KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS

Course: Phys 503

DEPARTMENT OF PHYSICS

INSTRUCTOR’ SSCOORDINATOR’' S REPORT

No. of Sections: 7
Instructor’ s/’Coordinator’s Name: Dr. Abdulaziz M. Al-Jaal
|. STUDENTS

The following information should be supplied based on the FINAL ROSTER of grades issued by

Term: 142

(Please put atick in the parenthesis if copies are attached)

the Registrar:
No. of the studentswho received W 1
No. of the studentswho received ~ WP 0
No. of the studentswho received ~ WF 0
No. of the students who received DN 0
No. of the studentswho received  Z 0
No. of the studentswho received AU 0
No. of the students (excluding the above) who took the Final Examination 0
No. of the students (excluding the above) who missed the Final Examination O
TOTAL 11
Il. RANGE OF EACH LETTER GRADE
Range A+>83 83>A>80.5 | 80.5>B+276| 76>B>70
Range | 70>C+265 65>C260 | 60>D+255 55>D250 50=F
Course overall average: 78.5 % Std. Dev.: 3.6
[11. DISTRIBUTION OF GRADES
A+ | A B+ | B |C+r| C | D+ D F IC QS etoinric,
No. of
sudents, 1 2 4 3 10
% of
0
sudents| 10 | 20 | 40 | 30 100%
GRADE POINT AVERAGE — 4A* +3.75A +35B" +3B +2.5C" +2C+15D" +D _ 345
B A*+A + B*+B+Ct+C+D* -
PLEASE ATTACH FINAL ROSTER OF GRADES.
IV.SAMPLES
Homework assignments ()
Quizzes ()
Examinations ()
Projects ()
Samples of graded student work, including computer assignments W)
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V. *1C" GRADES

Number of students given the“IC” grade: 0.

Attach areport on each “1C” grade providing the following information:
() Student’sID #, Name, Section #, and Instructor’s
Name.

(b) Reason for giving an“I1C” grade.
(c) Preciserequirements for the removal of “I1C” grade, including time and method.

VI. SYLLABUS
A copy of the course syllabus cover ed should be attached.
VIlI. EINAL EXAMINATION

A copy of the final exam should be attached (a copy of the key solution is recommended).
VIII. USE OF COMPUTER IN THE COURSE

Describe the use of computers in the course e.g. description of the problem, software used,
etc.

Students have used computers in data collection, data analysis, reports writing and presentations.

IX. STUDENTS REMARKS (BASED ON COURSE EVALUATION OR OTHER SOURCES).

Please see the next page.

X. INSTRUCTOR’'SREMARKS

1- Thiscourseisdemanding and alot of timeis spent in helping the students to perform their
experiments, advise them in writing their reports and making their presentations. Also, the course
requires grading many reports and attending many presentations. The load for teaching this course
should be counted as 3 graduate course credit hours. Currently it seems the teaching load for this
courseistreated as the load of teaching a physics 101 lab.

2- Some students do not start their experiments at the beginning of the experiment period.

3- Many old reports available to students and some students are copying from these reports. Use
Authenticate to check reports.

XI. RECOMMENDATIONS

1- Theload for teaching this course should be counted as 3 graduate course credit hours.

2- There should be afixed time for attending this lab for all students and for all experiments. This
might solve the problem of starting the experiment on time.

3- Use Authenticate to check reports or give more weight on presentations.
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Students’ comments from course evaluation

Instructor | Students’ Comments

Dwaikat He should come with preparation to distribute his time. It happened in other time he
kept usin the Lab for one hour with no much work and the work in the course for 2
hours or less. In the future, I will not take course with thisinstructor.

Dwaikat We spend 3 weeks with taking any results, so we lost much time that lead to put more
pressure on usto finish al work in one week. Also, he ask us to come more than four
timesin the week.

Dwaikat During the experiment | was not clear till end what we are going to do. After
submission of any report, no one mentioned that we need to calculate, also we speak
irrelevant and get angry.

Faiz Heis helpful, gentle with his students and always try to let his students to learn and
keeps monitoring them. If possible, | would love to take more courses with him in the
future.

Faiz Truly through the experiment cannot be predicted to learn on this topic.

Faiz Heis an excellent instructor, | ever met in this university. He was very much clear,
about the subject experiment. He is very hard work and punctual. His way of teaching
isvery nice. He always concerned about his students understanding. He should be
encouraged by university.

Faiz Dr. Faiz is very nice open mind, always helping, and hard worker and disciplined.

Gondal Very niceinstructor, best in rest of all instructor with whom | did work. Heis very
much responsible in report seeing results evaluations and aso has very good behavior
towards questions. Kindly made to research with him.

Gondal Professor Dr. Gondal is very nice and hard worker, disciplined, always helping.

Harrabi | did not get much knowledge from him. He get angry when | asked him any
questions. We want very quickly through the experiment.

Harrabi This experiment was good for me, instructor was good explaining with the help of
computer slides. Only the lacking work explanation was too fast.

Harrabi Thetopic istoo complicated to be explain and understand physically and
methodically from such short time.

Naqgvi Professor Dr. Nagvi is very hard worker, disciplined, aways helping students.

Ziq He was helpful, gentle with his students and always try to let no learn and keeps
motivates us. In the future, if possible, | would like to take more course with same
instructor.

Ziq Heisanice instructor with good understanding of the subject. Sometimes, he has too

much work load so can give proper time to our graduate lab experiment. Overall heis
very good instructor.
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Grading policy

20% Interactions with your advisor, experimental Assigned by the current experiment
work, and following safety regulations. advisor.
30%+ Report Assigned by the current experiment
advisor.
25% Report Assigned by two other advisors
25% Presentation Assigned by three other advisors
Experiments offered for phys503-142
code Advisor Experiment title

E101 | Dr. Gondd

Laser induced breakdown spectroscopy

Nano materials by laser ablation in liquid

E102 | Dr. Gondd

E205 | Dr. Faiz X-ray photoel ectron spectroscopy
E206 | Dr. Harrabi Hot spots in superconductor strip
E207 | Dr. Ziq Giant magneto-resistance

E208 | Dr. Ziq Transport properties of superconductor
E301 | Dr. Nagvi Prompt gamma activation analysis
E302 | Dr. Nagvi Thermal neutron activation analysis

E303 | Dr. Dwaikat

Gamma spectroscopy

Students' names and their grades

SN | ID Name Total | Grade
1| 200991810 | Mohamed Shemis 745| B
2 | 201304190 | Sadig Al-Buradah 740| B
3| 201402880 | Amar Mohamedkhair | 81.3| A
4| 201403420 | Ibsal Assi 72.2| B
5| 201405000 | Fatai Liadi 809| A
6 | 201405340 | Muhammad Y ounas 79.4| B+
7 | 201407880 | Mohsin Sarwar 83.1| A+
8 | 201408060 | L utfi Surachman 79.2| B+
9 | 201408460 | Zamzam lbnu Sina 79.8| B+
10 | 201409260 | Idris Popoola 80.1| B+

Page 4 of 10




King Fahd University of Petroleum and Minerals
Department of Physics
Physics 503 - Term 142

Memo

Date : 6 Feb. 2015

Subject: Experiment Assignments

Below are your assigned experiments. Please, contact your advisor to set suitable times for
meetings. Your report is due on the last day of the assigned experiment. For example, the report
for the first experiment isdue on 8 Mar. A delay in submitting your report causes a deduction of
5% of your grade per day. Y our presentation will be scheduled within aweek after the due date of

your report.

1D Firstname | Last Name SFS:))(E)g}\/Iar 8MIaErXPf22Apr 12AE;(Pngay
1 | 200991810 | Mohamed | Shemis E102 E207 E302
2 | 201304190 | Sadig Al-Buradah E205 E301 E207
3 | 201402880 | Amar Mohamedkhair E303 E206 E102
4 | 201403420 | Ibsa Assi E303 E205 E208
5 | 201405000 | Fatai Liadi E302 E206 E101
6 | 201405340 | Muhammad | Younas E205 E208 E303
7 | 201407820 | Mujahid Sadagat E208 E303 E205
8 | 201407880 | Mohsin Sarwar E101 E302 E206
9 | 201408060 | Luitfi Surachman E301 E101 E205
10 | 201408460 | Zamzam Ibnu Sina E206 E205 E301
11 | 201409260 | Idris Popoola E207 E102 E206

code | Advisor Experiment title

E101 | Dr. Gondal Laser induced breakdown spectroscopy

E102 | Dr. Gondal Nano materials by laser ablation in liquid

E205 | Dr. Faiz X-ray photoel ectron spectroscopy

E206 | Dr. Harrabi Hot spots in superconductor strip

E207 | Dr. Ziq Giant magnetoresistance

E208 | Dr. Ziq Transport properties of superconductor

E301 | Dr. Nagvi Prompt gamma activation analysis

E302 | Dr. Nagvi Thermal neutron activation analysis

E303 | Dr. Dwaikat Gamma spectroscopy
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King Fahd University of Petroleum and Minerals
Department of Physics
Physics 503 - Term 142

Memo
Date: 24 Feb. 2015
Subject: guidelines for report, presentation and advisor-student interaction

Report

Title page
v Title of the experiment
v' Course nameand term
v" Name of student and | D number
v" Nameof supervisor
v Date of submission
e Tableof contents page

e Abstract page (maximum 1/2 page) 1/25
v" Brief summary of the technique used and main findings.
e Introduction (maximum 2 pages)—— 5/25
v Background including, basic principle and theory, abrief review of
literature.
v Objectives
e Experimental details———(maximum 4 pages) 6/25

v" Description of equipment
v Sample preparation
v" Description of methods used.
¢ Resultsand Discussson———(maximum 6 pages)—— 9/25
v’ States the results of the research.
v' Dataanaysis
v" Discussion of results

e Conclusion (maximum 1/2 page) 1/25

v' Summary of results and main findings.
e References (maximum 1 pages) 1/25
Overall 2/25

Page 6 of 10



Presentation

e Project Title, student’s name, supervisor’'s name

e Presentation Outline

(max 1 dlide)

v Introduction
v" Theoretical Background
v Experimental
v Results and Discussion
v" Conclusion

e Introduction

(max 3 dides)

v" Brief review of the work and literature.
e Theoretical Background

(max 2 dlides)

v Basic principle
e Experimental procedure

(max 3 dides)

v Equipment used
v' Sample fabrication
v Experimental measurement

¢ Resultsand Discussion
v' DataAnalysisand Interpretation

(max 5 dides)

e Conclusion (max 1 dlide)
grades
Subject knowledge 10/25
Correctness of the dlides
Question and answer
Subject understanding
Clarity 6/25
Graphics
Logical sequence of presentation
Delivery 3/25
Eye contact and Body language
L anguage and Sound level
Time management 3/25
Not exceeding the allocated time
Balanced time distribution among topics
overall 3/25
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Advisor-Student Interaction

Punctuality and Meeting deadlines 3/20
Development of experimental skills 8/20

v" Preparation for experiment - reading

v" Participation in doing the experiment

v Checking validity of data

v Keeping the experimental areaclean and in order

v Maintain experimental record
| nter action with Advisor 6/20

v' Attitude and behavior

v' Answering questions

v" Discussing the experimental procedure and results

Ethical Responsibility 2/20
v Reporting his own data
Safety Concern 1/20

v" Wearing proper safety gadgets
v Handling equipment and chemicals properly
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King Fahd University of Petroleum and Minerals
Department of Physics
Phys503 - Term 142

Pr esentations Schedules

Experiment #1
date time Room | Code | ID Name eval-1 eval-2 eval-3
10-Mar | 0400-0435 | 6-209 | E101 | 201407880 | Sarwar Fiaz Naqvi Ziq
10-Mar | 0400-0435 | 6-211 | E205 | 201304190 | Al-Buradah Dwiakat | Gondal | Harrabi
10-Mar | 0445-0520 | 6-209 | E102 | 200991810 | Shemis Fiaz Naqvi Ziq
10-Mar | 0445-0520 | 6-211 | E205 | 201405340 | Younas Dwiakat | Gondal | Harrabi
10-Mar | 0600-0635 | 6-209 | E303 | 201402880 | Mohamedkhair | Fiaz Nagvi Ziq
10-Mar | 0600-0635 | 6-211 | E301 | 201408060 | Surachman Dwiakat | Gondal | Harrabi
12-Mar | 0400-0435 | 6-209 | E207 | 201409260 | Popoola Dwiakat | Gondal | Harrabi
12-Mar | 0400-0435 | 6-211 | E206 | 201408460 | Ibnu Sina Fiaz Naqvi Ziq
12-Mar | 0445-0520 | 6-209 | E208 | 201407820 | Sadaqat Dwiakat | Gondal | Harrabi
12-Mar | 0445-0520 | 6-211 | E303 | 201403420 | Assi Fiaz Naqvi Ziq
12-Mar | 0600-0635 | 6-209 | E302 | 201405000 | Liadi Dwiakat | Gondal | Harrabi
Experiment #2
date time Room ID eval-1 eval-2 eval-3
21-Apr | 0400-0435 | 6-209 | E101 | 201408060 | Surachman Fiaz Naqvi Ziq
21-Apr | 0445-0520 | 6-209 | E102 | 201409260 | Popoola Fiaz Naqvi Ziq
21-Apr | 0400-0435 | 6-211 | E208 | 201405340 | Younas Dwiakat | Gondal | Harrabi
21-Apr | 0445-0520 | 6-211 | E205 | 201408460 | lbnu Sina Dwiakat | Gondal | Harrabi
21-Apr | 0530-0605 | 6-211 | E207 | 200991810 | Shemis Dwiakat | Gondal | Harrabi
23-Apr | 0400-0435 | 6-209 | E206 | 201402880 | Mohamedkhair | Fiaz Naqvi Ziq
23-Apr | 0445-0520 | 6-209 | E206 | 201405000 | Liadi Fiaz Naqvi Ziq
23-Apr | 0400-0435 | 6-211 | E205 | 201403420 | Assi Dwiakat | Gondal | Harrabi
23-Apr | 0445-0520 | 6-211 | E301 | 201304190 | Al-Buradah Dwiakat | Gondal | Harrabi
23-Apr | 0530-0605 | 6-211 | E302 | 201407880 | Sarwar Dwiakat | Gondal | Harrabi
Experiment #3
date time Room ID eval-1 eval-2 eval-3
13-May | 0400-0435 | 6-209 | E101 | 201405000 | Liadi Fiaz Naqvi Ziq
13-May | 0445-0520 | 6-209 | E102 | 201402880 | Mohamedkhair | Fiaz Nagvi Ziq
14-May | 0400-0435 | 6-211 | E205 | 201408060 | Surachman Dwiakat | Gondal | Harrabi
14-May | 0400-0435 | 6-209 | E206 | 201407880 | Sarwar Fiaz Naqvi Ziq
14-May | 0445-0520 | 6-209 | E206 | 201409260 | Popoola Fiaz Naqvi Ziq
13-May | 0400-0435 | 6-211 | E207 | 201304190 | Al-Buradah Dwiakat | Gondal | Harrabi
13-May | 0445-0520 | 6-211 | E208 | 201403420 | Assi Dwiakat | Gondal | Harrabi
13-May | 0530-0605 | 6-211 | E301 | 201408460 | lbnu Sina Dwiakat | Gondal | Harrabi
14-May | 0445-0520 | 6-211 | E302 | 200991810 | Shemis Dwiakat | Gondal | Harrabi
14-May | 0530-0605 | 6-209 | E303 | 201405340 | Younas Fiaz Naqvi Ziq
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Samples of graded student work
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King Fahd University of Petroleum and Minerals
Department of Physics
Phys503 - Term 142

Experiment #1  Work

Student Name : Mohsin Sarwar

Student ID : 201407880
Code : E101
/ Evaluator : Dr. Gondal

Advisor-Student Interaction

grades QOut of
Punctuality and Meeting deadlines ?;, 3
Bevelopment of experimental skills é 8
Interaction with Advisor 6 6
Ethical Responsibility 2 2
Safety Concern ) 1
Total 19 20




King Fahd University of Petroleum and Minerals
Department of Physics
Physics 503 - Term 142

Experiment #1  Talk
Student Name : Mohsin Sarwar

Student ID : 201407880
Code :E101
Evaluator : Dr. Faiz
grades Out of
Subject knowledge

Correctness of the slides
Question and answer
Subject understanding

10

Clarity

Logical sequence of presentation

Delivery
Eye contact and Body language
Language and Sound level

Time management
Not exceeding the allocated time
Balanced time distribution among topics

Graphics L}, 6
2
3
2

overall

25

Total

™
o
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King Fahd University of Petroleum and Minerals

Department of Physics

Physics 503 - Term

Experiment #1

Student Name : Mohsin Sarwar
Student ID : 201407880
Code : E101

Evaluator : Dr. Ziq

142
Talk

grades

Out of

Subject knowledge
Correctness of the slides
Question and answer
Subject understanding

10

Clarity
Graphics
Logical sequence of presentation

Delivery
Eye contact and Body language
Language and Sound level

Time management
Not exceeding the allocated time
Balanced time distribution among topics

overall

Total

AL A i

25




King Fahd University of Petroleum and Minerals
Department of Physics
Physics 503 - Term 142

Experiment #1  Talk

Student Name : Mohsin Sarwar

Student ID : 201407880
Code : E101
Evaluator : Dr. Nagvi

M{mn\ 40/ /i E

grades Out of

Subject knowledge
Correctness of the slides
Question and answer
Subject understanding

10

Clarity
Graphics
Logical sequence of presentation

Delivery
Eye contact and Body language
Language and Sound level

Time management
Not exceeding the allocated time
Balanced time distribution among topics

Py |2 [ | %

overall

25

Total

15

S
\




King Fahd University of Petroleum and Minerals
Department of Physics
Physics 503 - Term 142

Experiment#1  Report

Student Name : Mohsin Sarwar

Student ID : 201407880
Code : E101
Evaluator : Dr. Gondal

grades Out of
Abstract 1
Introduction 5

Experimental details

Results and Discussion

M= A=

Conclusion 1
References 1
Overall 2

Total 7 25
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Abstract

This report is regarding elemental analysis of different samples for learning about the
application and physics of the laser induced breakdown spectroscopy (LIBS). LIBS is one of the
most efficient tool for elemental analysis based on spectral analyses. The spectral lines of
elements were recorded using solid samples y preparing them in the form of pallets containing
Yb the elements Ni, Cr, Co, Br, O and I(,\by identification using standard NIST database. The
calibration curve for detection of nickel was also drawn using standard samples of different
concentrations containing Ni. The dependence of the LIBS signal intensity on the incident laser

energy and time delay between the laser pulse and data acquisition system were also
..-) investigated.



1.0 Introduction

LIBS is one of the best technique that providg distinct spectral lines and characteristics of all
the chemical species present in a test{:Zple. [1-5] A unique property of the LIBS is that samples
do not need to be ﬂuoresctetb}k or Raman active. In this technique one can irradiate any sample
with a laser beam and measure its optical spectrum. The laser beam initiates luminous plasma
from the test sample and the plasma spectrum is the signature of the chemical species present in

the sample.

In this report, the concept of the LIBS and how LIBS system works are discussed and the results
obtained using LIBS technique to detect atomic emission lines of Ni, Cr, Co, Br, K and O are

presented.

1.1 Laser Induced Breakdown Spectroscopy (LIBS)

LIBS is one of the technique of atomic emission spectroscopy (AES) which uses the laser to
generate plasma by thermal vaporization, atomization and excitation of the sample. LIBS can
analyze qualitatively any material irrespective of its ysical state like solid, liquid and gas. The
line wavelengths and intensities are Eﬂ@%%%?;r produced plasma generated from the
sample are identified using standard data base (NIST) qualitatively.

LIBS has the following advantages over the other techniques of atomic emission spectroscopy.
[6-10]

* Very little sample is needed.

* All states of matter can be analyzed, as well as for both conductive and nonconductive
samples.

» No waste is generated as very small amount of sample is ionized.

* Capability in harsh environment by remote analysis.

* Atomization and excitation are done in one step.

* Capable of multi elemental analysis.
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1.2 Nd: YAG Laser

In LIBS Nd: YAG (neodymium doped Yttrium aluminums garnet N d:Y3Als012) solid state laser
is used. Nd is lasing material which replaces 1% of yttrium ion from YAG. This laser has
1064nm wavelength which could be changed using nonlinear crystal to 1/4 (266 nm) of the
actual wavelength. This change in the frequency is done by placing a nonlinear material in the
path of laser, this material is polarized. Dipoles emit electromagnetic radiation of almost the
double of the absorbing frequency due to their vibrations. Mainly there are two types of Nd:
YAG laser one is the continuous wave laser (low energy) and the second is pulsed laser (high
energy). In this experiment we are using pulse laser which is powerful as compared to other

one.

Nd:YAG solid-state laser

Highly Partially
reflective reflective
mirror Flashlamp (pump source) mirror

o — I |

ND: YAG crystal (laser medium)

Optical resonator

L

Figure 1: Schematic diagram of a ND: YAG laser.
1.2.1 Q switching

Principle to generate pulsed laser is the Q switching, it is a technique by which long pulsed
laser can be changed into pulse laser to get more peak power of the laser beam. Laser of pulse
width up to the order of nano seconds can be produced by using Q switching. An electrically
active opaque material is used between the lasing medium and partially reflected mirror. This
shutter is used to attain maximum energy inside the cavity as there is no stimulated emission
during that time. When maximum population inversion occurs in the lasing medium, this
opaque material is taken out to transmit photons, after transmission these photons reflect back
and forth which are then responsible for stimulated emission. When metastable state becomes
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completely empty the opaque material again becomes active. In this way we can get a high

power pulsed laser.
1.2.2 How to control energy of the Pulse

Laser pulse energy can be controlled by Q switch delay. There is specific time for which lasing
material saturated, if we increase or decrease the Hme delay of the opening of shutter,

saturation point cannot be achieved, so energy could be increased or decreased.
1.2.3 How to get the atomic signals from the plasma

In the beginning ionized state signals are in excess because of hot plasma state of elements in
sample, with the passage of time plasma cools, signal of atomic transition can be recorded. So
we adjust the delay in time in ICCD camera to collect the signals in the atomic transition regime

of plasma to avoid the atomic transition.
1.3 Objectives
The objectives of this work are:

* Tolearn about the LIBS technique and its physical principles.

* To record atomic emission lines of different elements such as Ni, Cr, Co, Br, K and O
from the sample containing of these elements,

* To draw the calibration curve of Ni by making pallets of different concentrations of Ni
and corresponding LIBS signals.

* To carry out the parametric dependence of LIBS signal intensity on the incident laser

energy and time delay.
2.0 Experimental details

Pallets of different concentrations containing Ni, Co, Cr, K, Br and O were prepared using
hydraulic press. A pulsed laser emitting at 266 nm wavelength (fourth harmonic of high power
Q Switch Nd: YAG laser) was applied for laser induced breakdown spectra generation. The UV
convex lens of 30 nm was used to focus the laser on the sample. In order to avoid the crater, the

sample was rotated by using X-Y rotatory tube. A miniature lens of focal length 10 mm was




used to collect the spectra data from plasma spark; and it was fixed at the angle of 450 on the
sample to collect the maximum LIBS signals. These signals were fed into 500 mm spectro-graph
with grating groove density of 1200 lines/ mm. The vertical output was connected with the time
gated ICCD camera through a built in delay generator, which was synchronized with the Q

switch of the Nd: YAG laser. The spectrograph was interfaced with the computer to generate
the spectra,

Laser energy was measured using an energy meter (Ophir model300) to study the LIBS signal
dependence on the laser energy.

The LIBS signal intensity was optimized by changing the gate delay and the incident laser
energy.

N

In the emy:ure samples of Ni of known concentration in ppm were prepared. Different LIBS
signals intensity corresponding to the different concentration were recorded, and then after
knowing the LIBS signal intensity of the sample in the unknown sample a calibration curve was

drawn to find the concentration of Ni in our unknown concentration sample,

et
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Beam sphtter

L3
Power meter
o MilBhNe
focusing lens
« xy
trensistor
Collection optics Bfider
optics leas
X Y motion control

Figure 2: Schematic diagram of the experimental set up of pulsed LIBS system at laser research
laboratory, KFUPM

3.0 Results and discussions

The main parameters of the LIBS are followings,which were studied in this experiment.

* The concentration of the element in the sample
¢ The incident laser energy.

o Time delay.
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3.1 Detection of atomic emission spectral lines from mixture of elements in a sample

10

\—7_ Table 1: Atomic emission transition lines of the elements in the sample ;al:‘ggl/ 300-400 nm ’Y’ﬂwﬂ/@

Element Signal Intensity | Wavelength Transition
Lower Level | Upper Level

Crll 6062 3195 Pz P 30
Cul 8276 327.39 =17 Py
Nill 7771 3358 3D, P,
Nil 2601 3391 F 4 Ey
Col 8211 341.7 F g 5/2
Crl 9646 343.6 5G4 5Gs
Nil 8050 346.1 D, F4
Nil 8657 348.3 F, D,
Col 8394 3495 F 3 Gy
Nil 10333 351.0 3D, Py
Nil 8729 356.6 D D,
Col 7984 3587 Fa F o
Nil 6980 359.7 3D, P,
Nil 9841 361.9 D ¥,
Crl 10385 364.8 G, °F,
Crl 8464 375.7 5F, 5Do
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Table 2: Atomic Emission Transition lines of the elements in the sample range-ef 780 nm to 900 'W‘

nm range.
Element LIBS Signal (a.u) Wavelength (nm) Transition
Lower level | Higher level
KI 5867 807.9 2D 4y 2F 5
K1 6213 807.8 Dy, F s
Brl 7484 815.3
Bri 9021 8154
KI 5207 841.7 2D sn P sp
oI 5269 8446 5, D,
KI 5167 850.5 D an F 50
9453

6953

Intensi
2
@

5953

5453

4953
802

812

Bri815.3

Br1815.4

822

832

842

wavelength (nm)

852

Figure 4: Typical LIBS spectrum of K, O and Br in the region of 780-900 nm wavelengths for the

gate delay of 100 ps
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3.2 Calibration curve of Nickel

The calibration curve was drawn by plotting the LIBS signal intensity versus concentration of
nickel for the wavelength of 341.4 nm atomic transition line as shown in figure 5. LIBS signal
intensity is directly proportional to the concentration of the element as is revealed in the fiq.5.
The calibration curve can be used to determine the concentration of nickel from any unknown

sample by recording the LIBS signal intensity.

Table 3: LIBS signal intensities at different concentration of Nickel.

Signal Intensity (a.u) Concentration (ppm)

Y = 0.0179X + 12465
15000 R*=0.9857

:

14000

13500

Signal Intensity (a.u.)
:

12500
18000 38000 58000 78000 98000 118000 138000 158000

el Wavelength (nm)

Figure 5: Calibration curve for the LIBS measurement of Nickel at different concentrations
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3.3 Dependence of the LIBS signal intensity on the time delay

53669
Delay 0 ns
48669 Delay 40 ns
Delay 120 ns
Delay 500 ns
43669 Delay 1000 ns
38669 )
5 33669
2
=
0 28669
k=
23669
18669
13669
8669 S
390 392 394 396 398 400 402
Wavelength (nm)

Figure 6: Dependence of the LIBS signal intensity on the time delay for the element Al in the

rangeef wayelenglh of 370420 nm wmwﬁh W

e —
It is evident from our experiment as shown in the figure 6 that the best time delay was of 500 ns.

At 0 seconds spectrum was so vide because at that moment plasma was very hot and in the
ionized state, but when the time goes on plasma becomes cool and now in this duration, the
LIBS signals lie in the range cold plasma state and emit the atomic transitions. Similarly when
we move too away at the time of 4000 ns LIBS signals become too weak which also non
desirable as excited states have certain fixed life time.

12
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3.4 Laser Energy dependence

The LIBS signal on incident laser energy dependence was also carried out for Al at finger print
on its wavelength of 396.9 nm. The pulsed laser energy was varied in the range of 50m]J to 140
mJ and for each value of laser energy, the LIBS signal intensity was recorded as shown below.
The energy dependence of LIBS signal intensity for Al 396.9 nm line is shown in the figure 7. It
can be noticed that the LIBS signal intensity increases with the increase in the incident laser

energy.

Table 3: LIBS signal intensity at different laser energies

Energy (m]) Intensity (a.u)
50 10282
80 24552
100 42300
140 72080
80000 Y=701.09X - 27547
R?=0.9878

40 60 80 100 120 140 160
Wavelength (nm)

Figure 9: Energy dependence of LIBS signal intensity for Al 396.9 nm
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4.0 Conclusion

In this experiment the LIBS technique was used to detect atomic spectra from the mixture of Ni,
Co, Cr, Br, K and O. Three basic parameters of LIBS have been studied also, which are the
concentration, energy and gate time delay. It was noticed that the best LIBS signal intensity was
found at the delay of 500 ns, the LIBS signal intensity increases with the increase of the
concentration of Ni and LIBS signal intensity increases linearly with the rise in the incident laser

energy.
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ABSTRACT

The pulsed laser ablation in liquid technique was applied to synthesis SiO2 nano-size from SiQ2
micro-size powder dispersed in deionized water (DW). The synthesized material was characterized
using X-Ray diffraction technique (XRD) for crystalline structure, and Field Emission Scanning
Electron microscope (FESEM) to investigate its surface morphology and particle size. The
absorption coefficient of the synthesized SiOz nanoparticles was investigated in the UV-Visible

region. The band gap energy of the synthesized SiO2 nanoparticles was also evaluated from the

Tauc plot which 0.72eV and it agrees with the reported value in often literature.
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1. ODUCTION

1.1 Pulsed laser ablation in liguids (PLA)

The beginning of pulsed laser ablation at the liquid-solid medium was first done by Patil and co-
workers in 1987, they used a pulsed laser to ablate a iron target in water to form iron oxides with
metastable phases .This techniques is known as Liquid Phase Pulsed Laser Ablation (PLAL), here
the solid target is kept under the surface of water and a high energy laser beam is focused onto the
target surface through the liquid. After this work, Ogale protracted the prospect of PLAL for the
surface modulation of metals like nitriding, ccarbiding and metallic oxidation. This pioneering work
started new routes for materials processing depend on the PLAL. Since that time, the PLAL
technique has been used to produce several kind of new materials, such as metal oxides,
nanodiamond , related nanocrystals, nanocrystal alloys metallic nanocrystals.

These studies shows that the PLAL has become a successful method for fabrication of thin films
with different kinds by changing the target and the liquid environment in which the target
immerged. This technique has many advantages compared to the classical physical techniques
(including vapor phase transport [8], chemical vapor deposition [9], and pulsed laser ablation in
vacuum [10]), also chemical techniques (such as hydrothermal techniques [11], soft-template [12]
and use different type of surfactants [13,14]), These advantages include (1) a chemically ‘clean
and simple’ synthesis, the synthesized product is usually obtained without byproducts and no need
for more purification; (2) cheap instruments and easily controlled parameters; (3) the extreme
confined conditions and induced high pressure region which is favors the formation of unusual
metastable phases ,and high temperature.

These advantages provide an opportunity for the designer to merge selected liquids and solid to

synthesize nanostructures with certain functions.

1.2 The principle of pulsed laser ablation in liguids PLAL

In PLAL a high power laser beam is focused on the surface of the solid target immersed under the

surface of the liquid. When the laser beam hits the surface of the target the target surface starts to




evaporate at the point where the laser beam hits, as the temperature is too high due to the inter

action, this evaporation is in the form of an ablation plume, which include species such as ions,
atoms, and clusters, travelling with high kinetic energy. The high energy species in the plume start
colliding with the surrounding liquid molecules and react with them producing a new compound
including atoms from the liquid and the solid target..Due the nanosecond scale and the high
intensity, the pressures and the instantaneous temperatures within the volume of the reaction can
be extremely light. Such high pressure, high temperature, and high density conditions provide a
‘brute force’ method of synthesizing new materials that have hitherto been inaccessible using
milder, more classical method.
Figure:] represents the PLAL process. From the figure it one can notice that the setup consists of
a high energy short pulsed laser source e.g. Nd:YAG , and a lens is used to focus the laser beam
in a small spot on the target. The solid target is placed under the surface of the liquid by few
millimeters. The tiquid and the target are placed in a container that may have a wide opening or a
small window to avoid the splash resulting from the interaction of the laser beam with the target
surface. The laser source is then turned on firing laser pulses toward the on to with a certain energy
and pulse duration causing the ablation [16].
The laser ablation process take place in several steps [17]:

1. The laser beam interacts on the surface of the target make it evaporating with some of the

liquid in the surrounding environment.

o

A chemical reaction take place between the evaporated particles as they are highly excited

energetically and electronically.

3. Theresult from this reaction is nanoparticles composed of atoms from both the target and
the liquid. These nanoparticles are in the form of a suspension in the liquid.

4. The formed nanoparticles are accumulated together forming collides which may

considered as a secondary target for the laser beam if the laser beam are kept running for

too long, which will cause the change in the composition, size, or morphology of the

formed nanoparticles{18].




Second harmonlc generator

Figare I: Schematic disgram of a typical PLAL setup

Formation of nanoparticles using PLAL has the same idea as the laser ablation.of solids in gas or

in vacuum. As in laser ablation in vacuum or gas we can prepare different materials with different
oxidation state and different material ratios we can do the same in PLAL by changing the laser
wave length, pulse duration, laser flounce, and target material [19). The difference between the
laser ablation in liquids and in gas or vacuum is in the plasma expansion process. In gas or vacuum
the plasma can expand freely but in case of liquids the plasma expansion is confined with the
surrounding liquid layers. This liquid layer confinement of the plasma makes the plasma pressure
increase due to the formation of more particles from the target and by increasing the temperature
due to the laser interaction with the target surface novel materials can be prepared. Also the
presence of the liquid around the target during the laser ablation allow some liquid particles (those
surrounding the target) to evaporate as well as the target material so they will be excited as well
and as they all confined by the same volume created by the liquid layers the chemical reaction can
take place easily. Preparing the nanoparticles by PLAL technique is altemative to the well-known
chemical vapor deposition (CVD) method, as it is relative simplicity and the low cost of the
experimental setup. Moreover, the produced nanoparticles are free of any counter-ions or surface-

active substances [7].
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1.3 Nd:YAG lasers

Nd:YAG laser is considered as one of the most commonly used types of laser and it has many

applications. It uses a flash light or a diode laser as an optical pump. It emits light at different wave
lengths, the main one is in the infrared region (UV) with a wave length of 1064 nm. Nd:YAG
lasers operate in two modes:

Continues mode

In the contentious mode the atoms are stimulated by the optical pump and as they release their
energy the laser is emitted, but this one is not as powerful as the pulsed one.

Pulsed mode (Q-switching mode)

In this mode, an optical switch (Q-switch) is placed in the laser cavity of the Nd:YAG lasers. This

switch only opens when the population inversion is maximum in the'\neodymium ions. When it
opens it allows the light to flow in the cavity depopulating the excited lasermedium-at maximum
population inversion. In this Q-switched mode, output powers :_h.f 250 mh%awam and pulse
durations of 10 to 25 nanoseconds have been achieved [21]. A

The high-intensity pulses may be efficiently frequency doubled to generaté Iaser hghi‘@t 532 nm,
or higher harmonics at 355 and 266 nm. n (

Nd:YAG absorbs mostly in the bands between 730-760 nm and 7901820 nm [20'] So inorder to
select a good optical pump, the wave length of the emitted ltght should be taken into

consideration. At low current densities krypton flash lamps have output between 760 and 810 nm,
so it works fine more than the ordinary Xenon lamps for pumping Nd:YAG lasers.

The amount of the neodymium dopant in the material varies according to its use. For continuous
wave output, the doping is significantly lower than for pulsed lasers. The lightly doped continues
wave rods can be optically distinguished by being less colored, almost white, while higher-doped
rods are pink-purplish.

Figure 2: Nd-YAG Laser
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2, EXPERIMENTAL SETUP DETAILS

A high power laser beam from Q switched Nd:YAG laser at 532nm using second harmonic, was
used as a ablation source. The maximum energy of Laser pulse was 450 mJ and power is 2W with
pulse width of 6 ns at repetition rate of 10 Hz. A prism and lens with suitable adjustment was used
to focus the laser beam at the center of target. A magnetic rotator is used to rotate the target. The
rotation protects the surface of target against any crater due to high intensity of laser beam. The
target was placed in a glass vessel and height of water was 2mm above the powder target (50 ml
liquid (hydrogen per oxide). High speed of magnetic stirrer was used in order to prepare a
homogenous solution. Fig. 1 shows the focusing arrangement used in this experiment, and figure

3 shows the practical view of the experiment.

Figure 3. Experimental setup in the Laser




3. SAMPLE ANALYSIS AND CHARACTERIZ A TION

To study the optical properties of nano structured synthesized particles for Si0;, UV-Vis
Spectrophotometer was used to investigate the UV absorption spectrum. The structural
composition and surface morphology is studied by X-ray Diffraction (XRD) and Field Emission
Scanning Electron Microscopy (FESEM) analysis.

3.1 UV-Visible Spectrophotometer for band gap measurement

UV-Vis absorption spectrum was obtained with Spectrophotometer (JASCO-670).H202 was used
as base fluid to make the reference point for the instrument. The sensitivity of UV-Vis
spectrometer in the region of 200 nm to 8000 nm with 601 data points. The data was plotted to
calculate the band gap energy of synthesized material.

3.2 Field Emission Scanning Electron Microscopy (FESEM)

Surface morphology was studied by using Field Emission Scanning Electron Microscope
(FESEM, TESCAN Ultra-High resolution) operating at 20kV and equipped with an X-ray energy
dispersive spectroscope detector (EDS).
3.3 X-ray Diffraction Analysis (XRD)

The X-ray diffraction analysis was performed on X-ray diffractometer (Model D-8, Bruker-axs).
Analysis used the Cu-Ka radiation and was operated at 30 KV. The intensity of the diffracted

rays from the powder sample was recorded versus the angle between the detector and the X-ray,

26°. The X-ray used was the strongest line emitted from Cu-Ka at 1.5406A°.

3.4 Sample Preparation
0.1g of high purity silicon oxide(SiO:) micro-size powder was dispersed in deionized water
(DW) of about 20ml in order to synthesize SiO2 nanoparticles. SiO; powder solution was ablated

by 532nm laser for 40 minutes while it was being stirred by a magnetic stirrer.
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4. RESULTS AND DISCUSSION

4.1 UV-V Spectrophotometer analysis

From the UV-Vis spectrophotometer, we obtained a graph between absorption intensity and the
wave length.

w

e
wn

N

=
w

[

o
n

(=]

Absorption coefficient (a.u)

200 300 400 500 600 700 800 200
Wavelenght (nm)

Figure 4: the UV-Vspectrum of SiOz nano-size

The energy band gap of the SiO; nanoparticles was estimate by Tauc plot. The Tauc equation is
given as (aE)"= A (E — Eg) where A is a constant, a is absorption coefficient, n is equal to 2 for
materials with direct band gap and equals Y for materials with indirect band gap, E is the energy
of the incident photon and Ej is the energy band gap. The silicon has a direct band gap.

Figure 5: shows the plot of (aE)* as a function of E of the light. The band gap energy was
evaluated from the linear part of the curve to the energy axis. The band-gap energy of the SiO:
nanoparticles was found to be 0.72 eV.
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Figure 5: Tauc plot of the synthesized SiO; nanoparticle in deionized H.0




4.2 The X-ray Diffraction analysis

To insure the formation of the SiQz, an x-ray diffraction analysis was calculated. The figure (6)
and (7) show x-ray diffraction pattem of the sample before and after the ablation.
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Figure 6: XRD pattern for $iO; micro-size {before ablation).
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Figure 7: XRD pattern for SiO; nano-size (after ablation)

The broad peak in the XRD pattern for SiO2 confirms the amorphous nature for the silicon. By
comparing between figures (6) & (7), we can observe that the peak for SiO2in micro-size is ranging
from 15°to 25% in 28 angle while the peak is ranging from 15° to 40° in 28 SiO2 nano-size. So we
can conclude that the full width at half maximum (FWHM) for Si02 peak in the final state (nano-
size) is wider than the SiO2 peak in the initial state (micro-size).




4.3 Energy Dispersive Spectrum (EDS)

The EDS analysis of the synthesized SiO; nanoparticle is shown in figure (8). The presence of
silicon and oxygen in the EDS spectrum confirms synthesis of Si0O2.

Figure 8: The EDS analysis of the synthesized SiO; nanoparticle
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4.4 Morphological studies using (FESEM)

In order to study the morphology of the synthesized nanoparticles of Si0; and determined the
particle size we studied the synthesized material using the Field Emission Scanning Electron
Microscope (FESEM). The obtained images from the FESEM presented here in figure (9) which
is present the morphology of the Si0, micro-size and figure (10) for the SiO2 nano-size which is
found around 30 nm.

SEM MY 10 0 kv W 12 61 mm i | LYRAI TE=caN
View fleid: 57.8 pym Dot S
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Figures 9: the morphology of the SiO micro-size

recorded by FESEM,
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Figures 10: the morphology of the Si0: micro-size
recorded by FESEM.
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5. CONCLUSION

Pulsed Laser ablation technique was applied to synthesize the nanoparticles of silicon Oxide from
pure silicon oxide powder of micrometer size using 532 nm wavelength of Nd:YAG Laser with 6
ns pulse width and 250 mJ Laser beam energy in 3% hydrogen peroxide mixture in water as

oxidant. XRD analysis concluded the formation of amorphous nanoscale SiO; material. FESEM

images showed the geometry of new particles. UV-Vis absorption spectrum was used to determine

the band gap energy which resulted as 0.72 eV.
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1.0 ABSTRACT

In this-experiment, I learned the X-ray photoeleciron spectroscopy (XPS) techrtique;-how-to
analyze a sample-fIr e XPS; data analysis, and data interpretation. The investigated sample

is Gadolinium doped polymer in a pellet form; the results showed the presence of Si as

impurity in the sample and the other elements in the sample are Carbon, Nitrogen, Oxygen
and Gadolinium. Hydrogen cannot be detected due to limitations of XPS. We also observed

that an element in different electronic environments can be detected quite accurately in XPS.



2.0 INTRODUCTION TO XPS

The idea of X-ray photoelectron spectroscopy (XPS) is based on famous photoelectric effect
which was explained by Albert Einstein in 1905, for which he got a Nobel Prize in 1921.
Einstein suggested that light is composed of tiny particles called photons, and each photon
has energy. According to the photo electric effect, when light shines on a metal, it takes one
photon to eject one electron from a metal if the energy of the photon is more than the work
function of the electron in the metal. But when the energy of the photon is less than the work
function then no electron is emitted. It does not depend upon the intensity of the light. The
extra energy of photon above the work function shows up as the kinetic energy of the emitted

electron.

Mean free path of an electron is the average distance an electron can travel before in-
elastically scattered by another particle. In solids it is about 3 4 . It is the key parameter that
makes the XPS technique surface sensitive. Since 1950s, X-ray photoelectron spectroscopy
has been developed as a very useful surface characterization techniqu l . In 1960s, Kai
Seighbahn and his research group in Uppsala (Sweden) developed several significant
improvements in XPS. Siegbahn received the Nobel Prize for Physics in 1981, to
acknowledge his extensive efforts to develop XPS into a useful analytical tool [3]. It is
usually used to measure the elemental composition of a surface, empirical formula of pure
materials, elements that contaminate a surface, oxidation state of each element within the
surface, uniformity of elemental composition across the surface and uniformity of elemental
composition across the depth (i.e. depth profiling). Practically XPS detects all elements with
atomic number (Z=3) and above, but usually difficult to detects hydrogen (Z=1) and helium
(Z=2). This is due the following reasons.

1) In a high vacuum system, it is very unlikely that any H or He would be present in the

sample.

2) Very small photo ionization cross-section of H and He due to which we cannot observe

them in the XPS spectrum [4].

XPS is mostly used to study inorganic compounds, metals alloys, semiconductors, polymers,
glasses, ceramics, paints and many others; however non-dry, out gassing, radioactive or
highly magnetic materials can pose serious challenges [5]. XPS uses soft x-rays with photon
energy of 50-2000 eV to examine core-levels as oppose to Ultraviolet Photoelectron

Spectroscopy (UPS) that uses UV radiation to examine valence levels.




2.1 Theory of XPS

According to Einstein relation, the energy of a photon is given as:
E=hv
Where, h= Planck’s constant and v = radiation frequency
The process associated with photo ionization can be explained by the following equation:
A+hv-o AT +¢
Where A is an atom in the sample’s surface. According to the law of conservation of
E(A) + hv = E(A") + E(e)

Where A* shows the atom is ionized after photoelectron emission. Since we have the energy
of the electron to be made up of kinetic energy (KE) alone, the equation above can be

rearranged to give the kinetic energy (KE) of the photoelectron:
KE =hv - {E(A") - E(A)}

The content within the bracket represent the change between the energy of the ionized atom
and the neutral atom, which is commonly known as the binding energy (BE) of the electron.
Therefore, KE =hv - BE

This equation is valid only for the photoelectrons that have not lost energy (elastic electrons)
when leaving the sample. A normal XPS spectrum is a plot of photoelectron current intensity
(Counts/second) versus binding energy (eV). Each element yields a unique set of XPS peaks
at characteristic binding energies that undeviatingly pinpoint each element that exist on the
surface of the material being analysed. Only the elastic electrons contribute to the XPS peaks.
The inelastic electrons (the electrons that have lost energy due to collisions in the sample)
contribute to the background of the XPS spectrum. Moreover, the intensity of the

characteristic peaks is related to the concentration of the element within the surface portion

[6].
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2.2 Objectives
Our goal is to show «RSh_tccl)gique to determine the elemental composition in

the sample (Gadolinium doped polymer) as well as to determi}le:; if t
of XPS in distinguishing different

present or not. Also we want to demonstrate the capabili

electronic environments of an element in the sample.
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3.0 EXPERIMENTAL SETUP

The experimental setup consist of a source of fixed energy radiation, an electron energy
analyser, a ultra-high vacuum chamber, a low-energy electron (flood) gun, and a sputter ion
gun, as shown in Figure 1. The XPS Spectrometer used in this work is of model number
ESCALAB 250xi and is shown in Figure 2.

Flood Gun pump

UHV-chamber
electron-analyzer

sample

X-ray source

Figure 1: A schematic diagram of UHV chamber with other XPS components.



Figure 2: X-ray Photoelectron Spectroscopy Equipment (Model ESCALAB 250xi)

3.1 Vacuum System
Most spectrometers these days are built to operate in the ultra high vacuum (UHV) range of
10° to 107'° mbar, this pressure range is also recommended for XPS for the following

reasomns.

1. At high pressure, the photoelectron has very high tendency to be scattered by residual
gas molecule, which in turn affect the actual spectrum display and in the noise within
the spectrum [7].

2. Gas molecules have a high tendency to stick to sample surface at a pressure of 10

mbar and thus contaminate the sample surface.




' 3. The distance between sample and detector is almost of 1 m. To avoid the photo
electron from collision (hence loosing energy) with the gas molecules for this long
distance, we need UHV.

4. The mean free path is normally in the range of 3A°. £ there is a contamination on the

sample then it will be difficult for the photoelectrafis to come out in sufficient amount

for the XPS spectra.

3.2 X-ray Source

X-rays can be generated by using a high energy electron to bombard an anode (Cr, Fe, Co,
CU, Mo & Ag) material. The energy of X-ray generated is a function of the type of anode
material used. The most generally used x-ray sources are Mg Ka radiation: hvt\253.6ev and

Al Ka radiation: hyA\1486.6ev. In our case, we are using Al Ka.
S5Q0Ce

3.3 Electron Energy Analyser

What electron energy analyser does is to measure the kinetic energy (KE) distribution of
emitted photoelectrons from the sample. There are two types of analyser that are in common
usage; namely -the cylindrical mirror analyser (CMA) and the concentric hemispherical
analyser (CHA). The latter is the most commonly used for high performance XPS
instruments. Since the cornerstone of XPS is spectral resolution, it led to the development of
CHA with sufficient good resolution as oppose to CMA. We are using CHA in our

experiment.

3.4 Sputter Ion Gun

This is used for etching (cleaning) of the sample surface which is achieved by use of argon
ion beam. The ion beam is usually produced by leaking the Argon in the ion gun source
chamber and ionized by electron bombardment. The produced Ar" ions are collected from the
source, focused and accelerated onto the sample surface by arrangement of a set of

electrostatic lenses. In our case we are unable to do etching due to the nature of sample

(polymer).



35 Flood Fun

This is an XPS component that uses low energy electrons (i.e. 0~10 ev) to neutralize
positively charged Insulator or semiconductor sample surfaces. When X-rays strike the
surface of an insulator excess positive charges are left on the surface after emission of
photoelectrons, so there is always need for neutralization. In the case of conducting sample

the ground connection to the sample provides neutralizing electrons.

3.6 The Sample Structure

Following is structure of the Gadolinium doped polymer.

O
NS

Chemical Formula: C42H58GdN11011
Molecular Weight: 1050.23

Atoms in the Gadolinium doped polymer unit cell

C-C 21
C=C 6
C=0 3
C-0 7
C-N 24

Ve - - e
/ Unfortunately, the XPS machine is out of the service due to some technical problems. \

)
Therefore, we could not perform the experiment and were given raw data to analyze as per

3

- the agreement with the course coordinator.



4.0 RESULTS AND DISCUSSION

4.1 Charge Shift Correction
A thin layer of carbonaceous material is usually found on the surface of most air exposed
samples, carbon in this layer is generally known as adventitious carbon [8]. Adventitious

carbon is generally comprised of carbon-carbon bonds [9].

In our case the charge shift in adventitious C 1s binding energy is l.jev, because the actual
binding energy for carbon is 284.8 eV [8], and the spectrum value wds 282.9 eV. As a result
we added l.tV into the spectrum value to make it 284.8 eV. This charge shift in carbon was
used to correct the binding energy of the entire elements in Gadolinium doped polymer

sample before fitting the spectrum.

4.2 Survey Spectra

The purpose of the survey spectra is to give overall information about the elements present in
the sample and their relative abundance. A wide scan of the sample was carried out to have
snap shot of what elements are present in the sample; the survey spectrum obtained is shown

below (Figure 3).
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Fi'gure 3: Survey spectrum of the sample (Gadolinium doped polymer)

From the Survey spectrum we can see that the elements present in the sample are O, C,N Gd
and Si as impurity, while the C 1s is adventitious carbon, due to the exposure of the sample to

moist air and UHV environment.

4.3 Elemental Spectra
From the survey spectra, one determines what elements are present in the sample. Now we
will see all the present elements in the sample one by one in details. The first element is

carbon. The spectra of carbon and its fitted curves are shown in the following figure 4.
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Figure 4: Fitted spectra for carbon

The three fitted peaks shown in the figure 4 shows the three different electronic environments
of carbon. These includes C-C, C-N & C-O and C=C & C=0 peaks from lower to higher
binding energies respectively as mentioned in the figure. We can observe that the intensities
of the three peaks are different. This is in accordance with the given data [9]. The peak

intensities show the ratios between peaks approximately as 1:3:2.

The second element in the survey spectra is Nitrogen. The fitted spectrum for nitrogen is

given in the figure 5.
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Figure 5. Fitted spectra for nitrogen

The nltrogen has only one fitted peak whlch shows that nitrogen has only one electronic

envu'onmem with carbon. The peak mten51ty shows the C-N bonds.

The thir. d element in the survey spectra is oxygen. The fitted Spectrum for oxygen is given in

2 St)e_,u4 ) O1s Scan
2 4OE+°‘ ]

220E4g,
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Binding Energy {eV)

Fi
fre o < Fitted spectra for Oxygen

The Se <=<rum in the figure 6 shows that oxygen has two different electronic environments

Whicky =aw: C-0 and C=0. The peak intensities show the ratio approximately 1:2.
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Figure 7: Fitted spectra for Gadolinium

We can observe that there are four fitted peaks in the spectra. But if we see the sample
structure then we can found that Gd has only two different electronic environments. So,
where these peaks are coming from? These peaks are called multiplet peaks. These peaks are
special property of the some elements like transition metals and lanthanide rare earth
elements. Since Gadolinium belongs to lanthanide rare-earth elements which has ground state
configuration [Xe] 4f'5d'6s>.This shows the f-sub shell is half filled and have unpaired
electron. When an electron from the core electrons left the atom as a result of photoelectric

effect then coupling between these unpaired electron gives these multiplet peaks[10] [11].

Figure 8 shows the fitted spectra of the all the elements present in Gadolinium doped polymer

sample:
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Figure 8: Fitted spectra for the entire element present in Gd doped polymer sample

ret o w&_ﬁwm‘

The spectra of all the elements are explained individually above. Figure 8 shows the overall
comparison of all elements present in the sample in which we fitted the peaks in all elements
to know the area under the peaks. This area is required in order to quantify the elements.

Table 1 below show the fitted data obtained from the Gd doped polymer sample.
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NFWH Area (P Atomi
N
ame Pe‘{BE evx CPS(eV)\ L% ‘\
T~ P J A | N

C1s Scan A 2848 | 158 18413.77 | 22.04
Cis Scan B 2860 | 1.77 2881423 | 34.49
C1s Scan C 2881 | 1.93 6648.85 7.96
Gd4d Scan A 1420 | 2.78 3000.09 0.34
Gd4d Scan B 1485 | 3.37 1977.31 0.22
Gdad Scan C 153.8 | 2.81 1290.19 0.15
Gd4d Scan D 1443 | 337 2924.14 0.33
N1s Scan A 3997 | 1.78 17809.89 | 12.07
O1s Scan A 5314 | 1.87 | 35681683 | 15.33
O1s Scan B 5329 | 1.92 16511.73 7.07

Table 1: XPS fitted data for Gadolinium doped polymer

From the Table 1, there are three (3) different cls peaks with different binding energies,
which implies that they are in different electronic environment. Also we can observe the
atomic percentages of the three Cls peaks are different which are according to the given
values of sample. In the case of nitrogen only one peak has been observed which shows its
electronic bond with carbon. The area under the curve shows its quantification. Oxygen has
two different peaks at two slightly different binding energies which show its two different
electronic environments with carbon single bond carbon and carbon double bond carbon.
Gadolinium has four fitted peaks. These peaks are due to multiplet splitting phenomenon
which has been explained in the preceding paragraph. The data shows that Gadolinium has
very small amount of atomic percentage in the sample which matches the given data. From

these quantification results we can observe the power of XPS.
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5.0 CONCLUSION

In summary, we analyzed Gadolinium dope(a/ Olymer sample using XPS technique. In the

results, we have found that silicon is presept in the sample as an impurity. Also we have
calculated the elemental composition throygh peak intensities by calculating the area under
the peaks. Most importantly we observé that the same elements with different electronic
environments can be detected through XPS quite accurately. These all observations show the

power of XPS technique for elementa/,l/ analysis.
/

/
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Abstract

The current pulse technique has been used to study the destruction of NbTiN superconductivity
with a step bias current in the nanoseconds of range. The increment in bias current above the
critical current I, creates a spot in the superconductivity filament called phase- slip center (PSC)
or hotspot (HS). The appearance of the voltage caused due to this increment of current in NbTiN
strip at 4.0K was measured. The delay time t4 of the nucleation spot decrease as the current

increases was measured. The aforementioned delay time ¢, values were plotted against applied

current to critical current ratio IL and deduec-the heat escape time. \p.J D> J&a\N\ LLC\
c



1.0 Introduction

Superconductivity is an absolute remarkable phenomenon discovered in 1911 by a Dutch
physicist Heike Kamerlingh Onnes with his student in the Leiden laboratory. He found that the
resistance of mercury metal disappeared suddenly below a transition temperature. He also
discovered relatively that small magnetic fields destroy superconductivity and the critical
magnetic field is a function of temperature [1]. In few years after discovery of superconductivity,
an important property of superconductor known as Meissner effect: below the critical
temperature, the magnetic field is expelled from the interior of the superconductor (as shown in
the figure 1 below). This effect will occur only if the magnetic field is very small. Then, if the
magnetic fields become higher, it penetrates the interiors of the material and loses its

superconductivity [2].

8 Non-superconductor

c

[

L=

8]

7]

g

o
I— superconductor
0°K Te

Temperature

Figure 1: shows the relationship between resistance and temperature for non-superconductor
and superconductor, meissner effect

Superconductors are classified into type [ and type Il with regards to their magnetic properties.
Type 1 superconductor exhibits meissner effect, if the magnetic field produces is higher than
critical magnetic field, the superconductivity destroy and the material become normal. Critical
magnetic field is the minimum field applied when material loses its superconductivity. Example
of type [ superconductors are tin, aluminum and lead. While type II superconductors are
generally alloys and they are characterized by a lower critical magnetic field Bc; and upper
critical magnetic field Bc,. The magnetic flux start entering superconductor at B¢ and at B
superconductivity disappeared. Examples of type Il superconductor are Niobium titanium,

Niobium tin,



1.1  Applications

Superconductor has numerous applications such as technological application, civilian and
military application [1]. Among the technological application: superconducting nanowire single-
photon detector (SNSPD). This is based on cooling superconducting wire below critical
temperature and biased with direct current that is close but less than critical current. Critical
current is the minimum current needed to destroy locally superconductivity. When photon
incident on this material which is made typical from approximate 5 nm thick niobium nitride
films, it breaks electron cooper pairs and critical current fall below the bias current. This lead to
formation of a resistive region called Hotspot (HS) across the width of nanowire. This resistive
region then leads to detectable voltage pulse of about 1 nanosecond. Resistance heating caused
by direct current aids the growth of resistive region along the axis of the nanowire until the
current flow is blocked before the resistive region subside and the wire becomes fully
superconducting again [3,4]. This figure below depicts basic operation of superconducting

nanowire single-photon detector (SNSPD).

Figure 2: Shows Superconducting Nanowire Single Photon Detector operations

Niobium-titanium is often chosen because of its superior mechanical properties. It has a
critical magnetic field of 15 Tesla and a critical temperature of 10 K. Among the many
applications: Magnetic Resonance Imaging, Lazer surgery, Mine detonator, Nuclear electric
power plants in remote areas. Also, High temperature superconductor materials can be
superconducting at liquid nitrogen temperatures making possible long distance transmission of

electric power at higher temperatures [1].

1.2 Objective of Experiment

The objective of this experiment is to study the formation of Phase-slip center (PSC) or Hotspot

(HS) in NbTiN superconducting strip.



2.0 Experimental Details

Our NbTiN film, 20 nm thick and 5 ym wide, was deposited at room temperature on
sapphire by DC magnetron sputtering in an argon-nitrogen plasma (STAR-Cryoelectronics, NM,
USA). The final pattern, including two lateral probes, 1 mm apart from one another, plus four
contact pads was obtained by using standard photo-litographic process and ion milling. The
measurements were performed at 4 K on one sample width 3 nm. The critical temperature T, =

8.5 K. The figure 3 below shows the schematic representation of the experiment setup.

Puise _
Generator Wr—
T e e e,

Controller

System
W A O e T,

V tIncident voltage pulse v+ Probe’s volatge

’ ty tN, h—
— vacuum | d
Reflected volatge pulse

Figure 3: Shows the experimental setup used for pulse measurements. It consists of a pulse
generator used to send a pulse, delay line is required to separate the incident pulse (Vi) from
the reflected pulse (Vr), and an oscilloscope is used to measure the voltage and the delay time

td, R represents the appeared resistance of the PSC or HS. The temperature controller is used
to change the substrate temperature

The sample was mounted in the helium cryostat (a device used to maintain low temperature of
samples under investigation) to keep the temperature below critical temperature of the sample
which is 8.5 K. A pulse generator was used to send electrical pulse with pulse duration of 450 ns

at 10 kHz into the sample through a coaxial cable of impedance Z, = 5012 and measuring the

6



voltage response using lateral probes. A delay line was used to separate incident voltage from
reflected one by 240 ns. These incident and reflected voltage response and delay time t, were
measured by fast oscilloscope. The current / passing through the sample is given by

Vi-Vr

I = z

3.0 Results and Discussion

The sample was cooled to 4 K which is lower than the critical ternperature of the sample (8.5 K).
The electrical current pulse was send to the sample through pulse generator. When the current
applied is greater than the critical current, the voltage response start coming up which is the sign
of the formation of Phase-slip center PSC or Hotspot HS on the sample. This voltage response
was taken with fast oscilloscope. Different dissipative mode appeared based on the changes in
current amplitude using attenuator. The delay time ty which is the time required to destroy
superconductivity of the sample was recorded and the values of this delay time ty was reducing
as the applied current I increases. The voltage responses which marks the destruction of the
superconductivity of the sample occur after a delay time t4 for the current amplitude greater than
the critical current I, are shown in the figure 4 below. The critical current I, was calculated to be
2825 mA at4 K.

0.12-
0.10-
0.08- B
=8=[: =28 91 mA
— ly= 29 24 mA
S 0.06- heZessm
> D ety
0.04- o 1y=30.97 mA
=== 31.34 mA
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0.004
| | 1] ] 1] | 1
200 -100 0 100 200 300 400x10°
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Figure 4: Shows Voltage response versus time of sample NbTiN for [ > I at T=4 K
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The saturation voltage response as a function of time as shown in the figure above has been

reported to be characteristic of nucleation of a Phase-slip center PSC [8]. The plot of time delay

t4 against reduced current I/7,, is shown in the figure 5 below.

10‘5-1
[
4

I
1.00 1.06 1.10 1.15 1.20

lilec
Figure 5: Schematic diagram of delay time t; against reduced current I,

The discernment of the phase-slip center from the vortex flow mode by delay time ty is described
by time dependent Ginzburg-Landau (TDGL) equation and it’s simplified to zero dimension.
The time dependent Ginzburg-Landau (TDGL) equaticn is given by [5, 9, 10]:

N (. erdf
td(ﬁ)_fd]o %(#2 —f4+f6

Where 14 is pre-factor of the integral and it was interpreted as the gap of relaxation time, It is
referred to as an adjustable parameter to fit experimental delay time, was found experimentally
to be proportional to the film thickness, and actually to coincide with the cooling time of the film
[5,9, 10,11, 12].



4.0 Conclusion

The electrical current pulse technique has been used to study the voltage response as a
function of delay time of NbTiN strip sample due to applied current exceeding critical current I,
of 28.25 mA. Consequently, further increase in applied current led to transformation of phase-
slip center PSC to hotspot HS which marks complete transition to normal state and voltage

saturation.
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Abstract

The current pulse technique has been used to study the destruction of NbTiN superconductivity
with a step bias current in the nanoseconds of range. The increment in bias current above the
critical current / creates a spot in the superconductivity filament called phase- slip center (PSC)
or hotspot (HS). The appearance of the voltage caused due to this increment of current in NbTiN
strip at 4.0K was measured. The delay time ¢4 of the nucleation spot decrease as the current

increases was measured. The aforementioned delay time t4 values were plotied against applied

- . T .
current to critical current ratio T and deduce the heat escape time.
[



1.0 Introduction

Superconductivity is an absolute remarkable phenomenon discovered in 1911 by a Dutch
physicist Heike Kamerlingh Onnes with his student in the Leiden laboratory. He found that the
resistance of mercury metal disappeared suddenly below a transition temperature. He also
discovered relatively that small magnetic fields destroy superconductivity and the critical
magnetic field is a function of temperature [1]. In few years after discovery of superconductivity,
an important property of superconductor known as Meissner effect;: below the critical
temperature, the magnetic field is expelled from the interior of the superconductor (as shown in
the figure 1 below). This effect will occur only if the magnetic field is very small. Then, if the
magnetic fields become higher, it penetrates the interiors of the material and loses its

superconductivity [2].

Non-superconductor

Resistance

superconductor

Temperature

Figure 1: shows the relationship between resistance and temperature for non-superconductor
and superconductor, meissner effect

Superconductors are classified into type I and type II with regards to their magnetic properties.
Type 1 superconductor exhibits meissner effect, if the magnetic field produces is higher than
critical magnetic field, the superconductivity destroy and the material become normal. Critical
magnetic field is the minimum field applied when material loses its superconductivity. Example
of type [ superconductors are tin, aluminum and lead. While type 1l superconductors are
generally alloys and they are characterized by a lower critical magnetic field B¢, and upper
critical magnetic field B, The magnetic flux start entering superconductor at Be; and at Bg
superconductivity disappeared. Examples of type Il superconductor are Niobium titanium,

Niobium tin.



1.1 Applications

Superconductor has numerous applications such as technological application, civilian and
military application [1]. Among the technological application: superconducting nanowire single-
photon detector (SNSPD). This is based on cooling superconducting wire below critical
temperature and biased with direct current that is close but less than critical current. Critical
current is the minimum current needed to destroy locally superconductivity. When photon
incident on this material which is made typical from approximate 5 nm thick niobium nitride
films, it breaks electron cooper pairs and critical current fall below the bias current. This lead to
formation of a resistive region called Hotspot (HS) across the width of nanowire. This resistive
region then leads to detectable voltage pulse of about 1 nanosecond. Resistance heating caused
by direct current aids the growth of resistive region along the axis of the nanowire until the
current flow is blocked before the resistive region subside and the wire becomes fully
superconducting again [3,4]. This figure below depicts basic operation of superconducting

nanowire single-photon detector (SNSPD).

Figure 2: Shows Superconducting Nanowire Single Photon Detector operations

Niobium-titanium is often chosen because of its superior mechanical properties. It has a
critical magnetic field of 15 Tesla and a critical temperature of 10 K. Among the many
applications: Magnetic Resonance Imaging, Lazer surgery, Mine detonator, Nuclear electric
power plants in remote areas. Also, High temperature superconductor materials can be
superconducting at liquid nitrogen temperatures making possible long distance transmission of

electric power at higher temperatures [1].

1.2 Objective of Experiment

The objective of this experiment is to study the formation of Phase-slip center (PSC) or Hotspot
(HS) in NbTiN superconducting strip.



2.0 Experimental Details

Our NbTiN film, 20 nm thick and 5 um wide, was deposited at room temperature on
sapphire by DC magnetron sputtering in an argon-nitrogen plasma (STAR-Cryoelectronics. NM,
USA). The final pattern, including two lateral probes, 1 mm apart from one another, plus four
contact pads was obtained by using standard photo-litographic process and ion milling. The
measurements were performed at 4 K on one sample width 3 nm. The critical temperature T, =

8.5 K. The figure 3 below shows the schematic representation of the experiment setup.

Pulse |
Generator

e e e

<
|
N

Controller

-.‘q ’ﬂ‘
I

<

+

N

System

V tIncident voltage pulse V¢4 Probe's volatge

l q-t-q-.. ! NZ * g
vacuum t d
Reflected volatge pulse

Figure 3: Shows the experimental setup used for pulse measurements. It consists of a pulse
generator used to send a pulse, delay line is required to separate the incident pulse (Vi) from
the reflected pulse (Vr), and an oscilloscope is used to measure the voltage and the delay time

td. R represents the appeared resistance of the PSC or HS. The temperature controller is used
to change the substrate temperature

The sample was mounted in the helium cryostat (a device used to maintain low temperature of
samples under investigation) to keep the temperature below critical temperature of the sample
which is 8.5 K. A pulse generator was used to send electrical pulse with pulse duration of 450 ns

at 10 kHz into the sample through a coaxial cable of impedance Z, = 5012 and measuring the

6



voltage response using lateral probes. A delay line was used to separate incident voltage from
reflected one by 240 ns. These incident and reflected voltage response and delay time t, were
measured by fast oscilloscope. The current / passing through the sample is given by

Vi-vr
Zo

[ =

3.0 Results and Discussion

The sample was cooled to 4 K which is lower than the critical temperature of the sample (3.5 K).
The electrical current pulse was send to the sample through pulse generator. When the current
applied is greater than the critical current, the voltage response start coming up which is the sign
of the formation of Phase-slip center PSC or Hotspot HS on the sample. This voltage response
was taken with fast oscilloscope. Different dissipative mode appeared based on the changes in
current amplitude using attenuator, The delay time ty which is the time required to destroy
superconductivity of the sample was recorded and the values of this delay time ty was reducing
as the applied current I increases. The voltage responses which marks the destruction of the
superconductivity of the sample occur after a delay time ty for the current amplitude greater than
the critical current I are shown in the figure 4 below. The critical current I. was calculated to be
28.25mA at4 K.

0.12-
0.10 -
0,08+ S igesema
-8—|; = 2891 mA
— Is© 29.24 mA
S 0.06- o hia2093mA
> g
0.04 1 % 1y=30.97 mA
= 31.34 mA
~o~le= 3170 mA
0.02 4
0.00 -
[] | ] ] ] L} I
S

Figure 4: Shows Voltage response versus time of sample N6TiN forI>I.atT=4K



The saturation voltage response as a function of time as shown in the figure above has been
reported to be characteristic of nucleation of a Phase-slip center PSC [8]. The plot of time delay

#4 against reduced current 7, is shown in the figure 5 below.

10 T 1 T
1.00 1.05 1.10 1.16 1.20

e
Figure 5: Schematic diagram of delay time t; against reduced current I,

The discernment of the phase-slip center from the vortex flow mode by delay time t4is described
by time dependent Ginzburg-Landau (TDGL) equation and it's simplified to zero dimension.

The time dependent Ginzburg-Landau (TDGL) equation is given by [5, 9, 10]:

N [ 2f%df
td(E)-raJ; 2%‘(,';)” e ge

Where 7, is pre-factor of the integral and it was interpreted as the gap of relaxation time. It is
referred to as an adjustable parameter to fit experimental delay time, was found experimentally
to be proportional to the film thickness, and actually to coincide with the cooling time of the film
(5,9, 10,11, 12].



4.0 Conclusion

The electrical current pulse technique has been used to study the voltage response as a
function of delay time of NbTiN strip sample due to applied current exceeding critical current I,
of 28.25 mA. Consequently, further increase in applied current led to transformation of phase-
slip center PSC to hotspot HS which marks complete transition to normal state and voltage

saturation.
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ABSTRACT

In this experiment 1 studied the effect of doping on the variation of resistivity with temperature
of Ny.xSrMnO:/samples for two values of x (x = 0.33 and 0.62). The study was carried out by
the four-point probe technique in a closed cycle cryostat. 1 found that variation in doping
proportion greatly has effect on the behaviour of lm The sample x = 0.33 which is
b( ﬁ moderately doped exhibiggdifferent phases such P-F, I-M, MIT transitions phase at suitable
temperature. Whereas, the over-doped sample x = (.62 largely behaves as an insulator material.

onsequently, it can be said that doping proportion is key determinant of the behaviour of the
perovskites structure NSMO samples.
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treatment has forced the sample to have a

1. INTRODUCTION

Scientists have shown great interest in investigating hole-doped mixed manganites which have
manifested rich physics phenomena and their role in important technological applications [1]
Among the exotic physics properties manifested by these complex materials are: colossal
magnetoresistance (CMR) and giant magnetoresistance (GMR), paramagnet-insulator to
ferromagnetic-metal phase transitions with decreasing temperature [1). The interplay between
charge, spin and lattice degrees of freedom are largely responsible for these important properties
{2]). Manganite has been deployed in technologies such as data storage devices, biodetection,
sensor technology and magnetic refrigeration. Manganite compounds are generally R,..A,MnO;,
where R stands for rare-earth elements and A is a divalent alkaline earth metal [1]. Manganite
undergoes a paramagnetic-insulator to ferromagnetic/antiferromagnetic transition when cooled
below the transition temperature. This transition depends on the doping level x [1]). The doping
level x has been found by various researches to be responsible for the determination of the
different phases that can coexist or dominate the structure (e.g., ferromagnet versus
antiferromagnet, metal versus insulator). The room temperature paramagnetic to low temperature
ferromagnetic transition temperature Tc and electrical resistivity p(€2cm) are observed to depend

5 CQ

on the processing conditions. p(f2cm) exhibits a shoulder at T.. Mansour et al had performed
transport and magnetotransport measurements on NdoeSr03;3Mn0O; samples in which they
introduced disorder by ultrafast quenching from 1200°C down to liquid nitrogen temperature in a
fraction of second under ambient pressure. Their transport measurements showed that the peak
temperature of the quenched sample is 299 K while that of the as grown is 256K recording a
shift of 27K to lower temperature. They remarked that this is an indication that the quenching
@temperamre similar to a doping of x = 0.30,
corresponding to a shift to lower doping level in the phase diagram of Nd,., St MnO;. Magnetic
ordering paramagnetic—ferromagnetic (PM-FM) transition is said to induce a structural distortion
which in turn changes the electronic band structure leading to an insulator-to-metal (I-M)
transition and decreased scattering of the charge carriers by the spins during the ordering process
resulting in a resistivity anomaly across the PM to FM transition [4]. Review of literature in this
specific composition range revealed that the effects due to both the transitions [PM-FM, I-M)
overlap [4]. Large magnetoresistance have been reported in the studies of hole-doped manganese
oxide with perovskite structure, Ry.,A;MnOs. It is reported that the deviation of the e; band
filling (n=1-x) from n = 1, or the so called hole doping, causes an insulator-metal transistion [5].

In this experimental work 1 studied the characleristic variatiops of resistivity of NSMO x=0.33
and NSMO x=0.62 with temperature.{The data that are got from the two samples were compared
to understand effects of difference in hole doping proportiofis

2|Page



2. EXPERIMENTAL DETAILS
2.1 Description of equipment

Weighing balance: this was used to measure the constituents samples in the given proportions
for sample preparation.

Mortar and pestle: these were used to pulverize the reactants of the samples in order to have a
fine powdery substance for effective solid reaction.

Hydraulic press: this was used to achieve a pelleted sample after thorough mixing of the
reactants samples in the given proportion by exerting pressure on the mixed pulverized samples.

Evacunation Chamber: the evacuation chamber was used to remove air and moisture from the
quartz tube to prevent possible oxidation of the sample in the tube. Non-reactive argon was also
flushed into the quartz tube at interval to ascertain that the samples remain pure as prepared.

Furnace: the furnace operating at 1200°C was used to sintered the sample.

Vacuum pump: air in the cryostat was evacuated with the aid of the vacuum pump. This is very
important in order to isolate the cryostat from external temperature as a result of possible heat
transfer by convection. The vacuum tube was also used to achieve a very low pressure in the
cryostat,

Cryostat: a cryostat is a device used to maintain low temperatures of samples under
investigation. Low temperatures of the sample are maintained within a cryostat by using different
kinds of refrigeration methods, like fluid bath, such as liquid helium or nitrogen. There are
different types of cryostats such as closed cycle cryostat, continuous flow cryostat, bath cryostat,
multistage cryostat, etc. Closed cycle cryostat was used in this experiment. The close cycle
cryostat consists of a chamber through which cold helium vapour is pumped into the system. It
has an external mechanical refrigerator which extracts the warmer helium exhaust vapour with
the aid of vacuum pump. The extracted helium vapour is cooled and recycled. Closed-cycle
cryostats needs not be refilled with helium and can run continuously for an indefinite period.
Closed cycle cryostat is capable of operating from above room temperature down to
approximately 4K.

Refrigerator: this was used to achieve near helium liquid temperature of about 4K in the
cryostat.

Resistance meter: this measure the resistance of the samples at a set interval of temperature.

Temperature meter: this display the operating temperature of the cryostat at which the
corresponding resistance is being measured. N
ponding 8 A~ m w(m\.




Desktop computer: result of the experiment was display on a Labview programme installed on
the desktop computer.

Figures 1, 2, 3, 4 Ind 5 below are some of the photographs of equipment used for the experiment

Fig 1: Hydraulic Press

ig 3: Furnace

4fPage



Resistance Meter
=

Fig 5: Setup of Equipment for measurement

Qhematie drady vom W5 W_ﬁg
2.2 Sample Preparation bf—’l:"l"p” '& @Oﬂ OQ/* uﬁ_hﬂamv

The standard solid-state reaction method was used in the preparation of the
(where x = 0.33 and 0.62) polycrystalline samples investigated in this study. Stoichiometric
proportions of high purity powder of the omdes-Nd:;Q}_. SrCO;, and MnO; were mixed, pressed "~

into a pellet and calcinated at 1200 °@al,n_w_h Intermediate grinding and mixing in
order to obtain a single phase. The stoichiometric combination of the compounds was performed
by grinding the reactants together in a mortal and carefully transferred into labeled plastic
containers. The uniformly mixed samples were hydrostatically pressed to form pelleted
substances. The small pellets were carefully transferred into a clean quartz tube and sealed after
evacuation. The evacuation was carried out by creating a neck a few centimeters above the
samples and then connects it to vacuum pump, and the tube was flushed with argon at intervals a
few times to remove components of air (like oxygen, moisture, nitrogen, etc.). The tube was
finally sealed, with non-reactive argon, and ready for annealing process. The annealing process
was performed by subjecting the samples, in the evacuated quartz tube, to very high temperature
of 1200°C. The samples were finally sintered at 1200 °C and then cooled slowly.  The
characterization of the samples has been reported by Monsour and Ziq [1]. The samples were
gently extracted from the furnace and put in labeled plastic tubes for further characterization.
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2.3 The Four-Probe Technique

Four-point probe method was used to determine the resistivity of the sample at different

temperatures. The basic principle involve in this technique is the fact that; potential di

DQél"il@acmss two ends of a conductor is proportional to current flowing through a conductor

€r unchanged physical conditions like temperature and mechanical stress (Ohm's law i.e V =

G\ IR, the constant of proportionality, R, is the resistance). At a constant temperature it is also

. known that, the resistance, R, of a conductor is proportional to its length and inversely

proportional to its cross-sectional area (R & L. and R & 1/A), the constant of proportionality is the

resistivity of the material). The resistivity which is an intrinsic property of the materials is used

in the characterisation of materials. The Four-point probe consist of four equally spaced thin

metallic conductors with finite dimension. The tips of each thin conductors is made to contact the

sample surface with the aid of silver paste to ensure firm contact (see Figure 6). A high

impedance current source is used to supply current through the two outer probes, the voltmeter is
connected across the two inner probes.

dc powes Armemetar
wupply —-‘I—-@—

Digtisl
Vahimcecter

Voltage
Prohes

Current Currant
Probe Probe

Fig 6: Schematic Diagram of Four-
probe Technique

The inner probes draw no current because of the high input impedance of the voltmeter in the
circuit and there was no voltage drop at points B and D. The sample was then arranged in a
closed cycle Helium-cryostat, as shown in Figure 4, using vertical orientation. The four-probed
sample Nd,..Sr;MnO; was carefully mounted on the blank sample holder of the closed cycle
cryostat, and each probe was soldered to the appropriate terminals with vertical orientation. The
mechanical pump was opened to evacuate air content from the cryostat and the diffusion pump
was started as well as the compressor after the evacuation pump.The measurements was carried
out with the aid of computer program (Labview). I measured the resistance of the sample
Nd,;.Sr;MnQj5 for the temperature range 285 K to 4K in 200 steps with 0T applied magnetic
fields. The tolerance temperature was set at 0.04K.

—
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3. RESULT AND DISCUSSION

The dimensions of the samples were measured with the aid of digital vernier caliper and
tabulated as shown in table 1 and 2. The length interval between the voltage probes is labelled
Lv. The cross-sectional areas were calculated and the resistance values from the experiments
were converted to resistivities ( 2cm) by the formula RA/L, (where R is resistance, A is cross-
sectional area). The obtained results were plotied against temperature with the aid of Matlab.

Table 1: x=0.33

Average
L, {(mm) 3.10 {0.31cm)
Breadth 0.88 0.96 1.04 0.89 1.11 0.97
(mm) {0.097cm)
Length 3.10 2.80 2.10 1.40 0.40 1.96
(mm) (0.196cm)
Table 2: x=0.62

Average

L, {mm) 3.12 {0.31cm)
Breadth 1.37 1.31 1.35 1.31 1.33 1.33
{mm) {0.13cm)
Length 2.56 2.59 2.54 2.51 2.50 2.54
{mm) {0.25¢cm)

The variations of resistivity as a function of temperature are shown in Figures 7 and 8 for the
doping samples of x = 0.33 and x = 0.62 respectively.
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The x = 0.33 sample exhibits metal-insulator-transition (MIT) at a temperature of 229.7 K with a
maximum resistivity of 0.5017Ccm. Similar result was reported by [6]. The x = 0.62 sample, on
the other hand, shows no distinct metal-insulator transition and has a maximum resistivity of
1397Qcm at a temperature of 6.78K. Apparently the large doping value favors the formation of
the insulating phase over the metallic one, resulting in more significant competition between the
metallic and insulating phases and shifting the metal-insulator transition to lower temperatures,
Hence, the doping variation caused enormous variation in resistivity as a function of
temperature. For a doping of x = 0.33 the sample exhibits a paramagnetic-ferromagnetic
transition at about 200K; whereas no ferromagnetic transition was observed for the sample
x=0.62. Sample x = 0.33 shows ferromagnetic features at a much lower temperature in the
metallic region. Ferromagnetism arises from the alignment of electron spins throughout the solid
[7]. The x = 0.33 sample manifests semiconductor properties at temperature of 236K and above
while the over-doped sample x = 0.62 behaves majorly as an insulator with slight transition
noticed at temperature of 17K. Important fact to be noticed is that the electronic and magnetic
properties critically depend on x in the hole-doped Mn oxide [5] It is well known that for
magnetic perovskites, the doping may significantly change the groundstate of the system [6].
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4. CONCLUSION

)

Variation in doping proportion greatly has effect on the bchavioun:tl':ISMO. The sample x = 0.33
which is moderately doped exhibit different phases such P-F, I-M, MIT transistions phase at
suitable temperature. Whereas, the over-doped sample x = 0.62 largely behaves as an insulator

material. Consequently, it can be said that doping proportion is key determinant of the behaviour
of the perovskites structure NSMO samples.

—
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Abstract
The superconductivity of FeSe,_,As, has been studied for different

/ arsenic concentrations and structures. Three samples used in this study, two
of them were single crystals with different arsenic concentration and the last
was poly-crystal. The arsenic concentration does affect the superconductivity

behavior.



Introduction
Superconductivity is a state in which some materials behave at low temperature, below

the critical temperature, to have zero electrical resistance. It has been first discovered by
Heike Onnes in 1911 in Lieden. Those materials, superconductors, are characterized by
Meissner effect which means the complete ejection of the magnetic field lines away from

the material.

Superconductors are classified into two main categories according to their response to the
applied magnetic field. The first is called type | supper conductors at which the
superconductivity state breaks down totally when the applied magnetic increases above
the critical value H,. The second class is called type 11 superconductors, in this type the
material has two critical field values H.; and H.; when the field exceeds the first value
the material will become partially superconducting with magnetic vortices distributed in

the material. When the field strength passes H,, the superconducting state will be totally

destroyed. Figure 1 summarizes the two classes clearly.i W} 9
(b)

H A (a) H A

normal state

HcZ(T)

normal state

mixed state

superconducting state

Te

superconducting slate

>
T

Figure 1:(a) Type 1 H -T behavior. (b] Type Il H -T behavior ; ]
= =k E : ;
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To measure the resistance behavior at low temperature 4 probe method is Qne’/
~7 appropriate way. Two wires are connected to pass current through the material and the

other two lies in the middle used to measure the voltage difference across the two points.

Using Ohms law we can determine the resistance of the superconducting piece.

V=IR........ (1) Where V is the voltage, | is the current and R is the resistance.

T —
Figure 2 [below shows 4 probe method connections.

/

Figure 2: 4 Probe connection. 2 & 3 are voltage probes. 1& 4 are current probes

S —




Samole Chamber Evacuatian chamber

Resistivity
measuring units

S Vacuum

Pump

N

PC

Figure 3: Experimental Setup for resistivity measurements

The sample can be connected inside the sample chamber as shown in figure 3, then the

—

system closed and vacuum pump starts pumping up to 10~7 mbar to ensure that no
———r .

vacuum between the two chambers to avoid temperature transfer from the surrounding,

After reaching this vacuum, the refrigerator cycle operated to cool the system down up to

ﬁ
4 K and resistivity measurement takes place from room temperature up to 4K.



Sample Preparation
ur samples were lron-based superconductor materials which have the general form

FeSe,_,As;. Two samples have been single crystals with arsenic concentration of 0.01

and 0.04% and the other sample is poly crystal with As concentration 0.01%.

For each sample, at room temperature, the powders of different concentrations have been
grinned mixed together using mortar and pestle, pressed into pellets and sealed in quartz

tubes under partial pressure of argon (20-25%).

All samples were annealed in programmable furnace which was programmed to raise the
temperature from room temperature up to 200 OC at rate 60 °C/ hour at stops at 200 °C
for 24 hours then heats again at same rate to reach 500 °C and then stops for 24 hours and
then after it raised again up to 700 °C at the same rate. Finally, the sample cooled down to
_room temperature and pressed into pellets after mixed together. The following table

shows the concentrations of each sample used.

Sample X 1-x Fe Se As FeSe,_,As,
(grams) (grams) (grams) (grams)
1 001 099 | 04144 - 0.0056 0.5798' 0.9997
2 004 | 096 | 04148 | 0023 | 05627 0.9997
3 (poly) 0.01 0.99 0.4144 0.0056 0.5798 0.9997

Table 1: Three samples and their elemental concentrations.



Experimental Procedure
The samples have been cleaned using sandpaper to ensure that there’s a connection

with the probes. For each sample, we connected the wires (4 probes) with the sample and
then we transferred the sample inside the cryostat and then the sample wires connected
/. from the other side in the chamber. The cryostat then closed and the pump switched on to
evacuate the spacing between the inner chamber and the surrounding to prevent heat
transfer while cooling up to pressure around 10~ 7mbar (took an hour and a half). Then
the refrigerator switched on to cool down the sample. Temperature controlier and
software been adjusted to take measurements along the cooling process from 300 K to 4K

(took almost 3 hours). The resistance-temperature behavior is then appears on the PC

screen,

/

As an extra work, we studied the heating process of 2 samples and compare the
PR et

behavior of R-T curve in both cases. Figure 4 summarizes the experimental procedure.
‘_._._._.—I—'_-_-_-—i—-_ S

Preparing the :> Cleaning the :> Connecting the :> Evacuating the
sample sample chamber
Sample
Run the setup to Cooling the
start <: system
measurements

Figure 4: Experimental Procedure
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Results and Discussion
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emperature behavior at x=0.04 (Polycrystal) cooling and heating

As we see in the last three figures, the behavior of R-T curve is different for each
sample and concentration. For x=0.01single crystal, the resistivity dropped to around 0.07
ohms.cm, while for polycrystal the resistivity reached 0.12 ohms.cm. For the last sample,
at x=0.04, the resistivity got to 0.24 ohms.cm at 4K. So, for lower arsenic concentration

we had lower resistivity at 4K and that due to the effect of arsenic on the

superconductivity of iron-based superconductors.



Conclusion
The superconductivity of Fef?fhave been studied for 3 different

samples, two of them were at x=0.01 but one was single crystal and the other
was polycrystal, the last sample was at x=0.04 single crystal. It has been
found that each sample has its own transition temperature and they reached

different low resistivity at 4K. So, the nic concentration affects the

superconductivity and transition béhavior of the Iron base superconductor.

/
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1 Abstract

Detection of toxic element in water solution is required by many fields.
This report demonstrates the mechanism of PGNAA technique in detecting
and measuring the concentration of nickel contamination in water solution.
Water solution containing 1.2, 2.8, 8.2, and 9.4 wt% of nickel were used to
find the relation between nickel concentration and the nuMi_gt_q_cted
gamma rays. Having this relation, we can approximate the concentration of

nickel in nickel contaminated water solution.



2 Introduction

In performing clemental analysis of bulk sample, Prompt Gamma-ray Neutron Acti-
vation Analysis (PGNAA) has been widely used in many fields such as industrial, envi-
ronmental, medical, civil engincering, and so on. This technique is widely-used-bocaussit-
is a non-destructive method, and the chemical form and shape of the sample are relatively
unimportant. Morcover, in situ analysis might be performed by utilizing portable neutron
gencrator [1].

PGNAA is also commonly used to detect water contamination in many industries such
as petroleum, pharmacy, agriculture, and many others. In this case, PGNAA technique
was used to detect nickel contamination in water. Nickel is mostly used in fabrication of
stainless steel products. Nickel also used in other industrics such as rechargeable batteries,
catalysts, foundry products, ctec.

Most of the time, industrial wastes are in the form of liquid. If this industrial was
arc not treated properly, they may have contaminated ground water. So ¢ snj; oﬂ'oc-ts

having too large uptake quantitics of nickel [2]:

 Higher chances of development of lung cancer, nose cancer, larynx cancer, and

prostatc cancer

Lung cmbolism
¢ Respiratory failure

Birth defeets

Asthma and chronic bronchitis

Heart disorders

Thercfore, nickel concentration levels menitoring in such industrial disposal is required.



Y mdl%"‘j '

PGNAA is performed by continuously radigifng the sample with ncutrons. The con-
stituent clements of the sample will absorb sdme of the ncutrons and emit prompt gamma
rays. The cmitted gamma rays are then measured by the detector which will count the
number of gamma rays and analyze their encrgics.

The analysis relics on unique elemental signatures. Each clement emits a characteristic

OYoes3 -S5<Chiown -
gamma ray encrgy as it returns to its stable state. Each clement also has different tendency

.

to interact with ncutrons. The gamma rays intensity is proportionallthc numbcr of atoms,
¢

which then can be used to caleulate the concentration of an clement in the analyzed

sample. So based on this several consideration we can identify and quantify the clemental

constituents of the sample [3).

Thermal Nucleus Excited Stable Gamma
Neutron Nucleus Nucleus Ray
l | I
| Noo s |
o= I-B-1 @ =7
Il 7~ |
I I

Figurc 1: Schematic representation of gamma rays production in thermal neutron capture

{(TNC) :;aztznsd[:_{]‘. . \-f\"D\"
\{\,t.. The gamma rays production can be achicved via thermal ncutron capture (TNC)
K1 reactions or fast neutron inclastic scattering (NIS) reactions. In this case, thermal neutron
\9‘C0 /mm This method is ideally suited for clement with high cross scetion of
thermal ncutron capture such as mercury, cadmium, boron, ctc [1]. <
The purpose of this experiment is to demonstrate PGNAA capability and mechanism

to measure nickel concentration which is a toxic element in water solution.



3 Experimental Details

The experiments was performed using portable neutron generator type MP320 which
produccs a pulsc beam of 2.5 MeV ncutron. The ncutron is generated through D{(d,n)
rcaction using 70 pA beam of 70 keV deuteron. The deuteron pulse had a width of 5ns
and a frequency of 250Hz. BGO (Bismuth Germanium Oxide) detector with 125 mm
diameter and 125 mm hecight was used to count the gamma rays number and analyze
their energy. BGO detector has high intrinsic efficiency at higher energy and very fast
detection response. Morcover, BGO detector has strong neutron radiation resistance.
However, BGO has poor W energy resolution.
Therefore, BGO is idcal for high encrgy and high ratec gamma ray mecasurcment that

outweighing considerations of cnergy resolution [4].

BGO Detector \

Lead
Shielding

High Density
Polyethylene
Moderator

> 8

Portable Newtron cm.-..:; okew
LS Mev, Zomg

Neatroo Targe! Place /

Sample

Figure 2: Schematic diagram of the experimental setup. The main parts of the sctup consists
of the neutron generator, BGO detector, and polycthylene moderator. Moderator was used to
reduce the neutron cnergy.

Energy resolution is a parameter that indicate the detector capability to differentiate /

two or morc gamma rays whosc cnergy are very close to cach other. This p@oﬁ'fcs of

5 P“’V“")
o ¢ Mgl 5



detector can be scen from the peak of the spectrum. Detectors with good encrgy resolution

have sharp peak whilc the ones with bad energy resolution have broad peak.

Moderator was used to reduce the encrgy of fast neutron (2.5 MeV) to the energy of
thermal neutron (2.5 meV). The moderator was placed adjacent to the ncutron target
planc of the portable ncutron gencrator. The moderator has cylindrical cavity and the
sample was placed inside it. 3 mm thick lead shiclding and 50 mm thick ncutron shielding
arc also used on the surrounding of the gamma ray detector to prevent unwanted gamma
rays and ncutron from reaching the detector. The neutron shiclding was made of a mixture
of paraffin and lithium carbonate mixed in equal weight proportions [5).

The samples used in this experiment can be seen in table I. In this cxperiment, four
water samples containing 1.2, 2.8, 8.2, and 9.4 wt% of nickel were used. These samples
with known concentration were measured and it will be used to obtain rclation between

gamma rays number and the unknown concentration of nickel in the water sample.

Table 1: List of samples information that were used in this cxperiment.

” Number Chemical Solution Molarity (mole) Nickel Concentration (%) ”

1 NiBr 0.2 1.2 f
2 NiBr 0.5 2.8
3 Ni(NOj), 14 8.2
4 Ni(NOy), 1.6 94

The detector was connected to preamplifier to minimize the source of noise and convert
the gamma rays to electrical signal which was send to an amplifier circuit in the control
room. The amplifier circuit increases the power of the signal and an analogue to digital
converter (ADC) converts the signal to digital number that represents the amount of
gamma rays and lincar gate stretcher was used to stretch a gated fast pulsc to slow pulse.
After that,it was connected to multichannel buffer which is connected to the PC where
we can observe and record the data.

In this experiment, five measurements were performed. The first one is measurement

without using any sample to obtain background spectrum, to calibrate the amplifier, and

6



to obtain the relation between channel number and gamma rays encrgy using hydrogen
peak. And then, the measurements with four samples were performed with different
acquisition time for cach samples. The acquisition times were decided spontancously by
obscrving the deviation in the spectra from the PC. When the deviation had reached less

R T =l
than 10 %, the measurcment then was stopped. F

!—-_-_-___—_



4 Results and Discussion

The acquired data that was obscrved in the PC was showing the number of gamma
rays in terms of channcl number. A calibration was nceded to obtain the relation between
channel number and the energy of gamma rays. A calibration was performed by fitting
the peak of known clement to its cnergy. In this experiment, the peak of hydrogen was

used. The hydrogen that was detected came from the polyethylene moderator.

H {2223 keV)
— N-MP320.Lrg -BGO-NIND3.D. 4% v22
100000 - /

"""""" H-MP320.Lrg-BGO-Hi-bkygd.v22
:
2 10000 -
E Pb Peak Sum Paak
é

Bt Peak NI Pi‘k’
1000

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Gamma rays energy (keV)

Figure 3: Prompt gamma-ray experimental pulsc height spectrum from a nickel solution sample.
The background gamma-ray spectrum without the sample is superimposed to compare the
sample influence on the spectrum and also to normalized the spectrum with nickel contamination.

’{
It\w known that the cnergy of hydrogen gamma rays are 2223 keV. From the raw
data it was obscrved that hydrogen peak was located at channel number 112. From
here, we can find the relation between channel number and the gamma rays energy. We

obtained that, 1 channel number = 19.85 eV. Having this relation, all spectrum with

- Poiak— s et

oracgfn



respect to the channel number were converted to spectrum with respect to the energy.
In figure 3, we can sce all clements detected gamma rays spectra. 1t shows that the
clements come not only from the sample but also from the from the detector (Pb, Bi)
and the modcrator. These other peaks that contributing to the spectra are considered as
the background peaks. Background peaks were used to normalized cach of the spectra
because background pcaks do not depend on the existence of the sample. In this case,
the spectra from each sample with different concentration of nickel were normalized and

then compared to each other (figure 4).

5000

v N-MPI20-Lrg-BGO-NIND3-2 8%-v22
= = = N-MPAX-Lrg-BGO-NINDI-B 2%-+v22

assssenes N-MPA20-Lrg-BGO-NiBr-1,2%-v22

§

s NGMPI20-Lrg-BG O NINOI-9. 4% -v22

— N-MPIXNSLrg-BG O NRbkgd-v22

5

Gamma rays counts
g8 &

--------

g

1000 -

7000 7500 8000 8500 5000 9500 10000
Gamma rays energy (keV)

Figure 4: Comparison of prompt gamma rays spectra from cach samples containing 1.2, 2.8,
8.2, and 9.4 wt% nickel and the background (without sample). The arca of interest is between
the cnergy of 7700 keV until 9000 keV where we expected to sce the peak of nickel.

Our purpose here is to find the relation between the counts of gamma rays and the

- —— .

concentration of the nickel. It is known that the peaks of nickel can be found at cnergy

9



about 8.5 McV and 8.9 McV. Because BGO detector was used in this experiment, which
has bad encrgy resolution at high energy, these peaks of nickel cannot be clearly obscrved.
Thercfore, an arca of interest between 7.7 McV until 9 McV was chosen to obscrve the
sample influences to the spectra in this arca.

In figure 4, we can see the difference spectra of nickel peaks for sample prepared
with 1.2, 2.8, 8.2, and 9.4 wt% nickel concentration. The background spectrum is also
superimposed to normalized each spectrum with nickel contamination. The total number
of gamma rays in our arca of interest is increasing when we have more nickel contamination

in the sample.

19000 -

y=1010.25+6119.2
R'=0.8971

17000 -

15000

+ Experimental Data

Gamma-Rays counts
bt

9000 -
| —Linear (Experimental Data)
7000 |
| *
5000
3000
1000 + e — N — ———— - —
[+} 1 2 3 [ 5 -} 7 8 a 10

Weight Percentage (%)

Figurc 5: Relation between total number of prompt gamma rays of the spectra with sample in
our arca of interest and the nickel concentration in the sample. The total number of prompt
gamma rays here were generated by subtracting the background contribution from cach of the
speetra. The lincar fitting was used for approximating the concentration of nickel when the
number of prompt gamma rays is known.

The relation between the total number of prompt gamma rays and the nickel concen-
tration then was plotted (5). Linear fitting was also shown in the figure to approximate

nickel concentration when the number of prompt gamma ray is known.
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5 Conclusions

PGNAA technique has been used to find the relation between nickel concentration in
water solution and the gamma rays number detected by BGO detector. The measurements
were carried out with water samples containing 1.2, 2.8, 8.2 and 9.4 wt% of nickel.

It was found that higher concentration of nickel resulting more number of gamma rays
were detected. The mathematical relation between nickel concentration and gamma rays

number is approximated by linear fitting of the experimental data.

11
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Abstract
High energy capture gamma rays (2-9 MeV) induced from 7.5, 11.4 and 16 % weight ratio of

Cr/H;0 samples were tested. A portable pulsed neutron generator and a high density

polyethylene moderator were used to produce thermal neutrons. A bismuth germinate

BisGe30;2, (BGO) detector was used to detect the induced prompt gamma rays. Four

chromium peaks at energies of 6646, 7100, 7274 and 7938 keV were observed in the

e —
spectrum. The integrated intensity of these four-peaks plotted versus gamma ray energy,
which is known as the calibration curvc;:,xTi'le energy resolution was then computed for the

" -
prompt gamma rays peaks preséat’in the spectra. A sharp decrease in it was observed at

higher energies.



I. Introduction

Prompt Gamma-ray Neutron Activation analysis is an analytical technique used to determine

the constituting elements concentrations. Prompt gamma-ray neutron activation analysis

———
i —

(PGNAA) is a non-destructive, in-situ technique that is capable of measuring multielements
[, >
concentrations in bulk and liquid samples. PGNAA has wide applications in industry, mining
quality control, building construction and concrete—torrosion, and medical sciences and
—— #_,a-*’“
environmental sciences. L
In this technique, the sample is first bombarded with neutron beams. The process of

neutrons interaction with the material is called nuclear capture, in which elements nuclei are
el PR

excited to higher states. Then, the elements nuclei relax and emit gamma rays in two

processes, as shown in Figure 1. In the first process, prompt gamma-ray is emitted and the

elements decay to the lowest energy state in about 107 - 10 seconds after excitation giving

energy in the order of 1-10 MeV. Then, the nuclei become either stable or radioactive. The

second process is a slow radioactive decay, and it produces beta particles and delayed gg@m&r"/

rays radiation. In Prompt Gamma Neutron activation Analysis (PGNAA), prompt gamma
L B

rays are used to determine the constituting elements and their concentrations. After that,

prompt gamma rays energies and intensities are measured by a detector through the

photoelectric effect. Then, prompt gamma rays energies and intensities arg eonverted to an

|
electrical signals and sent to the computer to be analyzed. Each element has finger-print
et
gamma rays emission which were compared with the emitted gamma rays to test the element
e EAEs

existence. Then, elements concentrations are determined from the emitted gamma rays peaks
—_ P
intensities, Good resolution detector is capable of distinguishing between the different
f

gamma rays. High resolution detectors are required for samples with low energy prompt

gamma-rays while intense neutron source is requited for detection of elements with low
g



neutron capture or scattering cross section. However, the interference between the sample and

the detector increases the background noise and decreases the detector sensitivity.
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Figure 1. Nuclear decay Process and Prompt Gamma Ray Emission
II.  Experimental Methods ol

-

LAt

The prompt gamma-ray yields from chromium trioxide CrQ; water samples were tested using

A. Sample preparation

PGNAA. Three one litter Cr03 water solutions of Cr/H-0 weight ratio of 7.5, 11.4 and 16 %

were prepared from 4 mol/L CrO; wiler solutityb}-’a-i_lution. The experiment on each sample
v

was run for about 90 minutes.

B. Expenment setup

The setup of the PGNAA experiment is shown in Figure 2-3. A portable neutron generator

.-'-.-

model MP320 was used to generate pulses of 2;} eV neutrons beam. A cylindrical

o
modulator of high density polyethylene moderator to decelerate the generated neutrons and

convert their energy to thermal energy. The moderawzentral cylindrical cavity of 12

cm diameter to accommodate a specimen and a thickness of 7 cm. The detector was covered



" from the sides with a 3mm thick lead layer in order to shield the detector from the undesired

/-_-—_
gamma-rays and neutrons coming from the environment. The axis of neutron beam coming

.——-———_—"-__'____—_._:.:- ]
from the neutron generator was perpendicular on to the-ioderator cylinder axis, while the
il

.a-"'_'_'_'_'____-""'
detector longitudinal axis was along the \_nydcﬁ or axis. The sample was inserted in the

moderator such that the bottle axis is on the moderator cylinder axis. The BGO detector was

coupled to a fast photomultiplier to amplify the output signal. Also detector had a built in
I
integrated preamplifier to process the signals before sending to the computer. However, BGO

detector has poor energy resolution, i}isﬁeferably used in neutron activation studies due to

"
higher radiation hardness and larger photo peak-efficiency.
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Figure 2: the PGNAA experiment setup
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Figure 3: a real view of PGNAA experiment setup
C. Excitation source

Neutrons were produced in a portable neutron generator by the fusion of the accelerated

deuterons with stationery deuterons, producing helium isotopes *He.

F-“-‘_‘-‘—-_
D+D—n+"He E,=2.5 MeV
/'—__—_'_"\
The portable neutron generator created a pulsed beam of 2.5 MeV neutrons from deuterons
beam of 70 keV, 70 uA beam. The mﬁ'ath of 5 ns and a frequency of 250
.--_____.t"

Hz. Gamma-ray detectors vary in energ%lution varying over broad ranges. Bismuth

germinate BiyGe;0,; (BGO) detector has energy resolution of about ~ 10%,



IIII. Results and Discussion

First, the experiment was run with no sample inserted in the moderator 1o record the

background spectrum. This step was important to differentiate between the sample gamma

o

rays peaks and the BGO and noise peaks. Prompt Gamma rays were induced due to the

— S

thermal neutron capture in the sample and detic_t_f_)g and they were recorded through the

photoelectric effect. A full spectrum of prompt gamma rays was recorded for each sample

and the BGO detector background in the range 2000-9000 keV. Figure 4 shows the prompt

gamma rays induced from a chromium trioxide solution with 16% Cr/H,0 weight ratio. The
D"
energy spectrum below 2000 KeV showed high background noise and thus was rejected.

>

Table 1 shows the elements that correspond to the observed gamma rays peaks in the region
2000-9000 keV and the cross section area corr;;ponding to each gamma ray peak. The right
[N
end gamma ray peak is the sum peak due to BGO ' detector. The spectrum showed peaks

_—
corresponding to the elements that exist in the BGO detector and the Cr/H,O samples,

2 i
namely Bismuth Bi, Germanium Ge, Hydrogen H @dﬁomium Cr.
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Figure 4: prompt gamma ray spectrum of Cr sample with weight ratio of 16 %.
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‘Table 1: prompt gamma rays peaks, their corresponding elements, cross section,.F M and
resolution N
= -
Element Gamma ray Cross section FWHM Resolutich |
energy (keV)  o(Ey) (barns) KeV WHM/Ey (%) |
H 2223 0.3326 ﬁ:’zs 7.9 l‘
Bi 2505 0.0021 32 12.8 j
4054 0.00136 337 8.3 ’
4257 0.0024 150 35 {
Fe 5920 0.227 /
Ge 6276 0.021 \ 205 3.3 /
Cr 6646 0.183 149 2.2
7100 0.146 248 3.5
7374 0.080 20 3.0
7938 0.424 168 \ 2.1
Ry

The intensity of the four peaks 6646, 7100, 7274 and 7938 keV shown in Figure 5 showed a

—

difference after inserting Cr/H,O samples with weight ratio of 7.5, 11.4 and 16 %, confirming

their correspondence 1o Cr. The maximum concentration at which the detector is_saturated
e -G DL A5 WILCH |
was found to be around 20%. Then, the Cr four lines 6646, 7100, 7274 and 7938 keV were

used for plotting the calibration curve. The integrated intensity between 6500 keV and 8200

keV is plotted versus Cr/H,O weight ratio in Figure 6. The calibration equation showed that
_-___________—————_‘\

the intensity axis intercept 6.2*10 is close to the recorded background integrated intensity
[

6.2*10%, 11% percentage difference, which indicates reliable results and correct peaks
—T

identification.

——
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Figure 6: calibration curve of Cr gamma rays peak; mtegrated intensity,in the reglon 6500-

identified prompt gamma rays peaks in Table 1. It is clear that the energy resolution sharply
—

decreases at higher gamma rays energies,-/
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Figure 7: the energy resolution of the prompt gamma rays versus the gamma ray energy.

IV. Conclusion

In this experiment, prompt gamma rays neutron activation analysis was carried out for

chromium trioxide samples with Cr/H.O weight ratio of 7.5, 11.4 and 16 %. A portable

e

pulsed neutron generator was used to excite the samples, and a high density polyethylene

moderator was used to produce thermal neutrons and decelerate them. The induced

A —

prompt gamma rays due to thermal neutron capture of the sample was detected using a

bismuth germinate Bi,Ge;012 (BGO) detector. The identified gamma rays peaks were
A

L

——

corresponding to Bi, Ge and Cr. The four gamma rays peaks corresponding to Cr 6646, 7100,

e

7274 and 7938 keV were used for calibration; the integrated/ipténsity of these four peaks

—_——— — L'
were plotted versus Cr/H,0 weight ratio. The energy resolution of the observed peaks were
L ——}

calculated and showed a sharp decrease at higher energy prompt gamma rays.

d
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Abstract

Nal (Tl) detector has been used to find percentage of potassium K-40 in KH,POQ,.
Two standard sources of Cs-137 and Co-60 were used to calibrate the Nal(Tl) and
then a sample is used to calculate the percentage of potassium that composed in it
through peak analysis. We found that there's 7.25 grams of K-40 in the 250 gram
sample of KH2PO4.

ey
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introduction
1.1: Radiation

We live in a universe in which radiation is part of everyday life. Natural radiation is
ubiquitous in our environment and each of us is exposed to radiation every day.
Radiation sources can be divided into natural and man-made sources. Naturally
occurring radioisotopes are found in soil, rocks, and in water and food as a product
of reactions with soil and rocks. The most important natural isotopes that occur in
air, in drinking water and in food are the isotopes of hydrogen (tritium: 3H), carbon
(**C), potassium (*°K), polonium (**%o), radon (***Rn), radium (***Ra and **Ra), and
uranium (28U) [1-4]

1.2: Gamma Ray interaction with matter:
Gamma rays interact with matter through three main ways. At first,

Photoelectric Absorption which take place for low energetic y-photons (several

keVs) and high atomic number materials. Secondly, Pair Production ( Electron and

positron) which predominates for low Z materials (Z: Atomic Number) and high

energetic gamma particles {5-10 MeVs}. Lastly, Compton Scattering which happens

between both extremes and the most probably to happen. Figure [1] describes those
interactions mentioned above.

=
120
100}
8ol Photoelectric Pair
w-
“or Compton
m—
Q
0.01 0.9 3 0 g MeV?

Figure [1]: Gamma Ray interaction mechanisms with matter versus the atomic
number of the target.[*]

To begin, the photoelectric effect is one of those interaction mechanisms at which
the y-particle hit the material and then a bound electron will be ejected with energy
given by equation [[1]] below:



E,=E, —®...ueee. [[1]] where E, is the energy of the incident photon and @
is the work function of the specific materiai

The second type of interactions is called Compton Scattering which happens
between a free ( unbounded) electron which causes a scattering of the gamma

particle and recoiling of the free electron, the energy gained by this electron is given
by equation [[2]] below:

(—’-'!5)(1-:05(6))

E,=E,—Ey =hf Do

¢ 4 EY hf 1+(—7;:-‘g)(1-cus(8}) [[2]]
Where h is blank's constant, f is the frequency of the incident gamma ray, c the
speed of light and € is the recoiling angle of the recoiled electron which varies from 0
to Pi which causes a continuum energy spectrum.

The last interaction mechanism, which's the pair production, happens when gamma
particle with enough energy travels near the nucleus of the absorbed material turns
into an electron and positron. That case happens very fast since the positron is an
unstable particle and the energy will be released back to the system. The
annihilation photon in some cases will be absorbed by the material which results in a
peak called single escape peak appears on the pulse height spectrum.

The total energy of the pairs can be calculated through equation [[3]]:
Ee— + Egy = hf = 2mc? ...vvevnrvceen [[31]
1.3: Objectives

The main targets of this experiment are: Using Gamma spectroscopy to analyze un-
known samples and determine what does it compose of through the analysis of the
energies of gamma radiation using spectroscopy system like Nal(Tl) detector system
which we used in this experiment. Also, Be familiar with spectral analysis and the
spectroscopy techniques at the sodium iodide level.



Experimental Setup and Procedure

2.1: Nal detector apparatus

In 1948, it was reported that there was a large scintillation phenomenon caused by
adding doped Thallium (TI) into a crystal of Sodium lodide (Nal), that was the
beginning of manufacturing of Nal detector. Our Nal(Tl) crystal is of size 5x5 inches
and it consists of the Nal(Tl) crystal, light pipe, photocathode, and lastly the
photomultiplier tube (PMT). Figure [2] below shows a schematic diagram of the
Nal(TI) detector.

Source

f_/_‘f pr
Annihilation :
UV Photons , Radiation 9
/CF_\_\E;‘,?,‘,'{;;‘;;‘“ follwvr L3y [ Refector
Compton
Compton :
& | Scattering Photon g e
w =
& h 6 - Pb Xray &
£ Phofpeatha Photomultiplier 2
Photoelectron
(Emitea {rom catrote)
Dynode
{Secordary Blectror Exmssion) ;
~d mee—H T | —

Figure [2]: Nal{Tl) detector shielded with lead blocks. [2]

When the photon emitted from the source towards the crystal it frees an electron

from the crystal (Photoelectron) and after de-excitation a photon will travel directly

to the photocathode as shown in figure [2]. An electron will be produced and then

will enter the region called photomultiplier tube which takes an electron from the

Dynode and accelerated through those Dynodes. In each acceleration process more

electrons do travel to the final destination at the anode as described in the last
figure.

The process of increasing the number of electrons will continue and the final number
of electrons will be in the order of ten thousands or even more. The amount of
charge arrived at the anode is proportional to the number of electrons left the
photocathode and by the photoelectric effect this will be proportional to the energy



deposited in the crystal by gamma ray. The charges now will leave the anode directly

to the Preamplifier which prepares the electric signal to further amplification

through the amplifier. The preamplifier is placed close to the detector to reduce the

noise and the interference of the signals. The Amplifier will amplify the signal and

shape it and then transfer it directly to the Multichannel Analyzerwhich converts the

analog signal to digital (ADC) and then take the signal to the PC to analyze it through
the software.

The sample is placed close to the detector then the systemshielded by lead
blocks.Then we analyzed the spectrum for some period of time. Then we removed
the sample and analyze the spectrum of the background for the same period of time
which helps us to figure out the percentage amount of Potassium in the sample
through some analysis which will be mentioned in the main part.

The figure below shows the Nal spectroscopy system used in this experiment:

Power
Supply

l Source 1200V
_I MCA

Amptek

Nal{Ti)

Amplifier

8000D

Figure [3]: The apparatus of the experiment from the source to the PC

{ORTEC 572}

Preamplifier

2.2 Method Used:

1- The electronic parts connected together as shown in figure [3]. Cs-137 standard
source has been used to find the operational voltage. We changed the voltage from



850 volts till 1250 voits to find the best resolution which was at 1200 V (operational
voltage)(highest resolution)

2- Next, two standard sources have been placed separately and study their individual

spectrum alone and that's a part of the energy calibration which mentioned in the

next part. in each of them, the source placed close to the detector then the system

shielded and the spectrum has been studied over some period of time. For the

Cesium, for example, we adjusted the fine gain of the amplifier so that the peak will
be centered at 600 in 2048 channel system.

3- The spectral size have been changed using the MCA to see how the peaks and
their resolution are affected by the spectrum size.

4- The sample has been placed close to the detector and the system shielded and left
for 1800 seconds and a clear spectrum has been seen. Then after, the sample has
been taken away and records of the detector spectrum without the sample taken
(background).

2.3: Sample Preparation:

A sample of Potassium Dihydrogen Phosphate was used to measure the
concentration of potassium K-40 in the sample using Nal{Tl) detector.

Calibrations, results and comments

3.1: Resolution and the Operational Voltage



S

Resolution is a measure of the degree of broadening and defined as the ration
between the full width at half maxima (FWHM) to the pulse height (centroid), see
equation [[4]] below:

FWHM

3 L1111 J— [[41]

The operational voltage has been determined at which the peak has highest
resolution. The following table shows the voltage readings versus the resolution:

Input Voltage (Volts) R
950 7.03%
1000 6.79%
1050 6.55%
1100 6.38%
1150 5.85%
1200 5.68%

Table [1]): The input voltage versus the resolution. Operational voltage is 1200V
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Figure [4]: The input voltage versus the resolution
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Figure [4.5] shows the effect of spectrum size on the resolution
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Figure [4.5]: Spectral size versus the resolution
CS spectrum at 1200 volts
350
300
9 250
=
3 200
i
S 150
@
£ 100
=]
Z 50
0
£ 8 1000 2000 3000 400D 5000 6000 7000 8000 9000

Channel Number

Figure@ The spectrum of Cs at the operational voltage (highest resolution)

3.2: Energy Calibration of Nal(Tl);

Setup calibration is an important step in spectral analysis since the system does not
read the data directly and that's like a reference frame in the language of
mathematics. Calibration can be done through known sources, in our case we used
137, and 60 as known sources to calibrate the system. The first source has one
peak at 0.662MeV and the second has two peaks at 1.173MeV and 1.332MeV

resp?ively.

Figuré [S)'shows the calibration curve of the standard sources:
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Table [2] shows the calculated values of the energy and the real ones:

Source Calculated Energy (keV) Actual Energy (keV)
Cs137 661.72 662

Co60[1] 117.35 117.3

Co60[2] 133.108 133.2

Table [2]: Energy values of the sources.

Lastly, figures [6] and [7] shows the spectrums of Cs and Co respectively:
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Figure [6]: Cs spectrum
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Figure [7): Spectrum of cobalt.

3.3: K-40 concentration in Standard source

Figures [8] and [9] shows the spectrums of the source and the background,
respectively:

Spectrum of the sample
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0 —~ . = )
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Figure [8): Spectrum of the source (un-known)
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Figure [9]: Background Spectrum

A 250 g of Sodium Dihydrogen Phosphate sample has been used to calculate the % of
Potassium (K-40}. The peak was at the channel 806.6 as shown in figure [8] which's
the potassium peak, in the next figure the potassium peak from the background
shown at same position (Energy of 1430 kev) ) 7

bl

1 -
wal ke

The activity of the sample can be calculated using the absolute method:

Ay = ";’T'ff” .................... [[5]] ' e ;i)i
LA
Where:Ayis the activity of the sample, C's are the number of countsl,jt [Ts
is the time of measurement, € is the efficiency of the peak, and fisthe /; g, 7
decay fraction. L
Calculations

Molecular weight of the sample=136.09 g/mole
Relative content of K40=0.012%, Half time=1.28x10°years

The activity then becomes A=227.3 kBq.

Activity __ 227.3x1000
Counting Rate 12.41

The calibration factor=K; = = 18316Bq.s




K40 counting rate=0.036 (1/5 ) => A(K40)=rate* K;=660 Bq

Now,
Atomic weight of Potassium= 39.01 g/mole ~ /

-> Potassium portion is 71.7 grams /
: g A ( * J oy
The specific actuvuty—;-B.ZBq/g y [ AP

, - 92 L ’ \\j k i\
Thus, the % of potassium is: oo ,

3.4: Resuits and Comments:
* Operational Voltage: 1200 V
* Calibration Equation: Energy = 1.88521 » Channel# — 90.8217

* K-40 concentration was around 3% of the sample which's 7.25 g out of 250 g
sample.

The amount of K-40 in the sample was small compared to the weight of the sample.
Using Nal(Tl) detector it was easy to calculate the percentage of K-40 through
studying the spectrum of the sample and focusing on the potassium peak.



Conclusion:

Two standard source of Cs and Co has been used to calibrate the system and a
sample used to measure the percentage of potassium in it through the Nai(Tl)
detector system. Nal(Ti) can be used to analyze samples and find the concentration
of the elements that compositedin the sample through the idea of energy study

(spectroscopy). ¥ P, g S LH\M L,mj ) e
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