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1.602176565 (35) X 1019 C
1.602 176 6208(98) (CODATA2014)

1 mol (Avogadro®# N, =6.02214129 (27) X 1023 mol') X5 &
6.022 140 857(74) (CODATA2014)

Faraday &

F = 96485.3365 (21) C mol'' CODATA
96 485.332 89(59) (CODATA2014)
Wikipedia
96485.3315 (11/11/2012)

96485.3365 (21) (11/19/2013)
9.648533289(59) (11/22/2016)

CODATA (The Committee on Data for Science and Technology)
http://www.codata.org/
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4nx107
=12.566 370 614" - -x107

1/p,c?=8.854 187 817+ -x1012

6.673 84(80)x10!

6.626 069 57(29)x1073*

1.054 571 726(47)x10734

1.602 176 565(35)x101

2.067 833 758(46)x10*
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9.109 382 91(40)x10°1

1.672 621 777(74)x10°?7

1836.152 672 45(75)

7.297 352 5698(24)x1073

137.035 999 074(44)
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CODATA Recommended Values of the Fundamental Physical Constants:
2014~

Peter J. Mohr, David B. Newell*, Barry N. Taylor®
National Institute of Standards and Technology, Gaithersburg, Maryland 20899-8420, USA

(Dated: 25 June 2015)

This document gives the 2014 self-consistent set of values of the constants and conversion factors
of physics and chemistry recommended by the Committee on Data for Science and Technology
(CODATA). These values are based on a least-squares adjustment that takes into account
all data awvailable up to 31 December 2014. The recommended wvalues may also be found at

physics.nist.gov /constants.



TABLE I An abbreviated list of the CODATA recommended values of the fundamental constants of physics and chemist
based on the 2014 adjustment.

Relative std.

Quantity Symbol Numerical value Unit uncert. u,
speed of light in vacuum c, e 299 792 458 m s’ exact
magnetic constant 140 4 x 1077 N A2

= 12.566370614... x 107 N A~? exact
electric constant 1/poc? €0 8.854 187 817... x 102 Fm! exact
Newtonian constant of gravitation G 6.67408(31) x 10~ m® kg=! s7? 4.7 x 1075
Planck constant h 6.626 070 040(81) x 104 Js 1.2 x10°%
h/2n h 1.054571800(13) x 10~ ** T 1.2 x 1078
elementary charge e 1.602 176 6208(98) x 107  C 6.1 x 107°
magnetic flux quantum h/2e o 2.067833831(13) x 10°* Wb 6.1 x 1077
conductance quantum 2e?/h Go 7.7480917310(18) x 107° S 2.3 x 107"
electron mass me 0.109 383 56(11) x 10~ kg 1.2 x 1078
proton mass m, 1.672 621 898(21) x 1027 kg 1.2 x 1078
proton-electron mass ratio mp/me  1836.152 673 89(17) 9.5 x 1071
fine-structure constant e?/4meghe o 7.207 352 5664(17) x 1072 2.3 x 107"
inverse fine-structure constant a ! 137.035 999 139(31) 2.3 x 107"
Rydberg constant a”m.c/2h Reo 10973 731.568 508(65) m~! 5.9 x 1072
Avogadro constant Na, L 6.022 140 857(74) x 10 mol ! 1.2 x 1078
Faraday constant Nae F 06 485.332 89(59) C mol ™! 6.2 x 107°
molar gas constant R 8.314 4598(48) Jmol ™! K= 57 x1077
Boltzmann constant R/Na k 1.380 648 52(79) x 10~ JK! 5.7 x 1077
Stefan-Boltzmann constant
(2 /60) kYR 2 o 5.670367(13) x 108 Wm?K?* 23x10°°
Non-SI units accepted for use with the SI
electron volt (e/C) J eV 1.602 176 6208(98) x 107 ] 6.1 x 1077
(unified) atomic mass unit 5m(**C) u 1.660 539 040(20) x 102" kg 1.2 x 1078
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&K (Electric potential difference, Voltage)
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A1 VoIt (V)
V=J/C=Nm/C

&7t (Current, Electric current)
s | FEE i
B{7 Ampere (A)

A=C/s
K (Resistance)
£S5 R
A7 Ohm (Q)
Q=V/A
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TA Y DEYD ~F—.L (Georg Simon Ohm,
17894 3H16H - 18544 7H6H)



http://ja.wikipedia.org/wiki/1789%E5%B9%B4
http://ja.wikipedia.org/wiki/3%E6%9C%8816%E6%97%A5
http://ja.wikipedia.org/wiki/1854%E5%B9%B4
http://ja.wikipedia.org/wiki/7%E6%9C%886%E6%97%A5

FPoRL =772 _R—)JL (André-Marie
Ampeére, 17751 820H - 183656 H10H)



http://ja.wikipedia.org/wiki/1775%E5%B9%B4
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Giuseppe Antonio Anastasio Volta. 174542
B18H -1827%3H85H)



http://ja.wikipedia.org/wiki/1745%E5%B9%B4
http://ja.wikipedia.org/wiki/2%E6%9C%8818%E6%97%A5
http://ja.wikipedia.org/wiki/1827%E5%B9%B4
http://ja.wikipedia.org/wiki/3%E6%9C%885%E6%97%A5
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(Charles-Augustin de Coulomb. 173656 H 14
H - 180658 H23H)



http://ja.wikipedia.org/wiki/1736%E5%B9%B4
http://ja.wikipedia.org/wiki/6%E6%9C%8814%E6%97%A5
http://ja.wikipedia.org/wiki/1806%E5%B9%B4
http://ja.wikipedia.org/wiki/8%E6%9C%8823%E6%97%A5

A4 )L I 75T — (Michael Faraday, 17914
9H22H - 18674 8H25H)



http://ja.wikipedia.org/wiki/1791%E5%B9%B4
http://ja.wikipedia.org/wiki/9%E6%9C%8822%E6%97%A5
http://ja.wikipedia.org/wiki/1867%E5%B9%B4
http://ja.wikipedia.org/wiki/8%E6%9C%8825%E6%97%A5

Ox—LXTLRaAYbPa—)L (E: James
Prescott Joule, 1818512 H24H - 18894 108
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http://ja.wikipedia.org/wiki/%E8%8B%B1%E8%AA%9E
http://ja.wikipedia.org/wiki/1818%E5%B9%B4
http://ja.wikipedia.org/wiki/12%E6%9C%8824%E6%97%A5
http://ja.wikipedia.org/wiki/1889%E5%B9%B4
http://ja.wikipedia.org/wiki/10%E6%9C%8811%E6%97%A5

Sx— LX)k (E: James Watt, FRS, FRSE.
1736418198 - 1819F8H25H)



http://ja.wikipedia.org/wiki/%E8%8B%B1%E8%AA%9E
http://ja.wikipedia.org/wiki/%E7%8E%8B%E7%AB%8B%E5%8D%94%E4%BC%9A
file://en.wikipedia.org/wiki/FRSE
http://ja.wikipedia.org/wiki/1736%E5%B9%B4
http://ja.wikipedia.org/wiki/1%E6%9C%8819%E6%97%A5
http://ja.wikipedia.org/wiki/1819%E5%B9%B4
http://ja.wikipedia.org/wiki/8%E6%9C%8825%E6%97%A5
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BLED2HBOEMEL (BAEMIZIX) BIEART
J. W. Gibbs (1899)

Professor W. D. Bancroft ZiZ AN F#k

Again, the consideration of the electrical potential
In the electrolyte, and especially the consideration of
the difference of potential in electrolyte and electrode,
Involves the consideration of quantities of which we
have no apparent means of physical measurement,
while the difference of potential in “pieces of metal of
the same Kkind attached to the electrodes” is exactly
one of the things which we can and do measure.




DY A7 " 9145—F-XT X (Josiah Willard
Gibbs, 183942 H11H - 1903 4H28H)
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Aether

Wasser
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BT
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Fig. 1.

R. Luther, “Elektromotorische Kraft und
Verteilungsgleichgewicht,"
Z. phys. Chem., 19, 529-571 (1896).

Robert (Thomas Dietrich) Luther
(02.01.1868 [21.12.1867] Moskau - 17.04.1945 Dresden)

EBLYSDOLRV2MBRIOEBEMNE IR NFMICIE BIE TEENIEXHAREICIRARTIND,



Distribution potential across O|W interface

(R. Luther in 1896)
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Thanks to Stefan Wilke, Martin-Luther Universtat, Institut fir Analytik und Umweltchemie, Halle
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Martin Luther (* 10. November 1483 in Eisleben, Grafschaft Mansfeld; T 18.
Februar 1546 ebenda)
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Single ion activity is not measurable with thermodynamic certainty.

N— e —

a,, was likened to the emperor‘s new clothes
R. de Levie in his Tutorial lecture in ISE (2012).

A Philosophical Note

“Using Popper’s criterion, the hydrogen ion activity
as defined by IUPAC is not falsifiable and therefore
falls outside the demarcation that separates
science from non-science.

R. de Levie, J. Chem. Educ., 87, 1188-1194
(2010);
Electrochim. Acta, 135, 604-639 (2014).

a.. 18 1n the realm of non-science.



Aqueous Acid—Base
Equilibria and
Titrations

Robert de Levie

ZENECA

(1999)

Advanced Excel
for scientific
data analysis

Robert de Levie

(2012)




Bob and Bob, Rudolfinum, Prague, August 23, 2012



R. de Levie, J. Chem. Educ., 87, 1188-1194 (2010).

A Philosophical Note

“Using Popper’s criterion, the hydrogen 1on activity as
defined by IUPAC is not falsifiable and therefore falls

outside the demarcation that separates science from
non-science.”




B EFBZETTHIEE (7))

Falsifiability :
(REETTREM) Karl Raimund Popper

rEniCRsE(E, BB YPEIRT A ViE=(Enot falsifiable,

FAINBVWBDEEFEELRBWVL. BMEBHLL, Fairies [CTELRLN

R. de Levie, J. Chem. Educ., 87, 1188-1194 (2010).

A Philosophical Note

“Using Popper’s criterion, the hydrogen ion activity as defined
by IUPAC is not falsifiable and therefore falls outside the
demarcation that separates science from non-science.
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Wikipedia(7/23/2013)
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Electrochimica Acta 135 (2014) 604-639

Contents lists available at ScienceDirect
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ELSEVIER journal homepage: www.elsevier.com/locate/electacta

A pH centenary @ CrossMark

Robert de Levie*

Bowdoin College, Brunswick ME 04011, USA

ARTICLE INFO ABSTRACT
Article history: The activity coefficients (and therefore the activities) of single ionic species are concepts tentatively
Received 3 November 2013 introduced by G. N. Lewis, which he could not define thermodynamically because of electroneutrality

Accepted 1 April 2014

- I ) requirements. Guggenheim subsequently gave their formal, pseudo-thermodynamic definitions, while
Available online 18 April 2014

warning that they were imaginary constructs without physical significance. Consequently, the hydrogen
ionic activity, as a purely conceptual but immeasurable quantity, cannot serve as the basis of the pH, the
Acidity globa{ly accepted experirnen{m‘ measure of acidity. N A
lonic activity Varnou; aspects of this mlsmatch are described, based qn the orlglpal literature sources E.lS well as
pH on experimental data used by their proponents. An especially pernicious but apparently widespread
misconception is that the hydrogen ion concentration cannot be determined by thermodynamic means,
despite the extensive work of Harned, Robinson and coworkers who showed otherwise.

A pathway is indicated to facilitate a smooth return to the original, thermodynamically sound definition
of Serensen in terms of the hydrogen ion concentration

We also describe a useful formalism based on the imaginary nature of single ionic activities.

© 2014 Elsevier Ltd. All rights reserved.
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L I

Obscurity in Electroanalytical Chemistry

IHN  [#
Takashi Kakiuchi

Received August 21, 2014

The criticism to the concept and use of single ion activity raised by de Levie (2010) has been
examined. The lack of falsifiability in the concept of single ion activity, which he claims, led
him to categorize the single ion activity as one of non-falsifiables, typified by the emperor’s new
clothes (2012). However, his criticism is overeager, because the single ion activity can be es-
timated with a reasonable certainty, whose degree varies with a nonthermodynamic assumption
employed, though. Electrochemistry is intrinsically nonthermodynamic, although in many of
electrochemistry textbooks its cell voltage is correlated with the Gibbs energy of a redox reac-
tion that would proceed in a homogeneous solution between the two redox couples, which are
employed in the electrochemical cell. Ironically, such oversimplified understanding or picture of
the nature of electrochemical cells partly justifies the criticism raised by de Levie. The obscurity
associated with nonthermodynamic nature of electrochemical cells translates to the obscure inter-
pretation of the Nernst equation in the form, £ = E° + (RT/F)In(aoy/arg), which has long been
applied to a working electrode in electroanalytical chemistry. By focusing on this obscurity, it is
possible not only to make our understanding of electroanalytical chemistry clearer but to design

an electrochemical cell for less obscure, more reliable estimation of single ion activities.

English translation: Rev. Polarogr., 61 (2015)105.



Electroanalytical obscurity:
an alternative view

Robert de Levie, Chemistry Department,
Bowdoin College, Brunswick ME 04011
email: rdelevie@bowdoin.edu

An alternate view 1s presented of some of the origins of what Prof.
Kakiuchi recently called “obscurity in electroanalytical chemistry™.

1. Introduction

In the same 1ssue of Reviews of Polarography in which Prof. Kenji Kano [1] announced the
award of the Heyrovsky Medal of the Electrochemical Society of Japan to Prof. Takashi Kakiuchi,
its recipient commented [2] on my recent review [3] of the historical development of pH, from the
groundbreaking publications of Friedenthal [4] and Serensen [5] to the present. My review had
been triggered by comments i the official IUPAC magazine by one of the twelve co-authors of
the latest [UPAC-recommended definition of pH [6], Prof. Camades [7], who wrote that the pH 1s

Rev. Polarogr., 63, 69-87 (2017)

Polemik is highly welcome for enlivening science
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An Alternative View' by Robert de Levie
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1 Introduction

First of all, “ Polemik ” is one of the things that have been almost extinct in recent scientific
publications. In that sense, the article, “Electroanalytical obscurity: an alternative view,” by Prof.
de Levie [1] which is written in response to my reflection, or essay or note, entitled “Obscurity in
Electroanalytical Chemistry ~ [2, 3]. is highly welcome. Unfortunately, however, his comments

in [1] miss the main points I raised in my reflection |2, 3].
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