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SUMMARY

PREPARARION, INVESTIGATION INTO MASS SPECTRA AND LUMINESCENCE
OF DIME BENZOATE COMPLEXES OF Nd(III), Sm(III), Eu(III), Gd(III)

Some benzoate complexes of rare earth elements with the general formula [Nd»(Benz)s].3H-O;
[Lnzx(Benz)s] . H:O (Ln: Sm, Eu) and [Gd>(Benz)s] (Benz: Benzoate) have been prepared. The ion
fragments and luminescence properties of complexes in solid state were investigated by measuring the
mass, excitation and emission spectra, the intramolecular ligand-to-rare earth energy transfer
mechanisms were discussed. The mass spectra of complexes displayed complexes are dimes and there
are six ion fragments in vapour. The emission spectra of the Nd(Ill) and Gd(Ill) complexes displayed
*1,, and °P,, —*S
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only one narrow band arising from™F

S~ respectively. The emission spectrum
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of the Eu (Il) complex displayed five bands arising from D -'F, *D,-F,, °D,-F,,

D, - "E,,’D, - 'K, transitions; On the other hand the emission spectrum of the Sm (IIl) complex

displayed  five bands arising from*F, , - ‘H,,, ‘G, - “H,,, ‘G, - °H,,» ‘G,,-H,,,
‘G,, - °H,,,, transitions.
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1.MO PAU HBenz : NaOH = 1 : 1, hén hop duoc khudy
Vit li€u méi c6 kha nang phat quang, dac biét trén may khudy va dun nong ¢ 60°C cho dén
1a cac hop chét phdi tri c6 kha nang phat huynh khi thu duoc dung dich Natri benzoat
quang duoc img dung rong rai trong danh dau (NaBenz) trong sudt. Thém tir tir 2.10* mol
huynh quang sinh y, trong cac dau do phat LnCl; (Ln* : Nd*, Sm*, Eu*', Gd*) vao
quang cua phan tich sinh hoc [1, 2, 3]. Trong dung dich NaBenz. Hdn hop dugc khudy trén
cong trinh nay, chung toi trinh bay két qua tong may khudy ¢ nhiét d6 phong, pH =~ 4 — 5,
hop, dic diém phan manh va kha nang phat khoang 3 — 4 gid tinh thé phirc chat tir tir tach
quang bdn phtc chit hai nhan benzoat cua ra. Loc, rira phirc chat bang nudc cit trén phéu
Nd(II1), Sm(III), Eu(III), GdIII). loc thuy tinh x6p. Lam kho phuc chét trong
2. THUC NGHIEM binh hit 4m dén khéi luong khong d6i. Hiéu
2.1. Téng hop cic phirc chit benzoat dit hiém sudt tong hop dat 80 + 85%.

Céc benzoat dat hiém duoc tong hop mé phong 2.2. Phwong phap nghién ctru

theo quy trinh & tai li¢u [4]. Hoa tan 0,0733 Pho hép thu hong ngoai cua cac chit duge ghi
gam (6.10* mol) axit benzoic (HBenz) trong trén may Shimadzu 1800 trong vung tir (400 +
6ml dung dich NaOH 0,1M theo ti 1¢ mol 4000) cm™. Mau duoc ché tao b'img cach
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nghién nhé va ép vién voi KBr, thyc hién tai
khoa Hoéa hoc, Truong Pai Hoc Khoa Hoc Ty
Nhién — Pai Hoc Quéc Gia Ha Noi.

Pho khéi lwong cua cac phic chat dwuoc ghi
trén may UPLC-Xevo-TQMS-Waters (MY).
Phirc chat dugc hoa tan trong dung méi con.
Ap suit khi phun 30 psi, nhiét d6 ion hoa
325°C, khi hd tro ion hoé: N, thuc hién tai
phong pho khdi, Vién Hoa hoc - Vién Han 1am
Khoa hoc va Cong nghé Viét Nam.

Ph6 huynh quang duoc do trén quang phd ké
huynh quang NanoLog Horiba iHR 550 duoc
trang bi voi cuvet thach anh, thyc hién tai phong
quang pho, truong Pai hoc Bach Khoa Ha Ni.

3. KET QUA VA THAO LUAN

Sy hinh thanh phirc chat va tinh chat lién két
trong phirc chit dugc khang dinh nho phuong
phap pho héap thu hong ngoai. Cong thirc phan
tlr va cong thirc cau tao gia thiét cua phirc chat
dugc xac dinh boi phwong phap phd hong
ngoai va phd khéi luong. Hinh 1 1 pho hip thu
hdéng ngoai cua HBenz va [Eux(Benz)s].H0;
hinh 2 1a phd khdi luong ciia phic chit
[Eux(Benz)s].H.O va [Sma(Benz)s].H,O. Hinh
3 1a phd huynh quang cua cac phuc chat.

Trong phd hip thu hong ngoai cua cac phirc
chit xuét hién dai co cuong d6 manh & ving
(1519 — 1521) em™ duoc quy gan cho dao dong
hoa tri bat déi ximg ctia nhom C=0, ching
dich chuyén vé ving c6 s song thap hon so
v6i phd ciia HBenz ty do (1678 cm™). Piéu d6
chung t6, trong cac hop chat da hinh thanh lién
két kim loai — phdi tir qua nguyén tir oxi cua
nhém —COO". Nhu vay trong phirc chit, sy
phdi tri cua phdi tor v6i ion dit hiém Ln3*
duogc thyc hién qua nguyén tu oxi cia nhom
—COO" trong benzoat.

40 300 W0 A0 2400 200 W0 100 M 120 1000 80 0 a0
Quyrh - Benzoc ocid end

Hinh la. Phé hong ngoai ciia HBenz
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Hinh 2b. Phé khoi heong ciia
[Eux(Benz)s].H>O

Trong phd khéi luong, gia thiét vé& cac manh
jon dwogc tao ra trong qua trinh bin pha dua
trén quy luat chung vé qua trinh phdn manh
clia cc cacboxylat dat hiém [5].

Két qua phd khéi luong cho thiy thanh phan



pha hoi cua 4 phirc chit twong dbi gidng nhau,
déu gém chu yéu sy ¢6 mat cia sau loai ion
manh, sau loai ion manh nay twong Gng vdi
xudt hién séu pic ¢6 cudng do manh. Pic thi
nhét c6 m/z 16n nhét dat cac gia tri lan luot 1a
1050, 1062, 1066 va 1075 twong Ung voi cac
phirc chat benzoat ctia Nd(IIT), Sm(III), Eu(II)
va Gd(III). Cac gia tri nay Gng dung voi khéi
lugng cua cac ion phan tir dime [Lny(Benz)s +
2H,0 — HJ" cuia cac phirc chat. Két qua nay cho
thdy, cac phuc chit déu ton tai ¢ trang thai
dime [Lny(Benz)s]. Pic thtr hai c6 m/z lan luot
la 963, 974, 978, 989 tuong ung vdi cac manh
ion phuc chit benzoat cua NdA(III), Sm(III),
Eu(Ill) va Gd(IIT) c6 cong thirc ion phén tu
[an(C6H5COO)2C6H5CO)4O - H] Pic thir ba
¢6 m/z lan lugt 1a 876, 889, 893, 903 twong
mg v6i cac manh ion phirc chat benzoat cua
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[Lny(CeHsCOO)s — H

Nd(I1I), Sm(III), Eu(Ill) va Gd(II) c¢6 cong
thirc ion phan tir [Lny(C¢HsCOO)s — HJ. Pic
thir tw c6 m/z 1an luot 1a 628, 634, 636, 641
tuong tmg v6i cac manh ion phtrc chit benzoat
ctia Nd(III), Sm(III), Eu(III) va Gd(IIT) c6 cong
thirc ion phan tir [Ln(C¢HsCOO)4 — H]. Pic tht
nam c6 m/z lan luot 1a 543, 549, 551, 555
tuong tmg v6i cac manh ion phtrc chit benzoat
ctia Nd(III), Sm(III), Eu(III) va Gd(IIT) c6 cong
thirc ion phan tir [Ln(CsHsCOO); + 2H,O — H]
. Pic thir sdu c6 m/z lan luot 13 456, 465, 467,
471 tuong Umg v6i cac manh ion phuc chat
benzoat cua Nd(II), Sm(III), Eu(III) va Gd(III)
cong thuc ion phan tir [Ln(CsHsCO)s — HJ.
(Ln theo thir tyr 1an luot 1 : Nd, Sm, Eu, Gd)
Cong thirc cAu tao ciia 6 ion manh duoc gia
thiét nhu sau:

+2H:0 - H

V)
Lo” ")

Yy Lo” Do :

Lll(CaHsCOO)s + 2H-0 — H]
I —
Faa;
Vol
Vs
|
Sy

[Ln(CsHsCO):0 — H]

(Ln: Nd, Sm, Eu, Gd)
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Tir két qua phod khéi luong, két hop voi cac dir
kién cta pho hong ngoai, ching toi gia thiét
rang bon phuc chat di tong hop déu l1a cac
phirc chat hai nhan, ion dat hiém co s phéi tri
6, voi cong thic ciu tao cau ndi duoc gia thiét
nhu sau:
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béi voi phuc chit neodim benzoat, khi duoc
kich thich boi birc xa tir ngoai & 350 nm, phd
phat xa huynh quang ciia phirc chit neodim
benzoat xudt hién & ving tir 350 = 550nm véi
mot cuc dai phat xa duy nhat & 430 nm, sy
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phat xa nay c6 cuong do rit manh, ung voi sy
phat xa anh sang tim, sy phat xa nay tuong Gng
v6i chuyén doi ‘E,, - *I,,, ca ion Nd** [6].

Dudi kich thich tr ngoai & 325 nm, phic chét
samari benzoat phat xa huynh quang rét
manh & vung 350 + 750 nm v&i nam déi phat xa
ruc ro ¢ 402 nm, 563 nm, 595 nm, 645 nm va
710 nm. Céc dai phat xa nay tuong Gng voi sy
xudt hién anh sang ving tim (402 nm), ving
luc (563 nm), vung cam (595 nm) va vung dé
(645 nm; 710 nm). Cac dai phat xa nay duoc
quy gin twong tUng cho sy chuyén doi

41:7/2 - 6HS/Z (403 nm)’ 4G5/2 - 6H5/2 (561
nm), ‘G, - °H,, (596 nm),
4GS/z - 6Ho/z (643 nm)’ 4GS/z - 6Hn/z (710

nm) ctia ion Sm** [6]. Trong sd nam dai phat
xa thi cyc dai phat xa anh sang mau cam §&
595 nm va mau d6 & 645 nm c6 cuong do
manh nhat (hinh 3a).

Khi dugc kich thich boi nang lugng tr ngoai &
393 nm, phd phat xa huynh quang cia phirc
chat europi benzoat xuat hién & ving tir 575 +
720 nm. Phirc chét nay phat xa huynh quang
v6i nam cyc dai phat xa hep va sic nét lién tiép
0 593 nm, 617 nm, 653 nm, 689 nm va 700
nm, trong d6 cuc dai phat xa & 653 nm cé
cuong do rat yéu, hai cyc dai phat xa & 593 nm
va 700 nm c6 cuong do trung binh, con cyc dai
phat xa & 617 c6 cuong d6 manh nhét. Ung véi
cac dai phat xa nay 1a sy xuit hién 4nh sang
ruc & cua mién trong thdy : ving cam (593
nm; 617 nm) va ving do (653 nm, 689 nm,
700 nm). Céc dai phd nay dugc quy gan tuong
tmg cho sy chuyén doi °D, - "F, (593 nm),
°D,-'F, (617 nm), *D -"F, (653 nm),
°D, - 'F, (689 nm), °*D - "F,(700 nm), cua
ion Eu*'[6].

béi véi phurc chét gadolini benzoat, khi dugc biic
xa boi nang luong tir ngoai & 325 nm, phirc chat
nay phat ra mot dai phat xa c6 cuong do phat xa
twrong d6i manh, rong trong ving 350-650 nm,
dinh phat xa ¢ 450 nm, thudc ving anh sang lam
cham, sy phat xa nay phu hop véi chuyén mirc
nang lugng °p, . - *s. = clia Gd*'[6].
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Co ché phat xa huynh quang cua cac phirc chat
c6 thé dugc giai thich nhu sau [6]: Khi nhan
dugc ning luwong kich thich, cac phdi tir
chuyén tir trang thai singlet sang trang thai
triplet; tiép theo 1a qua trinh chuyén ning
luong tir trang théi triplet cia phdi tir sang
Ln(III); cudi cung 14 ion Ln®* chuyén tir trang
thai kich thich vé trang thai co ban va phat xa
anh sang dic trung cua ion dat hiém.

Nhu véy, cac ion dat hiém Ln** c6 kha ning
phat huynh quang khi nhén dugc nang luong
kich thich tir ngoai & 325 nm (Sm**, Gd*"), &
350 nm (Nd**) va ¢ 393 nm (Eu**) dé chuyén
1én trang thai kich thich, sau d6 la cac qua trinh
phuc hdi xubng nhimg muic ning luong thap
hon mang lai cac qua trinh phat huynh quang.
Céc két qua nay chimg to truong phdi tir
benzoat dd anh huong mot cach coé hiéu qua
kha ning phat quang cta cac ion dat hiém.

4. KET LUAN

1. Pa tong hop duoc 04 phirc chit hai nhan
benzoat cua Nd(II), Sm(IIT), Eu(IIT), Gd(II).
2. P nghién ciru cac phirc chit bang phuong
phap phd khéi lugng, két qua cho thiy trong
pha hoi cia bon phirc chit déu xuét hién cac
ion manh ¢6 m/z 16n nhat ing dung voi khdi
luong ion phén tir cia phtrc chat hai nhan
[Lna(Benz)s — H]" (Ln**: N&*, Sm*", Eu®" va
Gd*"). Thanh phan pha hoi cta 4 phuc chit 1a
tuong tu nhau, déu gém chu yéu su ¢6 mat cua
6 loai ion manh co6 tan suét rat 16n. D3 dua ra
cong thirc cau tao gia thiét cua 06 loai ion
manh va ion phan tir ciia phirc chat hai nhan
v6i s6 phéi tri 6 ciia ion dat hiém.

4. Pi nghién ciru cac phirc chit bang phuong
phap pho huynh quang, két qua cho thiy cac
phtre chét da tong hop déu c6 kha nang phat xa
huynh quang khi duogc kich thich boi budc
song phu hop, do ¢6 qué trinh chuyén ning
lwong hiéu qua tir phdi tr sang ion dat hiém.

&9

Trong 04 phirc chat nghién ctru thi phirc chat
cua Sm(III) va Eu(Ill) phat quang manh va ruc
r& nhat trong ving kha kién.
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