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Abstract
We have developed as part of the X-ray part of the laboratory a lab based on nanomaterials. This experiment involves: a. basic lessons regarding X-rays; b. a specific lesson on nanoparticles and how useful are X-rays in the study of this materials; c. an up-to-date research material. Specifically, we want them to see the interaction of an organic molecule (a liquid crystal) with magnetic nanoparticles. We subdivide the group into two groups of students, each of which does a different sample. During the oral part of the class, the students are asked to a. compare their results; b. comment on what they observed in the interactions; c. make a simple model based on both their results.
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Prerequisite knowledge

This exercise is presented as part of the three-week x-ray portion of the junior materials laboratory. In this laboratory we review Bragg’s law, which they encountered first in the Introduction to Materials course, and how we can determine the position of the peaks using it. The students have learned what is a polycrystalline material, which is usually associated with a powder sample, and the difference between this type of material and a textured or epitaxial material. They have done a Si reference powder1 sample and compared it to the crystallographic tables to look at the intensities and location of the peaks. The do the same with a textured or an epitaxial sample. They look again at the crystallographic tables to compare which peaks are present or absent and how the peak intensity has varied from that obtained with the polycrystalline sample.

After doing the above exercises with known solid materials, we introduce them to a mixture of a liquid crystal and a nanometer sample2, materials they usually will not associate with having an x-ray signal. The nanometer interacts with the liquid crystal and it reorients it depending on how strong a magnetic field one applies. The experiment aims to see the effects of the magnetic nanoparticle on the liquid crystal, so we are looking at the signal originating from the liquid crystal. This signal is in the nanometer range. Therefore this is a nanometer – to – nanometer interaction. In the near future, the instructor plans to have the students prepare the samples they will look out, following the procedure outlined in refs. 2.
The text for the entire experiment, excluding the particular software, is included next. The new part of the experiment is part 4. The students are required to take the radiation safety course as part of this experiment, and that is taken into account in their report (Part III in the experiment). After the experiment is over the students are asked to present and compare their data in an oral and they are asked to make a rough model of what they think is happening. The text for the oral follows the text for the experiment.

Experiment:

Exercise: Xray Diffraction

Faculty contact: Prof. Luz J. Martínez-Miranda

Cu samples and nanoparticles: Dr. Lynn Kurihara, NRL

Location: Lecture: Rm. 239 CHE; Lab: meet in 2304 CHE and proceed to 2215 JMP

Estimated laboratory duration: 6-8 hours

Number of reports: 1

Refs: Handout from Chapter 3 of Materials Science and Eng., by William D. Callister; on article from J. Appl. Phys; One article submitted to Molec. Cryst. Liq. Cryst,

Assigments: Bring a copy Si and Cu “cards” with the angle calculated from the Chemistry Library. 

Please review the goals and steps given here ahead of class.

NOTE: YOU ARE RESPONSIBLE FOR THE CONTENT OF THIS EXERCISE. COME PREPARED TO BEGIN THE EXERCISE PROMPTLY.

I. Goal: 

1. To understand the basic operation of an xray diffractometer.  To be able to describe the method's advantages in the study of materials.

2. To observe several diffraction patterns using this method: 

a. to understand better the concept of Miller indices and diffraction directions

b. to understand how the concepts in part a can be applied in the study of polycrystalline films, epitaxial and single crystal films and textured samples.

4. To understand the principles of sample alignment

3. To be able to distinguish among the following patterns:

a. The difference between a single crystal and polycrystalline (powder) sample

b. The difference between a polycrystalline sample and a textured sample.

c. The pattern for a quasi-ordered organic material.

II. What you will need:

1. Your wam or glue account.

2. Access to an appropriate (or favorite) text editor.

3. EXCEL or any appropriate plotting program, capable of plotting in logarithmic scale.

At the end of this experiment, you will transfer the data to your account(s) in order to finish the analysis of the samples.

II. Procedure:

A. The procedure consists of:

1. A description of the xray diffractometer.

2. Measurement of a Si polycrystalline sample: Identification of peaks, d spacings and relative intensities. 

3. Measurement of a nanocrystalline Cu film identification of peaks, d spacings and relative intensities. 

a. Each group will analyze one sample, prepared using a different processing method.

b. At the end of the exercise, there will be an in-class oral discussion of the similarities and differences between the samples (Oct.5) .

4. Measurement of an organic/nanomaterial sample:

a. Each group will analyze one sample, prepared using a different percentage weight of the magnetic nanoparticle.

b. At the end of the exercise, there will be an in-class oral discussion of the similarities and differences between the samples (Oct. 5).

B. Steps:

1. The Xray diffractometer - summary.

A(n electron) current which excites a target produces an entire xray spectrum corresponding to the atomic structure of the particular target.  In this case, the target is Cu, and the strongest (principal) line is the  which is at 1.54Å. The strongest lines of this "white radiation" spectrum can be separated with the use of a monochromator.  Selection of this line is based on Bragg's law ( = 2dsin) and depends on the structure of the monochromator used. Monochromators are generally made out of Si, Ge, LiF or C (graphite) in increasing order of resolution.

The width (or resolution) of the lines depends on the monochromator used and on the so-called "mosaicity"" of the crystal.  The linewidth determines the degree of resolution one can achieve with the diffractometer. High resolution is useful in the analysis of small strains and/or small changes that occur as a result of a phase transformation.  A lower resolution results in a higher beam intensity, which allows the study of very small samples. In analyzing small samples, one must compromise between intensity and resolution.

The monochromatized beam illuminates the sample.  The diffracted beam is recorded either directly by a detector or with the use of an analyzer crystal.  When an analyzer is used, the detector is oriented at the angle corresponding to the Bragg angle of the crystal used.

2. Measurement of a polycrystals 

2. Measurement of a polycrystalline (powder) Si sample. We will use a Si standard to observe the pattern from a powder sample.

One can use standard to calibrate a particular diffractometer.

For this part, you will need the Si diffraction card for this measurement.

a.  The instructor will mount a sample of Si on the diffractometer and will type the command, using the lowest observable angle as a guide (where can you obtain this?).

In many applications, one is interested in looking at the effects of a variety of parameters on the structure of materials.  In parts 4 and 5, your group will analyze samples where deposition times and mixing concentrations have been varied respectively.  Each group will analyze two samples, one prepared using a specific deposition time, one prepared at a certain mixing concentration.  After the exercise, both groups will compare and discuss their results.

3. Measurement of textured materials: Measurement of a polycrystalline (textured) sample of Cu.

You will need the copy of the Cu diffraction card you looked up at the library.

The instructor will place a polycrystalline sample of Cu in the diffractometer.

a. Based on your card, and with the instructors aid, set up a scan to look at the observable peaks. Do not exceed 80º.  How many peaks do you expect to see? 

b. Mark the positions of the peaks. Compare their relative intensity. How do these intensities compare with that expected from the card.

Important:  Steps a and b are used as part of texture determination in samples. It is important to note that a complete texture determination requires a wider angular range. However, this gives an idea of how this is determined.
4. (New section) Measurement of a liquid crystal – magnetic nanoparticle system varying the % weight of the magnetic nanoparticle

Liquid crystals are used in many applications (watches, windows (we’ll see those in 311), displays). They are also one of the building blocks in biology. Many applications (be it purely engineering or biological require that the liquid crystal rotate under the effect of a magnetic or electric field. Today we will see the effects of a magnetic field. For certain applications, we want to use as small a magnetic or electric field as possible (why?). Liquid crystals are in the order of 3-4 nm in length, which makes nanoparticles an ideal particle to mix with them to get different effects. Today we will see what happens when a particle 2nm in size, mixes with a liquid crystal 3.15nm in length, first with no magnetic field, then with a magnetic field. The scan will be done in what I call the intermediate angle region, which is slightly higher than the small angle region, where many polymers are analyzed.

A sample of octylcyanobiphenyl with 30% wt of Fe52Co48 and with 50 % wt of Fe52Co48  will be studied.

a. First heat the sample slightly (this is done to make sure that it is not under the influence of a magnetic field).

b. Since we do not have a card for this, calculate where will the 3.15 nm peak will lie.

c. Calculate where you would expect the peak for 20nm to lie.

d. Align such that 0.5 of the x-ray can be seen at 2 = 0º (watch the instructor do it).
e. Go to approximately 2 degrees less than the smaller angle (or to 1º if it is smaller) and scan up to 10º.

f. When the scan is finished the instructor will remove the sample and place it in the magnetic field.

g. Repeat steps d – e for this case.

III. Report:
1. Please read the general instructions on the format of the report

2. Your results should include:


a. A table listing the positions (d-spacings) and relative intensity of the Si standard.


b. A table listing the positions (d-spacings) and relative intensity of the Cu sample corresponding to your group.


c. A Figure showing the Cu textured sample diffraction scan


d. A Figure showing the liquid crystal magnetic nanoparticle system diffraction scans together (sample w/o the magnetic field and with the magnetic field).


e. A short discussion on how your group's pattern without the magnetic field differs from the one with the magnetic field.


f. A short discussion of how your group’s patterns (the Cu and the Liquid Crystal magnetic nanoparicle) differs from the other groups.


g. Save your results for the oral presentation.
3. Please include your group with your name.

4. Note: very important. The radiation course will be taken into account for this report and will be good for 1 (out of a possible 10) points.
Results

The results obtained with the 2004-05 class are shown in Figure 1. They are asked to compare the Figures 1a and 1b in the oral, the text of which appears next.
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Figure 1. Results obtained by the 2004-05 groups for the a) 30% wt FeCo (first subgroup) and b) The 50% wt FeCo (second subgroup) in 8CB. Both groups used the same termination compound.
ORAL presentation

Duration: 15minutes (please note) for each group + 5 minutes to answer the combined group questions at the end. I will take approximately 20 minutes to make announcements and to ask the general questions.

What is required:

Before the class:

1. Study the questions as a group, agree on an answer, agree on who will present the questions (you can have everybody answer the questions or have two people present the question, BUT, the other two people will present the question at the next oral AND I will ask who participated and who did not.

2. There will be NO TIME to prepare the questions during the class (note that we have 20 minutes announcements and general questions + 30 minutes presentations + 10 minutes of the general questions + time in between groups, which is about 10 minutes = 70 minutes, for a 75 minute class).

Answer the following questions:

All: 1. Why is it important to use a known polycrystalline sample to align the X-ray machine?

2. What are X-rays good for? What type of materials can X-rays study?

3. Why is d known as the material constant?

The following have been subdivided by recommendation of the 2003-2004 class so that there would be not many repeats. The 2002-2003 class recommended that we do not require the preparation of transparencies, since they preferred to write on the board. The 2003-2004 class did not mind transparencies or powerpoint or the board. I would like to have it normalized, so you decide among yourselves.

Before the class: 

1. Look at the questions in your group, agree on an answer, agree on who will present the questions (you can have everybody present or you can have two or three people present, but the other people will present next time, I will take notes).

2. Remenber, there will be no time to prepare the questions during the class time.

Results from the organic material
Group I (Wednesday):

1. How does the material behave in the absence of a magnetic field? 

2. Is there a peak in the 3.15 nm position? What does that tell you about the sample? Think of a model for this behavior.

3. Calculate the strain percentage,

(dobservered – d3.15nm)/d3.15nm X 100

Do you think that is a large or small strain? Why?

4. What happens when you apply a magnetic field? Is it closer to the 3.15nm peak? How close?

5. If I told you that you that in addition to the % wt we had several sizes of the nanometer particles, how would you proceed (Would you for example test all particles with varying % wt?).

Group II (Monday):

1. How does the material behave in the absence of a magnetic field? 

2. Is there a peak in the 3.15 nm position? What does that tell you about the sample? Think of a model for this behavior.

3. What happens when you apply a magnetic field? How close?

4. Calculate the strain that occurs when you apply the magnetic field:

(dwith the magnetic field- dwithout the magnetic field)/dwithout the magnetic field 

Is it large or small? Why?

5. If I told you that we have the same size particle covered with different organic surface coatings, how would you proceed (would you for example test all the different organic coatings with varying %wt?).

All groups:
1. Compare the results you obtained. 

2. Come up with a simple model that includes both results considering the %wt of the nanoparticles.
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