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SUMMARY

SYNTHESES AND STRUCTURE, PROPERTY STUDY ON Ln(l1I) - Na(l)
COMPLEXES OF 1,1,1-TRIFLUORO-3-(2-THENOY)ACETONE LIGAND

The heterometallic Na(l)-Y(I1)/La(I1l)/Lu(lll) f-diketonate complexes were synthesized and structurally
characterized by MS, IR and NMR spectroscopies. The results confirmed that the central rare earth ion
is bonded to four 1,1,1-trifluoro-3-(2-thenoy)acetone (TTA) ligands through oxygen atoms of -diketone
fragments. The anionic complex ion is then charge balanced by sodium cation to form polymeric array
in solid state.

Keywords: Lanthanide complexes; -Diketonate; Dinuclear complexes.

1. MO PAU thich ngan. Viéc thay thé nhém C-H trong phdi
Cung véi sy phét trién cia nganh hoa hoc, hoa tir p-diketone bing nhom C-F ¢6 ning luong
hoc phtic chit cua cac nguyén té dat hiém da co dao dong thap 1a cach hiru hiéu dé khic phuc
nhimg dong gop to 16n va quan trong cho nhiéu van dé nay [1, 2, 5, 6]. Mat khac, phdi tir phu tro
nganh khoa hoc. Phirc chat cua nguyén té dat cling dong vai trd quan trong trong phirc chat
hiém dugc wng dung trong thyc tidn, nhit l1a d4t hiém do chung ngan chan nuée phéi tri véi
trong linh vuc khoa hoc cdng nghé. B-diketonate ion dat hiém, vi vdy lam ting kha ning phat
d4t hiém I phirc chét cua p-diketone véi cac ion quang cua phuc chét [3]. Ngoai ra, ching con
dat hiém. Trén thé gioi cac phirc chat da duoc dem lai tinh chat dzc biét cua phirc chat khi tham
nghién ctu tir kha sém do kha nang (ng dung gia phéi tri voi ion dat hiém do d6 ngay cang
do kha ning ung dung trong nhiéu linh vyc. p- dugc st dung rong rai. Dac biét 1a cac phéi tir
diketone 1a mét trong céc phdi tir vong cang cua phu tro trung hoa chira O va N ¢6 kha nang phéi
hoa hoc phdi tri thu hut dwoc nhiéu sy quan tam tri bén voi cac ion dat hiém, cé kha ning day
do trong nhirng nim gin day mot vai dan xut nuée ra khoi cau phdi tri cua dat hiém. Phic
kim loai cua ching dwoc ung dung rong réi chit da nhan ctia nguyén tb dét hiém dugc chi ra
trong y sinh chudn doan bénh ung thu & giai cai thién dac tinh quang, tir so véi phirc chit mot
doan dau. nhan. Pay chinh 1a 1i do hién nay nhiéu cong
Trong cac B-diketonate dat hiém, dao dong cua trinh vé phac chat da nhan dwoc cong bd boi
lien két C-H c6 thé 1a nguyén nhan lam mét nhiéu nha khoa hoc. Trong cong trinh nay,
ning lugng, do d6 hiéu suat quang phét xa cua ching toi tién hanh: “Téng hep va nghién ciu
ion dat hiém giam va thoi gian o trang thai kich cdu trac, tinh chdt cac phac chdt di nhan
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Ln(111)-Na(1) véi phéi ti# 1,1,1-trifluoro-3-(2-
thenoy)acetone ”.

2. THUC NGHIEM

2.1. Téng hep cac phic chat

Tién hanh khao sat qui trinh tong hop phic chat
da nhan B-diketonate dat hiém theo cac cong
trinh d4 duoc cong bd trong va ngoai nudc. Tuy
nhién, két qua tong hop déu khong thu dugc san
pham phuc chat da nhan nhu mong mudn. Vi
vay, cac diéu kién ti 1& mol giita phdi tir va ion
dat hiém, dung mai, thé tich dung méi, thoi gian
tong hop da duoc thay ddi dé thu dugc céc phirc
chat di nhan caa Y (I11)/La(111)/Lu(l11) véi phéi
tor 1,1,1-trifluoro-3-(2-thenoy)acetone (TTA).
Quy trinh cu thé téng hop cac phic chat duoc
trinh bay trong cac phan noi dung dudi day:
Quy trinh téng hop

Buac 1: Hoatan Immol LnCls.6H20 vao 30 ml
metanol (c6c 1).

Budc 2: Hoa tan hdn hop 6 mmol TTA va 6
mmol NaOH vao 20 ml metanol (céc 2).

Bude 3: P6 tir tir cdc 1 vao cdc 2, vira d6 vira
khudy déu trén may khudy tir. Tiép tuc khudy
dung dich trong khoang 4 gid dén tong thé tich
con khoang 20 ml. Dung dich thu dwoc dé bay
hoi cham tai nhiét do phong. Tinh thé mau tring
ctia phuc chat [Ln-TTA-Na] thu duoc sau 4-5
ngay.

So do tong hop:

metanol

Ln® + 6TTA + 6NaOH —> [Ln-TTA-
Na]

2.2. Cac phwong phap nghién ciu

Phd khéi lwong duge ghi trén may LC-MSD-
Trap-SL, phuong phap bian pha ESI-mod. Phtic
chat dugc hoa tan trong dung moi acetonitrile
tai Khoa Hoa, Truong Pai hoc Su Pham Ha Noi.
Phé hong ngoai dugc ghi trén may FTIR 8700,
trong vung 400-4000 cm-1, theo phuong phap
ép vién KBr tai Khoa Hoéa, Trudong Pai hoc Su
Pham Ha Noi.

Phd cong huéng tir hat nhan H-NMR
AVANCE Bruker-500MHz dugc do tai Khoa
Hoa, Truong Dai hoc Khoa hoc Tu Nhién — Dai
hoc Qubc Gia Ha Noi.

Dir liéu nhiu xa tia X don tinh thé cua phuc
chat dugc do trén may nhiéu xa tia X (STOE
IPDS 2T) ¢ nhiét d6 200K tai Khoa Hoa-
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Truong PHKHTN-DHQGHN. Céu tric duoc
tinh toan va t6i wu hoa bang phin mém
SHELXS-97.

3. KET QUA VA THAO LUAN

3.1. Phé khéi lwgng ESI-MS

DPé c¢6 budc dau khing dinh vé thong tin vé
thanh phan ciing nhu cdu triic clia cac phirc chat
thu dugc, chung toi tién hanh ghi phd khoi
luong cua cac phtrc chat theo phuong phap ESI-
MS véi dung moi axetonitrile.

oar02022
TN 5.1

ﬁ.a)

b)
Hinh 1. Phé MS ciia phirc chat [Y-TTA-Na]: a)
-MSt va b) +MS?
Bang 1. Bang quy két cac manh ion ¢ng véi pic
phan ti+ trong pho + MS! cuiia cac phurc chat

STT | Tén Ph6 MS m/z | Quy gan manh
chat

1 Y- | -MSt | 972 | [Y-(TTA)
TTA-| +MS! | 1018 [Y-(TTA)4
Na +2Na]*
(M1)

2 La- | -MS! | 999 | [Y-(TTA).
TTA-| +MS' | 1045 | [Y-(TTA)4
Na +2Na]*
(M2)

3 Lu- | -MS! | 1058 | [Lu-(TTA)s]
TTA-| +MS! | 1104 [Lu-
Na (TTA)s+2Na]*
(M3)




Trén phd -MS? cua cac phirc chat Y(IIT), La(III),
Lu(IIT) déu xuét hién cac pic c6 m/z twong tmg
972,71; 998,9; 1058,74 ung dung voi khdi
lwong phan tir [Ln(TTA)4]" cta cac phirc chét va
c6 tan s twong ddi 16n. Twong tu, trén phd
+MS! cua cac phirc chat Y(III), La(III), Lu(l11)
cling déu xuit hién céc pic c6 m/z twong tng
1018,53; 1045; 1104 tng ding voi khéi lugng
phan tir [Lu-(TTA)s+2Na]* clia cac phic chat.
Tir dit kién nay c6 thé khing dinh cong thic gia
dinh ctia phtrc chét 1a phu hop. Dong thoi thong
qua két qua thu duogc tir phd khéi lwong c6 thé
khéng dinh dugc phuc chét ton tai dang anion
v6i gia thiét ion trung tim Ln3* s& phdi tri v6i 4
phéi tir TTA.

Bén canh d6, do hiéu tmg dong vi nén trén cac
phé s& thu duge cum pic phan tir véi cac dong
vi khac nhau. Ti 1€ cuong d6 cua c4c pic nay
tuan theo sy phan b cac dong vi trong tw nhién.
Cum pic ddng vi c6 thé cung cép thong tin quan
trong trong viéc khang dinh cong thic phén tir
gia dinh. Do d6, chung t6i tién hanh khao sat
cum pic dong vi cia cac phuc chat di dugc tong
hop. Viéc tinh toan bang 1y thuyét xac suit gip
nhiéu kho khin nén ching t6i st dung phan
mém Mass-spec dé hd tro giai phd.

Két qua khao sat ty 18 cac pic dong vi clia phan
tir cac phirc chit thuc té trén phd -MS! va +MS?
va 1y thuyét mo phong bang phan mém Mass-
spec. Tir cac két qua khao sat cum pic dong vi
trong phan tir cac phuc chat, chiing ti so sanh
ty 16 cudng do cac pic ddng vi phan tir cia cac
phic chat. Pic phan tir 1on nhit dugc coi la
100%, tir d6 rut ra ty 1€ cac pic con lai. Ty 1€
cudng do cac pic ddng vi clia phan tir cac phirc
chit trén phd +MS! va -MS! cua cac phirc chat
giita 1y thuyét va thyc nghiém hoan toan tring
khép. Pay 1a co s& dé khing dinh thém vé cong
thirc gia dinh ctia phtrc chat.

3.2. Phé héng ngoai

Pé x4c dinh cac nhom chirc ¢ mit trong phic
chét, thém thong tin dé khéng dinh sy tao phuc
clia ion trung tim véi phdi tir, ching t6i da tién
hanh do phé IR ddi véi cac phirc chit da tong
hop duoc. Phd IR cua phirc chat dai dién M1
duoc trinh bay trong Hinh 2. Qui két cac dai hip
thy déc trung trén phd ciia cac phuc chat duge
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chi ra trong Bang 2.

Hinh 2. Phé héng ngogi ciia M1
Bang 2. Cac ddi hdp thu ddc trung trong phé
hong ngogi cia phic chat va phai ti (v, cm™)
Hop chat

STT VsO-H c=0  [Ln-0
1 TTA - 1601 | -
) [Y-TTA-Na] |3649|1636| 579
(M1)
[La-TTA-Na]
3 3398 | 1602 | 577
(M2)
[Lu-TTA-Na]
4 3688 | 1610 | 584
(M3)

Trén pho hong ngoai cla phic chat déu xuat
hién cac van hip thy cudong do trung binh, chan
rong dac trung cho dao dong hoa tri ciia nhom
O-H trong ving 3398+-3688 cm™. Gia thiét
dugc dwa ra trong phan tir phirc chit 13n nude
4m do qua trinh do dac. So véi cac phirc chét di
nhan kim loai kiém — d4t hiém, nhom nghién
ctru di cong bd chiing toi thiy co su khac biét
trong cu tric. Trén phd IR cia cac phic chit
Ln-TFNB/TFPB di cong bd [2,4] déu xuat hién
van hép thu cudng d6 manh, chan nhon tai ving
34003600 cm, dic trung cho dao dong hoa
tri cua nhom O-H phdi tri con cac phic trén thi
khong. Chuing toi dwa ra gia thiét cac phirc chat
téng hop duoc ton tai dang polime khong c6 su
phdi tri ciia dung méi. Van hap thy tir 1601-
1636 cm'! trong c4c phire chit dic trung cho dao
dong ctia nhém C=0 cua phdi tir TTA phdi tri.
Tuong tw voi cac cong trinh cong bd vé hé phbi
tir trén trong nude va quoc té, khi tao phirc voi
ion dit hiém, dao dong hoa tri ciia nhém C=0
dich chuyén vé viing c6 s song cao hon so voi
phdi tir [1, 2, 5]. Nguyén nhén chinh 1a do hiéu
{g lién hop 7 trong vong thom cta nhoém thé
phenyl va vong dixeton cua phdi tir TTA. Su
thay d6i tan so hip thu clia vc-o so Vi phdi tir



tw do va trong cac phirc chat, chung té phdi tir
TTA di tham gia phdi tri voi nguyén t6 dat hiém
Ln(l11). Ngoai ra, dao dong hoa tri cta lién két
Ln-O trong cac phirc chat tong hop duge co
cuong do nho, ching thé hién ¢ véan tai
577+584 cm™, gia thiét dugc dua ra cac ion
Ln3 da phdi tri v6i cac phdi tir thong qua
nguyén tir O. Nhu vay, thong qua phuong phap
phd hong ngoai, gia thiét ban dau vé sy tao phirc
clia ion trung tam dat hiém va phdi tir duoc dua
ra.

3.3. Phé cong hwéng tir hat nhan 'H-NMR
Pé thém thong tin vé thanh phan ciu tao cua cac
phtrc chat tong hop duoc, tién hanh nghién ciu
bang phuong phap cong hudng tir hat nhan tH-
NMR déi véi céc phirc chat. Do cac phuc chat
ctia Y(III), La(II) va Lu(IIl) déu la céc phuc
nghich tir thuan lgi cho qua trinh nghién caru cac
phtic chét. Phd *H-NMR cua phuc chat dwoc do
trong dung mdi CDCls. Két qua phirc chat chi ra
trong Hinh 3, qui két c4c tin hiéu trong phd cong

huéng tir 'H-NMR cua phic chit dai dien M1
dugc chi ra trong Bang 3.

Hi1

_____,,w:: ’: T '\-ﬁ_:uiw\._____H______._/:l‘k_____
‘m‘: Ho, 5 3 8l

78 77 76 T.5 7.4 7.2 7

70 69 68 67 66 65 64 63 62 6.1 ppm

Hinh 3. Phé "H-NMR ciia cdc phire chat M1
a) Ki hiéu cdac nguyén tir H ddc trung trong
phikc chat
b) Phé H-NMR cua phirc chat M1

Bang 3: Bang quy két tin hiéu pié *H- NMR ciia cac phire chdt [Ln-TTA-Na]

Phire chdt
o(ppm)
7,68
7,53
7,04
6,14
7,61
7,48
7,00
6,14
7,67
7,52
7,04
6,17

M1

M2

M3

Viéc quy gén cac tin hiéu trong phd cua céc
phtic chét dya vao céc tin hiéu proton cua phoi
tir ty do TTA. Trén phd cong huéng tir hat nhan
'H-NMR ciia cac phirc chat déu xuét hién cac
tin hiéu proton twong tng vai bd khung H trong
phan tir ctia phirc chat. Ba tin hiéu trong & viing
7,00+7,68 ppm dac trung cho céac proton thom

Qui gdn vin pho

D¢ boi Ti ¢ tich phan Qui gan
Van doi 1,0 4 H4
Van doi 1,0 4H2
Vén ba 1,0 4H3
Van don 1,0 4H1
Van doi 1,0 4 H4
Van doi 1,0 4H2
Vén ba 1,0 4H3
Van don 1,0 4H1
Van doi 3,0 4 H4
Van doi 3,0 4H2
Van ba 3,0 4H3
Van don 3,0 4H1
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trong vong thiophenyl. Trong do, tin hiéu van
d6i co a6 dich chuyén 16p nhét dugc qui gan cho
Hs gan nguyén ti S, tin hiéu van doi con lai
duoc qui gan cho Hy va tin hiéu van ba tai 7,00
ppm dugc qui gan cho Ha. Viéc quy gan chu yéu
dua trén sy phan tach cua cac tin hiéu va ti 1é
tich phan thu dugc. Trén phd cong huong tir hat



nhan *H -NMR cua cac phirc chat xut hién tin
hiéu van don tai 6,14+6,17ppm vai ti I tich
phén 4 g dang vai 4H cia nhém C-H trong 4
phéi tir TTA. Diéu d6 ching to cac phdi tir TTA
da tham gia phdi tri véi ion Ln®* theo dung ti ¢
1Ln%*: 4TTA". Ngoai ti I¢ tich phan tring khop
Vi cong thirc phan tir gia dinh cua phic chat thi
trén phd 'H -NMR cua cac phac chat chi thu
dugc bo tin hiéu thay cho hai bo tin hiéu proton
g véi dang enol va xeton cua phéi tir trong
dung dich. Pay 1a co s¢ quan trong ching té sy
tao thanh phuc chét cua ion kim loai trung tdm
Vi phéi tir ho p-diketone 1a TTA. Bén canh do,
so Vi cac cong trinh cong bd vé phirc chit dj
nhan Ln(111)-Na(l) [3,4] ton tai dang monome,
céc phirc chat téng hop duoc lai ton tai dang
polyme va khdng c6 dung mdi phdi tri. Cac két
qua nay ph hop véi thong tin thu duoc trén phd
IR.

Tir cac két qua thu duoc biang phuong phap phd
MS, IR va NMR, chiing t6i dwa ra ciu trlic cua
phurc chat:

4. KET LUAN

D3 nghién ciru cac san phidm thu duoc bang
phuong phéap phd khdi lugng cac phirc chat di
nhan Ln(111) — Na(I), két qua cho thdy trén phd
+MS! déu xuat hién cic méanh ion phan tir ing
v6i manh [Ln(TTA)s +2Na]* va trén phd -MS!
manh ion phan tir ing v6i manh [Ln(TTA)4]".
Khao sat ti 1€ cum pic déng vi cua manh ion
phan tir theo 1y thuyét va thuc nghiém déu tring
khép.

Di nghién ctru cac phirc chit bang phuong phap
phd hdng ngoai IR, phd cong hudng tir hat nhan
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IH- NMR. Két qua chi ra céc tin hiéu proton véi
d6 dich chuyén hoa hoc va ti 1¢ tich phan triing
khép véi cong thuc gia dinh cua phic chat
[Ln(TTA)s]Na. Diém khac biét v6i cac phirc
chat di nhan Ln(IIT)-Na(l) da cong b6 la cac
phtrc chat trén ton tai dang polyme.

Loi cam on: Cong trinh dugc hoan thanh trong
khuan khd d& tai Nafosted. Mi sé: 104.03-
2020.12
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