
• Diclofenac

Interesting molecule of the day

Cataflam NSAID analgesic

ENVIRONMENTAL ISSUE?
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• Diclofenac

• pKa: 4.15
Kow: 104.51

Cw
sat: 2.4 mg L-1

KH: 4.8x10-9 bar L mol-1

• non-steroidal anti-imflammatory drug

• arthritis, acute injury

• 30 years of human use

• contaminant in India

• used on cattle

• vultures eat dead cattle; kidney failure

• use was phased out

2-((2,6-dichlorophenyl)amino)benzeneacetic acid

Interesting molecule of the day

http://en.wikipedia.org/wiki/Image:Eagle_beak_sideview_A.jpg
http://en.wikipedia.org/wiki/Image:Eagle_beak_sideview_A.jpg


Swan et al., 2006, PLoS Biol. 4(3):e66

Interesting molecule of the day

Vultures in India

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16435886
http://www.williambowles.info/env/vultures.html


• Phase transfers

• vaporization/sublimation

• aqueous solution
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• Another phase exchange

• air-water exchange
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• Phase exchange
Awater  Aair

• Henry’s Law constants

[ ]

[ ]

[ ]

A
H

water

air
aw

water

p
K

A

A
K

A





(bar L mol-1)

dimensionless
(mol La

-1 mol-1 Lw)

Air-Water Exchange

kcp

ee kcp







Air-Water Exchange



Air-Water Exchange

compound

Henry’s Law constant

Kaw (dimensionless)

benzene 10-0.65

phenol 10-4.59

trichloroethene 10-0.31

phenanthrene 10-2.85

2,2’,5,5’-tetrachlorobiphenyl 10-1.70
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Air-Water Exchange
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• Rank the following three compounds by 
Henry’s Law constant from highest to lowest:

A. 1,2,3,5-tetrachlorobenzene  >  tetrachloroethene  >  naphthalene
B. tetrachloroethene  > 1,2,3,5-tetrachlorobenzene > naphthalene 
C. naphthalene  >  tetrachloroethene  >  1,2,3,5-tetrachlorobenzene 

compound
vapor pressure

(bar)

solubility

(M)

1,2,3,5-tetrachlorobenzene 10-4.00 10-4.79

tetrachloroethene 10-1.60 10-3.07

naphthalene 10-3.95 10-3.60
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Air-Water Exchange

b) KH:        101.47 100.79 10-0.35 bar L mol-1



• Temperature dependence

• enthalpy of liquid-air phase change, alH

• Two components of alH = vapH - wHE

• enthalpy to vaporize, vapH, related to pL*
• has to be paid

• (excess) enthalpy to solubilize, wHE, related to Cw
sat

• get this back

• for solids and gases, melting and condensation 
enthalpies cancel out
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• Liquid:

• Solid:

• Gas:
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Air-Water Exchange

• How does temperature affect the Henry’s Law 
constant?

A. an increase in T causes an increase in KH

B. an increase in T causes a decrease in KH

C. depends on whether we are talking about
a solid, liquid, or gas



Air-Water Exchange

log Kaw	=	-1400	T
-1 + 5.83 

log Kaw = -1190 T-1 + 3.44 

log Kaw = -1490 T-1 + 3.50 

log Kaw = -2260 T-1 + 4.42 
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• Temperature dependence

• liquids
(e.g., benzene, tetrachloroethylene)
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• Temperature dependence

• solids
(e.g., naphthalene, 1,4-dichlorobenzene)
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• Temperature dependence

• gases
(e.g., vinyl chloride, chloromethane)
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Air-Water Exchange

• How does salinity affect the Henry’s Law 
constant?

A. an increase in salinity causes an increase
in KH

B. an increase in salinity causes a decrease
in KH

C. depends on whether we are talking about
the Atlantic, Pacific, or Indian Ocean



• Effect of salt

• Salting out decreases solubility; increases Kaw
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• Effect of salt

• pyrene, Kaw = 10-3.32

• seawater

• [salt]tot = 0.5 M

• KS = 0.30
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Air-Water Exchange

• How does a co-solvent affect the Henry’s Law 
constant?

A. an increase in co-solvent concentration
causes an increase in KH

B. an increase in co-solvent concentration
causes a decrease in KH

C. depends on the co-solvent
D. depends on the contaminant compound



• Effect of co-solvents

• Co-solvents increase solubility; decrease KH

,

,

,

,

,

,

,

10




 

  
c

v

aw mix

sat sat

w w
aw mix awsat sat

w w mix

sat

fw mix

aw m

a

sat

w mix

a

sat

ix aw awsat

w

w mix

K

C C

C

K K
C

C

C

K

C C

K K




Air-Water Exchange



• Effect of co-solvents

• naphthalene, Kaw = 10-1.74

• 20% acetone solution

• fv = 0.2

• c = 6.5

(6.5)(0.2) 1.74
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Air-Water Exchange

• Partition between air and water

• importance of keeping bubbles out of water 
samples for VOCs

• 40 mL vial

• 39 mL water, 1 mL bubble

• VOC is chloromethane

• Kaw = 100.16

• what fraction of the chloromethane is in the 
bubble?
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Air-Water Exchange

• Partition between air and water
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