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Abstract

Chemometrics science is effectively used for solving experimental
problems and describing of experimental results in different fields using
statistics and mathematics. Such applications of the method can be
referred to solving the problems about optimization of the experimental
methods. In the present research, ultrasonic irradiations was used for
synthesis of zinc ferrite nanostructures. Also, starch as a green material
was applied to reduce using of chemicals. Other novelty of the present
study was application of the multivariate optimization method instead
one-at-a-time usual methods. For achieving the purpose, at first
the nanostructures were synthesized based on Box-Behnken design. Then,
the results of X-ray diffraction were used as experimental responses for
optimization of effective parameters on the synthesis of the nanostructures
using response surface methodology. Finally, the optimized
nanostructures were applied for investigation of electrocatalytic
properties in tyrosine detection. The results showed the zinc ferrite
nanostructures that were synthesized in the optimum conditions contain
appropriate potential for trace analysis of tyrosine in complicated real
samples.
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1. Box—Behnken Designs (BBD)
2. Doehlert Matrix

3. Plackett-Burman Design

4, Factorial Design
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Table 1. Factors and their levels in BBD method.

Factors Factors
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Low Central High

(1) ©) (+1)
30 50 70

15 30 45

(1&:Y) 39 9 390 0 )losld — 9 Sgammny Jw — Ylral Fosds (P Sdieo g it

00 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000 ¢

e S )9 (59) S )LS L gil jitiw ) gliiods b puiosiz (S )lwding

fa-7f Lo — < Loww! ‘(>



FA-F¥ ;o0 - < Loww! ‘(>

o )lisLuogils itaw s ghiiody o paiiodizy (5 jlvsings

e 2 )9 (590 S

Calcination temperature (°C) C (Xa)

600 700 800

100
80 -
@
<
=
=
| £ 60-
| E
z
| &
| £ ]
ES
20 1 -
L]
=
<
b3
S T

4000 3000

= .
/ 2 \
J < \
* \
o - v
o =4
a 2
b e
= b
Y
b 4
-

2000 1000

Wavenumbers u'm'l )

59, SLa,BALL gL FT-IR b .\ JSid

Figure 1. FT-IR spectrum of zinc ferrite nanostructures.

oy Olsiean XRD by 5l oaelcmodsy 55k 83l e 5
o i Lusil 5,5k 85lasl o 428§ 1 s BBD (glpy oo
() Joozr [F8]ocs s 0 a5l oolinal b w3 (s
0335y plml 5l Gy 1) St sladisges slaylislugils 5,5k 551l

D23 e lis BBD g, 5l eowliawsas isles]

530 (yaaas 9 BBD (B9, b plule}l (sl pus jile ¥ Jgua
XRD (49 Jows 95 Cu3 8 (5 9 SLaBa L 930 (55 91s

Table 2. Experimental design matrix by BBD and determination
of crystallite size of the zinc ferrite nanostructures by XRD.
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Table 3. Analysis of variance (ANOVA) of studied parameters in synthesis process of zinc ferrite nanostructures in BBD method.

Degree of Adjusted sum of Adjusted means
Source Sum of squares
freedom squares of squares
Regression 3 74.2 74.2 24.7 332.96 0.00
Square 8 68.8 68.8 229 387.36 0.00
Interaction 8 343 34.23 115 193.78 0.00
Residual Error 5 0.3 0.3 0.06 _ _
Lack of Fit 8 0.23 0.23 0.07 2.20 0.328

1. Analysis of Variance (ANOVA)
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Figure 2. XRD response surface plots of zinc ferrite nanostructures.

Contour Flots of ¥ (Crystallite sire/nm)
(@ (b)
-1L0 0.5 0.0 0.5 1.0
= A [ 1.0
- 0.5
- 0.0
- 0.5
=10
1.0 [
o5
oo (©)
- %
-1.
~L.0 -5 o0 o.5 1.0

Figure 3. XRD response contour plots of zinc ferrite nanostructures..
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Table 4. Comparison between predictive model and experimental results.
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No Experimental responses (Y): Crystallite size (nm) Predicted responses (Y): Crystallite size (nm)

1 28.089 28.219
2 28.096 28.125
3 28.088 28.203
4 35.106 35.265
5 28.103 27.944
6 35.120 35.091
7 35.122 35.225
8 35.122 35.889
9 28.100 28.333
10 23.417 28.203
11 35.128 35.025
12 35.315 35.389
13 35.114 34.984
14 28.104 28.203
15 35.109 35.034
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Figure 4. XRD pattern of zinc ferrite nanostructures synthesized in optimized conditions. E
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Figure 5. FE-SEM micrograph of zinc ferrite nanostructures synthesized in optimized conditions.
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Figure 6. Cyclic voltammograms of [Fe(CN)]*”* probe solution at the surface of (a) CPE and (b) ZnFe,O,/CPE.
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(c) ) tyrosine at the surface of ZnFe,04/CPE. ]
(1E:Y) 39 9 390 0 )losld — 09 Sguamuny db»_gl)._;_luo.yisuww & puda 71



9.0 T

8.0 A

L/ pA

R*=0.9946

y=0.0186x + 0.8058

y=10.3105% + 0.1267

R*=0.9928
@

0.0 T - .
0.0 100.0

200.0

[Tyrosine] / pM

T T 1

300.0 400.0 500.0

ZnFe;04/CPE gedacs ja (339 i3 adldid ais A S

Figure 8. Calibration curve of tyrosine at the surface of ZnFe,0,/CPE.
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Table 5. Results of tyrosine detection in human blood plasma samples.

Plasma samples Added (uM)
1 0.0
2 1.0
3 2.0
4 3.0
5 4.0

Founded (uM) Recovery (%)
Not detected. _
1.05 105.0
1.94 97.0
2.85 95.0
4.12 103.5
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Table 6. Results of tyrosine detection in human urine samples.

Urine samples Added (uM)
1 0.0
2 10.0
3 20.0
4 30.0
5 40.0

Founded (uM) Recovery (%)
Not detected. _
9.6 96.0
214 107.0
311 103.7
38.9 97.3
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