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 Magnetostrictive materials 

 
 
 Villari effect  
(inverse magnetostrictive effect) 
 
 
 
 Device application: sensor, 

sonar. 

Pressure Dependent Magnetism 

Images taken from Wikipedia, NCTE, and Subseaworldnews.com 
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Presentation Notes
Magnetostriction is a property of ferromagnetic materials that causes them to change their shape or dimensions during the process of magnetization.
Internally, ferromagnetic materials have a structure that is divided into domains, each of which is a region of uniform magnetic polarization. When a magnetic field is applied, the boundaries between the domains shift and the domains rotate; both of these effects cause a change in the material's dimensions.
The reciprocal effect, the change of the susceptibility (response to an applied field) of a material when subjected to a mechanical stress, is called the Villari effect.

Magnetostrictive materials can convert magnetic energy into kinetic energy, or the reverse, and are used to build actuators and sensors.


https://en.wikipedia.org/wiki/File:Magnetostriction_by_Zureks.gif
http://www.ncte.com/en/technology/technology.php

http://subseaworldnews.com/2012/08/07/wassp-ltd-launches-new-multibeam-sonar-product-new-zealand/wassp-ltd-launches-new-multibeam-sonar-product-new-zealand2/



 Tunable magnetic 
ordering 

 Mixed valency system 
 FCC structure 
 Fm3�m (225) 

PBAs 

 Ferromagnetism 
 Room-temperature synthesis 
 Highly tunable 

MBMs 

Molecule Based Magnets (MBMs) 
& Prussian Blue Analogues (PBAs) 
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Presentation Notes
Recently, molecule based magnets (MBMs) are emerging as a possible alternative to the existing technology, with the added benefit of room-temperature synthesis that is highly tunable giving the ability to engineer systems with multiple functional properties. 

Molecule-based magnets are a class of materials capable of displaying ferromagnetism.  
Ferromagnetism is the basic mechanism by which certain materials (such as iron) form permanent magnets, or are attracted to magnets. Ferromagnetism is very important in industry and modern technology, and is the basis for many electrical and electromechanical devices such as electromagnets, electric motors, generators, transformers, and magnetic storage such as tape recorders, and hard disks.

PBAs – Select group of bimetallic cyanides in which magnetic ordering can be tuned by external stimuli.
-Metallic cyanometallate with mixed valency system. ( Mixed Valence compounds contain an element which is present in more than one oxidation state.)




S=0 

S=4 

 Magnetization ↓: Pressure ↑ 
 

 KFe3[Cr(CN)6]2 ·nH2O 
 
 

 
 

 
 
 
 
 

 Hypothesis: 
 Linkage isomerism 

with spin-crossover 
(LI) 

 Intrinsic spin-
crossover (SC)  

FeCr PBA 

Δoct 

Δoct 

Eugenio Coronado et al. J. Am. Chem. Soc. 2005, 127, 4580-4581.  

S=4 S=0 
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-Magnetization decreases with application of pressure, and with increasing temperature

It is believed that under applied pressure, Fe-Cr undergoes a linkage isomerism (LI) that changes carbon coordination of the CN from Cr to Fe, resulting in a change in magnetic configuration of the Fe cation from high-spin (HS) S = 4 to low-spin (LS) S = 0, thus reducing the observed magnetization. (It’s favorable because it results in stabilization of the structure)




 Magnetization ↓: Pressure ↑  KNi3[Cr(CN)6]2 ·nH2O 
 
 
 
 
 
 
 
 

 Hypothesis: 
 LI 
 Random spin-canting 
 Domain wall movement 

 

NiCr PBA 

Δoct 

Δoct 

M. Zentkova et al. J. Phys.: Condens. Matter 19 (2007) 
266217. 
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Presentation Notes
Ni-Cr is thought to undergo random spin-canting due to bond-deformation, LI or Domain wall movement.

-Applied pressure doesn’t change spontaneous magnetization, and only the magnetization process is significantly affected



 K3Cr(CN)6 

 FeCl2 

 Cold D2O 
 No heat 
 Dumped together 

 

FeCr: Synthesis 
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Cold D2O

No heat
Dumped together 

Fe is reactive with K3Cr(CN)6, thus you just have to dump them together.




FeCr: DFT 
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Presenter
Presentation Notes
Density functional theory (DFT) is a quantum mechanical modeling method used to investigate the electronic structure (principally the ground state) of many-body systems, in particular atoms, molecules, and the condensed phases. With this theory, the properties of a many-electron system can be determined by using functionals, which in this case is the spatially dependent electron density. 

The name density functional theory comes from the use of functionals of the electron density. 

Density function theory was utilized to simulate the pressure induced effects on the crystal structure of each PBA.

Energy vs Lattice constant     and   Fe Moment vs Lattice Constant 

Spin-crossover.



XPS FT-IR 
FeCr: Elemental Analysis 

K0.58Fe[Cr(CN)6]0.8 

Cr 2p 
O 1s 

N 1s 

K 2p 

C 1s 

Fe 2p 

Presenter
Presentation Notes
IR was used to determine the presence of the CN bond and of isomerization.
Each excited vibrational state is reached when a molecule is exposed to a specific frequency. In order for a bond to be promoted to the excited state, it must be exposed to radiation of the exact same frequency as the energy difference between ground and excited states (ΔE). Determining these frequencies and representing them allows us to determine the bonds that exist in a molecule. 

what info can FT-IR provide?
1) identify unknown materials
2) determine the quality or consistency of a sample
3) determine the amount of components in a mixture
IR spectroscopy is useful in determining chemical structure 


XPS
It was used to determine the chemical composition of the PBAs…to obtain the chemical formula.
Empirical formula of pure materials

XPS spectra are obtained by irradiating a material with a beam of X-rays while simultaneously measuring the kinetic energy and number of electrons that escape from the top 1 to 10 nm of the material being analyzed. XPS requires ultra-high vacuum (UHV) conditions.




FeCr: XRD 
(2,0,0) 

(2,2,0) 

(2,2,2) 

(4,0,0) 

Presenter
Presentation Notes
Used to determine the crystal structure of the compound.
XRD
Measures average spacing between layers or row of atoms.
Determine orientation of a single crystal or grain.
Find the crystal structure of an unknown material
Measure the size, shape and internal stress of small crystalline regions.


To compliment the XRD data, and to test some of the theories, we used a similar technique called…


neutron powder diffraction (which is similar to XRD), but with the capability of determining magnetic properties of matter.

Neutron powder diffraction in terms of its principles of operation is similar to X-ray diffraction. Contrary to X-rays, however, which interact primarily with the electron cloud surrounding each atom of a given material, most scattering of neutrons occurs at the atom nuclei, thus providing complementary information not accessible with X-rays.

The neutron furthermore carries a magnetic moment, which makes it an excellent probe for the determination of magnetic properties of matter.




FeCr: Neutron Diffraction 
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neutron powder diffraction (which is similar to XRD), but with the capability of determining magnetic properties of matter


Neutron powder diffraction in terms of its principles of operation is similar to X-ray diffraction. Contrary to X-rays, however, which interact primarily with the electron cloud surrounding each atom of a given material, most scattering of neutrons occurs at the atom nuclei, thus providing complementary information not accessible with X-rays.

Physical properties gained
The most common information typically extracted from a neutron powder diffraction experiment includes the symmetry of crystal lattices, the dimensions of the unit cells of the crystal structures and the elemental composition thereof. Additionally, the fractional coordinates and occupation factors of the atoms within the unit cell are extracted with typically very high precision, providing reliable information on the interatomic bond distances, angles and thermal displacements of atoms. Finally, microstructure parameters characterizing the grain size distributions and microstresses in the crystal lattice may also be determined.
�




FeCr: Neutron Diffraction 

Presenter
Presentation Notes
neutron powder diffraction (which is similar to XRD), but with the capability of determining magnetic properties of matter

Red Blue : Low P
Red HOT
Blue COLD


Cyan, Magenta – HIGH P
Cyan - Cold
Magenta- HOT

Green _HIGH P subtraction of Cold minus Hot  (Gives magnetic signal)
Black – Low P  subtraction of Cold minus Hot  (Gives magnetic signal)


Neutron powder diffraction in terms of its principles of operation is similar to X-ray diffraction. Contrary to X-rays, however, which interact primarily with the electron cloud surrounding each atom of a given material, most scattering of neutrons occurs at the atom nuclei, thus providing complementary information not accessible with X-rays.

Physical properties gained
The most common information typically extracted from a neutron powder diffraction experiment includes the symmetry of crystal lattices, the dimensions of the unit cells of the crystal structures and the elemental composition thereof. Additionally, the fractional coordinates and occupation factors of the atoms within the unit cell are extracted with typically very high precision, providing reliable information on the interatomic bond distances, angles and thermal displacements of atoms. Finally, microstructure parameters characterizing the grain size distributions and microstresses in the crystal lattice may also be determined.
�




FeCr: Conclusion 
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Presentation Notes
The was in fact no Linkage Isomerization, which makes us believe that there might be an intrinsic spin-crossover.




 K3Cr(CN)6 

 NiCl2 

 KCl 
 D2O 
 60 °C 
 Peristaltic Pump 

 

NiCr: Synthesis 
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Heat required
Room temperature D2O
Peristaltic pump.

Ni is less reactive with the Cr(CN)6, thus we need to stimulate the reaction. 



NiCr: DFT 
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Density function theory was utilized to simulate the pressure induced effects on the crystal structure of each PBA.




XPS FT-IR 
NiCr: Elemental Analysis 

Ni 2p 

Cr 2p 

O 1s 

N 1s 

C 1s 

K 2p 

K0.42Ni[Cr(CN)6]0.89 

Presenter
Presentation Notes
IR was used to determine the presence of the CN bond and of isomerization.
what info can FT-IR provide?
1) identify unknown materials
2) determine the quality or consistency of a sample
3) determine the amount of components in a mixture
IR spectroscopy is useful in determining chemical structure 


XPS
It was used to determine the chemical composition of the PBAs…to obtain the chemical formula.
Empirical formula of pure materials




NiCr: XRD 
(2,0,0) 

(2,2,0) 

(2,2,2) 

(4,0,0) 

Presenter
Presentation Notes
XRD
Measures average spacing between layers or row of atoms.
Determine orientation of a single crystal or grain.
Find the crystal structure of an unknown material
Measure the size, shape and internal stress of small crystalline regions.


Neutron powder diffraction in terms of its principles of operation is similar to X-ray diffraction. Contrary to X-rays, however, which interact primarily with the electron cloud surrounding each atom of a given material, most scattering of neutrons occurs at the atom nuclei, thus providing complementary information not accessible with X-rays.

The neutron furthermore carries a magnetic moment, which makes it an excellent probe for the determination of magnetic properties of matter.




NiCr: Neutron Diffraction 
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neutron powder diffraction (which is similar to XRD), but with the capability of determining magnetic properties of matter


Neutron powder diffraction in terms of its principles of operation is similar to X-ray diffraction. Contrary to X-rays, however, which interact primarily with the electron cloud surrounding each atom of a given material, most scattering of neutrons occurs at the atom nuclei, thus providing complementary information not accessible with X-rays.

Physical properties gained
The most common information typically extracted from a neutron powder diffraction experiment includes the symmetry of crystal lattices, the dimensions of the unit cells of the crystal structures and the elemental composition thereof. Additionally, the fractional coordinates and occupation factors of the atoms within the unit cell are extracted with typically very high precision, providing reliable information on the interatomic bond distances, angles and thermal displacements of atoms. Finally, microstructure parameters characterizing the grain size distributions and microstresses in the crystal lattice may also be determined.
�




NiCr: Neutron Diffraction 
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neutron powder diffraction (which is similar to XRD), but with the capability of determining magnetic properties of matter


Neutron powder diffraction in terms of its principles of operation is similar to X-ray diffraction. Contrary to X-rays, however, which interact primarily with the electron cloud surrounding each atom of a given material, most scattering of neutrons occurs at the atom nuclei, thus providing complementary information not accessible with X-rays.

Physical properties gained
The most common information typically extracted from a neutron powder diffraction experiment includes the symmetry of crystal lattices, the dimensions of the unit cells of the crystal structures and the elemental composition thereof. Additionally, the fractional coordinates and occupation factors of the atoms within the unit cell are extracted with typically very high precision, providing reliable information on the interatomic bond distances, angles and thermal displacements of atoms. Finally, microstructure parameters characterizing the grain size distributions and microstresses in the crystal lattice may also be determined.
�




NiCr: Polarized Neutron 
Diffraction 

M. Zentkova et al. J. Phys.: Condens. Matter 19 
(2007) 266217. 

More depolarization at HIGH PRESSURE shows presence of 
domains effect. 
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DEPOLARIZATION�It is neutron scattering using a beam of polarised neutrons.
�
Neutrons have a spin.
�
The interaction between this spin and the atomic moments in a sample makes neutrons the unquestioned first choice in studying magnetic ordering.




NiCr: Conclusion 
LI Domain wall 

movement 

Random spin-canting 



 
 No LI in either sample. 

 
 Domain wall movement (NiCr) 

 
 Intrinsic spin-crossover (FeCr) 

 

The Big Kahuna! 
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Presentation Notes
Preliminary results suggest no LI in either sample and domains as the primary effect in Ni-Cr.
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