Tap chi phén tich Hda, Ly va Sinh hoc - Tdp 29, 56 0312023

TONG HQP, TINH CHAT CAC PHUC CHAT CUA Tb(l11), Dy(111), Yb(111)
VOI HON HQP PHOI TU BENZOIC VA 2,2>-DIPYRIDINE-N-OXIDE

DPén toa soan 09-05-2023
Nguyén Thi Hién Lan’, Nguyén Thi T6 Loan
Khoa Héa hoc, truong DH Sw Pham - DH Thdi Nguyén

“Email: lannth.chem@tnue.edu.vn
SUMMARY

SYNTHESIS, PROPERTIES OF COMPLEXES OF Th(lI1), Dy(111), Yb(I11) WITH MIXED
BENZOIC AND 2,2°-DIPYRIDINE-N-OXIDE

This paper presents the synthesis of several complexes of Ln (I1) (Ln: Th, Dy, Yb) with mixed ligands
(benzoic and 2,2’-dipyridine-N-oxide). They are represented by the general formula of
Ln(Benz),(DipyO)(H,0), (Ln: Th, Dy, Yb; Benz: Benzoate, DipyO: 2,2’-dipyridine-N-oxide). The
characterization of these complexes has been studied by IR, thermal analysis, mass, and emission
spectroscopy approaches. The results from IR spectroscopy suggested that complexes had been synthesized
successfully, and the coordination modes of the ligands to Ln(lll) centres had been investigated by IR
spectroscopy. Mass spectroscopy findings showed that the synthesized complexes were monomers and
that they are stable. In addition, thermal analysis indicates that they are all quite stable to heat. The
emission spectra of the Tb(Benz),(DipyO)(H,O), displayed three bands arising from the
°D, — 'F5 dominant transition located at 545 nm, the weaker °Ds — 'Fe, °Ds — 'F, transitions located at
490 and 587 nm, respectively. The emission spectra of the Yb(Benz),(DipyO)(H,0), displayed one band at
452 nm, meaning the 2E 2l energy level of Yb®* was observed. The results of our study demonstrated
that these complexes exhibited room-temperature photoluminescence.

Keywords: Rare earth complex, benzoic acid, 2,2 -dipyridine-N-oxide.

cac tmg dung tiém ning cta ching [1,2]. Do do,

1. MO DAU .

viéc st dung cac hop chat hitu co va polyme lién
Trong ba thip ky qua, nhidu nghién ctru da tap hop lam 16p hoat dong trong thiét bi OLED da trg
trung phat trién céc thiét bi c6 ngudn gde hitu co, thanh mdt trong nhimg ndi dung nghién ctru quan
chang han nhu céc thiét bi phat sing hitu co trong. Viéc sir dung cac phirc dt hiém phat quang
(OLED), thiét bj quang dién, béng ban dn, bom lam ngudn phat quang trong OLED duoc cho la
laser quang hoc, ching c¢6 nhiéu wu diém, nhu: mot giai phap ddy htra hen cho van dé nay [2]. Do
Chi phi thip, nhe, kha ning twong thich véi chat céc chuyén muc £-f doc ddo ciia ching, hiu hét
nén linh hoat, so voi céc chat vo co tuong tmg [1]. c4c ion dat hiém thé hién cac dai phat xa sdc nét vi
OLED da dugc nghién ctru trén khap thé gioi do ca trang thai singlet va triplet déu tham gia vao
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qué trinh phat quang. Cac cong bd trudc day
thuong tap trung vao cac phirc chat p-diketone,
tuy nhién, cac phirc chét nay bi han ché vé& mat
mg dung do kém bén héa hoc va quang hoc [2].
Phirc chit carboxylate dat hiém bén véi tia cuc tim
va bén hoa hoc, tuy nhién, chiing it dugc chu y vi
kha ning van chuyén electron va hoa tan kém
cling nhu kha ning dé bay hoi cua chung [2]. Dé
tao ra mot truong phdi tir 1am ting kha ning van
chuyén electron, chung t6i da sir dung hdn hop
phdi tir benzoic acid va 2,2’-dipyridine-N-oxide dé
téng hop phirc chét véi 3 ion dat hiém (Tb**, Dy*,
Yb*"). Vi kha ning van chuyén dién tich hiéu qua
ctia hdn hop phéi tir c6 vong thom, phirc chat ctia
Tb(III) da phat xa 4nh sang mau luc don sic véi
cuong do rit manh.

2. THUC NGHIEM
2.1. Héa chét

Céc hoa chat: Benzoic acid, 2,2’-dipyridine-N-
oxide, Tb203, Dy203, Yb203, HCI, C,HsOH la hoa
chat tinh khiét cia hiang Merck. Nudc st dung

trong cac thi nghiém 1a nudc cét 2 lan.
2.2. Téng hop phirc chit

Quy trinh téng hop céac phtrc chat hdn hop phdi tir
dugc mo phong theo tai liéu [3]. Cach tién hanh cu
thé nhu sau: Hoa tan timg phdi tir benzoic acid
(HBenz) va 2,2’-dipyridine-N-oxide (DipyO)
trong C,HsOH (ndng d6 HBenz = 0,1M; ndng do
DipyO = 0,1M), tron hai dung dich nay vdi nhau
thu dugc dung dich hdn hop phdi tir. Cho tir tir
dung dich LnCl; (Ln: Tb, Dy, Yb) vao dung dich
hdn hop phdi tir trén. Ti 18 mol giita LnCl; :
HBenz : DipyOla 1: 3 : 1. Hon hop dugc khudy
trén may khudy tir & nhiét do phong, khoang 4,0 —
4,5 gio, tinh thé phirc chat tir tir tach ra. Loc, rira
phirc chat bang nudc cét trén phéu loc thuy tinh
x6p. Lam kho phirc chét trong binh hit am dén
khéi lugng khong ddi. Hiéu suét tong hop dat 80 -
85%. Céc phirc chit thu duoc c6 mau dic trung

cua ion dat hiem.
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2.3. Cic phwong phap nghién ciru tinh chit ciia
phirc chét

Phuong phap phd hong ngoai dwoc ding dé xac
dinh su hinh thanh phuc chét, dugc ghi trén may
FTIR Affinity — IS, hang SHIMADZU (Nhét) trong
viing cd s6 séng tir (400 + 4000) cm™, thuc hién tai
khoa Hoa hoc, truong PH Khoa hoc Ty nhién — bH
Qudc gia Ha Noi.

Phuong phép phan tich nhiét dugc ding dé xac dinh
kha nang phan huy nhiét cia phic chét, duoc thue
hién trén may SETARAM (Phdp) trong mdi trudong
khong khi. Nhiét d¢ dugc nang tir nhét 46 phong
dén 900°C véi toc d6 nung 10°C/phut, thuc hién
tai Khoa Hoéa hoc — Truong PH Khoa hoc Tu
nhién — DH Qudc gia Ha Nbi.

Phé khéi luong duge dung dé xac dinh cong thirc
phan tr ciia cac phic chat, dwoc ghi trén may
LC/MS — Xevo TQMS, hing Water (M¥), ngudn
ion: ESI, nhiét @0 khi lam kho 3250C, ap suét khi
phun: 30 psi, thyc hién tai Vién Hoa hoc, Vién
Han lam KH va CN Viét Nam.

Phé huynh quang dwoc do trén quang phd ké
huynh quang Horiba FL322, thyc hién tai Khoa
Vit ly, Truong Pai hoc Khoa hoc Ty nhién — Pai
hoc Quéc gia Ha Noi.

3. KET QUA VA THAO LUAN

Bang 1 va 2 1a két qua phan tich phd hong ngoai
va phan tich nhiét tuong tmg cta cac phtc chét.
hinh 1 1a ph6 khéi lugng cua cac phuc chat,
hinh 2 1a cong thiic cAu tao gia thiét cua cac phic
chit, hinh 3 1a phé huynh quang
Th(Benz),(DipyO)(H,0), va
Yb(Benz),(DipyO)(H,0),. Cong thirc gia thiét ctia
céc phirc chat duoc dua trén co so két hop két qua

cua

phan tich phd hdng ngoai, phan tich nhiét va phd
khdi lugng ciia chung.

3.1 Két qua phd hip thu hong ngoai

Két qua phan tich phd hép thu hdng ngoai cua
phéi tir va cac phic chat duoc dua ra ¢ bang 1.



Bdng 1. Cdc s6 séng hap thu dic trung trong phé hong ngoai ciia phéi tir va phire chat (cm™)

T Hop chit VicooH) | Vasicoon) | Vscoon | Vino) Ven | Vano), | Viow)
1 HBenz 1676 1452 3068
2 DipyO - - | 1232 | 1564 -

3 | Th(Benz),(DipyO)(H0), - | 1595 | 1402 | 1222 | 1505 | 540 | 3319
4 |  Dy(Benz),(DipyO)(H;0), - | 1595 | 1411 | 1219 | 1525 | 540 | 3197
5 | Yb(Benz),(DipyO)(H,0), - | 1505 | 1400 | 1222 | 1505 | 563 | 3208

Phé hong ngoai cia HBenz xuét hién dai hap thu &
1676 cm™ c6 cudng do rit manh dugc quy gan cho
dao dong hoa tri bat dbi xung cua lién két C=0
trong nhdm —COOH.

Ph6 hdng ngoai ciia cac phirc chit c6 dang rat
gidng nhau, chimg to cach phdi tri trong cac phirc
chit 13 twong tu nhau. Trong phd hdng ngoai cua
cac phirc chat déu xuat hién dai séng co cuong do
manh & 1595 cm™, dugc quy gan cho dao dong
hoa tri bat dbi ximg ciia nhom -COO’, dai nay da
bi dich chuyén vé ving c6 sb song thap hon so véi
vi tri twong Ung cua noé trong axit tu do, chiing té
trong cac phic chit da hinh thanh lién két kim
loai - phdi tir 1am cho lién két CO trong phirc chat
bi yéu di. Céac dai & (1402 — 1411) cm™ dic trung
cho dao dong hoa tri dbi xting cia nhom -COO'.
Dai ¢ 1232 cm™ va 1564 cm™ dic trung cho dao
dong cia nhém NO va CN tuong ting trong phdi
tr DipyO da dich chuyén vé viing c6 s song thap

hon (1219 — 1222) cm™ va 1525 cm™ trong céc
phirc chit. Pidu nay ching t6 trong cac phirc chét
DipyO da phbi tri 2 cang v6i Ln*" qua nguyén tu
O ctia nhém NO va qua nguyén tir N cia CN lam
cho lién két N-O va C-N trong phtrc chét bi yéu di
[4]. Nhu vay, trong phitc chat hdn hop phdi tir,
jon dit hiém da dong thoi phdi tri véi O cua -
COO" trong Benz  va véi O, N cua NO va CN
trong DipyO tao thanh phtrc chit vong hai cang
bén vimg.

Ngoai ra trong phd hdng ngoai ctia cac phirc chét
con xuat hién dai & 540 cm™ duoc quy gan cho
lién két Ln*- O trong cac phirc chit; dai & ving
(3197-3319) cm™ dwoc quy gan cho dao dong cia
nhom -OH trong H,0, chimg t6 phirc chat da
tong hop déu chira nudc.

3.2. Két qua phan tich nhiét

Két qua phan tich gian d6 nhiét cua cac phirc chat
duoc trinh bay ¢ bang 2.

Bdng 2. Két qud phan tich gian do nhiét ciia cdc phire chdt

Nhiét do Khbi lwgng mat
) xuat hién (%)
TT Phiic chat hlgu u’nAg_ Qu? trinh Phan con lai Ly Thuc
mat khoi Xay ra thuvét | nahiém
lwong (°C) yet | nghie
Tach nudc .
148 ohditi | 1PBen2:(DipY0) | 5,50 | a6
1 Th(Benz),(DipyO)(H,0), 316 Phén huy Th(Benz),
449 Phan hay
642-849 Thang hoa 0,04 3569 | 3940
Tach nudc .
157 ohditri | DPY(BEN2RDIRYO) | 5g 45 | o645
2 Dy(Benz),(DipyO)(H,0), 304 Phén huy Dy(Benz),
482 Phan hay
600-700 | Thang hoa Dyz0s 34,42 | 3830
Tach nuéc .
160 phéitri | YP(Ben2a(DIYO) | 5545 | 3666
3 Yb(Benz),(DipyO)(H,0), 310 Phén huy Yb(Benz),
479 Phén huy
600-700 | Thang hoa Yb20s 3499 | 388

66




Trén gian d6 phan tich nhiét cua 3 phuc chét déu
Xuét hién higu g mat khéi luong & khoang (148-
160) °C, diéu nay duoc gia thiét cho quéa trinh tach
2 phan tir nuéc phéi tri va phan hay mot phan
phtrc chat. Két qua nay hoan toan phu hop vai két
qua cua phd hong ngoai cua cac phirc chat. Trén
duong TGA cuaa gian dd nhiét cac phuc chét, & cac
khoang nhiét do (304-849) °C, xuét hién ba hiéu

Ln(Benz), (Dipy0), (H,0), —e80°c

3.3. Két qua phé khéi lwgng

ng mét khéi lwong tng véi qué trinh tiép tuc
phan hity va thing hoa cua cac phirc chat dé tao ra
san pham cudi cung 1a cac oxit dat hiém Ln,O,
Két qua tinh toan ly thuyét twong ddi phu hop Vi
sb liéu thuc nghiém thu dugce. Trén co s6 d6 so dd
phan hay nhiét cua cac phic chét ¢ thé duoc gia
thiét nhu sau:

Ln(Benz), (DipyO), %) Ln,O,
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Trén phd khdi lwong cua 3 phic chit déu xuét
hién peak c6 cuong d6 manh nhat, c6 m/z lan luot
la 572; 576 va 587 twong ng V&i cac phic chat
cua Th(ll); Dy(111) va Yb(IIl). Cac gia tri nay (tng
dung véi khéi lugng tuong ng ciia cac ion phan
ti:  [Tb(Benz),(DipyO)]", [Dy(Benz),(DipyO)]",
[Yb(Benz),(DipyO)]*. Piéu nay chiing to, trong
diéu kién ghi phd, sau khi tach hai phan tir nuéc
phdi tri, cac phuc chat déu cd chung cong thirc
phén ta: [Ln(Benz),(DipyO)] (Ln: Tb, Dy, Yb).

Ngoai ra, trén phd khéi lugng cua 3 phirc chét con
Xuit hién pic ¢c6 m/z = 173, pic nay duoc quy gan
cho sy c6 mat cua ion phéi tir [DipyO]*.

Nhu vay, tir két qua phd khdi luong cua cac phic
chat (déu xuét hién cac peak cé gia tri m/z Ung
dung voi khdi lwong mol clia cic ion phan tir:
[Ln(Benz),(DipyO)]" (Ln: Th, Dy, Yb)), két hop
v6i cac dir kién cua phd hap thu hong ngoai (déu
xuit hién cac dao dong chi ra su phdi tri cia ion
kim loai Ln* vé6i O ciia -COO" trong Benz va véi
O, N cua NO va CN trong DipyO; cac dao dong
dac trung cho sy c6 mat cia OH trong H,0) va két
qua phan tich nhiét (déu xuét hién hiéu tng tach
nude & nhiét d6 cua mat nude phdi tri), cong thirc
chu tao cua phirc chat da dugc gia thiét, do 1a cac
monome hai cang, trong d6 ion dat hiém co sb
phdi tri 8, ching c6 dang nhu sau:

\_/
(Ln: Th, Dy, Yb)
Hinh 2. Cong thirc cdu tao gia thiét
cua Ln(Benz),(DipyO)(H,0),
3.4. Két qua pho huynh quang

Nghién ciru kha nang phat quang ctia cac phuc
chét thay rang, phirc chit hdn hop phdi tir cia Tb

(IIT) c¢6 phd phat quang xuét hién & ving tir 450 +
600 nm. Khi bi kich thich bdi nang luong ¢ 328
nm, phirc chit nay phat quang vdi 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 luc &
545 nm c6 cuong d6 manh nhét, trong tng voi

chuyén mirc nang lwong °D,—Fs.
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Hinh 3a. Phé huynh quang ciia
Th(Benz),(DipyO)(H20).
Cuc dai phat xa mau lam c6 cuong d¢ trung binh &
490 nm twong Ung v6i chuyén muirc ning lugng
*D4—'Fe. Dai mau luc & 587 nm ¢6 cudng do yéu
nhét, tuong tng véi chuyén doi °D, — 'F4 ciia ion
Tb*. Pay la cic chuyén mirc ning luong dic
trung ctia ion Tb®* khi bi kich thich [5].
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Hinh 3b. Phé hupnh quang cia
Yb(Benz),(DipyO)(H:0).

Khi dugc buc xa boi anh sang tir ngoai ¢ 325 nm,



trén phd huynh quang cta phirc chit hdn hop phdi
tir cia Yb(III) xuat hién cuc dai phat xa c6 cuong
d6 rat manh & 452 nm (hinh 3b), phat xa nay
thudc vung anh sang mau lam cham, tuong Gng
v6i chuyén muc ning luong 2,27, cua ion
Yb* [6].

Nhu véy, cac ion dat hiém Ln** ¢6 kha ning phat
huynh quang khi nhan dugc nang lugng kich thich
phii hgp dé chuyén 1én trang thai kich thich, sau
d6 1a cac qua trinh phyc hodi xudng nhitng murc
nang luong thap hon mang lai cac qua trinh phat
huynh quang. Cuong d6 phat xa huynh quang cua
Tb* va Yb* trong phirc chat nghién ciru manh
hon nhiéu so voi phirc chét ciia 2 dat hiém nay
trong truong hdn hop phdi tir khac [7-9]. Cac két
quéa nay chimg t6 truong hdn hop phdi tir HBenz-
DipyO di anh hudng rat hiéu qua kha ning phat

quang cua cac ion dat hiém.
4. KET LUAN

Pi tong hop duoc 03 phitc chat don nhén cua
Tb(l11), Dy(I11), Tb(ll) v&i hén hop phdi tir
benzoic va 2,2’-dipyridine-N-oxide.

Phuong phap phd hap thy hong ngoai da xac nhan
su tao thanh lién két giita ion dat hiém vé6i cac
phdi tir thong qua: Nguyén tir O cua 2 phdi tur
benzoat, nguyén tir N, O cuia mot phdi tir 2,2’-
dipyridyl N-oxide, 2 nguyén tir O cua 2 phdi ti
H,O. Phuong phép phan tich nhiét cho thiy cac
phirc chat co nudc phdi tri, dd dua ra so d6 phan
huy nhiét ciia cac phirc chit. Phuong phap phd
khéi lwong chi ra rang 03 phtrc chat déu ton tai &
dang monome, ching twong ddi bén trong diéu
kién ghi phd, cac phirc chat co cing cong thic
phan ti: Ln(Benz),(DipyO)(H,0), (Ln: Th, Dy,
Yb). Ttr cac phuong phap nghién ctru di dua ra
cong thirc ciu tao gia thiét ctia phirc chat, trong
phirc chat don nhan, ion dat hiém dugc phdi tri 2
cang va c6 s6 phdi tri 8. Hai phirc chat hdn hop
phdi tir ciia Tb(IIT) va Yb(II) déu co khi ning
phat xa huynh quang dic trung khi dugc kich
thich bdi budce song co6 nang lugng phu hop.
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