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Assessment of the chemical facies of groundwater using factor analysis in the

Chunnakam aquifer, Jaffna Peninsula
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“Department of Agricultural Engineering, Faculty of Agriculture, University of Peradeniya, Sri Lanka.
® Department of Agricultural Engineering, Faculty of Agriculture, University of Jaffna, Sri Lanka.

* Chemical and Environmental Systems Modeling Research Group, Institute of Fundamental Studies,
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Abstract

The Jaffna Peninsula has four main types of aquifer systems, namely,Chunnakam (in the Valikamam
area), Thenmaradchi, Vadamaradchi, and Kayts. The water resources of the Valikamam region depend
totally on rainfall recharge to the Miocene limestone aquifer. Valikamam is an intensified agricultural
and high population density area in the Jaffna Peninsula. Groundwater is an extremely valuable resource
and the pollution of groundwater resources is a matter of serious concern in the Jaffha Peninsula.
Therefore, this study examines the hydro-chemical facies of groundwater in the Chunnakam aquifer
using factor analysis. Forty four wells were selected to represent the entire Chunnakam aquifer during
the months of January, March, April, July and October 2011 to denote various rainfall regimes within a
year. Samples were analyzed for Electrical Conductivity (EC), pH, chloride, nitrate as nitrogen,
calcium, magnesium, carbonate, bicarbonate, sulfate, sodium and potassium concentration based on Sri
Lankan Standard (SLS) procedure. Groundwater was classified based on the Chadha diagram and factor
analysis was performed using software XLSTAT 2012. Interpretation of the hydro-chemical analysis
reveals that the groundwater of Chunnakam aquifer is alkaline in nature. All water quality parameters
except EC, NO; as N, and SO, are within the Sri Lankan Standard for drinking purposes. Two major
hydro-chemical facies Ca®*-Mg**-CI" and Na'-CI'-SO,* were identified using the Chadha diagram and
permanent hardness and salinity problems were deemed probable. Salinization, water—soil/rock
interaction, and anthropogenic activities are identified in the factor analysis. Salinity development and
high nitrate as nitrogen content in drinking water are problems identified in the Chunnakam aquifer.

Keywords:Chunnakam aquifer, factor analysis, groundwater, salinity, Jaffna Peninsula.

1. INTRODUCTION

The suitability of groundwater for drinking, irrigation, and other domestic purposes depends on its
quality. Naturally, changes in groundwater quality are due to variations in climatic conditions, the
duration of the presence of aquifer material in the water, and soil inputs during percolation

*Corresponding author. E-mail:tmikunthan@yahoo.co.in
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(Krishnakumaret al., 2008). Anthropological activities have become a major reason for groundwater
pollution in recent times. In particular, the haphazard disposal of urban and industrial waste, overuse of
agrochemicals, and the unplanned disposal of human waste are the main sources of groundwater
pollution in many countries. The Jaffna Peninsula lies in the northern most part of Sri Lanka and its
population depends entirely on groundwater resources to meet all of their water requirements (drinking,
irrigation, etc.). The Peninsula has four main aquifer systems, namely, Chunnakam (Valikamam area),
Thenmaradchi, Vadamaradchi, and Kayts (Punthakey and Gamage, 2006). All four aquifers depend on
rainfall recharge, which is their only source of fresh water. Groundwater is an extremely valuable
resource and the pollution of groundwater resources is a matter of serious concern. Among the major
threats to groundwater from which drinking water supplies are obtained are leachates from human and
animal waste matter along with other chemical pollutants. Agricultural leachates often contribute
significantly to groundwater pollution.

Understanding groundwater characteristics is important for groundwater management in the Jaffna
Peninsula. Early studies on the characterization of groundwater facies and chemical evolutionary history
utilized the graphical representation of major ionic compositions of groundwater (Piper, 1944; Stiff,
1951). These schemes were useful in visually describing differences in major ion chemistry in
groundwater and in classifying water compositions into identifiable groups (Freeze and Cherry, 1979),
which are usually of similar genetic history. Recently, factor analysis has been used with remarkable
success as a tool in the study of groundwater chemistry. Therefore, this study aimed to characterize the
hydro-chemical quality of groundwater in the Chunnakam aquifer using factor analysis and relating
them to specific geochemical processes to ensure the better water resource management.

2. EXPERIMENTAL

Description of the studied area

The major rainy season in the Peninsula occurs during the North-East monsoon from October to
December.The South-West monsoon provides rainfall in April and May but the amount of rainfall is
less compared to that of the North-East monsoon. The period between the South-West monsoon and the
North-East monsoon is the dry season and extends from June to September. The major soils are the
calcic red-yellow latosols which are shallow (less than 2m deep), fine textured and well-drained and
have a very rapid infiltration rate (De Alwis and Panabokke, 1972).Agriculture is the main source of
livelihood for 65% of the population and about 34.2% of the land is cultivated intensively for
commercial purposes with high value cash crops (Thadchagini and Thirudchelvam, 2005).The land in
the Jaffna Peninsula can be characterized as flat with less than a 5% slope. The Chunnakam aquifer
feeds most parts of the Valikamam area, which is highly populated and practises intensive agriculture.

Selection of wells

Forty-four wells were selected for long- term water quality monitoring in a systematic manner, to
represent the entire Chunnakam aquifer. An identification number was painted on each well. These
wells were selected to represent different uses such as wells used solely for domestic purposes, those
with domestic and home gardening uses, public wells for drinking, and farm wells. Figure 1shows the
locations of the wells selected for the monitoring.
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Figure 1: Location of selected wells with different uses in the Chunnakam aquifer

Collection of water samples

Water samples were collected for chemical analysis five times during the year, to cover various rainfall
regimes: mid-January, early March, mid-April, mid-July, and mid October, 2011. Each sample was
poured into 1 liter plastic bottles, which had been rinsed several times with the same well water. These
bottles were tightly closed, labeled, and transported to the laboratory of the National Water Supply and
Drainage Board (NWS&DB), Jaffna, for analysis within 48 hours of collection.

Analytical techniques

Samples were analyzed for electrical conductivity (EC), pH, chloride, nitrate as nitrogen, calcium,
magnesium, carbonate, bicarbonate, sulfate, sodium and potassium concentrations. Conductivity meters
and pH meters were used to measure the EC and pH respectively. Chloride concentration was measured
by silver nitrate titration. Nitrate-N concentration was estimated using a colorimetric spectrophotometer.
The calcium and magnesium content was determined by EDTA titration using the Eriochrome black T
as the indicator. The carbonate and bicarbonate content was measured by acid-base titration. The sulfate
content was estimated by the turbidimetric method using a turbidity meter. Sodium and potassium
contents were determined by using a flame photometer at the National Institute of Fundamental Studies
(NIFS), Hantana, Kandy. The procedures of the analysis were based on Sri Lankan Standard 614 (SLS,
1983).

Groundwater was classified based on the Chadhadiagram (Chadha, 1999). This technique examines the
relationships between variables (such as chemical parameters in groundwater), shown in a number of
cases (such as sampling points).Factor analysis was performed using software XLSTAT 2012. The
principal factor method was applied iteratively to generate several factors enhanced by the selection of



S. Arasalingam et al., JSLAAS, Volumel (2018) 1-12

varimax rotation to facilitate interpretation of the results. The variance of a factor is described by the
factor’s Eigen value. Eigen values of 1.0 or greater are considered significant (Kim and Mueller, 1987).
The output of factor analysis is a list of significant factors, with each factor grouping several chemical
parameters. Once the factors have been determined, factor scores can be calculated for each case. In
considering groundwater quality, factor scores calculated for each case (sampling point) can be plotted
on contour diagrams to get the distribution of factors within an aquifer (David et al., 2004). The
interpretation was based on rotated factors, rotated loadings and rotated Eigen values. Spatial
distribution maps for different factors were developed using ArcGIS 10. Here, the Inverse Distance
Weighted interpolation technique was used to develop the maps.

3. RESULTS AND DISCUSSION

Hydro-chemical characteristics

The chemical compositions of the groundwater samples were statistically analyzed and the obtained
results are summarized in Table 1. The EC of the water samples is an indicator of their salinity. The
values of EC ranged from 556 to 4701 pS/cm, with a mean of 1534uS/cm. This behavioral response was
used to determine the nature of salinity in the studied area. The chloride concentrations of water samples
were between 153.9 mg/L and 1146 mg/L and the mean value was 327.4 mg/L. All values of measured
wells were below the permissible level of the Sri Lankan Standard (SLS) for drinking. All wells were
suitable for drinking. The results revealed that pH ranged from 7.20 to 8.26 and all groundwater samples
were found to be below the desirable SLS level for the pH value of drinking water with a mean of 7.53
and slight alkalinity.

Table 1: Statistical summary of the hydro chemical parameters of groundwater
SLS for drinking water
Variable  Minimum Maximum  Mean  Std. deviation =~ Max Des Max Per

EC 556.0 4701.0 1534.3 1045.7 750 3500
ol} 153.9 1146  327.4 246.2 200 1200
pH 7.20 8.26 7.53 0.17 7-8.5 6.5-9.0
NO; -N 0.28 13.9 4.9 4.0 - 10
Ca* 58.9 203.1 95.5 35.7 100 240
Mg** 4.27 20.9 10.2 35 30 150
CO* 11.7 61.4 28.2 9.5 - -
HCOy 158.5 5458  258.7 91.0 - -
Na* 17.7 763 149 172 - -
K* 0.39 92.0 9.14 15.0 - -
S0,* 35.2 4995  151.0 106.7 200 400

Except pH and EC (uS/cm), the others parameters are expressed in mg/L.

SLS: Sri Lankan Standard

The nitrate- N concentration ranged from 0.28 to 13.9 mg/L. The values of all domestic, domestic with
home garden and public wells were recommended for drinking because the average value of nitrate-N
was below the limit of the Sri Lankan drinking water standard. Some of the farm wells exceeded the
limit of the Sri Lankan drinking water recommended level of 10 mg/L and was not suited for drinking.
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The farmers practiced applying excessive amounts of inorganic fertilizer, which leaches out to the
shallow groundwater. But all farm wells were below the irrigation requirement of 30 mg/L. The
concentration of calcium values of selected wells varied from 58.9 mg/L to 203.1 mg/L and magnesium
values of selected wells varied from 4.27 mg/L to 20.9 mg/L. All wells measured were below the
desirable SLS level for drinking water. The concentration (mg/L) of other ions varied as CO5* from
11.7 to 61.4; HCO5158.5 to 545.8; Na* 17.7 to 763; K* 0.39 to 92.0; and SO, 35.2 to 499.5.

Classification of groundwater based on chemical facies

The Chadha diagram is a somewhat modified version of the Piper diagram (Piper, 1944) and the
expanded Durov diagram (Durov, 1948).This diagram is used to classify the groundwater and identify
hydro-chemical processes (Chadha, 1999). In Chadha’s diagram (Figure 2), the difference in the
milliequivalent percentage between alkaline earths (Ca** + Mg?) and alkali metals (Na* + K%
expressed as percentage reacting values is plotted on the X axis, and the difference in the
milliequivalent percentage between weak acidic anions (CO5* + HCO5) and strong acidic anions (CI" +
S0,?) is plotted on the Y axis.

From this diagram, 68 % of groundwater samples fall within the field of 6 which belong to Ca**-Mg?*-
CI" type hydro-chemical facies. Such water has permanent hardness and does not deposit residual
sodium carbonate in irrigation use. Another 32% of groundwater samples fall within the field of 7,
which belong to Na*-CI-SO,* hydro-chemical facies and represent Na'-dominant CI™ -type or CI-
dominant Na" -type waters. Such water generally creates salinity problems both in irrigation and
drinking use.

@ @ 1. Alkaline earth exceeds alkali metals.
@ 2. Alkali metals exceed alkaline earth.
3. Weak acidic anions exceed strong
@ @ acidic anions.

4. Strong acidic anions exceed weak

=

<

. .

‘f . . . . eyt i‘ acidic anions.

+ . ]

S ¢ * ’.0”.’ . 5. Represent Ca%" -Mg?*-HCO; " type.
,I_:; . ¢ . . 'Y «** . 6. Represents Ca®* -Mg**-ClI" type.

8 . 7. Represent Na*-CI - type, Na,SO,-
=) . * type.

8. Represent Na*- HCOj5 -type.

(Ca+ Mg) -(NatK) (%0)
Figure 2: Groundwater quality plotted on Chadha diagram

Factor analysis

Factor analysis is a useful tool for interpreting commonly collected groundwater quality data and
relating them to specific geochemical processes. Its aim is to reduce the complex patterns of correlation
among many parameters to simpler sets of ‘factors’, which are then interpretable.
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Correlation matrixes of chemical data for the groundwater of the Chunnakam aquifer are given in Table
2. High correlation (> 0.80) is observed between EC and ClI™ (0.95), EC and Na* (0.94), EC and Ca®*
(0.88), EC and SO,* (0.87) as well as EC and HCO5 (0.84), due to sea water intrusion. The EC of
groundwater is the most efficient water quality parameter used in detecting salinity. It was found that
significant correlation exists between salinity and major components of seawater (Na*, ClI" and SO,*
).This is an indication of seawater influence on groundwater salinity. High correlation is also observed
between CI" and Na* (0.92) as well as CI" and Ca®* (0.87), which also contributed to the salinity and
hardness of groundwater. Certain areas of the Jaffna Peninsula also experience salinity in groundwater
as a result of over extraction (Navaratnarajah, 1994).In general, there were two main factors that played
an important role in the quality of the water in the aquifer: (i) anthropogenic factors: over abstraction of
freshwater from the aquifer, and (ii) natural factors: mixing of seawater and freshwater at the sharp
interface (Aris, et al., 2007).

Table 2:Pearson Correlation matrix of the groundwater aquifer

Variables EC CI pH NO; Ca®* Mg®¥ CO¥ HCO; Na* K SO~
EC 1

Cr 0.95 1

pH -0.18 -0.13 1

NO;5 -0.34 -036 0.00 1

ca® 088 087 -0.20 -0.16 1

Mg®* 050 048 -0.22 -0.17 0.55 1

COs” 038 035 005 -057 020 021 1

HCO; 084 076 -024 -044 074 045 048 1

Na"* 0.94 092 -006 -040 077 043 042 0.79 1

K* 061 056 -0.25 -0.18 069 060 0.26 050 0.45 1
S0~ 087 076 -0.17 -026 078 051 043 074 079 071 1

The rotated factor loading, Eigen values, percentages of variance, and cumulative percentages of
variance associated with each factor for principal factor analysis are summarized in Table 3. Two
factors with respective eigen values closer or greater than one were identified which account for above
65 % of the total chemical parameters in the original data set.

The pairs of factors are plotted on the bi-plot diagram (Figure 3), which explains the positive and

negative loading of the parameters on each factor. It is clear from the diagram that most of the
parameters have positive loading on factor 1 and factor 2.

Table 3: Factor pattern after VVarimax rotation in the Chunnakam aquifer

Variables F1 F2
EC 0.888 0.419
CI 0.828 0.406
pH -0.264 0.085
NO3 -0.074 -0.716
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ca® 0.947 0.129
Mg®* 0.580 0.114
COs* 0.127 0.734
HCO3 0.693 0.519
Na* 0.739 0.524
K* 0.698 0.122
S0,* 0.811 0.352
Eigenvalue 6.110 0.969
Variability (%) 45.157 19.201
Cumulative variance % 45.157 64.358

F2(1920%)

F1(45.16%)
Figure 3: Factor loading (F1 and F2:64.36 %) after varimax rotation

The following factors are indicated:
Factor 1: EC, CI', Na*, Ca®* and SO~
Factor 2: CO5* and NO; as N

Factor 1 has a high loading of EC, CI', Na*, Ca®* and SO,%and explains 45 % of the total variance
(Table 3). The concentration of Na*, CI°, and SO,* in seawater is much greater than in continental water.
This factor can be ascribed to the intrusion of seawater into the aquifer system, which increases the
concentration of these ions and hence the values of the dissolved solids. Figure 4 shows a similar pattern
between the score of factor 1 and EC. Therefore, Factor 1 is defined as the salinization factor and is an
indication of seawater intrusion in the studied aquifer.

The spatial distribution of factor 1 parameters is presented as an iso-scores map, shown in Figure 5. The
high values are indicated with dark grey representing high salinization regions, and the low values are
shown with light grey denoting low salinization regions. This indicates the intensity of saltwater activity
to be more prevalent closer to the coast and decreasing inland in the Jaffna Peninsula.Several wells once
used to supply potable water are not in use now due to the increase of salinity in the Jaffna Peninsula
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(Nandakumar, 1983). Puvaneswaran (1985) reported that the salinity of groundwater in a location at the
Valukaiaru drainage basin of the Valikamam area is inversely related to its distance from the sea.

—_
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Figure 4: Relationship between the F1 score and EC of groundwater
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Figure 5: Spatial distribution scores of Factor 1 in Chunnakam aquifer

A significant factor that has contributed to increased salinity in the well water has been the
indiscriminate extraction of water from underground aquifers. This has been exacerbated by the increase
in population in the region and the rapid rate of extraction using pumps, both electric and petrol- driven,
for domestic and agricultural purposes (Navaratnarajah, 1994).
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Factor 2, which explains 19 % of the total variance, has a strong positive loading on CO5* (Figure 6)
and a negative loading on NO3 as N (Figure 7). The negative loading of NO3™ as N on factor 2 confirms
that the concentration of NO5 as N in the groundwater does not contribute significantly to CO;* values.

F2score

CO4* (mg/l)

—0—F2 ——CO3--

Figure 6: The relationship between F1 score and CO5” of groundwater

NO; -N

F2score

—0—F2 ——NO3-

Figure 7: Relationship between F1 score and NOj3™ of groundwater

The limestone aquifer is rich in carbonates. Hence water flowing through limestone brings the carbonate
to the groundwater, which increases the alkalinity. The main sources of natural alkalinity are rocks,
which contain carbonate, bicarbonate and hydroxide compounds. Further, the high concentration of
NO; as N may be derived from the continuous use of fertilizer chemicals in the agricultural fields. This
is due to the fact that nitrate as nitrogen has no significant lithologic source and must be associated with
the anthropogenic activities (Belkhiriet al., 2010). Therefore, Factor 2 reflects the signatures of water-

soil/ rock interaction and anthropogenic activities.
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Figure 8 shows the spatial distribution of the scores of Factor 2. The high scores are shown with dark
grey, indicating water-soil/ rock interaction and a high alkalinity aquifer. The negative low scores are
indicated with light grey, revealing a high nitrate-N-polluted aquifer. These areas come under
intensified agriculture. Dissanayake and Weerasooriya (1985) pointed out in the hydro geochemical
atlas of Sri Lanka that the Jaffna Peninsula has the highest nitrate content of groundwater in Sri Lanka.
They also mentioned that the major factors responsible for poor water quality in the Jaffna Peninsula are
the abundant use of agricultural fertilizers, mainly urea, use of cattle manure and the discharge of human
excreta in the form of soakage pits.

333000 396000 01000 412000
1 L 1
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25 125 0 25k
N —

T
1030000

Legend

sample location

T
1075000

land use
® Domestic
®  Domestic + Homegarden
= Public
= Farm-Paddy
Farm-Banana
s Fanm-Highland
| D.S division

F2 score

-1.50 - 0.00

T
1065000

0.00-1.50

[l

150-25

Figure 8: Spatial distribution scores of factor 2 in Chunnakam aquifer

4. CONCLUSION

This study demonstrates the effectiveness of factor analysis in assessing the hydro-chemical processes
of groundwater and also provides preliminary assessment of groundwater quality, that will serve as a
data base for the future investigations and monitoring of groundwater quality in the study area.
Interpretation of hydro-chemical analysis reveals that the groundwater of the study area is alkaline in
nature. Except for EC, NO; as N and SO,* values, all the others parameters of groundwater quality are
within the Sri Lankan Standard (SLS) for drinking purposes. Two major hydro-chemical facies,Ca?'-
Mg*-CI" and Na'-CI-SO,*, were identified using the Chadha diagram. Accordingly, permanent
hardness and salinity problems are probable. In factor analysis, the first salinization factor accounts for
45% of the total variance and includes the variables of EC, CI,, Na*, Ca®*, and SO,*. The second
signature of water-soil/rock interaction and anthropogenic activities factor specifies 19% and contains
the variables of a strong positive loading on CO5* and a negative loading on NOs as N. It follows that

10
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either naturally occurring processes or human activities may have a significant impact on the water
quality of the Chunnakam aquifer.
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Abstract

The study was conducted in Kattankudy D.S.Division of Batticaloa district of Sri Lanka to assess the
nutritional status of pre-school children. The study sample consisted of 100 children between 3 and 5
years of age. A pre-tested questionnaire was used to collect information on socio-economic status,
dietary assessment, household information, anthropometric measurements, and nutritional knowledge of
the mothers. Anthropometric measurements of weight, height, mid-upper-arm, head and chest
circumference were collected using a standardized procedure. From those measurements anthropometric
indices of height-for-age, weight-for-height, and weight-for-age were generated. The height and weight
of the children were measured using properly calibrated equipment. The study revealed that 72% of the
children are in normal nutritional status, 19.2% of the children are wasting and underweight, and 8.6%
of the children are stunted. When educational levels of parents are concerned, it was satisfactory as 77%
of mothers and 81% of fathers had secondary education. Also there were mothers with tertiary education
(16%) and fathers with tertiary education (10%).The average income of the 38% of the total families
was more than Rs. 40,000 per month.Only 7% of the families earn less than Rs.10,000 per month. They
consume rice as the main meal, and with that, they use all types of meat (other than pork), fish, egg and
green vegetables.It is concluded that the nutritional status among pre-school children between 3-5 years
in Kattankudy D.S. division of Batticaloa district is satisfactory. Nutritional status of the children of this
area can be furtherimproved by providing nutritional interventional programmes.

Key words:Anthropometric measurements, malnutrition, nutritional assessment,

1.INTRODUCTION

Nutrition of pre-school children is very important, because the foundation for lifetime health, strength
and intellectual vitality is laid during this period. A significant proportion of deaths of young children
worldwide is due to malnutrition and efforts to reduce malnutrition should be animportant task
(Caulifieldet al., 2004). The level of childhood malnutrition is exceptionally high in South Asia, ranging
from 45-48% in India, Bangladesh and Nepal to 38% in Pakistan and 30% in Sri Lanka. The underlying

*Corresponding author. E-mail: mrroshana30@gmail.com
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causes of malnutrition include poverty, low levels of education, and poor access to health services
(Khan and Bano, 2007).Growth monitoring is globally used to assess nutritional status and the health
and development of individual children, and also to assess the overall nutritional status and health of the
populations. Compared to other health assessment tools, measuring child growth is a relatively
inexpensive, easy to perform, and non-invasive process.

Malnutrition in Sri Lanka continues to prevail at relatively higher levels. About 2.3% of children under
five (40,000) suffer from Severe Acute Malnutrition. Poor nutrition also negatively affects school
participation and performance. Sri Lanka Demographic and Health Survey highlighted (2016) that 17%,
4%, 15%, 3%, 21%, and 4% of Sri Lankan children are stunted, severely stunted, wasted, severely
wasted, underweight, and severely underweight, respectively (Department of Census and Statistics,
2016). Regarding micronutrient deficiencies, nearly 19% of the population was diagnosed as iodine
deficient. About 45% of pre-school childrenand 58% of children 5 to 11 years old suffer from anemia.
More than 30% of pre-school children have marginal serum values of vitamin A (WHO,
2009).Adequate nutrition and health care during the first several years of life is fundamental to the
attainment of the Millennium Development Goals (MDGs) for child survival and the prevention of
malnutrition (Lutter, 2003).

Nutritional abnormalities in children are not only affected by food intake, but also by access to health
services with support and quality of care for the children and pregnant mothers, as well as good hygiene
habits.Although inadequate food intake is a basic cause of under-nutrition, several other factors such as
living standards, water and sanitation, birth weight, birth interval and parity, weaning practices, and
mother’s education have been identified as contributing to incidence of malnutrition among preschool
children.

There are several factors that can influence children’s eating practices. Parents are one of the factors that
play an important role for the development of their children. Research done by Vareecken and Maes
(2010) found that children's eating practices were influenced by their mother’s nutritional knowledge.
The parenting attitudes had an influence on the children’s weight and dietary intake. Khandareet al.
(2008) identified that health status of the mothers, dietary and socio economic factors can influence the
nutrient intake among children. Chang et al. (2010) reported that low nutritional status in childhood can
affect brain development. This will cause under-nutrition and poor nutritional status of the children, and
can become a risk to develop a disease in their later life.

One approach to studying nutrition is to assess nutritional status on the basis of anthropometric
indicators. These are based on physical body measurements such as height and weight (Jeffrey,
2006).Anthropometric indices represent the cumulative effect of access to food, nutrition practices,
health, education of parents and environmental health conditions. Therefore, the nutritional status is a
powerful indicator of nutrition status and well-being of an individual, and reflects the nutritional and
poverty situation of a household. The nutritional status of pre-school children is a sensitive indicator,
because children are most vulnerable to nutritional imbalances.

Indices of protein energy malnutrition (PEM) needs to be linked to simple anthropometric parameters.
There is a need also to compare mental and academic performance of this group of children with their
nutritional status, hence the need for this work.This study was carried out to determine the nutritional
status of children between 3 and 5 years of age in Kattankudy D.S Division of the Batticaloa district to
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find the correlation between anthropometric indicators and issues of malnutrition among primary school
children.

2. METHODOLOGY

2.1 Selection of Samples

The study population included children aged 3-5 years in the Kattankudy area. Data collection was
carried out at the primary school level. Ten pre-school children were selected from each of 10 pre-
schools in the Kattankudy area. The total number of samples was 100 children. Simple random
sampling method was used for the selection of the study population. Children 3 to 5 years old and free
from any medical disorder such as asthma, congenital heart failure, diabetes mellitus, and Kidney
diseases were considered for this study. Children <3 years or >5 years old were excluded from this
study.

2.2 Data collection

A questionnaire was designed which includes socio- economic and health related questions and
anthropometric measurements such as weight, height, and age. Questionnaires were pre-tested before
collecting data to adjust the questionnaire adequately and to avoid systemic errors. After that the
guestionnaires were finalized and printed. Interviews with parents were used to obtain general
information about nutritional status of children. Data was collected from the children’s mothers, who
belong to various socio-economic groups. Written informed consent was obtained from all the
participants of this study.

2.3 Anthropometric measurements

Anthropometric measurements were undertaken for all subjects, such as height, weight, mid-arm
circumference, chestcircumference, and head circumference. For measuring weight, the children were
asked to stand straight in the middle of the scale’s platform without touching anything and the eyes are
looking at the horizontal line. For the height measurement, the children were asked to stand straight and
look straight in a horizontal plane while the top of thestadiometer was lowered to the top of the head.
Mid-upper-arm circumference is a measure of the diameter of the upper arm, and gauges both fat
reserves and muscle mass. It is primarily used for children. It was measured by a flexible measuring
tape. Measurements were taken on left hand at the level of the midpoint between acromion and
olecranon, with the elbow flexed.For head circumference measurement, the tape was firmly placed over
the glabella and supra-orbital ridges anteriorly and that part of the occiput posteriorly that gives
maximal circumference of the head.Chest circumference was taken at mid inspiration at the level of
xiphoid cartilage or sub sternal notch, in the plane at right angles to the vertebral column.

3. RESULTS AND DISCUSSION

3.1Distribution of Children by Gender and Age

Distribution of children by gender and age are shown in Figure 1. According to the survey, the children
aged 3-5 years includes 48% males and 52% females in the Kattankudy area.Out of 100 children, 21
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were three years, 37were four years, and 42 were five years of age. Most of the mothers participated in
the survey. This helped this survey to get more household and dietary information.

BMale BFemale
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Figure 1:Distribution of Children by Gender and Age

3.2 Food Intake

The consumption of food items which are eaten by the children was surveyed. They consume rice as the
main meal, and also with that, they select all types of meat (except pork), fish, eggs and green
vegetables. They consume meat three times per week. Parents with high socioeconomic status can
afford first class proteins like milk, egg, meat, etc., which are sourced mainly from animals. This study
showed that there is moreconsumption of proteinrich animal foods in this area. Protein rich foods
directly affect the malnutrition situation of children. The children in this area are also consuming more
vegetable and dairy products. Therefore, we can significantly reduce the anemia and iron deficiency
which are associated with low nutritional status.The habitual intake of chocolates, soft drinks and fast
foods like tip tip were higher among preschool children. It was also observed that 79% of the children
had snacks consisting of three main meals which included chocolates (68.3%), soft drinks (14.3%) and
tip tip (17.4%). According to the data, children in this area eat more chocolates and fast food items.Most
of the children (87%) consumed their breakfast at pre-school and they consume milk and biscuitshefore
going to school. Others (13%) take their breakfast at home.

3.3Malnutrition

Under nutrition is increasingly recognized as a prevalent and important health problem in many
developing countries including India. This problem has serious long term consequences for the child
and adversely influences development of a nation(Nyaruhuchaet al., 2006).Stunting and wasting are
widespread among pre-children in developing countries (Jeffrey, 2006). Wasting refers to a low weight-
for-height that is below 2SD of the median value of the WHO International weight-for-height reference.
Underweight is defined as low weight-for-age at below 2SD of the median value of the WHO
International reference for weight-for-age. Stunting refers to shortness that is a deficit or a linear growth
that has failed to reach an individual’s genetic potential, and it is technically defined as low height for
age at below 2SD of the median value of the WHO International Growth Reference.
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The nutritional status of the children (Figure 2) was evaluated using age and sex specific values of
height and weight from the WHO data.The indices of under nutrition such as stunting, underweight and
wasting were calculated by Z-score using the reference values of height-for-age, weight-for-age and
weight-for-height of WHO standards. Three Z-scores were calculated for height-for-age Z-score (HAZ),
weight-for-age Z-score (WAZ) and weight-for-height Z-score (WHZ).

B3 years B4years BSyears
80

60

40

No. of children

Stunting (%) Wasting (%) Underweight (%) Normal (%)

Nutritonal STATUS

Figure 2: Nutritional Status of Children by age group in the Kattankudy D.S. Division
of the Batticaloa District

As shown in Figure 2, the average nutritional status of children revealed that 72% of the children are in
normal nutritional status, 19.2% of the children are wasting and underweight and 8.6% of the children
are stunting. Latest estimates on child stunting at country level shows that Sri Lanka is doing much
better than all the other south Asian region countries (De Oniset al., 2012). According to the national
survey 2018, stunting levels of the India, Pakistan, Maldives, Nepal, Bhutan, Afghanistan, Bangladesh
and South Asia are 38.4%, 45%, 20.3%, 35.8%, 21.2%, 40.9%, 36.1% and 35% respectively. But
stunting level of Sri Lanka is 17.3%. According to this survey, this division shows a better stunting level
(8.6%).

In this area, the nutritional status of the children is much better. This condition is due to the
consumption of more animal protein food items such as meat, fish, egg and milk. The primary cause of
normal nutrition status observed in the present study are good socioeconomic status, proper vaccination
and medicine, hygienic conditions, sanitation, life style, and better education. Insufficient breast
feeding, type of weaning food and welfare of the household are some of the important factors that play a
role in the malnutrition of children.According to the survey, breastfeeding between 1 to 6 months is
39% and breastfeeding between 7 months to a year is 33%. There were 14% who reported breastfeeding
between 13 and 19 months and 6% reported breastfeeding between 20 to 24 months. Breastfeeding for
less than 1 month was reported to be 8%.
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3.4 Growth status by mid-upper-arm circumference, chest circumference, and head
circumference

On the basis of observations obtained after careful measurements of circumferences of head, chest, and
mid-upper-arm, the average chest circumference and head circumferenceareshown in Table 1.

Table 1: Average Chest Circumference and Head Circumference

Age Chest Head
circumference (cm)  circumference (cm)

3 51.98 49.02

4 53.10 49.58

5 55.54 49.72

Between the age of 6 months to 5 years, if chest/head circumference ratio is less than 1, that may be due
to failure to develop or wasting of muscle and fat in the chest wall. In our survey 100% of the children
are in the normal level,which means that all children have chest/head circumference ratio higher than 1.
Mid-upper-arm circumference is an importantanthropometric measurement to identify acute
malnutrition. Normally children with mid-upper-arm circumference less than 11cm are in a malnutrition
condition. According to the survey, 89% of children are in the normal level and 11% of children are
malnourished. The mean value of the mid-upper-arm circumference also shows an increase with
increasing age on both sexes.

3.5Members of the Family and Living Status of Children

This study showed that most families consist of four to five members,i.e., there are two to three children
in each family. Ninety-six percent of families depend on the father,whileother families are headed by
the motherwhile the fathers are abroad. One hundred percent of the children are living with their
parents. This information helps to analyze the family background and check their living standard.

3.6Education levels of parents

90 BMother @Father
30

70 7
60
S0
40
30
20

10 %

se00004
A3

Primary education Secondary education Tertiary education

No of parents

Figure 3:Educational Pattern of Parents
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Education levels of parents are shown in Figure 3. The educational status in this area was satisfactory,
as 77% of mothers and 81% of fathers had secondary education. Also there were mothers with tertiary
education (16%) and fathers with tertiary education (10%). Mothers with only primary education (7%)
andfathers with only primary education (9%) were few. When the educational level of the parents was
compared with the nutritional status of the child, a significant(p<0.05) relationship was found between
those factors. The nutritional status of the family directly affects the nutritional status of the child. In
particular, mothers are the important persons in selecting food for the child.

3.7 Income Levels of Family

The income level of the families in this area was fairly good. Income Levels of the family are shown in
Figure 4. The income of 38% of the families is more than Rs. 40,000 per month, while 13%, 28% and
14% of the families earnRs.30,000 — 40,000, Rs.20,000 — 30,000, and Rs.10,000 — 20,000 per month,
respectively. Only 7% of the families get less than Rs.10,000 per month.

Income Levels

7%

14%

38%

28%

[PERCENTA
GE]

B-<10000 210000-20000 O20000-30000 @30000-40000 B=>40000

Figure 4: Income Levels of Family

The main income source in this area is business,while some have government or non- government jobs.
Food stamp is one of the income sourcesfor those with income less than Rs.10,000; they also work as
labourers in private shops. In this area, most of the people have sufficient money for their family
members to consume nutritional foods. Therefore, they can maintain the nutritional status of their
children at a good level. According to the findings regarding income, only 7% of households in the
Kattankudy area are in the category of poor households. They face difficulties in intake of sufficient
food as well as nutritious food. Parents in ahigh income range can normally afford more nutritious food
for their children than those in a low income range.This survey shows a positive relationship between
nutritional status and family income.
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4. CONCLUSIONS

The present study provides a summary of the nutritional status of pre-school age childrenin the
Kattankudy D.S. division of the BatticaloaDistrict.Several factors affect the nutritional status of pre-
school children in communities. Food habits, socio-economic capacity, available health facilities,
environmental sanitation and geographical disparity in terms of economic development are some of the
factors that should be considered in formulating the nutrition programs for children. Nutritional status
and dietary habits of the children are satisfactorydue to proper food intake,better education and income
level of parents, and living status.Possible interventions should include a health and nutrition education
program that facilitate the promotion of children’s nutrition at home, physical activity, capacity
building, sanitation, and hygiene in the community.
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Abstract

In Sri Lanka, commercial flexible (CF) polyurethane (PU) foams are used for many purposes including
sound absorption and noise reduction. The main factors that control sound absorption are thickness,
density and flow resistivity of PU foam materials. The primary aim of the study is to experimentally
determine frequency-dependant normal incidence acoustic absorption coefficients (NIAACs) of PU
foams of densities in the range (12.0 kg m~to 21.0 kg m™®) and thicknesses in the range (5.08 cm
t010.16 cm) of PU foam materials,using the impedance tube method according to ASTM C384-04
standard. The studied foam materials exhibit excellent acoustic properties with high NIAACs of more
than 0.70 in the high frequency range above 1 kHz. For fixed density of these materials, NIAACs
increased with increasing foam thickness. However, for fixed thickness of these materials, the NIAACs
were found to be independent of the foam density. The air flow resistivity dependency on thickness and
density of PU foams were determined based on simulated NIAACs as a function of frequency using the
Dunn &Davern model. For fixed thickness of foam materials, the flow resistivity increased with
increasing density of foam materials. However, for fixed density of foam materials, the variation
between flow resistivity and thickness of foam materials were found to be inconsistent, indicating
inhomogeneity / heterogeneity of CFPU foams.

Keywords:absorption coefficients,Dunn & Davern, flow resistivity,polyurethane.

1. INTRODUCTION

A wide range of materials is used as sound absorption materials where it is necessary to reduce the noise
and the reflected sound (Asdrubaliet.al., 2012).Materials which have nonporous solid surfaces, cannot
absorb sound because the incident sound energy reflects back to the environment. However, if a surface
is highly porous, the incident sound wave causes air molecules to vibrate within the cavities, channels,
or pores present in these materials (Kuczmarski& Johnston, 2011) and lose some of its original sound
energy. In the vibrational process, energy of air molecules is converted to heat due to frictional losses
within the material (Arenas & Crocker, 2010). In porous materials, the pores can be either “open pores,”

*Corresponding author: Email: rvcoorey@gmail.com

21



K. W. N. S. Samaranayake et al., JSLAAS, Volume 1 (2018) 21 -31

forming a continuous 3-dimensional cell structure which is open to external surface of the material, or
“closed pores,” where pores are isolated discrete pores surrounded by material. Porous absorbing
materials are also classified as cellular (foam), fibrous, or granular, based on their microscopic
configurations (Arenas & Crocker, 2010).

Polyurethane (PU) is the most popular and most commonly used polymeric material in acoustic
absorption because this material also could be used in thermal insulation and many other technological
applications (Defonseka, 2013). PU foam materials come in two forms, namely, flexible PU foams and
rigid PU foams. Open cell flexible PU foams have a higher sound absorption property than rigid PU
forms (Ancuta-Elenaet al. 2014). Flexible PU foams are made with densities ranging from 12 to 50 kg
m3(Defonseka, 2013). PU foams are generally formed by a chemical reaction between di- or poly-
isocyanates and polyols (Gwonet al. 2016) and small amounts of blowing agents are added to design
low density foams (Jain et al., 2013).Since isocyanates are highly toxic materials, in order to mitigate
environmental and health issues, numerous research studies have been carried out to determine how
environment-friendly materials could be used to replace these materials and to enhance the sound
absorption property of PU materials (Caillolet al. 2012). Polyols are petroleum-based materials and
continuing research is in progress to use natural products such as soya and other sources to produce eco-
friendly polyols to make these foams more cost-effective (Defonseka, 2013).

The absorption coefficient in porous materials depends on the frequency of sound, the angle of
incidence, and density and thickness of material (Sagartzazuet al., 2008). The most important non-
acoustic property of porous materials of interest in sound absorption is flow resistivity which depends
on micro-structural parameters such as porosity and tortuosity of the material, which is closely related to
size and distribution of pores (Yamashitaet al., 2008; Stinson &Champoux, 1992). Flow resistivity of a
porous material gives a measure of the extent the material offers resistance to a fluid flow through the
material. In processing porous materials, flow resistivity is an important parameter because specific air
flow needed to be measured during development of sound absorbing materials and for their quality
control during manufacture. Flow resistivity is usually determined experimentally and is defined as the
ratio of the pressure difference across the sample of the material to the velocity of flow of air through
that sample. Joshi et al. have observed flow resistivity values range from (11,000 to 31,000) N s m™ for
polyurethane foams of densities in the range 22 — 36kg m™ (Joshi et al., 2011). Various theoretical
models have been proposed to simulate sound absorption coefficients of porous absorbing materials.
The Delany-Bazley model considers characteristic wave impedance as a function of flow resistivity and
it has been studied for fibrous materials (Delany &Bazley, 1970). The Dunn-Davern model utilizes the
same technique and it has been tested for PU foam materials (Dunn &Davern, 1986).

Only few research studies have been carried out in Sri Lanka to find acoustic absorption properties of
materials. These studies were restricted to natural fibre-polymer composites such as coir fibres
(Hapuarachchi, 2004; Priyadharshanaet al., 2015) and granular materials such as rice bran
(Priyadharshanaet al., 2015).

The present study investigates the effectiveness of commercially available flexible PU materials as
acoustic absorber material. The frequency-dependent acoustic absorption coefficients of PU foams has
been investigated as a function of thickness and density of PU foams. The Dunn-Davern model has
been used to simulate experimental acoustic absorption data and to generate the flow resistivity values
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of PU materials (depends on micro-structural parameters) and to study how flow resistivity depends on
thickness and density of PU foam materials.

2. METHODOLOGY

2.1Experimental Measurement using Impedance Tube Method

Measurements were carried out at the Industrial Technology Institute, Colombo 7, Sri Lanka, using a
Briel&Kjaer type 4002 Standing Wave Apparatus, according to the ASTM C384-04 standard. The
standing wave tube (SWT) (also known as an impedance tube) consisted of an acoustic source (a signal
generator to produce a sinusoidal signal at a desired frequency) at one end and an acoustic load (test
sample of the absorptive material) mounted at the other end of the tube. A probe movable microphone
was used to locate the positions throughout the tube corresponding to pressure maxima and minima,
which are detected by the sound level meter (Figure 1).

Rigid
terminator

\ﬂ Microphone probe
N7

/ ~

PU foam | 7

Signal Amplifier
generator

Sound level
meter

Figure 1: The standing wave tube for measuring absorption coefficient of polyurethane
foams at normal incidence

2.2Theoretical basis for measurement

Theoretically, a standing wave is established in the tube, as the result of incident and reflected pressure
wave. The resulting pressure p (x,t) can be represented as,

p(X, t) =P, (ei(ant+kx) _ Re—i(Z;zft—kx)) )
wherex is the distance from the sample, f and p, are the frequency and complex pressure amplitude of

the wave respectively, k is the wave number,and R is the complex reflection coefficient
The standing wave ratio is given by

1+R
SWR = P _ 2+ R ()
Prmin 1-R
Experimentally, the sound level measured has the following relationship to rms pressure:
Level,; =20log p, 3)
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D, = 10 (Levelyg/20)

Thus sound absorption coefficient o can be calculated using the relation,

a=1-|R[ @

2.3 Materials and Methods

PU foam materials of densities 12.0, 16.0 and 21.0 kg m™ with commercial standard thicknesses of 2.0"
(5.08 cm), 2.5” (6.35 cm) and 4.0” (10.16 cm) were purchased from local manufacturers and were used
in acoustic absorption measurements. All experiments were carried out at a constant temperature of
21.0°C.

In choosing the proper length of the SWT tube for measurements of absorption coefficients over the
frequency range of interest, ASTM C384-04 standards were adopted. According to the standard, the
minimum frequencyfyi, and maximum frequency fnax limits were determined subjected to the conditions
given by (5).

_ 0.75¢
min L _ d
f . =0586¢c/d (5)

whereL is the length of the tube and d is the diameter of the tube and c is the speed of sound in air
(ms™).

A long SWT (length 120 cm and diameter 14.5 cm) and short SWT (length 100 cm and diameter 6.5
cm) were used to measure frequencies in the ranges of 200 Hz — 1250 Hz and 1000 Hz — 4000 Hz,
respectively.

3. RESULTS AND DISCUSSION

3.1 Frequency Dependent NIAACs as a Function of Foam Thickness

Frequency-dependentnormal incidence absorption coefficients (NIAACs) of commercial PU foams as a
function of thickness (for density value of 21.0 kg m™) are illustrated in Figure 2. In the frequency
range below 1 kHz, NIAACs increase linearly from zero to values in the range of 0.60 - 0.80 (for
different thicknesses). At frequencies above 1 kHz, NIAACs vary in the range of 0.70 and 0.95 (for
different thicknesses). Therefore, it could be seen that PU foams studied exhibit excellent acoustic
properties in the high frequency range. The frequency vs. NIAACSs variation trends of PU foams studied
are similar to those documented in literature (Joshi et al., 2011).

For foam thickness of 5.08 cm, the mean NIAACSs values calculated for the frequency range below 1

kHz, vary in the range of 0.53 - 0.61 (Figure 3). However, for a larger foam thickness of 10.16 cm,
mean NIAACs increase significantly to the range of 0.76 - 0.83.
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Figure 2. The frequency dependence of normal incidence absorption coefficients of PU foams as a
function of thickness values of 5.08, 6.35 and 10.16 cm for fixed density value of 21.0 kg m™.

(A) Frequency range below 1.0 kHz (B) Frequency range above 1.0 kHz
Thickness (cm) Thickness (cm)
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Figure 3. The variation of mean NIAAC for PU foams of thickness values of 5.08, 6.35 and 10.16 cm
and density values of 12.0, 16.0 and 21.0 kg m® in the (A) frequency range below 1.0 kHz and (B)
frequency range above 1.0 kHz.

In the frequency range above 1 kHz, the increase in corresponding mean NIAACs are from the range of
0.84 - 0.89 to 0.92 - 0.94. These results show that even though in the frequency range below 1 kHz,
NIAACs significantly increase as a function of increasing thickness values, at frequencies above 1 kHz
the increase is not significant. These results agree with previously published work on acoustic
absorption of fibrous materials (Ibrahim &Melik 1978).
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3.2 Frequency Dependent NIAACs as a Function of Foam Density

Frequency-dependent normal incidence absorption coefficients (NIAACs)as a function of density (for
fixed thickness of 10.16 cm) are illustrated in Figure 4.The increase in frequency-dependent NIAACs is
found to be almost independent of density in the low frequency range below 1 kHz.
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Figure 4. The frequency dependence of normal incidence absorption coefficients of PU foams as a
function of density values of 12.0, 16.0 and 21.0 kg m* for fixed thickness value of 10.16 cm.

Figure 3 shows that for foam density of 12.0 kg m=, 16.0 kg m™ and 21.0 kg m 3, the mean NIAACs
vary in the ranges 0.53 - 0.78, 0.61 - 0.83,and 0.57 - 0.75, respectively, for frequency range below 1
kHz. These NIAACs do not show a significant increase with increasing density. In the frequency range
above 1 kHz, for a fixed thickness of the material, NIAACs are in the range of 0.84 - 0.94 (frequency-
dependentNIAACs are almost independent of the foam density range studied). However, examining the
published literature by other investigators shows otherwise. Lee etal.(2012) reported that with
increasing density of PU/nano-silica nanocomposite foams, the cell size would decrease and the sound
absorption would increase. Koizumi et al.(2002) reported that the sound absorption coefficient of
natural bamboo fibres increases in the middle and higher frequencies with increasing sample density.

The inconsistency of present results with previous studies performed with porous materials can be
attributed to inhomogeneity of the studied commercial PU foams. Since the foam density of
commercially manufactured porous materials depends on their manufacturing process, materials could
be inhomogeneous—the local density of the materials could vary throughout the material. Published
results report that various filler reinforcementagents (inert inorganic compounds) are usually added to
PU foams in order to make them suitable for various industrial applications (Ekiciet al. 2012). Chemical
properties of commercial PU foams are modified by adding such agents, which could result in
inhomogeneity of such materials. Inhomogeneity/heterogeneity in commercial PU foams manufactured
across India have already been reported by Jain et.al.(2013).
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In the present study a check for homogeneity in the density of foam materials has not been investigated.
However, since flow resistivity is the major parameter which depends on micro-structural parameters
governing the acoustic behaviour in porous materials (Dragonettiet.al., 2011), a study has been carried
out to determine flow resistivity using the experimental NIAACs and to investigate how it depends on
density and thickness of studied foam materials.

3.3 Simulation of Flow Resistivity from Measured NIAACs

The surface impedance Z is given by the ratio of pressure p(x,t) and the particle velocity u(x,t) normal to
the surface.

> _px.t) ©6)
u(x,t)
With the surface at x = 0, from (1), the combined pressure and speed normal to the surface are given by
p(0,t) = p, (1+R)e'*" )
u(0,t)=&(1—R)eJ2”ft (8)
c

0
where p, is the density of air (kg m™)
From (6), (7) and (8), the surface impedance in terms of reflection coefficient can be expressed as,

1+R
Z=p,—— 9
Lo 1-R 9)
where p,C is characteristic acoustic impedance of air and C, are the density without the presence of

absorbent material.

From (4) and (9), the normal incidence acoustic absorption coefficient o as function of the surface
impedance Z can be obtained.

2

7 —

o :1_(_,0()(:} (10)
Z+ p,C

The surface impedance Z of a rigidly backed layer of thickness b of absorbent is given by
Cox&d’Antonio(2009),

Z = Z, coth(sb) (11)

whereis the propagation constant, and Z.the characteristic impedance of the absorbent .

According to the Dunn &Davern model (Dunn &Davern, 1986), the flow resistivity can be estimated
with following empirical relationships for open-cell foams (Mirowska&Czyzevski, 2007):

Z, = p,C,[1+0.0571 B> — j 0.087B7%]

y = Zci[(o.les B07)— j(1+0.136 B )] (12)
0

27



K. W. N. S. Samaranayake et al., JSLAAS, Volume 1 (2018) 21 -31

whereB is a dimensionless frequency-dependent variable:
_ 274p,

f
whereRiis the air flow resistivity (Pa s m?).

B

. (0.01< B <0.1)

3.4 Flow Resistivity as a Function of Foam Thickness and Density
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Figure 5. The best-fit between frequency-dependent measured NIAAC

and simulated NIAAC (using

the empirical relationships developed for open cell foams by Mirowska&CzyzZevski, based on Dunn
&Davern model) for PU foams of thickness 10.16 cm and density values of 12.0 kg m™ (R; = 14790
Nsm™), 16.0 kg m™ (R = 17450 N s m ™) and 21.0 kg m™® (R = 19550 N s m ™) are illustrated.

Using MATLAB coding, the measured normal incidence acoustic absorption coefficients (NIAACS) as
a function of frequency were fed to (12) and (13) - empirical relationships developed for open cell
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foams by Mirowska&Czyzevski(2007)based on the Dunn &Davern model. Thereby, NIAACs simulated
data were generated considering flow resistivity as a variable. Flow resistivity values were varied until
the best-fit between experimental (SWT) and simulated (Simdata) NIAACSs vs. frequency curves was
achieved (Figure 5).
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-
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Figure 6: Optimum flow resistivity values for different thicknesses and densities of PU foam materials
are shown. Optimum flow resistivity values increase with increasing density of PU foam materials

The best-fitbetween SWT and Simdata curves generate the optimum flow resistivity values showed in
Figure 6 for considered density and thickness values of PU foam materials. Figure 6 shows that there is
no consistent relationship between optimum flow resistivity values and thickness of foam materials for
fixed density of foam materials. However, for a fixed thickness of foam materials, there is an increase
in optimum flow resistivity values with increasing density of foam materials.

These results agree with already published work on experimentally measured flow resistivity of porous
materials such as melamine and glass wool (Joshi et al, 2011; Cuenca et al., 2014). Van der Kelen,
(2011) in uni-directional flow resistivity measurements in melamine foams has shown that, due to a
local increase in foam density, there is a possibility that the flow resistivity could increase. Since
frequency-dependent NIAACs as a function of macroscopic properties of PU foams have similar trends
to that in melamine foams (Joshi et al, 2011), the increase flow resistivity as a function of density is
likely due to local effects in the material. Further research is needed to investigate this hypothesis.
Furthermore, since flow resistivity depends on microscopic parameters such as porosity and tortuosity,
further research is in progress to study these parameters in commercial PU foam materials.

4. CONCLUSIONS

The commercial flexible PU foams studied exhibit excellent acoustic properties with high normal
incidence acoustic coefficients (NIAACs) of more than 70% in the high frequency range above 1 kHz.
The NIAACs dependence on thickness of PU foams are found to be in conformity with those reported in
the literature. However, for a constant thickness of PU foam materials, the frequency-dependent
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NIAACs are found to be independent of the foam density range studied, which was an unexpected
result. The air flow resistivity increased with increasing density of foam materials. However, for fixed
density of foam materials, the variation between flow resistivity and thickness of foam materials were
found to be inconsistent, indicating inhomogeneity/heterogeneity of commercial flexible PU foams.
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Acoustic performance testing of Sri Lankan pirithchants: Insights for vowel
distribution
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Abstract

Pirithis a special type of chanting in Pali language and is believed to be a protective doctrine preached by
the Lord Buddha. This work is dedicated to developing a phonetic picture ofPirith chants and analyse
acoustic properties using computer-aided tools. The motive of this study is to investigate vowel
distribution of Pirith chants with the aim of special pattern recognition. Generally, voice signals consist
of the fundamental frequency,Fg, and harmonic frequencies called as formants,F,,.Pertaining to speech

mechanism, vowels can be mapped using the relationship between lip opening width to the first formant
frequency, F;, and tongue constriction width to second formant frequency,F:. In this study, samples of

the Rathana, KaraniyaMetta and AngulimalaSuttas recited by male monk chanters were recorded using a
high precision microphone array and 25 samples of each Sutta were analysed. In the computational
speech model, a pre-emphasis filter is applied to the sampled time series of voiced segments to cancel
out the effect of the glottis. Then frame-by-frame analysis was used with hamming windows and linear
predictive coding (LPC) and auto correlation to extract the formant values. Further, the vowel
distribution reveals that the majority of vowels in the AngulimalaSutta and KaraniyaMettaSutta are
closer to cardinal vowel [a] while the vowels of the RathanaSutta remains closer to cardinal vowels

[u],[0].[>] and [o].

Keywords:Cardinal vowels, Formant frequencies, Voiced to unvoiced ratio, Vowel distribution, Zero-
Crossing rate.

1. INTRODUCTION

Speech production process begins at the point of converting an idea developed in the speaker’s mind to a
language code. With the aid of articulatory motion and vocal tract movement, the phonemes which are
lined up in a set of sequences propagate outside as an acoustic waveform. Pirith means protection from
all aspects and this protection is to be obtained by reciting or listening to Pirithsuttas. The practice of
reciting and listening to Pirithsuttas began very early in the history of Buddhist culture.

*Corresponding author: Email: shanthagamage@sci.sjp.ac
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A famous Japanese researcher, Masaru Emoto had provided evidence that human thoughts can affect the
molecular structure of water through words, ideas and human vibrational energy (Emoto, 2004). In the
literature, a large majority of the studies carried out so far in this discipline have used a qualitative
approach to tackle the problem. Instead, we chose a rigorous but quantitative approach which exploits
state-of-the-art computer aided tools such as high-performance computing facilities to evaluate acoustic
properties of a vast range of Pirithchants.

According to the acoustic theory of speech production, the vocal tract is modelled as a non-uniform tube
closed at vocal folds and open at the lip end (Stevens and House 1955). Due to varying cross sections
along the vocal tract, different resonance frequencies (harmonics) are generated in response to varying
vocal fold vibrations. Consequently, the complex output voice signal is composed of several harmonics
called formants (Fant,1973).

Voiced to unvoiced ratio (V/UV ratio) is an important parameter as it indicates the involvement of the
speech production system with vibration of vocal codes. In voiced speech, the vibrating glottis generates
periodic pulses, which resonate in the vocal tract. Therefore, when vowels are pronounced similar
frequencies are generated. However, in unvoiced speech, vocal chords held open and a continuous air
beam flows through them. The air beam turns into a turbulent flow because of narrowed vocal tract and it
creates non-periodic, noise-like sounds (Lee and Yoo, 2003). Usually, in speech, silent regions exist in
between voiced and unvoiced regions, yet without the existence of silent regions the speech will not be
intelligible (Gunawardana and Gamage, 2018).

The zero crossing rate measures the number of intersections a given signal makes with the time axis per
unit time in an amplitude-time plot. VVoiced speech shows a low zero-crossing rate due to the excitation
of vocal tract by the periodic air flow, whereas the unvoiced speech shows high zero-crossing count as it
is produced by the turbulent airflow flowed through the narrowed vocal tract (Bachuet al., 2010).
Additionally, the voiced part of the speech has high energy content because of its periodicity.

Vowels can be mapped using the relationship between lip opening width to the first formant frequency
F; and tongue constriction width to second formant frequencyF;.Cardinal vowels, which are not of any

particular language but a measuring system in describing sounds of languages, are used as a set of
reference vowels in this work. These vowel sounds demonstrate if the tongue is in an extreme position,
either front or back, highor low. The cardinal vowel system wasmodified by Daniel Jones (Jones, 1953),
based on the original idea proposed by earlier phoneticians, notably Ellis and Bell.Table 1 shows the
basic description for 8 primary cardinal vowels using standard symbols presented in International
Phonetic Alphabet (IPA). Figure 1 illustrates vowel space for the 8 primary cardinal vowels reported in
Bruce(Bruce, 2010;Bruce and Engstrand, 2006).

The aim of this study is to develop a phonetic picture on Pirith chants and analyse acoustic properties
using computer-aided tools. As reported by several other studies, characteristic vowels are identified in
chanting, contrast to normal speaking. The motive of this study is to investigate vowel distribution of
Pirith chants with the aim of special pattern recognition. Pertaining to speech mechanism, vowels can be
mapped using the relationship between lip opening width to the first formant frequency, F; and tongue
constriction width to second formant frequency, F,. In this study, samples of Rathana,
KaraniyaMetta,and AngulimalaSuttas recited by male monk chanters were recorded using a high
precision microphone array and 25 samples of each Sutta were analysed.
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Table 1: Description of Daniel Jones’s 8 primary cardinal vowels in terms of height, back/front and
roundedness using standard symbols presented in International Phonetic Alphabet(IPA)

Tongue position front Tongue positioned back

Lips unrounded Lips rounded
Tongue positioned high [i] [u]
Tongue positioned upper mid [e] [0]
Tongue positioned lower mid [€] [o]
Tongue positioned low [a] [a]
3000
2500
[i]1
_ 2000 \Le] [€]
£
& (3]
1500 / i
1000
o]
oo {u}%ﬁ)l !
0 500 1000 1500 2000 2500 3000'

F1 [(Hz)

Figure 1: The vowel space of F, versus F;. Formant chart showing the first two frequencies of 8 primary
cardinal vowels i, e, ¢, a, u, 0, 9, and oreported in Bruce, 2010.

2.EXPERIMENTAL

In the analysing process,samples of Rathana, KaraniyaMetta and AngulimalaSuttas recited by male
monk chanters were recorded using high precision microphone array and 25 samples of each Suttawere
analysed. Recorded samples were then subjected to splitting of smaller voiced segments of frame length
10 'ms using a sampling rate of 44.1 kHz This specific frame length was selected as the vocal tract has

fixed characteristics over a time interval of the order of 10 ms.
Fast Fourier Transformation (FFT) and Linear Predictive Coding (LPC) are techniques used in spectral
analysis of the speech. Fast Fourier Transformation(FFT) develops a spectrum by decomposing a sound

wave into sinusoidal components whereas Linear Predictive Coding (LPC) estimates formant frequencies
associated with the vocal tract.
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The formant frequency estimation was performed using a computational method as follows. A pre-
emphasis filter is applied to the sampled time series of voiced segments to cancel out the effect of the
glottis. Then frame-by-frame analysis was used with hamming windows and linear predictive coding
(LPC) and auto correlation to extract the formant values. Speech signal has been modelled as a
combination of a source and a filter. A source-filter separation model is used as a fundamental method
for formant frequency estimation. The modelled system and its frequency resonances are only
considerable in this estimation and Linear Predictive coding (LPC) is used to find the best matching
system. The LPC filter is a function with a set of filter coefficients. Resonance of the filter is expressed
by a pair of coefficient. In every 10 ithe vocal tract parameters are changed, creating a new set of
coefficients. When applying LPC, a speech sample is approximated as a linear combination of past
speech samples. Minimizing the sum of squared differences over a 10t frame between actual sample
and linearly predicted sample, a set of predictor coefficients can be obtained.

According to the discrete-time model,

5(=z) B G
Ulz) 1+3%7_ az7*

where 5(=speech output, Uf(=excitation, & gain, and = predicted coefficients.

S(n) = Z . S(n— K) + GU(n)
k=1

where 5(= estimated current value, = predicted coefficients, ~S{n — = past samples and U{=
excitation of vocal folds.

Between two pitch pluses  U{ is zero. Therefore, the n"speech sample can be written as a linear
combination as follows:

Sh)=a Stn— 1) + ax5(n—2) + @3S —3) v +a,Sln —.

Figure 2 demonstrates how the prediction error (  e{) is defined. By minimizing the square of the error
{e(n] filter coefficients can be generated. After finding the locations of the resonance to extract the

formant frequencies from the filter, the filter coefficients were treated as a polynomial and solved for the
roots of the polynomial.

In vowel analysis, frequency values regarding first formant, F;, and second formant, Fz, were extracted

from the recorded voiced track with the aid of mathematical modelling tools and the vowel distribution
was obtained by plotting F; against Fz. In the analysis of vowel distribution, primary cardinal vowels

introduced by Jones (1953) were used as a reference.
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Linear Predictor /Inverse filter

Figure 2: Linear Prediction model and speech signal model

3. RESULTS AND DISCUSSION

In the frame by frame analysis, speech signals are divided into a non-overlapping frame of samples.
Figure 3, Figure 4, and Figure 5 show the vowel distribution for each of the 25 samples of Rathana,
KaraniyaMetta, and AngulimalaSuttas respectively. Those figures offer a comparison of vowel
distribution with primary cardinal vowels.
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Figure 3 The comparison between vowel distribution of Angulimalasutta and primary cardinal
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Figure 4 The comparison between vowel distribution of the KaraniyaMettaSuttaand primary cardinal
vowels reported in Bruce, 2010
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Figure 5The comparison between vowel distribution of theRathanasuttaandprimary cardinal vowels
reported in Bruce, 2010

A previous research study on formant frequency tuning in professional Byzantine chanters shows
clear evidence that chanters have a special ability to use personal formant tuning at chanting (Fant,
1973). In this analysis, vowel distribution reveals that the majority of vowels inthe AngulimalaSutta
and KaraniyaMettaSutta are vowels concentrated around the frequency range of F;,0 — 1000 Hz and
F;, 1000 — 2000 Hz as shown in Table 2, while the vowels of theRathanaSuttaconcentrate around
the frequency range of F;,0 — 1000 Hz and F,, 500 — 1000 Hz. When comparing the results with
the cardinal vowel chart, the densest vowel areas for the AngulimalaSutta and KaraniyaMettaSutta,
show the qualities of cardinal vowel [a] as shown in Table 2, while the vowels of
RathanaSuttaremaincloser to cardinal vowels [u],[0],[D], and [p].
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Table 2- Vowel distribution in all Suttas in percentage values

Area Vowel
F1 range F2 range Percentage
(Hz) (Hz)
AngulimalaSutta 0-1000 0-1000 11.98%
0-1000 1000-2000 67%
0-1000 0-1000 15.81%
KaraniyaMettaSutta 0-1000 1000-2000 7%
0-1000 500-1000 66%
RathanaSutta 1000-2000 500-1000 20%

4. CONCLUSION

It can be concluded as when chanting the AngulimalaSutta and KaraniyaMettaSutta, the arrangement
is inclined to be the tongue is low positioned in front levels while lips shaped unrounded. VVowels of
RathanaSutta are show low back rounded vowel and high back rounded vowels. Besides, vowels
generated with lower positioned tongue are called open vowels while high positioned ones are closed
vowels. Therefore, it can be concluded that higher number of open vowels are articulated in Pirith
chanting with totally disuse of closed vowels.
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Abstract

SZ Lyncis, HD 67390 (RA=08" 09™ 35.8°, DEC=+44° 28’ 17.6”) is a high amplitude Delta Scuti type
binary star of magnitude m,= 9.1, which has pulsation period of 0.12053491 days and long orbital
period of 1185 days. We determine fifty two new times of light maxima and collected all times of
light maxima to calculate the orbital elements of SZ Lyn. The photometric observations were carried
out in six nights at Mount Abu Infrared observatory, India. The difference of the observed times of
light maxima and calculated times of light maxima is denoted by the O—C diagram of SZ Lyn. A total
of 378 light maxima, including our observations of 20 light maxima of SZ Lyn, 32 of Wide-angle
search for planets (WASP), 162 of American Association of Variable Star Observers (AAVSO) and
164 observations that have been published, were used for the O—C analysis. The non linear O—C
diagram was approximated by secular change in pulsation period and the light-travel-time effect of
the binary orbit. The fitting non-linear function of secular change and light-travel-time effect in the
least square method determines the orbital parameters projected semi-major axis of the binary orbit
asin(i), eccentricity (e), longitude of the periastron passage (), orbital period (Powi) and secular

change of the pulsation period (B). The Levenberg-Marquardt algorithm and trust-region-reflective
algorithm were used in the least square sense to converge theoretical function to observations with the
minimization parameter y° of the best fit. The determined asin(i)is 1.4+0.1x10° km and the
eccentricity e is 0.18+0.07. The convergence of solution also approximated the orbital period to be
1187+15 days.

Key Words: SZ Lyn, orbital parameters, photometric, pulsation period
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1. INTRODUCTION

SZ Lyncis, HD 67390 (RA=08h 09m 35.8s, DEC=+44 280 17.600) is a high amplitude Delta Scuti
type binary star, visual magnitude m,= 9.1, spectral type of A7-F2, and has a pulsation period of
0.12053491 days and an orbital period of 1185 days (Solimanet al. 1986). The pulsating star is the
brighter component while the faint component could not be observed in spectroscopy and is
characterized as single line spectroscopic binary (Gazeaset al. 2004). The Delta Scuti stars are
pulsators situated in the classical Cepheid instability strip on the main sequence or moving from the
main sequence to the giant branch (Breger 2000). The main characteristic of Delta Scuti stars is the
very short period pulsation time, ranging from 0.02 to 0.25 days. The orbital parameters of a binary
system can be determined by spectroscopy if it were double line or by photometry if it were a transit
system. SZ Lyn is neither double nor transit system. The pulsation property of SZ Lyn is used by
observers, Van Genderen (1967), Moffett et al. (1975), Paparoet al. (1988), Li Lin-Jiaet al. (2013), to
determine orbital parameters with the use of O—C variations. The linear ephemeris of the time at
maximum brightness for the pulsating stars is given as:

Toor =T, +P XE 1)

whereE denotes cycle number, P is the pulsation period, T, is the initial epoch of maximum and T
is the time at maximum brightness of the observation. According to the equation 1, the ephemeris of
the intrinsic fundamental pulsation period of SZ Lyn was first determined by Binnendijk (1968) as:

Thax = 2439121.7003 + 012053188 x E (2)

and it was redefined by Gazeaset al. (2004) as:
Toge = 2452776.289+ 0.1205349 x E 3

The star has been discussed a number of times in the literature for the periodic variations and the main
pulsation period is found to change (2.25+0.42)x10™** day per cycle (Paparoet al. 1988). Van
Genderen (1967) reported that the linear ephemeris does not accurately predict the time of pulsation
maximum. Barnes and Moffett (1975) suggested that this was due to the very long period orbital
motion of SZ Lyn and hence the linear ephemeris deviated due to the light-travel time across the orbit.

The times of light maxima predicted by the linear equation 1 are known as calculated light maxima
and denoted by C. The observed times of light maxima were taken by the light curve of SZ Lyn,
denoted as ‘O’. The assumption of constant pulsation period and linear ephemeris results in the O—-C,
the difference of observed and calculated times, being zero. The O—C diagram of SZ Lyn was
previously studied by several authors, Moffett et al. (1988), Paparoet al. (1988) and showed a non-
linear relation. The non-linearity of the O—C diagram can be explained by periodic variations of the
main pulsation period and light-travel time across the binary orbit (Irwin 1952). The non-linear
ephemeris is given by:

Thax =T, +PRE+u+1 4)

K=

[

E? ()
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— e?sin E*cosw + cosE*sinw — e sin m] (6)

a sin (i) ["\-'I'l

c

Equations (5) and (6) are the periodic variation and light travel time effect of the orbit respectively.
Bis the secular change in the pulsation period, asin (i) is the projected semi-major axis to the line of

sight, e is the eccentricity, E” is the eccentric anomaly, o is the longitude of the periastron passage and
c is the speed of light. The combination of the intrinsic pulsation and binary orbit produces a very
complex O-C diagram for SZ Lyn. A comprehensive O—C analysis provides details of the orbital
parameters and the pulsation properties. The times of light maxima from Mount Abu observations,
WASP (Wide-angle search for planets), AAVSO, and all the observations that have been published
were used for the classical O—C analysis method. This paper reports the photometric observations
carried out at Mount Abu observatory in Section 2, detailed analysis of O—C diagram in Section 3 and
discussion and conclusions in Sections 4 and 5, respectively.

2. EXPERIMENTAL

The observations were carried out at Mount Abu Infrared observatory. The observatory is located
1680 meters above the sea level in the western state of Rajasthan, India. Observations were made
using a 50 cm, /6.8 equatorial mount telescope equipped with an Andor 1024x1024 EMCCD
thermoelectrically cooled to -80 °C. A set of 4569 frames in the V band obtained over six nights were
subjected to basic reduction steps of bias and flat field correction, and the instrumental magnitudes
extracted by defining an aperture of four times the FWHM of the star. Though the field of view of the
imaging system, 13x13 arc seconds, is relatively large, there were no stars of similar magnitude to SZ
Lyn to perform the differential photometry. Therefore to normalize the six day observations, all
magnitudes were shifted to the highest magnitude of six days. A part of normalized light curve is
shown in Figure 1. The entire light curve provides 20 light maxima. In addition, the WASP
observation of SZ Lyn in the V band of a total of 2894 frames covering 32 light maxima, 162 maxima
from AAVSO and 164 from all the previous observations brought together for a total of 379 times of

light maxima for O—C analysis.
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Figurel: Light curve of SZ Lyn taken on 6™ January 2014 at Mount Abu observatory.

3. RESULTS & DISCUSSION

3.1 Observed times of light maxima (O)

The discrete magnitudes shown in Figure 1 were approximated by a continuous Fourier fitting and
hence determine the first derivative of the function. The time equivalent to the zero point of the first
derivative which is changing from negative to positive (Fig. 2) of the Fourier function was taken as
the observed times of light maxima, ‘O’.

3.2 Calculated times of light maxima (C)

The ephemeris given by Paparo et al. (1998) in equation 7 was used to calculate the calculated times
of light maxima (C). The number of cycles, E, were taken from equation 7 for the observed times of
light maxima (Ty,) and assuming pulsation period 0.12053492 days. These calculated values were
converted to integers to represent the cycle number. Thereafter calculated times of lightmaxima,
TmaxWhich is denoted by ‘C’ were taken from equation 7 by feeding the corresponding number of
cycles which are calculated using the observed T ax.
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Figure 2:Fourier approximation of the light curve Figure 2(a). Note that the Y axis is
reversed to get the correct magnitude scale. The first derivative of the Fourier function and the
times of light maxima taken from zero points were marked with arrows Figure 2(b).
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Tpnax (HJD) = 2438124.39955 + 0.12053492 x E (7

Finally the difference of observed and calculated times of light maxima were calculated and denoted
as O—C. The O-C value against the cycle number E is shown in Figure 3.
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Figure 3: The difference of times of observed and calculated light maxima.

The O-C in Figure 3 is a non-linear distribution with an overall increase in O—-C and some local
variation. The non-linear behavior implied that there is a countable effect of light travel time in the
binary orbit (Irwin 1952) as well as change in pulsation period. The overall increase is due to the
change in pulsation period which is given by the quadratic equation in equation 5. The local variation
is a sinusoidal function which is given by the light travel time effect of the binary orbit in equation 6.
The introduction of light travel time effect to the O—C variation provides the orbital parameters to be
included in the calculation. Therefore the equation 4 provides the unknown parameters for non-linear
least square fitting to the O—C variation.

3.3 Non-linear curve fitting

The O—C diagram clearly shows that the O—C variation is not constant and it is non-linear. Therefore
ephemeris in equation (1) is inadequate to explain the variation of O—C. The terms in equation 5 and 6
are additionally needed to explain the variation of O—C. The exponential term (k) in equation 4 is
resulted the overall increase of the O—C variation and the light travel time effect (1) in equation 6
along the binary orbit is caused the sinusoidal variation. In order to fit the difference of observed and
calculated times of light maxima, the equation of O—C should be included the correction values of T,
and P denoted by oT, and 5P respectively. Therefore O—C equation should be;

0—C= 8T, +8PXE+xk+T )
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The light time travel effect of equation 6 is a function of eccentric anomaly (E*). The eccentric
anomaly should be converted to the common independent variable of cycle number (E) in equation 8.
Therefore the equation 4 was transformed to the independent variable (E) using equations 9 and 10.

M =E*—esinE* 9)
_(Tmﬂx - T} (10)

where M is mean anomaly, Pgwi IS the orbital period of SZ Lyn, and T the time of passage through
the periastron where E* is zero.

The parameters determined by Li Lin-Jiaet al. (2013) given in Table 1 were used for initial
calculations and estimations of 8T, and 6P. The T, and P values inTable 1 with the ephemeris given in
equation 7 were used to calculate the 8T, and 6P.

Table 1: Initial parameters of SZ Lyn used for optimization.

Parameter Value
T, (HID) 2438124.39849
P (days) 0.120534908
B (days/cycle) 2.73x10™
asin (i) (au) 1.002
e 0.17
 (degrees) 117.6
Ponit (days) 1182
T (days) 2445786.4

The optimization tool, Isqcurvefit, in MATLAB with two algorithms, ‘trust-region-reflective' and
'Levenberg-Marquardt’, was used iteratively to converge the solution. Equation 8 was fitted to the data
points in the least square sense as shown in Figure 5 using Isgcurvefitsolver. Two different
optimization techniques given in table 2 determine the orbital parameters.
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Figure 5: The least square fitting of equation 8 to the observed O—C data Fig 5(a) and the residual of
the function Fig 5(b).

We fixed the values of 8T, 8P, P and T as 0.001, 2x107, 0.12053491 and 2454786.4 respectively and
consider asin (i), eccentricity (e), longitude of the periastron passage (), orbital period (Porit) and

secular change (B) as coefficients in the non-linear equation. In thelsqcurvefit approach, the initial
values for those coefficients were assigned and the solution was converged to the minimum value of
x2,0.0022, in both algorithms mentioned in Table 2. Figure 5 shows the approximation of the equation
8 to the observations. The continuous line is the equation 8 with the secular change in the pulsation
period and the light travel time effect of the orbital motion of the SZ Lyn.

Table 2: Optimization parameters of Isqcurvefit

Algorithm Trust-region-reflective Levenberg-Marquardt
Maxlter 5000 5000

TolFun 4x10™ 4x10™

TolX 1x10™ 1x10"

MaxFunEvals 5000 5000

Table 3: The obtained orbital and pulsation parameters of SZ Lyn

Parameter Trust-Region Levenberg- Marquardt
Status of Convergence Local minima possible Local minima found
¥’ 0.0022 0.0022

asin(i) (km) (1.4+0.1)x10° (1.4+0.1)x10°

e 0.174+0.05 0.18+0.07

o (°) 106+11° 106+5°

B (days/cycle) (2.4+0.4)x10™ (2.240.2)x10™
Pomit(days) 1186+15 1187+15
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The errors of the coefficient were estimated by thenlparcifunction in MATLAB. The parameters,
residual, lambda, and Jacobian (J) produced by Isqgcurvefitfunction were fed into the nlparcifunction
to get the 95% confidence intervals of the coefficients, which are given as the ci matrix.

4. DISCUSSION

SZ Lyn, the short period binary variable star, has been observed for many years. This binary system is
very complicated as the major star, SZ Lyn, is pulsating in radial and non-radial modes. The light
curve has the binary variation as well as the intrinsic pulsation variations. However this intrinsic
pulsation time scale is very much shorter than the extrinsic magnitude variations due to the binary.
The orbital parameters were calculated several times with the addition of times of light maxima
contributed by different observers. Li Lin-Jiaet al. (2013) have investigatedthe SZ Lyn binary system
with the 262 times of light maxima. This study includes the AAVSO data for the O — C analysis
providing a total number of 378 data points, the highest number of data points for an orbital analysis.
The higher number of data points are significant for this analysis because it provides many orbital and
pulsation cycles and hence the solutions are accurately converged. However the convergence is also
depended on the quality of the observations. The AAVSO data is a collection of different observes
with different systems. Therefore some inconsistency is shown in AAVSO data as the residual
increases in Figure 5.

We used two algorithms to get the solutions. In Trust-region-reflective algorithm the, local minima
are not found while in Levenberg-Marquardt (LM), the solution was converged. Therefore
coefficients determined by LM method were considered as the final results. The handling of
underdetermined systems using trust-region is unreliable. The optimization parameters in Table 2
were changed in Trust-region-reflective algorithm for the convergence, but the local minimacould not
be found. Therefore it can be concluded that the LM method is more appropriate for a least squares
solutions with several unknowns.

Although the O-C variation of SZ Lyn is well explained theoretically, it is very difficult to combine
the intrinsic pulsation properties with the orbital properties as given in equations 8, 9, and 10. The
solutions of the Kepler equation (equation 9), can only be obtained by successive approximations
using Newton’s method (Danby 2003). For simplicity we assumed the orbit is circular and therefore
eccentricity e is zero. With this initial assumption of e = 0, the non-linear equation can be transferred
to a common independent variable of cycle number (E). In this way we eliminate the eccentric
anomaly (E*) from equation 8. But the binary system is non-circular and has some eccentricity, so the
sine function fitted to the data points is not smooth enough as shown Figure 5.

The determined orbital parameters were agreed with the previous observations. Particularly the

eccentricity ‘e’ which is very important parameter for binary orbit is consistence for all the
observations. The average value of all the observation is 0.1940.02.
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Figure 6: Thevariation of eccentricity of
different observations.

The change in longitude of the periastron passage, also called apsidal motion in a binary system, has
been observed for many years. This motion of the binary orbit can be caused by several effects such
as general relativistic effect, tidal distortion, rotational flattening, a third component or combined
effect (Li Lin-Jiaet al. 2013). Li Lin-Jia (2013) proposed that o is decreasing with time. In Figure 6,
we found that the o is inconsistently changing with the time.
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Figure 7: The variation of longitude of the
periastron passage for seven different observers.

The dependency of the initial values and constants in the Table 1 to the determined orbital parameters
was investigated. The value T, time of passage through the periastron where E*(T) = 0; determined by
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previous observers were different. These different values were used in the optimization process and it
was found that there is no significant change in the % value of 0.0022.

5. CONCLUSIONS

The orbital parameters were determined with the new photometric observations of SZ Lyn with a total
number of 378 light maxima. The O—C analysis determined the projected semi-major axis a sin (i) as
1.4+0.1x10% km and eccentricity, e is 0.18+0.07. The orbital period is determined as 1187+15 days.
The orbital period is consistent within the above range, which does not deviate much from the
previous determinations. The longitude of the periastron passage is highly uncertain as it is
inconsistent in the previous determinations as well. Furthermore it can be concluded that the
Levenberg-Marquardt least square algorithm is more appropriate for the convergence of a solution
with several unknowns.
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Abstract

Graphite is an important export product of Sri Lanka. However, little effort has been made to add value
to the product. Graphene, synthesized from natural graphite, has a world market value more than
100,000 times that of natural graphite. A reduced graphene oxide (rGO)/Polyaniline (PANI)/Titanium
Dioxide (TiO,) composite has been synthesized by an in situ polymerization of PANI, with synthesis by
a hydrothermal method. The preparation process is systematically investigated by Fourier transform
infrared spectroscopy (FTIR) and X-ray diffraction (XRD). The morphology structure of the composite
was examined by scanning electron microscopy (SEM). Electrochemical properties are characterized by
cyclic voltammetry (CV), galvanostatic charge/discharge (GCD) and impedance spectroscopy. The
specific capacitance of the rGO/PANI/TiO,composite obtained was as high as 425 F g* at a current
density of 1 mAg™ showing potential for using as electrode in supercapacitors. The proposed work will
attempt to develop economical and efficient methods to produce graphene based materials in
commercial scalesand,in parallel,investigate high-tech applications, such as graphene based material for
supercapacitors.

Keywords:NaClO, electrolyte, rGO / PANI / TiO, composite,supercapacitors

1. INTRODUCTION

Sri Lanka owns one of the best graphite sources in the world. However, it is being exported mainly as a
raw material at a very low price. It is desirable to enhance our earnings from local graphite by at least
partially converting natural graphite into value added forms, such as multi-layer grapheneand reduced
graphene oxide (rGO). Graphene based materials have attracted worldwide attention due to a huge range
of high-tech applications[1]. Sri Lanka has a great opportunity toobtain the maximum benefit by
exporting high quality value added materials from graphite. The proposed work attempts to develop

*Corresponding author: Email: damithdecostal23@gmail.com
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economical and efficient methods to produce graphene based materials on commercial scales.In
parallel,investigation of high-tech applications, such as supercapacitors, can be constructed using
graphene based composites.

Three dimensional (3D) reduced graphene oxide (rGO) has attracted extensive attention [2-4] due to its
superior porous bulk structure [5], high specific capacitance [6], largespecific surface area [7], and
excellent adsorption capacity [8-9].In recent vyears, the formation of functional three
dimensionalgraphene/polymer composites by combining graphene with polymers has attracted much
attention, which greatly expands theapplications of graphene[10-16].

TiO,has been studied extensively due to its high chemical stability, large surface area, degradability and
commercial availability[17-20]. However, the wide band gap (3.2 eV) and the nature of the powder limit
the utilization efficiency of light and its applications [21].Transition metal oxides andconducting
polymers with various oxidation states have attracted intense interest as potential supercapacitor
materials. Among thevarious conducting polymers, polyaniline (PANI) is a promising candidate for
practical applications due to its high capacitivecharacteristics, its environmental stability, low cost,
commercialavailability, facile synthesis, and high conductivity [22-23]. However,poor stability during
the charge-discharge process restricts itspractical application in supercapacitors. One of the ways to
improvethe performance of PANI based supercapacitors in terms of stability is to combine PANI with
transition metal oxides. Polymer-metaloxide composite electrodes have shown enhanced
supercapacitiveproperties compared to the pristine electrode material [24-26].

Considering all the advantages of graphene, TiO,, and PANI, in the present study, a novelrGO/
PANI/TIO, nano composite was synthesized and investigated as an electrode forsupercapacitors. In
addition rGO was synthesized using local graphite,which would be a value addition to Sri Lankan
graphite.

2. METHODOLOGY
Synthesis of the composite

Graphite was obtained from the Kahatagaha graphite mine in Sri Lanka. The reagents and chemicals
NaOH, NaNOQOs, H,SO,4, HCI, KMnQO,4, H,0,, TiO,, Aniline, (NH,),S,0s, L- ascorbic acid and ethanol
were provided by Sigma—Aldrich Co, USA, and SuperchemProducts Ltd, England.

First, the graphite from Kahatagaha mine was converted into Graphite Oxide (GO) following the
improved Hummers method [27]. Secondly, L-ascorbic acid (40 mg) was added into 4 mL of 4
mg mL™ GO solution with ultrasonication for 40 min and heated at 95°C for 1.5 h to obtain the
graphene hydrogel. Eight mg of PANI was added into 20 ml distilled water in separate beaker and it
was sonicated for 2 h. Eight mg of TiO, were directly added into the PANI solution. Finally the pre-
prepared graphene solution was added to the PANI/TiO, solution under ultra-sonication for 40 min. The
resulting solution was placed in a water bath at 95 °C for 1.5 h. The resulting suspension was
centrifuged, and the solid separated was washed 4 times with distilled water and four times with ethanol,
by centrifugation. It was then dried in a vacuum oven at 70°C to obtain the rGO/ PANI/TiO, composite,
which is the material for electrodes for the supercapacitor.
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Fabrication of electrodes for supercapacitor

The synthesized material was used to fabricate electrodes for the supercapacitor as active material on
stainless steel plates by spreading a slurry made of rGO / PANI /TiO, composite 85% (active material)
with 5% acetylene black and 10% polytetrafluoroethylene (PTFE- 60 wt %) as the binder and leaving
it to dry slowly. Filter paper (50 um) placed as the separator was soaked with the electrolyte consisting
of a 1 M solution of NaClO, in propylene carbonate. Electrical contacts were firmly made to touchthe
electrodes to avoid any voltage drop. A bubble of soldering material located on either jaw of each
crocodile clip was used for this purpose.

Stainless
stesl plates

|

Separstor with electrobyts

[.

rGO / PANI TiD,
composite(85 %)+ A, black
3]+ PTFE[10 %)

Figure 1: Schematic diagram of fabrication of electrodes for supercapacitor

The specific capacitance of the electrode was calculated from the CV curve according to the formula:
Cy =2/ I(V)dV/muAV, where Cy is the specific capacitance (F g*) based on the mass of electroactive
materials, m is the weight of active material (g), v is the scan rate (V s™), AV is the potential window
(V) and | is the response current density (A).

Measurements/Characterization Analysis

X-ray diffraction (XRD) analysis was conducted by using aRegakuultima VI X-ray Diffractometer
using Cu Ko (A= 1.542 A) radiation to analyze the structure of the sample. Crystallographic information
was obtained with the aid of the ICDD data base. Scanning electron microscopic tests (LEO 1420 vp)
were carried out to study the formation of cathode material with maximum enabled instrument
resolution. Fourier Transform Infrared spectroscopy (FTIR) (Bruker Tensor 27) was carried out to
determine the type of the atomic bonding in the composites.

Electrochemical Performance

Charging / discharging tests and cyclic voltammetric measurements were performed (Biologic sp150) to
find the charge retention of the developed rGO/PANI/TIO, based supercapacitor. Impedance
spectroscopic measurements were made to find the impedance of the active material and to construct
equivalent circuit matching with the impedance data.

3. RESULTS AND DISCUSSION
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Characterization Analysis

XRD Analysis
Intensity (c.p.s)
{d}
S ——— -‘- I| . j ] P
'---._-—ll-__..__._'__'_'____ e [{:b
b
- l . ]I i A Ii- A . Fim. { b
""—-—-..__“_."_.__,_.,_. e SN g
(a)
28 [Degree}

Figure 2: XRD spectrums of rGO (a), TiO, (b), PANI (c), andrGO / PANI / TiO,composite(d)

XRD analysis was used to investigate the crystalline structureand phase purity of the as-prepared
samples. As shown in fig. 2 (c), diffraction peaks of PANI indicated that PANI mainly existed
inamorphous form. The width peaks were mainly concentrated at26= 20°, 26° with crystal planes of (0 2
0) and (2 0 0) which is the peak of Bragg diffraction characteristic of PANI [28]. Diffraction peaks at
25° are the (110) face of PANI,which is attributed to the periodicity parallel to the polymer chainsof
PANI [29]. There was a broad peak at ~26° for the diffractionpeaks of rGO in fig. 2 (a). The XRD
pattern of TiO, could be observed at 206 = 27.40°, 37.1°,42.3%, 44.8°, 54.9°, 56.1°, 64.1°, 65.2°, 70.3°
with crystal planes of (1 0 1),(00 4),(2 00), (1 05), (211), (204), and (2 1 5) respectively in fig. 2 (b).
The peak of rGO and PANI did not appear in rGO / PANI / TiO, composite in fig. 2 (d), obviouslydue
to the high intense of peaks corresponding to TiO,.

FTIR Analysis

The FTIR spectrum of prepared rGO / PANI / TiO, composite was shown in Fig. 3. The peak at about
1310 cm™ and at 1268 cm 'can be assigned to the C-N of intrinsic PANI [30]. The peak at about 760
cm “corresponds to Ti-O-Ti of TiO,[31]. The FTIR results show that the rGO / PANI / TiO,composite
was successfully synthesized [32].

SEM Analysis

To confirm the nonporous nature of the rGO / PANI / TiO, composite the sample was examined using
an SEM with1000 magnification. The crystals could be seen as clusters of smaller particles.
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Figure 3: FTIR spectrum of rGO / PANI / TiO,composite

Fig. 4 shows that the TiO,particles in the rGO / PANI / TiO, complex arewell-distributed on the surface
of rGO and PANI and closely relatedto each other. The micron size cavities can be visualized clearly
which obviously results in high surface area which gives possibilities to use the composite in
applications like supercapacitors, sensors and batteries.

o ey R

—_ EHT = 18.00 kV Mag= 1.00KX

Figure 4: SEM image of rGO / PANI / TiO, composite

Electrochemical Performance /Charging / discharging test

Figure 5shows the charging / discharging curve of rGO / PANI / TiO, composite at 0.1 mA constant
current for both charging and discharging. The shape of the charge / discharge curve is in typical
triangular shape, which again indicates that there is no pseudo capacitance distortion behavior. It is also
noted from Fig. 5. A voltage of 0.34 V was reported as the open voltage (no load) at the beginning and
the supercapacitorwas kept for more than 25 charge-discharge cycles. An average of a 0.358 V was
recorded as the maximum at charged voltage, which highlights the fact that after 26™ charge/discharge
cycle it still possesses the ability to hold the same amount of chargeas before. Nevertheless this was a
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positive indication of the retention of charges without considerable draining. The voltage was still
maintained at an average of above 0.12 V.
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Figure 5: Charging / discharging curve of rGO / PANI / TiO, composite

Figure 6 depicts the 1 discharge behavior of rGO / PANI / TiO, composite electrode at different current
densities. The specific capacitance can be calculated by the formula: Cy = I t/AV m, where Ci(Fg™) is

the specific capacitance of the electrode, I (A) is the discharging current, t (s) is the discharge time, AV
(V) is the potential window and m (g) is the mass of the active materials.

Voltage (V)

1.2

1.1

1
09 1mA/g
08 - === 2mAfg
07 3mAafg
0.6
0.5 —_ . dmAfE
04 1 L, N i Emﬂfg
0.3

0.2
0.1 .
D - T T

time {min)

o 1000 2000 3000 4000 5000 6000 FOOO BS0O00

S000

Figure 6:1% discharge curves of rGO / PANI / TiO, composite for different current densities

The specific capacitance of the rGO / PANI / TiO, composite electrodewas 425, 402, 320, 270, and
236 Fg 'at the current densities 1, 2, 3, 4, and 5 mAg ™, respectively.
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Cyclic Voltammetry (CV) analysis

Figure. 7 (a), (b) and (c) shows the cyclic voltammograms of supercapacitorsfabricated with rGO, rGO /
TiO; and), rGO / TiO, composite (b) and of rGO / PANI / TiO, composite respectively at various scan
rates. In fig 7 (a) and fig. 7 (b), CV tests were performed between -1 to 1V at a scan rate of 1 mVs™. The
specific capacitance of rGO is 12.8 Fg™ and rGO/ TiO, composite is 242 Fg™. The specific capacitance
of rGO / PANI / TiO, composite are359 Fg™, 348 Fg*,285 Fg™* and 268Fg*at 5 mVs*, 10 mVs™, 15
mVs™ and 20 mVs™scan rate with -1 to 1V, -1.7 to 1.7 V, -2 to 2 V and -2 to 2 V potential windows
respectively. It can be seen that as the scan rate increases from 5 to 20 mVs™, specific capacitance
values decrease from 359 to 268 Fg™ respectively.The CV curves of rGO / PANI / TiO, composite
shows the pseudocapacitive behavior distinctfrom the electric double layer capacitance,which produces
a CV curve close to the ideal reactangular shape[33]. The high capacity is attributable to the unique
performance of the combination of rGO, PANI and TiO, such as high surface area, good electrical
conductance and efficient ion and electron transport.
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Figure 7: The CV curves rGO (a), rGO / TiO, composite (b) and of rGO / PANI/ TiO,
composite at various scan rates

Impedance analysis

Electrochemical impedance spectroscopy (EIS) is also used to characterize the composite electrode. Fig.
8(a) shows the Nyquist plots of the rGO / PANI / TiO, compositeelectrodes, represent common features
with a semicircle at high frequency and a straight line at low frequency. The semicircle in the high
frequency region is attributed to “charge transfer”. The numerical value of the diameter of semicircle on
the real axis gives an approximate indication of charge transfer resistance (R [34]. The possible fitted
line for the original curve represented in solid line. The equivalent circuit of the rGO / PANI /
TiO,composite is shown in Fig. 8 (b).
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Figure 8: (a) Nyquist plot and (b) Equivalent circuit of supercapacitorofrGO / PANI / TiO, composite
electrodes

Ry, = 5.78 Q which represent ohmic resistance. R, = 41.66 Q represents the charge transfer resistance. Q
=9.501 Fs®? represents the double layer charge of the rGO / TiO, supercapacitor, where a = 0.23. C,=
59.07 F represent capacitance of active material.

4. CONCLUSION

The rGO/PANI/TIO, composite with a well-ordered structureis prepared by one-step in situ
polymerization of aniline in the presence of rGO and TiO,particles. The specific capacitance of the
composite was as high as425 Fg™, and it also showscharge/discharge stability as an electrode material.
Our study demonstrated that the rGO/PANI/TiO,nanocomposite was a potentialelectrode material
forsupercapacitors.
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Prime graph of non-commutative rings: An investigation of prime graphs and the

chromatic number of prime graph of non-commutative rings

D.B.V Kolombage” and G.S.Wijesiri

Department of Mathematics, University of Kelaniya, Kelaniya 11600, Sri Lanka

Abstract

Prime graph, PG(R) is a graph associated to a ring B such that in the graphG(V,E),
V =Rand E = {xy|xy = 0 or yx = 0, and x # v}. The zero divisor graph of the ring R is the simple
undirected graph, T'(R), associated to vertices Z(R), the set of zero-divisors of R, and for distinct
x,v€Z(R), the vertices are adjacent if and only ifxy =0. In this paper we investigate the

characteristics of prime graphs and zero divisors. We have also studied some fundamental results for
prime graphs and have found the chromatic numbers of prime graphs of several non-commutative rings
using a Mathematical software.

Key words: Prime graphs, prime rings, zero divisor graphs, chromatic number.

1. INTRODUCTION

This paper discusses prime graph of a ring and use Mathematical software to find the chromatic number
of prime graph of several non-commutative rings. The paper is divided into four sections. In the section
1, we collect necessary definitions and results from literature. In section 2 we provide the methodology
we used to find the chromatic number. In section 3(A) we prove several theorems on zero-divisor graphs
and prime graphs. In section 3(B), we discuss the chromatics number of prime graph of non-
commutative rings. In the last section we conclude our results and potential future work.

Useful definitions and notations

Definition 1.1.

“Corresponding author:Email:bhagyak192 @gmail.com
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An ordered pair G == V,E = where V,a finite set and E = {{u,v}|u,v €V}, a set of two elements
subsets is called a graph. The set V' is called the vertex set and the set E' is called the edge set.

Note 1.2.
The cardinality (number of elements) of ¥ and E are called order and size of the graph respectively.

Definition 1.3.
A walkis defined as a sequence of alternating vertices and edges.A walk is closed if it begins and ends at
the same vertex.

Definition 1.4.

A directed graph is a graph that is a set of vertices connected by edges, where the edges have a direction
associated with them.

An undirected graph is one in which edges have no orientation. In an undirected graph the edge
(v, v, )is identical to the edge(va, v7y).

Definition 1.5.
A complete graph is a simple undirected graph in which every pair of distinct vertices is connected by a
unique edge. The complete graph on m vertices is denoted by K,,.

Definition 1.6.
A clique is defined as a complete sub graph of a graph.

Definition1.7
The distance between two vertices in a graph is the number of edges in a shortest path connecting them.
The distance between two vertices x and ¥ is denoted byd(x, v).

Definition 1.8.
The diameter of a graph & is the maximum of the distances between pairs of vertices in the graph.

Definition1.9.
A proper coloring of a graph G is an assignment of k colours to the vertices of & such that no two
adjacent vertices are assigned the same colour.

Definition 1.10.
The chromatic number of a graph G is the minimum value of k for which & has a

k colouring.

Definition 1.11.
A group(G,») is a non-empty set & together with an operation =that combines any

two elements @ and bto form another element, denoted @ = b or ab satisfying the following axioms,
o forvx,vEGxeVEG

o forvx,v,zeG,x.(v.z) =(x.v).z

o HdeelGsuchthatVx G, eex=x2e=x

e Foreachx € G,3y € G suchthatx =y =y »x = e where y = x~1 ande is the identity element.
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Definition1.12.
Aring(R,+, .) is a set R together with two binary operation + and .satisfying the following axioms,

e (R,+) isan abelian group
o forvx,v,ze€R, x.(y.z) =(x.v).z
o xly+z)=(xy)+{xz)andx +v).z={x.2) + (y.z)forvx, v,z ER

Note 1.13.
= For simplicity, we have written x. v asxy.

= Aring R is said to be commutative if xyv = yx, ¥ x,v € R and if this property does not hold, then
such a ring is called anon-commutative ring.

Definition 1.14.
A subset S € R of aring R is called a subring of R if it is itself a ring with the same operations as R.

Definition 1.15.
For aring R, an additive subgroup I < R is called an ideal of R if foreveryr € R, rl S landIr € 1.

The ideal | is said to be properif! # R.

Definition 1.16.
A ring is said to be a prime ring if the product of any pair of ideals is zero only if one of the two ideals is
zero.

Definition 1.17.
For a ring R, a nonzero element r € R is said to be a zero divisor if there exists a nonzero s € R such

thatrs = 0 or sr =0,

Definition 1.18.
ThePrime graph,PG(RJof a ring Rfor some graph G(V,E)holds the property V=R and

E = {Flxy = Ooryx = 0,and x =},

Definition 1.19.
A field is defined as a ring whose nonzero elements form an Abelian group under multiplication.

Definition 1.20.
The zero divisor graph of the ring R is the simple undirected graph I'(®), associated to vertices Z{(R), the

set of nonzero zero-divisors of R, and for distinct x, ¥ € Z{R), the vertices are adjacent if and only if
xy =10

Definition 1.21.
A quotient ring is aringthat is the quotient of aring R and one of itsideals I, denoted byR/I.

For example, when the ring R is Z (the set of integers) and the ideal is 6Z (multiples of 6), the quotient
ringis Z; = Z/6L.
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Definition 1.22.
The adjacency matrix 4 = {@;;):x0f the graph G(V, E) is a square matrix of order n defined by

_ _[1L; G EE
A=(ay)= {ﬂ;ﬂtherwise

2. METHODOLOGY

In this work, we prove several preliminary theorems which represents some characteristics of prime
graphs and zero divisor graphs by considering the features of graphs and rings. Then we concentrate on
non-commutative rings and we will find the chromatic number of prime graphs of several non-
commutative rings. Due to the unpredictable behavior of non-commutative rings, in order to find the
chromatic number, we write a programmein computer software to find the adjacent matrix of the ring,
which consists of matrices. Then using this adjacent matrix as the input file for another programme,
which has been coded to find the chromatic number, we demonstrate the color map of the prime graph
associated to its chromatic number. In some cases, for simplicity, we find the chromatic number of the
zero divisor graph of a given ring and thus obtain the chromatic number of the relevant prime graph. This
is because any vertex representing any element of a ring, which is not a zero divisor, connects only with
the zero element in the ring. This allows us to paint the vertex with any colour already used in the map
other than the colour used to paint the zero element.

3(A). RESULTS AND DISCUSSION: PRIME GRAPHS AND PRIME RINGS

Lemma-01
If PG(R) is a prime graph and K,, is any complete graph of order 7, then K, is a clique of PG(R) if and

only if at least (n — 1) elements of V{(K,,) are in Z(R).

Proof
Suppose K,, is a clique of (R) .

Then, V(K,,) € V(PG(R)).
WV, vE VK, ), xy=00ryx =0 (1)

Now, if 0 € V(K,,), 0 € Z(R).
Since K, is of order n, and by equation (1), (n — 1) elements of V (k) are in Z(R).

If 0 € K,,, by equation (1),
V(K,) < Z(R).

As |V(K,)| = n, we have the result.

Suppose that at least {(n — 1) elements of V(K,,) are in Z(R).
We have |V(K, )| = n.
Since at least (n — 1) elements of V{K,, ) are in Z(R),
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3 (n — 1) number of nodes in Z(R).
= there 3 at least a clique of order (n — 1) inPG(R).

But ¥x € V(K,,), Ox is an edge in PG(R).
Thus K is a complete graph of order n.

Q.E.D.

Theorem-02
IfA = Z(R),thendis a

LVEA=x—v, xyEA

ring and PG{A) exists

Proof

Wehave A € Z(R).

SinceZ(R) S R, ACR.

Suppose A is a ring and PG{A) exists.
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if and for A # ¢ and

only if

1)

Since 4 is aring, conditions A # @and x, v € A = x —y, xy € A are trivial by the definition of a ring.

In the other way suppose that Vx, vE A= x — ¥, xy €A
Then, 4 is a group under addition.
Since xy € A,Vx, v € A, A is closed under multiplication.

)

Since multiplication is associative in R and by (1), 4 € R, with the result in (2), multiplication is

associative in A.

Again by (1), and since R is a ring, 4 obeys the distributive laws.

~ Alsaring.
PG(A)exists.
Q.E.D.

Theorem-03

For A € M,,..,,(F) where F is a field, 4 is a zero divisor if and only ifdet(4) = 0.

Proof
Suppose 4 is a zero divisor.

Then,3 B = 0 € M,,...(F) such that AE = 0.

det (AB) = 0,

i.e., det(4).det (B) = 0.

Since F is a field, det(A) = Oor det(BE) = 0,
Assume det (4) = 0.

Then, A~ exists.

A" AB)=0impliesBE =0,but B = 0.
~det(d) = 0.

Now, in the other way, suppose that det{A) = 0.
Then, by linear algebra, 3 x # 0 € F"s.t Ax = 0.
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Consider B = [X * X ....cee v X ], Where each column of the matrix denoted by  is the column
vector x.Thus B = 0.

Then, AE =0,butE = 0.

=~ Alis a zero divisor.

Q.E.D.

Theorem-04

diam (M, (F)) = 2

Proof

Claim: Forany 4,B € Z(M,,(F)),AB = 0,3C € M,,(F)such thatdC = 0 andCE = 0.
Since 4, B € Z(M,(F)),

det(A) = Oanddet(B) = 0.

= A~ does not exist.

Now, apply row operations to get Reduced Row Echelon Form (RREF).
If RREF is I, then A is invertible.

But 4 is not invertible.

Hence, at least one row is entirely zero.
Suppose all entries of the first row in (Ey ... E;E;)A is all zero, where E; represents the elementary

matrix.

Take P = Ey ... E; Ey.

Then, P is invertible.

ATisalso not invertible.

Hence, 3@ 5. t.Q A has all zero in the last row.

= (QAT)Thas all zero in the last column.

= AQThasall zero in the last column.

Hence, forany 4,8 € E{MH (F]}lthere exist invertible matrices P and @ such that AP has all zero in the
last column and @E has first row all zero.

0 00 0O
Let,c=P(: ~ :]Q.
1 0.0 0

0 00 0
Then, AC = AP| : Q=0

1 0.0 0
Similarly,

0 00 0
cB=pP|: -~ :|gB=0.
1 0..0 0

Therefore,3C 5.t. AC = 0 andCE = 0.

= d(4,B) =2,
diam(M,(F)) = 2.
Q.ED.
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Corollary-05

If M., (F)is aprime ring, det(4) = 0 for

A # 0where A € M, (F). diam(PG(R)) = 2 where R = M,..,, (F) for nonzero vertices of R with
IR| > 2.

Proof

The first part is obvious by definition of a prime ring.

For second part, suppose that A and E are two non-zero distinct vertices.

Now, if d(4,B) = 1, AB = 0.

This is a contradiction.

~d(AB) 1.

Since d(4,0) =1, d(0, B) = 1 and by the fact that M,....,,(F) is a prime ring,d(4,B) = 2.

As this is the case for all nonzero wvertices in a prime ring, and by definition of
diameter, diam (PG (M, (F)) ) = 2.

Q.E.D.

Corollary-06

The following statements are equivalent.

(). R = M,.,(Flisnota prime ring.

(ii). There exists at least one clique of order 3 in PG(M,,,, (F)).

(iii).  There exists 4,C € M, (FJs.t. the length of the walk from A to Cis greater than two.
Proof

(i) =(ii):

Suppose that R is not a prime ring.

Then,3A4,B € M,,.,(F)s.t.A+ B = 0and4B = 0.

= d(4,B) =1,

Sinced(4,0) = 1 and d(0, B) = 1, AOB forms a triangle.
= J aclique of order 3.

(i) =(iii):

Suppose R is not a prime ring.

Then for A,B € Rwith4 = B = 0, d(4,B) = 1.

=13 a triangle.

NowletC ER s.t. C #Aorl = Fand C = 0.

Then, d(0,C) = 1.

Now, 3 apath A = B = 0 — C which is,
d(4,B)+d(B,0)+d(0,C)=1+1+1=3.

But, if a walk is considered from A to C, 3 a walk of length = 3.
(i) =(iii):

Let 3 at least one clique of order 3 in PG(M,,.,, (F)).
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Since 3 a clique of order 3,

3A,Bs.t.A =B = 0withd(4,B) = 1.

Thisis d(4,B) + d(B,0) +d(0,4) = 3.

This is a closed walk of length 3.

Nowif3CE Rs.L.C =0,

then3 a walk from A — C with the length = 3.

(i) =(i):

Suppose there exists at least one clique of order 3 in PG(M,..., (F)).

By definition of a clique, there exists a triangle.
= 3ABERs.t. A+ B = 0butd(4,B) =1.

=AE=0A=E =0,

= R is not a prime ring.

(iii) =(ii):

3 A, C £ R such that the length of the walk from A = C = 3.
If {4,C,0} = V(R),

then, the maximum length from A = C = 2.

= 3 at least one element different from 4, C, and 0.
Now take B € M,,.., (F).

If d(4,B) #1ord(B,C) =1,

then, the maximum length from A —= € = 2,

Butif d(4,B) = 1ord(B,C) # 1.

then 3 a triangle.

= there exists a clique of order 3.

(iii) =(i):

Since3 < 2+ 1, we have 3 = 1,

Q.E.D

3(B). RESULTS AND DISCUSSION: CHROMATIC NUMBER

Consider the ring of upper triangular 2 x 2 matrices over Z/3Z. Then, the prime graph of the ring is as in
Figure 1 whereas Figure 2 represents its corresponding colour map.
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Figurel:I'(R) where R = {[g g] |a,b,c € EE}

The chromatic number of T'{R) is six.

In Figure 2, we have numbered each node with similar colours with the same number for the recognition.
Since we have found the chromatic number of zero divisor graph, and as we know that all the vertices in
the ring adjoin with the vertex representing zero matrix, the chromatic number should be increased by

one. Therefore, the chromatic number of PG{R) whereR = {[‘S S] la,b,c € EE} is seven.

Chromnum: Colour hierarchy is as follows as in the legend

1 3 colour-1

i —colour-2

colour-3

—colour-4

057 =l —colour-5

5l —colour-6
0 L
05
At

15 -1 0.5 0 0.5 1 15

Figure 2 :Color map of I'(R)
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Table 1 represents few more prime graphs and their corresponding chromatic numbers.

Prime Graph Chromatic Number

PG(R), whereR = {[g’ ‘E;] la, b,c € Ez} 4

- _[[a b - 5
Ty (R X Ms(Z,)),whereR = {[ﬂ .:] ja,b,c € I,
PG(R)whereR = Hg ‘2] |a, b,c € EE} 7
PG(M;y2(Z;)) 5
PG(R)whereR = {3 3_ la, b€ Eg} 3
PG(R)whereR = {3 g' la€ Ty b€ 234} 4
PG(R)whereR = {3 g' la € 2T, b € 34} 7

Table 1: Prime graphs and their chromatic numbers

4. CONCLUSION

With the above results we have expanded the limits of our knowledge on prime graphs of non-
commutative rings and have discussed the chromatic number of several cases. This study can be carried
out for matrices with higher dimensions. The study can also carried out for rings of matrices containing
decimal values as elements.
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Abstract

In a dye sensitized (DS) devices, the working principle is based on the excitation and injection of
electrons in the dye molecules. Due to the narrower spectral response of the dyes used as the sensitizer in
the DS devices, the efficiency of the DS solar cells remains low, which is a major drawback in
popularizing and commercializing DS solar cells. Therefore, the study of spectral response broadening
methods applicable to DS devices is vital. In general, when synthesizing novel dyes, long carbon chains
have been used to absorbed infrared radiation. In this study, cyanine dye molecules containing carbon
chains of different chain lengths were used to observe the variations in the spectral response of the DS
structures. Four cyanine dye derivatives, with different carbon ligands were investigated under the
configuration, n-D-p structure. TiO, was used as the n-type semiconductor, and the CuSCN was used as
the p-type semiconductor, representing the n and p in the above configuration respectively. The device
sensitized with the dye containing the longest central polymethine chain have shown a red shift in the
spectral response threshold, extending up to ~900 nm. Additionally, the other dye molecules with shorter
carbon ligands have a lesser extension in the spectral response.

Keywords: Cyanine, dye-sensitized, polymethine, spectral response

1. INTRODUCTION

The importance of developing novel highly efficient renewable energy conversion devices is obvious due
to the ever increasing demand for energy, and safety issues, environmentally unfriendly operation, and
the limited availability of widely utilized energy resources. Development of solid/quasi-solid state dye
sensitised solar cells (DSSCs) based on nano-crystalline semiconductors is important due to their low

*Corresponding author: Email: dpitigala@sjp.ac.lk
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production cost. It is equally important to identify and understand the possible effects of different ligands
attached to the dyes on the performance of the device in order to implement modifications to enhance the
device performance.

Extensive work has been conducted in the area of dye-sensitization introducing original solar cell and
photon detector device concepts. Dye-sensitized (DS) and bulk heterojunction (BHJ) solar cells, organic
light emitting diode (OLED) and organic field effect transistors (OFET) are the prototype organic
electronic devices that greatly encourage further research in the area of organic optoelectronics [1-3].
The main difference between the dye sensitized solar cell and p-n junction solar cells is in the photon
energy absorber. In p-n junction solar cells, photon energy is absorbed directly by the semiconductor at
the junction, but in dye sensitized solar cells, the light is absorbed by the dye chromospheres and the
electron-hole pair is generated in the dye molecule. In a DS solar cell, the excited dye molecules,
anchored to a high-band gap semiconductor surface, inject carriers to an energy band, thereby separating
charges and driving a current in an external circuit [4]. The whole electron transfer process of the DSSC
heterojunction structure can be summarized by the following three reactions,where the excited dye
molecule is denoted as D"
hv+ D —D’

D'—> D"+ e (CB p-typesemiconductor)

D" + e (VB n-typesemiconductor) —D + h (VB n-typesemiconductor)

Similarly, the operative principle of BHJ solar cell is based on decomposition of photo-generated
excitons at an interface between donor (p-type) and acceptor (n-type) phases, and transfer of separated
carriers to the electrodes along percolative paths [2-4]. Although many technical hurdles were initially
encountered in fabrication of stable cells, the efficiency of DS solar cells still remains well below that of
the silicon cell. One reason for lower efficiency results from the narrower spectral response of DS solar
cells compared to that of the silicon cell. Different alterations such as the use of multiple dye layers and
other modifications to support strong bonding to the semiconductor have been introduced into the dye
molecules,in order to extend the spectral response of the DS solar cell [5-8]. Another factor affecting the
efficiencies is the rate of injection of the carriers to the bands of the semiconductor and the slow back
reaction. Strong electronic coupling of the dye molecule onto the semiconductor surface can cause fast
and efficient injectionof carriers.

This paper discusses the effects on the spectral response of four different newly synthesized cyanine
dyes, having different carbon chain lengths and different ligands.

2.METHODOLOGY

A schematic of the typical layered structure of a DSSC is shown in tFigure 1. Here a thin film of TiO,
was grown on a fluorine doped tin-oxide (FTO) coated glass. The TiO, (1x1 cm?) films were deposited
on the FTO glass plates (1x 1.5 cm?) by hydrolysis of titanium isopropoxide (5 ml) in the mixture of
75% propan-2-ol (15 ml) and acetic acid (5 ml) to form a colloidal TiO, suspension. The hydrolyzed
product is mixed with Degussa P25 TiO, powder and the viscous slurry formed was spread over the FTO
plate. The plate is heated to 120 °C for 10 min and after blowing off the loose crust of TiO, particles not
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adhered to the FTO surface, film is sintered at 425 °C for 10 min. By repetition of the process, TiO, film
has been grown to a desired thickness of ~8 [J m.

,L elass
elass H.,
.&_ T
Layer
CTo __) e 20l
Layer
Ceraphite

w7 N

Semiconductor live p-type
Semiconductor

Figure 1: Schematic diagram illustrating the cross section of Dye sensitized photovoltaic cell of
heterostructure configuration of n-type semiconductor / Dye / p-type semiconductor.

Newly synthesized cyanine dyes named QBN1, T-23, ES-21 and SP-2-56 were coated on the TiO,
electrodes. The structure of the dye molecules that were studied are shown in Fig.2. These dyes were
separately coated over the TiO, films after thoroughly cleaning the TiO, films with alkaline 50% propan-
2-ol followed by water and 99% propan-2-ol and then drying at 120 °C. Then a dried plate is positioned
vertically at the bottom of a glass tube and immersed in the dye solution (in 90% ethanol) at a constant
temperature (20°C) for 24 hrs to adsorb and form the dye layer. In general a monolayer of dye will be
attached on the TiO, film.

The film is then dried in air at ambient temperature and a thin layer of p-CuSCN is deposited over the
dye coated surface from a solution in n-propyl sulfide, by keeping the dye coated TiO, sample on top of
a hot-plate at ~120 °C. A layer of graphite is painted over the CuSCN surface to improves the back
contact. And the back electrode is formed by pressing a FTO glass plate to secure the external electrical
contacts.

The thickness of the dye film was estimated by extracting the dye molecules from sample films and
spectrophotometric estimating of the dye content. Briefly, the process first generated a set of calibration
data using known concentrations of the dye solutions and measuring the relative absorbance. Then the
dye molecules on the TiO, film were stripped off the film by dipping the dye coated TiO, film in a dilute
KOH solution. Then the absorbance of this solution is measured and the concentration estimated by
interpolating or extrapolating the calibration date. Using the estimated concentration of the extracted dye
molecules, the number of dye molecules are estimated. Using the estimated area of the dye molecule and

74



P.K.D.D.P Pitigala et al., JSLAAS, Volume 1 (2018) 72 - 78

the effective surface area of the TiO, film (500xprojection area) the thicknesses of the dye layers were
estimated to be about one monolayer (0.8 - 1.1 monolayers).

Figure 2. Structures of the dye formula QBN1, T-23, ES-21 and SP-2-56

The |-V characteristics of the cells were recorded using a KETHLY 2400 source meter under a 1000
W/m? light source and a monochromator set-up coupled with the KETHLY 2400 was used to measure
the photocurrent action spectra of each device.

3.RESULTS AND DISCUSSION

The normalized spectral response of the dyes are shown in Fig.3. The QBN-1, with the longest
polymethine chain, hasa response threshold extending to ~900 nm; the SP2-56 hasthe next longest
threshold at ~850 nm, and the threshold of the other two dyes, the ES-21 and T-23, are around 750 nm
and 760 nm respectively. It is interesting to note that, both the ES-21 and T-23 have the same number of
carbon atoms in the central polymethine chain,i.e., an equal polymethine chain length. But the T-23 has a
CHjs ligand attached on the pyrrolidinium ring, while the ES-23 has a CH3;CH,ligand which is longer. The
extra length in this ligand has resulted in the red shift observed in the response spectra, at peak maxima
and at the threshold, as can be observed in Fig 3. Again the SP-2-56 has a much longer ligand
((CH3),N(CHy,)3) compared to the ES-21 and T-23, hence the response spectra is further red shifted in SP-
2-56 compared to the other two. In contrast the QBN-1 has the longest center polymethine chain out of
the four dyes, and it has the longest red shift in the spectral response. Even though the other ligands
attachedto the dye molecule can influence the shifts observed in the spectral response, these results imply
the dominance of the polymethine chain length in extending the spectral response.
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Figure3Normalized spectral responses (given in arbitrary Units) of
theTiO,/Dye/CuSCNheterojunction configuration structures coated with the dyes QBN1, T-23,
ES-21 and SP-2-56.

The I-V characteristics of the devices are shown in Fig 4. Here the device sensitized with QBN-1 has the
highest short-circuit photocurrent and ES 21, T-23 and SP2-56 have their short-circuit currents
decreasing in the given order. Here, no clear relation between the polymethine chain length and the short-
circuit photocurrent was found. Clearly the chain length does not show a major influence on the
photocurrent, similar to the way it affects the broadening or red shifting of the spectral response or
response threshold. The differences in the photocurrent of the devices are due to a combined effect of the
additional ligands attached to the dye molecule, but not the sole effect of the polymethine chain length
itself on carrier injection rate. It can be concluded that the T-23, with two highly electronegative fluorine
atoms attached, has a lower photocurrent compared to the ES-21. The electron affinity of the other
ligands attached to the dye molecule can affect the charge injection rate as well as the strength of the
chelation between the dye and the semiconductor surface, which has affected the total photocurrent of
the device. It was not clear which effect had the most influence in limiting the carrier transitions,
affecting the photocurrent of the device.

In contrast, the open-circuit voltage (Voc) shows a dependence on the polymethine chain length, as can
be seen in Fig. 4. The polymethine chain length of ES-21 and T-23 are similar, so is the open circuit
voltage. QBN-1 hasthe lengthiest polymethine chain length and also the lowest V.. But the electron
affinity of the other ligands attached to the molecule has also affected the V. of each device; hence SP2-
56 has the lowest V. in the three dyes with the same polymethine chain length.
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Figure 4. 1-V characteristics of theTiO,/Dye/CuSCNheterojubction configuration structures
coated with the dyes QBN1, T-23, ES-21 and SP-2-56.

The effects of electron affinity of the other ligands are not within the scope of this paper, and additional
exclusive theoretical and experimental work are needed to combine the effects of the other ligands and
justify the effect of these ligands, in the molecules, on the photocurrent and the voltage of the dye
sensitized devices. Current results on response broadening and shifting can also be further refined by
excluding the additional effects.

4. CONCLUSION

The result shows the effects of the carbon chain lengths in cyanine dye molecules on the spectral
response when the dye is used as the sensitizer in the DS device. In the cyanine dyes, the length of the
centralpolymethine chain is more critical in the process of extending the spectral response into the
infrared region. Furthermore, the length of the other carbonic ligands attached to the cyclic structures, is
also contributing to the broadening of the spectral response of the DS devices and longer ligands have
shown a greater red-shift in spectral response. The direct effects of the chain length on the photocurrent
and the voltage were inconclusive due to the combined effects of the other legends in the system.
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from the top to the bottom of each page.

e Font: Arial font, size 12. ! Language/spelling: UK
English only.

o Software: Authors may use either MS Word 2003 or
2007/2011 for Windows or the Macintosh equivalent.

3. Title Page: Title page should include the following
Information;

e Title and running title (less than 25 Characters). They
should be in bold faced letters

o Name/s and affiliation/s of author/s

o Email address, mailing address and contact numbers
of the corresponding author. Note: Identified the
corresponding author by placing an asterisk after the
name.

4. Abstract

Should be limited to a maximum of 250 words.

Up to a maximum of the five (05) key word should be

identified, arranged in alphabetical order, included

immediately after the abstract.

Abstract should be typed in italics. Scientific names in

the abstract should be underlined.

No reference, tables, or figures should be included in the
abstract.

5. Body

e Introduction: Justification of the research work,
objectives and hypotheses should be included in the
introduction.

e Methods and Materials/ Methodology: All materials,
chemicals, clinical, subjects and samples used
should be identified. Analytical, survey and
statistical method should be explained concisely.
Common analytical methods need not be elaborated.

¢ Results and Discussion: Can be combined.

¢ Conclusions: Should be concise.

o Headings: All headings should be in bold capital and
centered, e.g., INTRODUCTION

e Subheadings: All subheadings should be in bold and
in title case, e.g., Preparation of Land.

o Non-English terms: All non-English terms should be
italicized, e.g., et al., i.e., viz., except "etc."

o References: Use APA style 3

6. Table and Figures

o Should be included in the exact place within the text

e Tables should be numbered sequentially using
Arabic  numerals. The titles should be
selfexplanatory and placed above the tables.

e Tabled should not contain any vertical lines

o lllustration, Line drawing and photographs, if any,
should be clear, properly numbered and captioned
and ready for reproduction. They should be of high
and resolution such as minimum of 300 dpi and
saved in .tif or .bmp formats. Please do not use .jpeg
or similar formats that do not reproduce well.

o All lettering, graph lines and points on graphs
should be sufficiently large and bold faced to permit
reproduction for inclusion in the Journal.

o Artworks and illustrations should be of appropriate
thickness. Please note that thin lines do not
reproduce well. Please note that the illustrations, line
drawings and photographs should be placed in the
appropriate location of the electronic file and
numbered sequence with other figures.

7. Units

o Sl units should be used.

o A single space should be left between the numerical
value and the unit.

8. Acronyms and Abbreviations

o All acronyms should be written in full at the first
time of appearance. Abbreviations can be used
subsequently.

e The full stop should not be included in
abbreviations. Where abbreviations are likely to
cause ambiguity or may not be readily understood
by readers, the units should be mentioned in full.

9. On being informed of the acceptance, the manuscripts
should be revised as per the reviewers’ suggestions and
re-submitted to the Editor — SLAAS. The accepted
manuscripts will be published in the inaugural Journal of
the SLAAS. Manuscripts that do not confirm to the
above guidelines will not be accepted.
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