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ABSTRACT

A simple, sensitive and selective spectroscopy method was developed for the determination of
Thorium based on complixation between Ortho-Ester Tetra azophenyl Calix[4]arene (TEAC) and
Th(IV). In acid media, TEAC formed a 1:1 complex with Th(IV). Beer[ls law was obeyed in the
range 2.5x10° 71 2.5x10° mol.I'" of Th(IV). The limited of detection was 1.0x10"° mol I'. This
result could be applied for determining concentration of Thorium in various samples, geological,

soil and radioactive waste samples.
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I - GIOI THIEU

Trong nhiing nam gan day, linh vuc hod hoc
siéu phan tir phat trién rat nhanh chong va c6
nhiéu ing dung quan trong trong phan tich [1,
2]. Mot trong nhitng huéng nghién cttu duoc cac
nha hod hoc quan tam 1a tao ra cdc hgp chat
chita cic nhém mang mau dua trén chat goc
calixaren. Tir day, da c6 nhiéu cong trinh nghién
cttu dugc cong bo vé phic cua cdc dan xudt
azocalixaren véi cdc ion kim loai nhu Ca®* [3]
Ni** [4], Cr'*[5, 6], Ba® [7] hoac chiét c4c ion
kim loai bang din xuét azocalixaren [8 - 11].
Tuy nhién, phiic chat ctia dan xuét azocalixaren
vGi cdc ion cla nguyén t6 nhom dat hiém it
duoc nghién ctu.

Thori 1a nguyén t6 phéng xa tu nhién, s6 tha
tu 90 trong bang tudn hoan, c¢6 nhiéu ting dung
trong linh vyc hat nhan. Ham lugng Thori trong
cdc mau phan tich duoc xdc dinh bang nhiéu
phuong phdp khac nhau nhu tao phitc mau véi
thu6c thir Asenazo (IIT) [13, 16], hoac véi thude

thu Desmethyldesferrithiocin [19](]. Hién nay,
phuong phap phan tich thudng dugc sut dung la
phan tich kich hoat notron (NAA) [14, 15], khéi
phoé- cao tan cam ting plasma (ICP-MS) [17, 18]
hoic quang phé phat xa-cao tan cam tng plasma
(ICP-AES) [20].

Trong bai bdo nay, ching toi gidi thiéu kha
nang tao phitc chon loc cua thudc thit ortho-
ester tetra azophenylcalix[4]aren (TEAC) véi
ion Th(IV) va kha nang tng dung trong phan
tich.

I - THUC NGHIEM

1. Héa chat

Céc hod chat sir dung trong thi nghiém déu
dam bao do tinh khiét phan tich.

- Axit nitric HNO; nong do 65%; metanol
(MeOH), axeton nitril (MeCN), (P.A) Merck.

- Th(NO,),5H,0;  UO,NO,),.3H,0;
La(NO,);.6H,0; Eu(NO5);.5H,0;
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Sm(NO,);.6H,0 (P.A) dugc cung cap boi co quan
ning lugng nguyén to quoc t€ (IAEA);
Fe(NO,),.9H,0; Pb(NO;), (PA); Cr(NOy)s;
Ni(NO;),; CH;COOH; NaOH rin; NaNO, ran;
axit picric; tetrabutylamoni bromua (P.A) Merck.

2. Thiét bi

- Mdy quang phé UV-VIS hai chum tia
Lambda 25 cta hiang Perkin Elmer (M¥).

- Mdy phé cong hudng tr 'H-NMR DPX
400 va phé 'C-NMR Bruker AVANCE-600.

FT-NMR 600 Mz (Diic); Phé FT-IR dugc
do trén mdy FT-IR 1000 ctia hdng Perkin Elmer
(MY).

- Mdy cét nudc 2 lan cta hang Hamilton
(Anh); Can phan tich Afcoset, d6 nhay 10° gam
(An Do), may do pH Thermo Orion- 290 (M¥).

- Céac dung cu thuy tinh: pipet cac loai tir 1 -
25 ml, 6ng dong, binh dinh mtc, binh tam giac,
coc, phéu chiét cac loai, phéu loc, chén platin,
micropipet loai 1 — 25 pl, 50 ul, 100 pl, 500
pl, 1000 pl, cac binh, lo polyetylen (PE) dung
maull dugc mua tir hang Merck.

3. Pha dung dich chuin

Thudc thu 5,11,17,23-tetra[ (2-etyl
acetoethoxyphenyl)(azo)phenyl]calix[4]aren
hay goi theo tén thuong la ortho-este tetra
azophenylcalix[4]arene (TEAC) (xem hinh 1)
duoc téng hop bang céch cho calix[4]aren téc
dung vG6i 2-aminobenzoat khi ¢6 mat cua
NaNO,/HCI & nhiét do thap. San pham duoc tinh
ché dé dat do tinh khiét phan tich; thanh phan va
céu tric dugc xdc dinh bing cdc phuong phip
MS, 'HNMR, FT-IR [12].

i

OH OH OH HO

CO,Et

Hinh 1: Thuoc tht TEAC

- Dung dich chudn TEAC: Can chinh xdc
0,1126 gam thuéc thit TEAC r6i cho coc 50 ml,
thém tir tir dung dich hén hop gobm MeOH:H,O
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(7:3 vé thé tich) khudy déu. Sau d6 chuyén vao
binh dinh mic 100 ml, dinh muc téi vach thu
duoc dung dich thudc thit c6 néng do 10° M.

- Dung dich chudn Th(IV): Can chinh xéc
0,5602 g Th(NO;),.5H,0 tinh khiét cho vao c6c
thuy tinh 100 ml. Sau d6 thém nudc cat hai lan
r6i hoa tan. Chuyén dinh lugng vao binh dinh
muc 1000 ml roi thém nude cat hai 1an dén vach
ta duoc dung dich chuidn Th(IV) 10° M. Cic
dung dich c¢6 néng do loang hon dugc pha tir
dung dich goc nay.

- C4c dung dich dém c6 pH = 3 - 6 dugc pha
tir dung dich CH;COOH 0,1 M va NaOH 0,1 M.

- Cac dung dich UO,”; Eu’*; La*; Pb™,
Cr™*, Ni**, Fe*, Sm*... dugc pha tir mudi nitrat
tuong tng.

I - KET QUA VA THAO LUAN

1. Phé hap thu

- Dung dich thudc thir: Dung micropipet cho
200 pl thudc thtrt TEAC vao binh dinh muc 10
ml, sau d6 thém 2 ml dung dich dém axetat,
thém dung dich hén hop MeOH+H,O (7:3 vé
thé tich) t6i vach, thu dugc dung dich thudc thir
noéng do 2.10° M, khéo sat phé hap thu clia dung
dich nay, dung dich so sanh 1a nuéc cat.

- Dung dich nghién citu: Cho 200 ul thuoc
thit TEAC 10°M vao binh dinh mtc 10 ml, sau
d6 thém 2 ml dung dich dém axetat c6 pH = 4,5,
tiép tuc cho thém 200 pl dung dich Th(IV) 107
M, dinh mic bang dung dich hén hop
MeOH+H,0 (7:3) t6i vach, khi d6 nong do cta
TEAC va Th(IV) la 2.10°M. Dung dich chuyén
dan tr mau vang sang mau hoéng. Sau khi mau
on dinh, ching toi tién hanh do phd hap thu,
dung dich so sanh la nuéce cat.

Trong moi trudong axit, phd hap thu cua
thudc thir TEAC dat gia tri cuc dai tai budc séng
385 nm. Gid tri nay phu hop véi budec nhay cua
electron T —7" va clia electron n —>1" clia nhém
—N=N-. Két qua nay ciling rit phu hgp véi cac
cong trinh lién quan da dugc cong bo trude day
[3 - 6]. Pho hap thu ctia he TEAC-Th(IV) xuat
hién 2 pic tai cdc buéc séng 376 nm va 520 nm
(duong b). Do doi pic hdp thu cuc dai ciia hé so
v6i thudc thit TEAC & dang tu do 1én dén 135



nm, 12 mot tin hiéu t6t dé tién hanh nghién citu
cdc diéu kién t6i wu. Vi vay, & cdc thi nghiém

sau chung t6i do do hap thu quang tai buGc séng
520 nm.

0.6 -

Absorbance

600 700
Wavelenght(nm)

500

Hinh 2: Phé cta thudc thit TEAC va hé TEAC-Th(IV) tai pH = 4,5
(a) Phd ctia TEAC 2.10° M vé6i phong so sanh 1a nuéc cat;
(b) Phé ctia phitc TEAC-Th(IV) 2.10°M tai pH = 4,5 v6i phong so sanh 1a nudc cat

2. Anh hudng cia pH va dung méi téi phé

hap thu cua hé

Chiing to6i khao sat anh hudng cua pH dén
phé hap thu cta hé TEAC-Th(IV). Gia tri pH
anh hudng rat nhiéu dén qud trinh tao phic cla
ion kim loai. Trong moi truong kiém céc ion
nguyén t6 dit hi€ém va phéng xa thuong uu tién
cho qua trinh tao phiic hydroxo hoac tao két tua
khi néng do cédc ion du 16n. Vi vay, ching toi
chon moi trudng axit d€ nghién ciu.

Absorbance

Chuén bi céc dung dich nghién citu twong tu
nhu trén va diéu chinh pH ctia hé thay déi tix 2,5
- 6 bang cédch st dung dung dich dém natri
axetat, cdc gid tri pH déu duoc kiém tra lai bang
may do pH. Do d6 hap thu quang cta hé tai
buéc séng 520 nm, dung dich so sdnh 1& nudc
cét. Két qua dugc biéu thi trén hinh 3. Mat do
quang cta hé gia tri cuc dai trong khoang pH =
4 - 5. Vi vay, chung toi chon khoang gia tri pH
nay dé ti€n hanh cdc nghién ciu ti€p theo.

T
(5]

pH

Hinh 3: Su phu thudc cua mat dé quang vao pH
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Chiing t6i da tién hanh khdo sét phé hap thu
cua hé TEAC-Th(IV) trong nhiéu loai dung moi
khac nhau nhu axeton nitril, tetra hydro furan,
etanol[] hoac cdc dung moi nay véi nude. Két
qua cho thay trong dung moi hon hop MeOH +
H,O véi ti 1é 7:3 vé thé tich thi do hap thu quang
clia hé tai budc séng 520 nm dat gia tri cuc dai.
Vi vay, chiing t6i chon hé dung moi nay dé tién
hanh céc nghién cttu sau.

4. Anh huéng cia nong do Th(IV)

Dé khdo sit anh hudng cla néng do ion
Th(IV) dén phé hap thu ctia hé TEAC-Th(IV),
chiing t6i chudn bi cdc dung dich tuong tu nhu

Absorbance

trén nhung gilt nguyén néng do thuéc thu TEAC
12 2.10° M tai pH = 4,5, con néng do ion Th(IV)
tang tr 0,25.10° M- 15.10° M. Ching toi tién
hanh do do hap thu quang cua hé, dung dich so
sanh 1a nudc cat. Két qua duoc trinh bay trén
hinh 4. Nhin vao do thi ta thdy khi tang dan
nong do ion Th(IV) thi mat do quang tai pic tai
520 nm tang dan. Trén co s& do6, ching toi da
xay dung d6 thi bi€u thi khoang tuyén tinh cia
nong do Th(IV) va do hap thu quang (A) tai
buéc séng 520 nm, bang tinh todn thong ke,
dudng biéu dién c6 phuong trinh:

A =0,248x C(10° mol/l) +0,020
(R =0,990,n = 7).

500 600 700
Wavelenght (nm})

Hinh 4: Phé hip thu ctia hé TEAC- Th(IV) khi thay déi nong do ion Th(IV)x10° M
Tu (a)—> (n) : 0; 0,25; 0,5; 0,75; 1; 1,5; 2,0; 2,5; 5,0; 7,5; 10; 12,5; 15

4. Anh huéng cia thoi gian

Pé khio sit do bén mau cha hé theo thoi
gian, ching t6i tao dung dich nghién ctu tuong
tu nhu trén va do do hap thu quang cua hé tai
budc séng 520 nm, dung dich so sanh Ia nudc
cdt trong khoang thoi gian tir 5 - 80 phiit. Ching
toi nhan thdy mau ctia hé chuyén tir vang sang
héng dam sau thoi gian khodng 1 phit va 6n
dinh trong khoang thoi gian 5-90 phut sau khi
cho thém ion kim loai vao dung dich thudc thur.

5. Khao sit thanh phan cua hé

Dé khéo sét thanh phan ctia hé, ching toi st
dung phuong phdap day dong phan to gam:
Chuén bi 9 dung dich nghién citu véi cic diéu
kién t6i wu nhu trén, sao cho nong do TEAC
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giam déan tr 10°M - 10°M con néng do ion
Th(IV) tang dan tir 10°M - 10° M, nghia 12 téng
néng do TEAC+Th(IV) luon bang 2.10° M. Gid
tri pH ctia hé duoc c6 dinh 1a 4,5. Sau khi hé 6n
dinh, do d¢ hdp thu quang cua cdc dung dich,
dung nudc cat lam dung dich so sdnh tai budc
song 520 nm. Két qua duoc trinh bay trén hinh
5. Tu két qua nay cho thdy khi Cpzye:Cryy = 1:1
thi do hdp thu quang dat gia tri cuc dai, tuong
tng v6i két luan 1a phic c6 thanh phan 1:1.

6. Anh huéng ctia su c6 mat cac ion kim loai
khac
Chuing t6i tién hanh khdo sat anh hudng cta
mot s6 ion kim loai khdc dén kha ning tao phic
ctia TEAC v6i ion Th(IV). Dung dich céc ion



duoc pha ch€ tit dung dich mudi nitrat tuong
ung. Sau do6 tao dung dich nghién cttu tai pH =
4,5 tuong tu trén sao cho nong do cua TEAC va
ion kim loai M™ 12 2.10° M. D€ 6n dinh 16i do

0.30 o

=

[
o
1

Absorbance
]

e
b
=1
I

0.15 o

0.10 o

0.05 o

phé hap thu cha ting hé. Két qua dugc trinh bay
& hinh 6. T phé nay cho thay & diéu kién tao
phtic ctia Th(IV), cdc ion nhu UO,**, Eu™*, La™,
Sm’*... hau nhu khong tao phic vé6i thudc thir.

T T 1
0.6 0.8 1.0

Hinh 5: Thanh phan cia hé TEAC-Th(IV) theo phuong phap hé
déng phan tlir gam vé6i [TEAC] + Th(IV) = 2.10°M

0.8

0.6 —

Absorbance

0.2

TEAC-Th(IV)

TEAC-UO *

TEAC-Eu™
TEAC-La™

0.0 T
300 400

500 600 700

Wavelenght{nm}

Hinh 6: Anh huéng clia céc ion kim loai dén phitc TEAC-Th**

Kha nang tach chiét

L&y 5 binh dinh mtc 25 ml, 1an lugt cho vao
mdi binh 125 pl dung dich chudn TEAC 10° M,
thém 5 ml dung dich dém axetat c6 pH = 4,5.
Sau d6 thém 125 pl dung dich Th(IV) 107 M,
dinh muc biang dung moi hon hgp CH;,OH+H,O
(7:3), nong do cua TEAC va ion Th(IV) khi d6
12 0,5.10° M. D€ yén 5 phiit, chuyén dung dich
vao phéu chiét 100 ml. Cho 1an luot vao méi
phéu chiét S5ml dung moi chloroform,

tetraclocacbon, n-hexan, 1,2-dicloetan, cacbon-
disunfua l4c that ki trong 20 phdt. Két qua cho
thdy dung moi chiét khong thay ddi. Khi dung
mot luong du tetrabutylamoni bromua phtc
cling khong bi chiét. Nguge lai khi sit dung mot
luong axit picric cho vao phéu chiét lic déu thi
dung moi chiét chuyén sang mau héng va pho
hép thu ctia hé sau khi chiét c6 hai pic cuc dai
tai budc séng 375 nm va 520 nm. K&t qua nay
kha phu hop vé6i cong trinh ma Ashok Kumar da
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cong bo khi dung ion picrat dé chiét cong hgp
phtic chat azocalixarene -Rh™ [9].

IV - KET LUAN

1. ba tim dugc phuc chat méi gitta TEAC va
Th(IV) trong moi truong axit yéu, giéi han phat
hién 12 1.10°° mol/l. Phé hap thu cuia phic ¢6 cuc
dai tai budc séng 520 nm, thanh phin cta phiic
la 1:1.

2. b6 hip thu quang tuan theo dinh luat
Beer trong khoang nong do tr 2,5.10° -2.5.10°,
phuong trinh hoi quy c¢6 dang 1a A = 0,248 x
C(10° mol/l) +0,020 (R[] = 0,995, n = 7).

3. Do bén cua phic 1a kha 1au, cho phép tién
hanh cac nghién cttu tach chiétl .

4. Phic chat c6 thé chiét cong hop véi axit
picric bang dung moi khong phan cuc nhu
CHCl,, CCl,[]
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