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Abstract In this contribution, we have studied the ther-

mophysical properties of three members of the thiophene

family (thiophene, 2-methylthiophene, and 2,5-dimethylth-

iophene) at atmospheric pressure in a wide temperature

range. Density, speed of sound, dynamic viscosity, surface

tension, and static permittivity have been determined from

T = 278.15 to T = 338.15 K at atmospheric pressure, while

the refractive index has been obtained under atmospheric

pressure in a temperature range from 283.15 to 338.15 K.

Vapour pressures of these compounds have been also mea-

sured. Finally, several useful properties like isobaric

expansibility, isentropic compressibility, molar refraction,

and dipolar moment have been calculated from the experi-

mental data.
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Introduction

Thiophene that is a five aromatic ring with an atom of

sulphur was discovered as a contaminant in benzene by

Victor Meyer in 1882. Thiophene and its derivatives is an

important family of compounds that has attracted the

attention of researchers due to the large number of appli-

cations in different disciplines. In medicine, thiophene

derivatives show among others antihypertensive activity

[1], anti-inflammatory activity [2], antibacterial activity

[3], and antitumour activity [4], while in material science,

they have been used, for example, as inhibitors of corrosion

of metals [5] or in the fabrication of light-emitting diodes

[6–8]. More information about the relevance of thiophenes

can be found in the paper of Mancuso and Gabriele [9].

The knowledge of both the thermophysical properties of

these compounds and their dependence with structure and

intermolecular interactions is fundamental in biochemistry

and also in the chemical industry. There are some previous

works [10–33] reporting thermophysical properties of

thiophenes, but these studies are not systematic, and for

most of the properties, there are only measurements at two

or three temperatures in a quite limited range of tempera-

ture. With the aim of increasing this knowledge, we have

determined for thiophene, 2-methylthiophene, and 2,5-

dimethylthiophene: densities, speeds of sound, refractive

indices, dynamic viscosities, surface tensions, and static

permittivities at atmospheric pressure in a wide tempera-

ture range (T = 278.15–338.15 K) and we have also

measured vapour pressures of these compounds.

In addition, we have compared the results obtained for

the three members of thiophene family with the homo-

logues compounds of the furan family [34]. These two

families of heterocyclic compounds only differ in the het-

eroatom of the ring: oxygen atom (furans) or sulphur atom

(thiophenes). This replacement has structural and energetic

effects [35].

We have made a detailed perusal of the literature about

thermophysical properties of these compounds. For thio-

phene, there are some studies reporting properties like
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density, refractive index, dynamic viscosity, and surface

tension at several temperatures [10–15]. Zuñiga-Moreno

et al. [16] presented a pVT characterization; in this study,

six density values at atmospheric pressure are included. For

speed of sound, Schaaffs [17] presented a value at

T = 293.15 K, while Weissler [18] and Ulagendran et al.

[19] reported the speed of sound at T = 303.15 K. In the

work of Kobe et al. [20] about ethers and heterocyclic

compounds, the refractive index of thiophene at three

temperatures (293.15–303.15 K) is reported. Philippe and

Piette [21] studied permittivities for solid and liquid thio-

phene, while in the already mentioned study of Holland

and Smyth [12], the permittivities have been studied at

several wavelengths and temperatures. With respect to the

vapour–liquid equilibrium, we have found ten papers

reporting at least vapour pressures values at two tempera-

tures [10, 22–30].

In the case of 2-methylthiophene, Fawcett [31] reported

density, refractive index, and dynamic viscosity from

T = 293.15 to 303.15 K, although for dynamic viscosity,

the value at T = 273.15 K was also shown; in the same

paper, Fawcett presented vapour pressures in the tempera-

ture range 371.65–391.55 K. Haines et al. [32] published

results for density, refractive index, dynamic viscosity, and

surface tension at the same temperatures, and Jeffery et al.

[14] determined densities and surface tensions at four tem-

peratures (293.15, 313.15, 333.15, and 358.15 K) and one

experimental refractive index at T = 293.15 K. On the other

hand, White et al. [23] measured vapour pressures from

T = 324.31 to 390.59 K, Eon et al. [24] showed five values

between 333.45 and 373.45 K, and finally, Giles et al. [33]

reported two vapour pressures at T = 373.15 and 413.15 K.

Last for 2,5-dimethylthiophene, it can be outlined that

the studies are more scarce. Jeffery et al. [14] presented

experimental densities and surface tensions at four tem-

peratures (293.15, 313.15, 333.15, and 358.15 K) and one

experimental refractive index at T = 293.15 K. With

respect to vapour pressures, Eon et al. [24] provided results

from T = 333.45 to 373.45 K with steps of 10 K.

Experimental

The thiophene and its derivatives were obtained from

Aldrich, and the purities in mass percentage of the chemicals

checked by GC chromatography were thiophene (99.9 %),

2-methylthiophene (99.2 %), and 2,5-dimethylthiophene

(99.9 %). The gas chromatograph HP7890 was equipped

with a flame ionization detector, and the capillary column

was Supelco 28049-U (30 m 9 0.25 mm). The water con-

tent was also determined by a Karl-Fischer titration using an

automatic titrator Crison KF 1S-2B, and the water content

was found lower than 500 ppm.

In Table 1, the experimental values of density and

refractive index of the pure compounds at T = 293.15 K

are shown along with some literature values [10, 14, 31, 32,

36, 37] for comparison.

Density, q, and speed of sound, u, were measured with

an Anton Paar DSA 5000 vibrating tube densimeter and

sound analyser. The operating frequency for the determi-

nation of speed of sound was about 3 MHz. The device is

thermostated within ±0.001 K. The uncertainties for den-

sity and speed of sound were estimated, respectively, in

1 9 10-5 g cm-3 and 0.1 m s-1.

Refractive index at 589.3 nm (sodium D wavelength), nD,

was obtained with an automatic refractometer Abbemat-HP

from Dr. Kernchen whose temperature was maintained at

±0.01 K. The uncertainty of the measurements is 1 9 10-5.

Surface tension, r, was measured by the drop volume

technique with a tensiometer Lauda TVT-2. The tempera-

ture was controlled within ±0.01 K by an external Lauda

E-200 thermostat. The uncertainty for measurement of

surface tension was 0.05 mN m-1.

Kinematic viscosities, m, determined with an Ubbelohde

capillary viscosimeter controlled through a Schott-Geräte

automatic measuring unit model AVS-440. The tempera-

ture was kept constant at ±0.01 K by a CT52 Schott-

Geräte thermostat. The estimated uncertainty of kinematic

viscosity was 0.5 %. The dynamic viscosity, g ¼ q � m, was

calculated from the experimental values of density and

kinematic viscosity. For dynamic viscosity, the estimated

uncertainty was also 0.5 %.

Static permittivity, e, at a frequency of 2 MHz, was

determined using a capacitive measurement method between

parallel plates. The capacitances were measured by means of

an Agilent 4263BA precision LCR meter connected to a four-

terminal Agilent 16452A liquid dielectric test fixture through

an Agilent 16048A test leads. The temperature was fixed at

±0.01 K by a CT52 Schoot-Geräte thermostat. The uncer-

tainty for the static permittivity is 0.5 %.

Finally, vapour pressures were obtained using a dynamic

recirculating still, Fischer–Labodest which was equipped

with a Cottrell pump. The temperature was measured by a

thermometer model F25 with a PT100 probe from Automatic

Systems Laboratories. The pressures were determined using

a Digiquartz 735-215A-102 pressure transductor from

Paroscientific with a Digiquartz 735 display unit. The

uncertainty in temperature and pressure of equilibrium was,

respectively, 0.01 K and 50 Pa.

Results

The measured values of density, refractive index, speed of

sound, surface tension, kinematic viscosity, static permit-

tivity and vapour pressure and some derived properties
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such as isentropic compressibility, molar refraction and

dynamic viscosity for the three members of the thiophene

family have been reported in Tables S1–S4 of the supple-

mentary information.

All these properties versus temperature are shown in

Figs. 1–9.

The experimental densities have been correlated with

temperature using a modified Rackett equation [38] in the

form indicated by Spencer and Danner [39]:

q ¼ AR

B
1þð1�T=CRÞDR½ �

R

ð1Þ

where AR, BR, CR and DR are the fitting parameters and T is

the temperature.

For the following properties, speed of sound, refractive

index, surface tension and static permittivity, a linear

dependence has been found with respect to temperature;

therefore, we have employed a linear equation to fit the

data with temperature:

Y ¼ A � T þ B ð2Þ

where Y is the studied property and A and B are the

adjustable parameters.

The best-fitting parameters for Eqs. 1 and 2 along with

the corresponding relative root-mean-square deviations,

RMSDr, calculated as follows:

RMSDrð%Þ ¼ 100
1

n

Xn

i¼1

Yi;exp � Yi;corr

Yi;exp

� �2
 !1=2

ð3Þ

are given in Table 2.

Table 1 Densities, q, and refractive indices, nD, at T = 293.15 K and at atmospheric pressure together with some literature values for

comparison

Compound q/g cm-3 nD

Exptl. Lit. Exptl. Lit.

Thiophene 1.064530 1.0644 [10]

1.0646 [36]

1.528690 1.5287 [10]

1.52866 [14]

2-Methylthiophene 1.020138 1.01965 [32]

1.020 [37]

1.520017 1.5203 [31]

1.52035 [32]

2,5-Dimethylthiophene 0.985248 0.9848 [14] 1.512876 1.51240 [14]
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Fig. 1 Density as a function of temperature for studied solvents:

(filled circle) thiophene, (filled triangle) 2-methylthiophene, and

(filled square) 2,5-dimethylthiophene
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Fig. 2 Refractive index as a function of temperature for studied

solvents: (filled circle) thiophene, (filled triangle) 2-methylthiophene,

and (filled square) 2,5-dimethylthiophene
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Fig. 3 Molar refraction as a function of temperature for studied

solvents: (filled circle) thiophene, (filled triangle) 2-methylthiophene,

and (filled square) 2,5-dimethylthiophene
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Fig. 4 Speed of sound as a function of temperature for studied

solvents: (filled circle) thiophene, (filled triangle) 2-methylthiophene,

and (filled square) 2,5-dimethylthiophene
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Fig. 5 Isentropic compressibility as a function of temperature for

studied solvents: (filled circle) thiophene, (filled triangle) 2-methylth-

iophene, and (filled square) 2,5-dimethylthiophene
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Fig. 6 Surface tension as a function of temperature for studied

solvents: (filled circle) thiophene, (filled triangle) 2-methylthiophene,

and (filled square) 2,5-dimethylthiophene
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From the dependence of density with temperature, the

isobaric expansibility, ap, can be calculated:

ap ¼ �1=qðoq=qTÞp ð4Þ

the ap values at T = 298.15 K are reported in Table 3.

The molar refraction, Rm, of thiophene compounds has

been obtained using the experimental data of density

(molar volume, Vm) and refractive index through the Lor-

entz–Lorenz relation:

Rm ¼ n2
D � 1

n2
D þ 2

Vm ð5Þ

The isentropic compressibility, jS, can be calculated if

the ultrasonic absorption is negligible from experimental

density and speed of sound values using Newton–Laplace

equation:

jS ¼ �1
�
ðq � u2Þ ð6Þ

From experimental surface tension values and their

dependence with temperature, the entropy and enthalpy of

surface formation per unit surface area, DSr and DHr,

have been obtained:
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Fig. 7 Viscosity as a function of temperature for studied solvents:

(filled circle) thiophene, (filled triangle) 2-methylthiophene, and

(filled square) 2,5-dimethylthiophene
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Fig. 8 Static permittivity as a function of temperature for studied

solvents: (filled circle) thiophene, (filled triangle) 2-methylthiophene,

and (filled square) 2,5-dimethylthiophene
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Fig. 9 Vapour pressure as a function of temperature for studied

solvents: (filled circle) thiophene, (filled triangle) 2-methylthiophene,

and (filled square) 2,5-dimethylthiophene
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DSr ¼ � or=oTð Þp ð7Þ

DHr ¼ r� or=oTð Þp ð8Þ

the values of these derived properties at T = 298.15 K are

given in Table 3.

The dependence of the dynamic viscosity with temper-

ature is more complex, presenting the plots a convex shape,

so we have employed the Vogel–Fulcher–Tammann

equation [40–42] to fit the data:

g ¼ g0 � exp B=ðT � T0Þ½ � ð9Þ

where T0, B and g0 are adjustable parameters. These

parameters and the relative root-mean-square derivations

are collected in Table 2.

The dipolar moment of a compound in the liquid state

can be estimated from experimental data of density,

refractive index, and static permittivity can be estimated

using the Onsager equation [43]:

l2 ¼ 9jTM
4pNAq

e� n2
D

� �
2eþ n2

D

� �

e n2
D þ 2ð Þ2

ð10Þ

Table 2 Fitting parameters and relative root-mean-square deviations, RMSDr, for the measured thermophysical properties

Property Compound Fitting parameters RMSDr/%

AR/g cm-3 BR CR/K DR

q/g cm-3 Thiophene 0.452525 0.56904 469.2690 0.67258 0.00

2-Methylthiophene 0.465084 0.59100 471.0584 0.72535 0.00

2,5-Dimethylthiophene 0.453113 0.59280 482.85 0.77345 0.00

A/K-1 B

nD Thiophene -0.0006497 1.719173 0.00

2-Methylthiophene -0.0006055 1.697546 0.00

2,5-Dimethylthiophene -0.0005881 1.685302 0.00

A/

m s-1 K-1
B/

m s-1

u/m s-1 Thiophene -4.09956 2500.75 0.05

2-Methylthiophene -3.94125 2456.35 0.05

2,5-Dimethylthiophene -3.81988 2413.76 0.06

A/

mN m-1 K-1
B/

mN m-1

r/mN m-1 Thiophene -0.13849 73.37 0.09

2-Methylthiophene -0.12593 68.27 0.11

2,5-Dimethylthiophene -0.08596 53.09 0.08

g0/

mPa s

B/K T0/K

g/mPa s Thiophene 0.03230 735.240 50.61 0.15

2-Methylthiophene 0.03430 735.670 51.39 0.09

2,5-Dimethylthiophene 0.03900 659.904 75.14 0.06

A/K-1 B

e Thiophene -0.00326 3.724 0.06

2-Methylthiophene -0.00375 3.997 0.05

2,5-Dimethylthiophene -0.00220 3.186 0.05

A B C

p/kPa Thiophene 5.9547 1175.6 213.60 0.12

2-Methylthiophene 5.9580 1269.0 208.46 0.30

5.9002 1312.1 199.88 0.30
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in this equation, M is the molar mass, NA is the Avogadro

constant, and j is the Boltzmann constant. The calculated

dipolar moments at T = 298.15 K are shown in Table 3.

Finally, the vapour pressures have been correlated with

temperature using the Antoine equation:

log p ¼ A� B

C þ t
ð11Þ

where A, B and C are adjustable parameters, p is the vapour

pressure in kPa, and t is temperature in Celsius degrees, the

parameters are collected in Table 2. From the slope of the

vapour pressure plot, the enthalpy of vaporization can be

easily determined using the Clausius–Clapeyron equation.

The values of this property at T = 298.15 K are reported in

Table 3.

Discussion

In this section, we have performed a detailed analysis of

several thermophysical properties of thiophene compounds

taking into account the structure and molecular interac-

tions. The knowledge of these properties let find out the

behaviour at the molecular level.

The density values decrease when the temperature

increases, due to the thermal expansion and the weaken-

ing of intermolecular interactions. The sequence of the

density values is thiophene[ 2-methylthiophene[ 2,5-

dimethylthiophene. The highest value for thiophene can

be explained by an easier accommodation of the mole-

cules, because thiophene has not any methyl group

attached to the ring, and therefore, there is not remarkable

steric hindrance. This density sequence is the same than

for furan family, but the values for thiophene compounds

are higher; these higher density values are due to a better

packing of the molecules in the thiophene family.

Our experimental density values for thiophene are in

excellent agreement with the values reported by Fawcett

and Rasmussen [10], Haines et al. [11], Timmermans and

Hennaut-Roland [13] and Jeffery et al. [14] with an average

absolute deviation in density below 0.0002 g cm-3, but the

comparison with the results of Holland and Smyth [12],

Ohsmyanski et al. [15] and Zuñiga-Moreno et al. [16] is not

so favourable with a deviation of 0.0018 g cm-3. For

2-methylthiophene and 2,5-dimethylthiophene, our densi-

ties are in accordance with those reported in the literature

[14, 30, 31] with average absolute deviations in density:

0.0006 and 0.0002 g cm-3, respectively.

Table 3 Calculated properties at T = 298.15 K: isobaric expansibility, ap, enthalpy of surface formation, DHr, entropy of surface formation,

DSr, dipolar moment, l, and enthalpy of vaporization, DHvap

Compound ap/kK-1 DHr/mN m-1 DSr/mN m-1 K-1 l/D DHvap/kJ mol-1

Thiophene 1.1181 73.37 0.14 0.51 34.229

2-Methylthiophene 1.0700 68.27 0.13 0.65 37.672

2,5-Dimethylthiophene 1.0423 53.09 0.09 0.47 40.463

Table 4 Previously reported vapour pressure data and average absolute deviations in pressure, Dp, between our experimental and literature data

Compound Temperature range/K Number of experimental data Reference Dp/kPa

Thiophene 344.15–354.6 4 [10] 0.04

288.15–357.31 15 [22] 0.14

299.95–353.92 15 [23] 0.07

333.45–353.45 3 [24] 0.92

313.15–353.15 9 [25] 0.15

308.15–318.15 3 [26] 0.03

328.01–356.73 8 [27] 0.12

323.15–338.15 2 [28] 0.04

308.14–335.87 8 [29] 0.33

273.15–363.15 10 [30] 0.43

2-Methylthiophene 371.65–385.65 5 [31] 0.14

324.31–385.28 16 [23] 0.13

333.45–373.45 5 [24] 0.24

373.15 1 [33] 0.03

2,5-Dimethylthiophene 333.45–373.45 5 [24] 0.24
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The speed of sound is a very interesting property

because observable thermodynamic properties of a fluid

can be estimated from its value using conventional ther-

modynamic calculations [44]. For speed of sound, the

values decrease with increasing temperature as expected. It

is noticeable that the speeds of sound for the three com-

pounds are quite similar. At low temperatures, the highest

u value is for thiophene, followed by 2-methylthiophene

and 2,5-dimethylthiophene, while at high temperatures, the

sequence is 2-methylthiophene & 2,5-dimethylthiophene

[ thiophene. The speeds of sound for thiophene family are

higher than for furan family. The values obtained for

thiophene have been compared with literature data, and our

experimental values are in excellent agreement with the

values reported by Schaaffs [17] and by Weissler [18] with

average absolute deviations of 2.3 and 0.9 m s-1, respec-

tively, but with the value given by Ulagendran et al. [19],

the agreement is not good, being the deviation around

9 m s-1. Furthermore, using the experimental data for

density and speed of sound, we have obtained the corre-

sponding isentropic compressibilities, jS, and this property

gives knowledge about molecular structure. Now, the jS

values for the three members studied are different and they

increase with temperature. The highest jS value is for 2,5-

dimethylthiophene which presents the worst molecular

packing due to the presence of two methyl groups attached

to the ring followed by 2-methylthiophene and thiophene.

Now, the values for furan family are higher than for thio-

phene family showing that the members of the furan family

have a poorly packed structure, confirming the suppositions

made in the density results discussion.

The refractive index decreases with increasing temper-

ature. The nD values follow the order: thiophene[ 2-

methylthiophene[ 2,5-dimethylthiophene. With respect to

the influence of molecular structure on refractive indices,

the better molecular packing in the case of thiophene leads

to higher refractive index values. Finally, the values of

thiophene family are higher than furan family probably due

to the larger polarizability of the sulphur atom in com-

parison with the oxygen one [12]. Our refractive index

results for thiophene are in good agreement with those of

Fawcett and Rasmussen [10], and Haines et al. [11] being

the average absolute deviation, 0.00015, Holland and

Smyth [12] reported the square of refractive indices and the

deviation is higher, 0.00134, although the refractive index

value at T = 293.15 K is in accordance with our value, and

finally, our results are similar to the values given by

Kobe et al. [20] at the temperatures 293.15 and 303.15 K

(deviation 0.00034), but the value at T = 298.15 K is not

similar, probably due to a type-mistake. In the case of

2-methylthiophene, the comparison with literature data is

favourable because the average absolute deviation with the

values of Fawcett [31], and Haines et al. [32] is around

0.00039. On the other hand, the refractive index at

T = 293.15 K reported by Jeffery et al. [14] for the three

thiophenes shows a good correspondence with our values

with a deviation of 0.00021.

Very important structural information about the studied

compounds can be obtained through molar refraction, Rm.

This property increases with the temperature. Molar

refraction is considered the hard core volume of a mole of

molecules [45]; therefore, from this value, the unoccupied

part of the molar volume, the free molar volume, can be

calculated. The sequence for molar refraction is 2,5-

dimethylthiophene[ 2-methylthiophene[ thiophene. At

T = 298.15 K, values for free volume are 55.107, 67.474,

and 80.235 cm3 mol-1 for thiophene, 2-methylthiophene,

and 2,5-dimethylthiophene, respectively. Highest free

volume values indicate that the molecular organization is

more compressible as it also confirmed by the isentropic

compressibility values of our compounds. It can be also

outlined that the free volumes of thiophene family are very

similar to those of furan family.

The surface tension depends on the interactions between

the molecules of the liquid, that is, this property shows the

extent of the cohesive forces in the bulk phase. When the

temperature increases, these cohesive forces diminish, so,

the surface tension decreases as it shows experimentally.

The highest value for surface tension is for thiophene,

followed by 2-methylthiophene and 2,5-dimethylthio-

phene, and the better packing of molecules in thiophene

leads to strong cohesive forces and consequently higher

surface tension. As we have mentioned, a linear depen-

dence for surface tension and temperature has been found;

therefore, the entropy of surface formation per unit surface

area is constant in the studied range of temperature.

Thiophene presents the highest values for the properties of

surface formation per unit surface followed by

2-methylthiophene and 2,5-dimethylthiophene that present

similar values. On the other hand, the surface tension for

thiophene family is higher than for furan family, due to the

higher attractive forces acting in the thiophenes. The sur-

face tension results for thiophene reported here are in good

agreement with those of Timmermans and Hennaut-Roland

[13] and Haines et al. [11] being the average absolute

deviations 0.19 and 0.12 mN m-1, respectively, but they

are not in accordance with the results of Jeffery et al. [14]

showing a deviation of 1.33 mN m-1, being our results

higher. For 2-methylthiophene, the deviations with the

results of Haines et al. [32] and Jeffery et al. [14] are 0.34

and 0.65 mN m-1, respectively. Finally, for 2,5-

dimethylthiophene the average absolute deviation with the

values provided by Jeffery et al. [14] is 1.8 mN m-1, and

our results are higher again.

The dynamic viscosity decreases with temperature, and

the values for the three thiophenes follow the sequence 2,5-
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dimethylthiophene[2-methylthiophene[ thiophene. Values

for dynamic viscosities increase when the number of

methyl groups attached to the thiophene ring increases

because the molecule is heavier and more difficult to

transport. The viscosity of the homologue furan com-

pounds is lower; apart from a higher molecular mass of the

thiophenes derivates, this behaviour can be explained tak-

ing into account that the intermolecular interactions,

mainly the dispersion forces, in thiophene family are

stronger than in the furan family. Our viscosity results for

thiophene present slight absolute average deviations,

around 0.015 mPa s, with published values [11–13, 15],

although the viscosities reported by Fawcett and Ras-

mussen [10] are in a better agreement with our results,

0.008 mPa s. For 2-methylthiophene, the average absolute

deviation with the results of Fawcett [31] is 0.006 mPa s,

while the deviation with the values of Haines et al. [32] is

0.017 mPa s.

Results for static permittivity show that this property

decreases with temperature. The highest e values are for

2-methylthiophene, followed by thiophene and 2,5-

dimethylthiophene. Our static permittivities for thiophene

are in good agreement with the values reported by Philippe

and Piette [21] and Holland and Smyth [12] with average

absolute deviations of 0.033 and 0.004, respectively. With

respect to calculated dipole moments at T = 298.15 K, their

values follows the sequence 2-methylthiophene[ thio-

phene[ 2,5-dimethylthiophene, and the less symmetrical

molecule, 2-methylthiophene, shows the higher dipole

moment. These dipole moments are slightly lower than those

of the furan family [34] (at T = 298.15 K, furan: 0.73 D,

2-methylfuran: 0.76 D, and 2,5-dimethylfuran: 0.59 D).

As expected, the vapour pressure values decrease as the

number of methyl groups attached to the thiophene ring

increases. At a given temperature, the sequence for vapour

pressure is thiophene[2-methylthiophene[2,5-dimethylth-

iophene. As we have already mentioned, the enthalpies of

vaporization, DHvap, have also been calculated, and the

biggest values are presented by 2,5-dimethylthiophene fol-

lowed by 2-methylthiophene and thiophene. We can also

outline that the members of the furan family are more volatile

than the corresponding members of the thiophene family; for

example, the vapour pressure of furan at T = 293.15 K is

around eight times higher than the vapour pressure of thio-

phene. The explanation of this fact can be found again in the

higher attractive forces (dispersion forces) operating in the

thiophene compounds. This higher strength of the dispersion

forces is due to the larger polarizability of the sulphur atom in

comparison with the oxygen one, as we have already men-

tioned. In Table 4, the comparison between our experimental

values and those found in the literature is provided; in gen-

eral, our results are in agreement with previously published

vapour pressures [10, 22–31, 33].

Conclusions

In this work, we have presented a thermophysical study for

thiophene, 2-methylthiophene, and 2,5-dimethylthiophene.

The knowledge of density, speed of sound, refractive index,

surface tension, dynamic viscosity, static permittivity, and

vapour pressure along with their derived properties provides

information at a molecular level about intermolecular

interactions and structure of this family of compounds. The

number of methyl groups connect to aromatic ring is a very

important factor to explain the results.

In most of the properties, except vapour pressure, molar

refraction and isentropic compressibility, the obtained

values decrease when the temperature increases. Thiophene

presents the highest values for density, refractive index,

surface tension and vapour pressure. It is noticeable that

speed of sound values are quite similar for the three studied

compounds, and on the other hand, static permittivities

show a interesting behaviour being the values for thiophene

intermediate between the values of 2-methylthiophene and

2,5-dimethylthiophene.

Finally, with respect to the comparison of the thermo-

physical properties of furan and thiophene families, the

observed differences mainly arise from the higher attrac-

tive forces operating in the thiophene compounds.
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