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Background

 Perovskites 
 Crystals with ABX3 structure

 X – anion

 A – cation

 B – cation

Perovskite Unit Cell (Courtesy of Fu and Itoh)
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Presentation Notes
Ideal unit cells in B-type Perovskites  usually have a CUBIC structure where the:X anions (oxide or halide) form an octahedral structure around the central B ionB cation is located at the body centers (alkali, alkali-earth, rare-earth)A cation is located at the face vertices (transition metal)



Crystal Distortions

 Distortions 
 Jahn-Teller Distortion

 Cation Displacements

 Octahedral Tilts

 Causes
 Size of A and B ions

 State Variables
Courtesy of Dr. Gorman

Presenter
Presentation Notes
Most perovskites exhibit distortions instead of the ideal cubic structure. The major distortions include jahn-teller distortion, cation displacements, and the focus of my project – octahedral tilts. The sizes of the A or B ions are the most important factors in causing distortions, but state variables like temperature, pressure, and entropy also play roles.



Courtesy of Fu and Itoh
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 In this graph, Barium Titanate would have an tetragonal structure around room temperature (293 Kelvin) and undergoes a phase transition into a cubic structure at around 401 K.



Cation Size

 Goldschmidt’s tolerance factor (t)  - ratio of A and B ionic radii that 
describe stability

𝑡𝑡 =
𝑟𝑟𝐴𝐴 +𝑟𝑟0

2(𝑟𝑟𝑏𝑏+𝑟𝑟0)
 >1 = A ion too big or B ion too small = hexagonal

 0.9 – 1 = A and B ions are ideal = cubic

 0.71 – 0.9 = A ion too small = Orthorhombic/Rhombohedral

Courtesy of Mark Levy

CaTiO3 Courtesy of Nick Greeves
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Goldschmidt’s tolerance factor is a ratio between A and B ionic radii that describes stability and distortion of a crystal. (These are the specific t values for which a particular distortion appears). Octahedra usually tilt when the A cation is too small for the AX3 corner sharing octahedral network. The shortened A-X bonds allow the crystal to obtain a lower energy state. Many perovskites do not exhibit the ideal structure as a result of their cation sizes.



Glazer Notation

 Describe octahedral distortion
 Sequence of symbols – axes

 a, a, a – x, y, z

 Identical characters – relative magnitude
 a, a, c

 Superscript – phase of tilt for layers
 0 = no

 + = in phase

 - = anti phase

Courtesy of Rondinelli and Fennie
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First symbol refers to a rotation around x, second symbol…Identical symbols indicate the same amplitude of tiltSo a, a, c would mean that the octahedra rotate with the same magnitude on the x and y axes but differently on the z axisThe superscript indicates no tilt (0), in phase tilt (plus sign), anti phase tilt (minus tilt) for adjacent layersIn a0, a0, c+ the top and bottom layers rotate about their z axes in the same directionIn a-, a-, c0 the top and bottom layers rotate in opposite directions in the x and y directions with no change with respect to the z axis.



Project Goal

 Improve visualization of Perovskite distortions by working in 
Augmented Reality

 3D modeling programs
 VESTA

 SPuDS

 Diamond
Courtesy of SPuDS
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VESTA – Visualization for Electronic and Structural AnalysisSPuDS – Structural Prediction Diagnostic Software 



Unity3D

 Game engine for developing video games
 Language –Javascipt/UnityScript, C#, Boo
 Deployment to VR/AR

 Gear VR (phones)

 HTC Vive

 Oculus Rift

 Windows Hololens

Courtesy of Guido Henkel

Courtesy of Wired

Courtesy of Microsoft
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I used the Unity game engine to model perovskites in 3D. Unity is a software most known for developing video games, but is suitable for my project because of its capabilities of creating simple structures that can be later improved with meshes, textures, for example. Unity implements a modern object-oriented style in which the most basic building blocks – gameobjects – interact with each other through scripts and attached components. Scripts are written in Javascript or UnityScript, C#, or Boo. Apps built in Unity Technical Preview (which is the official name for the Unity software) are compiled and loaded onto a Visual Studio Solution which can be deployed to a variety of Virtual reality or Augmented Reality devices such as the Windows Hololens, which is the device that I am going to be using.



Microsoft 
Hololens
 Augmented Reality

 Spatial mapping, 
gesture/speech/gaze 
recognition

Courtesy of Forbes
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The Hololens is a headmounted device that blends the virtual world with the real world by overlaying realistic hologram-like projections and audio onto the real world hence the description – “augmented reality”. The Hololens implements spatial mapping, gesture/gaze/speech recognition to display the hologram effectively. In this picture, the user is able to pin the menu hologram onto the wall using spatial mapping and simulate a tap gesture with his fingers to select an item on the menu.



Tap (Courtesy of Microsoft) Bloom (Courtesy of Microsoft)

Presenter
Presentation Notes
Gestures are necessary for navigating around the Hololens. The Tap gesture (like so) is for selecting items and the bloom gesture is for returning to the home page.



Adjustable Wheel
Power Button

Battery Level

Volume

Courtesy of Mark Hachman
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Volume, Battery level, power button, adjustable wheel



Pin Demo
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Presentation Notes
The Demo that I have prepared on the Hololens  allows the user to pin a cube on any surface. Here, the user performs a tap gesture to select the cube on the ground. As you can see, white triangle meshes appear to map the room to prepare an appropriate surface for the cube to be placed on. A secondary tap gesture allows the user to deposit the cube. After the cube is pinned, the user can walk around it and observe it. The point of this demo is to show how my crystal program can implement this pinning idea to allow scientists to better interact with the crystal. Please pass this around and try not to exit the demo application.
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This is my Unity program which shows a 2 by 2 SrTiO3 (Strontium Titanate) Perovskite. As you can see in the Inspector window, the user is able to input dimensions for an x by x unit cell crystal, unit length, and X, Y, and Z coordinates for transformation.



Glazer Stereophotographs Notation Unity App Viewed in 
Hololens

a+, b+, c-

a0, b+, c-

a0, b0, c-

a0, b0, c0
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Presentation Notes
The left hand column displays stereophotographs made by Glazer in 1972 explaining his tilt systems. The right column shows the same tilt systems seen through Hololens
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This is another demo with a single perovskite unit cell compared to the 2 by 2 one displayed before in the table. Here, the user is able to tilt the octahedron by x number of degrees with a slider.






Results

 Visualize and manipulate a crystal
 Detect when crystal is being selected (audio)
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In the app, the user is able to manipulate crystal properties such as unit cell length, and tilt angles. Although the audio is turned off, the user should be able to detect when a particular atom is selected when a “Beep” is heard.



Future Goals

 Toolbar – rotation, movement, initiating “octahedral tilt”
 Voice and Spatial Recognition
 Implementation of data
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Although the Hololens can be used to visualize the crystal structure, a toolbar or selection widget would be useful in helping a crystallographer understand the structure. So far, the user can input dimensions for a crystal structure (3 by 3 for example) and a length for scaling the unit cell, but rotating all of the octahedral in whole crystal as opposed to one single unit cell would be helpful. I was also able to get two unit cells to tilt by hardcoding 10 degree tilts in the y and z axes but it would be ideal if I could input real data such as atom coordinates or symmetry operations from a CIF file and observe the results.



Practical Applications

 Solar Cells
 organic-inorganic semiconductors for efficient photovoltaics

 Microelectronics and Telecommunications

Courtesy of Ucilia Wang

Courtesy of Tan, Moghaddam, Lai, et al.
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Ultimately, I hope that I can develop a fully function app in which not only crystallographers can use but also engineers designing more efficient solar cells for example. Perovskites exhibit a wide range of properties such as ferroelectricity, piezoelectricity, superconductivity (superconductive ceramic materials – high temperature),  that can be investigated and optimized especially in the microelectronics and telecommunications field.
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