
Optical Metrology for the Characterization of Fluids
Relevant for Hydrogen Storage and Transport

Manuel Kerscher1, Julius H. Jander1, Maximilian Piszko1, Patrick S. Schmidt1, Thomas M. Koller1, 
Michael H. Rausch1, Peter Wasserscheid2,3, Andreas P. Fröba1,* 

1 Institute of Advanced Optical Technologies – Thermophysical Properties (AOT-TP), 
Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU), Paul-Gordan-Straße 8, 

91052 Erlangen, Germany 
2 Forschungszentrum Jülich GmbH, Helmholtz Institute Erlangen-Nürnberg  
for Renewable Energy (IEK-11), Cauerstraße 1, 91058 Erlangen, Germany 

3 Institute of Chemical Reaction Engineering (CRT), Friedrich-Alexander-Universität 
Erlangen-Nürnberg (FAU), Egerlandstraße 3, 91058 Erlangen, Germany 

*andreas.p.froeba@fau.de 

Summary: 

This contribution demonstrates the application of light scattering and related optical techniques for the 
characterization of fluids relevant for hydrogen (H2) storage and transport, with emphasis on the accu-
rate determination of thermophysical properties. Conventional dynamic light scattering (DLS), surface 
light scattering (SLS), and the shadowgraph method were employed for broad ranges of fluid classes, 
temperatures, and H2 pressures. By Raman spectroscopy, approaches for measuring H2 concentrations 
in the liquid phase and the hydrogen loading of liquid organic hydrogen carriers (LOHCs) were validated. 
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Background and Motivation 
For establishing a H2-based energy economy, 
efficient and safe ways for its storage and 
transport are required. In the context of chemical 
H2 storage, LOHCs are of increasing interest. 
Here, bi- or tricyclic compounds such as diphe-
nylmethane (DPM, H0-DPM), benzyltoluene, 
and dibenzyltoluene are discussed. Also metha-
nol is considered as a hydrogen carrier. For cor-
responding process design and optimization, 
thermophysical properties at process-relevant 
conditions including the presence of physically 
dissolved H2 are necessary, but only sparsely 
available. Since the thermophysical properties 
and, thus, the reaction kinetics depend on the 
actual composition, knowledge on the liquid 
composition during the process is of special in-
terest, too. For the large-scale storage of H2 pro-
duced from off-shore wind energy, subsea cav-
erns are currently discussed. Here, e.g., the mu-
tual diffusion coefficient of H2 in brine at storage 
conditions is relevant. 

Light Scattering Techniques 
The experimental determination of thermophysi-
cal and especially transport properties over a 
broad range of thermodynamic states represents 
a considerable challenge. For this task, optical 

metrology features the advantage of investigat-
ing fluids in a contactless way in or out of equi-
librium. The analysis of quasi-elastically scat-
tered light via photon-correlation spectroscopy 
allows for the simultaneous and accurate deter-
mination of several thermophysical properties 
without the need of calibration. DLS from the 
bulk of a binary fluid mixture gives simultaneous 
access to the Fick diffusion coefficient D11 and 
the thermal diffusivity a. Similarly, SLS analyzes 
the temporal behavior of capillary waves at fluid 
interfaces. For the studied fluids, the simultane-
ous determination of the dynamic viscosity  and 
surface or interfacial tension  is possible by 
SLS Contrary to many conventional methods, 
both DLS and SLS are applied in macroscopic 
thermodynamic equilibrium and can be used to 
study mixtures containing dissolved gases at 
saturation conditions. The shadowgraph method 
studies long-range fluctuations in the bulk of the 
fluid in the presence of a macroscopic tempera-
ture gradient and can enable the measurement 
of various thermophysical properties in one ex-
periment. By Raman spectroscopy, intensity ra-
tios of characteristic lines associated with vibra-
tional modes of the functional groups in the indi-
vidual scattering molecules can be studied. This 
allows the contactless optical determination of 
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the composition of fluid mixtures as well as the 
detection of changes in the fluid structure. 

Results 
By DLS, a and D11 in binary LOHC mixtures of 
H2-lean and H2-rich species have been studied. 
In a mixture of H0-DPM with dicyclohexylme-
thane (H12-DPM), a and D11 could be deter-
mined simultaneously at temperatures T up to 
473 K. Investigations on the same mixture using 
the shadowgraph method allowed to access a, 
where good agreement with the values from DLS 
was found. For quasi-binary dibenzyltolu-
ene/perhydrodibenzyltoluene mixtures, DLS al-
lowed to obtain effective D11 values covering four 
orders of magnitude for T from (264 to 571) K [1]. 
Furthermore, DLS was successfully applied for 
the accurate determination of a and D11 of vari-
ous fluids relevant for H2 storage and transport 
containing dissolved H2 at saturation conditions. 
Here, diffusivities in binary mixtures of H2 in the 
LOHC compounds H12-DPM [2] and ortho-
perhydrobenzyltoluene, in methanol as well as in 
water or brine were determined over a broad 
range of T up to 572 K and H2 pressures pH2 up 
to 20 MPa. Fig. 1 shows a and D11 obtained by 
DLS for the example of binary mixtures of H12-
DPM or methanol containing dissolved H2 close 
to infinite dilution of H2 as a function of T. 

With SLS, the influences of LOHC composition 
and of pressurized H2 at pH2 up to 7 MPa and T 
up to 573 K on  and  of several LOHCs was 
studied [3]. For instance, measurements with 
DPM-based solvents as well as ortho-perhydro-
benzyltoluene in the presence of dissolved H2 re-
vealed nearly constant  values and a slight de-
crease of  by up to 6% with increasing pH2 for 
all solvents, independent of the studied T. Inves-
tigations on binary mixtures of methanol with dis-
solved H2 at up to 8 MPa and 393 K by SLS 
showed very similar behaviors of  and .  

To connect the information on  and  of metha-
nol in the presence of pressurized H2 with the ac-
tual amount of dissolved H2, Raman spectra 
from the liquid phase recorded during SLS ex-
periments were evaluated. For calibration, spec-
tra recorded for methanol with dissolved H2 in a 
solubility apparatus with known liquid phase 
compositions determined from conventional sol-
ubility measurements by the isochoric saturation 
method were used. Here, the transfer of the cal-
ibration to the SLS setup for the determination of 
H2 concentrations thereon via Raman spectros-
copy was successfully demonstrated. 

In a similar manner, an approach for the contact-
less measurement of the hydrogen loading of 
LOHCs, i.e. the degree of hydrogenation (DoH), 
which represents the share of reversibly bound 

hydrogen compared to the total uptake capacity 
of the LOHC, was tested and validated for the 
DPM-based LOHC system up to 573 K [4]. Using 
Raman spectra from binary mixtures of H0- and 
H12-DPM, a T-independent calibration was ob-
tained and successfully applied to determine the 
DoH of partially hydrogenated reaction mixtures 
containing also cyclohexylphenylmethane (H6-
DPM) as well as of pure H6-DPM. For the stud-
ied systems and T, the known DoH values could 
be reproduced by Raman spectroscopy with an 
average absolute deviation of 0.018. 

 
Fig. 1. Thermal diffusivities a and Fick diffusion co-
efficients D11 as a function of temperature T measured 
by DLS in the saturated liquid phase of binary mixtures 
of H12-DPM [2] or methanol with dissolved H2 in the 
regime of infinite dilution at pressures p of about 
(3 or 8) MPa, respectively. 
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