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            Inorganic Days – Umeå University (June 12-14, 2019) 
 

 Wednesday June 12 
  
 10:00-13:00 Registration (location: KBC-main hall) 

 
 11:30-13:00 Lunch (location: KBC-main hall) 
      
 Session I Opening & Keynotes I-III on the 2019 International Year of the Periodic Table (location: KBC - Carl Kempe salen) 
   
 13:00-13:15 

 
Opening with Umeå University’s Vice-Chancellor Hans Adolfsson 

 13:15-14:00 Keynote I:  EurJIC lecturer: Eric Scerri, University of California Los Angeles, USA (Sponsored by ChemPubSoc Europe) 
The Periodic Table, Its Story and Its Significance 
 

 14:00-14:30 Keynote II:  Dirk Rudolph, Lund University, Sweden 
Nuclear Alchemy - Synthesis and Studies of (New) Superheavy Elements 
 

 14:30-15:00 Keynote III:  Lars Öhrström, Chalmers University of Technology (Sponsored by Dalton Transactions) 
Periodic footprints in history, literature and cinema 
 

 15:00-15:30 Break 
      
 Session II Materials Design & Characterization 

(location: KBC - Carl Kempe salen) 
Session III Geochemistry and natural resources 

(location: KBC - Lilla hörsalen) 
  Chair: Henrik Pedersen 

 
 Chair: Michael Holmboe 

 15:30-16:00 Mari-Ann Einarsrud (invited), Norwegian University of 
Science and Technology, Norway 
In situ characterization toolbox for studying nucleation 
and growth of piezoelectric oxide thin films and 
nanostructured materials  
 

15:30-16:00 Sofi Jonsson (invited), Stockholm University, Sweden 
Biogeochemical cycling of mercury in marine oceans – 
the mystery of in situ production of methylated mercury 
species 
 

 16:00-16:20 
 

Gunnar Westin, Uppsala University, Sweden 
Nano-structured oxide sponges through solution 
chemistry 
 

16:00-16:20 Hussein Jaafar Kanbar, Umeå University, Sweden 
DNA sorption onto different grain size fractions of 
Hotagen Lake sediments, central Sweden: the role of 
mineral and organic components 



  
16:20-16:40 

 
Sarmad Naim Katea, Uppsalar University, Sweden 
Carbothermal nitridation ZrN:(Eu/La) particles; from 
gel to nano-phase powders 
 

 
16:20-16:40 

 
Changxun Yu, Linnaeus University, Sweden 
Accumulation mechanisms of Ni in Fe oxyhydroxides rich 
microbial mats fed by brackish aquifers in crystalline 
bedrock: re-evaluation of Ni partitioning chemistry and 
implications for ancient environments 
 

 16:40-17:00 Artem Iakunkov, Umeå University, Sweden 
Strong effect of ageing on swelling properties of 
graphene oxide membranes in alcohols 
 

16:40-17:00 Johan Ingri, Luleå University of Technology, Sweden 
The Ce-anomaly and iron isotopes in headwater streams 
 
 

    17:00-17:20 Jörgen Rosenqvist, Luossavaara-Kiirunavaara AB, 
Sweden. Determining the composition of iron ore using 
Pulsed Fast Thermal Neutron Activation 
 

 Evening Get-together (location: KBC – main hall) 
     
 17:30-22:00 Poster Session & Vendor Exhibition with Buffet  
   
 Thursday June 13 

  
 Session IV            Keynote IV (location: KBC- Carl Kempe salen) 
  
 09:00-10:00           Keynote IV: William H. Casey, (invited) University of California – Davis, USA  

                              Complementarity: Geochemistry and Inorganic Chemistry 
 

 10:00-10:30           Break  
  
 Session V Materials Design & Characterization 

(location: KBC - Carl Kempe salen) 
Session VI Interfacial and nanoscale processes 

(location: KBC - Lilla hörsalen) 
  Chair: Lars Ojamäe  Chair: Heather Allen 

 
 10:40-11:00 Amber Mace, Uppsala University 

Predictions from the geometry of energy landscapes 
 

10:30-11:00 Ian C. Bourg (invited), Princeton University, USA  
Mineral-organic interactions in soils and sediments 
 

 11:00-11:20 Zhehao Huang, Stockholm University, Sweden 
Automated Electron Diffraction Techniques for Ab 
Initio Structure Determination of Porous Materials 

11:00-11:20 Vadim Kessler, Swedish University of Agricultural 
Sciences, Sweden 
Metal oxide nanoparticles as mediators in bio-interactions 



 11:20-11:40 Markus Ek, Uppsala University, Sweden 
Ln-Al-oxides from alkoxide precursors 
 

11:20-11:40 Michael Holmboe, Umeå University, Sweden Atomistic 
Simulations of Smectite Hydration Processes 
 

 11:40-12:00 Hanna Boström, Uppsala University, Sweden 
High-pressure behaviour of Prussian blue analogues 
 

11:40-12:00 Isabelle Simonsson, Gothenburg University, Sweden 
Investigations of the co-ion effect on the surface charge 
and aggregation behavior of silica nanoparticles 
 

 12:00-12:20 Johan Cedervall, Uppsala University, Sweden 
Magnetocaloric effect in Fe2P: Magnetic and phonon 
degrees of freedom 
 

12:00-12:20 Andrey Shchukarev, Umeå University, Sweden Cryo-
XPS: probing intact interfaces in nature and life 
 

 12:30-13:00 Annual Meeting of the Division of Inorganic Chemistry of the SCS (Location t.b.a.) 
 12:20-13:30 Lunch +  Posters + Vendor Exhibition (location: KBC – main hall) 
   
 Session VII Energy 

(location: KBC - Carl Kempe salen) 
Session VIII Molecular complexes,  clusters and catalysis 

(location: KBC - Lilla hörsalen) 
  Chair: Peter Broqvist   Chair: William H. Casey 
      
 13:30-14:00 Nils Skoglund (invited) Umeå University, Sweden 

Inorganic chemistry and bioenergy  
– an unexpected match? 

13:30-14:00 Christine J. McKenzie (invited), University of Southern 
Denmark, Denmark  
A Janus-face iron catalyst 
 

 14:00-14:20 Burak Aktekin, Uppsala University, Sweden 
LiNi0.5-xMn1.5+xO4-y (LNMO): In-situ neutron diffraction 
during heating 
 

14:00-14:20 Sasha Ott, Uppsala University, Sweden 
Molecular Catalysis of Energy-Relevance in Conducting 
Metal-Organic Frameworks 
 

 14:20-14:40 Andreas Nordenström, Umeå University, Sweden 
Influence of activation temperature on capacitance for 
graphene scaffolds 
 

14:20-14:40 James Gardner, KTH Royal Institute of Technology, 
Sweden 
Exploring the Optical and Electrochemical Properties of 
Homoleptic vs Heteroleptic Diimine Copper(I) Complexes 
 

 14:40-15:00 Mikaela Görlin, Uppsala University, Sweden 
The Role of Oxygen in Ni-Fe(OxHy) Electrocatalysts 
Investigated using In situ Soft X-ray Absorption 
Spectroscopy during the Oxygen Evolution Reaction 
 

14:40-15:00 Arvind Kumar Gupta, Uppsala University, Sweden 
The self-assembly of [{Ag3(C≡CtBu)2}n]n+ building units 
into a template-free cuboctahedron and anion 
encapsulating silver cages 
 

 15:00-15:20 Mario Valvo, Uppsala University, Sweden 
Silver ferrite nanoparticles as negative electrodes in 
Li-ion batteries 

15:00-15:20 Henrik Friis, University of Oslo, Norway What can 
geologists and chemist learn from the discovery of 
naturally occurring hexaniobates? 



  
 

  
   15:20-15:40 Andy Ohlin, Umeå University, Sweden  

Fe13 Keggin ions 
 

 15:40-16:15 Break 
      
 Session IX            Keynote V: MAX IV & ESS  (location: KBC - Carl Kempe salen) 
  
 16:15-17:00           Keynote V:  Ann Terry (invited) 

                              t.b.a. 
                               

 Evening activities    
     
 19.00-22.00 Conference Dinner @ P5 (Väven, downtown Umeå) 
  Including the announcement of the scientific poster prizes, sponsored by the Dalton Transactions 
   
 Friday June 14 

  
 Session X              Keynotes VI-VII: Inorganic Processes in Nature (location: KBC – Lilla hörsalen) 
  
 09:00-09:45 Keynote VI:  Heather Allen, (invited) Ohio State University, USA 

The Air-Aqueous Interface: Inherent and Induced Organization studied by Sum Frequency Generation  
 

 09:45-10:30 Keynote VII: James R. Rustad, (invited) U.S. Department of Energy, USA 
Reactions mechanisms in metal oxides, blue pill or red pill? 
 

 10:30-11:00 Break 
   
 11:00-11:30 The Anna Sundström award for the most outstanding PhD thesis in inorganic chemistry in Sweden 2018: 

Elizabeth Polido, Kemakta Konsult AB, Sweden 
 11:30-11:45 IYPT poster prizes, awarded by the Swedish Chemical Society’s nomenclature committee 
 11:45-12:00 Concluding remarks 
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The Periodic Table, It’s Story and It’s Significance 

Eric Scerri 

Department of Chemistry & Biochemistry, University of California Los Angeles (UCLA) 
E-mail: scerri@chem.ucla.edu; www.ericscerri.com 

 

Dr. Scerri’s talk will include a brief historical tour of important steps in the evolution of the 
periodic table beginning with the recognition of triads of elements and Prout’s hypothesis, 
progressing through the early attempts to develop a consistent periodic system.  The work of 
Dmitri Mendeleev who published the first fully successful periodic table 150 years ago, in 
1869, will be highlighted, including his predictions of new elements.  The historical survey will 
continue with some discoveries that initially threatened to destroy the periodic system but 
which were successfully overcome (the noble gases and isotopes).  In the 20th century several 
discoveries in physics such as X-rays, radioactivity and the electron all had a profound impact 
of our understanding of the reason d’être of the periodic table culminating in the development 
of quantum mechanics.  The lecture will examine the extent to which this theory explains the 
periodic table.  Finally we will consider whether there may exist one optimal form of the 
periodic table and some of the candidate tables that have been proposed to play this role. 

Session I



Nuclear Alchemy - Synthesis and Studies of  
(New) Superheavy Elements 

 
Dirk Rudolph  

Department of Physics, Lund University, Sweden 

What are the heaviest elements that can exist in Nature? Since the number of electrons in the 

atom equals the number of protons in the atomic nucleus, the latter defines the chemical 

elements and, indirectly, their ordering in the Periodic Table of the Elements. Therefore, as of 

today, the leading question is a concern for nuclear physics rather than chemistry. 

  

Single atoms of transuranium elements up to element 118, Oganesson, Og, have been 

synthesized by nuclear reactions, most recently at rates of one atom per day, week, month, 

or year. With the eighth row of the Periodic Table in sight, the international race for elements 

119 and 120 has already begun. 

  

Following a brief historical overview, the lecture will present today's experimental challenges 

and methods as well as recent research results in physics and chemistry of superheavy 

elements. Special emphasis will be given to experiments studying the underlying nuclear 

structure, the understanding of which is essential for reliable predictions of the possible 

existence of an 'Island of Stability' beyond uranium, alternatively of the upper limit of the 

Periodic Table. 

 

 

Session I



Periodic footprints in history, literature and cinema 
 

Lars Öhrström, Chalmers University of Technology  
ohrstrom@chalmers.se, @larsohrstrom 

 
This is not the story of the elements, nor of their discoverers or of the amazing properties of the 
118 basic building blocks of our world that make up the Periodic Table as of June 2019. 
These are stories of people crossing paths with an element, and the resulting impact giving 
lasting effects on their lives and sometimes impact on history.[1,2] 

 
So, I will not tell you about the wonderful colours you get from uranium tinted glass, but about 

a couple in love and a British government public relations nightmare of the 1950’s. We will hear 
about the most successful sabotage operation during World War II, about CIA’s first disaster and 
also learn how an element deficiency affecting 800 million people is related to a famous comic 
book hero. In addition, there will be a Swedish spy in the UK, pink warships and a submarine. 
Perhaps you will even learn the truth about Napoleon losing his trousers in Moscow and how to 
solve crimes.   

 
Not to forget how rhubarb is connect to super heavy element synthesis 
 

1. The Last Alchemist in Paris, Oxford University Press, 2013 
2. The Rhubarb Connection – The everyday world of metal ions, Royal Society of Chemistry, 
2018.  

 

 
Cover art from El último alquimista en París ©Compañía 

Session I



In situ characterization toolbox for studying nucleation and growth 
of piezoelectric oxide thin films and nanostructured materials 

Mari-Ann Einarsrud 

Department of Materials Science and Engineering, NTNU Norwegian University of Science and Technology, 
Trondheim, Norway 

We are developing an aqueous synthesis platform for thin films and nanostructured 
piezoelectric oxide materials based on an in situ characterization toolbox to gain knowledge 
about the nucleation and growth mechanisms. This knowledge gives us valuable information 
to design materials with desired properties. Aqueous chemical synthesis is environmental 
friendly and highly flexible route to tailored thin films and nanostructured piezoelectric 
materials.  

For studies of hydrothermal synthesis an in situ cell using synchrotron X-ray radiation has been 
developed. We have investigated the formation mechanisms of lead-free MNbO3 (M = K, Na), 
BaTiO3 and SrxBa1-xNb2O6 piezoelectrics from salt and oxide precursors. Fast detectors and 
high brilliance synchrotron X-ray source facilitates the investigation of the nucleation and 
formation on a sub-second scale even for dilute chemical reactions that is required to obtain 
a high control and reproducibility.  

Chemical solution deposition of piezoelectric thin films on a substrate demands a strong 
control of processing parameters to obtain phase pure oriented films and we have developed 
an in situ cell with atmospheric control for synchrotron X-ray studies of the pyrolysis step 
during aqueous chemical solution deposition processing. Understanding the evolution of the 
nucleation and crystallization of K0.5Na0.5NbO3, BaTiO3 and SrxBa1-xNb2O6 thin films guide 
designing the optimal procedure for fabrication and tuning the desired piezoelectric 
properties.  

Session II



Nano-structured oxide sponges through solution chemistry 

Gunnar Westin, Sarmad Naim Katea 

Department of Chemistry-Ångström, Ångström laboratory, Uppsala University, Uppsala 

There is a strong demand for tailored materials for sensors, catalysts, solar-cells and energy 
storage for renewable energy areas. Typical features of these materials are; a large interface 
to the surrounding liquid or gas phase, surface modification for e.g. band-structure and 
corrosion control, and catalysis. Often a high conductivity is required to get generated 
electrons out to the surface or electrode which implies materials of high crystalline quality 
with controlled dopant positioning, as well as a good connectivity though the structure. Here 
we present new salt-based synthesis routes yielding oxide sponges of various contents at 
down to 200oC, 3min. Systems such as doped and non-doped ZnO and MgO will be discussed 
in detail from the solution to the final products, as well as some of their properties. The 
sponges obtained at 200oC typically consist of highly porous bread-like structures built up from 
well connected, ca 10 nm crystallites. These structures do not sinter together, even on heating 
to 900oC, but from ca 500oC, a reproducible grain growth took place within the sponge 
structures allowing for tuning of crystal sizes. The processes and products were studied with; 
TG/DTA/DSC, XRD, IR and Raman spectroscopy, SEM-EDS, TEM-EDS/ED, and XPS. 

 

Session II



Carbothermal nitridation ZrN:(Eu/La) particles;  
from gel to nano-phase powders 

 
Sarmad Naim Katea, Gunnar Westin, Markus Ek 

Department of Chemistry-Ångström, Ångström Laboratory, Uppsala University, Uppsala 

Zirconium nitride ceramics are used, or considered for a wide range of applications including, 
optical, solar hydrogen, energy storage and as matrix for nuclear fuels where La simulates Ac 
and Am. Often nano-particles are required for these applications, either for their large surface 
area, or as starting powders for sintering into high density compacts for use as e.g. nuclear 
fuels. In this work, carbothermal nitridation of La/Eu-Zr-carbon-gels to La/Eu-doped ZrN nano-
phase powders is presented. Traditional powder based carbothermal processes give poor 
mixing of the constituent compounds which results in high synthesis temperatures and long 
annealing times, yielding large and extensively agglomerated powders. A solution chemical 
based method using sucrose-Zr-La-alkoxide and sucrose-Zr-Eu-alkoxide as precursors is 
described in detail, using TG-DTA, IR, XRD, Raman, XPS, SEM-EDS, TEM-EDS. It was found that 
the phase evolution differed when the redox stable La3+ was used compared to the redox 
active Eu3+, where the latter formed EuZrO3 and the former La2Zr2O7 as intermediate phases.  
Both systems ended with cubic Ln-doped ZrN at 1495oC, which could also contain some O and 
or C, mixed with carbon.  

 

Session II



Strong effect of ageing on swelling properties of graphene oxide 
membranes in alcohols. 

Iakunkov A., Nicolas Boulanger, Alexandr Talyzin 

Department of Physics, Umeå University S-90187, Umeå, Sweden 

The swelling of graphene oxide membranes aged over different periods of time (from 1 week to 5 
years) was studied in alcohols row from methanol up to 1-nonanol using synchrotron radiation XRD.  
Membrane samples synthesized in 2013 and characterized at the moment using XPS, XRD and FTIR 
[1] were re-examined after 5 years of a storage at ambient conditions revealing a dramatic 
modification of the structure and swelling properties. Both precursor graphite oxides and freshly 
prepared Hummers Graphene Oxide (HGO) membranes were found to swell in the whole set of nine 
liquid alcohols with increase of interlayer spacing from ~7Å (solvent free) up to ~26 Å (in 1-nonanol). 
At the same time the swelling of HGO membranes aged for 0.5-1.5 years become significantly smaller 
and completely disappeared for alcohol molecules larger than hexanol. Moreover, the HGO 
membranes stored at ambient conditions for 5 years showed nearly complete absence of swelling in 
all alcohols. In contrast, precursor graphite oxide powders showed the unmodified swelling in alcohols 
even after 4 years of the ageing. Remarkably, significant swelling of GO membranes in water was 
observed even after 5 years of the ageing. It was shown that the ageing starts on the surface of the 
multilayered structure and slowly penetrates into the deeper regions. Since the swelling defines size of 
permeation channels, the ageing effect is one of important parameters which could explain strong 
scatter in reported filtration/separation properties of GO membranes. The time and conditions of air 
storage require standardization for better reproducibility of results related to performance of GO 
membrane in various applications 
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Figure 1: GO membranes swelling in alcohols: Interlayer distance provided by d(001) for freshly prepared 
sample and samples stored on air for prolonged period of time  
 

1. Talyzin, A.V., et al., The structure of graphene oxide membranes in liquid water, 
ethanol and water-ethanol mixtures. Nanoscale, 2014. 6(1): p. 272-281. 

 

Session II



Biogeochemical cycling of mercury in marine systems – the mystery 
of in situ production of methylated mercury species 

Sofi Jonsson 

Department of Environmental Science and Analytical Chemistry, Stockholm University  

Mercury (Hg) is mobilized from the Earth’s crust and accumulates as monomethylmercury 
(CH3Hg-X, where X is e.g. Cl- or R-S-) in aquatic food webs, thereby posing a threat to human 
and wildlife health. This has motivated over 50 years of research on Hg biogeochemistry. Still, 
our understanding of the processes controlling the amount of monomethylmercury available 
for bioaccumulation remains limited. The understanding of Hg cycling in marine environments 
is particularly incomplete even though marine harvested food is the primary 
monomethylmercury exposure route for most human populations. A unique feature of marine 
systems compared to freshwater systems is that ~30-80% of the total methylated Hg pool 
occurs as dimethylmercury ((CH3)2Hg). The vertical and geographical distribution of mono- and 
dimethylmercury have been documented in many coastal and oceanographic systems since 
the 90´s. More recent work have also quantified in situ transformation rates between chemical 
Hg forms (e.g. methylation and demethylation rates of monomethylmercury). However, what 
role in situ methylation and demethylation of mono- and dimethylmercury plays for the 
amount of monomethylmercury available for bioaccumulation is unknown. Further, formation 
and degradation pathways of dimethylmercury remains to be identified. In this talk, I will 
review some recent advances in our mechanistic understanding of formation and degradation 
of methylated species in natural environments. Special attention will be given to our 
understanding of Hg biogeochemistry in coastal and marine systems and the role of 
dimethylmercury. The talk will including recent studies where we have explored the stability 
and potential formation pathways of dimethylmercury. 

 

Session III



DNA sorption onto different grain size fractions of Hotagen Lake 
sediments, central Sweden: the role of mineral and organic 

components 

Hussein Jaafar Kanbar, Thai Le Tran, Michael Holmboe 

Umeå University, Chemistry Department, SE-901 87, Umeå, Sweden 

Lake sediments constitute natural archives that contain biological and chemical records. 
Sediments preserve DNA fragments for tens and even thousands of years,1,2 hence, sediments 
can reveal ancient biotic activities. Even though the sorption of DNA molecules and 
nucleotides onto well-defined minerals, especially clays, has been reported in the literature,3,4 
the link between the geochemical and organic features of freshwater sediments and DNA 
sorption has not been discussed. Therefore, the aim of this research is to understand the role 
of mineral and organic components on the binding of DNA in lake sediments. For this reason, 
a 225 cm sediment core was collected from the Hotagen Lake, central Sweden. Bulk sediment 
samples were collected throughout the core at a 5 cm interval. Additionally, different grain 
size fractions (<4, 4-16, 16-64, and >64 µm) were extracted from each layer. The mineralogical, 
chemical, and physicochemical composition were determined for selected layers. 
Consequently, DNA sorption onto the bulk and fractionated sediments was done for the initial 
samples as well as for the samples after organic matter removal. Even though the 
mineralogical composition of the bulk sediment layers showed comparable findings, especially 
in the 1-175 cm region, different minerals were abundant in the various size fractions (XRD 
and FTIR). The main minerals present in the layers were quartz, clinochlore, illite, kaolinite, 
tremolite, and albite. Furthermore, the organic content varied as a function of depth in the 
bulk samples, especially in the 175-225cm zone; it varied more significantly at a grain size 
basis. Due to the variation in mineral abundance, DNA sorption was different for the sediment 
layers (bulk and fractions); in general, more DNA was sorbed onto the finest grains. Moreover, 
preliminary results indicated that organic matter hindered DNA sorption. Finally, we show 
how DNA sorption in lake sediments is controlled by the mineral and organic composition.  

 
1 Olajos F; Bokma F; Bartels P; Myrstener J et al. (2018) Methods Ecol. Evol, 9, 535–543. 
2 Slon V; Hopfe C; Weiß C.L; Mafessoni F et al. (2017) Science, 356, 605–608. 
3 Pedreira-Segade U; Hao J; Razafitianamaharavo A; Pelletier M et al. (2018) Life, 8, 59. 
4 Feuillie C; Daniel I; Michot L.J et al. (2013) Geochim. Cosmochim. Acta, 120, 97–108. 

Session III



Nickel accumulation in Fe oxyhydroxides rich microbial mats fed by 
brackish aquifers in crystalline bedrock: re-evaluation of Ni 
partitioning chemistry and implications for ancient environments 

Changxun Yu*, Christine Heim**, Martin Obst***, Ning Chen****, Eduardo Gracia*****, Mats 
Åström* 

*Department of Biology and Environmental Science, Linnaeus University, Sweden, **Department of Geobiology, 
University of Göttingen, Germany, ***Experimental Biogeochemistry, BayCEER, University Bayreuth, Germany, 
****Canadian Light Source, Canada, ***** Department of Physics, Umeå University, Sweden 

Bacterially mediated oxidation of Fe(II) followed by formation of poorly crystalline 
bacteriogenic iron oxhydroxides (BIOS) is a ubiquitous process in the (near-)surface 
environment.  To investigate the growth of BIOS-rich microbial mats and associated selective 
accumulation of trace elements, two long-term experiments have been performed by 
connecting two sterilized flower reactors with two brackish, but chemically different aquifers 
at two sites in the tunnel of the Äspö Hard Rock Laboratory (Heim et al., 2015). Microbial 
mats were harvested from the reactors after 2 and 9 months and 3.5 years, giving a total of 
six specimens. For comparison, three Fe oxyhydroxide references including abiotic, inorganic 
and biogenic Fe oxyhydroxides were prepared with the aquifer water from one site.  
       Iron extended X-ray absorption fine structure spectra of the six microbial mats overall 
resemble that of 2-line ferrihydrite, suggesting a dominance of ferrihydrite-like phase. 
However, the shape of the second peaks in the radial structure functions of all microbial 
mats, reflecting the way in which the Fe(III)-O6 are linked together, differs significantly from 
that of 2-line ferrihydrite. In contrast to 2-line ferrihydrite with two distinct Fe-Fe linkages 
(edge-sharing and double corner sharing Fe-O6), only Fe-Fe linkage at c.a. 3.01 Å 
corresponding to edge-sharing Fe-O6 can be well-defined for microbial mats. These features 
suggested that, as compared to 2-line ferrihydrite, the Fe oxyhydroxide in the microbial mats 
has less structural order and three dimensional characters, and is thus biogenic. Scanning 
transmission X-ray microscopy data shown that Ni is spatially associated mainly with BIOS 
particles. On-going DFT-guided simulations of Ni, Mn and Co XANES spectra suggested that 
Ni was accumulated by developing a single NiO6-MnO6-CoO6 pair within the structure of 
ferrihydrite. The simulated incorporation of the pair significantly decreased the formation 
energy of the ferrihydrite, which means the incorporation of such a pair is highly favorable 
and can make the structure framework more stable. The Ni/Fe ratios in the BIOS particles 
quantified based on the optical densities are 0.0012-0.0035. The values are only about one 
order of magnitude lower than the ratios (0.04-0.064) determined for biogenic ferrihydrite 
exposed to/co-precipitated with 170 µM Ni, more than 1700 times higher than the Ni 
concentrations in the aquifers. This indicates that BIOS in microbial mats grown from natural 
waters with low Ni concentrations over a long time period could scavenge orders of 
magnitude more Ni than experimentally demonstrated. The Ni accumulation mechanisms 
and partitioning coefficients (obtained based on the optical densities of Ni and Fe for the 
BIOS particles) have strong implications for assessing Ni partitioning chemistry during the 
formation of modern/ancient BIOS.  
Heim, C. et al. Assessing the utility of trace and rare earth elements as biosignatures in microbial iron 
oxyhydroxides. Frontiers in Earth Science 2015, 3. 

Session III



The Ce-anomaly and iron isotopes in headwater streams 

Johan Ingri, Sarah Conrad  and Stefan Löfgren* 

Division of Applied Geochemistry, Luleå University of Technology, S-971 87 Luleå, Sweden 
*Department of Aquatic Sciences and Assessment; Section for Geochemistry and Hydrology, Swedish University 

of Agricultural Sciences, 75007 Uppsala, Sweden) 

Redox is a central component in the boreal landscape. Both iron (Fe) and cerium (Ce) are redox 
sensitive elements and the Ce–anomaly (Ce*) and Fe isotopes can be used to constrain 
element sources and pathways within a catchment. Rare earth element (REE) fractionation 
patterns may help to constrain timing and spatial distribution of element inputs from various 
sources and help to resolve temporal variations in the stream concentrations. Data from 100 
randomly selected headwater streams in southeast Sweden show that the Ce* value mirrors 
the catchment hillslope, hydraulically linking the terrestrial and aquatic systems. Hence, 
element concentrations are directly related to the dominating groundwater flow paths. 
Apparently, a single Ce* value can be used to separate catchments with the dominating 
element transport in oxidized mineral soils from those with the main groundwater flux 
through reduced organic rich soils in discharge areas and peatlands. A Ce* value between -
0.35 and zero suggests that riparian zone processes determine the water quality of catchment 
runoff and that the Ce* value can be used as a probe for this contribution. The stream water 
pH sensitivity is positively related to the Ce* value. As indicated by the Fe-isotope data, the 
streams were strongly influenced by influx of anoxic groundwater during the dry summer 
period. This totally changed the geochemistry of the headwater streams on a regional scale 
e.g. the mobility of several trace metals. With a combination of Ce* and Fe isotopes the role 
of redox changes in the catchment can be evaluated. 

Session III



Determining the composition of iron ore using Pulsed Fast Thermal 
Neutron Activation 

Jörgen Rosenqvist and Mehmedalija Didic 

Luossavaara-Kiirunavaara AB, Research Center, SE-98381 Malmberget, Sweden 

In the mining industry, one of the challenges is the inherent inhomogeneity of the ore body. 
It is therefore important to be able to determine the composition of the ore being produced, 
with as small a time lag as possible. In this presentation, we will describe one of the few on-
line techniques available, namely Pulsed Fast Thermal Neutron Activation (PFTNA), and 
illustrate how it is used to monitor the composition of the iron ore produced in the LKAB mine 
in Malmberget. 

 

 
Figure 1. PFTNA equipment installed at test facility 

 

The performance of the PFTNA analyzer was extensively evaluated at a temporary test 
facility (Figure 1), using a loop of conveyor belts, before final installation at the 815 m level 
of the mine in Malmberget. During the evaluation, the influence of factors like belt speed, 
bed thickness, humidity, type of ore etc on the analysis result were studied and quantified. 
Results from the evaluation, together with user experience gathered over the last five years 
will be presented. 

 

Session III



Complementarity: Geochemistry and Inorganic Chemistry 

William H. Casey 

Department of Chemistry, Department of Earth and Planetary Sciences, University of California, Davis, CA 
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Inorganic chemistry sprang from roots in mineralogy as alchemists and chemists needed a 
source of elements and chemicals, such as Priestley's and Lavoisier's use of montroydite 
(HgO) to generate O2.  The field of geochemistry is also quite old, but expanded dramatically 
in the 20th century.  Because the time scales and length scales are so large, the geochemists 
have paid close attention to the bulk processes affecting the Earth.  They are masters, for 
example, of detailing the fractionation of isotopes by chemical processes in the Earth, and in 
the application of chemical thermodynamics to predict phase assemblages.  They have not 
traditionally paid close attention to molecular transformations, which led to separation of 
the two subdisciplines in the 19th century as useful molecular properties of matter (e.g., 
optical activity; coal-tar dyes) were discovered.  

I present two talks that illustrate the happy confluence of these two fields, as the 
geochemists have started to concern themselves with molecular transformations of matter.   

In the first I show that nanometer-sized aqueous ions serve geochemists as models for the 
molecular processes that affect oxide mineral surfaces in water.  Unlike the mineral 
reactions, the structure of the aqueous cluster ions in solution can be known with complete 
confidence and the powerful tools of spectroscopy can be used to follow molecular-scale 
reactions.  These experimental models can test ideas generated from computer chemistry, 
and these reactions clean toxicants from water.   

In the second talk I discuss new developments that allow geochemists to map the electrolyte 
chemistry of aqueous solutions at GPa pressures and elevated temperatures.  There is much 
to learn - the very phase diagram for water is highly distorted by the presence of electrolytes 
and these distortions are virtually undocumented.  They, of course, have enormous 
implications for transport of water into the Earth and the potential for water-based life in 
extra-terrestrial bodies.  Solution NMR spectra are soon-to-be attainable from picoliter 
volumes at high temperatures and pressures, from the modulation of light released by 
excitable electron spins centered at defect atoms in the diamond of a diamond-anvil cell.   

 

Figure (left)--Single-atom nitrogen defects in diamonds 
are being used to sense nuclear spins of solutes in 
adjacent solutions.  One type of defect has two unpaired 
electrons that can be excited by microwaves.  The light 
released by return to the ground state reflects the spin 
states of the electrons, which reflect coupling to magnetic 
nuclei that are nearby.  NMR spectra can be collected 
from vanishingly small volumes (picoliters) and simple 
optical apparatus. 
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Predictions from the geometry of energy landscapes 
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Understanding the diffusion of mobile particles in solid crystalline materials is important for             

many applications, such as gas separation in nanoporous materials or ion conductivity in             

solid state Li-ion battery components.  

To find and improve the understanding of structure–activity relationships for different           

classes of materials and to accelerate the process of discovering new materials, systematic             

theoretical studies of a wide range of materials are needed. However, the cost of              

state-of-the-art molecular dynamics (MD) can be prohibitively expensive.  

As an alternative to brute force MD I have recently developed a unique screening method to                

estimate the diffusive properties of particles in solid-state materials with a multiscale            

modeling approach. This procedure is based on a geometric analysis of the potential energy              

field experienced by a migrating particle within a rigid lattice structure. The novel TUnnel              

and TRAnsition State search (TuTraSt) algorithm predicts the activation energy and           

directions of diffusion while coarse-graining the energy landscape into a lattice model from             

where we can compute diffusion coefficients using a kinetic Monte Carlo algorithm. This             

procedure does not require any structure specific parametrization, can be fully automated            

and at a computational cost a fraction of that of MD. [1] 

TuTraSt is general in essence as a geometric analysis tool of the discretized             

three-dimensional energetic scalar field functions in solid crystalline materials. I will thus            

show how it can be applied to a variety of applications, both in predicting dynamic               

properties as well as static energetic properties. [2,3] 

 

[1] Mace, Barthel & Smit, J. Chem. Theory Comput. , 2019, 15 (4), pp 2127–2141 

[2] Meyer, Barthel, Mace, Vannay, Guillot, Smit, Corminboeuf, J. Phys. Chem. Lett. , 2019, 10 

(7), pp 1482–1488 

[3] Witherspoon, Mercado, Braun, Mace, Bachman, Long, Blümich, Smit & Reimer, J. Phys. 
Chem. C , Accepted 
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Porous materials such as metal-organic frameworks (MOFs) and zeolites are attracting 

increasing interest because of their particular high performance in catalysis, gas storage, 

separation, ion exchange, fuel cells, supercapacitor, etc. A crucial part in the study of porous 

materials is to determine the structure, more specifically, the atomic positions. The novel 

properties of the materials can be revealed by knowing the structures, and then specific 

applications could be designed. However, these materials are often resulted in nanosize, and 

high beam sensitivities, which leads to difficulties in structural determination.  

Electron crystallography has become important for ab initio structure determination of 

crystals too small for X-ray diffraction. We have been working on developing new electron 

crystallographic methods. Rotation electron diffraction (RED) is a software-based method for 

automated collection of complete 3D ED data by combining electron beam tilt and 

goniometer tilt
1-2

. More than 1000 ED frames can be collected in less than one hour from a 

nano- or submicron-sized crystal of arbitrary orientation. By using a fast hybrid pixel 

quantum area detector with high sensitivity and low background, a complete continuous 

rotation electron diffraction (cRED) data can be collected in 15-150 seconds using 

continuous goniometer tilt
3
. Software developed for X-ray crystallography can be directly 

used for data processing and structure determination. A structure determination can be 

achieved within a few hours, from data collection and processing to structure solution and 

refinement. Using RED/cRED data, more than 100 complex structures have been solved, 

including zeolites and metal-organic frameworks
3-5

 and quasicrystal approximants.  

To further automate the data collection, we have developed serial crystallography using 

electron diffraction (SerialED) by taking ED patterns (snapshots) of individual randomly 

oriented particles
6
. ED patterns from 3000 particles can be collected automatically in less 

than one hour. We developed methods and software for automated particle detection, data 

collection, processing, indexing, and structure solution. The large number of particles makes 

it possible even for quantitative phase analysis, and for detection of minor phases that may 

not be detectable even by X-ray diffraction. 
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3. S. Yuan, J.-S. Qin, H. Xu, J. Su, D. Rossi, Y. Chen, L. Zhang, C. Lollar, Q. Wang, H. Jiang, D.H. Son, H. Xu, Z. 

Huang, X. Zou, H.-C. Zhou, ACS Cent. Sci. 2018, 4, 105 

4. D. Feng, T. Lei, M. R. Lukatskaya, J. Park, Z. Huang, M. Lee, L. Shaw, S. Chen, A. A. Yakovenko, X. Zou, Y. Cui, Z. 

Bao, Nat. Energy. 2018, 3, 30. 

5. B. Wang, T. Rhauderwiek, A. K. Inge, H. Xu, T. Yang, Z. Huang, N. Stock and X. Zou, Chem. Eur. J. 2018, 24, 

17429. 

6. B. Wang, S. Smeets, and X. Zou, IUCrJ, in revision. 

Session V



Ln-Al-oxides from alkoxide precursors 
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Alumina is one of the most used material due to its combination of useful properties, such as; 
high melting point, hardness, thermal conductivity, corrosion resistance, and high 
transparency over a large optic window. Many of these properties relies on the quality of the 
material. This make the demand high for a durable, scalable rather fast process. 

Here alkoxide based processing of Y/Eu doped aluminium oxides is presented. Ln 
concentrations up to 25% were studied using Al4(OiPr)12, EuAl3(OiPr)12 and YAl3(OiPr)12 as 
precursors. The phase evolution on heating the gel like materials, hydrolyzed with water in 
ambient atmosphere, up to 1500oC was monitored by; TG/DTA, IR spectroscopy, XRD, 
SEM/EDS and TEM. 
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High-pressure behaviour of Prussian blue analogues 
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Prussian blue analogues (PBAs) are arguably the oldest class of coordination polymers and are 
known for their diverse functionality.1 The generic formula is AxM[Mʹ(CN)6]y (M, Mʹ = transition 
metals, A = alkali metal), where M and M’ are octahedrally coordinated by cyanide anions to 
form a 3D framework, reminiscent of double perovskites (A2BB’X6). Depending on the total 
charge on the transition metals, the composition ranges from ordered M[Mʹ(CN)6] to defective 
M[Mʹ(CN)6]0.67 or cation-containing AM[Mʹ(CN)6]. Like perovskites, Prussian blue analogues 
are susceptible to tilting of the octahedral units, which alters the magnetic coupling pathways, 
influences the electrochemical performance, and can potentially drive improper 
ferroelectricity.2–4 Despite the clear link between functional response and tilting, there are 
currently few studies on the factors that influence tilting in PBAs—a strong contrast to the 
vast body of research on tilting in conventional oxide perovskites. 

Through X-ray diffraction, we have investigated the pressure-induced tilting of a number of 
Prussian blue analogues: both stoichiometric, defective and cation-containing systems. 
Whereas most PBAs are structurally invariant to changes in temperature, compression gives 
access to a variety of different low-symmetry tilted phases. The type of tilting depends on the 
presence of cations and interstitial water molecules.5 This interplay between hydration, 
defects, compressibility, and phase transitions also appears in the family of metal-organic 
frameworks, where the effect of defects on the mechanical properties has recently attracted 
attention.6 In addition, static tilting provides an insight into the low-energy phonon modes in 
the systems, which have an impact on e.g. thermal expansion.  

 
 
1. H. Tokoro and S.-I. Ohkoshi, Dalton Trans., 2011, 40, 6825–6833. 
2. C. M. Kareis et al., J. Am. Chem. Soc. 2012, 134, 2246–2254. 
3. D. Asakura et al., J. Phys. Chem. C, 2012, 116, 8364–8369. 
4. H. L. B. Boström, M. S. Senn and A. L. Goodwin, Nat. Commun., 2018, 9, 2380. 
5. H. L. B. Boström et al., Dalton Trans., 2019, 48, 1647–1655. 
6. S. Dissegna et al., J. Am. Chem. Soc., 2018, 140, 11581–11584. 
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Neutron diffraction and inelastic scattering, 
Mössbauer spectroscopy and first principles 
calculations have been used to determine 
the structural and magnetic state of Fe2P, a 
compound that has shown great potential 
for magnetic cooling devices. In particular 
when substituted with Mn and Si [1, 2]. In 
particular, it is of great interest to know 
what drives the first order phase transition 
(FOPT) that coexist with the strong 
magnetocaloric effect. The FOTP is 
concomitant with a canting of 
ferromagnetic moments away from the 
principle direction while short range nano 
clusters develop and vary between 
antiferromagnetic to ferromagnetic 
coupling across the FOPT. The canting of the 
moments where determined from magnetic 
structure refinements in FullProf [3], where 
the elastic line where integrated to get 
conventional diffraction patterns. The 
refinements also revealed that a significant 
magnetic moment survives above the 
magnetic transition temperature where the 
canting is the largest. From the inelastic scattering data, a gap in the phonon excitation 
spectrum at low temperatures indicates boundary conditions, possible derived from the nano 
clusters, while a gap in the spin fluctuations indicates strong magnetic anisotropy within the 
system. Enhanced electron mobility, because of the gap in the phonon excitation, may enhance 
the magnetocaloric effect. Both excitation gaps disappear at the FOPT. It is clear from the 
results that the FOPT drives the magnetocaloric effect, which is derived from strong magneto-
elastic coupling concomitant with significant anisotropy in the studied system. 
[1] E. Brück, Journal of Physics D: Applied Physics, 2005, 38, R381 
[2] V. Höglin, et al. RSC Advances 2015, 5, 8278-8284 
[3] J. Rodriguez-Carvajal, Physica B: Condensed Matter, 1993, 192, 55 
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Mineral-organic interactions in soils and sediments  
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Soil carbon is the largest pool of carbon near the Earth’s surface, about as large as the 
atmosphere, biosphere, and surface ocean combined. This soil carbon pool has important 
implications for the Earth’s carbon budget. For example, soils presently act as a net carbon 
sink that absorbs ~ 2 GtC per year (2/10ths of anthropogenic CO2 emissions). This carbon sink 
is sensitive to changes in temperature, rainfall, and soil management techniques, but a 
detailed predictive understanding of its magnitude remains elusive. An important clue into 
the fundamental mechanisms of this carbon sink is that soil carbon content correlates strongly 
with the content of the finest-grained soil minerals, particularly smectite clay minerals in 
temperate soils and Fe and Al oxides in soils exposed to intense weathering. 

Here, we present molecular dynamics (MD) simulations that aim to gain insight into one 
possible fundamental control on the so-called “mineral protection” of soil carbon: the 
adsorption of organic molecules on clay mineral surfaces. In particular, we describe our recent 
development and validation of an MD simulation methodology that accurately predicts the 
affinity of organic molecules for smectite clay surfaces. Specifically, we present results on the 
adsorption of ten different organic molecules with a range of molecular weights and 
hydrophilicities (phthalate esters, polycyclic aromatic hydrocarbons, and perfluorinated alkyl 
substances) on a stack of smectite clay nanoparticles. Our results showed that organic 
molecules consistently have a strong affinity for the clay surfaces. Contrary to prominent 
theories of soil carbon mineral protection, this affinity is primarily entropic in nature. In short, 
the tendency of soil carbon to become associated with mineral surfaces is determined more 
by hydrophobicity (i.e., the size and shape of the organic molecules) than by the interaction 
of specific organic functional groups with the mineral surface.  
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Metal oxide nanoparticles as mediators in bio-interactions 
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Metal oxide nanoparticles (NP) are common in the environment originating on weathering of 
minerals both in marine and freshwater environments and in soil. Their effects on living 
organisms are important in the view of complex surface chemistry and enhanced surface to 
volume ratio. In the present contribution three major effects of NP will be considered – (1) 
their role in mediating interactions between soil microorganisms and plant roots with strong 
contribution to biofilm formation [1], (2) the catalytic effects in plant tissues, where NP can 
act as nanozymes [2], and (3) specific protein adsorption, resulting in formation of scaffolds 
for tissue regeneration [3,4]. 
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Atomistic Simulations of Smectite Hydration Processes 
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Molecular modelling techniques (electronic or classical DFT, ab initio, classical Monte Carlo 
and molecular dynamics simulations) have emerged as useful tools to obtain detailed insights 
into the structure, thermodynamics and dynamics of hydrated clay minerals and other 
geochemical systems.[1] Recent years development in this area has expanded the types of 
properties as well as range of both time and spatial scales that can be examined. These 
computational techniques are particularly powerful when they complement experimental 
techniques (spectroscopic, wet-chemical, calorimetric, scattering or diffraction techniques), 
hence combined experimental and in silico (i.e. computer simulations) investigations are 
steadily becoming more and more popular. 

In this work, we present our most recent research efforts from molecular dynamics (MD) 
simulations using the Gromacs suite of programs and the Matlab ATOM scripts,[2-3] along with 
the CLAYFF and INTERFACE forcefields. The specific aim of this study was to complement 
experimental data on smectite clay hydration and microstructure, by predicting the hydration 
energetics of the Wyoming type (USA) Montmorillonite for a wide range of water contents (up 
to 60 w% H2O) and interlayer solutes (Li+, Na+, K+, Cs+, Ca2+, Mg2+, Cu2+, Cl-). We obtained 
several dynamical, thermodynamical and structural properties at different water loadings, for 
instance ion/water/clay atom coordination environments and residence times, hydrogen 
bonding behavior, diffusion coefficients, as well as immersion energies, potential of mean 
force (PMF) profiles and swelling pressure during Montmorillonite hydration. Furthermore, 
we scrutinize the main driving forces behind clay hydration, by decomposing the overall 
hydration energy in terms of: long-range and short-range interactions, electrostatic and VdW 
interactions, as well molecular component specific interactions. 

Several recent studies have also shown that atomistic simulations in combination with mixed 
layer modeling of 00l powder XRD reflections,[4] can aid in the interpretation of experimental 
diffraction data, significantly improving the atomistic understanding of the interlayer solute 
and water structure. With this in mind, we also compare the consistency of different 
combinations of mechanistic forcefields (CLAYFF and INTERFACE) and water models 
(SPC/SPC/E/TIP3P/OPC3/TIP4P/OPC/TIP5P) commonly used in atomistic simulations of clay 
minerals, with the previously reported and semi-empirical data and structure factors (i.e. layer 
transforms) for different clay lattices and hydration states.   

[1] Cygan, R.T., Greathouse, J.A., Heinz, H., Kalinichev, A.G., J. Mater. Chem., 19, 2470–2481 (2009).  

[2] Abraham, M.; Van Der Spoel, D.; Lindahl, E.; Hess, B., SoftwareX, 312, 19-25 (2014). 

[3] Holmboe, M. web link: www.mathworks.com/matlabcentral/fileexchange/59622-atom  

[4] Ferrage, E. et al., J. Phys. Chem. C., 115, 1867–1881 (2011). 

 

Session VI
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Using gel time experiments and potentiometric titrations we have studied the effect of 
anions on the charging behavior of commercial amorphous silica nanoparticles, Ludox® TM. 
While counter-ions have been reported to exhibit clear ion specific effects on a wide variety 
of charged surfaces, whether co-ions/anions could affect the surface charge and gel times of 
colloidal silica has not been established to any great extent. Gel times were determined with 
the presence of a large variety of anions (Cl-, NO3

-, ClO3
-, ClO4

-, SO4
2-) and the K+ and Na+ 

cations. Surface charge densities (SCDs) as a function of pH was derived from titrations using 
the corresponding acid (i.e. HCl, HNO3, H2SO4) to the anions investigated (Cl-, NO3

-, SO4
2-) and 

the titrations were run from pH 10 to pH 3. The concentrations with respect to cations were 
in the range 0.10-0.50 M for our experiments. 

Our results can be explained by looking at the mean ionic activity coefficients (γ±) of the 
salts studied, which are connected to the degree of ion pairing between the cations and the 
anions in water; a low γ± corresponds to more extensive ion pairing. Especially the 
determined gel-times showed great differences, e.g. 0.50 M NaCl vs. 0.50 M NaSO4: 13 
minutes vs. 154 minutes, but also the SCDs revealed a distinct co-ion effect. 

 

Figure 1. Gel-time measurements of TM 
silica nanoparticles in the presence of a 
variety of salts and cation concentrations. 
 

Figure 2. SCDs obtained by potentiometric titrations of TM silica nanoparticles in the 
presence of a variety of salts and with cation concentrations of 0.10 and 0.20 M. 
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Cryo-XPS: probing intact interfaces in nature and life 
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During last two decades, we have developed a new approach for investigating intact solid-
aqueous solution interfaces, cryogenic XPS [1], based on fast freezing of centrifuged wet 
pastes followed by traditional XPS measurements at liquid nitrogen temperatures. For mineral 
suspensions, cryogenic XPS is an important complement to traditional analyses of supernatant 
solutions and surfaces of dry solids, as it reveals novel insides of the electrical double layer in 
terms of its structure and composition. Furthermore, cryo-XPS can be used to study changes 
in the biochemistry of bacterial cell walls followed by external stimuli or generic modification. 
Interfacial features related to biocompatibility of artificial implant materials have also 
successfully been studied using cryogenic XPS. 

In the presentation, we review how the techniques has been applied to: minerals in electrolyte 
solutions, intact bacterial surfaces, and biomaterial interfaces in biologically relevant media. 
Sample preparation and handling protocols, applicable to any suspension or gel, are discussed 
in detail. We also outline future requirements and perspectives for development of 
methodologies in solid-aqueous solution interface analysis. 
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Inorganic chemistry and bioenergy – an unexpected match?  
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Inorganic chemistry is paramount to developing the field of renewable energy in line with 

achieving the 1.5 °C global warming above pre-industrial levels discussed by IPCC.1  Efforts in 

the chemical field are often aimed at enabling the transition to renewable electricity by 

progress in photovoltaics and energy storage. However, about 50% of the renewable energy 

consumption currently stems from bioenergy including waste according to International 

Energy Agency (Figure 1).2  

 
Figure 1 Renewable energy consumption grouped by source presented as million tonnes of oil equivalents (Mtoe). Bioenergy 
excludes traditional use of biomass for heating and cooking. Adapted from IEA’s Overview of Renewables 2018.2  

The bioenergy sector large contribution mainly arises in the areas of heat and transport where 

there is a large potential for replacing fossil energy sources. The processes used are typically 

combustion, gasification, and pyrolysis where the inorganic content of the energy carrier are 

vital for how these processes perform. From a chemical perspective, these facilities are often 

not used to their full capacity today by only focusing on energy production whereas an 

integrated recovery of nutrients or valuable elements should be implemented.  

The challenge of these processes arise in the heterogeneous energy carriers ranging from 

heartwood to digested sewage sludge which have vastly different composition. Managing the 

inorganic chemistry of these energy carrier streams determines how much bioenergy that can 

replace fossil fuels on a global scale while limiting or reducing the impact on other 

sustainability goals. This means understanding how parameters such as high reaction 

temperatures, rapid conversion steps, and changes in oxidation environment will affect a 

reactant matrix that often consist of almost the entire periodic table. 

The keynote focuses on how fundamental thermodynamics and laboratory experiments 

have been successfully applied to address these challenges in industrial-scale conversion of 

biomass and waste streams, and provides an outlook to integration with resource recovery. 

 

1. The Intergovernmental Panel of Climate Change, IPCC. Global warming of 1.5°C, V. 

Masson-Delmotte, et al (eds.)]; 2018; p 792 pp. 

2. International Energy Agency (IEA), Renewables 2018, 2018. 

(https://www.iea.org/renewables2018/) 
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   The high voltage spinel LiNi0.5Mn1.5O4 (LNMO) electrodes are promising positive electrodes 
for lithium ion batteries. Two main advantages are high voltage operation and high power 
capability. However, this material is not stable at high voltage and cells suffer from rapid 
capacity degradation in full cell configurations, especially when in use at elevated 
temperatures. Therefore, significant research efforts have been undertaken in order to 
understand and improve this material’s properties. One material property that is well-known 
to affect electrochemical performance is its crystal structure. Depending on the synthesis and 
heat treatment conditions, structure can adapt P4332 (cation ordered) or Fd-3m (cation 
disordered) arrangement. Majority of studies in literature agree on better electrochemical 
performance for the latter, i.e. P4332 –cation disordered phase, however the origin of such an 
improvement is not clear [1]. 
   In order to obtain disordered LNMO, high temperature synthesis/annealing conditions are 
required. However, synthesis conditions leading to disordering also lead to oxygen deficiency, 
rock-salt impurities and as a result generate some Mn3+ [2]. These property changes can also 
affect electrochemical performance. Differences in thermal history to obtain these two phases 
can also change the particle size and morphology which could affect the electrochemical 
performance further. Therefore, it is necessary to obtain samples by de-coupling such material 
properties from each other so that each one’s effect can be studied individually. Investigation 
of structural changes, as well as oxygen release behaviour during heating/cooling, are crucial 
for this material since such studies can give insight for alternative sample preparation 
strategies.  
   In this study, heating and cooling of Mn-rich LNMO has been studied via in-situ neutron 
diffraction under pure oxygen atmosphere. Neutron diffraction was chosen since accurate 
structural analysis is difficult due to the near identical scattering lengths of Mn and Ni with X-
rays. The study shows for the first time that there is no direct relationship between oxygen 
release and cation disordering, because disordering starts prior to oxygen release when Mn-
rich samples and pure oxygen atmosphere are chosen for sample treatment. Possible sample 
preparation strategies based on this observations are discussed.   
 
 
[1] A. Manthiram, K. Chemelewski, E.-S. Lee, Energy Environ. Sci. 7 (2014) 1339. 
[2] M. Kunduraci, G.G. Amatucci, J. Power Sources. 165 (2007) 359–367.  
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Influence of activation temperature on capacitance for graphene 
scaffolds 
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Supercapacitors are energy storage devices with high power density and lifetimes that can 
exceed a million cycles. However, widespread use is limited by their low energy storage 
density1. Activated carbons and graphene-related materials show great potential as 
electrodes for supercapacitors due to their high specific surface area (SSA). It has been shown 
that KOH-activation procedure can be used to increase SSA of reduced graphite oxide from 
~500 m2g-1 to values exceeding 3000 m2g-1, 
creating 3D graphene scaffolds2. We 
synthesized graphene scaffolds with SSA in 
range 2000 m2g-1 to 3000 m2g-1 using KOH-
activation with variation of temperature 
between 550 °C and 850 °C.  SEM, XRD and XPS 
was used to characterize the material. Our 
results show a linear trend between activation 
temperature and SSA (Fig. 1a). Surprisingly, 
samples produced using temperatures < 700 
°C maintained high SSA (> 2000 m2g-1). This is 
in contrast to a similar study by Ruoff et al.3 
where they report SSA ~700 m2g-1 for 
activation at 600 °C. The amount of 
micropores (< 2 nm diameter) increased 
significantly, from < 50 % to ~80 %, for samples 
obtained ≤ 700 °C. A non-trivial relation 
between capacitance and activation 
temperature was found (Fig. 1b). The highest 
capacitance was 174 Fg-1, obtained at 550 °C. 
Interestingly, the best capacitance was 
observe not for the sample with highest value 
of SSA. This is possibly due to variation of other 
parameters such as oxygen content, defects 
and pore size distribution. 
 
  
1. Zhu, Y. et al. Carbon-Based Supercapacitors Produced by Activation of Graphene. 

Science (80-. ). 332, 1537–1541 (2011). 
2. Klechikov, A. et al. Hydrogen storage in high surface area graphene scaffolds. Chem. 

Commun. 51, 15280–15283 (2015). 
3. Murali, S. et al. Preparation of activated graphene and effect of activation parameters 

on electrochemical capacitance. Carbon N. Y. 50, 3482–3485 (2012).  

(a) 

(b) 

Figure 1. Brunauer, Emmet and Teller (BET) SSA, calculated 
using nitrogen sorption isotherms (a). Specific capacitance, 
calculated by analyzing galvanostatic charge/discharge curves 
obtained at 1 A/g current density (b). A two-electrode cell 
configuration was used to characterize the performance of 
supercapacitors. Aqueous 6 M KOH solution was used as 
electrolyte.  
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The Role of Oxygen in Ni-Fe(OxHy) Electrocatalysts Investigated 
using In situ Soft X-ray Absorption Spectroscopy during the Oxygen 

Evolution Reaction 

Dorian Drevon,* Mikaela Görlin,** Petko Chernev,*** Lifei Xi,* Holger Dau****  
& Kathrin M. Lange* 

* Helmholtz-Zentrum Berlin für Materialien und Energie GmbH, 12489, Berlin, Germany 
** Department of Chemistry - Ångström Laboratory, Uppsala University, Box 538, SE-751 21 Uppsala, Sweden 

*** Department of Chemistry - Ångström Laboratory, Uppsala University, Box 523, SE-751 21 Uppsala, Sweden  
**** Department of Physics, Free University of Berlin, Arnimallee 14, 14195, Berlin, Germany 

 
Reducing global carbon emissions requires efficient catalysts to facilitate the use of renewable 
energy sources in solar-to-fuel conversion processes. The anodic half-reaction of water 
splitting – the oxygen evolution reaction (OER) – plays a central role in obtaining carbon-
neutral electrons and protons.1 OER is limited by sluggish kinetics, originating from scaling 
relations between adsorbed “surface” intermediates (*OH, *O, *OOH) during the coupled four 
proton-electron transfer steps in the catalytic cycle (4OH− → O2 + 2H2O + 4e−).2 Ni-Fe 
oxyhydroxides (OxHy) are currently the best performing metal oxide electrocatalysts in alkaline 
pH, with high turnover rates at low overpotentials. The mechanism is still under debate owing 
to a complex synergism between Ni and Fe centres and the intriguing redox reactions.3 

We present in-situ X-ray absorption spectroscopy 
(XAS) both in the soft regime; O K- and L-edge, and 
hard regime; Ni and Fe K-edge, to investigate the 
role of redox-active centres during OER in an 
electrodeposited Ni65Fe35 catalyst.4 The Ni K-edge is 
consistent with an increase in metal oxidation state 
from Ni2+ to Ni3+/4+ at potentials prior to the onset of 
oxygen evolution.5 A rise of a low-energy pre-peak 
feature at 529 eV in the soft O K-edge spectra 
correlates with the appearance of a shoulder in the 
Ni L3-edge spectra, the latter assigned to formation 
of Ni3+. The rise of a O K pre-feature at 529 eV, 
assigned to hybridization between O(2p) and metal 
3(d) states, suggests that the oxygen ligands are likely 
to be redox-active - resulting in partially oxidized O-
sites during OER (Ni4+-O2−→ Ni(4-δ)+-O(2-δ)−).6 

We further track the spectral changes in a dynamic fashion during cyclic voltammetry (in situ 
CV-XAS). This shows that the changes in the soft X-ray regime (O K-, Ni L-edge) closely follow 
the redox reactions in the hard X-ray regime (Ni,Fe K-edge). This suggests that before O-O 
bond coupling, the Ni65Fe35 catalyst has accumulated electron deficiencies by both, oxidation 
of metal ions and oxygen ligands – which is discussed in the context of the OER mechanism. 

References 
 
 
 

Figure 1. In situ soft X-ray absorption 
spectroscopy of a Ni65Fe35 catalyst in 0.1 M KOH 
(a) O K-edge at non-catalytic potential (1.18 V)  
(b) O K-edge at OER catalytic potential (1.78 V)  
(c) A Ni-Fe OxHy sheet showing charge-transfer 
from O→Ni. All potentials are reported against 
the reversible hydrogen electrode. 

4. Drevon, D. et al. Sci. Rep. (2019) 9, 1532. 
5.    Görlin, M. et al. J. Am. Chem. Soc. (2017) 139, 2070. 
6.    Yang, C. & Grimaud, A. Catalysts. (2017) 7(5), 149. 
 

1. Dau, H. et al. ChemCatChem. (2010) 2, 724. 
2.    Man, I. C. et al. ChemCatChem. (2011) 3, 1159. 
3. Görlin, M. et al. J. Am. Chem. Soc. (2016) 138, 5603. 
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Silver ferrite nanoparticles as negative electrodes in Li-ion batteries 

Mario Valvo, Cheuk-Wai Tai*, Pedro Berastegui  

Department of Chemistry, Ångström Laboratory, Uppsala University, Box 538, SE-75121 Uppsala, Sweden 
*Department of Materials and Environmental Chemistry, Arrhenius Laboratory, Stockholm University, SE-10691 

Stockholm, Sweden.   

Transition metal oxides are widely employed in the preparation of electrode materials for Li-
ion batteries (LIBs). A class of ternary oxides known as ‘Delafossites’ is interesting for this 
energy storage technology, due to a characteristic layered structure. AgFeO2 represents a 
classical Delafossite with two distinct polytypes, depending on the particular orientation of 
the layers, and can be attractive for use in LIBs[1] due to its easy synthesis at room temperature 
(RT) and the possibility of tuning the Ag/Fe ratio to access different AgxFeOy compositions. Yet, 
AgFeO2 has been considered only for positive electrodes so far, although its crystal lattice is 
unstable against Li+ insertion. In fact, irreversible structural changes occur in AgFeO2 at ≈1.75 
V vs. Li+/Li upon lithiation[1] with simultaneous formation of metallic Ag nanoparticles. Hence, 
we study here the electrochemical behaviour of AgFeO2 during extensive lithiation to low 
potentials vs. Li+/Li and its properties as possible negative electrode[2]. AgFeO2 nanoparticles 
were synthesized via chemical precipitation at RT and used in composite electrode coatings 
with Na alginate binder and carbon black conductive additive.    

                          
Fig. 1 (a) SEM image of AgFeO2 nanoparticles after precipitation and washing. (b) Galvanostatic 
voltage profiles of a composite AgFeO2 electrode cycled between 0.05 and 2.80 V vs. Li+/Li in 
a Li half-cell with a standard 1 M LiPF6 electrolyte at a current density of 0.05 mAcm-2. 

The electrochemical reactions of AgFeO2 with Li+ ions will be discussed in the context of both 
Li half-cells and full cells with a positive LiFePO4 counterpart. It will be shown that AgFeO2 
reacts at low voltages vs. Li+/Li through combined oxide conversion into Li2O/Fe and Li-Ag 
alloying. An interplay between pseudocapacitance at the Li2O/Fe phase boundaries and Li-
alloying of the Ag nanoparticles has been observed and utilized in the preparation of deeply 
lithiated[3] AgFeO2 electrodes for full cell assembly with LiFePO4. This step enables bridging 
pseudocapacitive and Faradaic charge storage mechanisms in an ultimate Fe-based device.  

 

References 

[1] K. E. Farley et al., Electrochem. Solid State Lett. 15 (2011) A23. 

[2] P. Berastegui et al., J. Power Sources 401 (2018) 386. 

[3] M. Valvo et al., ChemSusChem 10 (2017) 2431. 
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A Janus-faced Iron Catalyst  

Christine J. McKenzie 

Department of Physics, Chemistry and Pharmacy, University of Southern Denmark, 
Campusvej 55, 5230 Odense M, Denmark. E-mail: mckenzie@sdu.dk 

 

The iron(III) complex of N,N,N′-tris(2-pyridylmethyl)-ethylenediamine-N′-acetate (tpena) can 

catalyze oxidation reactions by either H-atom or O atom transfer, depending  on the choice of 

solvent and terminal oxidant. Coordination and spin state flexibility plays an important role in 

these alternative mechanisms. 

In water, the catalytic oxidation of 

dissolved organic compounds by 

peroxides[1] show large KIEs consistent 

with radical mechanisms. Intriguingly, Fe-

tpena system can be used in 

electrocatalysis and applied for the total 

mineralization of trace organic 

pollutants.[2]  

The reactions in water lack selectivity due 

to the mechanism. This is mitigated in 

non-protic solvents. In addition 

[Fe(tpena)]2+ effectively mobilizes the 

practical, but highly insoluble polymeric 

terminal oxidant, “hypervalent” 

iodosylbenzene [PhIO]n.[3,4]   

Ironically the presence of water and terminal oxidants protects tpena itself from oxidative 

decomposition. In their absence, an O2- and iron-dependent oxidation of tpena is triggered by 

(sun) light modelling iron mobilization by e.g. siderophores.[5]  

The reactivity extremes of this new catalysts system open-up for new methodologies for doing 

greener catalytic oxidation reactions in the divergent fields of water remediation and fine 

chemical synthesis. 

 

[1] C. Wegeberg, W. R. Browne and C. J. McKenzie, ACS Catalysis, 2018, 8, 9980–9991; C. Wegeberg, F. 

R. Lauritsen, C. Frandsen, S. Mørup, W. R. Browne, C. J. McKenzie, Chem., A Eur. J. 2018, 24, 5134-

5145.  

[2] D. P. de Sousa, C. J. Miller, Y. Chang, T. D. Waite, C. J. McKenzie, Inorg. Chem., 2017, 56, 14936–

14947. 

[3] C. Wegeberg, C. G. Frankær and C. J. McKenzie, Dalton Trans, 2016, 45, 17714-17722.  

[4] D. P. de Sousa, C. Wegeberg, M. V. Sørensen, S. Mørup, C. Frandsen, W. A. Donald and C. J. 

McKenzie, Chem, Eur. J. 2016, 22, 3521–3890; A. Lennartson and C. J. McKenzie, Angew. Chem., Int. 
Ed., 2012, 51, 6767-6770. 

[5] C. Wegeberg, V. M. Fernández-Alvarez, A. de Aguirre, C. Frandsen, W. R. Browne, F. Maseras and 

C. J. McKenzie, J. Am. Chem. Soc., 2018, 140, 14150–14160.  
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Molecular Catalysis of Energy-Relevance in Conducting 
Metal-Organic Frameworks 

Sascha Ott, Souvik Roy, Ben Johnson 
Department of Chemistry – Ångström Laboratory 

Uppsala University, Box 523, 75120 Uppsala, Sweden 
Sascha.ott@kemi.uu.se 

Owing to their large surface area, their porosity and synthetic tunability, metal-organic 
frameworks (MOFs) have become appealing scaffold for the incorporation of catalytic 
function. In this context, we have become interested in the incorporation of molecular 
catalysts that catalyze redox reactions of energy relevance, i.e. hydrogen evolution, CO2 
reduction and water oxidation, into MOFs.[1] As MOFs are crystalline materials, typically 100s 
of nm to Pm in size, efforts are made to understand and engineer MOFs that are catalytically 
active throughout the material.[2] 
When growing catalyst-containing MOFs onto conducting substrates, catalysis can be driven 
electrochemically. From simple qualitative considerations, it is clear that three different 
factors could potentially limit catalysis: apart from the obvious limitation from the intrinsic 
turnover frequency of the catalyst, also electron/hole transport from the electrode through 
the MOF film, or electrolyte, substrate or product transport to/from bulk electrolyte are 
crucial. We will present on-going works where we address such issues, for example by 
developing a chemically robust, redox-active MOF platform for cathodic electrocatalysis 
applications (Figure 1).[3] Moreover, a highly active and robust new class of MOFs will be 
presented in which every linker is a molecular hydrogen evolution catalyst.[4] 

 
Figure 1 Redox-active MOF platform for cathodic electrocatalysis applications[3] 

[1] S. Pullen, H. Fei, A. Orthaber, S. M. Cohen, S. Ott, J. Am. Chem. Soc. 2013, 135, 16997-
17003. 

[2] a) S. Roy, V. Pascanu, S. Pullen, G. Gonzalez Miera, B. Martin-Matute, S. Ott, Chem. 
Commun. 2017, 53, 3257-3260; b) U. Fluch, V. Paneta, D. Priemetzhofer, S. Ott, Chem. 
Commun. 2017, 53, 6516-6519. 

[3] B. A. Johnson, A. Bhunia, H. Fei, S. M. Cohen, S. Ott, J Am Chem Soc 2018, 140, 2985-2994. 
[4] S. Roy, X. Zou, S. Ott, unpublished results 2019. 
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Exploring	the	Optical	and	Electrochemical	Properties	of	Homoleptic	
vs	Heteroleptic	Diimine	Copper(I)	Complexes	

Valentina	Leandri,*	Raffella	Pizzichetti,*	Bo	Xu,**	Daniele	Franchi,***	Wei	Zhang,*	Licheng	
Sun,***	Haining	Tian,**	Lars	Kloo,*	James	M.	Gardner*	
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Institute	of	Technology,	SE-10044,	Stockholm,	Sweden.	;	**Physical	Chemistry,	Centre	of	Molecular	Devices,	
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Due	 to	 ligand	 scrambling,	 the	 synthesis	 and	 the	 investigation	 of	 the	 properties	 of	
heteroleptic	Cu(I)	complexes	can	be	a	challenging	task.	In	this	work,	we	study	the	optical	and	
electrochemical	 properties	 of	 a	 series	 of	 homoleptic	 complexes	 such	 as	 [Cu(dbda)2]+,	
[Cu(dmp)2]+,	 [Cu(Br-dmp)2]+,	 [Cu(bcp)2]+,	 [Cu(dsbtmp)2]+,	 [Cu(biq)2]+,	 and	 [Cu(dap)2]+	 in	
solution,	 and	 those	 of	 their	 heteroleptics	 [Cu(dbda)(dmp)]+,	 [Cu(dbda)(Br-dmp)]+,	
[Cu(dbda)(bcp)]+,	 [Cu(dbda)(dsbtmp)]+,	 [Cu(dbda)(biq)]+,	 [Cu(dbda)(dap)]+	 adsorbed	 on	 the	
surface	of	anatase	TiO2	(dbda	=	6,6’-dimethyl-2,2’-bipyridine-4,4’-dibenzoic	acid;	dmp	=	2,9-
dimethyl-1,10-phenanthroline;	 Br-dmp	=	 5-bromo-2,9-dimethyl-1,10-phenanthroline;	 bcp	 =	
bathocuproine,	 or	 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline;	 dsbtmp	 =	 2,9-di(sec-
butyl)-3,4,7,8-tetramethyl-1,10-phenanthroline;	 biq	 =	 2,2ʹ-biquinoline;	 dap	 =	 2,9-dianisyl-
1,10-phenanthroline).	 We	 show	 that,	 while	 the	 maximum	 absorption	 wavelength	 of	 the	
heteroleptic	complexes	on	TiO2	can	be	reasonably	predicted	from	the	linear	combination	of	
the	homoleptic	complexes	in	solution,	the	prediction	of	the	redox	properties	is	less	trivial.	In	
the	latter	case,	two	different	linear	patterns	emerge:	one	including	ligands	bcp,	biq,	and	dap,	
and	another	one	including	ligands	dmp,	Br-dmp,	and	dsbtmp.	We	interpret	the	data	based	
on	the	chemical	structure	of	the	ligands.	Ligands	bcp,	biq,	and	dap,	possess	a	more	extended	
π-conjugated	 system,	which	 gives	 a	more	prominent	 contribution	 than	 ligand	dbda	 to	 the	
overall	 redox	 properties.	 On	 the	 other	 hand,	 ligands	 dmp,	 Br-dmp,	 and	 dsbtmp	 are	 all	
phenanthroline-based	 ligands	with	alkyl	 substituents	 and	 contribute	 less	 than	dbda	 to	 the	
overall	redox	properties.	
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The self-assembly of [{Ag3(C≡CtBu)2}n]n+ building units into a 
template-free cuboctahedron and anion encapsulating silver cages 

Arvind Kumar Gupta and Andreas Orthaber* 

Synthetic Molecular Chemistry, Department of Chemistry, Ångström Laboratory 

Uppsala University box 523, 75120 Uppsala, Sweden 

E-mail: arvind.kumar@kemi.uu.se 

 

Alkynyl ligands attracted much attention in the synthesis of coinage metal clusters due to their 
variable coordination motifs leading to a large structural diversity and intriguing physical & 
chemical properties.1 Clusters of high-nuclearity are of particular interest owing to the large 
variety of coordination motifs and the resulting variability of opto-electronic properties. On 
the other hand, by incorporating co-ligands and the use of anions, which act as templates or 
encapsulated units the diversity of structural motifs grows exponentially.2 Increasing efforts 
towards silver based clusters originates from the large (structural) diversity obtainable in silver 
clusters and their potential as precursors for reduced nanoclusters and as model systems for 
bulk (nano)materials.3 Our study aims at providing new insights into the directed formation of 
tBu alkynyl silver clusters, by systematically investigating reaction conditions and templating 
reagents. Recently, we identified that the polymeric silver acetylide system 
[{Ag3(C≡CtBu)2}]n(PF6)n (1) constitutes a versatile building block and self-assembled in tetra-, 
penta-  and hexameric derivatives which present regular cuboctahedral [{Ag3(C≡CtBu)2}4](PF6)4 
(2), pentagonal prismatic [X⊂{Ag3(C≡CtBu)2}5](PF6)4 (X = Cl- (3), Br- (4), (F-H-F)- (5) and 
hexagonal prismatic [PF6⊂{Ag3(C≡CtBu)2}6](PF6)5 (6) clusters, respectively. Directed synthesis 
of these discrete and structurally closely related clusters is achieved using suitable templates 
and/ or reaction conditions. We successfully characterized theses clusters and cages by single 
crystal X-ray analysis and further demonstrated the clusters stabilities in solution by ESI-MS.4 

 
Figure: Schematic representation of the tetra-, penta- and hexamers and their relation to the 

polymeric compound 1. 
References: 
      1. Yam, V. W.-W., Acc. Chem. Res. 2002, 35, 555-563. 
      2. Gupta, A. K.; Orthaber, A. Chem. Eur. J. 2018, 24, 7536-7559. 
      3. Jin, R.; Zeng, C.; Zhou, M.; Chen, Y. Chem. Rev. 2016, 116, 10346-10413.  
      4. Gupta, A. K.; Orthaber, A. 2019. (Submitted) 
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What	can	geologists	and	chemist	learn	from	the	discovery	of	
naturally	occurring	hexaniobates?	

Henrik	Friis	

Natural	History	Museum,	University	of	Oslo,	PO	1172	Blindern,	0318	Oslo,	Norway	

Hexaniobates	 are	 a	 subgroup	 of	 polyoxometalates	 in	 which	 six	 edge-sharing	 octahedrally	

coordinated	Nb	 form	 a	 super	 octahedron	 known	 as	 the	 Lindqvist	 ion	 [Nb6O19]
-8	 (Lindqvist	

1953).	Recently,	several	groups	have	focused	on	the	synthesis	and	properties	of	Lindqvist	ion	

based	 materials.	 Hexaniobates	 (and	 hexatantalates)	 are	 stable	 at	 high	 pH,	 contrary	 to	

polyoxovanadates	that	are	stable	at	acidic	conditions.		

Naturally	 occurring	 polyoxovanadates,	 typically	 decavanadates,	 have	 been	 know	 for	 a	

century,	but	the	first	mineral	containing	the	Lindqvist	ion	was	only	recently	described.	Since	

the	 first	discovery,	 two	additional	natural	hexaniobates	have	been	described.	Of	 the	 three	

known	hexaniobate	minerals	two	have	been	found	in	Norway,	and	we	are	currently	working	

on	a	third	hexaniobate	mineral	from	Norway,	which	will	be	presented	here.	

The	 three	 published	 hexaniobate	minerals	 all	 contain	 un-protonated	 Lindqvist	 ions,	which	

indicates	they	should	have	formed	at	very	high	pH,	as	the	Lindqvist	can	protonate	bridging	

oxygens	 as	 pH	 decreases	 towards	 neutral.	 However,	 the	 two	minerals	 from	Norway	 both	

have	divalent	Mn	interconnecting	the	Lindqvist	ions	in	the	structure.	Attempts	to	synthesis	

hexaniobates	 containing	 Mn2+	 have	 failed,	 as	 synthesis	 conditions	 are	 typically	 high	 pH,	

which	 causes	 hydrolysis	 of	 manganese	 to	 higher	 valence	 states.	 The	 fact	 that	 natural	

hexaniobates	 contain	 Mn2+	 indicates	 formation	 conditions	 close	 to	 neutral	 pH,	 however,	

none	 of	 them	 contain	 protonated	 Lindqvist	 ions,	 which	 points	 towards	 very	 high	 pH.	

Consequently,	 the	natural	occurring	hexaniobates	 is	 a	 reminder	 that	 laboratory	 generated	

results	may	 not	 be	 directly	 applicable	 to	 explain	 natural	 phenomena.	 However,	 they	 also	

show	 that	 studying	 natural	 occurring	 compounds	 can	 lead	 to	 new	 structures,	 as	 the	

hexaniobate	peterandresenite	is	the	first	and	only	hexaniobate	with	a	layered	structure.	

For	 the	 geoscience	 community	 the	 discovery	 of	 natural	 occurring	 hexaniobates	 is	 very	

important	 as	 it	 challenge	 one	 the	 basic	 foundations	 of	 unravelling	 geological	 processes,	

namely	 that	 Nb	 and	 Ta	 are	 the	 least	 mobile	 elements	 (Friis	 &	 Casey	 2018).	 The	 natural	

occurring	 hexaniobates	 show	 that	 Nb	 can	 indeed	 be	 transported	 at	 low	 temperature	 and	

pressure	as	 long	as	with	have	basic	pH	conditions,	which	 in	fact	 is	the	case	 in	many	places	

where	Nb	is	enrich	in	the	Earth's	Crust.	Although	this	has	been	known	for	more	than	half	a	

century	by	chemists	the	geoscience	community	has	been	oblivious	to	the	work	by	chemists.		

A	 closer	 collaboration	 between	 chemists	 and	mineralogists	would	 be	 highly	 beneficial	 for	

both	to	break	new	ground.	

Friis,	 H.	 and	 Casey,	W.H.	 (2018)	 Niobium	 is	 highly	mobile	 as	 a	 polyoxometalte	 ion	 during	

natural	weathering.	Canadian	Mineralogist,	56,	905-912	

Lindqvist,	I.	(1953)	The	structure	of	the	hexaniobate	ion	in	7Na2O	·	6Nb2O5	·	32H2O.	Arkiv	för	
Kemi,	5,	247-250		
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Fe13 Keggin ions

C.A. Ohlin

Umeå University, Sweden

The Keggin ion, [MO4M12(O,OH,H2O)36]z+ (M13) constitutes a common structural motif among
molecular metal oxides of Al, W and Mo. In particular, it is a dominant species in aqueous
aluminate chemistry and its existence has for this reason long been postulated for iron(III)
but has never been observed as a molecular species, although the H-Fe137+ isomer is known
from the mineral Magnetite. Recently the G- (fig. 1) and D- isomers were found in the
nanoparticulate iron oxyhydroxide ferrihydrite and as a molecular species with acetate
bridges.[1]

Given the importance of ferrihydrite in the decontamination of soils and waters, and role in
the formation of soil minerals, understanding the chemistry of formation of the ferric Keggin
ion in solution is crucial. A first step in that direction is to establish which isomeric form
actually exists in solution.

Fig. 1. The G-isomer of the Fe137+ ion.

We have carried out a computational study of the relative stabilities of the different Baker-
Figgis isomers of Fe13. Further complicating this is the presence of 13 high-spin centres which
lead to a very large number of potential spin isomers that must be taken into account for
each structural isomer. We show how this can be addressed for ions like these using a piece
of software which we have developed.

[1] a) J.S. Weatherill, K. Morris, P. Bots, T.M. Stawski, A. Janssen, L. Abrahamsen, R. Blackham,
S. Shaw, Env. Sci. Techn., 2016, 50, 9333-9342. b) O. Sadeghi, L.N. Zakharov, M. Nyman,
Science, 2015, 347(6228), 1359-1362.
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The Air-Aqueous Interface: Inherent and Induced Organization 
studied by Sum Frequency Generation 

Heather C. Allen 

The Ohio State University, Department of Chemistry and Biochemistry 

Interfaces are notoriously complex regions of matter where one phase transitions to the next. 
Within this complexity arises some simplicity such that interfacial molecules and their dipoles 
tend to self-organize in the transitional zones. Over the past 25 years, vibrational sum 
frequency generation (SFG) has been developed such that it continues to be a sought after 
tool to investigate interfacial phenomena. SFG surface selectivity is based on lack of inversion 
symmetry selection rules although there are other contributions (e.g. quadrupolar, real part 
of the refractive index). The interpretation of the SFG spectral response has been furthered in 
recent years from concerted efforts by experimentalists and theoretical evaluation. Research 
in the Allen lab has encompassed air-aqueous and air-solid interfacial phenomena to include 
ion surface propensity, water organization, ion pairing, surface acidity, interfacial molecular 
speciation, monolayer organization, and receptor - ion binding. In addition to SFG, an array of 
complementary tools including infrared reflection absorption spectroscopy, surface 
tensiometry and potentiometry, and Brewster angle microscopy are utilized. A perspective of 
the Allen lab research with focus on current finding on iron surface speciation and interfacial 
surfactant binding is presented along with an understanding of the SFG technique and its 
future outlook. 

Session IV

Session X



Reaction Mechanisms in Metal Oxides, Blue Pill or Red Pill? 

James R. Rustad  

University of California, Davis, One Shields Avenue, Davis, CA 95616 

When molecular modelling software became widely available, one of the first focus areas in 
earth-important metal oxide materials was to explore mechanisms of interfacial reactions, 
particularly mechanisms of dissolution.  In pioneering work in the late 1980’s, Lasaga and co-
workers used the Gaussian code to calculate energies of transition states in small, 
representative molecules to see whether the transition state energies associated, for 
example, with protonation of Si-O-Si bridges would correspond to activation energies 
observed in bulk dissolution experiments.  Because of the lack of direct structural information 
on these reactions, the relationship between calculated transition-state energies and bulk 
activation energies was not so illuminating as might have been suspected, and the 
comparisons failed to provide any really gripping insights into mechanisms.  In part, the lack 
of success could be blamed on the structural complexity of geochemical interfaces.  It wasn’t 
clear how well molecules like H3Si-O-SiH3 and (OH)3-Si-O-Si-(OH)3 would be expected to 
represent bridging oxide ions in mineral-water interfaces.  A major breakthrough came (circa 
2000) from Bill Casey’s group at UC Davis, who synthesized small ions with known structures 
similar to those of oxide minerals, and then followed oxygen exchange rates at specific sites 
with NMR, and even perturbed these rates with targeted metal substitutions.  The data 
revealed intriguing variations among different oxygen sites within these molecules and even 
more intriguing sensitivities of oxygen exchange rates to metal substitutions, making a riveting 
target for anyone thinking about reaction mechanisms at mineral surfaces.  

Our research group at PNNL had developed a model that was capable of simulating these 
reactions directly (at feasible cost).  Although the model was developed to look at mineral-
water interfaces, it was applicable to the polynuclear ions that were being studied in the Casey 
group.  The model produced some highly unexpected, yet almost certainly correct, insights 
into the observed variation of oxygen exchange rates in (Al,Ga,Ge)Al1213+ (aq) that I will 
describe in a bit of detail in the talk.  As convincing as this connection was, it was difficult to 
figure out how to generalize the result into something that could be used to understand other 
systems.  The essential message seemed to be that metastable states, involving the addition 
of water molecules to metal ions which are pulled out of the “basic-state structure” are the 
facilitators of oxygen exchange.    When applied to Ti-substituted decaniobates, which can 
experimentally be protonated/deprotonated, the model suggested, once again, that 
metastable states with added OH- or H3O+ governed the rates of oxygen exchange.  The 
influence of these metastable states, involving oxygen addition, explains the unexpected 
experimental observation that the same sites are activated on both the basic and acidic arms 
of the amphoteric reactivity curve for the substituted decaniobates.    This picture, obtained 
by going far down the mechanistic rabbit hole, brings us away from a site-specific reactivity, 
and it is ironic that the reactivity of the 40-atom decaniobate cluster is maybe best described 
using the same phenomenological models as used in bulk minerals without reference to 
specific sites.  
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Nanotechnology for hydrometallurgy 
 

Elizabeth Polido 

Kemakta Konsult AB, 112 93 Stockholm, Sweden 

Rare Earth Elements (REE) are a group of 17 chemically similar metals that have gained an 
increasing importance over the past decades, due to their unique properties that make them 
crucial for many applications, especially in high-tech products. The term “rare” is rather 
historical than descriptive, since they are quite abundant in the Earth’s crust. However, their 
extraction and separation can be challenging. The aim of this thesis work was to develop a 
competitive technology, based on functional nanoadsorbents, for extraction and separation 
of REE in solution that can be industrially applied.  
  
Silica (SiO2) nanoparticles (NPs) with an iron oxide core were selected as the base for the 
nanoadsorbents. Nanoscale SiO2 exhibits a large surface area that is very advantageous for 
adsorption purposes. Furthermore, they can be surface functionalized with different organic 
molecules (ligands). The iron oxide core allows the solid nanoadsorbents to be easily removed 
from solution with a magnet. Different ligands and adsorption conditions were tested and 
their adsorption mechanism was investigated in depth, in order to get a better understanding 
of selective REE uptake. 
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Ice and Cryosalt Formation in Saline Microporous Clay Gels 

Merve Yeşilbaş1, Cheng Choo Lee2, and Jean-François Boily1 

1.Department of Chemistry, Umeå University. 2 Umeå Core Facility for Electron Microscopy, Umeå University 
(jean-francois.boily@umu.se) 

Smectite clay minerals are nanosized layered aluminosilicates of common occurrence in 
nature, and of tremendous importance in technology. Aluminosilicate sheets can delaminate 
and form stable gels when exposed to liquid water. In this study, we show how freezing 
impacts the distributions of nanoparticles and of transient cryosalts within the gels of 
montmorillonite, a member of the smectite group. These mechanisms are of central 
importance for understanding soil chemistry, physics and engineering in sub-freezing saline 
environments of the Cryosphere.  

Using cryogenic electron microscopy and vibration spectroscopy, our work1 shows that saline 
gels of montmorillonite frozen at ~ −90 °C host elongated hexagonal ice (Ih) microcrystals 
embedded in a network of honeycomb micropores (Figure 1). Freezing segregates salts into 
walls of aggregated nanoparticles sharing face-to-face contacts. Above ∼ −50 °C, gels that are 
sufficiently dense (>>10 g/L) and flexible (Na- but not Ca-montmorillonite) also host the 
cryosalt mineral hydrohalite (NaCl·2H2O), either co-existing or entirely replacing Ih in the gels.  

Hydrohalite does not form in gels of low-density (<10 g/L) or rigid (Ca-exchange 
montmorillonite) particles. These results suggest that hydrohalite forms in gels of expandable 
particles that are sufficiently dense and flexible to retain saline solutions within their walls, 
possibly through interparticle capillary and hydration forces. These forces effectively oppose 
water diffusion to growing ice microcrystals within micropores, thus prolonging the lifetime 
of hydrohalite within these gels. These findings tie the fate of ice and cryosalt nucleation and 
growth to the water-retention capability of gels of expandable clay minerals.  

Figure 1. Field emission cryogenic scanning electron microscopy imaging of frozen NaCl 
solution (brine) (left) and of the same solution in a gel of Na-exchanged montmorillonite 
(right).  

1. Yeşilbaş, M. Lee, C.C., and Boily, J.-F. (2018), ACS Earth Space Chem., 2, 314-319.  
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On the importance of dispersion in electronic structure calculations 
of nanoallys 

Ageo Meier de Andrade, Jolla Kullgren and Peter Broqvist  

Structural Chemistry Programme, Department of Chemistry – the Ångström Laboratory, Uppsala Univeristy, 
Uppsala, Sweden 

There is today a high demand for versatile materials, i.e. materials flexible when it comes to 
composition and with tunable properties, but at the same time, affordable.  Nanoalloys, which 
can be tailored all the way down to the atomic scale, meet these requirements, and is 
expected to be a material class of great importance in many future technologies. One example 
is heterogeneous catalysis, where bimetallic nanoalloys have been used for long time to 
enhance catalytic processes, both when it comes to activity and selectivity for many chemical 
reactions.  
 
The tailoring of nanoalloys at the atomic scale requires detailed knowledge of how the 
structure and the composition (and size and shape) affects the desired properties. Here, 
experiments alone are too obtuse to decipher the often very complex relation between atomic 
level structure and properties; theory have an important role to fill here. 
 
The most popular theoretical method used in materials science today is the density functional 
theory (DFT).  The success of standard DFT to describe and predict bulk properties of metals 
and many complex alloys cannot be underestimated. However, for surfaces and nanoparticles, 
and some special alloys, the accuracy of the method is still questionable and here the lack of 
non-local correlation (dispersion) and inaccurate exchange description is believed to be the 
critical shortcomings. One way forward is therefore to improve upon these. 
 

In this work, we focus on the Ni-Sn bimetallic alloys, which improves the selectivity in 
hydrogenation reactions.  For the Ni-Sn system, we have systematically investigated the 
capability of several DFT functionals which explicitly accounts for dispersion, either through 
an a posteriori correction (Grimme D3 corrections), or by integrating it self-consistently into 
the functional (vdW class of functionals). We have both modelled bulk phases along with the 
most important surface structures, and compared how the different methods describes 
structural, energetic and electronic properties. We find that the inclusion of dispersion mainly 
affects the structural and energetic properties, leading to better agreement to experimental 
data. Interestingly, the improved structural description also gives slightly modified electronic 
properties, both in terms of the d-band levels, and work functions 
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Cesium Lead Halide Perovskite Quantum Dots for Highly Efficient 
Solar Cells 

 

Fatima Haydous, James Gardner*, Ute Cappel** 

Division of Applied Physical Chemistry, KTH Royal Institute of Technology, SE-114 28, Stockholm, Sweden 

Organic-inorganic hybrid perovskite materials have been the focus of several researchers since 

the first study on lead halide perovskite as light absorber in solar cells.1 The investigations 

included optimizing the surface of the perovskites and improving the stoichiometry of their 

components to achieve solar cells with power conversion efficiencies above 22%.2,3 However, 

despite the extensive research efforts, these solar cells remain with limited stability and are 

highly sensitive to humidity. This issue can be tackled by using colloidal quantum dots (CQDs) 

which show an improved stability in water. In addition, nanocrystal surfaces were shown to 

stabilize CsPbI3 in the cubic perovskite phase at room temperature. This phase is not stable in 

the bulk material or thin films and undergoes immediate transition to the orthorhombic phase 

under ambient conditions.4  

In this study, cesium lead halide CsPbX3 CQDs are synthesized in solution with X being Br, I or 

a mixed Br/I system.5 As shown in the exemplar in Figure 1a for the mixed CsPb(Br,I)3 

perovskite, the CQDs are in the form of nanocubes with 20-30nm edges. The quantum dots 

exhibit strong light absorption and photoluminescence which can be tuned by varying the size 

of the QDs. For instance, a remarkable light absorption in the region of 300-550 nm is observed 

for the CsPb(Br,I)3 perovskite (Figure 1b). The strong emission under UV light irradiation of the 

perovskite CQDs is displayed in the photograph in Figure 1b. The surface chemistry of the 

quantum dots is also explored by studying the optical and morphological changes in the CQDs 

upon exchanging organic and inorganic surface ligands. Moreover, the performance of solar 

cells based on the cesium lead halide perovskite CQDs is investigated. 

 

 
Figure 1. (a) TEM image of CsPb(Br,I)3 CQDs. (b) The absorbance and photoluminescence of CsPb(Br,I)3 CQDs. The 

photograph shows the CQDs under UV illumination: CsPbI3 (red), CsPb(Br,I)3 (green) and CsPbBr3 (blue). 

 

References: 

(1) Kojima, A., et al., J. Am. Chem. Soc. 2009, 131, 6050–6051. 

(2) NREL, Best Research-Cell Efficiencies, https://www.nrel.gov/ pv/assets/images/efficiency-chart.png 

(3) Sveinbjörnsson, K., et al., Mater. Chem. A 2018, 6, 22134-22144. 

(4) Swarnkar, A., et al., Sci. Mag. 2016, 354, 92-95. 

(5) Protesescu, L., et al., Nano. Lett. 2015, 15, 3692-3696. 
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ATOM - Atomistic Topology Operations in Matlab:  
A general framework for construction of atomistic systems 

Michael Holmboe* 
 

Chemistry Department, Umeå University – 901 87 Umeå, Sweden 

Different types of molecular modelling techniques are increasingly becoming popular in many 
different scientific and engineering disciplines. This is not only due to recent decades 
development of high-performance computing, but also thanks to increasingly user-friendly 
molecular modelling software. Nevertheless, since it is often the life science-related research 
community that have developed and designed molecular modelling software, other scientists like 
geochemists often find themselves lacking relevant data handling and analysis tools designed for 
their specific systems or problems. In this context, and especially for geochemists lacking 
comprehensive programming skills, Matlab offers an attractive solution to data handling and 
analysis - with its simple yet robust plotting tools, scripting language and display of variables and 
data in excel-like spreadsheets. 

This work presents the Atomistic Topology Operations in Matlab1 (atom) library – a collection of 
modular Matlab scripts, which comprise a general framework for construction and manipulating 
of atomistic systems, with the option of including topological and forcefield information. The 
purpose of the atom scripts is basically to simplify construction of complex and anisotropic 
multicomponent molecular systems, for instance hydrated multilayered clay particles with 
charge defects, and to perform certain types of trajectory analyses. The common theme for all 
the atom scripts is an indexed variable type (called struct) that holds all atoms and molecules 
different descriptors and properties. Due to the many different types of basic operations one can 
invoke on the atom struct using the different Matlab scripts, this general framework can easily 
be used to manipulate multi-molecule systems with explicit bonding and angle information, or 
be used to merge mineral slabs, ions and solvent without molecular overlap - into efficiently 
packed systems.  

Apart from for import/exporting basic coordinate files (.xyz | .pdb | .cif | .gro) the atom library 
can also be used to output basic molecular topology files (.lmp | .itp | .psf) with bonding and 
angle information across the PBC. These files can then be used along the Clayff (Cygan et al 2004) 
or the INTERFACE (Heinz, 2005, 2013 - for certain systems/softwares) forcefields in molecular 
modelling software such as LAMMPS, Gromacs, NAMD2, RASPA2. Furthermore, a neighbor 
distance analysis can be performed by comparison to the i) Revised Shannon radii, or by ii) 
calculating the valence using the Bond Valence Method, or by iii) calculating basic XRD profiles.   

[1] Holmboe M.; Atomistic Topology Operations in Matlab 2.0, Mathworks File Exchange (2019), 
mathworks.com/matlabcentral/fileexchange/59622-atomistic-topology-operations-in-matlab 

[2] Brown ID, The Chemical Bond in Inorganic Chemistry: The Bond Valence Model, (2002), 
www.iucr.org/resources/data/data-sets/bond-valence-parameters 
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On the transferability of SCC-DFTB method: From Molecules to Bulk  

Akshay Krishna Ammothum Kandy, Eddie Wadbro*, Peter Broqvist and Jolla Kullgren  

Department of Chemistry- Ångström Laboratory, Uppsala University, Box 538, Uppsala, Sweden , * Department 

of Computing Science, Umeå University, Umeå, Sweden 

Density functional Theory (DFT)1 is the most widely used electronic structure calculation 

method. However, the scaling of DFT with the number of electrons limits the system sizes that 

can be studied. The Self-Consistent Charge Density Functional based Tight Binding (SCC-DFTB)2 

is an approximation of DFT, where the Hamiltonian is pre-calculated and integrals are 

tabulated in so-called Slater-Koster files (skf’s). It is generally several orders of magnitude 

faster than DFT, but has been shown to lack when it comes to transferability. Here, a central 

problem has been the repulsive potential in SCC-DFTB. 

We have developed a new parametrization scheme that uniquely determines the repulsive 

part of the DFTB method. We have used this scheme to study various polymorphs of ZnO, 

which is an important semiconductor used in liquid crystal displays (LCDs), organic light 

emitting displays (OLED’s) and gas sensors .3 The use of unique repulsive potentials aid to 

understand the possible correlation between the electronic and the repulsive and how these 

contribute to the transferability and accuracy of the SCC-DFTB method.  

 

References: 

[1] Hohenberg, P. and Kohn, W, Phys. Rev. 1964, 136, B864−B871. 

[2] Elstner, M., Porezag, D., Jungnickel, G., Elsner, J., Haugk, M., Frauenheim, T., Suhai, S., 

Seifert, G., Phys. Rev. B 1998, 58, 7260–7268. 

[3] Wang, Z. L., J. Phys.: Condens. Matter 2004, 16, R829. 
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Size dependent oxygen chemistry of CeO2 nanoparticles 

Jolla Kullgren, Dou Du, Kersti Hermansson and Peter Broqvist 

Department of Chemistry – Ångström, Uppsala University, Box 538, S-751 21 Uppsala, Sweden. 

Experiments have shown that the oxygen storage capacity (OSC) of ceria at the nanoscale is 
strongly shape[1] and size dependent[2]. For example, an increased activity towards oxygen has 
been observed for  particles  of  exotic  shapes  (such  as  nanorods  and  nanocubes),  and  
even  more  interesting is the dramatically increased OSC measured for very small 
nanoparticles (d < 5nm). The chemical origin of this enhancement has been suggested, based 
on theoretical simulations at the Density Functional Theory (DFT) level, to be a stabilization of 
superoxide anions on ridge and corner sites of partially reduced ceria nanoparticles[3], a 
mechanism that has found further support in later experiments[4]. In this contribution we 
combine DFT calculations with micro kinetic modelling (MKM) to simulate O2 temperature 
programmed desorption (TPD) and H2 temperature programmed reduction (TPR) spectra for 
ceria nanoparticles. In the experiments, superoxide related peaks at around 440 K and 675 K 
are detected in TPD[5] and TPR[2,4], respectively. Using our simulations, we can neatly explain 
the position of the TPD and TPR peaks and explain what reactions and processes that give rise 
to them (see Fig. 1). In conclusion, our simulations provide quantitative support for the 
interpretation that superoxide ions are responsible for the dramatically increased reactivity 
seen in experiments.    

 
Figure 1. Our interpretation of the experimental work. At room temperature, the particle contain large amount of 
superoxide ions. If the temperature is increased in an inert atmosphere as in a TPD experiment, these superoxide 
ions desorbs at around 440 K.[5] On the other hand, if the temperature is risen in the presence of hydrogen as in a 
TPR experiment, a peak at around 675 K is observed for small nanoparticles.[2] The details hidden under the 
question mark (?) will be presented in more detail in this contribution. 

 

[1] Z. Wu, M. Li, J. Howe, H. M. Meyer, S. H. Overbury, Langmuir 2010, 26, 16595–16606. 
[2] J. Xu, J. Harmer, G. Li, T. Chapman, P. Collier, S. Longworth, S. C. Tsang, Chem. Commun. 2010, 46, 1887–

1889. 
[3] J. Kullgren, K. Hermansson, P. Broqvist, J. Phys. Chem. Lett. 2013, 4, 604–608. 
[4] N. K. Renuka, N. Harsha, T. Divya, RSC Adv. 2015, 5, 38837–38841. 
[5] L. Wang, Y. Wang, Y. Zhang, Y. Yu, H. He, X. Qin, B. Wang, Catal. Sci. Technol. 2016, 6, 4840–4848. 

 

Poster No 6



Iron (III) Oxide-based Electrocatalyst for Water Oxidation in 
Strongly Acidic Media 

Wai Ling Kwonga, Cheng Choo Leeb, Andrey Shchukarevc, Erik Björnc and  
Johannes Messingera,c 

aDepartment of Chemistry-Ångström, Molecular Biomimetics, Uppsala University, 75120 Uppsala, Sweden 
bUmeå Core Facility for Electron Microscopy, Umeå University, 90187 Umeå, Sweden 

cDepartment of Chemistry, Kemiskt Biologiskt Centrum, Umeå University, 90187 Umeå, Sweden 

Facile conversion of renewable solar and wind energies into chemical fuel such as H2 is an 
enabling technology for storing and dispatching these energies on demand and for providing 
off-grid utilization. Burning H2 releases energy and H2O without CO2 emission, thus H2 is in 
principle a 'clean' fuel. Central to renewable energy-driven production of H2 is the electrolysis 
of H2O into H2 and O2, where acidic proton-exchange-membrane (PEM)-based water 
electrolyzers are known for their advantages in compact designs and high operation efficiency, 
relative to the alkaline counterpart.1 Presently, the problem for global-scale PEM water 
electrolysis is the lack of catalysts that are earth-abundant, stable and efficient for oxygen-
evolution reaction (OER).2 The present work demonstrates an earth-abundant Fe2O3 film 
comprising a mixture of the polymorphs γ-Fe2O3 and α-Fe2O3 as a promising acid-stable OER 
catalyst.3 In contrast, the film consisting of γ-Fe2O3 alone is equally active but highly unstable 
for OER while α-Fe2O3 film is OER-inactive. X-ray photoelectron and electrochemical 
impedance spectroscopies were employed to show that the differences in the surface 
interaction with H2O and H+, and the electrical conductivity related to the polymorph crystal 
structures determine the respective performances. In our continued efforts, we introduce 
crystal defects in α-Fe2O3 via Co doping as a strategy to activate it for OER in acidic media.4 
Our data show that a low Co doping level significantly reduces the resistance of charge transfer 
for OER at the film-electrolyte interface as well as charge transport across the film. Our 
findings highlight the important, yet hitherto largely unexplored, effect of crystal 
polymorphism and chemical doping on the development of acid-stable OER catalysts from 
noble-metal-free materials. 
 
References 
1. D. Bessarabov, H. Wang, H. Li and N. Zhao, PEM Electrolysis for Hydrogen Production: 

Principles and Applications, CRC Press, Boca Raton, FL, 2016. 
2. M. Carmo, D. L. Fritz, J. Mergel and D. Stolten, Int. J. Hydrogen Energy, 2013, 38, 

4901-4934. 
3. W. L. Kwong, C. C. Lee, A. Shchukarev, E. Björn and J. Messinger, J. Catal., 2018, 365, 

29-35. 
4. W. L. Kwong, C. C. Lee, A. Shchukarev and J. Messinger, Chem. Commun., 2019, 55, 

5017-5020. 
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Force&field&accuracy&for&organics&in&&

nano1confined&clay&environments&

Jerry%Lindholm%,%Michael%Holmboe%

Chemistry%Department,%Umeå%University%–%90334%Umeå,%Sweden%

Intercalation%of%alcohols%in%clays%such%as%Montmorillonite%(MMT)%is%a%long%known%and%studied%
phenomenon.% A% useful% and% often% necessary% tool% providing% insight% into% the% atomistic%
behaviour% and% intercalation% process% is% MonteMCarlo% (MC)% and% molecular% dynamics% (MD)%
simulations.%However,%a%fundamental%problem%with%these%types%of%simulations%is%the%classical%
and% semiMempirical% nature% of% the% force% fields% used% to% describe% the% atoms% pairwise%
interactions.% Different% force% fields% often% have% parameters% either% determined% from% quite%
diverse% protocols,% or% parameters% optimized% for% different% water% models.% With% few%
exceptions,1% it% is% currently% difficult% to% find% combinations% of% force% fields% suitable% for% both%
organic% and% inorganic% multicomponent% systems% that% have% been% parameterized% from%
geochemical% experimental% data% in% a% fully% consistent% way.% Hence,% many% combinations% of%
organic%and%inorganic%force%fields%are%not%necessarily%very%accurate%and%attention%is%needed%
when% choosing% force% fields% for% modelling% multicomponent% systems% such% as% geochemical%
systems%with%organics.2%

The% aim% of% this% work%was% therefor% to% scrutinize% different% combinations% of% force% fields% for%
organics%and%clays.%For%this%purpose,%we%tested%four%force%fields%describing%the%intercalated%
alcohols% (GROMOS,%Gaff,%CGenFF,%OPLS)% in%the% interlayer%of%MMT%(Clayff),%water% (SPC)%and%
calcium%(Åqvist)%counter%ions.%%

Overall,% this% exercise% was% conducted% by% simulating% supersaturated% systems% of% water% and%
alcohol% where% both% the% alcohol% and% water% content% was% successively% removed% to% identify%
energy%minima%in%the%calculated%immersion%energies.3%The%relative%accuracy%of%the%different%
combinations% of% force% fields% was% then% determined% by% comparing% the% calculated% 00l% XRD%
reflections% obtained% from%mixedMlayerMmodelling% and% the% corresponding% experimental% XRD%
profiles.%%

From% the% comparison% between% simulated% and% experimental% XRD% data% it% was% possible% to%
determine%which%force%field%combination%was%most%accurate%in%replicating%the%experimental%
basal% spacing.% These% results% could% provide% a% foundation% for% determining% the% validity% of%
extrapolating% onto% larger% organic% molecules% in% nanoMconfined% environments% of% geological%
materials.%

(1)% Heinz%H.;%Lin%TJ.;%Mishra%RK,%Emami%FS.%(2013)%Langmuir,%29,%1754−1765.%

(2)% Szczerba%M.;%Kalinichev%A.%(2016)%Clays%and%Clay%Minerals,%64,%488M502.%

(3)% Szczerba%M.;%Klapyta%Z.;%Kalinichev%A.%(2014)%App.%Clay%Science%91,%87M97.%

%
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Stabilization of high-voltage cathodes for Li-ion batteries  

Alma Mathew, Daniel Brandell* 

Department of Chemistry – Ångström Laboratory, Uppsala University, Box 538, SE-751 21 Uppsala, Sweden 

The energy crisis and increasing global energy consumption demands the use of renewable 
sources of energy. In the existing energy storage systems, lithium ion batteries have gained 
significant attention due to its high energy density, rate performance, cycling stability, safety 
and its applications in electric vehicles and portable electronic devices. The approach to 
increase the output voltage to enhance the energy and power density of batteries while 
retaining high capacity paves way to high voltage cathode materials.1 These materials, 
however, display intrinsic stability issues when operating in Li-ion battery cells, not least at 
elevated temperatures. 

The high-voltage cathode in focus is LiNi0.5Mn1.5O4 (LNMO). The oxidative decomposition of 
the electrolyte at higher voltages, dissolution of the transition metals during cycling and 
capacity fade at higher temperatures are major challenges in LNMO cathode.  Modifying the 
surface chemistry of the electrode by introduction of additional organic or inorganic coating 
could be an effective solution.  

 

 

 
Fig 1. Schematic illustrating coating layers preventing the interfacial side reactions between 
the electrode and electrolyte2 
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Synthesis and Li-ion conductivity of garnet-type LLZO electrolytes 
for solid-state Li-ion batteries  

Funeka P. Nkosi*, Mario Valvo* and Kristina Edström*   

Department of Chemistry - Ångström Laboratory, Uppsala University, SE-75121, Uppsala, Sweden * 

Batteries have again revolutionized the automobile industry for the second time. Lithium-ion 
batteries (LIBs) are without a doubt the most promising rechargeable batteries for powering 
electric vehicles. However, conventional LIBs are based on liquid organic electrolytes which 
pose severe safety issues in LIBs, amongst other challenges. All solid-state Li-ion batteries 
(ASSLiBs) based on the electrolytes in the solid-state form provide an attractive alternative. 
This is because ASSLiBs have a high energy density, are safe because the solid-state 
electrolytes are less flammable and have no electrolyte leakage compared to the conventional 
Li-ion batteries with liquid electrolytes [1]. Inorganic solid-state electrolytes are one of the 
widely studied electrolytes for ASSLiBs. They are mostly lithium single-ion conductors which 
are beneficial for lowering the cell over-potential in ASSLiBs.  

Recently, the garnet structured inorganic oxide Li7La3Zr2O12 (LLZO) has attracted much 
attention amongst all the inorganic solid-state electrolytes. This is because the garnet LLZO 
possesses excellent stability against Li-metal anode and a wide electrochemical window of 
operation [2]. However, inorganic solid-state electrolytes like the garnet LLZO have not yet 
been put into practical use due to their low Li-ion conductivities compared to liquid 
electrolytes, because the ionic diffusion in solids is much lower than in liquids. Li-ion 
conductivity is thus a key factor in the development of LLZO electrolytes. The Li-ion 
conductivity of LLZO electrolytes can be improved by doping with different elements or using 
an effective synthesis method because the Li-ion conductivity is dependent on the lattice 
parameter, particle size, and relative density [3]. But, the synthesis of LLZO electrolytes 
remains a challenge as many synthesis methods result in undesirable impurity phases that 
reduce the conductivity of the LLZO materials. Therefore, in this work, LLZO electrolytes are 
synthesized using different synthesis methods to better understand the Li-ion conductivity 
with careful monitoring of morphology, crystal structure, and composition.  
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Multiscale modelling of chemical vapour deposition processes for 
group 13 nitrides 

Karl Rönnby, Pitsiri Sukkaew, Henrik Pedersen and Lars Ojamäe 

Department of Physics, Chemistry and Biology (IFM), Linköping University, Sweden 

Computational-chemistry molecular modelling can be used to elucidate molecular reaction 
mechanisms in explicit detail, and statistical thermodynamics can be used to derive the 
corresponding macroscopic properties. In the present poster we discuss studies of chemical 
vapour deposition (CVD) and atomic layer deposition (ALD) processes where initially surface 
reactions are modelled using quantum-chemical first-principles computations. Utilizing these 
results in combination with the laws of statistical thermodynamics, the thermodynamic 
equilibrium distributions of both adsorbed and gas-phase species are computed. The law of 
mass action together with the kinetic reaction rates obtained from the molecular quantum-
chemical computations enable the time evolution of the amounts of the involved species to 
be calculated [1]. This methodology is applied to investigate the ALD growth of thin films of 
group 13 nitrides such as InN and GaN, which are semiconductor materials of relevance for 
electronics applications. Surface structures and adsorption mechanisms of precursor 
molecules have been identified [2,3]. Steps in the reaction path leading to thin film growth 
have been mapped out starting from the precursors trimethyl metal (e.g. In(CH3)3) and 
ammonia (NH3), Fig. 1. It is concluded that the likely rate-limiting step for thin film growth is 
the reaction between ammonia and the methylmetal-terminated surface. 

          
Figure 1. Reaction path energies of trimethylmetal precursors at InN and GaN surfaces. 
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Electrochemical Corrosion Studies on CrFeNiCoMn(C) thin films 
 
 
E. M. Paschalidou1*, L. Zendejas Medina1, U. Jansson1, L. Nyholm1 

1Department of Chemistry, Ångström Laboratory, Uppsala University, Uppsala, Sweden 

*Corresponding Author: maria.paschalidou@kemi.uu.se 
 
 
Multi-component thin films about 500nm in thickness, containing Cr, Fe, Ni, Co and Mo were 

deposited by combinatorial magnetron sputtering [1]. Close to the equimolar alloy 

composition of the above elements, different amounts of carbon were added, a fact that 

simultaneously increase the ductility, the hardness and the structure of the system [2]. The 

films were studied regarding their electrochemical corrosion properties in 0.05M H2SO4 

aqueous solution and compared with those of a bulk sample [3]. Also, the corrosion results 

are compared with the experimental data coming from a scanning droplet electrochemical 

system (SDS) [4], which focuses on limited regions on the films about 1mm in diameter, equal 

to the electrolyte droplet on the samples.  
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Exploring	new	reaction	pathways	of	molecular	metal	oxides	 

	Magda	Pascual-Borràs	and	C.	André	Ohlin 

Chemistry	Department,	Umeå	University,	907	36,	Umeå,	Sweden	

The	behavior	of	metal	oxides	clusters	at	aqueous	solution	is	dictated	by	numerous	complex	
and	interrelated	phenomena.	The	most	important	features	of	metal-oxo	clusters	in	solution	
are	 well	 understood	 and	 predictable	 while	 others	 are	 confounding,	 interdependent	 and	
variable.	It	is	well	known	how	polyoxometalates	(POMs)	of	Mo,	V	and	W	are	assembled	and	
behaving	in	solution.	On	the	other	hand,	formation	mechanisms	of	Nb	and	Ta	POMs	are	not	
well	understood	and	described.	Thus,	there	is	a	lack	of	knowledge	of	how	Nb	and	Ta	POMs	
behave	 in	 solution	 and	 this	 information	 is	 needed	 to	 understand	 the	 structural	 evolution	
among	different	POMs.[1]			

The	decaniobate	ion	([Nb10O28]
6-,	Nb10)

	is	unique	in	solution	as	it	does	not	strongly	protonate	
when	 dissolved	 in	 water	 and	 is	 stable	 at	 near	 neutral	 pH.	 However,	 it	 converts	 to	
hexaniobate	ion	([Nb6O19]

8-,	Nb6)	with	pH	increase.	It	is	know	that	the	conversion	from	Nb10	
to	 Nb6	 proceeds	 via	 heptaniobate	 ion	 ([Nb7O22]

9-,	 Nb7),	 which	 is	 detectable	 by	
17O	 NMR	

spectroscopy	and	ESIMS.	[2]	(Figure	1)		

In	 that	 sense,	 we	 have	 used	 Density	 Functional	 Theory	 (DFT)	 to	 rationalize	 the	 observed	
species	in	solution	and	develop	an	understanding	of	the	solutions	behaviors,	in	order	to	find	
a	plausible	reaction	mechanism	for	the	base-induced	dissociation	of	Nb10.		The	results	show	
how	 important	 is	 to	 use	 computational	 chemistry	 to	 rationalize	 the	 experimental	
observations.	

	

Figure	1.	Representation	of	observed	species	in	solution	at	different	pH	conditions.	
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Int.	Ed.	2008,	47,	4844.	

Poster No 13



The endocyclic carbon substituent of guanidinate and amidinate 
precursors controlling ALD of InN films 

Polla Rouf, Nathan O’Brien, Karl Rönnby, Rouzbeh Samii, Lars Ojamäe, Henrik Pedersen 

Department of Physics, Chemistry and Biology, Linköping University, Sweden 

Indium nitride (InN) is interesting for high frequency electronics due to its high electron 
mobility, small effective electron mass and high electron saturation velocity.1 A major 
challenge to realize InN based electronics is the low temperature tolerated by the InN crystal,  
as it decomposes to In metal and N2 gas at 500 °C.2 Atomic layer deposition (ALD) is a promising 
technique for low temperature deposition of InN. Here, we present our studies on three 
possible In precursors for ALD of InN films that were recently used for ALD of In2O3.3,4 The In 
precursors studied were tris-guanidinate 1, tris-amidinate 2 and tris-formamidinate 3 shown 
in Fig. 1. Precursors 1-3 form a series of compounds where only the substitution on the 
endocyclic carbon (iPr-NC(R)N-iPr; R = NMe2, CH3 and H) of the ligand is changed. We 
employed NH3 plasma as a nitrogen source and demonstrated that all precursors afforded 
hexagonal InN. An increase in crystalline quality, with a stronger (002) preferred orientation, 
was observed when the size of the substituent on the 
endocyclic carbon was decreased for 1-3. The deposition 
rate was determined to be ~0,13, 0,97 and 0,4 Å/ALD cycle 
for 1, 2 and 3, respectively. The atomic composition of the 
InN films measured by XPS improved along the series of 
precursors, with 3 depositing the best films of 49,1 at % In, 
48,6 at. % N, 0 at. % C and 2,3 at. % O. We suggest that these 
results can be explained by a more favourable surface 
chemistry through a decrease in steric repulsion between 
the endocylic and exocylic positions, which exposes the 
metal centre more to the surface. In addition, the electron 
donating capability into the ringstructure of the ligand 
decreases from 1 to 3, which also leads to a lower In-N bond 
strength in the precursor molecules. Our study shows the 
importance of varying both the endocyclic and exocyclic 
substituents, the latter of which is a common variable in ALD 
precursor design.   

Financial support from the Swedish Foundation for Strategic Research (SSF RMA 15-0018) is 
gratefully acknowledged.  
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Fig. 1: Structure of the In 
precursor molecules studied 
for InN ALD. 

Poster No 14



Microwave synthesis of polyoxoniobates and -tantalates 

Mark Rambaran, Magda Pascual-Borràs and C. André Ohlin  

Department of Chemistry, Umeå University, Sweden 

Niobium and tantalum and their oxides are increasingly important to modern society, finding 
use in niobium/tantalum capacitors, solar cells, and orthopaedic and electrochromic 
applications. Despite their wide applicability, most aspects of their solution chemistry are 
poorly understood, in large parts because of the difficulty in activating solid niobium oxides 
and transforming them into discrete, soluble polyoxoanions. 

The main methods of preparing polyoxoniobates and polyoxotantalates is either by dissolving 
commercially available anhydrous metal oxides in molten hydroxide or carbonate salts, or by 
hydrothermal activation of the commercially unavailable hydrous metal oxides at elevated 
temperatures and over a dozen hours or more. 

We report a microwave irradiation based approach to making polyoxoniobates and –
tantalates which is fast (5 minutes), can use commercially available anhydrous niobium oxide 
as starting material, and gives good yields. We also discuss the concept of activation pH of 
different oxides and how this dictates what target molecules are achievable in one-pot 
syntheses. 

  

 
Figure: Overview of different approaches to preparing niobium and tantalum polyoxoanions 
and when they were reported. 
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The role of ligand complexation for the antibacterial effect of Ga(III) 
against Pseudomonas aeruginosa 

Shoghik Hakobyan, Olena Rzhepishevska, Madeleine Ramstedt  

Department of Chemistry, Umeå University, 90732 Umeå 

The development of antibiotic resistance in pathogenic bacteria is a major concern for our 
societies as it makes powerful drugs lose their ability to cure disease. Thus, there is an interest 
in developing drugs that could function as alternatives and that ideally should have different 
modes of action compared to traditional antibiotics. In this perspective Ga(III) is an interesting 
candidate. The size and charge of Ga(III) is very similar to Fe(III) which results in an Fe(III) 
antagonistic effect in biological systems. Thus, Ga(III) nitrate has been shown to be a promising 
candidate for treating bacterial infections, and formulations including Ga(III) are currently 
being tested in clinical trials (1,2).  

Here we will illustrate how the bacterial uptake and biological effect of Ga(III) in Pseudomonas 
aeruginosa is influenced by ligand complexation. In the absence of chelating agents Ga(III) 
precipitates as a hydroxide in physiological conditions. However, the solubility and biological 
effect can be altered through chelation. We will describe the observed biological effects on P. 
aeruginosa with respect to survival, biofilm formation and virulence for a range of Ga(III) 
complexes. Furthermore, we will discuss their link to thermodynamic stability of the 
complexes as well as possible interaction with bacterial uptake systems for Fe(III) (3-6).    
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Site Binding Dependency on Isotopic Fractionation of CO2  
Occluded in Metal Oxides  

 
Dmitry Shevela1, Johannes Messinger1,2, and Jean-François Boily1 

1.Department of Chemistry, Umeå University; 2. Department of Chemistry, Uppsala University 
(dmitry.shevela@umu.se) 

The history of atmospheric CO2 is crucial for explaining Earth’s 
climate, carbon cycle, evolution of life, and extinctions of species. 
Carbon locked in the crystallographic structure of oxide minerals 
(Fig. 1) of ancient soils (paleosols) offers fantastic opportunities to 
study Earth’s past atmospheres. Solid solutions of Fe/Al oxide-
carbonate minerals — in particular goethite (D-Fe[O(1-x)(CO3)xOH]) 
— imprint both C isotope signatures (G13C = (Rmineral/Rreference - 1) 
�103; R=13C/12C) and pCO2 at the time of formation. These minerals 
provide information on the extent of mixing between atmospheric 
CO2 diffused into soils (G13C|-5 ‰) with CO2 produced by 
biological respiration (G13C|-30 ‰). They are the only mineral 
proxies that can confidently retrieve fixed activities of soil pCO2. 
They also provide one of the lowest uncertainties (r 300 ppm) in 
the estimation of atmospheric pCO2, compared to the more 
popular carbonate mineral proxies.  

 

This work shows that occlusion of inorganically occluded CO2 can be confidently retrieved via 
thermal programmed dehydroxylation of D-Fe[O(1-x)(CO3)xOH] to D-Fe2O3. Continuous on-line 
analysis of major isotopologues of CO2 (12C16O2, 13C16O2, 12C18O16O2, 12C17O16O2) by Isotope 
Ratio Mass Spectrometry provides a means to trace G13C during all stages of thermal 
dehydroxylation. These stages can be concomitantly traced by vibration spectroscopy, and 
provide a substantially more complete picture of CO2 fractionation resulting from coexisting 
occlusion sites. This opens the possibility of exploring fractionation at different 
crystallographic and bulk defect sites.  

 

All measurements were performed at the Isotope Ratio Mass Spectrometry facilities of the 
Trace Analysis Platform (TAP – tap.chem.umu.se/) of Umeå University.  

 

 

Figure 1. Locking CO2 in soil 
oxides.  
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Development and Evaluation of Polyether Ether Ketone (PEEK) 
Capillary for Electrospray 

Christian Sögaard* , Isabelle Simonsson*, Zareen Abbas* 

Department of Chemistry and Molecular Biology, University of Gothenburg * 

Abstract: With the development of nanomaterials in the form of nanoparticles the need for 
analytical methods to determine particle size distributions is crucial. Typically dynamic light 
scattering (DLS) is used for this purpose, but this method is limited by the un-proportional 

impact of large particles or aggregates on the size distribution. Electrospray scanning 
mobility particle sizer (ES-SMPS) offers an alternative to DLS. In ES-SMPS the particles are 

separated depending on their electric mobility and the method is thus not affected by larger 
particles and aggregates (1). However, one limiting factor has been the silica capillaries used 
in the electrospray. The silica capillaries carry a negative charge at pH above 3 and particles 
need to either be neutral of also carry a negative charge if clogging of the capillary is to be 

prevented (2). This means that knowledge of the charge behaviour of the particles is 
required for the silica capillary to work properly. Furthermore, pH adjustment of the sample 
might be needed which risks destabilizing the nanoparticles. We have developed a polyether 
ether ketone (PEEK) capillary as a replacement for the silica capillary. The PEEK capillary has 

a neutral surface charge at a broad pH range making pH adjustment of the sample 
unnecessary. Due to this we have not only shown that the PEEK capillary can be used to 

produce equally good size distributions for negatively charged particles (SiO2, Au, and latex) 
but also precise particle distributions for positively charged particles (TiO2). Moreover, the 

PEEK capillaries are 8-9 times cheaper than the silica capillaries. Our results thus strengthen 
the ES-SMPS method as a tool for determining size distribution of nanoparticles.  

 
The figure shows a graphical abstract of the results produced with the PEEK capillary in comparison with the silica 

capillary(3). 
References: 
1. Johnson A-CJ, Greenwood P, Hagström M, Abbas Z, Wall S. Aggregation of nanosized colloidal silica in the presence of various alkali cations investigated by 
the electrospray technique. Langmuir. 2008;24(22):12798-806. 
2. Bolt GH. Determination of the Charge Density of Silica Sols. The Journal of Physical Chemistry. 1957;61(9):1166-9. 
3. Sögaard C, Simonsson I, Abbas Z. Development and Evaluation of Polyether Ether Ketone (PEEK) Capillary for Electrospray. ACS Omega. 2019;4(1):1151-6. 
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Electrocatalytic oxidation: metallic nanoparticles for glycerol 
valorisation  

Irina Terekhina, Mats Johnsson 
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Glycerol is the main by-product in transesterification-based biodiesel manufacturing – for 

every 100 tons of biodiesel produced around ten tons of crude glycerol is generated. With the 

increase of global biodiesel production not only its market demand exceeds, but also its price 

declined dramatically. Nevertheless, production of more valuable and highly demanded 

compounds like aldehydes, ketoacids, dihydroxyacetone and hydrogen is possible by glycerol 

oxidation1. One of the most promising approaches to it is electrocatalytic oxidation with 

metallic nanoparticles – by adjusting these catalysts’ parameters such as composition, 

structure, size, and so forth, a selective formation of the products can be accomplished2-4. 

Therefore, the aim of this project is to develop catalytic electrode materials with composition 

and morphology that allow efficient, economical and scalable valorisation of glycerol. A 

combination of theoretical, synthetic and characterisation techniques and methods will allow 

to discover and produce a family of new selective catalysts for glycerol oxidation. 

As recent studies have shown, the selectivity of the oxidation can be tuned by using 

nanoparticles with different facets4. In the present study, we have synthesised octahedral 

(Octa) and truncated octahedral (TruncOcta) Pt and Pt-Ni nanocrystals according to a 

previously described method5. For characterisation and control of the catalysts produced 

scanning electron microscopy (SEM), transmission electron microscopy (TEM) and powder X-

ray diffraction (PXRD) were used. Since these nanoparticles have different sets of facets – 

{111} for Octa and {111} and {100} for the TruncOcta – each of them has a relationship 

between shape and catalytic activity in hydrogenation reactions. This fact can also be applied 

to selective glycerol oxidation reactions.  

1ChemSusChem, 2012, 5 (11), 2106–2124. DOI: 10.1002/cssc.201200335   

2ACS Catal., 2012, 2 (5), 759–764. DOI: 10.1021/cs200599g  

3ChemElectroChem, 2017, 4 (1), 39–45. DOI: 10.1002/celc.201600406   

4ACS Catal., 2016, 6 (7), 4491–4500. DOI: 10.1021/acscatal.6b00709   

5J. Am. Chem. Soc., 2012, 134 (21), 8975−8981. DOI: 10.1021/ja302606d 
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Suppression of manganese dissolution from LiMn2O4 cathodes  

Yonas Tesfamhret, Erik Berg and Reza Younesi 
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E-mail: yonas.tesfamhret@kemi.uu.se 

Energy storage is an integral piece in the venture of solving the climate change 
and air pollution issues that we currently face. Solar, wind, wave and tidal power as 
alternatives to conventional fossil fuel based energy sources suffer from intermittency [1]. To 
solve the issue, renewable energy sources can be combined with energy storage technologies, 
such as batteries. Even reliable energy sources such as hydropower yearn for more compact 
grids as opposed to large scale and geographically demanding reservoirs, to store the 
harvested energy. The emergence of battery based electric vehicles as a substitute for 
combustion engines is also a rapidly increasing market. Furthermore, the ever-growing digital 
era that we are accustomed to requires energy storage technologies of different scales and 
properties to maintain as well as accelerate this growth. Energy storage technologies in 
general and batteries in particular, play a well-defined and an increasing role in achieving the 
mentioned technologies. However, the battery industry yearns for economically sustainable, 
naturally abundant and energy efficient materials. 

Lithium ion batteries, of which are most prevalent type, consist of two electrodes 
(anode and cathode) immersed in an electrolyte and separated by a membrane. Spinel 
LiMn2O4 (LMO) as a cathode material is currently attractive owing to its high rate capability, 
low cost, safety and non-toxicity [2]. However, low cycle life or capacity fading with cycling is a 
big hurdle in the practical application of LMO cathodes. Mn-dissolution from LMO is identified 
as the leading source of issue for the capacity fading [2]. Surface modification of cathode 
materials by atomic layer deposition (ALD) is a common approach in pursuit of increasing their 
electrochemical performances. ALD provides an iterative, self- saturating, and monolayer-by-
monolayer process, which makes it an optimal technique for providing a uniform and 
thickness controlled coating over 3-dimentional, composite, or porous materials [3]. We will 
present result regarding Al2O3 surface coating of LMO electrodes prepared by ALD in order to 
improve electrochemical cycling performance, by preventing electrolyte/electrode interfacial 
reactions and reducing the surface dissolution of Mn-ions into the electrolyte. Furthermore, 
LMO electrodes were cycled in full-cell setup with LiFePO4 (LFP) as a counter electrode. Using 
a high average potential anode as opposed to lower average potential anodes such as Li-metal 
or graphite prevents the reduction of Mn-ions on the surface of the counter electrode. 
Inductively coupled plasma atomic emission spectroscopy (ICP-OES) and ultraviolet–visible 
spectroscopy (UV/vis) characterisation methods were used for systematic and accurate 
determination of Mn-ions dissolved from the cathode to the electrolyte solution. 
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Authors acknowledge support from the Swedish Energy Agency (project number 45518-1). 
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[2] A. Bhandari, J. Bhattacharya, J. Electrochem. Soc. 2017, 164, A106. 

[3] W. Xing, ECS Trans. 2017, 80, 55. 
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Structural relaxation, crystallization and mechanical properties of a 
Zr-based metallic glass produced via selective laser melting 
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**Fontys University of Applied Sciences, Eindhoven, The Netherlands 

 

 
Metallic glass (amorphous metal) can be synthesized when a glass forming alloy is rapidly 
cooled. By selective laser melting, an additive manufacturing process, metallic glasses can be 
formed in complex shapes. However, the reheating cycles in the AM process can influence the 
properties of the glass and result in inhomogeneity within the component.  The goal of this 
project is to investigate the structural relaxation and crystallinity of the as a function of the 
sample height, as well as study the effect of structural relaxation and crystallinity on the 
mechanical properties of this metallic glass. The glass forming alloy used is AMZ4, a ZrCuAlNb 
alloy. The first part of the project is to study the structural relaxation of the additive 
manufactured metallic glass as a function of build height by thermal analysis (Differential 
Scanning Calorimetry). The amorphicity is determined using X-ray Diffraction and hardness 
measurements are performed using Vickers and Nanoindentation. The hardness of the sample 
before and after heat treatments are compared. The second part will use the information 
gathered in the first part by heat treating samples to have different relaxation states and 
crystallinity to perform mechanical tests and study the properties. The mechanical tests 
performed will be hardness measurements and compression strength. In addition, the 
composition of the metallic glass is modified by substitution of Zr with Sc to increase the 
supercooled liquid region and glass forming ability. The printed samples do not show any 
detectable difference in relaxation state or crystallinity, therefore the SLM process does not 
result in inhomogeneity. The limit of object size is only limited by the abilities of the printer. 
Furthermore, the substitution of Zr with Sc shows an extension of the supercooled liquid 
region from 60K to 80K up to 6 at%.  
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Synthesis and characterization of Al-Cr-Nb-Y-Zr multicomponent 
nitride thin films 

Kristina von Fieandt*, Aishwarya Srinath*, Pavel Soucek**, Erik Lewin* 

* Department of Chemistry – Ångström Laboratory, Uppsala university 

** Department of Physical Electronics, Masaryk University, Brno, Czech Republic 

Nitride based thin films are commonly used as protective coatings for e.g. cutting tool 

applications due to their excellent properties regarding high hardness, thermal stability as 

well as corrosion and oxidation resistance. Recently, multicomponent nitrides with five 

principal or more elements have attracted a lot of attention due to their interesting material 

properties. In this regard they can outperform their respective binary nitrides. 

Multicomponent nitrides are based on the high entropy concept, where the high entropy of 

mixing caused by including at least five elements will favor the formation of a solid solution. 

Whereas binary nitride materials, such as Cr-N, Nb-N, Zr-N and Cr-Al-N, have been widely 

studied for their high hardness and corrosion resistance, multicomponent nitrides have not 

been studied to the same extent. Also, by addition of yttrium corrosion and oxidation 

resistance can be improved as previously studied for the Cr-Al-Y-N and Ti-Cr-Al-Y-N systems 

[1-2]. In this study, multicomponent nitride thin films of the Al-Cr-Nb-Y-Zr system were 

deposited in order to study their mechanical and electrochemical properties. The films were 

synthesized by dc magnetron reactive sputtering using elemental targets of the respective 

elements and a gas flow of Ar and reactive N2. Both the substrate temperature and the 

target powers were varied to study their effect on the structure and the material properties. 

 

All films were found to have a nitrogen content of about 45-50 at.%, indicating slightly 

substoichiometric films with respect to N. From XRD it was found that all coatings were of 

single solid solution phase with NaCl-type structure. The lattice parameter ranged between 

4.29 to 4.38 Å depending on both the composition and the substrate temperature, where is 

it was found that the unit cell size decreased with increased temperature and also increased 

with increased Nb and Zr content. SEM cross section images revealed a columnar 

microstructure, which became finer with increased temperature and with decreased Al and 

Cr content. The hardness increased from 17 GPa up to 27 GPa with increased substrate 

temperature and with decreased Al and Cr content. Corrosion resistance, studied by 

polarization measurements between -0.2 V to +1.5 V in a 1.0 M HCl aqueous electrolyte, 

showed improved corrosion resistance for all the studied samples, i.e. increased corrosion 

potential and lower current densities, compared to an industrial stainless steel reference 

sample (hyper-duplex stainless steel). Thus, this material system shows a potential for the 

use as hard and corrosion resistant coating. 

 

References 
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2. L.A. Donohue et al., Vacuum, 55 (1999) 
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Water Film Growth at Oxide Surfaces 

 
Jean-François Boily1 

1. Department of Chemistry, Umeå University (jean-francois.boily@umu.se) 

 

Nanoparticles exposed to water vapor host thin nanometer to micrometer-thick water films 

that drive solvent-driven interfacial reactions critical to natural and technological processes. 

Knowledge of water condensation mechanisms, and of the spatial distributions of these films, 

is crucial for predicting the properties (e.g. structure, dynamics) of the films driving these 

reactions.  

 

This presentation details an overview of our work on water film growth on minerals of 

geochemical and technological importance. Molecular simulations show how coexisting 

crystallographic faces of contrasting structure on single nanometric metal (hydr)oxide 

particles compete in stabilizing water films, especially at low surface coverages where the 

competition is greatest between hydrogen bond-driven surface-water and water-water 

interactions. Simulations at high coverages underscored the importance of interfacial 

curvature — and therefore the reduction in interfacial free energy — on the distribution of 

water around a single nanoparticle (Fig. 1) 

 

These simulation efforts are supported further by macroscopic, spectroscopic and imaging 

experiments. Water vapor adsorption isotherms revealed a master curve-like dependence of 

water uptake on particle surface area, irrespective of the composition of supporting mineral. 

Vibration spectroscopy (including sum frequency generation, SFG) showed, at the same time, 

how incipient surface-water interactions drive film growth at low surface coverages. Finally, 

infrared nanospectroscopy combined with high-resolution atomic force microscopy (cf. 
infrared scattering type near-field optical microscopy, IR s-SNOM) provided experimental 

evidence for the development of curvature as water films grow into droplets on single mineral 

nanoparticles.  

Figure 1. Classical molecular dynamics simulations of water films developed on a single 

gibbsite (a-Al(OH)3) nanoparticle. 

 

1.Yeşilbaş M, Boily J-F. 2016 Particle size controls on water adsorption and condensation regimes at 

mineral surfaces.. Sci. Rep. 6, 32136. 

2.Boily J-F, Yeşilbaş M, Uddin M, Baiqing L. Trushkina Y, Salazar-Alvarez G 2015. Thin water films at 

multifaceted hematite particle surfaces. Langmuir. 31,  13127-13137.  



Titanium phosphonate oxo-alkoxide “clusters”: solution stability 
and facile hydrolytic transformation into nano titania 
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***Department of Materials and Environmental Chemistry, Stockholm University, 106 91 Stockholm, Sweden 

Titanium dioxide (TiO2, titania) nanoparticles are of great technological importance. The 
applications include photocatalysis, medical implants, white pigment in toothpaste, food 
(E171) and paints and as drug carrier for controlled drug delivery. The formation of metal oxide 
nanoparticles from metal alkoxides proceeds via formation of oxo-clusters as intermediates 
[1, 2]. The ligands from the alkoxides precursors will follow the transformation into 
nanoparticles and remain on their surfaces. Exchange of ligands in the alkoxide precursors 
allows for tailoring of the ligand coating of nanoparticle surface, being of interest for 
production of organic-inorganic hybrid materials. Phosphates and phosphonates occur also in 
many biologically important molecules, including drugs and phosphorylated proteins. Their 
high affinity for titania surface [3] has been employed in delayed drug release [4] and for 
anchoring of functional groups in hybrid materials [5]. 

A series of new titanium phosphonate complexes were synthesized and structurally 
characterized by single crystal X-ray diffraction, NMR spectrometry and infrared spectrometry 
as models for interaction between titania and phosphonates. Titanium alkoxide phosphonate 
complexes with both bi- and tridentatly binding phosphonates were obtained at different 
ratios of tert-butylphosphonic acid (0.85 0.5, 2 and 4 eq.) to Ti(OEt)4 or Ti(acac)2iOPr2. 31P NMR 
spectrometry revealed different solution stability of the complexes in solution, highlighting 
the need to characterize solution stability of complexes intended for use in for example 
organic-inorganic hybrid materials. Electron microscopy and atomic force microscopy showed 
the facile hydrolysis of the titanium phosphonate complexes into complex titania structures 
in aqueous environment, demonstrating their high sensitivity towards water. Hydrolysis of 
complexes resulted in crystalline titania (anatase) primary nanoparticles with sizes of about 2 
– 4 nm [6]. 

 

References 
1. Seisenbaeva, GA. Daniel, G. Nedelec, JM. Kessler, VG. Nanoscale, 2013, 5, 3330.  
2. Kessler, VG. Journal of Sol-Gel Science and Technology, 2009, 51, 264. 
3. Nilsing, M. Lundell, S. Persson, P. Ojamäe, L. Surface Science, 2005, 582, 49.  
4. Galkina, OL. Önneby, K. Huang, P. Ivanov, VK. Agafonov, AV. Seisenbaeva, GA. Kessler, VG. 
Journal of Materials Chemistry B, 2015, 3, 7125.  
5. Mutin, PH. Guerrero, G. Vioux, A. Journal of Materials Chemistry, 2005, 15, 3761.  
6. Svensson, FG. Daniel, G. Tai, CW. Seisenbaeva, GA. Kessler, VG. Submitted. 
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