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Dear professional colleagues, researchers and fellow students: 

We are very pleased to introduce the first issue of Aljouf Science and Engineering Journal (ASEJ). ASEJ was 

established under the generous patronage and leadership of his esteem Prof. Ismail M. Al-Beshry, the Rector of Aljouf 

University, Aljouf, Sakaka, KSA. Its maturity is an outcome of the consistent support of high-performing authors, a 

supportive and professional dedicated reviewers, many vigorous and conscientious editorial boards and collective input 

from the editorial board members. Various researchers who are active in the above field have been enrolled for providing 

the necessary impetus for the new journal. We are quite hopeful and shall be grateful to the service that these eminent 

scientists shall provide to the growth of ASEJ. We are certain that the renowned scientists and academicians both from 

the industry and academic institutions all over the world will be enriched by sharing their research experiences through 

ASEJ. We are happy to invite you to submit your valuable research works in URP journals. We strongly believe that our 

journal will help to develop your own professional career. 

Thanks 

Editors 
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Focus and Scope 

With its vision to promote science and scientific knowledge to everybody, Aljouf Science and 

Engineering Journal (ASEJ) is an international peer-reviewed journal owned by Aljouf University 

with a focused aim of promoting and publishing original high quality research papers dealing with 

basic and engineering science. ASEJ publishes rigorous and original contributions in the Science 
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Parasitological Science Communication & IT Space Science 

Developmental Biology Microbiology Energy 

Genetics Zoology Textile Industry & Fabrics 
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The papers published in Aljouf Science and Engineering Journal (ASEJ) should present novel 

results and have either theoretical significance or practical utility or both. They may be presented 

in the form of full articles, short communications or state-of-the-art reviews. 

 All contributions will be rigorously reviewed to ensure both scientific quality and technical 

relevance. Revisions of manuscripts may thus be required. 

Manuscripts must be submitted in the English language and authors must ensure that the article 

has not been published or submitted for publication elsewhere in any format, and that there are no 

ethical concerns with the contents or data collection. The authors warrant that the information 

submitted is not redundant and respects general guidelines of ethics in publishing. All papers are 

evaluated by at least two international referees, who are known scholars in their fields. 

Objectives 

The main objective of ASEJ is to provide an international forum for academics, researchers, 

industry leaders, and policy makers to investigate and exchange novel ideas and disseminate 

knowledge and information covering the broad range of natural science and industrial activities. In 

addition, it aims to establish an effective channel of communication between policy makers, 

government agencies, academic and research institutions and persons concerned with basic 

science and its applications. It also aims to promote and coordinate developments in the fields of 

natural science, engineering science and other related fields. The international dimension is 

emphasized in order to overcome cultural and national barriers and to meet the needs of 

accelerating ecological and technological advances in all industries and the global society and 

economy. 

Open Access Policy 

This journal provides immediate open access to its content on the principle that making research 

freely available to the public supports a greater global exchange of knowledge. 

All published manuscripts will be available on the Journals website http://vrgs.ju.edu.sa/#. We 

strongly believe that our journal will help to develop your own professional career. You can 

communicate with us at any time, throughout the publishing process.  

EDITORIAL OFFICE & COMMUNICATION 

Aljouf Science and Engineering Journal (ASEJ) 

Aljouf University, Sakaka, 2014, Aljouf, Saudi Arabia 

Email: ajbse@ju.edu.sa 

http://vrgs.ju.edu.sa/
mailto:AJBSE@ju.edu.sa
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GUIDE FOR AUTHOR 

TYPES OF CONTRIBUTIONS 

Original research papers and occasional reviews, 

short communications, letters, letters to the 

editor and news items. Please ensure that you 

indicate clearly the appropriate article type when 

making your submission.  

BEFORE YOU BEGIN 

Ethical guidelines 

Confidentiality 

All material submitted to Science Journal of 

Aljouf University (SJJU), accordingly to Aljouf 

Science, Engineering Journal (ASEJ) remains 

confidential, and the Editor operates a peer 

review system in which the identity of the 

referees is protected. 

Duplicate publication 

Duplicate publication is the publication of the 

same paper or substantially similar papers in 

more than one journal. Authors must explain in 

the submission letter any prior publication of the 

same or a substantially similar paper, and should 

explain any circumstances that might lead the 

Editor or reviewers to believe that the paper may 

have been published elsewhere (for example, 

when the title of a submitted paper is the same as 

or similar to the title of a previously published 

article). 

If work that makes up more than 10% of the 

manuscript submitted to ASEJ has been 

published elsewhere, please provide a copy of 

the published article in order that the Editor can 

make a judgment on the amount of overlap 

without delay. If a member of the editorial board 

learns that work under consideration has 

previously been published in whole or in part, 

the Editor may return the paper without review, 

reject the paper, announce the duplication 

publicly in an editorial and/or contact the 

authors’ employers. 

Submission of manuscripts to more than one 

journal 

Authors may not send the same manuscript to 

more than one journal concurrently. If this 

occurs, the Editor may return the paper without 

review, reject the paper, contact the Editor of the 

other journal(s) in question and/or contact the 

authors’ employers. 

Plagiarism and scientific misconduct 

Plagiarism is the use of others’ published and 

unpublished ideas or words (or other intellectual 

property) without due reference or permission 

and/or their presentation as new and original 

points. Plagiarism is serious scientific 

misconduct and will be dealt with accordingly. 

All papers submitted to the journal is cheched 

with iThenticate   program for plagiarism. We 

define plagiarism as a case in which a paper 

reproduces another work with at least 15% 

similarity and without citation. 

If evidence of plagiarism is found before or after 

acceptance or after publication of the paper, the 

author will be offered a chance to defend his/her 

paper. If the arguments are found to be 

unsatisfactory, the manuscript will be retracted 

and authors found to have been guilty of 

plagiarism will no longer have papers accepted 

for publication by ASEJ. 

iThenticate compares submitted documents to 

extensive data repositories to create a 
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comprehensive Similarity Report, which 

highlights and provides links to any significant 

text matches, helping to ensure that you are 

submitting an original and well-attributed 

document.  

Data auditing 

The journal reserves the right to view original 

figures and data and may make periodic requests 

to see these. 

Conflict of interest 

All authors are requested to disclose any actual 

or potential conflict of interest including any 

financial, personal or other relationships with 

other people or organizations within three years 

of beginning the submitted work that could 

inappropriately influence, or be perceived to 

influence, their work. 

Submission declaration 

Submission of an article implies that the work 

described has not been published previously 

(except in the form of an abstract or as part of a 

published lecture or academic thesis or as an 

electronic preprint, that it is not under 

consideration for publication elsewhere, that its 

publication is approved by all authors and tacitly 

or explicitly by the responsible authorities where 

the work was carried out, and that, if accepted, it 

will not be published elsewhere including 

electronically in the same form, in English or in 

any other language, without the written consent 

of the copyright-holder. 

Changes in authorship 

Requests to add or remove an author, or to 

rearrange the author names, must be sent to the 

Journal Manager from the corresponding author 

of the accepted manuscript before the accepted 

manuscript is published and must include: (a) 

the reason for the addition, removal, or 

rearrangement of the authors
,
 names and (b) 

written confirmation (e-mail, fax, letter) from all 

authors that they agree with the addition, 

removal or rearrangement. In the case of 

addition or removal of authors, this includes 

confirmation from the author being added or 

removed. Requests that are not sent by the 

corresponding author will be forwarded by the 

Journal Manager to the corresponding author, 

who must follow the procedure as described 

above. Note that: (1) Journal Managers will 

inform the Journal Editors of any such requests 

and (2) publication of the accepted manuscript is 

suspended until authorship has been agreed. 

Copyright 

Upon acceptance of an article, authors will be 

asked to complete a 'Journal Publishing 

Agreement' An e-mail will be sent to the 

corresponding author confirming receipt of the 

manuscript together with a 'Journal Publishing 

Agreement'. 

Subscribers may reproduce tables of contents or 

prepare lists of articles, including abstracts for 

internal circulation within their institutions. 

Permission of the Publisher is required for resale 

or distribution outside the institution and for all 

other derivative works, including compilations 

and translations. 

If excerpts from other copyrighted works are 

included, the author(s) must obtain written 

permission from the copyright owners and credit 

the source(s) in the article.  

Retained author rights 

As an author you (or your employer or 

institution) have the right to use your articles for 

a wide range of scholarly purposes. 

Role of the funding source 

You are requested to identify who provided 

financial support for the conduct of the research 

and/or preparation of the article and to briefly 

describe the role of the sponsor(s), if any, in 

study design; in the collection, analysis and 

interpretation of data; in the writing of the 

report; and in the decision to submit the article 
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for publication. If the funding source(s) had no 

such involvement then this should be stated 

Subscription 

Articles are made available to subscribers as 

well as developing countries and patient groups 

Language (usage and editing services) 

Please write your text in good English 

(American or British usage is accepted, but not a 

mixture of these). If the English language is 

used, extra abstract in Arabic should be 

provided. 

 Submission 

To submit your paper, please send your 

manuscripts by e-mail to the Editor 

(AJBSE@ju.edu.sa). You must submit the 

manuscript in a single electronic file. The 

manuscript should be edited using Microsoft 

(MS) Word (2003 up to 2010, with .doc or .docx 

extension) 

Referees 

Please submit, with the manuscript, the names, 

addresses and e-mail addresses of three potential 

referees. Note that the Editor retains the only 

one who has the right to decide whether or not 

the suggested reviewers are used. 

PREPARATION 

Use of word processing software 

Manuscripts must be in an electronic format that 

meets the following specifications: 

 Do not submit a manuscript file as a PDF

file. Remove line numbering.

 The manuscript file—with tables and

figures placed at the end of the file, each on

a separate page—should be in Microsoft

Word (2003 up to 2010, with .doc or .docx

extension).

 Do not use the Microsoft Word “Styles and

Formatting” or “Track Changes” features in

the file.

 Tables should be in MS Word (.doc or

.docx), one table to a page using hard page

breaks.

 Figures (graphics of any kind) should be

placed at the end of the Word document as

images, one figure to a page using hard

page breaks.

 Equations may be created and inserted as

part of the text, or they may be submitted as

images embedded within the text.

ARTICLE STRUCTURE 

Manuscript Page setup 

 Margins: 25.4 mm (1 in.) top, 25.4 mm (1

in.) left; adjust the settings for bottom and

right margins so that the text area is not

more than 165.1 mm by 228.6 mm (6.5 in.

by 9 in.)

 Font (typeface): Times New Roman, no

smaller than 10 points.

 Numbering: Insert page numbers at upper

right of each page; insert name(s) of

author(s) at upper left of each page

 Text: Single-spaced.

 Paragraphs: Indent first line 12.7 mm (0.5

in.); do not use an extra line space between

paragraphs; do not indent first line after a

subhead.

Subheads: All subheads should be flush with the 

left margin, with one line space above. 

Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). 

FIRST-LEVEL SUBHEAD 

 (all capitals, boldface, on separate line)  

 Second-Level Subhead  

 (initial capitals, boldface, on separate line) 

 Third-Level Subhead  

 (initial capitals, italic, on separate line)  

mailto:AJBSE@ju.edu.sa
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 Fourth-Level Subhead (initial capitals, 

boldface, on same line as text, with extra letter 

space between the subhead and text)  

 Fifth-Level Subhead (initial capitals, italic, on 

same line as text, with extra letter space between  

 the subhead and text) 

• Bulleted and numbered lists: Indent first line

12.7 mm (0.5 in.); do not indent for text 

runovers. 

 Table Titles and Figure Captions: 

 TABLE 5 Effects of All Factors 

 (Insert title above the table; “Table” is all 

capitals; title is initial capitals; all types are 

boldfaced;  

 Extra space, but no punctuation after number; 

no punctuation at end of title.) 

 FIGURE 3 Example of results. 

 (Insert caption below the figure; “Figure” is all 

capitals; caption is sentence case; all type is 

boldface; extra space but no punctuation after 

number; period at end of caption.) 

Body of the manuscript 

Introduction 

State the objectives of the work and provide an 

adequate background, avoiding a detailed 

literature survey or a summary of the results. 

Materials and methods 

Provide sufficient detail to allow the work to be 

reproduced. Methods already published should 

be indicated by a reference: only relevant 

modifications should be described. 

Theory/calculation 

A Theory section should extend, not repeat, the 

background to the article already dealt with in 

the Introduction and lay the foundation for 

further work. In contrast, a Calculation section 

represents a practical development from a 

theoretical basis. 

Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the 

results of the work, not repeat them. A combined 

Results and Discussion section is often 

appropriate. Avoid extensive citations and 

discussion of published literature. 

Conclusions 

The main conclusions of the study may be 

presented in a short Conclusions section, which 

may stand alone or form a subsection of a 

Discussion or Results and Discussion section. 

Appendices 

If there is more than one appendix, they should 

be identified as A, B, etc. Formulae and 

equations in appendices should be given separate 

numbering: Eq. (A.1), Eq. (A.2), etc.; in a 

subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. 

A.1, etc. 

Essential title page information 

• Title. Concise and informative. Titles are 

often used in information-retrieval systems. 

Avoid 

abbreviations and formulae where possible. The 

title should be all capitals.  

• Author names and affiliations. Where the

family name may be ambiguous (e.g., a double 

name), please indicate this clearly. Present the 

authors' affiliation addresses (where the actual 

work was done) below the names. Indicate all 

affiliations with a lower-case superscript letter 

immediately after the author's name and in front 

of the appropriate address. Provide the full 

postal address of each affiliation, including the 
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country name, and, if available, the e-mail 

address of each author. 

• Corresponding author. Clearly indicate who

will handle correspondence at all stages of 

refereeing and publication, also post-publication. 

Ensure that phone numbers (with country 

and area code) are provided in addition to the 

e-mail address and the complete postal 

address. Contact details must be kept up to 

date by the corresponding author. 

• Present/permanent address. If an author has

moved since the work described in the article 

was done, or was visiting at the time, a 'Present 

address' (or 'Permanent address') may be 

indicated as a footnote to that author's name. The 

address at which the author actually did the work 

must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such 

footnotes. 

Abstract 

A concise and factual abstract is required. The 

abstract should state briefly the purpose of the 

research, the principal results and major 

conclusions. An abstract is often presented 

separately from the article, so it must be able to 

stand alone. For this reason, References should 

be avoided, but if essential, then cite the 

author(s) and year(s). Also, non-standard or 

uncommon abbreviations should be avoided, but 

if essential they must be defined at their first 

mention in the abstract itself. 

Keywords 

Immediately after the abstract, provide a 

maximum of 6 keywords, using American 

spelling and 

avoiding general and plural terms and multiple 

concepts (avoid, for example, 'and', 'of'). Be 

sparing with abbreviations: only abbreviations 

firmly established in the field may be eligible. 

These keywords will be used for indexing 

purposes. 

Abbreviations 

Define abbreviations that are not standard in this 

field in a footnote to be placed on the first page 

of the article. Such abbreviations that are 

unavoidable in the abstract must be defined at 

their first mention there, as well as in the 

footnote. Ensure consistency of abbreviations 

throughout the article. 

Acknowledgements 

Collate acknowledgements in a separate section 

at the end of the article before the references and 

do not, therefore, include them on the title page, 

as a footnote to the title or otherwise. List here 

those individuals who provided help during the 

research (e.g., providing language help, writing 

assistance or proof reading the article, etc.). 

Nomenclature and units 

Follow internationally accepted rules and 

conventions: use the international system of 

units (SI). 

If other quantities are mentioned, give their 

equivalent in SI.  

Math formulae 

Present simple formulae in the line of normal 

text where possible and use the solidus (/) 

instead of a horizontal line for small fractional 

terms, e.g., X/Y. In principle, variables are to be 

presented in italics. Powers of e are often more 

conveniently denoted by exp. Number 

consecutively any equations that have to be 

displayed separately from the text (if referred to 

explicitly in the text). 

Footnotes 

Footnotes should be used sparingly. Number 

them consecutively throughout the article, using 

superscript Arabic numbers. Many word 

processors build footnotes into the text, and this 

feature may be used. Should this not be the case, 

indicate the position of footnotes in the text and 

present the footnotes themselves separately at 
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the end of the article. Do not include footnotes in 

the Reference list. 

Table footnotes 

Indicate each footnote in a table with a 

superscript lowercase letter. 

Tables 

Number tables consecutively in accordance with 

their appearance in the text. Place footnotes to 

tables below the table body and indicate them 

with superscript lowercase letters. Avoid vertical 

rules. Be sparing in the use of tables and ensure 

that the data presented in tables do not duplicate 

results described elsewhere in the article. 

References 

Citation in text 

Please ensure that every reference cited in the 

text is also present in the reference list (and vice 

versa). Any references cited in the abstract must 

be given in full. Unpublished results and 

personal communications are not recommended 

in the reference list, but may be mentioned in the 

text. If these references are included in the 

reference list they should follow the standard 

reference style of the journal and should include 

a substitution of the publication date with either 

'Unpublished results' or 'Personal 

communication'. Citation of a reference as 'in 

press' implies that the item has been accepted for 

publication.  

Web references 

As a minimum, the full URL should be given 

and the date when the reference was last 

accessed. Any further information, if known 

(DOI, author names, dates, reference to a source 

publication, etc.), should also be given. Web 

references can be listed separately (e.g., after the 

reference list) under a different heading if 

desired, or can be included in the reference list. 

References in a special issue 

Please ensure that the words 'this issue' are 

added to any references in the list (and any 

citations in the text) to other articles in the same 

Special Issue. 

Reference style 

Text: Indicate references by number(s) in square 

brackets in line with the text. The actual authors 

can be referred to, but the reference number(s) 

must always be given. Example: '..... as 

demonstrated [3,6]. Barnaby and Jones [8] 

obtained a different result ....' 

List: Number the references (numbers in square 

brackets) in the list in the order in which they 

appear in the text. 

Examples: 

Reference to a journal publication: 

[1] J. van der Geer, J.A.J. Hanraads, R.A. 

Lupton, The art of writing a scientific article, J. 

Sci. Commun. 163 (2010) 51–59. 

Reference to a book: 

[2] W. Strunk Jr., E.B. White, The Elements of 

Style, fourth ed., Longman, New York, 2000. 

Reference to a chapter in an edited book: 

[3] G.R. Mettam, L.B. Adams, How to prepare 

an electronic version of your article, In: B.S. 

Jones, R.Z. Smith (Eds.), Introduction to the 

Electronic Age, E-Publishing Inc., New York, 

2009, pp. 281–304. 

Journal abbreviations source 

Journal names should be abbreviated according 

to the List of title word abbreviations 

http://www.sciencemag.org/site/feature/contribin

fo/prep/res/journal_abbrevs.xhtml 

Submission checklist 

The following list will be useful during the final 

checking of an article prior to sending it to the 

journal for review. Please consult this Guide for 

Authors for further details of any item. 

Ensure that the following items are present: 

One author has been designated as the 

corresponding author with contact details: 

• E-mail address

http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
http://www.sciencemag.org/site/feature/contribinfo/prep/res/journal_abbrevs.xhtml
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• Full postal address

• Phone numbers

• Keywords

Further considerations 

• Manuscript has been 'spell-checked' and

'grammar-checked' 

• References are in the correct format for this

journal 

• All references mentioned in the Reference list

are cited in the text, and vice versa 

• Permission has been obtained for use of

copyrighted material from other sources 

(including the Web) 

• Color figures are clearly marked as being

intended for color reproduction 

AFTER ACCEPTANCE 

Proofs 

One set of page proofs (as PDF files) will be 

sent by e-mail to the corresponding author (if we 

do not have an e-mail address then paper proofs 

will be sent by post). If there is any correction, 

please list your corrections quoting line number. 

If, for any reason, this is not possible, then mark 

the corrections and any other comments on a 

printout of your proof and return by fax, or scan 

the pages and e-mail, or by post. Please use this 

proof only for checking the typesetting, editing, 

completeness and correctness of the text, tables 

and figures. Significant changes to the article as 

accepted for publication will only be considered 

at this stage with permission from the Editor. 

We will do everything possible to get your 

article published quickly and accurately – please 

let us have all your corrections within 48 hours. 

It is important to ensure that all corrections are 

sent back to us in one communication: please 

check carefully before replying, as inclusion of 

any subsequent corrections cannot be 

guaranteed. Proofreading is solely your 

responsibility.  

Offprint 

The corresponding author, at no cost, will be 

provided with a PDF file of the article via email 

(the PDF file is a watermarked version of the 

published article and includes a cover sheet with 

the journal cover image and a disclaimer 

outlining the terms and conditions of use). For 

an extra charge, paper offprints can be ordered 

via the offprint order form which is sent once the 
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The current essay involves preparation of Rare Earth (RE) doped Yttrium Oxide (RE3+:Y2O3). Yttrium 

Oxide nanoparticles doped with trivalent RE’s of Samarium, Holmium, Neodymium, Erbium and Gadolinium 

have been obtained using a modified Urea-Route Scheme. X-ray diffraction studies, SEM, FTIR, particle size 

analysis and luminescence studies have been pursued and the results obtained established that the method of 

synthesis of RE3+:Y2O3 nanoparticles (NP’s)  is prudent and suits the requirements for the applications in 

biosensing and imaging. The NP’s have been identified to be crystalline in nature with the confirmed presence 

of yttrium oxide along with the respective dopant after the verification of the characterization results with the 

reported data. The size of the nanoparticles prepared ranged between 25 nm to about 150 nm. They exhibited 

luminescence. Predominant emission peaks of the trivalent dopants for a concentration of 40% have been 

identified for Nd3+
 at 1076 nm excited at 808 nm, Sm3+

 at 605 nm and 651 nm excited at 409 nm, Gd3+
 at 612 

nm excited at 254 nm, Ho3+
 at 688 nm excited at 449 nm and for Er3+

 at 553 nm, 563 nm and 661 nm excited at 

379 nm. Further, RE3+:Y2O3 NP’s have been identified to suit the sensing requirements in biological 

applications, imaging applications, as LED phosphors. 

Keywords: Rare earth doped yttrium oxide, Nanoparticles (NPs), Modified Urea Route(MUR), Biosensing, Imaging.  

1. INTRODUCTION

RE3+:Y2O3 nanoparticles (NPs) have been a 

primary asset in the laser and luminescence industry and 

possesses unrealized applications in multitudinal fields. 

Their phosphor characteristics have been well exploited in 

the production of light emission devices [1,2]. The 

interesting applications that these NPs find in laser 

applications, sensing and imaging have enthused 

researchers to fathom into greater depths of the 

permutations and combinations and explore facile and 

economical methods of synthesis of thee NPs [3-5]. Their 

large band gap, ability to withstand high temperatures 

(≈2400◦C) and fluoresce over a broad region of the 

spectrum between UV and IR with intense emission peaks 

due to the intra ( weak, 4f N to 4f N) and inter (strong,  4f N 

to 4f N−15d ) configurational transitions [6-12] , their high 

thermal conductivity, mechanical strength and dielectric 

constant in comparison to the other compounds used for 

similar purposes have been some of the primary reasons to 

explore newer procedures of preparation of RE3+:Y2O3 

NPs. With the trivalent lanthanide ions as a dopant in cubic 

yttrium sesquioxide (Y2O3 lattice const. 10,6041 Å, Space 

group Ia3) they share an inseparable relation, with the latter 

playing an excellent host material in general. [13-15]. 

Unfolding the entire mechanism from the primitive 

state of the subject matter to the assay of the final analysis 

of the RE3+: Y2O3 has been engrossing, particularly due to 

the fact that the turnout would yield propitious 

applications. These NPs have been prepared through 

modified urea-route (MUR] [16-18]. 

2. MATERIALS AND CHARACTERIZATION

INSTRUMENTS 

RE3+:Y2O3 luminophors were synthesized through the 

use of high purity research grade raw chemicals (99.999% 

Trace Metal Basis, Otto Chemie and Sigma Aldrich). The 

UV absorption studies and luminescence characteristics 

have been carried out within our laboratory at the Aljouf 

University, Al Qurayat, Saudi Arabia. The phase 
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composition and structure of the prepared NPs were 

characterized elsewhere by X-ray diffraction (XRD) 

pattern using a XPERT-PRO panalytical diffractometer 

with Cu Kα radiation. Morphology and constituent 

analysis has been carried out using a ZEISS (SEM and 

EDAX). Fourier-transform infrared (FTIR) transmission 

spectra and UV-absorption spectra were measured using a 

Shimadzu 8400s instruments. Horiba SZ-100 has been 

used for the Particle size analysis. The photoluminescence 

studies have been carried out with FLS 980 

spectrofluorimeter. 

3. PREPARATION AND SYNTHESIS

A concentration 40 % of 1M RECl3 (RE = Nd, Sm, 

Gd, Ho, Er) has been used respectively as dopant into 60% 

concentration of 1M YCl3 for the synthesis in ethanol 

along with 1M urea solution in DI water. The MUR 

process has been adopted [16]. The solutions were 

constantly stirred while heating them at 95°C for 90 

minutes until they formed a precipitate. 

CO(NH2)2+3H2O→ CO2+2NH4   + OH-

(OH- were slowly generated which resulted in the 

precipitating metal hydroxide/oxide aggregates) 

RE3+ + 3OH → RE(OH)3    

Y3+ + 3OH → Y(OH)3 

The precipitate was dry heated at 300°C for 2 hrs after 

rinsing them in DI water until the formation of a dry 

spongy and foamy cake. The dry spongy and foamy cake 

was again rinsed with DI water and gradually heated until 

it reached a temperature of 900°C at the rate of 60°C per 

hour and it was calcinated for another one hour until a fine 

radiant powdery cake was formed. 

RE3+ + 3OH RE(OH)3 (EDX) 

Y3+ + 3OH → Y(OH)3 (EDX) 

RE3+: Y2O3 (Confirmed with Fluorescence) 

In order to achieve the structural finesse the sample 

has then been annealed, by gradually increasing its 

temperatuere in increments of 50°C per hour and thereafter 

maintaining it at 500 °C for 6 hours to finally obtain a fine 

pale pinkish radiant powder. The diffraction data revealed 

the sample to be in a crystal form that has been in 

agreement with the standard JCPDS data. The evidence of 

the identity of the contents has been confirmed through 

infrared spectroscopy. Nanostructure formation has been 

observed by scanning through an electron micrograph and 

the NP analyzer. The absorption peaks measured through 

the UV-Vis instrument have been taken as cue in the 

furtherance of the photo-luminescence studies of the  RE3+: 

Y2O3 nanoparticles (NPs).  

4. RESULTS AND DISCUSSION
  4.1. FTIR Spectroscopy 

FTIR spectral results shows Y-O stretching of the 

Y2O3 molecules Nd3+:Y2O3 (549.73 cm-1), Sm3+:Y2O3 

(553.59 cm-1), Gd3+:Y2O3 (567.45 cm-1), Ho3+:Y2O3 

(561.30 cm-1) and Er3+:Y2O3 (561.30 cm-1) [19, 20]. From 

the classification of the IR bands the strong bands observed 

in the case of Nd, Gd and Er, and medium to weak bands 

in the case of Sm and Ho around 3000 – 3500 cm-1 (OH-

Functional group) have been due to the hygroscopic nature 

of the rare earths and could also be attributed to the high 

surface-to-volume ratio of the as synthesized NPs [21]. It 

has been eliminated through modifying the urea 

route(MUR) employed for the synthesis and incorporating 

an additional step of annealing the sample. 

      4.2 XRD Analysis 

During the evaluation of the phase of the synthesized 

samples, it has been identified from the diffraction pattern 

observed that, upon the incidence of the X-rays of 

wavelength Cu kλ(α= 1.5405 Å) on the precursor gel, the 

prepared sample has been found to be amorphous. 

Further, calcination and time vigilant annealing resulted 

in the transformation of the sample into a crystalline 

phase of the RE3+: Y2O3 NPs of cubic structure [22, 23], 

the figures of which have been depicted in Fig. 1  

Fig. 1 RE3+: Y2O3 XRD Spectra (RE = Nd, Sm, Gd, Ho, Er from 

bottom to top) 

The calcinated samples yielded only three basic peaks 

pertaining to (2 2 2), (4 4 0) and (6 2 2), further, annealing 

the samples for cumulative lengths of time 1.0, 2.0, 3.0, 

6.0, and 10hrs. Each anneal revealed higher peaks that 

were sharper with the peak width of the pattern becoming 

narrower, a decreased surface area between crystallite and 

its boundaries has been observed in the pattern indicating 

an improvement in the crystallinity and crystallite growth 

of the structure with decrease in its porosity until the 

annealing time has been increased till 6 hrs., evincing that 

the that the crystallization was limited, with no further 

changes observed thereafter. A comparison with the 

standard peaks reported [24-27] made it easy to identify the 

experimental peaks that are depicted in the Fig. 1. 

Increased width of the diffraction peaks has been due 

to the dopant, which has been reported elsewhere by the 

same authors [17]. Addition of the dopant resulted in the 

dimensional reduction in the growth of the Y2O3 crystal 
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with no alteration in its phase, retaining its crustal 

structure, a change in the lattice energy causing an excess 

lattice strain has been ascertained [28].  The calculated 

lattice strain has been between 0.002 to 0.006 and the size 

of the crystallite dimension has been from 30-47 nm with 

an interplanar spacing varying between 1.2 to 3.0 nm in 

general for the NPs formed. [29]. 

4.3    SEM Analysis 

The images of the sample scanned by an electron 

microscope have been depicted in Fig. 2(a) to 2(e). The 

charging of the sample has been prevented by coating it 

with a uniform thickness metal film using low-vacuum 

sputtering (3x10-2 mbar) technique before loading the 

sample stub on the electron microscope to scan the 

morphology and size of the RE3+:Y2O3 NPs.  Evolution of 

gases during heating resulted in the porosity of the NPs as 

can be observed from the images Fig. 2.  with grain sizes 

of NPs in the range Nd3+: Y2O3 (60 – 140 nm), Sm3+: Y2O3 

(45 – 70 nm), Gd3+: Y2O3 (40-85 nm), Ho3+:Y2O3 (55 - 110 

nm) and Er3+:Y2O3 (50 – 60 nm). The presence of the 

respective dopant along with the proportional presence of 

yttrium and oxygen as the constituents has been recorded 

through EDAX measurement. 

Fig .2 RE
3+

:Y2O3 SEM Images ((a) RE = Nd, (b) RE = Sm, (c) 

RE = Gd, (d) RE = Ho, (e) RE = Er) 

    4.4 Particle Size Analysis 

The particle size distribution curve has been obtained 

through analysis of the scattered light intensity in a 

perpendicular direction from the medium of dispersion 

consisting the RE3+:Y2O3 NPs (viscosity – 0.895 mPa.s) at 

room temperature. The mean diameter of the most 

populated NPs has been found to be Nd3+: Y2O3 (90 nm), 

Sm3+: Y2O3 (140 nm), Gd3+: Y2O3 (50 nm), Ho3+:Y2O3 

(100 nm) and Er3+:Y2O3 (113 nm). 

    4.5 Luminescence studies 

 4.5.1 Nd3+:Y2O3 Emission scan for excitation 808 nm 

The luminescence spectra has been depicted in the Fig 

3(a) around 896 -912 nm, 1055-1090 nm, and a weak band 

around 1350-1360 nm respectively belonging to the 

a

b

c

d

e
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transition states 4F3/2  4I9/2, 4F3/2  4I11/2, and 4F3/2  4I13/2 

[31]. Of these transitions the Near IR transition 4F3/2 
4I11/2 holds a promise in biomedical applications due to its 

ability to penetrate deeper into the tissues without actually 

interacting with it [32]. This aspect scope for exploitation 

in the analysis of optoacoustic imaging, as a 

photosensitizing agent, for non-invasive investigations 

inside the human body and in the study of optical 

properties of human blood as; at the wavelength nearer to 

this transition wavelength oxy and deoxy-hemoglobin has 

isosbestic points used in pulse oximeters and oximetry[33]. 

Further its strong emission in the IR region allows greater 

penetrability and does not cause auto-fluorescence which 

has been a reported drawback of the emission in the visible 

and UV regions [34].  

Fig. 3(a) Luminescence Spectra of Nd
3+

:Y2O3 

 4.5.2 Sm3+:Y2O3 Emission Scan for excitation 409 nm 

The transitions from the lowest state of Sm3+ 6H5/2 

(Lmax=5(H state), Smax=5/2) has been excited at 609 nm 

resulting in the most intense irradiation around 409 nm 

(6H5/2  6P3/2) as in Fig 3(b). Further, the luminescence 

analysis at this value of (409 nm) revealed peaks of 

emission in the visible spectrum pertaining to 520 nm, 567 

nm, with the most intense emission at 649 and weak 

emission at 632 and 712 nm between the states 4F3/2  
6H5/2, 4G5/2  6H5/2, 4G5/2  6H9/2, 4G5/2  6H7/2,4G5/2  
6H11/2 respectively.  

It could be inferred from the outcome of this type of 

emission through UV-excitation of the NPs making it a 

potential compound as a red component coating material 

for lighting of UV LEDs [35]. It has been reported that [36, 

37] that an increased concentration of the dopant improves

spectral stability with improved lifetimes though it may 

result in an increased  grain size in general as has been 

evident from the size morphology study. Also, the splitting 

of the peaks has been due to the field of the crystal acting 

on the dopant within the host matrix. 

Fig. 3(b) Luminescence Spectra of Sm
3+

:Y2O3 

 4.5.3 Gd3+:Y2O3  Emission Scan for excitation 254 nm 

Gd3+: Y2O3 NPs have been excited at a wavelength of 

610 nm that resulted in strong emission at 254 nm possibly 

due to the transition of a 2p state electron of oxygen into 

the 4f state of gadolinium [38]. For the 40% concentration 

of the dopant there has been a sharp emission peak at 612 

nm pertaining to the transition state of  6P7/2  8S7/2 [39], 

further there were peaks of lesser intensity at 467 nm, 567 

nm, 580 nm, 627 nm and around 715 nm as depicted 

graphically in Fig. 3(c). Further investigations and study of 

the concentration dependence to obtain optimum emission 

throughput in the entire visible region would mean Gd3+: 

Y2O3 NPs would place itself in the high contention zone of 

a primary coating option for LED and fluorescent lamp 

applications [40]. 

Fig. 3(c) Luminescence Spectra of Gd
3+

:Y2O3 

 4.5.4 Ho3+:Y2O3  Emission Scan for excitation 449 nm 

The quest for a suitable excitation wavelength 

resulted in multiple emission peaks at 335 nm, 363 nm, 449 

nm 456 nm, and 463 nm for an excitation scan at 668 nm 

for the emission wavelength range 300-550 nm. An 
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excitation wavelength of 449 nm has been opted for the 

emission characteristic recorded between 520-800 nm. 

Peak emission manifolds at three distinct regions have 

resulted in the wavelength ranges 550-570 nm, 640- 668 

nm, and 740-765 nm that belonged to the states of 

transition (5F4, 5S2) 5I8, 5F4 5I8, (5F4, 5S2) 5I7 

respectively[41, 42] and has been presented in Fig. 3(d). 

The transition (5F4, 5S2) 5I7 along with the one (5F4, 
5S2) 5I8 reported one reported (42) suggest that the 

Ho3+:Y2O3 NPs would be pertinent for lasing applications 

through the formation of ceramics. Hooking up these NPs 

which are no different from their single crystal form 

through chemical/physical processes to various surfaces, 

these findings possess potential applications as bio-sensors 

and in photonics (42,44). 

Fig. 3(d) Luminescence Spectra of Ho
3+

:Y2O3 

 4.5.5 Er3+:Y2O3  Emission Scan for excitation 258 nm 

The irradiation of the sample to pinpoint the 

excitation behavior of the Er3+:Y2O3NPs for an emission 

of 563 nm revealed excitation centered around 258 nm and 

379 nm in the visible region for the spectrum recorded in 

the visible region (250-500).  

The downconversion (DC) emission peaks between 350-

750 nm viz., around 370 nm due to crystal field effect, and 

due to that of the spin-orbit coupling around 400 -450 nm, 

500-570 nm and 600–670 nm respectively for  (2G, 4F)9/2 → 
2I15/2, 2H11/2 → 2I15/2, (2H, 4G)11/2 → 2I15/2, 4S3/2 → 2I15/2, 4F3/2, 

→ 2I15/2, 4F9/2 → 2I15/2 transitions (Fig. 3(e)) [16] . It has been 

identified to find impeccable applications in sensing, in 

latent finger print detection and as LED phosphors [45]. 

These features find an ideal biological application source 

as both the excitation and emission happens within the 

visible region itself. 

Fig. 3(e) Luminescence Spectra of Er
3+

:Y2O3 

5. CONCLUSIONS

Modified Urea Route (MUR) used in the production 

of RE3+:Y2O3 NPs has been identified to be economic and 

a bulk reproducible method that suffices industrial 

requirements. Post confirmation of the presence of YO 

functional group, the crystalline nature of the NPs and the 

nano-morphology and grain size of these NPs, further, 

luminescence studies revealed interesting applicability 

potential of these luminophors in multifarious applications 

in imaging, as coating material for LED phosphors and in 

applications of biosensing. 
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The radiation attenuation properties of photons have been studied for bioactive glasses. The mass 

attenuation coefficients, effective atomic numbers and effective electron densities have been 

investigated theoretically at the photon energy range 1 keV–100 GeV using WinXCom computer 

program. Photoelectric absorption has been the dominate interaction contributed to the different total 

attenuation coefficients at the low energies (1-80 keV), while pair production has been the dominate 

interaction in high energies. The effective atomic (𝑍𝑒𝑓𝑓) and effective electron numbers (𝑁𝑒𝑓𝑓) are

linearly related and they depend on the photon energies and bioactive glass composition. The effective 

atomic number takes the highest value 16.2, 14.6 and 18.6 for BG45, BG53 and BG58 respectively at 

15 keV. Similarly, 𝑁𝑒𝑓𝑓 has the maximum value 4.75x1023, 4.12x1023 and 5.12x1023 for BG45, BG53

and BG58 respectively at the same energy. Values of 𝑍𝑒𝑓𝑓 and 𝑁𝑒𝑓𝑓  increased with calcium

concentration increase in the studied bioactive glass. 
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Bioactive Glass 

1. INTRODUCTION
Total mass attenuation coefficients (𝜇 𝜌⁄ ),

effective atomic number (𝑍𝑒𝑓𝑓), effective electron

density (𝑁𝑒𝑓𝑓), are essential parameters required

to determine X-rays or 𝛾 photon penetration and 

the energy deposition in biological shielding and 

additional materials of dosimetric interest. 

Accurate values of the mass attenuation 

coefficients are already become an important part 

in various fields such as nuclear diagnostics (axial 

computed tomography), radiation protection, 

nuclear medicine, radiation biophysics and 

radiation dosimetry.  

The total mass attenuation coefficient values 

have high dependence on the energy of incident 

photon, the material density and the atomic 

number of the elements. For mixtures and 

compounds, it also depends on an additional 

coefficient named effective atomic number 

(𝑍𝑒𝑓𝑓). The concept of effective atomic number

assume that a mixture or compound can be 

considered as a simple element characterized by 

the atomic number (𝑍𝑒𝑓𝑓), but its value is not

constant and varies with the incident radiation 

energy. Hine (1952) [1] was the first one 

suggested the theoretical expression and notion of 

the effective atomic number. According to this 

idea, effective atomic number of compound or 

mixture cannot be expressed as a single number 

and the various atomic numbers of elements have 

to be weighted differently.  

The effective electron density (𝑁𝑒𝑓𝑓) is

another important parameter closely related to the 

effective atomic number. It is defined as the 

number of electrons per unit mass of the studied 

material [2,3].  

Bioactive glasses are a synthetic materials 

have been used in many medical applications and 

various compositions are being used nowadays 

for preparation of scaffolds and as coating 

materials of implants [4,5]. However, limited 

mailto:kaahmed@ju.edu.sa
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studies has been reported on 𝑍𝑒𝑓𝑓  of biomaterials

[6,7]. This work concentrates on the photon 

attenuation characteristics of some bioactive 

glasses.  

The mass attenuation coefficient, the effective 

atomic number, and the effective electron density 

parameters have been determined theoretically for 

three silicate based bioactive glasses using 

WinXCom software. WinXCom is a Windows 

version of the XCOM database [8-10], it used for 

mass attenuation coefficients calculations for 

chemical elements (Z = 1-100), mixtures and 

compounds at the energy band 1 keV - 100 GeV.  

The fraction chemical composition of three 

silicate based bioactive glasses labeled as BG45, 

BG53 and BG58is given in Table 1.  

Table 1.Chemical composition of BG45, BG53 and BG58 

Glass 
composition (wt%) 

SiO2 CaO Na2O P2O5 

BG45 45 24.5 24.5 6 

BG53 53 20 23 4 

BG58 58 36 6 

2. THEORETICAL CALCULATIONS

2.1. Total Mass Attenuation Coefficient 

When photon penetrates an absorber, it is 

exponentially attenuated. The attenuation 

degree depends on the various processes, such 

as photoelectric absorption, coherent scattering, 

incoherent scattering and pair production. This 

attenuation process is described in the 

following relation [11-13]: 
𝐼 = 𝐼𝑜𝑒𝜇𝑡                        (1)

Where 𝐼𝑜 is the intensity of the incident

photon, 𝐼 is the intensity of the transmitted 

photon across the sample, 𝜇 is the linear 

attenuation coefficient, and 𝑡 is the thickness of 

sample in centimeters. The total mass 

attenuation coefficient 𝜇 𝜌⁄  is a measure of 

probability of photon interactions and the target 

material in a given mass per unit area thickness 

of the studied substance [14-17]. For an element, 

𝜇 𝜌⁄  can be given experimentally using the 

relation: 
𝜇

𝜌
=

1

𝜌𝑡
𝑙𝑛(

𝐼

𝐼𝑜
)         (2) 

Where  𝜌  is the material density (g/cm3). 

The mass attenuation coefficient 𝜇/𝜌 (cm2/g) 

for any chemical mixture of elements can be 

theoretically given by the following relation 

[12-15]: 
𝜇

𝜌
= ∑ 𝑤𝑖 (

𝜇

𝜌
)

𝑖
𝑖  (3) 

The fraction by weight (𝑤𝑖) for a chemical

compound is given by: 

𝑤𝑖 =  
𝑛𝑖𝐴𝑖

∑ 𝑛𝑖𝐴𝑖𝑖

 (4) 

Where 𝑛𝑖 and 𝐴𝑖 are the number of formula

units and the atomic weight of the constituent 

element 𝑖 respectively.  

The total mass attenuation coefficients 𝜇/𝜌 

(cm2/g) of BG45, BG53 and BG58 for photon 

energy rang 1kev-100GeV were calculated 

theoretically using WinXCom software based on 

the formula number (3) [18]. 

2.2. Total cross-section 

The total cross-section of a photon 

interaction is the sum of the partial cross-

sections for each partial reaction [14-17]. 

𝜎𝑡𝑜𝑡 =  𝜎𝑝ℎ + 𝜎𝑐𝑜ℎ + 𝜎𝑖𝑛𝑐𝑜ℎ + 𝑘𝑛 + 𝑘𝑒           (5) 

Where 𝜎𝑝ℎ is the photoelectric cross-

section, 𝜎𝑐𝑜ℎ is the coherent scattering cross-

section, 𝜎𝑖𝑛𝑐𝑜ℎ is the incoherent scattering cross

section, 𝑘𝑛 is the pair production in nuclear

field cross-section, and 𝑘𝑒 is the pair production

in electron field cross-section. The total 

molecular cross-section, 𝜎𝑡,𝑚 can be calculated

depending on the mass attenuation coefficients 

values using the following relation [19]: 

 𝜎𝑡,𝑚 =  
𝜇

𝜌

𝑀

N𝐴

 (6) 

Where 𝑀 is the molecular weight, 𝑀 =
∑ 𝑛𝑖𝐴𝑖𝑖 , and N𝐴 is Avogadro’s number.

Then, the total atomic cross-section, can be 

simply calculated using the following formula 

[19]: 

𝜎𝑡,𝑎 =  
𝜎𝑡,𝑚

∑ 𝑛𝑖𝑖

 (7) 

The total electronic cross-section 𝜎𝑡.𝑒 is

expressed by the following formula [20]: 

𝜎𝑡,𝑒 =  
1

N𝐴

∑
𝑓𝑖𝐴𝑖

𝑍𝑖
𝑖

(
𝜇

𝜌
)

𝑖

 (8) 

Where 𝑍𝑖  is the atomic number of element 𝑖
in the compound, and 𝑓𝑖 is the atoms number of

element 𝑖 relative to the total atoms number of 

all elements in the molecular formula [20]. 

2.3. The effective atomic number 

The effective atomic number 𝑍𝑒𝑓𝑓 depends

on the total atomic and electronic cross-sections 

according to the following relation: 

𝑍𝑒𝑓𝑓 =  
𝜎𝑡,𝑎

𝜎𝑡,𝑒

 (9) 

2.4. The Effective Electron Density 

The effective electron number or electron 

density, 𝑁𝑒𝑓𝑓, can be derived from the

following relation [2, 20,22,23]: 

𝑁𝑒𝑓𝑓 =
𝑍𝑒𝑓𝑓

𝑀
n𝑁𝐴  (10) 
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Where  n is the total number of atoms in the 

studied formula. 

The partial and total mass attenuation 

coefficients of BG45, BG53 and BG58 for 

photon energy rang 1 keV-100 GeV were 

calculated theoretically using WinXCom 

software. Based on 𝜇/𝜌 data obtained from 

WinXCom program, the effective atomic 

numbers and the effective electron density 

were calculated at different incident photon 

energies using equations (9) and (10). 

3. RESULTS AND DISCUSSION

The total mass attenuation coefficients 𝜇/𝜌 

(with coherent scattering) for BG45, BG53 and 

BG58, has been calculated and shown 

graphically in Figure1. 

Fig. 1 Variation of total mass attenuation coefficients 

versus incident photon energy for BG45, BG53 and BG58 

It is clearly observed that 𝜇/𝜌 is not 

constant but varies as a function of the incident 

photon energy. This confirm the Hine's idea 

mentioned earlier [1]. For BG45,  𝜇/𝜌 is 

gradually decreased from 3218 to 0.2179 cm2/g 

at low photon energy (1 keV -80 keV). At the 

intermediate energy values (80 keV-22 Mev), 

𝜇/𝜌 decreased to minimum value 0.02136 

cm2/g. In high energy regions (E >22 MeV), it 

increases slowly and tends to be almost 

constant. BG53 showed decrease in 𝜇/𝜌 from 

3456 to 0.212 at the photon energy range 1 keV 

-80 kev, reaching to 24 MeV, it decreased to 

the minimum value 0.02095 and remains 

almost constant after that. Similarly, the mass 

attenuation coefficient 𝜇/𝜌 for BG58 at low 

photon energy (1 keV -80 kev), is gradually 

decreased from 3767 to 0.2352 cm2/g. At the 

intermediate energy values (80 keV-20 Mev), 

𝜇/𝜌 decreased to minimum value 0.02231 

cm2/g. When E> 20 MeV, it increases slowly 

and is almost constant. This behavior can be 

attributed to the dominance of different 

interaction processes of photon with the matter 

(photoelectric absorption, Compton scattering 

and pair production in nuclear and electronic 

fields) is different for each photon energy. K-

edges appear at low energies as shown in Table 

2. K-edges at energies 1.07, 1.84, 2.15, and

4.04 keV are due to sodium, silicon, 

phosphorus and calcium respectively. 

Variation in total mass attenuation coefficients 

between BG45, BG53 and BG58 is shown in 

Figure 2. Difference in total mass attenuation 

coefficient appears at low energies up to 100 

keV. Beyond this energy, 𝜇/𝜌 value becomes 

almost similar for the three bioactive glasses. 

Fig. 2 Variation in total mass attenuation coefficients 

between BG45, BG53 and BG58 

Figure 3.  shows the partial mass attenuation 

coefficients of different photon interaction 

processes in different energy regions for BG45, 

BG53 and BG58. It is noticed that there are 

three energy ranges relative to the partial 

processes: (i) photoelectric absorption at low 

energies, (ii) incoherent (Compton) scattering 

at intermediate energies and (iii) pair 

production at high energies. Coherent 

(Rayleigh) scattering occurs mainly at low 

energies, so, it never plays any considerable 

role in this connection, whereas photoelectric 

absorption is by far the most serious interaction 

process.  
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For materials with low Z values, in which 

incoherent scattering is the dominant process in 

the energy range of interest in medicine and 

biology, the fraction of photon energy 

deposited in the medium is small, but increases 

for materials with higher Z where photoelectric 

absorption is more significant [16]. 

Fig. 3 Variation of the partial mass attenuation 

coefficients of the different photon interactions versus 

incident photon energy for BG45, BG53 and BG58 

  The maximum value of 𝜇/𝜌 is found at 

low energies below 80 keV, where the Z4-5 

dependence of the photoelectric absorption 

cross-section gives a heavy weight to materials 

of the highest atomic number. The minimal 

value of 𝜇/𝜌 is found at intermediate energies 

(80 keV to 20 MeV). At high energies (20 MeV 

to 100 GeV), pair production is dominant 

interaction. It has a weaker Z2 dependence and 

gives less weight to the higher-Z elements than 

photoelectric absorption. Therefore values of 

𝜇/𝜌 for photon energy absorption is shown to 

vary from a higher value at low energies to a 

lower value at higher energies [24]. Below 80 

keV, the variation of 𝜇/𝜌 has discontinuities 

due to photoelectric effect around the K-

absorption edge of elements that shown in 

Table 2. 

Table 2. Photon energies (in keV) of absorption edges 

above 1 keV 

Glass K-edge 

BG45 1.072 1.84 2.15 4.04 

BG53 1.072 1.84 2.15 4.04 

BG58 1.84 2.15 4.04 

Results shows that the partial mass 

attenuation coefficients of the photoelectric 

absorption decreases rapidly and its 

contribution becomes negligible after 80 keV. 

The inverse proportion between effective 

cross-section of photoelectric absorption and 

the incident photon energy as (E3.5) [16] can 

explain this. Therefore, photoelectric 

absorption is the highly effective interaction in 

the rapid decrease of the total mass attenuation 

coefficient in the low energy range in all 

glasses.  

At energy between 80 keV and 20 MeV, the 

Compton scattering process becomes the 

predominant mechanism, effectively, its partial 

mass attenuation coefficients increases when 

the energy is between 1 keV and 80 keV but is 

smaller than the partial mass attenuation 

coefficients of the photoelectric absorption as 

shown in Figures 3. 

Fig. 4 Variation of effective atomic numbers versus 

incident photon energy for BG45, BG53 and BG58 

Partial mass attenuation coefficients for 

Compton scattering reached maximum value at 

40 keV, then it gradually decreased. The slow 

decrease in 𝜇/𝜌  values in the intermediate 

energy can be attributed to the dominance of 

the Compton scattering interaction. The 

behavior of mass attenuation coefficients is 

attributed to the fact that the cross-section of 

Compton scattering interaction is inversely 

proportional to the energy of incident photons 

(E-1) [16].  

Pair production in electric and nuclear field 

comes as prominence in the high energy 

region. The partial mass attenuation coefficient 

of this process equals zero below specific 

threshold for photon energy (1.02 MeV). Then, 

it linearly increases as the energy increase, and 

at 100 MeV it becomes almost constant 

resulting in constancy of  𝜇/𝜌 values in the 

high photon energy region. 

The effective atomic numbers 𝑍𝑒𝑓𝑓 and the

effective electron density 𝑁𝑒𝑓𝑓  for Bioactive

glasses were calculated from Eqs. (9, 10). 
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Variations of 𝑍𝑒𝑓𝑓 values versus photon energy 
of BG45, BG53 and BG58 are illustrated in 

Figure 4. It is clearly observed that the 𝑍𝑒𝑓𝑓 
values vary depending on the photon energy. 

Maximum values of 𝑍𝑒𝑓𝑓 are observed at low 
energies where the photoelectric effect is the 

dominant. The cross-section of photoelectric 

process mentioned before is Z4-5 dependence 

which gives a heavy weight to materials of the 

highest atomic number. Data showed sharp 

increase in 𝑍𝑒𝑓𝑓 values in the beginning energy 
and it reached the maximum values 16.2, 14.6 

and 18.6 for BG45, BG53 and BG58 

respectively at 15 keV. The lowest values of 

𝑍𝑒𝑓𝑓 for BG45 and BG53 are observed at 300 
keV, while for BG58 the lowest value of 𝑍𝑒𝑓𝑓 
is observed at 800 keV.  Higher than 80 MeV, 

𝑍𝑒𝑓𝑓 is almost constant at values equal to 11.8, 
11.5 and 12.5 for BG45, BG53 and BG58 

respectively.  

At 4.04 keV, 𝑍𝑒𝑓𝑓 increased rapidly due to

the calcium K-absorption edge then increases 

sharply up to 15 keV then onwards decreases 

up to 300 keV, showing that contribution of 

scattering processes increases which decreases 

𝑍𝑒𝑓𝑓. It observed from Figure 4 that 𝑍𝑒𝑓𝑓 is

energy independent from 300 keV to 3 MeV. 

This is due to dominance of incoherent 

Compton scattering in this region, leading to 

lower values of effective atomic number. From 

3 MeV, 𝑍𝑒𝑓𝑓 increases slowly up to 100 MeV

then it remains constant. This behavior is due 

to sharing of pair production and incoherent 

scattering. It is observed that the weight 

fractions of studied bioactive glasses and range 

of atomic numbers of the bioactive glass 

elements are additional influence factors in 

effective atomic number. From Figure 4, it is 

clear that 𝑍𝑒𝑓𝑓 increases with increasing CaO

ratio in the bioactive glass. 

Variations of effective electron density with 

incident photon energy for BG45, BG53 and 

BG58 are displayed in Figure 5. It is seen that 

at 15 keV, the 𝑁𝑒𝑓𝑓 has the maximum value

4.75x1023, 4.12x1023 and 5.12x1023 for BG45, 

BG53 and BG58 respectively. Thereafter, it is 

sharply decreased and tends to be almost 

constant at high energies (E > 80MeV). 

Fig. 5 Variation of effective electron density versus 

incident photon energy for BG45, BG53 and BG58 

Fig. 6 Linearity of effective atomic numbers and effective 

electron density for BG45, BG53 and BG58 

Variation behavior of the effective electron 

number 𝑁𝑒𝑓𝑓 with the incident photon energy

is highly similar to the variation of the effective 

atomic numbers 𝑍𝑒𝑓𝑓 (Figure 4), this is

excepted since these two parameters are 

conjugated through Eq. (10) and their linearity 

is shown in Figure 6. It is observed that the 

maximum value of 𝑁𝑒𝑓𝑓 occurs in the low

energy range where photoelectric absorption is 

the dominant mechanism and the minimum 

value occur at intermediate energies, where 

Compton scattering is the main photon 

interaction process.  

4. CONCLUSION

In this study, the values of total mass 

attenuation coefficient, photon interaction 

cross-section, effective atomic numbers and 

effective electron densities for silicate based 

bioactive glasses BG45, BG53 and BG58, have 

been calculated in the energy region from 1 

keV to 100 GeV using WinXCom. 

It can be concluded from this study that all 

these parameters are dependent on the incident 

photon energy. This dependence is remarkable 

in the low incident photon energies (1-80 keV) 

due to predominant photoelectric absorption 

process. In the intermediate and high energies, 

all these parameters are nearly constant due to 

predominance of the Compton scattering and 

pair production. The effective atomic number 

(𝑍𝑒𝑓𝑓) and the effective electron number
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(𝑁𝑒𝑓𝑓) have maximum values at low energy

(15 keV) and then they sharply decreased. 

Values of 𝑍𝑒𝑓𝑓 and 𝑁𝑒𝑓𝑓 increase with the

increase of the calcium concentration in the 

bioactive glass. The linearity between Neff and 

𝑍𝑒𝑓𝑓 is verified.
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