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SUMMARY

SYNTHESES AND STUDY ON CHARACTERIZATION OF
2-HIDROXYNICOTINATE OF Eu (III), Gd (II) COMPLEXES
AND THEIR MIXED COMPLEXES WITH O-PHENANTROLIN

The 2-hydroxynicotinat of Eu(lll) and Gd(Ill) and their mixed complexes with o-
phenantrolin have been synthesized. The characteristics of these complexes have
been performed by IR, elemental analysis, thermal analysis and mass-spectroscopy
methods. The coordination modes of the ligands to Ln(lll) centres (Ln(Ill): Eu(lll),
Gd(lll)) have been investigated by IR spectra. Mass-spectroscopy showed that the
complexes are monomes. TG- curves indicate that the complexes are less heatstable.
The thermal separation of the complexes were supposed as follows:

Na[Eu(Nic), ].3H,0 —2° 5 Na[Eu(Nic), —3=12¢_5 NaEuO,

Na[Gd(Nic), ].3H,0 —22€ 5 Na[Gd(Nic), —8-2C 3 NaGdO,
Na[Eu(Nic), Phen] —2-%C_;NaEu0,
Na[Gd(Nic), Phen]—2-22€_;NaGdO,

( Nic: 2-hydroxynicotinate; Phen: o-phenantroline )
Keywords: complex, rare earth, 2-hydroxynicotinic acid, 2-hydroxynicotinate, o-

phenantroline

1. MO PAU hta hen vi nhiing gia tri cia chung
Cac phtrc chat dat hiém tao boi axit trong hoc thuét va trong nghién ctru (g
cacboxylic thom va tao bdi hon hop dung [1, 2, 3]. Cac phuc chat nay dugc
phéi tir 1a linh vuc nghién ctru nhiéu nghién ctru nhiéu vi cac tinh chat quy



bau cta no6 trong viéc tim ra ung dung
dé danh diu huynh quang sinh y, ché
tao dibt phat quang...[5, 6]. Cong trinh
nay trinh bay két qua tong hop va
nghién ctu tinh chit phac chat 2-
hidroxynicotinat cia Eu(IIl), Gd(III) va
phirc chat hdn hop cua ching véi o-
phenantrolin.

2. THUC NGHIEM

2.1. Téong hop cic phirc chit ciaa
Eudll), GddIl) véi axit 2-
hidroxynicotinic

Céac 2-hidroxynicotinat dat hiém duogc
tong hop md phong theo tai liéu [2]. Cach
tién hanh cu thé nhu sau:

Hoa tan 810" mol axit 2-
hidroxynicotinic (HNic) trong dung dich
NaOH 0,1M theo ti 1€ mol HNic: NaOH
= 1:1, hdn hop dugc khudy va dun néng &
60°C cho dén khi thu dwgc dung dich
natri 2-hidroxynicotinat (NaNic) trong
sudt (Nic hidroxynicotinat). Thém tir tir
2.10* mol LnClLy (Ln: Eu, Gd) vao dung
dich NaNic. Hon hop duogc khudy & nhiét
dé phong, pH = 4- 5, khoang 2,5-3 gio
tinh thé phirc cht tir tir tach ra. Loc, rira
phirc chit bang nuéc cat trén phéu loc
thiy tinh x6p. Lam kho phirc chat trong
binh hut 4m dén khdi lwong khong doi.
Hiéu suat tong hop dat 80 + 85%. San
pham co cong thac chung
Na[Ln(Nic)s].3H,0. Cac phtrc chat thu
dugc ¢6 mau dac trung cua ion dét
hiém.

2.2. Tong hop cac phitc chiat hdn hop
phoi tir cia Eu(Ill), Gd(IIl) véi 2-
hidroxynicotinic va o-phenantrolin

Céc phuc chat hdn hop phdi tir duoc tong
hop m6 phong theo tai liéu [4]. Cach tién
hanh cu thé nhu sau:

Hoa tan hoan toan 1.10% mol
Na[Ln(Nic)s].3H,O (Ln: Eu, Gd) trong
C,HsOH tuyét dbi, dun nong & 60°C.
Dung dich nay dugc thém tu tr bdi o-
phenantrolin da hoa tan trongC,HsOH
tuyét dbi, ti 1€ mol cua
Na[Ln(Nic)s].3H,0 va o- phenantrolin 1a
1:1. Hdn hop duoc dun hdi luu trong
binh cau chju nhiét day tron trong 1,5 +
2 gid. Dé nguodi, tinh thé phuc chat tir tur
tach ra. Loc, rira két taa va 1am kho cac
san pham trong binh hat am dén khdi
luong khong doi. Hiéu suit téng hop
dat 80-85 %. San pham co cong thirc
chung la Na[Ln(Nic)s.Phen] (Ln: Eu,
Gd; Nic:2-hidroxynicotinat; Phen: o-
phenantrolin).

2.3. Cac phwong phap nghién ciru
Ham lugng dét hiém duogc xac dinh béng
phuong phap chuidn d6 complexon véi
cht chi thi Arsenazo IIL.

Tinh chat lién két ctia phtc chat duoc
xac dinh boi phuong phap phd hip thu
hong ngoai. Phé hip thu hong ngoai
duoc ghi trén may Impact 410 — Nicolet
(M3), trong ving 4004000 cm™, thuc
hién tai Vién Hoéa hoc, Vién Han Lam
KH va CN Vi¢t Nam.

D6 bén nhiét duoc xac dinh boi gian do
phan tich nhiét. Gian dd phan tich nhiét
duogc ghi trén mdy SETARAM Labsys TG
trong moi truong khong khi. Nhi¢t do
dugc nang tur nhiét do phong dén SOOOC,
toc do ddt nong IOOC/phﬁt, thuc hién tai
Khoa Hoéa hoc, Truong DHKHTN-
DHQG Ha Noi.



Cong thirc phén tir va cong thirc cdu tao
gia thiét ciing nhur d6 bén ion manh cia
cac phuc chit duoc xac dinh boi
phuong phap phd khdi lwong. Phd khéi
lugng duoc ghi trén may LC/MS —
Xevo TQMS, hing Water (M§), ngudn
ion: ESI, nhiét do khi lam kho 325°C,
ap suét khi phun: 30 psi, thuc hién tai
Vién Hoéa hoc, Vién Han Lam KH va
CN Viét Nam.

3. KET QUA VA THAO LUAN

Két qua phan tich nguyén t6, phd hip
thu hong ngoai, phan tich nhiét va phd
khdi lwong cua cac phirc chit duogc trinh
bay ¢ cac bang 1, 2, 3 va 4 tuong ung.
Hinh 1 1 phd hdp thu hong ngoai cia
HNic va Na[Eu(Nic)4].3H,0, hinh 2 1a
gian d6 phan tich nhiét cua
Na[Eu(Nic)4].3H,0 va
Na[Eu(Nic),.Phen], hinh 3 1a phd khéi
luong cua Na[Eu(Nic)4].3H,O0 va
Na[Eu(Nic)4.Phen].

Bang 1. Két qua phan tich ham lwong kim loai trong cdc phire chit

stt Cong thuce gia dinh Ham lugng ion kim loai
ctia cac phurc chat trong cac phirc chat
Ly thuyét (%) Thuc nghiém (%)
1 Na[Eu(Nic)4].3H,0 19,46 19,34
2 Na[Gd(Nic)4].3H,0 19,97 19,86
3 Na[Eu(Nic)4.Phen] 16,75 16,67
4 Na[Gd(Nic)s.Phen] 17,21 17,11

Cac két qua ¢ bang 1 cho thidy ham
luong dat hiém trong cac phuc chat xac

dinh bang thuc nghiém tuwong ddi phu

hop voi cong thirc gid dinh cta phic
chat.

Bdng 2. Cdc s6 séng hdp thu ddc trung trong phé hdp thu hong ngoai

ciia cdc hop chat (em™)

STT Hop chat V(COOH) |Vas(Co0-) | Vs(coo-) | VioH) | VeN Vie=c) | V(cH)
1 HNic 1743 - 1408 | 3069 1544 1619 2991
Phen - - - | 3418 | 1558 3069
Na[Eu(Nic)s] .3
- 1637 1468 | 3430 - 1599 2999
H,O
Na[Gd(Nic)s].3
- 1640 1462 | 3436 - 1594 2923
H,O
Na[Eu(Nic)4.Ph
- 1666 1467 - 1549 1595 2976
en|
Na[Gd(Nic)s.Ph
| - 1668 1465 - 1550 1591 2980
en
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Hinh 1b: Phé héong ngoai cia
Na[Eu(Nic)4].3H,0

Viée quy két cac dai hap thu trong phd
hong ngoai cua cac san phim dua trén
viéc so sanh phd cua cac phirc chat véi
phé cta phdi tir tu do.

Trong phd hip thu hong ngoai cua cac
phirc chit 2-hydroxynicotinat xuat hién
cac dai c6 cuong do0 manh ¢ vung 1637
-1640 cm™ dugc quy cho dao dong hoa
tri bat ddi xtng ciia nhém -COO". Cac
dai nay da dich chuyén vé ving c6 sd
song thip hon so vé6i vi tri tuong Gmg
ciia né trong phd hip thu hdng ngoai
cua axit HNic (1743 cm™), ching to
trong cac phtrc chat khéng con nhom -
COOH tu do ma da hinh thanh su phéi

tri cia phdi tir v4i ion dat hiém qua
nguyén tr oxi cia nhom —COO™ lam
cho lién két C=0 trong phtrc chat bi yéu
di.

Trong phd hip thu hong ngoai cua cac
phtrc chat 2-hydroxynicotinat déu co
cac dai hap thu rong trong ving 3430 +
3436 cm™ dic trung cho dao dong hoa
tri cia nhom OH trong phan to nudc,
chirng t6 cac phirc chit nay déu co nude
trong phan tu.

Phd hip thu hong ngoai cua cac phirc
chat hdn hop phéi tir ctia Eu(III), GA(III)
voi 2-hydroxynicotinic va o-
phenantrolin déu xuat hién cac dai co
cuong do manh ¢ vung (1666 +~ 1668)
cm’, duge quy gan cho dao dong hoéa tri
bat dbi xtng ctia nhom -COO". Cac dai
nay da dich chuyén vé ving c6 sb song
thip hon so véi vi tri twong Gmg cta nod
trong phd hap thu hong ngoai cua axit
HNic (1688 cm™), nhung lai cao hon vi
tri trong tmg cta nd trong phd hip thu
héng ngoai cta cic phuc chat 2-
hydroxynicotinat dit hiém, ching to
trong cac phirc chat hdn hop phdi ti,
Phen di ddy nudc ra khoi phirc chit bac
hai ban dau va tham gia phdi tri voi ion
dat hiém qua nguyén t N cia vong
thom. Su phdi tri niy di lam cho dao
dong ctia nhom -CN xuit hién ¢ 1558
cm’ trong Phen bi dich chuyén vé ving
c6 sb song thap hon (1549-1550 cm™)
trong cac phirc chat hdn hop. Nhu vy
trong phtrc chat hdn hop phdi tir, ion dat
hiém duoc phdi tri bai hai nguyén tu
oxi trong 2-hydroxynicotinat va bdi hai
nguyén tu N trong o-phenantrolin.
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Hinh 2a: Gian do6 phan tich nhiét ciia

Na[Eu(Nic)].3H>0 Hinh 2b: Gian do phan tich nhiét ciia
Na[Eu(Nic),Phen]
Bang 3. Két qua phdn tich nhiét cia cdc phire chdt
STT Phtrc chat Nhiét | Hiéu | Cau | Phanconlai | Khdi lugng mat
do tach | Ung tr (%)
cAuttr | nhiét | tach Ly Thuc
(°C) thuyét| nghiém
128 Thu | H,O Na[Eu(Nic)s] 6,91 7,6
nhiét

315 | Thu | Phan| NaEuO, |66,59| 63,5
nhiét | hay

1 [Na[Eu(Nic)s].3H,0

477 Thu
nhiét
512 Toa
.. | Chay
nhiét
135 Thu | H,O Na[Gd(Nic)s] 6,87 7,16
) nhiét
2 |Na[Gd(Nic)4].3H,0O . .
488 Toa Chay| NaGdO; 66,15 | 64,09
526 nhiét

209 | Thu |Phan| NaBuO, |77,18| 74,60
309 | nhiét | hiy

3 | Na[Eu(Nic)s.Phen]

545 Toa
.. | Chay
656 nhiét
4 | Na[Gd(Nic)4.Phen] 209 Thu Phan 76,75 | 76,86
nhiét | huy
NaGdO,
532 Toa
.| Chay
nhiét

5




Trén gian dd phan tich nhiét cua cac
phirc chat 2-hydroxynicotinat déu xuét
hién hiéu trng thu nhiét va hiéu tng mat
khdi lwong ¢ khoang (128 - 135)°C ,
ching t6 rang cac phirc chat déu chira
nuée hidrat. B6i v6i phire chat hon hop
phéi tir & dudi 209°C khong xuét hién
cac hi€u ung nay, ching té6 cac phuc
chat hdn hop phdi tir ¢ trang thai khan.
Két qua nay hoan toan phu hop voi dit
liu phd hong ngoai clia cac phirc chat.

Trén dudng DTA cua gian d6 phan tich
nhiét cta cac phic chit phac chit
2-hidroxynicotinat, sau hi¢u Ung thu
nhiét ctia qua trinh mét nudce, xuit hién
cac hi¢u ung thu nhiét va toa nhiét xen
k& trong khoang (315°C — 526°C). Déi

v6i phire chat hdn hop phdi to, cac
hiéu ung nhiét nay xudt hién trong
khoang (209°C — 656°C). Tuong tng
vo1 cac hi¢u tng nhiét trén duong
DTA 1a cac hiéu tmg mat khéi luong
trén duong TGA. Chang t6i gia thiét,
& khoang (315°C — 526°C) dbéi voi
phtre chit bac hai va & khoang (209°C
— 656°C) dbi voi phtc chat hdn hop
phdi tir, da xay ra qua trinh phan hiy va
chay cac phirc chat tao ra san phim cudi
cung 1 cac mudi NaLnO, (Ln: Eu, Gd).

Két qua & bang 3 cho thdy phan trim
mat khbi lugng theo thuc nghiém kha
phtl hop véi két qua tinh toan 1y thuyét.
Trén co s& d6 so dd phan hiy nhiét cia

cac phirc chat duoc gia thiét nhu sau:

Na[Eu(Nic),].3H,0 —2° 5 Na[Eu(Nic), —2=2€ 5 NaEuO,

Na[Gd(Nic), ].3H,0 —22€ 5 Na[Gd(Nic), —8-2C_, NaGdO,

Na[Eu(Nic), Phen] —22-5¢€_yNaFuO,

Na[Gd(Nic), Phen] —22-32€_;NaGdO,

(Nic": 2-hydroxynicotinat; Phen: o-phenantrolin)

Trong phd khdi luong, gia thiét vé cac
manh ion dugc tao ra trong qua trinh
ban pha dua trén quy luat chung vé qua
trinh phdn manh cua cac cacboxylat dat
hiém [7].

Trén phd khdi lwong ctia bén phirc chét
déu xuit hién pic c6 m/z 16n nhit lan
luot b?mg 704; 710; 884 va 889. Cac gia
tri ndy tng dung voi khdi luong cac ion

phan tir ciia cac phtc chat: [Eu(Nic)s];

[Gd(Nic)s]; [Eu(Nic)sPhen ] va
[Gd(Nic)sPhen ]. Piéu d6 chimg to,
trong diéu kién ghi phd bdn phirc chit
nay déu ton tai ¢ trang thai monome
[Ln(Nic)s]” va [Ln(Nic)4Phen | (Ln:
Eu, Gd), cac ion phan tir ndy bén trong

diéu kién ghi pho.



Bdng 4: Cdc mdanh ion gid thiét trong phé khoi heong ciia cdc phire chat

STT Phtrc chat m/z Manh ion Tan suét (%)

704 [Eu(Nic)s] 100

1 Na[Eu(Nic)s].3H,0 :
566 [Eu(Nic); ] 82
2 710 [Gd(Nic)s | 100
Na[Gd(Nic)4].3H,0 571 [Gd(Nic)s ] 65
884 | [Eu(Nic)sPhen] 40
3 Na[Eu(Nic)4.Phen] 704 [Eu(Nic)4] 80
566 [Eu(Nic); ] 100
889 | [Gd(Nic);Phen] 35
4 Na[Gd(Nic)4.Phen] 710 [Gd(Nic)s ] 100
571 [Gd(Nic); ] 44

Thanh phan pha hoi ctia hai phtc chat
2-hydroxynicotinat la tuong ty nhau,
twong d6i don gian, déu gém chu yéu
hai dang ion manh [Ln(Nic)s]" va
[Ln(Nic);] (Ln: Eu, Gd). Thanh phan
pha hoi cua hai phirc chdt hdn hop
- B6i v6i phirc chat 2-hydroxynicotinat:
- B6i v6i phire chat hdn hop phdi tir:

—Phen

phdi tir ciing twong tu nhau, déu gébm
chi yéu ba dang ion manh
[Ln(Nic)4Phen ] TLn(Nic)4] va
[Ln(Nic)s] (Ln: Eu, Gd).

Trén co s& nay chang toi gia thiét so do
phan manh cua cac phic chit nhu sau:

[Ln(Nic),] — Ln(Nic),

[Ln(Nic), Phen] — »[Ln(Nic),]” —— Ln(Nic),

(Ln: Eu, Gd; Nic™: 2-hydroxynicotinat; Phen: o-phenantrolin)
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Hinh 3a: Phd khéi luong cta
Na[Eu(Nic),].3H,0
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Hinh 3b: Phd khéi luong cta
Na[Eu(Nic)4Phen]




Ttr két qua phd khéi lwong, két hop voi
cac dit kién cta phd hdp thu hdng ngoai
chung toi gia thiét rang hai phuc chat

don phdi tir c6 sb phdi tri 8, hai phirc

4. KET LUAN

1. D3 tong hop duoc 04 phiic chat, gdm
02 phic chat 2-hidroxynicotinat dét
hiém Na[Ln(Nic)4].3H,O va 02 phuc
chat hon hop phdi tur
Na[Ln(Nic)4.Phen] (Ln: Eu, Gd; Nic: 2-
hidroxynicotinat; Phen: o-phenantrolin)

2. Pa nghién ctru cac san phim bang
phuong phap phd hdng ngoai, két qua
xac nhdn, trong phtic chat 2-
hydroxynicotinat, ion dit hiém duogc
phéi tri boi oxi cia nhém —COO™ va oxi
ciia OH; trong phirc chat hdn hop phdi
tir, ion dat hiém duoc phdi tri boi oxi
cua nhom —COQO’, oxi cia OH va nito
ctua Phen.

3. Pi nghién ctru cac phic chit bing
phuong phap phan tich nhiét, két qua
cho thidy, cac phirc chat 2-
hydroxynicotinat déu & dang hidrat, cac
phtrc chat hdn hop ¢ trang thai khan,

chat hdn hop phdi tir ¢6 sb phdi tri 10,

ching cé cong thirc cdu tao gia thiét

nhu sau:

I\ /P ENY.

N= o]
le)

2 (X/D P
ool
O @]

Lo /N 0%
A\ \ 7
(Ln: Eu, Gd)

chung déu kém bén nhiét, di dua ra so
dd phan hiry nhiét ctia chung.

4. Pa nghién ctru cac phuc chit bang
phuong phap phd khdi luong, két qua
cho thiy, pha hoi cac phirc chit 2-
hydroxynicotinat chi gdm hai loai ion
manh [Ln(Nic)s]” va [Ln(Nic);]; pha
hoi cac phirc chat hdn hop phdi tir gdm
cht yéu 3 loai ion manh [Ln(Nic)sPhen
T, [Ln(Nic)s]” va [Ln(Nic)s], chung déu
ton tai & dang monome va rat bén trong
diéu kién ghi pho.

5. Pa dua ra cong thirc ciu tao gia thiét
ciia cac phuc chat, trong d6 ion dat
hiém c6 s6 phdi tri 8 trong phirc chit 2-
hydroxynicotinat va sd phdi tri 10 trong
phtrc chit hon hop phdi tu.
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