Lindane Solubility
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« Lindane is a white crystalline solid that s volatile in air and insoluble in water (1)
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« EPA considers lindane to be a possible human carcinogen (cancer-causing agent) and has ranked it in EPA's Group B2/C, (G)

+ EPA has established an oral cancer slope factor of 1.3 (mg/kg/di™L. (8)
« CalEP4 has calculated an inhalation unit risk factor of 3.1 % 107* (pg/m®)1. (8)

Physical Properties

+ Lindane is the common name for gamma-hexachlorocyclohexane. (1,5)

L R | = )= ) )= O 1 LR = = ot g = U o = = L) L= A= (U =1 [0 o ) =
« Lindane is a white crystalline solid that is volatile in air and insoluble in water. (1)
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= per million {ppm), (1)

+ The vapor pressure for lindane is 9.4 x 10™% mm Hg at 20 °C, and it has a log octanol/water partition coefficient (log Kg,) of 3.3, (1)

Conversion Factors:

]

To convert concerirations in air (3t 25 °C) fram pom to gt mgdn” = (opr) = (rmolecuiar weight of the compoundl/(24.45). For lindane: 1 pom = 11.83 maims. To

convert concentrations in air from Lgdn? to made ! mgdre = (ugdnT) s« (1 mgst 000 ug).

Health Data from Inhalation Exposure
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Lindane solubility = 7.3 mg/L 36,500-fold

Lindane MCL = 0.0002 mg/L
difference!!



Huge range aqg. Solubilities!

Figure 5.1
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Mole fraction of organic liquids that are
saturated with water: x°,

TABLE 5.1 Mole Fraction of Some Common Nonpolar Organic Liquids
Saturated with Water

Organic Liquid X, | Reference

Pentane 099952

Hexane (.99946

Heptane 099916 Gerrard, 1980
Octane (.99911

Benzene 0.9977

Chlorobenzene 0.9975

1,2,-Dichlorobenzene 0.9973

1,24-Trichlorobenzene 0.9980

Trichloroethylene 0.9977 Horvath, 1982
Tetrachloroethylene (.99913

Methylene chloride (.9914

Chloroform 0.9946

1,1,1-Trichloroethane 09974

Diethyl ether 0.942

Butyl acetate 0.89

Methyl acetate 0.74 Riddick and Bunger, 1970
2-Butanone 0.69

3-Pentanone 0.89

Pentanol 0.64 Stephenson et al., 1984

Octanol 0.79
——




Aqueous Activity Coefficients

Compound

e e —————

Methanol

Ethanol

Acetone

1-Butanol

Phenol

Aniline

3-Methylphenol
1-Hexanol
Trichloromethane
Benzene
Chlorobenzene
Tetrachloroethene
Naphthalene
1,2-Dichlorobenzene
1,3,5-Trimethylbenzene
Phenanthrene
Anthracene
Hexachlorobenzene
2.4.4°-Trichlorobiphenyl
2.2 .5,5 -Tetrachlorobiphenyl
Benzo(a)pyrene
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1.3 x 102
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6.8 x 10*
1:2%10°
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3.5 x 107
4.7 x 107
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Thermodynamics of Dissolution
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Thermodynamics of Dissolving Benzene
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Huge range in solubility & activity
coefficient
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Figure 5.1 Ranges in water solubilities | of some important classes of organic
compounds.




Molecular View & Enthalpy
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Figura 5.2 Schematic represantation of the various enthalpies involved when dissolding a




Forming a cavity requires “breaking”
water’s Hoonds
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Molecular View & Enthalpy
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Positive Excess AH
limits solubility

]
TSA |
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Due to net loss of water’s H-
bonds in exchange for weaker
forces of attraction

Magnitude is

*Related to solute (& hence,
cavity) size

*Solute Polarity/polarizability



Molecular View & Entropy
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Negative Excess AS
limits solubility

C#-alcohol (OH)

-TASE (kJ/mol)

Due to net loss of solute’s
disorder/chaos/freedom

Magnitude is related to solute’s
“initial” freedom in its own
pure phase

.... hot size alone



Negative Excess Entropy
limits solubility

Due to net loss of solute’s
Entropy data (Tabl@ disorder/chaos/freedom

5.4) for same PAHs i )
Magnitude is related to

esolute’s “initial” freedom in its own

pure phase
*Shape /flexibility (rings have less
freedom; longer chains have
more freedom

300
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Qualitative Solubility

Highly polar groups J*
-COO- (ester) R/C\OR’

-O- (ether)

R/ \R'

Polar groups
-OH (alcohol, “phenol” if its attached to benzene)
-COOH (carboxylic acid) (f:f
-NH, (amine) R™“OH

Weakly polar: C-Cl, C-Br, C-H
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Activity coefficient estimation

2
Ng; +2

= —In p; (bar) - 0.572{(\/i )72 (ﬂ —5.787, —8.77(a.) —11.1(B3,) + 0.0472V. +9.49

v.p. & LDF Volume term
P, = given or estimated Dipolarity & HDA interactions estimated
np, = refractive index polarizability H-donor (a) & H-

(polarizability, Table 3.1) T = “pi term” acceptor (B) terms
(Table 5.5) (Table 4.3)




Solubility and Activity Coefficient Eqns.

1 for liquids (& subcooled liguids)
we(mol/L) = v

C sat

1 _AfusGi -
Cis\;s’ts (mol /L) = — e AT for solids,
V7w where

A .G, (J /mol) =[56.5+9.27 -19.2log(o) (T, - T)

These equations tell us that all we need in order to

estimate C_%"is an estimate/knowledge of

{
Yins, T, 0, and T



T-Solubility relationships
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Flgure 5.6 Solubility in water as a function of temperature for various compounds.




“Salting out”
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Figure 5.7 Effect of salt concentrations on the agqueous solubility of benzene (McDevit and
Long, 1952) and naphthalene (Gordon and Thome, 1967a).




