2019 FHNABEHEHFREEEHE

HEHZFZTLLEXR =R
HEER | BEFE 1032 R

X # M #

FHN: TRAK

BN E 2B
—O—h¥ERH



TRARE L

— | REHAM | KRAFI. AFTHREH,

Z [ #HHRX | ARERMEHFFELX L0 R,

= FEtE L | FR R X 2T F.

L = I I S R 1 T = I S N 5 = B A 1
| REER | AL 14 T




>

Y E

S | b R R 1 IR
1| BRI 5 2015 4F: 8 e
2 | BEZGHER 5% 2016466 | FIHRAL
2 | AR (BT 2018456 11 | FLEk:
4 | hHiL 0004 | AT
-
5 | MBS S 2006 B
6 | R 2007 4 PHLEAV NS

AR




e HObA T

1% s LEESREESTRN AN

BRI

(EMSHHTRRS

% 24 JE R 275 5

81T AR

L2EREFREEFTBRFANNEH

2 RERIAL 7 9

OXH &Kk




SKWHFILX

5 WA R RN S T8 WG]

1 R YHE A VR A 7 92 St (LEHE)  2018.04 | FFCi%ls

) RIS RAFIEIR T (ERIHC: 5D BB

2018.03

3 TR B EEENE LI IR JF ) | (fh##E ) 2016.06 | HHCHZAL
(R A BT 7T

4 HREE N E ARSI IR R 7] | (I E)  2016.12 | g
AR AL

c BRI RE IR A T EMGER L | (fb%¥#E)  2015.23 | Pl
AR

6 [EIREED E PR ASBI R A | (b)) 2015.04 | PO
W

7 TR EMESSLm R | (EHE)  2015.20 | g
THIVE PR SG S AT 5

3 TEB RN AR A A R Ik (LEHE)  2014.06 | F0i%0s

9 HLA ) R SRR BRSO AU | (2 ) 2014, 06 | FFCi%on
7

TRKAL 2 3 VB R CIL2E##)  2014.01 | HSCfZa

10




2018 39 4 ( ) (http: / www. hxjy. org) .29 .
*
( 744000)
b b 36 h? o
C ’ o b
s 0 0 O 1%; O Zyo
DOI: 10. 13884/ 1003-3807hxjy. 2017060051
1 36 h .
’ 0 0 Nﬂ()H‘
[1] R
[2—4 , 3
. 10,
50% 0 H ’ 17 ’ = ’
° 3L, +60H =I0; +5I" +3H,0O
| 10, +5I +6H" =31, +3H,0
, L+1 —I,
2
0. 05 mol/L 1 000 mL: 4.1
12. 650 0 g ( ) 25. 00 mL 250 mL
1 000 mL , 1 mol/L NaOH , ,
150 mL, 0. 5 min, (0. 105 3 mol/L) s s
( )7 2 mL O 5% . .
36 g, 1 mol/L 150 mlL., , . 3,
1 000 mL, s 1,
1
Table 1 Calibration results of sodium thiosulfate
Vays,0, /mL a, /(mol/L) 7, /(mol/L) /(mol/L) /%
1 23 64 0. 049 79
23. 83 0. 050 12 0. 050 04 0. 050 00 0. 08
I 23. 84 0. 050 21
1 , 3 ) 4 2
0. 050 04 mol/L, . C 0.2g(
0.1%, , 0. 1 mg) ., 250 mL , 100 mL
. 10 mL 2 mol/LL HAc
° 1 mL O. 5% 1)
* , E-mail: zxlplyz2005@126. com
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, 30 s C R 3 s
b b 2 o
2 C
Table 2 Determination of vitamin C
vy, /mL m /g w /N @ /N /%
1 25. 80 0. 2438 93 20
26. 00 0. 245 6 93 23 93 10 0. 16
I 26. 14 0.247 9 92, 87
2 ’ C ’ H 15’\“25 OC
3 0 2%, 60 , 90
. 1%,
93. 10% . . . 60
43 s s
(4°C) 2 o
s 12 h , 5
b o
2 ’ N N
, s , 36 h ; ,
( 1) ’ . . 60 b
0.051 .
b 9
0.050 ’ ’ °
= 0.049F (1] , 2001, 225—226
'—o‘ B
g [2] . 2011,
S 0.048f
I 97—98
0.047 - —a R [3] . 2003
L ——4C 131—132
0.046 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 s 2016:
0 10 20 30 40 50 60 70 80 (4]
/h 63—64
Fig 1 Stability test of iodine solution (5] ’ 6
1 . 2011 235—236

Improvement of Iodine Solution Preparation

BAI Ying ZHANG Xiao-Lin*
(Gansu Medical College, Pingliang 744000, China)

Abstract A simple method for the preparation of iodine standard solution was proposed. lo-

dine disproportionation was completed in strong alkaline environment quickly, inverse-dispropor-

tionation of mixed solution occurred in strong acid environment when potassium iodide as a co-sol-

vent and the iodine standard solution was then obtained after standing 36 h. Sodium thiosulfate

calibration and vitamin C determination were performed to explore the accuracy of iodine solution
concentration. The concentration stability of iodine standard solution was discussed also. The

rusults showed that the method have many advantages, such as simple, easy to operate, high ac-

curacy, long storage time, calibration error is less than 0. 1% and analysis deviation of samples is

less than 0. 2%.

Keywords iodine standard solution; calibration; accuracy
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[2]
)

s 100 ¢ 4.16 gBr, , , 5

(0.26 mol/L.), , , 1
’ ° : 2 0.10 mol/L

100 mL, , 10 min,

B L I B A e e o e S e e S e at ST ey

[ ] . . .
[ ] , , . »
[ ] S0, « »
S0, (O, , y
(1) S0, €O, , : .
CO, S0, () [ 2016
A.NaOH B.
C KMnO D ( :SGH16B427) « ”
N 4 .
2) S0+Cl,+2H,0==2HCI+H,S0,, 2017
SO, «l "( :YLKT17116) ]
2 2 s
( )
A. B.
C D ()
' ' A T M.
5 ,2007.
’ (2] : «
[s]. ,2003.

- 37 .
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510 nm A ( )s < 1.6
12|
’ 4, ¢ 0.8
2
Br,+20H=Br+BrO+H,0 . 0.4 -
BrO+Br+2H*=Br,+H,0, 00
3 00 04 08 12 1.6 2.0 V(HC)mL
3.1 5
0.10 mol/LL s , .
) ,pH , A 0.05916 , [BrO-PH
=0.34+ 1
(D, : ¢ 2 % [Bu
m(NaOH)=0.8 g, A=0.02 s s :0=0.34+
. 0.10 mol/L A 0.05916lg[BrO]-2x0.05916pH
1.508, A=0.02, [BrO-]=0.1 mol/L,, pH<6.67
0.0013 mol/L, 98.70%, (Prom>1.07 V),
1:2, o 3.3
<160 o ,
12- .
0.81 , , 0 min -, :
04- :
0.0 5 s 5 °
00 02 04 06 08 10 12 ’ ’
m(NaOH)/g s , ,
]
BI‘Oz_ (ﬁy
BrO{M Bl’zm Br~ s¢g;3/14r’ >@o ) 4
107 V 034V, Br, s
,Br,+20H =Br +BrO+H,0, K= s Na*,Cl~
2.19x10", s o
3.2 )
(100 mL), 1:2 s s
; A , 2 12 .
1.6mL A , R .
s 101.6 mL,
0.098 mol/L, 1.6%, [1] ( 1 H[M]. ,2001.
o [2] s [J]. ,2014
,BrO” (1):47~48.

.38 .
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1 2 2%

(1. 7300303 2. 744000)

C s R ) e=2 60X10* L
mol ' e cm ', 0. 2~2. 0 pg/mL , ,

DOI: 10, 13884/j. 1003-3807hxjy. 2015060098

. 400~600 nm , 5 nm

1.0+

0.8
o ’ 0.6+
ﬁ a

’ ’ Y b 0.4_
C

0.2
7230G ( 375 450 525 600
). (0.1 mg) ( A fm
;. a; chlorpromazine; b vitamin C; c; hydroxylamine
. hydrochloride; d: analginum
Fe (100 pg/mL), . b, Ciel .,
(2 g/1). B (0. 1 mol/L). Fig. 1 Absorption spectra of phenanthroline complex
: (0.5 mol/L), C under different reducing agents
(0. 5 mol/L, C ) 1
(0. 5 mol/L, ),
(0. 5 mol/L, ), C D,
L2 10 min , 4 s
1. 00 mL 50 mL s s ,
s 3.0 mL, - ) s+ Amex = 505 nm, e>1 0X 10
5 mlL. 2 mL, Lemol!ecm!, s ,
, 10 min, Fe?t Fe?', R
1 cm , ( ) ) C

* : E-mail: zxIplyz2005@126. com
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. 24. 7% 136%; , 4
b o
e=2 60X10" L« mol™ « ecm™*, R R
N. S s , 12h )
’ H C
o s 48 h,
2. 2 0. 002, o
1.0+ ’;__‘__A,-—-—- u 3 ; ;
08{ 7 o
]
= 0.6 24 pH
b
0.4 :f pH b 4
H 4~7
0.2 ’ p ’
b
0 5 10 Is 20 , pH 5 -
tmin
a: chlorpromazine; b: vitamin C; c: hydroxylamine 25
hydrochloride; d: analginum
az 3 b C; c: s de 1.0
Fig. 2 Kinetic curves of phenanthroline complex (prs3+ =2 ug/mL) 0.8
2 (pra+ =2 ug/mL) ]
_ , = 0.6
° 0.4
2 )
0.2
b
0.5 min , s . T T .
L 5 m; 0.0 0.5 1.0 1.5 2.0
- 0 min ’ c(Fe*)/(pg/mL)
; 9 min ) o
a: chlorpromazine; b: vitamin C
’ 3 6 a: i b C
min, . Fig. 3 Working curve
s 510 nm 3
(0. 00~2. 20 pg/mL),
’ ’
) . 505 nm
bl 1. 5 min , ’ ’
’
b b -
o 1 , C
, R>
° 0. 999 0; >0. 241 1,
2.3 .
C 3, 0. 20~2. 00
1) o ‘ug/mI‘D
1
Table 1 Comparison of working curve parameters
C
A=—0. 001 4+0. 463 4o A —0. 009 2+0. 241 1o A= —0. 000 3+0. 194 80 0. 991 3 A=—0. 000 2+0, 188 9p
R 0. 999 6 0. 999 0 0. 991 3 0. 995 2
0. 463 4 02411 0. 194 8 0. 188 9
/ 2. 60X 10" 1. 37X 10! 1. 10X 10" 1. 06X 10*
(Lemol '+cm™ 1)
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3
C , [1] . L4
2005, 228—231
2.6X10" L+ mol ' « = ' ’

’ - 133—135
cm ', 236 s [3] . L4

9 min ; 2000 222
[4] 4

2003: 179

Optimization of Reducing Agent in Spectrophotometric Determination of Trace Iron
XTIANG Xiao-Ming' LI Hua’ ZHANG Xiao-Lin®*
(1. Chemical Engineering Institute, Northwest University for Nationalities, Lanzhou 730030, China;

2. Gansu Medical College, Pingliang 744000, China)

Abstract This paper studied the effect of different reducing agents in the experiment of
spectrophotometric determination of trace iron, combined with the analysis of visible absorption
spectroscopy. dynamics research, environmental adaptability for acid and alkali. The results
showed that reducing effect of chlorpromazine and vitamin C was the best of all selected reducing
agents, and their linear relationship was quite good while the iron content ranging from 0. 2 pg/
mL to 2 0 ug/mL. which conformed the Lambert beer’s law and was suitable for the determina-
tion of trace iron in water; chlorpromazine had both reducibility and sensitizing effect, its molar
absorption coefficient ¢ was 2 60X 10" L » mol™"' + ecm ™',

Keywords trace iron; experiment teaching; reducing agent; phenanthroline; absorbance

2011
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(0. 5 mol/L, ),
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Optimization of Reducing Agent in Spectrophotometric Determination of Trace Iron
XTIANG Xiao-Ming' LI Hua’ ZHANG Xiao-Lin®*
(1. Chemical Engineering Institute, Northwest University for Nationalities, Lanzhou 730030, China;

2. Gansu Medical College, Pingliang 744000, China)

Abstract This paper studied the effect of different reducing agents in the experiment of
spectrophotometric determination of trace iron, combined with the analysis of visible absorption
spectroscopy. dynamics research, environmental adaptability for acid and alkali. The results
showed that reducing effect of chlorpromazine and vitamin C was the best of all selected reducing
agents, and their linear relationship was quite good while the iron content ranging from 0. 2 pg/
mL to 2 0 ug/mL. which conformed the Lambert beer’s law and was suitable for the determina-
tion of trace iron in water; chlorpromazine had both reducibility and sensitizing effect, its molar
absorption coefficient ¢ was 2 60X 10" L » mol™"' + ecm ™',
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1% 2 1
(1. 7440005 2. 744000)
CuSO, )
, . , CuSO, .
CuSO, o
DOI: 10. 13884/ 1003-3807hxjy. 2014020103
1 mL H,0O ; II: 25 00 mL 6 mol/L
, , H, SO, 12. 50 mL 1 mol/L CuSO,, 12 50 mL
, R H,O ; M: 25 00 mL 6 mol/L
, H, SO, 25. 00 mL 1 mol/L CuSO, .
(1] 3
, , 31
. . 5 g
, , . 1 min
. , ) 1,
2
2 o
—A __Am
m — Am; v —
( . FA1204B, 0.1 mg), H, e N
( ) ( Do ) )
I: 25 00 mL 6 mol/L H,SO, 25. 00 °
1
Table 1 Preparation of H, using zinc particles
/g
CuSOy/(mol « L™1) | HySOy/(mol « L™1)
0 min 1 min 2 min 3 min 4 min 5 min 6 min 7 min
1 0. 00 3. 00 107. 2600]107. 1929|107. 1244|107, 0644|107, 0090|106, 9643 |106. 9198 [106. 8753
0. 25 3. 00 107. 3300(107. 1800|107. 0082|106, 8473|106, 7108|106. 5900 |106. 5128 [106. 4326
Il 0. 50 3. 00 107, 4170]1107. 0938106, 9468|106, 8478|106, 7672|106, 6983|106, 6438|106, 5906
32 33
31 7 min .
) 2, 3.
2
Table 2 Preparation of H, using zinc powder
/g
CuSO,/(mol « L™ 1) | HySO,/(mol « L™ 1)
0 min 1 min 2 min 3 min 4 min 5 min 6 min 7 min
I 0. 00 3. 00 107. 3300(107. 1800|107. 0082|106, 8473|106, 7108|106, 5900|106, 5128 [106. 4326
0. 25 3. 00 107. 2600(107. 1929]107. 1244|107, 0644|107, 0090|106, 9643 |106. 9198 [106. 8753
1 0. 50 3. 00 107. 4170]107. 0938|106, 9468|106, 8478|106, 7672|106, 6983 |106. 6438 [106. 5906

* , E-mail: zhangaijv@163. com
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3 7 min

Table 3 Comparison of the amount of H, generated in seven minutes

CuSO, /(mol » L~1) e 4.2
[2] ,
0. 00 0. 4157 0. 8458 . 2 X Cutt )
0. 25 0. 8974 0. 7226 ( 2 a) s
0. 50 0. 8264 0. 3864 ,
4 . , ,
4.1 s ,
2 Cu*"
HT , , Zn
. Cu” .
, « 2
b 1:6
« 2 ),
, , .
, 3 min
, ,
7 min I 1/2,

Fig 1 Change curves of reaction rate
of H, preparation using zinc particles

(a Test solution T; b Test solution I[; ¢ Test solution TI )

min 0. 4157 g;
, , 2
’ Fig 2 Change curves of reaction rate of H, preparation using zinc powder
Zn-+ CuSO, =ZnSO, +Cu
2 >< ((Pgu“)7 /Cu (P’?n2+ /Zn ) _

(a Test solution ]; b Test solution J[; ¢ Test solution [ )

IgK = = 37 2
0. 05916 (@ b Te W)
Zn+H, SO, =7ZnSO,+H, 4 5
2 >< (Sog+ r'Hz - (P§n2+,r'Zn>
lgK'= 0. 05916 = ' '
6. ’ ’
D) H 3
’ ° mol/L 0. 5 mol/L,
1 b), ,
50 mLL H,SO,, 5¢g,
( 1 C)9 2
(1) ’ ’ 5
2) s
’ ’ (1 ) . ; . 2013
I I, 7 min 0. 8200 29—30
g ( 3), 1 1, 2] , . ) , 2012, 33 (2):

Il , 1 0. 3232 g, 60—63
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Experimental Inquiry on Whether Copper Sulfate Can
Accelerate the Rate of Hydrogen Generation

ZHANG Ar-Jv'*  TAO Suo-Jun® ZHANG Xiao-Lin'
(1. Gansu Medical College, Pingliang 744000, China;
2. Pingliang Na. 1 Middle School of Gansu Province, Pingliang 744000, China)

Abstract Based on the decline of mass of reaction solution, the amount of hydrogen genera-
ted per unit time was determined, which was used to express the reaction rate. The results
showed that whether copper sulfate could accelerate the rate of hydrogen generation depended on
the morphology of metallic zinc, and combination of zinc particles and copper sulfate was condu-
cive to the preparation of hydrogen.

Keywords copper sulfate; hydrogen preparation; reaction rate

2016 { »

, 2 12 .
. . . N . N (G .
N . : 12, 12 144
s 115, 100 : huaxue-
jlaoyu(@chemsoc. org cn, . : , : yangjinrui76
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y 18 s 12 .
. . . . : 12,
12, 144 115, 100
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. 98% . 3 . .
DOI: 10. 13884/j. 1003-3807hxjy. 2014050136
. 5% ., 5% 15. 0 mL,
o , 50. 0 mL, 15 min,
’ 3 5 3 mol/L 5 mL,
° ( 1L O0OmL )
' ’ L 4
. ’ L
° , . L
o . L+20H —I0 +1 +H,0;
’ HCHO+10~ +OH ——HCOO +1" +H,0
) ’ 10 10, I .
’ 310" —10; + 21
1 ) L.
L1 10; + 51 +6H"—=3L, | +3H,0
50 mL , , Na, S, O, L:
Y ( Y I +2S,0. " —=21 +8,0;"
N ~ ~ ~ N 12
. i [2] .
L2 _
(1) 0.1 mol/L ( <cI2V12—%cNazszo.;szszoﬂ Mueno X 107
, ) s v X 100%
(2) 0. 05 mol/L 13.0 g prero T eno
0 7 — : oneno 2 oo = 1000 g/Ls Myeno = 30. 03
. 1000 mlL ( g/mol
) 2
(3) 0.1 mol/L ( 21
). g
L3 6 (6 ) (
25. 0 mL, 250 mL D, : 0~0. 77% ,
s s 10. 0 mL .
* , E-mail: zhangaijv@163. com
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Table 1 Determination of precision
b
/% /%
. b
1 6 4. 29 0. 77 10 % 2 % .
2 6 4. 25 0. 31
’ ’ 10. 0 mL
3 6 4. 19 0. 31
4 6 4. 26 0. 70 ’ ’
5 6 4,29 0. 35 3. » 3 .3 3
6 6 4,32 0. 52 (
0. 09742 mol/L; <1%).
0. 05182 mol/L 3
2.2 Table 3 Determination of interference
2 , 1 /
3 2 . mmol mmol /%
o - 1 1. 025 1 021 —0. 39
2 1. 025 1 023 —0. 20
100%, , 2, 3 1. 025 + 1019 —0. 59
2 3
Table 2 Determination of recovery rates
/ / ’
mmol mmol mmol % ’ ’
1 149,70 1 025 50. 72 99, 7 . . . ,
2 42. 60 1. 025 43, 61 98 9 ,
3 35. 50 1. 025 36. 53 100, 5
4 21 30 1. 025 22. 30 98 2
5 14. 20 1. 025 15 14 99. 2
6 7. 10 1025 8 07 94. 6 (1] o ’ - 20013 (D
_ 269—270
0. 1025 mol/L
[2] 5
2 s ,
2006 252
94%~101% . o
Determination of the Concentration of Formaldehyde in
Embalming Fluid for Specimens using Back Titration
ZHANG Air-]Jv* DAI Xing-De ZHANG Xiao-Lin
(Pingliang Medical College, Pingliang 744000, China)
Abstract Determination of the concentration of formaldehyde in embalming fluid for speci-

mens by back titration was proposed and the recovery rate and interference test were completed

with sodium thiosulfate as the standard solution. The results showed that the method was sim-

ple, rapid, practical and had higher credibility, the average recovery rate exceeded 98% , three

times coexisting substance did not have any interference.

Keywords

back titration; embalming fluid; concentration of formaldehyde
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*
( 744000)
84%, e=4 4X10', 0. 1~15 pg/mL :
DOI: 10, 13884/} 1003-3807hxiy. 2014120068
, 1 mL,
) 5 ml, 2 ml.,
b=zl 4 5 mL, ,
L , 10 min,
) 1 cm , ( )
o e N , 440~600 nm , 5 nm
o 4
1 41
, Fe'* Fe*™ . 411
2Fe*” + 2NH,0OH « HCl ==2Fe¢*" + N, +
4H" + 2H,0O + 2CI™ - C D,
pH., , Triton X—100,
o 1 a) )
Fe’™ 4+ 3phen== [Fe(phen); |*" A = 500 nm, e =1 8 X 10*;
2 (SDS) C 1 b,
21 ,
7230G ( s
) (0. 1 mg) ( , s
. Fe?™ |, Fe'' ,
22 . a
Fe*" (0. 010 mg/mL); (TPB)
(2 g/L); (1g/L); - (CPB) .
(0. 1 mol/L), d, e), 5 nm,
3 , TPB ,
50 mL (STAB)

* : E-mail: zxIplyz2005@126. com



(http://www. hxjy. org)

¢ 31 o

2015 20
C 1 ), , pH 5 -
0.5
| A g =505m o
04y //\\ 4.1 4
o] 7 ‘ 0.00, 0.10, 0. 30, 0. 50,
< ) P 0. 70, 0. 90, L 10, L 30 pg/mL,
= d 505 nm, TPB-STAB
0.14 %
) 9 b
00l -
375 450 525 600 y R
A /nm
TPB-STAB « 4 b),
a: zero surfactant; b: SDS; c: STAB; d: TPB; e: CPB; f: TPB-STAB
Fig 1 Absorption spectrum of phenanthroline complex unden different surfactants r=0 9916, SlOp e=0.0760,
a: ; b: SDS; c: STAB; d: TPB; e: CPB; f: TPB-STAB 2 , TPB-STAB
1 b o
, TPB-STAB 1 1d @ slope=03131 09989 b
f) ) 1 g/L TPB 1 g/L STAB , o b slope=0.7601  r=0.9986
5 mL, Q 05 g/L, , o
, 84%, 5 nm, o
e=14 4X10°, >
0!
412 508 T
_ , Fe''/(ug/mL)
Fig. 3 Working curve
; i (a: zero surfactant system; b: PB-8STAB system)
2 ’ 0.6 pg/ml Fe 3 (a: ; b: PBSTAB )
4 2
s 0.5 min , STAB X
; TPB-STAB 18 min Felt ) .
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Sensitizing Effects of Surfactants in Spectrophotometric Determination of Trace Iron

DAI Xing-De ZHANG AtJv ZHANG Xiao-Lin*
(Pingliang Medical College, Pingliang 744000, China)

Abstract This article studied the sensitizing effects of surfactants in the experiment of spec-
trophotometric determination of trace iron, described the results of different surfactants combined
with the analysis of visible absorption spectroscopy, kinetic research, acid and alkali environment
adaptability. The research showed that sensitizing effects of the cationics was obvious, mixed use
of trimethyl ammonium bromide and fourteen alkyl pyridine bromide had the best sensitizing
effects. The absorbance could be increased nearly 84 %, the molar absorption coefficient e was 4.
410", and the linear relationship was quite good while the concentration range of iron was 0. 1
~1. 5 pug/mlL, which conformed the Lambert Beer’s law and was suitable to measure trace iron in
the water.

Keywords analytical chemistry; experiment teaching; surfactant; phenanthroline; absor-

bance
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K, Fe( CN),

744000
: K, Fe( CN), . K,
Fe( CN) , 50 mV. 107°A.
60% o . . . . .
. 0.01 mmol/L 97.28%  98.73% RSD
0.27% 0.56% . K, Fe( CN), ; . .
: R927.2 DA : 1004 —8685(2019) 02 — 0155 - 02

Determination of cysteine and cystine with automatic dead stop titration

based on selective oxidation reaction promoted by K; Fe( CN)
BAI Ying ZHANG Xiao — lin
Gansu Medical College Pingliang Guansu 744000 China
Abstract: Objective To establish a new method for detection of cysteine and cystine with automatic dead stop titration based
on selective oxidation reaction promoted by K; Fe( CN) , . Methods With K; Fe( CN), as titrant cysteine and cystine
were detected with automatic dead stop titration. The polarized voltage was set at 50 mV  and the sensitivity was set at 10 7" A.
The threshold value was set at 60 scale. Results The analysis conditions were optimized with instrumental titration parameters
sample decomposition titration acidity reagent dosage determination range coexisting elements. The titration end point of this
method was obvious and the detection limits of cysteine and cystine was 0. 01 mmol/L the recovery rates were 97.28% and
98.73% . The RSDs were 0.27% and 0.56% . Conclusion K, Fe( CN) ¢ was in accordance with the requirements of standard
substance and it can be directly used to prepare titrant which is safe reliable and easy to save. This method is simple rapid
sensitive and accurate.
Key Words: K, Fe( CN), ; Cysteine and Cystine; Automatic dead stop titration
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CySH CySH ( —SH) K, Fe( CN) 1.2.1
o CYSH
(1987 -) K, Fe( CN),
Fe( CN), *~ Fe( CN), *~

E — mail: zxlply22005@ 126. com Fe( CN) 6 i / Fe( CN) 6 -
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. pH =6 100 (50 mg/ )
CySSCy NaHSO, : CySSCy + NaHSO, = 5.0000 g lg 2¢g 0.1¢g
CySH + CySSO,Na CySH CySSCy - 2.000 g 2 ml 0.1 mol/L
1.2.2 NaOH 1 000 ml 10.00 ml
1.2.2.1 ( CySH
0. 01 mol/L ) 20. 00 ml 100 ml 97. 28% 98. 73% RSD
0.1 mol/L NaOH 20 ml K, Fe( CN), 0.27% 0.56%( 1),
Vi(ml), V, CySH
( 50 mV. 107 A, 1 (n=3)
60%) . RSD
1.2.2.2 ( CySSCy (mol/L)  (mol/L) (%) (mol/L) ( mol/L) (%)
0.01 mol/L )20.00 ml 100 ml CySH  0.01653 0.01673 0.27 0.01000 0.02638 96.50
4 10% NaHSO, 5 min 0.1 mol/L NaOH 0.020 00 0.036 31 97.90
20ml K, Fe(CN), 0.03000 0.04596 97.43
V,( ml) v, -V, CySSCy . CySSyC  0.020 66 0.020 12 0.56 0.01000 0.029 98 98.60
0.020 00 0.039 72 98.00
2 0.030 00 0.050 02 99.60
2.1
pH 11 ~14 3
0.1 mol/L. NaOH 97.28%  98.73% RSD
0.27%  0.56%
o RE <2.5%
2.2 0.010 00 mol/L o
20.00 ml “
1.2.2.2” o
5 min 1 J.
20.00 ml 2013 19(3) :569 —570.
o 5 min, 2 |
2.3 (0.001 mol /L 2010 43(2) : 146 - 153. .
0.01 mol/L~0.05 mol/L.0. 10 mol/L) 3 ) ] .
(0.10 mol/L+ 2014 22(1):34 -35.
0.05 mol /L) 4 :
(0.001 mol /L) I 2002(3) : 172 —173.
: 5 .
o 0.01 mol/L I 2010 24(5): 447 —449.
o 6 : M . : 1983: 266.
2.4 7 . I
( ) 0.50 ml 2000 21(6): 293 —294.
) ? 8 :
“l.2.2 ” 9 .
1. 1982(2) : 80 - 89.
(x ml) (y ml) 10 ( ) ( : )M
V=1.00 ml 1998: 88 — 89.
Yoo = 1.044 92 o —0.217 8(r=0.998 3) ; yo ¢ = 1 . (18AA - TI)
0.983 8 +0.084 4(r=0.999 0) . I 2006 27(6) : 367 - 368.
o . 12 .
SloPc,vSH/SlOPCySM ~1 Fe(CN), ° J. 1995 13(3) 1220 -222.
101, 13 : J
CySH 99% 1997 26(3) :30 -32.
1 ml 14 N J
(0.01 mol /L) 1.21 mg CySH. s 1983 2(2): 39 -45.
0.01 mmol/L. . 2004 20(6): 622 -624.
2.5 N 12017 -06 - 15
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AR A AL Bl e L 7k e i S S e

TR, KEH, ax, RLi&, KIHKT
(HlEE=#BE, “Fut 744000)

W OE. PR ORI AL B T BRI i E L S (CAT) &1 BRSO 5 i S b & o i
TORMERRIREN A N S, Fetr M A HERE, BSIR - BEIRENGE A CE T B Ak R . EAF R
[RI B, aob Ak S G P T T TS S N 7T I W B 25 (A SR AL S T AR 2R k. 255 R FERRK
Wit K 550 nm 4b, WG E S AL SRR SRR, 0 ~ 3 min FERE SN & S EKIE L, GERbR
k=0.2465 L/mmol. %5 ¥& SRS, e SR EA—3, RSD =329 %. HA[H T HE S i ot 42
MBS R

KR HEAERY, CORMREReY, ffksh )RR AR E

RE4 S TS202.3/0657.32 XEkARINE: A NERS: 1006-2513 (2018) 10-0179-05

Measurement of catalase activity by sodium diphenylamine sulfonate
catalytic—kinetic photometry

DONG Na, ZHANG Aai-jv, BAI Ying, DAI Xing-de, ZHANG Xiao-lin"
(Gansu Liang Medical College, Pingliang 744000)

Abstract : In this study, a new catalytic kinetic spectrophotometry of sodium diphenylamine sulfonate was
established to determine the activity of catalase. The colorless sodium diphenylamine sulfonate is oxidized to purple
color by hydrogen peroxide after enzymatic action, Fe* increased the oxidative reaction, and acetate buffer improved
microenvironment system. The CTA activity is determined by the different absorbance and the working curve slope
k at different timeframes. The results show that the absorbance has linear relation with the concentration of hydrogen
peroxide with the maximum absorption at 550 nm, and there is a proportionality between the dosage of and the time
of enzymes reactions, with a slope of 0.2465 L/mmol. The novel method is applicable in the analysis of enzyme and
are comparable with the iodine method. The RSD of the method is 3.98 %. The novel method is used to evaluate fish
liver’s catalase activity.

Key words: catalase; sodium diphenylamine sulfonate; catalytic kinetic spectrophotometry; hydrogen peroxide

WA SRR T BN TR HEY, L HO, AR SUKAISA, PRI, x4t Sl 1k
MRE A PR AR, POl TR e, B P AA IR EEAE M, WE CAT HHEr
ILeYgiate, EEAETEAMLER (CAT) ol JiiRAessmEds U FEs ik B0 e

FSHER: 2018-05-30

BE&WAB: Hiliam G sgfifmE (2018A-145) .

fEE®EN: =W, &, Wt EENEWHALAEEF 505, Email: dongna886@163.com.

RVERS KAV (1968-) , 3, #ofz, FERMFAERSIEE 509, E-mail: zxIplyz2005@126.com,
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W R EE 2, ZROEER, O IRZENE
-SSP N e o & | 7 KT ARSI D 5 BT T
B U2 el e, (HE6ERPEAR, HO,
FEMLEE IR Y B8 e < 5.0x10° L/ (mol - cm),
ARIRF ey RABORMRHE, e RSO A S 5 Ah
X, HARMEE & TRE . R IKRERR N2
— o ik, Fer fEMEAGHI, TEBRIR ST 5T RE 1
WA EA A, S Y i B0, 1EIK
WAL OE BEYA T AN E k. SR R R, FEd
FEME AT, HO, WS 5O A R i 4t
KA, LEER (CAT) X6 WA HEAE
M, HE sy T I E CAT 3G PR 8 ik, i
T CAT AT 5 Wt A2 A0 i 7T S5 Lt 5 1
e .

1 SEEEs
L1 S5

7230G A n] LAt T (Bl AT s 4
Bk (0.1mg, EiERPALER) ).

CATfrifi i ( Bl S E AV ARAR A
H )y SRR 2.0 %; H,SO, ¥ 3
mol/L; Fe** 7 #i: 0.01 mol/mL; H,O, k& JFi ¥k :
0.0100 mol/L ( ¥ 1.00 mL 30% H,O, # F& & 250
mL, &R AN E S ERKE, H pH=74,
0.06 mol/L iR 3h 22 v i — k%5 ) ; 0.1 mol/L
BETR — WSTR M 22 v Wi (pH=4.7), 0.1 mol/L
MR T 22 vh W (pH=7.2), 0.1 mol/L £F7K I fig
SR (pH=3.0).,

SEG FH K IR ZEEK, R oA Al
1.2 EWAHE
121 Fpiigg il

B35 C K i i A5 min J5 19 CAT # i)
1.00 mL., H,O, £ )&y 5.00 mL, J&-& )V 3 min
JESEEPIIA 2 mL R (3 mol/L) Z¢ 11 SR
1.2.2 WG E

B 1.2.1 BN 5.00 mL — 2K BRI T
BA, FFHMA 0.1 mol/L BEWR — MR £h 22 i T
5.00 mL & Fe* 7% 5.00 mL, [HE % 6 min 5
ZEWIKEA R 50 mL, ZFiEEE 10 min, PAZE
WAKEZ, A1 em BEHEITLT 550 nm % K A4b
e HOERE A

| 180
12018551050

Al e CAT 25 i, MEMILE A
1.2.3 GRS
BR3P 53 1 pmol Jy—ANEHEPEEAL (U).
AR EHEERE (W) W (1) &Kk,
AA x50

E(U/L):kxthxlO*3 (1)

A A=A—-A,

Hrp: 50 FrERERORRESRAEM (ml) ;

V FORBHEA (mL) ;

t FORBEHEAL SOV I TE] (min)

k F7R H,0, TAE#Z A (L/mmol).
1.24 plEE

2 CAT L H,O, W — @I 8] J5, R
) H,0, 5 KIS W b i s, SR 5 B AUai iR
BAbR HE VR B B, SR HEOR & CAT i1 7 filt Y
H,0, 5  [] B =5 K B HyO, &, AR
P2 T € (0 2 225K 28 CAT itk 7 i 1Y H,0,
&, ARSI AT S S P

2 ZHR5WHE
21 RUGLIESNERK

0.7
0.6 ot
C o, ./° ’\
0.5 . J .
®o, \o
0.4 Y N\
\. . o\
0.3 - - )
< d b I\- /.’./' \.\
4 ., " LN
0.2 g w/ l\.\.
0.1 b M4
0.0{ a asaaddXXexyqed 4444—+—g—t—x—x

350 400 450 500 550 600 650 700
A (nm)

Bl TRk

Fig.1 absorption spectrum
a.H,0,-sodium diphenylaminesulfonate
b.Fe*— sodium diphenylaminesulfonate

¢.H,0,- sodium diphenylaminesulfonate—Fe**

d.CAT-H,0,- sodium diphenylaminesulfonate—Fe*

LRI IEAEA R R BRI S e A AR 1
Wt R, 551 400 ~ 670 nm i [ ¥ 1 4 i,



WME LR, S5REW]: IR RER S R —
(1) HyO, B Fe** AR,  ToAefiE el g (&1 1l
Zia. b), BAWOCEET 0, Fe*-H0,- K
o i T 4 . £ AR R 7E 550 nm Ab AT F R (E
1k c), i B Fe* Xt HyO, 484k — 4% Ji 1k i £
KON A BRI AE . CAT il HO, &
e (B 1 d), BOCEERVD, (ERFAERIL
U A7 8 R e AR A8 o PRI e 4 550 nm A Ay I 2
Pt

22 Fe*rHE

FEXTMEHEACIR R, HA SR PEAAE, B Fe
IIAER SERRE BEM R, LR Uk S K5 Bl Fe™

I B B st 1 52 B0 o 5B 3G R E B 3, 45
W1, 4V (Fe*)= 1.00 mL i, W6,
Fe** RFHICRAf 2 >4 1.00 mL,
23 WMERAE

Tifg A1 52 BV, 1) 2% 5 0 A8 AL S 68 I 1 3 7% B
MR, BRERAT T X e ROe il Fe™ WK . EXF
A SOV AR &R, AR ARAS, PR B R
WE W R, R 1R V> 1.80 mL, Wt
BEE R, VAE0.15 ~ 1.80 mL A7 KfEH, V
< 0.15 mL, WOGREE I T . PAF SE5e ik A
TR 1A AN 1.80 mL.,

#1 AEEREGTHRAER
Table 1 The absorbance values under different
experimental conditions

Fe* JH &

0.50 075 1.00 2.00 3.00 4.00 5.00
(mL)
Wt 0.331 0.393 0.428 0401 0.375 0.351 0.320
vk Ve E=A
BB 005 015 060 100 150 180 2.00
(mL)
Wt 0.331 0.400 0.406 0427 0.450 0.469 0.428
kT MAiDiLE
E@E&mﬂj 0 3 6 9 12 15 18
(min)
W 0.106 0.203 0.428 0.492 0.525 0.569 0.570
Mz \“,‘Llﬂ‘
Eﬁfffm“r; 25 35 45 50 55 60 100
(c)
Wt 0.249 0.428 0.557 0.655 0.678 0.686 0.938

24 AR
Bl AL SR PR AR, BT IR - IR

o MR 1B
= #F )i
;MChina Food Additives

. R, R _HREH =M RE AR
FEVE. SRR INEER — R ON BE i R &R 1
WEE. RIS, WO R E. RS
R — BERRENZE R AT o
25 BERNAESEERHE

P RIS Ty vk, D S 6 5 N A [R] B ) B
FEEE, 7E0 ~ 3 min EIGAMEAIHE, 15 min J5
BV T 588, WOLEEREIEE . 2 5I7E 25 C.
35°C. 45°C. 50 C. 55 °C. 60 C. 100 C &4
T TR AN, BRT, BEaRVEE, 45 C
I AZ LBl 2, 50 Cik3| L ag REgUE, 100 C
BF R EUTEY, SRR 1. I, &6 5N
[B] 15 min, €0/ WV IEE 50 CH A&,
26 EEREMESHOO,ZMAFERE

B¢ 0.01 mmol/L H,0O, 3 # % ¥ 1.00. 2.00.
3.00. 4.00. 5.00 mL & & 5F %% 2 50 mL, 5 B¢
W H,0, ¥ i H 0.20. 040, 0.60. 0.80, 1.00
mmol/L. Y24 W 5E BUfS, e [m] i [B) B o e
JCRE, il O, TAEMI 2. S5 RH, HEn
[EXTWO G A S, 7E 15 min P, 0RO EEREfAAR
K, AR RN SR TR AR, (B K R 15
FIREZE, HAVR kK EAREHEE (K 2a). #E
20 min 5, LPEFEENCEE, EmSRIERBOUET
P, mIEBT—2 (K2b), X% T RaR 2K
e i R AN 4 ik SR A LB . TR SR A O B % ¢ 1
W HE, T S ARG T il e b SR, 28 I B[] A
H,0, TAEMZREER, Histimif & 6 = i e
)24 10 min, 4% k=0.2465 L/mmol.,
27 E¥H0, A8

HO, FefELPETEHEZ 0 ~ 1.0 mmol/L, ik
FER R AT E, Ay mS 3otz N,
Cio=1.0 mmol/L B}, Vipo,=5.00 mL, A {328 10 =
REMAEERE, N THERIE R AR ROE A
KA zs ], o i) H,0, Hi &4 5.00 mL.
2.8 EgfE R LA ER 0T

HAWSRAEAAE, BULTAE KW I A],  PARSTA] t
REARER, AR RIOCREE A SN YNABFRATE AL SR
Mk, HE 3 mIH: FERVAIEBT B 0 ~ 3 min
W, BRSO N B S B R B, BRI A A
BA—3, FFEEHEEA R, 3 min 5, A
TEFFIRARZE . R, BRI SN B )4 3 min,
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0.7
15min
0.6 a 10min
Smin
0.5 Omin
<
0.4
0.3

02 04 06 08 10 12
C (mmol/L)

0,604 30min /" 25min

0.56+

< 0.524

0.48+

0.44+

02 04 06 08 10 12
C (mmol/L)

2 AEFHERET CAT REMBEERNXF

Fig. 2 Relationship between the concentration of CAT and absorbance under different static duration

0.7

0.6 \

051 N

N\
< 03 \
~

0.1+ -

.

0.0

0 40 80 120 160 200 240
t (mm)

3 REIREFREEERXER
Fig.3 Relationship between reaction time and reaction
rate

29 FikIE
29.1  LYEIRIE

BURTF &k B CAT B 3.00 mL,
AR E 3 K, KIKRWOCEEFIMH, T
TG R DARE S MR IE MR AR bR, 15 E MY AL bR e
il U 2, 7E 0.0 ~ 1.2 gL SR N, B iE)E

HWEA RIFAIERR, &N E (UL)
=2021C (g/L)-208, R=0.9890 > 0.98.

7500

6000-

4500- .

g et
= 30004 -

8]
1500+

04w

00 02 04 06 08 10 12
C (gL)

B4 CATREMBEENXER
Fig.4 Relationship between the concentration of CAT
and catalase activity

292 JiAHEK
BHxt 1.0 /L CAT Arifif, [ 25 58 O Bk
HBLEIRINE, PRI EEE R Lk 2.

F2 FHEXLLKE (n=6)
Table 2 Method contrast test (n=6)

vk CAT (g/L) E (U/g) E (U/L) RSD (%)
DAL R 1.0 6293 6266 6410 6498 6498 6222 6364 3.29
Wy 1.0 6328 6464 6561 6749 6482 6287 6511 4.62

RPN e S R AR — 5, R AW
kS 3 BF RSD < 3.29 %, WARZGIEL 2%
M PR 25 5 /D

I 182
201835108

293  FEWAAT
) W) T JUE 40 A9 A P 2R B HL0, 22,
PR T JH O vh B A 82 1) CAT, AR St e 45 A



KRNI CAT, HEMIFRIUE RAFIE (1 g 22
) B REHEEE, 9 mL 0.1550 mol/L i) KCI 7%
Wi, FURBFEE S min, HWEAE 4 C. 8000 r/min |
B0 13 min, HUH RIS, f)E AR B KA RE
50 mL, HilfMHERE (B E R 20 g/L). HUH
At 1.00 mL SEREGIG TN, FEAEOAR R e g,
SER W 3,

£3 EUWERIWEARLR (n=6)

Table 3 Determination results of recovery tests (n=6)

Fe ENSEN I W fE HElE
(U/L) (U/L) (U/L) (%)
1 14536 3182 17602 96.36
2 14536 6364 20743 97.54
3 14536 9546 23689 95.89

ARk HIWE A, AN CAT {H1EE, 1EAE
HTE AR -

T 753 [ YL N 96.60 %o, 15 WA AH i v 3t
AP RS SE M G A 0

3 &g

TR MR B AL s O BRI E 1 S AL R
WM A =M, T, ERE S AR
BRI AL, Wt B 5 i S AL Sk A 2tk
K&, MXHFER > 098; TPkl TRBNTIES
HUCAT {7 i, RN 96.60 %5 5 il ik
LR, MESR—2, KR E R,

1T 2H 21

JE b B b

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]
[11]
[12]
[13]
[14]

[15]
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Determination of the activity of catalase by Automatic potentiometric titration based on

K, Cr, 0O, selective oxidation

DONG Na DAI Xingde ZHANG Aijii BAI Ying ZHANG Xiaolin™

(Gansu Medical College Pingliang Gansu 744000 P. R. China)

Abstract: OBJECTIVE To determine the activity of catalase (CAT) by Automatic potentiometric titration. METHOD  The

(2018A — 145)
(1981—)
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K,Cr, 0,

539

excessive ferrous ion before and after the enzyme — promoting reaction was titrated using potassium dichromate standard solution and the

activities of CAT was computed. RESULTS  The volume change of CAT determined the activity which was unaffected by ferrous ion

and the hydrogen peroxide concentration. The usage of sulfuric acid not only prevented and stopped the reaction but also benefited the

follow — up oxidation of H,0, and titration of K,Cr,0,. There existed a good linear correlation between the volume of potassium

dichromate and the concentration of CAT that ranged from 0 to 3 g*L.™" and the linear equation gained was ¥ =0. 8840X +13.42 (r =
0.9982). CONCLUSION  This method is comparable with the iodine method with the RSD of 3.98% .

Key words: Catalase ; Hydrogen peroxide ; Potassium dichromate ; Automatic potential titration ; Activity ; Enzyme reaction;lodine method
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Fe’*  K,Cr,O, o
Fe’ " /Fe’” Fe’*
0
K,Cr,0, CAT o
1.2.2 35 C 10 min
H,0, 10. 00 mL 5.00
mL 2 min 5.00 mL H,SO,
10. 00 mL Fe’*
3 min (
570 mV 100 mV) K,Cr,0,
V(mL); CAT
K,Cr,0, Voo CAT
U (1u pH7.4.35 C

(E)

1 pmol H,0,)
:E(U+g™") =6/2 x0.01 x (V-

(CAT) H,0,
CAT .
CAT
1-7
K,Cr,0, CAT
K,Cr,0,
Fe’* H,0,
Fe’* H,0, K,Cr,O,
H,0, K,Cr,0, Fe’" 3
H,0, Fe’* CAT
K,Cr,0, ;
CAT o
1
1.1
ZD -2 (99) (
). 0.01 mol*L™" K,Cr,0,
( );0.05 mol*L ™" Fe**
( );0.01 mol+L ™" H,0,(
) ;3 mol-L"™" (
) (CAT
) o
1.2
1.2.1 H,0, CAT
HZ 02 HZOZ
Fe2 + Fe3 +

V,) x 1000/(t x m) - 6 Fe’'  Cr,03°
2 Fe’*  H,O0, t(min)
m(g) o t=2 min 1 g*
L™'CAT 5 mL :
E(Usg™") =3000(V-V,)-
1.2.3
K,Cr,0,
. 0 1 N
K,Cr,0, Fe* ( a)
533 ~618 mV 100 mV;
Fe**
. H,0,
( b) ; CAT H,0,
( c) 3
570 mV,
1.2.4
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700+

a. Fe
b. H.O,+Fe
c. CAT+H,0,+Fe™

— 7

600

T T T T
0 5 10 15 20 25
V/mL

Figure 1 Electrometric titration curves of three titration systems

Fe’*
o TFe’* K,Cr,0,
Vi2+s =8 mL
Voo, = 10 mL (RE <
0.1%) Fe’”
10 mL. K,Cr,0,.H,0, Fe’*
Fe’* |
Fe'* o
o 2A 1~
5 mL K,Cr,0,
5.00 mL
H,O0,
. 3 mol-L"™! 5.00 mL.
Fe*
H,O0,
0 : 3 min
H,0, o 3 min,
(IN
0.5.1.1.5.2.2.5.3.4.5 min .
o 2B
0 ~2 min
AV
o 2 min Vi enr0
o 2 min,
15.2) A 16.0:
148 15.6
£ - z 15.2
:14.0 14.8
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Square wave voltammetry based on the characteristics of the selective
oxidation of potassium ferricyanide for the determination
of cysteine and cystine in the potions

DAI Xing-de ZHANG Xiao-lin"

Gansu Medical College Pingliang 744000 China

Abstract Objective To measure the contents of cysteine and cystine in the potions by square wave voltammetry.
Methods As a highly selective weak oxidant Fe CN  ° could oxidize cysteine and could not oxidize cystine and
the ions of sulfurous. Cysteine and NaHSO, could quantitatively react to produce reductive cysteine; Fe CN , *
could be reducedto Fe CN 4 “ by -SH in cysteine molecule. Fe CN 4 * of the remaining concentration in
the reaction liquid was measured by square wave voltammetry. Thus the total contents of cysteine and the amounts
of decomposition of cystine could be obtained indirectly. Results The remaining Fe CN , * in reaction
liquid still had a good electrochemical response on the activated glassy carbon electrode. The differences between
reductive peak currents have a good linear relationship in the cysteine concentrations of range of 0-1.8 mmol - L™
The detection limit was 0.9 jmol-L™ S/N=3 . Conclusion This method can be applied to detect cysteine and
cystine in the potions. It is simple rapid and highly sensitive.

Keywords cysteine cystine oxidation square wave voltammetry potassium ferricyanide
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Automatic potentiometric titration determination of the iodine content
in salt by potassium dichromate selective oxidation reaction

WANG Yu'!, CHAO Hui?, DAI Xing-de’, ZHANG Xiao-lin* *

(1. Gansu pingliang food inspection and testing center, Pingliang 744000
2. Gansu Medical College, Pingliang 744000)

Abstract . This paper describes a method for the determination of iodine in table salt using potassium iodate—
bivalent iron—dichromate system. In sulfuric acid medium, both potassium iodate and potassium dichromate can
have quantitative reaction with ferrous iron ions, potassium iodate is titrated by potassium dichromate with automatic
potentiometric titration. The analysis conditions, such as instrumental titration parameters, sample decomposition,
titration acidity, reagent dosage, determination range and coexisting elements were optimized. The calculation curve
of iodine content and the potassium dichromate standard solution volume showed a linear relationship in the iodine
content range of 0.1 to 5.0mg with the correlation coefficient of 0.9997 and the detection limit (3s/k) of 37pg. The
recovery rate was in the range of 96.67% ~ 99.59%. This method is simple, rapid, accurate and precise, and has
been successfully used in determination of iodine in table salt.

Key words: potassium iodate; automatic potentiometric titration; salt; potassium bichromate
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Ki[Fe(CN)q ]

*

( s 744000)
. 0657.1 : B : 1001-4020(2018)03-0350-03
(CySH) ) 20.00 mL.0.1 mol « L' NaOH 20 mL
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[3]
H _68 mV9 V](mL)o V[
’ o 1.2.2
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s s 0 ) 20.00 mL 200 mL . 100 g« L1
(K;[Fe(CN)s D NaHSO, 4 , 5 min,
’ 1.2.1 ’ VZ(mL)o VZ_VI
SO,% ;K;[Fe(CN)4 | s CySSCy R
. pH 6 y NaHSO,
- 2
[5] s
(— SH) K, [ Fe (CN); ] 2.1
K,[Fe(CN), ], , K;[Fe(CN); | 2.1.1
, 0.010 0 mol « L™
3 20.00 mL s ,
1 s E(mV) 0.0100 mol+ L™!
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Fig. 1 E-V curve of potential titration
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K;[Fe(CN)g |

A Biliglz-IKF75H

; R 0.100 mol « L") K;[Fe(CN); |
( 2) . ) : (0.100,0. 050 mol « L™1)
1250 | K;[Fe(CN); | , ,
—; 1000 ;
z 750 (0.001 0 mol « L™") Ky[Fe(CN), |
S 500 , , R
5 250 |- 0.010 0 mol « L™! Ky [Fe (CN); ]
or | | | | | o
5 10 15 20 25 30 2.2
v/mt ( ) 0. 50,
: dE/AV=V 1.00,5.00,10. 00,15. 00,20. 00 mL,
Fig. 2 dE/dV~V curve of potential titration
, K;[Fe(CN); ]
2 , V., =17. 00 mL, s (z,mL) .
V. 19.80~20. 20 mL( K [Fe(CND; ] (y.mL)
—1%~1%) . —186~50 mV, s - w=lL00mL .
E,=—68 mV, , Veysu = 0,850 3 xeysy —
9 1.9 0.017 84, yeysses =0. 849 8 xeysse, +0. 054 4,
K,[Fe(CN), ] 0. 998 3,0.999 0, (slop)
, pH 11~14  ,K,;[Fe(CN); ] ’
, ) ) R [5] ;s slop==0. 85,
0.1 mol » L ' NaOH : K;[Fe(CN)s |
, ) 0. 85, ; 1mL  K;[Fe(CN)g |
, R 1.42 mg R
2.1.3 2.3
0. 010 0 mol » L 100 (50 mg/ ) ,
20.00 mL, , 1.2.2 5.000 0 g, lg. 2 g
i . 5 min , 0.1 g, 2. 000 g, ,
K,[Fe(CN), ] 17. 00 mL, 0.1 mol « L' NaOH 2 mL, ,
] i 1L, 20.00 mL,
5 min, . 3 .
2.1.4 (RSD) ,
(0.0010,0.010,0. 050, L
1 (n=3)
Tab. 1 Results of tests for sample analysis and recovery(n=3)
y RSD/ y /
(mmol » L™1) (mmol « L™1) % (mmol « L™1) (mmol « L™1) %
CySH 16.53 16. 10 0.19 10. 00 25. 80 97.0
15. 00 30. 87 98.5
20. 00 35.91 99.0
CySSCy 20. 83 20. 96 0. 27 10. 00 30.99 100
15. 00 36.00 100
20. 00 40, 68 98. 6
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( 744000)
1K, Fe(CN), o
(-SH) K, Fe(CN), K, Fe(CN), K, Fe(CN), FeCl, 730 nm
KFe Fe(CN),
0~80umol © L™
A A=0.0180+0. 0084C (mol * L™ r=0.9999

£=0.84x10*L/(mol * ¢cm) .

1 0657. 32 TA

Determination of cysteine and cystine in potions based on selective oxidation
reaction of potassium ferricyanide by indirect photometric method

ZHANG AiJu BAI Ying ZHANG Xiaodin"
(Gansu Medical College Pingliang 744000 China)

Abstract:K; Fe(CN), is a highly selective weak oxidant cysteine can be oxidized except cystine;K; Fe(CN), can be reduced
to K, Fe(CN), by hydrosulfuryl group (-SH) in cysteine molecule and then K, Fe(CN), reacted with potassium ferricyanide
FeCl, to form blue material(KFe Fe(CN), )which its maximum absorption wavelength is 730 nm the content of cysteine was in—
directly by determinated the absorbance of the blue material. An accurate and fast spectrophotometric method for the determination
the content of cysteine and cystine had been established chromogenic condition was optimized for reaction substrates and chromoge—
nic agent and analysis.The results showed that the Indirect photometry is better by potassium ferricyanide as substrates and iron tri—
chloride as chromogenic agent effect A good linear relationship is obtained between the absorbance and the concentration of cysteine
in the range of 0~80wmol * L™ and the equation of the linear regression is A=0. 0180+0. 0084C(jmol * L™") with a linear cor—
relation coefficient is 0. 9999. The molar absorbancy index is 0. 84x10* L/(mol * em). This proposed method has been applied to

determine the content of cysteine and cystine in real pharma—ceuticals The determination results is satisfactory.

Key words: cysteine ; cystine ; spectrophotometry ; potassium ferricyanide

12017-05-18 ; 12017-11-08
(19689 o E-mail 2zxlplyz2005@ 126. com
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Fe(1I) ( .
) 1.2
= Fe( 1) Fe (1I1) 1.2.1 50mL
K, Fe(CN), 5. 00mL.

AR :Fe ( ) 10min
(111) pH<  (50%C) 0.01mol * L™'FeCl,1. 00mL.
4.5 ; Fe(1Il) 15min 1
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Fe (111) 1.2.2 50mL
. ( ) 0.1%NaHSO31. OmL
S5min 0. 1mol * L™'HCI 2. OmL
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(CySH) .
K, Fe(CN), 2.1
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(-SH) K, Fe (0 ~ 100pmol * L") K, Fe
(CN), K, Fe(CN), K, Fe(CN), (CN), Fe’ 0.0lmol * L™
FeCl, ( ) FeCl, 0.0lmol = L' K, Fe(CN),
KFe" Fe" (CN), Amax = 730nm . : Fe™
730nm ( 1
o . . b) £~0.29x10*L/(mol * cm)
N N N 13 o Fe®*
. Fe3* (
. ) .
Fe™ o K, Fe(CN),
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7230G ( .
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2.1.7 HSO,~ Fe(CN), 10 s 0.01
Fe’ 3. 5pmol * L.
HSO,~ o 2.4
2.0mLO. Imol * L™ HCI 60°C 10min Na®. K"
HSO,"~ A o o
2.2 80pmol * L' 5%
(0~ 60wmol N 5
L N N N N
1:1 N N N N N
pH=6 CySSCy  NaHSO3 o
CySSCy+NaHSO,—CySH+CySSO;Na
’ . 2.5
2.3 2 (50mg/ )
o 0 500mL 2. 00mL
~80umol * L™ A 1.2
A =0.0180+0.0084C ( wmol * Io
L™ r=0.9999;
1 (n=6)
Table 1  Analytical results of the samples( n=6)
B . RSD(%) » »
(pmol * L7) (pmol = L7) (pmol * L7) (pmol = L7) (%)
64. 14 64. 50 4.00 68. 45 97.32
65.04 64.26 8.00 72.29 96. 58
64. 86 64.53 64.56 0.53 12. 00 76.33 98.21
96 ~99% (50mg/ ) 3. 16%
5% o
48. 42mg/
1 - 266.
J. 2010 7 .
22(7) :961-964. J . 1982 (2):
2 80-89.
J . 8
2012 48(8) :985-986. J .
3 . - 1983 12(9) :833-837.
J . 2015 56(8) :467-470. 9 .
4 . J . 2004 20(6):
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5 . J. 1986 10 . J.
44:413-416. 2000 21(6) :293-294.
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( 744000)
K,Cr,0, 84 . .
N N N o 0.010 0 mol/L K, Cr, 0,
Fe’* Fe’* . 0.37 mg ~45.0 mg
K,Cr,0, 0.996 8 (3s/k) 12 pg.

RSD(n=6) 0.27% ~0.62% .

84 ; : :
' R187 A

: 1001 —7658( 2018) 02 — 0088 — 04 DOI: 10. 11726 /j. issn. 1001 —7658.2018. 02. 003

Determination of active chlorine in sodium hypochlorite by potassium dichromate auto—

matic potential titration

DAI Xing —de BAl Ying ZHANG Xiao - lin
( Gansu Medical College Pingliang Gansu 744000 China )

Abstract Objective To establish a new method to determine active chlorine in sodium hypochlorite by potassium dichro—
mate automatic potentiometric titration. Method The analysis conditions were optimized with instrumental titration parame—
ters reaction time titration acidity and reagent dosage and coexisting elements. The original ferrous ion and excess ferrous
ion are determined by using 0. 01 mol/L potassium dichromate standard solution synchronization so that active chlorine con—
tent can be calculated. Results The calculation curve of active chlorine content vs. the consumption of Potassium dichro—
mate standard showed a linear relationship in the active chlorine content range of 0.37 mg to 45.0 mg with the correlation
coefficient of 0.996 8 and the detection limit (3 s/k) of 12 pg. Conclusion The method can be applied to the determine
active chlorine in samples. The relative standard deviation( n =6) was found to be 0.27% -0.62% . There is no significant
difference between potentiometric titration and iodimetry.

Key words sodium hypochlorite; active chlorine; potassium dichromate; automatic potentiometric titration
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(1) (2 3)
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o ( B
| (1978 ) 50%) 84 .
1.2

) Email: zxlply22005@ 126. com 1.2.1 7 g
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1 1
( 730030: 1 )
Fe( II) - o
720 nm 0.15~3.5 pg/ml o
AA=0.02+0.2268 p( pg/ml) R =0.9969 0.13 pg/ml.
:R187.1 TA
1001 -7658(2017) 02 —-0105 - 04 DOI: 10. 11726/]. issn. 1001 —7658.2017.02. 002

Practical research on available chlorine in disinfectant detection by inhibition — spec—
trophotometry of Toshi blue

XIANG Xiao — ming ZHANG Xiao - lin' DAI Xing — de'
( Northwest University for Nationalities Chemical Engineering Institute Lanzhou Gansu 730030; 1 Gansu Medical Col-
lege China)

Abstract Objective Use potassium ivy’s blue system to establish a new method for measuring available chlorine in disin—
fectant. Methods In the medium of sulfuric acid available chlorine significantly inhibited the chromogenic reaction of Fe
(M) - Potassium system so inhibition — spectrophotometry of Toshi blue method was established to detect the available
chlorine in disinfectant. Results The system measured in the experiment had a maximum absorption at 720 nm. The quality
concentration of available chlorine was obeyed in the range of 0. 15 ~3.5 pg/ml. The linear regression equation was AA =
0.02 +0.2268p( wg/ml) and the correlation coefficient was 0. 9969. The detection limit was 0. 13 pg/ml. Conclusion
The method can be used to measure available chlorine in chlorine disinfectants and the result is satisfactory.

Key words available chlorine; Toshi blue; inhibitory spectrophotometry method; content detection
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1
RSD
( pg/ml) (pg/ml) (%) ( pg/ml) (pg/ml) (%)
1.20 1.16 0.65 0.35 1.50 97.14
1.20 1.15 0.95 0.35 1.49 97.14
84 1.20 0.88 1.95 0.70 1.55 95.71
2 2)
] - 2012 48(8):
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3) . ()~
1.20 1.16 1.17 2015 34 111 - 1303
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(5) . J
N 2008 25(4) :432433.
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2.5
( 3%,
2.5%~3.5%) 1.00 mL
1L o 2.00 mlL,
, 1,
1 (n=6)
Tab. 1 Analytical results of samples
RSD
o/(mg+ L1 o/(mg+ L™ /% /%
1 1.12 0.50 1.613 98.6 2.2
2 1.08 0. 70 1. 152 103 1.9
3 1.10 0.90 1.992 99.1 2.8
s N
s P
(1] , . . H, 0,
Ll » 1990,9(1) :25-31.
(2] , )

[3]
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2003,13(5) :593-596.
[Jl. - , 2009, 45 (4): 401~
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[Jl. , 2012,31(8);20-22.
s R . -Fe(CIl)
[J1. , 2007,26(11) .42~
44,
[Jl. , 2014,33(11):1305-1307.
(7. , 2015,56(8);21-24.
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[J1. , 2010,29(10) :68-70.
[M].3
, 2002.



29 1 Vol.29 No.1
2017 1 Chemical Research and Application Jan. 2017

: 1004-1656( 2017) 01-0108-04

Fe( II) -

1 2 1*
(1. 744000;
2. 730030)

Fe( II) -
Fe( II) - o 510nm
0.13~2.8ug * mL™ AA=-0.0384+0. 3124p( g * mL™")

R=0.9969 £=1.10x10*L * mol™" + cm™ 0. 10pg * mL™",
s Fe( 1) - ; ;
:0657.32 A

Determination of available chlorine in disinfectant by inhibition-spectrophotometry
of iron( II) -spectrophotometric method

DAI Xing-de' XIANG Xiao-ming” ZHANG Xiaodin'"
( 1. Gansu Medical College Pingliang 744000 China;

2. Northwest University For Nationalities Chemical Engineering Institute Lanzhou 730030 China)

Abstract: In acetic acid medium the available chlorine in chlorine disinfectants has obvious inhibitory effect on Fe( II') *kf chromo—
genic reaction of nitrogen impurity Fe system.A new method has been developed for determination of the Available chlorine by In—
hibitory effect with Iron( II) -Orthophenanthroline System.The color system had a maximum absorption at 510 nmin acetic acid medi—
um. Beer s law was obeyed in the range of 0. 13 ~2.8ug * mL™' of Available chlorine.The linear regression equation is AA=-
0.0384+0. 3124p( pg * mL.™") and the correlation coefficient is R=0.9969 The molar absorption coefficient is &= 1. 10x10*T, +

mol™' * cm™ The detection limit is 0. 10pg * mL™" . The method could be used for determination of the available chlorine in disin—

fectant with satisfactory results.

Key words: available chlorine; iron( IT) -orthophenanthroline; inhibitory effect; spectrophotometry
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111
( 0. 0600 ¢) 5% 84 1. 00 mL 1000 mL.
1000 ml;; 0.2000 g ( 1. 00mlL.
30%) 1000 mL; . 2
1 (n=6)
Table 1  Determination results of available chlorine in samples and recovery( n=6)
RSD
(pg e+ mL™) (pgeml") (%) (pgeml?) (pgeml’) (%)
1.20 1.07 1.10 1.09 1.11 1.09 1.10 0.69 0.70 1. 86 100. 2
1.20 0.95 0.95 0.96 0.98 0.95 0.96 1. 14 0.70 1.82 96. 48
84 1. 00 0.89 0.90 0.88 0.89 0.85 0.88 1.95 1.40 2.26 98. 16
2
Table 2 Comparison of Inhibition spectrophotometry and lodine quantity method
(pg®mL) (pg=mL™) (g mL)
1.20 0.90 0.91
1.20 0.96 0.98
84 1.00 0. 88 0.90
6 RSD ;
2.0% o
.STAB-TPB 4 . (Im-
I 2015 34 J. 2015 34
(7):819-821. (11):1323-1324.
- 5 (-
J. 2010 J. 2016 35(2):
22(7) : 961-964. 237-239.
6 . M .
J. 2015 27( 6) : 940-944. 2002: 72.
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( 744000; 1 )
(m - .
Fe( II) - 510 nm
o 0.05~1.5 pg/ml 0.02 pg/mlo
(m - .
JFe( 1) - ;
:R187.1 tA
1001 -7658(2016) 10 —0939 - 04 DOI: 10. 11726/j. issn. 1001 -7658.2016. 10. 004

Kinetic spectrophotometry determination of trace peracetic acid in disinfectant solu—
tion with synergistic sensitization effect of cationic surfactants

LI Jing —ya XIANG Xiao — ming' ZHANG Xiao - lin
( Gansu Medical College Pingliang Gansu 744000; 1 Chemical Engineering Institute of Northwest University for Nationali—
ties China)

Abstract Objective To establish the spectrophotometric method of peracetic acid and Iron( II) — Orthophenanthroline
system for determination of traces of peracetic acid. Methods In dilute sulphuric acid medium the chromogenic reaction of
peracetic acid and Tron( II) — Orthophenanthroline system had obvious inhibitory effect. So the absorbance value in suppres—
sion system was measured in 510nm wavelength. Results The concentration between 0.05 ~ 1.5 g/mL of peracetic acid
had good linear relationship with the absorbance decreasing and the detection limit was 0. 02 wg/ml. Conclusion The
new method with Iron( II) — Orthophenanthroline system used in the determination of disinfectant peracetic acid has satis—
factory results.

Key words peracetic acid; Iron( II) - orthophenanthroline; kinetic spectrophotometry
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Tab. 1 Analytical results of the samples

o/(mg+ L1  o/(mg-L°YH /% /%
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Fe( IT) -

1 2 2%
(1. 730030;
2. 744000)
Fe( II) -
. 0.05~2 pg* mL™ 0.03 pge
mL™', N N o
; ; ;Fe( 1) -

1 0657.3 CA

Deter mination of trace amounts of iodine in edible salt by
inhibition-spectrophotometry of iron( II) -orthophenanthroline system

XIANG Xiao—ming ' LI Hua®> ZHANG Xiaodin™
(1. College of Chemical Engineering Northwest Nationalities University Lanzhou 730030 China;
2. Gansu Medical College Pingliang 744000 China)

Abstract: A new inhibitory kinetic spectrophotometric method for the deter mination of trace amounts of iodine in edible salt was
proposed.This method was based on the inhibitory effect of iodate on the oxidation of iron( IT) by iodate in the presence of sulfuric
acid.The effects of reaction parameters such as surface active agent acidity reagent consumption reagent addition sequence and
lime were investigated and optimized.Under the optimum conditions the calibration curve was linear in the range of 0. 05~2 pg*L™'
with the detection limit of 0. 03 pwg* mL™".The developed method was simple sensitive and selective which was applied to the deter

mination of trace level of iodine in edible salt with satisfactory results.

Key words: iodate; nhibitory reaction; kinetic spectrometry; iron( II) -orthophenanthroline
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6 : Fe( 1) - 859

1 (n=6)
Table 1  Analytical results of the samples( n=6)
( pge mL™) RSD( %) ( pge mL™") (pge mL™) ( %)
1 0.525 2.2 0.10 0. 622 97.00
2 0.510 1.9 0.15 0. 664 102. 80
3 0. 545 1.8 0.20 0.748 101. 50
1 5% ) 15.75 mg-kg '\ 15.30 mg* kg
95. 0% ~106. 4% 16. 35 mg'kg_lo
: (
5 .
J. 1998 13( 1) : 2526. J.
2009 30( 8) : 135-138.
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Tab. 2 Determination results of samples
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0.998 5.
2.8 [1] , . .. -
, 6 (1. - , 2014,
6 ) , 1, 50(1):50-53.
1 (n=6) [21 ’ ’ -
Tab. 1 Results of test for precision L1, » 2010,27(3) . 881-
883.
RSD
o/(g- L1 p/g L7 /% (3] ’ : L.
, 2007,28(1):105-108.
1 45.1.45.4,45.0,45.3,45.1,45.4 45,2 0.32 B
9 47.1.47.6.47.2,47.7.47.5,47.2  47.4 0.57 ’ ’ ’
[Jl. , 2008,20(4) :346-349
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¢ ’ : : [l , 2006, 23
° (4),731-735.
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Determination of formaldehyde in the specimens of antiseptic

solution by automatic titration method
ZHANG Ai —ju DAI Xing - de ZHANG Xiao - lin
Gansu Medical College Pingliang Gansu 744000 China

Abstract: Objective To establish an analysis method for the determination of formaldehyde content in the specimens of anti—
septic solution by automatic permanent titration method. Methods lodine a reversible electric was chosen as standard solution
using automatic titration method as the end of dead — stop. Select instrument conditions: polarization potential of 100 mV  galva—
nometer sensitivity of 10 °A  and the threshold of 80% . Results The method was specific accuracy and precision the rela—
tive standard deviation( RSD) was 0.35% and the average recovery rate was 98.2% ; the concentration of formaldehyde was in
the range of 1.00% —10.00% volume consumption of iodine standard solution showed a good linear relationship with regres—
sion equation of y =3.299 84x +0.950 85 the correlation coefficient( r) was 0.996 86. Conclusion The method is simple
rapid accurate reproducible and can be used to determine formaldehyde content in the preservative solution.

Key Words: Specimen preservative solution; Automatic dead stop titration; Content determination
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1 (n=3)
Tab. 1 Determination of ascorbic acid in different samples( n =3)

1% 1%
m/mg m/mg m/mg ’ m/mg 7
100 mg / 96. 26 10.00 106.57 103. 1 95.72 0.56
100 mg / 95.83 10.00 105. 69 98.6 95.37 0.46
3 100 mg / 95.97 10.00 106. 17 102.5 95.49 0.38
1 1000 mg /5 mL 936.83 100. 00 1034.24 97.4 937.54 -0.71
1000 mg /5 mL 935.95 100. 00 1035. 10 99.2 936. 34 -0.39
3 1000 mg /5 mL 936.24 100. 00 1034. 88 98.6 936.76 -0.52
1: 11408495 - 2; 2: 11312018 - 1;
11412675 -1, 1: ; 1 13070442;
. 1404061 3. 11410171
7 . 1998
1 ) ) . 14(6) : 356
2010: 902 8 . (
2 . 2007 ) 2013 30(2): 150
26(2) : 32 9 ) 2014
3 ) 30(2) : 389
2010 28(1): 31 10 . 2013
4 . 2009 33(1): 82
30 (8): 204 11 . 2012
5 ) 2010 31(3): 431
27(1): 213 12 . 2010
6 . 2011 26(1): 100
28(4): 1713

STAB-IPB synergetic sensitized ortho-dinitrogenous phenanthrene indirect spectrophotometric
determination of ascorbic acid

DAI Xing~de ZHANG Ai5u and ZHANG Xiao-in" ( Ping Liang Medical College Pingliang 744000 Gansu)
Fenxi Shiyanshi 2015 34(7) : 819 - 821

Abstract: In this work we developed a novel method for detection of ascorbic acid using stearyl trimethyl
amoium bromide ( STAB) -tetradecy pyridinium bromide ( TPB) synergetic sensitization based on the
coordinative chromogenic reaction between ortho-dinitrogenous phenanthrene and Fe ( II)  derived from Fe ( 1II)
reduced by ascorbic acid. The STAB-TPB system with excellent performance on solubilization protection
catalysis and sensitization can substantially improve the detection sensitivity of the complexes due to 2.2 — time
higher molar extinction coefficent. The linear range of this analytical method is 0 ~10ug/mL and the limit of
detection ( LOD) is 0.01wg/mL. Satisfactory results were obtained for the determination of ascorbic acid in real
samples.

Keywords: Spectrophotometry; Ascorbic acid; Surfactants
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Study on nitrite content and change rules in bulk milk

LIAN Cheng ZHANG Xiao —lin" ZHANG Ai —ju LI Jing - ya
( Pingliang Medical College Pingliang 744000 China)

Abstract  Objective: The nitrite residues in commercial bulk milk were detected in this paper. Methods: 112
bulk milk samples were selected from Pingliang city to detect the nitrite content. Results: It revealed that the nitrite
detection rate was 100% in Pingliang city the content showed a clear seasonal distribution with high level in autumn
and low level in winter. Conclusion: The microorganisms were the first predisposing factors. Storage time also af-
fected the nitrite content of bulk fresh milk. When the storage time extended the nitrite content increased. Moreo—
ver the nitrite content in the heating milk increased first however decreased with the increase of heating times.
After repeating cooking for three times the nitrite content was three times larger than the original. However the
degradation of the nitrite in the bulk fresh milk was significantly blocked by the antioxidants Ve and the removal rate
was more than 95% .

Key words Bulk milk; Nitrite; Content; Detection
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Detem naton of trace Nitrite hY constant potentja] am perom etric

ZHANG Xio— lin
( Gasu PinglangMed ica] College  Pigling Gansu 744000 China)

[ Abstrac} ()bjectiV:e A newmethod or he detem nation ofN itrite ( I\I)2 )y Wit aCTAB modified carhon pPaste electroe was
deweloped i thisworg M ethods The electrochanica] behaviors ofNO, at CPEsmalified wih cetylrimehYhuma um bran jde
( CTAB) were investBated cetyltimehYjammonjum hramide ( CTAB) exhibited he stong ca@lytic activity and accunuaton ca
Paciy for e electrochan jca] response ofN(g at CPE Resu]rzs On the CTABmodified CPE ( CTAB/ CPE), the anperametric
response ofN({ was n a good |inear rejationsh P wit its concentration i the mnge of | ox 107 ~1. 0X 10 * mol/L along
with a Jov detecton limit ofs o 10 * mo]/L the recovery rate wasggq 8% ~ 103%‘ Conc]us'pq Themethod 1 quick and
simple Jtcan pe applied © the detemnation of trace nitrite jn water samp fes of environment wit satisfactory results
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Determ naton of ascorhic acid in blood bY lower potent@] am Perom etric

ZHANG Xiao— lin
( Gansu PngliangMed ical Colle8e  Pingling 744000 China
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Fig. 1 Cydic voltammograms of 3. 6X 10 *mol/ L
NO in pH7. 4 PBS at CPE (a), CTAB/CPE (b)
and Nafiow CTAB/ CPE (¢)

Accumulation time: 30 s; Accumulation potential: 0. 0

V; Scan rate: 0. 1 V/s.
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Fig.2 Cydic voltammograms of 3. 6X 10 SmoV L
NO in pH 7.4 PBS at CTAB/CPE (a), CPB/ CPE
(b), STAB/ CPE (c¢), TPB/ CPE (d), TritonX
100/ CPE (e) and SDS CPE (D

Accumulation time: 30 s; Accumulation potential: 0. 0
V; Scan rate: 0. 1 V/s.
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Fig.5 Amperograms of Nafion/ CTAB/ CPE in de-
aerated PBS (pH 7. 4) in the absence (a) and the
presence (b) of rat lung samples by adding 1. 0

(inset) mmol/ L I-Arg

Operational potential: 0. 70 V. Operation potential: 0. 70 V.
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Electrochemical Sensor of Nitric Oxide Based on
Self-Assembled Monolayer of Surfactant on Carbon
Paste Flectrode and Its Application in Biological System

ZHANG Xiao-lin"?, PENG Yan-fen’, XU Yan-xia’, HU Cheng-guo ~
(1.Gansu Pingliang Medical College, Pingliang 744000;
2.College of Chemistry and Molecular S ciences, Wuhan University, Wuhan 430072)

Abstract: In this work, a novel electrochemical sensor of nitric oxide (NO ) based on a surfactant self-
assembled monolay er modified carbon paste electrode (CPE) was reported. The monolayer of surfactant
on CPE was believed to create a hydrophobic microenvironment favorable to the accumulation of NO on
CPE. A cationic surfactant, cetyltrimethylammonium bromide (CTAB), exhibited the strongest
catalytic activity and accumulation capacity for the electrochemical oxidation of NO at CPE. The
amperometric response of NO at a Nafion film coated CTAB modified CPE was in a good linear
relationship with its concentration in the range of 3.6X 10 * ~1.8X 10 ° mol/ L, along with a low
detection limit of 1.8>X10 * mol/ L (S/N=3). This NO electrochemical sensor was successfully applied
to the real-time monitoring of NO release from lung tissue cells of rat by the stimulation of L-argentine
(L-Arg).

Keywords: Surfactant; Carbon paste electrode; Self-assembling; Nitric oxide; Electrochemical sensor
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Table 1 Repeatability and Reproducibility
Repeatability Reproducibility
No. Peak potential Peak current Peak potential Peak current
(V) (A) (W) ("A)
1 0.176 3.758 0. 169 3.745
2 0.170 4.096 0. 178 3.215
3 0.175 3.709 0. 199 3.509
4 0.176 4.075 0. 176 3.758
5 0.200 3.975 0. 171 3.295
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bon; d. original human urine in the potential range of
(AA )‘3 (DA) ’ UA ’ 0.0~0.4 V. Accumulation time 30 s; accumulation
, UA 100 NO:z . . potential, 0.0 V; scan rate, 0.1 V/s.
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Table 2 Recovery experimental results from human urine samples

Samoles Determined Average Added Total found Average Recovery
ples (mmol/ L) (mmol L) (mmoV L) (mmoV L) (mmol/ L) %
0. 108 0. 101 0.238 0.204
1 0. 116 0.118 0. 108 0.100 0.210 0.200 0.215 107
0.099 0. 227
0. 078 0.080 0.259 0.261
2 0. 086 0. 083 0.083 0.200 0.292 0.292 0.279 98
0.088 0. 292
[ SUN Yan-yi( ), WU Kang-bing ( ), HU Sheng shui( ). Chem. J. Chinese Universities (
N J» 2002 11(23).2067.
[2 ZHANG Lei( ), LIN Xiang qin( ). Chem. J. Chinese Universities( )]s 2003, 24(4);
591.
[3 LI Ping( ), WU Shouguo( ), ZHANG Han-chang, et. al( ). Chin. J. of Anal. Chim( )
[J,2005 33(1D:77.
[4 ZHOU Guzhen( ), SUN Yuan xi( ). J. of Inst. Anal. ( ) J]-2004, 23(6): 18.
[5 WANG Chang qin( ), XU Hai-hong( ), HAN Xiao-gang ( ), WU Shou-guo ( ). J. of Anal.
Lab( ) ]+ 2007 26(D): 27.
[ CHEN Wanhua( ), YUAN Shuai( ), HU Chengguo( ). J. of Anal. Sd. ( NRIE

2005, 21C1); 54.
[7 HuC G HuS S. Electrochimica Acta[ J] , 2004, 49(3). 405.

Direct Detection of Uric Acid in Human
Urine at CTAB Modified Carbon Paste Electrodes
by Linear Sweeping Voltammetry

ZHANG Xiao-lin"?>, PENG Yan-fen’, HU Cheng-guo ’
(1. Gansu Pingliang Medical College, Pingliang, Gansu 744000;2. Collegeof Chemistry
and Molecular Sciences, Wuhan University, Wuhan 430072)

Abstract: In this work, a cetyltrimethylammonium bromide (CTAB) modified carbon paste electrode
(CTAB/CPE) was developed on the basis of a surface modification method, which displayed an excellent
electrochemical activity toward the oxidation of uric acid (UA). The electrochemical behaviors of UA at
CTAB/CPE were investigated by linear sweep voltammetry (LSV). A sensitive oxidation peak of UA
was observed at 0. 160 V for CTAB/CPE in 0. 1 mol/L PBS (pH=17.4). The oxidation peak current had
a good linear relationship with the concentration of UA in the range of 1. 0X 10 °~1.0X10 ’ mol/ L,
with a low detection limit of 1.0X 10 ® mol/L. This modified electrode was applied to the determination
of UA in human urine samples and the result was satisfied.

Keywords: Cetyltrimethylammonium bromide; Carbon paste electrode; Uric acid; Linear sweep

voltammetry; Electrochemical detection
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ABSTRACT

In this study, a novel one-step hydrothermal method was developed and composite material of CoFe,04/
graphene-like carbons (LGC) was successfully prepared from pomelo peels (PP), Fe(NO3)3-9H,0 and Co
(NO3),-6H,0. The characterizing results demonstrate that during the hydrothermal process, (Fe*" + Co?*)
ions adsorbed on the active surface of PP and PP catalyze/prompt the conversions of PP to LGC and (Fe?
*+Co0%") to CoFe,0,, respectively, to produce the composite CoFe,04/LGC. And CoFe,0,4/LGC is nanosized
and made of multilayer nanosheets. Its improved adsorptive property for methylene blue (MB) in water is
ascribed to the conversion of PP to LGC and exfoliation of PP sheets to nanosheets. Additionally, the
composite can be easily and rapidly separated under an external magnetic field and repeatedly used. MB
adsorption on CoFe,04/LGC follows pseudo-second-order kinetics model and Langmuir isotherm models.
The synthesis is of simpleness, speediness, low cost, and green non-pollution. CoFe,04/LGC is an ideal

D. Crystal structure 8
adsorbent candidate.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Dye effluents are becoming a serious environmental problem
because a very small amount of dyes in water is highly visible and
toxic to aquatic life in water [1,2]. Several methods have been
researched to treat dyestuff wastewater, such as adsorption [3],
biodegradation [4], chemical oxidation [5], and photocatalytic
degradation [6]. Among them, adsorption technique is promising
owing to its simpleness and convenience. Although many high
adsorption capacity adsorbents have been developed, the majority
of studies focus on the most common adsorbents, such as chitosan,
activated carbon, fly ash and biomass wastes [7-10]. And it is
difficult to fully remove the adsorbents from a treated solution and
its recycling is also another question. Magnetic separation is a
rapid and effective technique, by which separating the solid from a
suspension can be achieved by applying an external magnetic field.
But the question is how to efficiently combine a magnetic
component with an adsorbent.

* Corresponding author.
E-mail addresses: subt0608@163.com, subt0608@sina.com (B. Su).

http://dx.doi.org/10.1016/j.materresbull.2016.04.003
0025-5408/© 2016 Elsevier Ltd. All rights reserved.

Several methods have been reported to prepare adsorbent-
magnetic composite materials. For instance, Fei et al. [11] primarily
used modified Hummers method to prepare graphene oxide from
graphite powder, and then synthesized zinc ferrite-reduced
graphene oxide by one-pot solvothermal method. Jiang et al.
[12] firstly prepared Fe;0,4 by coprecipitating Fe?* and Fe3* jons in
an ammonia solution under ultrasonic enhancement and then
synthesized magnetic litchi peel by coating powdered litchi peel
with Fe304. In addition, adsorbent-magnetic composite materials
also show great potential in anode materials. Xiao et al. [13] and Liu
et al. [14] have designed CoFe,04/graphene electrode materials,
and they deliver outstanding electrochemical performance when
applied as anode materials for lithium ion batteries. Nevertheless,
the relatively complex schedules and long reaction times involved
in their preparation are common problems.

In this paper, magnetic composite adsorbent CoFe,04/LGC
based on waste pomelo peels was synthesized by a novel one-step
hydrothermal method. The method is a realistic and practical
approach of simpleness, speediness, low cost, and green non-
pollution due to adding no any other additives but Co and Fe
sources, and waste pomelo peels (PP). The results indicate that PP
and (Fe**+Co?*) ions respectively catalyze the conversions of


http://crossmark.crossref.org/dialog/?doi=10.1016/j.materresbull.2016.04.003&domain=pdf
mailto:subt0608@163.com
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adsorbed (Fe** + Co?*) ions on the surface of PP to CoFe,0,4and PP to
graphene-like carbons (LGC) to one-step obtain CoFe;04/LGC
nanocomposite material. In general, graphene can be obtained by
using graphite as the precursor via the process: graphite

Oxidation/exfoliation graphene oxide (GO) [15] graphene. In this
experiment, graphene-like carbons (LGC) was obtained by using
waste pomelo peels via a novel one-step hydrothermal method
under the presence of Fe>* and Co?* ions. And CoFe,04/LGC shows
excellent adsorptive and magnetic separable properties.

reduction
—

2. Experimental
2.1. Preparation

The chemicals, Fe(NO3)3-9H,0 and Co(NO3),-6H,0, were AR
grade in our experiment. Pomelo peels were collected as raw
material from a nearby market. The pomelo peels were washed
with distilled water and the outer skin was removed to obtain
cotton-shape material. And then the cotton-shape material was cut
into small pieces and dried naturally. The dried material was
named as PP and then stored for being further used.

CoFe;04/LGC was prepared by a novel one-step hydrothermal
method. The process was as follows: 0.8080 g Fe(NO3)3-9H,0 and
0.2910g Co(NO3),-6H,0 (2:1 molar ratio of Fe** to Co?") were
dissolved in 48.0 mL distilled water to form an orange solution, and
1.2500 g PP was dipped into the solution. Then, the mixture was
transferred into a 100 mL Telfon-linked autoclave and heated at
200°C for 20h. After being cooled down to room temperature
naturally, the precipitates were collected, washed with distilled
water for several times and dried at 100°C for 6h to obtain the
magnetic nanocomposite adsorbent CoFe,04/LGC. For comparison,
the samples, named as CF and PP, were prepared in the absences of
PP and (Fe+Co) sources, respectively. further experiments. The
integral steps in the preparation of CoFe;04/LGC is displayed in
Fig. 1.

2.2. Characterization

The functional groups of samples were identified by Fourier
transform infrared (FT-IR) spectra (FTS3000FX, DIGILAB, America).
The crystal structure of samples was confirmed by an X-ray
diffractometer (Rigaku D/Max-2000 Japan). The microstructures of
samples were observed by a JSM-5600LV scanning electron
microscope (SEM) and a transmission electron microscope (TEM,
JEM-2100, JEOL Japan). The magnetic properties were investigated
with a vibrating sample magnetometer (VSM, Lakeshore 7304,
USA).
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Fig. 2. FT-IR spectra of the samples PP, PP’ and CoFe,04/LGC.
2.3. Adsorption property

The adsorption experiments of methylene blue (MB) solution
were performed to investigate the adsorption property of the
prepared samples. 50 mg of sample powders were added to 50 mL
of MB solution. In given time intervals, 5 mL of the suspension was
taken and separated to remove the adsorbent. The absorbance
value was measured at 664 nm (Amax of MB) using a Shimadzu UV-
2550 UV-vis spectrophotometer. The removal efficiency R:% and
adsorption amount g, were evaluated by the following equation:

Re(%) = [(Ao — Ar)/Ao](100%) (M

qe = [(Co — Cy)V/m] )

where Ag and A; were absorbance values at the initial (t=0) and
time (t), respectively, . (mg/g) is the amount adsorbed per gram of
adsorbent, Cp and C; (mg/L) are the concentrations of the MB
solution at the initial time and adsorption time t, respectively. V(L)
is the initial volume of the MB solution and m (g) is the mass of the
adsorbent.

3. Results and discussions
3.1. FT-IR spectroscopic characterization

In Fig. 2, it can be seen that in PP, there are some active groups,
such as O—H (around 3370cm™!), C=0 (at 1740cm™!) and

2Fe’*+Co?*/pomelo peels

/)
’
’
’
’

_-~_ one-step

<7 I

hydrothermal method

CoFe,0, /graphene-like carbons
Fe3*

Fig. 1. Schematic of the CoFe,04/LGC preparation protocol.
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Fig. 3. XRD patterns of the samples PP, PP, CF, and CoFe,04/LGC.

C—O0—C (around 1048 cm™'), besides C—H (around 2913 cm™)
and C=C (around 1620 cm~!)[16]. So the PP can adsorb many kinds
of organic and inorganic species. In IR spectrum of the PP, all of the
characteristic peaks of PP basically appear but their intensity
changes and some peaks shift. For example, the intensity of C—H
and C—0O—C peaks remarkably decreases while the intensity of
C=0 and C=C increases and their peaks red-shift. It means that
during the hydrothermal process, PP is partially carbonized, which
brings about the increase of its conjugation degree. For the goal
sample CoFe,0,4/LGC, the band around 575 cm™~! demonstrates the

presence of M—O, the peaks around 2913 (C—H), 1048 (C—0—C)
and 1700 cm ™! (C=0) disappear while the peak around 1620 cm !
becomes more broaden, indicating that PP is basically carbonized
to a carbon material with highly conjugated structure. The result
suggests that Co?*/Fe>* ions catalyze/prompt the carbonization of
PP during the hydrothermal process to produce a new carbon
material with highly conjugated structure.

3.2. X-ray diffraction analysis

Fig. 3 gives the XRD patterns of the samples PP, PP, CF, and
CoFe;04/LGC. A broad and diffuse band appears around 26 =21.4°
in PP and the band shifts to around 260=23.0° and its intensity
increases in PP, implying their amorphous characteristics. From
the CF’ XRD, it can be seen that the sample CF is really «-Fe,03,
meaning that the goal CoFe;04 cannot be obtained without adding
PP and any other alkali additives. In XRD pattern of CoFe;04/LGC
composite material, the cubic spinel structure peaks of CoFe,04
appear and the broad peak of 20-30° still exists. It is more
important that two new peaks appear at 260 =40.7 and 45.6°, well-
matching with the characteristics of graphene [11]. So the carbons
of the composite material are herein called as graphene-like
carbons (LGC). In addition, from these XRD results, it can be
concluded that PP and (Fe3*+Co?*) ions catalyzes/prompts the
conversions of (Fe>*+Co?*) to CoFe,0, and PP to LGC during the
hydrothermal process, respectively.

3.3. SEM and TEM analysis
Porous/sheet/honey structures of PP can be observed from its

SEM image (Fig. 4a) while PP’ (Fig. 4b) is basically spherical
particles. TEM image (in Fig. 4c) of the CoFe,04/LGC displays that

Fig. 4. SEM images of PP (a) and PP’ (b) as well as TEM images of CoFe,04/LGC (c, d).
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Fig. 5. Hysteresis loop of CoFe,04/LGC; inset: magnetic separability of CoFe,04/LGC.

the composite material is nanosized and made of multilayer
nanosheets (<10 layers) and well-distributed each other without
the separation of inorganic and organic phases. The results
demonstrate that (Co®* + Fe**) ions, adsorbed on the active surface
of PP, in-situ convert to CoFe,0, and exfoliate PP sheets to
nanosheets, implying the formation of graphene-like carbons. So
the well-distributed composite material of inorganic CoFe,04 and
organic LGC can be easily one-step obtained without modifying
inorganic CoFe,04 by some crosslinking agents. In the HRTEM
image (Fig. 4d), the periodic fringe spacings of 0.256 and 0.148 nm
agree well with the spacing between (311) planes and (422) planes
of CoFe,04 crystals (JCPDS No.22-1086).

3.4. Magnetic property measurements

In Fig. 5, the magnetic curve of the CoFe,04/LGC is of zero axial
S-type, indicating the super-paramagnetic nature of the CoFe,04/
LGC and its magnetization intensity is 18.2 emu/g. The inset
(Fig. 5a) shows the good magnetic separablity of CoFe,04/LGC.

3.5. Adsorption activity of the samples

From Fig. 64, it can be seen that CF is basically inert while PP, PP’
and CoFe,04/LGC are active for the removal of MB and CoFe,04/LGC
shows highest adsorbing activity. The high-performance of the
CoFe,04/LGC can be ascribed to the conversion of PP to LGC and the
exfoliation of PP sheets to nanosheets due to the presence of metal
ions and the formation of CoFe,0y,, largely increasing the surface
area of the CoFe,04/LGC. In addition, removal efficiency of the

composite material CoFe,04/LGC is kept over 80% after being
reused for six cycles (seen Fig. 6b).

In Fig. 7a, it can be seen that the adsorption amount of MB
increases from 10.00 mg/g to 16.28 mg/g as increasing initial MB
concentration from 10 to 30 mg/L. A possible reason is that the
higher MB concentration, the more chances to contact between MB
molecules and CoFe;04/LGC, the adsorption sites on the CoFe,04/
LGC adsorbent are well occupied at a higher MB concentration.
Similar results were reported in the studies of the adsorption of MB
on activated carbon [17]. The adsorption kinetics can offer worthy
insights into the reaction pathways and mechanisms of adsorption
processes.

In this study, pseudo-second-order kinetic models are applied
to investigate the kinetics of MB adsorption by CoFe,04/LGC. The
pseudo-second-order Kkinetics equation based on equilibrium
adsorption is used as Eq. (3) [18]:

t/‘]t = 1/(kqe<calz) + t/Qe,cal (3)

where t (min) is the adsorption time, k (g/(mg min)) is the pseudo-
second-order rate constant, geca (mMg/g) is the equilibrium MB
adsorption capacity of CoFe,04/LGC. The equilibrium adsorption
capacity geca and the rate constant k can be calculated from the
slope (1/qeca) and the intercept (1/(k geca®)) of the plot of t/qg.
against time t.

The fitting plots are present in the inset of Fig. 7a and the
results of fitting are presented in Table 1. As observed, the
linearity of the plot (R*>0.99) as well as the good agreement
between the calculated gec, and experimental (eexp values
support the pseudo-second-order nature of the adsorption
process. And the adsorption process is mainly dominated by
chemisorption. The Langmuir model is also used to investigate the
MB adsorption capacity of CoFe,04/LGC. The Langmuir isotherm
model is usually applied to adsorption on a completely homoge-
nous surface [19]. The maximum adsorption depends on the
saturation level of the monolayer and the Langmuir model can be
expressed as follows:

Ceexp/Geexp = 1/(KLqm) + Ceexp/qm (4)

where (e exp is the adsorbed amount (mg/g), Ce exp the equilibrium
concentration of the adsorbate (mg/L), g, the monolayer capacity
of the adsorbent (mg/g), and K; the Langmuir isotherm constant (L/
mg). According to Eq. (4), the values of K; and g, can be obtained
from the intercept (1/(K. gm)) and slope (1/gm,). The corresponding
parameters of the isotherm models obtained in the present study
are listed in Fig. 7b. As shown, the relatively high values of the
correlation coefficient (R? > 0.99) indicate that the equilibrium data
for CoFe,04/LGC was in good agreement with Langmuir models. A
further analysis of the Langmuir isotherm can be studied on the

CoFe,0,/LGC
100 - g —v B
PP’
80 - op
S
3 60 -
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N
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Fig. 6. (a) adsorption property of PP, PP, CF and CoFe,0,4/LGC. (b) Recycling of CoFe,04/LGC for removal of MB.
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adsorption kinetics of MB solution on CoFe;0,4/LGC.

Table 1

kinetic parameters for the adsorption of MB onto the CoFe,04/LGC.
Co (mg/L) ge (mg-g ") Ce (mg/L) R?

Ge, cal e, exp Ce, cal Ce, exp

15 1412 13.48 0.82 1.52 0.9997
20 14.96 14.47 5.04 5.53 0.9998
25 15.92 15.56 9.08 9.44 0.9999
30 16.68 16.28 13.32 13.72 0.9998

basis of a dimensionless constant, called the separation factor Ry,
given by [20]

R, =1/(1+KiCo) (5)

The value of Ry indicates the isotherm shape and whether the
adsorption is favorable or not. If R, =0, adsorption is irreversible;
0 < R. < 1, adsorption is favorable; R, = 1, adsorption is linear and R
> 1 adsorption is unfavorable. The calculated R; value for the
CoFe;04/LGC is 0.057, indicating quite favorable conditions in the
adsorption process and the relatively strong interaction between
the MB molecules and the adsorbent CoFe,04/LGC [21]. Addition-
ally, based on the Langmuir isotherm, the maximum MB
adsorption capacity of CoFe,04/LGC was 16.79 mg/g. These results
demonstrate the potential of CoFe,04/LGC as a viable adsorbent for
the removal of MB from aqueous solutions.

4. Conclusions

Magnetic separable composite adsorbent CoFe,04/LGC was
successfully and directly prepared via a novel one-step hydrother-
mal method from the waste PP, Fe(NO3)3-9H,0 and Co(NO3),-6H,0
without adding any other additives. During the hydrothermal
process, PP and adsorbed (Fe**+Co2") ions on the surface of PP
respectively catalyze/prompt the conversions of (Fe**+Co?*) to
CoFe,0,4 and PP to LGC to produce the nanocomposite material
CoFe;04/LGC. The nanocomposite material CoFe;04/LGC has good
adsorptive property for MB in water and it could be easily
separated by an external magnet and repeatedly used. The
adsorption of MB on CoFe,04/LGC follows a pseudo-second-order

kinetics model and the Langmuir isotherm models, yielding a
maximum adsorption capacity of 16.79mg/g. Therefore, the
nanocomposite material CoFe,04/LGC would have great potential
in water treatment.
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ABSTRACT

In this study, a novel one-step solvothermal method was carried out to synthesize a series of polyaniline-
cobalt ferrite nanocomposites (PANI-CoFe;04) with different contents of PANIL The structure, morpho-
logical, magnetic and electrochemical properties of the as-prepared PANI-CoFe,0,4 (PANI-CF) samples
were characterized by various techniques. The results of X-ray diffraction (XRD) and Fourier transform
infrared (IR) indicated the successful synthesis of PANI-CF nanocomposite materials with the component
CoFe;04 showing spinel structure and the size of the composite material was less than 20 nm. Their
magnetic properties were remarkably superior to pure CoFe,04, ascribed to good crystalline of CoFe;04,
nanoscale composite and strong interaction between CoFe;04 and PANI, and induced magnetic field from
the directional movement of m-electrons of PANI under applied magnetic field. Otherwise, these com-
posite materials showed good electrochemical behavior, indicating that they were doped by Fe3*/Co%*
ions and doping metallic ions into PANI could also improve its electrochemical performance.

Magnetic measurements

© 2015 Published by Elsevier B.V.

1. Introduction

In recent years, tremendous efforts have been directed by many
researchers towards heterostructures consisting of inorganic
component and organic conducting polymers in aim of integrating
the properties of conducting polymer and inorganic component
together, such as electroconductivity, thermal stability, mechanical
strength, etc. Simultaneously, the conducting polymer-inorganic
nanocomposites can exhibit some novel properties when they
composite in nanoscale and what's the most important is their
potential applications in catalysis, chemical sensors, corrosion
protection, electromagnetic interference shielding, microwave ab-
sorption materials, super capacitor and photoelectric devices [1-7].

Among the known conducting polymers, polyaniline (PANI) is
unique and has attracted increasing attention primarily for the
fabrication of inorganic-organic nanocomposites because of its easy
preparation, low cost, and high conductivity [8]. It has many po-
tential applications in various fields such as electrical-magnetic
shields, microwave absorbing materials, batteries, sensors and

* Corresponding author. Tel.: +86 13609385281.
E-mail address: subt0608@163.com (B. Su).
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anticorrosion [9—11].

Recently, extensive studies have been carried out to synthesize
PANI-ferrite nanocomposite with electro-magnetic [12—14| and
photodegradation performance [15,16]. As a member of the ferrites
family, CoFe,04 exhibits negative surface charge without any sur-
factant [17] and shows a relatively large magnetic hysteresis. The
most important reason of choosing CoFe;04 is ascribed to its
promising applications in various fields such as high density
recording media and magnetic fluids due to its large magneto-
crystalline anisotropy, moderate saturation magnetization, high
coercivity, chemical stability and mechanical hardness etc [18—21].
So, till now, the method of combining the magnetic component and
the conductive PANI is still undoubtedly a hotspot of the intensive
investigations.

In general, the synthesis of inorganic and organic composite
materials needs two steps, firstly synthesizing inorganic compo-
nent and then realizing the composition between organic and
inorganic components. Zhang et al. [22] firstly reported a novel
method called “Chemical One Step Method” and prepared elec-
tromagnetic functionalized PANI-y-Fe,03 nanofibers with about
20 nm in diameter in 2007. Similarly, we firstly developed another
one-step method [23], called one-step solvothermal method, and
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successfully synthesized the PS-CoFe,04 nanocomposite materials
by using this novel method. The characterization results demon-
strated the successful combination of PS and CoFe,04 through the
proposed one-step solvothermal method and meanwhile adding PS
into CoFe,04 could effectively improve the magnetic properties of
composites. From the perspective of choosing the organic compo-
nent with different -electron structure, we design the synthesis of
PANI-CoFe,04 (PANI-CF) nanocomposite materials.

In this context, we used the one-step solvothermal method to
synthesize the PANI-CF nanocomposite materials. The obtained
data showed that the obtained composites were of nanosize and
had some strong interaction between CoFe;0O4 and PANI. And the
composite materials had superior magnetic property to pure
CoFe;04 and good electrochemical behavior.

2. Experimental
2.1. Materials

All the chemicals are of analytical grade and commercially
available. FeCl;-6H,0, CoCly-6H;0, aniline (An), Ammonium per-
sulfate (APS), Ethyl alcohol and Ammonia solution were purchased
from commercial sources and used as received. Distilled water was
used throughout.

2.2. Synthesis

PANI-CF nanocomposites were prepared via a one-step sol-
vothermal method. A homogeneous solution was obtained by
adding FeCls-6H,0 and CoCly-6H,0 (2:1 M ratio of Fe>* to Co®*) to
a mixture of ethanol and deionized water (Vg:Vw=3:1) under
continuous stirring. 0.1 mL aniline was added into the above so-
lution and kept stirring for 30 min. The pH was adjusted to 10 by
the dropwise addition of ammonia solution and then a certain
amount of APS was added into the system. Finally, the obtained
solution was transferred into the 100 mL autoclave and left in an
oven for 12 h at 180 °C. The obtained product was centrifuged and
washed several times with distilled water and ethanol and then
dried in an oven for 12 h at 100 °C.

Adding different amounts of monomer aniline (0.0, 0.1, 0.3, 0.4,
0.5, 0.6 mL), a series of PANI-CF samples were obtained by using the
same method and labeled as PANI-CF-0, 1, 2, 3, 4 and 5. The

FeCl;+CoCl,
+An

pH=10

e siig:® \\‘
i 0.0 % 00
PANI-CoFe,0,
¢ Co(OH), ¢ Fe(OH), ¢ An ® (CoFe,0,

Fig. 1. Schematic representation of the one-step formation of PANI-CF nanocomposites
by a solvothermal process.

formation process of the PANI-CF nanocomposite materials is
shown in Fig. 1.

The H"-doped PANI-CoFe;04 (H'/PANI-CF) composites were
prepared by dipping a certain amount PANI-CF samples in 1M HCI
solution for 6 h and denoted as H*/PANI-CF-1 ~ 5, respectively.

2.3. Measurements and characterization

The morphologies and structure of the samples were charac-
terized with a JEM-1200 EX/S transmission electron microscope
(TEM) (JEOL, Tokyo, Japan) and a Rigaku wide-angle X-ray diffrac-
tometer (XRD) (D/Max-2400, using Cu KR radiation at wavelength
A = 1.541 A), respectively. The average crystalline size of PANI-CF
was determined by Scherer's formula D = 0.89 /8 cosf, where D
is the average particle size, 4 is the X-ray wavelength, § is the
FWHM and 4 is the diffraction angle. Thermogravimetric analysis
(TG) was performed on a TA Instruments (New Castle, DE) 2050
thermogravimetric analyzer with a heating rate of 10 °C/min from
10 to 800 °C in air atmosphere. IR spectra were measured on a
FTS3000FX spectrometer (DIGILAB, America) in the range of
400—-4000 cm~! with KBr pellets. The magnetic parameters were
detected by vibrating sample magnetometer (VSM) (Lakeshore
7304). Electrochemical measurements were performed on a
CHI660C electrochemical workstation (Austin, TX, USA) with con-
ventional three-electrode system. A bare or modified glassy carbon
electrode (GCE, d = 3.0 mm) was employed as working electrode. A
platinum electrode and a saturated calomel electrode (SCE) were
served as the auxiliary and reference electrode. All potentials given
in this paper were referred to the SCE.

2.4. Preparation of the working electrode

A certain amount of sample was uniformly dispersed in ethyl
alcohol under ultrasonic for several hours, dropwise added to the
working electrode, and then dried. The process was repeated for six
times to ensure that the working electrode was completely covered.
3. Results and discussion

3.1. X-ray diffraction analysis

X-ray diffraction patterns of the samples PANI-CF-0 (a) and
PANI-CF-5 (b) are presented in Fig. 2. In the pattern of the PANI-CF-

o
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Fig. 2. XRD patterns of the samples PANI-CF-0 (a) and PANI-CF-5 (b).
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0, there only exists the cubic spinel structure peaks of CoFe;04 and
well indexed (JCPDS card No. 22-1086) to the crystallographic
planes of spinel ferrite (220), (311), (222), (400), (422), (511), (440),
and (533). In the pattern of the PANI-CF-5, these peaks, corre-
sponding to cobalt ferrite of face center cubic structure, appear and
PANI does not affect on phase structure of CoFe,O4 but the
increased diffraction intensity indicates the increase of crystalline
degree. That is to say, PANI is advantage for regular growth of
CoFe,04 to form more perfect crystal. Simultaneously, an apparent
extra broad peak appears in 26 = 20—30 and is ascribed to the
periodicity parallel to the packed PANI polymer chains [4].

3.2. FI-IR spectroscopic characterization

FT-IR spectra are used to determine the chemical structure of
the samples. Fig. 3 presents the FT-IR spectra of the samples PANI
(a) and PANI-CF (b). The characteristic peaks of PANI occur in the
range of 1574—840 cm~ . The absorbance peaks at 1574 and
1510 cm™! are ascribed to the characteristic C=C stretching of the
quinoid and benzenoid rings while the band observed at 1298 cm™!
is assigned to C—N stretching of the secondary aromatic amine. In
the region of 1010—1170 cm~! aromatic C—H in-plane bending
modes is usually observed which correspond to a peak at 1146 cm ™!
and the peak at 840 cm™! is attributed to the out-of-plane defor-
mation of C—H in the 1, 4-disubstituted benzene ring [5]. In the IR
spectrum of PANI-CF, vibration peak of transitional metal—oxygen
bond appears in the far-infrared region at 591 cm~! and all of the
peaks, corresponding to PANI, basically appear, demonstrating the
successful formation of the composite PANI-CF. It is worthily
mentioned that their intensity and local of the characteristic peaks
of PANI change, indicating some chemical interaction between
CoFe;04 and PANI.

So the results of XRD and FT-IR demonstrate the successful
synthesis of the composite PANI-CF with good crystalline and some
chemical interaction.

3.3. TEM analysis

The morphologies of the samples PANI-CF-0 (a) and PANI-CF-5
(b) are shown in Fig. 4. As confirmed from their TEM images
(Fig. 4a and b), they are all of nanoscale and their sizes are less than
20 nm and there are not the separation of inorganic-organic phases.
CoFe,04 particles present aggregation whereas PANI-CF-5 shows a
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Fig. 3. FT-IR spectra of the samples PANI (a) and PANI-CF (b).

Fig. 4. TEM images of the samples PANI-CF-0 (a) and PANI-CF-5 (b).

relatively good distribution, which indicates that PANI can effec-
tively prevent the aggregation of magnetic CoFe;04 nanoparticles.

34. TG analysis

Fig. 5 presents thermogravimetric (TG) curves of PANI (a) as well
as PANI-CF-5 (b). Comparing their TG curves, it can be found that in
the composite material, PANI’ thermal stability is lower than pure
PANI’, which can be understood by the fact that some strong
interaction exists and brings about electron transfer between PANI
and CoFe,04 (deduced from its IR’ results). And the weight loss of
PANI-CF-5 is about 29.0%, meaning that the content of PANI is about
29.0% in the prepared PANI-CF-5 composite material. The contents
of PANI can be obtained by their TG results in other composites and
listed Table 1.

3.5. Magnetic property measurement

The magnetic properties of the samples PANI-CF-0~5 are
investigated by VSM. The magnetic hysteresis (M-H) loops of the
obtained composites PANI-CF-0~5, in the applied magnetic field
sweeping from —12 to + 12 kOe at room temperature, are all
illustrated in Fig. 6 and their magnetic parameters are listed in the
Table 1. The magnetizations of PANI-CF-0~5 exhibit typical hyster-
etic behavior. It is more important that the magnetic property of the
composites PANI-CF-1~5 are remarkably higher than pure inor-
aganic magnetic CoFe,04 (PANI-CF-0). For example, the saturation
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Fig. 5. TG curves of the samples PANI (a) and PANI-CF-5 (b).
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Table 1

Magnetic parameters of the samples PANI-CF-0~5.
Samples PANI% M; (emu/g) Mg (emu/g)* H. (Oe)
PANI-CF-0 0.0 44.50 44.50 103.64
PANI-CF-1 8.5 66.86 73.96 350.33
PANI-CF-2 16.7 63.06 76.66 850.96
PANI-CF-3 251 55.65 75.08 1068.96
PANI-CF-4 273 54.04 75.49 1163.60
PANI-CF-5 29.0 50.17 71.71 1179.45

@ Mg values are revised by the content of PANI in the composites.

80 |
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Fig. 6. Magnetic hysteresis (M—H) loops of the samples PANI-CF-0-~5.

magnetization (Ms) of the composites PANI-CF-1~5 are about 74.5
emu/g, almost 1.7 times as pure CoFe;04 (44.5 emu/g), although
they don't basically change in the range of the PANI content
(8.5—29.0%). And their magnetic coercivity (H¢) increases with the
content of PANI and H. of the sample PANI-CF-5 is 1179.45 Oe, 11.4
times as pure CoFe;04 (103.64 Oe). These values are also superior to
previous reported results [24], for example, Ms value of pure
CoFe;04 is 38 emu/g while the M values of CF/PANI composites are
less than 38 emu/g, and the H, values of composites are lower than
CoFe;04 68 Oe.

In theory, adding nonmagnetic polymer into ferrites weakens
the magnetization of the composites material. PANI is a nonmag-
netic material, so the magnetism of PANI-CF nanocomposite ma-
terial should be mainly contributed by the inorganic component
CoFe;04. According to the equation Mg = ¢ms, Ms is related to the
volume fraction of the magnetic particles (¢) and the saturation

moment of a single magnetic particle (ms) [25]. It is considered that
the M; of PANI-CF nanocomposite materials mainly depends on the
volume fraction of the magnetic cobalt ferrite particles. So intro-
ducing nonmagnetic PANI should decrease the saturation magne-
tization of the composite.

Before now, we prepared PS-CoFe;04 composite material with
improved magnetic property via the novel method, developed by
our group [23]. In this paper, we prepared another composite ma-
terial PANI-CoFe;04 with remarkable superior magnetic property
to CoFe;04 by using the same method. Their superior magnetic
property are thought to be related to good crystalline of CoFe;04,
nanoscale combination and strong interaction between CoFe;04
and PANI, which bring about charge transfer between CoFe;04 and
PANI and result in the change of the charge density of the CoFe;04
and further affect the spinning mechanism of electrons in the
system. In addition, we think that the conjugated m-electron
structure of PANI is an important factor. Under applied magnetic
field, the m-electrons of PANI produce a directional movement and
the directional movement of the m-electrons induces magnetic
field. So the superior magnetic property of the PANI-CFe;04 com-
posites should be ascribed to the contribution of CoFe;0y itself and
the induced magnetic field of PANL

3.6. Electrochemical property measurement

Cyclic voltammetrys (CVs) is a common and convenient tech-
nique to monitor the electrochemical behaviors of the composites.
Fig. 7 gives the CVs of the samples PANI-CF-1~5 and H*/PANI-CF-
1~5 within the potential window from —0.1 to 0.5 V vs. a saturated
calomel electrode (SCE) at scan rate of 10 mV s~ L. As seen from
Fig. 7a and b, it is clear that although the PANI-CF-1~5 and H"/PANI-
CF-1~5 have typical redox peaks with the cathodic peak at 0.24 V
and the corresponding anodic peak at 0.34 V, indicating that the
composite materials PANI-CF-1~5 and H*/PANI-CF-1~5 show good
electrochemical behavior. As we know, H"-dope PANI possesses
good conductivity. From the conditions of preparing the PANI-CF
composite materials, it can be deduced that PANI-CF-1~5 are
doped by Fe3>*/Co?* ions. And doping these metallic ions into PANI
also efficiently improves the electrochemical performance.

4. Conclusions

In this study, a series of PANI-CF nanocomposite materials have
been successfully prepared by using a novel one-step solvothermal
method. The obtained data show that introduced PANI can increase
the crystalline degree of CoFe;04 and the composite materials are
all nanosized (<20 nm) and some strong interaction exists between
CoFe;04 and PANIL. It is interesting and important that introducing
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Fig. 7. Cyclic voltammograms of PANI-CF-1~5 (a) and H"/PANI-CF-1~5 (b). Electrolytic solution: KOH (1.0 M); scanning rate: 10 mV/s.
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PANI into CoFe;04 remarkably enhances its magnetic property. The
superior magnetic property of the composite materials to pure
CoFe;04 are thought to be mainly related to good crystalline of
CoFe,;04, nanoscale composite and strong interaction between
CoFe;04 and PANI, and induced magnetic field from the directional
movement of m-electrons of PANI under applied magnetic field.
And doping Fe3*/Co®* ions into PANI can also improve the elec-
trochemical performance.

This facile synthetic strategy may have a good chance to syn-
thesize a vast mass of PANI-ferrite nanocomposites with excellent
properties for various potential applications. We will continue to
work on these PANI-ferrite nanocomposites and provide more in-
formation on the applied research.
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