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Abstract. The effect of high temperatures on the surface tension of liquid cyclic hydrocarbons has been 

studied. The studies were carried out in the temperature range T = 273-373 K. The mechanism of change 

in the coefficient of surface tension of cyclic hydrocarbons depending on temperature was determined. 

In the course of research, it was found that the processes on the surface of cyclic hydrocarbons depend 

on their structure. There was a difference in the value of the surface tension coefficient depending on the 

chemical composition and structure. This difference was also observed in the change in coefficients 

depending on temperature. 
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1.      Introduction 

 

The study of the physical and chemical properties of liquid materials is one of the 

main areas of molecular physics (Ibrahimli, 2022;  Hossain et al., 2022). In the course of 

research, it was found that the determination of the surface tension and dynamic viscosity 

of liquids plays an important role in the study of their other physical properties. These 

properties are widely used in the transportation of liquids (Chappan, 1966; Alder & 

Wainwright, 1970; Bordat & Muller-Plathe, 2002; Alexandre et al., 2012; Jakse et al., 

2011). In addition to experimental studies of liquids, theoretical studies are also carried 

out. With the help of modern programs, it is possible to study many processes occurring 

in these materials under external influences (Yang et al., 2010; Maebashi & Takada, 

2009).  

It is known that the physical properties of liquids, like solids, depend on their 

structure. Therefore, in addition to liquids of organic materials, the structure and physical 

properties of liquid states of inorganic materials with ionic bonds are studied. Interesting 

physical properties were discovered in studies carried out by infrared spectroscopy 

(Masimov et al., 2017, 2019; Budagov et al., 2017; Alekperov et al., 2019, 2020; Aliyev 

et al., 2020). 

Surface phenomena differ from the processes occurring in the volume. Therefore, 

interesting results are obtained when studying the surface structure and processes 

occurring in thin layers (Ahmadova & Jabarov, 2022; Agayev et al., 2020). More 

interesting are the processes occurring on the surface of liquids. Because surface tension 

forces are stronger than internal forces. Although the chemical and technical properties 

                                                
How to cite (APA): Alekperov, A.S., Mirzayeva G.G. (2022). Surface tension of cyclic liquid hydrocarbons. Advanced 
Physical Research, 4(3), 160-164.   

mailto:aydin60@inbox.ru


A.S. ALEKPEROV, G.G. MIRZAYEVA: SURFACE TENSION OF CYCLIC LIQUID... 

 

 
161 

 

of cyclic and aromatic liquid hydrocarbons have been studied, their physical properties 

have not been studied enough. In this work, the surface tension of cyclic liquid 

hydrocarbons was studied. The processes occurring in these liquids at high temperatures 

are studied. 

 

2.      Research methods and materials 

 

In this work, the surface tension of cyclic liquid hydrocarbons was studied. Six 

liquids from the group of pentane and hexane, as well as liquids of ethyl alcohol, acetone, 

and methyl alcohol were taken as liquid cyclic hydrocarbons from aromatic 

hydrocarbons. During the study, a new method was used. The new method used general 

cycles or the thermodynamic potential approach. This method is applicable to all liquids. 

Because the results obtained in the study of the surface tension of simple liquids by the 

phenomenological method correspond to the experimental results obtained in the course 

of previous studies. To determine the temperature dependence of σ and q, the surface 

tension of aromatic and cyclic hydrocarbon liquids consisting of polyatomic molecules 

was studied in the course of research. 

 

3.      The discussion of the results  

 

Liquid cyclic hydrocarbons are the most studied compounds among organic 

compounds. Many physical properties of these compounds are known. Some thermal 

properties of these liquids: melting and boiling points are given in Table 1.  

 
Table 1. Thermal parameters of cyclic hydrocarbons 

 

Cyclic hydrocarbons Tm, K Tb, K 

Cyclopentane (C5H10) 179.12 322.26 

Methylcyclopentane (C6H12)  130.74 344.84 

Cyclohexane (C6H12)  146.40 353.74 

Methylcyclohexane (C7H14) 399.59 373.93 

 

Theoretically, from a phenomenological point of view, the surface tension 

coefficient of liquid cyclic hydrocarbons has been studied at high temperatures. 

Temperature ranges are taken from room temperature to melting temperature. The 

following expressions were used to determine the coefficient of surface tension and 

surface friction of cyclic liquid hydrocarbons: 

 

𝑞(𝑇) = 𝑞0 + 𝛼(𝑇 − 𝑇𝑚)                                                     (1) 

 

𝜎(𝑇) = [2𝑞0 + 𝛼(𝑇𝑐 + 𝑇 − 2𝑇𝑚)]
𝑇𝑐−𝑇

𝑇𝑐+𝑇
.                                       (2) 

  

where, Tm is the melting temperature, Tc is the critical temperature. 

When calculating the surface tension of cyclic hydrocarbons, it was found that the 

surface tension coefficient of pentane and hexanes does not decrease linearly over a wide 

temperature range. It decreases non-linearly at certain time intervals. On Fig. 1 shows the 

temperature dependence of the surface tension coefficient of methylcyclohexane.  
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Fig. 1. Temperature dependence of the surface tension coefficient of methylcyclohexane 

 

As can be seen from the dependence shown in Fig. 1, the value of the surface tension 

coefficient of methylcyclohexane decreased. As the temperature increased, it decreased 

linearly. However, at temperatures T ≥ 300 K, the dependence σ ≈ σ(T) deviated from 

linearity. It can be assumed that this effect is associated with a sharper change in the 

intermolecular distance compared to Hooke's law. For the liquid hydrocarbons 

cyclohexane (C6H12) and methylcyclohexane (C7H14), the critical temperature and surface 

tension coefficient were calculated at several temperatures. The values obtained are 

shown in Table 2 and Table 3, respectively.  

It has been established that in order to characterize the temperature dependence 

of the surface tension coefficient, it is necessary to determine the dependence σ = σ(T), as 

well as 𝜎 = 𝑓 [
𝑇𝑐−𝑇

𝑇𝑐+𝑇
]. Therefore, these values are defined in Table 2 and Table 3. During 

the analytical analysis of the obtained results, it was found that the dependence 𝜎 =

𝑓 [
𝑇𝑐−𝑇

𝑇𝑐+𝑇
] gives a straight line with a slope equal to 2q. It is known that q is the coefficient 

of surface formation and has a physical meaning. Therefore, it is more expedient to 

present the temperature dependence of the surface tension coefficient in this way. 

 
Table 2. Values for the surface tension coefficient of liquid cyclohexane (C6H12) 

 
T, K 𝑻𝒄 −𝑻

𝑻𝒄 +𝑻
 

2q·103, N/m σ·103, N/m 

273 0.339 80.812 26.87 

283 0.323 80.960 26.15 

293 0.307 81.270 24.95 

298 0.300 81.167 24.35 

303 0.292 81.336 23.75 

313 0.277 81.047 22.45 

323 0.263 81.179 21.35 

348 0.228 80.482 18.35 

373 0.194 80.124 17.22 
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Table 3. Values for the surface tension coefficient of liquid methylcyclohexane (C7H14) 

 
T, K 𝑻𝒄 −𝑻

𝑻𝒄 +𝑻
 

2q·103, N/m σ·103, N/m 

273 0.355 72.67 25.80 

283 0.339 72.98 24.74 

293 0.323 73.31 23.68 

298 0.316 73.26 23.75 

303 0.308 73.04 22.62 

313 0.295 73.08 21.56 

323 0.279 73.47 20.50 

348 0.247 72.27 17.85 

373 0.211 72.13 15.24 

 

As a result of the analysis, it was found that the surface tension coefficient decreases 

with increasing temperature in all cases. The surface tension coefficients of liquids 

belonging to different groups are also different. This feature indicates that the structure 

of molecules plays an important role in surface tension. From Table. 2 shows that the 

coefficient of surface tension of liquid cyclohexane under normal conditions (T = 273 K) 

is σ = 26.87·10-3 N/m. Depending on the temperature value, the value of the surface 

tension coefficient decreases and has a value of σ = 17.22·10-3 N/m at a temperature T = 

373 K. In the temperature range ∆T = 100 K, there was a decrease to ∆σ = 9.65·10-3 N/m. 

That's a pretty big difference. As can be seen, the surface tension coefficient of 

cyclohexane changes dramatically with temperature. This effect was also observed in 

other cyclic hydrocarbons. From Table. 3 shows that the coefficient of surface tension of 

liquid methylcyclohexane under normal conditions (T = 273 K) is σ = 25.80·10-3 N/m. 

Depending on the temperature value, the value of the surface tension coefficient decreases 

and has the value σ = 15.24·10-3 N/m at a temperature T = 373 K. ∆σ = 10.56·10-3 N/m 

decreased in the temperature range ∆T = 100 K.  

As can be seen, the surface tension coefficient of methylcyclohexane is more 

dependent on temperature than the surface tension coefficient of cyclohexane. This is due 

to the fact that the surface tension coefficient of cyclic hydrocarbons does not depend 

only on temperature. It also depends on their structure. The structural change that occurs 

depending on the concentration of the atoms included in the structure is also manifested 

in other physical and chemical properties.  

 

4.       Conclusion 

 

The surface tension of cyclic liquid hydrocarbons has been studied. It has been 

established that the coefficient of surface tension of liquid cyclic hydrocarbons included 

in the group of pentane and hexane corresponds to an analytical expression determined 

in a wide temperature range where a liquid state of aggregation exists. This expression is 

the same for every cyclic hydrocarbon group. It has been established that the heat of 

surface formation of liquid cyclic hydrocarbons does not depend on the type of liquid, 

and the surface tension is determined by the geometric shape of the liquid molecule. It 

has been established that using the analytical law established for the surface tension of 

liquid cyclic hydrocarbons, it is possible to determine the critical temperature of the liquid 

from the value of the surface tension coefficient at an arbitrary temperature. 
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