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RT IO EARNRIBIED1DOTH S, HE-T, HHH
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EIREND, TZTCapld/KFEAF EETH D, LA L,
COEFETOpHIEIX, PELR UL J7 3 Cla il
TERWETH S, 10T, KEITIE, Ml T RE% pHAE
(EHpHIE) ELTOEFRE ED , TOfEIZFEDINTE
DENTOR—EMoTE 2, £DIHZNENDEA
TORM—IZINTNTH, FETEIIE R FEFpHD
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AFYARETIEKEZ LIZEHpHD B HD R 5720
(2L A D KB TD , AFVALTR) A, DT,
HARETA) AT, pHIEIZEZDRERE LD, B D
Wcid, BB SICE ROEEE RITTOT, dF
ThHILEmolz, 19984, CIPM (EIFRE &2 B &
CCOM (W& &35 M2 H %) LIUPAC (International
Union of Pure and Applied Chemistry: FEF#fiiEIL

AL #E) D % Electrochemical Analysis Working
Group (EZALFHHTWG) Tld, F2HpHfildHarned
YV HWTZE T EPDDHRRKOONHEN)ZETE
HL72, £ZT.CCQM Electrochemical Analysis
WGIZBWT, K EOEERFERT (H A BB TR
MR AIIFERT) CHarned LV 2253k A pHAE
RO ZDRHEDEHFETH LI LRMER T H72012,
BRI BT ) ek L7z (A KGR & :Global MRA) o

( 2. RO BAEICST BpHAIE

HAREIZBW T, T pHEMERIZ BT 5pHIAE
DIEFESE ML —H ) 74%]CSS (Japan Calibration
Service System)X°JIS (Japanese Industrial Standard)
TIRoT &7z, ZOpHIYEIE, 19804F D OIML (International
Organization for Metrology Legal) #5120 %,

R KB — B IREEIZ BT 2 pHIEZ WD LED 72
bOTH-72, TNHIE, 100%HEDRIEL KT, pH
DHEEHENERETH LI LERIHREL TV D, F72,
INSOpHEIR, 1950~19704E 2217 TNBS (IH
NIST) ®Batesb 2 Harnedt )V & F\ CTHllEL 72pH
ExZz0FE#EOpHIELL 72D TH L, Ll
1980 - #h#1d. HAELAHNIIZIE AL DEDZDE)
FIIED L 272D T, 19964 OIMLIZHE KD B &
ZIEFEL . IUPACE 2 AL NEDOEHZ HL TV 5,
HEoT, HAEDICSS KIS TO pHIZE D [FEIF IS LD
DEDoTWHRWL, £72, BRBO EOpHEE D —H
L7z, B2, JCSSRJISTIRO N A pHEDY, ENTIE
Harnedt )V CHERR SN 72 pHIETIZ 2V O T, 1980
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H A E P CHlE S 7z pHAEATE BRI KGR S I ) 5
pHETB720121F, WO D DML ETH b,
ESEIN
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ENTAFTELIL,

QRBAAEHEY) E % F N COpHIllE J7 A L ST
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DIZoWTIE, HAREEERTERT (B 3B #E A28
) DFEARL SOV ASEBE I KGR SN BT R 5%
Vo [EIFE LS (Key comparison) 73‘&“’6‘2004$EP

ZIZAKGEDITBETH A (Appendix CIZFLH) o
T — %2 ZDFERTIHRN5,
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TEHER) T (pHARHER) £ LC, 104ELL FICH-T—5
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Harnedt V& W T pHMllEZFT->THY), ZOJEFRE
A SN BRI R TV Db DL EbN S,

@Iz Tld, [JIS Z 8802 pHllE /5 1o BWT
pHIllE F7 i Dl 7 B &L BRI TR R
SNT 5, pHOSESR, pHIERE RO pHAtiZ: & D IH
H 7 [EIFE A :;{%Eé’m%ﬁ«%% G BV AL AT
HERBEZ IS E 2N 5, 72721,
[JIS K 0400-12-10-00 7J<f£—pHmﬁlJ%(Iso
10523) L DEEGVHIL T TH 5,
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WAL 72Harned )V (1) £ AT 4 ([X2) %
RL72s Harnedt Vi A& R EMmE R/ IE(LER B M E
W EMAEDO R VEMICHARAZLO T, A&RE
N IZ IR DO FUZARD T T A T4V =% Fv,
AW DIKFEA ADSFIFIK B R THAGEN B LI
LTWb, F/o, MIETAT LE, BMEKEN A% —
EMEREMNTRER T A 70—V A7 4 (4.0~10.0mL/
min). Harnedt V& —EiiE (£0.001K) 2R H R
K H (Hart Scientific Co. Ltd) . ZKHE PN o i B2 13 i
F£ET (Hart Scientific 1502A. 0.001°CE TR RE) .
20D BN HDOREN%0.1,VETRIE T R B
#F (Keithley 2182) . KJEBIED 720 DL LR (DPI
760) . RO TNSHT —5%&55T LAl LERETE
IO IAM ] 77— & MLEL S AT 2 (pH-R-4) 725735 6

(5. pHEIE

300mLAEEDOH T AIIT 7THYFEHI AT WS
MBI T, S EER T 572, —EmOpHill
ERSELIRALF MY 2% N2 i (pHARE ) & %,
ZOWE R Harned IV NIZ AL, B4R EMm, 41/
WALSREmT Ly L 72, KET A% —EiE TRV
PIZE AL, RS SECLREDZIET 5o

(6. pHEDRDT

pHIEDMIEIZIE, 9, BENOREWEHERL:
. S/ARLEMOEEEMEN (E) 20 ET 5,0
RIZ [F—RLB D pHARE I Fe70 5 37K HE R BE D 3FAL
WA MR TREEDO R e WET 5o HRILWA
FUIREEQ (B 1) IZE M CHHEL pa (Acid function) &
K727, Debye-Huckel X THiIEL . pHIEZ KD %,

6.1 AlEDREM
(pHiEERZ AL 5 DEEHZEIL)

W5 D2 e e R ARG IR D — Bl & 3 IRL 72,
CDFERITY AMRIE pHARE 2120.015 mol/kg NaCl
ZUNINL 72 B O i /%2 288.15+0.001 KT

EL72bDTHA, 4R UL EICE->T£0.02 mVELA



DRBNEHRSTVWDEIEN DD D, B, T4 DpH
HE AT LTI, 6BIVFEFHIHIE T RELDD DT,
ORD /IR EME R T2, 22T, 6KD
SU/EALSRBEM B O R E ) 2% KO 72K R, £0.002
mVTHo72,

6.2 tR/IR{LIRERD IZLEBWELL (EC) AIE
Harned VNI IEEOREE L 72 5 RE A,

H,|Pi|HCI |4g/ AgCl I

i To voltmeter

(DReference silver-silver chloride electrode

(2Hydrogen electrode:platinum plate coated by Pt (Pd)
black

(3Capillary tube between the compartments of
electrodes

®Four fritted glass disk (porosity G1)

(5Three presaturators to humidify and thermostat a
hydrogen gas

X1 Harned cell

FLLERICED pHAE

I DEMEMAN. TS W FE [ O ) % i i
%o ZDHEFES] (B) HIEIREE i, KaHEREZ (1) X
AUAL | EEBMEN () 2K 5,

E° =E+(RTIn10/ F)lg(a, a.,_ /m,’)+
0.5(RT In10/ F)lg(p, / p,,2)

ZZTR:gas constant, T:temperature,F:Faraday

constant,a:ion activity,p:pressure Ch 5, 7 LI fEHE

BB /R0 NISTRPTBOfEE B — 3% /RL7,

Puu EMF
Kethley 2182
];)I;'[“;L‘“ =T .
A% HS1502A
22 92 97 9% 9% 9%

E

Thermostat bath “HS 7008”
AT +0.002 K

X2 Photo and schematic presentation of measuring
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6.3 pa(Acid function) D3ksb 75
Harned-t )V PUZHEALT M) 2% 5 INL 72 pHAR 2
[pH(S) & AL,

H,|Pi|pH(S),Cl"|Ag / AgCI il

T O HAL T, IR ORI % 5HAN S,
ZORES) (E). 6.2CKD 7B/ HALREBO T
BRA (B0) . iRk, iR, KQLEEE (2)RC
fEAL . patk ki, ZOLE, pHIEE LD MK AT
T, B D3RO M) LRI (0.005

~0.02 mol/kg) Tpa% KD %,

pa = _lg(aH+yC1- /mO)
=(E-E°)F/(RTIn10/F) + (2)
lg(m . /'my)+0.5(p, / py,)

6.4 B4 VIREO(E0) ThpadkhrA

0. 3D RIS U CpaZ Hiedh T LWy 14> ik B2t
ZHO) SEAL A A VIR R OB #E CYMF L 7zpafiz oK
5o TD—PleM4RL7Z,

0.7418
EMF, V
0.74175
§090400009 9098, So000e o »
0.7417 /WM
0.74165
/ «—  4dhours — |
0.7416
X 2003/07/06
0.74155 |
0.015 mol kg NaCl
0.7415 -
Flow rate of H, — 9 ml min’!
074145 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
- O — © = O =~ O O ~ O —~ O ~ O ~—~ © — O — ©

X3 Typical curve of the EMF of AIST Harned cell during saturation of the hydrogen electrode

%1 Definition of standard
potentials E° of t,°C
reference E’ (AIST), mV E’ (NBS)*, mV ApH
Ag/AgCl electrodes
15.000 228.593 +0.027 228.57 0.0004
* R.G. Bates,
V.E.B //J. Res.
NBS, 83, 283 (1954) |  25.000 222.477 £ 0.027 222.34 0.0023
37.000 214.416 £ 0.027 214.22 0.0033

pa P(aH?’G )’

6.970
y =-1.3263x + 6.9743
R*=0.9927
6.960 3
m (Cl), mo}g\

6.950 T T . |
0.000 0.005 0.010 0.015 0.020

X4 Extrapolation of pa to zero chloride molality

THE CHEMICAL TIMES 2004 No.1 (3&#%191%)




6.5 pHIEDK& T
(3) XD Debye—Huckeldi i ifE Ly, ALY A+
Y DT EREE KD D,

17 =—ANT /1 +1.5VT) (3)

ZZ T, y: activity coefficient, I ionic strength,
A: Debye—Huckel limiting slope &9 %,
(4) K& pHIEE KO 5

pH = pa +1gy .- (4)

mCl ——0

7. CCQM Electrochemical Analysis
Working GroupTOD&E"2 [CKDpHIED
gDV

2 TELNApHIED R RED 13 e MEL A 4>
I (0.005 mol/kg) COAHED SEHALI A ilIE
TORMAEOHI(S) RITEEN S,

u(pay)= \/ u’ (pa,, g5 )+u’ (intercept) (5)

7.1 RIE(E( 7+ >iRE (0.005 mol/kg) TDF
fEhe
/AL A iR (0.005 mol/kg) TORFEDS
T IERROREOARFEDE (u) DB TORE I OAR
& (uo) IO B TOREAMEDE (us) VIREE (us)
T OVRIEDAFEDE (us) 2B A o

2 2 2 2 3
u(pam=0.005) = \/ul +U, , tu, +tu, +u;

ZZTCIDEMTORE S OAHEADE (uzn) 13 RO

FLLERICED pHAE

IEEDOAHEDES () IO BEMOHEEAFEDE (uy) | ik
E (uy) ROVRIEDOAFED S (ug) DHHS o

2 2 2 2
u2—l=\/ul +u,” tuy +uy,

7.2 I8t A( 7V EEOTORENE
[u(intercept)]

BALWA A M IRBEEOCTOANFED SUE . IEARIHT R
ONTEMOANFENSEZDEEH IR LA+ i
EDOAEPSDFETH S,

EARD DS (SR) 1

. \/{Z . —(c;_b;na,-)}z

T, WAL A F VIR EOTO AHED S[u (intercept) 113
DF o) RkEs,

— 2
me

1
u(intercept) = SR || —+
( pt) T

N

Z (m(‘l(t) —mg )2

i=1

ZZT, NIZlEEHTH 5,

8. PTB (Physikalishe—Technische Bun-
desanstalt, Germany) pHiEEREEIC K
SpHEIE

PTB##EZ VT, pHlllE ¥ AT 2 DR 1T 572,
ZORER R 2RIV EBEWICEFEEN 9 5
HarnedtWIZXZpHEIE Y AT ADFEH SN . ZDT A
7 L COpHIE KU DA S5 PTB TR O 72 pHIlE
FOAHEPSE—EL T2,
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%2 Comparison of the primary methods for pH measurement of the NMIJ/AIST and the PTB**
**National Metrological Institute of Germany (Physikalisch Technische Bunde-sanstalt)

Phosphate Phthalate
0.025mol/kg Na,HPO,+ 0.025mol/kg KH,PO, 0.05mol/kg KHC,H,0,
,°C | pH(AIST) | pH(PTB) | ,°C | pH(AIST) | pH(PTB)

15.000( 6.899, +0.002, | 6.900 + 0.002 (15.000 | 3.999, £ 0.002, | 4.001 £ 0.003

25.000( 6.865, 1 0.002, | 6.865 £ 0.002 25.000| 4.007, £ 0.002, | 4.008 + 0.003

37.000( 6.840, +0.002, | 6.841 +0.002 (37.000| 4.026, = 0.003, | 4.028 + 0.003

Tetraoxalate Tetraborate
0.05mol/kg KH,(C,0,),-2H,0 0.01mol/kg Na,B,0; - 10H,0
,°C | pH(AIST) | pH(PTB) |1,°C | pH(AIST) pH(PTB)

15.000| 1.672, + 0.002, (1.670 + 0.003 |15.000 | 9.276, + 0.002; (9.277 + 0.003

25.000| 1.680, + 0.001; |1.677 £ 0.003 [25.000 | 9.184, + 0.003, (9.184 + 0.003

37.000| 1.692 + 0.002, |1.692 £ 0.003 [37.000 | 9.093, + 0.004, (9.095 + 0.003
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1. Final report for CCQM K-9: pH determination on
two phosphate buffers by Harned cell
measurements; Petra Spitzer!, pilot laboratory,

Michal Mariassy?, Kenneth W. Pratt!?, Xiu
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