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Time-series of mean carbonic acid
system measurements within selected
depth layers at Station ALOHA, 1988
2007. (First image) Partial pressure of
CO2 in seawater calculated from DIC
and TA (blue symbols) and in water-
saturated air at in situ seawater
temperature (red symbols). Linear
regressions of the sea and air pCO2
values are represented by solid and
dashed lines, respectively. (Second,
third, and fourth images) In situ pH,
based on direct measurements (orange
symbols) or as calculated from DIC and
TA (green symbols), in the surface layer
and within layers centered at 250 and
1000 m. Linear regressions of the
calculated and measured pH values are
represented by solid and dashed lines,

respectively.
J. E. Dore, R. Lukas, D. W. Sadler, M. J. Church,

D. M. Karl, Proc. Natl. Acad. Sci, 106, 12235-
12240 (2009).

Dissolved inorganic carbon (DIC)
Total alkalinity (TA)
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166. We call for support to initiatives that address ocean acidification
and the impacts of climate change on marine and coastal ecosystems and
resources. In this regard, we reiterate the need to work collectively to
prevent further ocean acidification, as well as enhance the resilience of
marine ecosystems and of the communities whose livelihoods depend on
them, and to support marine scientific research, monitoring and
observation of ocean acidification and particularly vulnerable
ecosystems, including through enhanced international cooperation in this
regard.




http://www.ocean-acidification.net/FAQacidity.html

What is ocean acidification? What is causing it?

The ocean absorbs approximately 1/3rd of the CO2 emitted to the atmosphere from the burning of fossil fuels (1). However, this
valuable service comes at a steep ecological cost - the acidification of the ocean. As CO2 dissolves in seawater, the pH of the
water decreases, which is called "acidification".

Since the beginning of the industrial revolution, ocean pH has dropped globally by approximately 0.1 pH units.
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F15E F2FE
1.679=+0.005 1.68*+0.015
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6.865=*+0.005 6.86*+0.015
7.413+0.005 7.41+0.015
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hif ————— pH=7
BRE ————— pH<7
Bt ————— pH > 7
1HbAA KDEBE
T/°C pK,
K.=a.a _ 0 14.95
W THTTOH 25 13.99
50 13.26
pK, = —log K, 75 12.70

100 12.25
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B Harned cell (so-called)
Pt | H,, HCI | AgCl| Ag | Pt’

“Cells without transference” a =a.a..
RIEDIGEWNEM IEE DN S* HCI H* 77Cl
z A E

pH values of pH standard solutions

Pt | H,, Buffer soln, KC1 | AgCl| Ag | PU

a

| = Ay A

ZAE

HC

*oole e M N

Liquid junction is hidden in Harned cell.



Pt | Hy, HC1 | AgCl| Ag | PO
—OBHOBFMET (BHNET) EDORBIL?

1. EDinFRIEE(BMEL) L. ZH£#E: H — £ + KEENE

2. BEIOEIED EIBEL ER = EV T E lna
Nernst-Luther-Lewis = Aeclife F
EQOBEORERY o _p (RO
Nernst-Luther-Lewis = __H'(1/2H) F

=0
5&_FEﬁ 'EE'.E_L% A¢LJP = 0
L1=hi>T ) RT
E = EAgClIAg — 7 In aH+ aCl—

X

0.2224 V at 25 °C



Pt | H,, HCI | AgCl| Ag | Pt

|
EHz +AgCl2 H + Ag

RT

E =E° — —Ina_a

AgCllAg F CI—

0.2224 V at 25 °C

AG® = —0.2224 x 96485 = —21.46 kJ mol~! at 25 °C

r

|
§H2 + AgCl —» H" + Ag
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It is important to note that the difference between cells with and
without liquid junctions is one of degree and not of kind. Thus the

familiar cell:
(Pt); Hs, HCI, AgCl(s); Ag

really contains two (or more) solutions, and should, strictly, be repre-
sented as follows:

(Pt); H., HCI (satd. with H,) : HCI (satd. with AgCl), AgCl (s); Ag

D. A. Maclnnes, “The Principles of Electrochemistry,” Dover (1931, 1961), p.246.

AgCl+ JH, =Ag+Cl” + H'

AG <0




Pt| Hy(g), Bufler soln, KCl(aq.) | AgCl| Ag
pH #EE®&

Cl- [LHIE LAELA, =L TULD Buffer [(ZIXEENTULVELND T, KCIEZRMN,

E:EO—Elna a =EO—I£lna m ity
F H+ “Clm F o~ Cl‘l\yCI_,

HCI J T
pH r)

a



pH IEEERDAA > 58F (L 0.05 ~ 0.1 mol kg™! F2E
[RULMEREREXFA-OITIE]

TOREBRPO yCl_ ?

Bates-Guggenheim convention

1 A, VI
010V = — 1
1+1.5VI _ 1 2
1= Z(zi) m,
AA R E
ct. » A, \/7
logoy, = — (z) Debye-Hiickel = (1923)

1+ B aVI
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T A(C) A(m)

°C mol~ '/ dm>/~ 10 mol~"/= kg'/*
5 0.4939 0.4939

15 0.5016 0.5014

25 0.5106 0.5098

35 0.5206 0.5190

45 0.5316 0.5202

(1) (¢)
A" = A (p)'?
\

IKDEE (g/em?)



Harned Eith+Bates-Guggenheim&fI CT:R® SNicpH E—XREZERD p HiE

Table 2 Typical values of pH(PS) for primary standards at 0-50 °C (see Section 6.2).

Temp./°C
Primary standards (PS) 0 5 10 15 20 25 30 35 37 40 50
SEAE/KRE  Sat. potassium hydrogen 3.557 3.552 3549 3548 3.547 3.549
AUy L tartrate (at 25 °C)
HIT =K 0.05 mol kg™ potassium 3.863 3.840 3.820 3.802 3.788  3.776 3.766 3.759 3.756 3.754 3.749
FHI)OL dihydrogen citrate
745 JLERIK 0.05 mol kg™! potassium 4.000 3998 3997 3998 4.000 4.005 4.011 4018 4.022 4.027 4.050
FzAHUSYH L hydrogen phthalate
~0.025 mol kg_l disodium
hydrogen phosphate +
JBR—IKFE | 0.025 mol ke! potassium 6.984 6951 6923 6900 6881 6865 6.853 6.844 6.841 6.838 6.833
FrU L+ dihydrogen phosphate
e 7
) BIKRT 0.03043 mol kg_] disodium
)L _
hydrogen phosphate +
0.008695 mol kg™! potassium 7.534  7.500 7.472 7.448 7429 7413 7400 7.389 7.386 7.380 7.367
~ dihydrogen phosphate
TESHRIE  0.01 mol kg™ disodium 9464 9395 9332 9276 9225 9.180 9.139 9.102 9.088 9.068 9.011
ity ol N Ly N tetraborate
wa 0.025 mol kg~! sodium
REKRTE o
Uty L+ B ES 1ydrogen carbonate +
0.025 mol kg™! sodium 10317 10.245 10.179 10.118 10.062 10.012 9.966 9926 9910 9.889 9.828
FrIDL

carbonate

Pure Appl. Chem., Vol. 74, No. 11, pp. 2169-2200, 2002



PHIZERDELRIEIREDARFENSD HAEE (IUPAC2002)

Table 4 Summary of recommended target uncertainties.

U(pH) Comments
(For coverage

factor 2)
PRIMARY STANDARDS
Uncertainty of PS measured (by an NMI) with Harned Cell 1 0.004
Repeatability of PS measured (by an NMI) with Harned Cell I 0.0015
Reproducibility of measurements in comparisons with Harned Cell | 0.003 EUROMET comparisons
Typical variations between batches of PS buffers 0.003
SECONDARY STANDARDS
Value of SS compared with same PS material with Cell I1I 0.004 increase in uncertainty 1s

negligible relative to PS used

Value of SS measured in Harned Cell 1 0.01 e.g., biological buffers
Value of SS labeled against different PS with Cell II or IV 0.015
Value of SS (not compatible with Pt | H,) measured with Cell V 0.02 example based on phthalate
ELECTRODE CALIBRATION
Multipoint (5-point) calibration 0.01-0.03
Calibration (2-point) by bracketing 0.02-0.03
Calibration (1-point), ApH = 3 and assumed slope 0.3

Note: None of the above include the uncertainty associated with the Bates—Guggenheim convention so the results cannot be con-
sidered to be traceable to SI (see Section 5.2).

Vi

5150 DIELUZH KT HFHEME 0.01 (95% confidence interval) in pH

logy, =-A
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PH=—1 ozt £~ F)

SREI | pHEEREOMORMEEL
SREE | HHEREOMOBRMELENELHTNE
ZRENDBERD HFHEE Ey & By &Y
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W. Nernst, “Die elektromotorische Wirksamkeit der lonen,” Z. phys. Chem., 8 (1891)
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K/ =ZrARUEU(NB)E LUK/ 1, 2240)L T4 (DCE)248

RDBFEATZBEEN at 25 °C

@ Ao |V
Cation NB DCE
Li™ 0.395 | 0.49;
Na~ 0.355 | 0.49
H* 0.33,
NH," 0.284
K* 0.24, | 0.49
Rb™ 0.20, | 0.445
Cs* 0.15¢ | 0.364
Choline 0.114
Acetylcholine | 0.05;
(CH3)4N* 0.03; | 0.18,
(C2Hs)yN* -0.06; | 0.044
(n-C3H; 4 N™ | -0.16¢ | -0.09,
(i’l-C4I‘lg)4N+ -0.27() -0.225
(H-C5H| 1)4N+ -0.360
(C6H5)4AS+ —0.372 -0.364
(H—C6H]3)4N+ —0.472 —0.494
Mg>* 0.37,
Ca* 0.35,4
Sr** 0.344
Ba®" 0.324

@ NG
Anion NB DCE

Cl- -0.395 | -0.48,

Br~ -0.335 | -0.404

NO;~ -0.27,

I -0.195 | -0.27;4

SCN~™ -0.164

ClO4 -0.09; | -0.17g

BF4~ -0.105

2,4-Dinitrophenolate | -0.04;

Dodecylsulfate -0.105

PF¢ 0.01,

Picrate 0.04-

(C¢H5)4B~ 0.37, | 0.364

A7 DBKERE




Nitrobenzene-W 218 DEE S A B EIE L

Ca2* 0.349

Sr2* 0.342

A
I

N

Na* 0.354
@

19E°0 4 zB

LEE0 ,H

0z2e0 788

2220 ,PHN

vz 0 M

o 070.0

Dipicrylaminatei” 0.407

G680 41 e T e

S o

PhyB” 0.372

& C,C,N" 0.199

® 6510 SO

° L1170 J8ulloyo

* ®
o)

C4FgBFq™ 0.140
C4C4N" 0.133 0

C4F7BF3” 0.102

— e oig

6¥0°0 LUOIV
L .

5600 ,NY(EHD)

@ 5500 NFGEHSO)

BEHSS™ 0.095

\_wﬁ_“mﬁgbbﬁ‘

CoF5BF5™ 0.064

=

Dodecylsulfate”

0,7 0.199 o

9800- ,VWNIzZa f—————— @
“H ClO,4” -0.082
—

960°0- ,wiw?o

o T Lunwsy

®

0210~ NY(LHED-U)
—

@ 0% L8y

Py NPBHPD-u)
g0g0- ,wwlly

.|I
zie0- ,svhud

® G0 ,wwlly

8010~ ,NP(*HHEOU) anme

0L¥'0- LAD

zivo-  NY(EIH9D-u)

SCN -0.164 g
o191 g
1
NO5™ -0.261 “
CIOg™ 0270
Br -0.288
- 039
[ ] -
1




ASREIRD pH(BLRE) WEMEZAOHTRLE:

Max Cremer

Z. Biol., 47, 562 (1906).
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Max Cremer
F. Scholz, J. Solid State Electrochem., 15, 5-14 (2011).

Giese-Helmholtz Ot JL



— |
y
!
—— ) ——— —
/-)ﬂ\ Reference
=t de | electrode

|
L
"‘;:“:’JJE s ’ \
9, e
N _—DQD A

Salt hridge
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The Early History of the Development of the Glass
Electrode for pH Measurements

Malcolm Dole
J. Chem. Educ., 57, 134 -134 (1980).

I came to Karlsruhe in November 1908 . . .. I was then 22. Haber
proposed to me to explore the glass electrode, the interest for this topic
having been suggested to him by the earlier work of Cremer. They
tried already in Karlsruhe some experiments before I came, but
without success. I have been handed over the respective apparatus,
consisting of a piece of broken glass—cylinder about 3 mm thick, with
a tin-foil sticked around. I saw at once that such an element could
never work, being short-circuited all over the moist glass surface.
Although I didn’t know at this stage that glass-balloons have been
used by Cremer (and previously by Giese), I blew the thin bulb which
remains until today the classical form of the glass electrode. I also



installed a quadrant electrometer with the use of which I was well
acquainted. With this arrangement I got at once positive results,
especially as I discovered at the very beginning the aid of steaming
and soaking the glass, quite independently, of course. I applied
steaming at first as a method of cleaning, being in this case reluctant
to use either chromic acid or organic liquids. I also learned in these
first days the need of avoiding drying out of the glass-bulb and the
superiority of soft over hard glass. Finally, I chose the kind of diagram
for plotting the bilogarythmic curve as the most adequate way of
presentation. When Haber went to see me in the laboratory after few
days, I was able to show him a very good curve in HCI-KOH, with an
efficiency of about 0.5 V. He would not believe first that it was possible
to get these results in such a short time and I had to let him look in
the reading telescope that he could plot the points by himself. The
experiment proceeded smoothly, so he gave himself an outbreak of
enthusiasm, leaped, embraced and praised me in his cheerful manner.
[The “efficiency” figure of 0.5 V given by Klemensiewicz probably
means the total voltage change in going from the acid to alkaline so-
lution.]



J Solid State Electrochem (2011) 15:47-65
DOI 10.1007/s10008-010-1105-x

REVIEW

The centenary of glass electrode: from Max Cremer
to F. G. K. Baucke

Anatolii A. Belyustin




50

H B RASREHERDsEE

J Solid State Electrochem (2011) 15:47-65

Table 1 The glasses for pH-GEs

Marking

Composition

Author, year [reference]

Sodium silicate glasses (wt.%)

Low-melting Thuringia soft glass

No 793A, Sheffield
“Hughes’s glass™
“Maclnnes & Dole glass,” Corning 015
Lithium silicate glasses (mol.%)
LiCa
LiBa
LiMg
LiCa

Present day glasses for pH-GEs

Na,0-Ca0-Si0, + add.

Na,O-Ca0-Si0, + add.
20Na,0-8Ca0-728i10,
22Na,0-6Ca0-72Si0,

18,Li,0-9,Ca0-725Si0,

26Li,0-3.4Ba0-70.,Si0,
26.5Li,0-12.;MgO 61.,S8i0,

25L1,0-7Ca0-68S10,
L-iz()—cSz()—LEﬂlz()g—Si()z

21-33 L1,0, 24 Cs50, 3
2-4% CaO (Ba0)-SiO, (till 100%)

5 La,O3 (Nd»,03, Ern03),

M Cremer, 1906 2]

F Haber et al. 1907, 1909 [3, 15]
H Freundlich, P Rona, 1920 [16]
WS Hughes, 1922 [18]

WS Hughes, 1928 [23]

DA Maclnnes, M Dole, 1929, 1930 [24, 2

SI Sokolov, AG Passinskii, 1932 [26]
GP Avseevich, 1938-1948 [27, 28]

HH Cary, WP Baxter, 1949 [29]
GA Perley, 1948, 1949 [30, 31]

All world manufacturers

3]
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59.16 mV at 25 °C



ApH AE /mV

1 59.16

0.1 5.916

0.01 0.5916

0.001 0.05916

0.0001 0.005916 5o
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KWL +0.1 INTULES EBRELKOZILAVAICREZS



ApH = 0.1 (3L &2

da,, Ja,, ~—1In10x ApH + (1/2)(In 10)* X (4pH)

pH D+ 0.1 &-0.1 DEIEIE

a,, MTEA -20.4 % £25.7 % ZbLTHEICHETH1

cf. pH of blood: 7.40 =0.05
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Mean percentage mortality

.1 %35 57 ﬁ‘i’é 6.1 63 65 ﬁ‘?ﬁ

Mortality of two hypothetical fish species in relation to pH. Curves are
based on data for (a) Pimephales promelas Rafinesque (fathead
minnow) and (b) Stizostedion vitrrenum.(walleye)

R. Hoenicke, M. A. Stapanian, L. J. Arent, R. C. Metcalf, Freshwater Biol., 25, 261-278 (1991).



RKGE
(&1 A V3BEKZBR 1< 0.001 mol dm-3)

SBIKIE E
(B AVRBENKA® > 0.1 mol dm3)

pH OE#AAE (< 0.005) (. R (FRoJ4E)

pH DIE#EGAIE (< 0.05) . BZTREL

3 mV
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High ionic strength of seawater
| =0.1(S=5) ~0.93(S=45)

=B KO—B5l
Table 1
Composition of buffer solution in synthetic sea water of salinity 35?

Component mol kg ' H,O
NaC(l 0.42764 —m
Na,SO, 0.02927

KCl 0.01058

MgCl, 0.05474

CaCl, 0.01075

HCl m

‘tris’ 2m

*The concentrations mg of the various components of a synthetic sea water with salinity S, are calculated:

Mys x 1 199198
3 Swherels=

Iss 1000 — 1.001985
For NaCl, mys = 042764 mol kg ' H,O. Note that the buffer concentration m is chosen independent of
the salinity.

mg =

T. A. DelValls and A. G. Dickson, Deep-Sea Res. Part I-Oceanogr. Res. Pap., 45, 1541-
1EEA (100Q)
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Bates-Guggenheim approximation is not applicable.

2. KCISB &, DFERL@EH VLY

KCISB does not effectively cancel out LIP.

pH DIEFTITH . EDBIFES. IUPAC2002 DU AAMEZ ALY



pH = -loga .

Pure Appl. Chem., Vol. 74, No. 11, pp. 2169-2200, 2002.
© 2002 IUPAC

INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY

MEASUREMENT OF pH.
DEFINITION, STANDARDS, AND PROCEDURES

(IUPAC Recommendations 2002)

Working Party on pH
R. P BUCK (CHAIRMAN)!, 8. RONDININI (SECRETARY %%, A. K. COVINGTON (EDITORY?,
F. G. K. BAUCKE®, C. M. A. BRETT’, M. F. CAMOES®, M. 1. T. MILTON’, T. MUSSINI®,
R. NAUMANN®, K. W. PRATT!?, P. SPITZER'!, AND G. 5. WILSON?

O, BKICIEEZZWN

Two-step procedures




BHERZICHTD pH OFEREE. DO TIEAEL

“AccordbDngk s on The Behll 4f pH scdles
and the study of proton transfer reactions in seawater is one
of the most confused areas of marine chemistifyventy-
seven years later, it still remains confusing, both to
|l nsi ders and outsiders. "’

Manne Chemistry 126 (2011) 89-96

Contents lists available at ScienceDirect

MAHIMELHERESTHY

Marine Chemistry

journal homepage: www.elsevier.com/locate/marchem

pH of seawater

G.M. Marion **, FJ. Millero ®, M.F. Camdes €, P. Spitzer 9, R. Feistel ¢, C.-T.A. Chen'

? Desert Research Institute, 2215 Roggio Parkway, Reno, NV, 89512, LSA
b Rosenstiel School, University of Miomi, Miami, FL, USA

© University of Lishon, Lishon, Portugal

4 physikalisch-Technische Bundesanstalt, Braunschweig, Germany

* Lethniz-Institut fiir Ostseeforschung Wamemiinde, Germany

" National Sun Yat-Sen University, Taiwan, ROC
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BKDpH — 4 DDERDHELTWSD

pHy = —log([H']/m’)

pH = —log(ay, ) = _log(mﬂ+'YH+/m0)
pH; = —log(([H'] + [HSO;])/m’)

pHgws = —log(([H'] + [HSO, ] + [HF])/m")

G. M. Marion, F. J. Millero, M. F. Camoes, P. Spitzer, R. Feistel, C. T. A. Chen, Mar. Chem., 126, 89-96 (2011).



Seawater pH
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Fig. 2. Model-
calculated pH values
for seawater (molal
concentrations, m)
based on the
FREZCHEM model
(FC) compared to the
Miami model (M).
T=25°C, CO,=3.33E-
4 atm,

G. M. Marion, F. J. Millero, M. F. Camoes, P. Spitzer, R. Feistel, C. T. A. Chen, Mar. Chem., 126, 89-96 (2011).
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T. Kakiuchi, N. Tsujioka, S. Kurita, and Y. lwami, Electrochem. Commun., 5, 159-164 (2003).
T. Kakiuchi and T. Yoshimatsu, Bull. Chem. Soc. Jpn., 79, 1017-1024 (2006).
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T. Kakiuchi, N. Tsujioka, S. Kurita, and Y. Iwami,
Electrochem. Commun., 5, 159-164 (2003).
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H,, 500pmol dm-3 X pmol dm-3
H,SO, P,.,CCOCC,C,N H,S0,, H,
X = 20~200uM

Table 3 Experimental and calculated pH value of 20 - 200 umol dm™ H,SO4 [81].

Ci 50, My s0, G Yy PHeal PHex PHex-pHeal
umol dm™  umol kg™ umol kg ™!

20 20.06 40.04 0.9910 4.401 4410 + 0.021%* |I 0.009 \|

50 50.15 99.85 0.9860 4.007 4.008 = 0.018* : 0.001 :

100 100.30 198.87 0.9804 3.710 3.713 = 0.026* : 0.003 :

150 150.45 297.12 0.9762 3.538 3.543 £ 0.020* : 0.005 :

200 200.59 394.67 0.9727 3416 3.421 & 0.029* I\ 0.005 II

* 05 % confidence interval

M. Shibata, H. Sakaida, T. Kakiuchi, Anal. Chem., 83, 164-168 (2011).



Table 4. Effects of Diffusion Potential and Change in

lonic Strength Due to Dissolution of TBMOEPC.,C-N on
Experimental pH Values

Fm—=—=- S
concn of HySO,/umol dm 3 pHex I‘ pHex — pHea :
20 4.408 | 0.002 1

50 4.007 I —0.003 |

100 3.713 L0001

150 3.544 L0004

200 3.421 L0003

\ /

M. Shibata, H. Sakaida, T. Kakiuchi, Anal. Chem., 83, 164-168 (2011).



Determination of diluted sulfuric acid solutions with a glass
combination electrode equipped with a gelled ILSB

Gelled
[TBMOEP][C,C,N]

X UM Glass
H,SO, electrode

Calibration of glass electrode with citrate and phosphate pH standard buffer solutions

M. Shibata, M. Kato, Y. lwamoto, S. Nomura, T. Kakiuchi, submitted for publication.



Table 2: Effect of the diffusion potential and the change 1n the 1onic strength due to

the dissolution of TBMOEPC,C;,N on experimental pH values.

Molarity of o
H,SO, / pmoldm™ ¢} /mV ~ pH., pH_  pH. -pH pHex-pH' | I( pH_ -pH’ al\|
20 -0.199 4406 4.430 0.029 0.027 | 0.024 :
50 -0.086 4.010 4.028 0.021 0.020 : 0.018 1
100 -0.041 3.712  3.718 0.008 0.006 : 0.006 :
150 -0.024 3.540 3.543 0.005 0.004 1 0.003 :
200 -0.016 3.418 3.421 0.005 0.003 I\ 0.003 )

M. Shibata, M. Kato, Y. lwamoto, S. Nomura, T. Kakiuchi, submitted for publication.
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lonic Liquid Type pH Electrode
9800-10D Instruction Manual

Thank you for purchasing 3 HORIBA pH electrode.

This eiectrode does not cause the dissolution of KO into a
sample by adopting the ionlc figquid type of a reference
electrode. As g result, as compared with the conventional
fypes of HORIBA pH elecirodes, this elecirods s excedlent
in the accuracy. repr ibility and stability in ring any
sample of low cohductivity, Moreover, it is also optimal for
pH measurement of any sample thal reacts with KCi. This
electrode can be used to connect to & pH meter (D-10, D-20.
D50, F-10, F-20, F-80, and F-70 series). Read this manual
carefidiy. before using the electrode

About this elactrode

Life
This elecirode contains  ioric  dquid  (Tribulyf  (2-
bis

amide} in the get liquid jurction of the 7eference electrade.
When the gel liquid junction is immersed in an aguedus
solution, an ionpic liquid is solved inta the agueous solution
{Solubility: 200 pmol/L). When the amount of an lonic liguid
in gel reaches below z constant armouht, an electrode
reaches the end of its useful fife. As a rule of thumb, a useful
Fife is approximataly ene year for the use of two hours 2 day,
The timing of replacing electrodes is any tme when a
calibration ermot ocours.

R if ion of the Act after p
For verfication of the Measuremant Act, # judgment abewt
the results of a re-verification 15 severer than a judgment
about the resulis of the check of an electrode during
calibration with a pH meter. When a re-vedfication i
performed afer purchase, sheck whether linearly meels the
i in with “ Appendix 1.
Procedurs for ineatity inspection ” {page 4}. If inearity does.
not mest the verification standards, clean an electrode in
accordance with * Cleansing of electrsde * {page 3). I
finearity does not meet the verification standards even after
the clearing, replace the alectrode with the new ane
hecause the efectrode has reashed the end of Hfe.

Samples affecting measurements

# Organic solvents cause the detaricration of the get Fquid
Junction of 2 reference electrode. Avoid the cleaning in
organic salvents and the pH measuremant of organic
solvents.

# Mpasuwremant efror may be caused by a surface active
agent or a heavy melal ion because of the praperties of
an ionic liquid fype referance slectrode. The dagree of
measwrement error  depends on the type and
concentration of & surface active agent or a heavy metal
ion, For seference about surface aclive agents, the table
below shows a batween tha i
of sodium dodecy! suiphate (SDS) and measusement
enorsin the case where SDS is contained in a sample,

of sudium ervor
dodecy] suiphate (mmei) {pH)
GEG o1
068 X
55 Y]

o

&

As an example of reference about heavy metal ions, the
table below shows 4 refalionship between the
ooncentrations of copper ions and measurement errors
ih the case that copper jons are contained ih 2 sample.

£u jon Goncentration [ Measurement stor
(mmolL ) (pH}
7 484
1 o.M
W 0.41

Color variations of get Hquid junction

® After an elecitode is immerssd in a sample at a
temparature higher than room temperature, the gel of
the liquid junction might become cloudy when returning
to ream temparature. This is no problem with
petormance,

When a colorful sample {ceffee and soy sauce, elc) s
messured, the gel of the liguid junction might become
colored. This s no problem with performance.

# an alectrode is stored at a high temperature for a fong
time, the gel fiquid junction might discalor in brawn. This
is no problem with performance,

Sample #fter raeasurement

Although an jonic Hquid {3 not a polsonoum substance,
dispose of a used sample after measuremant. Moreover,
phospharus and fluorine are contained in ionic liguid. They
are designated as restricted substances under the Waler
Qualty Pollution Control Act and Sewerage Sarvice Act A
sample after ordinary pH measurement does not exceed the
efffuent standards. A sampie (1 L} after an electrode has
been immersed for al lesst 50 days might exceed a
restricted value. When disposing of such sampie, foliow the
reiated laws and/or regulations of your sountty.

Caution on use
Safsty pracaution

Glass fragments

(Giass fragmants can cause tnj

The gitter whe and ip of the eleciode are mada from glass,
Be coreful not o break tarm.

Points of concern

# A measured sample or measurement for a long fime
may cause the ssk of the sensor members being dis-
solved. When food samples are measured, do rot use
the measured samples for an eating purpose. In the
case of skin contact with a used sample, flush the
sample with water, soap or detergent for skin,

Do aot shock the electrode.

Do not measure chapped or cracked electrods. Replace
such electrode with 4 hew ahe

Do not aliow the conaector to come in contact with water
or unciean hands. If not, acclirste measwrement cannot
be performed.

i the responsive glass membrane of liquid junction is
very diy and cannot be washed clean using ion
exchange waler, cleanse & depending on dirl condition,
{Refer fo " Maintenance ™ (page 3).}
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Ho“'m,ud. For any questions regarding this product, please contact your local
H 0 R I Bn 2 Mivanohigashi, Kisshotn Minami-ku, Kyoto 801-8510 Japan agency, of inguire from the HORIBA website,
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Fig. 1 Typical electrode response curves obtained in a 50 umol dm™
H.50, solution. (@) IL-E, (¥) KCI-E.
Y. Kudo, M. Shibata, S. Nomura, N. Ogawa, Anal. Sci., 33, 739-742 (2017)
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Fig. 3 The change of EC in a 50 umol dm= H,SO, solution during
pH measurement. (@) IL-E, (¥) KCI-E.

Y. Kudo, M. Shibata, S. Nomura, N. Ogawa, Anal. Sci., 33, 739-742 (2017)
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Fig. 4 Typical electrode response curves obtained in real rainwater
samples. (@) IL-E, (¥) KCI-E. (a) Sample No. 2 (ionic strength:
45 umol dm), (b) sample No. 4 (ionic strength: 356 umol dm=), (c)

sample No. 6 (ionic strength: 748 umol dm?).
Y. Kudo, M. Shibata, S. Nomura, N. Ogawa, Anal. Sci., 33, 739-742 (2017)






