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Introduction

In this document, symbols for substances are shown as subscripts, for example cB, wB, pB for substance B.

Generally, it is advisable to put symbols for substances and their states in parentheses on the same line 
as the main symbol, for example c(H2SO4).

In the following, the letter s is used to denote the solid state, the letter l the liquid state, and the letter g 
the gaseous state.

The symbol * used as a superscript means “pure”.

The plimsoll sign ⊝ is used to denote a standard in general.

EXAMPLE 1	 µB
∗ ( , )T p  for chemical potential of pure substance B concerning a mixture system including the 

substance B.

EXAMPLE 2	 C pm, 2(H O, g,298,15K) 33,58 J K mol = ⋅ ⋅− −1 1  for standard molar heat capacity at constant 

pressure.

In an expression such as

ϕB B
m,B

m,

=
∑

x
V

x V ii

where

ϕB is the volume fraction of a particular substance B in a mixture of substances A, B, C, …;

xi is the amount-of-substance fraction of i; and

V im, is the molar volume of the pure substance i, where all the molar volumes Vm,A , Vm,B ,Vm,C , ... 

are taken at the same temperature and pressure,

the summation on the right-hand side is that over all the substances A, B, C, ... of which a mixture is 
composed, so that ∑ =xi 1 . Throughout the document sums are running over the respective index.

Additional qualifying information on a quantity symbol may be added as a subscript or superscript (see 
e.g. item 9-21) or in parentheses after the symbol.
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Quantities and units —

Part 9: 
Physical chemistry and molecular physics

1	 Scope

This document gives names, symbols, definitions and units for quantities of physical chemistry and 
molecular physics. Where appropriate, conversion factors are also given.

2	 Normative references

There are no normative references in this document.

3	 Terms and definitions

Names, symbols, definitions and units for quantities used in physical chemistry and molecular physics 
are given in Table 1.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https:​//www​.iso​.org/obp

—	 IEC Electropedia: available at http:​//www​.electropedia​.org/

INTERNATIONAL STANDARD� ISO 80000-9:2019(E)

© ISO 2019 – All rights reserved� 1

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

Ta
bl

e 
1 

—
 Q

ua
nt

it
ie

s 
an

d 
un

it
s 

us
ed

 in
 p

hy
si

ca
l c

he
m

is
tr

y 
an

d 
m

ol
ec

ul
ar

 p
hy

si
cs

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
1

nu
m

be
r o

f e
nt

iti
es

N
X (

),
 

N
X

nu
m

be
r o

f e
le

m
en

ta
ry

 e
nt

iti
es

 o
f k

in
d 

X 
in

 a
 s

ys
te

m
1

Th
e 

el
em

en
ta

ry
 e

nt
iti

es
 m

us
t b

e 
sp

ec
ifi

ed
 

an
d 

ca
n 

be
 a

to
m

s, 
m

ol
ec

ul
es

, i
on

s, 
el

ec
-

tr
on

s, 
ot

he
r p

ar
tic

le
, o

r a
 sp

ec
ifi

ed
 g

ro
up

 
of

 su
ch

 p
ar

tic
le

s. 
It 

is
 im

po
rt

an
t t

o 
al

w
ay

s 
gi

ve
 a

 p
re

ci
se

 sp
ec

ifi
ca

tio
n 

of
 th

e 
en

tit
y 

in
vo

lv
ed

; t
hi

s s
ho

ul
d 

pr
ef

er
ab

ly
 b

e 
do

ne
 b

y 
th

e 
em

pi
ri

ca
l c

he
m

ic
al

 fo
rm

ul
a 

of
 th

e 
m

at
e-

ri
al

 in
vo

lv
ed

.
9-

2
am

ou
nt

 o
f s

ub
st

an
ce

DE
PR

EC
AT

ED
: n

um
-

be
r o

f m
ol

es

n
X (

)
qu

ot
ie

nt
 o

f n
um

be
r N

 o
f s

pe
ci

fie
d 

el
em

en
ta

ry
 

en
tit

ie
s o

f k
in

d 
X 

(it
em

 9
-1

) i
n 

a 
sa

m
pl

e,
 a

nd
 th

e 
Av

og
ad

ro
 c

on
st

an
t 

N
A

 (I
SO

 8
00

00
-1

):

    
n

N
N

X
X

A
(

)=
(

)/

m
ol

Am
ou

nt
 o

f s
ub

st
an

ce
 is

 o
ne

 o
f t

he
 se

ve
n 

ba
se

 q
ua

nt
iti

es
 in

 th
e 

In
te

rn
at

io
na

l S
ys

te
m

 
of

 Q
ua

nt
iti

es
, I

SQ
 (s

ee
 IS

O 
80

00
0-

1)
.

El
em

en
ta

ry
 e

nt
iti

es
, s

uc
h 

as
 m

ol
ec

ul
es

, 
at

om
s, 

io
ns

, e
le

ct
ro

ns
, h

ol
es

 a
nd

 o
th

er
 

qu
as

i-p
ar

tic
le

s, 
do

ub
le

 b
on

ds
 c

an
 b

e 
us

ed
. 

It 
is

 n
ec

es
sa

ry
 to

 sp
ec

ify
 p

re
ci

se
ly

 th
e 

en
tit

y 
in

vo
lv

ed
, e

.g
. a

to
m

s o
f h

yd
ro

ge
n 

H
 

vs
. m

ol
ec

ul
es

 o
f h

yd
ro

ge
n 

H
2, 

pr
ef

er
ab

ly
 b

y 
gi

vi
ng

 th
e 

m
ol

ec
ul

ar
 c

he
m

ic
al

 fo
rm

ul
a 

of
 

th
e 

m
at

er
ia

l i
nv

ol
ve

d.
In

 th
e 

na
m

e 
“a

m
ou

nt
 o

f s
ub

st
an

ce
”, 

th
e 

w
or

ds
 “o

f s
ub

st
an

ce
” c

ou
ld

 b
e 

re
pl

ac
ed

 b
y 

w
or

ds
 sp

ec
ify

in
g 

th
e 

su
bs

ta
nc

e 
co

nc
er

ne
d,

 
e.

g.
 “a

m
ou

nt
 o

f h
yd

ro
ge

n 
ch

lo
ri

de
, H

Cl
”, 

or
 

“a
m

ou
nt

 o
f b

en
ze

ne
, C

6H
6”

.
Th

e 
na

m
e 

“n
um

be
r o

f m
ol

es
” i

s o
ft

en
 u

se
d 

fo
r “

am
ou

nt
 o

f s
ub

st
an

ce
”, 

bu
t t

hi
s i

s d
ep

re
-

ca
te

d 
be

ca
us

e 
th

e 
na

m
e 

of
 a

 q
ua

nt
it

y 
sh

ou
ld

 
be

 d
is

ti
ng

ui
sh

ed
 fr

om
 th

e 
na

m
e 

of
 th

e 
un

it.

2� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
3

re
la

tiv
e 

at
om

ic
 m

as
s

A r
X (

)
qu

ot
ie

nt
 o

f t
he

 a
ve

ra
ge

 m
as

s (
IS

O 
80

00
0-

4)
 o

f a
to

m
 

X 
an

d 
th

e 
un

ifi
ed

 a
to

m
ic

 m
as

s (
IS

O 
80

00
0-

10
)

1
A 

si
m

ila
r q

ua
nt

it
y 

“r
el

at
iv

e 
m

ol
ec

ul
ar

 
m

as
s”

 c
an

 b
e 

de
fin

ed
 fo

r m
ol

ec
ul

es
.

EX
AM

PL
E 

A r
C
l

3
5
,4
5
3
,

(
)≈

 

A r
C
O

4
4
.

2
(

)≈
Th

e 
re

la
tiv

e 
at

om
ic

 o
r r

el
at

iv
e 

m
ol

ec
ul

ar
 

m
as

s d
ep

en
ds

 o
n 

th
e 

nu
cl

id
ic

 c
om

po
si

tio
n.

Th
e 

In
te

rn
at

io
na

l U
ni

on
 o

f P
ur

e 
an

d 
Ap

pl
ie

d 
Ch

em
is

tr
y 

(I
UP

AC
) a

cc
ep

ts
 th

e 
us

e 
of

 th
e 

sp
ec

ia
l n

am
es

 “a
to

m
ic

 w
ei

gh
t”

 a
nd

 “m
o-

le
cu

la
r w

ei
gh

t”
 fo

r t
he

 q
ua

nt
iti

es
 “r

el
at

iv
e 

at
om

ic
 m

as
s”

 a
nd

 “r
el

at
iv

e 
m

ol
ec

ul
ar

 m
as

s”
, 

re
sp

ec
tiv

el
y.

 T
he

 u
se

 o
f t

he
se

 tr
ad

iti
on

al
 

na
m

es
 is

 d
ep

re
ca

te
d.

9-
4

m
ol

ar
 m

as
s

M
X (

)
fo

r a
 p

ur
e 

su
bs

ta
nc

e 
X,

 q
uo

tie
nt

 o
f m

as
s m

(X
) 

(I
SO

 8
00

00
-4

) a
nd

 a
m

ou
nt

 n
 o

f s
ub

st
an

ce
 (i

te
m

 
9-

2)
:

    
M

m
n

=
/

g/
m

ol
kg

 m
ol

−1

 

9-
5

m
ol

ar
 v

ol
um

e
V m

fo
r a

 p
ur

e 
su

bs
ta

nc
e,

 q
uo

tie
nt

 o
f i

ts
 v

ol
um

e 
V 

(I
SO

 8
00

00
−3

) a
nd

 a
m

ou
nt

 n
 o

f s
ub

st
an

ce
 (i

te
m

 
9-

2)
:

    
V

V
n

m
=
/

m
3  m

ol
−1

 

9-
6.

1
m

ol
ar

 in
te

rn
al

 
en

er
gy

U m
qu

ot
ie

nt
 o

f i
nt

er
na

l e
ne

rg
y 

U 
(I

SO
 8

00
00

-5
) a

nd
 

am
ou

nt
 n

 o
f s

ub
st

an
ce

 (i
te

m
 9

-2
):

    
U

U
n

m
=
/

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

M
ol

ar
 q

ua
nt

iti
es

 a
re

 n
or

m
al

ly
 o

nl
y 

us
ed

 w
ith

 
re

fe
re

nc
e 

to
 p

ur
e 

su
bs

ta
nc

es
.

9-
6.

2
m

ol
ar

 e
nt

ha
lp

y
H m

qu
ot

ie
nt

 o
f e

nt
ha

lp
y 

H
 (I

SO
 8

00
00

-5
) a

nd
 a

m
ou

nt
 

n 
of

 su
bs

ta
nc

e 
(it

em
 9

-2
): 

    
H

H
n

m
=

/

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

M
ol

ar
 q

ua
nt

iti
es

 a
re

 n
or

m
al

ly
 o

nl
y 

us
ed

 w
ith

 
re

fe
re

nc
e 

to
 p

ur
e 

su
bs

ta
nc

es
.

Ta
bl

e 
1 

(c
on

tin
ue

d)

© ISO 2019 – All rights reserved� 3

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
6.

3
m

ol
ar

 H
el

m
ho

ltz
 

en
er

gy
F m

qu
ot

ie
nt

 o
f t

he
 H

el
m

ho
ltz

 e
ne

rg
y 

F 
(I

SO
 8

00
00

-5
) 

an
d 

am
ou

nt
 n

 o
f s

ub
st

an
ce

 (i
te

m
 9

-2
): 

    
F

F
n

m
=
/

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

M
ol

ar
 q

ua
nt

iti
es

 a
re

 n
or

m
al

ly
 o

nl
y 

us
ed

 w
ith

 
re

fe
re

nc
e 

to
 p

ur
e 

su
bs

ta
nc

es
.

9-
6.

4
m

ol
ar

 G
ib

bs
 e

ne
rg

y
G m

qu
ot

ie
nt

 o
f t

he
 G

ib
bs

 e
ne

rg
y 

G 
(I

SO
 8

00
00

-5
) a

nd
 

am
ou

nt
 n

 o
f s

ub
st

an
ce

 (i
te

m
 9

-2
):

    
G

G
n

m
=
/

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

M
ol

ar
 q

ua
nt

iti
es

 a
re

 n
or

m
al

ly
 o

nl
y 

us
ed

 w
ith

 
re

fe
re

nc
e 

to
 p

ur
e 

su
bs

ta
nc

es
.

9-
7

m
ol

ar
 h

ea
t c

ap
ac

it
y

C m
qu

ot
ie

nt
 o

f h
ea

t c
ap

ac
it

y 
C 

(I
SO

 8
00

00
-5

) a
nd

 
am

ou
nt

 o
f s

ub
st

an
ce

 n
 (i

te
m

 9
-2

):

    
C

C
n

m
=
/

J/
(m

ol
 K

)
kg

 m
2  s

−2
 K

−1
 m

ol
−1

Co
nd

iti
on

s (
co

ns
ta

nt
 p

re
ss

ur
e o

r v
ol

um
e e

tc
.) 

m
us

t b
e 

sp
ec

ifi
ed

.

9-
8

m
ol

ar
 e

nt
ro

py
S m

qu
ot

ie
nt

 o
f e

nt
ro

py
 S

 (I
SO

 8
00

00
-5

) a
nd

 a
m

ou
nt

 n
 

of
 su

bs
ta

nc
e 

(it
em

 9
-2

):

    
S

S
n

m
=
/

J/
(m

ol
 K

)
kg

 m
2  s

−2
 K

−1
 m

ol
−1

Co
nd

iti
on

s (
co

ns
ta

nt
 p

re
ss

ur
e o

r v
ol

um
e e

tc
.) 

m
us

t b
e 

sp
ec

ifi
ed

.

9-
9.

1
pa

rt
ic

le
 

co
nc

en
tr

at
io

n
n,

 (C
)

qu
ot

ie
nt

 o
f n

um
be

r N
 o

f p
ar

tic
le

s (
ite

m
 9

-1
) a

nd
 

vo
lu

m
e 

V 
(I

SO
 8

00
00

−3
):

    
n
N
V

=
/

m
–3

Th
e 

te
rm

 “n
um

be
r d

en
si

ty
” i

s a
ls

o 
us

ed
.

9-
9.

2
m

ol
ec

ul
ar

 c
on

ce
n-

tr
at

io
n

C(
X)

, C
X

fo
r s

ub
st

an
ce

 X
 in

 a
 m

ix
tu

re
, q

uo
tie

nt
 o

f n
um

-
be

r N
X o

f m
ol

ec
ul

es
 o

f s
ub

st
an

ce
 X

 a
nd

 v
ol

um
e 

V 
(I

SO
 8

00
00

−3
) o

f t
he

 m
ix

tu
re

:

    
C

N
V

X
X

=
/

m
–3

  

9-
10

m
as

s c
on

ce
nt

ra
tio

n
γ X

, (
ρ X

)
fo

r s
ub

st
an

ce
 X

 in
 a

 m
ix

tu
re

, q
uo

tie
nt

 o
f m

as
s 

m
X (

IS
O 

80
00

0-
4)

 o
f s

ub
st

an
ce

 X
 a

nd
 v

ol
um

e 
V 

(I
SO

 8
00

00
−3

) o
f t

he
 m

ix
tu

re
: 

    
γ X

X
=m

V
/

g/
l

kg
 m

−3

De
ci

de
d 

by
 th

e 1
6th

 C
GP

M
 (1

97
9)

, b
ot

h 
“l

” a
nd

 
“L

” a
re

 a
llo

w
ed

 fo
r t

he
 s

ym
bo

ls
 fo

r t
he

 li
tr

e.

9-
11

m
as

s f
ra

ct
io

n
w

X
fo

r s
ub

st
an

ce
 X

 in
 a

 m
ix

tu
re

, q
uo

tie
nt

 o
f m

as
s m

X 
(I

SO
 8

00
00

-4
) o

f s
ub

st
an

ce
 X

 a
nd

 to
ta

l m
as

s m
 o

f 
th

e 
m

ix
tu

re
:

    
w

m
m

X
X

=
/

1
 

Ta
bl

e 
1 

(c
on

tin
ue

d)

4� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
12

.1
am

ou
nt

-o
f-s

ub
st

an
ce

 
co

nc
en

tr
at

io
n

c X
fo

r s
ub

st
an

ce
 X

 in
 a

 m
ix

tu
re

, q
uo

tie
nt

 o
f a

m
ou

nt
 

n X o
f s

ub
st

an
ce

 (i
te

m
 9

-2
) o

f X
 a

nd
 v

ol
um

e 
V 

(I
SO

 8
00

00
−3

) o
f t

he
 m

ix
tu

re
:

    
c

n
V

X
X

=
/

m
ol

/l
m

ol
 m

–3

In
 ch

em
is

tr
y, 

th
e n

am
e “

am
ou

nt
-o

f-s
ub

st
an

ce
 

co
nc

en
tr

at
io

n”
 is

 ge
ne

ra
lly

 ab
br

ev
ia

te
d 

to
 th

e 
si

ng
le

 w
or

d 
“c

on
ce

nt
ra

tio
n”

, it
 b

ei
ng

 a
ss

um
ed

 
th

at
 t

he
 a

dj
ec

ti
ve

 “a
m

ou
nt

-o
f-s

ub
st

an
ce

” 
is

 
in

te
nd

ed
. F

or
 th

is
 re

as
on

, h
ow

ev
er

, t
he

 w
or

d 
“m

as
s”

 sh
ou

ld
 n

ev
er

 b
e o

m
itt

ed
 fr

om
 th

e n
am

e 
“m

as
s c

on
ce

nt
ra

tio
n”

 in
 it

em
 9

-1
0.

De
ci

de
d 

by
 th

e 1
6th

 C
GP

M
 (1

97
9)

, b
ot

h 
“l

” a
nd

 
“L

” a
re

 a
llo

w
ed

 fo
r t

he
 s

ym
bo

ls
 fo

r t
he

 li
tr

e.
9-

12
.2

st
an

da
rd

 a
m

ou
nt

-o
f-

su
bs

ta
nc

e 
co

nc
en

tr
at

io
n

c
X (

)
fo

r s
ub

st
an

ce
 X

, o
ne

 m
ol

e 
pe

r l
itr

e
m

ol
/l

m
ol

 m
−3

 D
ec

id
ed

 b
y t

he
 1

6th
 C

GP
M

 (1
97

9)
, b

ot
h 

“l
” a

nd
 

“L
” a

re
 a

llo
w

ed
 fo

r t
he

 s
ym

bo
ls

 fo
r t

he
 li

tr
e.

9-
13

am
ou

nt
-o

f-s
ub

st
an

ce
 

fr
ac

tio
n

m
ol

e 
fr

ac
tio

n

x X, 
y X

fo
r s

ub
st

an
ce

 X
 in

 a
 m

ix
tu

re
, q

uo
tie

nt
 o

f a
m

ou
nt

 o
f 

su
bs

ta
nc

e 
n X (

ite
m

 9
-2

) o
f X

 a
nd

 to
ta

l a
m

ou
nt

 n
 o

f 
su

bs
ta

nc
e 

(it
em

 9
-2

) i
n 

th
e 

m
ix

tu
re

:

    
x

n
n

X
X

=
/

1
Fo

r c
on

de
ns

ed
 p

ha
se

s, 
x X i

s u
se

d,
 a

nd
 fo

r 
ga

se
ou

s m
ix

tu
re

s y
X m

ay
 b

e 
us

ed
.

Th
e 

un
sy

st
em

at
ic

 n
am

e 
“m

ol
e 

fr
ac

tio
n”

 is
 

st
ill

 u
se

d.
 H

ow
ev

er
, t

he
 u

se
 o

f t
hi

s n
am

e 
is

 
de

pr
ec

at
ed

.
Fo

r t
hi

s q
ua

nt
it

y, 
th

e 
en

tit
y 

us
ed

 to
 d

ef
in

e 
th

e 
am

ou
nt

 o
f s

ub
st

an
ce

 sh
ou

ld
 a

lw
ay

s b
e 

a 
si

ng
le

 m
ol

ec
ul

e 
fo

r e
ve

ry
 sp

ec
ie

s i
n 

th
e 

m
ix

tu
re

.
9-

14
vo

lu
m

e 
fr

ac
tio

n
ϕ X

fo
r s

ub
st

an
ce

 X
, q

uo
tie

nt
 o

f p
ro

du
ct

 o
f a

m
ou

nt
 o

f 
su

bs
ta

nc
e 

fr
ac

tio
n 

x X (
ite

m
 9

-1
3)

 o
f X

 a
nd

 m
ol

ar
 

vo
lu

m
e 

V m
,X

 (i
te

m
 9

-5
) o

f t
he

 p
ur

e 
su

bs
ta

nc
e 

X 
at

 
th

e 
sa

m
e 

te
m

pe
ra

tu
re

 (I
SO

 8
00

00
-5

) a
nd

 p
re

s-
su

re
(I

SO
 8

00
00

-4
), 

an
d 

su
m

 o
ve

r a
ll 

su
bs

ta
nc

es
 

i o
f p

ro
du

ct
s o

f a
m

ou
nt

-o
f-s

ub
st

an
ce

 fr
ac

tio
ns

 x
i 

(it
em

 9
-1

3)
 o

f s
ub

st
an

ce
 i 

an
d 

th
ei

r m
ol

ar
 v

ol
um

es
 

V m
,i (

ite
m

 9
-5

):

    
ϕ X

X
m
X m
,

=
∑x

V x
V

i
i

i

,

m
l/

l
1

Ge
ne

ra
lly

, t
he

 vo
lu

m
e f

ra
ct

io
n 

is
 te

m
pe

ra
tu

re
 

de
pe

nd
en

t.
De

ci
de

d 
by

 th
e 1

6th
 C

GP
M

 (1
97

9)
, b

ot
h 

“l
” a

nd
 

“L
” a

re
 a

llo
w

ed
 fo

r t
he

 s
ym

bo
ls

 fo
r t

he
 li

tr
e.

Ta
bl

e 
1 

(c
on

tin
ue

d)

© ISO 2019 – All rights reserved� 5

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
15

m
ol

al
it

y
b B,

 m
B

qu
ot

ie
nt

 o
f a

m
ou

nt
 o

f s
ub

st
an

ce
 (i

te
m

 9
-2

) o
f s

ol
ut

e B
 

an
d 

m
as

s m
A (

IS
O 

80
00

0-
4)

 o
f t

he
 so

lv
en

t s
ub

st
an

ce
 A

 
b B 

= 
n B/

m
A

m
ol

/k
g

Th
e 

al
te

rn
at

iv
e 

sy
m

bo
l m

B 
sh

ou
ld

 b
e 

av
oi

d-
ed

 in
 si

tu
at

io
ns

 w
he

re
 it

 m
ig

ht
 b

e 
m

is
ta

ke
n 

fo
r t

he
 m

as
s o

f s
ub

st
an

ce
 B

. H
ow

ev
er

, t
he

 
sy

m
bo

l m
B 

is
 m

uc
h 

m
or

e 
co

m
m

on
ly

 u
se

d 
th

an
 th

e 
sy

m
bo

l b
B 

fo
r m

ol
al

it
y, 

de
sp

ite
 th

e 
po

ss
ib

le
 c

on
fu

si
on

 w
ith

 m
as

s.
9-

16
la

te
nt

 h
ea

t o
f p

ha
se

 
tr

an
si

tio
n,

en
th

al
py

 o
f p

ha
se

 
tr

an
si

tio
n

C pt
en

er
gy

 (I
SO

 8
00

00
-5

) n
ec

es
sa

ry
 to

 b
e a

dd
ed

 o
r s

ub
-

tr
ac

te
d 

is
ot

he
rm

al
ly

 a
nd

 is
ob

ar
ic

al
ly

 to
 a

 sy
st

em
 to

 
co

m
pl

et
el

y 
un

de
rg

o 
th

e 
ph

as
e 

tr
an

si
tio

n

J
kg

 m
2  s

−2

M
os

tly
, m

ol
ar

 o
r s

pe
ci

fic
 q

ua
nt

it
y 

is
 u

se
d 

an
d 

ph
as

e 
tr

an
si

tio
n 

is
 e

xp
re

ss
ed

 e
xp

lic
itl

y, 
e.

g.
 

m
ol

ar
 la

te
nt

 h
ea

t o
f e

va
po

ra
tio

n.
Th

e s
ub

sc
ri

pt
 “p

t”
 is

 th
e q

ua
lif

ie
r f

or
 th

e p
ha

se
 

tr
an

si
tio

n,
 w

hi
ch

 m
ay

 b
e c

ha
ng

ed
 to

 e
.g

. “
l-g

”.
Th

e 
te

rm
 “

en
th

al
py

 o
f p

ha
se

 t
ra

ns
it

io
n”

 is
 

m
ai

nl
y 

us
ed

 in
 th

eo
ry

.
9-

17
ch

em
ic

al
 p

ot
en

tia
l 

<c
he

m
is

tr
y>

µ X
pa

rt
ia

l d
er

iv
at

iv
e 

of
 th

e 
Gi

bb
s e

ne
rg

y 
(I

SO
 8

00
00

-
5)

 w
ith

 re
sp

ec
t t

o 
am

ou
nt

 n
X o

f s
ub

st
an

ce
 X

 (i
te

m
 

9-
2)

 a
t c

on
st

an
t t

em
pe

ra
tu

re
 T

 (I
SO

 8
00

00
-5

) a
nd

 
pr

es
su

re
 p

 (I
SO

 8
00

00
-4

):

    
µ X

X
=

∂
∂

(
)

G
n

T
p

/
,

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

Fo
r a

 p
ur

e 
su

bs
ta

nc
e,

 w
he

re
 G

m
 is

 th
e 

m
ol

ar
 

Gi
bb

s e
ne

rg
y.

 In
 a

 m
ix

tu
re

, μ
B 

is
 th

e 
pa

rt
ia

l 
m

ol
ar

 G
ib

bs
 e

ne
rg

y.
In

 c
on

de
ns

ed
 m

at
te

r p
hy

si
cs

, t
he

 c
he

m
ic

al
 

po
te

nt
ia

l o
f e

le
ct

ro
ns

 is
 e

ne
rg

y.

9-
18

ab
so

lu
te

 a
ct

iv
it

y
λ X

fo
r s

ub
st

an
ce

 X
, e

xp
on

en
tia

l o
f q

uo
tie

nt
 o

f 
ch

em
ic

al
 p

ot
en

tia
l 

µ X
 o

f s
ub

st
an

ce
 B

 (i
te

m
 9

-1
7)

, 

an
d 

pr
od

uc
t o

f m
ol

ar
 g

as
 c

on
st

an
t R

 (i
te

m
 9

-3
7.1

) 
an

d 
th

er
m

od
yn

am
ic

 te
m

pe
ra

tu
re

 T
 (I

SO
 8

00
00

-5
):

    
λ

µ
X

X
=

 
 

e
x
p
RT

1
 

9-
19

pa
rt

ia
l p

re
ss

ur
e

p X
fo

r s
ub

st
an

ce
 X

 in
 a

 g
as

eo
us

 m
ix

tu
re

, p
ro

du
ct

 o
f 

am
ou

nt
-o

f-s
ub

st
an

ce
 fr

ac
tio

n 
y X o

f s
ub

st
an

ce
 X

 
(it

em
 9

-1
3)

 a
nd

 to
ta

l p
re

ss
ur

e 
p 

(I
SO

 8
00

00
-4

):

    
p

y
p

X
X

=

Pa
kg

 m
−1

 s−2

 

Ta
bl

e 
1 

(c
on

tin
ue

d)

6� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
20

fu
ga

ci
ty

 p X
fo

r s
ub

st
an

ce
 X

, q
ua

nt
it

y 
pr

op
or

tio
na

l t
o 

th
e 

ab
so

lu
te

 a
ct

iv
it

y, 
λ X

 (i
te

m
 9

-1
8)

, t
he

 p
ro

po
rt

io
na

l-

it
y 

fa
ct

or
, w

hi
ch

 is
 a

 fu
nc

tio
n 

of
 te

m
pe

ra
tu

re
 

(I
SO

 8
00

00
-5

) o
nl

y, 
be

in
g 

de
te

rm
in

ed
 b

y 
th

e 
co

nd
iti

on
 th

at
, a

t c
on

st
an

t t
em

pe
ra

tu
re

 a
nd

 
co

m
po

si
tio

n,
 p

p
X

X
/


 te
nd

s t
o 

1 
fo

r a
n 

in
de

fin
ite

ly
 

di
lu

te
 g

as

Pa
kg

 m
−1

 s−2
    
 p

p
p

X
X

X
X

=
(

)
⋅

→
λ

λ
li
m

/
0

w
he

re
 p

 is
 to

ta
l p

re
ss

ur
e 

(I
SO

 8
00

00
-4

).
Th

e 
IU

PA
C 

pr
ef

er
re

d 
sy

m
bo

l f
or

 fu
ga

ci
ty

 is
 f.

9-
21

st
an

da
rd

 c
he

m
ic

al
 

po
te

nt
ia

l
µ B

,

µ

fo
r s

ub
st

an
ce

 B
, v

al
ue

 o
f t

he
 ch

em
ic

al
 p

ot
en

tia
l (

ite
m

 
9-

17
) a

t s
pe

ci
fie

d 
st

an
da

rd
 c

on
di

tio
ns

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

    
µ

λ
B


=R
T
ln

w
he

re
 µ

B
 is

 a
 fu

nc
tio

n 
of

 te
m

pe
ra

tu
re

 T
 a

t 

th
e 

st
an

da
rd

 p
re

ss
ur

e 
p

p
=


.
Th

e 
st

an
da

rd
 ch

em
ic

al
 p

ot
en

tia
l d

ep
en

ds
 o

n 
th

e 
ch

oi
ce

 o
f s

ta
nd

ar
d 

st
at

e,
 w

hi
ch

 m
us

t b
e 

sp
ec

ifi
ed

.
In

 a 
liq

ui
d 

or
 so

lid
 so

lu
tio

n,
 th

e s
ta

nd
ar

d 
st

at
e 

is
 re

fe
re

nc
ed

 to
 th

e 
id

ea
l d

ilu
te

 b
eh

av
io

ur
 o

f 
th

e 
so

lu
te

 (s
ub

st
an

ce
 B

).
9-

22
ac

tiv
it

y 
fa

ct
or

f X
fo

r s
ub

st
an

ce
 X

 in
 a

 li
qu

id
 o

r a
 so

lid
 m

ix
tu

re
, 

qu
ot

ie
nt

 o
f a

bs
ol

ut
e 

ac
tiv

it
y 

λ X
 (i

te
m

 9
-1

8)
 o

f 

su
bs

ta
nc

e 
X 

an
d 

th
e 

pr
od

uc
t o

f a
bs

ol
ut

e 
ac

tiv
it

y 
λ X*

 o
f t

he
 p

ur
e 

su
bs

ta
nc

e 
X 

at
 th

e 
sa

m
e 

te
m

pe
ra

-

tu
re

 (I
SO

 8
00

00
-5

) a
nd

 p
re

ss
ur

e 
(I

SO
 8

00
00

-4
) 

an
d 

am
ou

nt
-o

f-s
ub

st
an

ce
 fr

ac
tio

n 
x X

 o
f s

ub
st

an
ce

 

X 
(it

em
 9

-1
3)

:

    
f

x
X

X
X

X
=λ

λ
/
(

)
*

1
Th

e s
ys

te
m

at
ic

 n
am

e i
s “

ac
tiv

ity
 fa

ct
or

”, b
ut

 th
e 

na
m

e 
“a

ct
iv

it
y 

co
ef

fic
ie

nt
” i

s a
ls

o 
co

m
m

on
ly

 
us

ed
 (s

ee
 it

em
 9

-2
5)

.
Ac

tiv
ity

 fa
ct

or
s c

an
 a

ls
o 

be
 o

bt
ai

ne
d 

ap
pl

yi
ng

 
Ra

ou
lt’

s l
aw

 o
r H

en
ry

’s 
la

w
.

Ta
bl

e 
1 

(c
on

tin
ue

d)

© ISO 2019 – All rights reserved� 7

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
23

st
an

da
rd

 a
bs

ol
ut

e 
ac

tiv
it

y 
<i

n 
a 

m
ix

tu
re

>
λ X

fo
r s

ub
st

an
ce

 X
 in

 a
 li

qu
id

 o
r a

 so
lid

 m
ix

tu
re

, 
ab

so
lu

te
 a

ct
iv

it
y 

λ X*
 (i

te
m

 9
-1

8)
 o

f t
he

 p
ur

e 

su
bs

ta
nc

e 
X 

at
 th

e 
sa

m
e 

te
m

pe
ra

tu
re

 (I
SO

 8
00

00
-

5)
 b

ut
 a

t s
ta

nd
ar

d 
pr

es
su

re
 (I

SO
 8

00
00

-4
) 1

05  P
a:

    
λ

λ
X

X



=

(
)

*
p

1
Th

is
 q

ua
nt

ity
 is

 a 
fu

nc
tio

n 
of

 te
m

pe
ra

tu
re

 on
ly

.

9-
24

ac
tiv

it
y 

of
 so

lu
te

, 
re

la
tiv

e 
ac

tiv
it

y 
of

 so
lu

te

a X
,

a m
,X

fo
r a

 so
lu

te
 X

 in
 a

 so
lu

tio
n,

 q
ua

nt
it

y 
pr

op
or

tio
na

l t
o 

th
e 

ab
so

lu
te

 a
ct

iv
it

y, 
λ X

 (i
te

m
 9

-1
8)

, t
he

 p
ro

po
r-

tio
na

lit
y 

fa
ct

or
, w

hi
ch

 is
 a

 fu
nc

tio
n 

of
 te

m
pe

ra
tu

re
 

(I
SO

 8
00

00
-5

) a
nd

 p
re

ss
ur

e 
(I

SO
 8

00
00

-4
) o

nl
y, 

be
in

g 
de

te
rm

in
ed

 b
y 

th
e 

co
nd

iti
on

 th
at

, a
t 

co
ns

ta
nt

 te
m

pe
ra

tu
re

 a
nd

 p
re

ss
ur

e,
 a

X d
iv

id
ed

 b
y 

th
e 

m
ol

al
it

y 
(it

em
 9

-1
5)

 ra
tio

, b
b

X
/

,


 te
nd

s t
o 

1 
at

 

in
fin

ite
 d

ilu
tio

n;
 b

X i
s t

he
 m

ol
al

it
y 

of
 so

lu
te

 X
 (i

te
m

 
9-

15
), 

an
d 

b
 is

 s
ta

nd
ar

d 
m

ol
al

it
y:

    
a

b
b

b
X

X
X

X
X

=
⋅ ∑

→
λ

λ
li
m

/

0



1
Th

e 
qu

an
tit

y 
a c
,X

, s
im

ila
rl

y 
de

fin
ed

 in
 

te
rm

s o
f t

he
 c

on
ce

nt
ra

tio
n 

ra
tio

 c
c

X
/


, i
s 

al
so

 c
al

le
d 

th
e 

ac
tiv

it
y 

or
 re

la
tiv

e 
ac

tiv
it

y 
of

 
so

lu
te

 X
; c


 is
 a

 s
ta

nd
ar

d 
am

ou
nt

-o
f-s

ub
-

st
an

ce
 c

on
ce

nt
ra

tio
n 

(it
em

 9
-1

2.
2)

:

    
a

c
c

c
c,
X

X
X

X
X

=
⋅ ∑

→
λ

λ
li
m

/

0



w
he

re
 ∑

 d
en

ot
es

 su
m

m
at

io
n 

ov
er

 a
ll 

th
e 

so
lu

te
 su

bs
ta

nc
es

. T
hi

s e
sp

ec
ia

lly
 a

pp
lie

s t
o 

a 
di

lu
te

 li
qu

id
 so

lu
tio

n.
9-

25
ac

tiv
it

y 
co

ef
fic

ie
nt

γ B
fo

r a
 so

lu
te

 B
 in

 a
 so

lu
tio

n,
 q

uo
tie

nt
 o

f a
ct

iv
it

y 
a B 

of
 

so
lu

te
 B

 (i
te

m
 9

-2
4)

, a
nd

 q
uo

tie
nt

 o
f t

he
 m

ol
al

it
y 

(it
em

 9
-1

5)
 b

B 
of

 su
bs

ta
nc

e 
B 

an
d 

st
an

da
rd

 
m

ol
al

it
y 

b
:

    
γ B

B

B

=
a

b
b
/


1
Th

e 
na

m
e 

“a
ct

iv
it

y 
co

ef
fic

ie
nt

 o
f s

ol
ut

e 
B”

 is
 

al
so

 u
se

d 
fo

r t
he

 q
ua

nt
it

y 
γ B

 d
ef

in
ed

 a
s:

    
γ B

B

B

=
a c
c

c, /


Se
e 

ite
m

 9
-2

2.

Ta
bl

e 
1 

(c
on

tin
ue

d)

8� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
26

st
an

da
rd

 a
bs

ol
ut

e 
ac

tiv
it

y 
<i

n 
a 

so
lu

tio
n>

λ B
fo

r a
 so

lu
te

 B
 in

 a
 so

lu
tio

n:

    
λ

λ
B

B
B

B





=

(
)

  

  
∑

→
li
m b

p
b

b
0

w
he

re
 ∑

 d
en

ot
es

 s
um

m
at

io
n 

ov
er

 a
ll 

so
lu

te
s,

 p


 

is
 a

 st
an

da
rd

 p
re

ss
ur

e 
(I

SO
 8

00
00

-4
), 

b
 is

 st
an

d-
ar

d 
m

ol
al

it
y,

 a
nd

 b
B 

is
 th

e 
m

ol
al

it
y 

of
 s

ub
st

an
ce

 B
 

(i
te

m
 9

-1
5)

1
Th

is
 q

ua
nt

ity
 is

 a 
fu

nc
tio

n 
of

 te
m

pe
ra

tu
re

 on
ly

. 
It 

es
pe

ci
al

ly
 ap

pl
ie

s t
o 

a d
ilu

te
 li

qu
id

 so
lu

tio
n.

 
Th

e 
st

an
da

rd
 p

re
ss

ur
e 

is
 1

05  P
a.

9-
27

.1
ac

tiv
it

y 
of

 so
lv

en
t,

re
la

tiv
e 

ac
tiv

it
y 

of
 so

lv
en

t

a A
fo

r t
he

 so
lv

en
t A

 in
 a

 so
lu

tio
n,

 q
uo

tie
nt

 o
f t

he
 

ab
so

lu
te

 a
ct

iv
it

y 
of

 su
bs

ta
nc

e 
A,

 λ
A 

(it
em

 9
-1

8)
, 

an
d 

th
at

, λ
A*

, o
f t

he
 p

ur
e 

so
lv

en
t a

t t
he

 sa
m

e 

te
m

pe
ra

tu
re

 (I
SO

 8
00

00
-5

) a
nd

 p
re

ss
ur

e 
(I

SO
 8

00
00

-4
):

    
a A

A
A*

=λ
λ
/

1
 

9-
27

.2
os

m
ot

ic
 fa

ct
or

 
of

 so
lv

en
t,

os
m

ot
ic

 c
oe

ff
ic

ie
nt

 
of

 so
lv

en
t A

φ
qu

an
tit

y 
gi

ve
n 

by
:

    
ϕ

=−
∑

−
(

)
ln

M
b

a
A

B
A

1

w
he

re
 M

A 
is

 th
e 

m
ol

ar
 m

as
s (

ite
m

 9
-4

) o
f t

he
 so

l-
ve

nt
 A

, ∑
 d

en
ot

es
 su

m
m

at
io

n 
ov

er
 a

ll 
th

e 
so

lu
te

s, 
b B 

is
 th

e 
m

ol
al

it
y 

of
 so

lu
te

 B
 (i

te
m

 9
-1

5)
, a

nd
 a

A 
is

 
th

e 
ac

tiv
it

y 
of

 so
lv

en
t A

 (i
te

m
 9

-2
7.1

)

Th
e 

na
m

e 
“o

sm
ot

ic
 c

oe
ff

ic
ie

nt
” 

is
 g

en
er

al
ly

 
us

ed
, a

lth
ou

gh
 th

e 
na

m
e 

“o
sm

ot
ic

 fa
ct

or
” 

is
 

m
or

e 
sy

st
em

at
ic

.
Th

is
 c

on
ce

pt
 e

sp
ec

ia
lly

 a
pp

lie
s 

to
 a

 d
ilu

te
 

liq
ui

d 
so

lu
tio

n.

9-
27

.3
st

an
da

rd
 a

bs
ol

ut
e 

ac
tiv

it
y 

of
 so

lv
en

t 
<i

n 
a 

di
lu

te
 so

lu
tio

n>
λ A

fo
r s

ol
ve

nt
 A

, s
ta

nd
ar

d 
ab

so
lu

te
 a

ct
iv

it
y 

(it
em

 
9-

23
) o

f t
he

 p
ur

e 
su

bs
ta

nc
e 

A 
at

 th
e 

sa
m

e 
te

m
pe

ra
-

tu
re

 (I
SO

 8
00

00
-5

) a
nd

 a
t a

 s
ta

nd
ar

d 
pr

es
su

re
 p


 
(I

SO
 8

00
00

-4
):

    
λ

λ
A

A



=

*
p

9-
28

os
m

ot
ic

 p
re

ss
ur

e
Π

ex
ce

ss
 p

re
ss

ur
e (

IS
O 

80
00

0-
4)

 re
qu

ir
ed

 to
 m

ai
nt

ai
n 

os
m

ot
ic

 eq
ui

lib
ri

um
 b

et
w

ee
n 

a s
ol

ut
io

n 
an

d 
th

e p
ur

e 
so

lv
en

t s
ep

ar
at

ed
 b

y 
a 

m
em

br
an

e 
pe

rm
ea

bl
e 

to
 th

e 
so

lv
en

t o
nl

y

Pa
kg

 m
−1

 s−2

 

Ta
bl

e 
1 

(c
on

tin
ue

d)

© ISO 2019 – All rights reserved� 9

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
29

st
oi

ch
io

m
et

ri
c n

um
-

be
r o

f s
ub

st
an

ce
ν B

fo
r s

ub
st

an
ce

 B
, a

n 
in

te
ge

r n
um

be
r o

r a
 si

m
pl

e 
fr

ac
tio

n,
 b

ei
ng

 n
eg

at
iv

e 
fo

r a
 re

ac
ta

nt
 a

nd
 p

os
iti

ve
 

fo
r a

 p
ro

du
ct

, o
cc

ur
ri

ng
 in

 th
e 

ex
pr

es
si

on
 fo

r a
 

ch
em

ic
al

 re
ac

tio
n:

    
0

= ∑
ν B

w
he

re
 th

e 
sy

m
bo

l B
 d

en
ot

es
 th

e 
re

ac
ta

nt
s a

nd
 

pr
od

uc
ts

 in
vo

lv
ed

 in
 th

e 
re

ac
tio

n

1
EX

AM
PL

E
(1

/2
)N

2 +
 (3

/2
)H

2 =
 N

H
3

ν
(N

2)
 =

 −
1/

2,
 ν

(H
2)

 =
 −

3/
2,

 ν
(N

H
3)

 =
 +

1.

9-
30

af
fin

it
y 

of
 a

 c
he

m
ic

al
 

re
ac

tio
n

A
ne

ga
tiv

e 
of

 th
e 

su
m

 o
ve

r a
ll 

su
bs

ta
nc

es
 B

 o
f 

pr
od

uc
ts

 o
f s

to
ic

hi
om

et
ri

c n
um

be
r ν

B
 o

f s
ub

-

st
an

ce
 B

 (i
te

m
 9

-2
9)

 a
nd

 c
he

m
ic

al
 p

ot
en

tia
l μ

B 
of

 
su

bs
ta

nc
e 

B 
(it

em
 9

-1
7)

:

    
A=

− ∑
ν B

Bµ

J/
m

ol
kg

 m
2  s

−2
 m

ol
−1

Th
e 

af
fin

it
y 

of
 a

 r
ea

ct
io

n 
is

 a
 m

ea
su

re
 o

f t
he

 
“d

ri
vi

ng
 fo

rc
e”

 o
f t

he
 r

ea
ct

io
n.

 W
he

n 
it 

is
 

po
si

tiv
e, 

th
e r

ea
ct

io
n 

go
es

 sp
on

ta
ne

ou
sl

y f
ro

m
 

re
ac

ta
nt

s t
o 

pr
od

uc
ts

, a
nd

 w
he

n 
it 

is
 n

eg
at

iv
e,

 
th

e 
re

ac
tio

n 
go

es
 in

 t
he

 o
pp

os
ite

 d
ir

ec
tio

n.
 

An
ot

he
r w

ay
 to

 w
ri

te
 th

e 
de

fin
iti

on
 is

:

    
A

G
p
T

=
∂

∂
(

)
ξ

,

w
he

re
 G

 is
 G

ib
bs

 en
er

gy
 (I

SO
 8

00
00

-5
) a

nd
 ξ

 
is

 th
e 

ex
te

nt
 o

f t
he

 re
ac

tio
n 

(it
em

 9
-3

1)
.

N
ot

e 
th

at
 v

B 
is

 n
eg

at
iv

e 
fo

r 
re

ac
ta

nt
s 

an
d 

po
si

tiv
e 

fo
r p

ro
du

ct
s.

9-
31

ex
te

nt
 o

f r
ea

ct
io

n
ξ

di
ffe

re
nc

e 
of

 in
iti

al
 a

m
ou

nt
 n

B 
in

 o
f s

ub
st

an
ce

 B
 

(it
em

 9
-2

) a
nd

 e
qu

ili
br

iu
m

 a
m

ou
nt

 n
B 

eq
 o

f 
su

bs
ta

nc
e 

B 
(it

em
 9

-2
) d

iv
id

ed
 b

y 
st

oi
ch

io
m

et
ri

c 
nu

m
be

r ν
B

 o
f s

ub
st

an
ce

 B
 (i

te
m

 9
-2

9)
:

    
ξ

ν
=

−
n

n
B
e
q

B
in

B

m
ol

Se
e 

re
m

ar
k 

to
 it

em
 9

-3
0.

9-
32

st
an

da
rd

 e
qu

ili
br

i-
um

 c
on

st
an

t,
th

er
m

od
yn

am
ic

 
eq

ui
lib

ri
um

 c
on

st
an

t

K


fo
r a

 c
he

m
ic

al
 re

ac
tio

n,
 p

ro
du

ct
 fo

r a
ll 

su
bs

ta
nc

es
 

B 
of

 s
ta

nd
ar

d 
ab

so
lu

te
 a

ct
iv

it
y 

λ B
 o

f s
ub

st
an

ce
 B

 

(it
em

 9
-2

6)
 in

 p
ow

er
 o

f m
in

us
 s

to
ic

hi
om

et
ri

c 
nu

m
be

r ν
B

 o
f s

ub
st

an
ce

 B
 (i

te
m

 9
-2

9)
:

    
K



=

(
)−

Π
B

B
B

�
�

λ
ν

1
Th

is
 q

ua
nt

ity
 is

 a 
fu

nc
tio

n 
of

 te
m

pe
ra

tu
re

 on
ly

. 
O

th
er

s d
ep

en
d 

on
 te

m
pe

ra
tu

re
, p

re
ss

ur
e,

 a
nd

 
co

m
po

si
tio

n.
On

e 
ca

n 
de

fin
e 

in
 a

n 
an

al
og

ou
s w

ay
 a

n 
eq

ui
-

lib
ri

um
 co

ns
ta

nt
 in

 te
rm

s o
f f

ug
ac

it
y, 

K f, m
o-

la
lit

y, 
K m

, e
tc

.

Ta
bl

e 
1 

(c
on

tin
ue

d)

10� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
33

eq
ui

lib
ri

um
 c

on
st

an
t 

<p
re

ss
ur

e 
ba

si
s>

K p
fo

r g
as

es
, p

ro
du

ct
 fo

r a
ll 

su
bs

ta
nc

es
 B

 o
f p

ar
tia

l 
pr

es
su

re
 p

B 
of

 su
bs

ta
nc

e 
B 

(it
em

 9
-1

9)
 in

 p
ow

er
 o

f 
its

 s
to

ic
hi

om
et

ri
c n

um
be

r ν
B

 (i
te

m
 9

-2
9)

:

    
K

p
p

=
(

)
Π

B
B

Bν

P
a

B
∑ν

k
g
m

s
B

−
−

(
)∑

1
2

ν

 

9-
34

eq
ui

lib
ri

um
 c

on
st

an
t 

<c
on

ce
nt

ra
tio

n 
ba

si
s>

K c
fo

r s
ol

ut
io

ns
, p

ro
du

ct
 fo

r a
ll 

su
bs

ta
nc

es
 B

 o
f 

co
nc

en
tr

at
io

n 
c B 

of
 su

bs
ta

nc
e 

B 
(it

em
 9

-9
.1

) i
n 

po
w

er
 o

f i
ts

 s
to

ic
hi

om
et

ri
c n

um
be

r ν
B

 (i
te

m
 9

-2
9)

:

    
K

c
c

=
(

)
Π

B
B

Bν

(m
o
l
m

)
B

/
3

∑ν

9-
35

.1
m

ic
ro

ca
no

ni
ca

l 
pa

rt
iti

on
 fu

nc
tio

n
Ω

nu
m

be
r o

f a
ll 

qu
an

tu
m

 s
ta

te
s r

 c
on

si
st

en
t 

w
ith

 g
iv

en
 e

ne
rg

y 
E 

(I
SO

 8
00

00
-4

), 
vo

lu
m

e 
(I

SO
 8

00
00

−3
), 

an
d 

ex
te

rn
al

 fi
el

ds
:

    
Ω

= ∑ r
1

1
    
S
k=
In

Ω
w

he
re

 S 
is

 en
tr

op
y 

(I
SO

 8
00

00
-5

) a
nd

 k
 is

 th
e 

Bo
ltz

m
an

n 
co

ns
ta

nt
 (I

SO
 8

00
00

-1
).

9-
35

.2
ca

no
ni

ca
l p

ar
tit

io
n 

fu
nc

tio
n

Z
su

m
 o

ve
r q

ua
nt

um
 s

ta
te

s o
f e

ne
rg

y 
E r (

IS
O 

80
00

0-
4)

, e
xp

re
ss

ed
 b

y:

    
Z

E kT
r

r
=

−  
 

∑
e
x
p

w
he

re
 k

 is
 th

e 
Bo

ltz
m

an
n 

co
ns

ta
nt

 (I
SO

 8
00

00
-1

), 
an

d 
T 

is
 th

er
m

od
yn

am
ic

 te
m

pe
ra

tu
re

 (I
SO

 8
00

00
-5

)

1
    
A

kT
Z

=−
In

w
he

re
 A

 is
 H

el
m

ho
ltz

 e
ne

rg
y 

(I
SO

 8
00

00
-5

).

9-
35

.3
gr

an
d-

ca
no

ni
ca

l 
pa

rt
iti

on
 fu

nc
tio

n,
gr

an
d 

pa
rt

iti
on

 
fu

nc
tio

n

Ξ
su

m
 o

f c
an

on
ic

al
 p

ar
tit

io
n 

fu
nc

tio
n 

Z 
(N

A
,N

B,
…

) f
or

 
th

e 
gi

ve
n 

nu
m

be
r o

f p
ar

tic
le

s A
, B

 m
ul

tip
lie

d 
by

 
ab

so
lu

te
 a

ct
iv

iti
es

 (i
te

m
 9

-1
8)

 λ
λ

A
B

,
,

,..
. o

f 

pa
rt

ic
le

s A
, B

:

    
Ξ

=
…

(
)⋅

…
⋅

⋅
…

∑
N

N

N
N

Z
N

N
A

B

A
B

A
B

A
B

,
,

,
,

λ
λ

1
    
A

µ
n

kT
−

=−
∑

B
B

In
Ξ

w
he

re
 A

 is
 H

el
m

ho
ltz

 e
ne

rg
y 

(I
SO

 8
00

00
-5

), 
μ B

 is
 th

e 
ch

em
ic

al
 p

ot
en

tia
l o

f s
ub

st
an

ce
 B

, 
an

d 
n B 

is
 th

e 
am

ou
nt

 o
f s

ub
st

an
ce

 B
.

Ta
bl

e 
1 

(c
on

tin
ue

d)

© ISO 2019 – All rights reserved� 11

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
35

.4
m

ol
ec

ul
ar

 p
ar

tit
io

n 
fu

nc
tio

n,
pa

rt
iti

on
 fu

nc
tio

n 
of

 a
 m

ol
ec

ul
e

q
qu

an
tit

y 
gi

ve
n 

by
:

    
q

kT
r

r
=

−  
 

∑
e
x
p

ε

w
he

re
 ε r

 is
 th

e 
en

er
gy

 (I
SO

 8
00

00
-5

) o
f t

he
 r-

th
 

le
ve

l o
f t

he
 m

ol
ec

ul
e 

co
ns

is
te

nt
 w

ith
 g

iv
en

 v
ol

um
e 

(I
SO

 8
00

00
-3

) a
nd

 e
xt

er
na

l f
ie

ld
s, 

k 
is

 th
e 

Bo
ltz

-
m

an
n 

co
ns

ta
nt

 (I
SO

 8
00

00
-1

), 
an

d 
T 

is
 th

er
m

od
y-

na
m

ic
 te

m
pe

ra
tu

re
 (I

SO
 8

00
00

-5
)

1
 

9-
36

.1
st

at
is

tic
al

 w
ei

gh
t 

of
 su

bs
ys

te
m

g
nu

m
be

r o
f d

iff
er

en
t m

ic
ro

st
at

es
 in

 a
 su

bs
ys

te
m

1
 

9-
36

.2
de

ge
ne

ra
cy

,
m

ul
tip

lic
it

y
g

fo
r q

ua
nt

um
 le

ve
l, 

st
at

is
tic

al
 w

ei
gh

t o
f t

ha
t l

ev
el

1
If 

g 
= 

1,
 th

e 
le

ve
l i

s c
al

le
d 

no
n-

de
ge

ne
ra

te
.

9-
37

.1
m

ol
ar

 g
as

 c
on

st
an

t
R

pr
od

uc
t o

f t
he

 B
ol

tz
m

an
n 

co
ns

ta
nt

 (I
SO

 8
00

00
-1

) 
an

d 
th

e 
Av

og
ad

ro
 c

on
st

an
t (

IS
O 

80
00

0-
1)

J/
(m

ol
 K

)
kg

 m
2  s

−2
 K

−1
 m

ol
−1

Fo
r a

n 
id

ea
l g

as
,

    
pV

m
 =

 R
T

9-
37

.2
sp

ec
ifi

c g
as

 c
on

st
an

t
R s

qu
ot

ie
nt

 o
f m

ol
ar

 g
as

 c
on

st
an

t R
 (

ite
m

 9
-3

7.
1)

 a
nd

 
m

ol
ar

 m
as

s (
ite

m
 9

-4
) M

, i
.e

. R
s =

 R
/M

J/
(k

g 
K

)
m

2  s
−2

 K
−1

 

9-
38

m
ea

n 
fr

ee
 p

at
h 

<c
he

m
is

tr
y>

l, 
λ

fo
r a

 p
ar

tic
le

, t
he

 a
ve

ra
ge

 d
is

ta
nc

e 
d 

(I
SO

 8
00

00
−3

) b
et

w
ee

n 
tw

o 
su

cc
es

si
ve

 c
ol

lis
io

ns
 

w
ith

 o
th

er
 p

ar
tic

le
s

m
 

9-
39

di
ff

us
io

n 
co

ef
fic

ie
nt

 
<c

he
m

is
tr

y>
D

pr
op

or
tio

na
lit

y 
co

ef
fic

ie
nt

 o
f l

oc
al

 m
ol

ec
ul

ar
 

co
nc

en
tr

at
io

n 
C B 

(it
em

 9
-9

.2
) o

f s
ub

st
an

ce
 B

 in
 th

e 
m

ix
tu

re
 m

ul
tip

lie
d 

by
 th

e 
lo

ca
l a

ve
ra

ge
 v

el
oc

it
y 

(I
SO

 8
00

00
−3

) 
v B

of
 th

e 
m

ol
ec

ul
es

 o
f B

, a
nd

 m
in

us
 

th
e 

gr
ad

ie
nt

 o
f t

he
 lo

ca
l m

ol
ec

ul
ar

 c
on

ce
nt

ra
tio

n 
C B 

(it
em

 9
-9

.2
) o

f s
ub

st
an

ce
 B

 in
 th

e 
m

ix
tu

re
, 

ex
pr

es
se

d 
by

:

    
C

D
C

B
B

B
v

=−
gr
ad

m
2  s

−1
 

Ta
bl

e 
1 

(c
on

tin
ue

d)

12� © ISO 2019 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9


﻿

ISO 80000-9:2019(E)
﻿

It
em

 N
o.

Q
ua

nt
it

y
U

ni
t

Re
m

ar
ks

N
am

e
Sy

m
bo

l
D
ef
in
it
io
n

9-
40

.1
th

er
m

al
 d

iff
us

io
n 

ra
tio

k T
in

 a 
st

ea
dy

-s
ta

te
 o

f a
 b

in
ar

y m
ix

tu
re

 in
 w

hi
ch

 th
er

m
al

 
di

ffu
sio

n 
oc

cu
rs

, p
ro

po
rt

io
na

lit
y f

ac
to

r b
et

w
ee

n 
gr

ad
i-

en
t o

f t
he

 am
ou

nt
-o

f-s
ub

ss
ta

nc
e f

ra
ct

io
n 

x B (
ite

m
 9

-1
3)

 
of

 th
e 

he
av

ie
r s

ub
st

an
ce

 B
, a

nd
 n

eg
at

iv
e 

gr
ad

ie
nt

 o
f 

th
e l

oc
al

 th
er

m
od

yn
am

ic
 te

m
pe

ra
tu

re
 T

 (I
SO

 8
00

00
-

5)
 d

iv
id

ed
 b

y 
th

at
 te

m
pe

ra
tu

re
 (I

SO
 8

00
00

-5
):

    
gr

ad
 x

B 
= 

−(
k T/

T)
 g

ra
d 

T

1
 

9-
40

.2
th

er
m

al
 d

iff
us

io
n 

fa
ct

or
α T

qu
ot

ie
nt

 of
 th

e t
he

rm
al

 d
iff

us
io

n 
ra

tio
 k T (

ite
m

 9
-4

0.
1)

, 
an

d 
th

e 
pr

od
uc

t o
f t

he
 lo

ca
l a

m
ou

nt
-o

f-s
ub

st
an

ce
 

fr
ac

tio
ns

 x A,
 x B (

ite
m

 9
-1

3)
 o

f t
w

o 
su

bs
ta

nc
es

 A
 an

d 
B:

    
α T

Tk
x
x

=
(

)
/

A
B

1
 

9-
41

th
er

m
al

 d
iff

us
io

n 
co

ef
fic

ie
nt

D
T

pr
od

uc
t o

f t
he

 th
er

m
al

 d
iff

us
io

n 
ra

tio
 k

T (
ite

m
 

9-
40

.1
) a

nd
 th

e 
di

ff
us

io
n 

co
ef

fic
ie

nt
 D

 (i
te

m
 9

-3
9)

:

    
D

k
D

T
T

=
⋅

m
2  s

−1
 

9-
42

io
ni

c s
tr

en
gt

h
I

in
 a

 sa
m

pl
e,

 o
ne

 h
al

f o
f t

he
 su

m
 o

f s
qu

ar
e 

of
 

th
e 

ch
ar

ge
 n

um
be

r z
i (

IS
O 

80
00

0-
10

) o
f i

-t
h 

io
n 

m
ul

tip
lie

d 
by

 it
s m

ol
al

it
y 

b i (
ite

m
 9

-1
5)

 o
ve

r a
ny

 
in

vo
lv

ed
 io

n:

    
I

z
b i
i

=
∑

1 2
2

m
ol

 k
g−1

 

9-
43

de
gr

ee
 o

f d
is

so
ci

a-
tio

n,
di

ss
oc

ia
tio

n 
fr

ac
tio

n

α
in

 a
 sa

m
pl

e,
 q

uo
tie

nt
 o

f t
he

 n
um

be
r n

d o
f d

is
so

ci
at

-
ed

 m
ol

ec
ul

es
 a

nd
 th

e 
to

ta
l n

um
be

r n
 o

f m
ol

ec
ul

es
:

    
α

=n
n

d
/

1

9-
44

el
ec

tr
ol

yt
ic

 
co

nd
uc

tiv
it

y
κ

qu
ot

ie
nt

 o
f t

he
 m

ag
ni

tu
de

 o
f e

le
ct

ri
c c

ur
re

nt
 d

en
si

-
ty

 J 
(I

EC
 8

00
00

-6
) a

nd
 th

e 
m

ag
ni

tu
de

 e
le

ct
ri

c f
ie

ld
 

st
re

ng
th

 E
 (I

EC
 8

00
00

-6
) i

n 
an

 e
le

ct
ro

ly
te

:

    
κ

=
J
E/

S/
m

kg
−1

 m
−3

 s3  A
2

Fo
r a

ni
so

tr
op

ic
 m

ed
ia

, κ
 is

 a
 te

ns
or

.
In

 IE
C 

80
00

0-
6 

th
e 

sy
m

bo
ls

 σ
, γ

 a
re

 u
se

d.

9-
45

m
ol

ar
 c

on
du

ct
iv

it
y

Λ m
in

 a
n 

el
ec

tr
ol

yt
e,

 q
uo

tie
nt

 o
f e

le
ct

ro
ly

tic
 c

on
-

du
ct

iv
it

y 
κ 

(it
em

 9
-4

4)
 a

nd
 a

m
ou

nt
-o

f-s
ub

st
an

ce
 

co
nc

en
tr

at
io

n 
c B 

(it
em

 9
-1

2.
1)

:

    
Λ m

B
=κ
/

c

S 
m

2 /
m

ol
kg

−1
 s3  A

2  m
ol

−1

 

Ta
bl

e 
1 

(c
on

tin
ue

d)

© ISO 2019 – All rights reserved� 13

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 80

00
0-9

:20
19

https://standardsiso.com/api/?name=7be94ffb0c946f0dbe28cca3c90144a9

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	Bibliography
	Index

