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SUMMARY

SYNTHESIS AND CHARACTERIZATION OF MIXED LIGANDS
COMPLEXES OF 2-HYDROXYNICOTINAT AND O-PHENANTROLINE
WITH SOME HEAVY RARE EARTH ELEMENTS

The synthesis of mixed ligands complexes of 2-hydroxynicotinate and o-
phenantroline of some heavy rare earth elements was described. The
characterization of these complexes has been performed by IR, elemental
analysis, thermal analysis and mass-spectroscopy methods. The coordination
modes of the ligands to Ln(lll) centres have been investigated by IR spectra.
Mass-spectroscopy showed that the complexes are monomes. TG- curves indicate
that the complexes are unstable temperature. The thermal separation of the
complexes was supposed as follows:

Tb(Nic),Phen —£5%%°C 5 Th,0,

Dy(Nic),Phen —52C_, Dy,0,

Ho(Nic),Phen —&-%C 5 Ho,0,

Yb(Nic),Phen —2-%"C_ v},0,

( Nic ":2-hydroxynicotinate; Phen: o-phenantroline )
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1. MO PAU rong rai trong khoa hoc vat li€u, sinh
Phtrc chat hdn hop phdi tir cua cac hoc va y hoc, cac phirc chat nay co
nguyén t6 dat hiém di va dang thu hut vai tr0 quan trong trong nghién cuu
su quan tdm nghién ctu cua nhiéu co ban va ung dung thuc tién [1, 2].

nha khoa hoc. Véi nhiing ung dung Vi kha nang phat huynh quang, cac



phttc chét cua dat hiém voi hdn hop
phéi tir co vong thom duoc mg dung
trong cac dau do phat quang trong y
hoc, trong danh dau huynh quang sinh
y [3, 4]. Vi muc dich d@éng gdp vao
linh vuc nghién clru céc cacboxylat
thom cua dat hiém, trong cong trinh
nay ching toi trinh bay két qua tong
hop, tinh chét cua phtc chit hdn hop
phéi tir 2-hydroxynicotinat va o-
phenantrolin cua Tb(II), Dy(IIl),
Ho(l11) va Yb(lI).

2. THUC NGHIEM

2.1. Ho6a chit va thiét bi

- Hoa chét:

Cac oxit dit hiém: Tb,0s Dy,0s,
Ho,03, Yb,03cta Sigma Aldrich

AXxit 2-hydroxynicotinic (HNic) va o-
phenantrolin (Phen) ciia Merk

Cac chat dung dé chuan do: EDTA,
arsenazo |1l cua Merk

- Thiét bi:

May Phé hip thy hdng ngoai
SHIMADZU 1800 (Nhat), mau dugc
do trong viing 400+4000 cm™, tai
Khoa Hoa hoc, truong PHKHTN-DH
Quoc Gia Ha Noi.

May phén tich nhiét Labsys-Evo-
Setaram (Nhat), mau duoc do trong
moi truong khong khi. Nhiét do duoc
nang tir nhiét do phong dén 1000°C,
toc do dbt nong IOOC/phl]t, tai Vién
Han Lam KH va CN Viét Nam.

Méay Phd khéi lugng UPLC-Xevo-
TQMS-Waters (My), mau dugc do
bang phuong phap ngudn ion: ESI,
nhiét d6 khi lam kho 325°C, 4p suét
khi phun: 30 psi, tai Vién Hoa hoc —

Vién Han Lam KH va CN Viét Nam.
2.2. Tong hop cac phirc chit hdn
hop phéi tir 2-hydroxynicotinat va
o-phenantrolin ctia Tb(l11), Dy(l11),
Ho(lll) va Yb(l1)

Quy trinh tong hop céc phirc chat hdn
hop phdi tir dugc md phong theo tai
liéu [5]. Cach tién hanh cu thé nhu
sau: Hoa tan hai phdi tor axit 2-
hydroxynicotinic (HNic) va 1,10 —
phenantrolin (Phen) trong C,HsOH
tuyét d6i cho dén khi thu dugc dung
dich trong sudt. D6 tir tir dung dich
chira 2.10™ mol LnCls (Ln: Th, Dy,
Ho, Yb) véo dung dich hdn hop phbi
to trén. Ti I¢ mol gitta LnCl; : 2-
1,10-phenantrolin
1a 1:3: 1. Hon hop dugc khudy trén
may khudy tr & nhiét do 60°C,
khoang 2.5-3 gid, két tiia phirc chat tir
tir tach ra. Loc, rira phic chat bang

hydroxynicotinic :

nude cit trén phéu loc thity tinh xdp.
Lam kho cac phirc chét trong binh hat
am dén khdi lwong khong ddi. Hiéu
suat tong hop dat 80-85%. Cac phuc
chit thu duoc c¢6 mau dic trung cua
ion dat hiém.

3. KET QUA VA THAO LUAN

Két qua phan tich nguyén t, phd hép
thy hdng ngoai va phan tich nhiét ctia
cac phirc chat duoc trinh bay ¢ cac
bang 1, 2 va 3 va tuong ung. Hinh 1
1a pho hap thy hong ngoai ciia HNic,
Phen va Tb(Nic)sPhen, hinh 2 1a gian
do phan tich nhiét ciia Th(Nic)sPhen,
hinh 3 1a phd khdi luong cia
Tb(Nic)sPhen  va  Yb(Nic)sPhen.



Bdng 1. Két qua phdn tich ham lwong kim logi trong cdc phite chdt

STT Cong thuc gia dinh Ham luong ion kim loai
cua céc phuc chat trong cac phtrc chat
Ly thuyét (%) Thuc nghiém (%)

1 Th(Nic)sPhen
21,11 21,14

2 Dy(Nic)sPhen
y(Nic), 21,48 21,51

3 Ho(Nic)sPhen
21,73 21,66

4 Yb(Nic)sPhen
22,55 22,45

Céc két qua ¢ bang 1 cho thdy ham
luong dat hiém trong cac phuc chét
xé4c dinh bang thuc nghiém tuong dbi
phu hop voi cong thic gia dinh cia
cac phirc chat.

Viéc quy két cac dai hip thu trong
phd hong ngoai cua cac san pham dya
trén viéc so sanh phd cua cac phuc
chat véi pho cua phdi tir tu do.

Trong phd hip thy hong ngoai cua
cac phirc chat hdn hop phdi tir déu
xuét hién céc dai co cuong do manh &

viing 1636 -1637 cm™ dwoc quy gan
cho dao dong hoéa tri bat d6i xtng cua
nhom -COO’. Cac dai nay da dich
chuyén v& ving c6 sb song thip hon
s0 voi vi tri trong ung trong phd hip
thy hdng ngoai ciia HNic (1743 cm™),
ching to trong cac phirc chat khong
con nhom -COOH tu do, ma da
hinh thanh sy phdi tri ctua phdi tir
tGi ion dat hiém qua nguyén tir oxi
cia nhém —COO-
C=0 trong phtrc chit bi yéu di.

lam cho lién két

Bdng 2. Cac s séng hap thu dic trung trong phd hap thu hong ngoai

ctia phéi tir va phire chit (cm™)

Stt Hop ch at VicooH) | Vascoon) | Vscoon) VicH) Vico Vien) VioH)
_ 1619 | 1544 | 3009

1 HNic 1743 - 1408 2991

2 Phen - 3061 1616 | 1587 | 3387
Tb(Nic)sPhen 1604 3471

3 (Nic)s - 1637 | 1471 | 3077 1552
Dy(Nic)sPhen 1602 3527

4 y(Nic); - 1637 | 1469 | 3072 1554
Ho(Nic)sPhen }

5 1637 1471 3064 1604 | 1552 | 3439
Yb(Nic)sPhen .

6 1636 1470 3062 1603 | 1553 | 3466

DPong thoi trong cac phirc chat déu
xudt hién dai ¢ ving (1552 + 1554)
cm? dac trung cho dao dong cua
nhém —CN, cac dai nay dich chuyén
khong dang ké so v6i dao dong cua
nhém —CN trong 2-hydroxynicotinic
(1544 cm™), nhung bi dich chuyén
dang ké vé vung co sb song thip
hon so véi vi tri twong ng cia nd

trong pho hap thy hong ngoai cia o-
phenantrolin (1587 cm™), diéu nay
chiing t6 o-phenantrolin da tham gia
phéi tri v6i ion dat hiém qua hai
nguyén tir N va viéc phdi tri cia o-
phenantrolin da lam thay d6i mat do
electron trong di vong. Nhu vay trong
phirc chat hdén hop phdi tir, ion dét
hiém phdi tri v6i phdi tir qua hai



nguyén tr 0X1 2-
hydroxynicotinat va qua hai nguyén tu

N trong o-phenantrolin.
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Hinh 1b. Phé hdp thu hong ngogi

cua Phen
Trong phd hép thy hong ngoai cia
cac phirc chat déu xuat hién dai ¢
3439-3527 cm™ dic trung cho dao
dong hoéa tri cuia nhém OH trong 2-
hydroxynicotinat, chung t6 trong
phtic chéat van ton tai nhom OH tu do
cua 2-hydroxynicotinat, nhom nay

khong tham gia phdi tri véi Ln(IIT).
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Hinh 2. Gian do6 phan tich nhiét cia

Tb(Nic)sPhen

Trén gian d6 phan tich nhiét cta bon

phirc chat déu khong xuét hién hiéu

mg thu nhiét va hiéu tmg giam khéi

luong & nhiét d6 nhé hon 185°C,

chtng to cac phuc chat déu ¢ trang

thai khan, két qua nay hoan toan phu

hop voéi dit liéu caa phd hip thu hong

ngoai cua cac phtc chat, rang céc

phirc chat khong chira nude.

Bdng 3. Két qua phan tich nhiét ctia

cac phirc chat

TT Phirc chat Nhi¢t dd0 | Hiéuung | Quatrinh xdy | Phin Khoi lrgng mat
pic cia nhiét ra con lai (%)
hi¢u wng Ly Thue
thuyét nghiém

Th(Nic)sPhen 185 Thu nhiét Phan hay

! 580 Toa nhiét Chay 005 | 75,69 72,04
Dy(Nic)sPhen 195 Thu nhiét Phan hay

2 520 Toa nhiét Chay Dy:0s | 7534 | 7355
. 185 Thu nhiét Phan huy

3 | Ho(Nic)sPhen ol Toa nhict Chay Ho,0; | 75,09 74,21
. 310 Thu nhiét Phan huy

4 | Yb(Nic)sPhen 2107 Toa nhict Chay Yh,0; | 7431 75,14
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Trén duong DTA cua gian d6 phan
tich nhiét cta cac phirc chat déu xuat
hién mot hi€u tng thu nhiét & khoang
185+310°C va mot hiéu tng toa nhiét
rAt manh & khoang 407+580°C. Ung
voi1 cac hi¢u ing nhiét nay la cac hi¢u
mg giam khéi lugng trén duong TG.
Chitng to khi bi dét nong, cac phuc
chat da bi phan hay va chay cho san
pham cudi cung 13 cac oxit dat hiém
Ln,0s. Két qua tinh toan li thuyét
tuong d6i phu hop véi sb lidu thuc
nghiém thu dugc. Tir két qua ¢ bang 3
c6 thé gia thiét so d6 phan huy nhiét
ctia cac phirc chat nhu sau:

Tb(Nic),Phen —2£=5%°C¢ 5 Th,0,
Dy(Nic),Phen —252C_, Dy,0,

185-504°C

Ho(Nic),Phen ————— Ho0,03
Yb(Nic),Phen —2%"C _, v},0,

(Nic: 2-hydroxynicotinat; Phen: o-
phenantrolin)
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Hinh 4. Phé khéi liwong cia Yb(Nic)sPhen

Trén phd khéi luong cac phirc chét
hdén hop phdi tir 2-hydroxynicotinat
va o-phenantrolin  cia  Tb(III),
Dy(I11), Ho(111) va Yb(lll) déu xuat

11

hién pic c6 cudng do rat manh dong
thoi c6 m/z 16n nhét dat gia tri lan
lugt 1a 754; 757; 760 va 768, cac gia
tri nay ng dung véi khdi lugng cua



cac ion phan tr [Ln(Nic)sPhen + H'T*
(Ln: Tb, Dy, Ho, Yb). Diéu d6 ching
to, trong diéu kién ghi phd bdn phirc
chét nay déu ton tai & trang thai
monome Ln(Nic)sPhen va cac phan
tr nay rat bén trong didu kién ghi
phd. Ngoai ra trén pho khdi luong
ctia cac phirc chat con xuat hién cac
pic c6 m/z lan luot 1a 574; 577; 580
va 588, cac gia tri nay ung dung voi
khéi lwong cua cac ion [Ln(Nic); +
H'T" (Ln: Tb, Dy, Ho, Yb). Pay la
phan con lai sau khi tach phdi tir Phen
ra khoi phén tir phirc chat, ion manh
nay ciing rat bén trong diéu kién ghi
phd. Co thé gia thiét so d6 phan manh
ctia cac phirc chat nhu sau:
Ln(Nic)sPhen —2" 5 |_n(Nic)s

Két qua phd khéi luong cho thay,
thanh phan pha hoi ctia cac phirc chét
rat gidng nhau, déu gom chu yéu sy
cO mat cua 2 loai ion manh:
[Ln(Nic)sPhen + H']" va [Ln(Nic)z +
H'*. Két qua pho khdi luong két hop
v6i cac dir lidu ctia phd hap thy hong
ngoai cho thdy, cac phirc chat nghién
ctru déu co sd phdi tri 8. Trén co so
nay cong thtrc cu tao cua cac phan
ttr phirc chat duoc gia thiét nhu sau:

Py
S ([
L ‘ OH ,:LH

(Ln: Th, Dy, Ho, Yb)
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4. KET LUAN

1. Pa tong hop duoc 04 phirc chit
hdn hop phdi tir 2-hydroxynicotinat
va o-phenantrolin  caa  Tb(III),
Dy(l11), Ho(Il) va Yb(III), cac phic
chat c6 cung cong thirc phan tu:
Ln(Nic)sPhen (Ln: Tb, Dy, Ho, Yb;
Nic ":2-hydroxynicotinat; Phen: o-
phenantrolin).

2. Di nghién clru cac san pham bang
phuong phap phd hap thu hong ngoai,
két qua d3 xac nhan su tao thanh lién
két gitta cac phdi tir va ion dat hiém:
qua hai nguyén tir oxi cua COO"
ciia 3 phdi tir 2-hydroxynicotinat va
qua hai nguyén tir nito ctia 1 phdi tir
o-phenantrolin.

3. i nghién ctru cac phiic chat bang
phuong phap phan tich nhiét, két qua
cho thay, bon phirc chat hdn hop phdi
tr déu & trang thai khan; cac phuc
chit kém bén nhiét; di dua ra so dd
phén huy nhi¢t cua chung.

4. Pa nghién ctru cac phirc chit bang
phuong phéap phd khéi luong, két qua
cho thdy, pha hoi cta cac phirc cht
déu ton tai cac ion manh & dang
monome: Ln(Nic)sPhen va Ln(Nic)s.
Di dua ra cong thic cdu tao gia thiét
ciia cac phuc chit, trong d6 ion dét
hiém déu co6 sb phdi tri 8 va cac phuc
chat déu 1a phirc chat hai cang.
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