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THERMODYNAMIC PROPERTIES  
OF 2-METHYL-5-ARYLFURAN-3-CARBOXYLIC  

ACIDS CHLORINE DERIVATIVES IN ORGANIC SOLVENTS 

Iryna Sobechko1, *, Yuri Horak2, Volodymyr Dibrivnyi1,  
Mykola Obushak2, Lubomyr Goshko1 
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Abstract.1 The temperature dependences of the solubility 
of 2-methyl-5-(2-chloro-5-trifluoromethylphenyl)-furan-
3-carboxylic acid and 2-methyl-5-(2,5-dichlorophenyl)-
furan-3-carboxylic acid in acetonitrile, dimethyl ketone, 
isopropanol and ethyl acetate have been experimentally 
determined. The enthalpies of fusion of the investigated 
substances, as well as their enthalpies and entropies of 
mixing at 298 K have been calculated. The dependence of 
the saturated solution concentration on the values of 
enthalpy and entropy of solubility at 298 K has been 
determined. The compensating effect of mixing the 
investigated acids with all solvents containing the 
carbonyl group has been established. 
 
Keywords: enthalpy, entropy of solubility, mixing, 
melting, 2-methyl-5-(2-chloro-5-trifluoromethylphenyl)-
furan-3-carboxylic acid, 2-methyl-5-(2,5-dichlorophenyl)-
furan-3-carboxylic acid. 

1. Introduction 

Functionalized aryl derivatives of five-membered 
heterocycles belong to a class of substances that attract 
researchers' attention from the standpoint of studying their 
valuable properties and various modifications of their 
structure. In particular, the compounds with an arylfuran 
fragment have become widely used as the modifying 
agents in the synthesis of polymeric materials [1, 2] and 
biologically active compounds, since they exhibit a wide 
spectrum of biological activity [3] and are less toxic than 
those containing only a functionalized fragment of furan 
[4]. The compounds with this fragment have begun to be 
used in therapeutic practice for the treatment of 
neurodegenerative diseases [5], the treatment of genetic 

                                                
1 Lviv Polytechnic National University,  
12, Bandery St., 79013 Lviv, Ukraine  
2 Ivan Franko National University of Lviv,  
6, Kyryla i Mefodiya St. 79005 Lviv, Ukraine  
* phys.chem.lp@gmail.com 
 Sobechko I., Horak Y., Dibrivnyi V., Obushak M., Goshko L., 2019 

diseases [6], the creation of drugs for the treatment of 
tobacco dependence in order to reduce the need for 
nicotine and remove abstinence symptoms [7] and in the 
treatment of HIV-1 infection as a component of 
antiretroviral therapy [8]. It should ne noted that 
polymeric materials with arylfuran fragments are also 
biologically active [9]. The chitosan polymers modified 
with chlorine- and nitro-containing arylfurans showed 
significantly higher antimicrobial activity than unmodified 
chitosans [10, 11]. Thus, the search for promising 
reactions involving arylfuran fragments and the need for a 
deeper understanding of their biochemical functions 
requires the study of their thermodynamic properties. 
Naturally, the scientific researches appeared in which 
thermodynamic properties of individual organic 
compounds with an arylfuran fragment were examined. 
The determined values may contribute to solve practical 
problems concerning the optimization processes of their 
synthesis and purification. Since most reactions occur in 
solutions, the optimization of synthesis and purification of 
compounds with an arylfuran fragment is impossible 
without the determination of thermodynamic parameters 
of solubility. Some works regarding the thermodynamic 
properties of compounds with arylfuran fragment have 
appeared in recent years [12-17]. The presented work is 
the continuation of the previous research. Its purpose is to 
study the thermodynamic properties of 2-methyl-5-(2-
chloro-5-trifluoromethylphenyl)-furan-3-carboxylic acid 
and 2-methyl-5-(2,5-dichlorophenyl)-furan-3-carboxylic 
acid solubility in organic solvents of different polarity. 

2. Experimental 

2.1. Materials 

2-Methyl-5-(2-chloro-5-trifluoromethylphenyl)-
furan-3-carboxylic acid (I) and 2-methyl-5-(2,5-
dichlorophenyl)-furan-3-carboxylic acid (II) were 
synthesized according to Scheme 1 by two stages: 
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SPECTROPHOTOMETRIC DETERMINATION OF RUTHENIUM 
UTILIZING ITS CATALYTIC ACTIVITY ON OXIDATION  

OF HEXACYANOFERRATE(II) BY PERIODATE ION  
IN WATER SAMPLES 

Abhishek Srivastava1, *, Vivek Sharma1, Anjali Prajapati1, Neetu Srivastava2, R. M. Naik3 

https://doi.org/10.23939/chcht13.03.275 

Abstract.1 The catalytic effect of ruthenium chloride on 
the outer sphere electron transfer of hexacyanoferrate(II) 
by periodate ion in aqueous alkaline medium has been 
effectively employed to determine ruthenium(III) at micro 
level. The optimum reaction condition has been 
established and fixed time procedure is adopted. A linear 
relationship between changes in absorbance and added 
Ru(III) concentration has been utilized for the trace level 
determination of Ru(III). The results reveal that the 
addition of interfering ions (up to 71 times higher 
concentration of Ru) does not have significant effect on 
the catalytic activity of Ru(III) on oxidation of 
hexacyanoferrate(II) by periodate ion. Polyaminocar-
boxylates (HEDTA, EDTA and IDA) suppress its 
catalytic power to maximum, if tolerance limit is more 
than 14.29 times. Due to the reproducibility, stability and 
selectivity, this method can also be quantitatively applied 
in different types of water samples for determination of 
ruthenium(III) at micro level.    
 
Keywords: kinetics, mechanism, hexacyanoferrate(II), 
periodate, ruthenium(III). 

1. Introduction 
Ruthenium, a noble metal, is found in crustal 

materials at very low concentration (few ppb) [1], whereas 
meteorites and chondrite contain much higher percentage of 
ruthenium [2]. However, ruthenium compounds are highly 
toxic and carcinogenic, different studies have been reported 
for materials containing ruthenium complexes in electronic, 
electrochemical and electrical industries [1, 2]. The 
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complexes of ruthenium have found applications in 
pharmaceutical industries in the detection and 
determination of protein, antibiotic, chloramphenicol, and 
cefprozil [3-5]. Ruthenium along with its complexes 
exhibits excellent catalytic property in both alkaline and 
acidic medium for the reactions having environmental and 
commercial applications [6-18]. To fight against the deadly 
disease of cancer a number of ruthenium bearing 
complexes have been prepared and their antitumor 
properties are tested [19-21]. The life span of hosts bearing 
tumor increases by the intake of certain ruthenium 
compounds in spite of low cytotoxicity of ruthenium 
agents. Due to high catalytic activity of ruthenium, alloys of 
ruthenium are used as catalyst in fuel cells. Pt-Ru bimetallic 
alloy show the highest activity for the methanol oxidation 
reaction in methanol fuel cells [22]. Nanoparticles of Ru-Pt 
have also been used as an effective catalyst for carbon 
monoxide – tolerant fuel cell [23]. Thus, the potential 
application of ruthenium and its complexes in various areas, 
especially in pharmacology [24] and metallurgy [25] has 
made a challenge to develop a rapid, selective, simple and 
inexpensive method for the determination of ruthenium in 
different type of samples at trace level. The catalytic and 
inhibition properties have been extensively used for the 
growth and development of analytical methods for the trace 
level determination of different elements and compounds. 
The processes for the ruthenium determination viz. 
spectrophotometry, cyclic voltametry, atomic absorption 
spectrophotometry, mass spectrometry, HPLC, atomic 
absorption spectrometry, and X-ray fluorescence, have been 
used by investigators. Despite of good sensitivity and 
selectivity most of these methods are complicated, time 
consuming and require expensive chemicals. Therefore, the 
catalytic kinetic methods (CKMs) employing 
spectrophotometric monitoring (SPM) under pseudo 
condition still remain a popular method for achieving 
ruthenium(III) estimation at trace level [26-38]. A 
comparison of known CKMs along with reaction condition, 
types of sample and dynamic range of detection (DRD) are 
summarized in Table 1 [28, 29, 32-38].   
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Abstract.1 In the present study, the formation procedure 
of iodine oxide particle (IOP) has been investigated in the 
presence of surfactants (nonanoic and stearic acids NA-
SA) and humic acid (HA). It was established that iodine 
oxide which was mixed with the organic compounds (HA, 
NA and SA), and then irradiated with a xenon lamp leads 
to the formation of IOP. The evolution of formed particles 
number was followed by a scanning mobility particle 
sizer. Results obtained show that the number of particles 
decreases strongly in the presence of HA, NA and SA, 
this behavior is explained by the formation of 
organoiodine compounds.  
 
Keywords: photochemistry, surfactants, iodine, particle, 
organoiodine. 

1. Introduction 

Photochemistry at the air/sea interface of halogens 
affects the chemical composition of the troposphere. 
Atmospheric chemistry of halogens is dominated by 
reactions between gas and aqueous phases species on 
ocean surfaces and marine aerosols [1]. It influences the 
oxidation capacity of the atmosphere by removing the 
great variety of organic and inorganic species, which are 
emitted by natural and anthropogenic sources, this occurs 
by the catalytic destruction of ozone and reactions with 
the important radical species (in particular the hydroxyl 
OH) which control the oxidation chemistry [2, 3]. The 
reactivity of iodine in the atmosphere and at sea level 
leads to the production of nanoparticles of iodine oxide 
(IOP). The production process of IOP involves the 
recombination reactions of the radicals IO and OIO to 
form oxides which then spontaneously condense forming 
particles [4, 5]. In the presence of moisture, these particles 
develop into clouds condensation nuclei (CCN), which 
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would have an impact on the radiative balance of the 
atmosphere and therefore on the climate [6-11].  

Some studies [12, 13] indicate the presence of a 
significant fraction of iodine soluble in marine aerosol in an 
organic form. The reaction mechanism between the 
dissolved organic matter (DOM) and the species aqueous 
HIO (hypoidic acid), which would recycle I- in aerosols and 
also increase the release of I2, in the gaseous phase and at 
the air/sea interface has already been studied [14]. This 
mechanism is highly dependent on pH. Humic acid (HA) is 
a diverse group of multifunctional organic compounds that 
are soluble in water at pH values above 4. It contains 
chromophores that participate in photosensitized chemical 
reactions in the presence of organic surfactants such as 
nonanouique acid (NA). The adsorption of the soluble 
reagents, such as O3 and H2O2, of the gas phase on the 
aerosol surfaces will potentially lead to the oxidation of I- 
directly to the aerosol of the seawater [15]. The release of 
these species into the atmosphere allows the recycling of 
iode to iodine I- and iodine monoxide IO, which reacts 
actively with ozone and leads to the formation of iodine 
oxide particles (IOP) [16, 17]. The iodine oxide species IO3

- 
is converted by a photochemical reaction with HA to the 
aqueous ionic form (I-); this reaction is also showing the 
binding of the iodinated species to the humic acid, which 
influences the formation of marine particles. The 
spectroscopic analysis of iodate reactions with a number of 
compounds substituted with functional groups identified 
with structures of HA, were used to identify the chemical 
pathways and major species involved in the formation of 
non-volatile organic species containing iodine [15]. The 
reaction mechanism is likely to occur in the fixation of 
iodate on the HA and was, first of all, the absorption of 
visible light by the organic chromophores of HA, which 
leads to the generation of the solvated electrons, which are 
then captured by the iodate ion IO3

-, which is considered as 
the species of the most active iodine in the formation of 
particles in the atmosphere. It is reduced to HOI which will 
produce the molecular iodine I2 which reduces the number 
of IOP [15]. Iodate is accumulated in the marine aerosol by 
the adsorption of the species I2O3, I2O4 and I2O5 of the gas 
phase [18]. Most of the active chemistry of iodine in the gas 
phase takes place in the first 30 meters of the boundary 
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