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ABSTRACT

The cyclic voltammetric method was utilized to build an iodine-modified platinum nanoparticle
electrode for measuring arctigenin electrochemically. The findings of the experiments showed
that this modified electrode had a considerable voltammetric response to arctigenin, which was
due to the electrocatalysis properties of iodide and the strong conductivity and large specific
surface area of the platinum nanostructure electrode. The proposed approach demonstrated a
broad linear range, good sensitivity, low detection limit and high selectivity. The examination of
the scan rate change revealed that the electrode process is adsorption-controlled. The oxidation
of arctigenin was demonstrated to involve both protons and electrons. Finally, this method can be
used to develop a sensitive arctigenin detection sensor.

Keywords: Volumetric sensor, lodine-coated, Nanoparticle, Arctigenin, Platinum electrode,
lodide, Electrocatalytic ability.
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1. Introduction

Arctigenin is extracted from the seeds of the traditional Chinese herb Fructus Arctii [1].
Arctigenin has been shown to have a variety of pharmacological effects, including anti-cancer,
anti-asthmatic, anti-influenza, anti-austeric, anti-HIV, and anti-inflammatory activities [2-5].
Arctigenin has a wide range of pharmacological effects; hence quantifying it is crucial [6].
However, there are only a few analytical methods now available for arctigenin, including HPLC,
LC-MS/MS,  fluorescence, UPLC-ESI-MS/MS, and HPLC-UV [7-11]. Arctigenin
electrochemical studies and electroanalytical methods have a large linear range, great sensitivity,
and simplicity [12]. As a result, developing a sensitive and reliable electrochemical sensor for
measurement and mechanism investigation of arctigenin remains an exciting prospect [13].
Among the numerous various ways for modifying electrode surfaces, the production of iodine on
metallic electrode surfaces has attracted a lot of interest [14]. It is for reasons such as
environmental friendliness, chemical stability, technological suitability on the electrode surface
and low cost [15]. The ligand's significant surface activity on common solid-metal electrodes
changes the redox chemistry of the iodine in the surface-bound state [16]. This is where the
chemisorption species come in. lodine adlayer modified electrodes have been widely used in
various metallic electrodes [17], and the fabrication of nanoparticles is rich in anticipated
properties [18]. Platinum nanoparticles electrode has a long history of application as electrode-
modified materials [19-21]. lodine adlayer modified electrodes have been widely used in various
metallic electrodes [22-23], particularly in self-assembly electrodes [24] and the synthesis of
nanoparticles rich in expected properties [25]. Only one article on iodine modified glassy carbon
electrode (GCE) has been found so far [26]. By electrochemically depositing KI (10 mol.L™ in
H,SO, solution, pH 1.5), an iodine modified GCE was created. The deposition was carried out

{10}—~
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using a cyclic scan potential between -0.75 V and 1.2 V for 30 cycles [26]. The proposed iodide
modified electrode demonstrated the highest electrocatalytic activities in different buffer
solutions for As (Ill) oxidation, CrO*, and 105" reduction. Nonetheless, the conductivity of
iodide-modified GCE is poor. As a result, the iodide modified GCE with improved conductivity
is worth investigating [27]. The electrochemical determination of arctigenin was reported for the

first time in this work using a biosensor lodide/platinum nanostructure electrode.

Scheme(1): Chemical structure of arctigenin.

2. Experimental

2.1 Reagents, Apparatus and Instrumental

For the electrochemical procedures, a Model CHI650 electrochemical system (Chenhua
Instrument Company, Shanghai, China) used Ag/AgCl reference electrode, a platinum auxiliary
electrode, and a bare or modified platinum nanostructure as a working electrode employed in a
typical three-electrode setup (diameter 3 mm). The remaining chemicals were all of the
analytical quality and were utilized without further purification. Aladdin Co. Ltd. provided the
KI powder and the arctigenin analytical standard (Shanghai, China). Arctigenin stock solution
(1X10™* M) was produced in methanol and stored in a refrigerator at 5 °C. When utilized, it was

diluted to an appropriate concentration. 0.2 M phosphate buffer solution (PBS) was made by

combining 0.15 M Na,HPOQO,. For the experiments, double-distilled water was employed. X-ray
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powder diffraction (EDX) and scanning electron microscopy (SEM) (Inspect F50 Company,

Netherlands) were used.

2.2 Fabrication of lodide/Pt nanostructure electrode

The platinum electrode (3 mm diameter) was polished to a mirror-like surface with 0.05 m
alumina slurry. The Pt (nano) was then cleaned in ethanol and water for 5 minutes using an
ultrasonic treatment before drying at room temperature. The 1-Pt (nano) electrode was created by
sprinkling 1 L of iodine solution onto pre-cleaned Pt (nano) and drying it at room temperature.
The Pt nanostructure surface was then electro-deposited with iodide by cyclic scanning between

-0.2 V and 1.3 V with 100 mV/s for ten cycles in pH 7.5 PBS containing 1.0X10™ M of K.

The genuine sample arctigenin was used to assess the performance of the suggested
voltammetric sensor in terms of practical application. Arctigenin powder was disseminated in 25
mL of methanol and super sonicated for 180 minutes. Finally, the filtrates were mixed and
evaporated until just 10 ml of solution remained. As a detection sample, the solution was

employed.

3. Results and Discussion

3.1 Morphological analysis of an I-Pt (nano) electrode

The SEM analysis was performed to identify and describe I-Pt (nano) electrode's precise
microstructure. The SEM micrograph of the I-Pt (nano) surface may be seen in Figure 1. They
could observe that iodide had effectively electrodeposited onto the platinum electrode. Another
effective method for testing the interfacial characteristics of surface-modified electrodes is
scanning electron microscopy (SEM). That is, for modified electrodes, the charge transfer rate at

the electrode/electrolyte interface is kinetically fast.

-y B
{10
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Figure (1): (A) SEM micrograph of platinum nanostructured electrode unmodified, (B) SEM micrograph
of lodine-modified platinum nanostructured electrode.

The identity of the deposited particles was confirmed by energy-dispersive X-spectroscopy. The
EDX spectra in Figure 2 indisputably confirm the identity of the deposited platinum
nanostructures. Thus, SEM, EDX spectra on the one hand, and cyclic voltammetry on the other,

show that for the formation of pt (nano).

Spectrum: fLcquisition 6372

El AN Series unn. < norm. C Atom. T Error

[WwE.%] [wt.2] [at.%] [%1]
I 53 L-zseries  9.49 11.82 17.08 0.7
Pt 78 M-series 70.80 EE.18 B82.82 2.9

Total: g0.29 100.00 100.00

Figure (2): EDX spectra of I-Pt (nano) electrode.

3.2 Electrochemical character of platinum nanostructure electrode modified by iodine

Using cyclic voltammetry at a scan rate of 100 mV/s, the electrochemical behavior of a Pt

nanoparticle electrode modified by iodine was investigated. Figure 3 depicts the iodine coated

RRE2Yi
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platinum nanoparticles electrode representative voltammograms recorded in 0.5 M H,SO4
(dashed line) superposed to the bare platinum electrode nanoparticles process voltammograms
(solid line). The lack of redox (oxidation/reduction) activity, specifically oxygen and hydrogen
adsorption, suggests a near total surface suppression between the hydrogen production limits
(around -0.2 V) and surface iodine suppression levels (around 0.95 V). When the potential of the

electrode with iodine-coated scans exceeds 0.95 V, the iodine is partially desorbited.

200 1

150 -

Current/ pA
g 8

-400 -2pB° 0 200 4 . 600800 1000 1200 1400
] . o
: -50
Potential/mV

.100 -
Figure (3): Voltammograms of platinum nanoparticle electrode (solid line) and iodine-coated
platinum nanoparticle electrode (dashed line). At a scanning rate of 100 mV/s.

In the first cycle, anodic peaks at 0.510 V and cathodic peaks at -0.4585 V were found (Figure
4). At the platinum nanostructure electrode modified by iodine, a pair of reversible redox peaks
with ipa = 15.6 A and i, = 12.8 A was discovered. In succeeding cycles, the anodic peaks at
0.481 V moved negatively, peak currents increased first then fell, and all other peaks grew. The
results showed that the electroactive area was enlarged with the use of platinum nanostructure
electrodes and lodide modified electrode surfaces, which would increase electrochemical activity

and enhance electrochemical sensing.
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Figure 4 shows cyclic voltammograms for an iodine-Pt (nano) electrode and a Pt (nano)
electrode with a variable surface area generated under the same experimental conditions. The
identity of the nanostructured electrode is demonstrated by the striking similarity of the two

electrodes' cyclic voltammograms and the appearance of the well-known typical voltammetric

characteristics of platinum electrodes.
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Figure (4): Cyclic voltammograms for the iodine-Pt (nano) electrode at different scan times.

Current/ pA

They used an electrochemical probe to examine the properties of the many changing layers by
CV. These were the charging currents: an unmodified platinum electrode with a platinum
nanostructure electrode with iodine alteration. Furthermore, the considerable increase of these

peaks indicates the sequential building of the iodide monolayer on the surface of the platinum

nanostructure.
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3.3 Voltammetric behavior of arctigenin at lodide- Pt (nano) electrode

Cyclic voltammograms for an iodine-coated Pt (nano) electrode 1X10™ M of arctigenin in 0.1 M
PBS buffer solution were investigated at a scan rate of 100 mV/s is shown in Figure 5. The
voltammograms show anodic arctigenin oxidation peaks from 0.6 to 1.1 V. As a result, its
behavior is irrevocable. A small fluctuation in peak potentials for varying concentrations is to be
expected for the various electrochemical processes. The iodine monolayer did not decay during

the studies, although due to the ease of production of the iodine-coated electrode, the surface was

re-coated frequently.
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Figure (5): Cyclic voltammogram of iodine-Pt (nano) electrode with 1x10* M of arctigenin.

Current/ pA

pt nano

It lowered resistance to the bare Pt (nano) electrode significantly at lodide-Pt (nano) electrode,
attributing to the function of nanostructure and iodide working together. These findings agreed
with the debate in cyclic voltammetry. The voltammograms contour matched the current peak
order of arctigenin. Arctigenin showed one oxidation peak around 0.8 V and one reduction peak

at -0.6 V during the first cyclic scan. The potential window was varied to better understand the
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electrochemical behavior of arctigenin at the lodide-Pt(nano) electrode. There were no redox
peaks identified when the potential window was set between 0.1 V and 0.55 V for the cyclic

scan.

In the complex electrochemical reaction process of arctigenin at the lodide-Pt (nano) electrode,
triple potential step chronoamperometry was used to measure the diffusion coefficient and
adsorption capacity. Experiments were carried out in an arctigenin solution (1X10* M) and
blank PBS. The sensor was immersed in the solution for 5 minutes before the potential step to

obtain saturation adsorption.
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Figure (6): Chronoamperometric of iodine-Pt (nano) electrode with 1X10* M of arctigenin.

Figure 6 depicts the charge together with the time curve. The potentials were stepped from 0.6 V
to 1.1 V, matching the arctigenin oxidation peak, implying that arctigenin oxidation is controlled

by adsorption. According to Anson's CC theory (equation 1) [21].

Q=nFAl* (1)
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Where D is the diffusion coefficient, Q is the double-layer charge, I'* is the adsorption capacity,

A is current, and F is the Faradaic charge owing to arctigenin oxidation.

The saturating adsorption capacity was predicted to be 3.21X10™ mol.cm™ of oxidation peak.

4. Conclusion

A volumetric sensor based on electrochemical iodide deposition and simple dipping-drying of
platinum nanostructure electrode was successfully developed and employed for high-sensitivity
arctigenin detection. The proposed approach demonstrated outstanding effectiveness against
arctigenin, which was attributed to iodide's electrocatalytic capacity, large specific surface area,
and platinum nanostructure electrode's excellent electric conductivity. It performed particularly
well for arctigenin detection, with a wide linear range, low detection limit, high sensitivity,
selectivity, and good stability. Finally, the current approach was applied to real-world samples

with positive results.

List of Abbreviations and Symbols

A Current

Ccv Cyclic voltammograms
D Diffusion coefficient
EDX X-ray powder diffraction
F Faradaic charge owing
GCE Glassy carbon electrode
Nano Nanoparticle

PBS Phosphate buffer solution
Q Double-layer charges
SEM Scanning electron microscopy
Ir* Adsorption capacity
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ABSTRACT

The Birth abnormalities or congenital malformations can emerge during the fetal development
stage or from a parent's genetic composition. The main contributors to neonatal and childhood
disease and impairment are congenital abnormalities. Increase the observation of congenital
anomaly (CA) in Mama Village that belong to Kirkuk city has been made with information about
frequency and nature of these abnormalities.

This study was conducted to estimate the prevalence of congenital anomaly in Mama Village that
belong to Kirkuk city.

A Cross sectional study that includes 60 couples who are living in Mama Village for the duration
from March 2020 to March 2022 to investigate the risk of congenital anomaly that increases in
frequency in 2019. The data was collected by direct interview of the participants and took a full
history of the performing ultrasonography.

The highest prevalence of CA that reach 55%, 96.7% of participant were cousin. Nearly two
third of participant had single anomaly. Central nervous system anomaly was the most prevalent
anomaly in the current study, and hydrocephalous was presented in 18.3% of them. Young age
group mother, cousin marriage and history of infant death were a risk factor for CA.

It is concluded that a higher prevalence of congenital anomaly in the current study especially
when compared with the number of area population. The central nervous system was more
probable which shown to be substantially correlated with maternal history of prior previous child
death, paternal consanguinity, and age. Higher prevalence of central nervous system could be
related to the environment effect which is (weapon-related) occur in the studied area previously.

Key words: Congenital anomaly, cousin marriage, weapon explosion.
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I. Introduction

In wealthy nations, birth abnormalities continue to be the main contributor to perinatal death and
childhood impairment. In contrast, poverty and infection are the major causes of death in several
underdeveloped nations where infant mortality is still relatively high. However, due to limited
diagnostic resources and the unreliability of medical records and health statistics, birth
abnormalities in the poor countries are frequently underreported. Therefore, a rise in the
occurrence of birth abnormalities should be treated with care as it can only be explained by the

use of more accurate diagnostic tools or better medical records. [1]

Birth defects, commonly referred to as congenital malformations that include structural or
functional malformations arising during pregnancy as a consequence of an anomaly or deficiency

in the developmental period. [2] Congenital birth defects cause of death of

549 000 deaths in 2019, the global incidence was 62.9 cases per 1000 livebirths and estimated

that 50.9 million of babies lived with birth defects in 2019. [3]

Congenital anomaly prevalence varies significantly by country that range 1- 8%. Geographic
factors, sociocultural, racial, and ethnic factors are responsible for the variance in the incidence
of congenital abnormalities. [4] In community based study the prevalence of birth defect in Saudi

population was 0.04% [5] ,1.28% in Jordan [6] while the birth defect in Fallujah city was 14.7%
7]
Single-system malformations and multiple-system malformations are two basic categories of

congenital defects. Major congenital defects are those that, if left untreated, may significantly

affect a person's ability to perform their regular bodily activities or even shorten their life

-y B
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expectancy. Minor congenital abnormalities are those that are neither physically nor functionally

disabling and can be considered to be typical variations. [8]

Birth abnormalities have been linked to a variety of reasons, including genetics, environmental
teratogenic factors, a lack of certain micronutrients, and multifactorial inheritance. Familial
marriage, maternal age, pharmaceuticals, smoking, alcohol intake, and maternal diseases are
among the frequent risk factors mentioned in the literatures. Although genetic, viral, dietary, or
environmental factors may contribute to congenital malformations, it is sometimes challenging to
pinpoint their precise causes. [9] While the origins of the majority of birth abnormalities are still
unclear, an increasing number of studies that suggested an environmental variable as contributor
to genetic mutations and interact with genetic risk factors for birth defects. As a result, it can be
said that the majority of birth abnormalities have multifactorial causes that result from a mix of
genetic and environmental variables. [10] Previous studies showed that 37% of congenital
abnormalities are related to genetic and environmental interactions, and 10% are linked to
chemicals with teratogenic effects that have been scientifically proven. Only 40 of the 2500
compounds that have been identified as teratogenic agents are shown to produce teratogenic
effects in humans, including carbon monoxide, ozone, lead chromate, lead acetate, lead

phosphate, 1,2-dibromo-3-chloropropane, and 2-bromopropane. [11]

The majority of Iragis marry in consanguineous relationships. According to the Central
Organization of Statistics and Information Technology (COSIT) in 2044 about 33% of Iraqgis
were first cousin consanguineous. The incidence of consanguinity varies, however, tend to be
higher in Arabic community that reach 56% in Saudi Arabia [12], 54% in Qatar [13] and 27.5%
in Jordan. [14] Increase the autosomal recessive diseases as a result of the high rate of

consanguinity that ranges from 20-60% of all their marriages. Congenital malformations were

{10}—~
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substantially more common in children born to consanguineous parents than in non-

consanguineous households. [15]

Since the introduction of depleted uranium in First Gulf War, study has concentrated on
contamination caused by this substance as a probable factor in rising congenital abnormality
(CA) and cancer rates. According to recent investigations, the US military may also employ
conventional weapons in Irag that have somewhat enriched uranium (U-235 mass percentage
>0.711%, 2%). [16] As a result, we refer to metallic uranium (of unknown isotopic composition)
released to the environment in Iraq by the use of conventional weapons as “weaponized
uranium”. Studies on non-human in vivo animals have demonstrated that exposure to uranium
oxides can cause teratogenic and carcinogenic consequences. Uranyl ions (the metabolism
product of uranium oxides) easily interact with other molecules and are distributed throughout
the body through systemic circulation and. The blood-brain barrier and the placental barrier are
both permeable to uranium. It has been demonstrated that after absorption, uranium increases the
presence of reactive oxygen species, breaks DNA strands, and changes gene expression, all of
which have negative clinical implications. [17] Compared to veteran populations, local
communities are more at risk of unfavorable health impacts from chronic exposure situations

18]

Strategies to avoid babies with congenital defects also focus on the risk factors that are common
to other unfavorable pregnancy outcomes, successfully seeking to cut down on reproductive
waste and improve pregnancy outcomes. [19] The most efficient way to decrease the frequency
of major congenital abnormalities and raise the survival rate of individuals born with these
problems is through fetal anomaly screening. If a correctable anomaly is found, it may be

advised that birth take place in a facility with pediatric surgical capabilities, and if a severe,
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irreparable condition is found, a pregnancy termination option may be made available. If
congenital abnormalities are not treated properly, survivors may have permanent physical,
mental, visual, and auditory impairments. This can have a detrimental impact on the affected
person's social and professional life, as well as the lives of their families and communities.
Following the delivery of a child with significant defects, parents may experience emotions

including denial, guilt, concern, sadness, and embarrassment. [2]

The aim of current research is to estimate prevalence of congenital anomaly in Mama Village

which underwent Explosion in 2004.
Il. Material and method
2.1 Study design:

A Cross sectional study that include 60 couples who live in Mama Village which belong to Dibs
district in Kirkuk, during the duration March 2020 to March 2022 to investigate the risk of
congenital anomaly that increase in frequency in 2019. The study included every couples who
give birth to new born recently, willing to participate in the study and had no medical history that

could cause a congenital anomaly to the child.

The data were collecting by direct interviewing the participant and took a full history about their
age, degree of consanguinity with husband, number of living children, number of dead baby,
presence of abortion or intrauterine death, presence of congenital anomaly, time of diagnosis and

type of anomaly.

The ultrasonography done for every participant included in this study from first trimester till

birth.
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2.2 Statistical analysis:

The data was analyzed using the SPSS version 25.0 program, frequency percentage and charts
were used to describe the data. The factors that contribute to congenital anomaly were identified

using a logistic regression analysis.
I11. Results

33 Newborn were born with congenital anomaly from 60 new born, the prevalence of anomaly in
the current study was 55%.

The age distribution shows that 18.3% were aged 15-20 yrs., 36.75 were 21-25 yrs., 10% were
26-30 yrs. and 35% were > 31. 96.7% were Relative to the husband. 35% had >4 children and
35% had 3-4 children. 25% had one previously dead baby and 13.3% had two previously dead
baby. 15% had single abortion, 11.7% had two abortion and 1.7% had 3 previous abortion, only
8.3% had history of IUD.

Those who included in the study, 55% had congenital anomaly, 72.7% had single anomaly and
27.3% had multiple. Regarding time of diagnosis, 42.4% were diagnosed in 2" trimester, 18.2%

in the 3" trimester and 39.4% after delivery, as presented in Table I.
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Table(l): participant baseline data.

N %
Age group 15-20 11 18.3%
21- 25 22 36.7%
26 - 30 6 10.0%
> 31 21 35.0%
Relative with his husband No 2 3.3%
Yes 58 96.7%
No. of children no children 2 3.3%
1-2 children 16 26.7%
3-4 children 21 35.0%
more than 4 21 35.0%
N. of dead baby 0 37 61.7%
1 15 25.0%
2 8 13.3%
No. of abortion 0 43 71.7%
1 9 15.0%
2 7 11.7%
3 1 1.7%
No. of IUD 0 55 91.7%
1 5 8.3%
Presence of congenital No anomaly 27 45.0%
anomaly Presence 33 55%
N. of congenital anomalies = Single 24 72.7%
Multiple 9 27.3%
Time of diagnosis of 2" Trimester 14 42.4%
abnormalities 3" Trimester 6 18.2%
After delivery 13 39.4%

The most common anomaly was hydrocephalous in 18.3%, followed by cleft palate in 11.7%,
spina bifida in 8.4%, small for date baby in 6.7%, low 1Q in 5%, heart disease, anencephaly,
hydronephrosis and intestinal obstruction were presented in 3.3% in baby for each, as presented

in figure 1
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cerebral palsy 98.30% 1.70% Figu
spina bifida 91.70% 8.40%
low 1Q 95% 5% re1:
Heart disease 96.70% 380
Anencephaly 96.70% 3.80% perc
dwarfism 98.30% 1T.78%
Cataract 98.30% 1.70% enta
Cleft palate 88.30% 11.70%)
Hydronephrosis 96.70% 3.30% ge of
Intestinal obstruction 96.70% 3.30% ano
Hydrocephalous 81.70% T1830% )
Small for date 93.30% 6.70% maly
no Myes .
n

Figure(1): the babies of participant

The logistic regression analysis shows that being both parent relative had a statistical effect on
presence of congenital anomaly, relative parents had 1.45 increase risk of having congenital
anomalies in their baby in compare to non-relatives, p was 0.05.

Those with younger age group 15-20 years had 3.6 increase risk of anomaly, and those who aged
21-25 had 3.49 increase risk, p-value 0.01 and 0.05, respectively.

Presence of dead baby in the family increase risk of anomaly by 12 times in those with one dead
child and by 12.9 in those with two dead child, p-value 0.003 and 0.02, respectively.

Both abortion and 1UD were not a risk factors for anomaly in the current data, as presented in

Table II.
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Table(l1): logistic regression analysis of Cousin Marriage, age group, history of dead baby,
history of abortion and IUD on presentation of anomaly.

Cousin
marriage
Age group

dead baby

Abortion

IUD

*p-value < 0.05

1V. Discussions

No

Yes
15-20
21-25
26-30
>31

No death
One
Two

No abortion
One
Two
three

No death
One

Odd ratio

Reference

1.45 (0.07-30.08)
3.62 (0.73-17.87)
3.49 (0.96-12.60)
0.52 (0.21-2.60)
Reference
Reference

12.0 (2.34-61.52)
12.92 (1.43-116.78)
Reference

0.32 (0.07-1.507)
0.87 (0.17-4.44)
1.0 (0.43-4.5)
Reference

0.97 (0.14-6.56)

p-value

0.05*
0.01*
0.05*
0.67

0.003*
0.02*
0.15
0.86
0.09

0.9

Major congenital abnormalities often have a negative impact on a child's physical, mental, or

social development, and they can raise their risk of morbidity due to a variety of medical

conditions. A significant worldwide issue is the contribution of medications, infectious diseases,

and environmental contaminants to congenital abnormalities.

The underlying reasons of the majority of congenital malformations are still unknown, though,

and multifactorial inheritance is thought to be the root cause of the majority of common

abnormalities.

The prevalence of congenital anomaly in current study was high and reach to 55%, the

percentage was higher than the observed in other studies, 10.6% in Ethiopia [20], 2.4% in
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Malaysia [21], 7.4% in Egypt [22], 0.02% in Fallujah city [23], 0.01% in Baghdad city [24] and

0.36% in Erbil city [2].

Congenital anomaly prevalence may vary over time or by region, which may be a result of
intricate interplay between genetic and environmental factors as well as social and racial

influences factors

Due to collecting the sample size from one village which is (Mama village) not from all Kirkuk
city in the current study, the prevalence of congenital abnormalities could be high in comparison
to other study.

An approximated proportion between those who aged 21-25 and those who are > 31 years, in Al-
Alwani M et al 23] study, those who aged 20-29 years were forming nearly half of participant.
While in Kamal NM et al [25] those who aged 26-35 years were forming one third of participant.
Difference between the studies could be related to use different classification for age as well as

cultural idea of community about age of marriage and having children.

Nearly all couples were Consanguineous (96.7%). The current percentage was higher than
previously reports, Tayebi N et al [26] reported that cousin marriage was reported in 25% of
participant, other study shows that 68% of participant were consanguineous [27], another study
reported that 75.5% were consanguineous and 82.3% of those with consanguineous marriage
were from rural area [28]. The high incidence of consanguineous marriage is ascribed to societal
practices that involve planned marriages within families and general public ignorance of the

negative implications of such a practice.

Although majority of participant report no previous neonatal death, abortion or intrauterine

death, but one third report a history of dead baby and one forth report history of abortion and less

-y B
{10
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than 10% had IUD. Taye et al [29] reported lower number of child death, abortion and stillbirth.

In Al-Musawi et al [30] study more than half of participant had history of abortion or IUD.

Over one third of participant who had a newborn with congenital anomaly discovered in the 2™
trimester and remaining discovered after delivery or in third trimester. Although majority had
single anomaly, over one forth had multiple anomaly. Regarding each anomaly, hydrocephalous
was the most common anomaly then cleft palate, spina bifida and small for date baby were also
commonly presented, heart disease, anencephaly, hydronephrosis and intestinal obstruction all
were common but in lesser extent than hydrocephalous. The most prevalent type of abnormality
identified in this study was a malformation of the central nervous system, which can affect one
or more systems, followed by cleft lip and palate deformity, genitourinary system,

gastrointestinal, cardiovascular system, skeletal deformity and others.

In a study that was carried in India, musculoskeletal disorders were the commonest, followed by
craniovertebral anomalies [31]. In Iranian study, skeletal abnormalities were the most common
congenital followed by genitourinary system abnormalities [32], both were inconsistent with

current study finding.

The similar observation was found in studies carried in Baghdad [24] , Al Mosul [33], Erbil [2]

and Karbala. [34]

The high prevalence of central nervous system abnormalities may be explained by that the
environment can play an important role. ‘Environment” is a broad term that includes familiar
contributors such as nutrition, adequacy of prenatal care, smoking and alcohol use, maternal age,
and socioeconomic disparities, as well as less familiar contributors including pollution and

chemical agents encountered both indoors and outdoors. In many cases, two or more
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environmental factors may be interrelated or synergistic. [35] Etiological, epidemiological, or
environmental factors that may contribute to, for example, the complex socioeconomic status of
the general population in Iraq, or it may be due to a lack of medical services, particularly after
the military operations in Iraq since 2003. Additionally, several genetic changes and mutations
are anticipated as a result of the deployment of chemical weapons starting with the second Gulf

War. [16]

Cousin marriage increase the risk of CA by 1.54 in current study population that agreed with
previous studies [36-38]. The homozygous expression of recessive genes acquired from their
common ancestors is most likely the cause of the increased occurrence of genetic abnormalities

in the kids of consanguineous marriages. [39]

Mothers with aged below 20 had 3 times increase risk of newborn with CA that agreed with [40],
but the result were different from Anele et al. [41], who observe association between CA and

advance age of mothers >36 years, without regard to geographic area.
According to Tsehay et al. [42], young maternal age reflects risk for some particular CA.

Low maternal education is frequently linked to worse socioeconomic situations and is identified

as a risk factor for pregnancy problems and reduced adherence to guidelines [34].

The small sample size and study design were a limitation point to the current study, a suggestion
to the future research should focus on providing information to help women prevent congenital
abnormalities as well as effectively treat patients with congenital malformations. Future studies
should assess certain categories of congenital abnormalities, including their risk factors and
prevalence rates, since more study is needed to determine the causes of the many forms of

congenital malformations.

- _‘."’D :; | = .»
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V. Conclusion

A higher prevalence of congenital anomaly in the current study especially if compared with
number of area population. The central nervous system was more probable which shown to be
substantially correlated with maternal history of prior previous child death, paternal
consanguinity, and age. Higher prevalence of central nervous system could be related to the
environmental effect (explosion occur in the studied area previously), consanguineous marriages

due to exposure of parent to same environmental condition.

List of Abbreviations:

CA: Congenital anomaly
US: United State
IUD: Intra uterine death

COSIT: Central Organization of Statistics and Information Technology
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ABSTRACT

In this study heterocyclic compounds were prepared from thioxanthone derivatives and
determined their structure by measuring melting point (M.P) and infrared spectrum (FTR) and
'HNMR for each one. These derivatives used for testing antibacterial activity Streptococcus
mutans, Staphylococcus saprophyticus, Enterococcus faecalis (Gram positive bacteria)
Haemophilus influenzae (Gram negative bacteria). Prepared compounds 1111111V showed
clear antibacterial activity against all tested bacteria either as solutions or powder. Solutions
with DMSO have antibacterial activity greater than those with distilled. Compound I showed
greater antibacterial activity than other compounds. On the other hand, Gram-positive bacteria
showed higher sensitivity than Gram-negative ones to all solutions. The results of thermal
analysis of the prepared derivatives showed stability at high temperatures (DSC and TG curves).

Key words: Thioxanthone, Schiff bases, antibacterial activity , imidazolidin-4-one ,
Oxazepine .
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1. INTRODUCTION:

Heterocyclic rings are cyclic compounds (organic ) have contain one or more hetero atoms in
structures, are (nitrogen, oxygen and sulphur) [1]. Most drugs are derivatives from heterocyclic
compounds played widely role in living cells, DNA and RNA, hemoglobin and vitamins as (p-
Lactams and Imidazole ) [2]. All show has applications in different diseases as urinary
antiseptics, antimicrobial herbicides and anti-inflammatory[3]. Schiff bases have more of
application in multiplies fields  such as, antibacterial, antifungal, anti-inflammatory, ant
proliferative and antimalarial, [4] . Antiviral, antidepressant, antipyretic properties , ant
tubercular, analgesic-anti-inflammatory , anticancer, anticonvulsant, antioxidant, anthelmintic,
antiglycation, activities [5] . Four-membered rings (fB-lactams) used as antibiotics, this involves
penicillin derivatives, cephamycins, cephalosporins, monobactams and carbapenems. Beta-
lactams one of the drugs which have clinical indications as (penicillin)[6]. Five (Imidazole) and
seven (Oxazepine) - membered rings have (N,O) atoms in structural therefore spreads in nature,
their heterocyclic exhibit a high spectrum in biological activity,anti-biotic, anticancer, anti-
inflammatory and antimicrobial activity [7,8]. This study included preparation heterocyclic
compounds as( imidazole,oxazepine and B-Lactam ) from Schiff bases reactions by used
Thioxanthone derivative as a principle material.

2. MATERIALS AND METHODS:
2.1. Chemical study :

2.1.1. Synthesis of 2-((4-hydroxy-3-methoxybenzylidene)amino)-9H-thioxanthen-9-one (1):

To prepare the mixture for recrystallization from 100% ethanol, vanillin (0.02 mole) was dissolved
in (25 ml) of absolute ethanol, condensed with (0.02 mole) of (2-amino-9H-thioxanthen-9-one),

and then added 1-2 drops of glacial acetic acid. This process was carried out while the mixture

s AT
{10} —
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was continuously shaken for 20-25 min on a magnetic stirrer at 65-70 °C. The mixture was
evaporated and dried by Rotary evaporator to give compound (1). as displayed in Scheme 1.

2.1.2. Synthesis of 2-(4-hydroxy-3-methoxyphenyl)-3-(9-oxo-9H-thioxanthen-2-yl)-2,3-dihydro-
1,3-oxazepine-4,7-dione (I1):

Maleic anhydride (0.02 mole) was added progressively after (0.02 mole) of compound (1) had been
dissolved in (20 mL) of dry benzene to complete the reaction at 60—-65 °C in 15 hours. For the
purpose of preparing the mixture for recrystallization from 100% ethanol to provide compound
(I1) Scheme 1, the mixture was evaporated and dried using a Rotary evaporator.

2.1.3. Synthesis of 3-chloro-4-(4-hydroxy-3-methoxyphenyl)-1-(9-oxo-9H-thioxanthen-2-
yl)azetidin-2-one (111):

In order to complete the reaction at 10°C in 9 hours, (0.02 mole) of compound (I) was dissolved
in 20 mL of dioxin before (0.02 mole) of triethylamine and (0.05 mole) chloroacetyl chloride
were added progressively. In order to prepare the mixture for recrystallization from 100%
ethanol to yield compound (111) Scheme 1, the mixture was evaporated and dried using a Rotary
evaporator.

2.1.4.  Synthesis of  2-(4-hydroxy-3-methoxyphenyl)-3-(9-oxo-9H-thioxanthen-2-yl)
imidazolidin-4-one (1V):

(0.02mole) of compound (1) was dissolved in 20 mL of THF, and (0.02mole) of (Glysine) was added
gradually to complete the reaction at(10°C) in 15 hours. The mixture was then evaporated and
dried by a Rotary evaporator to prepare it for recrystallization from absolute ethanol to yield
compound (1V). [9] Scheme 1. TLC was used on the finished result, and Table 1 has a list of all

the compounds' physical characteristics .
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Table (1): physical properties of synthesized compounds [I-1V].
Compound No M.P (°C) Color Yield Rf Solvents (TLC)
[ 187 Yellow 72 0.58 | Ethanol:Toluene
L] 193 Deep Yellow 76 0.68 | Ethanol:Toluene
UL 210 Orange 80 0.60 | Ethanol:Toluene
[Iv] 223 | Yellowish Orange 82 0.64 | Ethanol:Toluene

2.2. Antibacterial Activity Test:
The bacterial inoculum was prepared by 2—3 pure colonies (of already diagnosed bacterial
isolates) were added into 5 ml of BHI (brain heart infusion broth), which is sterile. After
incubation (at 37°C for 18 hrs), this broth culture was diluted with sterile normal saline in
order to produce a standard bacterial suspension (turbidity equal to a standard McFarland
tube). Bacterial suspention was used in the antibacterial activity test. The antibacteriall
activity test was performed by agar well diffusion method as detailed in Al-Sa'ady and
Hussein[10] by using four bacterial isolates included Streptococcus mutans, Staphylococcus
saprophyticus, Enterococcus faecalis (Gram positive bacteria) and Haemophilus influenzae
(Gram negative bacteria). The compound solutions were prepared by using DMSO and
Distilled Water as solvents for preparing two concentrations (125 mg/ml, 250 mg/ml) for
each. Inoculum from the bacterial suspension was streaked on a Muller Hinton agar. On the
streaked medium, four holes (6 mm) have been punched by a sterile cork borer(No.6), about
200 pl of each solution has been introduced in each hole. in addition to the powder (500
mg/ml) was used in this test.

After incubation period (at 37°C for 18 hrs),diameter of

inhibition zone was measured in millimeter.

-y B
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3. RESULTS AND DISCUSSION :
3.1. Spectral Investigation :

Typically, melting points and FT-IR spectroscopy were used to study Schiff base (1) (fig.
1). With the appearance of a new stretching vibration at 1661 cm-1, which is assigned to the
azomethine group (CH=N), peak at 1677 cm-1 due to the C=0 group, peak at 787 cm-1 due
to the C-S group, the FT-IR spectrum revealed the elimination of absorption peaks induced
by NH2 and C=0 groups. By adding azomethine C=N and maleic anhydrides in dry benzene,
the (1) was created (fig. 2). New bands generated at 1558 as a result of the cyclic amid
group (CO-N) in lactam. A lactone created a band at 1698 cm-1, while OH was responsible
for the band at (3330-3442) cm-1. The most recognizable proof of compound (I11)'s FT-IR
absorption bands is shown in figure 3. revealed that bands at 1776 cm-1 due to N-C=0 and
3462 cm-1 due to hydroxyl were among the other bands. [11-12 ] . The chemical [IV]'s FT-
IR spectra is shown in Figure 4. displays absorption bands at 1541 cm-1 caused by the

endocycle of (C=N) and an absorption band at 1608 cm-1 caused by (C=0) Amide.
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Fig.(1): FT-IR Spectrum forf[l]
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Fig.(4): FT-IR Spectrum for [I1V]

3.2. 1H-NMR spectral identification
Compound [1],(fig.5) A singlet signal was found in the (1H-NMR) spectrum (DMSO-d6) for the

proton of CH=N., Many signals indications at 6.9 — 7.4( ppm) resulting from aromatic protons.

Last but not least, the 1H-NMR spectrum exhibits a signal peak at 13.4 of OH and an apparent

=
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peak at 2.5 of solvent (DMSO-d6) protons. The (1H-NMR) spectrum of compound [11] (DMSO-
d6) revealed a sharp signal at 8.6 ppm for one proton of the N-CH-O oxazepine group and bands
at 7.83-7.54 ppm that were identical to the CH=CH ring of the oxazepine ring and aromatic
protons. Additionally, a singlet signal of methoxy group proton absorption at 4.2 PPm. Finally,
the 1H-NMR spectrum reveals peaks at $10.2-13.0 to OH. Compound [IV]'s (1H-NMR) spectra
(DMSO-d6) (fig. 7) revealed singlet signals for one proton of the NH endo cycle of the
imidazole ring at 8.7 ppm and 3.0 3.5 ppm for the OCH3 and CH2 group rings. Finally, the 1H-
NMR spectrum shows an OH group band at 11.1 PPm and several signals indicative of aromatic

protons between( 6.6 and 7.6) PPm. [13-14].
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Fig.(5): 1H-NMR of [I] Compound
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3.3.Thermal stability study of the synthesised compounds [I- IV].

These days, thermal analysis is a crucial instrument for researching the thermal stability of crucial
goods including medications, polymers, and organic chemicals. TG and DSC techniques were
used in the current investigation to examine thermal stability. One of the most fundamental and
practical analytical techniques for thermal analysis is DSC, which is used to measure the weight
loss of a tested sample as a function of temperature or of the amount of time it spends in a heated
environment. The mass loss across the same temperature range is exactly proportional to the
peak area of the DSC curve's (Tiniia, Trinat), and the peak height of the DSC curve at any
temperature provides the mass loss rate. Because of this, understanding the DSC curve makes it
possible to directly apply the rate function of the change in target sample weight to the study of
derivatives that occur during differential scanning calorimetry analysis. shown in Fig. 8 , Table 2
The next step was completed for all compounds. Sometimes mechanical treatment can also
produce metastable forms following ethanol crystallization, materials were ground in a mortar
and pestle, compressed, and a DSC experiment was conducted [15]. The TG measurements were
also performed to confirm the lack of solvates or breakdown. Figure 9 displays the DSC scans
and TG for compounds. The melting of these compounds is observed for all runs due to their
endothermic thermal impact. The temperatures are (462) K for ethanol crystallization, (462) K
for toluene crystallization, and 462 K for post grinding and pressing. A shock cooling period was
followed by the second measurement. DSC traces without solvate only display an endothermic
peak at 462 K. In the inquiry temperature range, no mass loss in the TG analysis for any sample

has suggested a decomposition process.
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Table(2): DSC data of compounds [I-1V]
Compound No | Structure Decomposition temperature | Losing weight%
range °C
[ . OCHs | 260 397 35.8
N=C‘<j§*OH
“
S
[ 205 410 25.2
OCHg;
HO@\( o)
O
(@]
-
LT 2
[ . A 279 358 24.6
|
S OCH;
H
[Iv] 280 350 25.2
OCHg;
HO
See
Tt
S
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Fig.(9): ( DSC and TG) traces for compounds [I-1V] at 5 K min-1

3.4. Antibacterial Activity Test

Recently, scientists and specialists have tended to search for more effective and safe alternatives
compared to antibiotics due to the excessive increase in bacterial resistance to the most common
antibiotics, which has become a major challenge for individuals and health institutions [16]. In
the present study, prepared compounds I,11, 111,11V showed clear antibacterial activity against all
tested bacterial species either as solutions or powder ( DMSO and DW as solvents). Solutions
with DMSO (as a solvent) have antibacterial activity greater than those with distilled water (table
3, figure 10), May be because DMSO is considered better solvent than DW which restrict the
spread through agar resulting in less inhibition zone [17]. As detailed in table 3, Compound |
showed greater antibacterial activity than other compounds II, Ill, and 11V and the powder.

against microorganisms that are both( Gram-positive and Gram-negative). On the other hand, (
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Gram-positive) bacteria displayed greater sensitivity to all solutions examined in this study than
Gram-negative ones.

This finding is consistent with the published studies that have shown that thioxanthones have
potential antimicrobial activities In addition. It plays a unique part in boosting the effectiveness
of antibiotics against bacteria that are multidrug resistant.This activity may be intributed of
isons of xanthones which have been reported as inhibitors of the Bacterial efflux pumps and
their rings contain (N, S, and O) atoms in their structures., which causes damage of the cell wall,
inhibition of protein synthesis and RNA synthesis. In general. most of a drug's activity depends
on the balance of hydrophilic and lipophilic characteristics, as well as substituent-dependent
solubility, which improves a drug's lipophilicity, which could explain why nitrogen compounds
have increased activity.  [18,19,20]. In a study by Durdes et al., [21] The thioxanthone
derivatives were suggested as potential bacterial efflux pump inhibiter, consequently, reduce the

bacterial ability for antibiotic resistance.

Table(3): Antibacterial activity test of compounds I,11, 111,11V prepared in the current
study against Gram positive bacteria and Gram negative bacteria

Solvent Compound | DMSO Distilled Water Powder
Conc. (mg/ml) number 125 250 125 250 500 mg
Streptococcus mutans | | 26 28 22 25 15

1 23 26 22 25 15

1l 23 24 18 22 9

1\ 20 21 15 19 9
Staphylococcus [ 25 27 19 23 14
saprophyticus Il 25 27 18 23 15

1l 23 25 18 23 9

1\ 21 22 14 20 10
Enterococcus faecalis | | 26 28 18 22 11

1 23 25 15 20 9

11 23 25 15 20 9

v 22 25 14 20 10
Haemophilus [ 22 24 18 20 9
influenza I 21 24 17 21 9

11 21 24 16 22 9

1\ 20 23 15 21 8
The data in this table represent the diameter of inhibition zone by mm
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Haemophilus influenzae

Enterococcus faecalis Staphylococcus saprophyticus

Fig.(10) : Antibacterial activity by agar well diffusion method in the prese
study

4. CONCLUSION

This research suggests that all rings synthesized have a strong antibacterial activity, suggesting
that they could be used to combat a wide range of diseases in the future To characterize solid
states, differential thermal analysis (DSC) has been employed. Additionally, calculations using
the Density Functional Theorem (DFT) were carried out. Controlling crystal clarity is crucial for
the pharmaceutical sector. Our study's objective was to identify the existence of different solid-
state forms. Theoretical calculations indicate that all chemicals are capable of forming hydrogen
bonds with ethanol as a solvent.. . Since it is stable at high temperatures, it can be used as a

ligand in inorganic chemistry to create complexes. The byproducts of the processes can also be
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used as activators or sensitizers in the photo-polymerization of ethylenically unsaturated
monomers or in the preparation of pharmaceutical products for use in the field of psychotherapy.

Table 4 List of abbreviations

DMSO Dimethyl sulfoxide

DSC Differential scanning calorimetry
Distill Water

DW

M.P Melting point

Rf Retention factor

TG Thermogravimetric
Thin layer Chromatography

TLC

THF Tetra Hydro Furan

e T,
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ABSTRACT

The sea height level along Libyan coasts is considered one of the environmental pressures that
lives in soil vegetation characteristics. Therefore, two experiments were conducted (laboratory -
pots) to find out the effect of irrigation with seawater at the concentration (10%, 20%, 40%,
60%) on germination of seeds and seedlings of Bauhinia variegate trees with an age of 6 months,
and treated using pre-soaking in gibberellin acid ( GA3) 500ppm for 24 hours. The results
showed that the exposure of seeds and seedlings of B.variegate trees to salinity led in two
experiments to a significant decrease in percentage germination, an increase in means
germination time, moreover, a decreased seedlings lengths, number of leaves/plant, shoot and
root lengths, fresh and dry weight of seedlings compared with a control. The results also showed
that the seeds and seedlings of B.variegate trees were able to germinate in different
concentrations of seawater, except for 60% concentration which caused in death of seeds and
seedlings, while pre-soaking treatment of seeds with gibberellin acid was not successful to
overcome the salt stress, although slightly improved some studied traits. The results concluded
that the possible seeds and seedlings agriculture of B.variegate trees in coastal locations in which
seawater concentration did not exceed 40%, existed to be used in reforestation of degraded lands.

Key words: Bauhinia variegata, seawater, GA3, Libyan coasts.
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ABSTRACT

Recently, passive cooling strategies have gained more attention as an alternate method of cooling
and ventilating indoor areas as part of a push toward more sustainable architecture. Passive
cooling relies on free and sustainable energy sources such as the sun and wind to provide the
necessary cooling, ventilation, and lighting for buildings to provide a comfortable indoor
environment, therefore, the electrical energy that required for mechanical cooling can be
reduced. The studies showed that these solutions have the potential to save good amount of
building's cooling energy annually -about 23.6%-, depending on building type, construction
materials, windows’ area and other specifications. In spite of that, the specifications need to be
implemented and well-designed in an integrated system. This paper aims to review and discuss
the possible passive cooling strategies that can be implemented in the hot-humid climate as a
step towards decreasing energy consumption. A review of the literature has been done by
searching for the appropriate keywords. It was found that many studies have highlighted the
significance of using several types of passive cooling strategies for enhancing thermal comfort
inside the buildings in the hot-humid climate, while some other strategies are not recommended.
Protecting the buildings from direct solar radiation and applying natural ventilation to the
buildings are the most effective passive cooling strategies that can be used in the hot-humid
climate. The study recommended to review the appropriateness of several types of passive
cooling strategies in different types of climates to highlight the most appropriate passive cooling
strategies for each type of climate.

Keywords: Passive cooling, Natural ventilation, Green building, Thermal comfort, Building
sustainability.
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1. Introduction:

The world's most pressing environmental issues are global warming and ozone depletion, as well
as lack of energy supplies [1-4]. The overreliance on fossil fuels have the large portion of global
energy demand recently. As a result, energy resources, which are non-renewable, is expected to
be drained in the near future. Therefore, non-renewable energy resources are expected to be
depleted. Energy consumption is expected to rise in the coming years as a result of population
growth and technological advancement [5]. Changing in the climate and growing in the
economic will increase the demand on cooling energy in the tropical region (which is described
as a hot region all over the year), necessitating immediate adaptation in the construction sector to
mitigate the issues posed by future increment in cooling energy demand [6]. High energy
consumption will also harm the environment and worsen the effects of climate change. Tropical
and semitropical areas use significantly more energy than other regions, primarily to meet
cooling needs. However, cooling loads can be reduced by using energy-efficient designs and
methods [7-10]. Passive cooling has been introduced as an environmentally friendly energy
saver, and its effectiveness and sustainability have been investigated [11].

In contrast to the use of active mechanical equipment for cooling and ventilation, passive cooling
is typically considered as a combination of natural techniques and approaches for lowering
indoor temperatures. Passive cooling solutions have demonstrated excellent efficiency in
buildings and can contribute significantly to reduce building cooling loads. Numerous studies
have tested and evaluated effective passive techniques. In addition, Passive cooling has
demonstrated good thermal comfort and indoor air quality while using low amount of energy.
Buildings that use passive cooling methods have shown a reduction in their cooling load by up to

70% [12]. The term "passive cooling systems” has been defined by Givoni [13] as "various
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simple cooling techniques that enable the indoor temperatures of buildings to be lowered through
the use of natural energy sources”. Moreover, Givoni clarified that using a fan or a pump is not

excluded when their application could improve the performance.

The study of Santamouris and Asimakopoulos [12] showed that there are three main categories
of passive cooling techniques. The first technique depends on protecting buildings’ envelops
from solar radiation and heat gain by using landscaping and vegetation, using outdoor and semi-
outdoor spaces, building form, layout and external finishing, colour of buildings’ envelop,
shading of building surfaces, thermal insulation, windows’ size and window to wall ratio,
orientation, etc.

The second method that mentioned by Santamouris and Asimakopoulos [12] depends on
controlling thermal storage capacity of building structure. This strategy can reduce cooling load
peaks and modulates the internal temperature with the heat discharge later. The greater the
temperature swings in the outside, the greater the impact of this storage capacity. In order to
avoid overheating in the discharge phase, the cycle of heat storage and discharge should be
combined with means of heat dissipation, such as night ventilation.

While the third method depends on heat dissipation, which treats with the potential for the
disposal of building's excess heat to a lower temperature environmental sink and the
establishment of a suitable thermal coupling between the building and the sink as well as an
effective temperature variances for the transfer of heat. The potential of heat dissipation
techniques are strongly depending on climate conditions. The techniques are known as hybrid

cooling if heat transfer is supported by mechanical devices.
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Several scholars have outlined various passive cooling strategies in different climate conditions
for buildings in order to improve building energy performance. Some of these strategies are old,
while others have only been around for a few years. Numerous analyses, simulations, case

studies, experimental and modeling investigations have been conducted [14-20].

Other researchers have focused on the possibility of achieving passive cooling strategies in hot-
humid climate as options for reducing the energy and environmental impacts of air-conditioning,
which is critical in the future [21-24]. The study of Gamero-Salinas et al. [25] underlined the
need of passive cooling and overheating prevention design solutions in tropical regions. Al-
Tamimi & Fadzil simulation study [26] discussed using shading devices as a solution for
minimising solar heat gain through building design in the hot-humid climate of Malaysia.
Sulaiman’s experimental study [27] examined the use of green facade in Malaysia’s hot-humid
climate as well. Applying natural ventilation strategies for windows opening have been discussed
by other researchers [28, 29]. Using solar chimney in reducing indoor air temperature and
increasing air velocity were also discussed by Agung Murti Nugroho [30] which is proved to be
effective strategies to increase indoor thermal comfort and minimising energy consumption in

the hot-humid climate of Malaysia.

The study of Mirrahimi et al. [31] reviewed the findings of previous studies to determine the
proper building envelope parameters for high-rise residential buildings in tropical climate. The
study showed that passive cooling strategies are very effective for cooling the buildings in the
hot-humid climate. In addition, the study revealed that there is strong effect of different building

components, including shading devices, external wall, external roof and external glazing and
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insulation, and reducing the energy that used for cooling. Moreover, in order to eliminate the
dependency on mechanical systems in the buildings, the study recommended to consider the total
thermal performance of all components of building’s envelope, such as an optimal window-to-
wall ratio, appropriate material for glazed windows, and the appropriate shading equipment.

Briefly, the study focused on the effect of building envelop on indoor thermal comfort.

Another study conducted by Bhikhoo, Hashemi, and Cruickshank [32] in the hot-humid climate
(Thailand) and used IES-VE (Integrated Environmental Solutions-Virtual Environment)
simulation software proved that indoor overheating can be reduced in the tropics if proper
building design principles for these climate zones are used. Moreover, the same study revealed
that roof material and the presence of balconies were found to have the greatest influence on
indoor thermal comfort. On the other hand, the study of Tong et al. [33] that was conducted in
the hot-humid climate (Singapore) and used parametric method proved that reducing fagade’s

window-to-wall ratio have a good impact on deceasing indoor air temperature.

2. Methodology

This study has been conducted to give a sufficient review of the possible passive cooling
strategies that can be used in the hot-humid climate to reduce the load on mechanical means and
reduce energy consumption, based on the categories of passive cooling strategies that mentioned
in the study of Santamouris and Asimakopoulos [12]. The three categories and their passive

cooling strategies can be explained as follows:

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL.6, NO.11, JUNE 2023

2.1 The first strategy that depends on protecting buildings’ envelops from solar radiation. The

following strategies can be used for this purpose.

a- Shading devices: Normal and louvered shading devices can be placed on buildings’ fagades
and can be designed in variety of shapes and sizes in order to block direct solar radiation while
allowing wind to pass through the windows and cool the interior environment. They can be
positioned horizontally and vertically, or can be louvered which can be adjusted and rotated to
provide the optimum results [34]. Figure (1) shows different designs of shading devices.

Another study [35] proved that -in the tropical climate- protecting the windows from solar
radiation by adding shading devices and closing the curtains resulted in the lowest indoor

operative temperature compared to other investigated strategies that were examined in the study.

Simple window Horizontal Horizontal Canopy Canopy Lm;wers L9uvem hf:riz.ontal
canopy single canopy double inclined single inclined double horizontal inwards inclined

L hori | Bri leil Brise - soleil
ouvers horizontal | - vertical louvers Tisg-soie Brise - soleil semi facade Canopy with Surrounding
outwards inclined full facade semi facade wilth louvers louvers shading

Figure(1): Different designs of shading devices.
Source: [36]
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b. Double glazing: Windows are the main element of exchanging large amounts of heat
between building’s structure and outside environment. However, when compared to single-
glazed windows, double glazing has been shown to be effective at reducing heat transfer. The
distance between the two glass panels determines how well windows are insulated. The
cavity between the two glass panels can be vacuumed or filled with gas [34, 37]. Figure (2)

shows the double glazed windows.

. \ Low-E Insulating Glass

o~

| \ Argon Gas Fill (optional)

\ Double Panes

Figure(2): Double glazed windows
Source: [37]

c. Solar reflective film for windows: Solar control film comes in a variety of grades and
types, each with a particular amount of performance. Each film is created with the goal of
reducing heat transfer by reflecting a portion of the sun's solar radiation. The film can assist
to reduce the inside temperature from rising to uncomfortable levels by efficiently rejecting a

percentage of the heat that comes from solar radiation [38].

The numerical study of Xaman et al. [38] that was conducted in the hot-humid summer in
Mexico revealed that employing solar control film in a double glazed window in hot- humid
climates might lower energy consumption within the building by approximately 52% when
compared to a regular double glazed window. Moreover, the simulation study of Al-Tamimi

and Qahtan [39] that was conducted in the hot-humid climate (Malaysia) recommended the

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL.6, NO.11, JUNE 2023

use of reflective single or double glass can decrease indoor air temperature throughout the

day. Figure (3) shows how solar reflective film works.

Excess Solar Heat
and Ultraviolet
Radiation

?

v

Figure(3): Solar reflective film for windows.
Source: [40]

Inside
Room
Heat

Visible
Light

d. Using light colours in coatings with high reflection: Exterior walls are exposed to solar
radiation, and can transfer a significant amount of heat to a building; as a result, the temperature
of interior environment and the level of comfort can be affected [41]. Solar reflective coating can
be used to minimise heat transmission and lower the temperature of the interior space. However,
the colour of coating depends on the climate and the type of material utilised. Considering these
parameters can lead to energy being saved, especially during the peak time. When bright colour
of the exterior walls are compared to dark colour, there is a significant difference, demonstrating

the importance of solar reflectance of building envelop [29].

Taleb [34] used three different types of coatings to determine the impact of each type on energy
consumption. The first type was standard coating, whereas the second and third had a higher rate
of reflection. These various types of coatings were applied to three different walls in order to
determine the surface and indoor temperatures, as well as their impact on energy efficiency. The

reflection levels for each coating were 32%, 42% and 61% respectively. The study concluded
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that coating the building with highly reflective coatings can limit heat transfer from the exterior
walls to the interior space. This had an effect on the building temperature and as a result,
increased thermal comfort inside the building. In addition, using a paint with a 61% reflection of
the spectrum had a beneficial effect on energy saving. On the other hand, a recent experimental
study conducted by Wang et al. [42] in the hot climate of China proved that using retro-reflective
(RR) coatings can give better cooling potential than the Highly-reflective (HR) coatings in the

high-density areas.

e. Green roofs and walls: Buildings’ roofs are the most elements that exposed to solar radiation,
thus, protecting roofs from solar radiation is necessary to avoid indoor overheating. Cooling is a
crucial demand of buildings, particularly in the hot-humid climate [43]. Therefore, green roofs
have been introduced by the researchers as a sustainable passive cooling strategy. According to
Jaffal et al. [44] green roof can be defined as a “building roof covered by grasses or plants which
lie over a waterproof membrane”. A review of the literature indicated that green roofs are the
most effective way to insulate roofs. As mentioned previously, the roof is one of the main
surfaces of the building that exposed to high solar heat, so employing a high amount of
insulation can help to limit heat transmission to the inside. Besides, there are other significant
sustainable advantages that green roofs can provide such as providing oxygen to the

environment, reducing the urban heat island effect, and lowering air temperature [34, 45].

Green walls, on the other hand, have recently become a topic of discussion. Green walls can be
classified into different types based on the local environment, plant species, and the type of the
building itself [46]. Sulaiman [27] discussed in details several types of plants and the shading
that each type can provide to achieve the best air temperature reduction inside buildings in the

hot-humid climate of Malaysia.
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f. Orientation: Studies concluded that in the tropical hot-humid climate, fagades that facing the
north and south is preferable over fagades facing east and west. Therefore, it is recommended to
provide the north and south sides of the buildings with large openings for cross ventilation, while
protecting the east and west external walls with appropriate building construction materials to
avoid high solar heat gains [47]. Additionally, when combining Polymer Dispersed Liquid
Crystal (PDLC) glazing with southern and the northern windows’ orientation for the tropical
climate of Singapore, energy consumption was the less as solar radiation was less in these two
orientations [48]. However, the study of Dutta et al. [49] that was conducted in India found that
in a tropical climate of the northern hemisphere, heat gain through south-facing windows is the
greatest, followed by east, west, and north-facing windows. The differences in the results of
these studies could be attributable to different locations where the studies have been conducted

(Singapore and India).

g. Insulation and using proper construction materials: To limit heat loss or gain throughout
buildings’ envelopes, passive design should include insulation. Insulation functions as a thermal
barrier, preventing heat gain from the outside. As a result, insulation is used in the walls,

ceilings, and floors, and it comes in a variety of forms [50].

According to Mirrahimi et al. [31], applying appropriate thermal insulation in building envelope
is the one of most effective method to reduce heat transmission through the envelop and reduce

energy consumption of internal cooling and heating.

Understanding the environmental influence on buildings and the thermal comfort of their
occupants is necessary for designing passive energy solutions. In hot-humid climates, building
materials absorb heat for the majority of the day [51]. Construction materials play significant

role in achieving thermal comfort [52, 53]. The indoor thermal environment is greatly influenced
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by the local climate. As building envelope separates the inside space from the outer environment
and limits the amount of heat flow through itself, selecting the appropriate building envelope
material that appropriate for the outdoor climate is highly effective parameter that impacts the

indoor environment [54-56].

Furthermore, building's characteristics influence the effect of the outer environment and play an
important part in determining the indoor thermal conditions. The influence of local climate on
indoor thermal comfort, according to Raja et al. [57], manifests in heat transmission from the
outer environment through building materials, where building envelope adjusts heat transmission

based on its thermal mass and insulation.

Aldawi et al. [55] found that the new design wall systems -which used different construction
materials- required less cooling and heating energy for 9 cities in Australia -including the cities
that located in the hot- humid climate- when compared to the old traditional building method of
brick veneer and weatherboard houses. Figure (4) shows the traditional building methods in

Australia. Figure (5) shows the new design wall systems that suggested by the mentioned study.

Conventional Roof Conventional Roof

]
R

Brick Veneer . 22 mi
Wood Cladding

Air Gap

i 90 mm
Timber Frame

Insulation Foil

3 = 90 mm
Timber Frame
10 mm

Plaster Board

Re-inforced Concrete
Foundation

Schematic of house wall system Typical brick veneer house wall Schematic of house wall system Typical weatherboard house wall

R SRR MR R

Plaster Board

Re-inforced Concrete
Foundation

(a) Brick veneer house (b) Weather board house

Figure(4): Brick veneer and weather board walls in Australia (Traditional method).
Source: [55]
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Design 1 Design 2 Design 3 Design 4
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Plaster Board

Plaster Board Plaster Board
Re-inforced Concrete
Foundation Re-inforced Concrete

Foundation

Re-inforced Conerete
Foundation

Re-inforced Concrete
Foundation

Figure(5): New house wall designs with different insulation materials and thickness.
Source: [55]

In comparison to polystyrene insulation material, the same study [55] found that
polyurethane insulation material saves much more energy (almost 40%). However, doubling
the thickness of both materials reduces energy use by 5 to 10%. Based on these results,
economic analysis and life cycle evaluation should be conducted to determine which of these

two materials is better to be used as thermal insulation.

The experimental study of Kolokotroni et al. [54] that was conducted in the tropical climate
[Jamaica, Northeast Brazil and Ghana] mentioned that the thermal characteristics of materials
used for external walls and roofing can have a substantial impact on the surface temperature

as well as the amount of heat transferred across building surface.

The effect of building materials in enhancing thermal comfort in hot-humid conditions has
been extensively discussed in a review study by Latha et al. [58]. The study focused on the
use of certain materials in building’s envelope to improve thermal comfort, such as vacuum
insulation panels (VIPs), phase change materials (PCMs), autoclaved cellular concrete

(ACC), and polymer skin. Light-coloured external surfaces, reflecting paints, window
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treatments, and roof gardens are also mentioned in the same study as popular methods for

reducing buildings’ heat load.

From the previous literatures, it can be conclude that protecting the buildings from solar
radiation and using appropriate insulation and building materials in the countries that have

high solar radiation is effective to reduce indoor temperature and cooling loads.

2.2 The second strategy is contingent upon controlling thermal storage capacity of building
structure which can be achieved through using high thermal storage materials (or thermal
mass). As mentioned previously, this strategy depends on reducing cooling load peaks while
modulating the internal temperature with the heat discharge later by combining it with
another cooling method during the discharge phase to avoid overheating inside the buildings.
Brick, concrete and tiles as high thermal mass materials, act as a storage for heat as they heat

up and cool down relatively slowly [12].

Thermal mass can be defined as “the ability of a material to absorb, store and release heat
energy”. Thermal mass absorbs thermal energy when the environment is hotter than the mass
and gives it back when the environment is cooler, but it never reaches thermal equilibrium

[59].

In winter, thermal mass can absorb heat from direct sunlight or radiant heaters during the
day. The warmth is then re-radiated into the residence throughout the night. Figure (6) shows

thermal mass performance in winter.
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Figure(6): Thermal mass performance in winter.
Source: [60]

The same performance in summer, however, allowing cool night breezes and/or convection
currents to pass over the thermal mass through natural ventilation, removing out all the stored
heat. During the day, using shading and insulation to shield the thermal mass from the hot solar

radiation is preferable. Figure (7) shows thermal mass performance in summer.

Figure(7): Thermal mass performance in summer.
Source: [60]

Sharaf [61] found that in a semi-arid hot climate, high thermal mass construction materials such
as clay-bricks help to keep the indoor environment within the human thermal comfort zone. As a
result, the amount of energy required to maintain the room's thermal comfort is considerably

lowered.

The usage of thermal mass was investigated in both temperate and tropical regions by Juarez
[50]. The study discussed that thermal mass was effective in temperate climates. In a tropical

climate, however, light weight design with minimal thermal mass is preferred. Thermal mass is
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beneficial if the building's free running temperature response is considered in the comfort limits;
otherwise, it increases energy demand. Therefore, it can be conclude that this type of passive

cooling strategy is not effective in tropical climate.

2.3 The third method is based on heat dissipation by transferring excess heat from a building to
a lower-temperature environmental sink, and it is significantly influenced by environmental
factors. If heat transfer is aided by mechanical devices, the process is known as hybrid cooling.
The most applicable techniques for heat dissipation include ventilation cooling and radiative

cooling [12].

a. Radiant cooling: Radiant cooling is a method of cooling a floor or ceiling by absorbing the
heat emitted from the rest of the space. Radiant floor cooling refers to the cooling of the floor;
radiant ceiling cooling refers to the cooling of the ceiling in homes with radiant panels and pipes.
The majority of radiant cooling residential applications use aluminium panels hanging from the
ceiling to circulate chilled water. The panels must be kept at a temperature extremely close to the
dew point within the house to be functional, and the house must be kept dehumidified. Simply
opening a door in a humid climate may bring enough humidity into the residence to cause

condensation [62]. Figure (8) shows radiant ceiling cooling.
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Figure(8): Radiant ceiling cooling.
Source: [63]

b. Natural ventilation: Several studies mentioned that one of the most common and
effective strategies for thermal comfort in tropical climate is the use of natural ventilation
[22, 25, 29, 30, 39, 47, 51, 53, 64-69]. Doors, blinds and curtains, fans, central cooling, and
air blowers are the most common controls available for the occupants in natural-ventilated
structures; nonetheless, windows are the most significant controls of the indoor environment
[57]. If the occupants are dissatisfied with the thermal environment, they will seek to reclaim
their comfort. Usually, they use building controls to increase their comfort in different ways.
In every building, the first action that occupants normally do to correct their comfort is
opening the windows, particularly when the outdoor temperature is acceptable [70]. It is not
only valuable for lowering energy usage during the hot season, but also provides an efficient

interaction between the indoor and outdoor environments [71].

In addition, Jamaludin et al. [53] examined natural ventilation technique in low-rise multi-
residential building in Malaysia and found that night-time ventilation was the best method,

followed by daytime ventilation, full-day ventilation, and no ventilation. This result was
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supported by another study which examined different types of ventilation to find the best
ventilation that can achieve thermal comfort in the hot-humid climate of Malaysia. The
results showed that applying night ventilation by opening the windows and the internal doors
during the night -to permit the cool nocturnal air to inter the building- and closing them
during the daytime -to prevent the hot diurnal from interring the building- can eliminate the
diurnal indoor air temperature and keep the indoor space within the comfortable temperature

[68]. Figure (9) shows the effect of nigh ventilation on indoor operative temperature.
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Figure(9): The effect of nigh ventilation on indoor operative temperature.
Source: [68]
Another study conducted by Daghih et al. [69] concluded that the office that have a
combination of windows-door opening performed better in terms of air exchange rate, age of

the air and air efficiency than the opening the windows and closing the doors of the office.

From the previous studies, it can be concluded that radiant cooling is possibly effective in arid
settings, while it is problematic in the hot-humid climes. Additionally, applying natural

ventilation is very effective to improve indoor thermal comfort in the hot-humid climate.
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c. Combination of different strategies: Some studies combined various passive cooling
strategies to identify the most effective solution for achieving interior thermal comfort. The
green roof area in Taleb's study [34] was roughly 220 m2. Sprinklers were added to the green
roof to enable evaporative cooling to ensure that the temperature of the roof remained cool
even in the peak hours. The study proved that about 23.6% of the annual building’s energy

consumption was reduced when passive cooling strategies was used.

Furthermore, the use of natural ventilation for achieving indoor thermal comfort in
Singaporean residential buildings has been examined by Liping and Hien [47]. The study
found that by combining natural ventilation with intelligent facades [appropriate facade
designs with efficient construction materials and shading devices] in residential buildings,
thermal comfort can be improved while also conserving energy and ensuring sustainability.
The predicted annual energy savings percentages were 73-77%, which is within the
acceptable thermal comfort zone of 80% that is suggested by ASHRAE Standard 55. During
the hours outside comfort zone, the study suggested using mechanical fan if needed to

improve thermal comfort.

The study of Del Rio et al. [66] have employed a variety of different sorts of passive cooling
approaches to improve the internal thermal comfort of a residential building in Japan during
the hot-humid summer season. The approaches utilised in the study included an evaporative
cooling louvre that was developed previously by Hirayama et al. [72] and reducing solar
radiation by utilising vegetation and sunscreen to create a semi-outdoor space outside two
windows of the house. The ideal ventilation settings to induce the cool air through the

windows were then assessed. Figure [10] shows the evaporative cooling louvers that used in
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Del Rio et al. [66] study. Table (1) summarised the studies that was conducted in the hot-

humid climate and their conclusions.

Figure(10): Evaporative cooling louver
Source: [66]

Table(1): The studies that was conducted in the hot-humid climate and their conclusions.

Study

Climate

Methodology of
the study

Conclusion

Mirrahimi et al. 2016
[31]

Tropical climate
(Malaysia)

Review study

There is strong effect of
different building components
and reducing the energy that
used for cooling

Bhikhoo et al., 2017
[32]

Tropical climate
(Thailand)

Simulation study

Indoor overheating can be
reduced when proper building
design principles are used (roof
materials and presence of
balcony)

Husen and Mohamed,

Tropical climate

Review study

2021 [21] (Malaysia) and site
observations
Yusoff, 2020 [22] Tropical climate | Field Providing a confined area at the
(Malaysia) measurement inlet may enhance indoor air
and numerical velocity (the Venturi effect),
simulation. thus enhancing the natural

cross-ventilation in low-rise
buildings located at the area
where the wind speed is low.

Oleiwi & Mohamed,
2021 [23]

Tropical climate
(Malaysia)

Simulation study

Protecting the building
envelope by extending the
overhang by 50% of its length
enhanced indoor thermal
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comfort compared to other
selected strategies.

Mohamed, 2020 [24]

Tropical climate
(Malaysia)

Literature review
and site
observation

In traditional Malaysian
mosques and Malay houses,
there are at least 26 sustainable
approaches which can be used
as a starting point or guideline
when designing new modern
buildings in Malaysia,
particularly those with passive
design strategies.

Gamero-Salinas et al.,
2021 [25]

Tropical climate
(Tegucigalpa
and San Pedro
Sulain

Simulation study

Natural ventilation, wall
absorptance, the solar heat gain
coefficient, and semi-outdoor
spaces had the ultimate impact

Honduras) on overheating reduction
Al-Tamimi & Fadzil, | Tropical climate | Simulation study | Shading devices to minimise
2011 [26] (Malaysia) solar heat gain through building

design.

Sulaiman, 2017 [27]

Tropical climate

Experimental

Using green fagades can

(Malaysia) study decrease air temperature inside
the buildings.
Dahlan, 2011 [28] Tropical climate | Field The occupants perceived the
(Malaysia) measurement thermal conditions in rooms

that were shaded with a
projected balcony (shading ratio
of 0.9), a long roof overhang
(shading ratio of 1.6) and an
operable window-to-wall ratio
of 0.3 to be thermally
comfortable.

Nguyen, 2012 [29]

Tropical climate
(Vietnam)

Simulation study

Natural ventilation strategies for
windows opening is very
effective cooling strategy.

- Using bright colour for the
exterior building envelope can
improve indoor thermal comfort

Agung Murti
Nugroho, 2007 [30]

Tropical climate
(Malaysia)

Field
measurement
and CFD
(Computational
fluid dynamics)
simulation
software

Solar chimney can increase
indoor thermal comfort and
minimise energy consumption
in single store terraced houses,
while natural ventilation was
not effective for this type of
housing.

Tong et al., 2021 [33]

Tropical climate
(Singapore)

Parametric study

Reducing fagcade’s window-to-
wall ratio also proved to have a

{10}—~
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good impact on deceasing
indoor air temperature

Taleb, 2014 [34]

Dubai (hot-
humid summer)

Simulation study

Energy saving can be achieved
by using passive cooling
strategies namely shading
devices, double glazing, green
roofs and using insulation.

Oleiwi & Mohamed,

Tropical climate

Simulation study

Protecting the windows from

2022 [35] (Malaysia) solar radiation by adding
shading devices and closing the
curtains resulted in good
temperature reduction.

Lohia & Dixit, 2015 Scorching Field Double glazing is effective at

[37] summers (India) | measurement reducing heat transmission

inside buildings

Xaman et al., 2014
[38]

Hot- humid
summer
(Mexico)

Numerical study

Solar control film in a double
glazed window can lower
energy consumption

Al-Tamimi and
Qahtan, 2016 [39]

Tropical climate
(Malaysia)

Simulation study

Reflective double glazing can
reduce indoor air temperature
throughout the day, regardless
of ventilation, with an optimal
improvement of up to 107% and
14% in unventilated and
ventilated rooms, respectively,
when compared to single clear
glazing.

Shen et al., 2011 [41]

Hot climate
(China)

Experimental
study

depending on location, season,
and orientation, different
coatings can reduce exterior and
interior surface temperatures,
and as a result, can reduce
indoor mean radiant
temperatures and energy
consumption.

Wang et al., 2022 [42]

Hot climate
(China)

Experimental
study

Using Retro-reflective coatings
can give better cooling potential
than the Highly-reflective
coatings in the high-density
areas.

Cheikh and Bouchair,
2008 [43]

Hot climate
(Algeria)

Experimental
study

protecting roofs from solar
radiation is necessary to avoid
indoor overheating

Jaffal et al., 2012 [44]

Hot Summer
(France)

Simulation study

With the addition of a green
roof, the summer indoor air
temperature was reduced by 2
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degrees Celsius, and the annual
energy demand was reduced by
6%.

Dutta et al., 2017 [49]

Tropical climate
(India)

Simulation study

In a tropical climate of the
northern hemisphere, heat gain
through south-facing windows
Is the greatest, followed by east,
west, and north-facing windows

Mathew et al., 2022
[48]

Tropical climate
(India)

Experimental
study

Combining Polymer Dispersed
Liquid Crystal (PDLC) glazing
with southern and the northern
windows’ orientation for the
tropical climate, energy
consumption was the less

Sadafi et al., 2012 [51]

Tropical climate
(Malaysia)

Case study

- Natural ventilation has
achieved indoor thermal
comfort for about 15 hours
during the day for a terrace
house.

- Increasing air velocity by
adding ceiling fan and reducing
the absorption of radiant heat by
adding shading devices can
improve thermal comfort.

Kolokotroni et al.,

Tropical climate

Experimental

The usage of cool materials is

2018 [54] (Jamaica, study most efficient in places with
Northeast Brazil strong sun radiation and outside
and Ghana) high air temperature.

Aldawi et al., 2013 Tropical climate | Case study Suggested new design wall

[55] (Australia) systems that can increase indoor

thermal comfort.

Latha et al., 2013 [58]

Tropical climate

Review study

using certain materials in the
building envelope can improve
thermal comfort, such as
vacuum insulation panels
(VIPs), phase change materials
(PCMs), autoclaved cellular
concrete (ACC), polymer skin,
light-coloured external surfaces,
reflecting paints, window
treatments, and roof gardens.

Juarez, 2014 [50]

Tropical climate
& Temperate
climate

Simulation study

Thermal mass is effective in
temperate climates, however, in
a tropical climate, light weight
design with minimal thermal
mass is preferred.

s AT
{10} —

Arab Researcher iD




ARID International Journal for Science and Technology (AIJST) VOL.6, NO.11, JUNE 2023

Del Rio et al., 2019 Tropical climate | Field Indoor cross ventilation can
[66] (Japan) measurement improve the internal thermal
comfort.
Al-Tamimi, 2015 [67] | Tropical climate | Field Natural ventilation can
(Malaysia) measurement improves indoor environmental

performance by 80% and 50%
during the day and night,
respectively.

Oleiwi, 2020 [68] Tropical climate | Simulation study | Applying night ventilation can
(Malaysia) keep the indoor space within the
comfortable temperature
Daghih et al., 2012 Tropical climate | Field The office that have a
[69] (Malaysia) measurement combination of windows-door

opening performed better in
terms of air exchange rate, age
of the air and air efficiency than
the opening closed office

Jamaludin et al., 2014 | Tropical climate | Field Night ventilation is the best

[53] (Malaysia) measurement method, followed by daytime
ventilation, and then, full-day
ventilation.

Liping and Hien, 2007 | Tropical climate | Model Combining natural ventilation

[47] (Singapore) with intelligent facades can

improve thermal comfort can
and reduce energy
consumption.

3. Conclusion

As a part of the movement toward green sustainable building, passive cooling solutions have
earned high attention as an alternative method of cooling and ventilating indoor spaces. This
paper reviewed different types of passive cooling solutions that can be adopted in the hot-humid
climates as means of preventing overheating, decreasing indoor temperature and reducing energy
usage by dividing them into three main categories. The first category depends on protecting the
building from solar radiation such as using shading devices. The second category of passive
cooling depends on controlling thermal storage capacity of building structure such as using high
thermal mass materials. The third category depends on heat dissipation such as applying natural

ventilation and using radiative cooling.

{10}—~
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Many researches have been conducted to emphasise the importance of employing passive
cooling solutions to improve thermal comfort inside buildings. This research leads the way for
choosing the optimum passive cooling approaches for achieving indoor thermal comfort and
energy savings in hot and humid climate. The study concluded that protecting the buildings from
direct solar radiation, such as using shading devices, doubling the glazing and applying solar
reflective film for the windows, closing the curtains, coating the building with light colour and
high reflective materials, using different types of vegetation, installing the appropriate sort of
insulation, selecting the best orientation for the building and its openings and using proper
construction materials are effective in the hot-humid climate. In addition, applying natural night
ventilation by opening the windows during the night was proved as an effective strategy in this
climate region. However, using high thermal mass or radiant cooling is not recommended for the
hot-humid climate. The study emphasised the need of considering the appropriate passive
cooling strategies for the hot- humid climate to reduce energy consumption in this region. It is
recommended to study other types of passive cooling strategies in different types of climates to

highlight the most preferable passive cooling strategies for each type of climate.

List of abbreviations.

List of abbreviations
ACC Autoclaved Cellular Concrete
CFD Computational Fluid Dynamics
ASHRAE American Society of Heating, Refrigerating and Air Conditioning
Engineers
HR Highly-reflective
IES-VE Integrated Environmental Solutions-Virtual Environment
PCMs Phase Change Materials
PDLC Polymer Dispersed Liquid Crystal
RR Retro-Reflective
VIPs Vacuum Insulation Panels
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ABSTRACT

The optical absorption edge in both Urbach and Tauc regions are analyzed for hydrogenated
amorphous silicon optical data of Cody et al and Viturro and Weiser. Dunstan’s model,
introduces disorder into the band-band absorption through a linear exponential distribution of
local energy gaps. This model has a simple mathematical form and has a clear physical meaning
in comparison to the somewhat similar models of O’Leary and Guerra, yet Dunstan’s model is
unjustly neglected in literature.

The most important physical parameter of the model is the energy gap parameter- Eo, which
represents the separation between the valence and conduction band edges, it can be considered as
the mobility gap of the material. Dunstan’s model is found successful in capturing the optical
data of Cody et al and, Viturro and Weiser. A plot of the energy parameters of the Dunstan and
Cody models, Eo, against Eopt respectively, was proposed here to separate the masking
contribution of tail-related absorption from the real change of the band gap, and was found
fruitful for this purpose. This is because E, is a function only of the separation between valence
and conduction band edges, while the meaning of the optical energy Eopt is ambiguous because it
is also a function of absorption due to tail-related absorption that results from disorder. This
simple plot of E, vs. Eopt , through the slope AEo«/AEqp Of the fitting straight line , was capable of
distinguishing the different relative contributions of disorder between Cody et al and Viturro and
Weiser optical data, E, value was found less sensitive to hydrogen content variation for Viturro
and Weiser data which is interpreted due to their better control of the thin film deposition
process.

Keywords: optical energy gap, absorption coefficient, amorphous semiconductor, mobility gap.
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1. Introduction:
One of the most important parameters that can be deduced from the analysis of the experimental
absorption spectrum of a semiconductor is the optical energy gap Eopt . It is for example, a
crucial physical parameter for the modeling of optoelectronic semiconductor devices especially
solar cells. Its physical meaning is well established in crystalline semiconductors because they
have a real and definite energy gap between their conduction band (CB) and valence band (VB)
band edges.
In amorphous semiconductors, disorder obscures the physical meaning of the experimental
optical gap because there is no real energy gap in their density of states (DOS) diagram due the
encroachment of the VB and CB states towards the pseudo-gap region in the form of localized
states [1].
Due to the ambiguities in the interpretation of the Tauc edge of semiconductors and especially
amorphous semiconductors ( mainly because of the complex nature of their density of states),
some researchers, including one of the authors of this article, suggested alternative methods to
analyze optical absorption data in the Tauc region such as the inverse logarithmic derivative
method to obtain Eqp and the optical transition matrix element index [2,3]; yet another method
was suggested be Zanatta [4], he used a unified formalism based on the Sigmoid (Boltzmann)
model that he found appropriate to fit optical absorption edge data and to obtain the energy gap
parameter of semiconductors including amorphous ones.
Still, the usual Tauc plot by virtue of its simplicity in defining an effective optical gap is
predominately used in amorphous semiconductor literature [5] . However, one main deficiency
of the Tauc model is in its neglect of the absorption due to band tail related optical transitions, it

is basically a model of optical transitions between valence band extended states and conduction
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band extended states. Therefore, it neglects the effect of disorder on the high absorption edge
region (a > 10* cm™, where o is the absorption coefficient) [6]. Disorder effect is usually
considered to appear mainly in the Urbach tail of amorphous semiconductors, just below the
Tauc edge, this Urbach region of the optical absorption edge is most frequently attributed to tail
states related optical transitions [7,8,9].

One of the early attempts by us to include the disorder contribution to the Tauc edge of
amorphous semiconductors was by employing the full Davis-Mott model formulation which
includes the width of localized states AE in the optical absorption formula of the Tauc region
[10], yet the parameter AE is not available experimentally, usually the available parameter is the
Urbach energy E, which is an important marker of disorder [7].

Realistic optical absorption data in the Tauc region of the absorption edge, is not due only to
extended to extended state optical transitions, but is also due to optical transitions from valence
band localized (extended) states to conduction band extended (localized) states to a lesser extent.
The neglect of tail related transitions in the Tauc region impedes us from a more correct
interpretation of optical absorption data especially from attaining a reasonable physical meaning
for the optical energy gap Eopt Obtained from optical absorption experimental data [ 6 ]. Therefore
there is an ambiguity in interpreting the variation of optical band gap Eopt with deposition
parameters whether it is due to is a real change in the mobility gap E, or it is due to an indirect
effect of disorder [11].

Thus, further development of the Tauc model is needed to take into account the effect of the tail—
related transitions in addition to extended-extended transitions. This was achieved by a small
number of researchers in a long time span beginning with Dunstan 1982 [12] and Frova et al

1985 [11], through O'Leary and various collaborators [13,14,15,16] and finally the task was
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undertaken by Guerra and collaborators [17,18,19]. As tail-related transitions are due to the
influence of disorder, these models combine the Urbach region with the Tauc region in one
theoretical model, thus the Urbach parameter E, which is a marker of disorder should also
contribute to the Tauc region, as was found in these models.

These models were successful in fitting both the Urbach and Tauc regions of the optical
absorption edge and gave new insight to the optical gap interpretation, yet the older model due to
Dunstan [12,20] which accounted for disorder through the Urbach edge is the simplest one
whether in its mathematical form or its direct physical interpretation compared to the more
detailed O’Leary model [14,15] and the polylogarithm model of Guerra [18]. Dunstan claimed
and showed that his model accounted successfully for most amorphous semiconductor optical
data he analyzed [12]. However, this simple and successful Dunstan model was  unjustly
neglected in literature with the exception of the analogous Frova et al model [11], and it is also
mentioned by Ley and Guerra et al [21, 18].

In a previous joint work by one of the authors [ 6], Dunstan’s model was used to analyze and
model optical data of a-Si:H due to Jackson et al [22] and Maurer et al [23] in both the Urbach
and Tauc regions, and this model excellently fitted those data. The Cody constant dipole matrix
element approximation [24] was employed which is more suitable for a-Si:H thin films than the
constant momentum matrix element approximation of the Tauc model as was validated by
Jackson et al experimental work [22]. The most important fitting parameter of the Dunstan
model is Eo, which is the energy gap parameter of this model, is a marker of the separation
between the valence band and conduction band edges thus it avoids the above mentioned

ambiguities of the interpretation of the conventional Tauc optical gap Eopt.
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This paper is organized in the following manner. In section 2, the 3-parameter Dunstan model is
presented, then its importance and physical implications are given in section 3, describing the
two contributions of extended states absorption and tail-related absorption to the Tauc region, an
application of the Dunstan model to Jackson et al [22] optical data of a-Si:H is included, and a
density of states diagram is presented to clarify the meaning of some important energy gap
parameters. Section 4, is the results and discussion section, Dunstan’s model is used to fit the
important Cody et al [25] and Viturro and Weiser [26] a-Si:H optical data sets which cover both
the Urbach and Tauc regions, this gives us the opportunity to analyze these data in order to
investigate the effect of disorder especially on the Tauc edge by taking advantage of the different
physical interpretations of the Dunstan energy gap Eo and the conventional optical gap parameter
Eopt, through a suggested plot between these the two parameters. Finally, the conclusions are
given in section 5.
2. The Description of Dunstan’s Model:

Dunstan built his model on the band-gap fluctuations model of Skettrup (1972) [27] originally
proposed as an alternative interpretation of the Urbach edge of crystalline semiconductors [28].
In the Skettrup model, a band gap is defined locally within small cells about the size of phonon
coherence length. This local band gap is reduced in proportion to the number of thermal phonons
present, thus this local band gap fluctuates spatially and temporally with a linear exponential
distribution of values. Disorder in Skettrup’s model is due to the thermal disorder caused by
phonon excitations. Dunstan extended this model to the amorphous case, he considered the static
(time-independent) disorder in the amorphous semiconductor as a fictive phonon disorder i.e.
structural disorder is considered due to frozen-in phonons, a proposal introduced earlier by Cody

et al [25]. Dunstan assumed that the absorption above the gap is given in the general form [ 20]:
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a(E) = f(E-Eq) )
where Eqg is the local fluctuating band gap that is assumed to take a distribution of values
E, - &, ¢ has a linear exponential probability distribution P(¢) with a slope B:
P(e)=Be-Pe  fore >0

The absorption spectrum is obtained by integrating the band-to-band absorption eq. (1) of

overall values of E;:

co

a(E) = f P(e)(E - E, + €) de
o (3)

The solution of eq. (3) depends on the mathematical form of the function f (E).
Fortunately, for the special case in which f(E-E,) obeys a Tauc-law form, the integration

eqg. (3) can be solved analytically to give the following simple form formulas [20]:

a(E) = }23([)3(3 e ~ B(E, - E) E<Eg.... (4-3)
a(E) = %{(E - Bl + (B - Eo) + é} E>E, _ (44)

Dunstan considered the parameter 3 to be the inverse of the Urbach energy, i.e., p=1/Eu, Eu
is the Urbach energy parameter.

Dunstan claimed that his model described accurately the absorption spectrum in  every
amorphous semiconductor he tested, it did give an exponential tail and gave the correct strength
of absorption in the Urbach tail and the correct form of the spectrum at the transition
(around) E, from the tail to the intrinsic (Tauc-region) absorption. Dunstan assumed that E, in

the absence of any chemical modification isa constant of the material which can be interpreted
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as the energy gap in the absence of disorder. The only researchers on optical data using Dunstan
mathematical expressions are Frova & Selloni 1985 [11], they neglected conduction band
exponential tails because it is well known that in a-Si:H related films, the dominant contribution
to the Urbach tail is due to transitions from valence band tail states to conduction band extended
states. They assumed an exponential broadening of the valence band extended states into
localized states which results from disorder (the parameter in Dunstan model), they applied the

model to a-Si:H and a-SiC:H optical data with reasonable success.

3. The importance and physical implications of Dunstan’s model:

In Tauc or Cody models, the so-called optical energy gap E,y is obtained from the optical

absorption data through the Tauc or Cody plots. In the Tauc plot («E)1/2 (or (E2g;)%/?

, & IS the
imaginary part of the dielectric function &(w)) is plotted versus photon energy E, whereas in the
Cody plot (a/E)Y/2 (or £,1/2) is plotted against photon energy E [5,24 ]. In Tauc theoretical
model, Ey is interpreted as an extrapolation of the parabolic valence band and conduction band
extended states to the zero of the density of states in the pseudo-gap [29] .

Tauc and Cody models consider only the optical transitions between parabolic extended band
states, transitions due to localized states are not considered. This makes the extrapolated Ey
value obtained from, the Tauc plot equation:

(a E)1/2 = Bryyc (E - EoptTauc) """"" )
Or from the Cody plot equation:

(a/E)l/z = Ccody(E - EoptCOdy) ........ (6)

lower than the theoretical optical energy gap proposed by these models [30 ]. In fact, with
increasing structural or/and thermal disorder this discrepancy between theory and experiment
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should increase due to the larger contribution from tail related optical transitions to the Tauc
region of the absorption edge [11]. Therefore, more realistically, optical transitions that

contribute to the Tauc region of the absorption edge (« = 10*cm - 1) are not only extended-

extended transitions, but also localized (extended) - extended (localized) transitions [14,15] .

Here comes the necessity for such models as Dunstan’s model and similar models like
O’Leary’s and Guerra’s models [ 15, 18] These models take into account exponential tail states
related transitions, and thus it is expected to obtain from them a more realistic value of the
energy gap of an amorphous semiconductor. In this case, both the Urbach and Tauc regions data
must be available from experiment. As the Urbach energy is a measure of disorder, a more
explicit and physically meaningful explanation of the role of disorder on the absorption edge of

amorphous semiconductors can be obtained.

Dunstan’s equation in the Tauc region(eq.4-b) can be re-written in the following more

informative form:

o(E) = f(E) + A(E) E>Eo ... (7-a)
Where:
Ko
f(E)= g E-E)* .. (7-b)

gives exclusively the contribution of extended band to band transitions to the Tauc edge.

and,

A(E) = %[ZEU(E - E,) + 2Eu2] ........... (7-¢)

is the contribution of localized-extended transitions to the Tauc edge.
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Notice that the Urbach edge parameter E, is already included in the expression eq. (7-c)
indicating the effect of disorder on the Tauc edge. Notice also that with increasing disorder
through increasing Urbach edge parameter the A(E) contribution increases, and thus
increasingly lowering the obtained value of the experimental Tauc optical gap [11].

The Urbach edge contribution to the Dunstan model (eq.4-a) can be re-written in terms of E,

as:
. E-E,
a(E) = 2a,E, eXp—g—
U ®)

Notice from inspecting egs. (7) & (8) that, a(E) and its first derivative do/dE are
continuous atthe threshold energyk, .

To show how the simple Dunstan model fits well the optical data in a wide photon energy
range, and gives the relative contributions of tail-related and band-related absorption, Fig.1
shows Jackson et al [ 22 ] &,(E) vs. photon energy a-Si:H data, fitted in a previous work [ 6 ] to

Dunstan’s model; a good fit was obtained for the parameter values, E,=0.05eV, E,=1.68 eV and

€20=9.498 eV-2 (where &, is the counterpart of a, in terms of the imaginary part of the
dielectric function ¢, ) in the very wide energy range (1.5 - 3 eV) covering both the Urbach and
the Tauc regions of the absorption edge; the constant dipole transition matrix element
approximation was used. These results compare very well with O’Leary’s model analysis [14].
The relative contributions of tail- related transitions and band-related transitions are depicted in
the figure, notice how the relative contributions of f(E) (band to band absorption) and A(E)
(tail to band absorption) vary with photon energy, the band-related absorption starts at the
threshold energy E,=1.68 eV, then beyond the intersection point at E~1.82 eV, band-related

absorption starts to gradually dominate over tail-related absorption. It is important to mention
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that the optical energy gap of these samples as fitted to the Cody plot in the wide photon
energy range (1.7 - 3eV) is ~1.63 eV, is lower ~ 0.05 eV than Eo value for these Jackson et al

high-quality a-Si:H samples.

10— ‘ a-Si:H Jackson et al 1985
_ i{Band to Band Absorptionj
1=
N _
w
01— \
- [Tail to Band Absorptionj
0.01— Dunstan Model Parameters
3 £20=9.498 eV?
. E,=0.05 eV
B Eg=168ev R =0.99912

1.5 1.75 2 2.25 25 275 3
Photon Energy (eV)

Figure(1): Dunstan’s model fitting to Jackson et al a-Si:H data in the photon energy
range (1.5-3)eV [6].

In fig. (2), an appropriate density of states diagram is shown to explain the main energy gap

parameters relevant to the absorption edge of an amorphous semiconductor [ 6 ].
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Figure (2): Amorphous density of states diagram that depict the main energy gap
parameters, Eqy, Eq and E, .

In this figure, conduction band tails are neglected, this assumption is suitable for a-Si:H and
related films, where the valence band tail region is significantly broader than the conduction
band tails [11]. Eg in the figure is the extrapolated band gap to the zero density of states; in
the limit that the effect of disorder can be neglected E, ~ E,p¢ as predicted by the Tauc or
Cody theoretical models. It is also the important energy gap parameter of the O’Leary model
before the introduction of disorder [14]. Due to the contribution of localized states related
transitions, E,, determined experimentally is smaller than Eg, and it is in fact a fictitious
band gap in the pseudo-gap as depicted in the figure, the difference between Ey and Egy
increases with increasing disorder i.e. with increasing Urbach energy E,. E,, which is the
energy gap of both Dunstan and Guerra models [18,20 ] and the threshold energy of the
O’Leary model, is the energy gap between the band edges (E, = E. - E,), only if E, is the
critical energy separation between valence band extended states and the valence band

localized tail states, then E, can be considered to be the mobility gap E, of the material, which
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mentioned here about the significance of E, compared to Eqy. Eqpe physical meaning is
ambiguous because it is a function of both the masking contribution of disorder through tail-
related absorption, in addition to the separation between the valence band and conduction
band edges which is equal to E, and is more of chemical origin. E, is very important energy
parameter because it signifies the energy separation between the valence band and conduction
band, band edges, then its variation with preparation conditions of the sample should be due
to a real change in the separation between the band edges, hopefully it could be equal to the

mobility gap [ 32].
4. Results and Discussion:

We analyzed optical data sets of a-Si:H thin films due to Cody et al [25] and Viturro and Weiser
[ 26]. These optical data was fitted to Dunstan’s model using nonlinear Levenberg-Marquardt
fitting algorithm [33].

4.a- Cody et al (1981) [ 25] optical data analysis:

Cody et al a-Si:H samples were prepared by PECVD onto anodic substrates held at elevated
temperatures. They performed an important study of the effects of both thermal and static
disorder on the optical absorption edge of a-Si:H. They investigated the relationship between the
Tauc optical gap and the Urbach energy, they introduced structural disorder through thermal
evolution of hydrogen. They found that their results are compatible with the idea of additive
thermal and structural disorder. They suggested that relaxed network disorder rather than
hydrogen content is responsible for the dependence of optical energy gap of a-Si:H on hydrogen
content. Their results indicated an inverse linear relationship between Tauc optical gap and
Urbach energy.
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Fig. (3) shows Dunstan’s model nonlinear fits to Cody et al a-Si:H data. Ty=12.7K, 151K and

293K are different measurement temperatures for an as-prepared film of composition
a-Si:Ho 13, Ty is the isochronal heating temperature of the Ty=293K film at 259C intervals

from 500°C (773K) to 6259C (898 K). This heating procedure was intended to induce varying

out-diffusion of hydrogen from the films. The fitting parameters; of the Cody plot (Ecoqy and

Bcoay in the Cody model linearized equation, &2 = Bcody (E - Ecody) and, of Dunstan’s model

E.=1/B, 0o, and E, in eqs.4-a and 4-b) are given in table (1).

Cody et al (1981)
Dunstan Model fit

A
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Figure(3): Nonlinear fitting plots of Cody et al data to Dunstan’s model, fitting parameters
are listed in tablel.

It is easily noted from table 1, the inverse proportion between both Ecoqy and E,, and the
Urbach energy E,, which means that increasing disorder through increasing E, decreases both
energy gap parameters Ec.qy, and E,. The behavior of Ec.q, versus E, was already accounted

for by Cody et al through the well-known Cody model of disorder [ 25]. However, the
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decrease of E, with increasing disorder through increasing E, seems to mean that disorder really

affects the mobility gap.

Table (1): Cody and Dunstan model fitting parameters for Cody et al a-Si:H data.

Temperature E, (eV) Ecody (6V) | Bppay(cm—'eV ) E- (eV) a- (cm~1elV—2)
127K 0.0402 1.737 84701.2322 1.7839 03353.78
151K 0.0664 1.716 04403256 1.8074 106900.60
203K 0.0659 1.669 06734.057 1.7369 03757.64
773.15K 0.0892 1.607 83100.4843 1.7273 02706.62
708.15K 0.0839 1.575 810190 4709 1.6804 00691.59
823.15K 0.0761 1.531 77566.7904 1.6281 83136.63
848.15K 0.0838 1.503 77523.765 1.6005 82779405
873.15K 0.0806 1.46156 71,854 6808 1.5676 7854068
808.15K 0.085 1.42805 70769 4856 1.541 77931.203
1.85
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- \ 175 u
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(a) (b)

Figure (4): (a) Ecody VS. Tm, T plot for Cody et al a-Si:H samples (b) Eopunstan VS. Tm, TH plot
for Cody et al a-Si:H samples; both data are fitted to a logistic function.

Fig.(4-a) shows Ecody VS. Tm, T plot for Cody et al a-Si:H samples. Here a logistic function
fit[y=a/{1+exp(b-cx)}a, band, care constants] is performed as it is found capable to
capture the main trend of the data variation. It is seen that Ecogy does not change appreciably
with Twm, but decreases systematically with increasing Tw which means that hydrogen evolution
affects the optical energy gap as already known in literature. The variation of E, Dunstan with

Twm, Tw shows similar behavior to the variation of Ecody with Tm, TH,
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this is shown in figure (4-b). This means that the evolution of hydrogen changes the band to
band gap significantly, i.e. this seems to imply that hydrogen evolution from the films changes
the mobility gap appreciably. We expect then that for Cody et al a-Si:H samples, the
contribution of tail to band optical transitions which is accounted for by Dunstan’s model is
relatively insignificant compared to the real change in the mobility gap, i.e. the band to band
threshold energy Eo. To check for this in a more quantitative way, Eo punstan In figure (5) is
plotted against Ecody for Cody et al a-Si:H samples. A least squares straight line fitting gives a
slope value of 0.863 which is closer significantly to 1 than zero, thus Dunstan’s model accounts
only ~15% for the apparent change of the optical gap, while ~85% is a real change in the
separation between the valence band and conduction band band edges. We consider here that a
zero slope (AEo punsta/AEcody =0) means that E, Dunstan is independent of Ecoay , While a unity

slope means a perfect correspondence between Egpynstan aNd Ecogy -

Cody et al 1981 a-Si:H
Linear fit EoDunstan = 0.313 + 0.863 Ecoay »

Eo Dunstan (€V)
L

=Y
o
T

1.55—

‘ | ' \ ' | ' \ ' | |
1.45 15 1656 16 1.66 1.7
Eopt Cody (V)

Figure (5): Eopunstan VS.Eoptcody, plot for Cody et al a-Si:H samples. Each pair of E,punstan
and.Eoptcody Values is taken at a definite Tm or Tw value in table 1.
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Thus, for Cody et al a-Si:H optical data set, the main contributor to the change of the optical
gap Ecogy is a real change in the mobility gap. What is the reason for this change? This is a
longstanding controversial problem, and opinions were mainly divided between two well-
known ones, the shift of the valence band edge or the indirect effect of disorder on the a-Si:H
network [ 34]. Cody et al [ 25] adopted the second view in that hydrogenation is the primary
reason for Eopt Variation through its indirect network relaxing effect of the random network,
and not through the recession of the valence band edge. We see here through Dunstan’s model
analysis and the inspection of Table I, that although E, is always larger than Eqpt because of the
subtraction of the masking effect of tail-related absorption, it also changes with hydrogen
evolution ( Note however, Cody et al did not give measurements results for the hydrogen
content of their samples after isochronal heating). This means that there a real shift in the band
edges separation, but the source of this change still cannot be decided here whether it is
chemical or through disorder or due to both causes . According to theoretical work of Teate
and Hadler, the mobility gap of a-Si:H decreases with increasing disorder according to
localization theory [ 35], thus in view of the above-mentioned work, disorder not only creates
band tails but can also shifts the mobility edges. It is also necessary to mention here a recent
result by Steffens et al [36] that Eopt Of a-Si:H correlates well with monohydride bond density
of a-Si:H rather than either hydrogen concentration or structural disorder, which is an
important result that needs to be further exploited. Another point to be mentioned is that E, is
not the same as the Urbach focus energy Er concept, this issue is well discussed by Guerra in
relation to his band-fluctuations model [ 19], Er is the energy gap in the absence of any
disorder whether thermal or structural disorder or even due to zero-point energy, i.e., for an

ideal random network at zero Kelvin. However, Eqpunstan IS the band gap between valence and
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conduction band edges at ambient conditions similar to Eo of Guerra’s model [ 18] and the
threshold energy gap of O’Leary’s model [ 15] and not an extrapolated gap to the ideal case of
the absence of any kind of disorder, that is the Urbach focus of Cody’s model of disorder [ 25].
The most important point that should be clarified here, is that Dunstan’s gap Eopunstan (the band
edges separation) is masked by the contribution of tail-related absorption to the Tauc edge,
therefore only by subtracting this contribution, Eo, the real threshold energy to the onset of the
band to band optical transitions, can be determined by any appropriate model such as Dunstan,

O’Leary or Guerra models , Dunstan’s model is the simplest one beyond the Tauc model.

4-b Viturro and Weiser(1986) [26] Optical Data Analysis:

Vitturo and Weiser [26] used a direct synthesis method for producing a-Si:H in which atomic
hydrogen and silicon react on a substrate at ultrahigh vacuum to produce material with good
properties. They argued that Cody et al [25] employed hydrogen evolution to produce static
disorder, but they claimed that Cody et al procedure might cause other changes in the material
in addition to the loss of hydrogen. Thus Vitturo and Weiser varied the hydrogen
concentration systematically at the same deposition conditions, in order to reach more decisive
results concerning the relation between the optical gap Eopt, the Urbach energy Eu, and

hydrogen concentration C.
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Vitturo & Weiser (1986) a-Si:H
Dunstan Model Fit
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Figure (6): Dunstan model nonlinear fitting plots for Viturro and Weiser a-Si:H data, fitting
parameters are listed in Table 2.
Fig.(6) shows Dunstan’s model nonlinear fits to Viturro and Weiser a-Si:H optical data set for
various percentage hydrogen concentrations Cpy from 1% to 8.5%.These nonlinear fitting
results successfully capture Vitturo and Weiser data, confirming the capability of Dunstan
model to explain optical data covering Urbach and Tauc regions of the optical absorption edge .

All the fitting parameters are given in Table 2.

Table (2): Cody and Dunstan models fitting parameters for Viturro and Weiser a- Si:H data.
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Cx% Ey (eV) | Ecoay (8V) | Bepay(cm~teV—2) | E:(eV) | a- (em~1eV—%)

1 0.1606 1.341882 67002 4355 1.52 80766.83
2 0.152 1.421464 757421910 1.503 068509

4 0.117 1.422799 67305.596 1.55 86830.33
47 0.11 1.463586 81123.4114 1.535 7414723
5.5 0.111 1.501475 77677320 1.6105 8§7806.23
6 0.08 1.54260 857743172 1.575 83460.8

6.3 0.098 1.55189 76535.5267 1.64 85207.12
6.8 0.0776 1.590196 88012.1728 1.654 03777.83
7.5 0.0666 1.60931 83544.18150 1.645 81137.97
835 0.0571 1.658137 86524 26294 1.682 8353425
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It can easily be seen from Table (2) that increasing the hydrogen concentration Cpe (1% -

8.5% range) of Viturro and Weiser samples decreases the disorder through decreasing the

Urbach parameter E,.

To show the effect of varying Cy0 on the energy gap parameters Ecogy and Eqpynstan, figure. (7)
is a combined plot of Ecogy and Eo punstan VS. Chw. BOth Ecogy and Egpynstan iNCrease with

hydrogen concentration, but it is observed that E, increase is significantly slower than Ecgy
increase, as seen from the magnitudes of the slopes of the fitting straight lines ; 0.477*10°1 for
Ecody VS. Croe and 0.187*1071 for Eobunstan VS. Cho. The ratio between the slope of Eo pynstan VS-
Chw and the slope of Ecogy VS. cre  ~0.4 or 40%. This means that ~60% of the variation of the

optical energy gap is explained by Dunstan’s model while the remaining variation ~ 40% is due

to areal change in the band edge to band energy gap.

ap (€V)
o
|

lys EoDunst

Ecod
-
T

@ Viturro & Weiser Ecody vs Cn%
F——~Linear it Ecody = 1.214939+0.47746E-1*Cy%
EoDunstan ¥s CH%
E——"Linear fit Eqpunstan = 1.502763+0 186783E-1"Cy%

\ ' \ ' | ' |
2 4 6 8
Cn2

Figure (7): Comparative plots for Eopynstan and ECody vs. CH% for Viturro and Weiser
a-Si:H samples.
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This behavior can be shown also from figure. (8) which depicts a plot of Eopunstan VS. Ecody fOr

Vitturo and Weiser a-Si:H samples. The slope of the fitting straight line AEopunstan/ AEcody 1S

0.417, this means that hydrogen causes a real variation in the mobility gap about 40% of the
change of Eqpt With hydrogen, while the other 60% is the due enhanced masking effect of
absorption in the Tauc region due to tail related transitions. Thus, is contrast to the results of
the analysis of Cody et al a-Si:H optical absorption data through the Dunstan’s model which
showed a dominating behavior due to mobility gap variation, Vitturo and Weiser a-Si:H data
analysis shows a significantly slower mobility gap behavior. This obiviously reveals that the
more systematic control of hydrogen incorporation in a-Si:H films in Viturro and Weiser work
as compared to Cody et al work was fruitful through lowering the effect of disorder on the
mobilty gap. This kind of conclusion cannot be reached from the Tauc plot analysis alone. The
subtraction of tail-related contribution to the Tauc edge through Dunstan’s model is found here
necessary to extract more useful physical information that explains the change of Eopt with
deposition variables, i.e. only 40% of the change in Eopt is due to a real change in the sepera-
tion between the valence and conduction band edges for Viturro and Weiser a-Si:H samples,
the other 60% change is not due to a real band gap change, but due to the masking effect of the
tail-related optical transitions contribution to the Tauc edge. Here, one of the important
ambiguities in the interpretation of Eqpt as deduced from the Cody (or Tauc) plot is explicitly
revealed, which demands a model that accounts for the effect of disorder on the Tauc edge
such as Dunstan’s model, but of course, the Urbach region data should also be available to the

experimenter to reach such conclusions that are beyond the Tauc model.
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Figure (8): Eopunstan VS. Eopicody POt for Viturro and Weiser a-SI:H samples. Each pair of
Eobunstan  and Egpicoqy Values is at a definite C% value in Table 2.

5. Conclusion:

In conclusion, Dunstan’s model was found successful in capturing the optical absorption
data covering both Urbach and Tauc regions for Cody et al and Viturro and Weiser a-Si:H
optical data sets. Aside from this success, this work concentrates on what kind of new physical
information can be extracted from the simple Dunstan model beyond the conventional Tauc
model through the comparison between the main energy gap parameters of these model; Eopt,
the optical energy gap and, Eo, the energy gap between the valence and conduction band edges
its value is masked by the contribution of the tail-related absorption to the Tauc edge. It was
found that the different behavior trends of Eo and Eqpt are fruitful in differentiating between
the masking effect of disorder through tail-related absorption in the Tauc region, and the real
change in the band gap of a-Si:H samples. This differentiation was made apparent by adopting

the slope ( AEo /AEopt ) Of the straight line fit to the relation between E, and Eopt, assuming
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that it as an indicator of the effect of disorder on the Tauc edge of a-Si:H, which is a simple
approach not attempted before in previous literature according to our knowledge. Using this
approach, we found that there is a larger relative change in Eopunstan  Of Cody et al a-Si:H
samples compared to Viturro and Weiser samples due to varying hydrogen content, and this is
attributed to the better control of hydrogen incorporation process of Viturro and Weiser
samples, which caused a lower shift in the band edges. Dunstan’s model with its simple
analytic formulas can easily be implemented in any suitable software such as Origin or
Mathematica. It should also be mentioned that Dunstan’s original convolution integral (eq.3)
can also be applied to crystalline semiconductors and nano- materials optical data by inserting
the appropriate form of the function f (E - Eoc) Of eq.1 inside the integral and solving it

numerically.
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