
My Summer VacationMy Summer Vacation

VikasVikas
 

BhatiaBhatia
Gaithersburg High SchoolGaithersburg High School

Exploring the Synthesis and Structure of 
Y2-x

 

Cex

 

Ti2
 

O7  Compounds

At NCNR!At NCNR!



OverviewOverview:
•

 
Motivation

•
 
Background

•
 
Solid State Synthesis of Y2-x

 

Cex

 

Ti2

 

O7

 

Compounds

•
 
Characterization using powder X-ray    
diffraction

•
 
Experimental Results

•
 
Conclusions

•
 
Future Directions



PurposePurpose
The main goal was to synthesize the YThe main goal was to synthesize the Y22--xxCeCexxTiTi22OO77 samples samples 
with different concentrations of with different concentrations of CeCe

To determine the effect of To determine the effect of CeCe substitution into structure of the substitution into structure of the 
YY22TiTi22OO77 parent compoundparent compound

Powder XPowder X--ray Diffraction data were measured in order to ray Diffraction data were measured in order to 
characterize the samplescharacterize the samples

Presenter
Presentation Notes
This is the first time that Ce has been doped into the Y2Ti2O7 phase.  Also, several different concentrations have been made (3 samples) but I wanted to synthesize a more thorough set of samples



 We wanted to determine the limit of how much Ce could be doped into the sample



BackgroundBackground
CeO2

 

is used in automobile catalytic converters and has the ability to 
release O2

 

(2 CeO2

 

↔ Ce2

 

O3

 

+ ½

 

O2

 

).  This ability to release O2

 

might 
suggest applications of CeO2

 

as a water oxidation catalyst.

http://en.wikipedia.org/wiki/Solid_oxide_fuel_cell

[hydrocarbons] + O2

 

→ CO2

 

+

 

H2

 

O

Y2

 

Zr2

 

O7

 

has been studied as a possible alternative 
solid oxide electrolyte

Kumar, M.; Raj, I. A.; Pattabiraman, R.; Mater. Chem. Phys. 108 (2008) pp. 102-108.

Presenter
Presentation Notes
Alternative fuel sources has been the target of many research groups with a focus of finding a more renewable energy source. Solid oxide fuel cells allow for electricity to be created in an environmentally friendly way by using hydrogen gas as a fuel. While hydrogen is abundant in water, there are few practical methods of splitting the water to obtain the hydrogen. Using an electrocatalytic material to oxidize and split water could create the desired hydrogen product. CeO2 has the ability to release O2 suggesting that it might have the ability to act as a water oxidation catalyst. The introduction of CeO2 into Y2Ti2O7 may also introduce redox activity, along with increased ionic conductivity. Therefore Y2-xCexTi2O7 samples are of great interest.  



http://upload.wikimedia.org/wikipedia/commons/4/42/Solid_oxide_fuel_cell.svg


The structure of A2

 

B2

 

O7

 

.  
The O2

 

atoms are omitted 
for clarity.

A = Y+3

B = Ti+4 a = 9.74

 

Å
cubic (Fd3-m)

Becker, W.J.;Will, G., Zeitschrift

 

fuer

 

Naturforschung, Teil

 

B. Anorganische

 

Chemie, Organische

 

Chemie

 

24, 1969, pp.

 

259-259

The structure of the oxide pyrochlore

 

(shown above) 
can be denoted as A2

 

B2

 

O7

 

, where the A+3

 

site is 
occupied by a trivalent cation

 

and the B+4

 

site is 
occupied by a transition metal.

A
O2

B

O1

Presenter
Presentation Notes
Rare Earth Elements Cerium and Yttrium

Transition Metal: Ti

Main Group element: Oxygen



•
 

Calculate the amounts of TiO2

 

, Y2

 

O3

 

, and CeO2

 

to be 
weighed out to synthesize the different concentrations of Ce

 into Y2-x Cex Ti2

 

O7

 

(x = 0, 0.05, 0.15, 0.25, 0.5, 0.8, 1, 1.25).

Experimental

2 TiO2

 

+ x CeO2

 

+ ( ) Y2

 

O3 Y2-xCexTi2O72
2 x−



Concentration 
of Cerium

Final Product 
(g)

TiO2

 

(g) Y2

 

O3 (g) CeO2 (g)

x = 0 7 2.907 4.1032 0

x = 0.05 12 3.9385 6.8072 0.2664

x = 0.15 12 4.8729 6.3739 0.7883

x = 0.25 12 4.6624 4.9435 2.5120

x = 0.5 12 4.4945 3.8128 3.8740

x = .8 12 4.4939 3.8113 3.8742

x = 1 12 4.3878 3.1022 4.7283

x = 1.25 12 4.2640 2.2610 5.7428

x = 2 12 3.9280 0 8.4659

Starting Materials for Samples Synthesized

Presenter
Presentation Notes
Y2-xCexTi2O7 powder samples were formed by solid state synthesis. The constituent oxide powders (TiO2, CeO2, and Y2O3) were mixed using a combination of grinding, heating, and pressing the powders into pellets. Approximately 12 grams of the product was made (except for the x = 0 concentration, approximately 7 grams was made), using the equation 2TiO2 + xCeO2 + (2 – x)/ (2) → Y2-xCexTi2O7. Below is a table with the amounts of each oxide mixed to form the samples. 



•

 

Provides activation energy for 
product formation

•

 

Helps mix the reactants
•

 

Aids in sintering pellets

Mix the solution
For every 15 minutes 
grinding = 1 day of heat   

Increases surface reactivity

Aids in reactivity and 
homogeneity of the 

sample

Solid State Reaction or “Shake and Bake”
 

Method
Step 1 Step 2 Step 3

High Temperature Experimental ConsiderationsHigh Temperature Experimental Considerations
• Crucible & Reaction Cell
• Furnace
• Reaction Temperature
• Starting Materials
• Atmosphere
• Growth Conditions
• Product Form



The samples were synthesized using Solid State Reaction
Steps in Conventional Solid State Reaction

1. Select appropriate starting materials
2. Weigh out starting materials

3. Mix starting materials together using mortar and pestle
4.  Overnight Heat at 1173 K 

5. Samples Cooled to Room Temperature (298 K)
6. Samples were re-mixed

7. Samples were Pressed into pellets using a laboratory press
8. Samples were heated to 1523 K –

 

1673 K 
9. Grind product and analyze (x-ray powder diffraction)

10. If reaction incomplete repeat steps 6-8.

Presenter
Presentation Notes
After weighing out these amounts of the constituent oxide powers on an Explorer scale, each one was mixed in a mortar using a pestle for approximately 15 minutes. After the powders were thoroughly mixed they were placed into an aluminum crucible to be heated up to 1173 -1273 degrees Celsius in a Thermolyne 48000 furnace for approximately 15 hours. The samples cooled down for about 4-8 hours until they were around room temperature. Then the samples were all grinded once again with a mortar and pestle for 15 minutes. Then the samples were loaded into a titanium pellet die. The powders were compressed into pellets with a diameter of about 10 mm using a Carver Laboratory Press with about 4.5 metric tons of force. The samples were once again put into an aluminum crucible and heated up to 1523 – 1673 K in a Thermolyne 46100 High Temperature Furnace for about 20 hours (the x = 0, 0.05, 0.15, 0.25, and 0.5 were heated up to 1673 K; the x = 0.8, 1, and 1.25 were heated up to 1623 K; the x = 2 was heated up to 1523 K). The samples were allowed 4-8 hours to cool to room temperature. The samples with more Cerium were observed to have a darker shade of brown than those with less Cerium concentration. Some of the samples required to be grinded and heated several more times until the correct phase was formed (up to two additional heat and grinds). 



X-ray Powder Diffraction was used to determine if the 
sample was in the correct phase

Primary tool for phase analysis 
in solid state materials

Bragg’s Law:  nλ
 

= 2d sin θ

Adapted from: West, A. R., Basic Solid State Chemistry. 2nd

 

ed.; John Wiley 
& Sons: New York, 1999, pp. 134-135.
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n = an integer

 

determined by the order given
λ

 

= the wavelength

 

of X-rays
d = perpendicular spacing

 

between the two planes in the atomic   
lattice

θ

 

= angle

 

between the incident ray and the scattering planes 

Presenter
Presentation Notes
X-rays were taken on a Rigaku X-Ray Diffractometer each time a sample was heated in the High Temperature Furnace to see if the sample was in the correct phase. A small amount of sample was spread onto an x-ray slide (approximately 0.01 grams) and placed into the X-Ray Diffractometer. The x-ray was taken for about 75 minutes with a start angle of 10 degrees and a stop angle of 65 degrees with a Copper wavelength. The x-ray was then compared to calculated x-ray of the cubic phase ofY2Ti2O7. If the x-ray had impurity peaks the heat and grind process continued (there was not enough time to continue the process with the samples with the higher concentration of Cerium). 



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. 





X-ray Powder Diffraction Results
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Conclusions
•

 

The x = 0, 0.05, 0.15, 0.25, and 0.5 samples adopted the cubic Y2

 

Ti2

 

O7

 

parent 
structure type. 

•

 

In the impurities which were due to TiO2

 

and Y2

 

O3

•

 

The x = 0.8, 1, 1.25, and 2 needed additional heat and grinds to

 

reach the right 
phase
Concentration of Cerium Heat Treatments PXRD Majority Phase Impurities

x = 0 1 Cubic None

x = 0.05 1 Cubic Very small amount of Y2O3

x = 0.15 3 Cubic Very small amounts of Y203, 
TiO2, and CeO2

x = 0.25 3 Cubic Very small amounts of Y2O3, 
TiO2, and CeO2

x = 0.5 3 Cubic Small amounts of Y2O3, 
TiO2, and CeO2

x = .8 2 Cubic with many impurities Large amounts of Y2O3, 
TiO2, CeO2

x = 1 1 Cubic with many impurities Large amounts of Y2O3, 
TiO2, CeO2

x = 1.25 1 Cubic with many impurities Very large amounts of Y2O3, 
TiO2, CeO2

x = 2 1 Unknown Unknown



Future Experiments

There are several bits of information that we would like to know

 

about 
the above samples:

•

 

Are there any oxygen deficiencies? Oxygen deficiencies will affect 
the electrocatalytic ability of the compound. 

•

 

Is there a specific site that the Ce

 

atoms prefer to occupy?  This may 
be important in fully understanding the resulting electrocatalytic 
reactivity.

•

 

What is the effect of Ce

 

substitution on bond distances throughout the 
structure?  This will aid in understanding the structural constraints of 
the addition of Ce

 

into this cubic structure.

Next Step: Neutron Powder Diffraction Experiments



Millican, J. N.; et al., In preparation, 2008.

Cu 311 

λ= 1.5403(3)

Previous Neutron Powder Diffraction Experiments on BT1



AccomplishmentsAccomplishments
YY22--xxCeCexxTiTi22OO77 ExperimentExperiment
Powder Cell ProgramPowder Cell Program
Balls and SticksBalls and Sticks
EXPGUIEXPGUI



Powder Cell
•

 
X-ray and Neutron Powder Diffraction modeling
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