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Report on the Ph.D. thesis: 
"Inflection Point in Pressure Dependent Molecular Dynamics of Various Glass-Forming 

Liquids" 
by M. Sc. Erik Thoms 

 
The structure and dynamics of low molecular weight, polymeric and ionic glass 

forming liquids and the glass transition remains one of the most important unsolved problems 
of condensed matter physics, despite numerous experimental and theoretical studies. The 
liquid – glass transition may be introduced in supercooled liquids either by cooling at constant 
pressure or by compression at constant temperature. Most of the studies concern the 
temperature dependence of the structural relaxation time (or viscosity), which in a rather 
narrow temperature range between the melting point Tm and the glass transition temperature 
Tg increases by about 15 orders of magnitude. In temperature dependent studies the 
characteristic slowing down of the structural relaxation results both from thermal effect and 
increase of density. In order to separate these two effects temperature and pressure dependent 
studies are needed. Although pressure dependent experiments are very difficult, the amount of 
such data increased substantially in recent years.  

Most of the studies concern the dynamics of supercooled liquids close to the glass 
transition temperature Tg and pressure pg. However, recently it has been shown that the 
behavior of such liquids close and even above the melting point Tm, pm exhibits signatures of 
the glass transition. For simple liquids the temperature, T and pressure, p dependence of the 
structural relaxation time at isobaric and isothermal conditions can be described by simple 
Arrhernius equation (exponential) for T and its pressure analog for p, respectively. Recently, 
it has been shown that for glass forming liquids far above Tg, pg the dynamics does not follow 
the expected Arrhenius (exponential) behavior but in pressure dependent studies a peculiar 
transition from slower to faster than exponential dependence occurs resulting in the inflection 
point in the isotherms which marks the transition from simple to complex molecular 
dynamics. This new very interesting feature is the main subject studied in this thesis for 
selected glass-forming liquids. 

The aim of the thesis was to study the characteristics of the inflection point in three 
glass forming liquids by means of temperature and pressure dependent broadband dielectric 
spectroscopy (BDS) and viscosity in three glass-forming liquids. 

The thesis consists of introduction presenting some aspects of the glassy dynamics 
relevant to the studies, three publications in very high quality journals with IF from 2.843 to 
8.709: 
A1. Erik Thoms, Żaneta Wojnarowska, Peter Goodrich, Johan Jackquemin, and Marian  
       Paluch, “Communication: Inflection in the pressure dependent conductivity of the protic  
       ionic liquid C8HImNTf2”, J. Chem. Phys. 146, 181102 (2017), 
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A2. Erik Thoms, Andrzej Grzybowski, Sebastian Pawlus, and Marian Paluch, “Breakdown  
       of the simple Arrhenius law in the normal liquid state”, J. Phys. Chem. Lett. 9, 1783  
       (2018), 
A3. Erik Thoms, Sławomir Kołodziej, Michał Wikarek, Stefan Klotz, Sebastian Pawlus, and  
       Marian Paluch, “Inflection point in the Debye relaxation time of 2-butyl-1-octanol”, J.  
       Chem Phys. 149, 214502 (2018), 
Summary and Potential Directions for Further Research and Bibliography containing 94 
positions. 

The Doctorant is the first author in all three publications and he substantially 
contributed to: designing the study, performing and organizing parts or all dielectric 
measurements, analyzing all data, discussing the results, and planning and writing the 
manuscript. His statement of his dominant contribution is consistent with statements of all 
other co-authors which are included in the thesis. 

In the introduction the Doctorant defined the aims of the thesis in the context of 
existing knowledge on the supercooled liquids and the glass transition. He introduced the 
basic models describing temperature and pressure dependence of their dynamics, introduced 
the concept of the inflection point and described the principles of BDS measurements and 
data analysis. He also justified the choice of samples for his study.  
What is missing in the introduction is a systematic description of the way the BDS data is 
measured and analyzed in order to obtain the conductivity parameters DC and ’() and 
models describing their T- and p-dependence. It would be also interesting to the reader to see 
a typical set of the BDS data with fits leading to ’(). In the publications all the model 
equations are given for viscosity (T,p) or structural relaxation time , but, in principle, DC 
does not have to couple to these parameters and no quantitative relation of DC to (T,p) and 
 is postulated. 
 His new and original results are contained in the publications A1 – A3. 
 In publication A1 it was shown for the first time that for an ionic liquid C8HImNTf2 
(1-octylimidazolium bis(trifluoromethyl sulfonyl)imide) an inflection point in the pressure 
dependent DC exists far from the glass transition. This protic ionic glass-forming liquid was 
chosen because of its very interesting features and potential applications. The inflection point 
in the 1/[DC(p)] plots results from a transition from slower to faster than exponential pressure 
dependence as pressure increases. This inflection point can be better seen as a minimum in the 
pressure dependent activation volume V(p) which is proportional to (logDC

-1)/p. The 
authors state: “Whether this feature is reflected in the in the pressure dependent viscosity for 
C8HImNTf2 is not clear so far.” Nevertheless it is a new, very interesting and important result 
indicating the direction of the future studies.  
The authors discuss physical reasons which might be responsible for the inflection point. The 
pressure dependence of 1/[DC(p)] is analyzed using Eq. 2.4 from introduction. It was found 
that the inflection pressure increases with increasing temperature. On page 18 [A1] it is 
concluded that the conductivity relaxation time at the inflection point is constant but this 
conclusion is based only on two numbers.  
 In publication A2 the breakdown of a simple Arrhenius law in the normal liquid state 
of propylene carbonate (PC) was shown on the basis of T- and p-dependent BDS 
measurements. For the p-dependent conductivity isotherms measured at two temperatures 
(328 and 350 K) in a broad pressure range up to 1380 MPa it was found that the data in the 
low pressure range cannot be described by the pressure dependent Arrhenius-like 
(exponential) law. On the contrary a transition from slower to faster than exponential pressure 
dependence can be seen with increasing pressure, resulting in an inflection point. This point 
can also be seen as a minimum in the pressure dependence of the activation volume.  
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An isotherm for the structural relaxation time  at 350 K in the same pressure range was 
generated using the existing data at ambient pressure, the density scaling, the PVT data and 
the Tait-like EOS. The pressure dependence of the measured 1/[DC(p)] and  the generated  
was identical suggesting that the conductivity measurements can be used to access the fast 
dynamics which is difficult to measure at high pressure. The inflection point was visible in the 
generated  isotherms although it was not present in the  isobar used to generate the data. 
Thus, it was shown that the Arrhenius-like law cannot be used to describe the pressure 
dependence of the fast dynamics far from the glass transition. It was also shown that the 
inflection pressure increases linearly with T and the relaxation time  is constant at the 
inflection point. The data was fitted with a modified MYEGA model separately below (A=0) 
and above (A=186 K(g/cm3) the inflection point. 
The authors conclude that the inflection point might be due to a transition form simple to 
cooperative molecular dynamics which for this sample takes place above the melting point. 
This is a very surprising and important result. 
 The dielectric relaxation spectrum of monohydroxy alcohols is dominated by an 
additional relaxation at low frequencies which has a form of a Debye-like process and results 
from the dynamics of supramolecular structures formed in H-bonded liquids. This process 
usually shows a slight broadening and is described by the Cole-Davidson equation. In 
publication A3 the inflection point in this Debye-like relaxation time of 2-butyl-1-octanol 
(2B1O) was studied by BDS as function of temperature (198-263 K) and pressure (up to 1.8 
GPa) and additionally, the pressure dependent viscosity was measured at 294 K for pressures 
up to 1.2 GPa. The dielectric relaxation spectra were analyzed assuming a superposition of the 
dominating Debye-like peak in the form of CD relaxation and a HN relaxation representing 
the -peak which appears as a high frequency shoulder. Changes of the amplitude of the 
Debye-like peak were explained by T and p induced transitions of the supramolecular H-
bonded structure from ring- to chain-like and by changes of the chain length. It was 
demonstrated for the first time that there appears an inflection point in the D(p) curve. The 
viscosity also shows a slower than exponential pressure dependence but the inflection point 
could not bee seen in the pressure range used. The change of the position of the inflection 
point in the D(p) curves obtained from the BDS data is explained by changes of the H-bonded 
structures. 
I wonder whether the following oversimplified approach could lead to meaningful results: 
Assuming that D represents the rotational relaxation time of the supramolecular H-bonded 
structures one can calculate the hydrodynamic radius of these structures using the viscosity, 
extrapolated D (to a common T,p point) and the Stokes-Einstein-Debye (SED) relation. Then 
it would be interesting to compare the size of the structures obtained from SED and the 
activation volume. This might lead to some interpretation of the inflection point on the 
molecular basis. 

A summary of the results and potential directions of further research are given at the end 
of the thesis. 

In my opinion the most important new achievements of this Ph.D. thesis are: 
1. Detection and characterization of properties of the inflection point in the dc-

conductivity of a protic ionic liquid C8HImNTf2 
2. Showing that in PC the inflection point occurs at temperatures above Tm, thus the 

dynamics of a simple liquid cannot be described by a simple Arrhenius-like law. 
3. Detection and characterization of properties of the inflection point in the pressure 

dependence of the relaxation time of the Debye-like process in monohydroxy 
alcohol 2B1O. 

All the new and very interesting results are critically discussed in the framework of 
available models and compared with literature. Different possible physical mechanisms 
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responsible for the existence and properties of the inflection point in different supercooled 
liquids are considered. The obtained results are very important for better understanding of the 
physics controlling the temperature and pressure dependent dynamics of glass-forming liquids 
and especially for their behavior far from the glass transition. 

For his studies the author has chosen a very interesting set of samples covering a very 
broad range of features, from simple van der Waals liquid  trough ionic liquid to 
monohydroxy alcohol.  

The introduction to the thesis and the publications are very well written in correct English. 
They contain a sufficient review of the literature in the field – 94 publications are listed in the 
Bibliography. The experimental methods and numerical procedures of data analysis are well 
chosen and clearly described. The presentation of results is sufficient and clear. The results 
obtained by the author are clearly separated from literature data and compared with them, 
wherever possible.  

In the course of his Ph.D. studies Mr. Erik Thoms became an expert in broadband 
dielectric spectroscopy (BDS). He extensively used a high pressure setup for BDS, to study 
complex dynamical behavior of supercooled liquids. He applied sophisticated physical models 
and complicated numerical procedures to analyze experimental results. As a graduate student 
he showed himself to be a very talented and hard working person with high laboratory skills 
and technical expertise able to solve independently scientific problems. He has also 
demonstrated a high ability to work with others. In addition to the three publications 
constituting the Ph.D. thesis he is also a coauthor of additional four papers published in a very 
high quality journals with IF from 1.282 to 5.228 (three with IF above 3.9). 

The scientific value of the presented Ph.D. thesis is very high. The author has logically 
planned the studies and has chosen advanced and very difficult techniques of BDS under high 
pressure and interesting model glass forming liquids. He obtained very interesting, new and 
important experimental results which were analyzed in the framework of advanced theoretical 
models. All this led to important physical conclusions concerning the physical origin and 
properties of the inflection point in glass-forming liquids. I have no doubt that the new very 
interesting results obtained by the Doctorant incorporated in the achievements of the group of 
Professor Marian Paluch essentially broaden our knowledge on the temperature and pressure 
dependence of different dynamical processes in various glass-forming liquids. 

 
I am fully convinced that the  Ph.D. thesis "Inflection Point in Pressure Dependent 

Molecular Dynamics of Various Glass-Forming Liquids" by M. Sc. Erik Thoms fulfills all the 
formal and scientific requirements (art. 13 ustawy z dnia 14 marca 2003 o stopniach i tytule 
naukowym oraz stopniach i tytule w zakresie sztuki, Dz. U. Nr. 65/2003 poz. 595 z 
późniejszymi zmianami) and I recommend to proceed with the public oral defense of the 
thesis. 

Because of the very high scientific level of the thesis and an exceptional scientific 
activity of Mr Erik Thoms which resulted in a very high number of very high quality 
publications, as discussed above, I would like to propose to reward this Ph.D. thesis. 

 
 

Poznań, September 14, 2019. 

 
Prof. dr hab. Adam Patkowski 


