
Interesting molecule of the day

WOW!



• 1,4‐dioxane

Interesting molecule of the day



• 1,4‐dioxane
– Tm 11.8 C, Tb 101.5 C
– pL*  38.1 mm Hg
– Cwsat 1106 mg L‐1

– Kow 10‐0.27

– dehydrating agent
• polar solvent miscible with both water and 
most organic solvents

– toxicity
• inhalation by human  470 ppm
• ingestion by rabbit  2,000 mg kg‐1

Interesting molecule of the day



• 1,4‐dioxane and ducks
~1,000 ducks died in Metro 
Wastewater Denver plant last winter
cause still undetermined

• suspicion: loss of waterproofing

– solvents discharged to wastewater
– 1,4‐dioxane

• 6.1 µg L‐1 new state standard
• 3,950 µg L‐1 allowed in Landfill 
discharge to wastewater

– 15 gpm

– 1,4‐dioxane caused duck deaths?

Interesting molecule of the day



• daily load of 1,4‐dioxane from Landfill

• daily volume of wastewater treated by
– 130,000,000 gal 

• concentration of 1,4‐dioxane in wastewater
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Vapor Pressure
• A measure of the abundance of molecules in gas 
phase
(related to freedom!)

• p*  is the pressure of the vapor of molecules at 
equilibrium with the pure condensed (solid, 
liquid) phase
– pL*
– pS*

• p* varies over 12 orders of magnitude for 
compounds of interest to us.

• ENTROPY?



Vapor Pressure

compound
pL* or pS*
(bar)

benzene 7.9

phenol 0.00025

trichloroethene 0.098

phenanthrene 0.00000016

2,2’,5,5’‐tetrachlorobiphenyl 0.000000025
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Vapor Pressure

• A phase transition:
– liquid to/from gas

• vaporization – liquid to gas
• condensation – gas to liquid 

– solid to/from gas
• sublimation – solid to gas
• condensation – gas to solid



Vapor Pressure

• Does a gas have a vapor pressure?
– No, because vapor pressure is defined for a transition from 
a condensed phase (liquid, solid) to a gas phase…

– …but what about that Appendix C?



Vapor Pressure

“superheated” liquidsgases



Gibbs phase rule:

df=#comp-phases+2

Single chemical liquid/gas

P proportional to T only



Most environmental pollutants are 
LIQUIDS OR SOLIDS



Vapor Pressure

alkane Tb (C) log p* (bar)
vap,subG
(kJ mol‐1)

methane ‐164.0 2.45 ‐17.0

ethane ‐88.6 1.61 ‐9.1

propane ‐42.1 0.98 ‐5.5

butane ‐0.5 0.40 ‐2.1

pentane 36.1 ‐0.17 1.4

hexane 69.0 ‐0.70 2.6

heptane 98.4 ‐1.21 5.5

octane 125.7 ‐1.74 8.2

nonane 150.8 ‐2.24 10.7

decane 174.1 ‐2.76 12.5

hexadecane 287.0 ‐5.73 25.2

octadecane 316.1 ‐6.78 78.5
(vap,subG were estimated using potentially inconsistent data)
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Vapor Pressure

boiling point, Tb  (
oC)
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Vapor Pressure

• Clayperon I

• For the phase transition 12,
– 12H is the change in molar enthalpy

• measures intermolecular attraction

– 12V is the change in molar volume
• measures randomness

12

12





dp H
dT T V



Vapor Pressure

solid
liquid

gas
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Vapor Pressure

• Solid‐liquid

– 12H = fusH
fusH is large

– 12V = fusV
fusV is small

– fusH /T fusV is very large;
so is dp/dT

solid liquid

gas
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Vapor Pressure
• Liquid‐gas

– 12H = vapH
vapH is large
(vapH > fusH)

– 12V = vapV
vapV is large
(vapV >> fusV)

– vapH /T vapV is small;
so is dp/dT

solid liquid
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Vapor Pressure

• Solid‐gas

– 12H = subH
subH is very large
(=fusH + vapH) 

– 12V = subV
subV is large
(fusV + vapV) ~ subV

– subH/T subV is “medium”;
so is dp/dT

solid liquid

gas
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LnP0  Hvap
RT  A

Liquids with no phase change
Assuming ideal behavior
Vliq <<< V gas ~ constant



Vapor Pressure

• Clayperon II
• enthalpy

• breaking bonds in condensed phase
– essentially no bonds formed in vapor phase

• intermolecular interactions
– van der Waals – major contribution to 12H

» varying electron distributions, dipole: induced dipole,
dipole: dipole

– polar – minor contribution – a few kJ mol‐1

– hydrogen bonding – about 10‐20 kJ mol‐1

• entropy
– related to change in volume
– greater volume = greater randomness
= greater entropy

12 12ln *  
  

H Sp
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Vapor Pressure

compound structure
Tb
(K)

vapH (Tb)
(kJ mol‐1)


(D)

benzene 353 30.8 0

chlorobenzene 405 36.5 1.54

1,2‐dichlorobenzene 454 40.6 2.50

1,4‐dichlorobenzene 447 39.7 0
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Vapor Pressure
• What kind of interaction is responsible for 
the increase in boiling point and enthalpy 
of vaporization in the series of benzene, 
chlorobenzene, and
o‐dichlorobenzene?

A.  van der Waals
B.  polar
C.  hydrogen bonding
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ALL COMPOUNDS

Forces add up so size matters



H,C,S, I<N, Br< Cl<O<F



Vapor Pressure

• Entropy of vaporization (liquid to gas)

– Trouton (1884): vapS same for all liquids
• vapS ~ 88 J mol‐1 K‐1

• because vapH and Tb are related

– Kistiakowsky (1923): vapS depends on Tb
• Clayperon + ideal gas law

( ) 36.6 8.31lnvap b bS T T   (Eqn. 4-19)

( )
( ) vap b

vap b
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 if vapG = 0, then
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Vapor Pressure

• Entropy of vaporization (liquid to gas)
– Fishtine (1963): corrections for polar effects

– Myrdal et al. (1996): correction for molecule flexibility 
and polar effects

( ) (36.6 8.31ln )vap b F bS T K T  

( ) 86.0 0.4 1421vap bS T HBN   
effective number 

of torsional 
bonds

hydrogen bond 
number

(Eqn. 4-20)

(Eqn. 4-21)

12 12ln *  
  

H Sp
RT R



Vapor Pressure

• Entropy of melting (solid to liquid)
– fusS sensitive to molecular structure

• increase in V
– translation, rotation 

• increase in “flexibility”
– internal bending

– structural contributions to fusS
• rigid, spherically symmetric
• rigid
• flexible chain

12 12ln *  
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Vapor Pressure
• Entropy of melting (solid to liquid)

– Reid et al. (1977): symmetry, rigidity, flexibility
• rigid, spherically symmetric

– fusStranslation ~ 14  J mol‐1 K‐1

• rigid
– fusStran + fusSrotation ~ 56.5  J mol‐1 K‐1

• flexible (internal chain n > C5)
– fusStran+fusSrot+fusSinternal ~

fusS(Tm) ~ 56.5 + 10.5(n‐5)  J mol‐1 K‐1

Cl

ClCl
Cl

n = 9

12 12ln *  
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Vapor Pressure
• Entropy of melting (solid to liquid)

– Myrdal and Yalkowsky:

• does not work well for small spherical or
H‐bonding molecules

rotational 
symmetry 

number

Cl

ClCl
Cl

n = 9

( ) 56.5 9.2 19.2logfus mS T     
effective number 

of torsional 
bonds

12 12ln *  
  

H Sp
RT R

NOT A GOOD WAY TO ESTIMATE OR PREDICT!



• Anthropogenic environmental disasters
1. Bhopal: the Union Carbide gas leak
2. Jilin chemical plant explosions 2005
3. Seveso: Italian dioxin crisis 1976
4. World Trade Center Toxic Dust 2001
5. Major oil spills of the 20th and 21st century
6. The Love Canal chemical waste dump
7. View-Master factory in Beaverton, Oregon 
8. Brio Superfund Site
9. Whole in the Ozone layer
10.Kanemi  Yusho oil poisoning 1968
11.DWH Incident

Thinking about your project/presentation


