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It is not possible to predict aqueous solubilities with any precision, even with the 

simplest molecules and the most sophisticated calculations. However. frequently all 

that is required is an indication of where a solubility lies at ambient temperature. A 

simple method for estimating approximate aqueous solubilities is therefore desirable_ 

Solubility can be considered in terms of the energy involved in creating an 

interface between solute and solvent. One such approach (Amidon et al., 1974) used 

Eqn. 1, in which HYSA represents the surface area of the hydrocarbon groups in the 

solute molecule, and FGSA is the surface area of the hydrophilic functional group. 

FHI has the value of zero for hydrocarbons, and of unity when the solute molecule 

contains a hydrophilic functional group. The coefficients of the equation have been 

changed for use with S.I. units (nm2), rather than A’, employed in the original 

publication. 

In molal solubility = -4.3 HYSA - 5.86 FGSA + 8.003 FHI + 4.42 (I) 

Total and functional group surface areas have been calculated by computer for a 

range of compounds (Herman, 1972; supplementary data to Amidon. et al., 1975). 

This information is used below to calculate substituent constants for the surface 

areas of some chemical groups. These constants can be summed to give hydrocarbon 

and functional group surface areas for new compounds. and substitution in Eqn. 1 

provides _I rapid means of estimating aqueous solubilities. Some of the group surface 

areas were taken directly from the supplementary data to Amidon et al. (1975). The 

remaining subst.ituent constants were calculated using total surface areas (TSA) from 

the same source, by subtracting the total surface area of one compound from that of 

an identical compound, except that a hydrogen atom had been substituted by the 

chemical group whose surface area was required. Thus the methylene group partial 
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surface area (PSA) can be calculated from, 

PSACuz = TSA,,_hcxane - TSAN_Fntane = 3.190 - 2.870 = 0.320 

The value given in Table 1 is the mean from 55 pairs of compounds, comprising 
hydrocarbons, alcohols. aldehydes, ethers, esters, ketones and fatty acids. Methy~ene 
groups adjacent to functional groups (C&H,) gave substituent constants which were 
significantly greater, and were assigned a different value. Methyl group surface areas 
were obtained from calculations of the type, 

PSA.II, = fTs4,-hutanc - 2 PSA C.t, ),I2 = f2.552 - O-636)/2 = 0,958 

Only compounds containing normal alkyl groups were considered for the above 
calculations. The effect of methyl branching was assessed by comparing pairs of 
molecufes such as I-pentanol and 3-methyl-l-butanoi, and gave a mean value of 
0.126 nm2 for 6 pairs of compounds. Molecular surface areas for compounds 
containing a branching methyl group were then obtained by calculating the molecu- 

TABLE 1 

PARTIAL SURFACE AREAS FOR SUBSTITUENT GRCMJPS AND CONFIGURATIONAL 

CHANGES 



TABLE 2 

CALCULATION OF TOTAL SURFACE AREAS AND AQUEOUS SoLUBtLtTtLS 

2W, =2x0.96 = I.92 

SCH, =5x0.32 = E ho 
2 Brimchingmerhyt groups=ZX( -0.13)~ - 0.26 

ToteI 3.26 nm’ 

Observed molcwutar surface area = 3.25 nm’ (AmiJon et at.. 1975). Sutwiluricm m cqn. 1 gi\-efs: 

In molnl solubility = - 4.3 x 3.26 + 4.42 = - 9.598 

:. motat ~~~tubility = 6.8 X IO-’ Ohserved motnt sotuhihty = 4. t x 10 5 

2 C’H, =2x0.96= 1.92 

C’H, E 0.32 = 0.32 
2 a-CH ; =2x0.44 =0.88 

Bronchin~ methyl group = - 0.13 = -0.13 

HYSA = 2.99 

0 = FGSA =i 0.09 0.09 

Ts.? - 3.08 nm’ 

Ohserwd molecular surface area = 3.06 nrn- 

SubbliWion in eqn. 1 8ives: 
In mnlal soluhility = - 4.3 x 2.99 - S.&i X 0.09 + 8.003 X I -5 4.41 

= -0.916 

.‘, mob1 solubitily = 0.38 Observed motltl soluhility = 0.28. 
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TABLE 2 

CALCULATION OF TOTAL SI !RFACE ARE:AS AND AQUEOUS SOLUBILITIES 

Substitution in Eqn. 1 gives. 
In molal solubility = - 4.3 x 3.24- 5.86 x 0.59 + 8.003 x 1 + 4.42 

= - 4.966 

mold solubility = 7.0~ lo---’ 

Observed molal solubility = 7.9 x 10 _ ’ 

lar surface area of the corresponding straight-chain compound. and subtracting 0.13 

(the rounded off value of 0.126). 

Substituent constants, together with confidence limits, and the number of pairs of 

compounds used to obtain each constant, are given in Tnblc 1. Some exampies of 

calculation of cavity surface areas are given in Table 2. and are substituted into Eqn. 

1 to obtain an estimate of the aqueous solubility. Results for other compounds are 

given in Table 3, to show the versatility of the method. None of these compounds 

was used in the calculation of the partial surface areas of substituent groups given in 

Table 1. Rounded off values were used in the calculations. because no improvement 

in prediction resulted from considering the digits beyond the second decimal place. 

Partial surface areas for substituent groups were calculated from the molecular 

surface areas of straight-chain compounds only, so that the scheme could be tested 

with the more complicated molecules for which data were available. The estimates 

obtained. considering the small numbers of compounds used to derive the partial 

surface areas and the rounding off of numbers. is rcmurkuhl~ good, and adequate 

for situations where an approxim:ltc’ idea of a solubility is all that is required. The 

procedure could be extended, whereby groups could he assigned different partial 

surface areas according to the environment in which they reside. but there are at 

present insufficient raw data available. It could also be refined by introducing 

amended forms of Eqn. 1. applicable to specific types of compounds. This approach 

has been attempted (Amidon ct al.. 1975). 

An interesting outcome of thik work is that estimates for scblids ha\,c been found 

IO bc reasonably good. Tctradccanol. pentadeconal and hcxadecanol, for csamplc. 

yield cstimittes of I.3 X 10 I’. 3.2 X 10 ’ iktld 8.2 X 10 ’ respectively, i tl CcWlpilris~~ll 

with cibstrrved molal ~c~ltthi~i~i~~ of 1.5 x IO “. 4.~5 X IO ’ and 1.7 x 10 ‘. II is alst-, 

intcrcsting to note that the estimated values are lower than the obscrvcd values. so 

that an ideal solubility correction involving enthalpy of fusicbn and/or melting point 

\vcjuld throw the estimatt‘ even further CWI. It has been suggested thikt the influcncc 

01 solid liquid tritllsilic~tl 011 itquccws soluhilitics c>f ticlti-elcctral~tch is Stllitll atic{ is 

overestimated by the ideal solubility equation (lame.\. 1976). ‘1- he ~KiIlllpl~S ci td 

here support this observation. 



TABLE 3 

OBSERVED AND PREDICTED SURFAC‘II .RkAS AND MOl.41 WI.1 Blll’llf-S 

kH, 

2.4Dimethylpentanr 

CH,C‘HCH, CHCH, 

:.H \ 1-H \ 
2,2.~-Trimcthvlpentslrs 

CH \ 

3.N 

2.hR 

f.& 

3.4s 

2.71 
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