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Synthesis of Magnetic Prussian Blue Nanoparticles and the
Fabrication of Chemically Modified Electrode

LI, Jian-Ping* YUAN, Yong-Hai
(Department of Materials and Chemistry Engineering, Guilin University of Technology, Guilin 541004)

Abstract A novel method for chemically synthesizing Prussian blue (PB) magnetic nanoparticles was de-
veloped. Firstly magnetic Fe;O, granule was obtained by the reaction between FeSO4and FeClsunder 80
‘C, then such Fe;04 granule was reacted with K3Fe(CN)g in acidic solution (pH~2) to form magnetic PB
nanoparticles. The magnetic properties of magnetic PB nanoparticles were studied. Chemically modified
electrode based on magnetic PB nanoparticles attached on the surface of solid paraffin carbon paste elec-
trode was prepared. Hydrogen peroxide and hydrazine hydrate were detected by this electrode. There was a
linear relationship between the reductive peak height and the concentration of hydrogen peroxide in the
concentration range of 2X 10 5~5x% 10" mol/L, while the linear relation between the oxidation currents
and the concentration of hydrazine hydrate was in the range of 7.2X10 '~3.6X 10 * mol/L. The modified
€lectrode based on magnetic powder was renewable with the virtue of good electrocatal ytic property.
Keywords magnetic nanoparticle; chemically modified electrode; Prussian blue; hydrogen peroxide; hy-
drazine hydrate
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1.1 UE5RF

CHI660B Hifb & TAEuh( g R A H]), —H
ARG WEVES &L E 9K R TS AR A R (D
=2.0 mm), F1HAR X HRL, Ag/AQCI (3 mol/L KCI) A
Z L.

H600 7% i H 1 W i Bi (Hitachi. 7], HA), #
L 80 KV; Paragon500 7 37 A% i 21 #h it i A%
(Perkin Elmer 2Avw], 3£[H); PPMS-9 # keIl & R 48
(Quantum Design 7], F2[H); Nano ZS90 B4 44 K i FE A
zeta AL A3 HT X (Malvern A ], 95 ).

30%i A AL AL, 85% K G Mk, A FH I AR RE 22 P ik
JE, HAERGMC L thbs 2 45 215 0.05 mol/L K3Fe(CN)g K
0.5 mol/L FeCl;¥%¥; 0.5 mol/L FeSO, % ¥; 0.02 mol/L
KH,PO,-KCl 2 i (pH=6.0), HAc-NaAc Z& ik
(PH=4.5).

1.2 Bl ERmM BARE

L 5 em K KR (@ =2.55 mm) A2 3 ecm K1)
PIE (WA =30 mm); EEREEIRI P 6GEEF, JfEskeE
RS FEADE K AR AT A k% 3 - 1 (m - m)Ek
BIEA, REMAEFIEL, BiREI85), NS,
Ml N, WG, BREESNNZRY), Rt
AR IR T . D TR UERE ) K, AR I A IR AR
IR IR IR FE 2 0.5 mm.

1.3 HMHEeTEFRNEK

S SCHR[LT] VLA I FesO, TkL. K FeSO, &
FeCls # s 10 1.75 ool A e i s 3 VR 20,
PEHIKHTELEE 80 C, fEME 1T+ T, WMk ZUK NS
NRBT, RN pH~10, gksEin#t 1 h, LAg2:
WO A K. 3000 r/min B0 ES, FE RIS,

B R KPR pH~7, GBSt

il 5 0.05 mol/L i KsFe(CN)s Wi 4 mL, %
Neey0,/ Nk reronyg AN 7] JBE 2K IE HE A B Rl I 2 45 - i 4l
KBLF. BTk i — e LU BRI FesO4 Btk —
WA AT E S ) 4 mL KsFe(CN)s+2 mL H,0,
(0.3%) % T (pH~2), Btk 3 h, HhiE, 744k Rt
T ABOE S A (TEM) 0 HT i, ) B R 2 il P i Kok
TP AE S FE v b, BT
1.4 BMEETEAKRKFIEIRBEREEDRE

FREX 0.5 gk & L g oKobi 1, HILH T 25 mL
AWK, A EY 5 min, FH— R A A I
AR R b b, BRI ) — i TR R S
PR LR KR 1 IR R B ) (L
Pt et O BT e ). AR P A P R 5 — i gk PR Y
b RS R AR 1 SR HACE TR R BN )
ZAKAFEVE 3 min, &M, SRR, Bk, W
RN PTG, e e Bl 1 3 5 0 oK oRE T DA B T
.
15 SKWAHZE

75 10 mb L oo A 48 A S (BK A ) IRV,
TR 25 220 (pPH~6.0) 5.0 mL, Tk & %%, &
N 25 mL fR/NBERR DL 5 5 L W Kok B e
WA Ay TAE AT AR 2k, e AR 2 i 2k 5k
SRR e M e, W0 5 oK R A A (EOK A )
B PR3 JE (B4R FR R (R AL AL 143 BB A i AU A
05~—04V. K&H 1.0~—0.1V.

2 HZR5iTE

2.1 HMHEETIEGARMRIAERRE
211 EA BT

1 k) FesOq AR T W5 g KR 1 1032 ) g
(TEM)# . A 1a Hhal W Fe,On FURLH 2 2 AAAIR,
JLr 2 SRR BBORL R A2 K20 0 10~20 nm; 4
1 FeO KA )2 PB G, IXFhE & k1 2 I H R
TESE (B 1b), HRifR KL% 20~50 nm.
2.1.2  LrMBOK RE AT

2 e B LA A LR R LA,
M (28) ] L 3% 5L WK R 4E 2084.1 cm ! Ak
Fe* —CN—Fe(l )M UL I HE R Bh i, 55 Rk 4K
e OB R (] 2b) 1) 2084.7 om A [, T -1
WRAALE 16105 em P HILK CN—Fe(I)#F X HIE IR 3h
W, PEREPEANKAS &R I ILE T 1636.3 cm Tk,
XU ITE FesOf BRI A /% T 0 & LWk 1. P Al
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Figure 1 TEM patterns of Fe;0, nanoparticles (a) and PB
magnetic nanoparticles (b)
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Figure 2 FT-IR spectra of PB particles (&) and PB magnetic
nanoparticles (b)
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P 5 SRR A (K A [T e B P 3, DA LML A
AEBRIED 1.92 emulg, FRmi AR, UEHIRAVE & 1 iEgh
KWL 7 BA R 152 P RE, LA T 2 1 A s B
G, RN BHENE, BIAESME A7 S AL, A
AR PR 2K, WY R T B AL ) DT AT
KA RIORL 1) 23

214 ¥ENA

FHRELJE 3 AT A0 2 o 2 57 45 1 R (1) R B2 0 A
(i RV I R 5 ST R D S a0 3 S VAR OB E S
B35, 28U AAE 30~60 nm. i A7 I 5% i RE
Wa LR TR IR, HRAREIA.
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Figure3 Hysteresisloop of PB magnetic nanoparticles sample
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Figure4 Particle size distribution of PB magnetic nanoparticles

22 HMEETEMNRRNFERIGFRBRMISELS. K
AR LS

o P 5 AN OKORE B M F AR T A AL
AL IR JE N IS 7E pH=6.0 IR th 2 v b, mETE
WE LR YPRR B A AE CV B T 05~—04 V
)= AR — X R IR SR A, 5E R PB B M Ha il
PIAEIRAR 2247 A L, AR AR S s R A JE A — 3 IX
WIZE FeO, MR R RIAF 2 T — 218 L . Mmdtk
W GORRL S AR T I A AU, 8
V20T N A RE AR EY S B A NN R R SR (i
YEH]. ¥ 1x2107° mol/L 48, 58 B i fkin
JEL (A ) (KT S 5 A 0.22 mAJem?, 541 7] SE it 461 T
B S8 & 79 2 10 H R PB 8 4 H B R 35 0.13
mA/cm? A EL, HLAEAL IR B 2 K
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Figure5 Electro-reduction of H,O, by PB magnetic nanoparti-

clesmodified electrode
a, phosphate buffer (pH 6.0) - KCI (0.1 mol/L); b, a+H,0, (2X 10 ° mol/L)

T 7 5 0 A OB 18 M R ARORT 7K G O 1) A
R LW 6. fF pH=6.0 [IIR ke, T 1.0~
—0.1 V ZIFH, BERRPIAKEMNZIG, s
- EGRR A T 0.80 V AbFE AL AL
HL3E. AT 1X107° mol/L K&k, 5545 2 HafiEfkis 5
(Aip) R E ) 0.70 mA/cm?, T ASZE 40 R &
WH PB B M AR (1 FL 37 %5 2 0.32 mA/em?,
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Figure 6 Electro-oxidation of hydrazine hydrate by PB mag-
netic nanoparticles modified electrode

a, phosphate buffer (pH 6.0)-KCI (0.1 mol/L); b, a+ hydrazine hydrate
(5.0X10"® mol/L)

2.3 WM PB B S REHHIR N
231 RE& pHALG R

WS T S N pH DO G s R 7 65 W 40 KR
FHAE R RER R, S5 R R B, ROV pH 2 alA
1, 15, 2, 25 A1 3 W, W ioHA % 0.68X10 °
0.81X10°° 0.98%X10 °, 0.64X10 ° }% 0.32X10° A, HJ
W, pH=2 Inf 5 ) T 0 A 4 K ORE 3 1T B &

W, HgHmRisE.
232 | Npoyo, /N reicng fE /R L 8 ot

BRI T Nrego,/NMicareicrng 20 HTREPE W41 2K
BT IR HoO, S I B, 45 KW, Neeo,/
Nkarecng 779004 5, 8, 10, 12 Fil 15 1], Ai 4351124 1.25X 107,
1.19X 10>, 1.05X 10 >, 0.98X 10 >, 0.89X 10 ° A. fifi#5
BCEEHIHER, IRV CV HEZR ) Al {EBEZ /)y, X2
THE nFe304/nK3Fe(CN)6 EEHQE/‘Jij(, B G
AN 1S 1 ) PB A B g/, il PB RO 1 Ak
SR AR RRAIG. 1 Nreso/Migracnng LIRS, B
A RURE FR) i 1 S 99 59

HE— % 5% nFe304/nK3Fe(CN)6 o s P 2 A U R A 1)
RO, 2R OSCHR[18] I eh 7 v, SR FHW b i BE R AR G
AN RN, SR 1

R L Neeyo,/Nkgreronyg LLAEDRT PB TG ERIULRE ' (¥ 52 0

Table 1 Effect of nFe3o4/nK3Fe(CN)6 on magnetism of PB mag-
netic nanoparticles

Nres0,/ Nk gFe(CN)g 30 15 12 10 8 5

W b e E{E/em 18 15 13 12 10 09

B FesOs 'y KaFe(CN)g HIEEZR i)y, 74
R W D X TR R AR LU TN, FesOy
B M AL R SIRETE R &R, A e E 4K
B L WA UKL R B3 T o B A AR A, AT S0 )
(R NEAR 55 . 54 25 RS R P RSORE (1 T4 11 R0 e i A0k A
S0 R B nFe3O4/ Nk gre(CN)g ™ 10.

24 HBRENRHZI

WF9¢ 7 pH=6.0 %% 0.1 mol/L KCI ff] 0.02 mol/L
IR R 2 P . NaAc-HAC 2Pl Ve b 2 RF LR o 1)
SO, 25 R, TR BEIR Hh 8 v T AR B R Y
PB kit e, Jf Higridsse, AmAAE. K
A IR HL AL PR 18 T B AR H,0, Bk G
JE AR WS FEA R . LL 0.02 mol/L (KR Sh bl b 2%
M, 78 pH=3.0~9.0 JulH 55 T RETEH & g
KR 1 RO A A A SR K A5 TR £ R P 5 e R
%, RUE pH=4.0~6.0 il A LEA BN B
T RIEME A, 1h7K& HE pH=2.0~6.0 [
TS IR BACR I IR, BT A SRR P P R
SEVEZE, PB LEBRIE S AT R S AR, TSR ) pH =
6.0 FBERR £E 22 .

25 HAEMERITI

K 1 P 5 0 DKL JORE A s FRL AR 23 3l A 4
fid % 50~400 mV/s [AERIFIMR 2 MLk, 450K
M D U PR UL A T (V) RSP T IR SR R R, etk
iR i,=3.9911 v'?—15.478, HI3 A% r=0.9976,
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Y H B S o R T S R I A A S T B A AR
RIY WO
2.6 RiFM[L

7 52 LA P L R A KORL B AR AR FR
W, B HA A —0.05V, 7E7 0.1 mol/L KCI, pH 6.0 [#)
AR B 2 PP D K HoO, N 215 k. T
B R L A ROR T RO AS U RN e A A A
(M AR PR, Wi RIS )R 24 B s,

100 4 5
1.2X107 mol/L
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Figure7 Amperometrici-t

2.7 WIEMZ

7E FIASZIS S R R AR 2kl s, i SR S ARG
PSR S AR AR R S HO, W
7F 2X10 %~5X10"% moleL * Ju I N RLEFIZRTE X R,
2 MM 7 RE A AiJUA =194.508 ¢/(10 2 moleL 1)
—0.06259, fHIFZE r=0.9991. KA B2k
7.2X10°'~3.6X10"* moleL ", ZPE[RIH 5L AiluA=
5.5714 ¢/(10 ® moleL %) +0.0254, #5% %% r=0.9975.
2.8 EMHEMEEMN

K 2.4 T4 53550 ) A0 U #5 mgvE i- i gh ok
BB, %0 1X10 % mol/L [rit 5L EEAT
SE, 13 BIAHRFR UL 22 8 3.5%, 1 B L v g s A 2
A& B A A AP R B RS 2 1
TR, O PR ORI, SRR A N — B — TR B
KL RIS B A F AR 2 7 Yl i R AL A, 753
I e LR (P AR HE R 22 /N T 1.73%; fEMEGKRL T e T
a2 IR 28 LR A7 JBCE A, B T F b, AR 22 fh 2R 1)
FEARAINEE S FEAANAR, 5 2 MR A e 1 R 4T
29 MmO

o i A S B (RS W E T2
& 3%; fit5: 20020406), HZMEKFRE, BEUE EIL

W, S 7 e i A A A, AR I N
AT bR IET 256, Wl e 45 AL nAx a0k 98.5%~
101.5%. 53 AMPUE RIS TLAKEE, I — KA
VW, FR ST e KA S 1, DA AR R R Sy
99.2%~101.6%.

3 it

AR A A & 1 B A ROk 1 P A1 )
B R, X AR SRR S IR A A R
(AL TERE, FOARCR T 5 T S8, EEELEAIRRE EAT.
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