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1. INTRODUCTION 

The majority of important chemical processes take place in liquid phase. Nume-
rous biological transformations, greatest part of laboratory chemistry and in-
dustrial manufacturing of chemicals occur in solutions. Understanding, quantifi-
cation and optimization of all those processes require comprehension of the 
underlying intermolecular interactions. However, liquid phase is the most 
complicated phase from the computational point of view, since each molecule in 
solution is influenced by closely located, but unordered and incessantly moving 
neighboring particles. 

The range of compound properties that the scientific and industrial commu-
nities would like to accurately predict in liquid phase is very wide. This work 
addresses prediction of two solute parameters – strength of hydrogen bond in 
non-aqueous solutions and distribution of organic solutes between immiscible 
liquids.  

Hydrogen bond (HB) plays a crucial role in functioning of biomolecules and 
greatly influences physical, chemical, catalytic etc properties of compounds. In 
this work HB is considered from the point of view of synthetic supramolecular 
chemistry and acid/base studies. HB is the main interaction behind anion 
binding by most synthetic receptors, functioning of molecular switches and 
some selective catalysts. On the other hand, processes involving unwanted HB 
formation (dimerization, homo- and heteroconjugation) are well-known compli-
cating factors in acidity/basicity studies in non-aqueous media. Predicting the 
strength of HBs at least on relative scale is of much interest to researchers in 
those fields. However, quantifying HB interactions is not straightforward from 
computational point of view. 

The second part of this thesis reports experimental studies and prediction of 
distribution of organic solutes between aqueous and organic solutions. Pre-
dicting the behavior of the molecule in two-phase liquid systems is of great 
interest for very different branches of research and technology. In medical, 
biological and environmental studies one of the most important parameters of a 
compound is its lipophilicity, which influences biochemical action of the 
compound and its environmental fate. Lipophilicity is often expressed through 
partition or distribution coefficient of the solute between aqueous solution and 
octanol or some other organic solvent. In analytical chemistry and various 
technological processes knowing the distribution behavior of the compound is 
needed for setting up effective liquid-liquid extraction procedures. Finally, 
partitioning of a compound between polymeric material and a liquid (which can 
also be approximated by partitioning coefficient between two liquids) 
determines usability of the solute as e.g. a sensor component. 

The aim of the present work is to assess the existing methods and/or develop 
new approaches for prediction of the two abovementioned properties. Prefe-
rence is to be given to experimental and computational approaches that are 
easily available and generally affordable, to make the results of this study 
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conveniently useful for broad audience. The main computational method to be 
used in this work is COSMO-RS (Conductor-like Screening Model for Real 
Solvents), chosen for its unequalled ability to predict the properties of arbitrary 
multicomponent liquid mixtures and totally novel solutes and solvents without 
additional experimental input. 

In addition to predicting the properties of the solutes with known structure a 
possibility of predicting the liquid-liquid extraction outcome for unidentified 
solutes is addressed. A predictive model using a small number of experi-
mentally determined distribution ratios in selected solvent pairs to predict solute 
behavior in a larger number of solvent pairs is developed and evaluated. In 
frequent situations where the identities of all mixture components are not 
known (pilot synthesis, natural products etc) such model would significantly 
simplify finding the most effective or selective solvent pair for isolation or 
purification of components of interest. It will reduce the time, workload and 
expenses required for extraction process optimization, along with the amount of 
harmful waste. 
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 SUMMARY IN ESTONIAN 

Soluut-solvent vastasmõjude eksperimentaalne  
uurimine ja modelleerimine 

Käesoleva töö eesmärgiks oli hinnata ning arendada meetodeid intermolekulaar-
sete vastasmõjude ja nendest tulenevate soluudi makroskoopiliste omaduste mo-
delleerimiseks vedelfaasis. Lisaks molekulaarstruktuuril põhinevatele meetoditele 
vaadeldi võimalust ennustada tundmatu struktuuriga soluutide jaotust vedelfaa-
side vahel. 

Töö esimese etapina hinnati mitme arvutusmetoodika sobivust vesinik-
sideme tugevuse ennustamiseks mittevesikeskkonnas. Selleks kasutati COSMO-
RS meetodit ning G4MP2 ja COSMO-RS või SMD meetodit ühendavat kombi-
neeritud lähenemist. Neutraalsete molekulide vahelise vesiniksideme puhul 
andis standardne COSMO-RS arvutus vastuvõetava kvaliteediga tulemusi. 
Negatiivselt laetud ja lähedaste dissotsiatsioonienergiatega vesiniksidestatud 
komplekside puhul osutus vaikimisi COSMO-RS protseduuri täpsus ebapiisa-
vaks. Liiga ebatäpseks osutus ka termodünaamilisel tsüklil põhinev metodo-
loogia, milles kombineeriti soluutide solvatatsioonienergiaid gaasifaasi-
energiatega. 

Töö teise etapina töötati välja ennustav mudel vedelik-vedelik ekstraktsiooni 
tulemuste hindamiseks tundmatu struktuuriga soluutide jaoks. Mudel põhineb 
multilineaarsel regressioonil ning kasutab sisendina uuritava soluudi jaoks 
eksperimentaalselt määratud väikest arvu logD väärtusi erinevates solvendi-
paarides. Tulemuseks on soluudi logD väärtused suuremas arvus solvendipaari-
des. Töö käigus arendati välja eksperimentaalne metoodika logD määramiseks 
ning vajalikud andmetöötluse ja määramatuse hindamise protseduurid. Eksperi-
mentaalne logD määramine koosneb vedelik-vedelik ekstraktsioonist ja mõlema 
faasi analüüsist HPLC meetodiga. Metoodika on töökindel ja teostatav tavaliste 
laboratoorsete vahendite abil. 

Ennustuse täpsus sõltus soluutidevaheliste vastasmõjude tugevusest lahustes, 
eelkõige vähempolaarses orgaanilises faasis. Praktiliselt kasulikke logD hin-
nanguid saadi ka siis, kui ennustustäpsus polnud väga kõrge. Ennustuse ruut-
keskmine hälve oli vahemikus 0.2 log ühikut (lahjad lahused, täpne määramine) 
kuni 0.5 log ühikut (kontsentreeritud lahused, eksperimentaalsed raskused). 

Töö viimases etapis kasutati töö käigus kogutud eksperimentaalseid andmeid 
orgaaniliste soluutide jaotuse kohta erinevates solvendipaarides COSMO-RS 
arvutuste kvaliteedi hindamiseks. Hinnati nii üldist ennustustäpsust kui ka vahe-
pealsete väärtuste täpsust. A-priori arvutatud logP väärtuste ruutkeskmine viga 
oli vahemikus 0.2…0.7 log ühikut sõltuvalt solvendipaarist, keskmisega üle 
kõigi solvendipaaride 0.6 log ühikut. A-priori logD ennustuste täpsus oli ootus-
päraselt madalam. Põhjuseks olid nii ebatäpsed pKa ennustused kui ka raskused 
ioonide jaotuse modelleerimisel kahefaasilises süsteemis. Identifitseeriti süste-
maatiliselt halvasti kirjeldatud soluudid ning pakuti välja madala ennustus-
täpsuse võimalikud põhjused.  
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