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Pt, Hy|HCI|AgCL, Ag  rvveorrrrerrerenne. (5) Fig. 1 Cell construction
A :pH cell, B: Ag-AgCl electrode, C: hy-
COBMORENE #AEL, kX TE% bhp E drogen electrode, D : trap, E :thermometer
2B % probe, F : hydrogen bubbler, G : copper
" : jacket, H : thermostat, I : digital voltmeter
E°" = E° — Bmyc and thermometer
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ZIT, mye IEREE, B, A, B, a* KU (ext)
A A VIEEWEST 5 Debye-Hiickel Bza®RhDEK
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AEL~ pH HlEA%ES Fig.1 iZ%®¥. pH #lE
K ERER L F-EILREBOAL EEE L AKED
WMEPLERD, AV 7 AFFABTHD. KEIT
F-RAEEZRBBBROKEL[THMEI T TAEETERY
ZMT DD bDCHy, 5o TREBHT 2KREFD
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BEH-EEHEERI HITEFn 2% 2 i LTy Y
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B-ECRERIIERE . BRILBORSBRET BRI
XBFECRIELAADIDIEDPWTFNLDREEH-ZFAR
TR, BREECIZLOVBEFTH1DOT, T
TRZhZzRAVWke. EREBEZEEBICED - E2fTV,
EMOCEMAMAZEBLT2L0TH 5. ¥¥5 R EDLM
WZHEE 0.4mm, £X S5cm o4& EHAL, 2o
PHEHFE 2mm, £X 10mm Oaxf AR HEVREID
# 50% Fkiel kv, 1% o7 vy ) v
ABHEBCEREE S 0.3mA/cm? 2 LT 6 BfE®» -

TKICE DEEBEZT-> . EHILBEEROER I 0.1 mol
dm-3 HEEDCEREE 0.3mA/cm?2 ¢ 30 S/ -
oo BEL-EBBIXEEE T, 0.1 mol dm-3 EEdiz
RELCAVYE. Z#ELAERO S bERHEEZOREN
25 50V DT T BRELONEIVEOR FERICHE
L.

AREFEHIEE 0.4mm, £X 30mm OBE&KE Y
FABFOEMIZHAL, ZOKPEE 2mm, £ 10
mm O34 ARITHEE, EREREZRML - 1% ke
CREBHCERLCHELL. ER0 BHEE 1 30
mA/cm?, EREEMIT 9 PR E L. 8MMELA~EEIT
10% BHERFCEBHEERE 30mA/cm? ¢ 30 HRIEML
etk, KEWLTEEADITHEELE. AVhKkESE
BEEHEOREN® 10pV UToLERIOTHS.

PH Flsg & ik Fig. 1 IZRT X 51T KD R - - g%
Txr oy AN, BERChZEEENICREL-. B
ERRKERED £0.05°C N —FEET, BELH
22 £0.01°C DRI 5 X5 IHM@L .

EENHEC Av - EER 13 Hewlett-Packard 8o
3455A T, MIEOERESE £0.009% T » 5. HE
W v: Hewlett-Packard #§ @ 7k S8 g st 2804A 2w
7e. BENOKEENOHRICHT 2BED L DITREA
EZREL, KAEBEILBEBROKEKELELELSIVT
AKEENE L. KKEHRIE i1k Bell-Howell & o4&
EfteALE. KEENO BIEEER +0.0259, ©
»5.
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Fig. 2 Changes of the electromotive force (a)

and the atmospheric pressure (b) as a
function of time (phosphate buffer solu-
tion, KC1 0.010 mol dm-3, 25°C)
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Fig. 3 Correction value of the electromotive force
for the pressure change

z 2, PIAKE, Py BBROKEKETD), *
OECIIKDAEREY F o7, P iZKFOREHL
NAVKE T 5 ied D KECK T HESOMIERTD
5. BIECEE L r0KFiL 4cm TH A, Hills
59 Xy, KENEL TO KESER KEKE HL
OCOEND 0% with L IhTwbled, T Tk
Shift - T P=157Pa L L#. Fig. 3 TmR7T L5
EBENOENBEORKSE, BEX 60 HLIE, £10V
DRT—EThD Ennsb. X, EREAOY v 7
5 FNOREET 40~50 A Cc—EECEL. DL EDOK
By, pH 8EN L EEEEBEMLOWE TIL, €A
AFERHLIADE, 60 SEL L 20 FREcCH
froTIHERTRERENE KREXWETHIEEL
fe.

4+ *

4.1 pH ERNHOAE

Fig. 4 13ehik ) v EREERECIE(LY U v 2% 0.015
mol dm~2 Jin L BHK D, 25°C ki3 5 RENDORE
HEBTHDH. HEATFRFR 2 5 20 BOH
EOEHETH Y, HEhoRENIENFHEIEL N I fE
THDH. PECILAHAOBBEFEHL, 4 OHOER
CTH%ZEZC3ME, i 12 EHEL L. Fig. 4 T, [
CEOBEO JEEYER THEA TS, Fig. 40 L3l
FHE X% BEN 0%, KROERK XS BAOEDL
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Fig. 4 Reproducibility of the electromotive force
measurement of the pH cell (phosphate
buffer solution, KClI 0.015 mol dm-3,
25°C)
Connection is made between those values
obtained by using the same electrode.

PH OFtBERFERA L. EEHUEDIX SO X IERRE
ZET BpV Thot.

BB LA 1do® FHRL, 12 Blof
E TR UERE A Eer v v A0 E R 0.005,
0.010 %t 0.015moldm=2 o 3D 3 DT> TRE
BEYAML, BER 5°C, 25°C R 50°C » 3 5T
BIE L, Edo X 5 ed+_TilEx 12 BT - k.
E¥g o pH QEMHEORE X BLT5Z Lr%%
HEINTWHY, KB TN CHERORARE 18R
LN fT 5 72

25°C KB\ T, Y vEREEERC RN 5 1t
Yy AOBEEEILTCHAELLEENHBREO) %
BWTEHE LA p(eare) % Fig. 5 wird. RO o
ERBREMN OB 42 © <2 JIEEL AV
Fig. 5 & &KX plenrc) O 12 ERIEOFIBHE & BEiR
#x o DEEX/RL T D, ZOHTIE o1z 0.0009~

6.97

plauycy)
[=;]
(1]
N
]

6.951~

1 1 1
0.005 0.010 0.015
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Fig. 5 Relation between concentration mgg; and
p(aurc1) at 25°C
Straight.line is a least square fit for the data.
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0.0018 pH = #i244 5. Fig. 5 oEF IR/ _FREC
Lo TRD-ERERT, “hibiEha+ v BEN
BIZETD plearc)®° OfEix 6.9682, FHEPBF 95%
CTOHESEE T 0.0022 THS.

Rlggiz, 5°C & 50°C wisit 5 plaarc) ® DIERE
hER 7.0474 B 6.9470 LRD B, TR LOHTE
#3643 0.0052 KOt 0.0024 CH 7.
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i, AR AKERT LIRS, 60 SHERLTHE 20
i ic o THIE L - EHEBNCKRENOHER
MzicdoThs. AERE pH EBEEORAECHER
LimbDrRUERY 4EFEHL, BE2E 2 T3HEAE
L. EEEREMOHERIZZA LD 12 BoFHE
SR, COMITIE, FHEIX 466.58 mV, EERER
#03 0.13mV ¢H 7. pH EBEBOREDHF LY
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Fig. 6 Reproducibility of the electromotive force
measurement of the hydrochloric acid cell
(HCI 0.00954 mol md-3, 25°C)

Connection is made between those values
obtained by using the same electrode.
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BUOWEDOKRE 2 F LDdboTHD. Fig. 7 off
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Fig. 7 Relation between concentration mye and
E°'" at 25°C

Straight line is a least square fit for the data.

¥ Harned S oFEDOMEE{FEY, o¥=4.3 L 1:9.
Fig. 7 o& i 12 BOREDOFESME, HEiHTERR
EOWMYRT. EEEEEN E° RMEE R/ %
B XY ERBEFTOMIME L LT 222.76 mV, SHEE
R 95y ToOHRTEXIT 0.04mV LRD LN, 7072
L, B OFBERRCTHBRE mun 2 -T2
25, ERBEOHAIEOREEREIT 0.1% thh, BE
BT 5 L 0.05mV wiYST5. MARCERE
BEOBRELRAETH L E° JiIE O HEERZEIX 0.14mV
Ee .

Fkic 5°C RO 50°C pRE COEBEBEL IS
RFER 234.54mV B 204.64mV, HE®EET 0.14
mV KB 0.13mV LR Rt

43 FAERERL S FEBZD pH

PEEEREMLD pH ORERKRY Table 1 iR
1. WEBEOHERZIEEBR 5% TH L. plan
ro)° BREFB~OFMIMETHY, BLHA A v OIER
FRE DL Bates-Guggenheim o B HE - TR E D
HRDT-.

AV

logrer =1 1507

e —— (8)
Table 1 Standard electrode potential E° of the
silver-silver chloride electrode and pH
values of phosphate buffer solution

5°C 25°C 50°C
E'/mV (this 554 5420.14 222.76:20.14 204.64:£0.13
E°/mV (Bates) 234.13 222.34 204.49
AE®/mV 0.41 0.42 0.15
plauton® 7.0470.005 6.968::0.002 6.9470.002
log 701 ~0.101 —0.104 —0.109

pH(this work) 6.946+0.006 6.864+0.003 6.838+0.003
pH(Bates et al.) 6.951 6.865 6.833
ApH —0.005 —0.001 0.005
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Table 1 Tz HE D% Bates 5 FIFEEY » 28T
7o. AE°, ApH |2AKJIE & Bates LDOfEE DETH S .
Bates L OJITE T E° OEMEFZEIX 0.02 55 0.03
mV, pH RIEOREE L 0.003 2EXh w5, pH
DIEIZEESHD HRAE OBIT B A% 5+ &4t
HMONTBD, KAIGE L Bates HORIETIIRLL S
RECOWTO JIE TH D7D BEELEE 2t
#%, ApH i1 5, 25 BoX 50°C CF+h#E $—0.005,
—0.001 Ko* +0.005 THbh, WEREOHHEAT—
HBLTWBLEE25. ok, APIE CIERKOBEL
25°C ¢ 0.025mol dm-3 L |_#-5 Bates &3 0.025
mol/kg ThHH, BEFERIBRELBN, “hiwXs pH
DEFBRE Y FEEECT 5 L 25°C Tz —0.0006 TH
59, EEBEREMCOWVTE, AE° 11§ 0.4mV T,
MERZEXYER L CHHEEMBEIZT - L c\ . EREERE
I FEEMII BB OS & LB BB ERREBIC
X o TET B0, BREOBIEHERPHFLE,LRichI
TTHLrELLRS. ARUBKMHER L 7281t
SEBIERECTHIEL b0 THY, Bates Bi3Ehy
RROBBZIBHEC L >TWA. 2Dk 0.15~
0.2mV oENEUCb0L BRINS. OIML o
pH HE& b B3 2 HEEEY Tk, S-EETEBROE
HERENIC Bates LOREHEEF -7 pH HH1H -
TWhD, ARRAEOHA, Thi #FxX pH (2 Bates
LOfEX H 0.003~0.007 Fu L /e 5.

UEknz &anb, pH EXEE O pH % 0.01 X »h By
BETHET A BAECRAECH V5 BEROEEERE
MEERL, TOEZHAVCTPHEZRD L Z EXDLET
BB EFEREINS.
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Precise measurement of pH value of equimolal |

phosphate buffer solution. Hiroshi Krrano and
Hideki UcmrvamMa (National Research Laboratory of
Metrology, 1-1-4, Umezono, Sakura-mura, Niihari-
gun, Ibaraki 305)

The pH value of a equimolal phosphate buffer
solution has been accurately measured using a pH cell
composed of a hydrogen and silver-silver chloride
electrode. Four pairs of hydrogen and Ag-AgCl
electrodes were prepared by an electrolytic method,

LB, M : iy vERE pH B#% o pH oRFHIE

T135

and measurements of the electromotive force of the pH
cell were repeated for each pair assembled in the cell.
The pH cell was filled with buffer solutions KH,POj,
Na,HPO, mixed with KCIl at three different concen-
trations. The pH values of the buffer solution were
calculated from the measured emf values in accordance
with Bates-Guggenheim convention. In addition, the
standard electrode potential(E°) of the Ag-AgCl elec-
trode was precisely determined. The pH values ob-
tained are 6.946+0.006, 6.8644-0.003 and 6.838L
0.003, and the E° values also determined are 234.54 4
0.14 mV, 222.76+0.14 mV and 204.641+0.13 mV, at
5,25 and 50°C respectively. These pH values agree
with those of Bates et al. within 0.005, but the E°
value shows a relatively large difference of 0.42 mV
from that of Bates et al. Consequently, it may be said
that for the precise measurement of pH the E° value of
each electrode must be measured to reduce the system-
atic error. '

(Received August 28, 1986)
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