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ABSTRACT

Mixed ligands complexes of acetylsalicylic and 1,10-phenantroline of Ln(lll)

with the general formula Ln(AcSa)3(Phen).3H20 (Ln: Nd, Sm, Eu; AcSa-:
Acetylsalicylate, Phen: 1,70-phenantroline) have been prepared. The
characterization of these complexes have been studied by IR, thermal
analysis and mass-spectroscopy methods; The luminescence of complexes
was investigated by measuring the excitation and emission spectra. IR spectra
suggest that complexes have been synthesised successfully. Mass-
spectroscopy showed that the complexes are monomes and they are stable.
The intramolecular ligand-to-rare earth energy transfer mechanisms were
discussed. The emission spectra of Eu(AcSa)3(Phen).3H20 consist of the
>Do — ’F2 and °Do — ’F1 dominant transitions located at 614 nm and 593 nm,
the weaker Do — 7F4 transition located at 699 nm, the weakest °Do — 7F3
transition located at 654 nm. The emission spectra of the
Sm(AcSa)3(Phen).3H20 displayed three bands, in there, the 4Gs/2 — 6H7/2 and
4Gs/2 —6Hos2 equivalent transitions located at 599 nm and 645 nm, the weakest
4Gs/2 — OHss2 transition located at 564 nm. The emission spectra of the
Nd(AcSa)3sPhen.3H20 displayed one band at 440 nm, i.e. 4F3/2 — 4lo/2 energy
level of Nd3* was observed. These complexes showed room-temperature
photoluminescence.

Gidi thiéu chung

déu mang vong thom thi kha nang phat quang cla
ching lai cang manh mé. Khd ndng phéat xa huynh
quang cla cac phic chat dugc Ung dung réng réai

Axetylsalixylic con co tény hoc la aspirin, ngoai hoat
tinh sinh hoc, véi dac diém <6 vong thom trong
phan t, phic chat cla axetylsalixylic v&i cac nguyén
t6 dat hiém con co kha ndng xa phat huynh quang,
dac biét khi cdu nodi phic chat 1a hdn hap phdi t

trong danh diu huynh quang sinh vy, trong cac dau
do phat quang clia phéan tich sinh hoc, trong vat liéu
quang dién[1, 2, 3]. Cong trinh nay trinh bay két qua
téng hop, tinh chat va khd nang phat xa huynh
quang cla cac phic cht tao bdi hdn hop phdi tur
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axetylsalixylic, 1,10-phenantrolin v&i mét s6 nguyén
t& dat hiém nhe.

Thuyc nghiém va phuong phap nghién ctiu
Téng hgp phic chdt

Cac hoda chét dugc st dung la: Axit axetylsalixylic
(99,99%, Merck), 1,10-phenantrolin (99,8%, Merck),
Nd203 (99,999%, Sigma-Aldrich), Sm203 (99,999%,
Sigma-Aldrich), Eu203 (99,999%, Sigma-Aldrich).

Quy trinh téng hgp cac phic chat hdn hap phdi tir
dugc md phong theo tai liéu [4]. Cach tién hanh cu
thé nhu sau: Cac phéi ti axit axetylsalixylic (HAcSa)
va 1,10-phenantrolin (Phen) dugc hoa tan riéng ré
trong C2HsOH, trén hai dung dich nay vd&i nhau ta
thu dudcdung dich hdn hgp phdi tir. Cho tir ti dung
dich chtta LnCl3 (Ln: Nd, Eu, Sm) vao dung dich hdn
hop phdi t trén. Ti 1é mol gitta LnCls : HAcSa : Phen
la 1:3:1.HOn hgp dudc khudy trén may khudy ti &
nhiét d6 phong, khodng 3,5 — 4,0 gid, tinh thé phirc
chét tir tUr tach ra. Log, rira phic chat bang nudc cat
trén phéu loc thiy tinh x8p. Lam khd phic chat
trong binh hat &m dén khéi luang khéng déi. Hiéu
suat téng hop dat 80 - 85%. Cac phic chat thu dugc
cbd mau dac trung clia ion dat hiém.

Cdc phuong phdp nghién ciu
PhS hdng ngoai clia cac chdt dugcghitrén may FTIR

Affinity — IS, hang SHIMADZU (Nhat) trong vung c6
s& song tUr (400 + 4000) cm, mau dugc nghién nho

va ép vién vdi KBr, thuc hién tai khoa Hoda hoc,
trudng Pai hoc Khoa hoc Tu nhién — DHQG Ha Nbi.

Gidn do phan tich nhiét dugcghitrén may SETARAM
Labsys TG trong moi trudng khéng khi. Nhiét dé
dugcnang tU nhiét do phong dén 1000 9C vé&itécdod
dét néng 100 9C/phdt, thuc hién tai Vién Héa hog,
Vién Han Lam KH va CN Viét Nam.

Phé khéi luong dugc ghi trén méy LC/MS — Xevo
TQMS, hang Water (My), ngudn ion: ESI, nhiét dé khi
lam kho 325 OC, ap sudt khi phun: 30 psi, thuc hién
tai Vién Hoa hoc, Vién HanLam KH va CN Viét Nam.

Phé huynh quang dugcdo trén quang phé ké huynh
quang Nano Log Horiba iHR 550 dugc trang bi vdi
cuvet thach anh, thuc hién tai phong quang phd,
trudng Bai hoc Bach Khoa Ha Noi.

K&t qua va thao luan

Bang 1va 2 la két qua phan tich phd hdng ngoai va
phan tich nhiét. Hinh 11a phS hdng ngoai clia HACSa,
Phen va Sm(AcSa)3(Phen).3H20, hinh 2 la gidn do
phan tich nhiét cla Sm(AcSa)3(Phen).3H20 va
Eu(AcSa)3(Phen).3H20, hinh 3 1a phd khéi lugng cla
Sm(AcSa)3(Phen).3H20O  va  Eu(AcSa)3(Phen).3H20,
hinh 4 la cong thic cdu tao gid thiét clia cac phic
chdt, cong thic gid thiét clia cac phic chat dugc
dua trén cg s3 két hap két qud phan tich phé hap
thu hdng ngoai, phan tich nhiét va phé khéi lugng.
Hinh 5 la phé huynh quang clia cac phitc chat Nd(lll),
Sm(ll, Eulln).

Bang 1: Cac s6 séng hédp thu dac trung trong phdé hdng ngoai clia cac hgp chat (cm™)

TT Hap chét V(COOH) | Vas(Co0-) | Vs(COO-) V/(CH) V(C-O) V(CN) V(in-0) | V©oH)
1753 -

1 HAcSa 1458 2549 1606 - 3500
16971

2 Phen - - - 3059 1643 1585 3365

3 Nd(AcSa)3(Phen).3H20 1591 1458 2900 1656 1541 530 3338

4 Sm(AcSa)3(Phen).3H20 - 1593 1456 2881 1620 1535 530 3057

5 Eu(AcSa)3(Phen).3H20 - 1593 1458 2883 1622 1539 530 3315

Phé hap thu hdng ngoai cla axit axetylsalixylic xuat
hién dai hdp thu & (1691-1753) cm™ cb cudng dé rét

manh dugdc quy gan cho dao déng hda tri bat doi
xng cta lién két C=0 trong nhém —COOH.
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Hinh 1b: Phé hdng ngoai clia Phen

Phé hdp thu hdng ngoai clia 1,10-phenantrolin xuét
hién dai hdp thu & 1585 cm™, dai nay dugc quy gan
cho dao déng cla lién két C=N.

Trong phé hdp thu héng ngoai clia cac phiic chat
déu xuét hién cac dai c6 cudng dd manh & ving
(1591 = 1593) cm™!, dugc quy gan cho dao déng hda
tri bat déi xiing clia nhom —COO-. Cac dai nay da
dich chuyén vé ving c6 s6 song thip hon so vdi vitri
tuang Ung trong phd hap thu hdng ngoai clia HACSa
(1691-1753) cm™!, ching té trong cac phic chét
khéng con nhém -COOH tu do, ma da hinh thanh su
phdi tri clia phdi t& véiion dat hiém qua nguyén tir
oxi cla nhdém —COO- lam cho lién két C=0 trong
phirc chat bi yéu di. Pong thdi, trong phirc chat hdn
hop phdi t& déu xudt hién dai & vung (1535 + 1541)
cm™ dactrung cho dao déng cla lién két C=N, dai

nay da bi dich chuyén vé ving co s& song thap hon
so vd&i vi trf tuong Ung cla nd trong phé hap thu
héng ngoai cla 1,10-phenantrolin (1585 cm™), diéu
nay chiing té 1,70-phenantrolin da tham gia phdi trf
véiion dathiém qua hai nguyén ti N va viéc phdi tri
cla 1,70-phenantrolin d3 lam thay d&i mat do
electron trong cau ndi phdi tri. Nhu vay, trong phiic
chat hdn hop phdi tu, ion dat hiém d& déng thdi
phdi tri v&i O cla COO- trong AcSa- va vdi N cla
CN trong Phen. Cac dai & 530 cm™" quy gan cho dao
ddéng hoa tri cla lién két Ln3+-O.

Ngoaira, ph hap thu héng ngoai clia cac phiic chdt
coOn xudt hién dai & vung (3057 + 3338) cm™! dugc
guy gan cho dao déng hda tri cla nhdém -OH trong
phan tif nudc chiing té cac phiic chat nay & trang
thai chlra nudc.
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Bang 2: K&t qué phan tich nhiét clia cac phuc chat

Nhiét Knof lugng mét (%)
dé ]
Cau tu
Phurc chat tach Phan con lai Ly Thuc
’ tach !
cau tu thuyét nghiém
0
103 H20 Nd(AcSa)3(Phen) 5,90 6,39
242
Nd(AcSa)3(Phen).3H20
383 Nd203 81,63 77,08
538
107 H20 Sm(AcSa)3(Phen) 5,86 7,29
257
Sm(AcSa)3(Phen).3H20
399 Sm203 81,10 75,91
630
108 H20 Eu(AcSa)3(Phen) 5,85 8,83
252
Eu(AcSa)3(Phen).3H20
430 Eu20s3 80,93 78,86
579
_'{;105 I /—GIG % frrim
:Fﬂ —’%?X

Hinh 2a: Gian dé phan tich nhiét cla
Sm(AcSa)3(Phen).3H20
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Hinh 2b: Gian dé phéan tich nhiét cla

Trén gidn dd phan tich nhiét cla cac phiic chat thay
rang trong khoang nhiét dé tur (103— 108) °C  xuét
hién hiéu Ung mat khoi lugng trén dudng TGA.
Chiing té 3 phuc chét trén ¢ chira nudc hydrat, két
qua nay hoan toan phu hap véi dir liéu phé hdp thu
héng ngoai.
Trén dudng TGA cla gidn do phan tich nhiét cac
phiic chét, & nhiét d6 Ién hon 108 9C xudt hién
Ln(AcSa), (Phen).3H,0—2=%C
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Hinh 3b: Phé khéi lugng clia
Eu(AcSa)3(Phen).3H20

Ln(AcSa), (Phen)

Eu(AcSa)3(Phen).3H20

cac hiéu Ung giam khéi luong & khoang tur 242+ 680
0C, chiing to khi bi dét ndng, cac phic chat da bi
phan hly va chay cho san phdm cudi cing 1a cac oxit
dat hiém Ln20s3. Két qua tinh toén li thuyét tuong ddi
phu hgp vaisé liéu thuc nghiém thu dugcTrén cg s3
dé, cd thé gia thiét sg do phan hdy nhiét cla cac
phuc chat nhu sau:

242-860° C

—=————1n,0, (Ln: Nd,Sm,Eu)

Ph& khoi lugng clia cac phiic chat cho thdy, pha hoi
clia cac phic chat co thanh phan rat don gian va
tuang ty nhau, déu gém 3 pic c© cudng dd manh,
trong do, pic thit nhat c& cudng dd manh nhét, c6
m/z cuc dai lan lugt dat cac gié tri la: 862; 868 va 870
tuong Ung vdéi cac phiic chat caa Nd(II), Sm(lll) va
Eu(lll). Cac gia tri nay Ung dung vdi kndi lugng cla
manh ion phan t& monome [Ln(AcSa)3(Phen) + H*]*
(Ln: Nd, Sm, Eu), chiing to cac phlc chat ton tai
dang Ln(AcSa)3(Phen) va ching bén trong diéu kién
ghi phé [5].

Két hop két qua phé khéi luong vdi cac dit kién clia
phé hdp thu héng ngoai, cdng thirc cau tao gia thiét
clia phtc chat da dugc dua ra, do 1a cac monome
hai cang, trong dé ion dathiém c6 sé phdi tri 8 (hinh
4).

Nghién clu kha ndng phat quang clia cac phic chat
thdy rang, khi dugc kich thich bdi nang lugng & 355
nm, ph& phat xa huynh quang phic chat hdn hop
phdéitl clia Nd(lll) xuat hién & ving 350+ 500 nm Vi
mot cuc dai phat xa duy nhat & 440 nm, cyc dai nay
c6 cudng do rat manh véi sy phét xa clia &nh sang
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tim. Su phét xa nay tuang Ung véi chuyén dai 4F32 —
4l9/2 cliaion Nd3+[6].

Q_Ci:‘ﬂf T
Ny I\
rO0

Hinh 4: Cong thic cdu tao gid thiét cla
Ln(AcSa)3(Phen)
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Hinh 5b: Phé phat xa huynh quang clia
Sm(AcSa)3(Phen).3H20

Dudi kich thich t& ngoai & 440 nm, phic chat hdn
hop phdi t& cda Sm(lll) phat xa huynh quang rét
manh & vung 450 = 750 nm v&i bén dai phat xa cd
cudng dé manh & 455 nm, 564 nm, 599 nm, 645 nm.
Cac dai phéat xa nay tuong Ung vdi su xudt hién anh
sédng vung xanh duang (455 nm), vung luc (564 nm),
vung cam (599 nm) va vung dé (645 nm).

1.80E+008 4 614 Eu-{AcSa+Phen)
. =424 nm

1.40E+008 - e

503

1.20E+008

1.00E=005 |

£ 00E=007 4
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Hinh 5¢: Phé phét xa huynh quang cla
Eu(AcSa)3(Phen).3H20

Cac dai phat xa nay dugcquy gantuang Ung cho su
chuyén ddi4Gss2 —®Hse (455 nm), 4Gs/2 —6Hs /2 (564
nm), 4Gs/2 —H7/2 (599 nm), 4Gs/2 — 0Hos2 (645 nm) clla
jion Sm3*[6]. Trong s6 bdén dai phat xa thi cuc dai
phat xa anh séng mau cam & 599 nm va mau doé &
645 nm c6 cudng dé manh nhat.

Khi dugc kich thich b&i ndng lugng t& ngoai & 424
nm, phd phat xa huynh quang cla phic chat hdn
hop phdi ti axetylsalixylat va 1,10-phenantrolin  cla
Eu(lll) xudt hién & vung tu 550720 nm. Phirc chéat
nay phat xa huynh quang vd&i bén cuc dai phat xa
hep va sac nét lién tiép & 593 nm, 614 nm, 654 nm va
699 nm, trong do cuc dai phat xa & 654 nm co
cuong do rat yéu, hai cuc dai phat xa & 593 nm va
699 nm c6 cudng doé trung binh, con cyc dai phat xa
& 614 c6 cudng dé manh nhat. Ung vai cac dai phat
xa nay la sy xudt hién &nh sang cla mién trong thay:
vung cam (593 nm; 614 nm) va vung do (654 nm,
699 nm). Céc dai phd nay dugc quy gan tuong Ung
cho su chuyén dd&i 5Do — 7F1 (593 nm), °Do — "F2 (614
nm), Do — 7F3 (654 nm), >Do — 7F4 (699 nm), cla ion
Eu+[6].

C6 thé gidi thich co ché phat xa huynh quang cla
cadc phtc chat nhu sau [6]: Khi nhan dugc nang
lugng kich thich, cac ph&i t& chuyén tU trang thai
singlet sang trang thai triplet; ti€p theo la quéa trinh
chuyén nang luong tU trang thai triplet cla phdi tir
sang Ln3+; cudi clng 1aion Ln3* chuyén ti trang thai
kich thich vé trang thai cg ban va phat xa anh séng
dac trung cla ion dat hiém.

K&t ludn
D3 t6ng hdp dugc 03 phlc chadt don nhan cla

Nd(l), Sm(ll, Eu(ll) v&i hdn hop phdi tu
axetylsalixylat va 1,10-phenantrolin.
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D3 nghién clu cic phic chdt bang phuong phap
phd hdp thy hdng ngoai, két qua da xac nhan su tao
thanh lién két gitta ion dat hiém vdi axetylsalixylat va
1,10-phenantrolin; Cac phtc chét co cung cong thic
phan t& Ln(AcSa)3(Phen).3H20 (Ln: Nd, Sm, Eu).

D& nghién clu cac phic chat bang phuong phap
phan tich nhiét, két qua cho thay, 03 phic chit déu
3 trang théi hydrat, cac phic chét tuong déi bén
nhiét; D& duara sg dd phan hly nhiét cla ching.

Da nghién clu cac phic chdt bang phuong phap
phé khdi lugng, két qua cho thay, sau khi tach nudc,
03 phUc chdt déu ton tai & dang monome
Ln(AcSa)3(Phen).

D& dua ra cong thiic cau tao gia thiét clia cac phic
chét, trong phtc chdt monome, ion dat hiém cb sé
phditri 8.

D3 nghién clu cac phic chdt bang phuong phap
phS huynh quang, két quéd cho thdy cac phic chat
da téng hop déu cd khd ndng phéat xa huynh quang
khi dugc kich thich bdi budc song cd nang lugng
phu hgp.
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