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Introduction

History of Superconductors
Superconductors are material which exhibit no resistance below a certain 

temperature. Superconductors were discovered in 1911 by Scientist Kamerlingh 
Onnes. superconductivity was first observed in mercury with a critical 
temperature of 4.2 Kelvin.

Applications of Superconductors
Some of the applications of superconductors that are currently being used 

includes: magnetic shielding devices, medical imaging systems, superconducting 
quantum interference devices (SQUIDS), infrared sensors, analog signal 
processing devices, microwave devices, power transmission, superconducting 
magnets in generators, energy storage devices, particle accelerators, levitated 
vehicle transportation, rotating machinery, magnetic separators, Josephson 
devices, MRI imagers, Electric motors, fault-current devices. 

Motivation
The purpose of our experiment was to prepare YBCO and to determine is 
properties by a careful analysis of its x-ray diffraction pattern.

Motivation



Preparation of HTS

High temperature superconductors are prepared using the Solid State 
reaction method. Using this method you follow these four steps: 
step1- mixing the chemicals, step 2- Calcinations,  step 3- the 
intermediate firings, step 4- the final oxygen annealing. This reaction 
takes place at high temperature. After the reaction has taken place, the 
YBCO should be reground to a powder and then pressed into a pellet.



Superconducting Systems
Simple Metals and Alloys

Material Critical Temperature (K)

Titanium (Ti) 0.4 K

Zinc (Zn) 0.85

Aluminum (Al) 1.175

Tantalum (Ta) 4.47

Lead (Pb) 7.2 

NbN 16.0

La3In 18.05

Nb3Ge 16.0

High Temperature Superconductors

Material Critical Temperature (K)

La1.85Ba0.15CuO4 36

YBa2Cu3O7 92

Tl2Ba2Ca2Cu3O10 120

Tl1.8Ba2Ca2.6Cu3O10 255
(at high pressure)



Crystal Structure of YBa2Cu3O6+x

Unlike the original simple 
metals and alloys high 
temperatures superconductors 
such as YBCO have very 
complicated crystal structures.  
We prepared YBCO and 
determined the purity of the 
sample by x-ray diffraction 
methods.  The complicated 
structure produced a intricate 
diffraction pattern.

Taken from  http://imr.chem.binghamton.edu/labs/super/superc.html



X-Ray Diffraction for Structure Determination: 
Lattice Planes

Crystalline solids are 
composed of planes of 
atoms.  If radiation with 
wavelength close to that 
of the spacing between 
the planes scatters off of 
the material waves from 
different planes interfere 
and create an interference 
patter called a diffraction 
pattern.  Since a unique 
structure produces a 
distinct diffraction 
pattern.  X-ray diffraction 
can be used to identify 
the a material.  We show 
the case for NaCl (table 
salt) on the left.
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X-rays generated by electrons 
colliding with a Cu target are 
scattered off of the sample.   
The diffraction pattern is 
obtained by scanning the 
detector over a continuous 
range of angles.  Our 
objective was to determine if 
our synthesized sample was 
YBCO.  The d-spacing can 
be determined from the 
diffraction pattern if the angle 
of a peak and wavelength of 
the radiation are known.

X-Ray Diffraction for Structure Determination:  
Diagrams of Experiment



X-Ray Diffraction for Structure Determination: 
Diffractometer

The upper right shows the x-
ray diffractometer used to 
measure the diffraction 
pattern for your YBCO 
sample.  Note the large water 
cooled Cu x-ray source on the 
left (bottom figure), the 
sample and the detector.  The 
measured x-ray diffraction 
pattern follows.
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The intensity vs. angle is 
shown.  In order to identify 
the compound we found all of 
the peak positions and made 
a table of peak position and 
intensity as a function of 
angel.  Using Braggs Law we 
can obtain the plane 
separation (d).

YBCO X-Ray Diffraction Pattern

Braggs Law

2 d sin (θ) = n λ

For Cu λ = 1.54060 Å (1 A=10-10 m)



Peak Positions from XRD

Taken from  Phys. Rev. Lett. 58, 1676 (1987).



Lattice Parameters Extracted from XRD Pattern

For orthorhomic unit cells such as that for YBCO  
d(h,k,l, a, b, c)  = 1/sqrt[(h/a)2+(k/b)2+(l/c)2] 
By using this formula you can find a, b, c if the 
diffraction peaks have been indexed.   On the right is 
an example of the determination of peak positions 
from the d-spacings.  A more accurate set of values 
can be obtained by fitting the full pattern.

h=0, k=0, l=2
d (h ,k ,l)= 1/[(h/a)2+(k/b)2+(l/c)2]1/2

d(0 0 2)= 1/[(2/c)2]1/2 =c/2 
c=2 d(0 0 2)= 2(5.875)=11.75
c=11.75 Å

d (h k l)=d(0 1 3)= [(1/b)2+(3/c)2]1/2

1/d(0 1 3)2 = (1/b)2+(3/c)2

1/d(0 1 3)2-(9/c)2=1/b2

b=1/[1/d(1 0 3)2-(3/c)2]1/2

=1/[1/2.7592 – 9/11.752]1/2

b= 3.887 Å

d (h k l)= d(2 0 0)=1.915
d(2 0 0)= 1/[(2/a)2]1/2 =a/2 
a= d(2 0 0)*2
a= 3.830 Å



Discussion

10K30K40K55K60K60K93K93KTc

11.771111.760111.751211.74711.728611.727911.706311.6802c

3.87003.87363.87643.87783.88083.88513.88753.8872b

3.85103.84683.84333.84153.83623.83493.82753.8227a

0.380.410.450.480.550.60.730.93x

0.620.590.550.520.450.40.270.07delta

Based on the d(200) peak which is the strongest we estimate the x value for the sample was 
between 0.73 and 0.55.  The sample is possibly mixed phase with some parts of the sample 
having x near 0.55 (Tc ~60k ) and some with x near 0.27 (Tc ~93).   In fact the resistivity
measurements show evidence of percolation or the motion of electrons through a mixed phase 
system.  



We show here a graphic 
of the conduction of 
electrons electron through 
the crystal structure.  
Note that the transport or 
current is highly 
anisotropic.

Taken from  Scientific American, Sept. 1995.
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Summary
The main purpose of the project was to synthesize YBCO and 
ascertain is properties such as the oxygen content by analysis of 
the x-ray diffraction pattern. YBCO has a very complicated 
structure.  Analysis of the XRD pattern revealed that oxygen 
content must be carefully controlled to obtain a single phase 
material.  Precise control of the oxygen pressure is required.  We 
propose to prepare samples under high oxygen pressure next time.


