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Abstract: Magnetic field can significantly change the characteristics of alkanes and related petroleum products, and 

the physical mechanism has received much attention for several years. Terahertz time-domain spectroscopy (THz-TDS) 

is employed in this paper to characterize the optical parameters and diamagnetic anisotropy properties of liquid normal 

alkanes (n-alkanes) under the action of a magnetic field. The corresponding absorption coefficients of samples are 

obtained by a fast Fourier transform, and the orientation characteristics of n-alkanes are analyzed under a relative weak 

magnetic field. The results indicate THz-TDS has great potential for the identification of intermolecular interaction in 

the organic molecules. 
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1. Introduction 

Normal alkanes (n-alkanes), CnH2n+2, are among the most basic organic molecules and are 
building blocks of many other materials including surfactants and polymers, and are themselves 
the main component of petroleum paraffin, while the properties of alkanes have been known for a 
long time. New and unexpected phenomena with respect to structural and diamagnetic anisotropy 
properties continue to be discovered. Magnetic fields are used to align phospholipids, where the 
alkyl chains play a more significant role [1]. The interaction of the magnetic fields with alkanes 
themselves and derivative molecules are also of current interest in the petroleum industry. 
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In recent years, considerable attention has been paid to the degradation of related petroleum 
products by magnetic methods [2-5]. The effect of a magnetic field on the viscosity of related 
petroleum oil is very controversial and the controversy was simplified to two aspects. Several 
researchers have determined that the viscosity of paraffin-based crude oil increases after exposure 
to a strong magnetic field at 1.5 T for an extended time [4]. In contrast, other studies have found 
that a magnetic field pulse at 0.38 T can effectively reduce its viscosity for several hours [2, 3]. 
Despite the complex paraffin or asphaltene base LBO composition, hydrocarbons with molecular 
weights in the 250-1000 range dominate all LBOs and can be further subdivided into alkanes, 
alkenes, alicyclics and aromatics. 

Therefore, the fundamental importance of the alkanes makes the detailed characterization and 
understanding of their behavior a priority. A few studies have been reported on the orientation of 
alkanes in a magnetic field [6-8]. Paraffin aligns in magnetic field (9 T) during crystallization from 
melt, forming crystallites oriented with respect to the magnetic field [6]. It is found that the long 
axis of the n-alkanes single crystals always aligns perpendicular to the magnetic field and the 
carbon backbone plane tends to be perpendicular to the field [7]. Apart from these studies, to our 
knowledge, no work studying the effects of the magnetic treatment of liquid alkanes has been 
performed to date, and the interaction between the magnetic fields and organic compounds needs 
further study. 

These molecular motion and interaction in liquids and liquid mixtures fall into the THz range 
[9]. Terahertz time-domain spectroscopy (THz-TDS) has recently received great attention with the 
expectation that it will provide new insights into complex polymer systems (such as order-disorder 
transition of nonadecane, higher order conformation, assignment of intermolecular vibration modes 
and structural characterization, characterizing polymorphism and crystal transformation of 
polylactide, etc.), and several relevant studies have been reported [10-12]. In this paper, the 
magnetic field dependence of the THz optical properties are experimentally characterized using 
THz-TDS. From the measured absorption coefficient α in the 0.2-2.3 THz region, the molecular 
interaction of n-alkanes under a magnetic field is analyzed and identified. 

 

2. Experimental section 

The commercial liquid n-alkanes, such as n-pentane (C5H12), n-octane (C8H18), n-decane 
(C10H22), n-tetradecane (C14H30) and n-pentadecane (C15H32), at a specified purity of better than 
99%, are used without further purification. The THz-TDS measurement performed in a 
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transmission geometry, which is described in the literature [3]. For the magnetic treatment, without 
removing the magnets in the process of testing, this paper implements in situ detection of liquid n-
alkanes under magnetic treatment. While taking into account the shape of the liquid cell 
measurement, rectangular permanent magnets are used in parallel experiments as much of the cell 
surface is covered. A set of permanent magnets are fixed on both sides of the sample cell and two 
groups of magnet are selected with different magnetic flux densities B (B=14 and 34 mT). 
Permanent magnets with different thickness are used in order to vary the magnetic field B. 

The color of the samples after magnetic treatments shows no significant difference. The empty 
cell with a magnetic field is tested first as the reference signal, and liquid sample is injected in the 
cell and laid aside for 3 min. Then, the THz spectroscopy is measured within 2 min. By comparison 
with reference and sample pulse, and use of a numerical fast Fourier transform, the refractive index 
and the absorption coefficient of the samples are calculated. The samples are measured at ambient 
temperature in a dry nitrogen atmosphere at 20 °C, and the humidity is maintained at less than 1%. 

 

3. Results and discussions 

The THz pulse waveforms transmitted through the empty cell are displayed in Fig. 1(a) with 
selected magnetic flux densities (B=0, 14, 34 mT), which are called as the reference pulses. It is 
clear that the maximum amplitude As is about 0.147 V and slightly dependent upon B. Fig. 1(a) 
shows the THz time-domain spectra of C5H12 in the sample cell under different magnetic flux 
densities, representing typical experimental results. Fig. 1(c) shows the THz waveforms, measured 
in transmission, on the original alkanes. The shift of the As to longer time delays with increasing 
carbon numbers reflects the carbon number dependence of the refractive index. Then, we exact the 
delay as a function of chain length, at several selected magnetic flux densities. This result is shown 
in Fig. 1(d), along with a nearly linear fit and nearly B-independent. These results can be understood 
by using the well-known Lorentz-Lorentz formula, which relates the refractive index of a liquid to 
its carbon number [12]. Following Scaife, the refractive index for a given chain length should 
contain two contributions, such as methylene groups and the two methy end-groups. 
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Fig. 1 Time-domain spectra of the terahertz wave transmitted through the (a) empty cell and (b) C5H12 sample under 

selected magnetic flux densities B. (c) The time-domain spectra of the terahertz wave transmitted through the 

original alkanes. (d) The delay of the alkanes vs. the number of carbon atoms at selected magnetic flux densities 

B. 

Fig. 2 shows the measured absorption spectra for each of the n-alkanes in the 0.2-2.3 THz region . 
It is noticed that the original n-alkanes has no obvious sharp absorption peaks in the 0.2-2.0 THz 
region, but rather shows a monotonic increase with the increasing frequency. However, the original 
n-alkanes can be identified by their weak absorption peak at approximately 2.2 THz. The absorption 
of electromagnetic radiation at different frequency ranges corresponds to different physical 
processes and reveals information about those processes. The vibrational modes of C5H12-C10H22 
are composed of three types in the 0.2-5.5 THz region, namely, skeleton vibration of carbon-carbon 
(C-C) chain in the yoz plane, swing vibration of C-C chain in the xoy plane, and torsional vibration 
of methyl group along the y axis [13]. Previously, the absorption peak at 2.2 THz has been obtained 
in the THz-TDS of n-paraffin crystals (C19H40, C27H56, C29H60, C30H62, and C36H74), liquid paraffin, 
lube base oils, lubricating oils and many other substances [10-12, 14-16]. Thus, based on these 
literatures, the recorded 2.2 THz assigned to the B1u mode, corresponds to the intermolecular 
interaction between the parallel alkane molecules [10, 17]. 
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Fig. 2 The absorption coefficients for each of the alkanes at 0 (solid lines), 14 (dashed lines) and 34 mT (dotted lines) 

from 0.2 THz to 2.3 THz. The y-axis values have been offset to clarify. 

We are conducting a further in-depth study with the hope to accurately confirm the effect of 
magnetization on the intermolecular force in alkanes by THz-TDS. As shown in Fig. 2, the 
absorption peak for all samples do not shift, but the absorption coefficients decreas in the spectral 
range. According to the literature, generally, intensity changes due to molecular interactions are 
observed as a peak shift in the intramolecular vibrations. On the other hand, the molecular 
interaction intensity changes are observed as the generation and disappearance of peaks and/or the 
intensity changes in the peaks of direct intermolecular vibrations in the THz frequency region [18]. 

 
Fig. 3 The absorption coefficients α for each of n-alkanes versus the magnetic flux densities B. 

The outstanding spectral stability of the measurements allows us to carry out quantitative 
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analysis. The absorption peak at 2.2 THz corresponding to the intermolecular force is selected as 
marker bands to illustrate the interaction mechanism between the magnetic field and alkanes 
molecules by comparing the absorption peak before and after the magnetic treatment. As shown in 
Fig. 3, the α at 2.2 THz decreases with the increasing magnetic flux densities, which suggests that 
the reduction in the intermolecular forces between alkane molecules exists. 

As shown in Fig. 4(a), the Δα values located at 2.2 THz, defined as α-α0, are all above zero and 
have nearly linear to the carbon number under both 14 and 34 mT. These results are in excellent 
agreement with literature [19], 

                                 α=σabs‧ρNC/M                               (1) 

where σabs is an effective absorption cross-section for each chain length. By employing the 
theoretical and experimental diamagnetic susceptibilities of the alkane molecules obtained from 
the literature, in terms of 10-6 cgs units, as a function of the carbon atom number [20-23]. The 
linearity of the results is shown in Fig. 4(b). 

 
Fig. 4 (a) Difference Δα values, defined as α-α0, versus carbon number under B=14 and 34 mT. (b) The theoretical 

diamagnetic susceptibilities (χt) and experimental ones (χe) obtained from the References [20-23] and expressed 

in terms of 10-6 cgs units, vs. the number of carbon atoms. 
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Fig. 5 Schematic illustrations of (a) the vibrating C5H12 molecules in the field-free space, and (b) the parallel 

configuration of C5H12 molecules in the presence of magnetic field. 

It is found that the molecular susceptibilities are obtained as sum of contributions from the 1s 
electrons of carbon atoms, from the various C-C and C-H bonds, and from interactions between 
various pairs of adjacent C-C and C-H bonds [20]. It is possible to express the theory in a semi-
empirical form so that all susceptibilities of the alkane molecules are expressed in terms of three 
parameters, 

χt=NCχC+NCCχCC+NCHχCH-NCC;CCχCC;CC-NCC;CHχCC;CH-NCH;CHχCH;CH          (2) 

where NC is the number of C atoms, NCC the number of C-C bonds, NCH the number of C-H bonds, 
NCC;CC the number of pairs of adjacent C-C bonds, and NCC;CH the number of pairs of adjacent C-
H bonds. These results are in excellent agreement with literature [19-21], showing that this simple 
additive model applies even to the longest chains that remain liquid at temperature. 

Taking C5H12 as an example, our method is illustrated in Fig. 5, in which the action of a magnetic 
field is shown. On the left (Fig. 5(a)), the vibration of C5H12 molecules are in the field free space. 
As the liquid flows to the right, passing a region with a relative weak magnetic field directed 
parallel to the flow direction. The induced decreasing intermolecular forces of C-C chains along 
the field direction, acquiring a reduced [η] and the effective viscosity is significantly reduced. This 
is similar to the flow of nematic liquid crystal with its molecular alignment parallel to the flow 
direction and reducing blood viscosity with magnetic fields [22]. Paraffin with high polydispersity 
alkanes ranging between C25 and C45 also aligns in a magnetic field (9 T) during crystallization 
from a melt, forming crystallites oriented with respect to the magnetic field [6]. Magnetic fields 
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have also been used to align polyethylene [23]. Moreover, Miesowicz found that in such a case, 
the viscosity is minimized [24]. 

 

4. Conclusions 

In summary, liquid n-alkanes subjected to magnetic field treatments are characterized by THz-
TDS, and the absorption coefficient values are obtained. The absorption peak of the original 
alkanes at approximately 2.2 THz corresponding to intermolecular interactions is selected as 
marker bands to illustrate the interaction mechanism. A magnetic field induced orientation of the 
organic molecules is suggested by the decreasing of absorption coefficients with applied magnetic 
fields. The results obtained in this work demonstrate that THz-TDS is a powerful tool that can 
provide evidence for the intermolecular interaction of organic molecules. 
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