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SAMMARY

SYNTHESIS AND PROPERTIES OF COMPLEXES OF SOME LIGHT RARE EARTH
ELEMENTS BASED ON BENZOATE AND 1,10-PHENANTROLINE MIXED LIGANS

Some mixed ligands complexes of rare earth elements with benzoate and 1,10-phenantroline with
the general formula [Ln(Bez);(Phen)].2H>O (Ln: La, Nd, Sm; Bez: benzoate; Phen: 1,10-
phenantroline) have been prepared. The characterization of these complexes have been
investigated by IR, thermal analysis and mass-spectroscopy methods. The coordination modes of the
ligands to Ln(Ill) 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:

[Ln(Bez),(Phen)].2H, O —Z=°C 5 [Ln(Bez), (Phen)]—1%°C 511 O, (Ln: La, Nd, Sm)
3 2 3 23
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1. MO PAU

Phirc chat hdn hop phdi tir c6 vong thom vdi cac
jon dat hiém c6 kha nang phat huynh quang rét
manh mé, do co co su truyén nang luong mot cach
hiéu qua tir vong thom ctia hn hop phdi tir t6i ion
dat hiém. Pay 1a huéng nghién ctru ndi bét vé cac
phtic chit ¢6 phéi tir vong thom [1,2,3]. O Viét
Nam, s6 cong trinh nghién ciru vé phirc chat hon
hop phdi tir bezoat va 1,10 phenantrolin véi cac
jon dat hiém con rat han ché. Cong trinh nay trinh
bay két qua tong hop va nghién ctru tinh chit phirc
chit tao boi hdn hop phdi tir bezoat va 1,10
phenantrolin véi mot s nguyén t6 dat hiém nhe.

2. THUC NGHIEM

2.1. Téng hop phirc chit

Céc phuic chét dat hiém dugc tong hop mo
phong theo quy trinh & tai liéu [4]. Cho 6.10*
mol (0,0732¢g) axit benzoic (HBez) vao 5ml
C,H5OH tuyét d6i, khudy & nhiét ¢ phong cho
dén khi thu duoc dung dich trong sudt. Cho

2.10* mol (0,036 g) 1,10-phenantrolin (Phen) vao
5 ml CoHsOH tuyét ddi, khudy déu cho tan hét.
Tron hai dung dich trén véi nhau thu dugc dung
dich chira hdn hop phdi tir 1a 1,10-phenantrolin
va axit benzoic trong etanol. P tir tir dung dich
chira 2.10* mol LnCl; (Ln: La, Nd, Sm) vao
dung dich hdn hop phdi tir trén, ti 1& mol giita
mudi LnCl; : axit benzoic : 1,10-phenantrolin 14
1 :3 : 1. Khudy hdn hop trén maykhudy tir, nhiét
d6 60°C, pH ~ 4 + 5. Sau 1,5h thdy c6 két tia tich
ra, tiép tuc khudy thém khoang 2h. Loc, rira
phirc chit biang nudc cat trén phéu loc thuy tinh
xOp. Lam kho phirc chat dén khéi lugng khong
d6i. Hiéu suat tong hop dat 80 - 85%.

2.2. Cac phwong phap nghién ctru

Ham lugng dit hiém duoc xac dinh béng
phuong phéap chuin do complexon véi chét chi
thi Arsenazo II1.

Tinh chét lién két cua phirc chat dugc xac dinh
boi phuong phap phd hip thy hong ngoai. Phd



hap thu hong ngoai dugc ghi trén may Impact
410 — Nicolet (My), trong vung 4004000 cm
!, thuc hién tai khoa Hoa hoc, truong Dai hoc
Khoa hoc Tu Nhién — PHQG Ha Noi.

Do bén nhiét duge xac dinh boi gian dd phan
tich nhiét. Gian do phan tich nhiét dugc ghi
trén may SETARAM Labsys TG trong moi
treong khong khi. Nhiét do dugc nang tir nhiét
d6 phong dén 1000°C, téc do ddt nong
10°C/phut, thyc hién tai Vién Hoa hoc, Vién
Han 1am Khoa hoc va Cong ngh¢ Viét Nam
Cong thirc phan tir va cong thic cdu tao gia
thiét ciing nhu d6 bén ion manh ciia cac phirc
chat dugc xac dinh boi phuong phap phd khéi
lwuong. Phd khéi lwong dwoc ghi trén may

LC/MS — Xevo TQMS, hang Water (MY),
nguén ion: ESI, nhiét d6 khi lam kho 325°C, ap
suét khi phun: 30 psi, thyc hién tai Vién Hoa
hoc, Vién Han Lam KH va CN Viét Nam.

3. KET QUA VA THAO LUAN

Két qua phan tich ham luong ion trung tam,
phd hong ngoai va phan tich nhiét cta cac
phirc chat dwoc trinh bay & cac bang 1, 2 va 3
trong ung. Hinh 1 13 phd hdng ngoai cua
HBez, 1,10-phenantrolin va phirc chat
[Nd(Bez)3(Phen)], hinh 2 la gian do phan tich
nhiét cua [Nd(Bez)s;(Phen)] va
[Sm(Bez)3(Phen)], hinh 3 1 phd khdi lugng
cua [Nd(Bez);(Phen)] va [Sm(Bez)s;(Phen)],
hinh 4 13 cong thirc ciu tao cia cac ion méanh

Bdng 1. Két qua phan tich ham lwong kim loai trong cdc phire chat

STT Cong thirc gia dinh Ham lugng ion kim loai
ctia cac phirc chét trong cac phirc chat (%)
Ly thuyét Thyc nghiém
[La(Benz);Phen].2H,0O 19,35 19,21
[Nd(Benz);Phen].2H,O 19,91 19,87
3 [Sm(Benz);Phen].2H,O 20,57 20,43

Céc két qua & bang 1 cho thdy ham luong dat
hiém trong cac phirc chit xac dinh bang thuc

nghiém twong dbi phu hop véi cong thie gia
dinh cua phirc chit.

Bdng 2. Cdc s6 séng hdp thu ddc trung trong phé hong ngoai cia cac hop chat (cm™)

Stt Hop chat VCooH) | Vascoor) | Vscoor) vicH) veo | vy | Vo
1 HBez 1687 1454 2835 1602 - 3485
2 Phen - 3061 1616 1587 | 3387
3 | [La(Benz)sPhen].2H,0 - 1444 | 3062 | 1622 | 1556 | 3356
4 [Nd(Benz);Phen].2H,O - 1463 3066 1624 1560 | 3329
5 [Sm(Benz);Phen].2H,O - 1463 3066 1625 1560 | 3321
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Hinh 1b. Phé hép thu hong ngoai ciia Phen
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Hinh Ic. Phé hdp thu hong ngoqi cia
[Nd(Bez)s(Phen)].2H,O

Trong phd hép thy hong ngoai cua axit benzoic
xuat hién dai hip thu & 1687 cm-1 ¢6 cuong do
rat manh duoc quy cho dao dong hoa tri bat ddi
ximg cua lién két C=0 trong nhom —COOH. Déi
v6i 1,10-phenantrolin dai hap thy ¢ 1585 cm-1
duoc quy gan cho dao dong ciia lién két C=N.

Pho hip thu hong ngoai cac phirc chit hdn hop
phéi tir benzoat va 1,10-phenantrolin cua La(IIl),
Nd(IIT), Sm(IIT) déu xuat hién cac dai co cudng do
manh & vung (1600 + 1604) cm-1 dugc quy gan
cho dao dong hoa tri béat dbi xung cua nhoém -
COO-. Cac dai nay da dich chuyén vé ving ¢6 sb
séng thap hon so véi vi tri twong tmg clia no trong

pho hap thy hong ngoai ctia axit benzoic (1687 cnr
1, chimg 6 trong céc phitc chat hdn hop phdi tir
khong con nhém -COOH ty do ma da hinh thanh
su phéi tri ctia ion dat hiém qua nguyén tir oxi cia
nhém -COO-. Céc dai ¢6 cuong dd manh & vung
(1444 + 1463) cm™! duge quy gan cho dao dong
hoa tri dbi xtimg ctia nhém -COO-. Pong thoi
trong céc phirc chat hdn hop phdi tir déu xuat hién
déi & viing (1556 -+ 1560) cm! déc trung cho dao
dong cia lién két C=N, dai nay da bi dich chuyén
vé viing ¢ s6 song thap hon so véi vi tri twrong
(g ctia n6 trong phd hép thu hdng ngoai cua 1,10-
phenantrolin (1585 cm), diéu nay chimg t6 1,10-
phenantrolin da tham gia phdi tri v6i ion dat hiém
qua hai nguyén tir N va viéc phdi tri cia 1,10-
phenantrolin da lam thay d6i mét do electron trong
cau ndi phéi tri. Nhur vay, trong phirc chét hdn hop
phdi tir, ion dat hiém dugc phdi tri véi phéi tir qua
nguyén tir oxi trong benzoat va qua nguyén tir N
trong 1,10-phenantrolin.

Céc phirc chat hdn hop phdi tir cia La(Ill),
Nd(IIT), Sm(II) déu xuit hién dao dong hoa
tri trong vung (3321-3356) cm™! dic trung cho
su ¢6 mat cia nhém —OH trong phan tir nudc,
chimg to 3 phirc chét déu chira nude.

Bdng 3. Két qua phan tich gian do nhiét ciia cdc phirc chit

Nhiét do Khoéng Khoi lwong mat
at hié hiét do 0
X%lfl ,¢n Hiéu g |Qua trinh n:e f) L . %)
TT , < hi¢u ing o , mat khoi| Phan con lai
Phurc chat N nhiét xay ra Ly | Thuc
nhi¢t luong thuvét Inehie
C) uyet [nghiém
Tach | 31-160
80 Thu nhiét Haco [La(Benz);Phen]| 5,01 | 6,27
2
1 |[La(Benz);Phen].2H
[La(Benz)sPhen]. 2Ho0 o S hiet | Chay | 160-450
— i La,05 77,20 | 75,62
499 | Toanhiét| Chay [450-1000
Tach | 32-160
78 | Thu nhiét Haco [Nd(Benz);Phen]| 4,97 | 6,69
2
2 Benz);Phen].2H
[Nd(Benz)sPhen]. 2K, 01— o et | Chay |160420]  Nd,Os
i : 76,76 | 75,75
488 | Toéanhiét| Chay [420-1000
Tach | 32-160
75 | Thu nhiét Hai) [Sm(Benz);Phen]| 4,93 | 5,986
2
3 [[Sm(Benz)sPhen].2H,0
[Sm(Benz)sPhen] 20O — 1 mhiet | Chay | 160-420 S0 o153 | 76.16
m;
489 |Toanhiét| Chay |420-1000 e ’ ’
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Hinh 2a. Gian do phan tich nhiét cia
[Nd(Bez)3(Phen)].2H,0

Trén gian dd phén tich nhiét ciia cac phirc chat
thdy rang, trén duong DTA déu xuét hién mot
hiéu tmg thu nhiét va hiéu tng mat khdi lwong
& khodang (75-80) °C, twong g véi qué trinh
mét nude hydrat. Két qua nay hoan toan phu
hop véi dit liéu cua phd hip thu hdong ngoai.
Trong khoéng (340-488) °C trén duong DTA
clia cac phire chat déu xuat hién 2 hiéu tng toa
nhiét, itng vai hai hi€u ng toéa nhiét nay 1a hai
[Ln(Bez),(Phen)].2H, O

75-80°C
_—
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Hinh 2b. Gian d6 phdn tich nhiét cia
[Sm(Bez)s(Phen)].2H,0

hiéu ung mét khdi luong trén duong TGA, xay
ra trong khoang (160-420) °C va (420-1000)
0C. Chimng to khi bi d6t néng, cac phtrc chat da
bi chay cho san pham cudi cing 1a cac oxit dét
hiém Ln,Os. Két qua tinh toan 1y thuyét twong
dbi phu hop véi sb liéu thuc nghiém thu dugc.
Tir két qua & bang 2 c6 thé gia thiét so dd phan
huy nhiét cta cac phtrc chat nhu sau:

160-1000 °C

—————1Ln,0,(Ln: La, Nd, Sm)
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Analysis Name:  (Bena)(Phen)id.d Instruments LC-MSD-TrapSL
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Hinh 3a. Phé khoi eong ciia
[Nd(Bez)3(Phen)].2H,0

Trong phd khi lugng ciia cac phic chat, cac
manh ion gia thiét duoc tao ra trong qua trinh
bén pha dua trén quy ludt chung vé qua trinh
phan méanh cia cic cacboxylat dat hiém [5].
Trén phd khdi luong cac phirc chat hdn hop
phdi tir benzoat va 1,10-phenantrolin cua
La(III), Nd(IIT), Sm(III) déu xuét hién pic co
m/z 16n nhét ¢o cuong d6 manh lan luot dat
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Hinh 3b. Phé khéi lwong cia
[Sm(Bez)s(Phen)].2H,0O

cac gia tri 1a: 682; 687; 694 twong Uing véi cac
phirc hdn hop phdi tir cua La(III), Nd(III),
Sm(III). Cac gia trj ndy ung dung véi khbi
lugng cia manh ion phan t& monome
[Ln(Bez);(Phen) + H']", chting t6 phén tir phtic
chat c6 cong thirc ciu tao gia thiét nhu hinh 4a.
Trén phd khdi lwong cua céc phic chét con
xuét hién pic thir hai c6 cudng do rat manh co



m/z lan lugt 1a 622; 627; 635 tuong tmg véi
khdi lugng manh ion monome [Ln(Bez); +
2H']" cua cic phic chat La(Ill), Nd(III) va

Hinh 4a. Cong thirc cdu tao gia
thiét cua [Ln(Bez)3;(Phen)]

Ngoai ra trén ph6 khéi lwong cua cac phtc chat
con xuét hién pic c6 m/z bang 181, gid tri nay
duogce quy gan cho sy c¢6 mit cia [Phen + H']
trong cic phirc chat coa La(Ill), Nd(III),
Sm(III). Tir két qua phd khéi lugng, két hop
v6i cac dit kién cua phd hép thu hong ngoai
chung t6i gia thiét ring cac phirc chat & dang
monome, trong d6 ion dat hiém c6 s6 phdi tri
8. Trén co s& nay chung toi gia thiét cong thic
ciu tao ctia phirc chit nhu sau:

(Ln: La, Nd, Sm)

4. KET LUAN

1. Pa téng hop dugc 03 phirc chit don nhéan
ctia La(III), Nd(III), Sm(IIT) v6i hdn hop phdi
tr benzoat va o-phenantrolin.

2. Phuong phap phd hép thu hong ngoai da xéac
nhén sy tao thanh lién két gilta ion dat hiém
véi  benzoat va 1,10-phenantrolin; Cac phirc

Sm(III), ion manh nay c6 cong thirc ciu tao gia
thiét nhu hinh 4b.

Hinh 4b. Cong thirc cdu tao gia
thiét cua [Ln(Bez)4]

chit c¢o6 «cung coéng thuc phan tir
[Ln(Bez)3(Phen)].2H,O

3. Pa nghién ctru cac phirc chit bang phuong
phap phan tich nhiét, két qua cho thay, 03 phirc
chat déu ¢ dang hydrat, cac phirc chét twong
d6i bén nhiét; Pa dwa ra so d0 phan huy nhiét
cua chung.

4. Pi nghién ctru cac phirc chit bang phuong
phap phd khéi lwong, két qua cho thay 03 phirc
chat déu ton tai & dang monome, chiing twong
d6i bén trong didu kién ghi phd. Thanh phan
pha hoi cta cac phirc chit don gian va tuong tu
nhau, déu gém su ¢6 mat cua 3 loai ion manh.
5. D3 dua ra cong thirc cdu tao gia thiét ciia ion
manh va ion phan tir clia cac phirc chat, trong
phirc chat monome ion dat hiém c6 s6 phdi tri
8.
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