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SUMMARY
SYNTHESES AND STUDY ON CHARACTERIZATION OF
2-THIOPHENEACETATE COMPLEXES OF SOME HEAVY
RARE-EARTH ELEMENTS

The complexes of rare earth ions with 2-thiopheneacetic acid (HTPA) have been
synthesized. The characteristics of rare earth complexes have been performed by
elemetal analysis, IR, thermal analysis and mass-spectroscopy methods. The
coordination modes of the 2-thiopheneaxetic acid to Ln®* centres have been investigated
by IR spectra. Mass-spectroscopy showed that the 2-thiopheneaxetate are monomes
Na[Ln(TPA),] (Ln(111): Tb(lll), Dy(lll), Ho(lll), Yb(lll); TPA™: 2-thiopheneaxetate).
TG- curves indicate that the complexes are stable up to a temperature of about 316-
635°C. The thermal separation of the 2-thiopheneaxetate was supposed as follows:

Na[Th(TPA)s)] —37°C_, NaTbhO,
Na[Dy(TPA),)] —-7"C_ 5 NaDyO,
Na[Ho(TPA),)] —Z-°C , NaH00,

Na[Yb(TPA),)] —=5%°C , NaYbO,
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1. MO PAU

Céc cacboxylat kim loai gitr mét vi tri quan trong trong héa hoc cac hop chét phdi
tri, dic biét 1a cac phirc chat cacboxylat dat hiém véi cac phdi tir co vong [1, 2, 3]. Cac
phtre chit nay duge ing dung rong rii trong nhiéu linh vye khac nhau nhu: ché tao cac
vat liéu tir, vat liéu siéu dan, vat liéu phat huynh quang [4, 5, 6]. V&i muc dich gép phan
nghién ctru vao linh vuc cc cacboxylat ctia dat hiém, cdng trinh nay trinh bay két qua
tong hop va nghién ctru tinh chit phic chat tao boi axit 2-thiophenaxetic va mot sd
nguyén t6 dat hiém ning.



2. THUC NGHIEM
2.1. Tong hop cac phire chat 2-thiophenaxetat dat hiém

Céc 2-thiophenaxetat dat hiém duogc téng hop theo quy trinh & tai liéu [7]. Cach tién
hanh cu thé nhu sau: Hoa tan 0,1137 gam (8.10™ mol) axit 2-thiophenaxetic (HTPA) trong
dung dich NaOH 0,1 M theo ti 16 mol HTPA: NaOH = 1:1, hdn hop duoc khudy va dun
néng & 70°C cho dén khi thu dwoc dung dich natri 2-thiophenaxetat (NaTPA) trong subt c6
mau hd phach (TPA: 2-thiophenaxetat). Thém tir tir 2.10" mol LnCl; (Ln: Th, Dy, Ho,
Yb) trong 20 ml etanol vao dung dich natri 2-thiophenaxetat. Hon hop duoc khudy & nhiét
d6 phong, pH =~ 5, khoang 5 gio tinh thé phirc chat tir tir tach ra. Loc, rira phirc chit bing
nude cat trén phéu loc thuy tinh x5p. Lam kho phtic chat trong binh hut 4m dén khéi luong
khong ddi. Hiéu suit tong hop dat 80 + 85%.

2.2. Cac phwong phap nghién ctiru

Ham luong dat hiém duoc xac dinh bang phuong phap chuan do complexon véi
chét chi thi Arsenazo IIL

Pho hép thy hong ngoai duoc ghi trén may Impact 410 — Nicolet (M¥), trong ving
400+4000 cm™. MAu duoc ché tao bang cach nghién nho va ép vién véi KBr, thuc hién
tai Vién Hoa hoc, Vién Han Lam KH va CN Viét Nam.

Gian d6 phan tich nhiét dugc ghi trén may Labsys TG - SETARAM (Nhat) trong
mdi truong khong khi. Nhiét dd dugc nang tir nhiét dd phong dén 800°C voi tbe do dbt
nong 10°C/phdt, thuc hién tai Khoa Hoa hoc, Truong PHKHTN-DHQG Ha Noi.

Pho khéi luong dugc ghi trén may LC/MS — Xevo TQMS, hing Water (M),
ngudn ion: ESI, nhiét do khi lam kho 325°C, 4p suét khi phun: 30 psi, thuc hién tai
Vién Hoa hoc, Vién Han Lam KH va CN Viét Nam.

3. KET QUA VA THAO LUAN

Két qua phan tich nguyén t6, phd hap thy hong ngoai va phan tich nhiét cua cac
phtc chat duoc trinh bay & cac bang 1, 2 va 3 tuong Gng. Hinh 1 13 phd hdong ngoai cua
HTPA va Na[Tb(TPA),], hinh 2 1a gian d6 phan tich nhiét caa Na[Th(TPA),] va
Na[Yb(TPA),], hinh 3 1a pho khdi lugng caa Na[Th(TPA)4] va Na[Yb(TPA),].

Bang 1. Két qud phdn tich ham leong kim loai trong cdc phirc chat

STT Cong thirc gia thiét Ham lugng ion trung tam
cua cac phirc chat Ly thuyét(%) | Thuc nghiém(%)
1 Na[Th(TPA)] 21,29% 21,38 %
2 Na[Dy(TPA).] 21,71 % 21,86 %
3 Na[Ho(TPA).] 21,92 % 22,28 %
4 Na[Yb(TPA)4] 22,74% 22,86%




Céc két qua ¢ bang 1 cho thiy ham lugng dit hiém trong cac phtrc chat xac dinh
bang thuc nghiém twong ddi phu hop véi cong thirc gia dinh cua cac phirc chat.
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Hinh 1a: Ph hap thu hong ngoai ctia HTPA ] Nt
Hinh 1b: Pho hong ngoai cua

Bang 2. Cdc ddi hdp thu ddc trung trong phé hdp thu hong ngoai ciia cdc hop chat (v, cm™)

STT Hop chat VicooH) | Vascoor) | Vscoor) | Vion) | Vs | VicH) | Vo)
1 HTPA 1696 - 1397 | 3090 | 688 | - -
2 | Na[Th(TPA).] _ 1548 1388 | _ | 701 | 3110 | 478
3 | Na[Dy(TPA).] _ 1555 1382 | _ | 697 | 3075 | 420
4 | Na[Ho(TPA)4] — 1576 1422 | _ | 698 | 3005 | 443
5 | Napyb(TPAY] | - 1588 | 1434 | _ | 695 | 3105 | 450

Trong ph6 hap thu hong ngoai cia cc phirc chat déu xuat hién cac dai hap thy co
cuong d§ manh ¢ vung (1548 + 1588) cm™, cac dai hép thy nay duoc quy gan cho dao
dong hoa tri bat ddi ximg ctia nhém -COO". Cac dai hap thu nay da dich chuyén vé viing
¢6 s6 song thap hon so v6i vi tri trong tng cta nd (1696 cm™) trong phd hip thu hong
ngoai cua axit 2-thiophenaxetic. Chiing t6 trong cac phirc chat khong con nhéom -COOH
tu do ma da hinh thanh sy phdi tri ciia phdi tir t6i ion dat hiém qua nguyén tir oxi cua
nhoém -COO" 1am cho lién két C=0 trong phirc chat bi yéu di. Cac dai hap thu c6 cudng
d6 twong d6i manh ¢ ving (1382 + 1434) em™ duge quy gan cho dao dong hoéa trj doi
xtng ctia nhom -COO". Trong phd hap thu hdng ngoai cua cac phirc chat nhan thiy gia
tri hiéu cac sb song cua cac dao dong bat dbi xing va déi xung (A Vic—o) =Vas —Vs)
nam trong khoang (154 = 166) cm™, chiing t6i gia thiét khuynh huéng phdi tri hai cang
1a dac trung cho cac 2- thiophenaxetat dat hiém. Cac dai hap thu c6 cudng do twong dbi
manh & ving (3075 + 3110) cm™ duoc quy gan cho dao dong hoa tri cua lién két C-H.
Su xuét hién cac dai hip thy ¢ ving (420 = 478) cm™ trong phd hép thu hdng ngoai ctia
céc phirc chat duoc quy gan cho dao dong héa tri cta lién két Ln-O. Trong phd hap thu
hong ngoai ciia cac phirc chit déu khong xuat hién cac dai hip thu ¢ ving (3000 +
3500) cm™ dic trung cho dao dong hoa tri cia nhom OH trong phan tir nude, ching to
cac phirc chat nay déu ton tai ¢ trang thai khan.
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Hinh 2a: Gian d phan tich nhiét ciia Hinh 2b: Gidn d6 phan tich nhiét cua

Na[Tb(TPA),] Na[Yb(TPA),]
Bang 3. Két qud phdn tich nhiét ciia cdc phirc chat
o Phan tram mat khoi
Phirc chit N}?‘E&g’ Hiwing | Chutirtich | o s luong
Stt 2-thiophenaxetat p, o A Y hodc phan 2 Ph Ly Thuc
FOPY ctia hiéu nhiét , cudi cung £ S
dat hiém . huy thuyeét nghi¢ém
® (%) (%)
332 Thu nhiét Phan hay
1 Na[Th(TPA)4] ?gg Toa nhiét Chay NaTbO, 7134 7113
316 Thu nhiét Phan hay
2 | Ne[Dy(TPA)] o5 | Toamier | cry | YO | 7091 6901
327 Thu nhiét Phéan huy
NaHoO, 70,77 70,07
3 Na[HO(TPA).] ‘7‘8‘11 Téa nhiét Chay
331 Thu nhiét Phan hiy
4 Na[Yb(TPA),] 5622 Toa nhiét Chay NaYbO, 7003 7002

Nghién ciru gian dd phén tich nhiét ciia cac phtic chat thay rang, duéi 316 °C &
mdi phirc chat déu khong xuét hién hiéu Gng thu nhiét trén duong DTA va khdng c6
hiéu ing mat khdi luong trén duong TGA, ching té cac phic chat déu khong chua
nude. Két qua nay hoan toan phu hop véi dit liéu phd hap thy hong ngoai rang cac phic
chét déu ton tai & trang thai khan.

O cac khoang nhiét d6 cao hon 316° C trén duong DTA cua gian d6 phan tich
nhiét d6i voi 4 phirc chat 2-thiophenaxetat ctia Th(III), Dy(III), Ho(IIT) va Yb(III), sau
mot hiéu ung thu nhiét & khoang (316 + 332) °C 1a hiéu ung téa nhiét manh & khoang
(646 + 707) °C. Twong tng v6i hai hiéu tng nhiét nay 1a hai hiéu Gng mat khdi lwong
rét manh trén dudng TGA. Chung t6i gia thiét ring & khoang nhiét d (316 ~ 707) °C da
X4y ra qua trinh phan hiy va chay cac phic chét tao ra san pham cudi ciing 1a cac mubi
NaTbO,, NaDyO,, NaHoO, va NaYbO,. Tir bang 3 cho thiy phan trim mét khdi luong
tinh theo 1y thuyét phi hop vai két qua thuc nghiém. Tir 6 c¢6 thé gia thiét so d6 phan
hiry nhiét ctia cac phire chat nhu sau:




Na[Th(TPA),)] —327%C 5 NaThO,
Na[Dy(TPA),)] —-"C_ 5 NaDyO,
Na[Ho(TPA),)] —Z-°C , NaH0O,

Na[Yb(TPA),)] —=555C , NaYbO,

Trong phd khéi luong ciia cac phirc chat, gia thiét vé cac manh ion duogc tao ra

trong qua trinh ban pha dua trén quy luat chung vé qua trinh phan manh cia cac
cachoxylat dat hiém [8].
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Hinh 3a: Pho khéi lugng ciia Na[Tb(TPA),]

Hinh 3b: Phé khéi luong ctia Na[Yb(TPA),]

Trén ph6 khéi luong cta cac phirc chat 2-thiophenaxetat ctia Tb(III), Dy(III),
Ho(I1I), Yb(III) déu xuat hién pic c6 m/z 16n nhét va c6 cudng do rit manh c6 gia tri lan
luot: 723; 727; 729 va 738 tuong tng v&i cac phirc chat 2-thiophenaxetat ctia Th(III);
Dy(I1T); Ho(IIl) va Yb(III). Cac gia tri ndy ung dtng voi khdi lwong ion phéan tir
[Ln(TPA)4]” (Ln: Th, Dy, Ho, Yb,TPA: 2-thiophenaxetat) ciia cac phirc chat. Piéu do
chting to trong diéu kién ghi phd 4 phic chat nay déu ton tai o trang thai monome
[Ln(TPA),]" va cac ion phén tir nay rat bén trong diéu kién ghi phd. Tir két qua pho khdi
luong, két hop véi cac dir kién ciia phd hap thu hong ngoai chung t6i gia thiét ring
trong diéu kién ghi phd phtic chét c6 sd phdi tri 8. Trén co sé nay ching toi gia thiét
cong thirc cu tao cta phic chit nhu sau:
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Két qua thuc nghiém chi ra rang ngoai ion phan tir, trong thanh phan pha hoi cua
cac phuc chét, con théy xuét hién mét s6 ion manh khac dugce hinh thanh trong qua trinh



ban pha. Tuy nhién cic ion manh nay co tan suit rat nho. Piéu nay chimg té cac phirc
chét thu dugec la tinh khiét.
4. KET LUAN

1. B3 tong hop duoc 04 phirc chit 2-thiophenaxetat cia 4 nguyén t6 dat hiém, cac
phtc chit co cong thirc chung: Na[Ln(TPA)s] (Ln(111): Tb(I11), Dy(111), Ho(lll),
Yb(I1l); TPA™: 2-thiophenaxetat)

2. Di nghién clru cc san phim bing phuong phap phd hong ngoai, két qua xac
nhan TPA™ da tham gia phdi tri voi cac ion dit hiém qua oxi cia nhém —COO" .

3. Pi nghién ctru cac phuc chit bang phuong phap phan tich nhiét, két qua cho
thy, cac phuc chat déu ¢ dang khan, kém bén nhiét va da dwa ra so do phan huy nhiét
cta ching.

4. Pa nghién ctru cac phirc chat bang phuwong phap phd khéi luong, két qua cho
thdy, cac phirc chat déu ton tai & dang monome [Ln(TPA)4], cic monome nay rat bén
trong diéu kién ghi phé, cac phuc chét thu duoc 1a tinh khiét..

5. Pi dua ra cong thire cdu tao gia thiét cua cac phuc chit, trong d6 mdi dat hiém
c¢6 sb phodi tri 8, phdi tri 2 cang véi mdi phdi tir.
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