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1. Introduction

pHoenix Perchlorate lon Electrodet™ & <o 4| perchlorate ©]->& wh=11, 11eksts 2 g3
AR e S8zt ol gH

712 &

1. pH/mV meter =2 ©]& meter
2. Semi-logarithmic 4-cycle graph &©°| : MeterE mV modeZ A& Alol= RAGHES
a8 4 Qe Fol EQ

A4 L RE7] (magnetic stirrer) & 3 WH7]8 A 9k 7] (magnetic stirring bar)

4. pHoenix Perchlorate lon Electrode, Cat. No. PER1501 (7] = Z2),
pHoenix Perchlorate Combination lon Glass Electrode, Cat. No. PER1502, =2
Perchlorate lon Combination Epoxy Electrode, Cat. No. PER1503.

5. pHoenix Double Junction Reference Electrode, Cat. No. 5731429 (PER1501S A}-&-3
). pHoenix Reference Filling Solution, Cat. No. R0O01011(W]4- junction)¥} pHoenix
Reference Filling Solution, Cat. No. R001044(%]%- junction)& ©]-£&-.
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2. pHoenix lonic Strength Adjustor(ISA), 2M (NH4).SO,4, Cat. No. PERISO1.

o] &ML jonic strengthS AA3H FAA7 =t}

Az WH o 1 L volumetric flaskel SHI5 4% 2931 ammonium sulfate, (NH4)2SOa
264 g< Yo Egt~aE EEo] IAE HQAth TRTE THaAY BAFE

M A T 9 5 §4s EFAII] S AFE oA W EEolTTh
FFEgooltl Al 100 mol] ISAZS 2 mi¥ H7lsle] F 0.12ME ionic strengthS 9T},
3. pHoenix Electrode Filling Solution, 0.1M (NH4)>S04/0.01M KCI, Cat. No. R001045
(PER1503 epoxy combination electrodeE Al-&& 7-9).
pHoenix Reference Filling Solution, 0.1M (NH,4),SO,4, Cat. No. R001044 (5731429 double
junction electrode &< PER1502 glass combination electrodeZ A-&3 7-9)
4. pHoenix Perchlorate Standard, 0.1M NaClO,4, Cat. No. PERASO1.
Az W 600 m Hlo]AY 0.5M sodium hydroxide 200 mE ¥3 HAHE pH AFS ALE-
3le] 60% perchloric acid=® pH 7.00S %tEth o] 8915 1L volumetric flaskell
%713l FHRFE 1L7A 3 A A1
9] : Perchloric acidi= 73t AtsiA|o|m =z AlslE
Hhg-o] Aoy witel] o= glojx] 53

Foole 24T 9EANS o 49
%

lonic Strength Adjuster(ISA)E AH&3h= o,

SA4€ A9l HPsts weT ol FXEIF ofyE} o9 &F ol

Fekot v Fe® Agel o8 dddn. A= o)Es Fad.

EF Sl A oAVl SESERE A ol2AIE IS EE @R #FA5
A ISAE H7EETE wEbA ISAE BE b AY olE Mo mA A o2AlvE
0.1M AEE W},

ISAE olg gt A& o]9felx pHE RAFTAY e WelledsS A= du
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AMzel =2

BE AEE f§718vE X3sHA v F8&dolofoF gt} {7]EZ S liquid ion exchange
mediumol] &3]E AU &2 5 A

EEGT} AR ERE 40 Coldte] L SxolA SHslor Bk B g} A exo|
A 1 cabel & Qe 2%9] A7} Al

Erl—g]k H}oﬂﬂ;do] }_]HsL 7 o H}-3 H%

Perchlorate ©]< H=2] pH M=
715 o] &sto] &

°ﬂ AE PP ol 83te] AAG.
110]th. Al529] pH7E o] RI9E wlojdrhyl keu} o

N
zrﬂ

ix—l |:|-_?_|
Perchlorate &%=+ ppm as sodium perchlorate, ppm as perchlorate, moles/liter(M),
2 FE uelz =49,

ot
flo
vl

¥ 1. 5% 9 W3 factors
ppm NacClO, ppm ClO,™* moles/liter(M)
1225.0 995.0 1.0x1072
122.5 99.5 1.0x1073
12.2 10.0 1.0x10™

M9 zso dats F= 24

1. we=d

ofgfoll 71=¥ Folo] H& Fhr TAY A AT A Wallste] AdE AEshA F7
U SA49xke) ddlo] . ®2& 3714 X9 perchloratec] Al 10%2 45 YA 7= S0l
o] FEE yERit

E 2. 10% 227 HAE = Fol T (o] 2A17]1= 0.12M (NH4)S04°] T

H]— °H L= ;ﬂ
(moles/liter) 107°M 10*M 10™*M ClO,?
NOz* 5.0x107* 5.0x1072 5.0x1073
NO,™* 1.0x107* 1.0x1072 1.0x1073
Brt 4.0x107" 4.0x1072 4.0x1072
CN™?! 4.0x107" 4.0x1072 4.0x1072
clos™ 2.0x107! 2.0x1072 2.0x1073
It 2.0x1072 2.0x107! 2.0x10™



[e] =

( ppm ) 100 ppm 10 ppm 1 ppm
NO;™* 3.1x10° 3.1x10% 3.1x10"
NO,™* 2.3x10° 2.3x10? 2.3x10*
Brt 3.2x10° 3.2x10% 3.2x10"
CN™?! 1.0x10° 1.0x10? 1.2x10"
Clos™? 1.7x10° 1.7x10? 1.7x10*
It 2.5x10? 2.5x10" 2.5

Bromide, iodide Z12]3l cyanide$} -2 3|
7bste]l AR A A AFTE Nitrate:s A& 10

PN
T Utk

=4S A5 100 miol silver sulfate 0.5 g= #
0 mlol] sulfamic acid 0.3 g<& #H7}ete] AAE

3 1C
A 1T 2LApolm QIsA 2% A7k AR d52 &8 HIPo dFS wornw JE A
=9 A9 #@& 2= wet dxds] WEkth d=9] 7]&7]= Nernst equation®] 4] factor "S"=
YERRa o] ghe oo wehbd W3t %3S 2529 Wl wE o] 29l 7]&7] kot

2% (T s

0  54.20
10 56.18
20 58.18
25 59.16
30 60.15
40 62.13
50 64.11

L9 P o] o]Fo]HthH Perchlorate lon Electrode™ 0T ~40C ¢ £EWHojo) A A}-&3F
o a2y A2o] ofld gE koA SAHEY A9 AP “gst=d 1A AT AR

i

T3 o

Mo s

Perchlorate x%k=°] ®slol] webx A= mv HE semi-logarithmic Folo] =12 56
mV/decade®] 7]&7]9] A HS A=vh(r2 ).

AF A9le] kel oouel ERIH AT AT F AF B AN ¥ HEY G
A 18 ool vk BEEA Bel A B Rol 2 urRl #)



% 2. NaClo, s%d W& A9 72§ A1kt

+150 I

10727 10°M NaNOs
+200 7/
electrode
potential +250¥7 .1.0_.-_3 107 *M
(mV) ¥
+300 — 107 10°M NaNO;

10°*710°°Mm

1 2 3 4
time (minutes)

AZ 5

¢ sodium perchlorate solution-> 1M ©]/] 4] 74i%ﬁ]% Belnh, whef thE o] o] EA)
& A5, AEFFAE 107M oldelth ey olHd & S A9 AFdAe F O &
olo] oaf @ae W=t} 7|F=HFoA A e I|qU|d junction potential(} 4% =4 9) ¥} salt
extraction(% 9 %%) Eﬂrolﬁ} ol g salt(@)e FE7F S 49 AT membraned] F&

184 o]&% el WhogRE Harl SAEEE 1MI 107'M Alo] &2
5 Z1t pointll A d=S HA g

AESAE AT 7ZA] F-EolA A% = ion exchanger(o]< 1.3+7])9]
FFS Wt :L%] 1S e o4 perchlorated] o] &% ¢l 733} A4
Xy Zt} 10°M ClO, ™" (1.0 ppm as ClO,™) ©]3}2] perchlorate 742 ut
Lo AAMHs AR&atolof gt

rlo N flo
off ol ofo

Perchlorate =¢] 25 H$:= pH 2.5-11°]t}.

=9 54
Perchlorate =12 HE AgAA A& 4 62 A& AHET 5 9ot A& whet 2
= J I 75l

o I
FHe] d5E Fi vk A5 #@E ARte] FeAY BAAAe] 7E717F A4
&l

M=ol 7| 27| 8ol (* A= sealx 98 A% AojFth
; A=ro] EutE A AEsheA] dolry] 9ty 71&7E Eelgtt
A9l 71e7]e B w5 A7F 1099 x589 F 7HAE o] &dte] 43Tt

1. pH/mV meter ©]-&
1. 150 m¢ ZE~g HlolAd] FHS 100 mee}t ISA 2 mE ¥Wi-th wRb7|E o] &3to] o
A3 S22 HoJFETHE Y A). Meter’} mV mode= o] glEX
T2 & deth(EAss st &5 A& AolF.
2. 93& AL&3le] 0.1 Mo|t} 1000 ppm perchlorate & 1 m(E dolA 1|3 &9
(Al H7Ft Metere] ¢l= ghol PAsiAY 1 gh& mvE 7|53t
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3. YIS ALgEte] YoM ALEd FU3 perchlorate =89 10 mE <ollA =403 &
N(A)l FaL gj= Fhol SHiAW, 1 S 75T
4. oA 7158 F gkl AolEs sty fodlo] %7} 20 T 25 Tk 7H4 St A

Aol bl A5G 56 | 2 mvel Afol7h dojxith. wek 19le] W} of
doig Hold A TANARS FH

71€71% w%rF 1002 9ske o Yehds d9le] Wele Aojwrh

2. lon meter ©]-&

1. 0.1 M =< 1000 ppm perchlorate X892 = serial 84 WHE o] &3l Fx7} 10
W2 Walsls xegdS S

2. J@)ellA #ne g8 F Fwrl e T8 100 me ISA 2 mE 150m¢ ZohE
Hlo] Ao Wit} &g wnky|& A3 AolFa §odo] AFe] ERES UE
(&A= Fotol e &NS AL xolFth). Meter’} 5% mode® Ho] JE=xE 3
Hicia=s

3. Meterg 543 xF&N] FEo S5l meter Ax3|ALe] Aol maba] o] S

4. A5S SHTE AFsH] AxAZH

5. I T2 150 ml ®]o]#A
ISA 2 ME Ytk w72 dA £EE FASHA AHolE F o] &I HdFe
I72H. H. O -
ET T=E T

6. Meter® 548 EF 8] Fiwo] %F3 o] ghe memorys AL

7. Meter A|x3|Ake] Aol wepa HA=9] 7]&71E ¢l=Th 7127]7F 90-100%°]H =
HHE S AFS derdnh web 718717t o 9e Weldthd w4 sAuwe

Fa g,
% 0|28l lon meterS o8& 4% 717] Al 4 APRE 0|8l 71871
4. 5% uy

Perchlorate 2 FH(S54stc ol &0& aw7|= A& Aozt
; A S5A = pH/MV meters o] &3t 7 =
ANael EFEgN o]2A7]= EE perchlorate £ thajA] ISAS ZF
A9t BFE8 ] E= Zoloksitt,

1. pH/mV meter °]&

1. 0.1M°]i} 1000 ppm AZ& FF8 NS serial 34late] 102 M, 10° M, 107'M, &2
1000, 100, 10 ppm ¥ =8NS Fv]3th, B89 100 méol ISA 2 me Z7}3ke},
A&7} 0.AM o]4+e] o] &A71E ZHxithd A& 9}t Hl—*—é& ZA BEgNe FhE)

Q
[e)

2. @A AN &Y F M

12
iy
H
(@]
A
<
J
H
o
©
©
3
v
m (¢3
gi
£
K
rE
N
fru
e
o
ofs
o

| AolEt. Meter’t mV modez o] A=AS ;Odﬁi} 5, Bl A= EHES ¥
Ttk Meter?] ¢l #ol HAHAE mv @S 7SI HFA s Setolx A4S A%

Aol E ).
3. F3k el 8o(107°M 52 100 ppm)E iR A Aojerh. 458 SHFR
AlF el A2 F, ool A5e] BREe YE Meterd] ) gho] dgsAw
mv @ 7] 5se



4. =7 7 2 &o4(107 M £ 1000 ppm)S wW7IR AAFA AojETh TRHTFR
A= AlFee] AxA70 5, S d=9] 25 Y=t Metere] ¢l= gho] b
mv s 7]

5. oA Aoy dataE semi-logarithmic graph F°| fo] FZ(7I2 F-213 =) W}
e mVAlR )2 FASte] 2SS a9 ofglel 128 2% Ukl B Aot
HAG34L 1.0x10°M(1.0 ppm CIO, ™) ¢late 4§ d3ste] 27t
o] AN GolA BHAFAL Aed 3 EF Gl st MHFPERANE =
4 points H7tehetdl wE7F 9o RT&dur) e xFEgdor SAS dvh HAFE
A= A 574 PUS ol §aa MAGRRAME R FEY SPPYL o] FHT}

6. 150 m¢ ZT}2E Hlo]F o] A& 100 ml9t ISA 2 mE Ytk £98 wHby|2 dAsH
Aoett A= SFTE AR F AxAA & d=9] €82S ¥l meter?] ¢
= ol SHEEAIE mV @S 7153t RAASAORNYEH AR sRE A4 e

219 1. Perchlorate A=2] A4
+120
10-fold
+160 R ehange ..., 7

electrode

potential 57 mV

(mVv) +200

+240
+280
+320_”/4, (ppm)
T 10 100 1000 10,00
+360[ 0
107 107 107 107 107"
ClO4~ concentration (M)

7. AFS 27417 vig gA] BAS ok ), ()] W) gl 7Y Sl T %
o Ego] AT YRS itk AL gol AW Aol WA o014 J1=9 gkt
HaLgkeh, 7 ghe]l 0.5 mV o] Apol7F UAY RE7F Aeo] ofd A9 9l 2-5 TAE
uEsto] Adach ARe HAFHS WA FHlF)

2. lon meter ©|-&
1. 0.1M°]y} 1000 ppm perchlorate FT8&9S 343t AR o Fxet A

perchlorate 78NS 2744 #n|gt} 150 ml Zo}2~E HlolA TS |8

3 8 100 ME 7z Y ISA 2 mE ZHztol| H7beko

ALTO T



2. 9ol FHE F 28 F A2
%52 Ao]FTh Meter’t 5% mode® YEAE Fldri

%XM%E}). ?ﬂ%ﬂ ZREE g

I o= ghol oFdEE™ meter AlE

o] ZAolM FHS 100 mie} ISA 2 mE E38h= fo THFE AFHs] A
=5 2=t Meter?] g kol SHEstE meter A|Z3|AF] Am Aol uwhehA
e LA

of A& 100 mlet ISA 2 mS H7late] AAmuky| 2 Ao st}
Yil metere] ¢+ kol HEEE wj7tA] Zthith. Meter display

1
10. A&

ﬁo

2A7bmkeh Al mgslol Fth RE(A2)e Walh gk g el 3w
& dith Metersl e gol gHW 919 WA 3el4 A=A gt

1 05 mV ol Aok UL ewst el ofd A 99 2.6 w7
BEste] AY M2e BARAL 0 Ful,

.

# o] =H9] lon meters °]§& 45 717] AWMl A BA B SAYNS o] &k

g2 552 perchlorate 38 ; pH/mV meter 2| 2

o] WL jonic strength7} 1.0x107°Mo] 881 & o] 2 gtalt, whef foo] o] &A)7|= ¥
0

ZHsko] ARE-gt
1. ¥ ISA 20 WE ZFF2 100 7FA 3AAA 71} o] ¥e Fr9 ISA[0.4M(NH2)2S04]
E A]E 100 mlell 1 me# H7}3kc}h o] 24 ionic strength™ 4.0x107° M=z g2 7t}
2. moles/liter= =A3t= A9 A}83 0.AM TFELJd 1 S 100 =2 3 A5}
1.0x10° M ClOs™ 98 FHlghe}. 12]al 1000 ppm EF49 1 mE 100 m=E 343}
°] 10 ppm ClOs " EF§NS 03tk FFGAL W A= Fuls]of Fhuf

3. 100 m¢ volumetric flaskd] W& =%9] ISA 1 mE Y3 ZHITZ FAFE7A AL}
o =)

o

=
A9 #5ES &9 ¥Ya meter’}t mV mode=z o J=A& &gt}
=

4,

5. olg o] F4S FHasle] FFE NS S}

6. Meter®] ¢1+= %}0] AN F I s 47 71=3

7. 29 20149 Zo] Fe(tE F-2aP ) e ASH9, mV(HE F)¢] WstE
semi-logarithmic graph Folol X A|ste] X5 19T},

8. A2 AHele] A=A



9. 150 mL Zgtx=g H]o]A A& 100 mle} W2 L2 ISA 1 ml Yol &S wub|=
o} oo AT ERES D=tk Meterd ¢E Fho] A AH mv
TEo WANHoRRE T A3t

== 3

%
10. @&
s

A =3 7 I (nl) T
M(BF.™")  ppm(BF.™)
1 A 0.1 1.0x10°° 1.0x1072
2 A 0.1 2.0x10°° 2.0x1072
3 A 0.2 4.0x10°° 4.0x1072
4 A 0.2 6.0x107° 6.0x1072
5 A 0.4 9.9x10°° 1.0x107*
6 B 2.0 2.9x107° 2.9x107*
7 B 2.0 4.8x10°° 4.8x10°°
I3l A =1 nl graduated pipet
3l B = 2 m{ pipet
£ 99 w7 304 ZuE ISA 100 meol 1.0x107°M =2 100 ppm ExEA S 7H7F A7k,

2 55 2| perchlorate 4 ; ion meter : 0| &

lon meter2} blank methodS ©]&3}o] X% perchlorate S4 o] thajA Folx WHS wEt),

o
al
[y
o

|E
—

N3
A

r

B
=1

10
ofn

pHoenix Perchlorate lon Electrodei= perchlorate exchangers sl

uH(membrane)@} liquid internal filling solutiong Xdtel= Ao BAR FA"
q g

Membrane©] free perchlorateE X33l 8937 H=53 of membraneo A ¢|7F &

o] M=ol A= pH/mMV meter %2 583 o] meters o] &3kl U VIE A9l st
o ZAHHEAY. S4E Ao I3t perchlorate ©]<-2] H%+E Nernst equationo] 2|3 A
L=

E = Eo - S logX

where :
E=34d% A5 d4
Eo = 7] AL
S = dA=¢] 7]&7] (-56mV/decade)
X = & 9] perchlorate °|< F%

TEMX)E &9 Al ol aFA FEE yepbdth dA| perchlorate ©] §X(Cy)
2+5-31% perchlorate ©]-(Cp)¥} free perchlorate ©](Cf<S X33t} Perchlorate #=2 ©
free ion°l @ % 7] W&o free iond Fx+ thS3 7t

- 10 -



Cf = Ct - Cb
e G AS(y)ol 9él free ion FX=(Chet ATHL)
X =y Cs

FE, XE= &9 YolA free perchlorate ©]&2] &34¢l X2 Jepdith
SE5% Ags JA o] M7, | dd o] Eg
oy 0D ZN1
BTTT T
= 1/2 3CxZx°
where,
Cx = o]2 X9 5%
Zx = °]& X¢] H3a}

FEE AFNE DAL BEE(X)E FEI v A @

5
ol AI7IE dAsHA =2 #gow FASH] A AlRet EFENAe ISAE H7FgHH
Perchlorateol] thal #3g ISAT= (NH4)2S0401th. o] & o]&fe] thg &2 e Ege=
o]Zo] perchlorate ©]&° Wt A=529] &S WalehA] &S Aol ISAZH A& 5 Qi)
o2 7lEA=TS agsfornt sk A HE A (liquid junction potential)= TthE A S
B o] Fofxl F 7HA &Mool Mr HEFE uwf B F fAe] AAWE FI oo E &
LE Zketag & AlololA Heje AprF AXInt VlEd ol BEE A Rk ol
Alggo] A& wl A YeudAY AA HF AR Qla WstEe A9l 5" A5 A9
oA etz yEpE AolgteE RS dolFolof dhrt

71 A=Al iquid junction filling solution®] =42 w9 % 23}}. Filling solutionol 4] %ol
23} golgo] NBRE FiHE £rE 71ed 3 719 Zolokaln filling solution R EoF
th wkeR FHatel A8k AlgR olEHE £F Fud HEFAS e aeskA] ol Hrh

2 HpH=0-2)3 494 71(pH=12-14) & NS A= ZA7F WErh AR Faol3 4t
3} o] 2(hydroxide ion)®] #F2 olFk® ¢lstd] salte] Fikeo] WE FHFHALY FFS AlAs
717y B7Vsstth o3 Aol Al8e & pH FGlH AFES BASAY o]&5Ho] &

#1 % increment methodE AF&-3tc},

7. Al Z 4

712 24

FO

wAlE Aol SlelM g Tad 9HL systems TAHsE AR %
Systeme] TFAAE-S 1) meter, 2) plastic-ware, 3) A=, 4) =89, 5) A H, 6) SH7|=

Solth
1. Meter
Meteri= @7k 21 AAT & A 7P 7|84 74 abolth. AEAMd] e wyow

sl gy,
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o X o WE E]L T3 BN - - o VL ar
LA A o) w o i B O 0
BEe px Lyl £ 2z ERg

) ) — o = 1 ) _

W oo R - X z ) = -

Pr LI F el L = T U X oo w =
dp < ae X s < — gl T A 0
i wp 7%y T oEr N = B AR I =
D= &_m X s + gﬂ _ﬂm o,ﬂ ) o oy of = o< H

0 o O 11_ — ~— =ZI J_I ‘_Ir

TE P mom o o G Ho R &
ﬂor zo HAF ~n ﬂor _— d‘ﬂ S ﬁ EW ﬂor X V o
ox® g BT g - 3 = e o B R 1
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9. Follof] ERsot Xtz

P/N A48

PER1501 Perchlorate Electrode, mono(reference electrode necessary), PVC body

PER1512 Perchlorate Electrode, combination, glass body

PER1503 Perchlorate Electrode, combination, epoxy body

5731429 Reference Electrode, double junction, sleeve, epoxy body, for use with
the PER1501

PERASO1 Perchlorate Standard, 0.1M NaClO4

PERASO?2 Perchlorate Standard, 1000 ppm ClO,™

PERISO1 Perchlorate ISA (lonic Strength Adjuster), 2M (NH4)2SOa4

ROO1011 5731429 Reference Electrode Inner Filling Solution 4M KCI (with Ag™)

R00O1044 5731429 Reference electrode Outer Filling Solution & PER1502 Glass

Combination Electrode Filling Solution, 0.1M (NH4)2S04
R0O01045 PER1503 Epoxy Combination Electrode Filling Solution, 0.1M
(NH4)2S04/0.01M KCI (with Ag™)
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