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Abstract  
Evaporation is the phase transition process playing a significant role in many spheres of life and 

science. Volatilization of hazardous materials, pesticides, petroleum spills, etc., impacts the 
environment and biosphere. Predicting evaporation fluxes in specific environmental conditions is 
challenging from theoretical and empirical points of view. A new practical method for estimating 
fluxes is proposed based on our experimental results and previously published data. It is 
demonstrated that some parameters in theoretical equations for near-equilibrium evaporation can be 
estimated from experiments, and these formulas can be exploited to predict steady-state evaporation 
fluxes in the air in a range of eight orders of magnitude based on a single experiment carried out for 
nontoxic volatile compounds. 
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Evaporation is a liquid-gas phase transfer process commonly occurring in nature. It has multiple 
applications in the industry and is vital for environmental science. The evaporation of crude oil and 
petroleum products in industrial storage tanks has not only large economic significance [1], but also 
contaminates the environment [2]. Air and soil pollution by herbicides impacts human health [3]. 
Using hazardous compounds in agriculture, chemical plants or laboratories, and even dwellings 
creates risks to the health and safety of people and animals. For example, one of the critical parameters 
is the volatilization time of solid or liquid pesticides from crops, plants, and soil [4,5]. These are 
challenges for environmental science, stimulating the development of methods for predicting the time 
scale of evaporative loss from chemical spills or estimating the concentrations of hazardous materials 
in the air. 

The molecular mechanisms of evaporation are still not elucidated in most cases. Theoretical 
investigations of fluid kinetics are limited due to the complexity of the tasks [6]. The two most popular 
theories of evaporation are Hertz-Knudsen (HK) [7,8] and statistical rate theory (SRT) [9,10]. 
However, their application is restricted by near-equilibrium and low vapor pressure cases. Under non-
equilibrium conditions, evaporation and condensation are coupled. Evaporation depends on the 
properties of the liquid surface, while condensation depends on the liquid's and the vapor's properties 
[11]. As a result, the evaporation and condensation coefficients used in the HK theory are different 
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and extremely hard to measure [8]. The coefficients depend on liquid and vapor temperatures, heat 
flux, and interface geometry [12].  

The SRT provides an alternative expression for the evaporation flux and does not contain fitting 
parameters. For some systems, calculated fluxes correspond to measured values [8]. The theory has 
been used to solve a reverse task. Using experimental fluxes, vapor pressures above the interface were 
calculated and compared with experimental ones [11]. However, the calculations can be done for 
particular experimental conditions, and compounds' thermodynamic and spectroscopic properties 
(vibrational frequencies) must be known. 

Generally, the evaporation flux depends on actual temperatures above and below the liquid-vapor 
interface, vapor pressure, and interface contamination. Even the size and shape of liquid samples 
affect evaporation. The theories of millimeter or micron-sized drop evaporation and evaporation from 
thin films are discussed in review articles [13,14]. Atomistic computer simulations are possible only 
for nanoscale systems whose properties significantly differ from macro systems [9,15,16].  

For many practical applications and environmental science, predicting evaporation rates in the 
air from planar surfaces of large areas under different conditions, including airflow or wind, is 
necessary. Neglecting the high accuracy, based on accurately determined thermodynamic properties 
of the liquid-vapor systems measured for pure liquids, we have attempted to exploit the functional 
form of statistical theory equations to fit experimentally obtained evaporation fluxes, substituting 
unknown parameters with empirical coefficients depending on environmental. The present work aims 
to establish the relationship between evaporation fluxes and properties of volatile compounds, which 
hold in different environmental conditions, and propose a method for predicting evaporation fluxes 
based on minimal experimental measurements. For this purpose, we measured evaporation fluxes 
from planar surfaces of several liquids using a weight loss method at two temperatures with and 
without airflow. The obtained correlations are applied to previously published [4,17] experimental 
data to test the method and generalize the results. 

Our experimental data were plotted and linearly fitted according to Eq HK. The results are 
presented in Figure 1a. If evaporation fluxes differ by several orders of magnitude, the coefficient of 
determination R2 mostly depends on highly volatile liquids.  
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Figure 1. Experimental evaporation fluxes from planar liquid surfaces measured at 293 K and 

windless conditions (procedure 1) are linearly fitted according to Eq 6 (a) or Eq 7 (b) 
 

The rate of evaporation of liquids poured into glasses can be regulated not only by the temperature 
and speed of air flow, but also by their volume. Measurements performed under real ambient 
conditions for reference fluids can be supplemented with results obtained in the laboratory for a larger 
set of compounds. This will increase the accuracy of forecasts. Reference systems can be non-toxic 
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volatile liquids. The generalized statistical physics equations were used to calculate evaporation 
fluxes for the near-equilibrium states.  

Based on our experiments and published data, we demonstrated that only one adjustable parameter 
is enough to estimate the evaporation fluxes of compounds in a broad range, covering several orders 
of magnitude. This parameter strongly depends on environmental conditions and weakly on the 
material's properties. The reference and evaluated pure compounds' molar masses and saturation 
pressures must be known for the estimation. For dissolved compounds, one must know solubility and 
the Henry volatility. 

 A simple method for evaporation flux measurements has been proposed.  It will increase the 
accuracy of predictions. Nontoxic, highly volatile liquids can be the reference systems. 

Prediction of evaporation flows in specific environmental conditions is a difficult task from a 
theoretical and empirical point of view. A new practical flow estimation method is proposed based 
on the obtained experimental results and previously published data. It has been demonstrated that 
some parameters in the theoretical equations for near-equilibrium evaporation can be estimated from 
experiments, and these formulas can be used to predict steady-state evaporation fluxes in air in the 
range of eight orders of magnitude based on one experimented with non-toxic volatile compounds. 
Based on the obtained results, it is possible to propose a new method of estimating the evaporation 
rate for actual environmental conditions. For this, the conditions for the liquids selected for 
experimental measurements must be the same. According to the HK or SRT equations, only one 
adjustable parameter is needed to estimate other compounds' flux and evaporation rate. Thus, when 
conducting an experiment, instead of measuring the rate of hazardous or low-volatility materials, the 
evaporation parameters for non-toxic compounds with high volatility can be used. It can be any 
reference liquid, even water, but in this case, the humidity of the air will affect the accuracy of the 
prediction. Only molecular weight and saturation pressure of air are required for calculations. 
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Анотація 
Випаровування –  це процес фазового переходу, який відіграє важливу роль у багатьох сферах життя і 
науки. Випаровування небезпечних матеріалів, пестицидів, розливів нафти тощо впливають на 
навколишнє середовище та біосферу. Прогнозування потоків випаровування в конкретних умовах 
навколишнього середовища є складним завданням з теоретичної та емпіричної точок зору. На основі 
наших експериментальних результатів і раніше опублікованих даних запропоновано новий практичний 
метод оцінювання потоків. Продемонстровано, що деякі параметри в теоретичних рівняннях для майже 
рівноважного випаровування можна оцінити з експериментів, і ці формули можуть бути використані 
для прогнозування стаціонарних потоків випаровування в повітрі в діапазоні величини восьми порядків 
на основі одного проведеного експерименту для нетоксичних летких сполук. 


