanide 1a mot loai vat liéu phat quang quan trong c6 thé dugc
sir dung rong rii trong nhiéu linh vuc, nhu: Laser, phat quang, va sy phat quang dién [1-3]. Nhiéu
nghién ctru dang chu y dé duoc thyuc hién dé thiét ké va tong hop cac phirc chat lanthanide c6 dic
tinh phat quang tdt [4, 5]. Nguoi ta biét rang su kich thich cac nguyén tur lanthanide va do d6 hoat
dong phat quang cta chung trong cac hop chat phu thudc phin 16n vao quéa trinh truyén ning luong
tir cac phdi tir sang ion kim loai (hiéu tng dng ten) [6]. Nguoi ta dé chi ra rang qua trinh truyén
nang lugng duge thuc hién hiu qua khi trang thai triplet thap nhit nim hoi cao hon muc ning
lugng cong huong cua ion kim loai [6]. Mt trong nhitng van d€ quan trong nhét trong linh vuc nay
1a Twa chon cac phdi tir phit hop c6 thé cung cp hiéu suét phat xa cao cua cac ion kim loai. Phéi tir
carboxylate c¢6 vong thom 1a mét trong nhiing sy lua chon tét, chung ¢6 kha ning tao phdi tri nhiéu
cang v¢i ion lanthanide, tao ra nhiing phure chat bén va c6 kha ning phat quang [7-9]. Trudc sy hap
dan vé g dung tiém nang cta lanthanide carboxylate, chiing t6i da tong hop 3 phirc chat ctia mot
sO nguyén t6 lanthanide véi hdn hop phdi tir benzoate va 2,2’-dipyridine-N-oxide, nghién ctru phd
khdi lugng, phd phat xa huynh quang va pho dap tit huynh quang ctia cac phirc cht.

2. THUC NGHIEM

Héa chit, thiét bi, phwong phap nghién ciru

Hoéa cl}ét: Benzo,ic acid, 2,2’-dipyridine-N-oxide, Th20s, Dy,0s, Yb,0s, HCI, NaQH, QszOH
la hoa chat tinh khiét ciia hang Merck. Nudce su dung trong cac thi nghiém la nudc cat 2 lan.

Thiét bi: Do phd MS trén may LC/MS — Xevo TQMS, hing Water (M), tai Trung tam pho -
Vién Hoa hoc — Vién Han 1am Khoa hoc va Cong nghé Viét Nam; do phd huynh quang va phd
phan rd huynh quang trén quang ph6 ké huynh quang Horiba FL322, tai Khoa Vat ly, Truong Dai
hoc Khoa hoc — Pai hoc Thai Nguyén; may khuay tir gia nhiét.

Phuong phéap nghién ctru: Thanh phan pha hoi va d bén cac ion manh dugc nghién ctru ba:'mg
cac phuong phap pho khoi lugng; Kha nang phat quang va thoi gian phat quang duge do bang
phuong phap pho huynh quang.
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3. KET QUA VA THAO LUAN

Trong cac nghién ctru trude, chung t6i da trinh bay két qua tdng hop 3 phirc chit duoc tao bai
Tb(I1I), Dy(I1I), Yb(III) véi hon hop ph01 tir benzoate va 2,2’-dipyridine-N-oxide véi hiéu suat
tong hop 85%; bang phuong phap pho hong ngoai, da xac dinh sy hinh thanh lién két 2 cang giita
ion Lanthanide Ln®(Ln: Tb, Dy, Yb) vi hdn hop phdi tir benzoate va 2,2’-dipyridine-N-oxide,
bang phwong phap phan tich nhiét, di xac dinh dwoc thanh phin cia ba phtrc chat la:
Ln(Ben)2(Dipyr0)z(H20)2, v6i 2 phén tir H,O phdi tri (Ln: Tb, Dy, Yb; Ben: Benzoate; DipyrO:
2,2’-dipyridine-N-oxide [10].

3.1. Phan tich cdu tric cia phire chat giira Ln® (Ln: Tb, Dy, Yb) va benzoate va 2,2’-
dipyridine-N-oxide bang phé khdi lwong

Phé khéi lwong cua cac phuc chat va két qua quy gan thanh phan pha hoi cta 3 phuc chat dugc
trinh bay & hinh 1. Trong pho khéi lugng cta cac phuc chit, cac manh ion gia thiét duoc tao ra

trong qué trinh bin phd dua trén quy ludt chung vé qué trinh phan manh cia cac cacboxylat dat
hiém [11].
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Hinh 1b. Pho khéi lwong ciia Dy(Benz)z(DipyrO)z(Hz0)2.

Trén phd khdi lwong cua 3 phire chét da tong hop déu thé hién peak c6 m/z voi cudng do 16n
nhét dat gia tri 1a 573; 578; 588. Cac gi tri nay ung dung v6i khdi luong tuong g cua cac manh
ion [Ln(Ben)z(Dlper)]+ (Ln: Tb, Dy, Yb). Day 1a cac peak co ban trong phd khdi luong cia ba
phirc chat va ciing chimg to rang céc ion co ban [Ln(Ben)2(DipyrO)]* cua ba phirc chat 12 bén nhit
trong diéu kién ghi phd. D6 bén thtr hai thude vé cc ion manh c6 m/z biang 659; 663; 674 twong
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g véi cac phirc chat cua Tb(IIT); Dy(IIT) va Yb(III), cac gia tri nay duoc quy gan cho sy Xudt
hién ctia ion manh [Ln(Ben)(DipyrO).(H20).]* (Ln: Tb, Dy, Yb). Bg bén thtt ba thudc vé ion manh
¢6 m/z 16n nhit bing 745; 748; 759 twong g vai cac phirc chat cuia Th(IIT); Dy(IIT) va Yb(III).
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Hinh 1c. Pho khoi lwong ciia Yb(Benz)2(DipyrO)z(H20)..

Cac gia tri m/z nay tuong Ung vdi khéi lwong cuia ion [Ln(Ben)2(DipyrO),]* (Ln: T, Dy, Yb)
Tir viée phan tich két qua phd kh01 lugng cho phép khang dinh phan tir phirc chit c6 thanh phan
Ln(Ben)z(Dipyr0)2(H20)2 véi s6 phdi tri 10. Trén phd khdi luong ciia 3 phirc chat nghién ctru déu
xudt hién peak ¢6 m/z béng 172, gia tri nay duoc quy gan cho su c6 mat cua ion manh [DipyrO]*.
Nhu vay, pho MS chi ra rang pha hoi cua 3 phuc chat Ln(Ben)z(Dipyr0)2(H,0), (Ln: Tb, Dy, Yb)
¢6 thanh phan twong tu nhau vé 4 dang ion ciing nhu cuong d6 cua ching. Do 1a, mét ion phan tir
sau khi d tach nudc phdi tri ¢6 tan suat nho nhét, hai ion méanh c6 tin suat 16n thi nhat va thi hai,
chung c6 cong thirc cau tao duoc gia thiét 1an luot nhu sau:
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Nhu vy, so d6 phan manh cua 3 phic chat Ln(Ben)z(DipyrO)2(Hz0)2 (Ln: Tb, Dy, Yb) la
tuong ty nhau, va cé thé dugc trinh bay nhu trén hinh 2.
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Hinh 2. So dé phdn manh ciia cdc phirc chit Ln(Ben)2(DipyrO)2(H20)2 (Ln: Th, Dy, Yb).
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3.2. Két qua phd phat xa huynh quang va phd phan ra huynh quang

Phé phd phat xa huynh quang va phd phian rd huynh quang cua phic chat
Th(Ben)(DipyrO)2(H20). va Dy(Ben)2(DipyrO)2(H20). dugc trinh bay ¢ hinh 3 va hinh 4 twong ung.
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Tb(Ben)2(DipyrO)2(H20)..
Nghién ciru kha ning phét quang cua cac phirc chét thdy rang, phirc chat hdn hop phdi tir cia
Tb (111) ¢6 phd phat quang xuét hién & vang tir 450 = 600 nm. Khi bi kich thich béi nang lugng &
325 nm, phtc chit ndy phat quang véi ba cuc dai phat xa hep va sic nét lién tiép & 490 nm, 545
nm, 587 nm (hinh 3a), trong d6 cuc dai phat xa mau lyc ¢ 545 nm ¢6 cuong do manh nhit, trong
g v6i chuyén muc ning luong D4 — 'Fs. Cyc dai phat xa mau lam ¢6 cudng do trung binh &
490 nm tuong tng voi chuyén muc niang lugng °Ds — "Fe. Dai mau vang & 587 nm c6 cuong do
yéu nhét, twong ng véi chuyén doi °Ds — 7F4 ciia ion Tb*. Pay 1a cac chuyén mirc ning lugng
dic trung ctia ion Tb3* khi & trang thai kich thich [12].
Phd phan rd huynh quang cua phutc chat Tb(Ben)z(DipyrO)2(H20)2 cho thay, dudi kich thich
325 nm, cyc dai phat xa ving cam ¢ 587 nm c¢6 thoi gian séng 1a 0,06589 + 0,00774 ms va cuc dai
phat xa & 545 nm c6 thoi gian séng 13 0,07609 + 0,00804 ms (hinh 3b).
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Dy(Ben)z(Diper)z(HzO)z

Nghién ctru kha nang phat quang cta phirc chat Dy(Ben),(Dipyr0).(H,0) thdy rang, phd phat
xa huynh quang ciia phirc chat xuat hién & viing tir 400 ~ 700 nm. Khi bj kich thich béi niang lugng
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& 370 nm, phirc chat nay phat xa huynh quang véi hai cuc dai phat xa hep va sic nét & 480 nm va
576 nm, trong d6 cuc dai phat xa ¢ 480 nm c6 cuong do trung binh, cuc dai phat xa & 576 nm co
cuong do6 rat manh (hinh 4a). Ung véi cac dai phat xa nay 1a sy xuat hién anh sang mau luc & 576
nm va lam cham & 480 nm. Cac dai phd nay dugc quy gan cho cac chuyén doi *Fe, — ®Hiy (576
nm) va *Fg;2 — ®Hisp2 (480 nm) cua ion Dy**[13].

Pho phén rd huynh quang ciia phirc chat Dy(Ben)z(DipyrO)2(H20) cho thay, dudi kich thich
370 nm, cyc dai phat xa ving cam ¢ 576 nm c6 thoi gian séng 14 0,06943 + 0,00706 ms va cuc dai
phat xa & 480 nm c6 thoi gian séng 13 0,06184 + 0,00737 ms (hinh 4b).

Co ché phat xa huynh quang cua cac phirc chat c6 thé dugc giai thich nhu sau [13]: Khi nhan
dugc niang luong kich thich, cac phdi tir chuyén tir trang thai singlet sang trang thai triplet; tiép
theo 1a qua trinh chuyén ning luong tir trang thai triplet cia phéi tir sang Ln3*; cudi cing 13 ion
Ln3* chuyén tir trang thai kich thich v& trang thai co ban va phat xa 4nh sang dac trung cua ion
lanthanide. Thoi gian phan rd huynh quang tuong duong voi cac phic chat phat quang manh khac
[3 12]. Céc két qua nay ching to truong hdn hop phdi tir Ben-DipyrO da anh huong rat hidu qua
dén kha nang phat quang ctia cac ion dat hiém.

4. KET LUAN

Ba phtic chat ciia 3 lanthanide v6i hdn hop phéi tir benzoate va 2,2’-dipyridine N-oxide di dugc
tong hop voi hiéu suét tong hop 85%. Cac phirc chét ton tai & dang monome. Két qua phd khbi
lwong cho thay cac phirc chat co pha hoi tuong ty nhau, déu gdm chu yéu sy c6 mit cua 4 loai ion
manh: [Ln(Ben)z(Dlper)] [Ln(Ben)(Dlper)z(HzO)z] [Ln(Ben)2(DipyrO):]" va [Diper] ba
chi ra cong thirc cau tao gia thiét cua phan tir phirc chét Ln(Ben)z(Dipyr0)z(H20)z, dong thoi da
dua ra gia thiét vé so dd phan manh cua cac phirc chat. Hai phirc chat Th(Ben)z(DipyrO)2(Hz0).
va Dy(Ben)z(DipyrO)z(Hz0). da dugc nghién ciru bang phd phat xa huynh quang va pho phan ra
huynh quang. 2 phirc chit nay déu c6 kha ning phat xa huynh quang anh sang trong thy dic trung
cua ion lanthanide v6i cudng d6 manh khi duoc kich thich ¢ 325 nm va 370 nm tuwong Ung, tai
nhiét d6 phong. Thoi gian song (thoi gian phan ra huynh quang) cua 2 phire chat twong dwong véi
cac phtrc chit tt cua céc tac gia khac [3, 12].
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ABSTRACT

Synthesis and evaluation of fluorescence spectra and mass spectra of some complexes
formed by lanthanides with benzoate and 2,2'-dipyridine-N-oxide ligands

Three series of lanthanide (I1I) complexes coodinated with benzoate and 2,2 -dipyridine-
N-oxide were subjected to mass spectrometric and emission spectra analysis. These
complexes were synthesized with a synthetic yield of 85%. Mass spectroscopy findings show
that the synthesized complexes are monomers, they are represented by the general formula
of Ln(Ben)2(DipyrO)»(H-0), (Ln: Tb, Dy, Yb; Ben: Benzoate; DipyrO: 2,2 -dipyridine-N-
oxide). The emission spectra of the Th(Ben)2(DipyrO).(H:0). display three bands arising
from the °D;— 'Fsdominant transition located at 545 nm, the weaker °Ds — "Fe,
D, — F4 transitions located at 490 and 587 nm, respectively. The luminescent spectra of
the Dy(Ben),(Dipyr0).(H.0). displayed two bands at 480 and 576 nm, arising from “Fg, —
®His and *For — °Hiup transitions, respectively. The °D, — 'Fs emission lifetime in
Th(Ben)2(Dipyr0),(H20), is t = 0,07609 +0,00804 ms. The *Fg» — °Hi1/» emission lifetime
in Dy(Ben)2(DipyrO).(H20), is t = 0,06943 + 0,00706 ms. The results of our study
demonstrate that these complexes exhibit room-temperature photoluminescence.

Keywords: Lanthanide; Complex; Benzoate; 2;2’-dipyridine-N-oxide; Luminescence.
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