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Prof. Michael H. Abraham obtained his B.Sc. degree in 
chemistry from the Northern Polytechnic London and 
did his Ph.D. at the University College London and he was 
a Reader at the University of Surrey, and then became a 
research fellow at University College London, where he 
obtained his D.Sc. degree in 1974.1

Prof. Abraham’s first paper indexed in Scopus backs 
to 19572 and dealt with the chromatographic analysis of 
peroxides. During 1957-1969 his publications mainly 
focused on chemistry of organometallic compounds, and 
in 1969, the first paper dealing with solvent effects on the 
free energies of the reactants and transition states was 
published in “Journal of the Chemical Society D: Chemical 
Communications”3 when he was working as a Reader at 
the University of Surrey.

In 1981, Michael published his joint first paper with 
Prof. Taft (from University of California) and Prof. Kamlet 
(from a military laboratory in Maryland) dealing with the 
application of solvatochromic parameters in heterocyclic 
decomposition of tert-butyl halides.4 Robert W. Taft was one 
of the pioneers of linear free energy relationships (LFERs) 
who separated the substituent’s effects into polar, steric 
and resonance influences.5 A novel method for obtaining 
scales of hydrogen-bond acidity (a)6 and hydrogen-
bond basicity (b)7 of the solvents by the solvatochromic 
comparison was proposed jointly with Mortimer J. Kamlet 
in 1976. The general p* scale of the solvent’s polarity based 
on UV-Vis measurements was suggested in collaboration 
with Kamlet and Abboud.8 Michael added the Hildebrand 
solubility parameter as another solvent descriptor for 
correlation of all types of solvent effects.9 Taft and his 
co-authors including Michael have also realized that 
the solvatochromic solvent equations could be set up 
to investigate the effects of the solutes, when the solvent 
system remained constant.10 In 1983, they published the 
first joint paper dealing with the solubility properties of 
the solutes in polymers and biological media.11 In 1985, 
solubilities of a range of nonelectrolytes in blood, plasma, 
brain, lung, liver, kidney, muscle tissue, and human fat 
were calculated using the developed descriptors.12 Toxic 

properties of the compounds were investigated using the 
developed descriptors in 1986.13 In 1990, the applicability 
of the developed descriptors for representation of the 
upper respiratory tract irritation of male mice by airborne 
chemicals was shown.14 

In 1992, Michael was awarded the first of two Ebert 
Prizes for his paper titled “Role of hydrogen bonding in 
general anesthesia”.15 The Ebert Prize was established in 
1873 which is the oldest pharmacy award. It is presented 
by the American Pharmaceutical Association to the 
authors of a published paper in Journal of Pharmaceutical 
Sciences describing novel and original findings with high 
probability of significantly impacting the pharmaceutical 
sciences.16 Two years later, the general form of the Abraham 
solvation model was applied to investigate partitioning 
of some drugs between blood and brain17 and also in 
chromatographic systems.18 In 1995, skin permeation of 
molecular solutes was described by Abraham solvation 
model.19  In 2001, human intestinal absorption of molecular 
drugs was represented using the Abraham solvation 
parameters calculated using ABSOLV program.20  In 2002, 
this publication20 was awarded the second of the two Ebert 
Prizes that Michael received for his research publications.16

In 2004, Abraham and Zhao21  introduced the specific ionic 
descriptors (J+ and J-) for cations and anions which opened 
a window for application of the solvation parameters for 
describing human skin permeability,22 human intestinal 
absorption,23 artificial membrane retention factors24 and 
brain permeation25 for the ionized forms of the solute 
molecules. Abraham model correlations have also been 
reported for describing solute transfer of ions and ionic 
species from water into more than 30 different organic 
solvents and into select binary aqueous-organic cosolvent 
mixtures.

The Abraham solvation model has been successfully 
applied to correlating the gas to room temperature ionic 
liquid (RTIL) partition coefficients of volatile organic 
compounds into more than 100 different  RTILs of varying 
polarity and hydrogen-bonding character.26,27 Abraham, 
Acree and coworkers28 extended the predictive applicability 
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of the basic model by splitting the six equation coefficients 
into a separate cation and anion contribution, which when 
summed will yield the respective equation coefficient for the 
given RTIL. At the writing of this editorial coefficients have 
been reported for 65 individual cations and 20 individual 
anions.  The published cation and anion coefficients allow 
one to construct Abraham model predictive equations for 
1,300 (65 times 20) different RTILs.

The convulsant/anesthetic activity of 48 compounds has 
been analyzed using an Abraham solvation equation in 
2009 and the results revealed that the predicted convulsant 
pressure is less than that of anesthetic pressure which is 
in good agreement with the experimental findings for 
the compounds studied. The difference between the 
compound pressure to produce convulsions and anesthesia 
is quite small for many of the 48 compounds, and so 
minor structural features can be significant.29 An earlier 
study30 had examined the effect of anesthetic structure 
on inhalation anesthesia of 148 varied anesthetic agents 
based upon measured values of the minimum alveolar 
concentration.

In 2011, Abraham and Acree proposed a new method 
to extend the applicability of the Abraham solvent 
parameters for calculating the solubility in water-ethanol 
mixtures in which each solvent composition possesses a 
given set of the solvent parameters.31 The approach was 
later extended to binary aqueous-methanol32 and aqueous-
isopropyl alcohol33 mixtures.  In his last paper published 
in Journal of Solution Chemistry, water–solvent partition 
coefficients of fluorescein at an aqueous pH 3.28 for the 
solvents octan-1-ol, dichloromethane, trichloromethane, 
1,2-dichloroethane, toluene, chlorobenzene and 
bromobenzene were determined and used to compute its 
descriptors.34

Michael was among the most influencing scientist in 
solution chemistry and his developed descriptors have been 
used for mathematical representation of many chemical, 
pharmaceutical and biological processes. Even though 
Michael formally retired many years ago, he continued 
to publish many important papers. Near the time of his 
death he was collaborating with Professor William Green 
(of Massachusetts Institute of Technology) looking to 
further the applicability of his general solvation parameter 
model by examining group contribution and machine 
learning methods as a means to predict solute descriptors 
for additional organic and medicinal compounds.35  Once 
calculated the solute descriptors can be used to predict a 
wide range of different properties using the mathematical 
correlations published by Professor Abraham and 
researchers. Several of these correlations have been 
described above.  

It should be noted that the Abraham model solute 
descriptors are not simply curve-fitting parameters, 
but rather the descriptors encode valuable chemical 
information regarding how the given solute molecule 
interacts with neighboring solvent molecules.  Solute 
descriptors, denoted as E, S, A, B. V and L in Michael’s 

recent publications,19-35 are defined as follows:  E denotes 
to the solute excess molar refractivity in units of (cm3 mol-

1)/10, S measures the solute dipolarity/polarizability, A and 
B pertain to the overall or total hydrogen-bond acidity and 
basicity, V refers to the McGowan volume expressed in 
units of (cm3 mol-1)/100, and L is defined as the logarithm 
of the solute’s gas-to-hexadecane partition coefficient 
measured at a reference temperature of 298 K.  The solute 
descriptors are described in greater detail elsewhere.36

The large solute descriptor,37 blood to brain partition 
coefficient38 and skin permeation22 databases that Michael 
constructed over the years continue to be used by other 
researchers working in the pharmaceutical and chemical 
industries. For example, Yamamoto and coworkers39 
recently examined the absorption of pharmaceutical 
compounds on several laboratory material surfaces using 
the Abraham model solute descriptors.  As noted by the 
authors unwanted absorption onto test tubes and other 
laboratory surfaces can adversely affect the accurate 
determination of drug concentrations in solution, and lead 
to miscalculated absorption, distribution, metabolism, and 
excretion (ADME) properties.  Li40 later utilized published 
Abraham model water to organic solvent correlations in 
searching for suitable extraction vehicles (blood simulating 
solvents) to use in testing the safety of blood-contacting 
medical devices.  Several methods31-33, 41-43 have employed 
Abraham model solute descriptors as input parameters 
for estimating the solubility of medicinal compounds 
in organic mono-solvents and binary solvent mixtures.  
The derived expressions provide the pharmaceutical 
community with an in silico means to estimate solubility in 
the absence of experimental values.

As an indication of the impact that Michael’s work had, 
he continues to be listed among the top 2 % of scientist 
based on a study titled “August 2021 data-update for 
‘Updated science-wide author databases of standardized 
citation indicators” by Jeroen Baas, Kevin Boyack, and John 
P.A. Ioannidis.44 He was also a professional painter and 
spent considerable time painting in the studio, landscape 
painting and also setting up the art exhibitions.45 In Jan 
2021 Michael sadly passed away and the researchers of 
solution chemistry lost one of the most active leaders of the 
field. This editorial was prepared according to an invitation 
from the Editor-in-Chief of the Pharmaceutical Sciences as 
the memorial of the first anniversary of his death.

Author Contributions
The manuscript was written by AJ and WEA and approving 
the final version for submitting in journal.

Conflict of Interest
The authors report no conflicts of interest.

References
1.	 Abraham MH. Scales of solute hydrogen-bonding: Their 

construction and application to physicochemical and 
biochemical processes. Chem Soc Rev. 1993;22(2):73-



Michael H. Abraham and His Developed Parameters

  Pharmaceutical Sciences, 2022, 28(2), 170-173   | 172

83. doi: 10.1039/CS9932200073
2.	 Abraham MH, Davies AG, Llewellyn DR, Thain EM. 

The chromatographic analysis of organic peroxides. 
Anal Chim Acta. 1957;17(C):499-503. doi:10.1016/
S0003-2670(00)87075-0

3.	 Abraham MH. Solvent effects on the free energies of 
the reactants and transition states in the menschutkin 
reaction of trimethylamine with alkyl halides. J Chem 
Soc D Chem Commun. 1969;(22):1307-8. doi:10.1039/
C29690001307

4.	 Abraham MH, Taft RW, Kamlet MJ. Linear Solvation 
Energy Relationships. 15. Heterolytic Decomposition of 
the tert-Butyl Halides. J Org Chem. 1981;46(15):3053-
6. doi:10.1021/jo00328a012

5.	 Taft RW. Steric effects in organic chemistry. In: Newman 
MS, editor. New York: John Wiley & Sons; 1956. 

6.	 Taft RW, Kamlet MJ. The solvatochromic comparison 
method. 2. the α-scale of solvent hydrogen-bond donor 
(HBD) acidities. J Am Chem Soc. 1976;98(10):2886-94. 
doi:10.1021/ja00426a036

7.	 Kamlet MJ, Taft RW. The solvatochromic comparison 
method. I. The β-Scale of solvent hydrogen-
bond acceptor (HBA) basicities. J Am Chem Soc. 
1976;98(2):377-83. doi:10.1021/ja00418a009

8.	 Kamlet MJ, Abboud JL, Taft RW. The solvatochromic 
comparison method. 6. The π* scale of solvent 
polarities. J Am Chem Soc. 1977;99(18):6027-38. doi: 
10.1021/ja00460a031

9.	 Kamlet MJ, Abboud J-LM, Abraham MH, Taft 
RW. Linear Solvation Energy Relationships. 23. A 
comprehensive collection of the solvatochromic 
parameters, π, α, and β, and some methods for 
simplifying the generalized solvatochromic equation. 
J Org Chem. 1983;48(17):2877-87. doi:10.1021/
jo00165a018

10.	Kamlet MJ, Doherty RM, Abboud JM, Abraham MH, 
Taft RW. Linear solvation energy relationships: 36. 
molecular properties governing solubilities of organic 
nonelectrolytes in water. J Pharm Sci. 1986;75(4):338-
49. doi:10.1002/jps.2600750405

11.	Abraham MH, Kamlet MJ, Taft RW, Weathersby PK. 
Solubility properties in polymers and biological media. 
1. Correlations in various media of the solubilities of 
gaseous anesthetics and other solutes with a number of 
solute parameters. J Am Chem Soc. 1983;105(23):6797-
801. doi:10.1021/ja00361a007

12.	Abraham MH, Kamlet MJ, Taft RW, Doherty RM, 
Weathersby PK. Solubility properties in polymers and 
biological media. 2. The correlation and prediction of 
the solubilities of nonelectrolytes in biological tissues 
and fluids. J Med Chem. 1985;28(7):865-70. doi: 
10.1021/jm00145a004

13.	Kamlet MJ, Doherty RM, Velth GD, Taft RW, Abraham 
MH. Solubility properties in polymers and biological 
media. 7. an analysis of toxicant properties that influence 
inhibition of bioluminescence in photobacterium 
phosphoreum (the microtox test). Environ Sci Technol. 

1986;20(7):690-5. doi:10.1021/es00149a007
14.	Abraham MH, Whiting GS, Alarie Y, Morris JJ, 

Taylor PJ, Doherty RM, et al. Hydrogen bonding 12. 
a new QSAR for upper respiratory tract irritation by 
airborne chemicals in mice. quant struct relationships. 
1990;9(1):6-10. doi:10.1002/qsar.19900090103

15.	Abraham MH, Lieb WR, Franks NP. Role of 
hydrogen bonding in general anesthesia. J Pharm Sci. 
1991;80(8):719-24. doi:10.1002/jps.2600800802

16.	http://www.jpharmsci.org/ebert-prize. Accessed on 
January 2022 

17.	Abraham MH, Chadha HS, Mitchell RC. Hydrogen 
bonding. 33. Factors that influence the distribution 
of solutes between blood and brain. J Pharm Sci. 
1994;83(9):1257-68. doi:10.1002/jps.2600830915

18.	Abraham MH, Chadha HS, Leo AJ. Hydrogen bonding. 
XXXV. Relationship between high-performance 
liquid chromatography capacity factors and water-
octanol partition coefficients. J Chromatogr A. 
1994;685(2):203-11. doi:10.1016/0021-9673(94)00686 
-5

19.	Abraham MH, Chadha HS, Mitchell RC. The 
Factors that Influence Skin Penetration of 
Solutes. J Pharm Pharmacol. 1995;47(1):8-16. 
doi:10.1111/j.2042-7158.1995.tb05725.x

20.	Zhao YH, Le J, Abraham MH, Hersey A, Eddershaw 
PJ, Luscombe CN, et al. Evaluation of human 
intestinal absorption data and subsequent derivation 
of a quantitative structure - Activity relationship 
(QSAR) with the Abraham descriptors. J Pharm Sci. 
2001;90(6):749-84. doi:10.1002/jps.1031

21.	Abraham MH, Zhao YH. Determination of solvation 
descriptors for ionic species: Hydrogen bond acidity 
and basicity. J Org Chem. 2004;69(14):4677-85. doi: 
10.1021/jo049766y

22.	Zhang K, Abraham MH, Liu X. An equation 
for the prediction of human skin permeability 
of neutral molecules, ions and ionic species. Int 
J Pharm. 2017;521(1–2):259-66. doi:10.1016/j.
ijpharm.2017.02.059

23.	Abraham MH. Human intestinal absorption - 
Neutral molecules and ionic species. J Pharm Sci. 
2014;103(7):1956-66. doi:10.1002/jps.24024

24.	Abraham MH, Acree Jr. WE. Equations for the 
partition of neutral molecules, ions and ionic species 
fromwater to water-ethanol mixtures. J Solution Chem. 
2012;41(4):730-40. doi:10.1007/s10953-016-0479-5

25.	Abraham MH. The permeation of neutral molecules, 
ions, and ionic species through membranes: 
Brain permeation as an example. J Pharm Sci. 
2011;100(5):1690-701. doi:10.1002/jps.22404

26.	Abraham MH, Acree WE. Comparative analysis 
of solvation and selectivity in room temperature 
ionic liquids using the Abraham linear free energy 
relationship. Green Chem. 2006;8(10):906-15. 
doi:10.1039/B606279B

27.	Jiang B, Horton MY, Acree WE, Abraham MH. Ion-



Jouyban & Acree Jr.

173   | Pharmaceutical Sciences, 2022, 28(2), 170-173

specific equation coefficient version of the Abraham 
model for ionic liquid solvents: determination of 
coefficients for tributylethylphosphonium, 1-butyl-1-
methylmorpholinium, 1-allyl-3-methylimidazolium 
and octyltriethylammonium cations. Phys Chem Liq. 
2017;55(3):358-85. doi:10.1080/00319104.2016.12180
09

28.	Sprunger LM, Proctor A, Acree Jr. WE, Abraham MH. 
LFER correlations for room temperature ionic liquids: 
Separation of equation coefficients into individual 
cation-specific and anion-specific contributions. Fluid 
Phase Equilib. 2008;265(1-2):104-11. doi:10.1016/j.
fluid.2008.01.006

29.	Abraham MH, Acree Jr. WE. Prediction of convulsant 
activity of gases and vapors. Eur J Med Chem. 
2009;44(2):885-90. doi:10.1016/j.ejmech.2008.05.027

30.	Abraham MH, Acree Jr. WE, Mintz C, Payne S. Effect 
of anesthetic structure on inhalation anesthesia: 
Implications for the mechanism. J Pharm Sci. 
2008;97(6):2373-84. doi:10.1002/jps.21150

31.	Abraham MH, Acree Jr. WE. Partition coefficients 
and solubilities of compounds in the water-ethanol 
solvent system. J Solution Chem. 2011;40(7):1279-90. 
doi:10.1007/s10953-011-9719-x

32.	Abraham MH, Acree WE. Equations for the partition 
of neutral molecules, ions and ionic species from 
water to water–methanol mixtures. J Solution Chem. 
2016;45(6):861-74. doi:10.1007/s10953-016-0479-5

33.	Abraham MH, Acree WE, Rafols C, Roses M. Equations 
for the correlation and prediction of partition 
coefficients of neutral molecules and ionic species 
in the water–isopropanol solvent system. J Solution 
Chem. 2021;50(4):458-72. doi:10.1007/s10953-021-
01063-w

34.	Abraham MH, Sánchez-Moreno R. Determination of 
water–solvent partition coefficients for fluorescein: 
evaluation of descriptors for the lactone form 
and prediction of properties. J Solution Chem. 
2021;50(7):1027-35. doi:10.1007/s10953-021-01102-6

35.	Chung Y, Vermeire FH, Wu H, Walker PJ, Abraham MH, 
Green WH. Group contribution and machine learning 
approaches to predict Abraham solute parameters, 
solvation free energy, and solvation enthalpy. J 
Chem Inf Model. 2022;62(3):443-6. doi:10.1021/acs.
jcim.1c01103

36.	Clarke JED, Mallon L. The determination of abraham 
descriptors and their application to crop protection 

research. in: Jeschke P, Krämer W, Schirmer U, Witschel 
M, editors. Modern Methods in Crop Protection 
Research, NewYork:Wiley-VCH Verlag GmbH & Co; 
2012.

37.	Ulrich N, Endo S, Brown TN, Watanabe N, Bronner 
G, Abraham MH, Goss K-U, UFZ-LSER database v 
3.2.1 [Internet], Leipzig, Germany, Helmholtz Centre 
for Environmental Research-UFZ. 2017 [accessed on 
12.01.2022]. Available from http://www.ufz.de/lserd.

38.	Abraham MH, Ibrahim A, Zhao Y, Acree Jr. WE. A 
data base for partition of VOCs and drugs from blood/
plasma/serum to brain, and an LFER analysis of the 
data. J Pharm Sci. 2006;95(10):2091-100. doi:10.1002/
jps.20595

39.	Yamamot E, Tominaga N, Kan-no H, Ando D, Miyazaki 
T, Izutsu K-I.  Evaluation of drug sorption on laboratory 
materials with Abraham solvation parameters of drugs 
and its prevention. Pharm Res. 2021;38(12):2167-77. 
doi:10.1007/s11095-021-03156-z

40.	Li J. Evaluation of blood simulating solvents in 
extractables and leachables testing for chemical 
characterization of medical devices based on Abraham 
general solvation model. J Mol Liq. 2022;345:116995. 
doi:10.1016/j.molliq.2021.116995

41.	Jouyban A, Rahimpour E, Acree W. Further analysis 
on solubility measurement and thermodynamic 
modeling of benzoic acid in monosolvents and binary 
mixtures. Pharm Sci. 2019;25(2):165-70. doi:10.15171/
PS.2019.24

42.	Jouyban A, Soltanpour S, Soltani S, Chan H, Acree Jr 
WE. Solubility prediction of drugs in water-cosolvent 
mixtures using Abraham solvation parameters. J Pharm 
Pharm Sci. 2007;10(3):263-77.

43.	Charlton AK, Daniels CR, Acree Jr. WE, Abraham 
MH. Solubility of crystalline nonelectrolyte solutes 
in organic solvents: mathematical correlation of 
acetylsalicylic acid solubilities with the abraham 
general solvation model. J Solution Chem. 2003;32(12): 
1087-102. doi:10.1080/00319100500111293

44.	Baas J, Boyack K, Ioannidis JPA. Ioannidis https://
e l s e v i e r. d i g i t a l c om mons d at a . c om / d at as e t s /
btchxktzyw/3. Accessed on January 2022. doi:10.17632/
btchxktzyw.3

45.	https://blogs.rsc.org/nj/category/people/page/6/? 
doing_wp_cron=1640249849.26662802696228027343
75. Accessed on January 2022


