Tap chi KHOA HOC NHSP TP.HCM No Van Hue, Hoang Ninh Dung

XAC NONH NIEU KIEN TOI ©U CUA PHAN ONG TAO PHOC
GIOA 4-(2-PIRINYLAZO)RESOXINOL (PAR) VOI Cu(ll)
BANG KE HOACH THOC NGHIEM CAC TR0

No Van Hue", Hoang Ninh Dung'
1. Mo iau

Viec tim fiieu kien toi 6u cho mot qua trinh hoa hoc noi chung, cung nho
cua phan 6ng tao phoc noi rieng, thdc chat la giai quyet bai toan coc tro bang
thdc nghiem. Theo phddng phap truyen thong : lan 166t thay fioi tdng yeu to,
trong khi gié nguyen cac yeu to con lai. Do vay, phodng phap chz cho phep tim
kiem s6 phu thuoc gida chs tieu fianh gia va cac yeu to anh hddng mot cach
rieng biet. T6 nhdng nam 20 cua the kg trodc, Fisher fia fiat nen mong cho
phodng phap ke hoach thdc nghiem : thay fioi fiong thdi mot so (hoac tat ca)
cac thong so theo mot chien 166¢ thoc nghiem fiddc 16a chon.

O Viet Nam, té nhéng nam 70 cua thel ke XX, qui hoach thc nghiem
fiddc bat fiau 6ng dung [1] va cho fien nay trong nganh hoa hoc cuing chz trong
mot so! lonh voc nhd cong nghe hoa hoc, cong nghe vat lieu, ... Hau nho choa
co cong trinh nao cong bo: viec ap dung ph66ng phap nay trong nghien cou
phan ding tao phdc. Trong thong bao nay trinh bay ket qua nghien cu tim fiieu
kien toi 6u cua phan 6ng tao phoc gida 4-(2-pirifiylazo)resoxinol (PAR) vOi
Cu(Il) bang phdong phap ke hoach théc nghiem coc tro.

2. Phoong phap thdc nghiem

Phan 6ng tao phdc gida PAR vai Cu(ll) la mot phan 6ng mau A6dc dng
dung trong phan tich trac quang fie fionh 166ng Cu(ll), vi vay can phai chuyen
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toan bo 166ng Cu(ll) vao phéc Cu-PAR. Ne fat Addc fiieu nay, chung toi fia
tien hanh khao sat anh hodng fiong thoi ba yeu toi : pH, 166ng thuoc thd do va
moi trdng ion (I6ic ion) thong qua viec xac lap mo hinh thong ke cua phan
ong theo mot ke hoach thi nghiem troc giao cap mot, ke tiep tim fien mien
dong theo kieu bddc nhay Box-Wilson va khao sat be mat fiap dng 6 mien
dong fiel xac fionh Aieu kien coc tro theo ke hoach thi nghiem cap hai col tinh
tam quay kieu Box-Hunter [2].

Cac hoa chat s0 dung fieu la loai tinh kiet loai PA. NOGc cat hai lan (may

cat Hamilton Laboratory Glass LTD). May quang pho UV-VIS Biochrom 4060
(Anh).

3. Ket qua nghien cou va thao luan

3.1. Khao sat anh h66ng cua cac yeu to fien phan 6ng tao phdc giva PAR

voi Cu(ll)

Cac yeu to anh htdng fien phan 6ng tao phdc gida PAR voi Cu(ll) bao
gom pH - yeu to thd nhat Z, id6c thiet lap bang dung dich fiem borac, t le
nong fio (mol/L) PAR/Cu - yeu to thd hai Z; va yeu to thd ba Z3 la moi trédng
I6c ion s6/ dung muoi NaNOs. Cac yeu to nay fiddc ma hoa ve dang khong tho
nguyen x; = (Z; - Z3)/AZ;. Trong fio, AZ; = (ijf‘x-zjmin )2, 6/ fiay Z{™ : mdc tren,
Z™ : moc dodi va Z° = (Z™+Z™)/2 la mdc cd sO. Cac gia trd tédng 6ng O

cac moc thi nghiem nho sau :

Calc bien fa ma hoa Mdoc ma hoa
~ "~ ~
-1 0 +1
X1 9,8 10,4 11
X,.10* 2,0 2,5 3,0
X3 2,50 3,25 4,0

Anh hodng fiong thdi cua ba yeu to tren fien phan 6ng tao phdc Cu-PAR
fa fnooc khao sat trong cac thi nghiem tien hanh theo ph66ng an bac mot hai
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moc toi 6u cua Box-Wilson (ke hoach 2% toan phan) 2° = 8, bo tri theo mot ma
tran tréc giao cap mot nho sau :

Bang 1 : Ma tran thi nghiem va ma tran mé rong 2° cung voi gia trd mat fio
guang A thu fiddc tai bodc song 512nm

N X1.X2 X1.X3 X2.X3 | X1.X2.X3
t. nghiezm Xo X1 X2 X3 (tocrz]r:)?)tac (toc;]rg?)tac tg:(;]r:)?) (toobnig tac A
1 +1 -1 -1 -1 +1 +1 +1 -1 0,393
2 +1 [ +1 | -1 | -1 -1 -1 +1 +1 0,396
3 +1 ] -1 | +1 | -1 -1 +1 -1 +1 0,444
4 +1 | +1 | +1 | -1 +1 -1 -1 -1 0,468
5 +1 -1 | -1 | +1 +1 -1 -1 +1 0,388
6 +1 | +1 | -1 | +1 -1 +1 -1 -1 0,395
7 +1 | -1 | +1 | +1 -1 -1 +1 -1 0,441
8 +1 | +1 | +1 | +1 +1 +1 +1 +1 0,463
- ~— _/

Ma tran thi nghiem 2°
S—

o~ 3

Ma tran md rong 2
Phoéng trinh hoi qui bac mot mo ta phan dng trong quan he phu thuoc
gida fio hap thu quang A cua phdc Cu-PAR voi pH, tz lei nong fio PAR/Cu(ll)

va ldc ion co dang :

3
A=by+ Y bx+ > bxx+ > biXXX, Q)
= . .

j#i j#i#U
trong fio A lal gia tro mat fio quang, b lai cac he so hoi qui. Toi ket qua thu iGocC
0 bang 1, tinh gia tro cac he soi hoi qui cua phdong trinh (1) theo cong thoc :

1 N
bj = Nzxjiyi (2)
i=1
val cac heisoi b ; bji, i6OC tinh to6ng t6. Ket qual thu AGOC :
by = 0,4235 ; b, = 0,007 ; b, =0,0305 ; bs = - 0,00175;
b;, = 0,0045 ; byz = 0,00025 ; bz = — 0,00025 val by,3 = — 0,00075.
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Tren c6 sd 5 thi nghiem & tam, fio hap thu quang A° thu fi6dc :
=0,444 ; A) =0,440; A3 =0,441; AS =0,438 ; A? = 0,443 va gia tri trung

5

binh A° = éz A° =0,4412. Phoong sai lap : 7= Z(AO A’Y= 5,7.10°, va

2 -6
fiol lech phan bo cua b AdAc tinh theo : s, = JS”‘ ,/5 710 = 8,44.10™.

S6/ co nghta cua cac hei so hoi qui déa vao chuan so Student :
.o

=
Sp

3)

thu A6dc to =501,7 ; 1, =8,29:t,=36,1;t;=2,1;:t,=53;t3=0,3;1t3=0,3
val ty3 = 0,9. Gia tro t chuan tra bang tges4) = 2,78, Vi ts ; i3 ; trs Val tios < t(o0s,9)
nen cac he so bz ; byz; by va byxz khong co y nghoa, nhd vay cac bien t6ong
ong bo loai bo. Ma tran thdic nghiem cua cac bien con lai van gié Addc tinh
chat cua mot ma tran trdc giao, do fio. phd6ng trinh (1) coidang :

A =0,4235 + 0,007x; + 0,0305x; + 0,0045X;.X, 4)

Ket qua thu i6oc trong bang 2 cho thay gia tro A thu iddc to théc nghiem
phu hdp tot voi ket qua tinh toan A theo ph6ong trinh (4).

Bang 2 : So sanh ket qua thdc nghiem va tinh toan theo ph66ng trinh (4)

N Atht‘)c nghiem A‘tl'nh theo (4) (A - A')2-106
1 0,393 0,3905 6,25
2 0,396 0,3995 0,25
3 0,444 0,4425 2,25
4 0,468 0,4655 6,25
5 0,388 0,3905 6,25
6 0,395 0,3955 0,25
7 0,441 0,4425 2,25
8 0,463 0,4655 6,25

Tinh chuan so Fisher fie kiem tra tinh t66ng thich cua ph6ong trinh (4)
nho sau :

45



Tap chi KHOA HOC NHSP TP.HCM No Van Hue, Hoang Ninh Dung

3.10°

1 9 ~ 6
Sty =—— Y (A -A)Y = =7,5.107,
do N—|,Z:1:( i ) 8—4
trong fio | la so he so co nghta trong phddng trinh hoi qui va
2 -6
F= Ssdz :%:1,32 < *F,,. = 6,4, nen phdong trinh hoi qui (4) t8ong thich
| [

vai thdic nghiem.

Mo hinh (4) cho thay ro anh hodng cuia pH, t& lei Cpar/Ccyqry Va anh hdoing
qua lai gida hai yeu to nay fien gia tro mat fio. quang cua phoc Cu-PAR.

3.2. Xac fionh fiiem coc tro (x,x3™) cua ham A = f(Xy,Xp)

Mac du phdong trinh (4) la téong thich vai thoc nghiem, nhdng fio cong
co nghta vi ‘bo —ﬂ: 1,7.10% > Syt = 2,3.10°°, chding to vung théc nghiem &

vung phi tuyen. Ne fii ve vung phi tuyen, trong bang 3 trinh bay cac bé6c nhay
kieu Box-Wilson fie fii ve mien gan ddng theo phdong gradient ke to tam thi
nghiem vai cac bodc nhay ty le theo he soi hoi qui b; va khoang bien fioi AZ;,
yeu to moi trédng (I6c ion 1) fiddc giol nguyen la 3,25. To ket qua thu fi6dc
trong bang 3, mien gan déng la mien lan can vdi cac fiieu kien thi nghiem 10
(vi co A cao nhat). Do fio, thi nghiem so 10 fiddc chon lam tam cua ke hoach
thi nghiem bac hai col tinh tam quay voi vai «=++/2. Trong ke hoach thi
nghiem nay van gi6/ nguyen yeu to I8¢ ion. Khoang bien thien : AZ; = 0,4.10™
val AZ, = 0,5.

Bang 3 : Ket qua cac bodc nhay ve mien gan doing

Z, Z,
b, 00070 | 0,0305
b.AZ; | 0,0042 [0.01525

N0 Z, 22.104 Ath.nqhiem
0 10,2 2,00 0,394
9 10,3 2,36 0,441
10 10,4 2,72 0,462
11 10,5 3,08 0,445
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Gia tro cua Z; va Z, 6/ cac moc bien fioi trong kel hoach thi nghiem nho

Sau .
Cac bien na ma hoa Moc mal hoa
- —" —
2 1 0 +1 2
X1 9,83 10 10,4 10,08 10,97
X,.10* 20 22 27 32 34

Cach boi tri ma tran thi nghiem fie fiam bao tinh tam quay voi k = 2, cuing
vai cac ket qua nhan fiddc toithdc nghiem Aidoc trinh bay trong bang 4.

Bang 4 : Ma tran thi nghiem bac 2 vdi k = 2 va cac ket qua thu fiddc

NO Xo X1 Xo X1X2 X12 Xg A
12 +1 -1 -1 +1 | +1 | +1 | 0,422
13 +1 +1 -1 -1 +1 | +1 | 0,418

14 +1 -1 +1 -1 | +1 | +1 | 0,442
15 +1 +1 +1 +1 | +41 | +1 | 0,455

16 +1 | -2 0 0 | +2 0 | 0451
17 +1 | +/2 0 0  +2 | 0 | 0462
18 +1 0 2| 0 0| +2| 0412
19 +1 0 +2 | 0 | 0 | +2 | 0,436
20 +1 0 0 0 | 0 0| 0472
21 +1 0 0 0 | 0 0| 0473
22 +1 0 0 0O | 0 0 | 0469
23 +1 0 0 0O | 0 0 | 0466
24 +1 0 0 0O | 0 0 | 0468

Phoong trinh hoi qui moi ta mien déing co dang tong quat :
A= bo + b]_X]_ + b2X2 + b12X1X2 + b]_]_ X12 + b22 X; (5)

Cac hei so hoi qui cua phddng trinh (5) cung voi cac phtong sai iddc xac
fionh theo cac cong thoc [2] vbi a; = 0,2; a, = 0,1; a3 = 0,125; a4, = 0,25;
as=0,1251; ag = 0,0187 ;a;=0,1 (6bngvéi k=2, N=13, ng=5vaa = 2)
nho sau :
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i=1 j=1 i=1 i=1 j=1 i=1
N

b, =a,) X;y; = b= ,125.Zx1,yI =0,0031
i=1 i=1

13
= b,=0,125.) x,y, =0,0114
i=1
13
,=a ZxJI Wi = b, =0,25> x;x,y; =0,0043
i=1

kN N
D2 XY 2y,
=

=1 i=1

[=2]

N
- 2
b, =a,.> X%y, +a
i=1

=0,1251. le,y, +0,0187. Zle, y, -0,1. Zy, - 0,008

jll

= b,, =0,1251. ZXZ,y, +0,0187. Zsz. Y, - 0,1.Zyi =—0,0243
i=1

j=1li=

13 il 0 -6

82:— 0_ 02:_ 0_ 02:8,3.10
o no_luZﬂ)(yu y°) 5_1UZ=1:(yu y°)

S =aSk =166.10%= s, =1,29.10°;
S =a,S; =10410°. = S, =1,0210"
S =aS, =1,04.10° = S, =1,02.10%;
S =aS, =208.10°% = s, =144.10"
St =(a, +3,)S;, =1,19.10° .= s, =1,09.10".
. =(a; +a,)S; =1,19.10°.= s, =1,09.10"
Cac chuan so Student fi6dic tinh theo (3) thu fiddic :
to= 364 t = 3,0 = 11,3 Tt = 3,0 i = 7,3 ttn = 22,3

Cac gia tro tj fieu nho hon gia tro Student chuan t 054y = 2,78. Nho vay, tat
ca cac he so hoi qui fieu co nghta. Do fio, ph66ng trinh hoi qui moi ta mien
dong co dang :

A =0,4696 + 0,0031x; + 0,0114x, + 0,0043 x;x, - 0,008 x’ - 0,0243x5 (5°)
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S6 toong thich cua phddng trinh (57) voi thoc nghiem fiddc kiem chdng
theo tieu chuan Fisher [2] nho sau :
1 N 1 13 ) 5
L= _— - y) = —=>1,771.10"=2,53.10
do N_I ;(y| g|) 13-6 ;
Stofao ~Stfw  _2,53.10°.7-83.10°.4

=4,80.10°
fn (7 - 4)

2 _
Sn_

fdézN'|:13_6:7;fth:n0_1:5_1:4;ftt:fdé_fth
_S; _ 48.10° _

S2  83.10°

58< F=iF =6,6

Do fio, phdéng trinh (5”) t6ong thich voi thdc nghiem. Nho vay, phdong
trinh (5”) moita fiung vung thdc nghiem.

Lay fiao ham bac nhat ph6ong trinh (5%) theo x; va theo X, roi cho hai
phodng trinh nay bang khong ta tim iddc x; = 0,261 va x, = 0,258, thay vao
(5’) ta thu 6O Amax = 0,4715. T6 bien ma hoa x; va X, chuyen ve bien thoc :
Z,=pH=105va Z,=Cgr/Cy =2,83.

Kiem tra bang théc nghiem 6 fiieu kien toi 6u voa thu fiddc, chung toi
pha dung dich gom 2,00ml Cu** 10™M ; them 6,905g NaNO3 va 5,66ml PAR
10™*M roi fionh méc bang fiem pH = 10,5 fien 25,00 ml, fio mat fiol quang cua
dung doch 6 bodc song 512nm thu fiddc A = 0.470. DOdi fiay la phoi hap thu cua

dung dach.
AbS — L J = = g [ - 1 L YO P ey g gt
060 L _ il O I Rt S0 A A Hrra _
btk kbt T o et
E]qD e e ._._.__._...../_ e e
' ' jm ot RN FOLF I i
| I ._-'". LY [ |
: ! i : ! :
020 |—— i — — i :
: [icker - .- he f
:ﬂ___;—“" 7 \‘x_
o o= g b
n.oo
4000 4500 5000 5500 6500.0
Wavalangth

Pho! hap thu cua phdc Cu-PAR 6 pH =10,5; Cr/Cy =2,83; 1=3,25
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Nho vay, gida ket qua tinh toan theo (5) Amax = 0,4715 so voi ket qua
thoc nghiem A = 0,470 che sai khac 0,32%. Ket qua nay la hoan toan chap
nhan.

4. Ketluan

Bang phddng phap ke hoach thdc nghiem cdc tro fia xac fionh Addc fieu
kien toi 6u cua phan 6ng tao phoc gidia PAR voi Cu(ll) la: 6 pH = 10,5 vatz le
gida thuoc thd PAR voi Cu(ll) lar 2,83, phan 6ng khong phu thuoc moi trodng
(16c ion). Na kiem tra cac fiieu kien nay bang thic nghiem, ket qua thu fivoc la
phu hop.

Na xay doing fiddc phéong trinh toan hoc bieu dien s6 phul thuoc cua gia
tro mat fio quang vao pH va tz le gida thuoc thd PAR voi Cu(ll). Qua fio, cho
thay mdc fio anh h6dng cua pH, t le gida thuoc thd PAR vai Cu(ll) cung nho
anh hodng qua lai gidia hai yeu to nay fien gia tro mat fio quang.
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Tom tat :
Xac fionh fieu kien toi 6u cua phan 6ng tao phoc gida 4-(2-pirifiylazo)
resoxinol (PAR) vdi Cu(ll) bang ke hoach thdc nghiem coc tri
Nghien cOu s6 phu thuoc cua phan 6ng tao phdc gida PAR Vvoi
Cu(ll) vao pH, tz le 166ng PAR/Cu(ll) va l6c ion thong qua gia tro mat fiol
quang bang ke hoach théic nghiem cdc tro. Ket qua thdic nghiem cho thay
gia tro mat fio quang cua phoc khong phu thuoc I6c ion va phodng trinh

50



Tap chi KHOA HOC NHSP TP.HCM So 10 nam 2007

hoi qui bac hai phu hdp voi s6i bien fioi cua pH va tz le 166ng PAR/Cu(ll).
Gia trd mat fio quang coc fiai hAat fiodc tai pH = 10,5, 2 le 166ing
PAR/Cu(ll) bang 2,83 cung vdi phddng trinh phu thuoc :

A =0,4696 + 0,0031x, + 0,0114x, + 0,0043 x;X, - 0,008 x? - 0,0243 x>
trong Ao x; la pH va x; la t2 le 160ng PAR/Cu(ll).

Abstract :

Determining the optimal provisos of complex reaction between 4-(2-
pyridylazo) resocinol (PAR) with Cu(ll) by the extreme experimental design

The complex reaction between PAR with Cu(ll) depending on the
pH, ratio of quantity of the PAR to Cu(ll) and ionic strength through
luminous flux density was investigated by the extreme experimental
design. The experimental results showed that the absorbance of complex
Cu-PAR does not depend on the ionic strength and the quadratic
regression equation model fits in with the changes of pH and the ratio of
quantity of the PAR to Cu(ll). The maximal absorbance was obtained with
pH = 10.5, the ratio of quantity of the PAR to Cu(ll) = 2.83 and the
ancillary equation :

A =0.4696 + 0.0031x; + 0.0114x, + 0.0043 x; X, - 0.008 x? - 0.0243 X2
with x; : pH and x; : ratio of quantity of the PAR to Cu(ll).
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