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KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS 

DEPARTMENT OF PHYSICS 

INSTRUCTOR’S/COORDINATOR’S REPORT 

Course: Phys 503 No. of Sections: 7 Term: 142 
Instructor’s/Coordinator’s Name: Dr. Abdulaziz M. Al-Jalal 
I. STUDENTS 

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

No. of the students who received W 1 
No. of the students who received WP 0 
No. of the students who received WF 0 
No. of the students who received DN 0 
No. of the students who received Z 0 
No. of the students who 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 0 
 TOTAL 11 

II. RANGE OF EACH LETTER GRADE 

Range A+≥83 83>A≥80.5 80.5>B+≥76 76>B≥70  

Range 70>C+≥65 65>C≥60 60>D+≥55 55>D≥50 50≥F 

Course overall average: 78.5 % Std. Dev.: 3.6 

III. DISTRIBUTION OF GRADES 
 

A+ A B+ B C+ C D+ D F IC
TOTALS  OF   A+, A, B+, 

B, C+, C, D+, D, F, IC 

No.  of 
students 

1 2 4 3      
 

10 

%  of 
students 

10 20 40 30      
 

100% 

 GRADE	POINT	AVERAGE		 = 4 + 3.75 	 + 3.5 + 3 + 2.5 + 2 + 1.5 ++ 	 +	 + + + + = 3.45	
PLEASE ATTACH FINAL ROSTER OF GRADES. 

IV. SAMPLES 

Homework assignments (   ) 

Quizzes (   ) 

Examinations (   ) 

Projects (   ) 

Samples of graded student work, including computer assignments (√	) 
(Please put a tick in the parenthesis if copies are attached) 
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V. “IC” GRADES 

Number of students given the “IC” grade: 0. 
Attach a report on each “IC” grade providing the following information: 

(a)  Student’s ID #, Name, Section #, and Instructor’s 
Name. 
(b)  Reason for giving an “IC” grade. 
(c)  Precise requirements for the removal of “IC” grade, including time and method. 

VI. SYLLABUS 

A copy of the course syllabus covered should be attached. 

VII. FINAL 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’S REMARKS 
1- This course is demanding and a lot of time is 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 
course is treated 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- The load for teaching this course should be counted as 3 graduate course credit hours. 
2- There should be a fixed 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 us in 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 this instructor.  

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

Dwaikat During the experiment I 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 He is helpful, gentle with his students and always try to let his students to learn and 
keeps monitoring them. If possible, I 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 He is an excellent instructor, I 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 
is very 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 nice instructor, best in rest of all instructor with whom I did work. He is very 

much responsible in report seeing results evaluations and also 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 I did not get much knowledge from him. He get angry when I 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 The topic is too complicated to be explain and understand physically and 

methodically from such short time.  
Naqvi Professor Dr. Naqvi is very hard worker, disciplined, always 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, I would like to take more course with same 
instructor. 

Ziq He is a nice 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 he is 
very good instructor.  
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Grading policy 

20% Interactions with your advisor, experimental 
work, and following safety regulations. 

Assigned by the current experiment 
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. Gondal Laser induced breakdown spectroscopy 

E102 Dr. Gondal Nano materials by laser ablation in liquid 

E205 Dr. Faiz X-ray photoelectron spectroscopy 

E206 Dr. Harrabi Hot spots in superconductor strip 

E207 Dr. Ziq Giant magneto-resistance 

E208 Dr. Ziq Transport properties of superconductor 

E301 Dr. Naqvi Prompt gamma activation analysis 

E302 Dr. Naqvi Thermal neutron activation analysis 

E303 Dr. Dwaikat Gamma spectroscopy 
 

 

 

Students’ names and their grades 

SN ID Name Total Grade 
1 200991810 Mohamed Shemis 74.5 B 
2 201304190 Sadig Al-Buradah 74.0 B 
3 201402880 Amar Mohamedkhair 81.3 A 
4 201403420 Ibsal Assi 72.2 B 
5 201405000 Fatai Liadi 80.9 A 
6 201405340 Muhammad Younas 79.4 B+ 
7 201407880 Mohsin Sarwar 83.1 A+ 
8 201408060 Lutfi Surachman 79.2 B+ 
9 201408460 Zamzam Ibnu Sina 79.8 B+ 

10 201409260 Idris Popoola 80.1 B+ 
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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 is due on 8 Mar.  A delay in submitting your report causes a deduction of 
5% of your grade per day.  Your presentation will be scheduled within a week after the due date of 
your report. 

 

 
ID First name Last Name Exp #1 

8 Feb - 8 Mar 
Exp #2 

8 Mar - 12 Apr 
Exp #3 

12 Apr - 10 May 

1 200991810 Mohamed Shemis E102 E207 E302 
2 201304190 Sadig Al-Buradah E205 E301 E207 
3 201402880 Amar Mohamedkhair E303 E206 E102 
4 201403420 Ibsal Assi E303 E205 E208 
5 201405000 Fatai Liadi E302 E206 E101 
6 201405340 Muhammad Younas E205 E208 E303 
7 201407820 Mujahid Sadaqat E208 E303 E205 
8 201407880 Mohsin Sarwar E101 E302 E206 
9 201408060 Lutfi 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 photoelectron spectroscopy 

E206 Dr. Harrabi Hot spots in superconductor strip 

E207 Dr. Ziq Giant magnetoresistance 

E208 Dr. Ziq Transport properties of superconductor 

E301 Dr. Naqvi Prompt gamma activation analysis 

E302 Dr. Naqvi 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  

 Title of the experiment 
 Course name and term 
 Name of student and ID number 
 Name of  supervisor 
 Date of submission  

• Table of contents page 
• Abstract page     (maximum 1/2 page)    1/25 

 Brief summary of the technique used and main findings.   
• Introduction     (maximum 2 pages)   5/25 

 Background including, basic principle and theory, a brief review of 
literature. 

 Objectives 
• Experimental details    (maximum 4 pages)    6/25  

 Description of equipment 
 Sample preparation 
 Description of methods used.  

• Results and Discussion  (maximum 6 pages)   9 /25  
 States the results of the research.  
 Data analysis 
 Discussion of results 

• Conclusion     (maximum 1/2 page)    1/25 
 Summary of results and main findings.   

• References       (maximum 1 pages)    1/25 

Overall               2/25 
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Presentation 
• Project Title , student’s  name, supervisor’s  name 
• Presentation Outline      (max 1 slide) 

 Introduction 
 Theoretical Background 
 Experimental  
 Results and Discussion 
 Conclusion  

• Introduction        (max 3 slides) 
  Brief review of the work and literature. 

• Theoretical Background     (max 2 slides) 
 Basic principle 

• Experimental procedure     (max 3 slides) 
 Equipment used 
 Sample fabrication 
 Experimental  measurement 

• Results and Discussion     (max 5 slides) 
 Data Analysis and  Interpretation 

• Conclusion        (max 1 slide) 

 
 grades 
Subject knowledge 

Correctness of the slides  
Question and answer 
Subject understanding 

10/25 

Clarity 
 Graphics 
 Logical sequence of presentation 

6/25 

Delivery  
 Eye contact and Body language 
 Language and Sound level 

3/25 

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

3/25 

overall 3/25 
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Advisor-Student Interaction 
• Punctuality and Meeting deadlines      3/20 
• Development of experimental skills      8/20  

 Preparation for experiment - reading  
 Participation in doing the experiment 
 Checking validity of data  
 Keeping the experimental area clean and in order 
 Maintain experimental record 

• Interaction with Advisor        6/20  
 Attitude and behavior 
  Answering questions 
 Discussing the experimental procedure and results 

• Ethical Responsibility         2/20  
 Reporting his own data 

• Safety Concern          1/20 
 Wearing proper safety gadgets 
 Handling equipment and chemicals properly 
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King Fahd University of Petroleum and Minerals 
Department of Physics 
Phys503 - Term 142 

Presentations 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 Naqvi 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 Ibnu 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 Naqvi 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 Ibnu 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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1.0 ABSTRACT 

In this..experiment, I learned the X-ra~ectron spectroscopy (XPS) tec1nrrque-,-imw-t{) 

tlflal:¥ze a samflle-iu the 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. 

3 
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t " 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 A . 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~ In 1960s, Kai 

Seighbahn and his research group in Uppsala (Sweden) developVs~:ral 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=I) 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. 

4 
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t '- 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 -+ A + + e-

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]. 

2.2 Objectives ~ 
Our goal is to show ~RS_tecl,mique to determine the elemental composition in 

the sample (Gadolinium doped polymer) as w~ll as to determfne.; if t yImp~rity 
; "-~- ~. 

present or not. Also we want to demonstrate the capabili XPS in distinguishing different 

electronic environments of an element in the sample. 

5 
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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 

electron-analyzer 
UHV-chamber 

} 

Ion Gun 

X-ray source 

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

10-9 to 10-10 mbar, this pressure range is also recommended for XPS for the following 

reasons. 

1. At high pressure, the photoelectron has very high tendency to be scattered by residual 

gas molecule, which in tum 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 10-6 

mbar and thus contaminate the sample surface. 

7 



, .' . 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. ,t\ 
4. The mean free path is n~rmally in the range of 3Qf there is a contamination on the 

sample then it will be difficult for the photoelectrons 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: ht\253.6ev and 

Al Ka radiation: h~486'fsn~~we are ~Sing Al Ka, 

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). 
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\ " 3.5 Flood Fun 

This is an XPS component that uses low energy electrons (Le. 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 
O~ 

O~0:Y~I 0yO 

l.N:?\\ leN) __ 1;:1 
O? -G\-,?o 
~O,OH2 ~O, 
Y Y 
eN) eN) 

N N 

~ ~ 
CN eN 

Chemical Formula: C42H58GdN 11011 
Molecular Weight: 1050.23 

Atoms in the Gadolinium doped polymer unit cell 

C-C 21 

C=C 6 

C=O 3 

C-O 7 

C-N 24 

,~" ~,~ _ .. ,. 

-'"'~"'"" . 
/ - ~ 

( 
Unfortuna;:ly,'the XPS machine is out of the service due to some technical proble~:~""" 

, Therefore, we could not perform the experiment and were"given raw data to analyze as per ~ 
the agreement with the course coordinator. ?) 

-""" --... -'"-'"--"'.--" .. ~~"-"-"-----------------"'--
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4.0 RESULTS AND DISCUSSION 

4.1 Cbarge 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 CIs binding energy is I. tv , because the actual 

binding energy for carbon is 284.8 eV [8], and the spectrum value w s 282.9 eV. As a result 

we added l.~V into the spectrum value to make it 284.8 eV. This charge shift in carbon was 

used to corrJct 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). 

r.e, 
I UOE+OS 

I 
1!Of+OS 

i ! 1.IIE+OS 
; ~ 

I i 
i 0 a,IIE+04 

I 9~ 
4J1E+04 

Gd3dl/~ 

Gd3ds/2 

1m 1200 

Survey 

OKU 

4 ~~~~...,\wth,..' 
1 

~'Y~~~ 

11011 100ll 7011 400 3011 200 100 

_~"v, ~ cP.6A- . 
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, -, Figure 3: Survey spectrum of the sample (Gadolinium doped polymer) 

From the Survey spectrum we can see that the elements present in the sample are 0, C, N. Od 

and Si as impurity, while the C Is is adventitious carbon, due to the exposure of the sample to 

moist air and URV 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=O 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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The nitr 
Ogen has only one fitted peak which shows that nitrogen has only one electronic 
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ent withcarboti. The peak intensity shows the CoN bonds. 
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the figur<;! 6. 
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Figur-~ 
<5 : Fitted spectra for Oxygen 

The~~ 
~~rum in the figure 6 shows that oxygen has two different electronic environments 

whicQ 
~ CoO and C=O. The peak intensities show the ratio approximately 1 :2. 
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\ ., The spectrum of Gd4d is shown in the figur 
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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] 4f7Sd16s2.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[lO] [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 elementrresent in Gd doped polymer sample 

Mt- .Q v: yQ owl. C, 
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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Name pea(BE ~w~~ f eV 

Are~(E(~\ 
CPSeV 

Atomi\ 
t% 

'-" ~ I , '--" 
Cis Scan A 284.8 1.58 18413.77 22.04 I 

Cis Scan B 286.0 1.77 28814.23 34.49 

Cis Scan C 288.1 1.93 6648.85 7.96 

Gd4d Scan A 142.0 2.78 3000.09 0.34 

Gd4d Scan B 148.5 3.37 1977.31 0.22 

Gd4d Scan C 153.8 2.81 1290.19 0.15 

Gd4d Scan D 144.3 3.37 2924.14 0.33 

Nls Scan A 
399.7 1.78 17809.89 12.07 

015 Scan A 531.4 1.87 356816.83 15.33 

015 Scan B 532.9 1.92 16511.73 7.07 

Table 1: XPS fitted data for Gadolinium doped polymer 

From the Table 1, there are three (3) different cIs peaks with different binding energies, 

which implies that they are in different electronic environment. Also we can observe the 

atomic percentages of the three CIs 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~ olymer sample using XPS technique. In the 

results, we have found that silicon is prese in the sample as an impurity. Also we have 

calculated the elemental composition thro gh peak intensities by calculating the area under 

the peaks. Most importantly we observ that the same elements with different electronic 

environments can be detected through ips quite accurately. These all observations show the 

power of XPS technique for elemental analysis. 
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Abstract 

Nal (Til detector has been used to find percentage of potassium K-40 in KH4 PO •. 
Two standard sources of Cs-137 and Co-GO were used to calibrate the Nal(TII 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 KH2P04. 



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 
(14C), potassium (40K), polonium eIOpo), radon e22Rn), radium e26Ra and 22BRa ), and 

uranium e3BU) [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 V-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. 

z 
120 

100 

80 Pair 
60 

40 

20 

a 
0.01 0.1 

Figure (1): Gamma Ray interaction mechanisms with matter versus the atomic 

number ofthe 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: 



Ee = Ey - <I> .................... ([1]) where Ey is the energy of the incident photon and <I> 

is the work function of the specific material 

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: 

_ _ (~)(HOS(6» 
Ee - Ey - Ey' - hf ( hi ) ...... .......... ([2]) 

1+ ~ (1- co.(6» 

Where h is blank's constant, f is the frequency of the incident gamma ray, c the 

speed of light and e 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 ofthe pairs can be calculated through equation ([3]): 

Ee- + Ee+ = hf - 2mcz ..................... ([3]) 

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(TI) 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 Iodide (Nal), that was the 

beginning of manufacturing of Nal detector. Our Nal(TI) crystal is of size SxS inches 

and it consists of the Nal(TI) crystal, light pipe, photocathode, and lastly the 

photomultiplier tube (PMT). Figure [2] below shows a schematic diagram of the 
Nal(TI) detector. 

Compton 
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Photocatho 

Source 
~I:'I-""'--

Pb Xray 
Photomultiplier 

I--~- Photoelectron 
tErnttec from catt-():%e l 

Dynode 
:Secorodary E1ettrOfl Elrissicn) 

Anode--tL_J 

o 

Figure [2]: Nal(TI) 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 lADe} 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: 

MCA 

Amplifier + __ -.j Amptek 
Nal{TI) 

Preamplifier 
(ORTEC 5721 80000 

PC 

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

Z.Z 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 volts 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(TI) detector. 

Calibrations. results and comments 

3.1: Resolution and the Operational Voltage 



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: 

R= FWHM xlOO% ................ [[4]) 
Centrola 

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 

Figur [4. 5~ shows the effect of spectrum size on the resolution 
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Figure [4.5]: Spectral size versus the resolution 
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Figur{§i The spectrum of Cs at the operational voltage (highest resolution) 

3.2: Energy Calibration of Nal(TI): 

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 es and 60eo as known sources to calibrate the system. The first source has one 

peak at O.662MeV and the second has two peaks at 1.173MeV and 1.332MeV 

resP7 iVely. 

FigU~ShOWS the calibration curve of the standard sources: 
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FigUre~~CalibratiOn curve. Equation: mmsm1:hji'jirrelf~otgi%2 
Table [2] shows the calculated values of the energy and the real ones: 

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

C060[l] 117.35 117.3 
C060[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 [7J: 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: 
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Figure [8): Spectrum of the source (un-known) 
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Figure [9J: 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 [8J which's 

the potassium peak, in the next figure the potassium peak from the background 

shown at same position (Energy of 1430 keV). 7 7 
- , , 

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

cl4 
Au = CU-~b .................... [[5]] l .f,,~~ 

t E ';jv"A U~fi-. 

Where:Auis the activity of the sample, C's are the nu er of counts, t tt-vJJ 
is the time of measurement, E is the efficiency of the peak, and f is the fil 1) ( 

decay fraction. C. 

Calculations 

Molecular weight of the sample=136.09 g/mole 

Relative content of K40=0.012%, Half time=1.28xl09years 

The activity then becomes A=227.3 kBq. 7 
Activity 227.3-1000 

The calibration factor=Kr = . = = 18316Bq. s 
Countmg Rate 12.41 I 17, 

~ l,Y)L c-/ 
rJvl 



• 

K40 counting rate=O.036 (l/s) -7 A(K40)=rate*Kr=660 Bq 

Now, 

Atomic weight of Potassium= 39.01 g/mole 

-7 Potassium portion is 71.7 grams 

The specific activitY=~=9.2Bq/g 
m 

Thus, the % of potassium is: 3:~O 

3.4: Results 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(TI) 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 Nal(TI) 

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). ~;:r-v.-.; t~""'" C.LNvd ~ .{: '-. . 
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