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SUMMARY

PREPARARION, INVESTIGATION INTO MASS SPECTRA AND LUMINESCENCE
OF MIXED LIGANDS COMPLEXES OF SALICYLIC, 2,2'-DIPYRIDYL
N,N’-DIOXIDE WITH SOME RARE EARTH

Some complexes of Ln (III) (Ln:Nd, Sm, Eu, Tb, Dy, Er, Yb) with mixed ligands salicylate and 2,2’-
dipyridyl N, N'-dioxide have been synthesised. They have general formula are Ln(Sal)s(DipyO2) (Ln:Nd,
Sm, Eu; Sal": Salicylate, DipyO,: 2,2 -dipyridyl N,N'-dioxide) and [Ln(Sal)s(DipyO,)].2H20 (Ln: Tb,
Dy, Er, Yb). The ion fragments and luminescence properties of complexes in solid state were
investigated by measuring the mass, emission spectra, the intramolecular ligand-to-rare earth energy
transfer mechanisms were discussed. The mass spectra of complexes displayed complexes are
monomes and there are three ion fragments in vapour.

The emission spectra of Sm(Sal)3(DipyO;) consist of the *Gsp, —Hzz and  *Gsp — ®Hg  dominant
transitions located at 598 nm and 643 nm, the weaker “Gs; — SHs, transition located at 561 nm, the
weakest “Gs;, — ®Hy transition located at 702 nm. The emission spectra of the Nd(I11) complex displayed
only one narrow band arising from *Fz, — *lg. The emission spectrum of the Eu (111) complex displayed
five bands arising from Dy — "F1, °Do — "Fa, °Do — "F3, Do — "F4, °Do — Fs transitions.

The emission spectra of [Dy(Sal)s3(DipyO2)].2H.O show one peak at 448 nm, which belongs to
the *Fo; — SHisp2 transition of Dy%*. The emission spectra of [Er(Sal)s(DipyO2)].2H20 consist of
the 2Ho—*l152 transition located at 440 nm. The emission spectra of the [Tb(Sal)s(DipyO2)].2H.0
displayed five  bands arising from °D,— Fsdominant transition located at 547 nm, the
weaker 5Dy — "Fs, °Ds — "F4, °Ds — "F3, D4 — F transitions located at 489, 585, 620, 648 nm
respectively. The emission spectra of the [Yb(Sal)3(DipyO2)].2H20 displayed one band at 456 nm, i.e.
2F5—2l72 energy level of Yb3* was observed. These complexes showed room-temperature
photoluminescence.

Keywords: Rare earth, salicylic, 2,2 -dipyridyl N,N'-dioxide, complexes.

1. MO PAU quang dugc wng dung rong rai trong danh dau
Vit liéu méi cd kha niang phat quang, dac biét huynh quang sinh vy, trong cac dau do phat
la cac hop chat phdi tri c6 kha ning phat huynh quang cua phan tich sinh hoc [4,5,6]. Néu céc
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ion dét hiém duoc phéi tri bai cac phdi tir hitu
co ¢6 vong thom thi phdi tir hoat dong nhu mot
ang-ten’, hap thu va truyén ning luong hiéu
qua cho ion dit hiém va do do ting higu suat
lugng tir phat quang cua chdng. Trong cdng
trinh ndy, ching tdi trinh bay két qua téng hop,
dic diém phan manh va kha ning phat quang
cua bay phtic chat hdn hop phdi tir salixylic va
2,2’-dipyridyl N,N’-dioxit v&i cac ion dét hiém
thudc phan nhém nhe va phan nhém nang.

2. THUC NGHIEM

2.1. Téng hep phic chat

Cac phuc chat dugc téng hop theo quy trinh
sau [2]: Hoa tan tung phdi tur axit salixylic
(HSal) va 2,2°-dipyridyl N,N'-dioxit (DipyOy)
trong CoHsOH, tron hai dung dich nay vaéi
nhau ta thu dugc dung dich hdn hop phéi ti.
Cho tr tr dung dich chira LnCls (Ln: Nd, Sm,
Eu, Th, Dy, Er, Yb) vao dung dich hdn hop
phdi tir trén. Ti 1& mol giita LnCls : HSal :
DipyO2 12 1 : 3 : 1. Hon hop duoc khudy trén
méy khudy tir & nhiét do phong, khoang 3,5 —
4,0 gio, tinh thé phuc chat tir tir tach ra. Loc,
rira phire chét bang nudc cét trén phéu loc thay
tinh x5p. Lam khd phtc chat trong binh hit 4m
dén khéi lwong khong ddi. Hiéu suét tong hop
dat 80 - 85%.

2.2. Phuong phap nghién cau

Phé hap thu hong ngoai cua cac chat duoc ghi
trén may Shimadzu 1800 trong vung tir (400 +
4000) cm™. Miu duoc ché tao bang cach
nghién nho va ép vién vai KBr, thuc hién tai
khoa Hoa hoc, Truong Pai hoc Khoa hoc Tu
nhién — Pai hoc Quéc gia Ha Noi.

Pho khéi lugng cua cac phuc chat dugc ghi
trén may UPLC-Xevo-TQMS-Waters (MY).
Phirc chat duoc hoa tan trong dung madi con.
Ap suit khi phun 30 psi, nhiét d6 ion hoé
325°C, khi hd tro ion ho&: N, thuc hién tai
phong phé khéi, Vién Hoéa hoc - Vién Han 1am
Khoa hoc va Céng nghé Viét Nam.

Phd huynh quang dugc do trén quang phd ké
huynh quang Horiba FL322, dwoc thuc hién
tai Khoa Vat ly, Truong Pai hoc Khoa hoc
Tu nhién — Dai hoc Quéc gia Ha Noi.

3. KET QUA VA THAO LUAN
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Sy hinh thanh phuc chit va tinh chit lién két
trong phtic chat dugc khiang dinh nho phuong
phap phé hdng ngoai. Cong thac phan tir va
cong thirc ciu tao gia thiét cua phiic chit duoc
xac dinh boi phuong phap phd hong ngoai va
ph6 khéi luong. Bang 1 1a cac manh ion gia
thiét tr phd khdi luong cua cac phiac chat.
Hinh 1 la phd hong ngoai cia HSal, DipyO,,
Sm(Sal)s(DipyO2); hinh 2 1a pho khéi lugng
cia cac phuac chat Sm(Sal)s(DipyO,) va
Thb(Sal)3(Dipy02)].2H20. Hinh 3 Ia phd huynh
quang cua cac phuc chit Sm(Sal)s(DipyO.),
Eu(Sal)3(DipyO,) va Th(Sal)s(Dipy0-)].2H-0.
3.1. Két qua phé héng ngoai
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Hinh 1c. Phé hong ngoai ciia m(Sal)s(DipyO2)
Trong pho hong ngoai cua cac phic chat xuat
hién cac dai c6 cuong do manh ¢ vling (1581 +
1606) cm?, cac dai nay dugc quy gan cho dao
dong héa tri bat dbi xung cua nhém -COO",
Chuing bi dich chuyén manh vé viing c6 s séng
thap hon so vé6i vi tri trong tng cua no trong
phd hong ngoai cua axit salixylic (1660 cm),



chirng to trong cac phuc chéat khdng con nhém -
COOH ty do ma dé hinh thanh sy phdi tri cua
phdi tir véi ion dat hiém qua nguyén tir oxi cua
nhém -COO lam cho lién két C=0 trong phuc
chit bi yéu di. Dai & 1255 cm™ dic trung cho
dao dong cua nhém NO trong phdi tir DipyO;
da dich chuyén vé ving c6 sé song thap hon
trong cac phuc chat (1199 — 1242) cm'l. Biéu
nay chung to trong cac phic chat lién két Ln3*
va DipyO; da duoc hinh thanh qua cac nguyén
tar O ciia nhdm NO lam cho lién két N-O trong
phirc chét bi yéu di. Nhu vay, trong phic chat

hdn hop phdi tir, ion dat hiém da ddng thoi
phéi tri véi O ciia COO" trong Sal” va véi O
cia NO trong DipyO,. Ngoai ra trong phd
hdng ngoai cua céc phuc chat con xuét hién dai
hap thu trong ving (532 - 582) cm' dugc quy
gan cho lién két Ln%- O trong céc phirc chit.
Riéng pho hdng ngoai cua cac phuc chat dat
hiém niang déu xuat hién dai ¢ vung (3215-
3331) cm?, chung to cac phic chat nay o trang
thai hydrat. Hién tuong nay khong xuat hign
trong cac phuc chat dat hiém nhe [3].

3.2. Két qua phé khéi lwgng

Bang 1. Cac manh ion gia thiét trong phé khéi lirong ciia cac phic chat

TT Phirc chat Cong thic ion manh m/z | Tan suat
(%)
[Nd(Sal)s(Dipy02)+ H]" 744 100
1 Nd(Sal)s(DipyO,) [Nd(Sal)s+ H'T" 556 87
[DipyO, + HT* 189 51
. [Sm(Sal):(DipyO2)+ H'T* 750 100
2 Sm(Sal)s(Dipy©:) [Sm(Sal)s+ HT 562 87
[DipyO; + H]* 189 51
[Eu(Sal)s(DipyOy2) + H'T* 752 100
3 Eu(Sal)3(DipyO,) [Eu(Sal)s+ H*T 564 42
[DipyO; + H]* 189 49
_ [Tb(Sal)s(DipyOy2) + H'T* 759 77.14
4 Tb(Sal)s(DipyOz)-2H0 [Tb(Sal); + HT' 571 80,00
[DipyO; + H'T* 181 100
Dy(Sal)3(Dipy02).2H:0 [Dy(Sal)s(Dipy0y) + H* | 7625 | 92,72
5 [Dy(Sal)s + H']" 5745 | 3454
[DipyO, + HT" 189 100
. [Er(Sal)s(DipyOz) + H]* 767 100
6 Er(Sal)3(DipyO2).2H.0 [ErGals + HT 579 89.55
[DipyO, + HT* 181 74,62
Yb(Sal)3(DipyO2).2H,0 [Yb(Sal)3(DipyOy,) + H*]* 773 100
7 [Yb(Sal)s + HT" 585 94,82
[DipyO, + HT* 189 89,65

Gia thiét vé cac manh ion duoc tao ra trong
qué trinh bin phé dya trén quy luat chung vé
qué trinh phan manh cta cac cacboxylat dat
hiém [1].

Két qua phd khdi lwong cho thay thanh phan
pha hoi ciia 7 phirc chat twong ddi gidng nhau,
déu gdm chu yéu sy ¢6 mat cua ba loai ion
manh, ba loai ion manh nay twong &ng voi Xuét
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hién ba pic c6 cudng do manh. Pic tha nhat co
cuong d6 manh, c6 m/z 16n nhit dat céc gié tri
lan luot 1a 744; 750; 752; 759; 762,5; 767; 773
trong wng véi cac phac chit caa Nd(I11),
sm(111), Eu(lll), Th(ll), Dy(lll); Er(lll) va
Yb(Ill). Cac gia tri ndy ung dung véi khdi
lugng cua céc ion phan tr monome
[Ln(Sal)3(DipyO,) + H*]* cua cac phuc chat.




Két qua nay cho thiy, cac phurc chat déu ton tai
& trang thai monome Ln(Sal)3(DipyOy). Pic thir
hai c6 m/z lan luot la 556; 562; 564; 571;
574,5; 579; 585 tuong ung véi cac phic chat
caia Nd(111), Sm(111), Eu(lI1), Th(ll1), Dy(I):;
Er(lI1) va Yb(Ill) c6 cobng thuc ion manh Ia
[Ln(Sal); + H*]*. Ngoai ra trén phd khéi lwong
cua 7 phirc chat con xuat hién pic c6 m/iz =
189, pic nay dugc quy gan cho sy c6 mat cua
ion phdi tir [DipyO, + H*]*

Nhu vay, thanh phan pha hoi cta 7 phac chat
da tong hop déu bao gdbm sy c6 mit cua 3 loai
ion manh: [Ln(Sal);(DipyO2)+ H*]*, [Ln(Sal)s
+ H]* va [DipyO, + H*]*. Trén co s& do, co
thé gia thiét qua trinh phan manh cua céac phic
chit nhu sau:
Ln(Sal),(DipyO,) —22% 5| n(Sal),

(Ln: Nd, Sm, Eu, Th, Dy, Er, Yb)

Moty dame: (BP0 Instrunent: |4 Tap §1 Pint Datee VX1 23591 PH
Mothod:  Qug Xz Oporatoe:  UTANEDELSE Mo Doter Y5021 2240
Somple Name: Sr(SeCoi0?
Aeatyss o

rere
B

RN TR A\llu.\..l»:ou.l.n,nllulLL bt il oy

Hinh 2a. Phé MS ciia Sm(Sal)s(DipyO2)

Iagtrument: |40 T § Print Datee 1N
Operator:  ZIAKWEDCES: Aca, Dates

AT

Aealysis Name:  Te{Su}30y024 Tnstrument: LCMSOTapS. Print Date: S/72021 32357
Methok  Qung0tm Operator:  215SAIETONSH Acq, Date: S/T2021 3222 M

vy e

1834

518 73

1LV TR YT WP RO | MTVRT WG TR ) YO WA TTIOU WA
"% ™ » s m o % C

Hinh 2b. Phé MS cua Th(Sal)s(Dipy02).2H,0

3.3. Két qua phé huynh quang
Nghién ciru phd phéat xa huynh quang cua cac
phtic chat thay rang, khi duoc bic xa boi 325

nm, cac phuc chat caa Nd(111), Dy(111), Er(l11),
Yb(III) déu xuat hién mot cuc dai phat xa anh
séng tim & 430; 448; 440; 456 nm, cac cyc dai
phéat xa nay twong (ng voi cac chuyén muc
nang luong  “*Fap — *lon, “*Fon — ®Hisp,
2Hopp—l1si2 , 2Fsp—?l72 caa Nd(111), Dy(l11),
Er(111), Yb(I1) [7]

Duéi kich thich tr ngoai ¢ 325 nm, phic chat
hdn hop phdi tir caa Sm(IIl) phat xa huynh
quang manh & ving 550 + 750 nm véi bon dai
phat xa ¢ 561 nm, 598 nm, 643 nm va 702 nm
(hinh 3a). Céc dai phat xa nay tuong tng vai sy
Xuét hién &nh sang vang luc (561 nm), ving
cam (598 nm) va vung do (643 nm, 702 nm).
Cé4c dai phat xa nay dugc quy gan twong (ng
cho sy chuyén doi “Gs;z — ®Hsy2 (561 nm), “Gsy
— 6H7/2 (598 nm), 4Gs/z — 6Hg/z (643 nm), 4Gs/z —
8H11, (702 nm) cua ion Sm3** [7]. Trong sb
bén dai phét xa thi cuc dai phéat xa anh sang
mau cam ¢ 598 nm va mau d6 & 643 nm cd
cudong d6 manh nht.
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Hinh 3c. Phé huynh quang cua
Th(Sal)3(DipyO2).2H.0

Khi dugc kich thich béi nang lugng tir ngoai &
325 nm, phé phat xa huynh quang cua phtc
chat Eu(111) xuat hién & vang tir 575 + 720 nm.
Phirc chit nay phat xa huynh quang v6i niam
cuc dai phat xa hep va sdc nét lién tiép d 593
nm, 617 nm, 653 nm, 689 nm va 700 nm,
trong do cuc dai phat xa & 653 nm c¢6 cuong do
rat yéu, hai cuc dai phat xa & 593 nm va 700
nm c6 cuong d¢ trung binh, con cuc dai phat
xa & 617 ¢6 cudng d6 manh nhét (hinh 3b).
Ung véi cac dai phat xa nay la su xudt hién
anh sang ving trong thiy : ving cam (593 nm;
617 nm) va vung do (653 nm, 689 nm, 700
nm). Cac dai phd nay dugc quy gan twong tng
cho su chuyén doi 5D0 — 7|Zl (593 nm),
°D,—'F, (617 nm), °D,-"F, (653 nm),
°D, - F, (689 nm), °D,—"F, (700 nm), cua
ion Eu¥*[7].

Phé phat xa huynh quang cua
Th(Sal)3(DipyO2) xuét hién & vang tir 400
+ 700 nm. Khi bi kich thich bdi nédng
luong & 325 nm, phirc chat nay phat xa
huynh quang v6i ndm cyc dai phat xa hep
va sic nét lién tiép ¢ 489, 547 nm, 585
nm, 620 nm va 648 nm (hinh 3c), trong do
cuc dai phat xa mau luc & 547 nm cé
cuong do manh nhat, twong tng véi
chuyén muc ning lugng °Ds — 7Fs. Mot
cuc dai phat xa mau lam & 489 mn co
cuong d¢ trung binh twong ng véi chuyén

muc 5Dy — "Fe. Hai cuc dai phat xa yéu
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hon ¢ 585 nm va 620 nm c6 mau cam
twong ung véi chuyén doi °Ds — “F4 (585
nm) va 5Ds4 — ’F3 (620 nm). Ddi mau do &
648 nm c6 cuong do yéu nhét, twong tng
véi chuyén doi °Ds4 — 7F2 cia ion Th3*,
Pay la cac chuyén mirc ning lugng dic
trung ctia ion Tb3* khi & trang thai kich
thich [7].

Co ché phét xa huynh quang cua cac phirc chat
c6 thé dugc giai thich nhu sau [7]: Khi nhan
dugc ning luong kich thich, cac phdi ti
chuyén tir trang thai singlet sang trang thai
triplet; tiép theo 1a qua trinh chuyén ning
lwong tir trang théi triplet cua phdi tir sang
Ln®*; cudi cung 1a ion Ln®* chuyén tur trang
thai kich thich vé& trang thai co ban va phét xa
anh sang dac trung ctia ion dat hiém.

Nhu vay, cac ion dat hiém Ln** c6 kha ning
phéat huynh quang khi nhan dwoc ning luong
kich thich tir ngoai ¢ 325 nm dé chuyén Ién
trang thai kich thich, sau d6 1a cac qua trinh
phuc héi xubng nhitng mirc ning lwong thap
hon mang lai cac qud trinh phéat huynh quang.
Cac két qua nay chirng té truedng hdn hop phdi
tor da anh huong mot cach co hiéu qua kha
nang phat quang cua céc ion dat hiém.

4. KET LUAN

1. i téng hop dugc 07 phirc chat hdn hop
phéi tur salixylic va 2,2’-dipyridyl N,N'-dioxit
cia Nd(I11), Sm(l1), Eu(l11), Th(ll1), Dy(II1),
Er(111), Th(Il)

2. Pa nghién ctru cac phic chit bang phuong
phéap phd khdi lwong, két qua cho thdy thanh
phan pha hoi ciia cac phuic chat déu tuong tu
nhau, gdm 3 loai ion manh, trong d6 ion phan
tr ¢ cung cong thuc: [Ln(Sal)s(DipyO) +
H*]*; da dua ra so do phan manh cua phirc
chit.

3. Da nghién ctu cac phic chat bang phuong
phéap phd huynh quang, két qua cho thiy cac
phirc chat da tong hop déu c6 kha ning phat xa
huynh quang khi dugc kich thich boi budc



séng phu hop, do cé qua trinh chuyén ning
luong hiéu qua tir phdi tir sang ion dat hiém.
Trong 07 phirc chat nghién ciu thi phic chat
caa Sm(Il), Eu(lll) va Tb(lll) phat quang
manh va ruc r& nhat trong ving kha kién.

Loi cam on. Nghién ciru nay duoc tai tro boi
Truong DH K§ thuat Cong nghiép — BPH Thai
Nguyén.
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