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� Superconductivity is the loss of all resistance 
to the passage of an electric current in certain 
metals and alloys at low temperatures.  

� In some of the new classes of ceramic 
compounds such as YBa2Cu3O6+x (YBCO), 
superconductivity occurs at significantly 
higher temperatures.



YBCO crystallizes in a 
distorted, oxygen-deficient, 
multi-layered, perovskite
structure. The boundary of 
each layer is defined by 
planes of square planar CuO4
units sharing 4 vertices. The 
planes can some times be 
slightly puckered. 
Perpendicular to these CuO2
planes is CuO4 ribbons 
sharing 2 vertices. The 
yttrium atoms are found 
between the CuO2 planes, 
while the barium atoms are 
found between the CuO4
ribbons and the CuO2 planes. 



� Superconducting Quantum Interference Devices 
(SQUIDs)

� Magnet Shielding
� Nuclear Magnetic Resonance (NMR)

� Magnetic Levitation Trains
� Power Generation 

� Sensors
� Transmission

� Energy Storage



X-ray diffraction  (XRD) is the scattering of x-rays 
as they interact with the periodic atomic 
structure of solid matter. Each crystalline 
compound has a distinct x-ray pattern. The role 
of x-rays in diffraction experiments is based on 
the electromagnetic properties of this form of 
radiation.  X-ray can be considered a light but 
with a very short wavelength.   The wavelength 
is comparable to the inter-atomic distance 
producing a diffraction pattern by interference 
of scattered waves.



There are two main techniques used for finding 
the diffraction patterns of different materials. 

These techniques are: 

SINGLE-CRYSTAL METHODS:

� This is a method in which an x-ray beam is 
focused on a single crystal.

� The primary application of this method is to 
determine the atomic structure, symmetry, 
unit cell dimensions, etc.



POWDER METHODS:

� This is a method in which an x-ray beam is 
focused on a powder sample composed of small 
particles. This method is essential for materials 
that do not form large crystals and it also 
eliminates the problem of the precise 
orientation that is needed in the single-
methods.

� The primary application of this method is for 
mineral identification. It can also be used to 
determine mineral composition along with the 
relative proportions of minerals in a mixture. 



� PROS of XRD:
� The significant 

penetration ability
� During preparation, the 

creation of thin sections 
is often avoidable

� A quick and easy way to  
observe and 
characterized known, as 
well as unknown 
materials

� CONS of XRD:
� The inability to provide real-

space images of the 
material under 
investigation

� The inability to provide 
quantitative compositional 
data obtained by the 
electron microprobe or the 
textural and quantitative 
compositional data 
obtained by the scanning 
electron microscope



� A diffractometer is a measuring instrument 
used to make a diffraction pattern of any 
crystalline solid. With a diffraction pattern an 
observer can identify an unknown mineral, or 
characterize the atomic-scale structure of an 
already identified mineral. The typical 
diffractometer consists of a source of radiation, 
a monochromator to choose the wavelength, 
slits to adjust the shape of the beam, a sample 
and a detector. 



It was derived by the English physicists Sir W. H. 
Bragg and his son Sir W. L. Bragg in 1913 to 
explain why the cleavage faces of crystals appear to 
reflect x-ray beams at certain angles of incidence 
(theta, Θ). They found that substances whose 
macroscopic forms were crystalline, gave 
characteristic patterns of reflected X-radiation. 
These patterns are unlike those produced by 
liquids. This observation is an example of x-ray 
wave interference, or XRD. It was direct evidence of 
the periodic atomic structure of crystals. The 
Braggs were awarded the Nobel Prize in Physics in 
1915 for their work in determining crystal 
structures. 



When certain geometric requirements are met, x-rays 
scattered from a crystalline solid can constructively 
interfere, producing a diffracted beam. Bragg 
recognized a predictable relationship among several 
factors. These factors include:

� The distance between similar atomic planes in a 
mineral, or the d-spacing and measure in 
angstroms

� The angle of diffraction which we call the theta 
angle and measure in degrees (Because the 
diffractometer measures an angle twice that of the 
theta angle, we call the measured angle 2Θ)

� The wavelength of the incident x-radiation 
(Lambda)





� First, you must obtain the correct ratio 
measurements of your starting ingredients, 
(Yttrium Oxide (Y2O3), Barium Carbonate (BaCO3), 
and Copper Oxide (CuO)) in grams.

� Grind  and mix all ingredients together gradually 
with a mortar and pestle. Do this for about 45 min. 
or until mixture is a uniform gray color.

� Heat mixture in alumina boat at a temp. of 950 °C 
for about 16 hours. (Grind and heat – repeat 2 more 
times, 3 time in all).

� When mixture is completely black it can then be 
pressed into a pellet.



PROS of SOLID PHASE 

METHOD:

� This method allows the 
material to be heated to 

the required 
temperature of 950 °C

CONS of SOLID PHASE 

METHOD:

� Large particle size
� The lack of 
reproductively

� The need for long heat 
treatment



� XRD tests are run on YBCO sample
� A print out of a raw data report is provided, 

then organized
� HKL measurements are determined
� C Language Programming is utilized and an 

output of data is generate
� Collected data is made into an graph displaying 

XRD pattern
� All data is combined into a chart, including all 

experimental and calculated data



YBCO XRD Plot
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CALCULATIONSCALCULATIONSCALCULATIONSCALCULATIONS:
d002 = 5.8478 = c/2� c1 = 11.6956 Å

d005 = 2.2339 = c /5� c2 = 11.1695 Å (outlier)

d006 = 1.9474 = c /6� c3 = 11.6844 Å

d003 = 3.8981 = c/3� c4 = 11.6943Å

C AverageC AverageC AverageC Average = 11.69143333 Å
To measure the dispersion of a set of values the method of standard deviation we used.
STANDARD DEVIATION FORMULA:STANDARD DEVIATION FORMULA:STANDARD DEVIATION FORMULA:STANDARD DEVIATION FORMULA:

We applied this formula to each of the c values we calculated. When we were done, these were the values we obtained.
STANDARD DEVIATIONSTANDARD DEVIATIONSTANDARD DEVIATIONSTANDARD DEVIATION:
Original numbersOriginal numbersOriginal numbersOriginal numbers:
11.6956 Å
11.6844 Å
11.6943 Å

0.00003 ÅVariance (Population Standard
Deviation)

0.005 ÅPopulation Standard Deviation

0.00004 ÅVariance (Standard Deviation)

0.00613 ÅSTANDARD DEVIATION

11.69143 ÅMEAN (AVERAGE)

3TOTAL

This basically explains to you that the c axis is equal to 11.69143 Å ± 0.00613 Å.



Oxygen Content from C-Axis

--15405557577090Tc (K)

11.77111.7611.75111.74711.72911.72811.70611.68c

3.873.87363.87643.87783.88083.88513.88753.8872b

3.8513.84683.84333.84153.83623.83493.82753.8227a

0.380.410.450.480.550.600.730.93x

0.620.590.550.520.450.40.270.07δ



Summary

� Bulk sample of YBCO were synthesized by solid 
state reaction

� X-Ray diffraction measurements were used to 
determine the phases present

� No significant impurity levels were observed
� Simulations were used to index all major peaks 

(C-Program written)
� Oxygen content was determined for c-

parameters
� Comparisons with RAMAN and Resistivity 

show that oxygen content was x~0.9
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