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TOM TAT

Axit DL-2-amino-n-butyric (Hbu) va 12 phtic chit rin cua nguyén t6 dat hiém (NTDH)
v6i Hbu [Ln(Hbu).]Cl3 (Ln: Y, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb) da dugc nghién ctru
bang phuong phap pho IR va Raman. Phéi tir Hbu & trang thai tu do ton tai dudi dang ion ludng
cuc CH3CH,CH(NH;")COO, khi tao phirc voi ion Ln®" dd chuyén sang dang phén tir trung hoa
CH5CH,CH(NH,)COOH. Trong cac phirc chat, Hbu thé hién 1 phbi tir hai phéi vi, lién két véi
ion Ln®" dugc thuc hién qua nguyén tir N ciia nhém amin -NH, va nguyén tir O (O=C) ciia nhém
cachoxyl -COOH. Lién két Ln—O trong cac phirc chat c6 dic tinh wu thé 12 ion. Do bén ctia lién
két Ln—O ting dan tir La dén Yb.

Tir khéa: phirc chat dat hiém, axit DL-2-amino-n-butyric, phd IR va Raman.

1. MO PAU

Ph6 Raman va phd hong ngoai (IR) déu lién quan dén chuyen dong dao dong cua phan tur.
Do nguyén li kich thich va quy tic chon loc & phé Raman va pho IR 14 khac nhau, nén nhiing
thong tin thu duge tir hai loai phd nay bo sung cho nhau va cho biét nhiéu dir kién i tha vé cu
tric phan tir. Bén canh d6, pho Raman con ghi dugc cac van phd & vung tan sé thép (100 + 500
cm™) ma cac may pho hong ngoai thong thuong khong ghi duge. Ving tan so thap nay chira cac
thong tin vé lién két kim loai — phdi tir, vi thé rat co ich khi nghién ciru cdu tao cac phuc chat
Bai bao nay trinh bay két qua phan tich phé Raman va phd IR ctia cac phic chat cia mot s6
nguyén t6 dat hiém (NTDH) véi axit DL-2-amino-n-butyric (Hbu).
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2. THU'C NGHIEM

Céc phtrc chit duoc diéu ’ché' dua trén phan tmg cia LnCl; v6i Hbu trong etanol & 70 —
80 °C trong 8 gid. Céc phirc chat ran thu duoc c6 thanh phan: [Ln(Hbu),]Cl; (Ln: Y, La, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb; Hbu: CH3CH,CH(NH,)COOH).

Pho IR ciia phdi tir Hbu va cua céc phirc chat ¢ dang ran dugc ghi trong ving tan sé 400 <
4000 cm™ trén may Nicolet-AVATA 360 FT IRE.S.P (Thuy S¥) tai Trung tim Hoa dau-Truong
Dai hoc KHTN-DHQG Ha Noi. Phé Raman cua phéi ti Hbu va cua cac phuc chét & dang ran
dugc ghi trong viing tan s6 100 + 4000 cm™ trén may Micro Raman LABRAM véi biic xa kich
thich 632,817 nm tur laser heli-neon tai Vién Khoa hoc Vit liéu - Vién KH & CN Viét Nam.

3. KET QUA VA THAO LUAN

Céc phirc chat thu duoc c6 mau giéng mau cua ion dat hiém, chay rira khi dé lau trong
khong khi am, tan t6t trong nudc, tan trong metanol, it tan trong etanol. Cac phirc chat dugc két
tinh lai trong metanol truéc khi tién hanh ghi phd. Phd IR va phd Raman cua phdi tor Hbu &
trang thai ty do va cia mot ) phuc chit dai dién cho nhom NTPH nang va NTPH nhe dugc
trinh bay ¢ hinh 1 va hinh 2.

So sanh phd IR va phd Raman cua tit ca cac phirc chit nghién ctru chung toi nhan thiy
nhitng diém noi bat sau: hau hét cac van hap thu c6 mit trén phd IR ciing déu xuat hién trén phd
Raman, nhung tan s khac nhau; cuong d6 cic van hip thy trén phd IR va trén phé Raman
thudng bién doi nguroc nhau: nhitng van c6 cudng d6 16n trén phd IR thi lai c6 cudng do nho trén
phd Raman va nguoc lai; & ving 500 + 100 cm™ phé Raman cho nhitng van hap thu nhon va
manh ma & phd IR khong c6 duge. Nguyén nhan cua sy khac biét nay c6 thé xem & tai lidu [1].

Trén co s cua sy twong dong va bod sung cho nhau giira phd IR va Raman, sau day ching
to1 phan tich pho IR va pho Raman cua phoi tit Hbu tu do va cia cac phirc chat.

3.1. Nghién ciru phd hdng ngoai ciia phirc chit

Phé IR cua cac phirc chat [Ln(Hbu)4]Cls déu khac vai phd IR cua phdi tir Hbu tu do vé
h1nh dang ciing nhu vi tri cac van hap thu. Piéu nay khang dinh sy tao phuc da xay ra gitra ion
Ln** va Hbu. Cac pho IR cua 12 phirc chit nghién clru deu c6 cung dang, chimg to cac phuc chat
déu co cung kiéu ciu trac. Hinh dang va vi tri cac tin sd dic trung trong phé IR ctia Hbu tuong
d6i phu hop v6i cac két qua cta tac gia [2] khi nghién ctru phic chat cia Hbu voi CuCl,. Viéc
qui két cac dai hap thu trong phé IR ctiia Hbu tu do dua theo cac tai liu [1, 3, 4].

Trong phd IR cta Hbu ty do khong c6 cac dai dic trung cho nhém -COOH (tan s6 ve-o
trong viing 1730 + 1700 cm™) va nhém -NH, (tdn sd vy trong viing 3500 + 3300 cm™), chimg
t6 Hbu trong trang thai tinh thé ton tai du6i dang ion ludng cuc. Trong phd IR cua Hbu ty do dai
& 3077 cm™ thudc vé dao dong ctia nhom NHj" tdn tai & dang ion ludong cuc: CHj3-CH,-
CH(NH;")-COO ~ [2]. O day dai vyss xudt hién ¢ ving thdp hon so v&i dai vy, binh thuong
quan sat dugc (~ 3400 cm™) trong amin tur do c6 1& 1a do co su tuong tac gitta nhom NH3" va
COQO " trong ion ludng cuc [1, 2, 5].

Viéc qui két cac dai hip thu trong phé IR cua cac phire chit duoc nghién clru dya trén vigc
so sanh pho IR cua cac phtre chat voi pho IR cua phoi tir Hbu tu do. Trong pho IR cia cac phiic
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chat xuat hién mot dai & ving 2966 + 2984 cm™ va mot dai & ving 3357 + 3395 cm™ (dai nay
khong c6 & phd IR cia Hbu ty do). Co thé gia thiét rang khi tao phuc véi ion Ln*, ion H* trong
NH;" d4 chuyén sang nhém COO’ va nhu viy trong cac phirc chat Hbu ton tai dudi dang phén tir
trung hod: CHz-CH,-CH(NH,)-COOH. Co ché tao phirc duoc dua ra nhu sau:

o~ OH

|
4CH3—CH,—CH—-C=0 + Ln® —— [CH3—CH,—CH—-C=0

Ln
NH; I NH, 1

Nhu véy, néu chip nhan co ché nay thi dai hap thu & viing 2966 + 2984 cm™ trong phd cua
phirc chat rd rang 1a thudc vé dao dong hoa tri ciia nhom NH,; tuong tur sy qui két di thay trong
mot sb tai liéu [2, 4, 5]. Vi tri cta dai v, trong phirc chét thap hon dai NH, binh thudng quan
sat dugc (3400 cm™) chirng t6 nhém NH, trong Hbu di tham gia phdi tri v&i ion Ln** trong phirc
chat.

Dai xuat hién ¢ viing 3357+3395 cm™ trong phd IR ctia cac phirc chat khong co & phd IR
cua phéi tor Hbu tu do, dai nay duogc qui cho voy cuia nhém COOH, nhém nay duoc phéi tri voi
ion kim loai [5].

Trong phd ciia phéi tir Hbu tw do ¢6 hai dai & 1606 cm™ va 1417cm™ twong tng véi tan s6
dao dong hoa tri bét dbi XUNE Vascoo- VA tan sb dao dong hoa tri dbi XUng Vs coo-- Nhu’ng trong
pho IR ctia phic chét dai vascoo- di chuyén vé vang c6 tan so thép hon (1566 + 1587 cm™), dai
Vs,coo- di chuyén vé Vung ¢6 tan s6 cao horn (1495 1512 cm™). Nhing su chuyén dich nay chi
ra rang Hbu d3 tham gia phdi tri v6i ion Ln*" qua nguyén tir oxi ctia nhom cacboxyl.

Ngoai ra, trong phd ctia cac phtrc chat con xuat hién dai & ving 1612+1678 cm™ (dai nay
cling khong xuét hién & phd IR cua phdi tir ty do Hbu), dai nay dugc qui cho ve-o clia nhom
COOH phbi tri. Vi tri ctia dai ve-o trong cac phl'Ic chat déu thép hon dai C=0 trong axit tu do
(1730 + 1700 cm™) [1, 3, 6]. Nhimg su thay d6i nay ching to ring nguyén tir oxi trong nhom
C=0 cuia Hbu d tham gia phéi tri véi ion Ln*".

Dua vao nhitng diéu trinh bay & trén, chung t6i qui két cac dai hap thu trong phd IR cua
Hbu va cua cac phtic chat nhu ¢ bang 1.

Dic tinh cta lién két M—O (M 1a kim loai) trong phirc chat dugc dénh gia dya theo gi tri
Vas,coo- Va theo hi¢u $6 Av = Vas,coo-— Vscoo- [3, 5, 7]. Theo do, néu lién két c6 dic tinh wu thé 1a
ion thi vy coo- nam trong vung 1580 + 1610 Cm'l; néu lién két c¢6 dac tinh vu thé 1a cong hoa tri
thi Vascoo- €O gia tri 16n hon 1625 cm'l; néu Av > 225 cm™ thi lién két co dac tinh vu thé 1a cong
hoa tri; néu Av < 225 cm™ thi lién két co dic tinh wu thé 13 ion. Trong cac phirc chit nghién ciru
Vas,coo- CO gia tri tr 1566 + 1587 cm™; con Av ¢o gia tri tor 54 + 83 cm™. Nhu vay, co thé suy
ludn rang lién két Ln—O trong phtrc chat nghién ctru ¢6 dic tinh vu thé 1a ion. Mot didu tha vi 1a
tir La dén Yb, gi4 tri Av nhin chung giam dan chimg to dic tinh ion cta lién két Ln—O ting va do
d6 do bén cua lién két Ln—O ting. O day c6 xuét hién mot diém giy & Eu c6 18 1a do Eu c6 ciu
hinh 4f" nira bao hoa.
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Bang 1. Sb song (cm™) cua cac dai hap thu chinh trong phd IR.

1T Hop chat VoH VNH3+ VNH2 Vc=0 Vas,coo- | Vscoo- Av
1 Hbu - 3077 - - 1606 1417
2 [Y (Hbu),]Cl; 3393 - 2976 1675 1570 1512 58
3 [La(Hbu)4]Cls 3365 - 2983 1614 1568 1495 73
4 [Pr(Hbu),JCls | 3395 - 2976 | 1612 | 1573 | 1495 | 78
5 [Nd(Hbu),]JCl, | 3388 - 2980 | 1618 | 1575 | 1500 | 75
6 [Sm(Hbu),JCl; | 3395 - 2973 | 1619 | 1584 | 1512 | 72
7 [Eu(Hbu),]Cl3 3393 - 2977 1614 1587 1504 83
8 [Gd(Hbu)4]Cls 3382 - 2979 1650 1579 1509 70
9 [Tb(Hbu),4]Cls 3375 - 2982 1617 1573 1500 73
10 | [Dy(Hbu),Cl; | 3357 - 2966 | 1655 | 1580 | 1511 | 69
11 | [Ho(Hbu),Cl, | 3374 - 2980 | 1674 | 1570 | 1509 | 61
12 [Er(Hbu)4]Cl; 3390 - 2981 1613 1568 1509 59
13 [Yb(Hbu)4]Cls 3380 - 2984 1678 1566 1512 54
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Hinh 1. Phd IR cta: (a) Hbu; (b) [Pr(Hbu),]Cls;( ¢) [Nd(Hbu),]Cls; (d) [Er(Hbu),]Cls.
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Hinh 2. Phé Raman caa: (2) Hbu; (b) [Pr(Hbu),]Cls; (c) [Nd(Hbu),]Cls; (d) [Er(Hbu),]Cla.

Nhu vay Hbu da phéi tri v6i ion Ln** qua nguyén tir nito ciia nhom amin va nguyén tir oxi
O=C ctia nhém cacboxyl. Lién két Ln—O trong phtic chat nghién ctru c6 dic tinh wu thé 1a ion.
Tir La dén Yb, d6 bén cuia lién két Ln—O tang. Tuy nhién, trén pho IR cac dai hap thy didc trung
cho lién két Ln—N va Ln-O thuong khong quan sat dugc. Pé xac nhén su tdn tai cac dai hép thu
& vung tan s6 nay ching t6i dwa vao phd Raman.

3.2. Nghién ciru phé Raman ciia phire chit

Phd Raman cua cac phirc chit déu khac véi phd Raman cua phéi tir Hbu ti do vé hinh dang
cling nhu vi tri cac van hép thu. Piéu nay khing dinh su tao phtrc dd xay ra giira ion Ln®* va
Hbu. Céc pho Raman cua cac phuc chat nghién ctru déu c6 cliing dang, ching té cac phuc chat
déu c6 cung kiéu céu truc.

Trén phd Raman cta cac phuc chat déu xuét hién cac dai hip thu mdi trong ving tan sd
thap, co thé gan cac dai méi nay cho dao dong ctia cac lién két Ln—N va Ln-O. Trén phé Raman
cta cac phirc chit, dai hip thu ¢ 541 cm™ va 348 cm™ (trong phirc chit voi Pr**); ¢ 540 cm™ va
338 cm™ (trong phirc chét vai Nd*); ¢ 540 cm™ va 338 cm™ (trong phuc chét véi Er*) duoc gan
cho Vinn VA Vino [3, 8]. Su xuit hién cta hai dai phd nay da xac nhan sy hinh thanh cac lién két
Ln— N va Ln-O.
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4. KET LUAN

Da nghién ctru phdi tir Hbu ty do va 12 phirc chat rin cia NTPH voéi Hbu [Ln(Hbu),]Cls

(Ln: Y, La, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Yb; Hbu: CH;CH,CH(NH,)COOH) bing
phuong phap phd IR va Raman. Két qua cho thiy phdi tir Hbu & trang thai ty do ton tai dudi
dang ion ludng cuc CH;CH,CH(NH;")COO", khi tao phirc véi ion Ln®* dd chuyén sang dang
phan tir trung hoa CH;CH,CH(NH2)COOH. Trong cac phirc chat, Hbu thé hién 1a phdi tir hai
phéi vi, lién két v6i ion Ln** duge thue hién qua nguyén tir N ctia nhém amin -NH, va nguyén tir
O (0=C) ctia nhdm cacboxyl -COOH. Lién két Ln—O trong cic phirc chit ¢6 dic tinh wu thé 1a
ion. D¢ bén cua lién két Ln—O tang dan tir La dén Yb.
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DL-2-amino-n-butyric acid (Hbu) and 12 solid complexes of rare earth elements with Hbu
[Ln(Hbu),]Cl; (Ln: Y, La, Pr, Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Yb) have been studied by IR and
Raman spectra. Hbu ligand in the free state exists in the form of zwitterion
CH;3CH,CH(NH;"COO", when complexing with Ln*" ions, it has turned into neutral molecules
CH5CH,CH(NH,)COOH. In these complexes, Hbu acts as a bidentate ligand bonding to the Ln**
ions through N atom of the amino group -NH, and O atom (O=C) of the carboxyl group
-COOH. The Ln-O bond in the complexes has the dominant characteristics of ionic bond. The
strength of the Ln-O bond increases from La to Yb.

Keywords: rare earth complexes, DL-2-amino-n-butyric acid, IR and Raman spectra.
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