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NGHIEN CUU SU’ TAO PHUC DALIGAN TRONG HE METYTHYMOL
XANH (MTX) - Zr(IV) - HX (HX: AXIT TACTRIC, SUNFOSALIXILIC)
BANG PHUONG PHAP TRAC QUANG VA UNG DUNG PHAN TiCH

Bbén Toa soan 6-3-2007
HO VIET QUY, PHAM THI HUONG GIANG, VO TIEN DUNG
Truong Dai hoc Su pham Ha Noi

SUMMARY

The first time multiligand complex formation in the systems methylthymol blue - Zr (IV) - HX
(HX: acids tartaric, sunfosalicilic) has heen investigated by spectrophotometic method. Complex
optimal conditions, compositions, mechanism, quantitative parameters of multiligand complexes
have been determined. Application possibility of multiligand complexs in analytical chemistry has

been considered.

[- MG DAU

Hién nay & nudc ta da cé nhiéu ving mo
chira titan va ziriconi duoc khai thiac dé cung
cp cho thi trudng trong nudc va thé gidi
Ziriconi 13 kim loai ¢é nhiéu ing dung quy gid
vi c6 nhiéu dac tinh nhu chéng dn mon cao, do
bén co hoc 16n, duge sir dung trong ki thuat hat
nhén, ki thudt dién chan khong, ki thuat vo
tuyén v.v... Viéc xdc dinh vi lugng ziriconi trong
cdc dai tuong chifa titan luén 1a mot dé tai ma
ciac nha hod hoc phan tich rit quan tim. Xuft
phét tir cic muc dich néi trén, ching to1 da
nghién ciu su tao phitc daligan trong hé
methylthymol xanh (MTX) - HX (HX: axit
tactric, sunfosalixilic} va xem xét kha nang imng
dung phan tich (Xdc dinh vi luong Ziriconi khi
c6 mal lugng l6n titan). Trong [5] ching 161 di
nghién ciu su tao phifc daligan trong hé Xilen
da cam (XDC) - Zr (IV) - HX (HX: axit tactric,
sunfosalixilic, va cidc din xuit clo cua nd).

1l - THUC NGHIEM

1. Ho4 chat thiét bi
Dung dich Zr (IV) dugc chudn bi tir mudi

Zr0OCl1,.8H,0 cé do sach Pa.

Hoa tan ZrOCl,.8H,0 vio moét lugng nhod
HCl dic, hoa tan ti€p bang dung dich HC1 1,0
M, dinh mic dén vach. Néng d¢ dung dich Zr
(IV) duge kiém tra lai bing chuén do EDTA
ding xilen da cam lam chi thi, moéi trudng axit
HCI 0,01 M.

Dung dich metylthymol xanh (MTX) loai Pa
dugc pha trong nudce cét hai lan

Dung dich NaOH, HCI loing loai Pa duogc
diing dé chufn pH cén thiét cho dung dich phuc
vi thudc thir (khong ding dung dich dém).

Cic dung dich axit tactric, sunfosalixilic
duge pha tir lugng chinh xdc véi hod chat loai
Pa.

Thiét bi: Can phan tich STARTORIUS ¢6 d¢
chinh xac +0,1 mg. May do quang: UV - VI§,
160 A UV - VISBL Recoding Shimadzu va mdy
JASCO - V - 530 UV/VIS. Spectrophotometer
(Nhat Ban). Mdy do pH: PRECISA, pH 900
{(Thuy Si). Mdy cat nuée hai 1dan HAMILTON
{Anh).

2. Phuong phap nghién ciu
- Dang phuong phép trac quang.
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- Trong qui trinh nghién ci, giif luc ion ¢d
dinh p = 0,1 (KCI).

3. X li két qua

Cic thong s6 vé co ché tao phirc: - IgB =
f(pH), dudng chuin, xic dinh cdc tham s& dinh
lugng cta phite ( nhu hé s6 hdp thu phan tir clia
phic €, hing s8 can bing cha phan tng tao phic
Kp va hing s6 bén diéu kién B dugc xt 1i theo
chuong trinh da 1ap trinh bing ngén ngir Pascal
(X li théng ké véi ¢ = 0,95) vi (inh todn trén
chuong trinh Excel.

I - KET QUA VA THAO LUAN

1. Két qua nghién ciru tao phitc don ligan
trong hé MTX - Zr(IV)

Cic diéu kiér tao phic don ligan t6i wu:
Amax = 560 nm; th&t gian tao phite t8i w: 20
phiit sau khi pha ché&; khoang pH t&i wu cla su
tao phirc pH (1,2 + 2,2).

Ty 1¢ céc cdu tr trong phic duge xdch dinh
theo 3 phuong phédp déc 14p nhau (Phuong phip
ty s6 mol, phuong phdp hé déng phan ti,
phuong phdp Staric - Bacbanel) [1] cho két qua:

0.7 _Ai

0,4

(Zr (IV) : MTX) = (1:1), phitc don nhan, don

ligan.

Hé s6 hap thu phan t&r cha phitc MTX - Zr
(IV) xdc dinh theo phuong phip N.P. Komar
[2]: &, = (1,90+ 0,03).10%

AraxMTX = 435 nm, Ak, = 125 nm, MTX
la thudc thir tot cho phép phén tich tric quang
xédc dinh Zr (IV). Khoang noéng do Zr (IV) tuan
theo dinh luar Beer: (0,1 - 4,0). 10° M.

Phuong frinh phan tng tao phitc (qua nghién
ctiu co ché tao phiic):

Zr(OH), + HR = [Zr(OH);H,R] + H' +
H,O, Kp hang s6 cin bing clta phan img tao
phuc: 1gK; = (7,47£0,03).

Hang s6 bén diéu kién cda phic: Igp =
(16,84:£0,04).

2. Két qua nghién ciru sw tao phite daligan
trong hé MTX - Zr{IV) - HX (HX: axit
tactric, sunfosalixilic)

a) Hé phitc MTX— Zr(IV ) — H.Tar

Trén hinh 1 ghi phé hip thu electron cia
MTX va phie da ligan MTX - Zr(IV) - H,Tar ¢
pH = 1,65.

[t

- b2

/l

0,0 -
350 450

> A

550 650

Hinh I: Phé hip thu electron ciia MTX vi phitc da ligan MTX- Zr(IV)-H,Tar

1. Phé hap thu MTX & pH =1.,65, Cyyrx = 2.10° M; 2. Phé hap thu ctia phiic MTX - Zr(1V) tai
pH = 1,65; 3. Phé hip thu clia phite MTX - Zr(IV) - H,Tar; 3'. Phé MTX- Zt(IV)- H,Tar so
v6i MTX & pH = 1,65; C 7 er = 2,5.10° M; Cyrx = 5,0.10°M, C H,Tar = 2,5.10°M
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Trong bang 1 ¢é ghi cdc tham s& dic trung cia MTX va phie daligan MTX - Zr(IV) - H,Tar.

Bdng I: Bude song hip thu cuc dai cia MTX va phic MTX - Zr(IV) - H,Tar

Dung dich nghién ciu pH Amax{nm) Almax(nm)
MTX 1,65 435
MTX - Zr(1V) - H,Tar 1,65 ] 572 137

Tit bang 1 ta thdy, thudc thir MTX 12 thude thi t6t cho phép xdc dinh tric quang vi luong
Ziriconi. Hinh 2 cho thay su phu thudée mit d¢ quang ca phite vao pH dung dich.

Ai
0.8 -
0.7
0.6 -
05 -
0.4 -
0.3
0.2 -
0.1 4

0+ - ‘
0 1

Hinh 2: Su phu thuéc mat doé quang cua phirc MTX - Zr(IV} - H,Tar vao pH dung dich

Tir hinh 2 ta thiy khoang pH tuong ting cho
st tao phuc: ApH = (1,0 - 2,5) phic daligan c6
mat d6 quang 6n dinh sau 20 phit tir lic pha ché
va 6n dinh trong thdi gian dai( hon 2 gid). Rét
thuéan 1gi cho viéc xde dinh Zr (IV) bing phuong
phap tric quang.

Ty 1& cau to MTX- Zr(IV) - H,Tar { Xac
dinh bing ba phuong phdp khidc nhau) trong
phitc daligan cho két qua: MTX : Zr(IV) : H,Tar
=1:1:1.

Trén hinh 3 cho thiy: mic du axit tactric
(H,Tar) va phiic cia né véi Zr (IV) chi hidp thu
trong viing pho trudc budc song A < 400 nm, tuy
nhién, su tham gia cia nd vio thanh phin phiic
da ligan lam ting manh mat d6 quang so vdi
phiic don ligan MTX-Zr(IV), cho phép dang
phic daligan khong nhitng ting do chon loc ( vi
pH tao phic & viung pH thdp) ma con cho phép
tang d6 nhay cta phép xac dinh vi lugng cla
Ziriconi bang phuong phdp tric quang.

Trén hinh 3, doan dudng cong di xuéng sau

lic dat gid tri cuc dai ctia mat do quang c6 thé
dugce giai thich nhu sau: khi néng dé cua H,Tar
ting thi c6 phan tng canh tranh tao ra phic
Zr(IV) - H.Tar khong hip thu & A = 572 nm, do
do6 lam giam mat d¢ quang .da phiic daligan,

Phic da ligan trong hé MTX- Zr(1V) - H,Tar
la phitc don nhan véi ty 1é cdc cdu to MTX:
Zr(IV) :H,Tar = 1:1:1 (theo phuong phap Staric
- Bacbanel [1].

Xdc dinh co ch€ cia phdn ung tao phic
daligan:

Dé don gian ta bo qua dién tich cac phéin ti
trong hé.

Tir phuong trinh tao phitc téng quat (xuat
phat tir gidn do phan b6 cha Zr(IV) va MTX) ta
cd:

Zr(OH). + HR +H,X =

{Zr(OH).(He R H,., X)] + (n+m-)H, K,
K — {Zr(OH)4_’ (HéfnR)(HZ—m X)][H ]("H”ﬁ']

g [Zr(OH),J[HR][H,X]
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va  [Zr(OH) . (H, R)H, X)) =
Zr(OH),;+ H,, R +H, X , K,
K;; - Hang s6 khong bén ciia phite da ligan
Qua viéc 4p dung cdc dinh lujt tic dung
khoi luong va dinh ludt bado toan néng d6 ban
ddu, ching t6i nhan dugc phuong trinh téng
quét d€ nghién citu co ché tao phiic da ligan:
-1gB = -IgKy + (4-n-m-i)pH; véii = |+ 4;
n=1+6;m=1+2.

Trong dé:

B= (CZr _CI{ )(Cﬁﬁn _Cg)(ch':x - C;( )(A)(D, )(E])
(B').(C).(DWGF)

0] day:

E1= K'I.KIX; A = k].kz...k4,i; 13I =

1+ k b+ kkoh ™+ kkokgh ™+ k kokok b
C = K]Kz...Kﬁ; D] = K]Kz...K(,,n;
G = 1+ Kz-]h + (Kle)-Ihz; F = K‘l.Klz

Ai
0.7 -
06 -
0.5 4 .
0.4 .
03 - @
0.2 |
0.1

D=1+K¢'h+ (KK + ... + (KK,.. K,)'he
(k; - Hang s6 thiy phan; K; - Hing s6 phan ly
MTX; K', - Hing s6 phan 1y ctia H,X).

Xéy dung d6 thi phu thuéc -1gB = f(pH)
(hinh 4) ta thay: khi cho cdc dai luong n, m, i
déong thai bién thién thi chi ¢6 trudng hopi = 1,
n=1,m=1 cho tgu clia dudng thang phu thudc
-1gB = f(pH) cho gid tri nguyén duong. (tga =
0,9306 = 1; tgat = 4-i-n-m = 4-1-1-1 = 1). Cic
trudng hop khdce bi loai do khong dip (ing diéu
kién tga nguyén va duong.

Viy phdn ting tao phiic da ligan trong hé
MTX - Zr(IV) - H,Tar:

Zr(OH), + HRR + H,X o [H,R Zr{OH),
HX] + H* + H,0, K,

Vigc tinh todn cic dai lugng 1gK, va IgP cla
phitc da ligan cho két qua: 1gK, = (11,5£0,2);
IgP = (32,1+0,2).

0 05 1 1.5

2 25 3 35

C (H:Tar).10°Mm

Hinh 3: Sy phu thuéc mét d6 quang cla phic da ligan MTX- Zr(IV) - H,Tar vio néng d6 H,Tar

Tir két qua nay cho thdy: phiic da ligan c¢6é
héng s6 bén diéu kién cao hon nhiéu so véi phiic
don ligan MTX-Zr(IV).

H¢ 50 hdp thu phén tit cla phifc da ligan &,
xdc dinh theo phuong phip Komar [2] cho gid
tri € = (3,420,1).10%. Gi4 tri g, phic da ligan
cao hon nhiéu phic don ligan ¢ =
(1,90+0,03).10%

Dung phitc da ligan cho phép tang d6 nhay
cua phép xdc dinh vi lugng ctia ziriconi.

Trong tinh todn, ching t6i st dung cdc hing
s6 thily phan cia Zr{IV) theo [3], cdc hing s6
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phan ly axit cia MTX theo [4].

Khodng néng dé Zr(I'V) tuén theo dinh luat
Beer: (0,2 +4,0).10° M.

2. Hé phite MTX-Zr(IV)-H,SS (axit
sunfosalixilic)

Viéc nghién citu phic da ligan trong hé
MTX-Zr(IV)-H,SS duge tién hanh tuong ty
trong hé MTX-Zr(IV)-H,Tar. Ké qui nghién
ctru cho thay:

Céc diéu kién tao phdc 61 wu: A, = 579
nm; phitc bén mau sau 20 phiit pha ché, én dinh



hon 2 gi®; pH tao phic té1 wu tir 1,0 dén 2,2;
néng do H,SS gap 100 14n néng d6 Zr(IV) ¢hinh

5).

8.3 -lgB y = 0.942x + 36.988
' R? = 0.9965
- i=1,n=1,m=1
38.2
38.1
38 4
37.9 4
pH
37.8 : T . -
0.9 1 1.1 1.2 1.3

Hinh 4: D6 thi phu thudce -1gB vao pH cia dung dich

Al
0.8 -
*
. et v . *
L 2
064 ¢
+*
0.4 -
L]
*
0.2
Cuzss. 10°M
] T T T
o] 2 4 5] 8

Hinh 5: Sy phu thudée mat dé quang ctia phite da ligan MTX-Zr(IV)-H,SS vao néng d6 H,SS

Mic du axit sunfosalixilic va phitc cla né
vol Zr(IV) hap thu 4nh sang & viing A < 400 nm,
nhung khi né tham gia vao thanh phén cla phic
da ligan da lam thay ddi manh mét d6 quang so
véi phite don ligan MTX-Zr(IV). Diung phitc da
ligan cho phép ting do nhay déng ké khi xdc
dinh vi luong clia Ziriconi bang phuong phip
tric quang.

Ty 1é cdc cdu tit MTX:Zr(IV):H,SS = 1:1:1,
phiic da ligan, don nhén.

Phuong trinh phan tng tao phifc da ligan (bd
qua dién tich) qua nghién ciu co ché phan ing
tao phitc: Zr(OH), + HRR + H,5S =

[H,R Zr(OH), HSS] + H + H,0, K,
Khoang néng dé Zr(IV) tuan theo dinh Jut
Beer: (0,3 +4,5).10° M; ¢, = (4,4+0,1).10%
1gK, = (9,5£0,2); 1gP = (30,10,5).

3. Pinh lugng Ziriconi khi c6 mat lugng lon
titan
a} Nghién citu dnh huodng cua titan(IV ) khi dinh
liwong Ziriconi(IV) bdng phitong phdp trdc
quang
Két qua nghién ciu cho thiy: titan(IV) tao
phic véi MTX va ligan H,Tar 6 pH = 7.0, & giéd
tri pH nay phic MTX-Zr{IV)-H,SS khong tao
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ra. Do vy qua khdo sat thue nghiém, ching toi
nhan dugc ty 1& Cryer < 100.C2r4+ thi phép xdc

dinh Zr(IV) trong miu nhan tao cho sai s§
< 1,24%. Sy khac nhau gilta gid tri thuc nghiém
(X') va gid trj dd 14y (a) do nguyén nhin ngiu
nhién (try <t ; =095, n=3).

Vay ¢6 thé 4p dung két qua nghién ciru dé
dinh lugng ziriconi trong cdc mau cé chira titan
dén ty 1¢ cho phép Crje 2 100.C o,

IV - KET LUAN

1. Lan d4u tién d3 nghién ciu su tao phiic da
ligan trong cic hé: MTX-Zr(IV)-HX (HX: axit
tartaric, axit sunfosalixilic) bing phuwong phip
trac quang

2. bi xac dinh céc diéu kién tao phic t6i uu,
thanh phédn cita phitc MTX:Zr(IVY:HX = 1:1:1,
phuc da ligan, don nhan. Pa xdc dinh co ché tao
phtic da ligan, xdc dinh cdc tham s6 dinh lugng
cua phitc: &, 1gK,, 1gB, khoang néng d6 Zr(IV)
tuan theo dinh luit Beer.

3. Phic da ligan trong cdc hé nghién ciu ¢6
nhiéu vu diém hon phitc don ligan MTX-Zr(IV):

- pH tao phife t6i vu & vung pH thap, cho
phép loai trir sai s6 do thay phan, taing do chon
loc cha phép xdc dinh tric quang vi lugng
Zr(IV)

- Cdc phic da ligan ¢é mat do quang 6n
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dinh trong thoi gian dai, ¢6 hing s6 bén diéu
kién I6n hon nhiéu phic don ligan, cho phép
ting do nhay cia phép xdc dinh vi lugng
ziriconi bang phuong phép trac quang.

4. C6 thé dung cdc phic da ligan trong cdc
hé nghién cttu dé xdc dinh vi luong ziriconi
trong cdc doi tugng phan tich ¢6 chita lugng 16n
titan (Cqee < 100.Cy 40).
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