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• decabromobiphenylether (“deca”)
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Interesting molecule of the day



• decabromobiphenylether (mw = 959.2 Da)
• Tm = 295 C, Tb = 530 C
• Cwsat = 1.0×10‐10 M
• KH = 1.2×10‐5 bar L mol‐1, Kow = 1012.11 (!)

• flame retardant additive
• plastics (e.g., polystyrene in appliances, computers)
• foams, carpets, upholstery (furniture, vehicles) 
• production: 55,000 tons per year
• photodegrades to more toxic by‐products

• “Everyday Items, Complex Chemistry”
(NY Times, Dec 22, 2007)

• being phased out by Dell Computer
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• Match these compounds with their Kow

compound Kow

2,3,7,8‐tetrachlorodibenzo‐p‐dioxin A. 102.39

1,2,3,5‐tetrachlorobenzene B. 102.88

tetrachloroethene C. 104.65

1,1,2,2‐tetrachloroethane D. 105.74

2,4,5‐trichlorobiphenyl E. 106.64

Octanol‐Water Partition
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• Structural contributions
• Leo, Hansch (1975)

• based on LFERs

• fragments fi
• compounds’ atomic building 
blocks

• factors Fi
• atomic arrangement
• intramolecular interactions
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Estimating Kow

LINEAR FREE ENERGY RELATIONSHIPS



Estimating Kow
• Fragments fi

• an atom
• a string of atoms (multi‐atom fragment)

• exterior bonds to “isolating carbon atom”
• isolating carbon atom has 4 single bonds,
at least 2 to non‐heteroatoms

• multiple bonds to other carbon atoms

• multi‐atom fragments can be derived
• f(‐CH3) = 0.89
• f(‐C) + 3 f(‐H) = 0.20 + 3(0.23) = 0.89 







Estimating Kow
• f – aliphatic
• f – bonded to aromatic carbon
• f – bonded to aromatic carbon

on both sides
• f1/ – attached to aromatic ring from right

• e.g., f(‐CO2‐) for Ar‐CO2‐; f1/(‐CO2‐) for ‐CO2‐Ar

• fXn (n = 1, 2) – aromatic attachment for which value 
is enhanced by second electron‐withdrawing 
substituent

• f1R – benzyl attachment (C6H5CH2‐)
• f/2 – attachment to vinyl carbon (>C=C<)
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Estimating Kow
• Factors Fj – corrections accounting for:

• bonds
• unsaturation – double and triple bonds
• geometry – chains, rings, branching

• multiple halogenation
• on geminal carbon, on vicinal carbon

• H‐polar proximity
• along chains, rings (aromatic and aliphatic)

• intramolecular H‐bond
• for nitrogen and oxygen



double and triple 
bonds lower Kow

chains, rings, 
branching all lower 

Kow

multiple halogens 
increase Kow

-OH, -O-, -NH2
near each other 

lowers Kow

H-bond in molecule 
increases Kow



Estimating Kow
• Example: valeramide

f or F number contrib total

f(C) 4 0.20 0.80

f(H) 9 0.23 2.07

f(CONH2) 1 ‐2.18 ‐2.18

Fb (4‐1) bonds ‐0.12 ‐0.36

log Kow 0.33

log Kow (meas.) 0.31
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C
H2

H2
C

C
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Estimating Kow
• Example: p‐nitroaniline

f or F number contrib total

f(C6H5) 1 1.90 1.90

f(H) ‐1 0.23 ‐0.23

fX2(NH2)* 1 ‐0.23 ‐0.23

f(NO2) 1 ‐0.03 ‐0.03

log Kow 1.41

log Kow (meas.) 1.39

NH2

O2N

* fX2 for aromatic 
attachment, value 
enhanced by the 
presence of 
second substituent 
of electron‐
withdrawing 
character with
I > 0.75
(e.g., ‐NO2) 



Estimating Kow
• Example: trichloroethene

f or F number contrib total

f(C) 2 0.20 0.40

f(H) 3* 0.23 0.69

f/2(Cl) 3 0.50 1.50

F= 1 ‐0.55 ‐0.55

Fb (4‐1) bonds
H bonds not counted

‐0.12 ‐0.36

FmhG2 2 0.30 0.60

log Kow 2.28

log Kow (meas.) 2.29

C C
Cl

H

Cl

Cl

* site of 
unsaturation
should be 
considered 
saturated for the 
purpose of 
fragment 
constants and 
bond factors (Fb)
(i.e., >C=C< is 
>CH‐CH<)



Estimating Kow
• Example: 1,2‐methyldioxybenzene

f or F number contrib total

f(CH) 4 0.355 1.42

f(C•) 2 0.44 0.88

f(‐O‐) 2 ‐0.61 ‐1.22

f(H) 2 0.23 0.46

f(C) 1 0.20 0.20

Fb
(4‐1)
ring

‐0.09 ‐0.27

FP1* 1 ‐0.32[(‐0.61)+(‐0.61)] 0.39

FP2* 1 ‐0.08[(‐0.61)+(‐0.61)] 0.10

log Kow 1.96

log Kow (meas.) 2.08

* FP1 for two 
polar fragments 
separated by one 
C in aliphatic ring

* FP2 for two 
polar fragments 
separated by two 
C’s in aromatic 
ring

O

CH2

O



Estimating Kow
• Which compound has a higher Kow?

B. N-methyl-3,4-methylene-
dioxymethamphetamine

(MDMA)

O

CH2

O

CH3HN
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CH2

O

A. 1,2-methylenedioxybenzene
(MDB)



Estimating Kow
• Example

O

CH2

O

CH3HN

CH3

f or F number contrib total
1,2‐methylenedioxybenzene 2.08

f(H) ‐1 0.23 ‐0.23
f (C) 1 0.20 0.20
f(C) 1 0.20 0.20
f(H) 3 0.23 0.69

f(‐NH‐) 1 ‐1.54 ‐1.54
f(‐CH3) 2 0.89 1.78
FbYN 5‐1 bonds ‐0.20 ‐1.00

log Kow 2.18
log Kow (est.) 2.25 (0.54)



Estimating Kow
• Example: DDT

f or F number contrib total

f(Cl) 3 0.06 0.18

f (C) 2 0.20 0.40

f(H) 1 0.23 0.23

f(C6H5) 2 1.90 3.80

f(H) ‐2 ‐0.23 ‐0.46

f(Cl) 2 0.94 1.88

Fb (6‐1) ‐0.12 ‐0.60

FmhG 3 0.53 1.59

log Kow 7.02

log Kow (meas.) 4.89 (6.19) 6.91

Cl
Cl

Cl

Cl Cl

H



Estimating Kow
• General Advice

• draw the structure!
• start from a structurally related compound with 
known Kow

• assume overall error of 0.12 log Kow
• errors from individual fragments, factors can be 
summed also

• consult your colleagues and strive for consensus
• and…



Estimating Kow
• …give up and use a computer program!

“Hand calculations are not for the faint‐hearted or for those 
who are poorly versed in chemistry.  Even the designers of 
the methods use the computer version in order to uniformly 
and correctly apply the rules…

An indication of the difficulty in applying Leo’s method 
uniformly by hand is that some published estimates of log Kow
can’t be duplicated…”

Baum, E.J., 1998.  Chemical Property Estimation: Theory and 
Practice.  Lewis Publishers, Boca Raton, Florida.



Estimating Kow
• DDT

• log Kow measurements range from 4.89 to 6.91 (6.19 best)
• SMILES: C(C(C1=CC=C(Cl)C=C1)C2=CC=C(Cl)C=C2)(Cl)(Cl)Cl
• CAS: 50‐29‐3

• Estimate Kow with web‐based programs
• VCC Labs ALOGPS Program
• Interactive Analysis logP
• Biobyte ClogP
• Syracuse Research logkow
• XLOGP (not interactive except through VCC)


