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NGHIEN cUU SU TAO PHUC BON VA PA LIGAN TRONG HE
METYLTHYMOL XANH (MTX) - Ti(IV)-HX (HX: AXIT
TACTRIC)(H,Tar) (AXIT XITRIC)(H,Cit) BANG PHUONG PHAP
TRAC QUANG VA UNG DUNG PHAN TiCH

bén Toa soan 6-3-2007
HO VIET QUY, DANG TRAN XUAN, VO TIEN DUNG
Truong Dai hoc Sw pham Ha Noi

SUMMARY

The first time multiligand complex formation in the system of Methylthymolblue (MTB)
Zr(IV)-HX (HX: tartaric acid, citric acid) has been investigated by spectro-photometric method.
Complex optimal conditions, composition, mechanism, quantitative parameters of multiligand
complexes have been determined. Application possibility of multiligand complexes in analytical

chemistry has been considered.

- MO DAU

Hién nay & nuGc ta nhiéu ving mo titan
dang dugc khai thidc dé st dung va xuat khu.
Trong quéng titan thudng chtta ziriconi. Viéc
xac dinh titan khi c6 mat lugng 16n ziriconi luon
la dé tai duoc cdc nha hod hoc phan tich quan
tam. Phuong phdp tric quang 1a phuong phép
cho phép nhan duoc két qua ¢6 do chinh xéc, do
nhay va do chon loc kha cao néu tim dugc céc
diéu kién thuc nghiém t6i uu cho su tao phic va
chiét phiic.

Trong cac cong trinh [1 - 3, 8] ching toi da
nghién ctu su tao phic don va da ligan trong hé
4-(2-pyridilazo)-rezocxin(PAR)-Ti(IV)-HX
(HX: axit axetic, monocloaxetic) [2]; Xilen da
cam (XDO)-Ti(IV)-H,O, [3] va XDC-Ti(IV)-
HX (HX: axit axetic va cdc dan xudt cua nd)
[1]; XDC-Zr(IV)-axit tactric [8].

Trong bai bao nay, chiing to6i thong bao cac
két qua nhan dugc khi nghién ciu su tao phic
don va da ligan trong cdc h¢ metylthymol xanh
(MTX)-Ti(IV)-HX (HX: axit tactric, axit xitric)
bing phuong phép trac quang va ing dung phan

tich.

I - THUC NGHIEM

1. Hoa chat va thiét bi

- Dung dich Ti(IV)duoc pha ché tir dung
dich goc TiCl, c6 do sach Pa, ndong do chinh xac
duoc xéc dinh bang chudn do EDTA dung xilen
da cam lam chi thi, pH = 2,0.

- Dung dich metyl thymol xanh (MTX) loai
Pa pha trong nuGc cét hai l1an theo luong céan
chinh xdc.

- Dung dich axit tactric, xitric loai Pa pha
trong nudc cat hai lan theo lugng can chinh xéc.

- Céac dung dich NaOH, HCI loai Pa dugc
dung dé diéu chinh pH thich hop.

- Thiét bi:

Can phan tich STARTORIUS c6 do chinh
xdc £0,1 mg.

Mady do quang 160A.UV-Visble Recording

SHIMADZU va mdy JASCO-V-530 UV/Vis
spectrophotometer (Nhat Ban).
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Mady do pH: PRECISA, pH 900 (Thuy Si).
May cét nude hai 1an HAMILTON (Anh).

2. Phuong phap nghién citu

- Trong qud trinh nghién ctu luc ion dugc
gilt c6 dinh p = 0,1 bang KCl (loai PA).

- Sau méi 14an chinh pH dung dich dugc dun
soi dé tang toc do tao phiic, dé nguoi dén nhiét
do6 phong, dinh mitc bang nudc cét hai 1an c6 pH
tuong tng.

- Dung phuong phdp tric quang.

3. Xir Iy két qua

Céc thong s6 vé co ch€ tao phtc, hé s6 hap
thy phan tir €,, dudng chudn dugc xu ly thong ké
bing MS-EXCEL va duoc tinh todn theo ngon
nglt 1lap trinh PASCAL trén co s& cac so liéu
thuc nghiém (a = 0,95).

I - KET QUA VA THAO LUAN

1. Két qua nghién ciu su tao phic don ligan
trong hé MTX-Ti(IV)

Toém tét két qua: A, = 577 nm; pH,= 6,7 -
7,5;

Phiic mau xanh xdm c6 mat do quang 6n
dinh trong vai gid sau khi dun soi, d€ nguoi dén
nhiét do phong va dinh muc. Ti 1é cc cau tir tao
phic Ti(IV) : MTX = 1:1. Phiic don ligan, don
nhan (x4dc dinh bang ba phuong phdp khéc
nhau). Khodng néng do tuan theo dinh luat
Beer: (0,1-4,5).10° M.

Hé s6 hdp thu phan tir g=(1,310,2).10*
(phuong phap Komar) [5].

Phuong trinh tdng quét clia phan ting tao phic
(qua viéc xdc dinh co ché& phan ting tao phiic):
Ti(OH), + H;R*S [Ti(OH),H,R]” + H,0, K,
Phuong trinh co ché téng quat:

-1gB = -1gKy + (4-n-i)pH (1)
voii1=0-4;n=1-3.
6] day:
(CTi(IV) - CK )(CHGR - CK )(A)(E)

(B").(C).(D)

A = k, k,..k,; ; k; 1a hing s6 thiy phan cua

Ti(IV) [4].

E = K, K;..K,; K, 1a hing s6 phan li axit cia

MTX [5].

C=K,.K.K;

D=(1+Ks"h+ (KK "' h*+

+ (KKK b+ +(KKs...K,) " .h%)

B’ = (1+ k;h'+k k,h+...+k ko ksk,h ™)

1gK, = 8,00£0,07; IgB = 15,10+0,01.

2. Két qua nghién citu su tao phirc da ligan
trong hé MTX-Ti(IV)-HX (HX: axit
tactric va axit sunfosalixilic)

Hé¢ phic MTX-Ti(IV)- H,Tar

Trén hinh 1 ghi phé hip thu electron cua

MTX va phtc da ligan MTX-Ti(IV)- H,Tar &

pH = 7,0 (do so v6i nudc). Phé hap thu cla

MTX c6 2 cuc dai & A,,,' = 415 nm va A,,.° =

580 nm. Tuy nhién khi do mat do quang cua

phic MTX-Ti(IV)- H,Tar so véi MTX thi cuc

dai A,,.> = 580 nm hoan toan bi triét tiéu, con
cuc dai A, = 415 nm con lai rat nho, khong
anh hudng dén mat d6 quang ctia phiic MTX-

Ti(IV)-H, Tar.

B= 2

Bdng 1: Cac tham s6 quang hoc ctia cac phic don, da ligan MTX-Ti(IV)-H,Tar

Dung dich nghién ctu pH Aax (M) Alpax (NM)
MTX (1) 7,0 415 -
MTX-Ti(IV) (2) 7,0 577 -
MTX-Ti(IV)-H,Tar (3) so v6i H,O 7,0 599 184
MTX-Ti(IV)-H,Tar (3') so v6i MTX 7,0 597 -

Ahpax = 184 nm, tai pH = 7,0 MTX 1a thudc thir rat t6t cho phép xéc dinh trac quang vi lugng
Ti. & gia tri pH = 7,0 phtic don va da ligan cia Zr khong hinh thanh.
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Hinh 1: Phé hap thu electron ciia MTX va phiic da ligan MTX-Ti(IV)-H,Tar & pH = 7,0
Cyrx = 6.10°M; Cryqyy= 3.10°M; C H,Tar = 6,0.10°M
(1): Phé hap thu electron clia MTX; (2): Phé hép thu electron clia MTX-Ti(IV); (3): Phé hdp thu electron clia
MTX-Ti(IV)-H,Tar; (3'): Phé hap thu electron cia MTX-Ti(IV) -H,Tar so v6i MTX
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Hinh 2: Su phu thudc mat do quang ctia phiic da ligan MTX-Ti(IV)- H,Tar vao pH

Tir d6 thi ta thay pH,,= 6,7 - 7,1.

Hinh 3 trinh bay su phu thudc mat do quang
cta phtic da ligan vao nong do H,Tar. Doan di
xudng cta dudng cong sau ldic mat do6 quang dat
gid tri cuc dai c6 thé gidi thich nhu sau: Khi
tang nong do H,Tar c6 phan tng tao phic canh
tranh Ti(IV)-H,Tar khong mau lam giam néng
do phtc da ligan MTX-Ti(IV)-H,Tar.

Ti 1é céc cdu tu trong phiic da ligan duoc
xdc dinh bang 3 phuong phdp doc lap nhau
(phuwong phdp ti s6 mol, hé dong phan tu,
Staricbacbanel) [6] cho két qua
MTX:Ti(IV):H,Tar = 1:1:1, phac da ligan, don
nhan.

Khoang nong do phiic tuan theo dinh luat

Beer: (0,2-4,5).10°M

Hé s6 hap thu phan tr cta phic MTX-
Ti(IV)-H,Tar x4c dinh bang phuong phap
Komar [7] cho két qué: &,= (3,00£0,01).10*

Nghién citu co ché tao phitic da ligan MTX-
Ti(IV)-H,Tar

Tl cac gian d6 phan bo cua Ti(IV), MTX,
H,Tar, dya trén phuong trinh tao phuc da ligan
téng quat két hop v6i cac dinh luat tdc dung
khai lugng, dinh luat bao toan nong do ban dau
cho két qua phuong trinh tao phiic da ligan
MTX-Ti(IV)-H,Tar nhu sau:

Ti(OH), + H;R* + HTar" 5

[H,R Ti(OH);Tar]” + H" + H,0; K,
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Hinh 3: Su phu thuoc mat do quang ctia phic da ligan MTX-Ti(IV)-H,Tar vao nong do H,Tar

pH (40 5,0 6,0 6,5 6,7
Ai  |038 046 0,536 |0,574 |0,595
-1gB 24,957 [25,891 |27,035 |27,660 | 27,944

-lgB
28.5
28
27.5 4 y = 1.1078x +20.449
27 | R? = 0.9961
26,5 .
2 |
255 |
25
245 4 PR e —— ettt F——y - pH'
35 4 45 5 5.5 6 6.5 7

Hinh 4: D6 thi phu thuoc -1gB vao pH cua dung dich
Viéc xac dinh 1gK,, 1gB cua phic da ligan MTX-Ti(IV)-H,Tar theo phuong phap Komar [7]
(n =5, o =0,95) cho két qua: 1gKp = (6,20+0,03); 1gp = (23,90+0,07)
2.2) Hé phiic MTX-Ti(IV)-H3Cit. Bang phuong phdp nghién citu tuong tu nhu hé¢ MTX-
Ti(IV)- H2Tar ta thu dugc két qua ghi 6 bang 3.

Bdng 3: Céc dac trung quang hoc clia phiic don, da ligan trong hé Ti(IV) so v6i MTX va H,Cit

Dung dich nghién cttu pH Amaxs ML Aoy, DM
MTX (1) 7,0 435 -
MTX-Ti(IV) (2) 7,0 5717 -
MTX-Ti(IV)-H,Cit (3) so v6i H,O 7,0 590 155

Ahpnex=155 nm, MTX la thudc thi rat t6t cho phép xéc dinh tric quang vi lugng Ti.

Khoang pH t6i uvu 7,0 - 7,6 trong cac thi nghiém ching toi gitt pH,, = 7.3.

Ti 1& cac cdu tir trong phic da ligan duoc xac dinh biang 3 phuong phdp doc l1ap nhau
(phuong phép ti s6 mol, hé¢ dong phan tir gam, Staric - Bacbanel) [6] cho két qua MTX:Ti(IV):
H;Cit=1:1:1, phic da ligan, don nhan.
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Phuong trinh tao phuc da ligan MTX-Ti(IV)- H;Cit :
Ti(OH), + H,R* + HCit* S [H,R Ti(OH):Cit]* + H+ + H,0, Kp
Tinh toan theo phuong phap Komar (n = 5, a = 0,95) cho két qua 1gKp = (3,80+0,07); Igp =

(23,60x0,02).

3. Dinh luong titan khi c6 mat luong l6n ziriconi

Bdng 4: Anh hubng ctia Zr(IV) trong phép xéc dinh tric quang Ti(IV)

Criry 10°M 2,0 2,0 2,0 2,0 2,0 2.0 2.0

Cr 1°M 0,0 20,0 40,0 60,0 80,0 140,0 160,0
AA, 04870 | 04862 | 04850 | 04860 | 0,4902 | 0,4901 | 0,4890
Sai s6, % _ 0,164 | 0441 | -0205 | +0,657 | +0,637 | +0,410

Nhu vay & pH = 7,3 ta c6 thé xdc dinh trac
quang Ti(IV) khi cé6 mat luong 16n Zr(IV)
(Crravy/Criay, = 80 1an) véi sai s6 q = £1%.

IV - KET LUAN

1. Lan dau tién da nghién cdu su tao phic
don va da ligan trong ciac hé¢ MTX-Ti(IV),
MTX-Ti(IV)-H,Tar, MTX-Ti(IV)-H,Cit bing
phuong phdp trac quang.

2. Da xéc dinh dugc céc diéu kién tao phiic
toi wu, thanh phéan cta phitc MTX-Ti(IV)-H,, X =
1:1:1, phiic da ligan va don nhan. Ba xac dinh
duoc co ché€ tao phic, ciac tham s6 dinh lugng
cta phuc don va da ligan: (p, 1gKp, 1g(, khoang
nong do tuan theo dinh luat Beer.

3. Céc phuc da ligan trong hé nghién cttu c6
nhiéu vu diém hon phiic don ligan:

O pH t6i wu cha cdc phic da ligan cla
Ti(IV) thi phic tuong tu cla ziriconi(TV) khong
tao ra.

((max =155 nm, dung MTX trong dang
phtic da ligan MTX-Ti(IV)-H3Cit rat thuan lgi
cho phép do quang.

Cé4c phic da ligan c6 mat do quang 6n dinh
trong thoi gian dai, c6 hang s6 bén diéu kién Ig(
16n, c6 hé s6 hap thu phan tir 16n hon nhiéu so
v6i phic don ligan cho phép dung phic da ligan
khong chi tang do chon loc ma con tang do
nhay cua phép xac dinh vi lugng titan.

4. C6 thé slr dung phiic da ligan trong cdc hé
nghién ctu dé xdc dinh vi lugng cia titan trong

cidc doi tuong phan tich ¢6 chda lugng 16n
ziriconi (Cy,vy/Criqy, = 80 lan).
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