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Infrocuction

® Superconductivity-
Electrical Resistivity of
Zero

Meissner Effect
Taken from http://faculty.nwacc.edu

® lron based compounds
become superconducting
at certain chemical
compositions
lron Pnticides

Iron Pnticide -CaFe,As,
Taner Yildirum
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Meissner Effect- a superconductor will have a expulsion of a magnet field in its superconducting state. Superconductors expel all magnetic flux

Conventional superconductors follow BCS theory, usually have a critical temperature of under 30 k. microscopic effect by the condensation of pairs of electrons into a boson like state

phonons

Iron based superconductors were discovered in 2008 (iron pnictide) – layers of iron, and pctinide (arsenic) showed promise, different then cuprates

An electric current flowing in a loop of superconducting wire can persist indefinitely with no power source


Motivation

@ Iron Chalcogens have been found
to superconduct

@® FeTe becomes superconducting
with the doping of Se at certain
stoichiometries

Fe,,,Te - monoclinic or
orthorhombic

Fe,., Te, Se,- tetragonal
® Fe(Te,Se) system is
nonconventional

Offer the opportunity to study
chemical composition, magnetism,
and superconductivity

D. Louca, et al., Phys Rev B. 2010, 81
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Non conventioinal super conductors like high tmeperature superconductors, offer the opportunity to study chemical composition, magnetism, and superconductivity, which can help crack the code of non conventional superconductors means of superconductivity

Chalcogen group 16


Fesy(Te;.Se,) phase diagram- What are we

studying?
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Soft Chemisiry Route- lodine used o
remove excess lron

lodine deintercalation to help study the effects of excess
iron

l Fe, ,Te > Fe, o4Te

E. E. Rodriguez, etal., J. Am Chem. Soc. 2010, 132
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Recently publichsed paper shows
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For X-ray diffraction to occur, a source material, such as tungsten filament is heated, which provokes the emission of electrons.  The charged particles or electrons bombard the surface of a metal target, such as Cu, which emits X-rays.  X-rays then hit the surface of the sample, which results in the absorption of some X-rays and the diffraction at certain crystallographic planes within the sample.37  As shown in Figure 1.3 (a), these special planes in the crystalline sample, denoted as hkl, act as pseudo-mirrors, which reflect and scatter the X-rays at special positions within the sample.  The diffracted X-rays then hit a scintillation counter, Geiger counter, or photographic film detector, which is used to intercept the diffracted beams for  electronic measurements.38



Braggs Law 

Figure 1.3. Schematic of a) the X-ray diffraction experiment and b) the derivation of Bragg’s Law, where nλ = 2d sinθ. 

	The relationship between diffracted beams incident with the crystallographic planes and the distance between these adjacent planes can be described using Bragg’s Law of the form:  2d sinθ = nλ, where d is the perpendicular distance between the two planes and θ represents the Bragg angle of diffraction, as shown in Figure 1.3 (b). 37  In order for Bragg’s Law to be satisfied, the diffracted waves must interfere constructively. 



In a powder-diffraction instrument

at a reactor source (Fig. 9), a

monochromatic beam of neutrons impinges

on a powdered sample, and the

neutrons scattered from the sample are

Each Bragg peak in a typical scattering

pattern (Fig. 10) corresponds to diffraction

from atomic planes with a different

interplanar spacing, or value of d.

Many peaks can be recorded simultaneously

by placing detectors at a variety

of scattering angles



X rays intensities fall off with higher 2 theta values, messier background. The reason the peaks don’t occur at the same angle is because they are ocnverted to 2 theta. That factors in the different wavelengths (Cu and Ge). If they were converted to Q spacing they would match up.



neutrons interact directly with the nucleus of the atom, and the contribution to the diffracted intensity is different for each isotope

Interference



Fe Te and Se are good coherent neutron scatterers
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Synthesis — sollid siare methoao

® Calculate the amounts of reactants
(1+y)Fe + (x)Se + (1-x)Te > Fe,, Te; ,Se,
® Solid State Reaction

® Samples are reacted with pure lodine vapor to remove
excess Iron

FejyTeSe, + (y)l, > FeTe,,Se, + Fel,
® Sample washed with methanol to remove Fel,
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Calculate the amounts of the Fe, Se and Te powder for the stoichiometric ratio of Fe1+ySexTe1-x.

The amounts of powder were measured  and transferred to a mortar and pestle and ground up for approximately 10 minutes to thouroughly mix powders together. Then the powders were mixed together 



Talk about ramp rates, and times


Syninesis — new metnods

Horizontal Bridgman Technique “Vertical Bridgman Technique”

@ New procedure for lodine reactions was
devised

Deintercalation of Iron with lodine/Acetonitrile

@ Single crystal growth
Horizontal and “Vertical” Bridgeman Technique

[1]. Taken from stirplates.com
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the expulsion of a foreign atom from some crystal lattice where it has been residing (usually in interstitial spaces)



Bridgman technique- raise temp above melting point of sample, then slowly cool with from one end of the contained where the seed crystal is located. Grows across the container, with a tmeperature graident. Start at one end, and grow across the container


I Y

Afrer Samples Are Prepared...

@ X-Ray Diffraction
@BT-1

® Rietveld Refinement

® Sent for magnetic
measurements
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Gsas expgui

X-Ray Diffraction

Ensure Samples are pure

BT-1

Load Samples into vanadium cans

Load can onto BT-1

Rietveld Refinement

Obtain lattice parameters and occupancies

Sent for magnetic measurements




Rietveld Refinement

® Lattice Parameters
@ Occupancies
® Positions

@ Bond Distances/ Angles

Iron
Selenium

Tellerium

C
a‘i
[ e

623
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Room temperature scans. After reaction with iodine through vapour decomposition, the amount of interstitial iron was almost halfed. 
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Lots of excess iron


Fele, 5, s Neuiron Dara 100k
Quenched 440 C

2500 | | |
1500 ¢ 1 - O Observed
& - i S Calculated| |
§ 200 — Difference
g 1000 -
£ 1500
= 500 r
1000

O " O =S ,/‘«' X ‘ A ‘ SO 453),;«,,,‘
16 18 20 22 24 w
20 (Deg)

Interstitial lron = 5(1) %

Tellurium = 34(7) % 2 0
Selenium = 66(7) % c
Chi2 = 11.5 2 -500
WRp = 28.64% SZ
>. -1000
a=3.8020(1) A %
b = 3.8020(1) A £ -1500 | | | | | | |

0O 20 40 60 80 100 120 140 160
¢ = 5.9902(5) A

20 (Deg)


Presenter
Presentation Notes
Two phases noticable
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Slow Cooled
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Single Crysrals

1.5466 g and 1.2783 ¢
single crystals of
FeTe, ,Se; 5

Deintercalation

Single Crystal diffractions
and inelastic neutron
scattering
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You can see the C plane

You cant see but the other end has a parallel face to the front


@ |, reactions successfully
removed interstitial Fe

@ Higher amounts of Se lowered
amount of interstitial iron

® Slow cooled is the better
method for synthesis of 50:50

@ Will allow us to explore new
parts of the phase diagram




@ Analyze
deintercalation
through acetonitrile
results

® Neutron Studies
FeTe, 4 Se, , after |,
deintercalation

@ Complete phase
diagram

From the film “Avatar”
Avir.com
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