Hoa hoc — Sinh hoc — Moi truong

Téng hop, tinh chét phirc chit hdn hep phéi tir salicylic
va 2,2’-Dipyridine-N-oxide ctia m{t so dat hiem nang

Nguyén Thi Hién Lan”, Pham Vin Khang, Tran Quc Toan

Khoa Hoéa hoc, Truong Pai hoc Su pham, Pai hoc Thai Nguyén.

“Email: lannth.chem@tnue.edu.vn

Nhdn bai: 05/9/2023; Hoan thién: 10/11/2023; Chd}) nhdn dang: 15/11/2023; Xudt ban: 10/12/2023.
DOI: https://doi.org/10.54939/1859-1043.j.mst.FEE.2023.216-222

TOM TAT

Bai b&o nay trinh bay két qua téng hop 3 phic chdt hon hop phei ti salicylic acid va 2,2 -
Dipyridine-N-oxide véi 3 ion dat hiém: Tb®", Dy®*, Yb®*. Tinh chdt cia cac phic chdt diwoc
nghién cizu bang mét s phwong phdp: Phé hong ngogi, phan tich nhiét, pho khéi lwong va pho
hupnh quang. Két quda cho thdy, cac phic char da duoc tong hop thanh cong, véi kiéu phoi tri
hai cang cua salicylate va 2,2 -Dipyridine-N-oxide vdi ion dat hiém. Phitc chdt cia Th(lll) va
Dy(Ill) ¢6 nwéc hydrat, 3 phirc chdt dwoc gia thiét co so phoi tri 8,véi cong thirc phan i
Ln(Sal)s(Dipy0).2H.0 (Ln: Tb, Dy) va Yh(Sal)s(DipyO). Ca 3 phiic chdt da tong hop déu phat
quang ¢ nhiér dg phong.

Tir khéa: Dat hiém; Phuc chét; Salicylic; 2,2°-Dipyridine-N-oxide.
1. MO PAU

Céc vt liéu phat quang hiéu qua c6 thé c6 mot sb img dung nhu: Lam vat liéu huynh quang
dét hiém, 1am dau do phat quang trong cic xét nghiém y sinh, 1am bd phat trong thiét bi phat
quang dién [1]. Viéc tim kiém cac phirc chat lanthanide phat quang hiéu qua van dang 1a mot linh
vuc nghién ctru thu hut sy quan tdm cia nhiéu nha khoa hoc. Mot sb loai phéi tor da duoc s
dung dé didu ché cac phirc chat nay, ching han nhu cac: Cryptand, podand, p-diketone va cac
dan xuit cua axit carboxylic, hau hét chiing phét ra 4nh sang d6 hoic luc (tuong tng véi sy phat
quang cua Eu(Ill) hodc Tb(Ill)) [1]. Céc dang phdi tri coa carboxylate trong cac phirc chat
lanthanide carboxylate, la nhimg chu dé th vi cua hoa hoc cdu tric. Trong 30 nim qua da co
nhiéu nghién ctru vé cac phirc chit 1anthan1de v6i cac dang phdi tri da dang cua carboxylate
(chang han nhu "1 cang “vong 2 cang va “cau 2 cang’) [1]. Do cac chuyén muc f-f doc dao cia
cac lanthanide, hau hét cac ion dat hiém thé hién cac dai phat xa sic nét vi ca trang thai singlet va
triplet déu tham gia vao qua trinh phat quang [2]. Mt khac, cc carboxylate cliing anh hudng den
cuong do phat quang va do on dinh ciia ching. Trude cac dac tinh hap din va ung dung tiém
nang cta lanthanide carboxylate chung t6i da tong hop phirc chat hdn hgp phdi tir salicylic acid
va 2.2’-Dipyridine-N-oxide véi 3 ion dét hiém: Tb%*, Dy*, Yb*". V¢i kha nang van chuyén dién
tich hiéu qua cta hdn hop phdi tir c6 vong thom, phirc chit cua Tb(III) di phat xa 4nh sang mau
luc don séc véi cuong do rat manh.

2. THU'C NGHIEM
2.1. Héa chit, thiét bi, phwong phap nghién ciru

Hoa Ché{ltt Salicylic acid, 2,2’-Dipyridine-N-oxide, Tb203, Dy203, Yb203, HC|, C,HsOH la
hoa chat tinh khiét cua hing Merck. Nude str dung trong cac thi nghiém 1a nudce cét 2 1an.

Thiét bi: Po phd hdng ngoai trén trén may FTIR Affinity — IS, hang SHIMADZU (Nhat), do
qué trinh phan hiy nhiét trén mdy SETARAM (Phap), do pho MS trén may LC/MS — Xevo
TQMS, hiang Water (M¥), do phd huynh quang trén quang pho ké huynh quang Horiba FL322,
may khudy tir gia nhiét.

Phuong phap nghién ctru: Tinh chét cac phtrc chit di téng hop duoc nghién ciru biang cac
phuong phéap: Pho hong ngoai; Phan tich nhiét; Phd khdi lwong va phd huynh quang.
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2.2. Tong hop phirc chit

Quy trinh tong hop cac phtrc chat hdn hop phdi tir dwoc mé phong theo tai lidu [1]. Cach tién
hanh: Tao dung dich hdn hop phdi tir bang cach hoa tan riéng timg phdi tir salicylic acid (HSal),
2,2’-Dipyridine-N-oxide (DipyQ) trong C;HsOH (ndng d6 HBenz = 0,1M; ndng do DipyO =
0,1M) va tron hai dung dich nay v6i nhau. Dung dich LnCls (Ln: Tb, Dy, Yb) dugc chuan bj tir
Ln2Os. Cho tir tir dung dich LnCls vao dung dich hdn hop phdi tir trén. Ti 1é mol giita LnCls : HSal
: DipyO1a 1 : 3 : 1. Hon hop duoc khudy trén may khudy tir & nhiét 46 phong, khoang 5,0 — 5,5
gio, phtic chét tir tir tach ra. Loc, rua phire chét b::ing nudc cat trén phéu loc hat chan khong. Lam
kho phtrc chat trong binh hut 4m dén khéi lugng khong doi. Hiéu suat tong hop dat 80 - 85%.

3. KET QUA VA THAO LUAN
Cong thuc gia thiét cia cac phue chat duoc dua trén co sé két hop két qua phan tich pho hong
ngoai, phan tich nhiét va pho khoi lugng cia ching.
3.1. Két qua phd hap thu hong ngoai
Két qua phén tich phd hip thu hong ngoai ctia phdi tir va cac phirc chit duoc dua ra & bang 1.
Bing 1. Cdc s6 séng hdp thu ddc trung trong phé hong ngoai ciia phoi tir va phire chdt (cm™).

TT HUp Chét V(COoOH) | Vas(coo-) | Vs(co0-) V(NO) V(cN) V(Ln-0) V(oH)
1 HSal 1653 1479 3230
2 DipyO - - -~ [ 1232 | 1564 i
3 | Thb(Sal)(DipyO).2H;0 - | 1591 | 1460 | 1217 | 1558 | 530 | 001
4 | Dy(Sal)s(Dipy0O).2H,0 | 1501 | 1460 | 1217 | 1558 | 530 gg?g
5 Yb(Sal)s(DipyO) - | 1591 | 1460 | 1217 | 1558 | 530 | o2

Ph6 hong ngoai ciia HSal xuét hién dai hap thu ¢ 1653 cm™ c6 cuong do rat manh dugc quy
gan cho dao dong hoa trj bt di ximg cta lién két C=0 trong nhém —COOH.

Ph6 hong ngoai clia cac phuc chét c6 dang rat gidng nhau, chimg to cach phéi tri trong cac
phirc chit 1a twong tu nhau. Trong pho hong ngoai cuia cac phirc chit déu xudt hién dai song co
cuong do manh & 1591 cm™, dugc quy gan cho dao dong hoa tri bat dbi xing cta nhom -COO,
dai nay da bi dich chuyén vé ving c6 sb song thap hon so voi vi tri twong Ung cua noé trong axit
tu do (1653 cm™), chimg t6 trong cac phirc chat da hinh thanh lién két kim loai - phéi tir lam cho
lién két CO trong phirc chit bi yéu di. Cac dai ¢ 1460 cm™ dic trung cho dao dong hoa tri dbi
xtmg cua nhom -COO". Dai ¢ 1232 cm™ va 1564 cm- dac trung cho dao dong ctiia nhém NO va
CN tuorng g trong phdi tir DipyO da dich chuyén vé ving ¢ sb song thip hon 1217 cm™ va
1558 cm't trong cac phirc chit. Diéu ndy chung to trong cac phirc chat DipyO da phdi tri 2 cang
voi Ln* qua nguyén tir O ctia nhoém NO va qua nguyén tir N ctia CN lam cho lién két N-O va C-
N trong phirc chat bi yéu di [3]. Nhu vy, trong phirc chat hdn hop phéi tr, ion dat hiém da dong
thoi phdi tri véi O ciia -COO" trong Sal” va véi O, N ciia NO va CN trong DipyO tao thanh phirc
chat vong hai cang bén viing.

Ngoai ra, trong phd hong ngoai ciia cac phue chat con xuat hién dai & 530 cm™ dugc quy gan
cho lién két Ln*- O trong cac phuc chat; dai ¢ vang (3062- 3321) cmr 1 duge quy gan cho dao
dong cia nhom -OH hodc cta ph01 tr Sal” hodc -OH cua H,0, dé khang dinh phirc chét c¢6 hodc
khéng ¢ H,0 can két hop vai két qua phan tich nhiét.

3.2. Két qua phén tich nhiét

Hinh 1 14 gian d6 nhiét caa Tb(Sal)3(DipyO).2H.0 va Yb(Sal)3(DipyO). Két qua phan tich

gian dd nhiét cta cac phirc chat duoc trinh bay & bang 2.
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Hinh 1a. Gian do phdn tich nhiét cia Hinh 1b. Gidn d6 phdan tich nhiét ciia

Thb(Sal)s(Dipy0O).2H,0. Yb(Sal)s(DipyO).
Bing 2. Két qua phdn tich gian do nhiét ciia cdc phire chat.
Nhiét do Khoi lugng mat
xuat hién (%)
, £ hiéu trng L
il Phirc chat mt khai | QuUatTnh 1 ppan con lai Ly | Thuc
Xay ra £ S a
lugng thuyet | nghiém
(°C)
i Tt | THSODIOL | s34 | som
1 | Th(Sal)s(Dipy0).2H;0 an uy 2
479 Phan hy Tb,0 32,13 | 47,05
599 Thang hoa 28 ’ ’
11—t o | OSSO0 1.4 | w05
2 | Dy(Sal)y(DipyO).2H.0 an iy Yot
438 | Phan hiy Dy,0 31,99 | 3352
584 Phan huy y2ls ’ ’
249 Phéan huy Yb(Sal).
3 Yb(Sal)s(DipyO) 415 Phan huy Vb0 7394 | 72,39
781 Phan hay s

Trén gian d6 phan tich nhiét, 2 phac chat cua Th(lll) va cua Dy(III) déu xuat hién hiéu ung
mét khéi lwong & khoang 138-147 °C, didu nay dwoc gia thiét cho qua trinh tach 2 phan tir nudc
hydrat va phan hay mot phan phuc chét. Boi chiéu véi két qua cia pho hong ngoai cia cac phirc
chat, chiing to 2 phuic chat ndy ¢ chira HO. Tuy nhién, dbi véi phic chat caa Yb(I11) khéng
Xuit hién hién tugng nay trén duong TGA, didu d6 ching to phuc chat khong cé H,0 (chang to
dao dong & 3062 - 3311 cm™ trong phd hong ngoai ciia phirc chat nay thugc vé nhém -OH cia
phdi tir Sal"). Tai cac khoang 248-254 °C xay ra hién tuong tach phdi tir DipyO va 1 phdi tir Sal
ra khoi phan tir cua cac phuc chat. Trén duong TGA cua gian do nhiét cac phic chat, & cac
khoang nhiét do cao hon, tir 415-781 °C, xuét hién hai hiéu tng mat khdi lwong tng véi qua trinh
tiép tuc phan haty cua cac phirc chat dé tao ra san pham cubi cing 1a cac oxit dat hiém Ln,O3

Két qua tinh toan ly thuyét twong dbi phu hop véi s6 lidu thyc nghiém thu duge. Trén co s&
d6 so @6 phan hiy nhiét cua cac phuc chét cé thé duoc gia thiét nhu sau. Két qua phan tich nhiét
cho thay, phtic chét ¢ trang thai khan bén nhiét hon phuc chat c6 H,O hydrat.

Ln(SaI)s(DipyO).ZHZO% Ln(Sal),(DipyO) %ﬁn(&s\l)2 %9 51,0,
(Ln:Th,Dy)

Yb(SaI)S(DipyO)%Yb(SaI)Z A7 ,¥h,0,
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3.3. Két qua phé khéi lwong
Phé khéi lugng caa cac phuc chit duoc trinh bay ¢ hinh 2.
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Hinh 2a. Phé khéi lwong ciia Hinh 2b. Phé khoi lwong ciia
Th(Sal)3(DipyO).2H-0. Dy(Sal)3(Dipy0).2H,0.
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Hinh 2c. Phé khoi heong ciia Yb(Sal)s(DipyO).

Trén phé khéi lugng cua 3 phirc chit déu xuat hién peak c6 cudng do manh nhit, c6 m/z lan
luot 14 570; 573 va 584 tuong ung véi cac phuc chat caa Th(l11); Dy(111) va Yb(lII). Cac gia tri
nay ung ding voi khéi luong twong (g cuia cac ion manh: [Th(Sal)s)]*, [Dy(Sal)s]*, [Yh(Sal)s]*,
day 1a peak co ban trong pho khdi lwong cuia 3 phic chét. Peak ion phan tir c6 m/z 16n nhat, lan luot
bang 742; 745; 756 twong tmg voi cac phire chat Tb(I11); Dy(IH1); Yb(111), duoc quy gan cho su co
mdt cua ion phan tir [Ln(Sal)s(DipyO]*. (Ln: Tb, Dy, Yb). Cac manh ion phan tir cua cac phuc chét
tuong d6i bén trong diéu kién ghi pho. Nhu vay, sau khi tach hai phan tir nugc hydrat, cac phuc
chat déu c6 chung cong thirc phan tir: [Ln(Sal)s(DipyO)] (Ln: Tb, Dy, Yb),

Ngoai ra, trén pho khdi luong cua 3 phirc chat con xuat hién pic c6 m/z = 172, pic nay duoc
quy gan cho sy c6 mat cua ion phdi tir [DipyO]".

Tir két qua phd khéi lugng, qua trinh phan manh caa cac phirc chat c6 thé duge dé nghi nhu sau:

e

AN
-DipyO 0\ /O
— ] 0— Lo —o HO
/@ o’ o=
- Solae
P oH
P A (Ln: Tb, Dy, Yb)
/')0_\\// /\ — . ] yy
Q SO\ e
OH o, 0
A/
¢
OH i = l
fj -Ln(Sal); N | Sy
L _ >
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Nhu vay, tir két qua phd khéi lwong ciia cac phirc chat (déu xuét hién cac peak co gia tri m/z
g ding véi khoi luong mol cua céc ion phén tir: [Ln(Sal)s(DipyO)]” (Ln: Tb, Dy, Yb), két hop
v6i cac dir kién ctia pho hap thu hong ngoai (déu xuat hién cac dao dong chi ra sy phdi tri ctia ion
kim loai Ln3* véi O ciia -COO" trong Sal” va véi O ctia NO, v6i N cia CN trong DipyO) va két
qué phan tich nhiét, cong thirc cAu tao gia thiét cua cac phtic cht duoc trinh bay ¢ hinh 3.

e
C

AN
oo [

N =
<° \L,{/ ., (Ln: Tb, Dy, Yb)
g\\of’N/

@,OH

Hinh 3. Céng thitc cdu tao gid thiét (phan cau ngi) ciia cdc phirc chit.
3.4. Két qua ph6 huynh quang
Ph6 huynh quang cua céc phtrc chit dugc trinh bay ¢ hinh 4.
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Hinh 4c. Phé huynh quang ciia Yb(SaI)s(DipyO)
Nghlen ctru kha nang phat quang cia cac phie chat thay rang, phirc chat hdn hop phdi tir ciia

Tb (111) ¢6 phd huynh quang xuat hign & viing tir 400 + 600 nm. Khi bi kich thich bo1 nang luong
& 325 nm, phirc chat nay phat quang véi ba cuc dai phat xa lién tiép & 490 nm, 545 nm, 587 nm
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(hinh 4a), trong d6 dai phat xa hep, mau lyc ¢ 545 nm c6 cuong do rat manh, tuong tng voi
chuyén muc ning lugng °Dy — 7F5 Hai cuc dai phat xa mau lam ¢ cuong d6 twong d6i manh &
454 - 490 nm tuong g voi chuyen murc nang lugng °Ds — "Fe. Dai mau luc & 587 nm c6 cuong
d6 yéu nhét, twong tng voi chuyén doi °Ds — 7F4 cua ion Th3*. Pay 1a cac chuyén mirc ning
luong dic trung ctia ion Tb* khi bi kich thich [4].

Dbi v6i phirc chat hdn hop phdi tir cua Dy(III) xudt hién cuc dai phat xa c6 cuong do twong
d6i manh ¢ 450 nm (hinh 4b), dudi budc song kich thich & 325 nm. Cuc dai phat xa nay tuong
g v6i chuyén murc ning luong *Foz—®His2 ctia ion Dy**[5].

Khi dugc buc xa boi anh sang tir ngoai ¢ 325 nm, trén phd huynh quang ciia phirc chit hdn
hO’p phéi tir cia Yb(III) xuat hién cuc dai phat xa c6 cuong d6 manh & 454 nm (hinh 4c), phat xa
nay thudc ving anh sang mau lam cham, tuong g vadi chuyén muc niang luong 2Fsp—2l72 ctia
ion Yb** [5].

Nhu vay, cac ion dat hiém Ln® c6 kha ning phat huynh quang khi nhan duoc ning lugng
kich thich phu hop dé chuyén 1én trang thai kich thich, sau d6 1a cac qué trinh phuc hdi xudng
nhitng mirc ning lugng thiap hon mang lai cac qua trinh phat huynh quang. Cudng do phat xa
huynh quang cta ba phirc chat nghién ctru manh hon so véi phurc chat ciia 3 dat hiém nay trong
truong ph01 ttr khac [6-8]. Cac két qua nay chiing to truorng hdn hop phéi tir HSal-DipyO d anh
hudng rat hiéu qua den kha ning phat quang cta cac ion dat hiém.

4. KET LUAN

1. Pa tong hop duge 03 phic chit don nhan ciia Th(III), Dy(III), Yb(III) v&i hdn hop phdi tir
salicylic va 2,2’-dipyridine N-oxide.

2. Pa nghién ciru cac phirc cht bang phuorng phap pho héap thu hong ngoai, két qua da xac
nhan su tao thanh lién két gita ion dat hiém véi cac phdi tir théng qua: Nguyén tir O cia 3 phdi
tir salicylate, nguyén tir N, O ciia mét phdi tir 2,2’-dipyridine N-oxide.

3. Pi nghién ctru cac phuc chit bang phuong phép phan tich nhiét, két qua cho thay phuc
chat ctia Tb(III) va Dy(IIT) c6 nude hydrat, phitc chat ciia Yb(III) & dang khan. P dua ra so d6
phan hity nhiét ctia cac phirc cht.

4. ba nghién clru cac phue chat bang phuong phép phé khéi luong, két qua cho thdy 03 phirc
chat twong dbi bén trong diéu kién ghi phd, cac phuc chit co cbng thirc phan ti:
Ln(Sal)3(Dipy0O).2H,0 (Ln: Th, Dy) va Yb(Sal)s3(DipyO).

5. Pa dua ra cong thirc cdu tao gia thiét ciia phuc chét, trong phtrc chit don nhén, cac ion
Tb3, Dy?*, Yb**duoc phbi tri 2 cang va c6 sb phdi tri 8.

6. Da nghién ctru kha nang phat quang phirc chat hdn hop phdi tir cia Tb(III), Dy(III),
Yb(III), két qua cho thiy cac phic chat nay déu c6 kha ning phat xa huynh quang dic trung khi
dugc kich thich boi budce song ¢ nang lugng phu hop.

Loi cim on: Bai bao nay dwgc tai trg boi dé tai KHCN cdp B¢ ma sé B2023-TNA-28 do tic gid
Nguyén Thi Hién Lan la chu nhiém.
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ABSTRACT

Synthesis, properties of complexes of mixed salicylic and 2,2’-Dipyridine-N-oxide
with some heavy rare earth

This paper presents the synthesis of several complexes of Ln (III) (Ln: Th, Dy, Yb) with
mixed ligands (salicylic and 2,2’-Dipyridine-N-oxide). They are represented by the general
formula of Ln(Sal);(DipyO).2H>O (Ln: Tb, Dy) and Yb(Sal)3(DipyO) (Sal: Salicylate,
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 suggest that complexes have been synthesized successfully, and the
coordination modes of the ligands to Ln(lll) centres have been investigated by IR
spectroscopy. Mass spectroscopy findings show that the synthesized complexes are
monomers and that they are stable. In addition, thermal analysis indicates that they are all
quite stable to heat. The emission spectra of the Th(Sal)s3(Dipy0O).2H:0 display three bands
arising from the ’Ds — "Fs dominant transition located at 545 nm, the weaker °Ds — "F,
’Dy, — "Fy transitions located at 490 and 587 nm, respectively. The luminescent spectra of
the Dy(Sal)s(Dipy0O).2H,0 displayed one weak band at 450 nm, arising from
‘Foi, — H,s transition. The emission spectra of the Yb(Sal);(DipyO) displayed one band
at 454 nm, meaning the *Fs,—I; energy level of Yb*" was observed. The results of our
study demonstrate that these complexes exhibit room-temperature photoluminescence.
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