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FEEETAEBEEO ORI ZIRS.
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LR & LCERSTT 5 JIS IBY, SMBBmif ok
2 v X 0B+ v E LEBTEER LV EE
FTHHEY, =T x VIR I BTE, BEOREY
Bz v AV THURETHHEY hErd 5.

BRI BEER 1 4 VG A 4 A ESC L
DF =20 A2A4FVEAFVRERETHZ ER2FELE
bOTHS. BEMBEE LT AF vy TA—2 55
Wik L,10-7 = v r Y vERAD® LiBEREE A A4 v
DAF VxR = e vy VS UREEERC LD
EEBTAHHENRLD, FFIST oz bT AV =29 A0F
FI 7 22 ARARS Y AREDH =Y ALF vV EBE
R A v L OUBAERRIGEFIR LIZEESTD, H
AT BEEEREY, RO LI-7 27 v iir) vEE
(1) LBERB A+ v O BERREZFIR L-EE
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* MR EEANEI AV AR ¢+ 060 JuigEiLm
MHRRKIE24&E6TH
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—7, A& VEREEEEY A CICERS T A5
FULRAE E T ETHMOBERCH B2, FAERLBEME
HEDOKFIBTRER L T5H R, RBRENERLT
Wiz h, BYURIERIENR X 5 BRI BR BT
B, FMOBEEMLOE b LI E L. BIERE A 4
VEREBERIIC I ORI h TRy, XAEE
DESEEET2HEY 19 L. Lal, BEED
RT3 I, BT bS5 7 =T Y
=Y AREER LT 5 EERR A o v OWRER T
DOFEREME L7z Smith 517 % 343 Baczuk »1®p
WEBRZT N AEETHS.

BEDLL, BUR T vE=YLAE THSE €7 453
V (BRI AT AF AT P SFUAT VES T A,
Zeph+Cl-) 2GR & v EA 4 vREHBRL, K
BRPCHBETSZ L2FIB LT RAIELIGRIERR 1
F VEREERTIERERICH Y, BEERI A vE L
749 3VIREY, BENORECHEE L. WERI A4
VORFERGEL DM, FOBREFECOWT HIEF
TNz ic. TeRPFICHIE U liE R 1 4 viBRRE
Bk, PIVR (V7o viry v #dD) LBESR
BRAA VD A% vie BIGHWE &35 BV Eke=0
(PVQ) BEMLEEDO S DTH 5.
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2.1 5 &

BEERY Y 7 AEH (G0 mM): 110 °C ¢ 3 B n £k
BB A MET NS REEERY Y v A 692/6g
EHEOrS>L, B+ vkicEBL T Tdm? L L.

¥7 47 IVER 0mM) : F{{LEMEmE, ¥
— &4 P RER 20.6g 2R, BAFVKICHERBLT

Idm® U, BREESEEEZE By 50mM mHEEEE
EBEECEEL .

Ay 7 =23V rYy (Bphen) BT
Hw, BRESLZF—PFELrOoEEHE, PVC Bk
FIEMETEMOELAE 1100 0303 FELE. +0O
ORI T N CRBEREERL 2.

22 & B

Z A0 Corning 109 pH 2 — # — (HlEiEE, +0.1
mV) & -T#iEL, Hiv=-—%-— 056 8T 34
Liz. ZBREMBE LTI, ¥ 2010-05AT vvs/r v
vV Iy a vy e ANVEBEER L. BAEH
FEiCiE, FREPHEEE RAT-11 2EHL 7.

2.3 BEBSEDOER

B 150mM DAV 7 2 vir) vD L2-P 7w
v W I0ml 25%KR iy, 50mM Mohr
i {FeSO;- (NH,), S5O,-6H,0} %yg 10ml %ot 0.5
M BEREA 7 v e =v 278K 10ml 2jn%, 30 4RHiE
DiEE 5. HiiEIL Fe(Bphen);(ClOy), ol X b
FEEFETH. 30 HEELLE, BEEEITL, 4
EOEXREET vV v A%z THKT 5.

COMHEEETOEE, HAHWEFRLT Lml b,
1259 PVC 057 + S5 ¥Fr7 5 VR 2g LRAEL
ek, FREEBHRELCT s B A 2754 0.5g B
2%, TOREEEFIAMEC HLE L, 48 WM
BLUaEvEHRIY, EX 0.2~0.3mm DjREORK
TN gt Yol

2.4 WHDWHRUBMAE

2:3 18 - BUSEE® PVC & (M 9mm, WE 7
mm) D P PVCOF + 5 e ¥ e 7 3 vBREESH
LTy T 5. WBEREKE LT 50mM ol

Reference soln.,

Cl0O4~ sensitive

Ag/AgCl 50 mM in NaClQ,,

PVC membrane

50 mM in NaCl
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F Uy AREL S0mM OBERER Y v A BE
%, BRSRERE UTHE-BEERY /L B8
PR L. fERLCEREZ R UEBBOBR Y TRT.

ZOBEMDOFE ST Nicolsky-Eisenman 19z 1 b
KDY BEEIND.

E=E,~ (RT/F)In(agi0,~+ 3 Kja;1/4)
J

ZIT acrop- RO a3 EMEOREA A VvOIEE,
Ky ir jEA A vo BIRBE, z; 3 7z0EHOENET
B5. 7k, BEEM O WEESERE 20~25°C ¢f7-
Yot

25 HERLF

WEHEFRIR 1 A v 25~T5mg & &l ARBEKY 50 ml
E-a—k&D, Kenz T ey 30ml LU, {FH
L-BHEEREELZRLT ~ /X F 7 Ax—5—
T ERERDD, 0mM €7 4 5 3 vIFR C B
FEERITS. NEHBEX7 LAY 240mV, 4 —
FREGE D EE 20mmmin-!, FEEEEIY 1.5 mlmin-t
TH#AL, FEIhHK[ADM 1ml Faisn 0.03ml
min-! ¥z i,

3 i S

301 PVC BRDA 7 MEDRE

PVC i@ Fe(Bphen); (ClOy), 0B IET
1A VEEY FRL, ZTORERE» D REEL BEL
#z. Fig. 1 Wi+ X 51, PVC D 1 4+ viHEs»E
BT O0T1~17% oL &, :BERR A+ Vg 1071~
10-sM o#iF< 10 FoREA T 5 BN
54~55mV L (31 Nernst JG&E% KL% 14 vHoD
BRSSO &, BMOREENEL s EHAR
Hote. ZHILBINREOBEERN BT HDEELDL
o PE-> TUBED ERCIIBROBRIELETER T.7% D
boRFERLE.

3.2 EBNOBRBZE(ERFLERKE
BEREAPBRCR L, 10 HMcoREN % WEL
BRI OWTHRE LIciER, 1071~10-5M 08

Sample soln.

SCE
containing ClO4~

Ion-selective electrode
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Effect of Fe(Bphen),(ClO,), content in
poly (vinyl chloride) membrane

Fe(Bphen):(ClO4)z content: O 7.7, @ 1.54, B 0.77,
A 0.077 (w/w)%

Fig. 1

FHAF VBETREDE—EOBMAEYRL, T ORE
BRI E A ETed ooy, 10-8M B ok B & &
LIIEDFHE~EEL LT

X, PRRHAWCERE OBREREE A VBRI,
s 10-5M 25 104 M iz, KO8 10-4M i 10-3
M wZbsgicEs, WThd 0% BECET 58
M S BN TH - 7.

3.3 ‘EEHD pH &M

BT P I AR I TAA viliEY 0.1 Wi o7
0.1mM BIEHEEEF + )V v AW, FA—EBEOEESR
A vEEUDEBROKBES Y Y 2B EEML T
pH % FE L, EE N0 pH KEEC>WTHRE L.
Fig. 2 R+ X 51c, 0.1maM BEREEA 4 VI /¥
LEEINL pH 1~13 ol T—EThDH, AEMEZ
J5vs pH FECOMEENTEETH S.

3e4 BIRM:
BIEER O A+ vE BRE—E Kb, B
LA A VIBEY 0.2~2mM KZHE X4 % Rechnitz
LODREERRC LY, AEBCNT B4 D 4+
VOBIRGHEER LY. COHECHEGEA 4 vOlE
B Kielland® ©F L o R, Table 1 ZmR4 &

M, FE: BERBAAVEEBEAVD ClO,;- 0¥7 4 I VvRXPBMENE 593

250

200 O O—O—O o

Potential vs. SCE/mV

1501

pH
Fig. 2 Electrode response as the function of pH

Concentration of perchlorate : 0.1 mM; Ionic strength :
0.1 M with NaCl; Temp. 22°C

Table 1 Selectivity coefficients for perchlorate
ion-selective electrode

Anion —~log K; Anion —log X;
CH;3;CO0O~ 3.72 SO42- 3.06
HCO;~ 3.47 NO;- 3.00
Cl- 3.46 CO32- 2.74
NOz~ 3.42 ClOs- 2.66
BrO;- 3.32 I- 1.70
103~ 3.29 SCN- 1.00
Br- 3.95 104~ 0.19
OH- 3.19

51, ABEILE2 vERBRA A VL BERRA A v &
AEECRIEL, Erest v 7 vBI+ Y, a vty
A IV DIFEINKE .

35 B7453IVICLD BREERAL YD RBRBN
EWE
AEBEIETREECHE YV, ¥7 45 3 vEEERLL
TBEHERR 1 4+ V% FE L. Fig. 313 50mM 3B
KA Y 7 AR 50.39mM ¥ 4 T VEBET
HWEL-BOWMEMBRTHS. RAMNETCILBEERA
FVBENFELLD D, BEONEIEL, f-T
Y747 vEROEMREL DS THLERD Y,
XawAf FROUEBNERL, HENGL REDOTHE
BRIt ThhiiEie b, BETIE, €74
53 VvHBEO 1B gy 0.03ml L —Bifb,
BANRBIREADO L ZARKERL L. REATOEBMR
B3y 10mV/0.03ml ¢hh, KREAIUESLIZF—
L.

WIEREE A 4 v 24.87~74.60 mg % &1 SURAR
YEE LR, Table 2 @R+ X5k 0.6% BT
EREREE 0.2% LToMENEERET EENTET

n
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300
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Potential vs. SCE/mV
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0 5 10 : 15
Volume of titrant/ml

Fig. 3 Potentiometric titration curves of 50 mM
potassium perchlorate solution with 50.39
mM Zephiramine solution

KC1O4 solution taken : (A) 5.0ml, (B) 10.0ml, (C)
15.0ml; Arrows indicate the end points.

Table 2 Determination of perchlorate ion

Taken/mg Found}/mg Error, % R.8.D., %
24 .87 25.01 +0.56 0.2
49,73 49.74 +0.02 0.2
74.60 74,78 +0.24 0.1

t Mean value of five determinations

Bt

36 FBEICRISZTREAAOBE

SBERER 1 A4 v 49.73mg R E DRI E EAENE
FBEOHEA v OB oNTRE L. fdsiat
LA F vIRRBORBP T 2 RO H 5 1
F VIR oo, Table 1 iR Ui SRS s
DREGENTEIh S @2 vER, 54> 7 VE,
a vk A+ I BE LTy, Table 3 ©iRd X
51T, Hcdy, BRER, BRERA A4 VIXEATBIEERR A
Vo 100 FREFL T, BEALBELEL. B
TR, Ribiy, WEE, BRI A4 v o, KEM
T BARE 2z, EOBZEY 5258 LB,
Table 3 OFFRMEL B0 ZFINKA 0 HELREL
7.

3.7 WEEA 42 DREE

TEERIEITEASEARF & LT, TRABECHE I -
y PO EOBERBEYSUEREMIh Ty
B, BB B, WERA A VvORFIRELCL S
BERBA AV OEEDHEL Y, ExrBEOHKEFET
Wly oEoBEEY 2,
DEBEMBEIN S KRAOHETE#EL oD T, &

ThU ERFET 5 LRRAT.
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Table 3 Effect of diverse ions on the determination
of perchlorate ion
Ton Added as Ion/ClOs~  Found/ Error,
molar ratio mg %
Ccl- NaCl 100 49.64 -0.2
SO42- (NH4) 250, 100 49,44 ~0.6
CH3COO~ CH3COONa 100 49,49 -0.5
NO;- NaNO, 20 49.89 +0.3
Br- KBr 3 49.99 +0.5
NOjz~ NaNQO; 1 50.18 +0.9
ClO3- KCl103 0.1 50.00 +0.5

ClO4~ taken : 49.73 mg

DEREFEEHER L.

TEER A & VIIBEELHET CHRESRZHRMNTLZ L
IOEWBA A VEBET SR R bRTED,
BAd vOBEBEDELTHEIhTWS., LsL, &
DRIEE D F ¥ THELEIMEC DT, FIRFEVET
G E U TET AR & ole. Tibb, B+
VHISRET 2R, BiROBMRERE ML, Sy b
Fr—t EvinET s, ZoOBRKEYER T OB LS
EBRWKE TS, ZOFETIRRERA 4 v O LaSERN
BILIh, XRRIGOHRERTEEOHE LB
WO, BENEECTHS. Fig. 4 AT 5E
DFEEE A A+ v&E&Tr S0mM BERE » ) 7 2%¥ 10

300
(B)
@)
= 7~
g i
o 200F 'l
73 i
. o
3 ¢
=
;E) 1
3
&
Equivalent
point
100
] ]
0 5 10
Volume of titrant/ml
Fig. 4 Effect of nitrate jon reduction on the

potentiometric titration of perchlorate ion
with 50.39 mM Zephiramine
Sample : 10ml of 50mM KCIO4 containing 250 mM

NaNQs; (A) : Before reduction of nitrate ion; (B) :
After reduction of nitrate ion
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ml ORI F vETHROBRTH O HBEME L RT.
WA A VEBTSRET AL E - T, BAREIRE
BL, ZEEBED x5 Lo

TEEE A & v DI EOBREC NEICEDE, RIS,
BT OWTHE Lz s o5, 2M EfR Sml Lk,
FyoREESR 0.5g LIk, fnglesi 10 2Ll o i
T&f. UL, BEROGMESEINT R oNhT &
BAETOBMRELRI T 5ERCH >Tcizd, £0
GmEY LDEREOREE L.

ENHTSEED WEEA 4 v 23EFEL, 49.73mg ©
BEFER A 4 RSB, 2M B 3ml, KE
¢h leg &inz, 10 HEMELC, REEEA 4 v 2RI
FLE, AEC IV BERBA A VR SEER LG
By 95% EERRET 49.65+£0.18mg, HRHEEFEE
17 0.3% Thote.

3.8 EHEHBPADIEH
BIERMEYE TR E LT, BHE~OEMIED
FFHoh T2 RBREREOEAIERS, P Flelo
KREEBOE»CAELTHEIR TV b T
BEE, ROTERBEO »—) » FEOWT, £RB
FROBERE A A VEARBC LV ER L. TORBRY
JIS e X AR L i LT Table 4 wiRnd. WD
EEEDOEIL 0~1 Y% BETRW—FZRLEL. ki,
WHBIEYEE LTSI~V » PROBERRA A VO
TEEOWCIL, WBAA vEBRTLEE HAWIEE
DEEFEETHFHEOTEC DOWTIT o 7cd, W14
VOEEEN Disvicd, TEEMECER BRI
ot

A, 1RBoBECET 5L 20 5BE T,
JIS ¥k & Wi U, MREAERHETHS.

Table 4 Determination of perchlorate in explosives

ClO4~/mg in lg samplef

Sample Main component

Present method JIS method

Go’ondama

476.3+0.9 471.6+4.3 KCIO4, AL 8
Ignitor Att 454.441.6 450.4£5.5 KClO4, SrCOs, S
Ignitor BfT 347.6+2.3 345.343.9 KC1Oy4, 8rCO3, S
Carlit 559.442.7 554.0::2,2 NH;ClO4, NaNO;

T =3, a=59%, T Of fusee for motorcars

WEH DE7 4 5 3 VLM THY, o MEDE
&, EMHEY LE L S TRERTE, X, HHOH
Byb L THECA b, REIBERR A+ v OEREL L
THAMREE. X, AEEITREE: HELT,
BAMET, »oRMETHY, Lovd 14+ VSRR

Hi, FE:AEERALVERE2HEVS ClO;- 0¥ 7453 vIL X 2BAEEES 595

ML RBEOHTE, THhic X ONEL L, 200 EL
T OMBEEE L EEOLIITTRED bivioh - .
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Potentiometric precipitation titration of per-
chlorate iom with Zephiramine by the use of
perchlorate ion-selective electrode with a liquid
ion-exchanger in a poly(vinyl chloride) matrix,
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Crime Laboratory, Hokkaido Prefectural Police, Kita
2, Nishi 6, Chuo-ku, Sapporo-shi, Hokkaido, 060;
*#Department of Chemistry, Faculty of Science,
Hokkaido University, Kita 10, Nishi 8, Kita-ku,
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Sapporo-~shi, Hokkaido, 060)

The construction of a perchlorate ion-selective
electrode and its application to potentiometric titration
of perchlorate ion in the explosives with Zephiramine
was described. The PVC matrix membrane containing
7.7 (wiw)2e,  of  tris-(bathophenanthroline)iron (IT)
perchlorate ion-associate was used as an ion-sensing
membrane. The disk membrane was affixed to a PVC
tube (I.D. 7 mm) and silver-silver chloride electrode
was used as the internal reference electrode. The
composition of the cell including the present ion-selective
electrode is as follows.

Ag-AgCl electrode/reference solution, 50 mM NaClO,
in 50 mM NaCl/PVC ion-exchange membrane/fsample
solution/SCE

The present ion—selective electrode exhibited a Nernstian
response to perchlorate ion in the concentration range
from 10-% to 10-* M. The potential of the clectrode
was constant over the pH range from 1 to 13. GSe-

KAGAKU Vol. 33 (1984)

lectivity coefficients were evaluated and the electrode
exhibited a good selectivity with respect to most common
anions, while it showed some interferences with respect
to periodate, iodide, and thiocyanate ion. The present
ion—selective electrode was successfully adopted to the
potentiometric precipitation titration of perchlorate ion
with Zephiramine. It was revealed that the presence
of equal or excess amounts of nitrate ion in the
sample solution lowered the potential break at the
end-~point. However, the interference can be eliminated
by the reduction of nitrate ion by heating with acetic
acid and zinc powder.
(Received May 4, 1984)

Keyword phrases

potentiometric titration of perchlorate ion with
Zephiramine; construction of perchlorate ion-selective
electrode based on poly (vinyl chloride) matrix.




