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This paper in form of a presentation comprises 103 pages, about 60 pictures, 3 videos, 
a content overview, and a summary. It is published by the library of the
ETH Zurich / ETH Research Collection via doi 10.3929/ethz-b-000742177:

https://dx.doi.org/10.3929/ethz-b-000742177

It allows the download

�x of this paper as pdf presentation in which the indicated videos are not running

�x of this paper as ppsx type PowerPoint show with embedded and running videos

�x of the 3 videos as 3 separate avi type video files
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�x Reported properties by                         
Melitta Gärtner et al.

�x Some questions which were                      
the motivation of this work

�x Summary of the results of this work

1
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Triclinic      Non-centrosymmetric space group P1 (No. 1) 
a = 7.57 �@ b = 7.54 �@ c = 32.4 �@
�D= 90.1�ƒ �E= 94.8�ƒ �J= 98.9�ƒ
Edge-sharing LaO8 polyhedra share corners
with WO4 tetrahedra and share also corners
with chains of edge-sharing WO6 octahedra. 
Between the chains of WO6 octahedra are
stepped chains of edge-sharing FeO6 octahedra.

Z = 8

Sketch of the 
structure along 
the (010) zone

Image reproduced
from Ref. [1] with 
permission from the 
Royal Society of 
Chemistry

https://doi.org/10.1039/JM9950500777


Sketch and description of the structure of the 
Fe2W2O9 unit from Ref. [1]: The Fe2W2O9 unit 
consists of stepped chains of edge-sharing FeO6

octahedra which are linked below via corner-
sharing to chains of edge-sharing WO6 octahedra
and are isostructural with wolframite FeWO4
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WO6 octahedra

FeO6 octahedra

Sketch of the Fe2W2O9 unit which is 
part of the structure of LaFeW3O12

Image reproduced from Ref. [1] with 
permission from the Royal Society 
of Chemistry
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Note: The oxidation states in the known material FeWO4 are 
Fe 2+ / 3d 6 and W 6+ / 5d 0 . Probably Fe2W2O9 does not exist as 
a separate compound because it is not reported in the literature
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Fe2W2O9

La2W4O15

Reported are the synthesis in polycrystalline and 
crystalline form, structural and thermochemical 
properties, a honey yellow color, and a perfect 
cleavage along (001). Synthesis: A mixture of 
La2O3 , Fe2O3 , and WO3 was heated for 12 h   
at 1100 �ƒC under air in a Pt crucible. From about        
900 �ƒC the WO3 causes an enhanced sintering. 
That and slow cooling promotes crystal growth. 
Physical properties are not reported.

WO6 octahedra

FeO6 octahedra

WO4 tetrahedra

LaO8 polyhedra
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Fe2W2O9

La2W4O15

Note: Ref. [1] from 1995 reports that the crystal 
structure was determined by single crystal x-ray 
diffraction and refers to Ref. [2] from 1994. There it 
is specified that the full crystallographic details are 
reported elsewhere, namely in

D. Abeln, M. Gärtner, and A. Reller, in preparation. 

However, a literature search could not reveal the 
existence of that paper, i.e. it was not published after 
all. Thus the atomic coordinates in the unit cell and a              
so-called Crystallographic Information File (CIF) of 
LaFeW3O12 are not available. However, its powder            
x-ray diffraction data are provided in Refs. [2] and [3]

WO6 octahedra

FeO6 octahedra

WO4 tetrahedra

LaO8 polyhedra
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Fe2W2O9

La2W4O15

�x Melt-grown synthesis by the 
floating zone method ?

�x What are its magnetic properties ?

�x Reported non-centrosymmetric    
space group P1 (No. 1)                                      
�o Is this material polar

or ferroelectric ?

�x Coupling between magnetic and 
dielectric quantities ?

�x Potentially multiferroic ?

WO6 octahedra

FeO6 octahedra

WO4 tetrahedra

LaO8 polyhedra

10

LaFeW3O12 with Fe 3+ / 3d 5 and W 6+ / 5d 0

Some questions which were the motivation of this work

Sketch of the 
structure along 
the (010) zone

Image reproduced
from Ref. [1] with 
permission from the 
Royal Society of 
Chemistry
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Run / Sample No. 876 Run / Sample No. 877

Starting materials (powder)  0.5 La2O3 +  0.5 Fe2O3 +  3 WO3 =  LaFeW3O12

Pre-reaction of the 
mingled starting materials 
before pressing the 
powder into the shape          
of two rods ?

No

Yes, for 6 h at 930 �ƒC. The pre-
reacted material was quite solid
and not shrunken but did strongly 
expand against the crucible wall 
and it was very difficult to remove !

Preparation of 
polycrystalline sintered 
rods

6 g of the as-mingled 
powder was pressed 
into two rods which 
were heated for 6 h at 
1030 �ƒC. Sintered rods 
were not obtained 
because they did melt !

6 g of the as-mingled powder was 
pressed into two rods which were 
heated for 4 h at 950 �ƒC. The 
sintered rods did strongly expand 
and were bent at their ends but it 
was possible to use them for the 
floating zone method

6 g of the pre-reacted starting 
materials was pressed into two 
rods which were heated for 4 h at 
965 �ƒC. The obtained sintered rods 
were somewhat shrunken and not 
bent and they did appear fine for 
the floating zone method

Processing the sintered 
rods by the floating zone 
method. Each mirror 
furnace run was recorded 
and videos from the run 
were created

It was not possible to maintain             
a stable molten zone over a 
sufficient long period and only 
rapidly solidified material was 
obtained. A fast mode video of the 
overall run is shown in this work

Overall it was possible to perform   
a reasonable run and melt-grown 
crystalline material was obtained, 
even if the molten zone was still 
prone to breakdown. See next 
page for further information

This table presents an overview of the performed synthesis experiments. Unfavorable results or challenges appear in blue 
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LaFeW3O12 with Fe 3+ / 3d 5 and W 6+ / 5d 0 Summary of the results of this work      2 / 6

The mirror furnace Run No. 877 was performed with a growth speed of 14 mm / h and the lamp 
power to maintain the molten zone was 2 �u120 W. An image and data recording, processing, and 
visualization system was used to record the run and create videos from it [5]. Presented in this 
work is a real time video from a short section of the run and a fast mode video from the overall 
run. The required lamp power 2 �u120 W is the lowest among all mirror furnace runs (about 1000) 
ever performed by the first author of this paper. Noteworthy is the following comparison:  

Composition of polycrystalline sintered rods for the floating zone method

LaFeW3O12 Na2W2O7 SrTiO3

Color of the rods yellow green white white

Transition metal valence state
W 6+ / 5d 0

Fe 3+ / 3d 5 W 6+ / 5d 0 Ti 4+ / 3d 0

Melting point (�ƒC) �| 1000 �| 750 �| 2100

Lamp power P (W)     
to maintain the molten zone    

in a Cyberstar mirror furnace
�| 2 �u120

It did not melt up to 2 �u950 W ! It suggests that Na2W2O7 has a very
low infrared absorption. Starting with P = 0 and increasing it under 
an Ar + H2 atmosphere creates a reduced and dark material which 
melts initially at �| 2 �u130 W. However, once Ar + H2 is replaced by 
air or Ar, then the melt cannot be maintained with a reasonable P

�| 2 �u950
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LaFeW3O12 with Fe 3+ / 3d 5 and W 6+ / 5d 0 Summary of the results of this work      3 / 6

Pictures from the polycrystalline sintered (1) and melt-grown crystalline (2 - 5) material from Run No. 877

4 cm long as-grown material

1

54

32

Much force was necessary to break, crush, or cleave the as-grown material
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LaFeW3O12 with Fe 3+ / 3d 5 and W 6+ / 5d 0 Summary of the results of this work      4 / 6

The melt-grown crystalline and polycrystalline sintered material from Run No. 877 was studied by 
powder x-ray diffraction. 95 (151) of 99 (156) observed peaks fit to the triclinic LaFeW3O12 type 
structure. There are 4 (5) small unindexed peaks, namely 3 with Irel �d0.3 (0.5) % and
1 at 2�4 = 23.07�ƒ(26.98�ƒ) with Irel = 1.9 (4) % and 1 with Irel = 1.4 %. These results indicate that the 
material is nearly single phase. Lattice parameter refinement resulted in similar values which are 
reported by Melitta Gärtner et al. [2,3].

The melt-grown material was also studied by electron diffraction. Electron Back Scatter Diffraction 
(EBSD) did not show a single orientation across different regions but areas with many different 
crystallographic orientations. The EBSD orientation map indicates the presence of crystals with            
a size of more than 100 �Pm and they comprise dispersed regions with different orientations with 
sizes in the range of a few tens of 1 �Pm.

Transmission Electron Microscopy (TEM) analysis revealed that the lattice of the studied region          
- which was selected from the EBSD results - is very well ordered and displays no defects. The 
presence of dislocations or any defect of the order of a few tens of 1 nm to 1 �Pm was not observed 
in the studied region, although a proper assessment requires the study of more images.
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LaFeW3O12 with Fe 3+ / 3d 5 and W 6+ / 5d 0 Summary of the results of this work      5 / 6

The DC magnetic moment M(T) and M(H) up to �~H�~= 1 T at T = 300 K, 200 K, and 5 K of a 
melt-grown crystalline and a polycrystalline sintered piece from Run No. 877 was measured 
by a SQUID magnetometer. The DC susceptibility �F(T) and its inverse of the crystalline piece 
suggests an antiferromagnetic ordering below TN �| 20 K and a paramagnetic behavior at 
temperatures above TN . A linear fit of the inverse of �F(T) to the Curie-Weiss formula �F= C / (T - �4) 
results in �4 = - 9 K which indicates only small (antiferro)magnetic interactions between the 
Fe 3+ ions. The obtained experimental number of Bohr magnetons per formula LaFeW3O12 is 
p exp = 2.828 C 1 / 2 [ �PB ] = 5.47 �PB which is in the vicinity of the theoretical free-ion value           
p th (Fe 3+ ) = 5.90 �PB for Fe 3+ ions. With respect to �F(T) of the crystalline piece, �F(T) of the 
polycrystalline sample displays two different features, namely a rise below �| 260 K and a 
significant increase below �| 10 K, i.e. also below TN �| 20 K. Potential reasons for that are the 
presence of impurity phase(s) and / or contributions from crystallographic orientations which were 
absent during the measurement of the crystalline piece. All measured M(H) curves of the 
crystalline and polycrystalline sample display a linear behavior.
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LaFeW3O12 with Fe 3+ / 3d 5 and W 6+ / 5d 0 Summary of the results of this work      6 / 6

Outlook

Topics and questions for potential further studies are for example:

�x Determination of its crystal structure by single crystal x-ray diffraction 
and publication of the complete crystallographic data

�x Is this non-centrosymmetric insulator polar or ferroelectric ? 

�x What are its dielectric or ferroelectric properties ?

�x Is there a coupling between dielectric and magnetic properties ?

�x If it is ferroelectric, then - according to the results of the magnetic 
measurements - it is potentially a multiferroic at low temperatures



17

2 Run / Sample No. 876

2.1 An unsuccessful and successful attempt to prepare 
polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

2.2 An unsuccessful attempt to prepare melt-grown crystalline 
LaFeW3O12 with a Cyberstar mirror furnace, a fast mode 
video from it, and a picture from the obtained material 

2.3 Another attempt to prepare melt-grown crystalline LaFeW3O12

by heating and cooling polycrystalline sintered material with 
composition LaFeW3O12 in an alumina crucible
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Experimental details which are not described in this work such as 

�x the pressing of powder into rods by special pressing dies

�x the used Cyberstar mirror furnace

are presented in Refs. [4] and [5]
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2 Run / Sample No. 876

2.1 An unsuccessful and successful attempt to prepare 
polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method ...

2.2 An unsuccessful attempt to prepare melt-grown crystalline 
LaFeW3O12 with a Cyberstar mirror furnace, a fast mode 
video from it, and a picture from the obtained material 

2.3 Another attempt to prepare melt-grown crystalline LaFeW3O12

by heating and cooling polycrystalline sintered material with 
composition LaFeW3O12 in an alumina crucible
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Starting materials (powder ) for attempts to prepare polycrystalline sintered rods 
with composition LaFeW 3O12 for the floating zone method (Run No. 876)

Starting 
material

Purity (%) 

metals basis if not 
otherwise specified 

Before using the powder it was heated 
under air ... and subsequently              

stored in a desiccator

Calculated 
amount          

(g)

La2O3 99.99

at 1100 �ƒC and removed from the furnace 
at 400�ƒC about 1 day before weighing
(about 1 h before weighing would have 
been better, see comment about La2O3

and La(OH)3 on the following page)

2.1721

Fe2O3 99.99 at 400 �ƒC 1.0646

WO3

99.998
excluding Mo 
Mo 100 ppm

at 400 �ƒC 9.2735
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Weighed starting materials
0.5 La2O3 +  0.5 Fe2O3 +  3 WO3

=  LaFeW3O12

in an agate mortar. Not yet mingled.

White: La2O3

Brown: Fe2O3

Yellow green: WO3

Note that La2O3 easily absorbs 
moisture from the ambient air and 
converts into La(OH)3 which is 
accompanied by a large volume 
expansion 

Startîng materials for attempts to prepare polycrystalline sintered rods 
with compostion LaFeW3O12 for the floating zone method (Run No. 876)
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About the half of the powder (about 6 g) 
was used for the first but unsuccessful 
attempt to prepare sintered rods

To find an appropriate sintering 
temperature another but small part of 
the powder (a few 100 mg) was used to 
heat it at 900 �ƒC and 930 �ƒC as well as  
at 960 �ƒC in a small alumina crucible

About the other half of the powder 
(about 6 g) was used for a second 
attempt to prepare sintered rods

Mingled starting materials for attempts to prepare polycrystalline sintered rods 
with compostion LaFeW3O12 for the floating zone method (Run No. 876)

Note the color of the mingled powder with respect to that of the 
starting materials, 
see previous
slide
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As-pressed rods  
with composition 
LaFeW3O12 on   
lower punches  
made of sapphire            
in an alumina box             

The lower punches 
are located on a 
base plate which       
is made of alumina

Results of the first attempt to prepare polycrystalline sintered rods with 
compostion LaFeW3O12 for the floating zone method (Run No. 876)

1 / 2
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Heating the as-pressed 
rods for 6 h at 1030 �ƒC 
under air did not result in 
an intended sintering of 
the rods but lead to a 
melting of the rods with 
composition LaFeW3O12 ! 
Upon cooling the molten 
composition did              
solidify / crystallize.             
The solidified composition 
completely covers the 
lower punches and                
the base plate 

Results of the first attempt to prepare polycrystalline sintered rods with 
compostion LaFeW3O12 for the floating zone method (Run No. 876)

2 / 2
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About the half of the powder (about 6 g) 
was used for the first but unsuccessful 
attempt to prepare sintered rods

To find an appropriate sintering 
temperature another but small part of 
the powder (a few 100 mg) was used to 
heat it at 900 �ƒC and 930 �ƒC as well as  
at 960 �ƒC in a small alumina crucible

About the other half of the powder 
(about 6 g) was used for a second 
attempt to prepare sintered rods

Mingled starting materials for attempts to prepare polycrystalline sintered rods 
with compostion LaFeW3O12 for the floating zone method (Run No. 876)
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About the half of the powder (about 6 g) 
was used for the first but unsuccessful 
attempt to prepare sintered rods

To find an appropriate sintering 
temperature another but small part of 
the powder (a few 100 mg) was used to 
heat it at 900 �ƒC and 930 �ƒC as well as  
at 960 �ƒC in a small alumina crucible

About the other half of the powder 
(about 6 g) was used for a second 
attempt to prepare sintered rods

Mingled starting materials for attempts to prepare polycrystalline sintered rods 
with compostion LaFeW3O12 for the floating zone method (Run No. 876)
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Results of a second attempt to prepare polycrystalline sintered rods with 
compostion LaFeW3O12 for the floating zone method (Run No. 876)

As-pressed rods  
with composition 
LaFeW3O12 on   
lower punches  
made of alumina            
in an alumina box             

The lower punches 
are located on a 
base plate which       
is made of alumina

1 / 4
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Results of a second attempt to prepare polycrystalline sintered rods with 
compostion LaFeW3O12 for the floating zone method (Run No. 876)

2 / 4

Rods after sintering 
them for 4 h at 950 �ƒC 
in air

The sintered rods are 
strongly expanded 
and bent at their ends. 
The expansion 
suggests a relatively 
low density of the rods

Note also the color 
change from brown 
(see previous slide)        
to yellow green
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Results of a second attempt to prepare polycrystalline sintered rods with 
compostion LaFeW3O12 for the floating zone method (Run No. 876)

3 / 4

Polycrystalline sintered rods with composition LaFeW3O12
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Results of a second attempt to prepare polycrystalline sintered rods with 
compostion LaFeW3O12 for the floating zone method (Run No. 876)

This bent end part was 
manually broken off

4 / 4

Polycrystalline sintered rods with composition LaFeW3O12

This bent end part was kept because it comprises 
the continuous hole which is useful to attach the 
rod at the upper shaft of the mirror furnace

To be used as seed rod

To be used as feed rod
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2 Run / Sample No. 876

2.1 An unsuccessful and successful attempt to prepare 
polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

2.2 An unsuccessful attempt to prepare melt-grown crystalline 
LaFeW3O12 with a Cyberstar mirror furnace, a fast mode 
video from it, and a picture from the obtained material ...

2.3 Another attempt to prepare melt-grown crystalline LaFeW3O12

by heating and cooling polycrystalline sintered material with 
composition LaFeW3O12 in an alumina crucible
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How to attach the feed rod
which is bent at its upper end

at the upper shaft of the 
Cyberstar mirror furnace                 

(Run No. 876) 

The feed rod is hooked                      
by a platinum wire and                            

a special sample holder                           
at the upper shaft of the                    

Cyberstar mirror furnace

Feed rod which is 
bent at its upper end

Upper shaft of the Cyberstar 
mirror furnace

Interface made of Macor, a special 
glass-ceramic composite material

Sample holder with a hook,            
made of stainless steel

Platinum wire
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The following page displays a fast mode video of 
an attempt to prepare melt-grown LaFeW3O12 by 
processing the polycrystalline sintered rods with 
composition LaFeW3O12 by the floating zone 
method (Run No. 876). This attempt was not 
successful because it was not possible to achieve 
a stable molten zone over a sufficient long period. 
The video starts automatically and when it has 
reached its end it starts automatically again ...
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Video is only running in the ppsx type version of this paper and can be downloaded as separate video file, see page 2
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Rapidly solidified material with composition LaFeW 3O12 and rods 
after the unsuccessful mirror furnace run (Sample / Run No. 876)

The rapidly solidified material (1) material was not further inspected and studied

1 1
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2 Run / Sample No. 876

2.1 An unsuccessful and successful attempt to prepare 
polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

2.2 An unsuccessful attempt to prepare melt-grown crystalline 
LaFeW3O12 with a Cyberstar mirror furnace, a fast mode 
video from it, and a picture from the obtained material 

2.3 Another attempt to prepare melt-grown crystalline LaFeW3O12

by heating and cooling polycrystalline sintered material with 
composition LaFeW3O12 in an alumina crucible ...
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This bent end part from the sintered 
polycrystalline feed rod was manually broken off 
and put into a small alumina crucible

1 / 3
Another attempt to prepare melt -grown crystalline LaFeW 3O12 by heating and cooling 
sintered polycrystalline material with composition LaFeW 3O12 in an alumina crucible

Polycrystalline sintered rods with composition LaFeW3O12
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A piece from the feed rod was put in a 
small alumina crucible and heated and 
cooled under air in the following way:

1) Linear heating from room temperature 
to 1050 �ƒC in 4 h

2) Dwelling 15 min at 1050 �ƒC

3) Linear cooling from 1050 �ƒC (melt) to               
950 �ƒC (solid) in 24 h

4) Cooling from 950 �ƒC to 400 �ƒC in 2 h

5) Free cooling from 400 �ƒC to room 
temperature by switching off the 
heating at 400 �ƒC

The picture shows the crystalline material 
in the alumina crucible after remoiving it 
from the furnace. The crystalline material 
did arise by solidification from the melt 
upon cooling

2 / 3
Another attempt to prepare melt -grown crystalline LaFeW 3O12 by heating and cooling 
sintered polycrystalline material with composition LaFeW 3O12 in an alumina crucible
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Another picture from the crystalline 
material in the alumina crucible

The crystalline material was not
further inspected and studied

3 / 3
Another attempt to prepare melt -grown crystalline LaFeW 3O12 by heating and cooling 
sintered polycrystalline material with composition LaFeW 3O12 in an alumina crucible
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3 Run / Sample No. 877

3.1 Preparation of polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

3.2 Synthesis of melt-grown crystalline LaFeW3O12 with a Cyberstar mirror
furnace, a fast mode video and real time video from it, and pictures
from the obtained material 

3.3 Powder x-ray diffraction and lattice parameter refinement of a crystalline
and polycrystalline piece of Sample No. 877 

3.4 Crystallographic studies of the crystalline material by electron diffraction

3.5 DC magnetic moment M(T) , susceptibility �F(T) , M(H) up to�~H�~= 1 T 
at T = 300 K, 200 K, and 5 K of a crystalline and polycrystalline piece
of Sample No. 877 measured with a SQUID magnetometer
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Experimental details which are not described in this work such as 

�x the pressing of powder into rods by special pressing dies

�x the used Cyberstar mirror furnace

�x the used Quantum Design SQUID magnetometer MPMS3

are presented in Refs. [4] and [5]. 

For details about powder x-ray diffraction see part 4 in Ref. [6]
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3 Run / Sample No. 877

3.1 Preparation of polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

3.2 Synthesis of melt-grown crystalline LaFeW3O12 with a Cyberstar mirror
furnace, a fast mode video and real time video from it, and pictures
from the obtained material 

3.3 Powder x-ray diffraction and lattice parameter refinement of a crystalline
and polycrystalline piece of Sample No. 877 

3.4 Crystallographic studies of the crystalline material by electron diffraction

3.5 DC magnetic moment M(T) , susceptibility �F(T) , M(H) up to�~H�~= 1 T 
at T = 300 K, 200 K, and 5 K of a crystalline and polycrystalline piece
of Sample No. 877 measured with a SQUID magnetometer
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Starting materials (powder ) for the preparation of polycrystalline sintered rods 
with composition LaFeW 3O12 for the floating zone method (Run No. 877)

Starting 
material

Purity (%) 

metals basis if not 
otherwise specified 

Before using the powder it was 
heated under air ... and 

subsequently stored             
in a desiccator

Calculated 
amount        

(g)

La2O3 99.99
at 1100 �ƒC and removed from 
the furnace at 400�ƒC about 1 h 
before weighing

2.1721

Fe2O3 99.99 at 400 �ƒC 1.0646

WO3

99.998
excluding Mo 
Mo 100 ppm

at 400 �ƒC 9.2735
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Weighed starting materials
0.5 La2O3 +  0.5 Fe2O3 +  3 WO3

=  LaFeW3O12

in an agate mortar. Not yet mingled.

White: La2O3

Brown: Fe2O3

Yellow green: WO3

Note that La2O3 easily absorbs moisture 
from the ambient air and converts into 
La(OH)3 which is accompanied by a 
large volume expansion

Picture from run No. 876 because at 
this step both runs are identical

Startîng materials for the preparation of polycrystalline sintered rods 
with compostion LaFeW3O12 for the floating zone method (Run No. 877)
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Mingled starting materials for the preparation of polycrystalline sintered rods 
with compostion LaFeW3O12 for the floating zone method (Run No. 877)

Note the color of the mingled powder with respect to that of the 
starting materials, 
see previous
slide

Picture from run No. 876 because at 
this step both runs are identical
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Pre-reaction of the mingled starting materials for 6 h at 930 �ƒC 
in an alumina crucible under air (Run No. 877)

Before pre-reaction After pre-reaction
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After pre-reaction

The pre-reacted material was quite solid and 
hard and not - as in most other cases -
shrunken but strongly expanded against the 
wall of the crucible. Therefore It was very 
difficult and time-consuming to remove the 
pre-reacted material from the crucible. It was 
stepwise achieved by using a scratch pen 
made of alumina ...

For potential related experiments in the future: 
The mingled starting materials should be pressed. 
The obtained pressed shape can stay on its lower 
punch or be placed on another plate. Then it can 
be put into a furnace and heated without the 
presence of lateral walls like the sintered but 
nevertheless expanded rods from Run No. 876,           
see pages 27 �±30

Removing the pre -reacted material from the alumina crucible (Run No. 877)
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Custom-made 
scratch pen made 
of alumina. Image 
from page 191 in 
Ref. [4]

Nearly all pre-reacted 
material is removed 
from the crucible

Pre-reacted material in the agate 
mortar for grinding it completely 
into powder and further mingling

Removing the pre -reacted material from the alumina crucible (Run No. 877)
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Pre-reacted material, grinded into powder, mingled, and ready for 
pressing about 6 g from it into the shape of two rods (Run No. 877)
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As-pressed rods with composition LaFeW 3O12 on lower punches made of alumina in 
an alumina box (Run No. 877)
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Rods with composition LaFeW 3O12 after sintering them for 4 h at 965 �ƒC in air  (Run No. 877)
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Rods with composition LaFeW 3O12 after sintering them for 4 h at 965 �ƒC in air  (Run No. 877)
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3 Run / Sample No. 877

3.1 Preparation of polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

3.2 Synthesis of melt-grown crystalline LaFeW3O12 with a Cyberstar mirror
furnace, a fast mode video and real time video from it, and pictures
from the obtained material 

3.3 Powder x-ray diffraction and lattice parameter refinement of a crystalline
and polycrystalline piece of Sample No. 877 

3.4 Crystallographic studies of the crystalline material by electron diffraction

3.5 DC magnetic moment M(T) , susceptibility �F(T) , M(H) up to�~H�~= 1 T 
at T = 300 K, 200 K, and 5 K of a crystalline and polycrystalline piece
of Sample No. 877 measured with a SQUID magnetometer
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The following pages display two videos from the melt-grown synthesis of LaFeW3O12 by processing the 
polycrystalline sintered rods with composition LaFeW3O12 by the floating zone method (Run No. 877), 
namely a fast mode video of the overall run and a real time video from a short section ...

Note: The required lamp power to melt the material and maintain the molten zone in the Cyberstar mirror furnace was about         
2 �u120 W. That is the lowest lamp power among all mirror furnace runs (about 1000) ever performed by the first author of this 
paper. Noteworthy is the following comparison: 

Composition of polycrystalline sintered rods for the floating zone method

LaFeW3O12 Na2W2O7 SrTiO3

Color of the rods yellow green white white

Transition metal valence state
W 6+ / 5d 0

Fe 3+ / 3d 5 W 6+ / 5d 0 Ti 4+ / 3d 0

Melting point (�ƒC) �| 1000 �| 750 �| 2100

Lamp power P (W)     
to maintain the molten zone      

in the Cyberstar
mirror furnace

�| 2 �u120

It did not melt up to 2 �u950 W ! It suggests that Na2W2O7 has a very
low infrared absorption. Starting with P = 0 and increasing it under 
an Ar + H2 atmosphere creates a reduced and dark material which 
melts initially at �| 2 �u130 W. However, once Ar + H2 is replaced by 
air or Ar, then the melt cannot be maintained with a reasonable P

�| 2 �u950
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The following page displays a fast mode video of the overall             
melt-grown synthesis of LaFeW3O12 by processing the 
polycrystalline sintered rods with composition LaFeW3O12 by the 
floating zone method (Run No. 877). The video starts automatically 
and when it has reached its end it starts automatically again ... 

Note: The image sequence in the following fast mode video appears often rather jumpy. One of 
at least two reasons for that is the presence of a relatively pronounced off-centered rotational 
motion during the Run No. 877. Often that prevents the creation of a fast mode video with a 
smooth-looking image sequence. Furthermore, for other mirror furnace runs with an used 
rotational speed of 10 or 0 rpm there are already known image processing parameters which 
lead to the creation of nice-looking fast mode videos. However, it turned out that they did not 
work for Run No. 877 which was performed with a rotational speed of 5 rpm. Many fast mode 
videos from Run No. 877 were created with various image processing parameters and the 
presented video is one of the best obtained results, even it appears mainly not nice-looking
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Video is only running in the ppsx type version of this paper and can be downloaded as separate video file, see page 2
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The following page displays a real time 
video of a short section of the melt-grown 
synthesis of LaFeW3O12 by processing           
the polycrystalline sintered rods with 
composition LaFeW3O12 by the floating    
zone method (Run No. 877). The video 
starts automatically and when it has  
reached its end it starts automatically 
again ...
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Video is only running in the ppsx type version of this paper and can be downloaded as separate video file, see page 2
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As-grown crystalline material with composition LaFeW 3O12 and rods 
after the mirror furnace run (Sample / Run No. 877)

(1)   44 mm long as-grown crystalline material

(2)   Polycrystalline seed rod with composition LaFeW3O12

A piece from it was broken off for powder x-ray diffraction and
magnetic measurements with a SQUID magnetometer

(3)   Remaining part of the polycrystalline feed rod with composition LaFeW3O12

1 1 2

3
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44 mm long as-grown crystalline material

As-grown crystalline material with composition LaFeW 3O12

Sample No. 877
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44 mm long as-grown crystalline material

Section C3 is about 12 mm long

C3

As-grown crystalline material with composition LaFeW 3O12

Sample No. 877
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44 mm long as-grown crystalline material

Much force was necessary to break, crush, or cleave the as-grown material

As-grown crystalline material with composition LaFeW 3O12

Sample No. 877

C3
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Crystalline material with composition LaFeW 3O12 from section C3 and left from it
Sample No. 877
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Crystalline material with composition LaFeW 3O12 from section C3
Sample No. 877
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A small piece of crystalline material with composition LaFeW 3O12 from section C3
Sample No. 877
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3 Run / Sample No. 877

3.1 Preparation of polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

3.2 Synthesis of melt-grown crystalline LaFeW3O12 with a Cyberstar mirror
furnace, a fast mode video and real time video from it, and pictures
from the obtained material 

3.3 Powder x-ray diffraction and lattice parameter refinement of a crystalline
and polycrystalline piece of Sample No. 877 

3.4 Crystallographic studies of the crystalline material by electron diffraction

3.5 DC magnetic moment M(T) , susceptibility �F(T) , M(H) up to�~H�~= 1 T 
at T = 300 K, 200 K, and 5 K of a crystalline and polycrystalline piece
of Sample No. 877 measured with a SQUID magnetometer
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Pulverized crystalline material (1) from 
section C3 of melt-grown LaFeW3O12

Small amounts of pulverized material with composition LaFeW 3O12 (Run / Sample No. 877) 
in a silicon sample holder (Si) for powder x -ray diffraction

Pulverized polycrystalline sintered 
material (2) from a piece of the seed 
rod with composition LaFeW3O12

877-SS
Note the color 
difference 
between the 
pulverized 
crystalline (1) 
and the 
pulverized 
polycrystalline 
sintered (2) 
material 

Si

1 2
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Powder x -ray diffraction pattern of a pulverized crystalline piece                               
from section C3 of melt -grown LaFeW 3O12 (Sample No. 877)

95 of the 99 observed peaks fit to the triclinic LaFeW3O12 type structure. There are 4 small 
unindexed peaks, namely 1 at 2�4 = 23.07�ƒwith Irel = 1.9 % and 3 with Irel �d0.26 %. These 
results indicate that the material is nearly or practically single phase.
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For further
experimental 
details about 
powder 
x-ray 
diffraction 
see part 4 
in Ref. [6]
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Observed
peak

position 
(�ƒ2�T)

d - spacing 
(Å)

Relative 
intensity 

(%)

h  k  l 
from lattice 
parameter 
refinement

Lowest angle peak 5.42 16.28 4 0 0  2

Highest intensity peak 21.91 4.05 100 0  0  8

Selected powder x-ray diffraction data of a pulverized crystalline piece                              
from section C3 of melt -grown LaFeW 3O12 (Sample No. 877)
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Number of observed / indexed peaks 99 / 95

Number of unindexed peaks 
3 with Irel �d0.26 % and 1 at 2�4 = 23.07 �ƒwith Irel = 1.9 %  

4

Crystal structure type LaFeW3O12

Crystal system and Bravais lattice Triclinic   P

Used (h k l)max (10   10   20)

a (Å) b (Å) c (Å)
7.57
7.57

7.54
7.54

32.50
32.41

�D(�ƒ) �E(�ƒ) �J(�ƒ)
90.25
90.13

94.77
94.75

99.00
98.90

V (Å3)
1824.0
1820.2

�°2�4obs �±2�4calc�°for all observed and calculated peaks �d0.057�ƒ

Figure of merit of the refinement or fit 4.8

Chi square of the refinement or fit 1.8 �u10 �±6

Results of lattice parameter refinement of powder x -ray diffraction data of a pulverized 
crystalline piece from section C3 of melt -grown LaFeW 3O12 (Sample No. 877)

Reported 
in Refs. 
[2] and [3]
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Powder x -ray diffraction pattern of a pulverized piece of the polycristalline 
sintered seed rod with composition LaFeW 3O12 (Sample No. 877)

151 of the 156 observed peaks fit to the triclinic LaFeW3O12 type structure. There are 5 unindexed 
peaks, namely 1 with Irel = 4 % at 2�4 = 26.98�ƒand 1 with Irel = 1.4 % and 3 with Irel �d0.5 %. These 
results indicate that the material is nearly single phase.
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see part 4 
in Ref. [6]
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Observed
peak

position 
(�ƒ2�T)

d - spacing 
(Å)

Relative 
intensity 

(%)

h  k  l 
from lattice 
parameter 
refinement

Lowest angle peak 5.49 16.09 9 0 0  2

Highest intensity peak 21.97 4.04 100 1  1  - 5

Selected powder x-ray diffraction data of a pulverized piece of the polycristalline 
sintered seed rod with composition LaFeW 3O12 (Sample No. 877)
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Number of observed / indexed peaks 156 / 151

Number of unindexed peaks 
3 with Irel �d0.5 % and 1 with Irel = 1.4 %

and 1 with Irel = 4 % at 2�4 = 26.98�ƒ
5

Crystal structure type LaFeW3O12

Crystal system and Bravais lattice Triclinic   P

Used (h k l)max (10   10   20)

a (Å) b (Å) c (Å)
7.57
7.57

7.55
7.54

32.50
32.41

�D(�ƒ) �E(�ƒ) �J(�ƒ)
90.24
90.13

94.80
94.75

98.97
98.90

V (Å3)
1826.6
1820.2

�°2�4obs �±2�4calc�°for all observed and calculated peaks �d0.055�ƒ(0.089�ƒ) for 147 (4) peaks

Figure of merit of the refinement or fit 6.2

Chi square of the refinement or fit 4.9 �u10 �±6

Results of lattice parameter refinement of powder x -ray diffraction data of a pulverized piece 
of the polycristalline sintered seed rod with composition LaFeW 3O12 (Sample No. 877)

Reported 
in Refs. 
[2] and [3]
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3 Run / Sample No. 877

3.1 Preparation of polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

3.2 Synthesis of melt-grown crystalline LaFeW3O12 with a Cyberstar mirror
furnace, a fast mode video and real time video from it, and pictures
from the obtained material 

3.3 Powder x-ray diffraction and lattice parameter refinement of a crystalline
and polycrystalline piece of Sample No. 877 

3.4 Crystallographic studies of the crystalline material by electron diffraction

3.5 DC magnetic moment M(T) , susceptibility �F(T) , M(H) up to�~H�~= 1 T 
at T = 300 K, 200 K, and 5 K of a crystalline and polycrystalline piece
of Sample No. 877 measured with a SQUID magnetometer
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Experimental

From a piece of the melt-grown crystalline LaFeW3O12 (sample No. 877) some lamellae 
for Transmission Electron Microscopy (TEM) investigations were prepared by the 
Focused Ion Beam (FIB) technique using the instrument dual beam Gallium FIB-SEM of 
the type FEI Helios Ga 600i. SEM stands for Scanning Electron Microscope.

Electron Back Scatter Diffraction (EBSD) experiments and software analysis were 
performed by using the instrument SEM Quanta 200F FEI.

TEM / STEM experiments and simulations were done by using the instrument JEOL 
GrandARM 300 kV and JEOL F200 STEM / TEM. In the GrandARM three detectors 
were used: namely ADF1 (HAADF), ADF2 (HAADF with a smaller angle), and ABF with 
a camera length of 8 cm or 10 cm. ADF and ABF stands for Annular Dark Field and 
Annular Bright Field, respectively. The probe size in STEM was at 7, and the energy 
was at 300 kV. The CLA aperture was the CLA2-3. 

All high-resolution images were filtered by a commercial digital micrograph plug-in, 
FilterPro from HREM Co.

Crystallographic studies of the melt -grown crystalline LaFeW 3O12 by electron diffraction
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SEM image of a piece of melt -grown LaFeW 3O12 which was used for EBSD

The yellow box in the large 
image indicates the approximate 
area which was selected for 
EBSD measurements. With 
larger magnification it is 
displayed in the small image
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Melt -grown LaFeW 3O12 - Orientation map of the area which was selected for EBSD measurements

This orientation 
map shows the 
inhomogeneity 
of orientations 
(different colors) 
within the area 
of analysis. There 
are crystals with a 
size of more than 
100 �Pm and they 
comprise dispersed 
regions with different 
orientations with 
sizes in the range of 
a few tens of 1 �Pm
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Melt -grown LaFeW 3O12 - Regions which were used to prepare lamellae by the FIB technique

The orange circles in this SEM image 
indicate regions which were used to 

prepare lamellae by the FIB techniquePole figure map of one of the three areas 
which are indicated by orange circles in 
the SEM image on the right

[1 0 0] [0 1 0] [0 0 1]
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Melt -grown LaFeW 3O12 �±Preparation of lamellae with [0 1 0] orientation by the FIB technique

TEM images of the lamellae from the first and second window. 
The second window is thinner and was used for analysis High-resolution TEM 

image of the lattice
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Melt -grown 
LaFeW3O12

High -resolution 
scanning TEM 
images of 
some areas in 
the lamellae

HAADF (ADF1) image 
with same scale as that in 
the ADF image on the right

These images show the 
arrangement of the atoms in the 
lattice which is very well ordered. 
Dislocations or any defects of the 
order of a few tens of 1 nm to 1 �Pm 
were not observed in the studied 
regions, even if a proper assessment 
requires the study of more images

ADF image

HAADF (ADF1) image ADF image
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3 Run / Sample No. 877

3.1 Preparation of polycrystalline sintered rods with composition LaFeW3O12

for the floating zone method

3.2 Synthesis of melt-grown crystalline LaFeW3O12 with a Cyberstar mirror
furnace, a fast mode video and real time video from it, and pictures
from the obtained material 

3.3 Powder x-ray diffraction and lattice parameter refinement of a crystalline
and polycrystalline piece of Sample No. 877 

3.4 Crystallographic studies of the crystalline material by electron diffraction

3.5 DC magnetic moment M(T) , susceptibility �F(T) , M(H) up to�~H�~= 1 T 
at T = 300 K, 200 K, and 5 K of a crystalline and polycrystalline piece
of Sample No. 877 measured with a SQUID magnetometer
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Orientation of the 
magnetic field H with 
respect to the sample

This crystalline piece from section 
C3 with mass m = 180 mg is called 
877-C3-1. Its DC magnetic moment 
M(T) , susceptibility �F(T) , and M(H) 
was measured by a SQUID 
magnetometer ...

A crystalline piece from section C3 of melt -grown LaFeW 3O12 (Sample No. 877) 
whose magnetic properties were studied by a SQUID magnetometer
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Molar DC susceptibility �F(T) of the crystalline piece 877 -C3-1                          
of melt -grown LaFeW 3O12 (Sample No. 877)

The curve �F(T) 
indicates the 
presence of an 
antiferromagnetic 
ordering below 
TN �| 20 K and a 
paramagnetic 
behavior             
at higher 
temperatures
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Inverse molar DC susceptibility �F(T) of the crystalline piece 877 -C3-1                          
of melt -grown LaFeW 3O12 (Sample No. 877)

The inverse 
curve of �F(T) 
indicates the 
presence of an 
antiferromagnetic 
ordering below 
TN �| 20 K and a 
paramagnetic 
behavior             
at higher 
temperatures
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Inverse molar DC susceptibility �F(T) and fit to the Curie -Weiss formula of                    
the crystalline piece 877 -C3-1 of melt -grown LaFeW 3O12 (Sample No. 877)

For the quantities           
p th , q th , and p exp

see Refs. [7] and [8]

The small value           
�4 = - 9 K indicates               
only a small 
(antiferro)magnetic 
interaction between 
the Fe3+ ions
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Measured M(H) loop:         
H = 0  �o 1 T  �o 0  
�o - 1 T  �o 0

The linear                     
M(H) curve indicates 
a paramagnetic 
behavior and the 
absence of 
ferromagnetism

DC magnetic moment M(H) at T = 300 K of the crystalline piece 877 -C3-1                          
of melt -grown LaFeW 3O12 (Sample No. 877)
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Measured M(H) loop:         
H = 0  �o 1 T  �o 0  
�o - 1 T  �o 0

M(H) displays a 
linear behavior. 
Potentially M(H) 
becomes non-linear 
at higher magnetic 
fields

DC magnetic moment M(H) at T = 5 K, i.e. below T N �| 20 K, of the crystalline piece 877 -C3-1 
of melt -grown LaFeW 3O12 (Sample No. 877)



88

This polycrystalline piece from the 
sintered seed rod (after the mirror 
furnace run) with mass m = 156 mg 
is called 877-SS-1. Its DC magnetic 
moment M(T) , susceptibility �F(T) ,  
and M(H) was measured by a 
SQUID magnetometer ...

A polycrystalline piece from the sintered seed rod (Run / Sample No. 877)
whose magnetic properties were studied by a SQUID magnetometer
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Molar DC susceptibility �F(T) of polycrystalline and crystalline LaFeW 3O12

Run / Sample No. 877
With respect to �F(T) of the 
crystalline sample, �F(T) of the 
polycrystalline sample displays 
two different features, namely              
a rise below �| 260 K and a 
significant increase below �| 10 K,  
i.e. also below TN �| 20 K. 
Potential reasons for that are the 
presence of impurity phase(s) 
and / or contributions from 
crystallographic orientations 
which were absent during the 
measurement of the crystalline 
piece. T = 260 K is reminiscent       
of the Morin transition of                       
�D- Fe2O3 (hematite), however in 
this case �Fshould not increase 
but decrease below �| 260 K
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Molar DC susceptibility �F(T) of polycrystalline and crystalline LaFeW 3O12

Run / Sample No. 877
With respect to �F(T) of the 
crystalline sample, �F(T) of the 
polycrystalline sample displays 
two different features, namely              
a rise below �| 260 K and a 
significant increase below �| 10 K,  
i.e. also below TN �| 20 K. 
Potential reasons for that are the 
presence of impurity phase(s) 
and / or contributions from 
crystallographic orientations 
which were absent during the 
measurement of the crystalline 
piece. T = 260 K is reminiscent       
of the Morin transition of                       
�D- Fe2O3 (hematite), however in 
this case �Fshould not increase 
but decrease below �| 260 K
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Inverse molar DC susceptibility �F(T) of polycrystalline and crystalline LaFeW 3O12

Run / Sample No. 877
With respect to �F(T) of the 
crystalline sample, �F(T) of the 
polycrystalline sample displays 
two different features, namely              
a rise below �| 260 K and a 
significant increase below �| 10 K,  
i.e. also below TN �| 20 K. 
Potential reasons for that are the 
presence of impurity phase(s) 
and / or contributions from 
crystallographic orientations 
which were absent during the 
measurement of the crystalline 
piece. T = 260 K is reminiscent       
of the Morin transition of                       
�D- Fe2O3 (hematite), however in 
this case �Fshould not increase 
but decrease below �| 260 K
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Measured M(H) loop:         
H = 0  �o 1 T  �o 0  
�o - 1 T  �o 0

The linear               
M(H) curve indicates 
a paramagnetic 
behavior and the 
absence of 
ferromagnetism

DC magnetic moment M(H) at T = 300 K of the polycrystalline piece 877 -SS-1                        
from the sintered seed rod with composition LaFeW 3O12 (Run / Sample No. 877)
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Measured M(H) loop:         
H = 0  �o 1 T  �o 0  
�o - 1 T  �o 0

The linear               
M(H) curve indicates 
a paramagnetic 
behavior and the 
absence of 
ferromagnetism

DC magnetic moment M(H) at T = 200 K of the polycrystalline piece 877 -SS-1                        
from the sintered seed rod with composition LaFeW 3O12 (Run / Sample No. 877)
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Measured M(H) loop:         
H = 0  �o 1 T  �o 0  
�o - 1 T  �o 0

The linear               
M(H) curve indicates 
a paramagnetic 
behavior and the 
absence of 
ferromagnetism

DC magnetic moment M(H) at T = 5 K of the polycrystalline piece 877 -SS-1                         
from the sintered seed rod with composition LaFeW 3O12 (Run / Sample No. 877)
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