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1. Introduction

pHoenix Fluorobotate lon Electrode= 5§ o4 fluoroborate oS w211, 7heksln] g3t
8] AAAH 0w HAst= o] &¥th

712 &

1. 0.AmV7HAl 91S 4 & pH/MV meter =& °]-> meter
2. Semi-logarithmic 4-cycle graph &°©] : MeterE mV modeZ A}8& Alo= HAFHE
a8 g Qe Fo] I8

3. A4 k7] (magnetic stirrer) & nRF7]-8 24 9k 7] (magnetic stirring bar)

4. Fluoroborate ¥=8& N3} A2 5 HI3L7] 913 storage bottle} Z2}~8 H|o]A.
Fluoroborate &< ol £4]3}= hydrofluoric acide F2l& H-2 A1t}

5. pHoenix Fluoroborate lon Electrode, Cat. No. BF41501 (7] A= Z2),
pHoenix Fluoroborate Combination lon Electrode, Cat. No. BF41502.

6. pHoenix Double Junction Reference Electrode, Cat. No. 5771405.
BF41501+} 37 ARE-.
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. pHoenix lonic Strength Adjustor(ISA), 2M (NH.).SO,, Cat. No. BF4IS001.

o] &4 jonic strengthS UA3HA FAAA =t
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I = 2-$-31 ammonium sulfate, (NH4)2SOs 26.4 g
At SHTFE EohAe] BAFEZMA AL
o] WM EE5olETh
FFEg Mot )\]g 100 mloll ISAE 2 m¢® H7Fske] <F 0.12ME ionic strengthS 9ht},
3. 715 Z=r(outer salt bridge)2] filling solution> SF< 100 mlol ISA 2 mlE F7}8ke] 4]
Sttl. 5771405 Double Junction Reference Electrode®] t3|* = outer salt bridge filling
solutionS AME-3HA] &+
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4. Fluoroborate w8

0.1M Sodium Fluoroborate: &5 ¢F 100 m¢e] NaBFs 10.98 g2 X 7tste] 0tk o
ol A oW §NS ofFgirt. 1L volumetric flaskel
HAE Wi FHRFZE FAIFE7HA] A

)
o] &NS polyethylene bottleso] B #afjof 3t} 15 o] %4
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Fluoroborate A=< #S AJ7FHs<k B3 29 1.0x107°M fluoroborate & 9] H sttt o
QW7 BT o)) AFE wAE ASol= s]F AT combination Ao 7] EAT B
Bgouem Ao BRES Y3 e % 43 filing holed Y 3l nF WEE 78

Rt

1 BE NS BFEde 22 25, § Hd2os fAHojor Hge o] 7hEsit)h

2. A3et 24 A A £xa Aozl AAunby)i= fole] w2 wslAY] 7] &
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3. FA43e= Abolol AFS THFTE AFHt] Ax:AY. 29S WA HsA RSt
Z5 FolE Ageit)
4. o] AI717F & Almel disiA] Almet vlsee & o
5 S FFEgdolyd ARl YRS u membraneo] &71WEo] gl AL el T
25 S A AFE A &9 Yol AAg)
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7. SA45H7] Aol Waleds AT A S e ds gl

= 22 liguid ion exchange
mediumel] &3 =AY} FEE F Ak ZFEHI AR EE 40T ok 22 koA
=2 sfjo} sict,

ok el o] EAY A WellEd e Aye H S o] &ste] A A g
Fluoroborate ©]-2> A=< pH W= 27129t} A|R52] pH7ZF ©] WYE Hojurd ﬁolb‘r
Q7|5 o] gdte] itk pHZF =AY WS fluoroborate Al EE 0|3 3 FA] B4

9% ¢row fluoroborate”’} BFsOH™, BF2(OH). ™, 22]1 BF(OH): & 7}
Boric acidt} borate ion< HFE #7135t fluoroborate= 7 ¥t}
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ZM el

Fluoroborate &%=+ ppm as boron, ppm as fluoroborate, moles/liter(M), =2 t}

o=
SAH
X 1. 5% &$] #HE factors
ppm B ppm BF," moles/liter(M)
108.9 868.0 1.0x1072
10.8 86.8 1.0x1073
1.1 8.7 1.0x10™*

4. Mo 54
A
kel H=S v AIZF WA ASS5HS 2% 7HA AdE S
23l noise & Q4= AdA dFS Foh a2y AddS
ko T35
M39o ztzo dsts = 24
1. WeEZ
ol Fol2 2 T2 EAT AS dAFo] Az EsHA
o}, ¥2E 371K FX9 fluoroborateo] A 10%2. xS A A]7]+=
LA A=

I 2. 10% A7 A E =
Wl e
(moles/liter)
(@) SO472
by F*
(c) OAC™
(@) PO,
(@) HPO,™2
(@) HPO,™2
(@ cIt
(d) COs7?
(d) HCOz™
(b) NOs™
(e) NO,™*
(@ Brt
(@ CN™*
(b) ClOs™
@ I
(b) ClOs™

[e)

=]

107°M
10.0

6.0

2.0
8.0x107"
8.0x107"
8.0x107"
5.0x107"
3.0x10™"
3.0x10™"
5.0x1072
1.0x107?
1.0x107?
5.0x107°
5.0x10™*
5.0x107°
5.0x10°

10™°m
1.0
6.0x107"
2.0x107"
8.0x1072
8.0x1072
8.0x1072
5.0x107
3.0x1072
3.0x1072
5.0x107°
1.0x10°3
1.0x10°3
5.0x10™*
5.0x107°
5.0x107°
5.0x1077

ol F (°]=A7]= 0.12M (NH4)2S0.°] Tt}

10°M BF, "

1.0x10"
6.0x1072
2.0x1072
8.0x107°
8.0x107°
8.0x107°
5.0x107°
3.0x107°
3.0x107°
5.0x10™*
1.0x10™
1.0x10™
5.0x107°
5.0x107°
5.0x1077
5.0x107®
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(@) SO4™2
(b)y F*
(c) OAC™
(@) PO,
(@) HPO,™
(@) HPO,™2
(@ cIt
(d) COs572
(d) HCO5™
(b) NOs™
(e) NO.*
(@ Brt
(@ CN™*
(b) ClOs™
@ I
(b) ClOs™

100 ppm

8.9x10°
1.1x10°
1.1x10°
7.0x10*
7.1x10"
7.2x10*
1.6x10"
1.7x10*
1.7x10"
2.9x10°
4.2x10°
7.4x10°
1.2x10°
4.0x10"
6.0
5.0x107"

10 ppm

8.9x10"
1.1x10*
1.1x10*
7.0x10°
7.1x10°
7.2x10°
1.6x10°
1.7x10°
1.7x10°
2.9x10°
4.2x10"
7.4x10"
1.2x10"
4.0
6.0x107"
5.0x107

1 ppm

8.9x10°
1.1x10°
1.1x10°
7.0x10°
7.1x10?
7.2x10°
1.6x10°
1.7x10?
1.7x10°
2.9x10"
4.2

7.4

1.2
4.0x107*
6.0x107?
5.0x107°

(@ A& 100 meol silver sulfate 0.5 g& H7}ste] ol & Wal &2 S silver2 A AAI T
(b) ol& ol A AAHA &= WalEdol.
(c) Ammonium sulfate thAlo] aluminum sulfateE ¥ 33H= 1M ISAS AF&-3Fo] #7]

(carboxylic) &°]&& #| A%}

(d) Sulfuric acid® Al&E pH 4.574] AHd38lsle] o] o] & o]ibsletiz AFA 71T
(e) A5 100 meoll sulfamic acid 0.3 g& #H7}slo] nitrates A A g}
Ao a4 AA B FFENET o2} A RelA % o] &g
ok AAT F gle AER w2 w9 WElEdd Aol wEHATAE A5 ¢ kel @
% WEFo R A& o)Fstil 3ol =Xk olgg A A=E FRHTl 1AES Yol E
% 3%} fluoroborate =g Mo dojErh
2. 29 g%
Aol A7 2w G W] W] EEFAI ARE 1T el glojof drh. 10°Mel
A 1T 2afo]l = IsfiA 2% A7k EAEY A2 & PP FFES HornE UFE
Aol A @S X0 ugt HH3] Wtk A= 7]=7]E Nernst equationol 4 factor
"S"E UERAL o] gt 22X wEha ®Wsteith 332 %9 Wl wE o]E3 <l 7|7
Hell=g

2o #go] o]Fo] zr}H pHoenix Fluoroborate lon Electrode:™ 0T ~40°C ¢ <%w $o|
A ARE3E = glth ey ALo] ofd ThE 2LoA AT A9 HYPo| “deli=d 1437

Ae7t ~e=)
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0  54.20
10 56.18
20 58.18
25 59.16
30 60.15
40 62.13
50 64.11
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Fluoroborate -s=2] Wsle] wehbr =2l mv H91E semi-logarithmic Folo 17 58
mV/decade®] 7|&7]19 dAHE derh(1E2 ).

AT A b o] 99%dl Tgal=d Hask A7F = A
A 18 ool ARt HEEA F-Foll A= ¥ Fo] w1yl Fa).

HZE stA

<473+ sodium fluoroborate solution& 1M o] Aol A AZFFAZS Belth wheF & o] 2o] &
A AS-, AETAE 107'M o oltt. Ty o]#d Tt ¥ A9 AEIAE F A
Qoo & g wev. ZIFEHFoA B liquid junction potential(2) A 3 9]) <l
7FsA 7 salt extraction(@2] F%) &Iolth. o3 salt(F)e TV FS AF dFe

membranec] FEEth ol AR QA o]EHQl S OoRFE AL BAHEE IM
3} 107'M Atol2 AR E FA AU 4 B 5 53t pointoll A AFS ®BAFICH

e Fwo AEdAE AT A FEA ALEEE ion exchanger(e] & wgr])e] vt
o] oaf JgFS wi=vh 1Y 25 2O 9] fluoroborateo A o] Al 7S AA
$S vusle] ®WolFETh 10°M BF,'(0.87 ppm as BF,' £ 0.11 ppm as B) ©]3}2]
fluoroborate 542> w2 w0 54 WS o]&slofof il

rlo
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=
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138 1. NaBF, 5] W A= 7+8 A7k

+50

+75
10727 10°M NaBF,

\
1037 10™*M NaBF,
|

1037 10°M NaBF,

electrode

potential +125

(mVv)

+175

/'/\

+225

I
i
10°°710°°M

2 3 4
time (minutes)
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1. pH/mV meter ©]-&

1. 150 m¢ Z2k2E Ho]A ] FH< 100 met ISA 2 ms YW=tk i
2507 Ao]FEtH(& A). Meter’} mV mode® o] JEA= Felst
o] YEtHEA e Tqole §9S AE HofEh.

2. 93& AL&3le] 0.1 Me|t} 1000 ppm fluoroborate F+=&° 1 M= YollA] 0|3 &

(Al H71stk. Meterdll EAIS = mV gtol P &< H
3. YIS ALgate] 9(2)ol A AHEE 59D3E fluoroborate i
H(A)l Ear ¢l gho] HFAH 1 ks 7SS
4. SollA 7158 5 el Aol #Igth. &ofo] 2%k 20 T 25 TEke 7P shellAd A
Ol gﬂ}eﬂ s thd 58 | 2 mve] Zpol7h dojRith wkek 9o wWHEly) o] 99
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2. lon meter °|-&

1. 0.1 M = 1000 ppm fluoroborate %8902 serial 314 WHE o]&sle &7} 10

[e)
2. 150m¢ Zebg HlojAo] fJ@)elA FHE &d F FEVF WEe EFEE9 100 meet
= SN wn7|R AASHA AolFa &I M=o ERE
[e)

= o
e gAHS AE XMIE}). Meter”} 5% mode= 5101 UE=AE gt
3

4 AFE FHER A A,
5. % thZ 150 me Hlo]AH ] @)oNA FHIE &9 F Tt =2 w89 100 9}t
ISA 2 mE ¥tk R dAS $EE fASEA AojE F o] 9o AT B

BH O 1
T B

6. MeterZ %Xéﬁ}b fNo] Fioo] wEal o] S memory® L PA| 1T
7. Meter A|Z8ALe] Ao waba] A9 78715 ¢l 7]1-&7]7F 90-100%°]™H &1}
2 A= 2FS yepdh wkef 71877} o] J9S ‘3\401‘&3}‘?4_ LA AYH @S Ho

r
=
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il

¥ o]

19] lon meterE ©]-&3 79 7]7] Aw Ao A&z BAUHS o] &3ty 7| &7|=
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4.

Fluoroborate M# HHE(*SAst= LS
; AR SA el pH/MV meters ©]-&31= 499} lon meters ©]-&3}
A8t T8N0 o] M7= ISAS H/IEto M olxith Alg9 FFERNY] L= o}
ofght.
1. pH/mV meter ©|-&
1. Serial 34J3lo] 1072 M, 107° M, 10™*M, =& 100, 10 ppm EF=E&AE ;3
100 meell ISA 2 mi® H7Fsth. AJ87F 0.AM ©]/de] o] &A1715 7hxth Al g9} H|S23
ZA Y ZFEgNS FH| 3t} Plastic lab-wareS AF&-3Ht}
2. A@NA A &N F TP FHS Q_oﬂ(lo—“M 32 10 ppm)S AA w72 A 5H
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Aot Meter’} mV mode® o] Q)

Meter 2] Zrol etA A H mv e 7
3. 7 2o £9(107°M =& 100 ppm
Al ste] AxAT |l A=9 #
T 7158

st P &
= AlFste] dxAIR
mV @S 7|58t
A dojx dataZ semi-logarithmic graph o] 99 %“E(ﬂ
mMV(AlZ F)2 FAete] 225 2AAdgich oo 1
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1% 2. Fluoroborate # H A

] 3L
z'—l

Meter2]

=2 2~

Aoty SRTFE
grol kAl

o] =
21

0

+40

electrode

potential  +80

“58 mv
(mV) "

+120

+160

+200

(ppm as B)

100

1000

+240 s i

1000

10,00

10°°

f

op Hr I I

1.0x10°M(0.1 ppm B) °}2|
gl H)o]Ao| A& 100 mle} ISA 2 m
SHFE AFE T AxAA &

o TT'F
Womv kS J1Sdth mgaa

AlZebch thA] BA S oF vl LR (AL)e

s ¥e o2 hol ?_Vé
el 0.5 mV o] ztol7F ALY &%
Pl M2 BHAFAHAS njd FH)

(o))
=
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o
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2
2
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[e}

e = R
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=
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2. lon meter ©|-&

1. 0.1 MeJi} 1000 ppm fluoroborate =8NS 3|43t AlRe] o Fet H|S:
fluoroborate E=8MNS 2714 FH|3tE. 150 w0 Z8F2~E H|o|AH FIE FH|sle] F£H|
g FFE& 100 mE 747 ¥ ISA 2 miE ZHztell H7heitt

2. 9ellA EHlgk F B8 F e v EFE&AS AMuy] S S¥wa dAg
g AolErh. Meter’t % mode® SleAE ERIFTHESASE Botdx &9
< A& AolEth. AF9 s &9 ¥tk

3. MeterE Z7%3s}+= fluoroborate %+
Z3)Ake] Admg Aol wekA memoryste] gk il

4. A= #HEE STHRTE AFSI dx2A7.

5. fl@)eA &xjgk & F e TR EFEENS A uNby] 9o EHEa dA3
2 Aol &Aoo Hd=9] ERES Yerh

6. Meter2 =43} fluoroborate EF=89¢] &
3|Ate] Aol wrebA memoryste] S

7. 92 s SAolM FHF 100 miet ISA 2 ME EFEE S FHFE AFse] A

A AS5E 2=t Meterd] o= #fo]l HEHY meter AX3|AF] A Ao whebA
o

b

-
4

> K
ol
>,
™
v

8. 150 m{ Zz}~¥ Hlo]Ad] A& 100 ml$} ISA 2 mlE FH7}ete] AR untr]| 2 Aot}

Al PRES g6 WA meters] i ghol AL @A stk Meter
o

oo
oX,
:<|)L_',
(o]
)
%
i
o
k
Iy

10. A%< 247w}t oA L eEER)e WEE fvks A skl $4 %
o mEgaldl W3S Yt Metere] o4& kol ARHW Sl vl 3604 /) =H
v 27} Agol obd A% 919 2-6

s K

# o] =9 lon meters © 8 A 717] Aol A5zl wAy B SAYHE Fadeh

[

F2 =559 fluoroborate & ; pH/mV meter ©]-§

o] HWFHL jonic strength”} 1.0x107°Mo|&}el &ole] & s}rt, whefp oo =
fluoroborate =7} W2 7oA Z2 WS o] &3it), o, AR} H[S2E Ao BB NS
o] ske] ARE-Eht
1. ¥ ISA 20 ME THTE 100 ml7HA] 3|4 A1 71T},
4*46& WO 221 o] ISA[0.4M(NH4)2S04] S A& 100 meoll 1 ml# H7pshcl. o] &4
ionic strength+ 4.0x107° M& 93 %It}
2. moles/liter® =A4&t= 79 AL&s 0.AM FF89 1 m= 100 m= 3]4)5ko] 1.0x
1072 M BF;* 84S Fulgith. ppmo® =A43stE A $-ol 1000 ppm TFLN 1 mE
100 mt= 38]438le] 10 ppm BF, * EE89S %Hlé&t}. ETENe wjd A2 FH] s ok

ax

=

3. 100 m¢ volumetric flaskell ¢joA] 3413k 17%—3— FEO ISA 1 WE Yl FHFE FEA
F-E270A] Ak o] 8998 150 mb EEk~E H]o|AH K73l wtr|2 dASHA A
o=tk

1=
4. A= EFE

o

LMol Wil meter’} mV mode= Fo] =4 Helsic},
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#* 492 o SAol gk GAE BAY

A S AHIE 5 () =
M(BF.™) ppm(BF4™)

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 6.0x10°° 6.0x1072
5 A 0.4 9.9x10°° 1.0x10"
6 B 2.0 2.9x107° 2.9x107"
7 B 2.0 4.8x107° 4.8x10°°

I3l A =1 nl graduated pipet

v3l B = 2 ml pipet

£ - 99 w7 3014 ZuE ISA 100 mol 1.0x1073M =& 10 ppm EFENS 747 ArlEd)

o1
=

FNg Wlste] g
] o}

»
<
)
~+
)
=
9

i<
2
i
%

el

. P s 27 e

7. 19 20049 o] FECIRE F-2aF )l gk 519, mv( AEF )9 wEE
semi-logarithmic graph Zo]¢l F A&}

8. =g AAH3 ] HxAZITh

9. 150 m¢ Z}~E oA AlE 100 mie} U Sl ISA 1 ml o] 84S wnkr|=

S FE
s AetEr. 30"011 A3 %%5—% dth Meters] gl ghol s
nel 5

lai

©
10, 98 SEe WARAE el A= AL B 278 wasel o) FAG 1

6. M= ol 2

r

2 0] XF&t=
—/ 1o

A

t}. o714 sensing module> fluoroborate ©]-=¢ &%, ion exchangerg 3X3}3d}i=
He] {714 ®(membrane)® 4 =3%H=  liquid internal filling solutionS £ %Sl
Membrane©] free fluoroborate ©]-25 X3l 893 =5 uwl membraneo A A7 2
skth, o] A9 HALlE pH/mMV meter 52 53 o] 2 meters o] &3] A% 7+ AY
of tate] AT =AE Ao @33l fluoroborate ©]2¢] ¥ Nernst equationdl] <
&l Mg,

pHoenix Fluoroborate lon Electrode+= sensing module®} epoxy =& glass body® T4
Al

f
ﬁmo?ﬁ r‘*"

0%

E = Eo + S logX
where :

S = dA=¢] 7]&7] (-58mV/decade)
X = &N 9] fluoroborate °]< 5=

- 10 -



TEX)E &9 Yol o] aiH9l FrE et A A fluoroborate ©]< &% (Coi
2+ 5-31% fluoroborate ©]<(Cp)?} free fluoroborate ©]<(Cf)= >3t} Fluoroborate 7=t
2 ©A] free iondl dFE7] Wil free iond FE=E v )

Cf = Ct - Cb
5= s AlF(y)ol 93l free ion F%(Cret Axtd
X =3 Cs

gEE, XE 9 YoM free Fluoroborate ©]-2¢] &34 ¢l == Yepdit),
5 Alge AA o] A7, | ol o] &g

g y=0-5 ZNT

1+VI
| = 1/2 3CxZy¥
where,

Cx = o] X9 ¥&

Zy = o] X9 As}

3= f9ule] BE o] 7t
< AT €Aste dsEX)T s=ol vl sttt
ol AZIE dASUAN £ Fom fFASH] fsM AlEe FZEE&dC ISAE AR
Fluoroborateo] thall 2 &3l ISAE (NH,).S040]th o] &f o]e]e] t}E gole folo] F3hy =
o]o] fluoroborate o]l tjgt M=) 7S WallatA] e A5l ISAEA AR 4= Qlrt.
o7 7| d=S g sfopyt ﬁf}ﬁ}. A A= A$(liquid junction potential)= UE A S
2 o] Folxl F 7hA] &No] A HFH u TG F &N AAHE B ol vE &
L2 lstn g 7 &9 Alo]o A ?ﬂHJ 27F AT 7l =0l g ol A Rk ol
Alggo] g w A YEAY AA HF AR &) WstEE o] de 549 A5 A

7155 A =el A liquid junction filling solution®] A& vj$- F23}t}. Filling solutionol] A %
o] 23 Fol&o] AERE FAHE Fiv e 3 AL Zolokstal filling solution F1 3l of
gt whoF gAeket s ARE olFEe £t AW A5 HE LeshA] ot Hrh
3AHpH=0-2)3 A 7](pH=12-14) &N SFAQst=d ZA7F wEanh A= ’“’\O]iﬂ T4k
3} o]2(hydroxide ion)e] & o|FL =z <lsto] salte] Fk=ol
717 B7Fsatth olyd Aol AlEeE 2 pH delA H
# % increment methodE AF-&-$Ht,

- 11 -



A A a A8 Ay
meter2| Z& meter &F N E FoIH =0l
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8. Fluoroborate &M =9 7|2&ol EAM

TE 9 AM T 7x10° M
( 1.1x10* ~ 9.0x107? ppm as B )
pH H9 : 25711
2= He 0 T 40 C
A 1 T 5 MQ
AEAAL i 2%
7] : 4o] - 110 mn
& - 12 mn
Alols ol 1 1 m
B #2717 5k fluoroborate &o] 1 33kT)
2 AW7|7F Feke protective capS 719 HA3C
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