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Abstract: Three heterometallic p—diketonate complexes, [Ln(TFPB)4K] (Ln = Eu (1), Lu (2),
Y (3); TFPB = 4,4,4-trifluoro-1-phenyl-1,3-butanedione), were synthesized and structurally
characterized using ESI-MS, IR and *H — NMR spectroscopies. X—ray crystallographic analysis
demonstrates that (1) exists as dimer form in which the Eu®* ion was coordinated by four TFPB
ligands. The alkali metal K in the complex is stabilized by electrostatic interactions with O and F
atoms of TFPB ligands. The luminescence properties of (1) were determined using UV—-Vis and
photoluminescence methods. The results indicate that under 360 nm excitation, the Eu(lll)
complex emits strong red fluorescence at 616 nm, corresponding to the transition Do — "F».
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Tong hop, nghién ctru cAu tric va tinh chét, quang
cua phtc chat di nhan Ln(III)-K v&i phoi tir
4,4,4—trifluoro—1-phenyl-1,3-butanedione
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Tém tit: Ba phtc chit di nhan B-diketonate, [Ln(TFPB)4K] (Ln = Eu (1), Lu (2), Y (3);
TFPB = 4,4,4-trifluoro-1-phenyl-1,3-butanedione) di duoc tong hop va nghién ciru ciu trac bing
cac phuong phap phé ESI-MS, IR, vd 'H-NMR. Két qua nhiéu xa tia X don tinh thé cho thiy
phirc chét (1) ton tai dudi dang dimer, trong d6 ion Eu3* phéi tri véi bdn phdi tir TFPB~. Kim loai
kiém K trong phirc chat dwoc bit gitr nhd twong tac tinh dién véi cac nguyén tr O va F cia phdi tur
TFPB-. Tinh chit phat quang cua phirc chét (1) da duoc xac dinh bang phwong phap phd UV-Vis
va huynh quang. Két qua cho thay khi kich thich tai 360 nm, phtrc chit Eu(Ill) phat xa do v&i
cuong d6 16n tai 616 nm twong tmg v6i chuyén muc Do — Fa.

Tir khéa: Phirc chat di nhan, B—diketonate; lanthanide.

1. Mé dau

Phtic chit lanthanide dang thu hit sy quan
tam ctia nhiéu nha khoa hoc nhd cac ing dung
thue tidn va tiém ning cua chung trong linh vuc
vat liéu phat quang va didt phat quang hitu co.
Tuy nhién, ion Ln(IIT) c6 hé s hap thy mol va
hiéu suét lugng t rat thép. Do d6, cac chét co
hé s6 hap thu mol cao thudong duoc két hop lam
"ing-ten" dé hap thu ning lugng tir bén ngoai
va truyén dén trung tim Ln(11D) nhiam cai thién
hiéu sudt phat quang. Trong s0 cac phdi tir hiru
co duoc sir dung dé diéu ché cac phuc chat
lanthanide, p-diketone 1a mot phdi tir ¢d dién,
phé bién nhat do kha ning hap thu anh sang cuc
tim manh, truyén ning luong hiéu qua [1-3].
Phéi tir B-diketone khong chi dong vai tro la
cau ndi chelate ma con tao ra cic phirc chit voi
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cAu tric da dang, phu thudc vao diéu kién phéan
tmg [4, 5]. Phic chit B-diketonate mang lai
nhiéu co hoi ung dung trong khoa hoc vat liu
hién dai, bao gém viéc 1am tién chit cho vat
liéu mang mong nanocomposite, xuc tac, hinh
anh sinh hoc, va cong nghé¢ OLED [3, 4, 6].
Ngoai ra, cac tmg dung trong thiét bi bo nhé va
thanh phan pin nhién liéu da dugc béo cao [6].
Chinh vi vdy, viéc kham pha cac vt liéu phat
quang va sinh hoc méi voi kha nang phat quang
ngdy cang vuot trdi da trd thanh ngudn cam
hing cho cac nha khoa hoc.

Cac tetrakis lanthanide(IIT)(B—diketonate)
voi  cong thac  chung (cation)[Ln(B—
diketonate)s] da duge nghién ctru rong rai trong
nhiéu thap ky qua. Trong cdu tric cua chung,
bdn phdi tr p-diketonate tao thanh mot khéi da
dién bao hoa quanh ion Ln(lll). Cac cation
twong tmg thudng 13 cac ion kim loai kiém hodc
cac phan tir hitu co tich dién duong chua N
hodc P. Do su che chin cua khéi da dién LnOg
khoi su dép tit cua cac phan tir dung mdi, cac
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phitc nay thuong biéu hién cuong do phat
quang cao hon nhiéu so voi tris(B—diketonate)
[6]. Bén canh do, viéc sir dung nhom thé C—F
trong phdi tir p—diketone giup ting hi¢u suat
phat xa ciia ion dat hiém, ting kha ning hoa tan
clia cac phtrc chat va hd trg qua trinh két tinh
tot hon [4, 6].

Trong bai viét nay, chung toi trinh bay quy
trinh tong hop, xac dinh ciu triic va nghién ciru
tinh chat quang ctia phirc chat di nhan Ln(III) —
K véi phdi tir 4.4,4-trifluoro-1-phenyl-1,3—
butanedione.

2. Thuc nghiém
2.1. Téng hop cdc phirc chat

Céc diéu kién ti 1¢ mol giita ion dat hiém va
ph01 ttr, dung moi, thé tich dung moi, thot gian
tong hop di duoc thay d6i so voi mot s6 cong
trinh da duoc cong bd. Quy trinh cu thé tong
hop céac phtc chat duge trinh bay dudi day:

Budce 1: hoa tan 0,5 mmol LnCls (Ln = Eu,
Lu, Y) trong 20 ml methanol (dung dich 1).

Budc 2: hoa tan 2,0 mmol HTFPB va 2,0 mmol
KOH trong 20 ml methanol (dung dich 2).

Budc 3: cho tir tir dung dich 1 vao dung dich
2, khudy trén may khudy tir. Tlep tuc khuay dung
dich trong khoang 1 gio dén tong thé tich con
khoang 20 ml. Dung dich thu dugc dé bay hoi
cham tai nhiét do phong. Tinh thé phic chit
[Ln(TFPB)4K] thu dugc sau 4 - 5 ngay.

So d6 tong hop:

Ln® + 4HTFPB + 4KOH—H

[Ln(TFPB)4K]
2.2. Cdc phwong phap nghién ciru

Phé khéi lwong ESI-MS dugc ghi trén may
LC-MSD-Trap-SL, phuong phap ban pha
ESl-mod. Phirc chit dugc hoa tan trong dung
moi acetonitrile. Ap suit khi phun 30 psi, nhiét
do khi lam kho 325 °C, tai Khoa Héa, Trudng
bai hoc Su pham Ha Noi.

Phd hép thy hong ngoai IR cua cac phirc
chat duge do trén may do phd hap thu hong
ngoai FTIR 8700 tai Khoa Hoa, Truong Dai
hoc Khoa hoc Ty nhién, Pai hoc Quéc gia Ha
Noi va Khoa Hoa, Truong Pai hoc Su pham Ha

Noi. Cac mau rian duoc tron, nghién nhé va ép
vién voi KBr.

Céac phtrc chét (2), (3) duge do phd cong
huong tor hat nhidn & nhiét 46 298K,
dung méi CDCl; bang may do ph6 cong hudng
tor hat nhan 'H-NMR AVANCE
Bruker—500MHz tai Khoa Hoa, Truong Pai hoc
Khoa hoc Tu nhién, Dai hoc Quéc
gia Ha Noi.

Phurc chét (1) duge do nhiéu xa tia X don
tinh thé bang may do nhidu xa tia X (STOE
IPDS 2T) & nhiét d0 200K tai Khoa Hoa,
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc
Quéc gia Ha Noi. CAu trac dugc tinh toan va tdi
vu héa bang phan mém SHELXS-97.

Ph6 hap thu phan tir UV—Vis caa (1) dugc
ghi trén may do quang phd hip thu phéan tu
Cary 5000 UV—Vis tai Khoa Hoéa, Truong Dai
hoc Su Pham Ha Noi.

Ph6 huynh quang (PL) cta dung dich phtic
chét (1) duogc do tai Khoa Hoéa, Truong Dai hoc
Khoa hoc Tu nhién, Pai hoc Quéc Gia Ha Noi.

3. Két qua va thao luin
3.1. Phé khoi heong ESI- MS

Trén phé —MS! ctia phtic chat (1) (Hinh 1a)
xuat hién pic ¢6 m/z 1013,28 phu hop v6i ion
phan tir [Eu(TFPB)4]™ cua phirc chit va co tan
50 tuong dbi 1on. Tuong tu, trén phd +MS! cua
phirc chat (Hinh 1b) ciing xut hién pic c6 m/z
1090,61 phu hgp véi ion phan 0
[Eu(TFPB)4+2K]* cua phirc chit (1). Tir dit
kién nay c6 thé khang dinh cong thue gia dinh
ctia phtc chit 1a duang, phuc chat ton tai dang
anion voi gia thiét ion trung tdm Eu®* pho1 tri
v6i 4 phdi tir TFPB-.

Do hiéu ng dong vi, trén phd khdi xuét
hién cac cum pic phan tir v6i cac dong vi khac
nhau. Ti I¢ cuong do cua cac pic nay tudn theo
su phan b cac dong vi trong tur nhién. Cac cum
pic dong vi nay c6 thé cung cap thong tin quan
trong trong viéc xac dinh cong thie phan tu
phirc chat. Vi vy, ching toi tién hanh khao sat
cum pic dong vi cua phuc chat da dugc tong
hop. Do viée tinh toan bang 1y thuyét xac suat
giap nhiéu khé khan, phian mém Mass—spec di
duogc st dung dé hd tro giai phd.
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Dua trén két qua khao sat cum pic déng Vi
trong phén tir phirc chat, chung toi so sanh ti 18
cudng do cac pic dong vi phan tir cia cic phuc
chat (Hinh 1). Pic phén tir 16n nhat duoc coi 1a
100%, tr d6 x4c dinh ti 1€ cudong dd cua céc pic
con lai. Két qua cho thay, ti 1& cudong do cac pic
ddng vi trén phd +MS! va -MS! cua phuc chat
gitta 1y thuyét va thuc nghiém hoan toan tring
khép, gitp khang dinh thém vé cong thirc
phirc chét.
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Hinh 1. Phd —~MS! va +MS! ciia phirc chét (1).
3.2. Phé hdp thu hong ngoai

Két qua phd hap thu hdng ngoai cia cac
phuc chat (Bang 1) chi ra c6 sy xuat hién cia

cac van hép thu cuong do thép, chan rong dac
trung cho dao dong hoda tri cia nhom —OH tai
3444 — 3464 cmL. Nguyén nhan c6 thé do chit
chua kho hodc trong qua trinh ép miu bang
KBr ¢6 1an nude am. Van hap thu cﬁa C=0 dao
dong trong vung 1616 — 1620 cm, cao hon so
voi tan s6 dac trung cla no trong ph01 to
HTFPB. Chung to ph01 tr TFPB™ da tham gia
phéi tri voi ion dat hiém. So véi cac phbi tir tu
do, van hp thu nay dao dong vé ving co sb
song cao hon nguyén nhan la do hiéu ung lién
hop ctia vong thom véi nhém diketone, phu hop
v6i cac cong trinh vé phirc dat hiém véi phéi tir
B—diketone da duoc cong bd. Ciing do hiéu tmg
lién hop m, van hap thy dic trung cho dao dong
hoa tri ciia lién két C—F bi dich chuyén vé ving
¢6 sb song cao hon so véi phéi tir ty do. Trong
céc phirc chat con xuét hién thém van hép thu
¢6 cuong do thip tai ving 513 — 526 cm* dic
trung cho dao dong hoa tri cta lién két Ln — O,
gia thiét duoc dua ra cac ion Ln® di tham gia
phdi tri v6i phbi tur.

Lu_TFPB_K

Hinh 2. Pho IR cua phtic chét (2).

Bang 1. Cac dai hap thu déc trung trong phd IR cia
céc phtrc chat (v, cm™)

Hop chat VO-H vc=0 | VCcF | VLno
HTFPB - 1600 | 1191 -

1) 3444 1616 | 1288 | 513

2) 3464 1620 | 1292 | 516

3) 3444 1620 | 1292 | 526

3.3. Phé céng huong tir hat nhin

bé thém théng tin vé thanh phan ciu tao,
cac phirc chat cua Y(III), Lu(Ill) dugc do pho
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cong huong tir hat nhan, do cac phirc chat nay
1a chat nghich tir, thuan loi dé nghién ciru bang
phuong phap 'H — NMR. Két qua dai dién cua
phirc chat (3) duoc dua ra trong Hinh 3, quy két
cac tin hi€u dugc chi ra trong Bang 2.

n Hp J

i b
AL j
B o g B

80 79 78 7.7 7.6 76 74 73 72 74 70 69 68 67 66 65 64 63 ppm

Hinh 3. Ki hi€u cac nguyén tir H dac trung trong
phtrc chat va mot phan pho *H — NMR cua (3).

Bang 2. Quy két tin hiéu phd 'H — NMR cua (2), (3)

ohice Quy gan van pho

chat o Sm) Poboi | Tile | Quygan
7,91 Van doi 2,0 8Ho
7,43 Vanha | 1,0 4Hp

@) 731 | Vanba | 20 | 8Hm
6,03 | Vandon | 1,0 4H1
7,91 Van doi 2,0 8Ho
745 | Vanba | 1,0 4Hp

®) 731 | Vanba | 20 | 8Hm
6,30 | Vandon | 1,0 4H1

Viéc quy gan cac tin hiéu trong phd cia
phirc chét (2), (3) dwa vao cac tin hiéu proton
ciia phéi tor ty do HTFPB. Trén phd cong
huéng tir hat nhan 'H-NMR ciia cac phiic chat
déu xudt hién céc tin hiéu proton twong g véi
b6 khung H trong phan tir ciia phirc chat. Cac
tin hiéu trong ¢ vung 7,31 + 7,91 ppm déc trung
cho céc proton trong vong phenyl. Trong do, tin
hi€u van doi tai 7,91 ppm dugc quy gan cho
proton 8Ho, tin hi€u van ba tai 7,43 + 7,45 ppm
duoc quy gan cho proton 8Hp va tin hiéu van

ba tai 7,31 ppm dugc quy gan cho proton 4Hm.
Bén canh @0, trén phé cong hudng tir hat nhan
IH-NMR cua phirc chét (2), (3) déu xuat hién
tin hi€u van don tai 6,03 + 6,30 ppm Gng voi
4H cta nhém C-H trong 4 phéi tr TFPB". Do
su phdi tri gitra phdi tr TFPB~ va ion Ln(l11)
lam ¢b dinh dang enol ctia phdi tir nén trén phd
cong hudng tir cua phic chét chi thu dugc mét
bd tin hi€u rd rang. Két qua thu dugc cho théy
cac phdi tr TFPB-~ da tham gia phéi tri véi ion
Ln* (Ln = Lu, Y) qua cdc nguyén tir O theo
dung ti 1& 1Ln%: 4TFPB". Nhu vay, két qua
phé cong huong tir pht hop cong thirc du kién
ctia phirc chét 1a [Ln(TFPB)K].

3.4. Phurong phdp nhiéu xa tia X don tinh thé

Pon tinh thé ciia phic chat (1) dugc xac
dinh céu truc bang phuong phap nhidu xa tia X
don tinh thé. Hinh anh c4u triic don tinh thé ctia
phuc chit duoc dua ra trong Hinh 4, mot sb
thong tin v& tinh thé hoc va toi uu hoa ciu tric,
d6 dai lién két va goc lién két trong phirc chit
duogc trinh bay trong Bang 3 va Bang 4.

Hinh 4. Ciu tric tinh thé cua phtc chét (1).

Béng 3. Mot s6 thong tin vé tinh thé hoc va tbi uu
hoéa cau truc cia phire (1)

Phtrc chat [Eu(TFPB).4K]

Cong thirc CgsHs7 EuzF24K2019

M (g.mol™?) 2196,40

Hé tinh thé Monoclinic
a(A) 26,542(3)
b (A) 11,6308(15)
c(A) 27,802(4)
a(°) 90
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B (°) 92,451(5)
Y (°) 90
V (A3 8575(2)
Nhém diém khong gian P24/n
S6 phén tir/6 co sé 4
Ri/WR; 0,1670/0,3136

Bang 4. D¢ dai lién két va goc lién két cua (1)

Do dai lién két (A)
Eu-O1A | 2,425(12) | Eu-O1D | 2,393(11)
Eu-O2A | 2,371(12) | Eu-02D | 2,428(12)

K1-
01D

Eu-0O2B | 2,390(11) | K1-O1B | 2,739(11)

Eu-O1B | 2,393(11) 2,865(11)

Eu-O1C | 2,438(12) | K1-F1C | 2,970(11)
Eu-02C | 2,350(12) | K1-F1D | 3,002(11)
Goc lién két (9)

O1A-Eu- 01B-K1-

0%A 70,9(4) F1B 56,8(3)
O1B-Eu— 01C-K1-

028 70,5(4) F1C 53,2(3)
O1C-Eu— 01D-K1-

02C 70,9(4) F1D 55,2(3)

Tur dit liéu cdu trac tinh thé thu duoc bang
phuong phap nhidu xa tia X don tinh thé cho
thdy (1) 1a phtrc anion ton tai & dang dimer va
két tinh h¢ tinh thé monoclinic v6i nhém diém
khéng gian P2i/n. Trong d6 ion trung tAm Eu®*
phdi tri voi 8 nguyén tir O ciia 4 phéi tr TFPB-,
goc lién két O-Eu—O nim trong khoang 70,5° +
70,9°. P9 dai ctia cac lién két Eu—O trong pham
vi 142,350 + 2,438 A. Céc gia tri goc lién két va
d6 dai lién két nho thé hién su tuong tac chat
ché giira ion Eu®* va cac nguyén tir O ciia phdi
tir TFPB-, chig to sy on dinh cua phirc chat.
Ton kim loai kiém K* & ciu ngoai cuia (1) phdi
tri v6i cac nguyén tir F, O cua cac phdi tir
TFPB xung quanh. Cac lién két K-O c6 do dai
16n hon Eu—O véi gia tri nam trong khoang
2,739 + 3,002 A, diéu nay phu hop véi kich
thudc 16n ciia ion K*. Cac goc lién két O-K—F
kha nho, ndm trong khoang 55,2° + 56,8°. lon
kim loai K* con lai khéng c6 nudc tham gia

phéi tri ma c6 su phdi tri cia dung moi
methanol. Két qua thu dugc phu hop véi cong
thire gia dinh cua phirc chit va cac két qua thu
dugc tir cac phwong phap phd.

3.5. Phé hdp thu UV-Vis

. Phd hép thy UV-Vis cia (1) duoc do &
nong do 5,10° M trong dung méi methanol
(Hinh 5).

0.6

—{1)

)
»

Cudng d6 hép thy

o
N

0.0

300 400
Budc séng (nm)

Hinh 5. Ph6 hap thu UV—Vis cia (1).

Két qua chi ra, phirc chat (1) xuét hién dai
hap thu & ving song 235 — 400 nm, dinh hip
thu cuc dai tai 325 nm dugc quy gén cho
chuyén mirc © — n* cua B-diketonate. Dai hap
thu nay dich chuyén nhe vé viing budc song dai
hon so véi vi tri ciia nd trong HTFPB ty do
(323 nm). Dai hap thu & 256 nm Ia chuyen
muc 7-m*  cua benzene trong phéi tir
B-diketone. Do bi cAm theo quy tic Laport nén
gan nhu khoéng quan sat dugc cac dai chuyén
4f — 4f ciia Eu* trén phd hip thu cua (1).

3.6. Phé kich thich va phé huynh quang PL

Phd kich thich cua (1) dugc theo ddi ¢ cuc
dai chuyén murc Eu(IIT) °Do—'F, (Hinh 6).

40000 4

30000

Cuong d6

10000

7 (nm)

Hinh 6. Pho kich thich ciia (1) trong methanol
6 nhiét do phong.
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Cac dai trong vung 235 - 400 nm c6 hinh
dang pho gidng véi sy hap thu cia cac lién két
hiru co trong phirc chat.

Két qua cho thiy nguyén nhan phat quang
la do ph01 tr hap thu ning lugng truyén sang
ion dat hiém, va phat quang dic trung cua Eu*
la mau do ¢ budc song phat xa tai 616 nm.

Phé6 huynh quang PL cuia phtic chét (1) duoc
do & nong do 5,10° M trong dung mdi methanol,
bude song kich thich 360 nm (Hlnh 7). Céc dai
phat xa sic nét ciia ion Eu®* dugc quy gan
cho cac chuyén muc Dy — 7Fi4 trong ving
570-750 nm. Trong d6, phat xa cuong do manh
nhét tai A = 616 nm tng v6i dai chuyen °Dg —>
'F,. Cac nghién ctu chi ra ring cuong
d6 tuong d6i cua chuyén muc ludng cuc dién
(°Do — "F2) va ludng cyc tir (*Do — 'F1) dugc
xac dinh boi tinh ddi xung cua cau phdi tri
ion trung tdm Eu®*. Thuc té, ty 1& cudong do I
(°*Do — "F2) / | (°Do — F1) 1a 12:1, ndm trong
pham vi cho phép ddi véi phuc chat
B—diketonate dat hiém khong d6i xung. Két qua
phu hop v6i méi trudong d6i xtng thap cua ion
Eu®* thé hién qua cau truc lang tru vudng bién
dang cua phuc chét thu duoc tir dix liéu nhiéu xa
tia X don tinh thé.

600 - ?
— (1)

g

Cudng dé (a.u.)

g
1

500 600 700 800
Budc séng (nm)

Hinh 7. Phé huynh quang PL ciia phirc chét (1).

4. Két luan

Céc phirc chat méi (1), (2), (3) da dugc tong
hop va xéac dinh cau tric. Két qua cho thdy ion
Ln3* phdi tri véi TFPB- theo ti 1¢ 1:4 thong qua
cac nguyén tir oxygen. Phirc chat (1) ton tai
dang dimer, trong d6 ion Eu®* c6 s6 phdi tri 8,
kim loai K dugc bat giir boi luc tuong tac tinh
dién v6i O, F cua TFPB~. Két qua do phd PL

cho thay dudi budc song kich thich 360 nm,
phirc chat Eu(Ill) trong dung moi methanol phat
quang manh mau doé tng voi cac dai chuyén
5D() —> 7F141.

Loi cam on

Nghién ctru ndy dugc hoan thanh trong
khuén kho dé tai ciia Bo Gido duc va Pao tao,
mi so: B2025-SPH-03. Cac tac gia chan thanh
cam on.
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