2307-549X

Removal of Listeria monocytogenes Biofilm with Some Local Plant Extract «.—.- L fistan Re ‘ vth‘@s!ﬂof
w_qserles of Pyrazoline, and study their Kinetics and Reaction Mechanisnr ) L 7 | properties

. Gopper Oxide (CuO) thin films on Plastic substrate deposited by spray p
Fluorescent Probe for Determination of Folic Acid in Pharmaceutical Produ (Se
[ ture in the Iraqgi Kurdistan RegioneHigh-Performance Ultra-Compact Dual-Ba
ﬁ‘ System for Mobile Communication-850/Global System for Mobile Communic :
| Problems in Koya City due to Private Electrical GeneratorseDocking Study-_t Pre
sitol 3-Kinase a Inhibitorse Education Needs to Support Architecture, E
aboration Using Building Information Modelinge Skin Temperature DIS ‘__“
ﬁandheld Mobile Phone Call using Thermal Imaging Camerae Theoretical Study .

;, " Reaction of Trifluoroethylene with Five-membered Chalcogens Heterocy (G5

. ..‘.!‘.: x
™. )7-549X (electronic version)

7-549X

e ¥

fin
1
E



ARO-The Scientific Journal of Koya University

The ARO (“Today” in Hewrami Kurdish), is an international scientific journal published by the
Koya University with p-ISSN: 2410-9355, e-ISSN: 2307-549X and DOI: 10.14500/2307-
549X. ARO is a journal of original scientific research, global news, and commentary. The ARO
Scientific Journal is a peer-reviewed, open access journal that publishes original research articles
as well as review articles in all areas of Science and Engineering.

ARO Executive Publisher
Dr. Wali M. Hamad; is the President of Koya University and the Executive Publisher of ARO.

ARO Editorial Board

The Editorial Board of ARO includes a thirteen-member Senior Executive Editorial Board and a six-member Associate
Editorial Board that help in setting journal policy; a Board of Reviewing Editors consisting of more than 210 leading
scientists.

ARO Editorial Group

Senior Executive Editors: Dilan M. Rostam, Salah I. Yahya, Basim M. Fadhil, Fahmi F. Muhammad, Mohammed H.
S. Zangana, Jorge Correia, Fouad Mohammed, Jacek Binda, Nadhir Al-Ansari, Howri Mansurbeg, Tara Fuad Tahir,
Yazen A. Khaleel.

Associate Editors: Hamed M. Jassim, Ikbal M.G. Tahir, Saddon T. Ahmad, Sahar B. Mahmood, Layth I. Abd Ali,
Mohammed Gh. Faraj

This issue reviewers: Abbas Rezaei, Adheed Sallomi, Amin Bakr, Bayazeed H. Abdullah, Bnar J. Ahmed, Fahmi F.
Muhammad, Haitham K. Ali, Hamed M. Jassim, Hijran S. Jabbar, Hiwa O. Ahmad, Jamil A. Juma, Jassim Fatehi,
Layth I. Abd Ali, Maher K. Ali, Nadhir Alanasari, Omed G. Abdullah, Raghad Z. Yousif, Shler Raheem, Yazen S.
Mahmood.

ARO Editorial Web and New Media: Dilan M. Rostam and Salah 1. Yahya
Secretarial Office of the Journal: Haneen H. Falah

Journal Proofreader: Salah I. Yahya

Journal Copyeditor: Daban Q. H. Jaff

Journal Cover Designer: GIRI- SHA

ARO, the International journal of original scientific research and commentary is an online and published twice a year,
as well, by Koya University. The published articles are free and online open access distributed under the Creative
Commons Attribution License (CC BY-NC-SA 4.0: https://creativecommons.org/licenses/by-nc-sa/4.0/).
Responsibility of the content rests upon the authors and not upon ARO or Koya University.

ARO the Scientific Journal Office

Koya University, University Park
Danielle Mitterrand Boulevard, Koya KOY45
Kurdistan Region - F.R. Iraq

Tel.: +964 (0) 748 012 7423
Mobile: +964 (0) 750 187 5489
E-mail: aro.journal@koyauniversity.org
url: aro.koyauniversity.org

December - 2019 | Befranber — 2719

ARO p-ISSN: 2410-9355 | ARO e-ISSN: 2307-549X | ARO Digital Object Identifier (DOI): 10.14500/2307-549X



ARO

The Scientific Journal of Koya University
Vol VII, No 1(2019)

Contents

ARO Ediorial WoOoraS oo

SIWA A, MONAMIMIEA e

Removal of Listeria monocytogenes Biofilm with Some Local Plant Extracts of Kurdistan Region, Iraq

Kosrat N. Kaka, Salam G. Taher, Wali M. Hamad, Aram H. Ibrahim ...,

Synthesis of New Series of Pyrazoline, and Study their Kinetics and Reaction Mechanism

Mohammad G. Faraj, Askander K. Kaka and Halo D. Omar ...

Electrical and Structural Properties of Copper Oxide Thin Films Deposited on Plastic Substrate
by Spray Pyrolysis Technique

TaraF. Tahir, Aryan F. Qader, Musher I. Salih, Essa Q. Rashid ...,

L-Tryptophan as Fluorescent Probe for Determination of Folic Acid in Pharmaceutical Products

Ala A. Ghafur, Varoujan K. Sissakian, Hawkar A. Abdulhag, Hassan O. Omar — ..................

Agra Anticline: A Growing Structure in the Iragi Kurdistan Region

Abbas Rezaei, Salah |. Yahya ..o

High-Performance Ultra-Compact Dual-Band Bandpass Filter for Global System for Mobile
Communication-850/Global System for Mobile Communication-1900 Applications

Hayder H. Abbas, Fakhri H. Ibraheem, Ahmed A. Maaroof ...

Pollution Problems in Koya City due to Private Electrical Generators

Mahmoud A. Chawsheen, Hazem A. AI-BUSTANY ...

Docking Study to Predict the Efficacy of Phosphatidylinositol 3-Kinase o Inhibitors

BT E T I\ I = 0 1] =1 o RO

Education Needs to Support Architecture, Engineering, and Construction Collaboration
Using Building Information Modeling

DOI: 10.14500/2307-549X ARO p-ISSN: 2410-9355, e-ISSN

: 2307-549X



Yazen A. Khaleel, Salah I. Yahya, Rahel Kh. Ibrahim ... 63
Skin Temperature Distribution over Human Head Due to Handheld Mobile Phone Call using
Thermal Imaging Camera

Haydar A. Mohammad-Salim, Hassan H. Abdallah ..., 69
Theoretical Study of the [4+2] Cycloaddition Reaction of Trifluoroethylene with Five-membered
Chalcogens Heterocyclic Compounds

General INOrMALION oo e 79
GUIE 10 AULNOr e e e e 80
ARO Reviewer/Associate Editor Application FOrm ... 82

ARO p-I1SSN: 2410-9355, e-ISSN: 2307-549X DOI: 10.14500/2307-549X



ARO Editorial Words

Dear readers,

ARO, the Scientific Journal of Koya University, is closing its Issue Thirteen (Vol VII, No 2, 2019). It has
been a challenging, exciting and yet progressive season for our journal. ARO has managed to publish 11
original research articles that show our commitment to publishing quality original works. ARO is publishing
its 13th issue as an internationally listed Scientific Journal in Kurdistan Region of Irag. Notably, ARO has
been accepted for indexing in the Emerging Sources Citation Index (ESCI), a new edition of Web of
Science™ as of Feb 2016. Content in this issue is under consideration by Clarivate Analytics to be accepted
in the Science Citation Index Expanded™ (SCIE) during 2019. ARQ’s individual articles are currently listed
by Clarivate Analytics using articles unique DOI numbers which is a historical achievement for our academic
community. ARO is starting its seventh-year journey in leading the quality of regional scientific publications
with global impact. The editorial team have been working tirelessly to keep the novel mission and sustain
ARO’s future publications with greater impacts and citations. It is exciting that ARO has been awarded to
DOAJ Seal listing which is an indication of a trusted high standard open access scientific work. The
upcoming new season will be an even more exciting period in ARO’s life as Clarivate Analytics will examine
our journal for a full permanent listing.

ARO was created with a long-term vision of becoming accessible to all researchers in Kurdistan and beyond,
and covering a wide range of scholarly disciplines in the sciences. ARO is a peer-reviewed, open-access
journal that publishes original scientific research, global news, letters and commentary as well as review
articles in areas of natural sciences and technology. In this issue, you will have access to original research
papers in a variety of areas, such as Physics, Chemistry, Biology, Material Science, Civil Engineering,
Architectural Engineering, Software Engineering, Electrical and Electronics Engineering, Petroleum
Engineering and Geology.

The great responses from researchers, academics and professionals in the last six years have made us create
a wider Editorial Board which serves the wider submitted scientific manuscripts. However, it is clear that
having a dedicated and well-organised editorial board for the journal is only one side of the coin. The other
is the ability to attract submissions of quality research and scholarly work. We are thankful to all of those
who put their trust in Aro and presented their original research work for publication in Vol VI, No 2 (2019)
of the journal, as well as, our thanks are extended to the 19 peer-reviewers from the Universities worldwide
for their efforts in reviewing and enabling this issue of ARO.

Your support and feedback are invited and appreciated.

Dilan M. Rostam
Editor-in-Chief

Wali M Hamad
Executive Publisher

Dilan M. Rostam, Salah I. Yahya, Basim M. Fadhil, Fahmi F. Muhammad, Mohammed H. S. Zangana, Jorge Correia,
Executive Editor, Fouad Mohammed, Jacek Binda, Nadhir Al-Ansari, Howri Mansurbeg, Tara Fuad Tahir, Yazen A.
Khaleel.
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Removal of Listeria monocytogenes Biofilm with
Some Local Plant Extracts of Kurdistan Region, Iraq

Srwa A. Mohammed

Department of Medical Microbiology, Faculty of Science and Health, Koya University, Koya, KOY45,
Kurdistan Region - F.R. Iraq

Abstract—The results of removing or reducing biofilm were
determined using subinhibitory concentrations (SICs) of some local
plants in the flora of Kurdistan region of Iraq on biofilm production
in Listeria monocytogenes. About 10-500 pg/ml of the plant extracts
were used against growth and biofilm production in tissue culture
plates which were measured spectroscopically. The SIC effects of
each of Eugenia caryophyllata (Clove) and Rhus glabra (Sumac)
have significantly affected on planktonic cells and reduced sessile
cells or biofilm formation in L. monocytogenes. Remarkably, the
data showed strong biofilm reduction under synergistically effect of
the plant extract mixed with the antimicrobial agents in multidrug-
resistant L. monocytogenes. Whereas the SIC some of other plant
extracts such as Salix candida and pomegranate (Punica granatum)
have significantly enhanced biofilm expression in L. monocytogenes,
but the use of these extracts synergistically with some antibiotics
also resulted in inhibition of biofilm in comparison to merely use of
either the extracts or antibiotics. The result of statistical analyses
shows that P > 0.05. The results showed that the combination of
plant extract with antibiotic together has more effect than using
plant merely.

Index Terms—Biofilm, Eugenia caryophyllata, Listeria
monocytogenes, Salix candida.

I. INTRODUCTION

Biofilm is an organized aggregate of microorganisms living
within an extracellular polymeric matrix that they produce
and irreversibly attached to fetish or living surface which
will not remove unless rinse quickly (Hurlow, et al., 2015).

Cell-to-cell communication is an important process,
during which the required microbial cell density is attained.
This leads to the secretion of signaling molecules, known as
autoinducers. These autoinducers facilitate quorum sensing. At
this stage of maturation, certain gene products are expressed
that are considered important for the formation of extracellular
polymeric substances (EPS). Since EPS is the main material
in the biofilm’s three-dimensional structure, interstitial voids
are then produced in the matrix (Muhsin, et al., 2018).
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Biofilms occur on a wide variety of surfaces including
living tissues, industrial equipment, and food processing
surfaces such as conveyor belts, plastic, and stainless steel
equipment. Since bacterial cells can be easily transferred
from biofilms to food products, biofilms formed by
pathogens such as Listeria monocytogenes are of particular
concern for food industries. It has been demonstrated that
L. monocytogenes can grow and form biofilms on several
food processing surfaces including rubber, plastics, glass,
and stainless steel. Biofilms of listeria protect cells from the
action of antimicrobials and sanitizers, potentially allowing
long-term persistence of the microorganism in the food
processing environment (Giuseppe, et al., 2013).

Biofilm organisms have an inherent resistance to antibiotics,
disinfectants, and germicides. The use of synthetic material
for implantation is widely associated with “implant-associated
infection” due to biofilm production. In the long run, they may
be very damaging due to immune complex disease (Donlan
and Costerton, 2002; Garcia-Almendarez, et al., 2007).

Plant-derived compounds have gained widespread interest
in the search to identify the alternatives for microbial control
(Essawi and Srour, 2000). The compounds are widely
accepted due to the perception that they are safe and have
a long history of use in folk medicine for the prevention
and treatment of diseases and infections (Guarrera, 2005).
The present study was focused on using plant extracts at
sub-minimum inhibition concentration (MIC) against the
clinically relevant L. monocytogenes biofilms.

II. MATERIALS AND METHODS

Twelve local plants used in this study. Some of them were
obtained from Koya Haebatsultan and others from local
market in Sulaimani city.

A. Screening of Biofilm Production

L. monocytogenes isolate that produce biofilm was received
from Srwa, 2014, for the current study. Confirmation tests
were done through colony morphology and biochemical tests.
The isolate was subcultured and the control was prepared
in tryptic soy broth (TSB) for 18 h at 37°C. Before the
experiments, the strain was vortexed for 5 min and the optical
density adjusted to 1-1.5 at 600 nm by spectrophotometer
according to McFarland scale to the overnight culture was
standardized to a concentration of 3 x 108 CFU/ml.
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The strain diluted by obtaining 50 pl of sample to 950 ul
broth aliquots of 200 ul transferred to pre-sterilized, 96-
well polystyrene microtiter plates commercially available
(Deltalab S.L., Spain), then incubated for 24 h at 37°C.
After incubation, discard the bacterial suspension totally
each well was washed with 200 pl sterile phosphate buffer
solution (PBS), then put on the hot plate for 1 h at 60°C
for fixation, 25 ul of 1% crystal violet was added to each
well, after 15 min at room temperature, each well was
washed with 200 pl sterile PBS. The absorbance was
determined at wavelength 450-630 nm in an enzyme-linked
immunosorbent assay microtiter (Botic England). Controls
were performed with crystal violet binding to the wells
exposed only to the culture medium without bacteria (Bose,
et al., 2009).

B. Plants Classification

The plants were classified by Dr. Eqgbal Muhammed Xareb.
She is assistant prof. in Koya University/Biology Department
and her specialty is horticulture, apple leaves (Malus
domestica), leaves of Quercus infectoria, leaves of bitter
vetch (Lathyrus montanus), clove (Eugenia caryophyllata),
and sumac (Rhus glabra), Portulaca oleracea, Vitis vinifera
leaves, and Citrullus colocynthis, Anthemis tinctoria
(Matricaria chamomilla), Salix candida, leaves Pistacia
terebinthus, and pomegranate (Punica granatum).

C. Preparation of Methanol Crude Extracts

The plant samples were collected, and 12 plant extracts
were prepared using absolute methanol; add 10 g of grinded
plants to the conical flask. Then, 25 ml of absolute methanol
was added to the flask then placed in the refrigerator for
3 days. After 72 h, the extracts were filtered through a
Whatman filter paper No. 42 (125 mm) and it concentrated
using a rotary evaporator (Laborota 4000, SN 090816862,
Germany) (Odey, et al., 2012). At the final step, the extracted
was transferred into vials and stored at 4°C.

D. Determination of MIC

The minimum inhibitory concentration (MIC) of medicinal
plant extracts understudying was determined by turbidity
method (spectrophotometric method) at 600 nm, and the
following dilutions were prepared for each extract (10, 20,
30, 40, 50, 60, 70, 80, 100, 200, 300, 400, 500, 600,700,
800, 1000, and 1100 uM) (Ncube, et al., 2008), according to
the plant activity, sub-MIC was adjusted. A stock solution of
the extracts directly used without dilution, with the control
of the bacterial suspension that prepared previously by two
methods: 1 — 0.5 ml of the bacterial suspension was put in
the wells of the (96-well polystyrene microtiter) plates and
the plant extracts was added directly and 2 — 0.5 ml of the
bacterial suspension of L. monocytogenes was put in the
wells of the microtiter plate and was incubated for 24 h to
allow set the sessile or biofilm formation. Then, it was mixed
with the plant extracts at sub-MIC for each of the 12 extracts.
Each well was compared with the control well (Djordjevic,
et al., 2002).
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E. Susceptibility Test

Antibiotic susceptibility test was conducted for biofilm
that produces by L. monocytogenes isolate and was used
eight extra high-performance liquid chromatography (Sigma)
antimicrobials powder that has 100% activity. The bacterial
strains were inoculated into TSB and incubated for 24 h at
37°C to allow forming biofilm; then, MIC of antimicrobial
agents was added to microwells after discard the bacterial
suspension (NCCLS, 2000). The antimicrobial agents that
were used [ampicillin (AMP), chloramphenicol (CHL),
nalidixic acid (NAL), Rifampin (RIF), Tetracycline (TET),
Carbincillin (CAR), Streptomycin (STR), and neomycin (N)].

F. Combination Effect of Antimicrobial Agents with Some

Effective Plants on Biofilm

The extracts at sub-MIC were mixed with antimicrobial
agents at sub-MIC in sterile Eppendorf tubes. The mixtures
were transferred into the wells of the 96 microtiter plates which
contain biofilm of L. monocytogenes isolate, to determine the
nature of the interactions between the extracts and antimicrobial
agents using Equation 1 (Srwa and Shwan, 2017).

MIC,in combination MIC,in combination
MIC alone MIC alone

G. Statistical Analyses

Z score was done for double OD before 10 h incubation
and after 10 h incubation. The result was 1.58 from Z score
and P = 0.11. The result shows that P > 0.05 (Richard and
Morris, 2000).

III. RESULTS AND DISCUSSION

A. Reducing Biofilm Formation in L. monocytogenes by 12
Different Types of Plant Extract

Twelve different types of plant extract were screened
for their antimicrobial activities against both planktonic
and sessile or biofilm bacteria. First method: The extracts
were initially tested on planktonic microorganisms
using the MIC assay. The results showed clove (F.
caryophyllata), A. tinctoria (M. chamomilla), S. candida,
leaves P. terebinthus, and sumac (R. glabra); crude extracts
have good effect on inhibiting L. monocytogenes. About
0.5 ml of the bacterial suspension from control sample was
mixed with the crude methanol plant extracts 10, 40, 80,
500, and 500 pl/ml, respectively, and incubating overnight,
then culturing on nutrient agar. The results show no
growth isolated for each of them. Meanwhile, some of the
extracts can be used such as supportive media or such as
nutrient for bacteria. The study of Nyila, et al., 2012 used
13 different sorts of plant extract against L. monocytogenes
planktonic cells and showed that epigallocatechin was found
to be active against L. monocytogenes at a concentration of
0.062 mg/ml. While, (Nzeako and Lawati, 2008) used thyme
and clove essential oils as antifungal agents and showed
growth inhibitions of more than 25 mm (diameter) up to 1:16
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dilution. And showed the minimum fungicidal concentration
(MFEC) of thyme and clove for all the organisms were 1.9 x
10° pg/mL for thyme and 2.5 x 10° ug/mL for clove. Second
method: Treating L. monocytogenes that produce biofilm with
12 different types of plant extracts were tested on sessile
cells or biofilm formation after incubating for 24 h and set
the biofilm. The results are shown in Fig. 1.

Fig. 1 shows the effect of crude methanol extracts of
Q. infectoria leaves, leaf of bitter vetch (L. montanus), bark
of clove (E. caryophyllata), and seed of sumac (R. glabra).
In the well (A3, A9, All, and C8) (0.191, 0.181, 0.284, and
0.178, respectively), they have good effects on reducing
biofilm that produces by L. monocytogenes, by adding 35,
35, 8, and 8 pl, respectively, of the extracts at sub-MIC in
the prepared well previously by adding bacterial suspension
and incubating for 24 h till biofilm set by tested isolate and
discard the suspension just remain biofilm in the wells. The
results were read by ELIZA and well Al shows control of
L. monocytogenes OD reading was 1.192.

On the other hand, some of the plant extracts enhance or
increase biofilm formation such as P. oleracea, S. candida,
P. granatum, V. vinifera leaves, and C. colocynthis in the A4,
B6, B9, C1, and C2, respectively, and OD reading for each
of them was 3.22, 2.50, 2. 34, 5.60, and 6.32, respectively,
as shown in Fig. 1. The present study in accordance with the
study of Sandasi, et al., 2010, used 16 different types of plant
including clove against three pathogenic microorganisms
(L. monocytogenes, Pseudomonas aeruginosa, and Candida
albicans), but peppermint was the only extract that showed
the best antibiofilm activity against all the tested organisms
on a preformed biofilm and also showed that the inhibition
of growth of a preformed biofilm was more difficult
to achieve resulting in most of the extracts enhancing
the growth of the biofilms. Furthermore, the study of
Nyila, et al., 2010, showed listerial biofilms, treated with
Syzygium aromaticum or Mentha spicata essential oils,
and exhibited the same biomass (absorbance 0.09) as that
of the positive control (ciprofloxacin). It was, therefore,
assumed that the antilisterial activity of these essential oils
could be attributed to the activity of their major chemical

constituents, eugenol, and carvone. However, surprisingly,
these compounds alone caused biofilm enhancement rather
than inhibition.

B. Susceptibility Test

Susceptibility test was conducted for biofilm that produces
by L. monocytogenes, eight widely antimicrobials at final
concentration were used (AMP, NAL, N, STR, CHL, RIF,
TET, and CAR) in well (A1, A2, A3, A4, A5, A6, A7, and
A8, respectively), which demonstrated in Fig. 2. OD reading
of biofilm that produces by L. monocytogenes was 1.195, but
when exposed to the antibacterial agents, the relative activity
of the biofilm was markedly higher than that in single-species
biofilms and the optical density reading of biofilm was
1.439, 1.293, 1.164, 1.144, 1.163, 1.171, 1.104, and 1.092,
respectively, as shown in Table I. The study of Burmelle,
et al., 2006, was found to interact synergistically in biofilms
formed in 96-well microtiter plates: Biofilm biomass was
observed to increase by >167% in biofilms formed by the
four strains compared to biofilms composed of single strains.

TABLE I
SUSCEPTIBILITY TEST FOR BIOFILM THAT DEVELOPED BY LISTERIA
MONOCYTOGENES ISOLATE

Isolate Control AMP NAL N STR CHL RIF TET CAR
Listeria A9 Al A2 A3 A4 A5 A6 AT A8
monocytogenes

1.192 1.439 1.293 1.164 1.144 1.163 1.171 1.151 1.092

AMP: Ampicillin, NAL: Nalidixic acid, N: Neomycin, STR: Streptomycin,
CHL: Chloramphenicol, RIF: Rifadin, TET: Tetracycline, CAR: Carbenicillin

TABLE II
THE EFFECTS OF COMBINATION ANTIBIOTICS AND SOME PLANT EXTRACTS ON
BIOFILM PRODUCED BY LISTERIA MONOCYTOGENES

Listeria RIF TET STR N AMP
monocytogenes

Clove B10.155 B20.192 B30.108 B50.111 B110.179
Pomegranate B60.131 B70.091 B80.106 B90.178 B100.124
Sumac (Rhus A120.253 BI120.182 C10.118 C20.177 C30.112
anacardiaceae)

Salix candida C60.075 C70.055 C80.056 C€90.091 C50.065

RIF: Rifadin, TET: Tetracycline, STR: Streptomycin, N: Neomycin, AMP: Ampicillin

Susceptibility test for L.
monocytogenes biofilm

Fig. 2. Treating Listeria monocytogenes biofilm with antimicrobial agents and mixed (antimicrobial agents with plant extracts).
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When exposed to the antibacterial agent hydrogen peroxide
or TET, the relative activity (exposed versus non-exposed
biofilms) of the four-species biofilm was markedly higher
than that in any of the single-species biofilms.

C. Treating L. monocytogenes Biofilm with Mixed
Antimicrobial Agents and Plant Extracts

Combination of five different sorts of antimicrobial agents
mixed with three different plant extracts such as clove
(E. caryophyllata), pomegranate, sumac (R. glabra), and
S. candida separately. They have good effects on reducing
biofilm as shown in Fig. 2. The OD reading for each of
them demonstrates in Table II. The present study showed
synergistic activity between antimicrobial agents and these
plant extracts and this agrees with the study of Srwa and
Shwan, 2017 showed in their study synergistic activity
between plant extracts and antimicrobial agents on biofilm
produced by Klebsiella pneumonia.

In general, sumac (Rhus anacardiaceae) and clove
(E. caryophyllata) were the only two extracts with low
concentration showed good antibiofilm activity and good
antibacterial activity against L. monocytogenes, while some
of the extracts enhanced bacterial activity and biofilm
development. And the use of these extracts synergistically
with some antibiotics also resulted in inhibition of biofilm in
comparison to merely use of either the extracts or antibiotics.
There is little study about reducing biofilm by traditional
herbs or plants, while many researches nowadays carried out
about inhibition of bacterial activity.

IV. CoNCLUSION

The results show that the reduction of biofilm mass using plant
extracts has good effect, but using the combination of plant
and antibiotic together has more effect than using plant solely.
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Synthesis of Novel Series of Pyrazoline, and Study
their Kinetics and Reaction Mechanism

Kosrat N. Kaka, Salam G. Taher, Wali M. Hamad and Aram H. Ibrahim
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Koya KOY45, Kurdistan Region — F.R. Iraq

Abstract—A new series of novel pyrazoline compounds
were synthesized by addition of thiosemicarbazide to the
2,6-dibenzylidenecyclohexanone (Chalcone) and its parasubstituted
derivatives. This study was conducted for four purposes. First,
a series of five-membered ring pyrazoline compounds were
synthesized, and the structure of all new products obtained is
supported by spectral data ("H-NMR, *CNMR, infrared, and
ultraviolet [UV]-visible), and the effect of substituents was studied.
Second, the reaction kinetics of the newly synthesized compounds
was studied to investigate the reaction mechanism pathway and
order of the reaction; it was found that the reaction undergoes
through Claisen route of mechanism with first-order reaction.
Third, the thermodynamics of the reaction were studied, the rate
of the reaction, Arrhenius parameters (A), and thermodynamic
parameters for activation includes free energies (E ), entropies
(AS*), and Gibbs free energy (AG*) were estimated. Finally, the
compensation effect was also studied and found the same pathway
for all of the synthesized pyrazoline compounds.

Index Terms—Pyrazolines, Kinetics, Mechanism, Chalcones,
Compensation effect, Thiosemicarbazide, Claisen and Michael
Pathway.

I. INTRODUCTION

Nucleophilic addition to o, B-unsaturated carbonyl compound
as aldehydes, ketones carboxylic acids, and esters is one of
the common reactions in organic synthesis. The presence
of two conjugated functional groups C=C and C=O in the
structure of a, B-unsaturated carbonyl compounds ease the
nucleophilic addition reaction to occur frequently (Esmaeel,
1988). Moreover, a, P-unsaturated enones are important
intermediate in many addition reactions of nucleophiles
due to inductive polarization of carbonyl group at the B
position (Ebenezer and Wight, 1995, Hamad et al., 2016).
Furthermore, electrophilic addition (McCrae, 1973), Claisen
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addition (Carey, 1996), and Michael addition (Gutsche, 1967)
are the most known types of such kind of reactions, and the
use of heterocyclic compounds is the most common, due to
their interesting biological activities.

Pyrazoline is a heterocyclic compound that contains two
adjacent nitrogen atoms; it can be synthesized using variety
of methods. Pyrazoline compounds are not stable; readily
convert to cyclopropane derivatives in the presence of heat
or base catalyst (Qiu et al., 2008; Ramage et al., 1957).
Pyrazoline and its derivatives are important compounds which
constitute the basic framework of certain drug (Patel et al.,
2011); also they are important precursors for pharmaceuticals
and pesticides (Sloop et al., 2008).

Pyrazoline compounds show a variety of biological activates
such as anticonvulsant (Beyhan et al., 2017), antimicrobial
(Joshi et al., 2012, Pandya et al., 2017, Kendre and Baseer,
2013, Hassan, 2011) antituberculosis, antileishmanial (Monga
et al., 2014), and antifungal properties (Hassan, 2011).

There are several works that have been published for the
synthesis of pyrazolines. Mainly, the pyrazoline synthesis is
based on the cyclization reaction of different chalcones with
hydrazine compounds (Li et al., 2007, Lévai, 2005, Powers
et al., 1998, Joshi et al., 2012, Pandya et al., 2017, Monga
et al., 2014, Ethiraj et al., 2013, Kendre and Baseer, 2013,
Hassan, 2011, Fazaeli et al., 2010), as shown in Scheme 1.

Beyhan et al. reported a different method for the synthesis
of pyrazoline compounds from the reaction of chalcones
(prepared from methyl aryl ketones with substituted
aldehydes) with thiosemicarbazide and N-(4-chlorophenyl)
semicarbazide in alkaline medium (Beyhan et al., 2017).
Another method for the synthesis of pyrazoline is through the
reaction of substituted hydrazonoyl and N-phenylmaleimide
in good yield (Abdelhamid et al., 2000), Scheme 2.

The kinetic studies of pyrazoline formation from reaction
of different chalcones with different compounds such as
Schiff base, hydrazine, and thiourea in dimethylformamide
and dimethylsulfoxide (DMSO) have been measured
spectrophotometerically. The reaction is first order with
respect to each reactant undergoes one or two steps to
produce pyrazolines or pyrimidine thiones (Al-Khayat,
2010, Kaka et al., 2016). The kinetics of the reaction for the
substituted chalcones have been also studied and found first-
order reaction (Upadhyay, 2007).
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Scheme 2. Pyrazoine synthesis.

The present study is concerned with the kinetics of our
synthesized pyrazolines and its derivatives. The effect of
the electron configuration of substituents in para position
of chalcones on the rate of chemical reaction and on the
stability of activated compounds is studied. Moreover, the
suitable mechanism for the reaction was suggested. Finally,
the compensation effects for the substituent were observed
and showed the expected routes.

II. EXPERIMENTAL

The infrared (IR) spectra (KBr, v cm™) for the synthesized
compounds were measured using (Fourier-transform- IR
[FT-IR]) spectrophotometer, and the ultraviolet (UV)-
visible spectra were estimated by Agilent Cary-100 (UV-
visible Spectrophotometer). Nuclear magnetic resonance
(NMR) spectra were showed on BRUKER 500.133 MHz
spectrometer (UK) using DMSO as a solvent.

A. General Procedure
Synthesis  of  (E)-7-benzylidene-3-phenyl-3,3a,4,5,6,7-
hexahydro-2H-indazole-2-carbothioamide and its derivatives:

Compound (A), X=H
Compound (B), X=N(CH,), HaN
Compound (C), X=NO,

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

Thiosemicarbazide (4-mole eq.) was dissolved in
absolute ethanol containing (10% sodium ethoxide). It was
then added to a stirred solution of 1-mole equation of 2,
6-dibenzylidenecyclohexanone (Chalcone) or equivalent
to one of its derivatives dissolved in 5 ml DMSO. The
reaction mixture was stirred for 24 h at room temperature
and refluxed for another 24 h. The reaction mixture was then
cooled and poured into 10 ml of ice water. The product was
precipitated, washed twice with cold water to give the crude
product, it was purified by recrystallization from ethanol
to give pure product (A, B, and C), (67%, 63%, and 77%
yield), respectively.

For the purpose of kinetic study, the Agilent Cary-100 UV-
visible spectrophotometer was used for scanning wavelength
against absorbance to follow-up the absorbance change of
the reactions at fixed wavelength. The spectrophotometer
was supplied with the quartz cuvette type (Q) supported with
Teflon quick fit stopper used for holding sample at constant
temperature. The reaction temperature was controlled using
an automatic thermostat type (Cary temperature controller)
attached with circulating built-in pump to ensure a constant
speed of circulating water. The supply company insulated all
pipe connections properly so that temperature deviation inside
the reaction cuvette was varied within the limits of +0.01°C.

The rate of the reaction was determined by reaction
between thiosemicarbazide and chalcones (A, B, and C) in
DMSO and basic medium (sodium ethoxide) using absolute
ethanol as a solvent.

For the purpose of zeroing at A, (259.00) nm, chalcone
(0.002 mmol/l, 1 mL), sodium ethoxide 10% (1 mL), and
0.5 mL of each of the DMSO, ethanol solvents were mixed
in quartz cell for both of the reaction and blank readings.

To study the reaction kinetic, thiosemicarbazide
(0.0001 mmol/l, ImL) was added to the reaction cell, and
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ethanol (1 mL) was added to the blank cell to reach the
volume completion. The absorbance was monitored at
different temperature. The decrease in the absorbance of
thiosemicarbazide at A___(259.00) nm in DMSO was occurred
at different temperatures. The color changed from pale yellow
to colorless gradually, due to the gradual consuming the
thiosemicarbazide gradually, and converting to product.
The rates constant was evaluated by fitting the absorbance
— time data to the appropriate pseudo first-order rate
Equation-1 using linear regression program:
In (A=A)AA) =k, t (1)

Where:

A =Absorbance of the thiosemicarbazide at time zero.

A =Absorbance of the thiosemicarbazide at different time.

A_=Absorbance of the thiosemicarbazide after reaction complete
(when the absorbance became constant).

k . = The rate constant for the pseudo first-order of the reaction.

k . =k [Thiosemicarbazide]"; n=Order of the thiosemicarbazide
as a pseudo first-order.

II1. RESULTS AND DISCUSSION

Compounds [A, B, and C] were synthesized by the
reaction of 1 mole equivalent of chalcones (Kaka, 2017)
with 4 mole equivalents of thiosemicarbazide in DMSO and
basic medium (sodium ethoxide) using absolute ethanol as a
solvent, as shown in Scheme 3.

TABLE I
THE IR SPECTRUM ASSIGNMENT OF THE COMPOUNDS (A, B, AND C)

Compound N-H_ v/em™(m) C=N_ N-H

str. bend.

C=C_, Aromatic N-H wag

vem (w) vem(w)  vem'(m)  v/em'(m)
A 3338, 3279 1650 1638 1625 748
B 3408, 33371 1694 1678 1603 770
C 3380, 33359 1659 1635 1597 769

The structure of synthesized compounds was confirmed
through a combination of various spectroscopic techniques
including IR, UV-visible spectrophotometer, 'H-NMR,
and*C NMR spectra. The IR spectrum for the compound (A)
showed two clear bands at 3338 and 3279 cm™! corresponding
to primary NH, group, and a band at 1650 cm™ which was
corresponded to the C=N stretching vibration. The C=C group
band was appeared at 1625 cm™, whereas the N-H bending
vibration appeared near 1638 cm™'. The total characterization
of IR bands for the compounds (A, B, and C) is shown in
Table 1.

The proton and carbon NMR of the compound (A, B,
and C) is characterized in Table II.

The total characterization of proton and carbon NMR for
the compounds (A) and its spectra is shown in the following
pictorial Fig. 1.

Below 'H-NMR and "C-NMR spectrum belongs to
compound (A) Fig. 1:

In this study, the kinetic study of the formation of new
pyrazoline compounds was conducted using UV-Visible
spectroscopy by following the decrease in the absorbance
of thiosemicarbazide (A 259.00 nm). The band of the
used thiosemicarbazide did not interfere with other spectral
bands of chalcone and the product (pyrazoline). The
decrease in absorbance of thiosemicarbazide is exactly
equivalent to the remaining concentration of the reactant.
Ethanol and DMSO were found to be suitable solvents for
all the kinetic measurements. The reaction was found to
be slow. Preliminary, attempts were made to find suitable
concentration range of thiosemicarbazide, which obeys
Beer’s-Lambert law. A ratio of concentrations of (1:20)
thiosemicarbazide: chalcones (or its derivatives) was found
to be adequate and used in all our measurements. Table V
shows A__ of substituted thiosemicarbazide and chalcones,
and the valid range of Beer-Lambert law. At first, a full
scan of the reaction spectrum (between thiosemicarbazide
and three different chalcones separately) was performed to

o
= = s
+ NH» J‘L
< ~ "NH NH-

2 6-dibencylidenecyclohexanone(Chalcone)

X=H. N(CH3)> and NO,

thiosemicarbazide

CH3;CH,ONa e

Compound (A), X=H
Compound (B), X=N(CH3);
Compound (C), X=NO;>

X

Ethanol

X,
dimethylsulfoxide

7-benzylidene-3-phenyl-3 3a.4.5 6. 7-hexahydro-2 H-indazole-2-carbothioamide

Scheme 3. Reaction pathway of pyrazoline synthesis.

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X



http://dx.doi.org/10.14500/ar0.10508

TABLE II
'H-NMR CHEMICAL SHIFT ASSIGNMENT IN PPM oF THE COMPOUNDS(A, B, AND C)

Comp. X

Chemical shifts in PPM

A -H

B -N(CH,),

9.31 (2H, br.s, NH,), 7.49-7.26 (8H, m, Ar-H), 6.35 (1H, m, CH=C),
3.92(1H, d, CH-N), 2.46-2.45 (1H, m, CH-C=N), 2.27-2.23

(2H, m, CH-C=CH), 1.37-1.33 (4H, m, CH,-CH,).

9.29 (2H, br.s, NH,), 7.54-6.60 (8H, m, Ar-H), 6.30

(1H, m, CH=C), 3.94(1H, d, CH-N), 2.94 (12H, 5, N (CH,) ,, 2.48-2.45
(1H, m, CH-C=N), 2.24-2.22 (2H, m, CH-C=CH), 1.39-1.30

(4H, m, CH,-CH,),

9.26 (2H, br.s, NH,), 8.16-7.56 (8H, m, Ar-H), 6.44 (1H, m, CH=C),
3.96(1H, d, CH-N), 2.51-2.49 (1H, m, CH-C=N), 2.31-2.26

(2H, m, CH-C=CH), 1.37-1.33 (4H, m, CH,-CH,),

TABLE IIT
"H-NMR For CoMPOUND (A)

o
-
=}
=
=}
=}

PPM Multiplicity

7.49-7.26 d
6.35 s
2.27-2.23 m
1.37-1.33 m
m

m

d

Integration
8

12,13, 15, 16, 17, 18, 20, and 21

51
S

3

1.37-1.33
2.45
3.92
9.31 br. s

o

o

janjijaniijeniiasiyesiesianigan
PN — = NN N —

>
=y

TABLE IV
3C-NMR rFor COMPOUND (A)

Q
5
<}
=}

PPM

141.6, 135.6, 130.3, 128.2, 124.3
28.0
25.1
243
43.6
78.5
177.1

12,13,15,16,17, 18, 20, 21, and 23

O ST}

oNoNoNoNoNOoNe!

N
2

TABLE V
MAXIMUM ABSORPTION OF CHALCONES AND PYRAZOLINES IN DIMETHYLSULFOXIDE

A of

‘max

pyrazoline
344 A 350
349 B 448
330 C 337

Pyrazoline A of

‘max

chalcone

Compounds

Chalcone (p-H)
Chalcone (p-N (CH,) )
Chalcone (p-NO,)

choose a suitable wavelength for kinetic measurements, as
shown in Fig. 2.

As we mentioned in the experimental part, after a 24 h
of stirring and mixing of the reactants (thiosemicarbazide,
sodium ethoxide, chalcone, and its derivatives) in DMSO,
an appropriate absorption band of pyrazoline-H and its
derivatives was built up systematically in the 344.00 nm.

The figure below shows the decreases in absorbance of the
thiosemicarbazide with no interference either with reactant or
product or with no side reactions.

The rate of the disappearance of thiosemicarbazide is
found to be sensitive to the temperature change in the range
between 298.15 K and 318.15 K. Therefore, the runs were
carried out within this range of temperature.

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

In earlier study, theoretically, kinetic measurements of any
bimolecular reaction are found totally second-order when 1:1
mixing mole ratio was used, which means first-order for each
of reactants (Kaka, 2017).

Practically, the reaction showed first-order reaction for
thiosemicarbazide, Equation 2.

To simplify our kinetic investigations and mathematical
treatments of data, a pseudo first-order reaction was followed
using large excess of chalcones (20-fold) compared to
thiosemicarbazide concentration. In this case, the rate of
reaction became:

r =k, [Thiosemicarbazide] (2)

Where k, = k [Chalcones]', in this case, the
thiosemicarbazide was found to be pseudo first-order of
Aa B Aoo

1 ee]

straight lines with slope that corresponds to &,

The above Equation (1) was applied for a mixture of
thiosemicarbazide concentration of 2 x 10* M and large
amount of chalcones (20-fold) (0.004 M) for all of the
reactions under study and lead to reasonable reaction rates
even at different temperatures. Many runs were performed at
different temperatures, and the measurements were always
followed toward the completion of reaction. Typical plots
show excellent fit to Equation (1) and were always linear, as
shown in Fig. 3. Thus, the assumption of pseudo first-order
reaction was fully proven.

The observed rate constant was calculated from the slope
of the Equation (1). The standard deviation of the slope
represented reasonable value of estimated rate constant (K).

Plots of In k, using data listed in Tables VI-VII
versus the reciprocal absolute temperature between
298.15 and 318.15 K were drawn and found acceptable
straight lines. The least-square method was used for
plotting Arrhenius equations, and treating the mean rates
constants at each temperature as a single point with a
unit of weight.

The entropies of activation also gave good evidence
about the shape of the activated complex and about
the mechanistic pathway. The AS* is estimated from
the A-Factor, at 308.15 K, according to the following
Equation (3).

reaction. Plots of In versus time were always

AS*=RxInA/((e’kT)/h) 3)
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Fig. 1. 'H, “C-NMR spectrum for compound (A).
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Fig. 2. Ultraviolet-visible spectrum for thiosemicarbazide, chalcones-H, sodium ethoxide, and product pyrazoline-H in dimethylsulfoxide (each one
alone).
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A factor was calculated according to Arrhenius equation,
as shown in Fig. 4, the intercept is Ln A.

AS# = Entropy of activation (J mol! K™'), R = Gas
constant (8.314 J/mol. K).

A = Arrhenius factor was calculated from Intercept of
Arrhenius equation K = A e-E/RT. ((time)-1(Conc.)1-n)
n=order of reaction, e= 2.72, K = 1.38*10-23 m?kg's-2K-1,
T=Absolute temperature (K), h=6.62*10-34 m>kg's.

The effect of substituted chalcones on the rate of the
condensation process was studied. In the inspection of the
effect of the electron-donating groups (-N(CH,),), we have
noticed that these groups increase the electron density at the
B-carbon of the C=C of the chalcone (the reaction center),
by conjugation. This can cause the reducing in the rate of
reaction compared with the unsubstituted parent analogous.
On the other hand, the electron withdrawing groups (-NO,)
decrease the availability of electrons at the - carbon of the
(C=C) of the chalcone by conjugation, results in strengthening
the attractive forces between reactants and enhancing the
reaction rate. The difference in rates of reaction was found to
be in the following order

p-NO, -p-H-p-N(CHj;),

4.5
4 .
..
—~ 35 .
2
g .
§ 2.5 .... .’
:%\ ’ '.. o°..
. °® °®
8 15 ot
- 1 ...
= °®
0.5 <5
0
0 50 100 150
Time/min
emmms )08 15K 308.15K @®=318.15K

Fig. 3. Pseudo first-order plot for the reaction of chalcone-H with
thiosemicarbazide (using sodium ethoxide) in dimethylsulfoxide at
different temperatures.
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Moving from left to right, the rate of the reaction increase
of the observed reaction rates is shown in Fig. 5 and
Tables VI-VIL

The values of activation parameters are of great
importance to describe the mechanism under all
circumstances studied here. The energies of activation for
all reactants are generally small in value and vary within
(26.897-4.781) KJ/mol. The variation of their values may
be attributed to the electron-donating or withdrawing
capabilities of the attacked groups.

Other important factors that control the reaction rate are
the A-Factor and it AS*. These two factors are related to
each other by the Equation (3), which is derived from the
transition state theory (Ceylan and Gezegen, 2008). Using the
above equation a value A = 10'*° s7! corresponds to AS*=0.
The decrease in this value results in a negative entropies of
activation. It is noticed that all of A-factors obtained for all
the reactions under study are less than the above-mentioned
value and correspondingly all the obtained AS* values are
negative.

The negative values of the AS* of the reaction of
all chalcones with thiosemicarbazide are shown in
Tables VI-VII, indicate the formation of a restricted
intermediate which suffers from lack of center degrees
of freedom as compared to the reactants. The decrease
in the value of A-factor provides an important indication
about the stability of the intermediate and hence gives
good support for explaining the reason for the differences
in the value of rate constants. Since the decrease in the
values of both A-factor and AS* leads to the same target.
From these investigations, it can be concluded that the
reaction of the chalcone with the thiosemicarbazide
nucleophile proceeds through the formation of transition
state in a relatively slow step. The rate constant values,
the A-parameters values, the Gibbs free energy of
activation (the reactions have the same mechanism route,
as shown in Tables VI-VII), as well as the negative
values of activation entropies are quite in agreement
with the suggested mechanistic route. The reaction takes
place according to Claisen route rather than Michael
route depending on IR spectral data, which showed no

_5 + + + + + + + + + + + + + + + + + + + + :K/T
50,0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034
-6
-6.5 *— =-3235x + 3.7604
~— y R2= g 9993
-7 ——0 :
= 75 *—
o —— = -2473.9x + 0.3003
- R>=10.9988
-8.5
-9 =-575.05x - 6.9179
2 —
93 —o— H —e— N(CH3)2 NO2 RE=0.9979

Fig. 4. Arrhenius plots for the reaction of compounds chalcones (-H, -N(CH,), and -NO,) with thiosemicarbazide in dimethylsulfoxide as a solvent.

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X



http://dx.doi.org/10.14500/ar0.10508

peaks of N-H stretching of pyrazoline ring. In addition
of that, ChemOffice 3D program theoretical calculations

2.1

1.9

Absorbnace
: % B B OB 8§

0 10 20 30 40 50 60 70 80 90 100
Time/min
——298.15K ——308.15K ——318.15K
Fig. 5. Decrease in the concentration of thiosemicarbazide at different

times and temperatures.
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found that the heat of formation (H. F.) of unsubstituted
Claisen product equal to 131.8 kcal/mol which is less
than Michael product equal to 228.8 kcal/mol. This means
the reaction goes through Claisen route because has less
value of heat of formation. The mechanism of the reaction
is shown in Scheme 5.

The kinetic study of the pyrazoline compounds
(A, B, and C) cannot fully explain the reaction mechanism;
therefore, organic chemistry facts must be applied in
combination with kinetic calculations.

To understand the certain mechanism of formation
of all of the pyrazoline compounds (A, B, and C), true
compensation effect was applied. It was noted that the
compensation effect was a straight line for all substituent
as shown in Fig. 6, which means all of the pyrazoline
compounds (A, B, and C) forms according to the same
route of mechanism. Moreover, the compensation effect
also confirmed no effect of used solvents on the route of the
mechanism (Fig. 6).

H 9 H s
A DMSO
sz ‘NJ\NHg Sodium ethoxide
X x H in Ethanol

Pseudo First order

X=H, N(C H3)>, NOy

Scheme 4. Reaction pathway of payrazoline.

E1ONa (E1OH
DMSO
HN anien NH;

Claisen route

HaN

: Michael route

(
IITLL, M ae O
Y

Slow Slgpl Cyclization

HN

Fast Step

—
N_.-—N
O
98 "
@
H.F, Of:

A= 131.8 keal/mol.
B=172.9 keal/mol,
C=256.9 keal/mol.

X = -H, -N(CH;); and -NO,

A= 228.8 keal/mol,
E= 270.2 keal/mol
C=351.9 keal/mol,

Scheme 5. Proposed reaction mechanism.
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The
thiosemicarbazide with chalcones

TABLE VI
OBSERVED RATE CONSTANTS, FOR THE REACTION CHALCONE-H WITH THIOSEMICARBAZIDE, OBTAINED FROM KINETIC PLOTS AT DIFFERENT
T/K K (s)/10%s™ t%5/107% s E/KJmol™ AS*/JK ! mol™! AG*/KJ mol™ A/107 R? SD/10*
298.15 1.435 48.293 4.781 —311.019 100.621 9.899 0.9885 0.038
308.15 1.535 45.147 0.9900 0.058
318.15 1.620 42.778 0.9900 0.078
TABLE VII
OBSERVED RATE CONSTANTS, FOR THE REACTION CHALCONE-N (CH,), WITH THIOSEMICARBAZIDE, OBTAINED FROM KINETIC PLOTS AT DIFFERENT TEMPERATURES
T/K K (s)/10%s™ t /107 s E/KJ mol™ AS*/JK ' mol™! AG*/KJ mol™ A/s! R? SD/10*
298.15 3.333 20.790 20.568 -251.007 97.916 1.350 0.9911 0.053
308.15 4.433 15.632 0.9800 0.025
318.15 5.622 12.338 0.9900 0.044
TABLE VIII
OBSERVED RATE CONSTANTS, FOR THE REACTION CHALCONE-NO2 WITH THIOSEMICARBAZIDE, OBTAINED FROM KINETIC PLOTS AT DIFFERENT
T/K K (s)/10%s™! t1%/1072s E/KJ mol™! AS*/JK " mol™! AG*/kJ mol™! A/10"s™! R? SD/10*
298.15 8.330 8.316 26.897 —222.240 95.379 4.297 0.9993 0.017
308.15 11.670 5.940 0.9940 0.089
318.15 16.500 4.200 0.9911 0.048
0 AH
§ 0.000 5.000 10.000 15.000 20.000 25.000 30.000
o2
y =1224.5x - 101881
R2=0.9983
-4 -N(CH3)2
26.896, -6.848
4
= -6
-NO2 ‘ .................. .
-8 4781,-9584 | e
® 20.568, -7.735
-10
-H
-12

Fig. 6. Compensation effect for the (A, B, and C) compounds.

IV. CONCLUSIONS

A series of novel pyrazoline compounds (A, B, and C)
were synthesized successfully and fully characterized using
UV-Vis, 'H-NMR, BC-NMR, and FT-IR spectroscopy.
kinetic study showed first-order reaction of
to form pyrazoline
compounds (A, B, and C). The substituents affected the
rate of the reaction according to the following sequence.
The highest rate of the reaction is found for the electron-
donating group (N(CH,),, and the lowest for the electron
withdrawing group (NO,).

p-NO, -p-H-p-N(CHy),

It is also concluded that the low values of Arrhenius factor
and correspondingly the negative values of AS* activation

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

provided support to the restricted transition state, which
is, demand some degrees of freedom in slow step of the
reaction.

The relative constancy of AG* of activation values and
compensation effect indicated that the reaction of all the
substituted chalcones and its derivatives have the same
reaction mechanism (Kaka, 2017), it is proposed that the
reaction takes place according to Claisen route rather than
Michael route based on IR spectral data, which showed
no peaks of N-H stretching of pyrazoline ring which is
expected to appear if the reaction goes through Michael
route. Moreover, the heat of formation of Claisen product is
less than Michael product based on ChemOffice 3D program
calculations.
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Electrical and Structural Properties of Copper
Oxide Thin Films Deposited on Plastic
Substrate by Spray Pyrolysis Technique

Mohammad G. Faraj, Askander K. Kaka and Halo D. Omar
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Kurdistan Region - F.R. Iraq

Abstract— In this paper, copper oxide (CuQ) thin films were
deposited on polyimide plastic substrates by spray pyrolysis
technique at different temperatures from 250 to 300°C. All the
deposited films were characterized by X-ray diffraction (XRD)
technique, ultraviolet (UV)-visible spectrophotometer, and hall
effect measurements for the investigation of structural, optical,
and electrical properties. The effects of substrate temperature on
the structural, optical, and electrical properties of the films were
studied. The XRD results revealed that all the CuO films have a face-
centered cubic structure. The crystallite grain size was calculated
using Scherrer formula and it was found that at the substrate
temperature of 300°C, the CuO film presented maximum crystallite
grain size of about 81.2 nm. The root mean square (RMS) roughness
of the films was measured by scanning tunneling microscopy. RMS
was increased with the rise of temperature. The optical transmission
measurements by UV-visible spectrophotometer were used to
determine the energy gap of the CuO films. Results showed that
the optical energy gap has decreased with increasing the substrate
temperature. Hall effect measurements showed that all the films are
of p-type conductivity. Depending on the substrate temperature,
hall measurement showed that the electrical resistivity and carrier
concentration are varied from 77.4 Q c¢m to 52.7 Q cm and from
6.3 x 10" ecm™ to 10.1 x 10" cm3, respectively.

Index Terms — Copper oxide, Chemical spray pyrolysis, Thin
film, Polyimide.

I. INTRODUCTION

Copper oxide (CuO) is an important semiconductor material
due to their important applications in many technological fields
such as gas sensors (Mariammal, et al., 2013; Hubner, et al.,
2011) and solar cells (Chandrasekaran, 2013; Amri, et al.,
2013). This is due, first, to the low cost, the non-toxicity, and
the availability of copper in nature, second to the simplicity
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of the deposition process of its components. CuO is a p-type
semiconductor.

Regarding the preparation of CuO thin films, different
physical and chemical deposition techniques are adopted, such
as magnetron sputtering, spin coating, thermal evaporation,
and shower pyrolysis (Dolai, et al., 2017; Nalbant, et al.,
2013; Akkari, et al., 2007; Morales and Sanchez, 2005).
Among the previously mentioned systems, splash pyrolysis
is a promising technique because of its minimal effort nature
and appropriateness for saving expansive zone thin-films
(Faraj and Taboada, 2017).

Research on CuO testimony on adaptable polymeric
substrates, for example, polyimide (PI) is gaining immense
interests because of their adaptability, light-weight, minimal
effort, high temperature opposition (regularly up to 400°C
handling temperature), low coefficient of warm development
coefficient of thermal expansion, low dampness take-up, and
high dampness discharge qualities, its amazing electrical
properties and furthermore expanded voltage perseverance
(Faraj and Taboada, 2017; Faraj, et al., 2017). Because of
its predominant properties, Pl has discovered applications as
substrates in adaptable thin-film sun oriented cells, adaptable
printed circuits, and high thickness interconnects (Faraj and
Pakhuruddin, 2015; Faraj, et al., 2017; Faraj and Omar, 2014).

A study has been reported on the characterization of CuO
thin film on glass substrates with a spray pyrolysis technique
(Chaudhary, et al., 2004). The novelty of the current work is
to prepare and characterize thin film of CuO fabricated on PI
plastic substrates.

In this paper, CuO thin films are prepared through chemical
spray pyrolysis technique on PI plastic substrates at different
substrate temperatures (250, 275, and 300°C). The influence
of the substrate temperature on the structural, optical, and
electrical properties of the CuO films is then studied.

II. EXPERIMENTAL DETAILS

In this work, PI plastic substrates from DuPont corporation
were used. Substrates were first cleaned using alcohol for
10 min to get rid of contamination, rinsed with deionized
water, and dried with nitrogen gas. CuO thin films have
been prepared on PI plastic substrates by chemical spray
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pyrolysis. The precursor solution was prepared by dissolving
0.1 M copper chloride (CuCl,.2H,0) in distilled water. To
prepare 40 ml of the precursor solution the required quantity
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Fig. 1. X-ray diffraction patterns of copper oxide films on polyimide
plastic at substrate temperatures of 250, 275, and 300°C.
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Fig. 2. Crystalline grain sizes as a function of substrate temperatures.
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of salt is dissolved in double-distilled water. The substrate
temperature was kept at different (250, 275, and 300°C) and
the deposition time was fixed for 20 min.

The thickness of the film was optimized to be 500 nm.
The film thickness was measured by the weighting method
through a digital balance type (Meter AE-160) with sensitivity
of 10™ g, and the thickness was calculated according to the
following equation (Ismail and Faraj, 2009).

_m

o (1)

Where, ¢ is the thickness of the film, Am is the mass of
the film, p is the total density of the film, and A4 is the area
of the film. The crystallographic structure of the prepared
CuO thin films was determined using a high-resolution
X-ray diffractometer (XRD) system (model: Panalytical
empyrean) with CuKa radiation () of 0.154 nm. The surface
morphology of the CuO films was studied by scanning
tunneling microscopy (STM) (model: NT-MDT Solver
Nano). The optical properties of the films were characterized
by a ultraviolet (UV)-visible spectrophotometer (model: UV-
1240, Shimadzu). The hall measurement was implemented
with HL5500PC system.

III. RESULTS AND DISCUSSION

A. Structural Properties

Fig. 1 displays the patterns of XRD for the CuO thin
films deposited on PI plastic for three different substrate
temperatures. All CuO films have face-centered cubic
structure (JCPDS card No.03-1005). The three pinnacles
which have a place with the PI polymer are situated at 22.1°,
26.0°, and 44.6°, as shown in Fig. 1. This outcome concurs

Fig. 3. Scanning tunneling microscopy images of copper oxide films deposited on polyimide substrate with different substrate temperatures (a) 250°C,
(b) 275°C, and (c) 300°C.
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with recently revealed information (Faraj, et al., 2014). XRD
patterns of all the CuO thin films showed (110), (111), and
(200) peaks planes corresponding to the face-centered cubic
structure of CuO thin films. These XRD results confirm the
proper phase formation of the CuO films.

The crystalline grain size (D) of the CuO films was
determined with the Scherrer formula (Birks, 1946).

094

b= PcosO @)

Where g is the full width at half maximum (FWHM)
of the peak, 4 is the wavelength of the X-ray of 1.5406
A, and 0 is their peak position. Based on the line width
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Fig. 4. Optical transmission spectra of copper oxide films deposited on
polyimide substrate at different substrate temperatures.
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of the (111) diffraction peak, the crystalline grain size
for the CuO films with different substrate temperatures is
shown in Fig. 2, where the grain size is increased with the
increasing of substrate temperature, especially at 300°C. It
was observed that the increase of the substrate temperature
acts on increasing the diffraction peak intensity of (111)
plane which resulted in an increase in crystallite size of the
films. This behavior is a consequence of the decrease in
density of nucleation centers as the substrate temperature
increases. Under this condition, smaller numbers of
nucleation centers start to grow, resulting in larger grains
in agreement with previous reports using other deposition
techniques (Abbas, et al., 2013).

STM images of CuO thin films deposited on PI plastic
substrate are shown in Fig. 3. The root mean square (RMS)
surface roughness of the films was 5.69, 8.28, and 10.78 for films
at temperature in the range of 250-300°C at 25°C steps. It should
be noted that the RMS surface roughness slightly increases with
increasing substrate temperature (Haug, et al., 2001).

B. Optical Properties

Fig. 4 shows the variation of the optical transmission
as a function of wavelength from 300 mm to 1000 nm for
the films deposited at different substrate temperatures. The
transmission in the visible region is found to increase with
increasing substrate temperature. An increase in substrate
temperature improved the transmission of the CuO films.
This improvement can be attributed to either the decrease in
thickness or the improvement in perfection and stoichiometry
of the films. Similar transmission profiles of CuO films have
been previously reported (Hussein, et al., 2015).

274
21 24
13 ] (s) T= 250 (°C) 21
[ = 1
= Egi= 1619 (eV) % . ) T=275 (°C)
2 s -_—E oy Eg2= 1.520 (V)
§.:] =i
'_‘D _E 124
— 0% 4
of 'ﬁna
L o
= 06 4
3 Z 0]
03+ 024
s
L e S T T T T T T T J 00 poa -8R T T T T T T T 1
12 %4 16 1B I8 22 24 28 28 30 82 14 18 18 20 22 24 28 28 30 32
a Photon energy, hvieV) Photon energy, hvieV)
30 -
27 4 [ ]
24 (9 T= 300 (°C)
Ega=1.406 (eV)

P

((echv)2x 101! (et eV)2)

12 14 18 18

22 24 28 28 30 32

Photon energy, hvieV)

Fig. 5. (a-c) Plot of (ahv)? against photon energy for copper oxide thin films deposited on polyimide substrate at different substrate temperatures.
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TABLE I
DEPENDENCE OF ELECTRICAL RESISTIVITY AND CARRIER ON THE TEMPERATURE
SUBSTRATES
T(°C) Resistivity (Q m) Carrier concentration (cm®)
250 77.4 6.3x10"
275 63.5 8.5x10%
300 52.7 10.1x10"

The optical band gap (Eg) was determined by analyzing the
optical data with the expression for the optical absorbance
(o) and the photon energy (hv) using Tauc’s equation
(Tauc, 1974).

(ahv)=k(hv-E,)" (3)

Where n = ' for allowed direct transition (for a direct
band gap semiconductor), and k is a constant. The energy
band gap was then estimated from the straight line of the plot
(ahv)? versus photon energy for CuO thin films, as shown
in Fig. 5. Extrapolation of the linear portion of the graph
to the energy axis at o = 0 gives the band gap energy (Eg)
(Muhammad, et al., 2017; Muhammad and Sulaiman, 2011).
The results of £, for the CuO films were estimated to be in
the range from 1.619 to 1.406 eV with respect to various
substrate temperatures (250, 275, and 300°C), respectively.
These values were found to be close to the value of energy
gap for bulk CuO (1.5 eV) (Valladares, et al., 2012).

C. Electrical Properties

Hall effect measurements showed that all the films are of
p-type conductivity. The dependence of the electrical resistivity
and the carrier concentration on the temperature substrates
is shown in Table I. It is seen that the electrical resistivity
of the films decreases with the substrate temperature and
the carrier concentration increases from 6.3 x 1015 cm—3 to
10.1 x 1015 cm—3 with increasing temperatures. The increased
bulk carrier concentration caused by increasing the substrate
temperature reduced the grain boundary potential barrier. The
decrease in resistivity can be ascribed to the increase in carrier
concentration. This outcome concurs with recently revealed
information (Mohamed, et al., 2016). The increase in the carrier
concentration causes shrinkage in the gap and also due to the
decrease in resistivity. This signifies that density of dislocation
and density of grain boundaries decrease. Therefore, it could
be related to an improvement of the crystallinity leading to
a decrease of donor sites trapped at dislocations and grain
boundaries (Lee and Park, 2004; Oztas, et al., 2006).

IV. CoNncLUSION

CuO thin films were deposited on PI plastic substrates
with chemical spray pyrolysis. The effects of substrate
temperature (250, 275, and 300°C) on the structural, optical,
and electrical properties of the films deposited were studied.
XRD patterns confirm the proper phase formation of the
CuO. The crystallite grain sizes for as-deposited CuO films
were 49.3-81.2 nm at different temperatures ranging from
250 to 300°C in 25°C steps. It was observed that crystallite
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grain size increased with increasing film temperature.
The RMS roughness of the films increased as the film
temperatures increased. The transmittance increases with
increasing of substrate temperature. The optical band gap
was also found to vary from 1.619 to 1.406 eV. Depending
on the substrate temperature, hall measurement showed
that the electrical resistivity and the carrier concentration
varied from 77.4 Q cm to 52.7 Q c¢cm and 6.3 x 10" cm™ to
10.1 x 105 ecm™.
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Abstract—A new fluorescent probe L-Tryptophan was reported
for the determination of folic acid (FA), based on its quenching effect
of the fluorescence intensity of L-Tryptophan. The concentration
of FA was proportional to the quenched fluorescence intensity of
L-Tryptophan at excitation and emission wavelengths of 281 nm and
365 nm, respectively, in Britton—Robinson buffer solution of pH 7.
Optimized conditions of pH, reaction time, potential interferences,
concentrations of L-tryptophan, and buffer were investigated.
FA was determined in a linear range of 2.0-16.0 pg ml with a
correlation coefficient R?0.9974. The limit of detection and limit of
quantification values were 0.09 pg/ml and 0.27 pg/ml, respectively.
Relative standard deviation values for five replicated measurements
of 2, 8, and 16 pg/ml FA were between 0.23 % and 1.07%. This
method is efficient for routine analysis and quality control assay as
it is relatively interferences free.

Index Terms—Folic acid, L-Tryptophan, Pharmaceutical

tablet, Spectrofluorimetry.

I. INTRODUCTION

Vitamins are crucial for the growth and normal development
of living beings. Vitamin B, that belongs to water-soluble
B-group vitamin is essential for human body and has different
chemical forms, folic acid (FA) and folate (Nasser, et al.,
2005; Catharino, et al., 2006; Zare, et al., 2011). Folate is the
general formula of Vitamin B, existed in food (Krishnaswamy
and Nair, 2001) whereas FA is the synthetic form of this
vitamin in the supplements and fortified foods (Bailey, 2000).
FA has the chemical formula N-[4-[[(2-amino-3,4-dihydro-
4-oxo0-6-pteridinyl)methyl]amino]benzoyl]-L-glutamic  acid
(Nagaraja, et al., 2002; Flores, et al., 2005; Deconinck, et al.,
2011) (Fig. I). Human body is supplied with FA from its
main dietary sources such as spinach, white beans, asparagus,
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dark-leaved vegetables, Brussels sprouts, soybean, oranges,
and melons (Nasser, et al., 2005; Deconinck, et al., 2011).
FA is vital for the formation and growth of red blood cells
besides the prevention of anemia (Zhao, et al., 2006). This
vitamin-like others cannot be synthesized by mammalian
cells and must, therefore, be supplied in sufficient amounts in
the diet (Aurora-Prado, et al., 2004).

Deficiency of Vitamin B, is resulted mainly from poverty,
food preferences, drug use, and chronic alcoholism. In the
case of the insufficient taking of Vitamin B,, multivitamin
supplements can be used to prevent the associated
physiological problems (Aurora-Prado, et al., 2004;
Deconinck, et al., 2011). FA limitation can lead to congenital
malformations in the fetus (spina bifida, encephalocele, cleft
palate, and hydrocephalus), as well as heart disease (Czeize
and Dudas, 1992; Crane, et al., 1995; Oakley, et al., 1995).

FA is important for normal growth, reproduction (during
gestation and lactation), and antibody formation. It functions
as a coenzyme in the metabolism of amino acids (glycine),
the synthesis of purines, pyrimidines, DNA, and RNA is
crucial for cell division and protein synthesis. Its defect can
modify DNA synthesis and induce chromosomal changes
(Pacheco, et al., 2009). Lack of FA causes high risk for
neural tube defects (Pacheco, et al., 2009). The extremity
of these defects means; it is important to undertake genetic
counseling, supplement diets with FA, and perform prenatal
diagnosis of neural tube defects (Pacheco, et al., 2009).

Although FA is nontoxic, there is some concern that
high doses may mask pernicious anemia. This result is only
likely following ingestion of quantities >5 mg. Consuming
medicines of FA levels above the approved value can be
toxic to the patient (Kennedy, 2016). Therefore, there
is a continuing necessity for the development of new
analytical procedures for the determination of FA present in
pharmaceutical formulations (Zhao, et al., 2006).

High-performance liquid chromatography (HPLC) is
considered as a popular analytical technique for identification
and quantification of FA in pharmaceutical formulations (P6o-
Prieto, et al., 2006). In spite of the advantages of HPLC as
it is a well-established technology in the pharmaceutical field,
offering sensitivity and specificity, it has disadvantages include
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high operating costs, the need for large amounts of samples
and solvents, and the generation of hazardous wastes such as
organic solvents that are expensive to dispose of and can have
remarkable environmental impacts (Deconinck, et al., 2011).

In the literature the reported methods for the determination
of FA include hyphenated techniques of HPLC with different
detectors (Aurora-Prado, et al., 2004; Nelson, et al., 2006;
Chaudhary, et al., 2010), electrophoresis (Zhao, et al., 2006),
electrochemical methods (Vaze and Srivastava, 2007; Prasad,
et al., 2010; Ensafi and Karimi-Maleh, 2010), flow injection
analysis (Nie, et al., 2000), and spectrophotometric methods
(Pesce and Bodourian, 1986; Rao, et al., 1978).

The use of derivative spectrophotometry provides a simple
and inexpensive solution for the determination of drugs in
pharmaceutical formulations. Meanwhile, using zero-order
spectrophotometry for the determination of FA in complex
samples that contain large amounts of interferents has the
disadvantage of prior extraction of the analyte and thus increasing
the costs of routine analysis (Moura and Moita, 2012).

Molecular fluorescence has one of the most attractive
characteristics, its inherent sensitivity, which is often one to
three orders of magnitude better than absorption spectroscopy.
Actually, single molecules of selected species have been
detected by fluorescence spectroscopy under controlled
conditions. Besides, the large linear concentration ranges
of fluorescence methods, which are remarkably broader
than linear concentration range in absorption spectroscopy.
However, the smaller number of chemical systems that show
appreciable fluorescence has been made fluorescence methods
less widely applicable than absorption methods (Cruces,
et al.,, 1994; Skoog, et al., 2013). The aim of the present
work was, therefore, to use a simple, low cost but sensitive
and selective analytical method as spectrofluorimetry
for quantification of FA in pharmaceuticals based on its
quenching to the fluorescence emission of L-Tryptophan
(Fig. II). The results were compared with the recommended
method described in the literature.

II. EXPERIMENTAL

A. Apparatus

Fluorescence spectra measurements were carried out using
Agilent Cary Eclipse Fluorescence Spectrophotometer, USA,
with both slits width 5.0 nm and a quartz cell of 1.0 cm
optimal path length. CyberScan pH 510 pH/mV meter was
used for pH measurements of the solutions.

B. Material and Reagent

FA was obtained from Awamedica Pharmaceutical
Company (Kurdistan Region-Iraq), used as received, the
purity of which was 98%. A solution of 4.0 x 10™* mol/L
L-Tryptophan (from Sigma-Aldrich) was prepared by
dissolving 0.0082 g of the solid in 50.0 ml of 0.1 mol/L
NaOH solution. Different buffer solutions were prepared
by mixing proper volumes of 0.1 mol/L sodium acetate
(from Scharlau) and 0.1 mol/L acetic acid (from Scharlau)
to prepare acetate buffer solution; 0.1 mol/L K,HPO, (from
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Fig. 1. Chemical structure of folic acid.
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Fig. 2. Chemical structure of L-tryptophan.

Merck) and 0.1 mol/L KH,PO, (from Sigma-Aldrich)
to prepare phosphate buffer solution; and 0.04 mol/L
phosphoric acid (from Merck), 0.04 mol/L boric acid
(from Sigma-Aldrich), and 0.04 mol/L acetic acid (from
Scharlau) to prepare Britton—Robinson (BR) buffer solution,
respectively. A suitable volume of 0.2 mol/L sodium
hydroxide (from Merck) was then added to adjust the pH
using a pH meter.

C. Preparation of Standard and Sample Solution

A stock solution of standard FA (1.0 mg/ml) was prepared
by dissolving 0.05 g in 40.0 ml of 0.1 mol/L NaOH with
carefully stir, then completed to 50.0 ml with the same
solvent and kept in a cool dark place. Working standard
solutions were prepared daily by proper dilution of the stock
standard solution with the same solvent.

All pharmaceutical products of FA in the local medical
store are containing 5 mg and five different companies were
used for the quantification; (Joriver, Jordan), (Wockhardt,
UK), (Eipico, Egypt), (Actavis, US), and (Julphar, UAE).
Ten tablets of FA were weighed and crushed for each
pharmaceutical company, and then sample powder of the five
companies was accurately weighed individually and placed
in a 50.0 ml beaker and dissolved with 40.0 ml of 0.1 mol/L
NaOH. The solution was stirred for 10 min to increase
solubility. Insoluble excipient was removed by filtration using
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Whatman No.41 membrane filter paper. The filtered solution
was diluted to 50.0 ml with the same solvent.

D. Analytical Procedure

In 10.0 ml volumetric flask, 0.25 ml L-Tryptophan (4.0
x 10 mol/L), 0.8 ml BR buffer solution (pH 7.0), and
adequate FA standard or sample 2.0-16.0 pg/L (0.2—-1.6 ml)
of 100 pg/L solution were added. This mixture was diluted to
10 ml with distilled water and mixed thoroughly for 10 min
at 25 £ 2°C. The fluorescence intensity was measured against
a blank with excitation wavelength at 281 nm and emission
at 365 nm.

III. RESULTS AND DISCUSSION

A. Optimization of Experiment

All parameters of the optimum conditions of fluorescence
spectra of L-Tryptophan quenched by FA have been examined
to obtain maximum sensitivity of the procedure. Different
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Fig. 3. Fluorescence excitation and emission spectra of (a) L-Tryptophan
(4.0 x 10°* mol/L), (b) L-Tryptophan (4.0 x 10~* mol/L) with 5 pg/ml
folic acid at pH 7.
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parameters such as pH, concentration of fluorescent probe
L-Tryptophan, reaction time, and interferences were studied.

Fluorescence emission spectra

The fluorescence spectrum of L-Tryptophan (4.0 x
10* mol/L) solution was recorded at excitation and emission
wavelengths at 281 nm and 365 nm, respectively (Fig. 1l1a).
The intensity of the native fluorescence of L-Tryptophan
marked quenches without any shift when 5 pg/ml FA
was added to the solution containing (4.0 x 107 mol/L)
L-Tryptophan. A new ion associated complex, produced
during quenching of L-Tryptophan fluorescence (Fig. IIIb).
Therefore, L-Tryptophan could be used as a fluorescent
probe for FA.

PpH buffer
Different buffer solutions of pH range (2-10) were

examined for the reaction of 4.0 x 10 mol/L L-Tryptophan
solution with 5 pg/ml FA. Acetate buffer, phosphate buffer,
and BR buffer were carried out in the reaction, individually
(Fig. TVa). It was observed that BR buffer of pH 7 has
maximum intensity of quenched fluorescence spectrum of
L-Tryptophan solution with FA due to the fact that FA acts
as an acid and can quench the fluorescence spectrum of
L-Tryptophan effectively in neutral medium. Therefore, this
buffer was selected for next investigations.

To optimize the volume of BR buffer solution, different
volumes (0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 ml) were added to
the solution of L-Tryptophan with FA where 0.8 ml solution
of BR buffer showed the maximum intensity of quenched
fluorescence spectrum (Fig. IVb).

L-Tryptophan concentration and reaction time

Different volumes (0.1-25 ml) of 4.0 x 10™ mol/L
L-Tryptophan reagent were investigated with fixed (5 pg/ml)
concentration of FA and BR buffer solution (pH 7) to obtain
the maximum intensity of fluorescence spectrum. Fig. V
showed that 0.25 mL volume of L-Tryptophan has maximum
AF intensity.
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Fig. 4. (a) Effect of different pH buffer solutions on AF intensity of 4.0 x 10~ mol/L L-Tryptophan
solution with (5 pg/ml) folic acid; (b) different volumes of Britton—Robinson buffer versus AF intensity

of L-Tryptophan solution with folic acid.
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The temperature had little influence on the fluorescence
intensities of the system. The quenched fluorescence
intensity (AF) slightly increased with temperature up to
20°C and then remained constant up to 25°C. Therefore,
room temperature (25°C) was selected for further study.
The reaction time of mixing L-Tryptophan with FA at
ambient temperature (25 =+ 2°C) versus fluorescence
intensity was also examined. It was found that quenching of
the fluorescence intensity reached a maximum after 10 min
from mixing the reagent with FA and remained constant for
more than 100 min (Fig. VI).

Evaluation of selectivity

The excipients that are used in the pharmaceutical products
in the form of tablets and capsules were used for selectivity
assessment of FA under optimal experimental conditions
(Manzoori, et al., 2011). The excipient solutions (500 pg ml)
of lactose, fructose, glucose, starch, sucrose, and sodium
chloride were mixed with 12 pg/ml FA in 10 ml of volumetric
flask, individually. The spectra obtained were compared with
the spectrum of (12 pg/ml) FA standard solution.

A level of interference was considered to be acceptable
when the error is not higher than 3%. No significant levels of
interferences were observed in the determination of FA in the
presence of the common excipients (Table I).
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Fig. 5. Different volumes (0.1-25 ml) of 4.0 x 10* mol/L L-Tryptophan
and fixed (5 pg/ml) folic acid versus AF intensity of the fluorescence.
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Fig. 6. Influence of reaction time of 4 x 10~* mol/L L-Tryptophan with (5
pg/ml) folic acid at pH 7 on AF intensity of the fluorescence.
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B. Analytical Figures of Merit

The determination of FA was investigated under optimum
experimental conditions when the relative standard
deviation (RSD%) was 1.07% as obtained from five
replicated measurements of three different concentrations
of FA. According to IUPAC guidelines of the validation of
analytical method, the limit of detection (LOD) value = 3.3
SD/P and limit of quantification (LOQ) on value = 10 SD/P
were adopted, in which SD is the standard deviation of five
reagent blank measurements and P is the gradient of the
calibration curve (Abd Ali, et al., 2019). The linear range
was 2-16 pg/ml with correlation coefficient R*? = 0.9974
and LOD 0.09 pg/ml (Fig. VII). The regression equation of
standard solutions was AF = 40.119 C_ + 140.2 in which C,_,
is in pg/ml. The LOQ value of FA was 0.27 pg/ml.

The accuracy and precision of the proposed procedure was
established by measuring the fluorescence intensity of three
concentrations of standard FA in five replicates measurements
(Table II). The values of RSD % and E % were between
1.10%2.30% and —2.50%—1.10%, respectively, indicating
that the method is valid and applicable.

C. Stoichiometry of the Reaction

The stoichiometry of the reaction between FA and
L-Tryptophan was determined to adopt the limiting
logarithmic method (Lakowicz, 2006). The proposed
mechanism of the quenching reaction of FA and L-Tryptophan
is the formation of an ion associated complex. Fig. VIII
indicated a plot of log [FA] versus log AF at constant
concentration of L-Tryptophan and log [L-Tryptophan] versus
log AF at constant concentration of FA, respectively. Both
plots were straight lines and depending on the gradients, the
ratio of FA: L-Tryptophan complex is 1:1.

D. Quenching Mechanism of L-Tryptophan and FA

Fluorescence quenching is the decrease of the quantum
yield of fluorescence from a fluorophore induced by a variety
of molecular interactions, such as excited-state reactions,
photoinduced electron transfer, fluorescence resonance energy
transfer, ground-state complex formation, and collisional
quenching (Bhattacharyya, et al., 1990). The physical origin
of fluorescence quenching arising from the addition of a
quenching agent, L-Tryptophan, to FA fluorescence can be

TABLE I
EVALUATION OF SELECTIVITY OF FA QUANTIFICATION USING L-TRYPTOPHAN
TowarDS SOME COMMON EXCIPIENTS PRESENTED IN THE PHARMACEUTICAL

ProbucTs
Coexisting materials Allowance concentrations (pg/ml) E %*
Lactose 500 2.10
Fructose 500 2.20
Glucose 500 1.80
Starch 500 -1.40
Sucrose 500 -2.10
Sodium chloride 500 -1.50

*Average of three determinations
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interpreted in terms of the formation of ion-associated complex
that enhanced fluorescence quenching. In this mechanism the
fluorophore itself (FA) is fluorescent when the receptor site
(amine group) is free. In the presence of L-Tryptophan, the
fluorescence intensity is lowered due to the reaction between
the carboxylic group of L-Tryptophan and receptor unit (amine
group) of FA to form nonfluorescent ion-associated complex,
and therefore, the net fluorescence is quenched. (Fig. IX).
Basically, this quenching process can be divided into
two kinds of mechanisms: Static and dynamic quenching.
Static and dynamic quenching can be distinguished by their
different dependences on the temperature and excited-state
lifetime. Dynamic quenching is diffusion controlled because
the quencher (L-Tryptophan) must diffuse to the fluorophore

TABLE II
PRECISION AND ACCURACY DATA OF THE PROPOSED METHOD
Contained amount Found by proposed method SD  RSD%  E%*
(ug/ml) (ug/mL)
2 1.95 2.30 1.07 -2.50
8 8.09 1.10 0.24 1.10
16 16.08 1.80 0.23 0.50
*Average of five determinations
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(FA) during the lifetime of the excited state. Since high
temperature will result in a large diffusion coefficient, the
bimolecular quenching constants are expected to increase with
temperature. Static quenching implies either the existence of
a sphere of effective quenching or the formation of a ground-
state nonfluorescent complex, whereas collisional or dynamic
quenching involves the collision followed by the formation
of a transient complex between an excited-state fluorophore
(FA) and a ground-state quencher (L-Tryptophan).

E. Application to the Pharmaceutical Tablets

The proposed procedure using L-Tryptophan as
fluorescence probe for quantification of FA was applied to
pharmaceutical tablets. The ingredients in the pharmaceutical
tablets did not interfere in the quantification of FA. The
applicability of the proposed procedure for the analysis
of FA in pharmaceutical formulations was examined by
investigating various pharmaceutical tablets, and the results
are tabulated in Table III and were compared to the standard
FA assay using HPLC method by means of t- and F-values at
95% confidence level. HPLC has the ability to separate and
identify compounds that are present in any sample that can be
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Fig. 7. (a) Different concentrations (2, 4, 8, 12, and 16 pg/ml) of folic acid versus fluorescence intensity of L-Tryptophan at pH 7. (b) Calibration curve

of fluorometric quantitation of folic acid with L-Tryptophan under optimum condition.
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Fig. 9: Quenching mechanism of L-Tryptophan and folic acid due to the formation of ion associated complex.

TABLE III
COMPARISON OF FA QUANTIFICATION IN PHARMACEUTICAL TABLETS USING THE PROPOSED FLUOROMETRIC L-TRYPTOPHAN METHOD AND STANDARD HPLC METHOD

Pharmaceutical Tablets Observed values (mg) Values from proposed procedure Values from HPLC Recovery % E %* tand F values**
Joriver 5 4.86+0.19 4.98+0.02 97.6 2.4 t=0.40, F=1.50
Wockhardt 5 5.10+0.12 5.01£0.10 101.8 1.8 t=1.95, F=1.00
Eipico 5 5.14+0.20 5.21£0.05 98.7 -1.3 t=0.73, F=2.20
Actavis 5 4.72+0.08 4.80+0.034 98.3 -1.7 t=0.80, F=1.07
Julphar 5 4.79+0.13 4.88+0.01 98.2 -1.8 t=0.23, F=3.20
*Average of five determinations. **Theoretical calculation of t and F at 95% confidence level (n=5) were 2.78 and 6.39 respectively
TABLE IV

COMPARISON OF DETERMINATION OF FOLIC ACID USING DIFFERENT ANALYTICAL TECHNIQUES AND THE PROPOSED METHOD
Method’s name Ref. LR LOD LOQ pH
Spectrophotometer Al-Araji, et al., 2017 0.75-10.50 pg/mL 0.159 pug/mL 0.531 pg/mL 11.0
Spectrofluorimeter Manzoori, et al., 2011 0.01-1.10 mg/L 0.003 mg/L - 6.2
Chromatography Nelson, et al., 2006 0.02-73 ng 0.02 ng 0.06 ng 6.0
Electrochemistry Mirmoghtadaie, et al., 2013 1.0 x 10%-1.0 x 10° mol/L 7.50 x 10~ mol/L - 12
HPLC El-Leithy, et al., 2018 0.1-2 pg/mL 0.1 ug/mL - 3.5-74
Proposed method - 2.0-16.0 ug/mL 0.09 ug/mL 0.27 ug/ml 7.0

HPLC: High-performance liquid chromatography, LOD: Limit of detection, LOQ: Limit of quantification

dissolved in a liquid in trace concentrations as low as parts
per trillion. The sample mixture or analyte is pumped with
a solvent (mobile phase) in a column with chromatographic
packing material (stationary phase) at high pressure. The
sample is carried by a moving carrier gas stream of helium or
nitrogen. Sample retention time will vary depending on the
interaction between the stationary phase, the molecules being
analyzed, and the solvent used. As the sample passes through
the column it interacts between the two phases at different
rates, primarily due to different polarities of analytes in the
sample. Analytes that have the least amount of interaction

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

with the stationary phase or the most amount of interaction
with the mobile phase will exit the column faster. The
HPLC system of Agilent 1100 controlled by ChemStation
Data41 System and equipped with G 1311A quaternary pump
and UV detector (VWD-G1314 A) was employed for the
investigation. A reverse phase C18 column (Kromasil 100-5
Phenyl®, 300 mm X 4.6 mm, 5 pm) was used at 25°C. The
experiment was run with mobile phase consisted of 0.1% v/v
trifluoroacetic acid (TFA) and acetonitrile at ratio (80:20 v/v).
It was injected with flow rate 1.5ml/min, and the elute was
monitored at wavelength 290 nm.
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In all cases, the average results obtained by the proposed
procedure and standard method were statistically identical,
and there were no significant differences between them at
95% confidence level. Therefore, the proposed methods
are simple, sensitive, and reproducible and can be used for
routine analysis of FA in pharmaceutical formulations.

Table IV shows the optimization results of the
determination of FA using different analytical techniques and
the proposed method. Although some analytical techniques
have lower LOD value and wider linear range, the proposed
method does not need pre-extraction of the sample besides
the low cost of the technique compared with others such as
HPLC.

IV. CoNCLUSION

The proposed spectrofluorometry is simple, rapid, inexpensive,
sensitive, and reproducible method for routine analysis of FA in
pharmaceutical formulations without interference from common
tablet excipients. The method has wide linear range with good
accuracy and precision. The significance of the proposed method
is direct measurement of FA in pharmaceutical formulations
without need for pretreatment of the drug and extraction with
organic solvent. Therefore, the method can be used successfully
for quality control of FA in its dosage forms.
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Agra Anticline: A Growing Structure in the Iraqi
Kurdistan Region

Ala A. Ghafur, Varoujan K. Sissakian, Hawkar A. Abdulhaq and Hassan O. Omer

Department of Natural Resources Engineering and Management, University of Kurdistan Hewler,
Kurdistan Region - F.R. Iraq

Abstract— Aqra anticline is a doubly plunging anticline, oriented
NW-SE with a steep southwestern limb and even overturned.
Geomorphological features are interpreted using satellite images; as
aresult, it was found that the anticline shows clear geomorphological
and structural features which indicate the lateral growth of the
anticline. Among those features are water gaps, wind gaps, forked-
shaped valleys, curved valleys, inclined valleys, and dislocated and
abandoned alluvial fans. Some of the vague interpreted features
were checked and confirmed in the field.

Index Terms—Aqra anticline, En-echelon plunging, Lateral
growth, Radial valleys, Water gap.

1. INTRODUCTION

In tectonically active areas such as the Iraqi Kurdistan
territory, which forms the Northeastern part of the Arabian
plate, the lateral growth of anticlines is a very common
phenomenon (Blanc, et al., 2003; Bennett, et al., 2005;
Ramsey, et al., 2008). The existing anticlines in the region
and associated main thrust faults within the anticlines are
developed due to the exerted stress forces by the collision of
the Arabian plate with the Iranian plate, with a convergent
tectonic plate boundary (Alavi, 2004; Allen, et al., 2004).
Moreover, mountain building and landscape evolution are
controlled by interactions between river dynamics and
tectonic forces. Indirect information on tectonic activity
can be provided by landscape geomorphology and drainage
patterns (Oberlander, 1985; Alvarez, 1999; Burbank and
Pinter, 1999; Keller, et al., 1999; Keller and Pinter, 2002;
Bretis, et al., 2011; Collignon, et al., 2016). The described
geomorphic criteria of many researchers, for example, Keller,
et al. (1999) and Keller and Pinter (2002) can be used for
the evaluation of fold growth. Among the criteria are: (1)
The deformation of progressively younger deposits or
landforms, (2) the development of characteristic asymmetric
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drainage patterns, (3) the occurrence of a series of wind
gaps with decreasing elevation in the propagation direction,
(4) the development of water gaps (WG), (5) the presence
of en-echelon plunges, and (6) the development of cross-
shaped wvalleys, axial wvalleys, fork-shaped wvalleys, and
curved valleys. However, the presence of one or two of the
mentioned criteria does not mean they indicate lateral growth
of a fold. Many of those criteria collectively and repeatedly
should be present to indicate the lateral growth.

The studied area includes Aqra anticlines, which is located
Northwest of Erbil city, near to Aqra town within the Iraqi
Kurdistan Region (Fig. 1). It forms an outstanding continuous
mountain range with Peris anticline (Mountain) toward the
East and Shaikhan anticline toward the west.

The aim of the current study is to confirm the lateral
growth of the Aqra anticline using geomorphological features
which are developed in the anticline. The recognition of
the features was done by the interpretation of high-quality
satellite images and field investigation.

A. Previous Studies

Tectonic geomorphological studies are not common in the
Kurdistan Region as a whole and particularly in the studied
area and near surroundings; among them are:

Sissakian (2010) conducted a tectonic geomorphological
study of the Derbendi Bazian gorge, which represents a
wind gap and attributed to the development of the gorge
to neotectonic activity. Sissakian and Abdul-Jabbar (2010)
conducted a study about the transversal gorges, among them
are Basara gorge, which represents a WG and concluded that
the gorge developed due to neotectonic activity. Sissakian
and Fouad (2014) and Sissakian, et al. (2019) updated the
geological map of Erbil and the Mahabad Quadrangles at a
scale of 1:250,000. Agra anticline is located within.

The updated map and demonstrated the details of the
structural features, but the lateral growth of the anticline
was not mentioned. Sissakian, et al. (2014) conducted a
geomorphological study of the high folded zone and attributed
the developed gorges in Aqra anticline to the lateral propagation
(growth) of the anticlines. Al-Kubaisi and Abdul Jab’bar
(2015) conducted a morphotectonic study of three folds in
the Kurdistan region and their effect on the drainage systems.
They indicated high tectonic activity and low maturity of the
drainage basins in the studied anticlines. Sissakian, et al. (2018)
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Fig. 1. Satellite image of the study area showing the Aqra anticline. Location of Figures 3-8 is identified in red boxes.

conducted a tectonic geomorphological study on the Qara Dagh
anticline to indicate its lateral growth by means of the same
geomorphological forms which are used in the current study.
Worldwide studies dealing with the concept of
current study are very common; among them are:
Cartwright, et al. (1995) conducted a geomorphological
study to deduce the fault growth by segment linkage from
the Canyonlands Grabens of SE Utah, USA. Bennett, et al.
(2005) conducted a geomorphological study in South Rough
Ridge, Central Otago, and New Zealand to deduce the lateral
growth of a ridge along a blind fault. Mumipour and Najad
(2011) and Mosavi and Arian (2015) conducted tectonic
geomorphological studies in the Zagros Belt; Iran using
geomorphological features to deduce the growth of anticlines.

II. MATERIALS AND METHODS

To perform the current work and fulfill its aim, the

following materials were used:

*  Geological maps at a scale of 1:250,000

*  Topographical maps at a scale of 1:100,000

»  Satelliteimages of high quality to recognize geomorphological
features

e Flied work was conducted to check the recognized
geomorphological features.

To recognize geomorphological features which indicate
the lateral growth of an anticline, the opinions of different
researchers have been considered in the current study to
indicate the lateral growth of the Aqra anticline, and to
confirm the achieved conclusions from the current work.
Among those researchers are Keller, et al. (1999), Keller and
Pinter (2002), Ramsey, et al. (2008), and Collignon, et al.
(2016).

Different geomorphological features were recognized
by utilizing available topographical and geological maps
of different scales, digital elevation model images, FLASH

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

Earth, and software such as Global Mapper. The obtained
features were used to signify the lateral growth of the
Agra anticline. Those indicated features were used to
indicate the lateral growth of the Aqra anticline. Different
geomorphological studies in the Zagros Range were reviewed
to deduce the indication for the growth of anticlines, their
evolution, and their current shapes. Different valley shapes
which exist in the Aqra anticline and confirm its lateral
growth, were recognized using many research prefects from:
Keller, et al. (1999), Keller and Pinter (2002), Ramsey,
et al. (2008), and Collignon, et al. (2016). The recognized
geomorphological features in the networks of mountain belts
are perhaps the most sensitive indicators of horizontal and
vertical surface deformation, at least on Holocene time scale
(Burbank and Anderson, 2001).

III. GEOLOGICAL SETTING

The geological setting of the studied area is briefed
hereinafter; including geomorphology, tectonics, and
structural geology as well as stratigraphy.

Geomorphologically, the studied area is mountainous
with very rugged cliffs and steep slopes. The main
geomorphological forms are: Anticlinal ridges, abandoned
alluvial fans, water and wind gaps, extensive karstification,
and dissected slopes. The studied area is located in the high
folded zone where the Aqra anticline forms the beginning
of the high folded zone in the studied area; whereas its
southern plain represents the low folded zone. The high
folded zone belongs to the Outer Platform of the Arabian
plate (Fouad, 2012) and is a part of the Zagros Fold-
Thrust Belt (Alavi, 2004, Ramsey, et al., 2008). The Aqra
anticline is a doubly plunging anticline trending NW-SE,
with a very steep southwestern limb which exhibits vertical
dipping and even overturned beds for long distances. The
length and width of the anticline are 55 km and 6 km,



http://dx.doi.org/10.14500/ar0.10535

respectively. The Southeastern plunge forms an en-echelon
plunge with the Peris anticline, whereas the Northwestern
plunge is complicated and truncated by many faults which
are developed in the carbonates of the Pila Spi Formation,
causing wide coverage area for the exposures; accordingly,
hindering the normal plunge shape of the anticline (Fig. 2).
The exposed formations in the studied area are briefly
described hereinafter, from the older to younger. Only those
formations which are exposed in Aqra anticlines (Fig. 2) are
briefed (Sissakian and Al-Jiburi, 2014 and Sissakian and
Fouad, 2014).

Qamchuga formation (lower cretaceous)

The formation is exposed only in the core of the Agra
anticline at Al-Khazir river gorge and Gulley Zanta. The
formation consists of massive limestone, dolomitic limestone,
and dolomite, usually dark gray and light brown in color.
The exposed thickness of the formation is about 200 m.

Bekhme formation (upper cretaceous)

The formation is exposed widely in the Aqra anticline and
forms the carapace of Aqra mountain. The formation consists
of well-bedded limestone and dolostone, locally bituminous,
coralline and recrystallized, very hard, and light gray in
color. The thickness is 700 m; however, it decreases in then
direction.

Shiranish formation (upper cretaceous)

The formation is exposed to both limbs of the anticline.
The formation consists of thinly well-bedded marly and
chalky limestone, white, and grayish white in color, followed
(upward) by thinly bedded or papery marl, blue, and gray
in color with presence of marly limestone beds too. The
thickness of the formation is around 180 m.

Kolosh formation (Paleocene)

The formation is exposed on both limbs of the anticline as
a thin belt. It consists of black shale, claystone, sandstone,
and siltstone; some very thin layers of limestone may occur
too. The thickness of the formation is 20 m.

Gercus formation (Paleocene-lower Eocene)

The formation is exposed on both limbs of the anticline
as a thin belt, consists of red, claystone, sandstone, and
siltstone; some very thin layers of limestone, conglomerate,
and very rare gypsum beds may occur too. The thickness of
the formation is 40 m.
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Pila Spi formation (Eocene)

The formation is exposed on both limbs of the anticline as
a thin belt and is very widely exposed in the Northwestern
plunge area. It consists of well-bedded carbonate rocks. The
thickness of the formation is about 85 m.

IV. RESULTS AND INTERPRETATIONS

Geomorphological features which can be used as markers
such as wind gaps and WGs (or transverse streams) have
been extensively used to define the style of deformation and
to quantify both the rate and the direction of propagation
(or the lateral growth) of fault and fold segments (Burbank
and Pinter, 1999; Keller, et al., 1999; Delcailleau, et al.,
2006; Vergés, 2007; Ramsey, et al., 2008; Bretis, et al.,
2011). WGs represent valleys that are developed by carving
the exposed rocks during fold growth and that still host a
flowing stream, whereas wind gaps constitute of similar
valleys that are presently dry; witnessing previous WG, and
the rate of the river incision is less than the rate of the fold
growth.

The rate of rock and surface uplift, which shapes
landscapes are controlled by deformation, climate, and rock
properties. Understanding the interaction between these
parameters and how they determine the formation of wind
gaps, is a question with direct implications for predicting
the release of sediments in local basins and at the outlet of
fluvial basins (Collignon, et al., 2016). To understand the
development of WGs and their changes (locally) to wind
gaps, and the radial valleys, the opinion of Ramsey, et al.
(2008) is adopted in the current study.

Abandoned alluvial fans are also good indicators for active
tectonics in the area, where such fans occur. Among the
active tectonics is the lateral growth and the uplift of folds
(Skilodimou, et al., 2014); however, the climate change for
the existence of abandoned alluvial fans cannot be ignored.
Fig. 3 shows a large alluvial fan with two phases; an
abandoned fan followed by an active fan.

Axial valleys and cross-shaped valleys on top of elevated
areas are good indications for active tectonics (Cannat, et al.,
1999). Fig. 4 shows the axial valley and cross-shaped valley
at the Aqra anticline, indicating the lateral growth of the
anticline.

Fig. 2. Geological map of the studied area (after Sissakian, et al., 2019).
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Fork-shaped valleys and radial valleys are also good
indicators for the lateral growth of folds (Keller and Pinter,
2002; Ramsey, et al., 2008). Both types of valleys are very
common along both limbs of the Aqra anticline (Fig. 5)
indicating the lateral growth of the anticline.

http://dx.doi.org/10.14500/ar0.10535

Water and wind gaps are also excellent indications for
the lateral growth of any fold in which these phenomena are
developed (Ramsey, et al., 2008; Collignon, et al., 2016). At
the Aqra anticline two WGs (Gulley Bakrman and Gulley
Zanta) and one wind gap are developed (Fig. 6).

E 43° 30' 30"

E 36" 48' 32¢

Cross-shaped
valleys

Fig. 4: (Left) Satellite image facing South. (Left) axial valley, (Right) cross-shaped valleys.
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Fig. 5. (Left) Satellite image facing South showing fork-shaped valleys, (Right) Satellite image facing Southwest showing radial valleys.
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En-echelon plunges of folds are also an indication for
the lateral fold growth (Collignon, et al., 2016). The Aqra
anticline is a doubly plunging anticline trending NW-SE.
The Southeastern plunge with the Peris anticline is of en-
echelon type (Fig. 7 Right). Whereas, the Northwestern
plunge is highly complicated and faulted (Sissakian, et al.,
2019); therefore, it is not so clear (Fig. 7 Left).

V. DISCUSSION

Aqra anticline exhibits lateral growth mainly toward the
Southeast as indicated by en-echelon plunging (Fig. 7, Right)
as well as the presence of other indications; like abandoned
alluvial fan (Fig. 3), axial valleys (Fig. 4, Left), cross-shaped
valleys (Fig. 4, Right), fork-shaped valleys (Fig. 5, Left),
radial valleys (Fig. 5, Right), and WGs (Fig. 6). The rate
of stream incision is more than the growth rate of the Aqra
anticline, as indicated by the presence of two WGs (Fig. 6).
Moreover, the growth rate of the Peris anticline is more than
that of the Aqra anticline as indicated from the en-echelon
plunges, for both anticlines (Fig. 7, Right and Fig. 8). The
Northwestern plunge of the Peris anticline is pushing more
than that of Aqra anticline. This is indicated by the closure
of the Northern part of a WG, which was present in the
extreme Southeastern part of the Aqra anticline. The relic of
the WG is present as a valley which is dissected into many

43: 40' 06"
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parts. Formerly, it was flowing from A-B-C-D (Fig. 8).
A landslide (near point A, Fig. 8) has blocked the entrance
of the WG.

The continuous growth of the Peris anticline with a rate of
more than that of the Aqra anticline is causing the blockage
of the WG represented by Gulley Zanta (Fig. 6, Right and
Fig. 8). Moreover, the small and low ridge (point E at Fig. 8)
will disappear causing the merging of both valleys C—D and
F-G. After the blockage of Gulley Zanta (WG, Fig. 8), the
accumulated water in Nahleh Stream will start carving the
previously existing WG, near the Northwestern plunge of the
Peris anticline starting from point A (Fig. 8) and continue
carving, to release the previously existing WG. However,
this is controlled by the rate of the lateral growth of both
anticlines and the incision rate of the streams, which depends
mainly on the amount of rainfall and snowfall.

The Northwestern plunge of the Aqra anticline shows
strange behavior exhibiting a wide coverage area, which is
mainly covered by the carbonates of the Pila Spi Formation
(Fig. 2). The exposures show dipping beds in different
directions, hindering the normal shape of a plunging anticline.
This is attributed most probably to the rate of upward growth
and is more than the rate of the lateral growth. It is worth
mentioning that the plunge area is highly deformed, faulted,
and faces many adjacent anticlines (Northwest wards, North
wards, and Southwest wards).

E 43° 59' 24"

ol =
8
=
‘ -
¥ g
- _I { | .
‘/ . ) S— e : £
Fig. 6. Satellite image of two water gaps, (Left) Gully Bakrman, (Right) Gulley Zanta.
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Fig. 7. Satellite image of Aqra anticline. (Left) The Northwestern plunge, note the complicated plunge due to faulting, (Right) En-echelon plunge of

Agqra and Peris anticlines.
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Fig. 8. Satellite image facing northeast, showing plunges of the Aqra and Peris anticlines.

VI. CoNCLUSION

The Agra anticline is exhibiting lateral growth toward the
southeast, as indicated by many geomorphological features
such as WGs, abandoned alluvial fan, cross-shaped valleys,
radial valleys, axial valleys, and fork-shaped valleys. The
rate of the incisions of the streams is more than the rate of
the lateral growth of the anticline. However, the rate of the
lateral growth of the Peris anticline is more than that of the
Agra anticline, which is pushing toward Northwest, and its
continuous growth will cause the blockage of Galley Zanta.
The Northwest plunge area exhibits abnormal forms of very
wide outcrops of the Pila Spi Formation. The plunge area of
Agra anticline is highly deformed and hinders the normal
plunge form.
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Abstract—This work presents a novel microstrip dual-
band bandpass filter (BPF) using meandros spirals and patch
cells, which is proposed for the 1* time by this work. It
occupies a very compact size of 0.0017 Ag2. The proposed filter
is designed to operate at F = 0.85 GHz and F, = 1.85 GHz
for Global System for Mobile Communication (GSM)-850/
GSM-1900 applications. In addition to the small size, it has
several advantages in terms of wide fractional bandwidths, low
insertion losses, and high return losses at both channels. The
simulated insertion losses at the lower and upper passbands
are 0.05 dB and 0.1 dB, respectively. Another advantage of the
proposed BPF of this work is the attenuated harmonics, where
it is able to suppress the 1%, 2", 3", and 4™ harmonics (4.11 F )
with —20 dB maximum harmonic level.

Index Terms—Bandpass, Compact, Dual band, Filter, Global
system for mobile communications, Microstrip.

1. INTRODUCTION

Due to having planar structures, microstrip filters are
widely demanded by modern radiofrequency communication
systems, especially small structures with high performance.
With the development of multiband systems, dual-band
bandpass filters (BPFs) are a must and commonly used.
A well-designed microstrip filter must be compact with low
loss and flat channels. Several structures have been utilized
to obtain the microstrip dual-band BPFs (Hayati et al., 2012;
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Murmu and Das, 2015; Avinash and Rao, 2017; Hasan et al.,
2017; Rezaei and Noori, 2017; Khani et al., 2019; Sarkar
and Moyra, 2019). However, all of them are very large with
high insertion losses. A microstrip circular ring (Murmu and
Das, 2015), star-shaped structure (Avinash and Rao, 2017),
folded stepped-impedance resonator and an etched ground
structure (Sarkar and Moyra, 2019), coupled open-loop
resonators (Hasan et al., 2017; Hayati et al., 2012; Rezaei
and Noori, 2017), and bended microstrip lines, rectangular
resonators, and stepped-impedance resonator (Khani et al.,
2019) have been utilized to design dual-band BPFs. Eun and
Lee (2017) proposed a novel method for designing dual-
band BPF which consists of open-loop ring resonator and
stepped-impedance resonator. Wen et al. (2018) designed
a compact dual-band BPF using a pair of composite
resonators. In Chen et al., 2018, novel dual-band BPF is
proposed using a compact microstrip quint-mode multi-
stub-loaded resonator. A high-performance filter must be
able to attenuate the harmonics. Nevertheless, the proposed
filters by Murmu and Das (2015), Avinash and Rao (2017),
Sarkar and Moyra (2019), and Hayati et al. (2012) could
not suppress the harmonics. Another important point of the
filter design is creating flat passbands with low group delays
(GDs). However, the designers Avinash and Rao (2017),
Hasan et al. (2017); Khani et al., (2019); Hayati et al.
(2012); Murmu and Das (2015); Rezaei and Noori (2017);
and Sarkar and Moyra (2019) did not pay attention to this
problem, whereas the reported filters by Sarkar and Moyra
(2019); Hasan et al. (2017); Hayati et al. (2012); and Khani
et al. (2019) have two narrow channels.

In this work, a microstrip dual-band BPF is proposed
for global system for mobile communications (GSM), that
is, GSM-850 and GSM-1900 (Personal Communications
Service) which are used in most of North, South, and Central
America. It is designed based on a novel compact structure.
In comparison with the previous reported filters, our filter has
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the most compact size, the lowest insertion losses, and good
return losses at both passbands. Meanwhile, it can attenuate
the harmonics with a maximum harmonic level of —20 dB.
Furthermore, the proposed dual-band BPF has two wide flat
channels.

II. FILTER DESIGN AND STRUCTURE

For designing a resonator, we need a structure with its
LC equivalent circuit. To miniaturize the size, the spiral
cells with inductance features are a good option because
they can save the size totally. We know that the large
width microstrip cells have capacitance features. Moreover,
patch cells are compact with capacitance properties. On
the other hand, the coupling between microstrip cells
provides small capacitors (named as coupling capacitors).
Accordingly, a combination of coupled spirals attached to
filled microstrip cells would be a good choice. As a result,
we select our proposed resonator as presented in Fig. la.
An approximated equivalent LC model of the proposed
resonator is presented in Fig. 1b, where the spiral cell is
replaced by inductor L and patch feed lines are replaced
by capacitors C.1In this approximated model, we ignored
the effect of steps since they are considered only at the
frequencies higher than 10 GHz.

Some information about the resonator behavior can be
extracted from the ABCD matrix. Therefore, at an angular
frequency w, the ABCD matrix of the proposed resonator is
calculated as follows:

A B 1 ’2C + joL,
T= cD Jot, )]
1

To decrease the loss, a perfect impedance matching is
needed. If the reflection coefficient (/') becomes near zero,
the matching will be improved. Therefore, the condition of
perfect matching will be obtained as follows:

_A+B-C-D _
A+B+C+D
+ jow,
joa, 7" 2 @
=0 w=
- + jow, +2 LC,
jow

P

The perfect matching will be obtained at the angular
resonance frequency ®. This frequency can be tuned in
accordance with Equation (2) easily. Therefore, the resonance
frequency is flexible by changing the values of L and C,
From Equation (1), the input impedance of the proposed
resonator is:

2— a)C L,
Zin=—-—" 3)

Jjoo,

Thus, it is a single-mode resonator with only a
resonance frequency for Z = 0. For a pre-determined
angular resonance frequency of w, the proposed resonator
can be miniaturized according to Equation (2) by choosing
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a small value for L . Fig. 2 depicts the layout configuration
of our filter with its corresponding dimensions in mm.
As shown in Fig. 2, the designed filter has a symmetric
structure consisting of coupled spiral cells. To create
additional capacitors, in some places, the width of the
device is increased. When these capacitors are added to
the inductors of the spiral structures, the passbands will
be created.

III. RESULTS AND DISCUSSION

The simulation results are obtained by the electromagnetic
simulator of advanced design system software. To extract
the simulation results, a dielectric substrate of RT/Duroid
5880 with ¢ = 2.2, & = 31 mil, and tand = 0.0009 is
used. The proposed filter is well miniaturized with an
overall size of 14.2 mm x 7.7 mm = 0.0017 Ag?, where
Ag is the guided wavelength calculated at 0.85 GHz.
The simulated frequency response of the designed dual-
band BPF is depicted in Fig. 3a. The results show that
the first passband is from 0.69 GHz up to 1 GHz with
an operational center frequency of F == 0.85 GHz. The
second resonance frequency is located at F, = 1.85 GHz
with —3 dB cutoff frequencies of 1.75 GHz and 2 GHz. The
introduced filter has two fractional bandwidths (FBWs) of
FBWI1 = 36% and FBW2 = 13.5% for the lower and upper
passbands, respectively. The simulated insertion losses at
the first and second passbands are 0.05 dB and 0.1 dB,
respectively, whereas at both passbands, the return losses

Portl
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Fig. 1. Proposed resonator: (a) Layout, (b) approximated LC model.
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Fig. 2. Proposed bandpass filter.
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Fig. 3. (a) Frequency response of the designed dual-band bandpass filter, (b) Current density distribution at 0.85 GHz, (c) Current density distribution at
1.85 GHz, (d) S,, as a function of the physical length L, (¢) S, as a function of the physical length L.

TABLE I
COMPARISON BETWEEN THIS WORK AND PREVIOUS DUAL-BAND BANDPASS FILTERS (IL,, IL,: INSERTION LOSSES AT THE LOWER AND UPPER PASSBANDS, RL ,
RL,: RETURN LOSSES AT THE LOWER AND UPPER PASSBANDS)

References F ,F, (GHz) IL, IL, (dB) RL,, RL, (dB) FBW1%, FBW2% Harmonic suppression Size (rAg?)
This work 0.85, 1.85 0.05, 0.1 21.7,20 36, 13.5 Upto 1.89F, 0.0017
Murmu and Das,2015 2.38,5.2 0.2, --- 19, --- 44,153 No -
Avinash and Rao, 2017 4.13,4.26 1.78,1.97 21,27 7.26,5.38 Upto1.2F, -
Sarkar and Moyra, 2019 24,35 0.7,0.7 - 42,2 Upto 1.7F, -
Hasan et al., 2017 24,43 - - - Upto25F, 0.096
Hayati et al., 2012 24,52 0.53, 0.59 10, 13.4 - Upto 1.7F, 0.037
Rezaei and Noori, 2017 2.39,5.7 0.1,0.4 21.3,16.6 10.8,7.9 Upto1.9F, 0.025
Khani et al., 2019 3.6,5.7 0.53, 0.67 25,24.7 - Upto1.9F 0.02

FBW: Fractional bandwidth

are better than 20 dB. The proposed filter can attenuate the
harmonics from the second passband to 3.5 GHz with —20
dB maximum harmonic level. Accordingly, it can suppress
the harmonics up to 4.11 F, and 1.89 F ,. Fig. 3b and c
show the current density distribution of the proposed BPF
at 0.85 GHz and 1.85 GHz, respectively. As shown in these

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

figures, the length L is one of the most effective dimensions
on the frequency response. The effect of physical length L
on the frequency response is presented in Fig. 3d and e. As
it can be seen, the resonance frequency is a function of the
length L, whereby increasing the length L both resonance
frequencies shift to the left.
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Fig. 4. Group delay of the designed dual-band bandpass filter at the (a) first passband, (b) second passband.

To show the advantages of this work, we compared the
proposed BPF with the previous reported BPFs, as shown in
Table 1. As depicted in Table I, the lowest insertion losses
and the most compact size are achieved by this work. On
the other hand, in comparison with the previous works, the
return losses, FBWs, and harmonic suppression are good.
Only the proposed filter by Murmu and Das (2015) has
wider bandwidths than the bandwidths of our proposed BPF.
However, it could not attenuate harmonics.

The last important parameter in the filter design is the GD.
A passband with high GD is subjected to time distortion.
Despite this fact, the other reported filters mentioned in this
work did not pay attention to this problem. The GD of the
proposed filter at the lower and upper passbands is illustrated
in Fig. 4a and b, respectively. As presented in these figures,
the GDs at the first and second passbands are better than
2.2 ns and 2.7 ns, respectively.

IV. CoNncLUSION

An ultra-compact microstrip dual-band BPF with an
overall size of 0.0017 Ag?is designed in this work. The
proposed filter is suitable for GSM applications. The
proposed design is based on a novel structure consisting of
coupled spiral cells. Our introduced filter has two FBWs of
36% and 13.5% with the return losses better than 20 dB at
both passbands. The other advantages of this work are the
suppressed harmonics and the lowest insertion losses at both
passbands. Altogether with the comparison, results show that
our proposed filter has a high performance, the most compact
size, and a novel structure.
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Abstract— Koya city, like any other city in the world, faces a critical
environmental problem which is global warming and the increase in
the rate of production of gaseous pollutants. This research is involved
with the negative effects of private Electrical Power Generators
(EPGs) on the environment in Koya City. The environmental
pollutants resulted from EPGs were investigated by performing an
actual study on land for the number of (EPGs), types, and distribution.
Koya city is divided into 18 quarters. The investigation covers a period
from 2009 to 2017, included. The production of power was increased
due to the increase in the number of generators and supplying
hours. The power production in 2009 was 23,850 megawatt (MW)
whereas it was 49,635 MW in 2017. The amount of fuel consumed in
2009-2017 was relatively increased from 30,000 to 62,500 barrel/year.
The total amount of pollutants was increased by about 108% during
the period 2009-2017. The results showed that the most significant
increase in pollutants was carbon dioxide (CO,). The annual amount
of (CO,) emitted in 2009 was 6588 tons whereas it has increased in
2017-13710 tons. The conclusion of this study was that the highest
pollution occurred in the center of Koya City in Nabeel quarter, which
represented 22% of the whole pollutants.

Index Terms — Air pollution, Diesel power generator, Emission,
Environment, Pollutants.

I. INTRODUCTION

The current work was conducted to collect data on the
number of private power generators that are in use in Koya
city to estimate the type of pollutants, and to analyze the
impact of their emission on the community. Koya city is one
of the oldest districts in the Kurdistan region of Iraq. It is
considered a bridge between the Governorate of Erbil and
Sulemani. The city is surrounded by five sub-districts (Taq
Taq, Shoresh, Ashti, Sktan, and Segrdkan) and it is located
620 m above sea level (Irag, n.d.). In general, there are two
means for supplying public electrical power to residential
areas in both Iraq and Kurdistan region including Koya city.
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It is either supplied from national local public generators or
by private generators. Many of the private generators are old
and emit considerable amounts of hazardous pollutants. This
study divides Koya city to 18 quarters, as shown in Fig. 1.
The number of local generators in each district is different
as a result of different population density in each quarter
(Ali, et al.,, 2015). Electricity is a major requirement for
sustainable development (Dorji, 2015).

The operational status of private generators varies
depending on their lifetime and their degradation. Quantities
and types of liberated polluting gases depend on the
operational status of these generators and the quality of
fuel used (Faiz, et al., 1995: Faiz, et al., 1996: Faiz, et al.,
1997). The more efficient the burning process inside the
generator chamber, the better power production is as well as
the low quantities of liberated toxic gases, especially carbon
monoxide (CO). Some generators use heavy and light diesel
as fuel and some are depending on benzene. The generator
which uses low fuel density liberates low amount of polluting
gases. The amount of sulfur in fuel leads to a higher
concentration of sulfur oxides (SO,). The higher accumulated
concentrations of polluting gases in limited areas like Koya
City have a bad impact on the public health of people.
The use of non-clean fuel increases the amount of carbon
particulate in the environment which causes respiratory
diseases. In general, the fuel specifications are not stable due
to different suppliers. It is shown from the investigations
that the use of light diesel oil is common. Estimation of the
amount of pollutants depends on the standard fuel emission
factor (EF) from the internal combustion engine (Criteria Air
Pollutant and Greenhouse Gas Emission Factors, 2014).

The main pollutants’ emissions from local electrical
power generators (EPGs) are: Carbon dioxide (CO,), CO,
SO_, nitrogen oxides (NO ), carbon black (CB), and mass
particulate (MP).

The controlling of the combustion process leads to
minimize the emissions (Larsen, 1966: Krebs, 1971: Faiz,
et al., 1995).

Globally, electrical power generation emits approximately
10 billion tons of CO, per year. Since the Industrial
Revolution, the concentration of CO, in the atmosphere has
risen by approximately 40% due to fossil fuel combustion.
CO, has been declared a health risk to humans and scientific
research indicates that it is the leading cause of climate
change and rising temperatures on the planet (Spadaro, et al.,
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Fig. 1. Koya city quarters and the distribution of electrical diesel generators (Erbil Governorate, 2018).

2000: Mishra, 2004: Pulles and Appelman, 2008: Ou, et al.,
2011).

The bad effect of emissions from burning fossil fuel on the
environment is a big problem. For instance, inhalation of air
containing high levels of sulfates in combination with certain
other emissions can accelerate the probability of premature
death. In combination with water, sulfur dioxide forms acids
which have a corrosive effect on a variety of materials (Ball,
and Frei, 1999: Rashad and Hammad, 2000: Holdren, et al.,
2000: Baxter, 2001: Demin, 2002).

Pollution due to increasing numbers of power generators
in Erbil, indicating an increase in the number of used
generators by 76.1% for 10 years between 2003 and 2012
(Jassim, et al., 2013), whereas the pollutants amount due to
electrical generators in whole of Iraq has doubled during the
period from 2005 to 2014 (Jassim, et al., 2016).

II. EPGs IN Koya CiTy

The distribution of private generators across Koya
quarters depends on their population, as shown in Table I.
The amount of electrical power generation in Koya city has
doubled during the period 2009-2016, according to Table II.
The system of supplying power was modified gradually for
the second half of 2016—12 h/day. In 2017, major of Koya
quarters used the modified supplying system, which has led
to increase the productivity, as shown in Fig. 2. The amount
of fuel required to fulfill the extra operative hours was also
increased to double, as shown in Fig. 3.

The power factor for the used generator is between 0.9 and
0.8; it is considered 0.8 due to the bad generator condition.
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Fig. 2. Rate of increase of produced power during the period 2009-2017.
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Fig. 3. Rate of increase of diesel fuel during the period 2009-2017.
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Therefore, the total power produced in 2009 is 13920 x
0.8 = 11136 Kwt, and similarly for 2016 is 13762 Kwt. The
generators in 2009 to mid-year 2016 are working 6 h/day,
whereas it is increased gradually during the second half of
2016. In 2017, most of the generators were put on work for
12 h daily. The average fuel consumption is 0.2 1 for each
Kwt. Table II shows the annual power production in mega-
watt and the fuel consumption in barrel per year.

Fig. 2 shows the annual rate of increase of power in
megawatt (MW). Fig. 3 shows the rate of increase of fuel
demand.

TABLE I
DISTRIBUTION OF POWER GENERATORS OVER KOYA QUARTERS IN 2009 AND 2016

Quarter Generators in 2009 Generators in 2016
name Number  Generator  Total Number  Generator Total
capacity KVA  KVA capacity KVA  KVA
Mahabad 1 450 450 1 450 450
Deldar 1 250 250 1 250 250
Rapreen 1 250 550 1 350 1050
2 150 2 350
Kosrat 1 300 800 1 300 800
2 250 2 250
Kakon 1 250 1090 1 250 2540
2 150 2 350
3 180 3 330
0 0 4 150
Bafre 1 250 945 1 250 945
Kandel 2 250 2 250
3 65 3 65
Razkare 1 300 300 1 300 300
Kasra 1 315 315 1 315 315
Faderale 1 500 1000 1 500 1000
2 250 2 250
Zinast 1 250 600 1 350 1950
2 175 2 350
0 0 3 300
Zanko 1 250 250 1 250 250
Khandel 1 275 275 1 275 275
Kashteary 1 250 250 1 250 250
Kalat 1 260 1610 1 260 1610
2 300 2 300
3 250 3 250
Azadi 1 500 1100 1 500 1100
2 300 2 300
Sarbaste 1 550 550 1 550 550
Nalee 1 192 3317 1 192 3317
2 650 2 650
3 275 3 275
4 250 4 250
Harmota 1 250 250 1 250 250
Total 52 13,920 59 17,202
TABLE II

AMOUNT OF ELECTRICAL POWER GENERATION IN KOYA CITY THROUGH THE
PERIOD 20092016 (ERBIL GOVERNORATE, 2018)

Year Power produced in MW Fuel consumed in barrel/Year
2009 23850 30000
2012 28620 36000
2016 34984 44000
2017 49635 62434

MW: Megawatt
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Fig. 4 shows the increase in demand of power distributed
over Koya city quarters for the period from 2009 to 2017.

III. PoLLUTANTS’ EMISsIONS FROM EPGs

Several different rules regulate emissions criteria of
pollutants and hazardous air pollutants (HAP) from fuel-
burning systems. The applicability and specific emission
limit in each regulation is generally a function of system
thermal size (million British thermal units [MBTU] per hour)
of heat input (MBTU/h) or MW of electricity output, fuel
type, combustor design. A major source of HAP is defined as
any stationary source or group of stationary sources located
within a contiguous area. Most EF data were provided in
units of pound (Ib) of emissions per volume of fuel for gas
or liquid fuels and in units of Ib of emissions per ton of fuel
for solid fuels. Lower heating values (LHVs) were used to
convert these EF to a Ib/MBTU basis. Table III shows the EF
used for diesel fuel type based on LHV. The specification of
diesel oil that is used to determine this EF is different from
our diesel oil specification especially for sulfur content; it
contains from 0.1% to 0.5%, whereas Iraqi diesel standard
specification limit is high, it is 1% maximum for Grade A
and 2.5% for Grade B. The actual EF in Koya city was
determined according to actual sample tests.

More than 50 generators were investigated in this
study; they were distributed over 18 quarters. The EF was
estimated according to 1Ib/MBTU (Criteria Air Pollutant
and Greenhouse Gas Emission Factors, 2014). Each
MBTU = 0.293 MW/H, therefore, it is ecasy to estimate
the amount of MBTU produced for years 2009-2017. As
a sample for estimation for 2009, the amount of power
produced was 23850 MW, therefore the amount of MBTU
produced = 23850/0.29 = 82241, and so on for other years.
Table IV shows the amount of MBTU produced during the
period 2009-2017.

The estimation of CO, pollutant in 2009, for example = 82241
MBTU x 176.6 (Ib/MBTU) x (0.4536 (Kg/lb) /1000 (Kg/ton))
pollutant of CO, = 6536 tons, and so on for other pollutants.

TABLE III
DiESEL — FUELED TURBINE EMissiON FACTORs (LB/MBTU)

Pollutants Ib/MBTU
CO, 176.6
NO, 0.558
SO, 0.1215
(€0) 0.00431
Particulates 0.534
CB 0.092

CO,: Carbon dioxide, CO: Carbon monoxide, SO,: Sulfur dioxide, CB: Carbon black,
MBTU: Million British thermal units

TABLE IV
AMOUNT OF MBTU PRODUCED THROUGH THE PERIOD 2009 —2017
Year MBTU/Year
2009 82241
2012 98689
2016 120634
2017 171154
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Fig. 4. Power produced in Koya city quarters through the period 2009-2017.
TABLE V
DieseL O1L TEST RESULTS

No. Date Sulfur content mass % Specific gravity sp. gr. Flash point (Closed Pensky-Martens) °C  Water content vol. % Sediment content vol. %
1 January 17 0.6437 0.836 58 0.0053 0.0241
2 0.8791 0.826 58 0.009 0.0294
3 0.5547 0.815 55 0.0055 0.0265
4 February 17 0.8771 0.832 58 0.0066 0.0147
5 0.8619 0.83 57 0.0095 0.0103
6 0.6003 0.827 61 0.0073 0.0365
7 1.4614 0.823 46 0.0088 0.0317
8 0.7484 0.832 60 0.0073 0.0201
9 0.8665 0.835 60 0.0132 0.0337
10 0.8447 0.841 59 0.0044 0.0184
11 March 17 0.8243 0.836 62 49 0.021
12 0.879 0.839 58 0.0069 0.0197
13 0.7242 0.834 59 0.0044 0.0176
14 0.5659 0.819 52 0.0033 0.008
15 1.0303 0.837 58 0.0088 0.0044
16 0.5245 0.825 62 0.0027 0.0066
17 0.7893 0.822 61 0.0044 0.0057
18 April 17 1.0613 0.835 62 0.0033 0.009
19 0.7782 0.821 62 0.0055 0.0072
20 0.8532 0.822 60 0.0097 0.022
21  May 17 0.7721 0.82 60 0.0033 0.0115
22 0.5419 0.828 57 0.0046 0.0334
23 0.6382 0.825 58 0.0088 0.0232
24 0.7705 0.82 60 0.0088 0.0555
25  June 17 0.5608 0.824 60 0.0044 0.034
26 1.0129 0.831 61 0.0176 0.0414
27 0.8104 0.819 57 0.023 0.031
28 0.852 0.819 50 0.0084 0.0141
29 July 17 0.6414 0.812 58 0.0154 0.0147
30 0.6801 0.823 60 0.0044 0.0265
31 0.7003 0.814 63 0.0066 0.0088
32 August 17 0.6216 0.802 58 0.0144 0.0176
33 0.712 0.808 64 0.0066 0.0117
34 0.8437 0.811 58 0.0055 0.0066
Average 0.7802 0.825 58.59 0.0078 0.0205
Standard deviation 0.221 0.0074 3.9953 0.0026 0.0101
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IV. PracTticAL LAB TESTS DATA

More than 30 samples of diesel fuel that is actually used
in private electrical generators were tested. The samples
distributed over 8 months from January 2017 to August 2017.
The tests include sulfur content as mass percent, specific
gravity, flash point to determine its burning efficiency, water,
and sediment content as volume percent. Table V shows the
test results.

The standard deviation (6) of the results shows that
there is no big tolerance between the data through
8 months except flash point which it reaches about 4 and
this is normal due to rough mixing the diesel by volatile
material to improve burning efficiency. The complete fuel
burning means oxidizing occurs to all pollutant elements
such as sulfur, nitrogen, and carbon. The low value of 6
means the average value can be accepted as a real actual
number.

TABLE VI
ANNUAL POLLUTANTS EMITTED IN KOYA CITY THROUGH THE PERIOD
2009-2017
Year (¢(0) NO SO Particulates CB CcO Total

2 X 2

tons/year tons/year tons/year tons/year tons/year kg/year
2009 6588 21 62.8 20 34 161 6695
2012 7906 25 75.4 24 4.1 193 8034
2016 9663 31 92.1 29 5.0 236 9821
2017 13710 43 130.7 41 7.1 335 13933

CO,: Carbon dioxide, CO: Carbon monoxide, SO,: Sulfur dioxide, CB: Carbon black
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Fig. 5. Rate of increase of emitted pollutants in Koya city between 2009

and 2017.
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Fig. 6. Rate of increase of carbon dioxide pollutants emitted in tons
during the period 2009-2017.
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The equipment used for the tests are:

*  X-ray sulfur meter, TANAKA, model RX-360 SH,
energy dispersive X-ray fluorescence method, which is an
accurate, non-destructive, economical and yet quick method
prescribed in ISO 8754 and ASTM D4294-03

*  Flash point by Pensky-Martens closed cup Automatic by
TANAKA AGT 7 and manually

*  Hydrometer set kit for determining the density

*  Centrifugal separator, according to ASTM D1796, ASTM
D4007 to determine water and sediment content and certified
using high-precision separating funnel.
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Fig. 7. Rate of increase of nitrogen oxides pollutants emitted in tons
during the period 2009-2017.
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Fig. 9. Rate of increase of particulates emitted in tons during the period
2009-2017.
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To determine the actual amount of SO_ liberated, consider
the average value of sulfur content 0.7802% in 1-I fuel is
combusted completely:

S+0,—80,, which means one mole of sulfur (32 g atomic
weight) reacted with 1 mole of oxygen (32 g molecular
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Fig. 10. Rate of increase of carbon black pollutant emitted in tons during
the period 2009 — 2017.
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Fig. 11. Rate of increase of carbon monoxide poison gas pollutant
emitted in kilograms during the period 2009-2017.
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weight) to produce one mole of sulfur dioxide gas SO, (64 g
of Sulfur dioxide).

The actual average fuel consumption in Koya generators
are 0.2 | for | KWH.

It is known that each MBTU = 0.293 MW/h, therefore, to
produce 0.29 MW/h (290 KW) in Koya city, it is required
0.2 x 290 = 58 1 diesel fuel, which is equal to 58 x 0.825
(average sp. gr.) = 47.85 kg diesel fuel. The actual amount
of sulfur in fuel = 47.85 x (0.7802/100) = 0.373 kg which is
equal to 11.7 gmole. Most of the sulfur is oxidized to SO,.
Referring, to the chemical equation, 11.7 gmole of SO, is
liberated which is equal to 749 g (1.684 1b); therefore, the
actual EF value for SO, is 1.684 Ib for each MBTU.

V. MAIN CONTRIBUTION AND RESULTS

The amount of different kinds of pollutants emitted from
local generators during the period 2009-2017 is shown
in Table VI. It is clear that the pollutants’ emissions were
increased considerably since 2009 especially the CO,
emissions, where it has jumped from 5452 tons in a year to
more than a double in 2016, and in 2017 it reached 24,900
tons.

According to Fig. 5, the rate of pollutant emissions
between 2009 and 2017 (9 years) is doubled. The amount of
produced power was doubled compared to 2009.

Fig. 6 shows the rate of increase in the CO, during the
9 years. It has increased from 6588 to 13,710 tons, which
represents 108%.

Fig. 7 shows the rate of increase in the NO_ during
the 9 years. It has increased from 21 to 43 tons, which
represents 105%.

Fig. 8 shows the rate of increase in SO, during the 9 years.
It has increased from 21 to 43 tons, which represents 105%.

Fig. 9 shows the rate of increase of particulates pollutant
emitted during the 9 years. It has increased from 62.8 to
130.7 tons, which represents 109%.

3057

1766

1484
1014
507
230 Zi3 230
> %e,&

'\/L;b\ e

Fig. 12. Total pollutants amount in tons distributed over all quarters in 2017.
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Fig. 13. Single and double bed oxidation catalytic convertor.

TABLE VII
PoLLUTANTS AMOUNT DISTRIBUTION OVER KOYA CITY QUARTERS IN 2017

Quarter MW CO, tons/year NO, tons/year SO, tons/year Particulates tons/year CB tons/year CO kg/year Total (tons/year)
Mahabad 1477 408 1.29 3.89 1.23 0.21 9.96 415
Deldar 821 227 0.72 2.16 0.69 0.12 5.53 230
Rapreen 1313 363 1.15 3.46 1.10 0.19 8.85 369
Kosrat 2627 726 2.29 6.92 2.19 0.38 17.71 737
Kakon 3743 1034 3.27 9.86 3.13 0.54 25.23 1051
Bafre Kandel 3103 857 2.71 8.17 2.59 0.45 20.92 871
Razkare 985 272 0.86 2.59 0.82 0.14 6.64 276
Kasar 1034 286 0.90 2.72 0.86 0.15 6.97 290
Faderale 3283 907 2.87 8.65 2.74 0.47 22.13 922
Zinast 6290 1737 5.49 16.57 5.25 091 42.40 1766
Zanko 821 227 0.72 2.16 0.69 0.12 5.53 230
Khandel 903 249 0.79 2.38 0.75 0.13 6.09 253
Kashteary 821 227 0.72 2.16 0.69 0.12 5.53 230
Kalat 5286 1460 4.61 13.92 4.42 0.76 35.63 1484
Azadi 3612 998 3.15 9.51 3.02 0.52 24.35 1014
Sarbast 1806 499 1.58 4.76 1.51 0.26 12.17 507
Nalee 10890 3008 9.50 28.69 9.10 1.57 73.42 3057
Harmota 821 227 0.72 2.16 0.69 0.12 5.53 230

MW: Megawatt, CO,: Carbon dioxide, CO: Carbon monoxide, SO,: Sulfur dioxide, CB: Carbon black

Fig. 10 shows the rate of increase of CB pollutants emitted
during the 9 years. It has increased from 3.4 to 7.1 tons,
which represents 109%.

Fig. 11 shows the rate of increase of CO poison gas
emitted during the 9 years. It has increased from 161 to 335
kg, which represents 108%.

In 2017, the total amount of pollutants distributed over all
Koya city quarters is shown in Fig. 12.

It is shown that the worst environmental condition
is in Nalee, whereas the lowest pollutant is in Deldar,

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

Zanko, and Kashteary. Table VII shows the amount of
each pollutant distributed over all Koya city quarters in
2017.

VI. CONCLUSIONS

This research has come up with conclusions that the amount
of electrical power produced has increased rapidly during
the 9 years from 2009 to 2017. After midyear of 2016, a
modified generator operating system was applied gradually
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which lead to higher production. Most of the generators use
diesel fuel. The power production in 2009 was 23,850 MW
whereas it was 49,635 MW in 2017. The total amount of
pollutants has increased rapidly as a result of the increase in
the production of electrical energy. It was 6695 tons in 2009
whereas its increased to 13,933 tons in 2017, which is 108%
increase. The amount of fuel consumed in 2009-2017 has
relatively increased from 30,000 to 62,500 barrel/year. The
amount of different pollutants was estimated according to
EF from diesel internal combustion engines. The pollution
rate can be graded into the following pollutants CO,, NO ,
SO,, CO, solid particulates, and CB. The percent of sulfur
content in Iraqi diesel is 1% maximum for Grade A and
2.5% maximum for Grade B which is higher by 3-10 times
than what is used in Europe (0.1% — 0.3%). The actual EF
is depending on determining the SO, pollutant amount. CO,
was the major pollutant due to its highest EF. The annual
amount of (CO,) emitted in 2009 was 6588 whereas it has
increased in 2017-13,710 tons. The solid pollutants such
as MP and CB annual amount have increased from 20 and
3.4 tons in 2009 to 41 and 7.1 tons in 2017, respectively.
The gaseous pollutant such as NO_, SO, and CO annual
amount liberated has increased from 21 tons, 62.8 tons, and
161 kg in 2009 to 43 tons, 130.7 tons, and 335 kg in 2017,
respectively. The area of distribution for pollutants can be
categorized into three sectors. The highest one was in the
center of Koya City (Nalee quarter) which represents 22%
of the whole pollutants amount. The second sector includes
the quarters that emitted about 10% of the whole pollutants
amount such as Zinast and Kalat. The third sector includes
the quarter that emitted not more than 7% of the whole
pollutants amount.

VII. RECOMMENDATIONS

We can advise the following recommendations:

a. The physical types of pollutants that liberated from burning
fuels are gases such as SO ,NO_, CO,, and solid like carbon
particulate. The electrostatic precipitator can capture the
particles only to specified size, whereas the liberated gases
amount can be reduced using single or dual bed oxidation
catalytic converter, as shown in Fig. 13 (Faiz, et al., 1997)

b. The burning fuel gases pollutant and warming of the
environment are global problems. International conferences
in Paris 2014 and Poland 2019 have discussed this problem
in details and some rules were agreed to put on in front of
big industrial countries to stop gradually the activities that
lead to pollutants. The alternative sources of energy such as
solar, large capacity fuel cells stacks, and geothermal were
encouraged by global loans

c. Starting effective collaboration between environmental
protection organizations and involved directorates and
academic persons to submit limits for exhaust pollutants.
The monitoring of diesel oil properties is required to control
fuel specification and pollutant content. Reducing the sulfur
content by installing desulfurization unit in petroleum
refinery factories
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d. It is known that clean fuel liberates low pollutant amounts;
therefore, a cooperation between the petroleum organizations
and private sector are required to modify the generators or
replaced them gradually to generators that are fueled by gas
like liquefied petroleum gas instead of diesel fuel

e. Increasing the green areas inside Koya city, specially the
populated ones, is important to enhance better environmental
conditions.
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Abstract—The phosphatidylinositol 3-kinase (PI3K) family
comprises lipid kinases that cross-link signals between living cells
and their surroundings. PI3KSs are classified into several groups and
isoforms with specific characteristics and functions. Genes encoding
PI3KSs are mutated in several types of cancer, and their isoforms have
varying capacity in promoting cell signaling and cancer progression.
Many compounds have been introduced as PI3Ka inhibitors, but
not all of them have the same inhibitory effects. For successful
PI3K-related biomedical experiments, it is vital to select the most
specific and potent compounds with the highest inhibitory effects for
targeting this kinase. In this study, we investigate 28 well-recognized
PI3Ka inhibitors through predicting their specificity and potency
using the docking software AutoDock Vina. Our data showed that
PF 05212384 had the highest docking score (—9.2 kcal/mol), and
3-methyladenine had the lowest docking score (—4.8 kcal/mol). Our
data also showed different types of interactions and bonds formed
between the inhibitors and protein residues. In conclusion, PF
05212384 and AZD 6482 compounds are the best candidates for
targeting PI3Ko. In addition to hydrophobic interactions in the
PI3Ka binding pocket, the formation of hydrogen bonds between
these inhibitors and binding pocket residues was confirmed.

Index Terms—AutoDock Vina, Cancer cell, Cell signaling, Docking,
Phosphatidylinositol 3-kinase, Phosphatidylinositol 3-kinase a.

I. INTRODUCTION

The phosphatidylinositol 3-kinase (PI3K) family is a group
of lipid kinases that interlink signals between living cells
and their surroundings. These kinases affect downstream
targets that modulate signaling pathways involved in cell
proliferation, growth, survival, vesicle transport, cytoskeletal
rearrangement, motility, and metabolism (Vivanco and
Sawyers, 2002; Luo, et al., 2003; Engelman, et al., 2006;
Liu, et al.,, 2009; Hancock, 2010). PI3Ks are activated
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in response to growth factors and cytokines through cell
surface receptors (Peso, et al., 1997; Laurino, et al., 2005;
Dudu, et al, 2012). After activation, PI3Ks generate
phosphatidylinositol-3,4,5-trisphosphate ~ (PIP3)  through
the addition of a phosphate group to phosphatidylinositol-
4,5-bisphosphate (PIP2), and this process is an important
step in initiating activation of their downstream targets
(Whitman, et al., 1988; Auger, et al., 1989). Phosphatase
and tensin homolog acts as a negative regulator of PI3K by
dephosphorylating PIP3 to PIP2 (Chalhoub and Baker, 2009;
Hollander, et al., 2011). Depending on the characteristics of
their structure and specificity toward substrates, PI3Ks are
classified into three groups: Class I PI3K, Class II PI3K, and
Class I PI3K (Fruman, et al., 1998; Katso, et al., 2001).
Class I, which we are mostly interested in, is subdivided
into TA and IB. Class TA PI3Ks are heterodimers with the
catalytic subunit p110 of one of the following isoforms:
pl100, pl110B, or pl103. These isoforms are encoded by
the PIK3CA, PIK3CB, and PIK3CD genes, respectively
(Engelman, et al., 2006; Katso, et al., 2001). PI3K Class [A
members also have the regulatory subunit p85 of the p85a,
pS5a, pS0a, p85P, or p85y isoform. The first three isoforms
are encoded by PIK3R1 and are generated by differential
splicing, and the last two isoforms are products of the
PIK3R2 and PIK3R3 genes, respectively (Songyang, et al.,
1993; Vanhaesebroeck, et al., 2001). Class IB PI3Ks are also
heterodimers, but unlike Class IA, their catalytic subunit is
the p110y subunit integrated with regulatory isoforms p101
and p87. The pll10y subunit is encoded by the PIK3CG
gene, and the pl0l and p87 subunits are encoded by the
PIK3RS5 and PIK3R6 genes, respectively (Ueki, et al., 2002;
Okkenhaug and Vanhaesebroeck, 2003; Amzel, et al., 2008).
PIK3CA is frequently mutated in different types of cancer
(Samuels and Waldman, 2010; Mangone, et al., 2012;
Wang, et al.,, 2013; Schmidt, et al., 2018). Anomalies in
pl10a are associated with increased enzymatic activity of
PI3K and promote oncogenesis in affected cells (Bader,
et al., 2005; Echeverria, et al., 2015). Due to their roles in
promoting cancer cell survival, transformation, proliferation,
and migration, PI3Ks are considered promising targets in
cancer therapy (Vivanco and Sawyers, 2002; Hausler, et al.,
1998; Vanhaesebroeck, et al., 2010). Since different PI3K
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isoforms have diverse capacities in cellular signaling and
cancer progression, applying inhibitors that target individual
isoforms may produce better therapeutic outcomes in treating
cancer (Vanhaesebroeck, et al., 2010: Wang, et al., 2015).
Many compounds have been introduced as PI3Ka inhibitors,
but not all of them have the same antitumor effects. It
is convenient — especially for pre-clinical and -clinical
studies — to distinguish the most specific and potent chemical
that delivers the highest inhibitory effect. Accordingly, in this
study, we tried to uncover the best commercially available
inhibitor(s) for targeting PI3Ka through predicting their
specificity and potency using the docking software AutoDock
Vina. This could help to improve treatment drugs in the
future by cutting down the list of available ones to save more
time, resources, and lives.

II. COMPUTATIONAL METHODS

A. Preparation of Phosphoinositide 3-kinase and Inhibitors

The crystal structure of PI3Ka was retrieved from the
RCSB Protein Data Bank (PDB) with the code PDB-ID of
2RDO (Gilliland, et al., 2000). There were four sections of
missing residues in the 2RDO crystal structure. Templates for
the missing sections were adopted from the following PDB-
ID entries: 3HHM, 3HIZ, 3ZIM, and 4JPS. All of the non-
standard amino acid residues were removed separately from
these structures, and PI3Ko was prepared as the receptor
and the inhibitors as ligands using Discovery Studio 4.1
(Dassault Systémes, 2010). The overall PI3K model was
built by the homology modeling module with Modeller 19.9
(Sali and Blundell, 1993). Molecular Graphics Laboratory
(MGL) Tools 1.5.6 were used to prepare the protein structure
for molecular docking. Polar hydrogens were added to the
protein structure and saved in the “PDBQT” file format
(MGLTools, 2017). In the present study, a total of 28 PI3K
inhibitors were investigated (Table I). The inhibitors were
selected based on their specificity for PI3Ko and were
obtained from the suppliers Tocris Bioscience (www.tocris.
com) and Sigma-Aldrich (www.sigmaaldrich.com). They can
also be tracked using their unique compound identification

http://dx.doi.org/10.14500/ar0.10565

number through the PubChem website (https:/pubchem.
ncbi.nlm.nih.gov) (Kim, et al., 2019). Some of the two-
dimensional (2D) structures were constructed by ChemDraw
Pro 12.0 software and were saved in the “mol” file format
(PerkinElmer, 2009). The 2D structures of the inhibitors were
converted to three-dimensional structures using Discovery
Studio 4.1. Finally, all of the structures were converted to
the “PDBQT” file format with the Open Babel graphical user
interface (O’Boyle, et al., 2011).

B. AutoDock Vina

The inhibitor docking site on PI3Ka was defined by
establishing a cube that covered the area of the docking
stage. The established cube was mainly defined through the
manipulation of a colored box at the X, Y, and Z axes. The
volume of the cube can be as large or as small as required;
however, there is an exponential increase in computation
time as the volume of the box increases. For this study, we
used the dimensions of 25 A x 25 A x 25 A to cover the
inhibitor binding site with a grid point with 1.0 A spacing
and center grid boxes of 60.127, 62.455, and 114.509 in the
X, Y and Z axes, respectively. Once the docking area was
introduced, the coordinates of the grid box were written in
a configuration file (a text document file) which fed into
AutoDock Vina 1.1.2 software through a command line (Trott
and Olson, 2010). The configuration file also specified the
inhibitor (ligand) molecule and the PI3K (receptor) docking,
and the broadness of the search can be set between 1 and 8,
where 8 is the most comprehensive search. AutoDock Vina
was run on the Microsoft Windows 8.1 operating system
with four central processing units (1.7 GHz), and all PI3Ka
inhibitors were docked into the PI3Ko (PDB-ID: 2RDO0)
protein (Trott and Olson, 2010). Three runs were performed
for every single inhibitor.

II1. RESULTS

To validate our methodology, the PI3Ka protein structure
(receptor) (PDB-ID: 2RD0) was matched with the PI3Ka
isomers (ligands) (PDB-IDs: 3HHM, 3ZIM, 4FAD, and 4FA6)

TABLE I
List oF VERIFIED PI3Ka INHIBITORS

S. No. PI3Ka inhibitors CID S. No. PI3Ka inhibitors CID

1 KWT (3HHM) (Mandelker, et al., 2009) 5288678 15 LTURM 36 122705988
2 KKR (3ZIM) (Nacht, et al., 2013) 70699406 16 LY 294002 hydrochloride 11957589
3. OTA (4FAO6) (Le, et al., 2012) 59258964 17 LY 303511 3971

4. 0TB (4FAD) (Le, et al., 2012) 59259014 18 PF 04691502 25033539
5 3-Methyladenine 135398661 19 PF 05212384 44516953
6 A66 42636535 20 PI 103 hydrochloride 9884685

7 AS 252424 11630874 21 PI 828 25181195
8. AS 605240 5289247 22 P13065 24937012
9. AZD 6482 44137675 23 PP 121 24905142
10. BAG 956 24882589 24 Quercetin 5280343

11. CZC 24832 42623951 25 STK16-IN-1 58525066
12. ETP 45658 25229608 26 TG 100713 17751063
13. GSK 1059615 23582824 27 TGX 221 9907093

14. KU 0060648 11964036 28 Wortmannin 3003565

CID: Compound identification number, PI3K: Phosphatidylinositol 3-kinase
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using the UCSF Chimera program version 1.10.1 (http://www.
cgl.ucsf.edu/chimera/) (Pettersen, et al., 2004). The observed
root-mean-square deviation values for these matchings were
0.904, 0.907, 1.174, and 1.174 A, respectively (Fig. 1).

After successfully completing the docking protocol, the
PI3Ka isomers described above were docked with the PI3Ka
protein. Our data showed that different energy requirements
were needed to perform successful docking. In this regard,
KKR was the least energy-demanding chemical, and 0TA
was the highest energy-demanding chemical (Table II).

mean-square deviation (RMSD) values for their matchings with PI3Ka
protein. (a) 2RDO (Gold) and 3HHM (Aqua) with RMSD: 0.904 A;
(b) 2RDO (Gold) and 3ZIM (Aqua) with RMSD: 0.907 A; (c) 2RD0
(Gold) and 4FAD (Aqua) with RMSD: 1.174 A; (d) 2RDO (Gold) and
4FA6 (Aqua) with RMSD: 1.174 A.
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After that, each one of the remaining chemicals (24
inhibitors) was docked onto the PI3Ka protein. Docking
scores (kcal/mol) for the inhibitors and the average of three
runs were sorted from lowest-energy poses (maximum docked
energy in negative) to highest-energy poses (minimum
docked energy in negative), as shown in Table III. Our
data revealed that the studied inhibitors exhibited different
affinities toward the targeted protein. PF 05212384 gave the
highest docking score (9.2 kcal/mol), 3-methyladenine gave
the lowest docking score (—4.8 kcal/mol), and the others
placed between these two values (Tables III).

IV. DiscussioN

In this study, the type and potency of interactions between
PI3Ka inhibitors and PI3Ka residues were predicted using the
AutoDock Vina software. We used AutoDock Vina because
it has been previously used in protein-ligand interactions
and produced effective docking results (Perryman, et al.,
2014: Jaghoori, et al., 2016). Inhibitors’ orientation and their
conformation were among the most important requirements
to fulfill successful fitting between PI3Ka binding sites and
the studied inhibitors. In this regard, optimal interactions and
best docking scores were considered criteria to understand
the fittest conformation among those generated by AutoDock
Vina for the studied inhibitors.

The results of docking PI3Ka isomers with the PI3Ka
protein recognized KKR as the most potent inhibitor compared
with others that are recognized as typical PI3Ka inhibitors
(Table II). During the docking of KKR into the PI3Ka binding
site (Fig. 2), the formation of hydrogen bonds with SER802,
LYS830, and GLNS887 and carbon-hydrogen interactions

TABLE II
AVERAGE DOCKING SCORES OF PI3Ka ISOMERS (L1GaNDS) DockED TO PI3Ko with SER801 was observed. Hydrophobic interactions were

PROTEIN also detected between the inhibitor and PI3Ka, causing alkyl
S. No. PI3Ka inhibitor 1% run 2% run 3% run Av. interaction formation between protein residues METS00,
1. KKR 83 83 -84 83 MET886, VAL878, and MET950 and the inhibitor. The results
2. KWT -7.3 -7.3 -7.3 -7.3 obtained from the KKR-PI3Ka docking were used later on as
3. OTB -71.2 =712 =72 -712 a reference to choose the most potent and selective inhibitor(s)
4. 0TA —64 —64 —64 —64 from the PI3Ka inhibitors list (Table IIT). When PF 05212384
PI3Ka: Phosphatidylinositol 3-kinase o docked into the PI3Ka binding site (Fig. 3), it formed

TABLE III
DOCKING SCORES (KCAL/MOL) FOR CHEMICALS RECOMMENDED AS PI3Ka INHIBITORS. DATA WERE OBTAINED THROUGH AUTODOCK VINA 1.1.2 SOFTWARE

S. No. PI3Ka Inhibitor 1% run 2 run 3% run Av. S. No. PI3Ka Inhibitor 1% run 2™ run 3% run Av.
1 PF 05212384 -93 -9.0 -9.2 -9.2 15. PI 103 hydrochloride =73 -7.4 =73 -7.3
2 AZD 6482 -8.4 -8.4 —8.3 -8.4 16. LY 294002 =7.2 =73 =73 =73
3. KKR —8.3 —8.3 —8.4 —8.3 17. OTB =7.2 =7.2 =7.2 =7.2
4. PI3065 —8.1 —8.4 —8.2 —8.2 18. Wortmannin =71 -7.1 =71 -7.1
5 GSK 1059615 —-8.1 —8.1 —8.1 —8.1 19. ETP 45654 7.1 -7.0 =71 -7.1
6 KU 0060648 -8.0 -8.0 -8.0 -8.0 20. Quercetin -7.0 -7.0 -7.0 =7.0
7 AS 252424 =7.9 =7.9 =7.9 =7.9 21. A66 -6.9 -6.9 -6.9 —6.9
8. PP 121 -7.8 -7.8 -7.8 -7.8 22. TGX 221 -6.9 -6.9 -6.9 —6.9
9. CZC 24832 -7.8 =7.7 =7.7 =7.7 23. LY 303511 —6.8 -6.8 -6.9 —6.8
10. LTURM 36 -7.6 =7.6 —7.6 -7.6 24. STK16-IN-1 —6.8 -6.8 —6.9 —6.8
11. TG 100713 =7.6 7.6 =7.6 7.6 25. PI 828 -6.7 -6.7 -6.7 -6.7
12. AS 605240 -7.4 -7.4 -7.4 -7.4 26. BAG 956 —6.4 —6.4 —6.4 —6.4
13. PF 04691502 -7.6 -6.9 —7.6 —7.4 27. 0TA —6.4 —6.4 —6.4 —6.4
14. KWT =73 =73 =73 =73 28. 3-Methyladenine —4.8 —4.8 —4.8 —4.8

PI3Ka: Phosphatidylinositol 3-kinase o
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Met886

Valg78

Ging8g7

Met800

Ser801

Ser802

Fig. 2. KKR inhibitor docked to phosphatidylinositol 3-kinase o protein, (a) the protein as ribbons, (b and c¢) molecular surface and the inhibitor in
active site, and (d) protein residues that interact with inhibitor.

\al879

le960 ) |le876

Lys891

SR J
Fig. 3. Inhibitor PF 05212384 (19) docked with phosphatidylinositol 3-kinase a protein, (a) the protein as ribbons, (b and ¢) molecular surface and the
inhibitor in active site, and (d) protein residues that interact with inhibitor.

hydrogen bonds with VAL879 and LYS830. Other non-  also observed between residues ILE828, ILE876, CYS890,
bonded (pi-sulfur) interactions were formed between sulfur in ~ LYS891, and ILE960 and the inhibitor. Moreover, a pi-alkyl
CYS890 and MET950. Hydrophobic alkyl interactions were  interaction with ILE960 was also detected.
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lle960

GIn887
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Valg78

lle828

Lys830

Fig. 4. Inhibitors AZD 6482 (9) docked to phosphatidylinositol 3-kinase a protein, (a) the protein as ribbons, (b and ¢) molecular surface and the

inhibitor in active site, and (d) protein residues interacting residues with inhibitor.

Last but not the least, the inhibitor with the second lowest-
energy pose was AZD 6482 (Fig. 4). This inhibitor formed
hydrogen bonds with GLN887, an electrostatic interaction
with LYS830, and hydrophobic interactions, including alkyl,
pi-alkyl, and pi-sigma with ILE960 and pi-alkyl with ILE828
and VALS78.

Previously, other studies were carried out to predict the
efficacy of PI3K inhibitors, but our results are not identical
to theirs. This is more likely due to their use of different
inhibitors and docking software (Sabbah, et al., 2010; Sabbabh,
et al., 2012; Singh and Bast, 2013; Kawade, et al., 2018).

V. CONCLUSIONS

Our analysis showed that among the studied PI3Ka
inhibitors, the PF 05212384 and AZD 6482 compounds are
the best candidates for targeting PI3Ka. Interaction studies
also confirm that these inhibitors interact with PI3Ka by
building hydrogen bonds with binding pocket residues in
addition to hydrophobic interactions. In vitro and in vivo
studies are needed to confirm our results in regard to the
impact of candidate inhibitors on cancer cell survival and
migration and their potential toxicity. It is also important
to conduct molecular dynamic simulations to reach precise
information regarding the dynamic behaviors and stability of
the predicted complexes.

REFERENCES

Amzel, L.M., Huang, C.H., Mandelker, D., Lengauer, C., Gabelli, S.B. and
Vogelstein, B., 2008. Structural comparisons of class I phosphoinositide

3-kinases. Nature Reviews Cancer, 8(9), pp.665-669.

Auger, K.R., Serunian, L.A., Soltoff, S.P., Libby, P. and Cantley, L.C., 1989.
PDGF-dependent tyrosine phosphorylation stimulates production of novel
polyphosphoinositides in intact cells. Cell, 57(1), pp.167-175.

Bader, A.G., Kang, S., Zhao, L. and Vogt, P.K., 2005. Oncogenic PI3K deregulates
transcription and translation. Nature Reviews Cancer, 5(12), pp.921-929.

Chalhoub, N. and Baker, S.J., 2009. PTEN and the PI3-Kinase Pathway in
Cancer. Annual Review of Pathology: Mechanisms of Disease, 4(1), pp.127-150.

Dassault Systémes., 2016. Discovery Studio Modeling Environment (Version 4.1).
Dassault Systemes, San Diego.

Dudu, V., Able, R.A. Jr., Rotari, V., Kong, Q. and Vazquez, M., 2012. Role
of epidermal growth factor-triggered PI3K/Akt signaling in the migration of
medulloblastoma-derived cells. Cellular and Molecular Bioengineering, 5(4),
pp.502-413.

Echeverria, I, Liu, Y., Gabelli, S. B. and Amzel, L.M., 2015. Oncogenic mutations
weaken the interactions that stabilize the p110alpha-p85alpha heterodimer in
phosphatidylinositol 3-kinase alpha. FEBS J, 282(18), pp.3528-3542.

Engelman, J.A., Luo, J. and Cantley, L.C., 2006. The evolution of
phosphatidylinositol 3-kinases as regulators of growth and metabolism. Nature
Reviews Genetics, 7, p.606.

Fruman, D.A., Meyers, R.E. and Cantley, L.C., 1998. Phosphoinositide kinases.
Annual Review of Biochemistry, 67, pp.481-507.

Gilliland, G., Berman, H.M., Weissig, H., Shindyalov, [.N., Westbrook, J.,
Bourne, P.E. and Feng, Z., 2000. The protein data bank. Nucleic Acids Res,
28(1), pp.235-242.

Hancock, J.T., 2010. Cell Signalling. 3" ed. Oxford University Press, Oxford,
New York.

Hausler, P., Papoff, G., Eramo, A., Reif, K., Cantrell, D.A. and Ruberti, G., 1998.
Protection of CD95-mediated apoptosis by activation of phosphatidylinositide
3-kinase and protein kinase B. European Journal of Immunology, 28(1), pp.57-69.

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X



52

Hollander, M.C., Blumenthal, G.M. and Dennis, P.A., 2011. PTEN loss in the
continuum of common cancers, rare syndromes and mouse models. Nature
Reviews Cancer, 11(4), pp.289-301.

Jaghoori, M.M., Bleijlevens, B. and Olabarriaga, S.D., 2016. 1001 Ways to
run autodock vina for virtual screening. Journal of Computer-Aided Molecular
Design, 30(3), pp.237-249.

Katso, R., Okkenhaug, K., Ahmadi, K., White, S., Timms, J. and Waterfield, M.D.,
2001. Cellular function of phosphoinositide 3-kinases: Implications for
development, homeostasis, and cancer. Annual Review of Cell and Developmental
Biology, 17, pp.615-675.

Kawade, V.S., Satpute, P.S., Dhulap, S.A. and Gurjar, S., 2018. Therapeutic
potential of PI3K/Akt/mTOR signalling pathway: Effective combination therapy
for cancer. Indian Journal of Pharmaceutical Sciences, 80(4), pp.

Kim, S., Chen, J., Cheng, T., Gindulyte, A., He, J., He, S. and Bolton, E.E., 2019.
PubChem 2019 update: Improved access to chemical data. Nucleic Acids Res,
47(D1), pp.D1102-D1109.

Laurino, L., Wang, X.X., de la Houssaye, B.A., Sosa, L., Dupraz, S., Caceres, A.,
Quiroga, S., 2005. PI3K activation by IGF-1 is essential for the regulation of
membrane expansion at the nerve growth cone. Journal of Cell Science, 118(16),
pp-3653-3662.

Le, P.T., Cheng, H., Ninkovic, S., Plewe, M., Huang, X., Wang, H. and Zhang, E.,
2012. Design and synthesis of a novel pyrrolidinyl pyrido pyrimidinone
derivative as a potent inhibitor of PI3Kalpha and mTOR. Bioorganic and
Medicinal Chemistry Letters, 22(15), pp.5098-5103.

Liu, P.,, Cheng, H., Roberts, T.M. and Zhao, J.J., 2009. Targeting the phosphoinositide
3-kinase pathway in cancer. Nature Reviews Drug Discovery, 8(8), pp.627-644.

Luo, J., Manning, B.D. and Cantley, L.C., 2003. Targeting the PI3K-Akt pathway
in human cancer: Rationale and promise. Cancer Cell, 4(4), pp.257-262.

Mandelker, D., Gabelli, S.B., Schmidt-Kittler, O., Zhu, J., Cheong, 1.,
Huang, C.H. and Amzel, L.M., 2009. A frequent kinase domain mutation that
changes the interaction between PI3Kalpha and the membrane. Proceedings
of the National Academy of Sciences of the United States of America, 106(40),
pp-16996-17001.

Mangone, F.R., Bobrovnitchaia, I.G., Salaorni, S., Manuli, E. and Nagai, M.A.,
2012. PIK3CA exon 20 mutations are associated with poor prognosis in breast
cancer patients. Clinics, 67(11), pp.1285-1290.

MGLTools., 2017. Molecular Graphics Laboratory Tools. Available from: http://
www.mgltools.scripps.edu. [Last accessed on 2017 Aug 01].

Nacht, M., Qiao, L., Sheets, M.P., St Martin, T., Labenski, M., Mazdiyasni, H.
and Singh, J., 2013. Discovery of a potent and isoform-selective targeted covalent
inhibitor of the lipid kinase PI3Kalpha. Journal of Medicinal Chemistry, 56(3),
pp.712-721.

O’Boyle, N.M., Banck, M., James, C.A., Morley, C., Vandermeersch, T. and
Hutchison, G.R., 2011. Open Babel: An open chemical toolbox. Journal of
Cheminformatics, 3(1), p.33.

Okkenhaug, K. and Vanhaesebroeck, B., 2003. PI3K in lymphocyte development,
differentiation and activation. Nature Reviews Immunology, 3, p.317.

PerkinElmer., 2009. ChemDraw Professional. Available from: http://
www.cambridgesoft.com/Ensemble_for Chemistry/ChemDraw/
ChemDrawProfessional/Default.aspx. [Last accessed on 2017 Jul 01].

Perryman, A.L., Santiago, D.N., Forli, S., Santos-Martins, D. and Olson, A.J.,
2014. Virtual screening with autodock vina and the common pharmacophore
engine of a low diversity library of fragments and hits against the three allosteric

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X

http://dx.doi.org/10.14500/ar0.10565

sites of HIV integrase: Participation in the SAMPL4 protein ligand binding
challenge. Journal of Computer-Aided Molecular Design, 28(4), pp.429-441.

Peso, L.D., Gonzalez-Garcia, M., Page, C., Herrera, R. and Nuifiez, G., 1997.
Interleukin-3-induced phosphorylation of BAD through the protein kinase akt.
Science, 278(5338), pp.687-689.

Pettersen, E.F., Goddard, T.D., Huang, C.C., Couch, G.S., Greenblatt, D.M.,
Meng, E.C. and Ferrin, T.E., 2004. UCSF Chimera--a visualization system for
exploratory research and analysis. Journal of Computational Chemistry, 25(13),
pp.1605-1612.

Sabbah, D.A., Simms, N.A., Brattain, M.G., Vennerstrom, J.L. and Zhong, H.,
2012. Biological evaluation and docking studies of recently identified inhibitors
of phosphoinositide-3-kinases. Bioorganic and Medicinal Chemistry Letters,
22(2), pp-876-880.

Sabbah, D.A., Vennerstrom, J.L. and Zhong, H., 2010. Docking studies on
isoform-specific inhibition of phosphoinositide-3-kinases. Journal of Chemical
Information and Modeling, 50(10), pp.1887-1898.

Sali, A. and Blundell, T.L., 1993. Comparative protein modelling by satisfaction
of spatial restraints. Journal of Molecular Biology, 234(3), pp.779-815.

Samuels, Y. and Waldman, T., 2010. Oncogenic mutations of PIK3CA in human
cancers. Current Topics in Microbiology and Immunology, 347, pp.21-41.

Schmidt, H., Kulasinghe, A., Allcock, R.J.N., Tan, L.Y., Mokany, E., Kenny, L.
and Punyadeera, C., 2018. A Pilot study to non-invasively track PIK3CA mutation
in head and neck cancer. Diagnostics, 8(4), p.79.

Singh, P. and Bast, F., 2013. Multitargeted molecular docking study of plant-
derived natural products on phosphoinositide-3 kinase pathway components.
Medicinal Chemistry Research, 23(4), pp.1690-1700.

Songyang, Z., Shoelson, S.E., Chaudhuri, M., Gish, G., Pawson, T., Haser, W.G.,
King, F., Roberts, T., Ratnofsky, S. and Lechleider, R.J., 1993. SH2 domains
recognize specific phosphopeptide sequences. Cell, 72(5), pp.767-778.

Trott, O. and Olson, A.J., 2010. Autodock vina: Improving the speed and
accuracy of docking with a new scoring function, efficient optimization, and
multithreading. Journal of Computational Chemistry, 31(2), pp.455-461.

Ueki, K., Fruman, D.A., Brachmann, S.M., Tseng, Y.H., Cantley, L.C. and
Kahn, C.R., 2002. Molecular balance between the regulatory and catalytic
subunits of phosphoinositide 3-kinase regulates cell signaling and survival.
Molecular and Cellular Biology, 22(3), p.965.

Vanhaesebroeck, B., Leevers, S.J., Ahmadi, K., Timms, J., Katso, R., Driscoll, P.C.
and Waterfield, M.D., 2001. Synthesis and function of 3-phosphorylated inositol
lipids. Annual Review of Biochemistry, 70, pp.535-602.

Vanhaesebroeck, B., Vogt, P.K. and Rommel, C., 2010. PI3K: From the bench to
the clinic and back. Current Topics in Microbiology and Immunology, 347, pp.1-19.

Vivanco, 1. and Sawyers, C.L., 2002. The phosphatidylinositol 3-kinase AKT
pathway in human cancer. Nature Reviews Cancer, 2(7), pp.489-501.

Wang, W.F., Xie, Y., Zhou, Z.H., Qin, Z.H., Wu, J.C. and He, J. K., 2013. PIK3CA
hypomethylation plays a key role in activation of the PI3K/AKT pathway in
esophageal cancer in Chinese patients. Acta Pharmacologica Sinica, 34(12),
pp.1560-1567.

Wang, X., Ding, J. and Meng, L.H., 2015. PI3K isoform-selective inhibitors:
Next-generation targeted cancer therapies. Acta Pharmacologica Sinica, 36(10),
pp.1170-1176.

Whitman, M., Downes, C.P., Keeler, M., Keller, T. and Cantley, L., 1988.
Type 1 phosphatidylinositol kinase makes a novel inositol phospholipid,
phosphatidylinositol-3-phosphate. Nature, 332(6165), pp.644-646.



http://dx.doi.org/10.14500/ar0.10604

53

Education Needs to Support Architecture,
Engineering, and Construction Collaboration Using
Building Information Modeling

Dilan M. Rostam

Department of Architectural Engineering, Faculty of Engineering, Koya University,
Kurdistan Region - F.R. Iraq

Abstract—Projects in the construction industry involve
multidisciplinary collaboration between the disciplines of
architecture, engineering, and construction (AEC), and others.
Conventionally, the collaboration between these disciplines relied
on the recurrent exchange of relevant drawings and documents.
Building information modeling (BIM) as a model-based process
has given AEC professionals the tools to more efficiently plan,
design, construct, and manage buildings and infrastructure. Yet
the AEC industry has been reluctant in fully adopting the BIM as
a single standard. This study explores and identifies the bottlenecks
in adopting BIM as a single product lifecycle standard in the
construction industry and advise on educating new engineers
to become the generation to use a virtual collaborative working
space covering the entire building lifecycle. Two conducted surveys
targeting the AEC academia and industry revealed the needs
for multilevel cross-disciplinary interactive collaborative BIM
process modeling, and skilled workforce to increase the graduates’
marketability and BIM adaptability. It is concluded that the new age
collaborative culture requires new generation of AEC players that
are enabled to work on a shared virtual product model supported
by proactive BIM skills learned through undergraduate programs.

Index Terms—Architecture; engineering; and construction
collaboration, Building information modeling, Building lifecycle,
Education, Integrated design.

I. INTRODUCTION

Population is increasingly choosing concentrated urbanism
where the demand for various services is growing exponentially
to accommodate life. Sustainable cost-effective buildings
with longer lifespan are at the center of these services. In
response to these, the construction industry has adopted
various measures such as rapid industrial building techniques.
It is evident that such techniques have been commonly
used in manufacturing industries for decades. However, the
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use of industrialized construction is also expanding in the
architecture, engineering, and construction (AEC) industry in
the form of building information modeling (BIM) to improve
planning, design, construction, and collaboration for increased
sustainability, lower costs, and broader safety throughout the
lifecycle (Dassault Systémes, 2014).

The US National BIM Standard defines BIM as a “digital
representation of physical and functional characteristics of
a facility; shared knowledge resource for information about
a facility forming a reliable basis for decisions during its
life cycle; also defined as existing from earliest conception
to demolition” (NBS-US, 2015). A basic idea of BIM is a
collaboration by all actors involved in the building process
throughout the lifecycle. The information in the BIM can be
extracted, updated, or modified to support and reflect the roles
of an actor (Bazjanac, 2006). Therefore, BIM is information
modeling and information management in a collaborative
digital working environment for the AEC building process.
BIM creates a product model based on collective efforts of
a coordinated working process using responsive technology
which makes it a collaborative e-working environment by
nature.

Olofsson, et al. (2008) stated that the major key advantages
of BIM are that allow the development of detailed information
and analysis at a very early stage of the building process to
improve decision making and reduce cross-discipline changes.
The primary benefits of early stage engagement of BIM
that can be identified are “(1) rapid visualization, (2) better
decision support upstream in the project development process,
(3) rapid and accurate updating of changes, (4) reduction
of labor required to establish reliable space programs,
(5) increased communication across the life cycle, and
(6) increased confidence in completeness of scope” (Manning
and Messner, 2008). Their study of using BIM in some
projects reveal clear improvement in engineering design
quality, in terms of more accurate drawings, and steadily
increasing improvement in labor productivity.

It is evident that the AEC industry is highly
interdisciplinary by nature that requires multidisciplinary
instructions in the design process. Globally, the AEC
companies are required to build more rapidly, be sustainable,
improve quality, and satisfy the environmental regulations.
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These constraints are currently leading cultural changes in
the way, the AEC industry is managing projects (Dassault
Systemes, 2014). BIM is facilitating the core of these
cultural changes. However, BIM is not simply a type of
software but a process that includes multidisciplinary actors
that need to work collaboratively to generate and manage
all-inclusive building data. Not only do BIM represents a
three-dimensional intelligent model of the building but also
“making significant changes in the workflow and project
delivery processes” (Hardin, 2009). This brings all previous
fragmented subprocesses to one inclusive platform.

Although understanding and mastering the concept of
a multidisciplinary virtual working environment based on
a single shared product model will by nature bring AEC
industry closer than ever, unfortunately today in AEC industry
BIM potential is mainly used in isolated design tasks and not
for a sustained collaboration process (Thomassen, 2011).
This is despite all the increasing usage of digital devices in
everyday life, but still the concept of BIM has taken more
than 20 years to become the preferred process of the industry
in some degree today (Eastman, et al., 2008). Therefore, the
focus of this work is to investigate the current views on how
BIM can affect the collaborative concept of AEC industry,
and in what way the adaptability of the industry toward BIM
implementation can be increased.

BIM is not only about how a shared e-working space work
technically but also how to act and play a role in such an
environment. Therefore, the rules of conduct by actors have
direct relation with their level of BIM understanding and
skills.

The study aims to explore the collaboration concept of a
shared digital model using BIM among AEC professionals
through conducting surveys to examine the state of adopting
BIM as a collaboration tool mainly in the UK and make
recommendations for the best possible path to promote BIM
as a single working environment and increase its usability.

II. METHODOLOGY

This research collects data from literature to find out
current directions in BIM implementations and value for
rational collaboration in the construction industry. After
the initial studies, further data were collected through two
surveys to identify the industry’s state of engagement with
BIM and their expected collaboration frameworks. They
were asked to state their expectations, practical needs and
views and the possible impact in collaborative work within
the same organization or cross organizations with significant
geographic distribution using BIM environment. The second
survey dealt with validation of the existing undergraduate
programs to understand the future graduates’ basic capacity to
work in a BIM oriented collaborative working environment as
well as culture of BIM concept in education. Findings from
the two surveys were used to identify shortcomings in the
capacity building for a BIM oriented working environment.
This includes BIM and team collaboration within the
construction industry context, BIM management, web-based
collaborative solutions, and cloud computing.
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III. INDUSTRY’S COLLABORATION NEEDS

BIM is one of the most promising developments in
the AEC industries (Eastman, et al., 2008) where cross
multidisciplinary collaboration and exchange of large
building data are required. Conventionally, the means for
collaboration sense between actors have been based on
the repeated exchange of two-dimensional drawings and
documents in form of hard or electronic copies. The long
experience of the AEC industry shows that cross-disciplines
engagements in preparing of model details and workflow
at an early stage of a project are vital to successful design
collaboration. However, during the past decade, the global
adoption of computer-aided design (CAD) tools has paved
the way for BIM as reliable alternative for early interaction
acts in AEC projects processing (Singh, et al., 2011).

Singh, et al. (2011) showed that the expectations of BIM
as a tool for collaboration are directly dependent on the
construction industry’s disciplines. For design disciplines,
BIM is more an extension to CAD, whereas for others such
as contractors and project managers, BIM is an intelligent
shared document management system that can quickly
take off data from CAD packages directly. However, the
visualization of the shared product model is an import
requirement across all disciplines, which today makes BIM
an important factor in collaboration across the AEC industry.

AEC industries struggle to more productive collaboration
is not only about the technological requirements for
multidisciplinary interactions but also replacing the long
tradition of acting task-based working environment with a
new responsive culture of shared electronic product model
that brings everyone together with provide adequate support
for their particular discipline. Therefore, the success of BIM-
based collaboration is directly depending on the adaptation
and mindset ability of working in such a shared environment.

In a series of workshops and interviews that were carried
out by Bhargav and Lauri (2009) with various building
project actors, the following requirements were identified that
provide basic insight into what collaborative act means to
people involved and how it can be realized. They would like
to be able to share ideas in real time, be able to collaborate
on a common platform, be able to discuss an idea in a simple
way, post any sort of related documents, to search within
solutions and previous exchange/documents, ease of use and
intuitive interface. These requirements are summarizing the
human understanding of the chain of analyzing, processing
and decision makings of data in relation to collaboration on a
common product model.

Azhar (2011) reveals analyses of the status of BIM in
the AEC survey market in the USA and mentions that the
AEC industry still relies very much on traditional drawings
and practices for processing their projects. At the same
time, AEC professionals are realizing the power of BIM
for more efficient and intelligent modeling and meaningful
collaboration. Most of the companies using BIM reported in
strong favor of this technology. The survey findings indicate
that users want a BIM application that not only benefits from
the powerful documentation and visualization capabilities
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of a CAD platform but also supports inclusive design
and collaboration acts. Consequently, BIM as technology
is improving, and solutions in the market are continuing
to evolve as they respond to the user’s specific needs
(Azhar, 2011).

Many studies are focusing on single disciple such as Shin
(2017) and Kaner (2008) also confirmed that BIM and its
impact in contributing to collaborative product design from
various perspectives. They studied the impact of BIM on the
structural engineering collaboration process and concluded
that the work efficiency and the quality of the buildings
improved when BIM collaboration was used for structural
information.

Eastman, et al. (2008) introduces a comparison model
based on wide studies on real AEC project to illustrate
the importance of the data losses during the lifecycle of
a building in a traditional paper-based process against a
collaborative BIM-based delivery process (Fig. 1).

It is clear that the AEC industry as a whole has come
to terms with the impact of BIM and the necessity for
closer interactions in future product model processing. This
product model will become the hub for interaction between
all actors from concept to end of the lifespan. In other words
an object-based product modeling with detailed intelligent
building data. Therefore, governments around the world
are setting out rules and regulations to lead the industry to
full BIM adoption path to single AEC product modeling
standard in targeted implementation BIM levels 0, 1, 2, and
3 (Fig. 2).

The UK BIM strategy was reinforced in 2011, which
directed the construction industry to make BIM mandatory
on all public projects by April 2016 to at least “level 2”
BIM maturity. The concept of “BIM levels” (and “BIM level
2 compliance”) has become the “accepted” definition by
industry, by seeing the adoption process as the next steps in
a process that has taken the AEC industry from the drawing
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boards to the CAD and, finally, into the shared product model
in the digital age (NBS, 2014).

According to NBS, 2014, BIM levels are a government
adoption process from a level to the next level for moving
the construction industry to “full” collaborative working in
a progressive, distinct, and recognizable way. Mills (2015)
states these levels run from 0 to 3 are used as reference
measures of BIM maturity.

However, the current collective historical experiences
and requirements in AEC industry have brought to live the
concept of level 3 BIM which represents a full collaboration
between all disciplines on a shared product model in a
common working space. All parties can access and modify
the shared model with anticipated rights and dependencies
that eliminates the risk for conflicting information, which
allow collaboration between actors (Khanzode et al., 2008).

BIM level 3 extended collaboration and product lifecycle
management tools can minimize waste and costs, improve
sustainability, and lower the overall building process cost as
well as introducing a new culture of AEC collaboration.

IV. SURVEY AND ANALYSIS ON AEC COLLABORATION

The BS 1192:2007 and the complementary document
PAS BS 1192-2:2013 state that the collaboration between
the participants in construction projects is vital to the
efficient delivery of product models. The guidelines provide
instruction to the AEC industry which is increasingly
working in new collaborative environments to achieve
higher standards of quality and extending reuse of existing
knowledge and experience (BS 1192, 2007).

Currently, in the majority of real-life AEC projects, the
collaboration act taking place as the user of a tool in one
discipline will import IFC models from other disciplines
to their local computer application. If there is an problem
related to one of the imported models, the best response by

Facility Operations Facility
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handover, recreafjon
of information

Value of facility documentation

Design and construction

-1~ Collaborative BIM based delivery process

-2~ Traditional Design-Bid-Build, paper based process
~3- Traditional facility management database process

startup retrofit

Operations

Fig. 1. Data integrity (Eastman, et al., 2008): Graphic presentation of the data losses during the lifetime of a building in a traditional paper-based

process versus a collaborative building information modeling-based delivery process.
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Fig. 2. An updated building information modeling maturity model from computer-aided design to building lifecycle management (Dassault Systémes,
2014).

the user is to report that problem so they can be resolved
in the original BIM authoring application from where this
model originated (Stangeland, 2011).

Azhar (2011) carried out a survey to understand the current
and future trends in collaboration, from a practical view. He
explained that the study disclosed a number of concerns in
today’s collaboration conduct which circulated toward ““process,
technology, and people related problems” (Azhar, 2011).
However, it is evident that the diversity of existing collaboration
systems, compatibility problems, “training and learning curve,
controlling the BIM, change and version management in
models, ownership and responsibility of model data, intellectual
property rights, reliability of model contents and the volatile
nature of models, and uncertainty of the BIM market” obstruct
the scope of BIM collaboration (Shafiq, et al., 2012).

This study carried out two parallel surveys to evaluate
the current position in relation to the concept of BIM
implementation and collaboration in the AEC industry
and academic institutes. The study managed to collect 280
responses from academics and 89 from the industry. The
survey was a parallel study between the UK and Kurdistan
Region of Iraq (KRI) where only 39 academics responded
and no companies responded to the survey. However, over
70% of responders to both surveys believed that collaboration
is only meaningful when a common platform for real
interaction exists (Fig. 3). At the same time, 85% said there
should be a motivation in place for adjoining new technology
that supports active collaboration as for the moment; the
trends are very slow and not preferable. Many identified
BIM as an emerging process empowering more meaningful
collaboration in the right direction.
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Over 72% of the participants agreed that collaboration
through the BIM platform increased their overall productivity
and quality of this project outcome. This understanding
indicated to be directly related to simple, available, and
sensible communication tools that eliminated the redoing
and recurrent tasks. Many respondents believed that using
BIM brought changes to their normal routine work and they
acted differently accordingly to fit within the circumstances.
However, the AEC industry still faces many challenges
to adopt BIM strategies as a single alternative for project
processing. The majority of the respondents indicated
that lack of knowledge and clarity, leadership strategies,
motivation, and lack of training are among clear reasons
behind the slow adoption of BIM (Fig. 4).

This shows that there are clear indications that the
virtual collaborative working environment requires a new
type of skills that directing the new generation project
processing more effectively. Howard and Bjork (2008) also
advocate the reforming of the building process rather than
focusing on new technological concepts; therefore, with
BIM implementation, there is a requirement to engage a
new BIM skilled role within the multidisciplinary team
to overview the coordination of the process model. Such
perception of the future AEC project processing has
led to many new adjustments in how the public sectors
are engaging the AEC with their projects. The AEC
industry market statistics show that the UK Government’s
requirements to use BIM in projects have led many
organizations adopting BIM for the first time (Eadie, et
al., 2015). Therefore, there is a tremendous pressure on the
AEC industry to increase their marketability and working
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Fig. 3. Majority of respondents believed that a common platform, simplicity, and clarity in actions are empowering meaningful collaboration.
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Fig. 4. Architecture, engineering, and construction industry’s challenges in adopting clear building information modeling strategies.

fashion by engaging in next BIM level 3 and bring further

closer all-inclusive collaboration

working space that has positive impacts throughout the

lifecycle of the product model.

in shared electronic

V. SHARED ProDUCT MODEL ON BIM-cLOUD

All AEC software vendors have built software to fulfill
their specific tasks and talk to a computer but that does
not necessarily mean they talk to other actors involved in

ARO p-ISSN: 2410-9355, e-ISSN: 2307-549X



58

the design process. As a result, the computer and human
communication on the same design product is immensely
isolated.

The global nature of the AEC industry and the international
treaties focusing on the industrial impact on carbon emission
levels govern a new concept of industrialization of the
AEC industries. To keep a proactive role in this new era,
all global players need to get involved and have a common
roadmap and be competitive in the wider market with a new
strategy.

Evidently the AEC industry tends to realize such strategy
by putting a model at the center of the project and creating
BIM, which will be possible to engage with deeper
information into the cost and constructability. Therefore,
connecting actors and technologies used in the instruction
will make it possible to work smarter and make better
decisions (Autodesk 2015). These trends are clear indications
for Software Industry to respond accordingly.

Software vendors specializing in providing tools to the
AEC industry led by users’ requirements and the rapid
advancement of IT are pushing for better marketability in a
dynamic ever-changing market. They are looking for easy
access scalable products; therefore, the cloud computing
has opened a limitless possibility for innovative software.
Simply explained, cloud computing is providing computing
services such as storage, databases, software, and more using
the Internet “the cloud.” With the internet accessibility, usage
and reliability on the rise it is practical to use a network of
geographically distributed servers hosted on the internet to
store, manage, and process data, rather than a local server or
a desktop computer. This has made cloud computing to a key
aspect of realizing BIM level 3 by the future for the industry
that allows for real time multidisciplinary remote access
collaboration within an ultimate internet browser-based BIM
environment.

Singh, et al. (2011) defined a BIM shared working
workspace as a collaboration platform that retains a repository
of the entire building data. However, he reported many
practical problems in using such platforms that have a direct
impact on the collaboration process. These shortcomings
identified mostly in role dependencies and responsibilities,
which are critical to the setup and access to the integrated
BIM model as well as interactive help functions within
general (Singh, et al., 2011).

There are clear indications of cultural changes in
the construction industry, in particular, the concept of
collaboration and its impact on budgets and product
lifecycle, which are now addressing Singh, et al. (2011)
concerns. Currently, many specialized companies are already
providing solutions for the entire construction lifecycle
inform of collaborative platforms to facilitate the engagement
around shared product models and documentations, such as
Aconex (aconex.com), TeamBinder (teambinder.com), and
Tekla BIMsight and RIB (rib-software.com.au). Company
such as Aconex claims that they have processed 16,000
projects of $1 trillion in value from 70 countries with greater
geographically distributed nature (Aconex, 2017). At the
core of services provided by these companies lays the new
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trend in working with shared BIM and data interoperability
that the IFC data set provides. Such a shared product model
concept was advised and tested already in small scale by
implementation and evaluation of a virtual collaborative
design environment system at the University of Nottingham
back in 2005 (Roshani and Tizani, 2005).

However, despite the construction industry’s recent
advances in technology adoption, overall management of
those tools remains irregular, and the adaptation process
is very slow. According to a recent survey of construction
industry professionals and academic community by this
study, 72% said that they have collaborated using BIM in
some form in their line of work, but only 55% has received
any sort of BIM training, whereas over 65% agreed that
using BIM has improved company’s overall productivity
and project outcomes. In comparison between common
software programs and cloud-based systems, the responders
believed that the current available software caused data
duplication problems, redundant activity, and wasted time.
Further, 45% found accessing the latest set of documents
and having the most current information to be a challenge.
Nonetheless, more than 90% said that cloud technology
is the most practical option for the industry although they
showed a moderate level of confidence in BIM level 3
(Fig. 5).

There is a huge difference between the requirements for
collaboration within a single discipline and collaboration
across multiple disciplines within one office and multiple
offices. Azhar (2011) emphasizes as we are leaving behind
the requirement for BIM levels 1 and 2, the industry has
overcome the obstacle of common data format and moving
toward a shared product model. Nevertheless, the existing
AEC collaboration model which works for documents
but for model collaboration, has created a legacy mindset
in the industry that needs to be replaced with “a new
concept for virtual collaboration that promote new culture
for collaborative working environment which will align
model collaboration with a redefined industry collaboration
protocols” empowered by BIM in cloud computing. The
shared cloud-based product model should also provide
multiple users with all-inclusive collaboration operations on
model data simultaneously (Azhar, 2011). This will decrease
the risk for conflicting information.

VI. BIM AND EDUCATION

The construction industry has been struggling to maximize
its productivity, quality and sustainability and, at the same
time, minimize their wastes and loses. In a marketing
research Forbes and Ahmed (2010) found that only 30%
working tie in the construction industry is effective and
the rest is wasted (Forbes and Ahmed, 2010). Concerning
that labor productivity level in the construction industry is
almost the same as 100 years ago and yet globally 75% of
construction work is not finished on time, the industry is
looking for a digital revolution to speed up its productivity
and bringing the cost down (E-Difice, 2017).
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Fig. 5. Level of confidence in various building information modeling level among the professionals and academics responders to the survey of this

study.

However, various market analyses and the study shows that
building performance and operation are immensely improved
by adopting BIM (Azhar, 2011), but when new technologies
are adopted more work practices and learning needed to adjust
to the new cultural environment. Therefore, moving beyond
the software concepts, a whole new institutional workspace
is created which means more intense collaboration between
different disciplines that require fundamental changes in their
way of working and acting.

Despite a common definition, we generally notice that
BIM emerges differently to different people which are the
source for failed collaboration culture. This is caused due
to various pathway of BIM implementation, training, and
engaging of workforce strategies across the AEC industry.
However, with the current increase of design complexity
globally, it is urgently required to bring closer the academic
collaboration of the disciplines involved in the design and
construction process (Poerschke, et al., 2010) for a common
BIM ground to empower future graduates engaging in the
industry.

Isolation of AEC students within discipline-specific
education programs, departments, and schools has impacted
on graduates’ ability to function within interdisciplinary
design teams when they enter the industry. Not only new
graduates commonly hindered by poor cross-disciplinary
communication, coordination, and negotiation skills but
also they emerge from educational institutions with a
narrow perception of what it means to participate in the
design process as a member of their specific discipline.
Understanding the goals and constraints of other disciplines
is key to working well in cross-disciplinary projects. They
have still not become a common setting since they are
challenged with coordinating different learning objectives,
curricula schedules, and teaching responsibilities, as well as
different research and design cultures that exist among the
disciplines (Fruchther et al., 2003).

Education is an essential part of successful BIM adoption,
which is becoming widespread in the AEC professions,
and it is increasingly expected from graduates to know this
technology. Attempts to cultivate collaboration between
departments such as architecture, architectural engineering,
civil engineering, and other design disciplines have been
ongoing for decades (Fruchter, 2003). Academia should not
only react to this expectation but also should take the lead in

researching the effects of BIM concerning, for example, the
changes of collaboration structures, business models, and the
design process. (Fruchter and Lewis, 2003).

However, introducing the integrated environment and the
use of BIM within undergraduate AEC programs will lead to
an intensive collaborative educational experience for students
of the involved disciplines and to the mutual understanding
of technical and social aspects of a collaborative design
process which is an increasing prerequisite of graduate
marketability.

The EUBIM (2016) Task Group which is leading the
European efforts to common BIM strategies and digital
construction industry devise that “in order to create capacity
in the effective and consistent use of BIM, training providers
and academia need to be equipped with a common definition
of the target behaviors expected by the BIM program.”
Without a consistent definition of the required skills, it is
likely that training providers and academia will not be able to
develop a sufficient capacity of capable skilled professionals
for futuristic construction industry.

In single isolated attempts, it would be unproductive and
cost ineffective for the BIM action group to develop industry-
wide BIM training courses and training materials. Therefore,
it is more desirable to develop a skills framework that layout
feasible learning outcomes which industry and academia can
then respond to by developing courses and materials with
target requirements.

The obviously common understanding, common
data exchange, common ways of working will create a
foundation for consistent upskilling, training, and education
that regulate the future market. This study conducted a
survey among academics and students of AEC disciplines
at several universities in the UK and the KRI to understand
the current trends and understandings related to BIM in
higher education. The survey received 280 responses in
total, namely 241 from the UK and 39 responses from KRI
academics.

Analysis of the respondents revealed that 86% of the
respondents had a good level of understanding of BIM
concept and value whereas only 43% had ever been engaged
in a BIM-based project processing. However, over 90% of the
respondents strongly believed in skill values gained through the
BIM curriculum in graduates’ marketability. Over 82% agreed
that adopting new technologies in the construction industry
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is directly related to the graduate’s relevant skills when they
start their careers, therefore, they confirmed that the future
trends are good reasons to adopt the new technologies in their
curriculums (Fig. 6). Yet 85% of respondents confirmed that
lack of deep knowledge, clarity and right skills of BIM have
hindered the higher education to integrate the BIM in their
programs, especially in more technical disciplines.

The overall knowledge about BIM level 3 and the concept
of cloud computing appeared to be very low among academics
and students. Nearly 87% of respondents said that they are not
confident about BIM level 3 and they do not know what cloud
computing means to implementation BIM level 3 or advance
shared product model. They also see the lack of knowledge and
clarity of BIM related problems as major indicators not providing
BIM education at their universities (Fig. 7).
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B Disagree [ Neutral
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However, it is a huge gap between different level
of performing BIM strategies in higher education and
the AEC industry which does not show many changes
despite the increasing e-resources in our daily life. “This
is counterproductive to the overall strategic role and
contributions of HEIs to the ongoing BIM digital revolution
in AEC industry” (Khosrowshahi, et al., 2015). Furthermore,
an earlier study by BAF in 2015 revealed that 40% of
questioned academic institutes considered themselves not
adequately informed on BIM and the UK Government
implementation strategy of BIM levels.

Embedded BIM in undergraduate programs will have a
direct impact on the program structure to enable the BIM
model to empower learning but adopting this strategy still at
a very slow pace (BFA, 2013).
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Fig. 6. Academics see the future trends a good reason to adopt new technology.
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The BAF (2013) guidelines are providing expected learning
outcomes on different levels of knowledge and understanding,
practical skills, and transferable skills for embedding the
BIM into undergraduate and postgraduate programs, but this
has not been widely used by educational yet.

VII. RECOMMENDATIONS

It is now widely acknowledged that the productivity and
economic benefits of BIM to the AEC industry widely known
and the technology to utilize BIM is rapidly advancing. Yet
BIM adoption has been much slower than anticipated (Azhar,
et al., 2008 and ARC 2015).

The EUBIM handbook put this in realistic figures and
states “if the wider adoption of BIM across Europe delivered
10% savings to the construction sector then an additional £115
billion would be generated for the £1.2 trillion market. Even this
impact could be small when compared with the potential social
and environmental benefits that could be delivered to the climate
change and resource efficiency agenda” (EUBIM, 2016).

BIM adoption would ultimately impose a change in the
existing project processing and the whole culture of tradition
AEC engagement. An integrated model development needs
greater remotely collaboration and communication across
disciplines that need to make sense of a virtual world.
This means that a different approach to product model
development is required in a virtual collaborative setting
where all relevant factors contribute to a single shared model.
This is a resolution for dynamic construction industry.

To make BIM more feasible for such a dynamic
construction industry the shared collaborative environment
need to facilitate variety organizational concepts to be
selected that suit all standard data management, possible
structural and project requirements and accommodate
different business models to suit varied industry needs out
of the package which is collected and shared from global
project processing experiences.

However, these changes in the historical habits of the current
industry require actors that have an educational and training
background to understand that the culture of virtual working
space collaboration in the sense of time and location. Such
cultural education cannot be achieved through fragmented
seminars but through programs of undergraduate degrees with
marketing learning outcomes (Zhang et al., 2016).

In accordance with propagating the new culture of
working, the industry needs to identify shortcomings and
remove or redefine hurdles for the use of digital data in
relation to liability, ownership, and rights that constrain
benefits resulting from the wider adoption of BIM in a new
ideal future working environment.

Hopkirk (2017) as well as this study reveals that currently
there is BIM skills shortage among large companies in the
UK. The survey indicated whereas large companies admitting
the financial gain of using BIM but they cannot always find
the skilled workforce they need (Hopkir, 2017). This clearly
shows how the future architect and engineering should be
educated with greater marketability in mind to speed up the
industry adoption of BIM.
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Nevertheless, the problems related to using BIM can
be categorized into logistical and technical concerns. For
the industry to move forward, the concept of ownership
and intellectual property rights need to be changed. As the
technical definition of product models has been fragmented
to the smallest process and elements, then the ownership
needs to be defined as one actors’ specific action on these
fragmented elements that are digitally signed rather than the
whole product model. To facilitate such understanding and
prevent disagreement over intellectual property problems,
the best solution is to redefine the concept of ownership in a
virtual working environment and educate actors with a new
mindset for ownership rights and responsibilities that suit the
future of the construction industry.

VIII. CONCLUSIONS

This study has evaluated the awareness of BIM in general
and the problems surrounding the adoption process of BIM
in AEC industry and the future AEC collaboration concept
in particular. The study has identified the essence of the
multidisciplinary collaborative working environment in an
AEC virtual working space sharing a BIM-based product
model and reflects a realistic capacity building for future
construction industry professionals. Despite huge public and
private investment in BIM related knowledge transfer, the
adaptability pace has been slow. However, the success of
a collaborative BIM-based project processing depends on
group adoption by the actors that are expected to participate
in the collaboration scenarios. Even though the NBS (2016)
report revealed that 86% of respondents expect to be using
BIM on at least some of their projects in 2016/2017, the
working culture is far from the concept of single standard
project processing. The future AEC engineers hold the key
to making BIM the only method of processing a building
project. Therefore, education delivery needs to evolve to
accommodate all aspects of BIM processes throughout
the product model lifecycle. In this approach, there is a
clear need for a more rapid shift from historical habits of
construction process practices to more desires futuristic BIM
e-collaborative shared working processes.

The findings of this study provide useful information
for AEC educational routes and industry considering
adopting future level 3 BIM working strategy. The future
of the construction industry is ever more defined by BIM
advancement which is both exciting and challenging. It is
obvious that BIM will enhance and redefine the collaboration
as we know it and bring the AEC industry to much closer
interdisciplinary actions and eventually lead to improved
overall performance with a greater impact on the building
lifecycle. This requires a closed-loop between AEC
educational institutes, companies, and tools developer.
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Abstract—The possible biological hazards due to the mobile
phone electromagnetic (EM) field exposure are caused mainly by
a temperature rise in tissue. Hence, the calculation of temperature
in tissue may be more realistic than the calculation of specific
absorption rate (SAR) due to the more direct relationship between
temperature and safety. The heat transfer to human tissue due
to a phone call is caused by a combined effect of conductive heat
transfer caused by the basic non-microwave-related activity of the
mobile phone and the absorption of the microwave. This paper
investigates the role of heat transfer in living tissue due to thermal
conduction. This is achieved using a thermal imaging camera to
measure and map the skin temperature distribution over human
head due to mobile phone EM emission. Two commercial mobile
phone brands, that is, Apple iPhone 7 Plus and Huawei P20 Pro, are
used at 1800 MHz cellular connection and approximate radiated
power of 0.125 W to measure the skin temperature over human head
at both, cheek and tilt position for 6 and 30 min calls. The results
show that in spite of the direct proportion between the deposited
SAR and temperature increase in human tissues, the heat transfer
due to thermal conduction may not directly proportional to the SAR,
where other factors may play important roles, for example, mobile
phone chassis material, heated battery, antenna location inside the
mobile phone, and mobile phone position in close proximity to head.

Index Terms—Apple iPhone 7 Plus, Huawei P20 Pro, Bioheat
transfer equation, Mobile phone, Specific absorption rate.

I. INTRODUCTION

Using mobile phones in proximity to human head at
different positions impose an electromagnetic field (EMF)
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interaction between the mobile phone and the head tissues.
The absorption of EM energy generated by the mobile phone
in the human tissue, calculated as the specific absorption
rate (SAR), has become a point of critical public discussion
due to the possible health risks. SAR, therefore, becomes
an important performance parameter for the marketing
of cellular mobile phones and underlines the interest in
optimizing the interaction between the mobile phone and the
user by both consumers and mobile phone manufacturers.

In general, SAR is the appropriate metric for determining
EM energy exposure in the very near field of an radiofrequency
(RF) source (Allen, 1996; Association of Radio Industries
and Businesses Standards, 2002; Australian Communications
Authority, 2003; European Committee for Electrical
Standardization, 2001; European Committee for Electrical
Standardization, 2001; Federal Communications Commission,
1997, Human Models, Instrumentation, and Procedures, 2006;
IEEE Standard, 2003; IEEE Standards, 2006). SAR is expressed
in watts per kilogram (W/kg) of biological tissue and is generally
quoted as a figure averaged over a volume corresponding to
either 1 g or 10 g of body tissue. The SAR of a wireless product
can be measured in two ways. It can be measured directly using
body phantoms, robot arms, and associated test equipment or
by mathematical modeling (Al-Mously, 2010). The handhold
of a mobile phone plays an important role on the deposited
SAR value in human head, and this may affect the temperature
increase in head (Al-Mously and Abousetta, 2008a; Al-Mously
and Abousetta, 2008b; Al-Mously and Abousetta, 2008c).

The main cause of the possible biological hazards due to
the mobile phone EM emission is the temperature rise in
tissue. Thus, it is preferred to calculate temperature rather
than the SAR in human head tissues due to the more direct
relationship between temperature and safety. Accordingly, the
effect of localized SAR for mobile phones should also be
related to the temperature rise in the human head.

The temperature increase in human head tissues during
a mobile phone call, at cheek and tilt position, has been
calculated in a number of studies (Al-Mously and Abousetta,
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2009; Bernardi, et al., 2000; Bernardi, et al., 2001; Fujimoto,
et al., 2006; Gandhi, et al., 2001; Hirata and Shiozawa, 2003;
Ibrahiem, et al., 2005; Li and Gandhi, 2006; Rodrigues,
et al., 2007; Rodrigues, et al., 2008; Samaras, et al., 2007,
Van Leeuwen, et al., 1999; Wainwright, 2000; Wang and
Fujiwara, 1999; Zygiridis and Tsiboukis, 2008), and a brief
description of their exposure conditions and types of RF
source model has been presented in Al-Mously, 2010.

In the previous reported works, the temperature increase in
human head tissues has been calculated numerically using both
homogeneous and heterogeneous human head phantom during
mobile phone calls of 30 min and 6 min, according to IEEE/
ANSI/FCC (Federal Communications Commission, 1997;
IEEE Standard, 2003; IEEE Standards, 2006) and International
Commission on Non-lonizing Radiation Protection (ICNIRP)
(European Committee for Electrical Standardization, 2001;
European Committee for Electrical Standardization, 2001),
respectively. The temperature increase in human head tissues
has been calculated implementing the bioheat equation (BHE)
(Pennes, 1948) based on the calculated SAR. The SAR
according to IEEE/ANSI/FCC standards is calculated for
an averaging mass of 1 g, whereas it is for 10 g according
to the standard ICNIRP. The international standards, that is,
IEEE/ANSI/FCC and ICNIRP, have been set for SAR limits
according to tissue type, that is, head, limb, and whole body.
No temperature limits have been set by any standard. This is
because the temperature increase in tissue depends on many
factors that are difficult to be measured using phantom with
test equipment. Rusnani and Norsuzila (2008) used an infrared
thermal camera to measure the temperature surface distribution
due to three mobile phone brands in close proximity to the
user’s head after 6 and 30 min calls. The maximum recorded
temperature after 30 min calls were 2.9°C, 1.1°C, and 2.0°C due
to Nokia 3160 (Max. SAR = 1.14 W/kg), Samsung SGH300
(Max. SAR = 0.74 W/kg), and Sony Ericson T230 (Max. SAR
= 0.60 W/kg), respectively. Rusnani and Norsuzila (2008)
claimed that the temperature increase in the head is not due to
the phone battery heating as long as the maximum temperature
of the mobile phone is stayed below the temperature of head.
Rusnani and Norsuzila (2008) did not consider the temperature
increase in the head skin due to the EM near filed, but the
phone battery heating. Moreover, he did not consider the effect
of the mobile phone positions, cheek and tile with respect to
head, according to the IEEE-Std. 1528-2003. Al-Mously (2010)
measured the temperature increase in two mobile phone chases,
candy bar type Motorola L71 and clamshell type Motorola
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RAZR V3i, after 60 min call, and then, the two mobile phones
were simulated, using 3D EM simulation software, in close
proximity to head at cheek position to measure the temperature
increase in pinna tissue due to thermal conduction. Bauer, et
al. (2018) investigated the influence of smartphones’ operation
modes on the superficial temperature distribution in the human
pinna region. He observed that there are statistically significant
differences between mean temperatures of the pinna before
and immediately after the use of the smartphone, independent
of whether RF communication was on (normal mode) or off
(flight mode). The increase in tissue temperature was caused
by a combined effect of conductive heat transfer caused by the
basic non-microwave-related activity of the smartphone and the
absorption of the microwave.

This paper shows that the temperature increase in head
tissue due to the thermal conduction for long phone call
duration may play an important role. The temperature
increase due to the thermal conduction does not necessary
depend on the mobile phone SAR, but on other factors, for
example, handheld position (ventilation gap between mobile
phone and human head), antenna location inside the mobile
phone, battery temperature increase, etc.

II. PENNES BHE

Temperature (T = T(x, y, z, t) [°C]) can be modeled in the
head with a numerical implementation, for example, finite
difference, of the bioheat transfer equation (BHE), developed
by Pennes (1948):

oT
PCEZ V(KVT)+ PO, + p(SAR)=B(T =Ty ) (1)

B = Phivod Chivod PO (2)

where the different values of p (kg/m?®) (material density),
¢ (J/[kg °C]) (specific heat capacity), &£ (W/[m °C]) (thermal
conductivity), @ =~ (W/kg) (metabolic heat generation
rate), B (W/[m* °C]) (blood perfusion coefficient), and w
(L/[s kg]) (blood perfusion rate) for several different tissues
were acquired from literature (Bernardi, et al., 2000; Bernardi,
et al., 2001; Fujimoto, et al., 2006; Hirata and Shiozawa,
2003; Li and Gandhi, 2006) and are given in Rusnani and
Norsuzila (2008) (Al-Mously and Abousetta, 2009). It should
be noticed that the results based on experiments involving
animals were used for most of the thermal parameters required
in the human head model. The uncertainties in the maximum

TABLE 1
SAR 1N HEAD TisSUES OF APPLE IPHONE 7 PLUS AND HUAWEI P20 PRO FOR NON-OCCUPATIONAL/UNAWARE USERS IN AMERICAN AND EUROPEAN REGIONS

American IEEE/ANSI/FCC

Phone brand SAR (W/kg) in head Measurement method Limit (W/kg) Averaging mass Time
Apple iPhone 7 Plus 1.190 C95.1 1.6 lg 30 min
Huawei P20 Pro 1.030

European ICNIRP
Phone brand SAR (W/Kg) in head Organization/body Limit (W/kg) Averaging mass Time
Apple iPhone 7 Plus 1.340 EN50360 2.0 10g 6 min
Huawei P20 Pro 0.730

SAR: Specific absorption rate
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temperature increases caused by those in thermal parameters
were investigated in Hirata, et al., 2003; Samaras, et al., 2007.

Heat transfer in living tissue is a complex process and
includes conduction, convection, and blood perfusion (such
as delivery of the arterial blood to a capillary bed), cooling
of human body by radiation, and metabolic heat generation
(Ghassemi and Shahidian, 2017).

In Equation (1), the term on the left represents the rate
of change in the stored internal energy of the tissue, the
term V (kVT) = kV?T is the heat transfer due to thermal
conduction, which is under investigation of this work, and
the last term relates to convection heat loss associated with
blood flow.

Fig. 1. Specific anthropomorphic mannequin with mobile phone in cheek
position on the left side according to the IEEE-Std. 1528-2003. RE: Right
pinna, LE: Left Pinna, and M: Mouth.

Fig. 2. Specific anthropomorphic mannequin with mobile phone in tilt
position on the left side according to the IEEE-Std. 1528-2003. RE: Right
pinna, LE: Left pinna, and M: Mouth.

$FLIR

z=10 rH = 50% Tatm

Fig. 3. Front view of the human head with indicated four regions that
their surface temperatures are measured due to mobile phone calls using
FLIR SC660 thermal imaging camera. Region 1: Cheek, region 2: Pinna,

region 3: Forehead, and region 4: Side head.
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III. SKIN TEMPERATURE MEASUREMENT PROCEDURE AND
REsuLTS

According to Equation (1), it is very clear that the thermal
conduction plays an important role in heat transfer in living
tissue. Thus, mapping the surface temperature distribution
on human head skin may give a deeper perception about the
term V (kVT) = kV°T.

Two commercial mobile phone brands are selected to be
investigated in terms of the temperature increase in human
head skin that both may cause, that is, Huawei P20 Pro and
iPhone 7 Plus. Their SAR values based on the manufacturer
datasheet are listed in Table I.

According to Table I, Apple iPhone 7 Plus shows more
deposited SAR in human head tissue than Huawei P20 Pro,
based on both organization standards; American IEEE/ANSI/
FCC and European ICNIRP. Consequently, and based on the
reported previous works, the temperature increase in human
head due to a phone call EMF emission caused by iPhone 7
Plus is more than the one caused by Huawei P20 Pro. This is
true since the temperature increase in human tissue is directly
proportional to the deposited SAR.

The procedure of skin temperature measurement over
human head is by making phone calls for 6 min and 30 min
using the mobile phones Apple iPhone 7 Plus and Huawei
P20 Pro, at both cheek and tilt positions. Hence, eight phone

Spot
Isotherm

z=1.0 rH = 50% Tatm =

Fig. 4. Side view of the human head with indicated four regions that
their surface temperatures are measured due to mobile phone calls using
FLIR SC660 thermal imaging camera. Region 1: Cheek, region 2: Pinna,

region 3: Forehead, and region 4: Side head.

a 10 = 5w 0 1a | 1o Mew I |- 2.0 141
Fig. 5. (a and b) Apple iPhone 7 plus handheld in close proximity to
human headshot by the FLIR SC660 thermal imaging camera.
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Hand-held Huawei P20 Pro at cheek-position
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Hand-held Huawei P20 Pro at tilt-position
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Fig. 6. Measured temperature (°C) distribution in head skin regions, that is, cheek, pinna, forehead, and side head, for different mobile phone brands
after 6 and 30 min calls. (a) Handheld Huawei P20 Pro at cheek position, (b) handheld Huawei P20 Pro at tilt position, (c) handheld iPhone 7 Plus
at cheek position, (d) handheld iPhone 7 Plus at tilt position, (e) 6 min call at cheek position, (f) 6 min call at tilt position, (g) 30 min call at cheek

position, (h) 30 min call at tilt position.

call scenarios of standardized tone are conducted, using the
same room temperature and by the same person at the same
body and mobile phone temperatures. The temperature is
measured by a thermal imaging camera in each scenario after
removing the mobile phone, immediately. The cheek and tilt
position of the mobile phone in close proximity to head is
defined by IEEE-Std. 1528-2003, is defined in Figs. 1 and 2.

A thermal imaging camera type FLIR SC660 is used for
the measurement, and four regions over human head are
selected to measure the temperature after phone calls of 6 and
30 min. Figs. 3 and 4 show a thermal camera image of the
human head, indicating the four regions under measurements,
that is, cheek, pinna, forehead, and side head.
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Fig. 5 shows the front and side view of human making a
phone call using Apple iPhone 7 Plus at tilt position shot by
the FLIR SC660 thermal imaging camera.

Fig. 6 shows the temperature values of the skin of the
cheek, pinna, forehead, and side head regions, all are
measured for the mobile phones Apple iPhone 7 Plus and
Huawei P20 Pro at cheek and tilt positions and after durations
6 and 30 min calls.

IV. DiscussioN AND CONCLUSION

According to the skin temperature distribution is shown in
Fig. 6, the following are concluded:
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1. The temperature increase in the head skin regions is directly
proportional to the phone call duration, for the same mobile
phone and the same mobile position with respect to head

2. Huawei P20 Pro causes more skin temperature increase
over human head at cheek position than at tilt position. The
same scenario exists for the Apple iPhone 7 Plus, but in the
pinna and forehead regions, only. This may due to different
antenna location inside both mobile brands

3. At cheek position, and though it has less SAR, Huawei
P20 Pro shows more temperature increase in the skin of
the cheek, pinna, and side head, as compared with Apple
iPhone 7 Plus, after 6 and 30 min phone calls. This may due
to different antenna locations inside both mobile brands and
different battery heat

4. At tilt position, Huawei P20 Pro shows more temperature
increase than Apple iPhone 7 Plus in the skin of the pinna
after 6 min and on the skin of side head after 6 and 30 min
phone calls

5. The results at tilt position do not follow the trend of the
results at cheek position. This is due to the ventilation space
between the mobile phone and the cheek.

Based on the above conclusions and the results in Fig. 6,
it is obvious that the skin temperature distribution over the
human head, and consequently the thermal conduction, does
not follow the SAR values trend. The temperature increase in
the head skin regions is due to both, heated battery and the
EM near field of the mobile phone. Although Huawei P20
Pro deposited less SAR in head tissues, as compared with
Apple iPhone 7 Plus, Table I, it causes more temperature
increase in the head skin at cheek position, at least, for the
call durations 6 and 30 min. In summary, the heat transfer
due to the thermal conduction depends on other factors rather
than on SAR value, only, for example, mobile phone chassis
material, mobile phone heated battery, antenna location
inside the mobile phone, and mobile phone position in close
proximity to head.
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Abstract—I[4+2] cycloaddition reaction has enormous significant
in organic chemistry synthesis reactions and yet remains unexplored
for the synthesis of fluorine-containing compounds. A density
functional theory study of the stereo- and regioselectivity of the [4+2]
cycloaddition reaction of trifluoroethylene with furan, thiophene,
and selenophene was carried out in the gas phase. The B3LYP
functional is used throughout in combination with 6-31G(d) basis
set. The analysis of stationary points and the energetic parameters
indicates that the reaction mechanism is concerted and confirms
that the exo-adducts are thermodynamically and kinetically more
favored than endo-adducts. The calculated branching ratio indicates
that the exo-adducts have the higher percent yield than endo-
adducts and the yield of endo-adducts is increased only slightly on
proceeding from furan, through thiophene, and onto selenophene.
The analysis of the frontier molecular highest occupied molecular
orbital (MO) and lowest unoccupied MO orbitals indicates that
the exo-adducts are more stable due to their higher energy gab.
The reaction energies were compared to the MP2/6-31G(d) and
CCSD(T)/6-31G(d) calculations.

Index Terms—Density functional theory, B3LYP, Regioselectivity,
Stereoselectivity, [4+2] Cycloaddition.

1. INTRODUCTION

The [4+2] cycloaddition reaction (Diels-Alder reaction)
is one of the most powerful reactions for building six-
membered carbocyclic ring in organic synthesis (Nicolaou,
et al., 2002). The Diels—Alder reaction of conjugated diene
with dienophile (alkene or alkyne) is concerted reaction
(Houk, et al., 1986; Woodward and Katz, 1959). This reaction
proceeds more favorable if electron-rich dienes reacts with
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electron-poor dienophile. Thus, typical dienes are substituted
with electron-donating groups whereas good dienophiles are
substituted with electron-withdrawing groups (Gregoritza and
Brandl, 2015).

The Diels—Alder reaction may give two stereoisomeric
products, exo- and endo-adducts, relying on the conformation
of the transition state when a cyclic diene and dienophile
react with each other (Lautens and Edwards, 1989; Nickon,
et al., 1978). For that reason, a huge amount of theoretical
studies have been devoted trying to explore the reaction
mechanism leading to exo- and endo-selectivity. Density
functional theory (DFT) has been used widely and found as a
very convenient method for getting reliable results and it has
low computational cost (Cossio, et al., 1999; Liu, et al., 1998;
Silva and Goodman, 2002). This method has been successfully
used in many [4+2] cycloaddition reactions (Domingo, et al.,
2002; Domingo, et al., 2014; Fernandez and Bickelhaupt,
2014; Ho, et al., 2016; Levandowski, et al., 2018; Rivero,
et al.,, 2017b). Among these studies, computational works
were compared with experimental to obtain detailed reaction
mechanism, stero- and regioselectivity. Stereoselectivity
of the reaction of cyclopentadiene with protonated
phenylethylimine was studied at B3LYP/6-31G(d) level of
theory (Teixeira, et al., 2009). The results indicate that the
exo-adduct is found to be more stable than endo-adduct. In
addition, DFT method at M06-2X/6-31G(d) level of theory
was used for the reaction of s-cis-2,3-dibromo-1,3-butadiene
and malic anhydride (Rivero, et al., 2017a). This reaction
clearly favors the exo-adduct over the endo-adduct due to the
lower activation energy for the exo path.

Fluorine-containing organic compounds have found a
significant position in organic chemistry and the synthesis
of compounds exhibiting exciting properties for medicinal
and agricultural purposes. The reaction of 2-fluorooct-1-en-
3one with cyclopentadiene was studied experimentally and
found to yield the exo-adduct preferably under thermal and
microwave-assisted conditions (Essers, et al., 2002). The
percent yield for exo- and endo-adducts was found to be
69 and 31%, respectively, under thermal condition, whereas
the percent yield became 70 and 30% under microwave-
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assisted condition. The reactions of cyclopentadiene
with benzyl 2-fluoroacrylate, 2-fluoroacrylic acid amide,
1,1-difluoroethene, and 1,2-diflurodinitro ethene were studied
experimentally and the exo-adducts were found to be more
favorable with higher percent yield than endo-adducts
(Baum, et al., 1991; Ito, et al., 1999; Ito, et al., 1998; Leroy,
et al., 1987).

The Diels—Alder reaction of trifluoroethylene (TFE)
with furan and its derivatives has been investigated
experimentally (Chambers, et al., 2000). However, based
on our knowledge, the detail information about the reaction
mechanism, stereo- and regioselectivity have not yet been
obtained. Therefore, the aim of this paper is to suggest the
mechanism of the cycloaddition of TFE with furan and other

http://dx.doi.org/10.14500/ar0.10575

heterocyclic compounds containing chalcogens using DFT
method. Herein, furan, 2, thiophene, 3, and selenophene,
4 are used in [4+2] cycloaddition reaction with TFE, 1 to
investigate the effect of chalcogens on reaction mechanism
and regioselectivity. Scheme 1 shows the exo- and endo-
adducts of these [4+2] cycloaddition reactions.

II. COMPUTATIONAL METHODS

All calculations have been done with the Gaussian 9
package under Linux operation system (Frisch, et al., 2009).
DFT method has been proven to be a convenient method for
the study of [4+2] cycloaddition reactions and is achieved
in this study (Khabashesku, et al., 2001; Lemal, 2017; Parr
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Scheme 1: Reaction paths for the [4+2] cycloaddition reaction of TFE, 1 with furan, 2, thiophene, 3, and selenophene, 4.
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and Weitao, 1989). B3LYP functional is used throughout
in combination with 6-31G(d) basis set (Ditchfield, et al.,
1971; Lee, et al., 1988). MP2 and CCSD(T) methods were
used to predict the reaction energies using the same basis
set. Frequency calculations were performed to ensure that
a transition state has only one imaginary frequency and
a local minimum has no imaginary frequencies. Intrinsic
reaction coordinate computations were carried out to verify
that the transition states connect with the required reactants
and products (Fukui, 1970). All energies and thermodynamic
parameters reported in this paper were obtained from the
frequency calculations at the same level of theory. The
enthalpies, Gibbs free energies, and entropies in gas phase
were obtained with the standard statistical thermodynamics at
298.15 K and | atm. The CYLview software was used as a
graphical interface (Legault, 2009).

The global electrophilicity index () is obtained in terms
of the electronic chemical potential () and the chemical
hardness (77) using the following simple expression (Parr,
et al., 1999):

M

The chemical hardness (1) and the electronic chemical
potential (u) quantities may be approached in terms of the
one-electron energies of highest occupied molecular orbital
(HOMO) and lowest unoccupied MO (LUMO), ¢, and, &, as
(Parr and Pearson, 1983; Parr and Weitao, 1994):
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The relative nucleophilicity index (V) obtained based on the
energies of HOMO within the scheme of Kohn-Sham (Kohn
and Sham, 1965). This quantity can be defined using equation
(4). Where TCE is tetracyanoethylene and is chosen due to its
lowest HOMO energy as a reference (Domingo, et al., 2008).
“4)

N = EHOMO(Nu) - EHOMO(TCE)

II1. RESULTS AND DISCUSSION

In this study, B3LYP/6-31G(d) level of theory is used
and transition states for the concerted reaction mechanism
have been found. The stationary points analysis involved
in the [4+2] cycloaddition reactions of TFE, 1 with furan,
2, thiophene, 3, and selenophene, 4 gave corresponding
compound 2a, 2b, 3a, 3b, 4a, and 4b and are sketched in
Scheme 1. The relative electronic energies of the transition
states and their corresponding products in the gas phase
are presented in Figs. 1-3. As shown from these figures,
the endo transition states (TS2a for TFE+furan, TS3a for
TFE+thiophene, and TS4a for TFE+selenophene) are 1.45,
0.52, and 0.1 kcal/mol higher than the exo transition states
(TS2b for TFE+furan, TS3b for TFE+thiophene, and TS4b
for TFE+selenophene), respectively.
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Fig. 1. Energy profile for the [4+2] cycloaddition reaction of trifluoroethylene with furan using B3LYP/6-31G(d) level of theory. The energies are given
relative to reactants (R) (kcal/mol).
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Fig. 4. Optimized geometries of the transition states involved in the [4+2] cycloaddition reactions of trifluoroethylene with furan, thiophene, and
selenophene using B3LYP/6-31G(d) level of theory.

The activation energies for these [4+2] cycloaddition
reactions are 26.99 kcal/mol for endo path and 25.54 kcal/
mol for exo path for the reaction with furan. For the reaction
of TFE with thiophene, the activation energies for endo path
are 34.66 kcal/mol and for exo path are 34.15 kcal/mol. The
activation energies for the reaction of TFE with selenophene
are 30.58 and 30.49 kcal/mol for the endo and exo path,
respectively. These results confirm that the exo reaction paths
for three reactions are more favorable than endo reaction
paths. Based on our knowledge, most of the studies of the
exo- and endo-stereochemistry in the [4+2] cycloaddition
reactions have shown that the exo-adduct is more stable
thermodynamically whereas the endo-adduct is formed
faster and kinetic control is observed (Cooley and Williams,
1997; Foster, et al., 2015; Hoffmann and Woodward, 1968;
Lozynskyi, et al., 2016; Pavelyev, et al.,, 2016; Rulisek,
et al., 2005; Szalai, et al., 2007). However, in the current
study, the exo-adduct is kinetically and thermodynamically
more favorable than endo-adduct. Similar results were found
for the [4+2] cycloaddition reaction of Zn-porphyrin trimer
with butadiyne, nitroalkenes with methyl vinyl ether and
intermolecular cycloaddition reaction of (Z)-1-(2-iodo-3-
phenylprop- 2-enyl)-6-oxo-1,6-dihydropyridine-2-carbonitrile
(Avalos, et al., 2000; Clyde-Watson, et al., 1998; Yuan and
Yu, 2014).

The geometries of the transition states involved in the [4+2]
cycloaddition reactions of the TFE with furan, thiophene, and
selenophene are presented in Fig. 4. Studying the lengths of
the formed bonds in the transition state indicates that these
reactions follow asynchronous processes. The lengths, at
the regioisomeric transition states, between the carbon atom
with two fluorine atoms and carbon atom in heterocycles are

73
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TABLE I
THE DEGREE OF ASYNCHRONICITY, AD, AT THE TRANSITION STATES

Transition states Ad
TS2a 0.202
TS2b 0.214
TS3a 0.269
TS3b 0.248
TS4a 0.305
TS4b 0.260

shorter. Consequently, the sigma-sigma bond formation at
the more electrophilic conjugated positions is more advanced
than the other.

The degree of a synchronicity (Ad) can be calculated by
considering the lengths difference between the two forming
bonds at the transition states. The values of Ad are reported
in Table I. The analysis of Ad shows that the endo transition
states are more asynchronous than the exo transition states
when TFE reacts with thiophene and selenophene. However,
in the case of TFE with furan the degree of asynchronicity
of exo transition state is more than the endo transition
state. It can be noted from the table that the Ad increases,
for both endo and exo transition states, on proceeding from
furan, through thiophene, and on to selenophene. It can be
concluded that the presence of two fluorine atoms with high
electronegativity on one side of the TFE leads to a more
asynchronous transition states.

MP2 and CCSD(T) methods, using the same basis set, were
used to calculate the reaction energies for the title reactions
and the results were compared with B3LYP functional.
Table II shows the reaction energies for each reaction at three
different levels of theory. The MP2 and CCSD(T) methods
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both produce more negative reaction energies than B3LYP
functional. It is worth to realize that the exo path for all
reactions is more exothermic than the endo path at all levels
of theory. This confirms that exo-adducts are more favorable
than endo-adducts. In addition, the reaction energy decreases
on proceeding from furan, through thiophene, and onto
selenophene. The relative energies for products and transition
states at B3LYP/6-31G(d) and MP2/6-31G(d) levels of theory
are listed in Table III.

HOMO and LUMO energies in electron volt (eV) at
B3LYP/6-31G(d) level of theory are computed for reactants
and products, as shown in Table IV. The MO for the most
stable exo-adducts are shown in Fig. 5. As shown form the
results, the energy gap decrease on proceeding from furan
to selenophene. It is worth to realize that the energy gap for
exo-adducts is higher than the endo-adducts which indicates
the stability of the exo-adducts.

The thermodynamic parameters for the [4+2] cycloaddition
reactions of TEF with furan, thiophene, and selenophene in the
gas phase at 1 atm and 298.15 K with B3LYP functional and
MP2 method are listed in Table V. The activation enthalpies
for these reactions range from 24.96 to 34.15 kcal/mol using
B3LYP functional, whereas these values decrease when MP2
method is used. The activation enthalpies, as shown from

TABLE II
REACTION ENERGY (IN KCAL/MOL) FOR EACH REACTION AT B3LYP/6-31G(D),
MP2/6-31G(p) AND CCSD(T)/6-31G(D) LEVELS OF THEORY
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the table, for the exo paths, are lower compared to the endo
paths. All products are entropically disfavored. The values
of Gibbs free energy for all exo-adducts are negative values,
which refer to spontaneous reactions. The heat of formation
for all products is negative which indicates the stability of
these products. The values of Gibbs free energy for products
2a and 3a were found to be 0.56 and 1.76 kcal/mol and these
values become more negative when MP2 method is used.
However, the Gibbs free energy of 4a and 4b was —6.02 and
—6.74 kcal/mol, respectively. These negative values indicate
the spontaneity of reactions for both exo- and endo-adducts.
Based on the observed data of thermodynamic parameters, it
can be concluded that the exo reaction paths are formed faster
and have lower heat of formation, thus the exo reaction paths
are preferred thermodynamically as well as kinetically.
Products branching ratios (BR) were estimated using
the method previously used by McFarland, et al., 1974
for all reactions to obtain the product percent yield. The
BR for all possible products are collected in Table VI. As
shown in Table VI, the exo-adducts for all reactions had a
higher percent yield than endo-adducts. Similar results were
obtained experimentally by Richard, et al. for the reaction of
TFE with furan (Chambers, et al., 2000). The percent yield
of endo-adducts increases only slightly on proceeding from

TABLE IV
HOMO ENERGIES, LUMO ENERGIES, AND ENERGY GAP (IN EV UNIT) FOR
REACTANTS AND PRODUCTS AT B3LYP/6-31G(D) LEVEL OF THEORY

Reactions Reaction energy (kcal/mol)
B3LYP MP2 CCSD(T)
TFE+furan (endo) -13.3 —24.44 —28.51
TFE+furan (exo) -14.5 —25.88 —30.04
TFE+thiophene (endo) -12.3 —24.89 —28.25
TFE+thiophene (exo) —13.14 —26.03 —29.27
TFE+selenophene (endo) -20.17 —33.38 —36.54
TFE+selenophene (exo) —20.88 —34.38 —37.46
TABLE III

RELATIVE ENERGIES (AE) IN (kcaL/MOL) COMPUTED AT B3LYP/6-31G(D) AND
MP2/6-31G(D) LEVELS OF THEORY

Structure AE (B3LYP) AE (MP2)
TFE+furan
Reactants 0.00 0.00
P2a -13.29 —24.44
TS2a 27.00 19.80
P2b —14.50 —25.88
TS2b 25.54 18.12
TFE+thiophene
Reactants 0.00 0.00
P3a -12.30 —24.89
TS3a 34.66 25.24
P3b -13.14 —26.03
TS3b 34.15 24.51
TFE+selenophene
Reactants 0.00 0.00
P4a -20.17 —33.38
TS4a 30.59 20.54
P4b —20.88 —34.37
TS4b 30.50 20.27

Structure HOMO LUMO Energy gap
TFE -6.92 0.73 7.65
Furan —6.11 0.54 6.64
Thiophene —6.34 -0.21 6.13
Selenophene —6.31 -0.33 5.97
P2a -7.30 —0.48 6.81
P2b —7.24 -0.37 6.88
P3a —6.42 -1.13 5.30
P3b —6.55 —-1.11 5.44
P4a -5.99 —1.46 4.54
P4b —6.15 —1.48 4.67

HOMO: Highest occupied molecular orbital, LUMO: Lowest unoccupied molecular
orbital

TABLE V
THERMODYNAMIC PARAMETERS FOR TRANSITION STATES AND PRODUCTS AT
B3LYP/6-31G(D) AND MP2/6-31G(D) LEVELS OF THEORY IN (KCAL/MOLE) FOR
AH AND AG AND IN (CAL/MOL.K) FOR AS

Structure B3LYP MP2
AH AG AS AH AG AS

P2a —14.47 0.56 —50.40 —25.72 -10.53 —50.96
P2b —15.68 —0.66 —50.38 —27.16 -11.97 —50.96
P3a -13.42 1.76 -50.92 =26.11 -10.73 —51.58
P3b -14.25 0.93 =50.92 -27.25 -11.87 —51.58
P4a -21.21 —6.02 —50.98 —34.52 -19.14 —51.56
P4b -21.91 -6.74 —50.87 —35.50 —20.15 —51.48
TS2a 26.42 40.02 —45.61 19.10 32.96 —46.48
TS2b 24.96 38.54 —45.53 17.42 31.27 —46.44
TS3a 34.16 47.88 —46.03 24.63 38.62 —46.93
TS3b 33.63 47.36 —46.04 23.89 37.88 —46.94
TS4a 30.14 43.91 —46.22 19.99 34.03 —47.08
TS4b 30.05 43.81 —46.15 19.71 33.73 —47.02
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Fig. 5. B3LYP highest occupied molecular orbital and lowest unoccupied molecular orbital of the exo-adducts for all reactions at B3LYP/6-31G(d) level

of theory.
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TABLE VI
PrODUCT BRANCHING RATIOS AND PERCENT YIELD FOR EXO- AND ENDO-
ADDUCTS

Products Branching ratios % Yield
P2a 0.114 11.40
P2b 0.886 88.60
P3a 0.1963 19.63
P3b 0.8037 80.37
P4a 0.2283 22.83
P4b 0.7717 77.17

furan, through thiophene, and on to selenophene: About
11.40 %, 19.63%, and 22.83%, respectively. However, the

percent yield of exo-adducts decreases on proceeding from
furan, through thiophene, and on to selenophene: About
88.60%, 80.37%, and 77.17%, respectively.

The global reactivity indices defined within the conceptual
DFT is a powerful tool to study the reactivity in polar
cycloaddition reactions. The static global properties, namely,
chemical hardness (1), global nucleophilicity (N), global
electrophilicity (@), and electronic chemical potential (p) for
the reactants, TFE, furan, thiophene, and selenophene are
listed in Table VII.

The electronic chemical potential (i) of TFE, (u =—3.10 eV),
is lower than furan, (n = —2.79 eV), indicating thereby that
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TABLE VII
THE CHEMICAL HARDNESS (1)), ELECTRONIC CHEMICAL POTENTIAL (W),
GLOBAL ELECTROPHILICITY (®), AND GLOBAL NUCLEOPHILICITY (N) FOR
TRIFLUOROETHYLENE, FURAN, THIOPHENE, AND SELENOPHENE IN ELECTRON

VorLr
Reactant n n ® N
TFE 7.65 -3.10 0.63 1.86
Furan 6.64 -2.79 0.58 2.68
Thiophene 6.13 -3.27 0.87 245
Selenophene 5.97 -3.32 0.92 2.48

the net charge will be from the furan to the electron-deficient
component, TFE. However, the electronic chemical potential of
TFE is higher than thiophene (un = —3.27 eV) and selenophene
(n = —3.23 eV) indicating that the net charge transfer will be
from TEF to the thiophene and selenophene.

The power of electrophilicity for thiophene and
selenophene is 0.87 and 0.92 eV, respectively, falls in the
range of moderate eclectrophiles, whereas the for TFE and
furan are 0.63 and 0.58 eV, respectively, falls in the range of
marginal electrophiles within the ® scale (Domingo, et al.,
2002). The electrophilicity power increases on proceeding
from furan, through thiophene, and onto selenophene.
Conversely, the power of nucleophilicity (N) decreases
slightly on proceeding from furan, through selenophene, and
onto thiophene: About 2.68, 2.48, and 2.45 eV, respectively.

IV. CONCLUSIONS

The B3LYP/6-31G(d) method was used to study the [4+2]
cycloaddition reaction of TFE with furan, thiophene, and
selenophene. The thermodynamic parameters associated with
the formation of exo and endo stereoisomers in the gas phase
were analyzed. These reactions are taking place through a
concerted mechanism. It is observed that, on comparing the
energetic results, the reaction paths leading to exo-adducts
are thermodynamically and kinetically more favorable than
endo-adducts. MP2 and CCSD(T) methods, using the same
basis set, were used to compute the reaction energies and
produced more negative reaction energies than B3LYP/6-
31G(d) method. The percent yield of the exo-adducts is
higher than the endo-adducts using the analysis of BR. This
percent decreased on proceeding from furan to selenophene.
The analysis of frontier MO indicates that the exo-adducts
have larger energy gap than the endo-adducts and this
indicates the stability of exo-adducts.
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