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“The truth may be puzzling. It may be counterintuitive.

It may not be consonant with what we desperately want to be true.
But our preferences do not determine what's true.”

By Carl Sagan
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* The amount of chemical substances is traditionally measured
by mass or volume.

*x Since the introduction of relative atomic masses (also called
“atomic weights”) by John Dalton, chemists are able to express
their observations in a quantity that is proportional to the number
of elementary entities.
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On the revisiqn of the International
System of Units
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The Revision of the International System of Units
VS
Chemistry (IUPAC)
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(IUPAC Technical Report)”,
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The Revision of the International System of Units
VS

Chemistry (IUPAC)

The quantities m, (atomic mass constant), M, (molar mass constant), A,
(relative atomic mass or “atomic weight”), m_ (atomic mass), M (molar
mass), and N, (Avogadro constant) are particularly important in
chemistry, as chemists often determine amount of substance by weighing.
These quantities are related for one particular entity X as follows:

MX)=A XM, (1)

/Since the introduction of relative atomic\
M(X)=N,m_(X) (2) masses (“atomic weights”) by John Dalton,
chemists are able to express their

_ observations in a quantity that is
ma(x)_Ar(X)mu (3) proportional to the number of elementary

entities.
Combining eqs. (1)—(3) results in N\ /

Mu=NAmu (4)
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“Mole (mol) "D E F& (19714)

1. BILIX.0.012 XA S L 12T S L) DRF12OPICHFET DRERF
DEMEZLLY “elementary entities” 2L RDMEETH 5.

2. EILERSEE. “elementary entities” |[LIRF. B F. 1A, BF
ZDMDAF . FEINODRFDEESATHD,

EILEEETDHILET., MEEL elementary entities” DEDIZITHREHAERIND,
FDEOIBEHRELTTZRAROEHLHY. 1mol [CEFNIBREZOHETARAROE
WEGD, TRAROE#HEZERTESIEI N, ALV DS, HHAFHIZTEEN
%“elementary entities” X Mamount n (X ) [&. “elementary entities”@number N (X ) &
LTOBREFZRTHEIENS,

n(X)=N(X)/ N,

amount n (X ) QEALIE mol THY. number N (X ) (FERTETHA=8.
FHRAROEEI(E mol-! DELIZEED,
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Table 2: Change of the numerical value of the quantity which is presently known to be the Avogadro constant over time.

Name Year Numerical value Notes
|.C. Magnenus -1646 =2x 107 Diffusion of incense
Burnt in a church [20, 25]

Loschmidt -1865 5.8x 104 Mean free path in gases [23]
Rontgen, Rayleigh -1890 (6-7)x 10" [20)
Ostwald ~-1899 6.3x10"* [23)
Planck 1900 6.175x10% Black-body radiation [20]
Einstein, 1905/6 6.17x10% [20]
Smoluchowski 1908 6.0x10"

1911 6.56x109 [23)
Perrin 1909 6.5x10% [20, 21)
Rutherford 1909 6.16x10% Counting w-particles [23)
Millikan 1917 6.064x107 Faraday's law [23])
DuNouy -1924 6.003x10" [23)
Kappler 1931 6.059x10% [23)
Birge 1941 6.02338x 107 Crystal lattice/XRCD"® [23]
De Biévre 2001 6.0221339x10% [28)
Andreas et al. 2011 6.02214078(18)x 10" Crystal lattice/XRCD " [29]
CODATA 2014 6.022140857(74) « 107 Recommended [3)

CODATA 2017 6.02214076 x 1023
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FLLYMole (BJL) "D EZ
RICEFNIIEREZTDHZFEEZIELT DL TEILZTEZT Do

HEZ: EIL (mol) (IVWEEDELTHS, 1 BILIZIEFEIZ6.02214076%1023 D
BRAAFEZED, COMBEOEAE mol ' TRIEIN-ETHD (FZHRAKOR),

{

EILIZFOTSLDEZEIZFLLLY

LITDIEILTENS DD BIELED,

*12C DEILE=: BITOEETIXIEREIZ 0.012 kg/mol TH S,
x EJ)LEE: HITOEZETIEIEFRIZ 0.001 kg/mol TH S,
*0.012kg D2C DYE=E: HWITOEZETILIEREIZ 1 mol THS,




The Revision of the International System of Units

VS
Chemistry (IUPAC)

“Mole (EJL)”

Professor Peter W. Atkins, founding Chair of IUPAC
Committee on Chemistry Education, commented as
followed: “| have always been puzzled by the
widespread view that the mole is a difficult subject: it
has always seemed to me that many instructors tell
their students that it is a sophisticated concept, and the
students then wonder what all the fuss is about,
suspecting that they have misunderstood it or have not
appreciated its subtlety. The new definition cuts to the
core of the meaning of 1 mole, and is therefore to be e W
welcomed. Although there are subtleties in its Prof. Peter Atkins
determination, there can no longer be any excuse for Oxford
misunderstanding its definition.”
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C 12. 0107 (8) 126 12 .000 000 0(0) 98. 93(8)
13¢ 13.003 354 8378(10) 1. 07(8)
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1 IUPAC Periodic Table o ents

1

e
11,0078, 1.0082] 2 Key: 15 16

I:-s B4 atomic number é E Kl (8)

i e Symbol

lithium beryllium ynmm boron carbon nitrogen oxygen

o ... - o e
woseesen | ooz siandors st waght 110808, 10.821) | 12000, 120121 | 114008, 4,008 | 115,998, 16,0001 180

" 12 13 14 15 16 17 18

Na Mg Al Si P S Cl Ar

sodium magnesium aluminium silicon phosphorus sulfur chlorine argon

2o |essezeson| 3 4 5 6 7 8 9 10 1 12 o2 | poosesaoee)|  sosms | posa seo7e | ssaderssasn|  soses

19 20 21 Z_ 23 24 25 26 27 28. 29 30 31 32 33 34 35 36

K Ca Sc Ti \' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton

39.098 40.078(4) 44,956 47.867 50.94.

37 38 39 40 41

Rb Sr Y Zr Nk

rubidium strontium ytirium Zzirconium niobiu

gl vl ool lsionsl Ioeli 35. 453(2) 350 34. 968 852 68 (4) 75. 76(10)
c55 BSB 57-71 ﬁf {_3

S5 | B2 | T2 3¢ 36. 965 902 59(5) 24. 24(10)
13291 13733 17849(2) 1809

87 88 104

Fr Ra Rf

francium radium rutherfordium
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|sotopic Abundances and Standard Atomic Weights

mercury

196

Element has two or more stable isotopes. Atomic weight and isotopic abundances of
element vary in naturally occurring materials. The lower and upper bounds of atomic
weight have been assessed by IUPAC and are presented as the standard atomic weight

element name - C:

element symbol < C d

admium
106108

113'1G|/114

stable isotope mass
numbers (number of
protons + neutrons)

within square brackets, [ ]. atomic number |
11 (number of protons) 48 1o
. . . . isotopic abundances
198 204 D Element has two or more stable isotopes and the standard atomic weight is not a constant 11 - (mole fractions of 18
202 of nature. The lower and upper bounds of the standard atomic weight have not been standard atom}lﬁ 12.411(8) stable Isotopes) T
evaluated by IUPAC yet. welg ’
8 0 v v uncertainty in last digit He
2
201 D Element has one stable isotope and its standard atomic weight is a constant of nature.
i
% i ¢ 14 15 16 17
D Element has no stable isotopes. Thus, no standard atomic weight exists. 2202 002
carbon nitrogen oxygen fluorine neon
C .IN |0 e .|[Ne .r
199 '@ @ ’
2 1 1
200 112.0095; 120116) li14008 07 26)[115.999 03; 15,999 77| 18.998 4032(5) 207975
silicon phosphorus || sulfur 2k chlorine argon
200.59(2) S P P PR i e
i A| 14 e 15 16 17 18
22,98 24.3050(6) 3 4 5 6 7 8 9 10 11 12 26.9815386(8 126.084; 28.086]_f 30.0737622) [32.059; 32.076] 39.948(1)
po!asslum calcium . scandium titanium i iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
5 A 7 7
Ca _4/:|Sc Ti seo |V LICr Mn __«|Fe _«|Co __«|Ni. < ICu__ |Zn. o |Ga _ . |Ge.=. |As Se, =/ IBr —|Kr .=
20 21 22 “ 23 ‘ 2 25 26 27 28 Q 29 30 31 O 32 33 34 35 O 36
o a R 3 56 e & L e > 7 T * B0 7 8 M
40.078(4) 44.955912(6) 47.867(1) 50.9415(1) 51.9961(6) 56,933 195(5) 58.6934(4) 63.546(3) 65.38(2 69.723(1) 7263(1) 74.921602) 78.95(3) 79.904(1) 83.798(2)
strontium yttrium zirconium niobium rhodium palladium silver cadmium indium tin antimony lellunum o iodine xenon fid
105 12114
Rb . Sr Y g Zr o« [Nb Mo- -, Rh Wl JAG = |Cduslfin = ISn x2=ISh . [ Xe i
37 0 39 P # 42 46 7 48 49 50 51 53 54 vy
119
8 o 4 B S 105 n = S 131
“
85.4678(3) 87.62(1) 88.90585(2) 91.224(2) 92.906 38(2) 95.96(2) 102.905 50(2) 106.42(1) 107.9682(2) 124118) " N astog erto) " | azezson 127.60(3) 126,904 47(3) 131.203(6) '
caesium barium ”‘m 57.71 hafnium tantalum tungsten - rhenium osmium s iridium platinum gold mercury thallium lead bismuth polonium astatine radon
cesium; 135 1921 1% . A
cesiom) B3 |, f..JTa . «.JRe . OS'.. 7 «|Pt, Ui lAu o Hg w0 w [Pb = . |Bi Po At Rn
CS‘ 56 1 tanthanoids | 72 m@ 73 I 75 - 7 5 79 80 81 82 83 84 85 86
55 i 206
187 19 10 205 s
132.905 4519(2 13r.3217) 178.49(2) g 180.947 88(2) | 183.84(1) b 186.207(1) 190. 23[3) 192.217(3) 195. nm(g) 196.966 569(4) 200.59(2) 207.2(1) 208.980 40(1)
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= 154 i
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57 ‘ 58 59 60 * 66 67 . @ 69 ‘ 705, 7 0
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129 B, 1 15
138.905 47(7) 120.416(1) " f| 140.907 65(2) 144.242(3) 150. 35[2) g 151.964(1) 157.15(‘:45)i 158.925 35(2) 162.5001) ' f| 164.93032(2) 167.259(3) '®° 168.934 21(2) 173.054(5) 2 1749665(1)
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|sotopic Abundances and Standard Atomic Weights

mercury

Hg

80 201

196
198 204/ 202

oo O 0O

Element has two or more stable isotopes. Atomic weight and isotopic abundances of
element vary in naturally occurring materials. The lower and upper bounds of atomic
weight have been assessed by IUPAC and are presented as the standard atomic weight
within square brackets, [ ].

Element has two or more stable isotopes and the standard atomic weight is not a constant
of nature. The lower and upper bounds of the standard atomic weight have not been
evaluated by IUPAC yet.

Element has one stable isotope and its standard atomic weight is a constant of nature.

standard

atomic,
weight T

element name - cadmium

element symbol < C d

atomic number |
(number of protons)

106108
113“”/114

48 110

11

112.411(8)

—
uncertainty in last dig

stable isotope mass
numbers (number of
protons + neutrons)

isotopic abundances
r—(mole fractions of 18
stable isotopes)
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He
2

it

4

14 15 16 17
Element has no stable isotopes. Thus, no standard atomic weight exists. - - J00280212)
carbon nitrogen oxygen fluorine neon
C N O Ne .r
3 3 2 s 3 Ve " 10 2
2 u‘ 1
1 99 112.0096; 120116) Ji14.006 07 2 115.999 03; 15.999 771l 18.998 4032(5) 207975
silicon phosphorus || sulfur 2k chlorine argon
(alummum) i s, - o CI a Ar llj,.
200 Al 14 e 15 16 17 18
200.59(2 - d :
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0 15. 999 4(3)

160 15. 994 914 619 56(16) 99. 757 (16)
170 16. 999 131 70(12) 0. 038(1)

18p 17. 999 161 0(7) 0. 205(14)
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