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Concentrations and Standard States 



Standard States
Compare and Contrast 

Solvent (1):  always mole fraction (x1), always Raoult’s law 
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Solute (2):  different options, but always Henry’s law 

mole fraction 
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a2x =
P2

kH,x
a2x →

lim x2 →0
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molality 
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mkH,m

molarity 
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ckH,c



What Is Henry’s Constant?

    

€ 

P2 → z2kH ,z  as z2 → 0

The Henry’s law constant reflects the intermolecular interactions between the 
solute when surrounded entirely by solvent (infinite dilution). 

(Raoult’s Law)ideal behavior 

actual behavior 

some concentration measure z2 

Henry’s constant has units of 
pressure per Ω, where Ω 
represents the units for z2. 

 
And, if we consider the special 

case of z2 = 1, we see that Henry’s 
constant is the vapor pressure that 
would be observed for a solution 
having concentration of 1 Ω but 

behaving as though it were infinitely 
dilute. That’s a hypothetical 
situation, but a useful one. 



What Is Activity?

(Raoult’s Law)ideal behavior 

actual behavior 

molality

Deviation of activity from the Ω 
concentration (measured by an 
activity coefficient γ different from 1) 
reflects the degree to which the 
solute would like to leave or stay in 
solution, compared to what would 
be expected based on its infinitely 
d i lu te behav io r. An ac t iv i t y 
coefficient greater than 1 implies a 
desire to leave (higher gas 
pressure than expected), an activity 
coefficient less than 1 implies a 
desire to stay (lower gas pressure 
than expected). 
 
In the example here, γ2m ≤ 1 over 
the indicated range.     
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molality example 



Self-assessment 

(Raoult’s Law)ideal behavior 

actual behavior 

some concentration measure Ω

A solute is dissolved in a solvent 
that has a density of greater than 1 
g/mL and there is no change in 
volume upon mixing. Pressure/
concentration behavior like that 
shown at right is observed. Will a 
measured activity be larger in the 
molal standard state, or in the 
molar standard state? 

a2m =
P2
kH,Ω

a2Ω →
limΩ→0

Ω

γ2Ω =
a2Ω
Ω

P2 →
limΩ→0

ΩkH,Ω



Self-assessment Explained 

(Raoult’s Law)ideal behavior 

actual behavior 

0.0 

Since the solvent has a density of 
greater than 1 g/mL and there is no 
change in volume upon mixing, the 
molarity must be greater than the 
molality. Thus, if we plotted both 
concentration measures against P, 
it might appear as shown at left (for 
a density of 1.33 g/mL, for 
example). The slope of the Henry’s 
Law line must therefore be larger in 
the molal standard state than in the 
molar standard state. As that slope 
is kH for the corresponding state, 
activity will be smaller in the molal 
s tandard state for a g iven, 
observed P2. 

a2m =
P2
kH,Ω

a2Ω →
limΩ→0

Ω

γ2Ω =
a2Ω
Ω

P2 →
limΩ→0

ΩkH,Ω

0.15 0.3 molal 
molar 



Next:  Determining Solute Activity


